
















































which require further review and discussion. A decision must be made 
as to whether no action is required or corrective action needs to be in-
stituted in the form of individual counseling, education, policy review, 
peer review, or multidisciplinary trauma committee review. Once the 
corrective action has been implemented, the performance indicator 
returns to the monitoring phase. If performance measures are accept-
able, the •loopŽ is closed (Figure 2).

Performance improvement measures can be categorized as pro-
cess or outcome measures. Some commonly assessed performance 
measures follow:

Appropriate trauma activation
Track over-triage/under-triage
System delays
Response times
Trauma center diversion

ICU
Operating room

Emergency department capacity
Other

Delays to operating room
Time to computerized tomographic scan for altered level of con-

sciousness

From the outcome perspective, frequently evaluated outcome mea-
sures include hospital and ICU length of stay, morbidity, and mortal-
ity. In particular, all trauma mortalities require review within the 
performance improvement process and each death classi“ ed as to 
whether it was preventable, possibly preventable, or nonpreventable.

TRAUMA CENTER VERIFICATION

The basic premise for trauma center veri“ cation is to ascertain 
whether a trauma center meets the guidelines outlined in the Re-
sources for the Optimal Care of the Injured Patient published by the 
American College of Surgeons Committee on Trauma. Trauma cen-
ter designation is a process that is geopolitical in origin, and is the 
ultimate responsibility of the local, regional, or state health care 
agency with which the trauma center is af“ liated. In some states, 
trauma center designation tasks the regional provision of trauma 
care to particular hospital facilities, and is required to receive uncom-
pensated care funding from governmental agencies and apply for 
governmental research grants and support. The designation and 
veri“ cation processes are complementary: designation recognizes 
capability, whereas veri“ cation con“ rms adherence to established 
guidelines. Effective trauma centers require both processes to af“ rm 
institutional and governmental commitment to the success of the 
trauma program.7

The veri“ cation visit is contingent on approval by the respon-
sible designating authority or in the absence of such an agency, 
upon request of an individual hospital. Once this occurs, the facil-
ity completes the veri“ cation application for a site visit followed 
by completion of pre-review questionnaire (PRQ). A review team 
is selected, the composition of which may be dependent on the 
requirements of the designating authority. The veri“ cation review 
consists of a pre-review dinner meeting and an on-site review 
characterized by a tour of the facility followed by an in-depth 
chart review and performance improvement process analysis. 
Other aspects of the trauma program, including prevention, 

Table 2: Trauma Facilities Criteria

Trauma Center Level De“ ciencies by Level and Chapter

1:  Trauma Systems

I, II, III 1.1 There is insuf“ cient involvement by the hospital trauma program staff in state/regional trauma system 
planning, development, and/or operation (see FAQsa).

2: Description of Trauma Centers and Their Roles in a Trauma System

I, II, III 2.1 There is lack of surgical commitment to the trauma center.
I, II, III 2.2 All trauma facilities are not on the same campus.
I 2.3 The Level I trauma center does not meet admission volume performance requirements.
I, II, III 2.4 The trauma director does not have the responsibility or authority for determining each general surgeon•s 

ability to participate on the trauma panel through the trauma POPS program and hospital policy.
I 2.5 General surgeon or appropriate substitute (PGY-4 or -5 resident) is not available for major resuscitations 

in-house 24 hours a day.
I, II 2.6 The PIPS program has not de“ ned conditions requiring the surgeon•s immediate hospital presence.
I, II, III 2.7 The 80% compliance of the surgeon•s presence in the emergency department is not con“ rmed or 

monitored by PIPS (15 minutes for Levels I and II; 30 minutes for Level III).
I, II 2.8 The trauma surgeon on call is not dedicated to the trauma center while on duty.
I, II 2.9 A published backup call schedule for trauma surgery is not available.

Figure 2 Performance improvement loop closure.

Correction

RecognitionMonitoring

Loop closure 
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TRAUMA SYSTEMS 9

Trauma Center Level De“ ciencies by Level and Chapter

III 2.10 A Level III center does not have continuous general surgical coverage.
III 2.11 The trauma panel surgeons do not respond promptly to activations, remain knowledgeable in trauma care 

principles whether treating locally or transferring to a center with more resources, or participate in 
performance review activities.

IV 2.12 The facility does not have 24-hour emergency coverage by a physician.
III, IV 2.13 Well-de“ ned transfer plans are not present.
I, II, III 2.14 Trauma surgeons in adult trauma centers that treat more than 100 injured children annually are not 

credentialed for pediatric trauma care by the hospital•s credentialing body.
I, II, III 2.15 The adult trauma center that treats more than 100 injured children annually does not have a pediatric 

emergency department area, a pediatric intensive care area, appropriate resuscitation equipment, and 
pediatric-speci“ c trauma PIPS program.

I, II, III 2.16 The adult trauma center that treats children does not review the care of injured children through the PIPS 
program.

3: Prehospital Trauma Care

I, II, III 3.1 The trauma director is not involved in the development of the trauma center•s bypass protocol.
I, II, III 3.2 The trauma surgeon is not involved in the decisions regarding bypass.
I, II, III 3.3 The trauma program does not participate in prehospital care protocol development and the PIPS program.

4: Interhospital Transfer

I, II, III 4.1 A mechanism for direct physician-to-physician contact is not present for arranging patient transfer.
I, II, III 4.2 The decision to transfer an injured patient to a specialty care facility in an acute situation is not based solely 

on the needs of the patient; for example, payment method is considered.

5: Hospital Organization and the Trauma Program

I, II, III 5.1 The hospital does not have the commitment of the institutional governing body and the medical staff to 
become a trauma center.

I, II, III 5.2 There is no current resolution supporting the trauma center from the hospital board.
I, II, III 5.3 There is no current resolution supporting the trauma center from the medical staff.
I, II, III 5.4 The multidisciplinary trauma program does not continuously evaluate its processes and outcomes to 

ensure optimal and timely care.
I, II, III 5.5 The trauma medical director is neither a board-certi“ ed surgeon nor an American College of Surgeons fellow.
I, II, III 5.6 The trauma medical director does not participate in trauma call.
I, II, III 5.7 The trauma medical director is not current in Advanced Trauma Life Support®.
I, II 5.8 The trauma director is neither a member nor an active participant in any national or regional trauma 

organizations.
I, II, III 5.9 The trauma director does not have the authority to correct de“ ciencies in trauma care or exclude from 

trauma call the trauma team members who do not meet speci“ ed criteria.
I, II, III 5.10 The criteria for graded activation are not clearly de“ ned by the trauma center and continuously 

evaluated by the PIPS program (see FAQsa).
I, II, III 5.11 Programs that admit more than 10% of injured patients to nonsurgical services do not demonstrate the 

appropriateness of that practice through the PIPS process (see FAQsa).
I, II 5.12 Seriously injured patients are not admitted to or evaluated by an identi“ able surgical service staffed by 

credentialed trauma providers.
I, II 5.13 There is insuf“ cient infrastructure and support to the trauma service to ensure adequate provision of care.
I, II 5.14 In teaching facilities, the requirements of the Residency Review Committee are not met.
III 5.15 The structure of the trauma program does not allow the trauma director to have oversight authority for 

the care of injured patients who may be admitted to individual surgeons.
III 5.16 There is no method to identify injured patients, monitor the provision of health care services, make 

periodic rounds, and hold formal and informal discussions with individual practitioners.
I, II 5.17 The trauma program manager does not show evidence of educational preparation (a minimum of 

16 hours of trauma-related continuing education per year) and clinical experience in the care of injured 
patients.

I, II, III 5.18 There is no multidisciplinary peer review committee chaired by the trauma medical director or designee, 
with representatives from appropriate subspecialty services.

I, II, III 5.19 Adequate (�50%) attendance by general surgery (core group) at the  multidisciplinary peer review 
committee is not documented.

I, II, III 5.20 The core group is not adequately de“ ned by the trauma medical director.

Continued
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prehospital care, trauma service organization, educational activi-
ties, and rehabilitation programs are also evaluated. Trauma center 
criteria are shown in Table 2.

The preparation for veri“ cation and the veri“ cation process itself 
have demonstrated signi“ cant impact on trauma patient care and 
lowering of injury mortality.8…10
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Trauma Center Level De“ ciencies by Level and Chapter
I, II, III 5.21 The core group does not take at least 60% of the total trauma call hours each month.
I, II, III 5.22 The trauma medical director does not ensure and document dissemination of information and “ ndings 

from the peer review meetings to the noncore surgeons on the trauma call panel.
I, II, III 5.23 There is no Trauma Program Operational Process Performance Improvement Committee.

aAnswers to FAQs can be viewed on the American College of Surgeons website at www.facs.org/trauma/faq_answers.html.
FAQ, Frequently asked questions; PIPS, performance improvement and patient safety.
Source: Adapted from Committee on Trauma, American College of Surgeons, Resources for Optimal Care of the Injured Patient: 2006, 5th ed. Chicago, 
American College of Surgeons, 2006, Chapter 16, pp. 139…141.

Table 2: Trauma Facilities Criteria„cont•d

INJURY SEVERITY SCORING: 
ITS DEFINITION 
AND PRACTICAL APPLICATION
Turner M. Osler, Laurent G. Glance, 
and Edward J. Bedrick

t he urge to prognosticate following trauma is as old as the prac-
tice of medicine. This is not surprising, because injured patients 

and their families wish to know if death is likely, and physicians have 
long had a natural concern not only for their patients• welfare but for 
their own reputations. Today there is a growing interest in tailoring 
patient referral and physician compensation based on outcomes, 
outcomes that are often measured against patients• likelihood of 
survival. Despite this enduring interest the actual measurement of 
human trauma began only 50 years ago when DeHaven•s investiga-
tions1 into light plane crashes led him to attempt the objective mea-
surement of human injury. Although we have progressed far beyond 
DeHaven•s original efforts, injury measurement and outcome predic-
tion are still in their infancy, and we are only beginning to explore 
how such prognostication might actually be employed.

In this chapter, we examine the problems inherent in injury mea-
surement and outcome prediction, and then recount brie” y the history 
of injury scoring, culminating in a description of the current de facto 

standards: the Injury Severity Score (ISS),2 the Revised Trauma Score 
(RTS),3 and their synergistic combination with age and injury mecha-
nism into the Trauma and Injury Severity Score (TRISS).4 We will then 
go on to examine the shortcomings of these methodologies and discuss 
two newer scoring approaches, the Anatomic Pro“ le (AP) and the ICD-
9 Injury Scoring System (ICISS), that have been proposed as remedies. 
Finally, we will speculate on how good prediction can be and to what 
uses injury severity scoring should be put given these constraints. We 
will “ nd that the techniques of injury scoring and outcome prediction 
have little place in the clinical arena and have been oversold as means to 
measure quality. They remain valuable as research tools, however.

INJURY DESCRIPTION AND SCORING: 
CONCEPTUAL BACKGROUND

Injury scoring is a process that reduces the myriad complexities of a 
clinical situation to a single number. In this process information is 
necessarily lost. What is gained is a simpli“ cation that facilitates data 
manipulation and makes objective prediction possible. The expecta-
tion that prediction will be improved by scoring systems is unfounded, 
however, since when ICU scoring systems have been compared to 
clinical acumen, the clinicians usually perform better.4,5

Clinical trauma research is made dif“ cult by the seemingly in“ -
nite number of possible anatomic injures, and this is the “ rst prob-
lem we must confront. Injury description can be thought of as the 
process of subdividing the continuous landscape of human injury 
into individual, well-de“ ned injuries. Fortunately for this process, 
the human body tends to fail structurally in consistent ways. Le Fort6 
discovered that the human face usually fractures in only three 
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into a single prediction of outcome, which for consistency will always 
be an estimated probability of survival. We will consider both of these 
tasks in turn. However, before we can consider various approaches to 
outcome prediction, we must brie” y discuss the statistical tools that 
are used to measure how well predictive models succeed in the tasks 
of measuring injury severity and in separating survivors from 
nonsurvivors.

TESTING A TEST: STATISTICAL 
MEASURES OF PREDICTIVE 
ACCURACY AND POWER

Most clinicians are comfortable with the concepts of sensitivity and 
speci“ city when considering how well a laboratory test predicts 
the presence or absence of a disease. Sensitivity and speci“ city are 
inadequate for the thorough evaluation of tests, however, because 
they depend on an arbitrary cut-point to de“ ne •positiveŽ and 
•negativeŽ results. A better overall measure of the discriminatory 
power of a test is the area under the receiver operation characteristic 
(ROC) curve. Formally de“ ned as the area beneath a graph of sen-
sitivity (true positive proportion) graphed against 1 … speci“ city 
(false positive proportion), the ROC statistic can more easily be 
understood as the proportion of correct discriminations a test 
makes when confronted with all possible comparisons between dis-
eased and nondiseased individuals in the data set. In other words, 
imagine that a survivor and a nonsurvivor are randomly selected by 
a blindfolded researcher, and the scoring system of interest is used 
to try to pick the survivor. If we repeat this trial many times 
(e.g., 10,000 or 100,000 times), the area under the ROC curve will be 
the proportion of correct predictions. Thus, a test that always distin-
guishes a survivor from a nonsurvivor correctly has an ROC of 1, 
whereas a test that picks the survivor no more often than would be 
done by chance has an ROC of 0.5.

A second salutary property of a predictive model is that it has clar-
ity of classi“ cation. That is, if a rule classi“ es a patient with an esti-
mated chance of survival of 0.5 or greater to be a survivor, then ideally 
the model should assign survival probabilities near 0.5 to as few pa-
tients as possible and values close to 1 (death) or 0 (survival) to as 
many patients as possible. A rule with good discriminatory power will 
typically have clarity of classi“ cation for a range of cut-off values.

A “ nal property of a good scoring system is that it is well cali-
brated, that is, reliable. In other words, a predictive scoring system 
that is well calibrated should perform consistently throughout its 
entire range, with 50% of patients with a 0.5 predicted mortality 
actually dying, and 10% or patients with a 0.1 predicted mortality 
actually dying. Although this is a convenient property for a scoring 
system to have, it is not a measure of the actual predictive power of 
the underlying model and predictor variables. In particular, a well-
calibrated model does not have to produce more accurate predictions 
of outcome than a poorly calibrated model. Calibration is best 
thought of as a measure of how well a model “ ts the data, rather than 
how well a model actually predicts outcome. As an example of the 
malleability of calibration, Figure 2A and B displays the calibration 
of a single ICD-9 Injury Severity Score (ICISS) (discussed later), 
“ rst as the raw score and then as a simple mathematical transforma-
tion of the raw score. Although the addition of a constant and a 
fraction of the score squared add no information and does not 
change the discriminatory power based on ROC, the transformed 
score presented in Figure 2B is dramatically better calibrated. Cali-
bration is commonly evaluated using the Hosmer Lemeshow (HL) 
statistic. This statistic is calculated by “ rst dividing the data set into 
10 equal deciles (by count or value) and then comparing the pre-
dicted number of survivors in each decile to the actual number of 
survivors. The result is evaluated as a chi-square test. A high (p�0.05) 
value implies that the model is well calibrated, that is, it is accurate. 
Unfortunately, the HL statistic is sensitive to the size of the data set, 
with very large data sets uniformly being declared •poorly calibrated.Ž 

patterns despite a wide variety of traumas, and this phenomenon is 
true for many other parts of the body. The common use of eponyms 
to describe apparently complex orthopedic injuries underscores the 
frequency with which bones fracture in predictable ways. Neverthe-
less, the total number of possible injuries is large. The Abbreviated 
Injury Scale is now in its “ fth edition (AIS 2005) and includes de-
scriptions of more than 2000 injuries (increased from 1395 in AIS 
1998). The International Classi“ cation of Diseases, Ninth Revision 
(ICD-9) also devotes almost 2000 codes to traumatic injuries. More-
over, most specialists could expand by several-fold the number of 
possible injuries. However, a scoring system detailed enough to sat-
isfy all specialists would be so demanding in practice that it would be 
impractical for nonspecialists. Injury dictionaries thus represent an 
unavoidable compromise between clinical detail and pragmatic ap-
plication.

Although an •injuryŽ is usually thought of in anatomic terms, 
physiologic injuries at the cellular level, such as hypoxia or hemor-
rhagic shock, are also important. Not only does physiologic impair-
ment “ gure prominently in the injury description process used by 
emergency paramedical personnel for triage, but such descriptive 
categories are crucial if injury description is to be used for accurate 
prediction of outcome. Thus, the outcome after splenic laceration 
hinges more on the degree and duration of hypotension than on 
degree of structural damage to the spleen itself. Because physiologic 
injuries are by nature evanescent, changing with time and therapy, 
reliable capture of this type of data is problematic.

The ability to describe injuries consistently on the basis of a single 
descriptive dictionary guarantees that similar injuries will be classi“ ed 
as such. However, in order to compare different injuries, a scale of se-
verity is required. Severity is usually interpreted as the likelihood of a 
fatal outcome; however, length of stay in an intensive care unit, length 
of hospital stay, extent of disability, or total expense that is likely to be 
incurred could each be considered measures of severity as well.

In the past, severity measures for individual injuries have gener-
ally been assigned by experts. Ideally, however, these values should be 
objectively derived from injury-speci“ c data that is now available in 
large data bases. Importantly, the severity of an injury may vary with 
the outcome that is being contemplated. Thus, a gunshot wound to 
the aorta may have a high severity when mortality is the outcome 
measure, but a low severity when disability is the outcome measure. 
(That is, if the patient survives he or she is likely to recover quickly.) 
A gunshot wound to the femur might be just the reverse in that it 
infrequently results in death but often causes prolonged disability.

Although it is a necessary “ rst step to rate the severity of indi-
vidual injuries, comparisons between patients or groups of patients 
is of greater interest. Because patients typically have more than a 
single injury, the severity of several individual injuries must be com-
bined in some way to produce a single overall measure of injury se-
verity. Although several mathematical approaches of combining 
separate injuries into a single score have been proposed, it is uncer-
tain which of these formulas is most correct. The severity of the 
single worst injury, the product of the severities of all the injuries a 
patient has sustained, the sum of the squared values of severities of a 
few of the injuries a patient has sustained, have all been proposed, 
and other schemes are likely to emerge. The problem is made still 
more complex by the possibility of interactions between injuries. We 
will return to this fundamental but unresolved issue later.

As noted, anatomic injury is not the sole determinant of survival. 
Physiologic derangement and patient reserve also play crucial roles. 
A conceptual expression to describe the role of anatomic injury, 
physiologic injury, and physiologic reserve in determining outcome 
might be stated as follows:

Outcome � Anatomic Injury � Physiologic Injury � Patient 
Reserve � error

Our task is thus twofold: First, we must de“ ne summary measures 
of anatomic injury, physiologic injury, and patient reserve. Second, we 
must devise a mathematical expression combining these predictors 
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Additionally, the creators of the HL statistic have noted that its actual 
value may depend on the arbitrary groupings used in its calculation,7 
and this further diminishes the HL statistic•s appeal as a general 
measure of reliability.

In sum, the ROC curve area is a measure of how well a model 
distinguishes survivors from nonsurvivors, whereas the HL statistic 
is a measure of how carefully a model has been mathematically “ tted 
to the data. In the past, the importance of the HL statistic has been 
overstated and even used to commend one scoring system (A Sever-
ity Characterization of Trauma [ASCOT]) over another of equal 
discriminatory power (TRISS). This represents a fundamental mis-
application of the HL statistic. Overall, we believe much less empha-
sis should be placed on the HL statistic.

The success of a model in predicting mortality is thus measured 
in terms of its ability to discriminate survivors from nonsurvivors 
(ROC statistic) and its calibration (HL statistic). In practice, how-
ever, we often wish to compare two or more models rather than 
simply examine the performance of a single model. The procedure 
for model selection is a sophisticated statistical enterprise that has 
not yet been widely applied to trauma outcome models. One promis-
ing avenue is an information theoretic approach in which competing 
models are evaluated based on their estimated distance from the true 
(but unknown) model in terms of information loss. While it might 
seem impossible to compare distances to an unknown correct model, 
such comparisons can be accomplished by using the Akaike informa-
tion criterion (AIC)8 and related re“ nements.

Two practical aspects of outcome model building and testing are 
particularly important. First, a model based on a data set usually per-
forms better when it is used to predict outcomes for that data set than 
other data sets. This is not surprising, because any unusual features of 
that data set will have been incorporated, at least partially, into the 
model under consideration. The second, more subtle, point is that the 
performance of any model depends on the data evaluated. A data set 
consisting entirely of straightforward cases (i.e., all patients are either 
trivially injured and certain to survive or overwhelmingly injured and 
certain to die) will make any scoring system seem accurate. But a data 
set in which every patient is gravely but not necessarily fatally injured is 
likely to cause the scoring system to perform no better than chance. 
Thus, when scoring systems are being tested, it is important “ rst that 
they be developed in unrelated data sets and second that they be tested 
against data sets typical of those expected when the scoring system is 
actually used. This latter requirement makes it extremely unlikely that a 
universal equation can be developed, because factors not controlled for 
by the prediction model are likely to vary among trauma centers.

MEASURING ANATOMIC INJURY

Measurement of anatomic injury requires “ rst a dictionary of inju-
ries, second a severity for each injury, and “ nally a rule for combining 
multiple injuries into a single severity score. The “ rst two require-
ments were addressed in 1971 with the publication of the “ rst AIS 
manual. Although this initial effort included only 73 general injuries 
and did not address penetrating trauma, it did assign a severity to 
each injury varying from 1 (minor) to 6 (fatal). No attempt was 
made to create a comprehensive list of injuries, and no mechanism to 
summarize multiple injuries into a single score was proposed.

This inability to summarize multiple injuries occurring in a single 
patient soon proved problematic and was addressed by Baker and 
colleagues in 1974 when they proposed the ISS. This score was de-
“ ned as the sum of the squares of the highest AIS grade in each of the 
three (of six) most severely injured body areas:

ISS � (highest AIS in worst area)2 � (highest AIS in second worst 
area)2 � (highest AIS in third worst area)2

Because each injury was assigned an AIS severity from 1 to 6, 
the ISS could assume values from 0 (uninjured) to 75 (severest pos-
sible injury). A single AIS severity of 6 (fatal injury) resulted in an 

automatic ISS of 75. This scoring system was tested in a group of 
2128 automobile accident victims. Baker concluded that 49% of the 
variability in mortality was explained by this new score, a substantial 
improvement over the 25% explained by the previous approach of 
using the single worst-injury severity.

Both the AIS dictionary and the ISS score have enjoyed consider-
able popularity over the past 30 years. The “ fth revision of the AIS9 
has recently been published, and now includes over 2000 individual 
injury descriptors. Each injury in this dictionary is assigned a severity 
from 1 (slight) to 6 (unsurvivable), as well as a mapping to the Func-
tional Capacity Index (a quality-of-life measure).10 The ISS has en-
joyed even greater success„it is virtually the only summary measure 
of trauma in clinical or research use, and has not been modi“ ed in 
the 30 years since its invention.

Despite their past success, both the AIS dictionary and the ISS 
score have substantial shortcomings. The problems with AIS are 
twofold. First, the severities for each of the 2000 injuries are consen-
sus derived from committees of experts and not simple measure-
ments. Although this approach was necessary before large databases 
of injuries and outcomes were available, it is now possible to accu-
rately measure the severity of injuries on the basis of actual out-
comes. Such calculations are not trivial, however, because patients 
typically have more than a single injury, and untangling the effects of 
individual injuries is a dif“ cult mathematical exercise. Using mea-
sured severities for injuries would correct the inconsistent percep-
tions of severity of injury in various body regions “ rst observed by 
Beverland and Rutherford11 and later con“ rmed by Copes et al.12 A 
second dif“ culty is that AIS scoring is expensive, and therefore is 
done only in hospitals with a zealous commitment to trauma. As a 
result, the experiences of most non-trauma center hospitals are ex-
cluded from academic discourse, thus making accurate demographic 
trauma data dif“ cult to obtain.

The ISS has several undesirable features that result from its weak 
conceptual underpinnings. First, because it depends on the AIS dic-
tionary and severity scores, the ISS is heir to all the dif“ culties out-
lined previously. But the ISS is also intrinsically ” awed in several 
ways. By design, the ISS allows a maximum of three injuries to con-
tribute to the “ nal score, but the actual number is often fewer. More-
over, because the ISS allows only one injury per body region to be 
scored, the scored injuries are often not even the three most severe 
injuries. By considering less severe injuries, ignoring more severe 
injuries, and ignoring many injuries altogether, the ISS loses consid-
erable information. Baker herself proposed a modi“ cation of the ISS, 
the new ISS (NISS13), which was computed from the three worst 
injuries, regardless of the body region in which they occurred. Unfor-
tunately, the NISS did not improve substantially upon the discrimi-
nation of ISS.

The ISS is also ” awed in a mathematical sense. Although it is usu-
ally handled statistically as a continuous variable, the ISS can assume 
only integer values. Further, although its de“ nition implies that the 
ISS can at least assume all integer values throughout its range of 0 to 
75, because of its curious sum-of-one (or two or three) square con-
struction, many integer values can never occur. For example, 7 is not 
the sum of any three squares, and therefore can never be an ISS score. 
In fact, only 44 of the values in the range of ISS can be valid ISS 
scores, and half of these are concentrated between 0 and 26. As a “ nal 
curiosity, some ISS values are the result of one, two, or as many as 28 
different AIS combinations. Overall, the ISS is perhaps better thought 
of as a procedure that maps the 84 possible combinations of three or 
fewer AIS injuries into 44 possible scores that are distributed between 
0 and 75 in a nonuniform way.

The consequences of these idiosyncrasies for the ISS are severe, as 
an examination of the actual mortality for each of 44 ISS scores in a 
large data set (691,973 trauma patients contributed to the National 
Trauma Data Bank [NTDB]14) demonstrates. Mortality does not in-
crease smoothly with increasing ISS, and, more troublingly, for many 
pairs of ISS scores, the higher score is actually associated with a lower 
mortality (Figure 1A). Some of these disparities are striking: patients 

12 INJURY SEVERITY SCORING: ITS DEFINITION AND PRACTICAL APPLICATION
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TRAUMA SYSTEMS 13

with ISS scores of 27 are four times less likely to die than patients 
with ISS scores of 25. This anomaly occurs because the injury sub-
score combinations that result in an ISS of 25 (5,0,0 and 4,3,0) are, 
on average, more likely to be fatal than the injury subscore combina-
tions that result in and ISS of 27 (5,1,1 and 3,3,3). (Kilogo et al.15 
note that 25% of ISS scores can actually be the result of two different 
subscore combinations, and that these subscore combinations usu-
ally have mortalities that differ by over 20%.)

Despite these dramatic problems, the ISS has remained the pre-
eminent scoring system for trauma. In part this is because it is widely 
recognized, easily calculated, and provides a rough ordering of sever-
ity that has proven useful to researchers. Moreover, the ISS does 

powerfully separate survivors from nonsurvivors, as matched histo-
grams of ISS for survivors and fatalities in the NTDB demonstrate 
(Figure 1B), with an ROC of 0.86.

The idiosyncrasies of ISS have prompted investigators to seek bet-
ter and more convenient summary measures of injury. Champion 
and coworkers16 attempted to address some of the shortcomings 
of ISS in 1990 with the AP, later modi“ ed to become the modi“ ed AP 
(mAP).17 The AP used the AIS dictionary of injuries, and assigned all 
AIS values greater than 2 to one of three newly de“ ned body regions 
(head/brain/spinal, thorax/neck, other). Injuries were combined 
within body region using a Pythagorean distance model, and these 
values were then combined as a weighted sum. Although the 

Figure 1 (A) Survival as a function of ICD-9 Injury Scoring System (ICISS) score (691,973 patients 
from the National Trauma Data Bank [NTDB]). (B) Survival as a function of ICISS score mathematically 
transformed by the addition of an ICISS2 term (a •calibration curveŽ). Note that although this transfor-
mation does not add information (or change the discrimination [receiver operation characteristic value]) 
of the model, it does substantially improve the calibration of the model (691,973 patients from the 
NTDB). (C) ICISS scores presented as paired histograms of survivors (above) and nonsurvivors 
(691,973 patients from the NTDB).  
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discrimination of the AP and mAP improved upon the ISS, this suc-
cess was purchased at the cost of substantially more complicated 
calculations, and the AP and mAP have not seen wide use.

Osler and coworkers in 1996 developed an injury score based upon 
the ICD-9 lexicon of possible injuries. Dubbed ICISS (ICD-9 Injury 
Severity Score), the score was de“ ned as the product of the individual 
probabilities of survival for each injury a patient sustained.

ICISS �  (SRR)Injury I �  (SRR)Injury 2 � (SRR)Injury 3 �  ... � (SRR)Injury Last

These empiric •survival risk ratiosŽ were in turn calculated from 
a large trauma database. ICISS was thus by de“ nition a continuous 

predictor bounded between 0 and 1. ICISS provided better discrimi-
nation between survivors and nonsurvivors than did ISS, and also 
proved better behaved mathematically: The probability of death 
uniformly decreases as ICISS increases (Figure 1A), and ICISS pow-
erfully separates survivors from nonsurvivors (Figure 1C). A further 
advantage of the ICISS score is that it can be calculated from hospital 
discharge data, and thus the time and expense of AIS coding are 
avoided. This coding convenience has the salutary effect of allowing 
the calculation of ICISS from administrative data sets, and thus 
allows injury severity scoring for all hospitals. A score similar to 
ICISS but based on the AIS lexicon, Trauma Registry Abbreviated 

14 INJURY SEVERITY SCORING: ITS DEFINITION AND PRACTICAL APPLICATION

Figure 2 (A) Survival as a function of Injury Severity Scores (ISS). One-half of valid ISS score values 
are below 25 due to the sum of squares de“ nition of ISS. Because the data set is spread over 44 ISS 
scores, and higher scores occur less often, error bars for higher ISS scores are wider than for lower ISS 
values (691,973 patients from the NTDB). (B) ISS presented as paired histograms of survivors (above) 
and nonsurvivors (below). Note that only the 44 possible ISS scores are represented. In general, survivors 
tend to have lower ISS scores. Some ISS scores are dramatically more common, in part because these 
scores result from two or more combinations of AIS severity scores (691,973 patients from the NTDB).
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TRAUMA SYSTEMS 15

Injury Scale (TRAIS),18 has been described and has performance 
similar to that of ICISS. Because ICISS and TRAIS share a common 
structure, it is likely that they will allow comparisons to be made 
between data sets described in the two available injury lexicons, AIS 
and ICD-9.

Other ICD-9-based scoring schemes have been developed which 
“ rst map ICD-9 descriptors into the AIS lexicon,19 and then calculate 
AIS-based scores (such as ISS or AP). In general, power is lost with 
such mappings because they are necessarily imprecise, and thus this 
approach is only warranted when AIS-based scores are needed but 
only ICD-9 descriptors are available.

Many other scores have been created. Perhaps the simplest was 
suggested by Kilgo and coworkers,18 who noted that the survival risk 
ratio for the single worst injury was a better predictor of mortality 
than several other models they considered that used all the available 
injuries. This is a very interesting observation, because it seems un-
likely that ignoring injuries should improve a model•s performance. 
Rather, Kilgo•s observation seems to imply that most trauma scores 
are miss-speci“ ed, that is, they use the information present in the 
data suboptimally. Much more complex models, some based on ex-
otic mathematical approaches such as neural networks20 and classi“ -
cation and regression trees have also been advocated, but have failed 
to improve the accuracy of predictions.

To evaluate the performance of various anatomic injury models, 
their discrimination and calibration must be compared using a com-
mon data set. The largest such study was performed by Meredith et 
al.,21 who evaluated nine scoring algorithms using the 76,871 patients 
then available in the NTDB. Performance of the ICISS and AP were 
found to be similar, although ICISS better discriminated survivors 
from nonsurvivors while the AP was better calibrated. Both of these 
more modern scores dominated the older ISS, however. Meredith 
and colleagues21  concluded that •ICISS and APS provide improve-
ment in discrimination relative to . . . ISS. Trauma registries should 
move to include ICISS and the APS. The ISS . . . performed moder-
ately well and (has) bedside bene“ ts.Ž

MEASURING PHYSIOLOGIC INJURY

Accurate outcome prediction depends on more than simply reliable 
anatomic injury severity scoring. If we imagine two patients with 
identical injuries (e.g., four contiguous comminuted rib fractures 
and underlying pulmonary contusion), we would predict an equal 
probability of survival until we are informed that one patient is 
breathing room air comfortably while the other is dyspneic on a 
100% O2 rebreathing mask and has a respiratory rate of 55. Although 
the latter patient is not certain to die, his chances of survival are 
certainly lower than those of the patient with a normal respiratory 
rate. Although obvious in clinical practice, quanti“ cation of physio-
logic derangement has been challenging.

Basic physiologic measures such as blood pressure and pulse have 
long been important in the evaluation of trauma victims. More re-
cently, the Glasgow Coma Score (GCS) has been added to the routine 
trauma physical exam. Originally conceived over 30 years ago as mea-
sure of the •depth and duration of impaired consciousness and 
coma,Ž22 the GCS is de“ ned as the sum of coded values that describe a 
patient•s motor (1…6), verbal (1…5), and eye (1…4) levels of response to 
speech or pain. As de“ ned, the GCS can take on values from 3 (unre-
sponsive) to 15 (unimpaired). Unfortunately, simply summing these 
components obscures the fact that the GCS is actually the result of 
mapping the 120 different possible combinations of motor, eye, and 
verbal responses into 12 different scores. The result is a curious tri-
phasic score in which scores of 7, 8, 9, 10, and 11 have identical mor-
talities. Fortunately, almost all of the predictive power of the GCS is 
present in its motor component, which has a very nearly linear rela-
tionship to survival23,24 (Figure 3C). It is likely that the motor compo-
nent alone could replace the GCS with little or no loss of performance, 
and it has the clear advantage that such a score could be calculated for 

intubated patients, something not possible with the three-component 
GCS because of its reliance on verbal response. Despite these imperfec-
tions, the GCS remains part of the trauma physical exam, perhaps 
because as a measure of brain function, the GCS assesses much more 
than simply the anatomic integrity of the brain. Figure 3B shows that 
GCS powerfully separates survivors from nonsurvivors.

Currently the most popular measure of overall physiologic de-
rangement is the Revised Trauma Score. It has evolved over the past 
30 years from the Trauma Index, through the Trauma Score to the 
RTS in common use today. The RTS is de“ ned as a weighted sum of 
coded values for each of three physiologic measures: Glasgow Coma 
Scale (GCS), systolic blood pressure (SBP), and respiratory rate (RR). 
Coding categories for the raw values were selected on the basis of 
clinical convention and intuition (Table 1). Weights for the coded 
values were calculated using a logistic regression model and the Mul-
tiple Trauma Outcome Study (MTOS) data set. The RTS can take on 
125 possible values between 0 and 7.84:

RTS � 0.9368 GCSCoded � 0.7326 SBPCoded � 0.2908 RRCoded

While the RTS is in common use, it has many shortcomings. As a 
triage tool, the RTS adds nothing to the vital signs and brief neuro-
logical examination because most clinicians can evaluate vital signs 
without mathematical •preprocessing.Ž As a statistical tool, the RTS is 
problematic because its additive structure simply maps the 125 pos-
sible combinations of subscores into a curious, nonmonotonic sur-
vival function (Figure 4A). Finally, the reliance of RTS on the GCS 
makes its calculation for intubated patients problematic. Despite 
these dif“ culties, the RTS discriminates survivors from nonsurvivors 
surprisingly well (Figure 4B). Nevertheless, it is likely that a more 
rigorous mathematical approach to an overall measure of physiologic 
derangement would lead to a better score.

MEASURING PHYSIOLOGIC RESERVE 
AND COMORBIDITY RISK

Physiologic reserve is an intuitively simple concept that, in practice, 
has proved elusive. In the past, age has been used as a surrogate for 
physiologic reserve, and although this expedient has improved predic-
tion slightly, age alone is a poor predictor of outcome. Using the ex-
ample of two patients with four contiguous comminuted rib fractures 
and underlying pulmonary contusion, we would predict equal likeli-
hood of survival until we are told that one patient is a 56-year-old 
triathlete, and the other is a 54-year-old with liver cirrhosis who is 
awaiting liver transplant and is taking steroids for chronic obstructive 
pulmonary disease (COPD). Although the latter patient is not certain 
to die, his situation is certainly more precarious than that of the tri-
athlete. Remarkably, the TRISS method of overall survival prediction 
(see later) would predict that the triathlete is more likely to die. Al-
though this scenario is contrived, it underscores the failure of age as a 
global measure of patient reserve. Not only does age fail to discrimi-
nate between •successfulŽ and •unsuccessfulŽ aging, it ignores comor-
bid conditions. Moreover, the actual effect of age is not a binary 
function as it is modeled in TRISS and is probably not linear either.

Although physiologic reserve depends on more than age, it is dif“ -
cult to de“ ne, measure, and model the other factors that might be per-
tinent. Certainly compromised organ function may contribute to death 
following injury. Morris et al.25 determined that liver cirrhosis, COPD, 
diabetes, congenital coagulopathy, and congenital heart disease were 
particularly detrimental following injury. Although many other such 
conditions are likely to contribute to outcome, the exact contribution of 
each condition will likely depend on the severity of the particular co-
morbidity in question. Because many of these illnesses will not be com-
mon in trauma populations, constructing the needed models may be 
dif“ cult. Although the Deyo-Charlson scale26 has been used in other 
contexts, it is at best an interim solution, with some researchers report-
ing no advantage to including it in trauma survival models.27 As yet no 
general model for physiologic reserve following trauma is available.
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MORE POWERFUL PREDICTIONS: 
COMBINING SEVERAL TYPES 
OF INFORMATION

The predictive power of models is usually improved by adding more 
relevant information and more relevant types of information into the 
model. This was recognized by Champion et al.28 in 1981, as they com-
bined the available measures of injury (ISS), physiologic derangement 
(RTS), patient reserve (age as a binary variable: age �55 or � 55), and 
injury mechanism (blunt/penetrating) into a single logistic regression 
model. Coef“ cients for this model were derived from the MTOS data 

set.29 Called TRISS (TRauma score, Injury Severity Score age comor-
bidity index), this score was rapidly adopted and became the de facto 
standard for outcome prediction. Unfortunately, as was subsequently 
pointed out by its developers and others,30 TRISS had only mediocre 
predictive power and was poorly calibrated. This is not surprising, be-
cause TRISS is simply the logit transformation of the weighted sum of 
three subscores (ISS, RTS, GCS), which are themselves poorly calibrated 
and in fact not even monotonically related to survival. Because of this 
•sum of subscoresŽ construction, TRISS is heir to the mathematically 
troubled behavior of its constituent subscores, and as a result TRISS is 
itself not monotonically related to survival (Figure 5A). Although 

Figure 3 (A) Survival as a function of Glasgow Coma Score (GCS) (691,973 patients from the 
NTDB). (B) GCS scores presented as paired histograms of survivors (above) and nonsurvivors (below) 
(691,973 patients from the NTDB). (C) GCS scores (691,973 patients from the NTDB). Note that the 
eye and verbal subscores are not linear, and as a result the summed score GCS is also nonlinear. The 
motor score, by contrast, is quite linear.
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TRAUMA SYSTEMS 17

TRISS was conceived in hopes of comparing the performance of differ-
ent trauma centers, the performance of TRISS has varied greatly when 
it was used to evaluate trauma care in other centers and other coun-
tries,31,32 suggesting that either the standard of trauma care varied 
greatly, or, more likely, that the predictive power of TRISS was greatly 
affected by variation in patient characteristics (•patient mixŽ). Still an-
other shortcoming is that because TRISS is based on a single data set 
(MTOS), its coef“ cients were •frozen in timeŽ (in the context of the 
likelihood that success of trauma care improves over time). When new 
coef“ cients are calculated for the TRISS model, predictions improve, 
but it is unclear how often such coef“ cients should be recalculated, or 
what data set they should be based on. Thus, as a tool for comparing 
trauma care at different centers, TRISS seems fatally de“ cient.

In an attempt to address the shortcomings of TRISS, Champion 
et al. proposed a new score, ASCOT.16 ASCOT introduced a new 

Table 1: Coding Categories for Raw Values

Glasgow 
Coma Score

Systolic Blood 
Pressure

Respiratory 
Rate

Coded 
Value

13…15   89 10…29 4
 9…12 76…89  .29 3
 6…8 50…75  6…9 2
 4…5  1…49  1…5 1
  3   0   0 0

Source: •Categorical Scoring in Trauma PatientsŽ Cambridge University 
Press.

Figure 4 (A) Survival as a function of Revised Trauma Score (RTS) (691,973 patients from the 
NTDB). (B) RTS presented as paired histograms of survivors (above) and nonsurvivors (below) 
(691,973 patients from the NTDB).

0

.2

.4

.6

.8

1

0 2 4 6 8

O
bs

er
ve

d 
m

or
ta

lit
y

RTS

P
ro

po
rt

io
n 

of
 n

on
su

rv
iv

or
s

3

2

1

0

42 6 80

RTS

P
ro

po
rt

io
n 

of
 s

ur
vi

vo
rs

3

2

1

0

42 6 80

RTS

A

B

Ch-01-07-A4418_001-046.indd   17Ch-01-07-A4418_001-046.indd   17 12/21/07   3:13:24 PM12/21/07   3:13:24 PM



measure of anatomic injury, the AP (see previous discussion), which 
was based on AIS severities of individual injuries, but summarized as 
the square root of the sum of squared injuries within three body re-
gions, which were then weighed and summed. ASCOT also unbun-
dled the RTS and included its newly coded components (GCS, RR, 
and SBP) as independent predictors in the model. Finally, age was 
modeled by decile over the age of 55. Despite these extensive and 
logical alterations, the discrimination of ASCOT only marginally 
improved over TRISS, and calibration was only slightly improved. 
Because ASCOT mixed anatomical and physiological measures of 
injury, the authors were unsure of the source of ASCOT•s modest 
improvement. The substantial increase in computational complexity 

further discouraged general adoption of ASCOT.33 While some have 
advocated abandoning TRISS in favor of ASCOT, the data on which 
this view is based show no statistical difference in the discrimination 
of the two scores.34 A difference in calibration was detected, but as we 
have argued, this is of less importance than discrimination.

STATISTICAL CONSIDERATIONS

Many statistical techniques are available to combine several predictor 
variables into a single outcome variable. Probably the best known is 
linear regression, which allows several linear predictor variables to be 

Figure 5 (A) Survival as a function of TRISS score. Note that survival is a nonmonotonic function of the 
Trauma and Injury Severity Score (TRISS), and further, that for TRISS scores greater than 0.2, TRISS uniformly 
greatly overpredicts mortality, an anomaly that results in most trauma centers evaluated using TRISS 
appearing to be •above average,Ž a statistical impossibility (513,413 patients from the NTDB). (B) TRISS 
scores presented as paired histograms of survivors (above) and nonsurvivors (below) (513,413 patients 
from the NTDB).
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TRAUMA SYSTEMS 19

combined into a single continuous outcome measure. This technique 
might be appropriate for the prediction of such continuous outcome 
variables as hospital length of stay or total cost.

The outcome of overriding interest in injury severity scoring is 
the binary outcome survival/nonsurvival, however, and here logistic 
regression is the most commonly employed (although not necessar-
ily optimal [Pepe et al.35]) approach. Logistic regression provides a 
formula that predicts the likelihood of survival for any patient given 
the values for his or her predictor variables, typically summary mea-
sures of anatomic injury, physiologic derangement, and physiologic 
reserve. This formula is of the form:

Probability of Survival � 1/(1�e -b)

Here,

b � b 0 � b (anatomic injury) � Anat Inj � b (physiologic injury) � Phys Inj 
� b (physiologic reserve) � Phys Res

and Anat_Inj, Phys_Inj, and Phys_Res are summary measures of 
anatomic injury, physiologic injury, and physiologic reserve, respec-
tively.

The values of the coef“ cients b0, b(anatomic injury), b(physiologic injury), 
and b(physiologic reserve) are derived using a technique called maximum 
likelihood estimation. The details need not concern us, except to 
say that these coef“ cients are computed from a reference data set 
using an iterative procedure that requires a computer. The four 
coef“ cients thus capture much of the information present in the 
reference data set, including both the explicit information in the 
predictor variables and outcome, as well as implicit information 
included in other unmeasured variables of the data set. Logistic 
regression is extremely versatile, and can use both categorical 
and continuous variables as predictors. It does require that predic-
tors be individually mathematically transformed to ensure that 
they are linear in the log odds of the outcome, however, and thus 
some statistical expertise is required to create and evaluate logistic 
models.

Despite the popularity and advantages of logistic regression, it 
is by no means the only approach to making a binary prediction 
from several predictor variables. Techniques such as neural net-
works and classi“ cation and regression trees have also been ap-
plied to medical prediction,35,36 but in general prediction of mor-
tality using these approaches is no better than standard logistic 
regression models.37,38 These newer computer-intensive techniques 
have the further disadvantage that they are in general more dif“ -
cult to implement and to explain. Occasional claims of remarkable 
success for such techniques20 seem to be due to over“ tting of the 
model under consideration rather than dramatically improved 
predictions. (Over“ tting can be thought of as a technique•s •cheat-
ingŽ by memorizing the peculiarities of a data set rather than 
generalizing the relationship present between predictors and the 
outcome of interest. An over“ t model may perform extremely well 
with the reference data set, but perform poorly when confronted 
with new data.)

IMPROVED PREDICTION IN TRAUMA 
SCORING

As argued previously, it is unlikely that a different statistical 
modeling technique will substantially improve outcome predic-
tion. Thus, improvement must come from better measures of 
anatomic injury, physiologic injury, and physiologic reserve. In 
effect, because the •recipeŽ for trauma scoring is unlikely to get 
better, we must concentrate upon improving the •ingredients,Ž 
that is, the predictors used in our models. Fortunately, such 
improved measures are likely to be forthcoming, made possible 
by the advent of larger data sets and improved statistical 
methodology.

How Good Are Current Scoring Systems?

Outcome prediction can never be perfect. Not only are our descrip-
tions of injured patients certain to be incomplete, but complications, 
which may occur weeks after injury and result in late mortality, will 
always be impossible to predict with certainty. Indeed, as noted previ-
ously, currently available scoring systems for ICU patients are generally 
no more accurate in their predictions of mortality than are clinicians. 
This level of accuracy may be dif“ cult to improve upon, because the 
human brain itself can be considered a wonderfully powerful com-
puter, optimized over eons to make accurate classi“ cations.

The TRISS model for prediction following trauma is currently 
the most widely used, and has the theoretic advantage of using 
information about a patient•s injuries (ISS, blunt/penetrating), 
physiologic derangement (RTS) and physiologic reserve (age) to 
reach a prediction. Although all of these inputs to the model are by 
today•s statistical standards rather unsophisticated descriptions of 
the factors they are designed to quantify, the “ nal prediction of 
TRISS on balance powerfully separates survivors from nonsurvi-
vors (ROC �  0.95) (see Figure 5B). Unfortunately, TRISS is not 
only not linearly related to mortality, it is not even monotonically 
related to mortality (see Figure 5A), a defect that strongly suggests 
that TRISS can be improved upon.

The Uses of Injury Scoring

While it seems obvious that a uniform system of measurement is 
essential to the scienti“ c study of trauma and the monitoring of 
trauma systems, the exact role of injury severity scoring in clinical 
trauma care, trauma research, and evaluation of trauma care is evolv-
ing. Certainly there is no role for injury scoring in the acute trauma 
setting: calculating such scores can be time consuming and error 
prone, and such mathematical preprocessing is a scant advantage for 
clinicians comfortable with assessing a patient•s vital signs and physi-
cal exam. Trauma research, on the other hand, frequently requires a 
rough ordering of injury severity among patients, and here even sta-
tistically suboptimal scores (e.g., ISS, TRISS) can be very useful.

Trauma scoring has also been proposed as a way to evaluate 
the success of trauma care and thus compare trauma providers (phy-
sicians, centers, treatments, or systems). Although the trauma 
community has long been interested in assessing trauma care,39 the 
recent claims of the Institute of Medicine40 that as many as 90,000 
Americans die yearly as a result of medical errors has accelerated the 
call for medical •report cards,Ž and interest in •pay for performanceŽ 
is building.41 Initially it was hoped that simply comparing the actual 
mortality with the expected mortality (the sum of the expected mor-
talities for all patients based upon some outcome prediction model, 
such as TRISS) for groups of patients would provide a point estimate 
of the overall success of care provided. Unfortunately, summarizing 
the success of care has proved more complex than simply calculating 
the ratio of observed to expected deaths (•O to E ratioŽ) because 
there is often substantial statistical uncertainty surrounding these 
point estimates. More problematic still, when confronted with data 
for several trauma providers (surgeons, centers, systems), it can be 
dif“ cult or impossible to determine which, if any, providers actually 
have better outcomes.42 Advanced statistical methods (e.g., hierar-
chal models43) are required to address these problems rigorously, but 
such procedures are not yet easily implemented or widely employed 
by medical researchers. Some of these dif“ culties are likely to be re-
solved by further research into the statistical properties of this kind 
of data, but currently some statistical researchers in this area recom-
mend that tables of such data simply not be published because they 
are so likely to be misinterpreted by the public42 or misused by gov-
ernment and other regulatory agencies.44 The unintended conse-
quences of such overzealous use of statistical methods, such as hos-
pitals refusing to care for sicker patients,45 may actually worsen 
patient care.
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It can be argued that even statistically imprecise comparisons 
between providers can be usefully employed by committed groups 
of providers to foster discussion and help identify •best practices,Ž 
and thus improve care.46 This heuristic approach has occasionally 
been cited as the source of dramatic reductions in mortality.47,48 
However, the exact source of these improvements is uncertain, and 
it is dif“ cult to guarantee how a ranking, once generated, will be 
subsequently employed. Tracking the performance of a single 
provider (surgeon, trauma center, etc.) over time may be a statisti-
cally more tractable problem.49 This approach has recently been 
applied in cardiac surgery,50 but has not yet been applied to 
trauma care.

Given the uncertainty inherent in comparing the success of 
trauma care among providers, the American College of Surgeons 
in its trauma center veri“ cation process has wisely eschewed as-
sessment based on outcomes in favor of structure and process 
measures. This approach, “ rst outlined by Donabedian51 over 
25 years ago, advocates the evaluation of structures that are be-
lieved necessary for excellent care (physical facilities, quali“ ed 
practitioners, training programs, etc.) and of processes that are 
believed conductive to excellent care (prompt availability of prac-
titioners, expeditious operating room access, and postsplenectomy 
patients• receipt of OPSI vaccines, among others). Although out-
come measures were also included in Donabedian•s51 schema, he 
recognized that these would be the most dif“ cult to develop and 
employ.

Thus, the early hope that something as complex as excellence in 
trauma care could be captured in a single equation (e.g., TRISS) now 
seems naïve. While the performance of local systems with consistent 
patient populations might be monitored using summary measures of 
past performance, the expectation that all trauma care can be objec-
tively evaluated with a single equation seems not only unrealized, but 
unrealizable.

Recommendations

 1. ICD-9 based scores (ICISS) should begin to supplement (and 
may supplant) AIS-based scores (ISS) because these ICD-9 
based scores have better statistical properties and are less ex-
pensive to calculate. An ICISS-like score based on the AIS 
lexicon (TRAIS) has been described, and although AIS coding 
is required, TRAIS has the advantages of improved predictive 
power over ISS and allows the transparent comparison be-
tween ICISS scores and an AIS-based score.

 2. Better measures of physiologic derangement and physiologic 
reserve must be developed and integrated into overall scoring 
systems.

 3. Better understanding of the physiologic principles by which 
injuries combine to produce death is required to improve 
model speci“ cation.

 4. The TRISS method for evaluation of trauma center perfor-
mance is problematic, and is unlikely to ever be reliable. Care-
ful case review by knowledgeable clinicians is a much more 
appropriate, albeit expensive, approach. Comparisons between 
trauma centers using scoring systems should be avoided except 
as research projects.

CONCLUSIONS

Injury severity scoring is still in a prolonged infancy. Although 
over 30 years old, the “ rst-generation summary predictors (ISS, 
GCS, RTS, and TRISS) are still the standard scores in general 
use. The development of large trauma databases (e.g., NTDB) and 
better statistical software have now allowed us to see clearly the 

shortcomings of these early scoring techniques. In particular, the 
•summed subscoresŽ approach to summary measures used in ISS, 
RTS, and GCS, as well as the overall survival predictor TRISS, uni-
formly results in probability of survival functions that are nonlin-
ear, and, more problematically, often not monotonically related to 
mortality. Newer scoring systems that both better discriminate 
survivors from nonsurvivors and have better statistical properties 
have been developed (e.g., ICISS), but have failed to replace the 
“ rst-generation scores. In part this is because the second genera-
tion of scores has not performed dramatically better than the older 
scores, and in part this is because the older scores are so “ rmly 
entrenched. Perhaps the most important reason for this inertia is 
that scores have as yet found no real use except in the arena of 
trauma research where scores that provide a rough ordering of 
injury severity have been adequate. However, if provider report 
cards, patient referrals, center certi“ cation, and revenue distribu-
tion come to depend on objective measures of the success of 
trauma care, it is likely that trauma scoring will elicit much greater 
interest. Even if reliable trauma scores are developed and adopted, 
the statistical challenge of comparing providers must not be un-
derestimated.

We should continue to pursue improved trauma scores because 
we will learn much in the process, and substantially improved 
scoring systems may emerge. However, we must acknowledge that 
scoring systems cannot be perfect, and may never be powerful 
enough to be clinically useful or meet the perceived needs of 
monitoring organizations. We must have the courage to resist 
demands that injury severity scoring systems be extended into 
areas where they would detract from intelligent discourse or 
damage clinical practice until they are robust enough to perform 
reliably.
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THE ROLE OF ALCOHOL 
AND OTHER DRUGS IN 
TRAUMA
Larry Gentilello and Thomas Esposito

i njury has been characterized as the neglected disease of modern 
society.1 However, data suggest that for a signi“ cant number of 

trauma patients, injuries are an unrecognized symptom of an underly-
ing alcohol or other drug use problem. Nearly 50% of injury deaths are 
alcohol related. Traumatic injury accounts for roughly the same num-

ber of alcohol-related deaths as cirrhosis, hepatitis, pancreatitis, and all 
other medical conditions caused by drinking, combined. A multicenter 
study that included data on more than 4000 patients admitted to six 
trauma centers demonstrated that 40% had some level of alcohol in 
their blood upon admission.2 If drug use is included, up to 60% of 
patients test positive for one or more intoxicants.2…4

EFFECTS OF ALCOHOL AND DRUGS 
ON MANAGEMENT AND OUTCOME

The presence of alcohol signi“ cantly affects the initial management of 
trauma patients. Intoxicated patients are more likely to require intuba-
tion for airway control, intracranial pressure monitoring for neurologi-
cal assessment, and more diagnostic tests such as CT scans to evaluate 
the abdomen.5,6 Alcohol use may also increase the risk of death from 
serious injury. One study used data from more than 1 million drivers 
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involved in a crash and controlled for the effects of variables such as 
safety belt use, vehicle deformation, speed, driver age, weather condi-
tions, and vehicle weight, and found that intoxicated drivers were more 
than twice as likely to suffer serious injury or death compared with 
nondrinking drivers in a crash of equal severity.7

Patients with a history of chronic alcohol use are more likely to 
have underlying medical conditions such as cardiomyopathy, liver 
disease, malnutrition, osteoporosis, and immunosuppression. 
Acute, in addition to chronic, alcohol use may also affect outcome 
from trauma. Alcohol causes respiratory depression as well as 
vasodilatation that limits the ability to compensate for major 
blood loss. One study measured the amount of hemorrhage re-
quired to induce hypotension in dogs, and found that intoxication 
decreased this volume by one third.8 Acute alcohol intoxication 
has also been shown to be immunosuppressive. One study ana-
lyzed infectious complications in patients with penetrating ab-
dominal trauma and hollow viscus injury.9 A blood alcohol con-
centration of 200 mg/dl or more was associated with a 2.6-fold 
increase in abdominal infectious complications, even after con-
trolling for chronic use.

The effect of other drugs, alone or in combination with alcohol, 
has not been as rigorously studied. Heroin causes histamine 
release, which decreases systemic vascular resistance, and may 
potentiate the effect of blood loss. Cocaine, especially in its free-
base form known as •crack,Ž has the opposite effect, and causes 
peripheral vasoconstriction, pupillary dilation, tachycardia, and 
hypertension. These effects may mask or mimic the sequelae of 
injury.

ALCOHOL AND INJURY RECIDIVISM

Traumatic injury is a recurrent disease, especially in patients with 
alcohol or drug use disorders.10 In a 5-year follow-up study of 263 
alcohol intoxicated patients admitted to a level I trauma center, the 
readmission rate was 44%.11 Although the mean age of the group was 
only 32 years, the injury-related mortality was 20%, with 70% of 
deaths attributed to continuing alcohol and other drug use. In a 
larger, more comprehensive study, over 27,000 patients discharged 
from a trauma center were followed using death certi“ cate searches 
to detect postdischarge mortality. Patients who screened positive for 
an alcohol use disorder had a 35% injury-related mortality rate dur-
ing the study period, which was signi“ cantly higher than patients 
who screened negative.12

WITHDRAWAL SYNDROMES: 
PROPHYLAXIS AND TREATMENT

Withdrawal is characterized by signs and symptoms that are the op-
posite of the pharmacologic effects of the drug involved. The four 
primary categories are alcohol, sedative hypnotics, opiates, and 
stimulants. The goals of prophylaxis and treatment of alcohol with-
drawal syndromes are to minimize the risk of complications such as 
seizures, delirium tremens, and cardiovascular morbidity that occurs 
as a result of sympathetic overload.

Symptoms from cessation of short-acting drugs like alcohol may 
emerge within 24…48 hours, while withdrawal from long-acting 
drugs like chlordiazepoxide or methadone may not emerge for 3…5 
days. Alcohol and sedative hypnotics have similar pharmacologic 
effects. Patients in the intensive care unit often receive benzodiaze-
pines, leading to a delay in manifestations of alcohol withdrawal 
until after the patient is transferred to the ” oor. After 4 or 5 days it 
is no longer clear if symptoms should be attributable to alcohol or 
to benzodiazepine withdrawal, although treatment is similar.

Two main types of alcohol withdrawal prophylactic regimens 
exist. The “ rst is symptom-triggered therapy, and the second is 

“ xed-schedule dosing with a taper. Symptom-triggered therapy re-
duces the amount of medication administered, as many patients de-
velop only mild symptoms that do not require therapy.13 Symptoms 
are measured using a questionnaire such as the Clinical Institute 
Withdrawal Assessment…Alcohol Revised short form (CIWA…Ar), 
which measures 10 signs and symptoms of alcohol withdrawal on a 
0…7 scale (nausea, tremor, autonomic hyperactivity, anxiety, agita-
tion, tactile, visual and auditory disturbances, headache, and disori-
entation).14 Treatment is titrated to maintain a score in the mild 
(8…10) range. Although the CIWA…Ar has been used in general 
medical settings, it requires training and experience, must be re-
peated at regular intervals, and is not feasible in critically injured 
patients. For these reasons, “ xed-scheduled dosing is commonly 
practiced in most trauma intensive care units.

All currently existing guidelines recommend the use of benzodi-
azepines as a primary therapy for alcohol withdrawal.15 Agents with 
a short to moderate half-life such as lorazepam are often used when 
frequent neurological assessments are needed, but may require in-
creased overall dosage and more frequent administration in com-
parison to the longer-acting benzodiazepines such as diazepam and 
chlorodiazapoxide. Longer-acting drugs are preferred because slow 
elimination provides an intrinsic tapering effect.

The administration of alcohol for prophylaxis, either intrave-
nously or orally, is no longer considered acceptable. Alcohol may 
block some of the autonomic effects of withdrawal, but it lowers 
the seizure threshold, is dif“ cult to titrate, is highly toxic to tissues 
in the event of extravazation, increases the risk of gastric mucosal 
bleeding, may increase liver transaminase levels, and may precipi-
tate acute liver failure in critically ill patients with reduced hepatic 
reserve.

There is a role for adjunctive agents such as beta blockers, cloni-
dine, and neuroleptics, but none of these should be considered as 
primary therapy, and they should not be started until adequate 
doses of benzodiazepines have been administered. These agents do 
not prevent withdrawal syndromes, and may increase the incidence 
of delirium tremens by selectively reducing autonomic manifesta-
tions and agitation, causing delayed recognition of worsening with-
drawal.

The principles of preventing and treating sedative-hypnotic with-
drawal are similar to those used for alcohol. Management consists of 
substituting short-acting agents for longer-acting ones, and tapering 
the dose by 20% per day over 5 days. Cessation of stimulant use such 
as cocaine or methamphetamine is characterized by symptoms 
of depression and a substantial risk of suicidal behavior due to 
depressed cerebral dopamine levels.

Patients with opiate dependence may experience ” u-like 
symptoms as the dose is tapered. Withdrawal from opiates may 
also be delayed in onset due to appropriate use of analgesics in 
trauma patients. Opiate withdrawal is highly stressful, but is not 
usually dangerous, as symptoms are much less severe than those 
seen with alcohol or benzodiazepine withdrawal. However, at-
tempts to wean addicts on chronic methadone maintenance are 
inappropriate in an acute care setting. Their dose should be con-
sidered as maintenance, and additional opiates provided as needed 
for pain.

DEFINITION OF ALCOHOL PROBLEMS

Physicians typically identify patients with advanced or late-stage de-
pendence, and ignore or fail to recognize less severe substance use 
problems. As a result, their primary experience is with patients who 
are least likely to quit or reduce their drinking. Alcohol problems 
exist across a broad spectrum of problem severity, from binge drink-
ing to end-stage dependence. Classifying all patients who consume 
excessive amounts of alcohol as •alcoholicŽ is neither appropriate nor 
diagnostically accurate.

22 THE ROLE OF ALCOHOL AND OTHER DRUGS IN TRAUMA
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Some patients have a drinking problem that can be described 
as •riskyŽ or •hazardous.Ž They have not yet had any harm or conse-
quences as a result of their drinking, but their level of consumption 
places them at high risk. In the United States this has been de“ ned 
as more than seven drinks per week or more than three drinks on 
any one occasion for women, or more than 14 drinks per week or 
more than four on any one occasion for men.

Further along on the severity continuum are patients who meet di-
agnostic criteria for alcohol abuse. Alcohol abuse is de“ ned as a pattern 
of repeated consequences involving health, relationships, employment, 
“ nancial, or legal status that occur as a result of excessive alcohol intake. 
However, alcohol abusers are not addicted to alcohol. Alcohol depen-
dence (alcoholism) is present in patients who have repeated conse-
quences, but also experience loss of control, craving, and symptoms of 
withdrawal upon cessation of alcohol intake due to addiction.

The Institute of Medicine has recommended using the phrase 
•alcohol problemsŽ as a more comprehensive term to describe pa-
tients with any type of abnormal drinking pattern.16 Patients with 
less severe problems are responsible for the greatest proportion of the 
societal burden caused by alcohol use. Patients with severe depen-
dence have a disproportionate share of alcohol-related consequences. 
However, most alcohol-related injuries occur in patients with mild to 
moderate problems because such patients constitute the greatest 
proportion of problem drinkers.

RATIONALE FOR BRIEF ALCOHOL 
INTERVENTIONS IN TRAUMA CENTERS

As a result of their intimate association with and in” uence on trau-
matic injury, alcohol use disorders are promising targets for injury 
prevention programs. Patients with an alcohol problem may not seek 
treatment for their problem, but they often receive treatment for 
medical conditions caused by their alcohol use. Injuries are the most 
common medical condition for which patients with an alcohol use 
disorder receive medical attention.17

A recent analysis of 12 randomized brief intervention trials, each 
of which was limited to one session and consisted of less than 1 hour 
of motivational counseling, demonstrated that brief interventions 
were associated with a reduction in hospital admissions, use of emer-
gency department and trauma center resources, and medical 
costs.18,19

A randomized, prospective trial of brief interventions in injured 
adolescents demonstrated signi“ cant reductions in drinking and 
driving, moving violations, alcohol-related problems, and a greater 
than 50% reduction in alcohol-related injuries.20 In a prospective, 
randomized trial conducted on adult trauma patients, at 1-year 
follow-up members of the intervention group decreased their alco-
hol intake by 22 drinks per week, compared to a two-drink reduction 
in the conventional care group.21 There was a 47% reduction in new 
injuries requiring treatment in the emergency department, and a 
48% reduction in injuries requiring hospital admission in the inter-
vention group patients with up to 3 years follow-up. A recent cost-
bene“ t analysis demonstrated a savings in direct injury-related 
medical costs of nearly four dollars for every dollar invested 
on screening and intervention programs conducted in trauma 
centers.22

Brief interventions may also be of use in patients with drug use 
disorders.23 A recent randomized clinical trial conducted in an inner 
city teaching hospital compared brief interventions for cocaine and 
heroine use with standard care. At 6 months follow-up, hair was 
sampled for radioactive immunoassay to detect drug use. The inter-
vention group had a greater than 50% increase in abstinence rate, 
and cocaine levels in the hair were reduced by 29% in the interven-
tion group, compared to 4% in controls.

The provision of screening and brief interventions is consistent 
with the scope, mission, and responsibilities of trauma centers. 

Trauma centers currently provide a variety of rehabilitative services, 
including physical and occupational therapy, nutrition services, and 
speech therapy. Resource allocation and staf“ ng patterns should re-
” ect the fact that the form of rehabilitative therapy most likely to be 
needed by a trauma patient is alcohol counseling.

Recognizing this, the Committee on Trauma of The American 
College of Surgeons, in the newest edition of its document on 
optimal resources for the care of trauma patients, has deemed the 
ability to screen for alcohol problems and the provision of brief 
interventions to patients who screen positive an essential service 
required to attain veri“ cation as a level I trauma center.24 This is 
a major step toward raising the level of awareness of the impor-
tance and ef“ cacy of treatment for alcohol use disorders in acute 
medical settings.

SCREENING FOR ALCOHOL PROBLEMS

Reliance on clinical judgment alone to detect alcohol problems has 
poor sensitivity and speci“ city, and is subject to discriminatory 
bias.25 A study that examined the ability of trauma center staff to 
detect alcohol use disorders found that physicians and nurses were 
unable to detect alcohol intoxication in one third of signi“ cantly 
injured patients, and they failed to identify more than half of the 
patients who screened positive for a chronic alcohol problem. Thus, 
a formal method of screening using questionnaires and a blood alco-
hol concentration, and if indicated, a urine toxicology screen, is 
needed to maximize sensitivity and speci“ city.

The CAGE questionnaire is a widely used alcohol screening in-
strument. It takes its name from the four questions of which it is 
comprised. These questions inquire about the need to •Cut down 
on your drinking,Ž being •Annoyed by people criticizing your 
drinking,Ž •having felt bad or Guilty about drinking,Ž and ever hav-
ing •a drink in the morning (Eye-opener) to steady your nerves or 
get rid of a hangover.Ž26 Although widely used, brief, and easy to 
administer, the CAGE is useful primarily for the detection of severe 
problems such as dependence, and is relatively insensitive to mild 
problems, which limits its utility as a screening tool for trauma 
center use.

The AUDIT, or Alcohol Use Disorders Identi“ cation Test, is a 10-
question screening instrument developed by the World Health Orga-
nization in 1992 as a brief screening tool.27 It is speci“ cally designed 
to be sensitive to at-risk drinking, as well as alcohol abuse and depen-
dence. It takes approximately 5…10 minutes to administer, has been 
validated in trauma patients, and is currently the most widely recom-
mended screening tool for use in trauma centers.

GOALS OF BRIEF INTERVENTIONS

Brief interventions typically target patients with hazardous drink-
ing or abuse, rather than more severe disorders such as depen-
dence. However, in the context of a trauma center, where the inter-
vention is provided in an opportunistic manner by individuals 
who are usually not specialists in counseling, the focus should not 
be on establishing a speci“ c diagnosis or severity level, but on 
capitalizing on the effect of the recent injury to increase the pa-
tient•s awareness of the need to consider behavioral change. The 
recommended change would take into account the patient and 
interventionist•s perception of the nature of the drinking problem, 
and the type of change that represents a realistic and achievable 
goal for the patient.

For patients with a mild problem, or a binge drinker, an appro-
priate goal might be to stay within recommended safe limits of 
consumption, avoiding certain activities (driving) while using alco-
hol, learning to pace drinks, and avoiding drinking on an empty 
stomach. On the other end of the spectrum, for patients with 

Ch-01-07-A4418_001-046.indd   23Ch-01-07-A4418_001-046.indd   23 12/21/07   3:13:25 PM12/21/07   3:13:25 PM



dependence, the recommendation provided may be for the patient 
to seek more formal treatment within the public or private sector, 
or change by means of self-help groups such as 12-Step programs.

Brief Intervention Techniques

Brief interventions are short, 15- to 30-minute counseling sessions, 
often utilizing motivational enhancement techniques, that are de-
signed to increase the patient•s level of awareness of the 
need for reducing or eliminating alcohol consumption. The interac-
tion is patient centered, and intervention strategies are based 
on the patient•s own expressed readiness to change. The coun seling 
style emphasizes empathy, and eschews confrontational techniques.

The principles of brief motivational interviewing were devel-
oped by Miller and Rollnick,28 and are encompassed in the acro-
nym FRAMES. The interview is based on Feedback that reviews the 
problems experienced by the patient as a result of their use of alco-
hol, pointing out that it is the patient•s Responsibility to change his 
or her alcohol use pattern, providing speci“ c Advice to reduce or 
abstain from alcohol consumption, providing a Menu of options 
for changing behavior, using an Empathetic approach, and promot-
ing Self-ef“ cacy by encouraging patient optimism about their abil-
ity to change their behavior and the potential bene“ ts of doing so.

Individuals who are not specialists in mental health, including 
trauma surgeons, emergency medicine physicians, nurses, students, 
social workers, and others, can deliver brief interventions after rela-
tively little training.

SUMMARY

Whether alcohol use is considered a comorbidity of trauma, or trauma 
is considered a comorbidity of alcohol use problems, the impact on 
society, the health care system, and the patient are signi“ cant. Regard-
less of whether alcohol use problems are considered a medical, behav-
ioral, or legal problem, we know that like injury, there are clinical, edu-
cational, economic, and engineering strategies that can be used to 
control the prevalence and severity of these two entities. An injury re-
quiring hospitalization creates a crisis that provides a unique opportu-
nity to intervene and to motivate patients to alter their drinking behav-
ior. Ignoring this important opportunity afforded to the health care 
provider represents a dis-service to the patient and society.

Key Points

� Alcohol and drug use disorders are the leading risk factor for 
injury.

� Alcohol problems exist across a broad spectrum of problem 
severity, ranging from occasional binge drinking to chronic 
dependence.

� Optimal detection of alcohol problems requires combined use of 
a blood alcohol measurement and a screening questionnaire.

� Brief alcohol interventions have been shown to signi“ cantly re-
duce subsequent alcohol intake, trauma center readmission, and 
health care costs.

� Brief alcohol interventions are consistent with the time, “ nancial 
and staf“ ng constraints of a typical busy trauma center.

R E F E R E N C E S
1. Committee on Trauma and Committee on Shock: Accidental Death and 

Disability: The Neglected Disease of Modern Society. Public Health Service 
Publication 1071-A-13. Washington, DC, National Academy of Sciences, 
1966.

2.  Soderstrom CA, Dischinger PC, Smith GS, et al: Psychoactive substance 
dependence among trauma center patients. JAMA 267:2756…2759, 
1992.

3. Madan AK, Yu K, Beech DJ: Alcohol and drug use in victims of life-
threatening trauma. J Trauma 47:568…571, 1999.

4. Soderstrom CA, Dischinger PC, Kerns TJ, et al: Epidemic increases 
in cocaine and opiate use by trauma center patients: documentation 
with a large clinical toxicology database. J Trauma 51:557…564, 2001.

5. Gurney JG, Rivara FP, Mueller BA, et al: The effects of alcohol intoxication 
on the initial treatment and hospital course of patients with acute brain 
injury. J Trauma 33:709…713, 1992.

6. Jurkovich GJ, Rivara FP, Gurney JG, et al: Effects of alcohol intoxication 
on the initial assessment of trauma patients. Ann Emerg Med 21:704, 
1992.

7. Waller PF, Stewart JR, Hansen AR: The potentiating effects of alcohol on 
driver injury. JAMA 256:1461…1466, 1986.

8. Moss LK, Chenault OW, Gaston EA: The effects of alcohol ingestion on 
experimental hemorrhagic shock. Surg Forum 10:390, 1959.

9. Gentilello LM, Cobean R, Wertz M, et al: Acute ethanol intoxication in-
creases the risk of infection after penetrating abdominal trauma. J Trauma 
34:669, 1993.

10. Rivara FP, Koepsell TD, Jurkovich GJ, et al: The effects of alcohol abuse on 
readmission for trauma. JAMA 270:1962…1964, 1993.

11. Sims DW, Bivins BA, Obeid FN, et al: Urban trauma: a chronic recurrent 
disease. J Trauma 29:940…947, 1989.

12. Dischinger PC, Mitchell KA, Kufera JA, et al: A longitudinal study of 
former trauma center patients: the association between toxicology sta-
tus and subsequent injury mortality. J Trauma 51:877…886, 2001.

13. Saitz R, Mayo-Smith MF, Roberts MS, et al: Individualized treatment for 
alcohol withdrawal: a randomized double-blind controlled trial. JAMA 
272:519…523, 1994.

14. Committee on Practice Guidelines, Working Group on Pharmacological 
Management of Alcohol Withdrawal: Alcohol Withdrawal. Bethesda, MD, 
American Society of Addiction Medicine, 2001.

15. Wesson DR: Detoxi“ cation from Alcohol and Other Drugs. DHHS 
Publication No. (SMA) 95:3046. Washington, DC: Treatment Improve-
ment and Mental Health Services Administration, Center for Substance 
Abuse Treatment, 1995.

16. Institute of Medicine: Broadening the Base of Treatment for Alcohol Prob-
lems. Washington, DC: National Academy Press, 1990.

17. Blose JO, Holder HD: Injury-related medical care utilization in a 
problem drinking population. Am J Public Health 81:1571…1575, 
1991.

18. Bien TH, Miller WR, Tonigan JS: Brief interventions for alcohol problems: 
a review. Addiction 88:315…335, 1993.

19. Wilk AI, Jensen NM, Havighurst TC: Meta-analysis of randomized control 
trials addressing brief interventions in heavy alcohol drinkers. J Gen 
Intern Med 12:274…283, 1997.

20. Monti PM, Colby SM, Barnett NP, et al: Brief intervention for harm reduc-
tion with alcohol-positive older adolescents in a hospital emergency de-
partment. J Consult Clin Psychol 67:989…994, 1999.

21. Gentilello LM, Rivara FP, Donovan DM, et al: Alcohol interventions in a 
trauma center as a means of reducing the risk of injury recurrence. Ann 
Surg 230:473…483, 1999.

22. Gentilello LM, Ebel BE, Wickizer TM, et al: Alcohol Interventions for 
trauma patients treated in emergency departments and hospitals: a cost 
bene“ t analysis. Ann Surg 241:541…550.

23. Bernstein J, Bernstein E, Tassiopoulo K, et al: Brief motivational interven-
tion at a clinic visit reduces cocaine and heroin use. Drug Alcohol Depend 
77:49…59, 2005.

24. American College of Surgeons Committee on Trauma: Optimal Resources 
for the Care of the Injured. Chicago, IL, American College of Surgeons, 
2005.

25. Gentilello LM, Villaveces A, Ries RR, Nason KS, Daranciang E, et al: Detec-
tion of acute alcohol intoxication and chronic alcohol dependence by 
trauma center staff. J Trauma 47(6):1131…1139, 1999.

26. May“ eld D, McLeod G, Hall P: The CAGE questionnaire: validation of 
a new alcohol screening instrument. Am J Psychiatry 131:1121…1123, 
1974.

27. Saunders J, Asland O, Babor T, De La Fuente J, Grant M: Development of 
the alcohol use disorders identi“ cation test (AUDIT). Addiction 88:791…
804, 1993.

28. Miller WR, Rollnick S: Motivational Interviewing: Preparing People to 
Change Addictive Behavior. New York: Guilford Press, 1991.

24 THE ROLE OF ALCOHOL AND OTHER DRUGS IN TRAUMA

Ch-01-07-A4418_001-046.indd   24Ch-01-07-A4418_001-046.indd   24 12/21/07   3:13:25 PM12/21/07   3:13:25 PM



TRAUMA SYSTEMS 25

THE ROLE OF TRAUMA 
PREVENTION IN REDUCING 
INTERPERSONAL VIOLENCE
Edward E. Cornwell and David Chang

t he issue of interpersonal violence as a public health problem 
gained a signi“ cant national spotlight through a workshop in 

October 1985 convened by the Surgeon General of the United States 
to address the problem.1 A challenge went out to health care provid-
ers, administrators, and the public at large to consider violence as 
a public health problem, and to seek its causes and most effective 
treatment. In the ensuing 2 years, more Americans died from gun-
shot wounds than during the entire 8-½ years of war in Vietnam. By 
1994, intentional injury was the 10th leading cause of death 
in America (20,000 per year) and the leading cause of premature 
mortality.2

The specter of violence has become increasingly prominent in the 
lives of American children and is one of our most pressing public health 
problems. Teenagers are more likely to die of gunshot wounds than all 
•naturalŽ diseases combined. Furthermore, the physical and emotional 
consequences of nonfatal violence to children who are victims, wit-
nesses, and perpetrators are staggering. Brain, spinal cord, and other 
debilitating injuries from interpersonal violence consume substantial 
health care resources through hospital readmissions and lifelong dis-
ability. Indeed, intentional injury is frequently referred to as a •chronic 
recurrent disease.Ž An interesting phenomenon began to occur in the 
mid-1990s. Most major cities, and the United States overall, saw a 
gradual decrease in the rates of homicide and violent assault. Sadly, this 
trend was matched by the observation that the victims of violent as-
saults and penetrating injuries were becoming younger.

This chapter will describe the potential role of a trauma center 
in violence prevention, through the story of an urban, university-
af“ liated, Level I trauma center in an impoverished area.

UNDERSTANDING THE PROBLEM

Although the American College of Surgeons requires that a Level I 
trauma center be actively involved in injury control, the trauma sur-
geon dealing with resuscitation, operative intervention, and postopera-
tive critical care requires guidance from a vast array of professionals 
to understand and prevent injuries due to interpersonal violence.3 
In 1991, Rosenburg and Mercy wrote, •Professionals from sociology, 
criminology, economics, law, public policy, psychology, anthropology, 
and public health must work together to understand the cause and 
solutionŽ to the problem of intentional injuries. Intervention against 
intentional injuries requires consideration of the perpetrators, the 
victims, the assaulting weapons, and the environment and the circum-
stances of the event.

William Haddon devised an injury control approach, by consider-
ing factors related to trauma in three phases. These phases„pre-event, 
injury event, and post-event„were the basis for the development 
of the Haddon Matrix, which also considers the factors involved, such 
as the host, vehicle, and environment. In the parlance of Haddon 
Matrix, the experience of the trauma center at Johns Hopkins demon-
strates that true injury prevention deals with factors in the pre-event 
phase.

IMPACT OF ENHANCED TRAUMA 
COMMITMENT ON PATIENT 
OUTCOMES

The result of several studies from the Division of Trauma at Johns 
Hopkins Hospital suggested the importance of violence prevention as 
the avenue for additional improvement in trauma patient outcome. It 
began with a study showing that, while the implementation of a mul-
tidisciplinary trauma program resulted in signi“ cant improvement in 
patient outcomes, no improvement was seen among patients with 
gunshot wounds, the majority of whom were youths (ages 15…24).4 
This observation was explained by a disturbing pattern showing an 
increasing prevalence of gunshot-wound patients arriving •in extre-
misŽ or dead on arrival (DOA) from multiple gunshot wounds to the 
head and/or chest. While 99% of patients leaving the emergency de-
partment (ED) alive ultimately survived their hospital visit, the ever-
growing incidence of patients who are DOA suggests that the •glass 
ceilingŽ is being approached in terms of bene“ ts in patient outcomes 
to be gained from in-hospital performance improvement endeavors. In 
2005, 61 of the 88 trauma deaths (69%) seen at Johns Hopkins Hospi-
tal were declared dead in the ED in an average 6 minutes after arrival. 
Of the remaining 27 patients, 14 were declared dead in the intensive 
care unit from devastating brain injuries. This suggests that in an entire 
calendar year, at an urban, university-af“ liated Level I trauma center, 
only 13 of 88 patients who died (15%) were even theoretically salvage-
able. This is perhaps the most compelling argument suggesting that 
further incremental improvement in injury outcomes are likely to be 
realized from prevention activities in the prehospital arena.

A second study involved a geographic analysis showing that the 
majority of trauma patients admitted to Johns Hopkins Hospital 
came from a 5-mile radius, incorporating some of Maryland•s most 
impoverished neighborhoods, and con“ rmed the previously de-
scribed predominance of youths (ages 15…24) among gunshot wound 
patients.5 These data led to the conclusion that the injury prevention 
program should take the form of violence prevention activities for 
at-risk youths.

IN-HOSPITAL PREVENTION: 
SHORTCOMINGS

A third project sought to duplicate the experience with alcohol- 
and drug-abuse intervention described at other centers among 
predominantly blunt trauma populations.6 Given the recognized 
comorbid incidence of alcohol and substance abuse among perpe-
trators and victims of interpersonal violence, a project was under-
taken that sought to analyze introspection and readiness to change 
among young patients (ages 15…24) surviving an injury and dem-
onstrating a positive toxicology screen. In contrast to other reports 
in the literature, this project demonstrated a depressingly low 
incidence of •readiness to change,Ž and an even lower incidence 
in accessing available counseling services. This study suggests a 
major shortcoming of an in-hospital violence prevention pro-
gram: The potential bene“ ciaries are random and are based on 
the trajectory of a bullet, rather than the presence of psychosocial 
risk factors.

EFFECTIVENESS OF A VIOLENCE 
PREVENTION PROGRAM

Baltimore is one of the most appropriate cities in America in which 
to pursue initiatives in youth violence prevention. It is the nation•s 
13th largest city, and the largest American city that did not enjoy 
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debridements at daily intervals may be necessary to identify all devas-
cularized tissue. Abdominal gunshot wounds from hunting ri” es are 
best managed by open abdomen techniques with second-look opera-
tions if several organs are simultaneously injured.

ASSAULT RIFLES

The M-16 (United States), AK-47 and AK-74 (Russia), Uzi and Galil 
(Israel), Fal (Belgium), and their variations are relatively lightweight, 
short-barreled military ri” es that “ re rapidly sequential, high-velocity 
bullets that tumble and yaw shortly after striking tissue. Military actions 
that rely on these weapons seek to rapidly disable as many combatants 
as possible. Although these ri” es and their ammunition are no longer 

sold on the civilian market in most Western countries, ri” es that the 
owner possessed prior to 1994 can be legally “ red in the United States, 
such as in target practice. These are the most common assault ri” es that 
will be encountered in military actions; it is estimated that tens of mil-
lions of AKs and Uzis have been manufactured and distributed around 
the world. The caliber of bullet used in assault ri” es ranges from the 
smaller 5.45-mm (0.21-inch) AK-74, to the 0.223-inch M-16, to the 
7.62-mm (0.3-inch) AK-47, to the 9-mm (0.35-inch) Uzi.

In general, these bullets will produce severe wounds that will re-
quire soft tissue debridement; however, surgeons who have operated 
on injuries caused by assault ri” es have occasionally noted their sur-
prise that more injury is not apparent. This is because both the M-16 
and the AK-74 deliver an FMJ bullet not much larger than a .22-caliber 
small-game ri” e. If a single bullet passes cleanly through an extremity, 
the surrounding tissue damage will not be as dramatic as what a de-
formable, larger-caliber hunting ri” e bullet would cause.

The salient point for surgeons to remember about automatic or 
semi-automatic assault ri” es is the dif“ culty there can be in deter-
mining the bullet•s trajectory after it strikes the victim. Abdominal 
wounds may contain several areas of bowel injury as well as solid 
organ disruptions. Thoracic penetrations need ultrasonic visualiza-
tion of the pericardial space and esophageal contrast radiography if 
nonoperative therapy is chosen. Extremity wounds may require op-
erative exploration and debridement and an angiogram is indicated 
if the ankle-brachial index (ABI) is 0.9 or less.

SHOTGUNS

Shotguns and their shells come in four main sizes: .410 juvenile, 
20-gauge, 12-gauge, and the 10-gauge (Figure 6). Pellets are of variable 
sizes and are made of lead or steel. Heavier lead pellets scatter less than 
steel pellets, but are illegal for shooting waterfowl. Slugs are also avail-
able for shotguns and are commonly used for game hunting in some 
states, such as New Jersey (Figure 7). The shotgun is ineffective against 
humans at distances greater than 10 or 15 yards (30…45 feet), but close 
range (� 4 feet) blasts are 85% fatal. These wounds are extremely mor-
bid and often require several operations and multidisciplinary man-
agement. Pellets spread in every direction and strike multiple types of 
tissue, but fortunately because of their small mass the damage poten-
tial of the shot dissipates quickly. Pellets may enter arteries and veins 
and embolize peripherally or centrally. A search for the plastic insert 
dispelled from the shell and pieces of the patient•s clothing hidden in 
the wound is advised in close-range cases. There is no indication to 
remove all the pellets„lead poisoning does not occur from pellets or 
bullets left permanently in human tissue.

Figure 4 Radiograph of chest and upper abdomen of patient shot 
with a Glaser Safety Slug®. Note the midline larger projectile with mul-
tiple accompanying pellets in the right upper quadrant. This patient 
sustained colon, gastric, renal, splenic, diaphragmatic, and pancreatic 
injuries as well as paraplegia from the main projectile striking the spi-
nal cord. Since the main projectile passed through the colon, it was 
electively removed posteriorly.

Figure 5 Various ri” e bullets compared. Left to right: .223 caliber 
FMJ (M-16 assault ri” e), 30-30 soft point, 6-mm soft point, 30-06 soft 
point, .308 caliber military-style FMJ (7.62 mm NATO), .458 caliber 
FMJ magnum, .375 caliber FMJ magnum, .378 caliber FMJ hollow tip, 
World War II…era .47 caliber FMJ. FMJ, full metal jacket.   (Bullets 
courtesy of Bruce Ham, MD, and Gerald Warnock, MD, Portland, OR.)
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Figure 6 20-gauge, 12-gauge, and 10-gauge shotgun shells compared 
(left to right).   (Bullets courtesy of Gerald Warnock, MD, Portland, OR.)

M
et

ric
1

2
3

4
5

Ch-08-16-A4418_047-094.indd   85Ch-08-16-A4418_047-094.indd   85 12/21/07   1:15:29 PM12/21/07   1:15:29 PM





PREHOSPITAL TRAUMA CARE 87

LANDMINES AND IMPROVISED 
EXPLOSIVE DEVICES

The detonation of a concealed explosive device such as a conven-
tional landmine or an improvised explosive device (IED) usually 
results in the immediate amputation or at least partial amputation 
of the triggering extremity. Exsanguination from major vessel in-
jury is possible, and therefore a “ eld tourniquet may be necessary. 
Fragments of metal and debris will also shower the contralateral 
extremity, perineum, torso, and face. The current military stan-
dard for operative management is damage control„repeated de-
bridements of devascularized tissue and the use of external “ xators 
for bone stability are recommended. Conventional landmines trig-
gered by the foot will cause an umbrella effect that spares the skin 
and subcutaneous tissue of the lower leg while destroying underly-
ing muscle and bone (Figure 8A). The overlying skin will hide 
signi“ cant destruction and contamination beneath (Figure 8B). 
Aggressive debridement to prevent infection tracking along the 
popliteal vessels and neural sheaths is advised. Robin Coupland 
of the International Red Cross makes an argument, however, 
to conserve the partially protected gastrocnemius muscle for 
reconstruction.

RED CROSS WOUND CLASSIFICATION

Classi“ cation of wounds has merit since in practical terms it may be 
dif“ cult to determine the exact type of weapon used. The International 
Committee of the Red Cross has adopted Coupland•s wound descrip-
tion method. There are six main criteria that are used to divide wounds 
into three grades and four types. At “ rst glance the system seems formi-
dable, but surgeons of the Red Cross, who classify about 4000 wounds 
per year, have accepted the system and are developing guidelines based 
on it. Wounds are scored on initial assessment or after surgery by entry 
size (centimeters), exit size (centimeters), cavity size (“ ngers), fractures, 
vital structures (brain, viscera, major vessels), and metallic body (intact 
bullet vs. fragments). The categories are E, X, C, F, V, and M, respectively 
(Figure 9). The advantages of uniform classi“ cation of wounds for re-
search purposes are multiple.

BULLET REMOVAL

Bullet removal is generally unnecessary and ideally would not be 
used as the only indication for a surgical procedure. An occasional 
patient is symptomatic enough from an irritating focus to tempt the 
surgeon to remove the projectile. Many a surgeon, however, has 
searched subcutaneous tissue in vain looking for a foreign body that 
seems to be just beneath the skin. Radiographic localization may be 
necessary.

The only risk of lead poisoning seems to be from bullets in 
contact with synovial ” uid and by extrapolation, spinal cord ” uid. 
Bullets that pass through colon and subsequently lodge in bone are 
at risk to cause osteomyelitis. Controversy exists as to the magnitude 
of the risk, but at our center we favor removal if possible. The alter-
native is irrigation of the tract and a minimum of 10 days of broad-
spectrum intravenous antibiotics. Other true indications for bullet 
removal include removing bullet emboli in arteries and veins and 
bullets lodged in cardiac chambers.
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COMMON PREHOSPITAL 
COMPLICATIONS AND 
PITFALLS IN THE TRAUMA 
PATIENT
Frank L. Mitchell, Charles M. Richart, 
and Harry E. Wilkins

t he evolution of prehospital care in this country has an interest-
ing and continually evolving record. Although there is recorded 

history of wagons and carts being used to transport the sick and in-
jured as early as 900 ace, the term •ambulanceŽ was not used until 
introduced by Queen Isabella of Spain in the early 15th century. Even 
at that time, it referred more to military “ eld hospitals and tents for 
the wounded than to a means of transporting wounded and dead 
from battle“ elds. Not until the time of Baron Larrey would the term 
•ambulanceŽ take up its more current meaning of •a specially 
equipped motor vehicle, airplane, or ship for carrying sick or injured 
people, usually to a hospital.Ž1

Baron Dominique-Jean Larrey was Napoleon Bonaparte•s sur-
geon and developed what was known as •” ying ambulances.Ž Prior to 
1792, there was very little organized transportation of the wounded 
from the battle“ eld. As is the case with most medical advances, ad-
vances in ambulance transportation occurred as a result of military 
con” ict. Throughout the remainder of the 1800s and the con” icts of 
the early 20th century, ambulances and other means of transporting 
individuals from the “ eld of battle were employed.

During the 1950s through the 1970s, helicopters were employed 
to transport the injured from battle“ elds to MASH (mobile army 
surgical hospital) units attaining particular effectiveness in the 
Korean and Vietnam con” icts. Throughout the “ rst several decades 
of the 20th century, civilian transport for the injured continued to lag 
behind advances established in the military.

One of the prime factors identi“ ed as contributing to the contin-
ued reduction in battle“ eld casualties from 8% in World War I to less 
than 2% in the Vietnam War was reducing the time from injury to 
initiation of medical care. On this backdrop, the mid-1960s and early 
1970s sought to improve prehospital care, education, equipment, and 
processes. The early 1960s called for an extension of basic and ad-
vanced “ rst aid training to greater numbers of the lay population, 
and preparation of nationally accepted texts, training aids, and 
courses of instruction for rescue squad personnel, policemen, “ re-
“ ghters, and ambulance attendants.2 Ambulance services in the 
1960s was very piecemeal and adequate at best. In a few major cities, 
there were specially equipped ambulances prepared to care for the 
injured and sick, and trained professional prehospital personnel were 
available. However, approximately 50% of the country•s ambulance 
services at that time were provided by over 12,000 morticians mainly 
because their vehicles were able to accommodate transportation of 
patients on gurneys or stretchers.

In the mid-1960s, the National Traf“ c and Motor Safety Act and 
the Highway Safety Act3 provided for the establishment of national 
standards for used motor vehicles, motor vehicle inspections, and 
emergency services. Communications were also problematic. At a 
time when the United States had just placed a man on the moon, it 
was easier in most instances to communicate with that extraterres-

trial individual than it was for prehospital providers to communicate 
with the emergency department where they were headed.

Over the next several decades, the education and provision of 
speci“ cally equipped vehicles progressed until the mid-1980s when 
Injury in America: a Continuing Public Health Problem was pub-
lished.4 Although the report found that there had been signi“ cant 
progress in the credentialing and education of prehospital care pro-
viders, more than 2.5 million Americans died from injuries in the 
1966…1985 period. This prompted the expenditure of more federal 
dollars to study the continuing public health problem, as the report 
noted and called for the institution of more systems of communica-
tion and transportation of the injured to facilities specially equipped 
for managing critically injured patients.

In 1992, the Model of Trauma Care Systems Plan, developed by 
Health Resources and Services Administration under the Authority 
of the Trauma Systems Planning and Development Act of 1990,5 
marked the next major step in the evolution of health policy related 
to trauma care. This plan emphasized the need for a fully inclusive 
trauma care system that involved not only trauma centers, but also all 
health care facilities according to availability of trauma resources, 
including prehospital providers. As a result, the numbers of dedi-
cated trauma centers and state trauma systems developed, although 
at a still less-than-adequate pace. Trauma centers were charged with 
becoming resource facilities for emergency medical response agen-
cies. Educational programs such as Prehospital Trauma Life Support 
(PHTLS), Basic Trauma Life Support (BTLS), and others were devel-
oped with states being empowered to license and credential prehos-
pital providers at various levels.

Today, the initial care of the injured patient continues to reside 
primarily with trained prehospital providers. Emergency medical 
technician, basic, intermediate, and paramedic levels of instruc-
tion, with police and “ re departments also being trained in basic 
life support, as well as increased communication and education 
with the lay public with regard to cardiac arrest, seat belt usage, 
wearing of helmets, and other prevention initiatives are in place to 
continue to try to combat the unacceptably high level of death 
and disability in this country from intentional and unintentional 
injury.

Along with the ever evolving technologies available to the prehos-
pital provider come the unintended risk of complications associated 
with the implementation of these devices and processes. This chapter 
addresses some of the more common prehospital complications.

INCIDENCE

According to the National Highway Traf“ c Safety Administration, 
the leading cause of death in the United States in 2002 for people 
aged 4…34 is overwhelmingly motor vehicle traf“ c crashes (Table 1). 
In terms of years of life lost, motor vehicle crashes ranks third, after 
malignant neoplasms and heart disease, at 5% of total years of life 
lost for the entire population.

A total of 37% of trauma deaths are caused by motor vehicle 
crashes and motorcycle crashes. Other important causes of trauma 
deaths are gunshot wounds, stabbings, and falls. Today•s prehospital 
provider is in a position to be the “ rst responder to the vast majority 
of these injuries at or shortly after the time they occur.

The major causes of death in the prehospital period are secondary 
to severe head injury, respiratory compromise, and exsanguinating 
hemorrhage. Initial and emergent prehospital treatment focuses on 
the treatment and prevention of these eventualities.

The foundation of Advanced Trauma Life Support® of the Amer-
ican College of Surgeons6 stresses an ABC (airway, breathing, and 
circulation) approach. Much of the emphasis on prehospital care and 
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subsequent care involves appropriate management of the airway, 
providing for ventilation by breathing for the patient, and control of 
circulation consisting of hemorrhage control and restoration of in-
travascular volume. Not surprisingly, the most common prehospital 
complications occur in these three areas.

AIRWAY

Ensuring that the trauma victim has a patent airway is the highest 
management priority.7 If manual maneuvers (clearing the airway of 
foreign bodies, jaw thrust, or chin lift) or basic adjuncts (oropharyn-
geal or nasopharyngeal airways) are not adequate to maintain the 
airway, then alternate, more invasive methods are required.

Current prehospital techniques used for airway management and 
ventilation include (1) bag-valve-mask (BVM), (2) laryngeal mask 
airways (LMA), (3) dual lumen tubes (i.e., Combitubes), (4) endo-
tracheal intubation (with or without the use of paralytics), and 
(5) emergency cricothyroidotomy.

BVM can be a temporizing method for providing adequate oxy-
genation and ventilation of the injured patient, but can occasionally 
be problematic related to obtaining an adequate seal at the mouth, 
potential for aspiration, problems with bleeding from soft tissue in-
jury, patient cooperation, and the lack of satisfactory ventilation and 
oxygenation depending on the speci“ c clinical situation. Acute gas-
tric dilatation from overzealous ventilation can also lead to ventila-
tory impairment from increased intra-abdominal pressure, and, in 
extreme cases, gastric rupture.

The prehospital use of LMAs and dual lumen tubes has an advan-
tage over conventional endotracheal intubation related to ease of 
technique and maintenance of insertion skill. LMAs and dual lumen 
tubes are bene“ cial in an unconscious patient who cannot be ade-
quately ventilated with a BVM device and/or cannot be successfully 
intubated. However, because the trachea is not completely protected, 
the use of an LMA may result in aspiration. The use of dual lumen 
tubes may also result in aspiration if the gag re” ex is intact, and there 
is also potential for damage to the esophagus, and the possibility for 
hypoxia if the wrong lumen is used.

The identi“ cation of patients requiring de“ nitive airway manage-
ment may sometimes be problematic based on the patient•s injuries, 
mental status (secondary to injury, alcohol, and/or drugs), underly-
ing medical conditions, and the experience of the prehospital pro-
vider. Delay of intubation until respiratory arrest increases morbidity 
and mortality and should be avoided if at all possible. Early recogni-
tion of the need for intubation is of paramount importance for the 
prehospital provider.

Late endotracheal intubation may result because of a false sense 
of security by the provider, the inability to obtain an airway, and 
lack of recognition of likely deterioration in a patient•s ventilatory 
status (secondary to airway and chest injuries, traumatic brain in-
jury [TBI], alteration in mental status, or the overall complexity of 
the injuries). Patients with facial burns and maxillofacial trauma 
may have progression of their underlying injury, and may deterio-
rate secondary to edema or hematoma formation, causing airway 
obstruction. Intubation of these patients can be a dif“ cult challenge 
with the potential for disastrous results if proactive intubation is 
not accomplished. This is especially true if paralytic agents have 
been used and the vocal cords can not be easily visualized. Antici-
pation of this problem along with early intubation may prevent a 
catastrophe.

The use of paralytic agents for intubation in the prehospital set-
ting results in a quicker and higher success rate of intubation. How-
ever many prehospital providers do not have access to use these 
agents. Additionally, if paralytic agents are used, it is critical that ad-
equate analgesia and sedation are also administered, so that the in-
jured patient is not chemically paralyzed, while awake and hurting. 
At the time of hand-off of the trauma patient from the prehospital 
provider to the trauma team in the emergency department, it is im-

portant that all of the medications that have been administered to the 
patient prior to arrival are reviewed, so that the emergency physician 
and trauma surgeon will ensure adequate pain management and se-
dation, even when the patient is chemically paralyzed.

Successful endotracheal intubation is bene“ cial for the trauma 
patient whose airway needs to be secured, but there are potential 
complications and pitfalls that may occur during the process of intu-
bation, regardless of the expertise of the provider. Prehospital per-
sonnel should be aware of these potential complications and how to 
clinically recognize them if they occur.

Esophageal intubation is a known complication of intubation, 
and should be quickly recognized by the prehospital provider if it 
occurs. The dif“ culty of the intubation and in visualizing the vocal 
cords should increase concerns of an esophageal intubation, and 
warrants aggressive evaluation to ensure adequate placement of the 
endotracheal tube. The placement of an esophageal endotracheal 
tube should be clinically evident by routine chest auscultation im-
mediately after intubation. The routine use of end-tidal CO2 detec-
tors (ETCO2) is bene“ cial in rapidly detecting the presence of CO2 in 
the exhaled air. The calorimetric devices have a chemically treated 
indicator strip that re” ects the CO2 level. If there is a question of the 
exact location, visualization of the ETT location should be repeated 
and appropriate location con“ rmed.

Right main-stem intubation is an occasional complication of 
intubation that occurs up to 30% of the time in pediatric trauma 
patients, and should be detected by physical exam at the time of 
intubation, and with frequent routine clinical reassessments, or 
urgent reassessment if the patient clinically deteriorates. The 
distance of the tip of the ETT should be evaluated, relative to the 
size of the patient and the expected appropriate distance of ETT. 
Repositioning of the ETT while auscultating the chest helps in 
determining the appropriate location of the ETT. Other possible 
traumatic injuries that may lead to similar clinical “ ndings must 
also be considered in severely injured patients, including a pneu-
mothorax, hemothorax, pulmonary contusion, or ruptured hemi-
diaphragm.

Surgical airways are occasionally needed when endotracheal intu-
bation cannot be successfully achieved secondary to facial trauma, 
anatomic dif“ culties, and soft tissue injuries. While the use of surgi-
cal airways in the prehospital setting is controversial, local protocols 
should outline the speci“ c indications and circumstances for 
their use.

Complications of needle cricothyroidotomy include inadequate 
ventilation resulting in hypoxia and death, esophageal laceration, 
hematoma formation, posterior tracheal wall perforation, thyroid 
laceration, and bleeding.

Complications of surgical cricothyroidotomy include false 
passage into the tissues, hemorrhage or hematoma formation, 
esophageal laceration, vocal cord paralysis, and potential subglot-
tic stenosis/edema. If a surgical airway is needed, a surgical crico-
thyroidotomy should be performed. A formal tracheostomy should 
not be performed by prehospital providers because of the 
dif“ culty and length of time to successfully accomplish the 
procedure.

BREATHING

A tension pneumothorax is a life-threatening situation as a result of 
an injury to the lung causing a pneumothorax that results in air leak-
ing into the pleural space, causing increased pressure that results in 
dif“ cult ventilation and decreased venous return. Typically it is recog-
nized by a variety of signs and symptoms, including tachypnea, dys-
pnea, decreased breath sounds or unilateral absence of breath sounds, 
air hunger, respiratory distress, tachycardia, hypotension, tracheal 
deviation, neck vein distention, and cyanosis (late). Hyperresonant 
percussion tone and absent breath sounds are typical of a signi“ cant 
pneumothorax. While there are many signs and symptoms that are 
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Table 1: Deaths, Top 10 Causes by Age Group, United States, 2002 a

Rank Infants under 1
Toddlers 
1…3

Young Children 
4…7

Children 
8…15

Youth 
16…20

Young Adults 
21…24

1 Perinatal period 
14,106

Congenital 
anomalies 474

MV traf“ c 
crashes 495

MV traf“ c 
crashes 
1,584

MV traf“ c 
crashes 
6,327

MV traf“ c crashes 4,446

2 Congenital 
anomalies 5,623

MV traf“ c 
crashes 410

Malignant neo-
plasms 449

Malignant 
neoplasms 
842

Homicide 
2,422

Homicide 2,650

3 Heart disease 500 Accidental 
drowning 380

Congenital 
anomalies 180

Suicide 428 Suicide 
1,810

Suicide 2,036

4 Homicide 303 Homicide 366 Accidental 
drowning 171

Homicide 
426

Malignant 
neoplasms 
805

Accidental poisoning 974

5 Septicemia 296 Malignant neo-
plasms 285

Exposure to 
smoke/“ re 151

Congenital 
anomalies 
345

Accidental 
poisoning 
679

Malignant 
neoplasms 823

6 In” uenza/
pneumonia 263

Exposure to 
smoke/“ re 163

Homicide 134 Accidental 
drowning 
270

Heart 
disease 449

Heart disease 518

7 Nephritis/
nephrosis 173

Heart disease 144 Heart disease 73 Heart disease 
258

Accidental 
drowning 
345

Accidental drowning 238

8 MV traf“ c 
crashes 120

In” uenza/
pneumonia 92

In” uenza/
pneumonia 41

Exposure to 
smoke/“ re 
170

Congenital 
anomalies 
254

Congenital 
anomalies 186

9 Stroke 117 MV non-traf“ c 
crashesc 69

Septicemia 38 Chr. lower 
respiratory 
disease 131

MV 
nontraf“ c 
crashesc 

121

Accidental falls 
134

10 Malignant 
neoplasms 74

Septicemia 63 Benign neo-
plasms 36

MV nontraf-
“ c crashesc 

115

Accidental 
discharge 
of “ rearms 
113

HIV 130

ALLd 28,034 4,079 2,586 6,760 16,239 15,390

associated with a tension pneumothorax, some may be dif“ cult to 
recognize in the prehospital setting, and some may not be present in 
all situations. In a patient who has required intubation and positive 
pressure ventilation, a minimal lung injury may develop into a clini-
cally signi“ cant tension pneumothorax, and should be anticipated if 
a patient in this type of setting suddenly deteriorates.

The management of a tension pneumothorax in the prehospital 
setting includes the recognition of the presence of a clinically signi“ -
cant pneumothorax, and then prompt needle decompression with a 
large-bore needle, classically inserted into the pleural space in the 
second intercostal space, midclavicular line. This location minimizes 
the risk of injuring underlying internal structures; however, the de-
velopment of a hematoma or lung laceration is possible. There is also 
the possibility of the needle not being placed deep enough to reach 
the pleural cavity, thus not relieving the tension pneumothorax. 
Placement of the needle in the lateral aspect of the affected chest cav-
ity has also been shown to be of bene“ t in resolving tension pneumo-

thoraces. Once a pleural cavity has been decompressed with a needle, 
a de“ nitive chest tube should be placed. The lack of recognition of a 
tension pneumothorax, and a delay in its management may result in 
a life threatening situation. In a patient who is intubated, the location 
of the endotracheal tube should be determined to make sure that it 
is not in a main-stem bronchus as the cause of absent breath sounds, 
prior to needle decompression of the chest cavity.

CIRCULATION

One of the most common prehospital complications related to 
circulation is the failure to detect and address ongoing hemor-
rhage. Control of external hemorrhage is best controlled by apply-
ing direct pressure to the bleeding site. Common areas that are 
missed that are sources of external hemorrhage include the poste-
rior scalp, axillae, perineum, and posterior trunk. Bulky dressings, 
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aWhen ranked by speci“ c ages, MV crashes are the leading cause of death for ages 3 through 33.
bNumber of years calculated based on remaining life expectancy at time of death; percents calculated as a proportion of total years of life lost due to all causes of 
death.
cA motor-vehicle nontraf“ c crash is any vehicle crash that occurs (entirely) in any place other than a public highway.
dNot a total of top 10 causes of death.
MV, Motor vehicle.
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Other Adults

Elderly �65 All Ages Years of Life Lost b25…34 35…44 45…64

MV traf“ c 
crashes 6,933

Malignant 
neoplasms 16,085

Malignant neo-
plasms 
143,028

Heart disease 
576,301

Heart disease 696,947 Malignant neo-
plasms 23% 
(8,686,782)

Suicide 5,046 Heart disease 
13,688

Heart disease 
101,804

Malignant neo-
plasms 
391,001

Malignant neoplasms 
557,271

Heart disease 22% 
(8,140,300) 

Homicide 
4,489

MV traf“ c crashes 
6,883

Stroke 15,952 Stroke 143,293 Stroke 162,672 MV traf“ c crashes 
5% (1,766,854) 

Malignant 
neoplasms 
3,872

Suicide 6,851 Diabetes 
15,518

Chronic lower 
respiratory 
disease 
108,313

Chronic lower respi-
ratory disease 
124,816

Stroke 5% 
(1,682,465)

Heart 
disease 3,165

Accidental poison-
ing 6,007

Chronic. lower 
respiratory 
disease 14,755

In” uenza/
pneumonia 
58,826

Diabetes 73,249 Chronic lower 
respiratory disease 
4% (1,466,004)

Accidental poi-
soning 3,116

HIV 5,707 Chronic liver 
disease 13,313

Alzheimer•s 
58,289

In” uenza/pneumonia 
65,681

Suicide 3% 
(1,109,748)

HIV 1,839 Homicide 3,239 Suicide 9,926 Diabetes 54,715 Alzheimer•s 58,866 Perinatal period 3% 
(1,099,767)

Diabetes 642 Chronic liver 
disease 3,154

MV traf“ c 
crashes 9,412

Nephritis/
nephrosis 
34,316

MV traf“ c crashes 
44,065

Diabetes 3% 
(1,050,798)

Stroke 567 Stroke 2,425 HIV 5,821 Septicemia 
26,670

Nephritis/nephrosis 
40,974

Homicide 2% 
(822,762)

Congenital 
anomalies 
475

Diabetes 2,164 Accidental poi-
soning 5,780

Hypertension 
renal disease 
17,345

Septicemia 33,865 Accidental poisoning 
2% (675,348)

41,355 91,140 425,727 1,811,720 2,443,387 All causes 100%

Source: NHTSA (National Highway Traf“ c Safety Administration), U.S. Department of Transportation Technical report (DOT HS 809 843), June 2005, 













that the patient is unable to protect the airway, then intubation must 
be accomplished in an ef“ cient and safe manner. It is important to 
remember that all trauma patients must be intubated with one person 
maintaining in-line cervical immobilization throughout the procedure 
to protect the possibly injured cervical spine.

As with all other procedures, a successful outcome depends on the 
operator•s experience and on having immediate access to all of the 
correct equipment. Most emergency departments have airway carts 
that contain all of the equipment that will routinely be needed for 
emergency intubations, as well as specialty carts designed for the 
•dif“ cult airway.Ž While the contents of these carts will vary from 
institution to institution, they will usually be standardized within 
each hospital. Examples of stocking lists for the standard airway cart 
(Figure 2) and the dif“ cult airway cart appear in Tables 1 and 2, 
respectively.

Once the decision to intubate has been made, all patients 
should be preoxygenated with 100% oxygen. The jaw thrust and 
chin lift can be done without endangering the cervical spine, and 
should be performed in an attempt to open an airway that may be 
obstructed by the tongue, which tends to fall posteriorly in the 
obtunded patient. The chin lift is accomplished by placing one•s 
“ ngers under the mandible and gently lifting the mandible up-
ward. The thumb of the same hand is used to depress the lower lip 
and open the mouth. Care must be taken to prevent hyperexten-
sion of the neck while performing the chin lift. The jaw thrust can 
be performed alone or used in conjunction with bag-valve-mask 
(BVM) ventilation of the obtunded, but breathing patient, and the 
respiratory efforts are assisted with compression of the bag. By 
grasping both mandibular angles and displacing the mandible 
forward, one is able to simultaneously open the airway and obtain 
and maintain an effective seal with the mask during assisted bag 
mask ventilation.

Oropharyngeal and nasopharyngeal airways (see Figure 2) are 
useful, but must be inserted with care. While neither one is well 
tolerated by the awake patient, the nasopharyngeal airway is better 
tolerated in the semiresponsive patient, and is less likely to stimu-
late gagging and vomiting.10 They can both be used to help main-
tain a patent upper airway in the obtunded patient. In the adult, 
the oral airway is inserted with the convexity facing down initially, 
and then rotated 180 degrees once in the oropharynx. It must be 
placed carefully, so that it does not push the tongue posteriorly, 
but rather, is seated posterior to the tongue displacing the tongue 
anteriorly. In children, the oral airway must always be placed with 
the convex surface facing cephalad initially to avoid injury to the 
soft tissues of the mouth and pharynx. It is important to remem-
ber that in patients with a persistent (intact) upper airway gag re-
” ex, the insertion of the oral airway can precipitate laryngospasm 
and bronchospasm, as well as coughing, gagging, vomiting, and 
ultimately, aspiration.11

DOCUMENTATION OF PROPER 
ENDOTRACHEAL TUBE PLACEMENT

Once tracheal intubation has been accomplished, it is imperative 
that proper tube position is ascertained and documented. The best 
con“ rmation of proper tube placement is the direct visualization 
of the tube passing through the vocal cords during laryngoscopy. 
Since this is not always the case, tube placement can be tentatively 
con“ rmed by physical exam. Observation and auscultation of the 
chest is a valuable clinical tool. In the absence of chest wall disrup-
tion due to rib fractures, the clinician will see symmetric chest wall 
motion upon ventilation with appropriate tube placement.

Auscultation of the chest is done both anteriorly and in the 
axillae, and is useful when breath sounds are heard bilaterally and 
are equal. This is not always the case, even with appropriate tube 
placement, because of the presence of pneumothoraces or hemo-

Table 1: Respiratory/Airway Cart

Top of Airway Cart

Stat respiratory rx box
2 x 2•s
Hurricane spray
Benzoin (1)
2% xylocaine jelly (1)
Surgilube (1)
EID (1)
#7, 7.5, 8 ETT (1 @)

Stylette (1)
12-cc syringe (1)
#18 NG tube (1)
60-cc catheter tip syringe (1)
Magill forceps (1)
Green, yellow, red oral airway (1 @)

Laryngoscope handle
#2, 3, 4 Mac blades (1 @)

#2, 3 Wis/Miller blades (1 @)

Top Drawer

#6, 6.5, 7, 7.5, 8, 8.5, 9 ETT (2 @)

Stylette (2)
#2, 3 Miller blades (1 @)

#2, 3, 4 Miller blades (1 @)

Drawer 2

PEEP valves (2)
Nasal cannulas (2)
ETCO2 sensors (2)
Adult O2 sensors (2)
Green, yellow, red oral airways  (2 @)

#28, 30, 32 nasal airways (1 @)

Tube holders, IV tubing, tape, Dale holders

Drawer 3

Luekens trap (2)
#18, 14 NG tube (2 @)

Surgilube
2% xylocaine jelly
Yankauer (2)
Suction catheters (2)

Drawer 4

Transtrach jet (1)
Bag-in aerosol setups with meds (2)
Rebreather masks (2)
Venti masks (2)

Drawer 5

BVM (2)
Cross-vent circuits (2)
Extra vent sheets

Left Side Facing Front

Waste bin
BVM

Right Side Facing Front

Sterile gloves
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Table 2: Dif“ cult Intubation Cart

Outside of Cart

Jet ventilator present and connected to 50-psi regulator

Jet vent tank, regulator attached, �1500 psi (50 psi/1…15 lpm 
regulator)

Portable CO2 monitor with line attached and charger (in top 
drawer) or

CO2 clip colormetric detector

Drawer 1

Intubation stylette 6 Fr., 10 Fr., 14 Fr. (1 @)

2% lidocaine jelly (1 @)

Cetacaine spray (1 @)

4% lidocaine solution (1 @)

Nasal spray (1 @)

14 Fr. Jelco (5 @)

Magill forceps, pediatric (1 @)

Magill forceps, adult (1 @)

Bite block (1 @)

Fiberoptic bronchoscope adapter swivel (2 ea)
Ovasappian airway (2 ea)
Sampling elbow (1 @ch)

Sampling tee (1 @ch)

Sample tubing for CO2 monitor (2 @ch)

MAD (mucosal atomization device) (1 @)

Drawer 2

Fiberoptic laryngoscope handle standard size ((1 @)

Fiberoptic laryngoscope handle penlight size (1 @)

Fiberoptic laryngoscope handle stubby size (1 @)

Fiberoptic laryngoscope blade Miller 1, 2, 3, 4 (1 @)

Fiberoptic laryngoscope blade Mac 2, 3 (1 @)

Fiberoptic CLM laryngoscope blade size 3, 4 (1 @)

Drawer 3

Endotracheal tube cuffed 4.0, 5.0, 5.5, 6.0, 6.5, 7.0, 7.5, 8.0, (2 @)

Endotrol endo tube 6.0, 7.0 (2 @)

MLT endotracheal tube 6.0 (2 @)

Drawer 4

Endotracheal tube uncuffed w/monitoring lumen 2.5, 3.0, 3.5, 4.0, 
4.5, 5.0, 5.5 (1 @)

Drawer 5

Sheridan Combitube© 41 Fr., 37 Fr. (1 @)

Mask size child (1 @)

Mask size small adult (1 @)

Mask size large adult (1 @)

Drawer 6

LMA size 3 (1 @)

LMA size 4 (1 @)

Duo” ex long guidewire (1 @)

Hyperin” ation bag 3 liter (1 @)

Retrograde intubation kit (Cook) (1 @)

Cook airway exchange catheter 3 mm, 4 mm, 5 mm, 6 mm, 7 mm 
(1 @)

Cook •Frova CatheterŽ (1 @)

Cook •MelkerŽ emergency cricothyrotomy catheter sets size 3.5, 
4.0 (1 @)

Fastrach intubating LMA size 4 with endotracheal tubes and 
pusher (1 @)

Tissue spreader (1 @)

Bougie (1 @)

Olympus LF-GP

Cabinet for FOB

Cric Set

2 Army Navy retractors
2 thyroid retractors
1 needle holder
2 curved hemostats
2 straight hemostats
1 trach spreader
2 Jackson tracheal hooks
2 disposable scalpels
2 sutures

Check

Satisfactory batteries in laryngoscope
Outdates on drugs and supplies

a patient shows desaturation by pulse oximetry, especially in pa-
tients who have been properly preoxygenated.12 Identi“ cation of 
carbon dioxide (CO2) in exhaled gas has become the standard for 
veri“ cation of appropriate placement of an endotracheal tube in 
the elective or emergent setting. This can be accomplished with 
capnography (the instantaneous display of the CO2 waveform dur-
ing ventilation) or capnometry, which is the measurement of 
CO2 in the expired gas. The latter has become the method of 
choice in the emergent setting because of the availability of colori-
metric CO2 detectors.10,12 Colorimetric CO2 detectors are routinely 
inserted into the respiratory circuit between the end of the endo-
tracheal tube and the ventilator tubing or Ambu-bag, and will 
detect the presence of CO2 as soon as ventilation begins after intu-
bation. It must be remembered that although useful, the presence 
of CO2 is not, by itself, absolute assurance of proper tube place-
ment. The endotracheal tube could be improperly positioned in a 
mainstem bronchus and one would still detect CO2. CO2 will not 
be detected in patients who are in cardiac arrest. In patients who 

thoraces seen in the trauma patient population. It is incumbent on 
the clinician to immediately treat the pneumothorax and/or he-
mothorax, and then con“ rm tube placement by both physical 
exam and chest radiograph. Auscultation over the left upper quad-
rant of the abdomen is important; with appropriate placement of 
the endotracheal tube, there will be no gurgling in the stomach 
during ventilation.

The cuffed portion of the endotracheal tube should be at least 
1…2 cm below the cords, and in the average patient, the endotracheal 
tube will be taped in position at the 21…23-cm mark. Lastly, a chest 
radiograph should be performed to con“ rm proper placement of the 
endotracheal tube after every intubation.10 The tip of an appropri-
ately placed endotracheal tube should be approximately 5 cm above 
the carina in the average adult.12

Cyanosis as an indicator of a fall in oxygen concentration is a 
late event, and is in” uenced by factors such as room lighting, ane-
mia, and hemoglobin anomalies. Resolution of hypoxia is a reli-
able sign of proper tube placement, but minutes may elapse before 
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have been actively ventilated prior to intubation, CO2 can be de-
tected in gas from the stomach when the endotracheal tube is im-
properly placed in the esophagus. This will clear with several 
breaths, however, and indicate to the clinician that the tube is im-
properly placed.10

Even with all of the equipment and technical advances available 
to the clinician, clinical judgment, the physical exam, and attention 
to detail is essential in management of the airway.

COMBITUBE ©

The inability to intubate can be a lethal event due to the hypoxia 
resulting from the inability to ventilate and, therefore, oxygenate 
the critically ill or injured patient. There are certain •rescueŽ tech-
niques available, and one such technique involves the use of the 
dual lumen esophagotracheal tube, known as the Combitube�  
(Tyco Healthcare Group LP, 2001). This redesigned tube, which 
comes in a regular and small adult size, has minimized the prob-
lems that had been seen with the use of the esophageal obturator 
airway as an airway rescue technique.13 The disposable Combi-
tube�  has a longer blue tube (No. 1) with a blind distal end and 
pharyngeal side holes, and a shorter clear tube (No. 2) with an 
open distal end (Figure 4). While Wissler13 recommends using the 
laryngoscope for placement of the tube under direct vision, the 
tube can be inserted blindly through the mouth.

While the tip of the tube can end up in the trachea (Figure 4), it 
will enter the esophagus 99% of the time.14 Once the tube is success-
fully placed, the balloons are in” ated with air, 100 ml in the pharyn-
geal balloon to occlude the pharynx, and 15 ml in the distal balloon 
occluding either the esophagus or the trachea. Ventilation is now 
begun using tube no. 1. If the tip of the tube is positioned in the 
esophagus (the preferred position), one will hear breath sounds 
bilaterally, capnography will be positive for carbon dioxide, and aus-
cultation over the left upper quadrant of the abdomen will be nega-
tive for gastric insuf” ation. At this point, a gastric tube can be placed 
through tube no. 2.

If the tip of the tube is in the trachea, no breath sounds will be 
heard in the chest, and capnography will be negative for CO2. Venti-
lation should immediately be switched to tube no. 2, and the exam 
repeated to con“ rm breath sounds by auscultation and CO2 by 
capnography.

The Combitube�  has been shown to be an effective alternative to 
prehospital cricothyroidotomy after failed rapid sequence intuba-
tion (RSI) attempts in patients with severe maxillofacial trauma. In 
fact, Blostein et al.15 studied 10 such patients who failed in-“ eld in-
tubation. The Combitube�  was successfully replaced by an orotra-
cheal tube in 7 of the 10 patients, and only 3 required a surgical 
airway. It must be remembered that the Combitube�  must be re-
placed with a de“ nitive airway as soon as the clinical situation per-
mits. Furthermore, it should be remembered that contraindications 

Figure 3 Oral airways (upper three) and nasal airway.

Figure 4 Combitube© with both balloons in” ated. Larger syringe 
in” ates the blue tube (No. 1) balloon.
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Figure 2 Standard respiratory/airway cart.
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Originally introduced by Brain in 1983,20,21 the LMA is now 
routinely used for airway management in the elective anesthesia 
setting. The LMA (Laryngeal Mask Company Ltd) and the LMA 
Fastrach’ are also now becoming valuable additions to the arma-
mentarium of emergency airway management (Figure 8).

The LMA is a large-bore tube that is attached to an ovoid or ellipti-
cal silicone cuff that, once well lubricated, is inserted blindly into the 
airway as far as it will go. Once properly positioned, and the cuff is in-
” ated with 20…30 ml of air, the leading edge or tip of the cuff will ob-
struct the esophageal lumen while the cuff provides a low pressure seal 
around the entrance to the larynx, allowing for ventilation in an emer-
gent setting. It is important to remember that the LMA will not be well 
tolerated in any patient with an existing gag re” ex, and may precipitate 
vomiting and aspiration in these patients.18 The LMA comes in several 
sizes, and can be used in the pediatric and adult populations. As with 
endotracheal intubation, successful insertion will require the appropri-
ate size selection. Indications for the emergent placement of the LMA 
in trauma patients include a GCS of 3 after rapid-sequence drug ad-
ministration and attempted orotracheal intubation has failed.9

Although the LMA has been used to secure the airway in the 
trauma patient, it is, indeed, more suited for elective airway man-
agement situations. The LMA Fastrach (Figure 9), or intubating 
LMA, on the other hand, has been shown to be effective when used 

Figure 9 Laryngeal mask airway.

Figure 10 Intubating laryngeal mask airway (LMA). LMA-speci“ c 
endotracheal tube (top), stylet (middle), and intubating LMA with 
intubating handle (bottom).

Figure 11 Pharyngeal ori“ ces of the intubating laryngeal mask 
airway (LMA) (left) and regular LMA (right).

in the trauma center setting. The pharyngeal ori“ ce of the LMA 
Fastrach is different that that of the regular LMA (Figures 10 
and 11) and it allows the passage of a speci“ cally designed and 
compatible endotracheal tube once the LMA Fastrach is appropri-
ately placed. The maximal size endotracheal tube that the LMA 
Fastrach will allow is an 8-mm internal diameter. As with the 
LMA, the LMA Fastrach is placed in trauma patients when 
attempts to place an orotracheal tube with RSI have failed, the 
patient has a GCS of 3, and an airway must be controlled immedi-
ately.9 Placement of the intubating LMA is done in the same 
manner as with the LMA, but passage of the endotracheal tube is 
usually done as a two-person technique, with one person control-
ling the LMA and a second passing the very well-lubricated endo-
tracheal tube. Once placement of the endotracheal tube is con-
“ rmed, the LMA can carefully be removed while maintaining the 
position of the endotracheal tube.

SURGICAL AIRWAY

The preferred method of management of the airway is by 
the patient with minimal assistance from the physician. The clini-
cian can monitor the ” ow of air into the airway and observe 

Figure 7 Adult and pediatric stylets and endotracheal tubes.

Figure 8 Semi-rigid gum-elastic bougies.
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contributes to a spontaneous rise in blood pressure by limiting ongo-
ing ” uid losses. The remainder of the response is carried out through 
vasoconstriction and the redistribution of blood ” ow, accounting for 
the majority of increased venous return. If prolonged, this can have 
a damaging, and sometimes irreversible effect upon the tissues sup-
plied by the splanchnic circulation. This will result in ischemia and 
potential reperfusion injury.

Phases of Shock

Combined, the aforementioned physiologic effects produce the clas-
sic signs and symptoms exhibited by patients in hypovolemic shock. 
The progression from compensated to uncompensated shock gives 
rise to the physical “ ndings of the systemic insult (Figure 2). Initially, 
compensated shock affects the periphery, manifesting the symptoms 
of cool extremities, cyanosis, mottling of the skin, and decreased 
capillary reperfusion (blanching). As the severity of shock progresses, 
vasoconstriction affects the torso, producing oliguria as the main 
clinical sign. Finally, in severe classes of shock, perfusion of the heart 
and brain are affected, producing cardiac dysrhythmias and a 

reduced level of consciousness. Over the hours following injury, 
these mechanisms are in constant ” ux, in efforts to restore homeo-
stasis to the injured system.

Lower cardiac output, variable tachycardia, oliguria, and decreased 
capillary pressure de“ ne the initial phase following hemorrhagic shock. 
The interstitial space is contracted in efforts to preserve circulating 
plasma volume. This occurs typically in the prehospital phase and ex-
tends into the early portions of the patient•s initial resuscitation. During 
this period active replacement of blood loss is achieved through either 
crystalloid infusion or blood transfusion to restore circulating blood 
volume. The second phase is marked by extravascular ” uid sequestra-
tion. This often occurs following surgical intervention and massive 
resuscitation. The intracellular and interstitial spaces expand as resusci-
tation continues, and blood pressure typically stabilizes. Crystalloids are 
given to maintain plasma volume based upon the patient•s observed 
hemodynamic status. The third and “ nal stage is marked by diuresis 
and mobilization of ” uids with an increase in blood pressure. This re-
sponse occurs only after appropriate volume resuscitation, surgical 
correction of the cause of the hemorrhage, and resolution of organ 
failure with return to a more homeostatic state.

Figure 1 The effect of increased right atrial pressure on cardiac 
output. Increases in right atrial pressure are accomplished through either 
an increase in circulating blood volume, or a decrease in venous 
compliance. Cardiac output increases linearly in response to increased 
right atrial pressure.  (Adapted from Berne RM, Levy MN: Cardiovascular 
Physiology, 3rd ed. St. Louis, MO, Mosby, 1977.)
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Table 1: Classes of Shock

Class I Class II Class III Class IV

Blood loss (ml) �750 750…1500 1500…2000 �2000
Blood loss (% 
blood volume)

�15% 15%…30% 30%…40% �40%

Urine output 
(ml/hr)

�30 20…30 5…15 Negligible

Mental status Slight anxiety Mild anxiety Anxious, con-
fused

Confused, 
lethargic

Skin Warm Cool, pale Cool, pale Cold, 
cyanotic, 
mottled

Thirst Normal Normal Greater than 
normal

Much greater 
than normal

Fluid 
replacement

Crystalloid Crystalloid Crystalloid and 
blood

Crystalloid 
and blood
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HYPOTENSIVE RESUSCITATION

Traditional resuscitation strategies have been directed toward restor-
ing normal intravascular ” uid volumes and arterial blood pressures 
to maintain perfusion to vital organs. Since the early 1990s, this ap-
proach has been re-examined. The strategy of hypotensive resuscita-
tion dictates delivery of limited volumes of intravenous ” uids to 
sustain blood pressures lower than normal. In delayed resuscitation, 
” uids are withheld until control of the hemorrhage has been estab-
lished. Tissue injury from regional hypoperfusion is a risk of these 
strategies. It depends on both length of time and severity of hypoper-
fusion. A single accurate method to assess regional hypoperfusion 
has not been established. Rapid resuscitation can exacerbate bleeding 
by dislodging fragile clots, decreasing blood viscosity, and creating 
compartment syndromes of the cranial vault, abdomen, and ex-
tremities. It also exacerbates the •lethal triadŽ of hypothermia, acido-
sis, and coagulopathy.

In a swine aortotomy model, Sondeen noted the average mean 
arterial pressure at which rebleeding occurred following uncontrolled 
hemorrhagic shock and spontaneous clotting was 64 mm Hg. This 
was independent of time of resuscitation. In addition, crystalloid so-
lutions reduce the oxygen carrying capacity of the blood by dilution. 
The optimal volume of intravenous ” uid administered is a balance 
between improving tissue perfusion and increasing blood loss by rais-
ing systolic blood pressure. Cannon stated that early control of hem-
orrhage was paramount and attempts at ” uid resuscitation prior to 
this would result in increased bleeding and mortality. This concept 
has been evaluated in both animal and human studies. Previous ani-
mal studies used controlled hemorrhage models where hemostasis 
was achieved early allowing rapid restoration to a normovolemic 
state. Unfortunately, in the clinical setting the bleeding source may 
not be immediately known or immediate control is not possible. 
Using an aortotomy model in immature swine, Bickell and colleagues 
showed unfavorable outcomes in those swine resuscitated with lac-
tated Ringer•s or hypertonic saline/dextran compared with no ” uid.

In a prospective randomized study, Bickell compared immediate 
and delayed ” uid resuscitation in hypotensive patients (systolic 

blood pressure [SBP] �90 mm Hg) with penetrating injuries to the 
torso. There was a statistically signi“ cant difference in survival be-
tween the two groups, 62% versus 70% (p�0.04), suggesting delayed 
resuscitation improved outcomes in penetrating injuries to the torso. 
The study was criticized for its predominantly young, male patient 
population, and its urban setting with short transfer times. Subse-
quent subgroup analysis showed survival bene“ ts only in patients 
with cardiac injuries and no difference in survival when deaths were 
divided into preoperative, intraoperative, and postoperative time 
periods. Dutton compared ” uid resuscitation to SBP 70 mm Hg 
versus SBP of greater than 100 mm Hg in actively hemorrhaging 
patients. Resuscitation to a lower SBP did not affect overall mortality. 
Both blunt and penetrating trauma patients were included in this 
study.

Further randomized controlled trials are needed before a hypo-
tensive resuscitation strategy can be de“ ned. Currently, patients 
suffering from blunt injuries should be managed with traditional 
strategies. Although the ideal target blood pressure remains elusive, 
in penetrating injuries an SBP of 80…90 mm Hg may be adequate. 
A signi“ cant association exists between prehospital hypotension 
(SBP �90) and worse outcomes in severe traumatic brain injury 
(TBI). Attempts to maintain SBP above 90 may decrease adverse 
outcomes in head-injured patients, although no class I evidence is 
available to corroborate this.

The current literature on hypotensive resuscitation cannot be 
extrapolated to all trauma patients but it emphasizes the impor-
tance of rapid diagnosis and treatment. Early identi“ cation of 
bleeding sources and control of hemorrhage will lead to more rapid 
replacement of intravascular volume and decreased morbidity and 
mortality.

Choice of Fluids

The use of crystalloids versus colloids has been an ongoing debate for 
decades. In the Vietnam War, isotonic crystalloids were used when 
laboratory work from the 1960s by Shires and others showed larger 

Figure 2 Signs and symptoms of shock.
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volume resuscitation with isotonic crystalloids resulted in the best 
survival. They also noted that extracellular ” uid redistributed into 
both intravascular and intracellular spaces during shock, and rapid 
correction of this extracellular de“ cit required an infusion of a 3:1 
ratio of crystalloid ” uid to blood loss. Figure 3 shows the in” uence 
of ” uids on the extracellular ” uid compartments. Using this resusci-
tation strategy, the rate of mortality and acute renal failure decreased 
but a new entity of shock lung, now better known as acute respira-
tory distress syndrome (ARDS), was discovered. In reviewing studies 
comparing crystalloids and colloids with respect to pleural effusions 
and pulmonary dysfunction, two trials reported no differences. Two 
other series showed more pulmonary complications among patients 
resuscitated with colloid. When mortality was used as an endpoint, 
the use of crystalloids in trauma patients was associated with in-
creased survival.

There are advantages and disadvantages to the use of both crystal-
loids and colloids. Crystalloids replace interstitial as well as intravascu-
lar ” uid loss, do not cause allergic reactions, and are inexpensive. 
Possible disadvantages include limited intravascular expansion and tis-
sue edema, which can impair gas exchange in the lungs and diminish 
bowel perfusion. Colloids have a longer intravascular half-life, which 
may improve organ perfusion and may cause less tissue edema. This 
may be a short-term effect as the interstitial oncotic pressure increases 

from diffusion of the colloid over time. Also, the choice of colloid may 
affect blood loss. Other possible disadvantages include increased inci-
dence of allergic reactions, impaired blood cross matching due to dex-
trans, altered platelet function (dextrans, hetastarches), hyperchloremic 
acidosis due to high chloride content (hetastarch), and greater expense. 
A meta-analysis of clinical studies comparing crystalloids and colloids 
for ” uid resuscitation failed to show any evidence of improved outcome 
with the use of colloids. In summary, there is no clear basis to give col-
loid products over crystalloid solutions for ” uid resuscitation.

Crystalloid Solutions

The choice of lactated Ringer•s (LR) and normal saline (NS) appears 
to be less controversial. Both are hypo-oncotic, balanced salt solutions 
(Table 2). It is well known that large volumes of NS resuscitation can 
lead to hyperchloremic metabolic acidosis. While large volumes of LR 
infused rapidly can increase lactate levels, this is not associated with 
acidosis. Koustova et al. have shown that LR in” uences neutrophil 
function by increasing production of reactive oxygen species and 
affects leukocyte gene expression, but Watters et al. showed that NS 
and LR have equivalent effects on alveolar neutrophils in a swine 
model of hemorrhagic shock. Healy et al. showed, in a rat model of 

Figure 3 The in” uence of colloid and crystalloid ” uids on the volume of the extracellular 
” uid compartments.   (Data from Imm A, Carlson RW: Fluid resuscitation in circulatory shock. Crit 
Care Clin 9:313, 1993.)

1000 500 0

(ml)
Increase in plasma volume

0.5% Dextrose/water (1 liter)

Normal saline (1 liter)

5% Albumin (1 liter)

7.5% NaCl (250 ml)

Increase in interstitial volume

500 1000

Table 2: Composition of Balanced Salt Solutions (meq/l)

Solutions Glucose (g/l) Na � Cl � NCO 3
� K� Ca2� Mg2� HPO 4

� NH 4
�

Extracellular ” uid 1000 140 102 27 4.2 5 3 3 0.3
5% dextrose and water  50
0.21% sodium chloride (0.25 NS) 34 34
0.45% sodium chloride (0.5 NS) 77 77
0.9% sodium chloride (NS) 154 154
3% sodium chloride (HS) 513 513
7.5% sodium chloride (HS) 1283 1283
Lactated Ringer•s solution 130 109 28a 4 2.7

aPresent in solution as lactate, but is metabolized to bicarbonate.
HS, Hypertonic saline; NS, normal saline.
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massive hemorrhage and resuscitation, animals were signi“ cantly 
more acidotic (pH 7.14 � 0.06 vs. 7.39 � 0.04) and had a signi“ cantly 
worse survival (50% vs. 100%) when resuscitated with NS compared 
to LR. NS has been theoretically preferred when giving blood because 
of the concern that the calcium in LR could exceed the chelating 
capabilities of the citrate, resulting in clots that may enter the micro-
circulation. However, Lorenzo et al. showed that when ” uid is given 
rapidly, LR does not increase clots, and at present there is no evidence 
that this is a clinically signi“ cant issue. In theory, NS is favored over 
LR for the treatment of severe head injuries due to its higher sodium 
content, which would reduce intracerebral swelling. Despite this 
concern, there is no literature supporting the use of NS over LR in 
this setting.

Ringer•s ethyl pyruvate solution (REPS) is a calcium- and 
potassium-containing balanced salt solution. Ethyl pyruvate is de-
rived from pyruvate, which is unstable in aqueous solutions, and acts 
as a potent reactive species of oxygen scavenger (e.g., H2O2, O2, OH). 
It has been evaluated in several preclinical studies using animal mod-
els of mesenteric ischemia/reperfusion injury, hemorrhagic shock, 
and acute endotoxemia. In comparison to LR, REPS has been shown 
to improve survival and decrease expression of proin” ammatory 
mediators. However, a recent study using a swine hemorrhagic shock 
model showed no short-term hemodynamic or tissue energetic 
advantage to using REPS as a resuscitation ” uid when compared to 
LR. Further investigations are needed to evaluate the potential ben-
e“ ts of using REPS in hemorrhagic shock.

Hypertonic Saline

Hypertonic saline (HS) has osmotic properties that result in in” ux of 
” uid into the intravascular space. Because only small volumes are 
needed to achieve its desired effects, there has been signi“ cant inter-
est in its use in the military and civilian settings. It is capable of 
rapidly expanding the intravascular volume and enhancing microcir-
culation by selective arteriolar vasodilatation. This occurs without 
causing swelling of red blood cells or the endothelium. Unfortu-
nately, this improved microcirculation could also lead to increased 
bleeding. Adding dextran and hetastarch to HS can prolong its intra-
vascular effects due to increased oncotic pressure. The volume of 
hypertonic saline solution that can be given is limited by the poten-
tial development of hypernatremia and intravascular volume over-
load. In a swine model of uncontrolled hemorrhagic shock, a single 
250-ml bolus of 3% hypertonic saline plus 6% dextran produced an 
adequate and sustained rise in mean arterial pressure (MAP) and 
StO2. More importantly, the increase in MAP was not associated with 
increased secondary bleeding. A meta-analysis by Wade et al. of both 
HS and HS with dextran (HSD) in the treatment of hypotension 
from traumatic injury suggests that HS is no different than isotonic 
crystalloids, but HSD did show a trend toward decreased mortality. 
In head trauma patients, its ability to draw ” uid from the extravas-
cular space can limit cerebral edema, lower intracranial pressure, and 
improve cerebral perfusion. Subgroup analysis in the previous study 
by Wade showed the greatest bene“ t with HSD to be in shock pa-
tients with concomitant severe closed head injuries. A recent pro-
spective randomized study from Australia testing HS for “ eld resus-
citation in hypotensive and TBI patients failed to show any bene“ t in 
neurological outcome at 6 months when compared to LR. HS and 
HSD have also demonstrated a diminished in” ammatory response, 
speci“ cally neutrophil cytotoxicity, in animal models of hemorrhagic 
shock, ischemia/reperfusion, and sepsis.

Arti“  cial Oxygen-Carrying Blood Substitutes

Although both crystalloids and colloids can replace intravascular 
volume, neither product restores the oxygen-carrying capacity of the 
lost red blood cells. Arti“ cial hemoglobin products have the potential 

to improve oxygen-carrying capacity without the storage, availability, 
immune suppression, transfusion reaction, compatibility, or disease 
transmission problems associated with standard transfusions. Unfor-
tunately, these products also fail to restore coagulation components, 
and hemostasis can be hindered with the loss of cellular elements 
that lower the viscosity of circulating blood. The use of a large vol-
ume of arti“ cial oxygen-carrying solutions in severe hemorrhage has 
not been adequately studied.

Hemoglobin-based oxygen carriers have been derived from hu-
man blood, bovine blood, and recombinant DNA technology dating 
back to 1933. Carrier solutions need to be stroma-free polymerized 
or cross-linked hemoglobin tetramers with oxygen-carrying capa-
bilities that remain within the intravascular space for a prolonged 
period of time. Early hemoglobin substitutes had a greater oxygen 
af“ nity because of the loss of 2,3 diphosphoglycerate (2,3 DPG). 
However, with pyridoxylation of the hemoglobin tetramer this prob-
lem was addressed. Hemoglobin-based oxygen carriers can also cause 
vasoconstriction. This occurs because tetrameric hemoglobin binds 
the nitric oxide in the vascular wall and results in unopposed vaso-
constriction. Because of this phenomenon, blood pressures can be 
higher than expected for the level of intravascular volume replace-
ment in hemorrhagic shock patients. Initial studies of these products 
in humans have been disappointing. A phase III trial of diasprin 
cross-linked hemoglobin was prematurely stopped due to an unex-
pectedly high mortality in the treatment group (46 vs. 17%). Poly-
heme®, glutaraldehyde-polymerized pyridoxylated human hemoglo-
bin, has proven to be safe and effective in phase I and II trials and is 
currently being studied in a multicenter phase III prehospital trial.

Per” uorocarbons are chemically and biologically inert liquids 
that dissolve large amounts of gas. They require dispersion in 
plasma-like aqueous ” uids such as albumin or in physiologic electro-
lyte solutions to be an adequate oxygen-carrying substitute. They 
have a lower oxygen-delivering capacity than normal blood and re-
quire an FiO2 of greater than 70% to carry physiologically useful 
concentration of oxygen. The long-term biological effects of absorp-
tion, distribution, metabolism, and excretion, and the effects on the 
reticular endothelial system (RES) require further evaluation. Con-
cern about toxicity to the RES and high FiO2 requirements may limit 
their use in severe hemorrhage.

Blood Transfusions

The use of blood transfusions in resuscitation has been an ongoing 
debate since its initial use in World War I and in World War II, 
when it became the standard of care. There was an increase in early 
survival, but many casualties later died of acute renal failure. It is 
generally accepted that a patient in shock who fails to respond 
adequately to 2 liters of crystalloid is in need of blood transfu-
sions. It is clear in unstable patients with active bleeding and hem-
orrhagic shock that blood should be given immediately. When 
larger volumes of crystalloid and red blood cells are given, fresh 
frozen plasma, platelets, or cryoprecipitate may also be needed to 
reverse the associated dilutional coagulopathy. One must also con-
sider the inherent risks of blood transfusion, such as transfusion 
reactions, transfusion-related acute lung injury, infection, and im-
munosuppression. It has been observed that blood transfusions 
contain proin” ammatory mediators that both prime and activate 
neutrophils. This has been proposed as a key mechanism in the 
development of multiple organ failure. Stored red blood cells also 
undergo substantial shape changes and impaired deformability by 
the second week of storage. This decreased deformity can lead to 
microvascular obstruction, and has been found to be associated 
with the development of splanchnic ischemia. Malone et al. re-
ported that trauma patients who underwent blood transfusions 
within the “ rst 24 hours of admission, independent of shock se-
verity, were almost three times more likely to die than those who 
did not receive transfusions.

110 RESUSCITATION FLUIDS
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Early clinical studies concluded that hemoglobin (HgB) levels of 
10 g/dl were optimal for shock resuscitation; however, recent consen-
sus panels have suggested that a lower concentration is adequate. A 
prospective randomized trial showed that ICU patients who received 
blood transfusion for HgB less than 7.0 g/dl and were maintained at 
HgB 7.0…9.0 g/dl did as well and possibly better than patients who were 
liberally transfused for a HgB level less than 10 g/dl and maintained at 
10…12 g/dl. All these patients were without ongoing bleeding, acute 
myocardial infarction, or unstable angina. Subgroup analysis looking 
at the safety of a restricted red blood cell transfusion strategy in trauma 
patients showed there was no statistically signi“ cant difference in mor-
tality, multiple organ dysfunction, or length of stay, when compared to 
those managed with the liberal transfusion strategy. Randomized, 
controlled investigations need to be conducted to provide evidence to 
help dictate the use of blood in critically ill trauma patients.

COMPLICATIONS OF RESUSCITATION

The focus in resuscitation has shifted to large-volume ” uid resuscita-
tion in acutely injured patients. With severe hemorrhagic shock and 
uncontrolled hemorrhage, interventions can commonly cause iatro-
genic complications. Continued large volume crystalloid resuscita-
tion in the setting of ongoing bleeding inevitably leads to acidosis, 
hypothermia, and coagulopathy. Individually, each of these condi-
tions can worsen the other (Figure 4).

Hypothermia

The de“ nition of hypothermia is a core body temperature of less 
than 35° C. The internal core temperature is a net result of heat pro-
duction and heat loss. Heat loss or production can be a result of 

evaporation, radiation, conduction, or convection. Heat production 
largely occurs as a result of cellular metabolism while heat loss occurs 
through the skin and respiratory system. Acutely injured trauma 
patients have numerous sources of potential heat loss. Exposure in 
the “ eld can cause the patient to be hypothermic on admission. Fur-
ther exposure per ATLS protocols causes further losses. Operations 
involving exposure of body cavities cause signi“ cant losses through 
evaporative and conductive means. Trauma procedures involving 
large laparotomies or thoracotomies are especially threatening. In 
terms of resuscitation, intravenous ” uids present the highest poten-
tial for heat loss. This can be quanti“ ed by the following equation:

Heat � mass � speci“  c heat � (T body … T” uid)

Given a speci“ c heat of water of 4.19 kJ/kg/degree, 1 liter of 25° C 
crystalloid infused in a normothermic patient would result in a heat 
loss of 50.3 kJ. This heat loss exceeds the heat that can be returned to 
the patient by conventional methods in 1 hour. Given these “ ndings, 
massive heat loss can occur in the setting of large-scale resuscita-
tion.

The incidence of hypothermia in trauma patients during resusci-
tation has been described to be as high as 66%. Although Gregory 
et al. found that only 12% of patients arriving in the ED were hypo-
thermic, 46% were hypothermic on arrival to the operating room 
(OR), and 57% were hypothermic when leaving the OR. This sug-
gests that the majority of heat loss occurs in the resuscitation bay.

Hypothermia is commonly classi“ ed by severity. Mild hypother-
mia is a core temperature of 32°…35° C, and is characterized by 
tachypnea, tachycardia, hyperventilation, shivering, and impaired 
judgment. Increased urine output secondary to a •cold diuresisŽ has 
also been described. This is thought to be secondary to peripheral 
vasoconstriction, causing a temporary increase in the central intra-
vascular volume. In moderate hypothermia, de“ ned as 28°…32° C, 
heart rate and cardiac output are reduced. Decreased mental status 
and hypore” exia are observed as well as decreased renal blood ” ow. 
Cardiac rhythm manifestations include atrial “ brillation and bra-
dycardia. Severe hypothermia, that is, temperatures less than 28° C, 
can lead to pulmonary edema, oliguria, coma, hypotension, ven-
tricular “ brillation, and asystole.

Hypothermia in the trauma patient is a poor prognostic indicator 
and it has been shown to be independently predictive of mortality. 
The mortality of victims of accidental exposure with moderate hypo-
thermia has been documented to be 21%. However, trauma victims 
studied with similar core temperatures (�32° C) have 100% mortal-
ity. This difference has several explanations. Trauma patients do have 
similar losses secondary to exposure; however, they also have further 
losses secondary to hemorrhage and exposed body cavities. Beyond 
this, the decreased oxygen consumption secondary to blood loss and 
shock cause decreased heat production. Given these mechanisms, the 
mortality documented may be more a manifestation of the severity 
of injury rather than isolated hypothermia.

Because of the strong association of hypothermia to mortality and 
the other elements of the •lethal triad,Ž rewarming and prevention of 
ongoing heat loss should be a priority of resuscitation (Table 3). The 
“ rst step is to obtain an accurate core temperature. Esophageal or 
bladder temperatures have been shown to be more reliable than rectal 
or axillary measurements. Given the high rate of heat loss with infu-
sion of room temperature ” uids, all resuscitation solutions should be 
warmed. Operating room temperatures should be elevated to mini-
mize losses due to conduction and radiation. Once the secondary 
evaluation is complete, the patient should be covered. A Bair Hugger 
or similar device can be used to actively warm the patient. For pro-
found hypothermia, active internal rewarming can be used. This is 
done either with lavage of a body cavity (peritoneal or thoracic) or by 
intravascular rewarming. Options for intravascular rewarming in-
clude veno-venous rewarming, arteriovenous rewarming, or cardio-
pulmonary bypass. Continuous arteriovenous rewarming (Figure 5) 
has been shown to decrease early mortality in critically injured 
hypothermic trauma patients.

Figure 4 The lethal triad.  (Adapted from Moore EE: Staged 
laparotomy for the hypothermia, acidosis, coagulopathy syndrome. 
Am J Surg 172:405…410, 1996, with permission of publisher.)
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Coagulopathy

Hemorrhage is a major cause of early trauma deaths. Coagulopa-
thies in trauma patients are common during major resuscitations. 
The mechanisms are thought to be related to hypothermia, meta-
bolic disturbances, dilution, and disseminated intravascular 
coagulation. Most of these mechanisms can be traced in some way 
to resuscitation.

Dilution is a major cause of coagulopathy in resuscitated trauma 
patients. Intravascular ” uid containing coagulation factors is lost and 
replaced with solutions lacking these products. The actual amount of 
coagulopathy is not easily predictable as the plasma shifts are quite 
complex. Coagulation factors are continually produced and seques-
tered in the post trauma setting. Dilutional coagulopathy is not 

thought to play a signi“ cant role until approximately one blood vol-
ume of replacement ” uids is infused into a patient. Therefore, giving 
prophylactic products without data or evidence of bleeding is gener-
ally not recommended. However, there is increasing evidence that the 
early administration of coagulation factors is indicated.

Hypothermia has a profound effect on coagulation activity. Reed 
and Rohrer in different experiments showed that hypothermia re-
sulted in prolonged partial thromboplastin time (PTT) and pro-
thrombin time (PT) independent of the actual level of enzymes. 
Gubler et al. showed that the effect of a dilutional coagulopathy is 
additive to this hypothermic effect (Figure 6). In addition to these 
enzyme effects, “ brinolysis is thought to be enhanced by hypother-
mia. Animal studies have suggested that platelets are sequestered by 
the spleen in the setting of hypothermia. Platelet adhesion is also 
decreased in hypothermic patients. A recent in vitro study suggests 
that platelet effects cause the majority of hypothermic coagulopathy 
at temperatures above 33° C. In this trial, enzymatic dysfunction did 
not have a signi“ cant effect until the temperature was below 33° C. 
Studies have shown that acidotic and hypothermic patients with ad-
equate blood, plasma, and platelet replacement still develop clinically 
signi“ cant bleeding.

Logically, one could conclude that this coagulopathy would result 
in more hemorrhage and poor outcomes. This has been substanti-
ated in clinical reviews. A recent review of trauma patients revealed 
that 24.4% were coagulopathic on admission. Nonsurvivors had a 
coagulopathy rate of 46 versus 10.9% for survivors.

As with any disease, treatment of coagulopathy begins with recog-
nizing the problem. Any trauma patient with evidence of signi“ cant 
tissue injury or ongoing bleeding should be screened with an (INR), 
PTT, platelet count, and “ brinogen level. In the setting of active trau-
matic bleeding, the platelet count should be kept above 50,000/mcl, the 
INR is less than 2, the “ brinogen greater than 100 mg/dl, and the PTT 
less than 1.5 times normal. Again, close monitoring of these parame-
ters is recommended as empiric therapy often yields unpredictable 

Table 3: Approximate Rate of Heat Transfer 
with Available Rewarming Methods

Rewarming Technique Rate of Heat Transfer

Airway rewarming 33.5…50.3
Overhead radiant warmer 71.2
Heating blankets 83.8
Convective warmers 62.8…108.9
Body cavity lavage 150.8
Continuous arteriovenous rewarming 385.5…582.4
Cardiopulmonary bypass 2974.9

Source: Adapted from Gentilello LM: Practical approaches to hypothermia. 
In Maull KI, Cleveland HC, Feliciano DV, Rice CL, Trunkey DD, Wolferth 
CC, editors: Advances in Trauma and Critical Care, vol. 9. St. Louis, MO, 
Mosby, 1994, pp. 39…79, with permission.

Figure 5 Continuous arteriovenous rewarming.  (From Gentilello LM, Jurkovich GJ, 
Stark MS, Hassantash SA, O•Keefe GE: Continuous arteriovenous rewarming: rapid reversal 
of hypothermia in critically ill patients. J Trauma 32(3):316…327, 1992, with permission.)
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results. In the absence of laboratory results, empiric therapy with plate-
lets that contains plasma may be started.

Coagulopathy is also speci“ cally linked to head trauma. The re-
lease of thromboplastin from injured brain tissue can cause severe 
consumptive coagulopathy leading to disseminated intravascular 
coagulopathy. More extensive coagulation monitoring is indicated in 
the setting of head trauma. There are reports and ongoing studies on 
the use of recombinant-activated factor VIIa in the setting of massive 
resuscitation and transfusion. This approach has not been widely 
accepted, but is likely effective in immediately reversing coagulopa-
thy in the setting of continued bleeding.

Acidosis

Metabolic acidosis is commonly seen in trauma patients with hemor-
rhagic shock. This is postulated to occur secondary to tissue hypoper-
fusion in the setting of decreased cardiac output and oxygen-carrying 
capacity. This cascade of events eventually leads to anaerobic metabo-
lism with the production of lactate. Massive resuscitation with crystal-
loid solutions has been associated with the development of a worsen-
ing metabolic acidosis. Following the Stewart model of acid base 
equilibrium, the administration of solutions with supraphysiologic 
levels of chloride relative to sodium results in a decreased strong ion 
difference (SID). (Na � K � Ca � Mg … Cl … lactate). This decreased 
SID causes further dissociation of H�  from H2O to maintain charge 
neutrality, and therefore a decreased pH.

Although the presence of a hyperchloremic acidosis has not been 
associated with increased mortality, there are many potential hazards 
of profound acidosis. Acidosis has a depressant effect on the myocar-
dium and increases ventricular dysrhythmias. The sympathetic-adrenal 
axis is stimulated in the setting of acidosis. However, the myocardium 
has decreased responsiveness to circulating catecholamines. The pro-
longed acidotic state also increases respiratory drive, increases intracra-
nial pressures in head-injured patients, and worsens coagulopathy. A 
more common danger exists in misinterpreting a hyperchloremic aci-
dosis for continued hypoperfusion and shock leading to unnecessary 
therapies.

In order to avoid hyperchloremic acidosis, ” uids with supra-
physiologic concentrations of chloride should be avoided. LR con-
tains a more physiologic concentration of chloride (109 meq/l) 
compared to normal saline (154 meq/l). Several clinical series and 

animal studies document profound acidosis in the setting of large 
volume normal saline administration. Although less probable, this 
acidosis can be seen with LR, as its SID is less than physiologic. Care-
ful monitoring of electrolytes with measurement of the anion gap 
can aid in guiding therapy. A normal or narrowed anion gap should 
be seen in the setting of an isolated hyperchloremic metabolic acido-
sis, as opposed to an elevated gap in lactic acidosis. Transitioning to 
” uids with less chloride (LR or Plasmalyte) or no chloride (Na ace-
tate) can resolve the hyperchloremic acidosis.

The mechanism of coagulopathy in acidotic patients is a matter 
of active investigation. In vitro experiments have shown a decrease 
in the activity of factor VIIa-tissue factor and factor Xa-Va com-
plexes. In vivo animal experiments have shown that acidosis inde-
pendently decreases “ brinogen and platelet counts, increases PTT, 
and increases clinical bleeding time. In a study of patients undergo-
ing massive transfusion, pH less than 7.10 independently predicted 
coagulopathy.

Compartment Syndromes

Tissue edema is a frequent result of large volume resuscitation in the 
setting of shock. In most cases, this edema has little immediately 
obvious harmful effects. However, in restricted body compartments, 
the resulting increase in pressure can lead to ischemia and subse-
quent tissue necrosis. The three affected areas are the extremities, 
abdomen, and cranial vault.

Extremity compartment syndrome most often results as a result 
of traumatic injury with or without an associated fracture. Although 
infrequent, compartment syndromes have been described in the 
absence of injury in the setting of large volume resuscitation. This 
entity has been labeled secondary extremity compartment syndrome. 
This process likely results from reperfusion after a period of severe 
shock. The subsequent release of in” ammatory mediators results in 
a capillary leak phenomenon. When this is combined with large vol-
umes of blood and ” uids, the edema can overwhelm the fascial 
compartments leading to limb or muscle ischemia. As with any com-
partment syndrome, early recognition, diagnosis, and treatment are 
paramount for limb salvage.

The abdominal compartment syndrome (ACS) has been described 
over the past century, but was clearly recognized and de“ ned in the 
early 1990s. It is de“ ned as organ dysfunction secondary to intra-
abdominal hypertension. ACS was originally described in patients 
with abdominal operations or abdominal trauma. Since that time, 
ACS has been further classi“ ed as primary ACS, occurring from an 
insult to the intra-abdominal contents, and secondary ACS, occurring 
as a result of shock and massive resuscitation. Secondary ACS is theo-
rized to occur by several mechanisms. As more intravenous ” uid is 
given, more interstitial edema develops. Plasma proteins are also fur-
ther diluted potentially diminishing intravascular oncotic pressure. 
The edema that forms increases intra-abdominal pressure and de-
creases splanchnic venous return. This process eventually causes 
decreased central venous return prompting further administration of 
” uids. This forms another vicious cycle of resuscitation.

Several studies have investigated the risk factors and mortality of 
secondary ACS. All studies indicate that severe shock and massive 
resuscitation are predisposing factors. Reviewed case series report a 
resuscitation volume averaging from 16…38 liters of crystalloid and 
13…29 units of blood. Balogh et al. concluded that trauma patients 
undergoing supranormal resuscitation (DO2�600) had received sig-
ni“ cantly more crystalloid and had a signi“ cantly higher rate of ab-
dominal compartment syndrome (16% vs. 8%). The supranormal 
arm received an average of 13 liters of LR versus 7 liters in the stan-
dard resuscitation group. Patients suffering from secondary ACS had 
mortality rates ranging from 38% to 67%. This suggests that ACS 
may be prevented with judicious use of ” uids and avoiding unneces-
sary volume overload.

Bladder pressures should be monitored in patients showing 
clinical signs of ACS or patients in shock who are receiving large 

Figure 6 The effect of hypothermia and dilution on prothrombin 
time. Filled squares, diluted specimens; open squares, nondiluted 
specimens.  (From Gubler KD, Gentilello LM, Hassantash SA, Maier RV: The 
impact of hypothermia on dilutional coagulopathy. J Trauma 36(6):847…851, 
1994.)
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resuscitations. A tense abdomen in the setting of low urine output, 
high airway pressures, and hypotension are diagnostic of ACS. 
Maxwell•s series observed that nonsurvivors of secondary ACS had a 
time to OR of 25 hours versus 3 hours for survivors. This indicates that 
secondary ACS can happen very early in resuscitation. Furthermore, 
prompt diagnosis and treatment may be bene“ cial for survival.

Elevated intracranial pressure is a frequent result of traumatic 
brain injury and subsequent intracranial hemorrhage. The total 
volume of the intracranial vault is approximately 1600 cc. This is 
generally divided into 80% cerebral tissue, 10% blood, and 10% 
cerebral spinal ” uid. Cerebral edema results from direct injury and 
a capillary leak phenomenon similar to the other compartment 
syndromes. Resuscitation with too much intravenous ” uid can 
worsen this process. Given the composition of the vault contents, 
medical management offers limited treatment once pathologic in-
tracranial hypertension develops. More invasive methods such as 
ventriculostomy or craniectomy should be used in a timely fashion 
when medical therapy fails.

SUMMARY

The resuscitation of trauma victims continues to evolve. Despite 
years of accumulated evidence, debate still rages over crystalloid and 
colloid solutions, hypotensive resuscitation, blood transfusions, and 
novel ” uid therapy. Similarly, the goals of resuscitation are still con-
troversial and the search for the perfect endpoint is ongoing. The 
focus in resuscitation should be to restore intravascular volume to 
provide protective physiology to the critically injured patient. Com-
plications of resuscitation can be minimized with careful monitoring 
and respecting intravenous resuscitation as a potentially harmful 
medication rather than simply ” uid.
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THORACOTOMY
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García-Núñez, Dan L. Deckelbaum, Dominic Duran, 
Donald Robinson, Kenneth D. Stahl, Michael F. Ksycki, 
Francisco A. Ruiz Zelaya, Alexander D. Vara, 
John S. Weston, Allan Capin, and Carl Schulman

emergency department thoracotomy (EDT) remains a formidable 
tool within the trauma surgeon•s armamentarium. Since its intro-

duction during the 1960s, the use of this procedure has ranged from 
sparing to liberal.1 At many urban trauma centers, this procedure has 
found a niche as part of the resuscitative process.1 Because of improve-
ments in emergency medical services systems (EMS), many critically 

injured patients now arrive in extremis prompting trauma surgeons to 
perform this procedure to attempt saving their lives. This technically 
complex procedure should only be performed by surgeons familiar 
with the management of penetrating cardiothoracic injuries.

Indications for the use of EDT appearing in the literature range 
from vague to quite speci“ c.1 It has been used in a variety of settings 
including penetrating and blunt thoracic and/or thoracoabdominal 
injuries, cardiac and exsanguinating abdominal vascular injuries.1…4 It 
has also been used rarely in exsanguinating peripheral vascular injuries 
arriving in cardiopulmonary arrest and also in pediatric trauma. Many 
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not, the heart will “ brillate requiring immediate direct de“ brillation 
along with pharmacologic manipulation. This may be unsuccessful, 
particularly if a period of 3 minutes has been exceeded. Restoration of 
a normal sinus rhythm is often impossible.70,77

Cross-clamping of the pulmonary hilum is another valuable 
maneuver indicated for the management of associated pulmonary 
injuries, particularly those that have hilar central hematomas and/or 
active bleeding. This maneuver arrests bleeding from the lung and 
prevents air emboli from reaching the systemic circulation. How-
ever, one of its negative effects is responsible for signi“ cantly in-
creasing the afterload of the right ventricle, as half of the pulmonary 
circulation is no longer available for perfusion. We recommend se-
quential de-clamping of the hilum to be carried out as expediently 
as possible along with a direct approach by stapled pulmonary trac-
totomy70,74 for identi“ cation and control of hemorrhaging intrapa-
renchymal pulmonary vessels. This will promptly unload the right 
ventricle. In the presence of acidosis, hypothermia, and ischemia, 
the right ventricle may not be able to tolerate this maneuver leading 
to “ brillation and arrest.70,74

Grabowski1 recently described a maneuver to facilitate exposure 
of posterior cardiac wounds by placing a Satinsky clamp at the right 
ventricular angle, which is formed at the acute anteroinferior margin 

of the right ventricle as it re” ects on the right diaphragm. Grabowski1 
recommends that the clamp only grasp a small portion of the right 
ventricle. He recommends this maneuver for elevating the heart out 
of the pericardium to repair posterior injuries. We have no experi-
ence with this maneuver and cannot recommend it. We strongly feel 
that if used inappropriately, it will lead to the development of sig-
ni“ cant cardiac dysrhythmias.70,74

Maneuvers such as venting either the right or left ventricle 
postcardiorrhaphy are recommended to provide an avenue of 
egress for air emboli trapped in these chambers. This is usually 
accomplished by placing 16-gauge intravenous catheters. Theo-
retically, air should eject out of the repair chambers, thus prevent-
ing air emboli. Although the authors have used this maneuver 
successfully, little has been written in the literature describing its 
outcome.70,74

At times a trauma surgeon will need to elevate the heart out of the 
pericardium in order to repair certain injuries. Rapid and injudicious 
manipulation of the heart will often result in complex dysrhythmias 
that might include ventricular “ brillation and even cardiopulmonary 
arrest. Occasionally, given the degree of exsanguinating hemorrhage 
the heart must be extracted rapidly from pericardium in order to 
perform cardiorrhaphy. The trauma surgeon must communicate with 

Table 1: Algorithm for Emergency Department Thoracotomy

Operator Well-trained surgeon
Initial assessment and resuscitation Endotracheal intubation

Immediate venous access
Rapid infusion

Position Supine with left arm elevated
Incision Left anterolateral incision

Fifth intercostal space from left sternocostal junction to 
latissimus dorsi m.

Procedure Incision as above
Sharp transection of intercostal m.
Open pleura
Place a Finnochietto retractor
Open cardiac massage
Elevate left lung medially
Locate and dissect descending aorta
Cross clamp aorta by Crafoord-Debakey clamp

If cardiac injury (bluish and tense 
pericardium)

Open pericardium longitudinally with preserving 
phrenic n.

Evacuate blood clot
Repair cardiac injury (mattress sutures of Halsted with 
Prolene 2/0)

If active bleeding at pulmonary hilum Cross-clamp pulmonary hilum with Crafoord-Debakey 
clamp

If pulmonary parenchymal laceration Clamp with Duval clamp
If associated injury in contralateral 
thoracic cavity

Extend incision to the contralateral side
Transect sternum sharply
Convert to bilateral anterolateral thoracotomy

If air embolism is suspected (air in 
coronary v)

Aspirate left ventricle

Miscellaneous Ligate internal mammary a.
Systemic or intraventricular epinephrine 
administration

Internal de“ brillation 10…50 joules
Temporary pacemaker

Immediately transport to operating room after successful resuscitation
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the anesthesiologists whenever this maneuver is performed. If hemor-
rhage can be digitally controlled, gradual elevation of the heart by 
placing multiple laparotomy packs will allow better tolerance of 
this maneuver while decreasing the chances for the development of 
dysrhythmias.70,74

Recently described mechanical stabilizer systems to the heart have 
been utilized in the performance of conventional coronary artery 
bypass grafts (CABGs), which have traditionally used cardiopulmo-
nary bypass to allow cardiac surgeons to operate on a motionless 
heart arrested by means of cardioplegic solutions. The deleterious 
systemic in” ammatory effects of circulating blood through the extra-
corporeal circuit of the cardiopulmonary pump have prompted the 
development of mechanical stabilizer systems to allow off pump 
coronary artery bypass grafting (OPCABG) to be performed by car-
diothoracic surgeons.

Waterworth11 recently reported the “ rst case in which the Octopus 
IV Mechanical Cardiac Stabilizer was used on a 20-year-old patient who 
sustained a 2-cm stab wound in the right ventricular out” ow tract ap-
proximately 1 cm below the pulmonary valve. According to the author, 
this area was dif“ cult to suture without causing further tearing due to 
tachycardia sustained by the patient and the fragile nature of this area. 
After control of hemorrhage by direct pressure, the Octopus IV Me-
chanical Cardiac Stabilizer was placed, which provided for immobility 
to this area of the heart and thus facilitated repair. In this case report, 
the author describes the use of this device, suggesting that cardiac sta-
bilization devices with adjustable suction foot blades may be used to 
control hemorrhage in addition to facilitating repair, particularly in 
areas dif“ cult or dangerous to handle manually. The recommended 
positioning parallel to the direction of the wound and approximating 
the foot plates may result in closure of the wound, providing a clear “ eld 
for repair. This case report by Waterworth11 appears to be the “ rst and 
only case reported in the literature utilizing a mechanical cardiac stabi-
lizer in the management of a penetrating cardiac injury. Whether stabi-
lizers will be routinely used in the management of penetrating cardiac 
injuries in the future remains to be seen.

Repair of Atrial Injuries

Atrial injuries can usually be controlled by placement of a Satinsky 
partial occlusion vascular clamp. Control of the wound will allow the 
trauma surgeon to perform cardiorrhaphy. We recommend utilizing 
2-0 or 3-0 polypropylene mono“ lament sutures on an MH needle in 
a running or interrupted fashion. It is important to visualize both 
sides of the atrial injury, particularly those caused by missiles. Missile 

injuries can usually cause a signi“ cant amount of tissue destruction, 
which might require meticulous debridement prior to closure. Simi-
larly, a portion of the atria may be resected and cardiorrhaphy per-
formed utilizing a running suture of 2-0 or 3-0 polypropylene 
mono“ lament suture. The trauma surgeon must be aware that the 
atria have fairly thin walls and demand gentleness during cardior-
rhaphy, as they can easily tear and enlarge the original injury. The use 
of bioprosthetic materials in the form of Te” on pledgets is not rec-
ommended for management of these injuries.70,74

Repair of Ventricular Injuries

Ventricular injuries usually cause signi“ cant hemorrhage. They should 
be occluded digitally while simultaneously repaired by either simple 
interrupted or horizontal mattress sutures of Halsted. Ventricular car-
diorrhaphy can also be accomplished with a running mono“ lament 
suture of 2-0 polypropylene on an MH needle. Performing cardiorrha-
phy for ventricular for stab wounds is usually less challenging than for 
gunshot wounds. Missile injuries often produce some degree of blast 
effect that causes myocardial “ bers to retract. Frequently, missile inju-
ries that have been successfully sutured and controlled enlarge, as the 
damaged myocardium retracts and becomes more friable. Frequently, 
these injuries require multiple sutures to control signi“ cant hemor-
rhage. In the presence of this scenario, bioprosthetic materials such as 
Te” on strips and/or pledgets are often needed to buttress the suture 
line. This is usually performed by fashioning a Te” on strip that may 
measure anywhere from 1 to 5 cm (Figure 4A and B). This strip is held 
by two straight Crile clamps held by an assistant. Simultaneously, the 
trauma surgeon may then place double-armed 2-0 polypropylene 
mono“ lament sutures on an MH needle, “ rst through the strip, and 
then through both sides of the injury. A second strip is then held in a 
similar fashion so that the trauma surgeon then places both needles 
thru the second Te” on strip. The sutures are then gently tied against the 
Te” on strip and/or pledget, which will buttress and reinforce the suture 
line. This maneuver must be repeated until total control of ventricular 
hemorrhage is achieved. The authors have recently used com mercially 
made “ brin sealants to seal complex ventricular injuries.70,74

Coronary Artery Injuries

The repair of ventricular injuries adjacent to coronary arteries 
can be very challenging. Injudicious and/or inappropriate place-
ment of sutures during cardiorrhaphy may narrow and/or occlude a 

Figure 4 (A) Patient sustained a cardiac apex penetrating injury. (B) Same patient with Te” on patches used to reinforce the sutures.

A B
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128 THE ROLE OF FOCUSED ASSESSMENT WITH SONOGRAPHY FOR TRAUMA: INDICATIONS, LIMITATIONS, AND CONTROVERSIES

Figure 4 Sagittal view of right upper 
quadrant with moderate hemoperitoneum.

Figure 5 Normal sagittal view of left upper quad-
rant showing the hyperechoic left kidney/spleen 
interface.
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TROUBLESHOOTING

Dif“ culties in image formation are often solved with the simple tech-
niques and strategy changes found in Table 6. A common solution to 
improve visualization is to apply a liberal amount of gel and reapply 
whenever the image quality is poor. An image that is too dark or too 
bright may require an adjustment in the gain. Poor visualization 
of deeper structures may also require a lower-frequency (2.5-MHz) 
transducer or an increase in time-gain compensation of the far “ eld. A 
2.5-MHz transducer may be necessary for the obese trauma patient. 
A 5-MHz transducer may increase the resolution of FAST in pediatric 
trauma patients, and a 7.5-MHz transducer is optimal for super“ cial 
structures (vascular, soft tissue). Subcutaneous emphysema poses a 
signi“ cant problem for ultrasound waves and alternate sites such as the 
parasternal position may be necessary for adequate visualization.

One may become disoriented during a FAST exam, and ultrasonog-
raphers should remember to reestablish surface anatomy landmarks, 
con“ rm transducer orientation (superior/inferior, left/right), and iden-
tify obvious internal landmarks (e.g., liver, kidney, spleen). Dif“ culties 
visualizing the pericardial sac can be avoided by gentle pressure direct-
ing the transducer cephalad under the xiphoid process. Alternatively, 
moving to the left parasternal view between the 4th or 5th intercostal 

spaces can be helpful. Transducer movement should be slow with light 
pressure, watching for the motion of heart contraction. The right or left 
upper quadrant may be better visualized by moving up or down an 
intercostal space, moving posteriorly, or during end inspiration. In co-
operative patients, requesting an end inspiration breath-hold may be 
helpful, especially if the shadow of a rib is obscuring a desired view. 
Oro/nasogastric tube decompression of the stomach may improve visu-
alization of the left upper quadrant. Perhaps the most important ma-
neuver to examine the splenorenal interface and left subdiaphragmatic 
space is to move the transducer posteriorly, ” at on the stretcher, and 
then point the transducer anterior between the 9th or 10th interspace. 
The pelvic views should be done with a full bladder.

INDICATIONS

FAST should be performed on all trauma patients who require evalu-
ation of the chest and abdomen and cannot be cleared by physical 
exam. It should not delay a patient with penetrating abdominal 
trauma and hypotension or peritonitis from surgical exploration. In 
the case of penetrating thoracoabdominal trauma, FAST is valuable 
in early identi“ cation of pericardial tamponade or hemoperitoneum. 
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INTERVENTIONAL RADIOLOGY: 
DIAGNOSTICS 
AND THERAPEUTICS
George Maish and Timothy Fabian

r adiology has always been an important component of a Level I 
trauma center. This relationship has increased over the last two 

decades such that it is almost impossible to conceive of caring for a 
trauma patient without the ability to perform trauma imaging. Inter-
ventional radiology techniques, including angiography, angioemboliza-
tion, and stent placement, have evolved from infrequently used adjuncts 
in the care of trauma patients into pivotal adjuncts in the nonoperative 
management of solid organ injury and hemorrhage associated with 
pelvic trauma. Historically, these techniques have only been available in 
a dedicated angiographic suite that was physically separate from the 
resuscitation area and operating room. This required that patients were 
hemodynamically normal so that they could tolerate the transportation 
to the angiographic suite. In addition, commitment to availability 
24 hours a day from angiographic technologists and staff was necessary 
to ensure that these techniques would be available. This distinction 
among resuscitation area, operating room, and angiographic suite has 
been gradually dissolving over the past decade. Many centers have built 
angiographic suites into or next to their emergency department so that 
the risk of transportation has been decreased. In addition, the develop-
ment of better radiolucent operating room tables and portable ” uoros-
copy machines with digital subtraction capabilities has enabled some 
interventional radiology techniques to be performed in the operating 
room. Several institutions have built endovascular suites in their operat-
ing room suites for the performance of endovascular techniques by 
vascular surgeons. This ever increasing fusion of resuscitation area, 
operating room, and angiographic suite has made interventional radi-
ology techniques available to more trauma patients than ever before.

While the angiography suite has been undergoing an evolution over 
the past decade, the practitioner who is capable of performing these 
techniques has been changing as well. Historically, endovascular tech-
niques were the exclusive domain of the interventional radiologist. This 
has changed. Endovascular techniques are now completely incorpo-
rated into the training of vascular surgeons, with many vascular sur-
geons offering both endovascular and traditional vascular techniques 
for the management of peripheral vascular disease, aortic aneurysms, 
and aortic dissections. In addition, interventional cardiologists are plac-
ing carotid stents for the management of carotid stenosis. Due to dif“ -
culty in obtaining interventional radiology coverage 24 hours a day, 
7 days a week, some trauma surgeons have obtained additional training 
in endovascular techniques so that trauma patients have access to these 
less invasive techniques.

While interventional radiology techniques have become more 
accessible for the trauma patients, developments in the technology 
of computed tomography (CT) scanners, particularly the develop-
ment of the multidetector CT scanner, have allowed for the develop-
ment of CT angiography for diagnosis. CT angiography is beginning 
to challenge conventional angiography as a gold standard in the 
diagnosis of some injuries. However, for now, angiography remains 
the gold standard for the diagnosis of most vascular injuries.

In order to make the angiographic suite available to the trauma 
patient, it is important that the patient is either hemodynamically 

normal or accompanied by a physician and a nurse to make sure that 
the patient is being appropriately resuscitated. Good communication 
between the interventional radiology staff and the trauma team is 
essential to ensure safe care of the severely injured trauma patient.

INDICATIONS

The indication for using interventional radiology techniques in the care 
of trauma patient depends on the technique being used and the medical 
condition of the trauma patient. It is not appropriate to transport a 
hemodynamically abnormal patient to the angiographic suite for a di-
agnostic arteriogram. The arteriogram should either be performed in 
the operating room or delayed until the patient is resuscitated. Alterna-
tively, patients with severe pelvic trauma should undergo relatively 
prompt arteriography and possible embolization to try to achieve he-
mostasis. These patients may be hemodynamically abnormal but the 
interventional radiology techniques are part of their resuscitation. In 
other injuries, interventional radiology techniques may be used to pro-
vide de“ nitive therapy for hemorrhage. The development of intravas-
cular covered stents has allowed for the management of certain injuries, 
including arterial disruption and arteriovenous “ stulas, to move from 
the operating room to the angiographic suite. Venous injuries including 
lacerations, thrombosis, and compression can be managed by the place-
ment of uncovered intravascular stents. The decision to use interven-
tional radiology techniques and the timing of these techniques requires 
that the trauma surgeon understands the indications and limitations of 
these techniques.

BLUNT CEREBROVASCULAR INJURY

Over the past decade, there has been an increased awareness of blunt 
cerebrovascular injury (BCVI), which includes carotid artery injuries 
(CAI) and vertebral artery injuries (VAI). Several studies have identi“ ed 
an incidence of 1.5%…2% for BCVI among blunt trauma victims. His-
torically, blunt carotid artery injuries had been diagnosed by onset of 
neurologic symptoms. The outcomes for this injury were poor. Blunt 
carotid injuries had an associated mortality rate of 31% and a stroke 
rate of 43%. Blunt carotid injuries have been shown to have worse out-
comes compared to penetrating carotid injuries. Seventy-eight percent 
of patients with penetrating carotid injuries have been found to be in-
dependent with locomotion at the time of discharge compared to 37% 
of those with blunt carotid injuries. Blunt carotid injuries also have a 
worse outcome compared to the overall blunt trauma population. 
Fifty-“ ve percent of blunt trauma patients are able to be fully indepen-
dent at the time of discharge compared to 33% of patients with blunt 
carotid injury. VAI occurs in 0.53% of blunt trauma patients, and has 
an associated stroke rate of 25%. Screening protocols using four-vessel 
angiography have been used to successfully identify these injuries prior 
to the development of neurologic symptoms. The institution of early 
treatment with anticoagulation or antiplatelet therapy in VAI has been 
shown to decrease the stroke rate from 14% to 0%. When anticoagula-
tion or antiplatelet therapy is used in the management of blunt carotid 
injuries, the stroke rate decreases from 60% to less than 10%. It is clear 
that there is signi“ cant morbidity and mortality when BCVI is missed. 
However, they occur relatively infrequently, such that it is not practical 
to screen all blunt trauma patients.

Several screening triggers have been suggested in the literature in-
cluding cervical spine fracture, neurologic “ ndings not explained by 
radiographic “ ndings, Horner•s syndrome, LeFort II or III facial frac-
tures, skull base fractures involving the foramen lacerum, and neck soft 
tissue injury. A good screening test should be relatively inexpensive, 
have a low morbidity rate, and a high sensitivity rate. It should “ nd all 
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the true positive results with some false positives and no false negatives. 
In a comparison of magnetic resonance angiography (MRA), com-
puted tomographic angiography (CTA), and four-vessel cerebral angi-
ography between 2000 and 2002, the sensitivity of MRA and CTA for 
BCVI was 47%…53%. These rates are too low for a test to be an effective 
screening modality. Four-vessel cerebral angiography has been identi-
“ ed as the gold standard for the diagnosis of BCVI. However, its cost 
and major complication rate of 1%…3% in large series make it a less 
than ideal screening test. The development of the multidetector CT 
scanner has increased the resolution of the CT scanner. Two recent 
studies demonstrated that CTA performed on multidetector CT scan-
ners has dramatically improved ability to diagnose these injuries. A 
head-to-head comparison of CTA with multidetector CT scanners and 
four-vessel cerebral angiography has yet to be done. As a result, four-
vessel cerebral angiography remains the gold standard for diagnosis and 
screening of these injuries. It will be important to continue to monitor 
improvements in CTA, MRA, and possibly even ultrasound technolo-
gies for less invasive, cheaper, and safer screening modalities for BCVI.

Blunt cerebrovascular injuries have been effectively managed by 
anticoagulation or antiplatelet therapy in patients with contraindica-
tions to anticoagulation. With the development of endovascular tech-
nologies including balloons, coils, and stents, there have been several 
single-institution, small series that have demonstrated good ef“ cacy in 
the treatment of traumatic pseudoaneurysms of the carotid artery with 
good short-term follow-up. However, one large series with 46 patients 
over an 8-year period demonstrated a 21% complication rate and 45% 
occlusion rate for patients treated with endovascular stents. Patients 
who had received antithrombotic agents alone only had a 5% occlusion 
rate. This study concluded that antithrombotic therapy was the recom-
mended therapy for blunt carotid injuries, and that the role of stents 
remains unde“ ned. The indications for the use of endovascular tech-
niques in the management of BCVI remain unclear and their long-term 
results are unproven. Clearly, further study of these techniques is 
warranted.

BRACHIOCEPHALIC TRAUMA

The use of diagnostic angiography in penetrating neck injuries is based 
on which zone of the neck is involved. Penetrating injuries to zone 1 of 
the neck are usually evaluated with angiography of the carotid and 
subclavian arteries, if the patient is hemodynamically normal. Pene-
trating injuries to zone 2 of the neck can be managed by unilateral or 
bilateral neck exploration. If the patient is hemodynamically normal, 
evaluation of the injury with four-vessel cerebral angiography, esopha-
goscopy or soluble-contrast esophagography, and bronchoscopy can 
be performed. Some authors have reported using a multidetector CT 
scan of the neck with CT angiography (CTA) to evaluate these injuries. 
At this time, CTA has not been directly compared with four-vessel ce-
rebral angiography and future studies will determine whether CTA can 
replace four-vessel cerebral angiography. Penetrating injuries to zone 3 
of the neck are usually evaluated with four-vessel cerebral angiography 
because of the dif“ culty in achieving adequate surgical exposure of 
either the internal carotid artery or the vertebral artery at this level. 
Endovascular techniques including coil embolization and endovascu-
lar stents have been used successfully to manage vascular injuries in 
this area of the neck.

Angioembolization has also been successfully used to control 
hemorrhage associated with blunt and penetrating facial injuries. 
Attempting to obtain hemostasis of these injuries operatively can be 
very dif“ cult. As a result, arteriography with angioembolization has 
become the “ rst-line treatment for many of these injuries.

There have been several case and short series reports regarding 
the use of endovascular stents to repair blunt and penetrating 
injuries to the subclavian, axillary, and brachial arteries. All of them 
have demonstrated excellent success in acutely managing these inju-
ries and few complications in short-term follow-up. The long-term 
success of these devices remains unknown.

THORACIC INJURY

Blunt aortic injury (BAI) may be caused by either rapid horizontal 
or vertical deceleration. Rapid horizontal deceleration usually re-
sults in an injury to the aorta at the isthmus, just distal to the origin 
of the left subclavian artery. The injury may be a dissection or tran-
section of the aorta which can lead to hemorrhage, pseudoaneurysm 
formation, or thrombosis. Seventy to 90% of patients with trau-
matic injury to the thoracic aorta die at the scene. An additional 
30% of these remaining patients die in the hospital prior to under-
going de“ nitive surgical treatment. Surgical repair has been associ-
ated with mortality rates between 5%…25% and spinal cord infarc-
tion rates as high as 13%. It remains important to promptly 
diagnose this injury so that the patient can be appropriately man-
aged. BAI may be suggested on routine chest radiograph. Findings 
such as a widened superior mediastinum, an indistinct aortic knob, 
or widening of the paratracheal stripe are all suggestive of a BAI. 
However, the speci“ city of these “ ndings is only about 5%…10%. A 
CT scan of the chest may be performed to further delineate the 
aorta. The absence of a mediastinal hematoma on a helical CT scan 
of the chest has been shown to have a negative predictive value of 
97%…99%. The evolution of the multi-detector CT scanner over the 
last 5 years has allowed for the development of CT angiography 
(CTA), which appears to have high sensitivity and speci“ city accord-
ing to preliminary reports. Some institutions have begun using CTA 
as their diagnostic test of choice for BAI. At this time, aortography 
remains the gold standard for diagnosis of BAI, but it will most 
likely be replaced by CTA if its sensitivity and speci“ city are as high 
as early studies suggest. Alternatively, patients with evidence of 
blunt aortic injury could undergo transesophageal echocardiogra-
phy to evaluate the aorta. The decision to obtain aortography or 
transesophageal echocardiography depends on which of these mo-
dalities is more readily available to the trauma team and the prefer-
ence of the surgeon performing the repair of the aorta.

The management of BAI has been changing over the last several 
years. If the patient is hemodynamically normal, the patient is admit-
ted to the ICU and conservatively managed until the associated inju-
ries are resolved. Conservative management includes the use of 
beta-blockers and vasodilators to prevent tachycardia and hyperten-
sion. Several studies have demonstrated a decreased rate of in-hospital 
mortality and paraplegia with delayed repair of BAI. Endovascular 
stents have been used to repair BAI in both the emergent and delayed 
settings. The reported cases have all demonstrated few acute compli-
cations and 30-day mortality rates below 15%. While these results are 
encouraging, long-term results are unknown. One long-term study 
on endovascular repair of aortic aneurysms demonstrated a 65% en-
doleak rate, 35% graft migration, and 78% graft deformation. In fair-
ness, this study involved some of the “ rst generation of endovascular 
stents, and hopefully, the results for newer generation of stents will be 
better. Figure 1 demonstrates a traumatic pseudoaneurysm of the 
descending aorta. Figure 2 demonstrates the completion aortogram 
after placement of an endovascular stent. The “ rst commercially avail-
able endovascular stents for the thoracic aorta only became available 
in the United States in 2005. There is currently a prospective analysis 
of the use of these grafts in the management of BAI being conducted 
by the American Association for the Surgery of Trauma (AAST). The 
ultimate success of these devices will be based on their long-term 
performance. It is important to remember that the average age of 
a trauma patient is much lower than that of patients undergoing 
aortic aneurysm or dissection repair. These grafts may need to last 
40…60 years when placed in a young trauma patient. These results are 
simply unknown at this time.

Angiography can be useful in the evaluation of victims of both 
penetrating and blunt trauma. Patients who have suffered transme-
diastinal penetrating injuries should undergo aortography as part of 
their evaluation. CTA using multidetector CT scanners is still being 
evaluated, but it will most likely replace conventional catheter aor-
tography as the screening test of choice.
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active contrast extravasation or pseudoaneurysm formation on contrast-
enhanced CT scan was predictive of failure of nonoperative manage-
ment. Angioembolization was used as an adjunct in patients with 
evidence of active contrast extravasation or pseudoaneurysm to achieve 
nonoperative management success rates similar to those achieved with 
the routine use of arteriography on all splenic injuries. As a result, most 
institutions have incorporated angioembolization into their nonopera-
tive management algorithms for splenic injuries in a selective fashion, 
usually based on “ ndings on CT scan. There is a low complication rate 
for angioembolization of the spleen, which includes total splenic infarc-
tion, splenic abscess formation and complications, related to the arterial 
access for the procedure. This complication rate is lower when selective 
angioembolization of branch vessels of the splenic artery is performed 
rather than occlusion of the main splenic artery. In addition, angioem-
bolization is not technically feasible in every patient. However, despite 
these few limitations and complications, angioembolization has clearly 
established itself as a useful adjunct to the nonoperative management of 
blunt splenic injuries. It is now possible to manage 70%…75% of all blunt 
splenic injuries nonoperatively with success rates over 90%.

The role of angioembolization in the management of blunt hepatic 
trauma has developed over the last 25 years as well. Initially, angioem-
bolization was reported as being useful in the management of hemobi-
lia after blunt hepatic trauma and iatrogenic injury. These case reports 
and small series demonstrated that angioembolization of the liver could 
be used to successfully manage hemobilia. The operative management 
of hepatic trauma, whether the mechanism is blunt or penetrating, has 
evolved over last 15 years as well. Historically, the operative mortality 
for grade IV and grade V liver injuries has been reported as between 
50% and 80%. About 10 years ago, the concept of damage control lapa-
rotomy was developed to try and avoid the •triad of deathŽ: hypother-
mia, acidosis, and coagulopathy. This concept revolves around 

Figure 1 Traumatic pseudoaneurysm of the descending aorta.
Figure 2 Completion aortogram after placement of endovascular 
stent.

ABDOMINAL TRAUMA

The two most commonly injured abdominal organs in blunt trauma 
are the liver and spleen. If patients are hemodynamically abnormal and 
have evidence of abdominal injury, either by a positive diagnostic peri-
toneal lavage (DPL) or a positive focused abdominal sonogram for 
trauma (FAST), the patient is taken to the operating room for surgical 
exploration. If the victim of blunt trauma is hemodynamically normal, 
they are evaluated with a contrast-enhanced CT scan of the abdomen. 
If the patient is hemodynamically normal, has a Glasgow coma score 
(GCS) of 15, does not have a distracting injury, and is not impaired by 
alcohol or illicit drugs, the patient•s abdomen can be evaluated by clini-
cal examination. The development of the CT scanner has allowed for 
the nonoperative diagnosis of injuries to the spleen and liver and the 
development of scoring systems for these injuries. During the late 1980s 
and early 1990s, several large studies demonstrated that hemodynami-
cally normal patients with blunt injuries to the spleen and liver could be 
successfully managed nonoperatively with success rates of 70%…85%. 
This is now the routine practice for the management of blunt injury to 
the liver and spleen in hemodynamically normal patients.

At the same time that nonoperative management of blunt splenic 
injuries was developing, there were some case reports of using angioem-
bolization to manage hemorrhage from blunt splenic injury. As a result, 
some groups of trauma surgeons began routinely performing arteriog-
raphy on all blunt splenic injuries that quali“ ed for nonoperative man-
agement. Any evidence of active hemorrhage or pseudoaneurysm for-
mation was managed with angioembolization. This included proximal 
splenic artery embolization with coils or large gelfoam and more selec-
tive embolization of arterial branches with smaller coils or gelfoam. This 
strategy increased the success rate of nonoperative management of blunt 
splenic injuries to 93%…97%. Other groups looked for more selective 
criteria for using angioembolization in the nonoperative management 
of blunt splenic injuries. Several studies demonstrated that evidence of 
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Diffuse Axonal Injury

Another common type of diffuse injury is diffuse axonal injury (DAI). 
Although the axonal disconnection that characterizes DAI is com-
monly thought to occur at the time of injury, such immediate loss of 
axonal continuity probably occurs only when an injury produces 
severe cerebral parenchymal disruption. Instead, it appears more 
likely that the rotational and mechanical forces that are operant dur-
ing the traumatic event produce a focal impairment of axoplasmic 
” ow, which, in turn, culminates in axonal disconnection several hours 
after injury.2 This slight delay creates hope that a therapeutic window 
may exist for the administration of a yet-to-be-developed treatment 
that would prevent loss of axonal integrity and function.

Of course, axonal pathology cannot be visualized on a CT scan. 
However, DAI frequently occurs in conjunction with small scattered 
parenchymal hemorrhages commonly described as •shear injuries,Ž 
probably because they have been postulated to occur as tissues at 
different depths of the brain undergo rotation at different velocities. 
The interface between these regions is said to undergo shearing, re-
sulting in the small punctuate hemorrhages. Regardless of whether 
this explanation is true, the presence of scattered small hemorrhages 
may serve as a clue that DAI may be present.

Cellular and Molecular Factors

At the cellular level, the abnormalities caused by TBI are numerous 
and complex. Release of glutamate and other excitatory neurotrans-
mitters may lead to excessive neuronal depolarization and intracellu-
lar calcium in” ux, with activation of proteases and other processes 
that lead to cell death. Inadequate blood ” ow can cause a conversion 
from aerobic to anaerobic metabolism. The lactic acid that is pro-
duced lowers local tissue pH, and the consequent acidosis contributes 
to tissue injury and death. Trauma-induced apoptosis may promote 
further cell death. These and other biochemical and cellular processes 
take place against the backdrop of an individual patient•s genetic 
makeup; the presence of speci“ c alleles for various genes may make an 
individual more or less susceptible to the damaging effects of various 
pathophysiologic processes.

CLINICAL DIAGNOSIS

Clinical Examination

Ideally, the severity of TBI is determined and classi“ ed according to 
a patient•s neurologic examination. The size and appearance of a 
mass lesion as seen on imaging studies are not as important as the 
effect that the lesion may be having on a patient•s neurologic func-
tion and level of alertness.

The single most important question in the evaluation of a poten-
tially head-injured patient is whether he or she obeys simple one-step 
commands. A simple de“ nition of coma is that a person will not do 
such things as hold up two “ ngers or stick out the tongue when asked 
to do so. Failure to obey commands is widely used as an indicator of 
the presence of severe TBI. Other simple but important observations 
are the type of movement exhibited by the patient (localization of 
noxious stimuli, withdrawal, ” exion, extension, etc.); whether the 
right and left sides are symmetrical; the type of speech; the presence 
or absence of eye opening; and pupillary size, reactivity to light, and 
bilateral symmetry.

Because the nerve “ bers that mediate pupillary constriction lie on 
the surface of the third cranial nerve, compression of this nerve by 
herniating brain tissue that is being displaced by a large mass lesion 
may cause inactivation of the pupilloconstricting “ bers. The result-
ing pupil appears large and unable to constrict in response to bright 
light. This physical “ nding in a comatose TBI patient suggests that an 

immediate CT scan is needed to identify a large acute hematoma. 
However, “ xed and dilated pupils may also be caused by brainstem 
ischemia or by direct ocular trauma.

Many scales have been developed for the assessment of conscious-
ness or neurologic status after injury, but by far the most widely used 
is the Glasgow Coma Scale (GCS)3 (Table 1). In conjunction with 
such information as the status of pupillary reactivity and the tempo 
or rate of change of a patient•s neurologic condition, the GCS is an 
extremely useful tool for assessing a patient•s baseline condition and 
subsequent progress.

INITIAL CLINICAL INTERVENTIONS: 
PREHOSPITAL AND EMERGENCY 
CENTER CARE

The basic principles of TBI care, which have remained unchanged for 
decades, are maintenance of normal homeostasis and prevention and 
prompt treatment of secondary insults. The acutely traumatized 
brain is much more vulnerable than the uninjured brain to even mild 
deviations from normal, such as transient episodes of hypotension or 
hypoxia.4 Some evidence suggests that events like febrile episodes, 
seizures, and hyperglycemia may also worsen outcome. Brief insults 
are usually tolerated well by the normal brain, but they may have a 
profound detrimental effect on the injured brain.

The basics of TBI care revolve around the ABCs: airway, breath-
ing, and circulation. Although some of the speci“ cs of management 
of these parameters differ between the prehospital setting and the 
intensive care unit (ICU), it is important to view management of the 
ABCs as a continuum with goals that remain constant throughout 
the acute phase of a patient•s illness. Because of this continuity, the 
following discussion of the ABCs begins with the prehospital setting 
but then moves into ICU considerations as well.

Airway

In terms of control of the airway, prehospital endotracheal intubation 
should be considered in patients with severe TBI or with other prob-
lems that may impair movement of air or protection of the airway from 
aspiration. Recent retrospective reports in the trauma literature associ-
ate worse outcomes with prehospital intubation of severe TBI patients. 
One possible explanation of these “ ndings may be the dif“ culty of 
performing successful endotracheal intubation in the prehospital set-
ting, especially if prehospital providers do so only infrequently.

Breathing

In terms of breathing, standard recommendations advocate 
the lowest FiO2 capable of maintaining adequate oxygenation. Al-
though the minimum acceptable PaO2 based on the oxygen-
hemoglobin dissociation curve is 60 mm Hg, most practitioners 

Table 1: Glasgow Coma Scale

Score Motor Verbal Eye Opening

6 Obeys commands „ „
5 Localizes stimulus Oriented „
4 Withdraws from 

stimulus
Confused Spontaneously

3 Flexes arm Words/phrases To voice
2 Extends arm Sounds To pain
1 No response No response Remains closed
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target a minimum of 80-100 mm Hg in TBI patients in order to 
create a bit of a cushion.

Hyperventilation is no longer recommended as a prophylactic 
measure to prevent intracranial hypertension.5 Hyperventilation is 
known to cause constriction of the cerebral vasculature, and the 
resultant decrease in cerebral blood volume can acutely lower ICP. 
However, the constriction of cerebral arteries may cause CBF to 
drop to critical levels. Also, within 24 hours of initiation of hyper-
ventilation, the cerebral arteries probably dilate back to their 
original diameter.6 Subsequent attempts to allow the PaCO2 
to increase can cause the arteries to dilate even further, possibly 
raising ICP.

Most clinicians aim for the low-normal range of PaCO2, targeting 
a value of approximately 35 mm Hg. Keeping the PaCO2 toward the 
lower end of the normal range may optimize the ability of the cere-
bral vasculature to autoregulate.

Hyperventilation should be reserved for acute deterioration ac-
companied by signs of a mass lesion, such as raised ICP with asym-
metrical pupils or asymmetrical motor exam. In such cases, the as-
sumption is that the patient will need emergency surgery to treat the 
lesion. Hyperventilation and other measures, like administration of 
mannitol, are intended only to buy a few minutes to obtain an emer-
gency CT scan prior to going to surgery. If the scan reveals that no 
surgical lesion is present, attempts should be made to manage the 
elevated ICP without hyperventilation by using some of the steps 
explained in the next chapter.

Circulation

The •CŽ in ABCs stands for circulation. For brain-injured patients, 
this can be thought of as management of blood pressure and intra-
venous ” uids.

In years past, common practice was to dehydrate patients •to 
prevent the brain from swelling.Ž In the 1990s, the pendulum swung 
the other way as TBI patients were aggressively managed with intra-
venous ” uids and pressors in order to arti“ cially elevate their blood 
pressure. However, subsequent studies showed that patients treated 
with aggressive elevation of blood pressure through ” uids and pres-
sors did not have improved neurologic outcomes and, in fact, had a 
“ ve-fold higher likelihood of developing acute respiratory distress 
syndrome.7

Current management strategies call for maintenance of a normal 
blood pressure, with aggressive elevation of blood pressure reserved 
for those patients in whom clinical or physiologic monitoring sug-
gests a need for such therapy, such as to treat cerebral hypoxia or to 
reverse neurologic deterioration.

Direct monitoring of brain tissue oxygen tension (PbtO2) is 
now possible via small intraparenchymal catheters. Although some 
clinicians treat low PbtO2 by increasing the FiO2, we prefer to treat 
low brain tissue PO2 by raising blood pressure in order to optimize 
perfusion of the affected tissue. Ischemic thresholds of brain tissue 
are dif“ cult to identify with precision. A PbtO2 below 15-20 mm Hg 
is generally regarded as low, whereas values below 8-10 mm Hg may 
suggest that further evaluation and/or intervention might be 
appropriate.

IMAGING MODALITIES: WHAT, 
WHEN, AND WHY

Computed Tomography Scanning

After initial assessment and stabilization of a TBI patient, the next order 
of business is the procurement of imaging studies. The most important 
radiologic study for the evaluation of acute TBI is a CT scan. This imag-
ing modality is excellent for revealing acute hemorrhage, cerebral 

edema, and mass effect, which are the features of greatest interest dur-
ing the initial assessment. Bone settings can also detect calvarial and 
skull base fractures. Another advantage is that CT scanning is a quick 
procedure that is widely available, at least in the United States. To over-
come dif“ culties with prehospital intubation and the frequent use of 
sedation in these patients, Marshall et al.8 devised a TBI classi“ cation 
scheme based on CT scan “ ndings (Table 2).

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) has limited application in the acute 
setting for several reasons. Obtaining a study requires a fair amount of 
time, access to the patient is limited during the study, and ferromagnetic 
monitoring and resuscitative equipment must be removed before the 
patient can enter the magnet. After patients have been stabilized, MRI 
may reveal the presence of subtle parenchymal injuries that may shed 
light on the unexplained failure of some patients to improve.

Angiography

Angiography continues to have an ambiguous role in the initial 
evaluation of the brain-injured patient. Prior to the development of 
CT scanning in the 1970s, neurosurgeons were limited to pneumo-
encephalography or angiography for detecting midline shift or other 
types of mass effect. Skull radiography could also indicate displace-
ment of the calci“ ed pineal gland.

Since the advent of CT scanning, cerebral angiography has usu-
ally been reserved for cases in which a high index of suspicion for 
intracranial vascular injury exists, such as pseudoaneurysm forma-
tion or arterial dissection. However, the optimal treatment of any 
such “ ndings is unclear. Most acutely brain-injured patients should 
not receive heparin or warfarin, yet interventional radiologic pro-
cedures often require that the patient be anticoagulated. Similarly, 
critically low cerebral blood ” ow is present in a sizeable percentage 
of severe TBI patients. The wisdom of occluding a major artery in 
a patient who may already be ischemic is questionable.

Continuing advances in CT angiography may soon make this 
technology comparable to conventional angiography for detecting 
vascular injury. Thus, angiography will probably continue its histori-
cal trend of declining use in the acute assessment of TBI patients.

Table 2: Marshall CT Classi“  cation Scheme

Category De“ nition

Diffuse injury I (no visible 
pathology)

No intracranial pathology visible 
on CT scan

Diffuse injury II Cisterns present with midline shift 
0-5 mm and/or:

Lesion densities present
No high- or mixed-density lesion 
�25 cc

Diffuse injury III 
(swelling)

Cisterns compressed or absent 
with midline shift 0-5 mm; no 
high- or mixed-density lesion 
�25 cc

Diffuse injury IV (shift) Midline shift �5 mm, no high- or 
mixed-density lesion �25 cc

Evacuated mass lesion Any lesion surgically evacuated
Nonevacuated mass lesion High- or mixed-density lesion 

�25 cc, not surgically evacuated

CT, Computed tomography.
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INJURY GRADING

Glasgow Coma Scale

Many different schemes have been proposed for the grading and clas-
si“ cation of brain injury. As discussed previously, the best known is 
the GCS. Introduction of this scale reinforced the need for an accu-
rate neurologic examination as part of the assessment and classi“ ca-
tion of brain-injured patients. This point is as fundamental today as 
when the GCS was initially described. Because this scale made pos-
sible a more objective assessment of patients, interobserver and inter-
center variability could be reduced, thus enabling the creation of 
multicenter and even multinational studies.

However, accurate determination of the GCS score is often dif“ -
cult in patients who are intoxicated with alcohol or other drugs or in 
patients with injuries that cause such extensive periorbital edema 
that the eyes are swollen shut, making assessment of eye opening 
impossible. Other factors that complicate the determination of the 
GCS score re” ect changes in prehospital and emergency department 
practices since the initial description of the GCS over a generation 
ago. Nowadays, many patients are endotracheally intubated in the 
prehospital setting, and paralytics and sedatives are often adminis-
tered before an accurate and thorough neurologic assessment is 
performed. These problems have led to the creation of other assess-
ment tools, such as those based on CT “ ndings.8 Another way of 
getting around the problem of an inaccurate neurologic examination 
might be the use of serum markers to identify trauma patients who 
are likely to have serious central nervous system injury, analogous to 
the manner in which serum levels of cardiac enzymes are used in the 
diagnosis of acute myocardial injury.9 This is an area of rapidly grow-
ing interest.

Common practice classi“ es brain injury as mild, moderate, or 
severe based on the GCS score. Mild TBI is traditionally equated with 























compression. When the mechanism of injury involves a fall, the ma-
jority of these injuries occur at the thoracolumbar junction, the most 
mobile segment of the spinal column. Conversely, the lower cervical 
spine is more often involved in cases where a vertical axial load is 
imparted the spinal column.

Similar to compression/longitudinal distraction injuries, rota-
tional injuries of the spine most often involve the thoracolumbar 
junction and upper lumbar spine. By de“ nition, they may involve all 
parts of the vertebral body, including the pedicles, articulating facets, 
and ligamentous complex. These injuries often result in unilateral or 
bilateral dislocation, or stable/unstable fracture dislocation due to 
interlocking of the vertebral bodies and distraction of the interverte-
bral disks.9,11

Mechanism of Injury

Spinal cord trauma is a broad term describing an injurious event that 
results in disruption of the functional and/or anatomic integrity of the 
spinal cord at a particular level(s). Although isolated lumbar spine in-
juries represent a signi“ cant proportion of SCI, the majority of debili-
tating SCI involve trauma to the cervical and thoracic spine. It is for 
this reason that the focus of this discussion will be injury of the spine 
from the cervical spine down to the thoracolumbar junction. With 
respect to the general mechanism of injury, all SCI can be categorized 
in one of three subgroups: (1) direct (penetrating) SCI, (2) indirect 
(blunt) SCI, or (3) combined direct/indirect SCI. Depending on the 
underlying mechanism of injury involved, the pathogenesis of SCI can 
be further subclassi“ ed. Primary traumatic lesions are due to direct 
mechanical disruption of the cord parenchyma, typically occurring at 
the time of the original injury. Secondary traumatic (reactive) lesions 
do not develop directly from the injurious stimulus, but instead evolve 
as a consequence of injury-related factors, including the development 
of edema, ischemia, improper immobilization with secondary me-
chanical injury, and other biochemical disorders. Finally, common to 
both primary and secondary traumatic lesions is the potential for de-
layed neurologic sequelae, including scar formation, secondary degen-
eration, or regenerative phenomena.9

Penetrating Spinal Cord Injury

Historically, the management of penetrating spinal cord injury 
(PSI) was a task relegated mainly to military physicians, as the ma-
jority of these injuries occurred in the setting of active combat. 
Unfortunately, the emergence of violence as a leading cause of 
SCI in many urban centers over the past 20 years, has served to 
underscore the importance of emergency room physician familiar-
ity with the acute management of these injuries in civilian practice. 
In general, PSI can be classi“ ed as either gunshot wound…related 
(GSW-PSI) or lacerating (non-GSW) PSI. Both types of PSI most 
commonly involve the thoracic spine, and seldom involve more 
than one vertebral segment.12 Depending on the series, 52%…57% 
of all PSI results in complete neurological de“ cit (no sacral mo-
tor/sensory sparing), although lacerating PSI often results in in-
complete neurologic injury.13…15 Although by de“ nition, PSI implies 
direct dural/parenchymal disruption, in some cases the pathogen-
esis of PSI resembles that of a concussive model. This has been 
demonstrated in numerous military-based studies in which 
normal-appearing dura was encountered at the time of laminec-
tomy in numerous cases.16…19

Blunt Spinal Cord Injury

In clinical practice, closed injuries of the spine are typically the most 
frequent type of SCI encountered. They often occur in the setting of 
MVA, industrial accidents, falls, and sport-related activities. In these 
cases, underlying injury to the spinal cord may occur in the 

presence/absence of concomitant soft tissue injuries, including frac-
ture dislocation and subluxation of the spine. Biomechanics and 
mechanism of injury play a central role in the type and extent of 
spinal cord injury incurred. A thorough understanding of the poten-
tial types of mechanical forces distributed throughout the spine at 
the time of injury is paramount in order to be able to anticipate the 
evolution of secondary reactive lesions following the initial insult. In 
general, closed SCI can be distilled down into two broad categories. 
The “ rst involves indirect cord injury arising from blunt trauma 
without space-occupying or penetrating lesions within the spinal 
canal. This type of injury is frequently observed in cases where the 
mechanism of injury involves longitudinal shearing/distraction, ” ex-
ion, rotation, rotation-” exion, and/or posteroanterior acceleration.9 
The second type of closed SCI involves direct cord injury secondary 
to blunt or penetrating forces resulting in canal compromise from a 
variety of space-occupying lesions. These include bony/ligamentous 
damage, fracture dislocation, or subluxation. It is important to note 
that SCI is rarely con“ ned to the anatomic point of impact. In 
approximately 15% of SCI cases, lesions are observed at multiple 
levels due to both primary and secondary traumatic changes.20

SEVERITY/GRADING OF SPINAL 
CORD INJURIES

The neurologic level of injury (NLI) is a speci“ c term that refers to the 
most caudal spinal cord level at which normal motor/sensory function 
persists following SCI. Although some degree of correlation often 
exists between the anatomic and neurologic level of injury, this rela-
tionship is not always consistent. Several factors including the spinal 
segment involved, and the underlying mechanism of injury, contribute 
to the ultimate NLI, once secondary traumatic lesions have manifested. 
Overall, according to the American Spine Injury Association (ASIA) 
database, approximately 53% of SCI patients are tetraplegic, 46% are 
paraplegic, and the remaining 1% experience complete recovery by the 
time they are discharged from the hospital. The classi“ cation of SCI 
can be further categorized as complete or incomplete injury, referring 
to the absence/presence of sacral motor/sensory sparing, respectively. 
The most common neurologic category is incomplete tetraplegia 
(31.2%), followed by complete paraplegia (26%), complete tetraplegia 
(21.9%), and incomplete paraplegia (20%).1,2

Neurological and Functional Outcome Scales

Numerous classi“ cation schemes have been devised to describe pa-
tients with SCI over the years. Generally speaking, two types of as-
sessment scales exist, neurological examination scales and functional 
outcome scales. It is now generally accepted that the most meaning-
ful description of SCI in the acute setting occurs when a neurological 
assessment tool is applied in conjunction with a functional outcome 
assessment scheme, in order to provide perspective on the signi“ -
cance of any neurological recovery on the day-to-day life of SCI pa-
tients. The “ rst standardized neurological assessment scale for SCI 
was proposed by Frankel and associates in 1969.21 In this scheme, a 
“ ve-grade scale (A to E) is employed to discriminate SCI patients on 
the basis of differing degrees of motor/sensory function preserved 
after their injury. Frankel grade A patients are those with complete 
motor and sensory lesions. Grade B patients have sensory only func-
tions below the level of injury. Grade C patients have some degree 
of motor and sensory function below the level of injury, but their 
retained/recovered motor function is useless. Grade D patients have 
useful, but abnormal, motor function below the level of injury. And 
grade E patients are fortunate enough to experience complete 
motor/sensory recovery prior to discharge from the hospital. 
The main de“ ciencies involving the Frankel scale proved to be the 
dif“ culty involved in discerning grade C from grade D patients, as 
well as the relatively poor interobserver reliability with practical ap-
plication of the scale. Despite these shortcomings, the Frankel scale 
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provided an important classi“ cation framework from which several 
contemporary classi“ cation schemes have been derived. In fact, the 
ASIA impairment scale, largely regarded as the most studied and use-
ful of the SCI neurological classi“ cation schemes, is essentially a 
permutation of the original Frankel scale, in which objective param-
eters are provided to better assess the signi“ cance of retained motor 
function between grade C and grade D patients.22

Analogous to the Frankel scale as a neurologic examination tool 
in SCI is the Functional Independence Measure (FIM) as a functional 
outcome scale. The FIM is an 18-item, seven-level scale designed to 
assess the severity of patient disability, estimate the burden of care, 
and to prognosticate on medical rehabilitation and overall functional 
outcome. Speci“ cally, the FIM complements neurological assessment 
by providing scores for activities of grooming, bathing, eating, dress-
ing the upper body, dressing the lower body, and toileting.22

Concomitant assessment of both the neurological and functional 
de“ cits in acute SCI is imperative in assessing the impact of injury on 
the patient as a whole. Additionally, linkage of these independent scales 
allows clinicians to speci“ cally evaluate whether therapeutic interven-
tions resulting in improvement of the gross neurological assessment 
score also result in enhanced functional recovery for the patient. It is on 
the basis of functional outcome that the overall signi“ cance of various 
therapeutic interventions can be truly assessed. Omission of such func-
tional outcome assessment in the National Acute Spinal Cord Injury 
Study (NASCIS) I and II clinical trials assessing the bene“ t of acute 

methylprednisolone (MP) therapy in acute SCI patients is often cited as 
a critical shortcoming of the design study, rendering the interpretation 
of improved neurological outcome scores essentially impossible. A re-
cent meta-analysis of the current literature regarding classi“ cation 
schemes for SCI prompted the Section on Disorders of the Spine and 
Peripheral Nerves of the American Association of Neurological Sur-
geons (AANS) and the Congress of Neurological Surgeons (CNS) to 
recommend the ASIA standards for neurological and functional classi-
“ cation of SCI as the preferred neurological examination for clinicians 
involved in the evaluation and management of acute SCI.22 This recom-
mendation was based largely on the “ nding that the ASIA scale pro-
vided the greatest discrimination in grouping subjects with SCI into 
mixed-injured categories, with a relatively high degree of interobserver 
reliability. Similar to the other SCI classi“ cation schemes, the ASIA scale 
has undergone several revisions since its inception in 1984. Currently, 
the scale now consists of several components, including the ASIA im-
pairment scale, the ASIA motor index score, the ASIA sensory score, 
and the FIM (Figure 2).

Spinal Cord Syndromes

Several spinal cord syndromes have been described in the setting of 
acute SCI. Central cord syndrome typically occurs with a cervical 
region injury leading to greater weakness in the upper limbs than 

Figure 2 The American Spinal Injury Association (ASIA) Impairment Scale, and ASIA neurological classi“ cation scheme for spinal cord 
injury (SCI). The Impairment Scale is a permutation of the original Frankel Scale for SCI. The actual ASIA classi“ cation scheme includes the 
ASIA Impairment Scale and ASIA motor/sensory indices, as well as the Functional Independence Measure (FIM), which is not pictured.  (The 
American Spinal Cord Injury Association [ASIA] and The International Medical Society of Paraplegia [IMSOP].)
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the lower limbs, associated with sacral sparing. Brown-Sequard syn-
drome is classically seen in the setting of penetrating SCI resulting in 
a hemisection lesion of the cord. It is typically associated with a 
relatively greater ipsilateral proprioceptive and motor loss, with 
contralateral loss of sensitivity to pain and temperature below the 
NLI. Conversely, anterior cord syndrome is associated with a lesion 
causing variable loss of motor function and sensitivity to pain and 
temperature, while posterior tracts including proprioception are 
spared. Conus medullaris syndrome is associated with injury to the 
sacral cord and lumbar nerve roots, leading to are” exic bladder, 
bowel, and lower extremity, while sacral segments may occasionally 
demonstrate preserved re” exes. Finally, cauda equine syndrome is due 
to injury involving the lumbosacral nerve roots within the spinal ca-
nal, resulting in are” exic bladder, bowel, and lower extremities. Simi-
lar to the various brainstem vascular syndromes (e.g., Wallenberg•s 
syndrome), spinal cord syndromes often do not present with the clas-
sic textbook constellation of signs/symptoms. However, as is the case 
with brainstem vascular syndromes, an understanding of the various 
spinal cord syndromes serves to provide a rough neuroanatomical 
framework regarding the complex structural organization intrinsic to 
the spinal cord.

DIAGNOSIS

The organization of the central nervous system provides the physician 
with the opportunity to localize traumatic lesions to the spinal cord 
with a relatively high degree of accuracy, based on careful neurologic 
examination alone. However, adequate presurgical care, as well as op-
timal surgical planning, are both heavily dependent upon accurate 
imaging of the spine. For decades, plain roentgenograms of the spine 
have been an invaluable localization tool in SCI for several reasons. 
First, unlike other more sophisticated imaging modalities, the technol-
ogy and resources required are not typically a limiting factor. Second, 
the portability of x-ray technology and the relative ease of acquisition 
provide the physician the opportunity to rapidly attain important ana-
tomic information, even under the most hectic conditions. Lastly, plain 
“ lms of the spine can provide a whole host of information regarding 
underlying SCI, including the presence/absence of fractures, sublux-
ation/dislocation, and spinal canal patency (Figure 3). Although soft 
tissue structures are not well-visualized with standard x-ray technol-
ogy, malalignment/angulation of the spine detected on a plain “ lm 
may hint to underlying acute ligamentous or disk injury.

Within the past 10…15 years, the increased availability of comput-
erized tomography (CT) in most trauma centers has served to revo-
lutionize the diagnosis of SCI in the acute setting. In many centers, 
CT has supplanted plain x-ray as the acute imaging modality of 
choice for the evaluation of the spine in trauma patients, due largely 
to the improved accessibility of this technology. CT is superior to 
plain x-ray in many respects. It provides an outstanding view of the 
osseous structures, unparalleled by any other imaging modality. Ad-
ditionally, the recent advent of three-dimensional reconstruction 
software now provides the added bene“ t of viewing the relevant 
anatomy in the axial, coronal, and sagittal planes (Figure 4). For these 
reasons, CT is generally considered to be able to detect vertebral 
fractures with greater sensitivity/speci“ city than plain x-ray alone. 
Although far inferior to magnetic resonance imaging (MRI) technol-
ogy with regard to the associated soft-tissue anatomy, CT can provide 
some resolution of soft tissue, including the presence of paraspinous 
hematoma, which further raises the likelihood of underlying unsta-
ble ligamentous injury. Combined with myelography, CT technology 
can provide a view of intracanal anatomy that approaches MRI 
speci“ city in diagnosing space-occupying lesions of the spinal canal. 
Unfortunately, the technical burden and logistics involved with my-
elography on polytrauma patients has limited its applications for 
assessment of the acute spine-injured patient.

Since its inception as a medically applicable imaging modality by 
Raymond Damadian in 1971, MRI technology has continuously 

evolved into the diagnostic tool that it is today. This evolution in 
technology has been mirrored by a concomitant increase in its avail-
ability. Although inferior to CT technology in terms of resolution of 
bony architecture, MRI undoubtedly provides the most information 
regarding injury to soft tissue structures, particularly the spinal cord 
itself. In particular, T2 sequencing provides valuable information 
regarding the actual NLI, once secondary traumatic lesions, such as 
cord edema, have manifested (Figure 5). Most importantly, active 
mechanical compression of the spinal cord and direct spinal cord 
parenchymal injury can be directly ascertained by MRI, thus guiding 
the overall time table for surgical decompression/stabilization.

MANAGEMENT OF ACUTE SPINAL 
CORD INJURY

The optimal management of acute SCI represents a daunting task, 
requiring a well-executed multidisciplinary effort in order to provide 
patients with the greatest chance for meaningful neurological recov-
ery. In the broadest sense, the management of acute SCI can be 
fractionated into several important phases, beginning with care ren-
dered by emergency medical service (EMS) personnel in the “ eld, 
and culminating with intensive spinal cord rehabilitation following 
the acute hospitalization. In between, careful orchestration of patient 
care between emergency department (ED) personnel, radiologists, 
surgeons, intensivists, and physiotherapists, all play an equally im-
portant role in the overall prognosis and outcome of SCI patients. In 
general, the phases of management in SCI include (1) prehospital 
care, (2) acute ED evaluation/care, (3) postacute care, and (4) post-
hospital care/rehabilitation. Certain aspects of care rendered during 
a particular phase of treatment may overlap with subsequent phases 
of management. For instance, pharmacotherapy initiated during 
acute evaluation in the ED often continues into the postacute phase 
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Figure 3 Lateral radiograph of the nonpathologic cervical spine, 
demonstrating normal alignment of (A) the anterior vertebral bodies, 
(B) the posterior vertebral bodies, (C) the laminar-facet line, and 
(D) the spino-laminar line.
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A

B

Figure 5 The use of both computed tomography (CT) and magnetic resonance imaging (MRI) 
technology to evaluate spinal cord injury can provide complementary pieces of information. 
(A) Whereas CT provides a superb view of the C5 anterior teardrop fracture and focal kyphotic 
deformity present in this speci“ c example, (B) MRI technology provides a greater resolution of 
the associated spinal cord edema (single arrow) and prevertebral hematoma (double arrow).

A

B

Figure 4 An example of post-traumatic atlantoaxial subluxation in a 35-year-old patient with Down syndrome. (A) Note the generous 
atlanto-dens interval, as well as the marked reduction in the anteroposterior canal diameter (double-headed arrow) appreciated more readily 
on the three-dimensional reconstruction (B).
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Nonoperative Acute Interventions

Concomitant with the assessment for potential acute surgical interven-
tion, several other interventions may be implemented during the acute 
phase of SCI, while the patient is still in the ED. These include closed 
reduction of C-spine dislocation injuries, pharmacotherapeutic inter-
vention, and correction/prevention of hypotension. Awake patients 
with isolated cervical fracture dislocation injuries should undergo 
early closed reduction with cranio-cervical traction, in order to restore 
the anatomical alignment of the spine. The overall rates of transient 
and permanent neurological complication associated with closed re-
duction are 2%…4% and 1%, respectively.22 If the patient is alert and 
can be examined, then the risk of reduction/traction without a prior 
MRI is low. Therefore, external cervical reduction should be per-
formed as soon as possible, after the diagnosis has been made radio-
graphically. Prereduction MRI examination is recommended only in 
cases when the patient cannot be examined during the reduction. The 
presence of a signi“ cant disc herniation under these conditions repre-
sents a relative indication for open ventral decompression prior to 
reduction. Additionally, MRI is recommended for patients who fail 

initial attempts at closed reduction. An algorithm for the clearance of 
the cervical spine in a trauma patient is presented in Figure 9.

Pharmacotherapy and Spinal Cord Injury

Unlike the case of closed reduction for cervical dislocation injuries, 
the role of pharmacotherapy in the treatment of acute SCI has been 
less de“ nitive. Of the various agents available for treatment of acute 
SCI, methylprednisolone (MP) has, by far, been the most extensively 
studied. After initial enthusiasm over the potential bene“ t of early 
corticosteroid (MP) therapy in acute SCI, recent studies and intense 
scrutiny of the study parameters and data interpretation employed in 
the original NASCIS clinical trials have served to weaken the argu-
ment that MP therapy is associated with a meaningful improvement 
in functional outcome of SCI patients. The main criticisms of the 
NASCIS trials have been related to the determination of optimal tim-
ing of therapy, the method of motor assessment, and the apparent 
lack of correlation between motor recovery scores and functional 
outcome measures. These shortcomings, coupled with the inability to 

Figure 8 T12…L1 fracture dislocation as demonstrated on (A) sagittally reconstructed computed tomography, 
with complete facet dislocation (circle), and on magnetic resonance imaging (B), with signi“ cant compression of 
and T2 signal changes within the conus (arrow).

A
B
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demonstrate any clear therapeutic bene“ t of MP therapy on outcome 
of SCI in several independent studies, have prompted the AANS and 
CNS to recommend MP therapy as a treatment option only, which 
should only be undertaken with the knowledge that evidence suggest-
ing harmful side effects is more consistent than any suggestion of 
clinical bene“ t.22 Harmful side effects of MP therapy include pneu-
monia, sepsis, hyperglycemia, gastrointestinal ulcers/bleeding, and 
avascular necrosis of the femoral head, all of which have been ob-
served to occur at signi“ cantly higher rates in NASCIS II/III protocol 
MP-treated SCI patients.29…31 GM-1 ganglioside has similarly been 
implicated in enhancement of neurological recovery in acute SCI. 
However, available medical evidence does not support such a bene“ t, 
and thus, the administration of GM-1 ganglioside in the setting of 
acute SCI is recommended only as a potential treatment option at this 
time. Nimodipine, naloxone, and tirilazad mesylate have also been 
implicated as potential neuroprotectants following SCI, and are cur-
rently the focus of ongoing clinical trials.30,32…34

Institution of Blood Pressure Parameters

Yet another intervention that should be implemented in acute SCI 
patients relatively early in their course is the maintenance of adequate 
blood pressure parameters. Hypotension is commonly encountered in 
the setting of acute SCI, and is often due to associated traumatic inju-
ries with resultant hypovolemia, and/or spinal/neurogenic shock. 
Whatever the underlying mechanism at play, hypotension should be 
avoided in the setting of acute SCI, due to the potential for cord hy-
poperfusion, ischemia, and exacerbation of secondary traumatic le-
sions. Due to associated ethical concerns, only retrospective (class III) 
evidence is available in the literature on neurological outcome in SCI 
patients with hypotensive episodes early in their hospital course. 

Based on the available data, the prevailing recommendation by the 
AANS and CNS is to avoid systolic blood pressure less than 90 mm Hg 
in acute spine-injured patients, with the goal of maintaining mean 
arterial pressure (MAP) greater than 85 mm Hg for the “ rst seven 
days postinjury. This often entails placement of a central venous cath-
eter, and use of intravenous pressor agents.

Subacute Management of SCI

Following initial resuscitation and acute surgical intervention, SCI 
patients then enter the subacute phase of their initial hospitalization. 
Review of the literature suggests that severe SCI patients are susceptible 
to life-threatening cardiovascular instability and respiratory insuf“ -
ciency in the “ rst 7…14 days postinjury.22 This is particularly true for 
severe cervical SCI patients. For this reason, it is strongly recom-
mended that patients with severe cervical level SCI be managed in an 
intensive care unit (ICU) setting, and that cardiac, hemodynamic, and 
respiratory monitoring devices be employed in their care to detect any 
cardiopulmonary dysfunction. Even in otherwise stable patients, main-
tenance of MAP parameters with continuous infusion of pressor 
agents often necessitates ICU nursing care. While in the ICU, as well as 
afterward on the wards, SCI patients bene“ t from prompt evaluation 
by physical and occupational therapy (PT/OT) services, and early 
participation in associated rehabilitation activities. Care should be 
taken to prevent the development of pressure ulcers and extremity 
contractures, as these factors negatively impact neurological recovery 
potential, as well as outcome in general. Once the patient has been 
transferred out of the ICU setting, priority should be placed on timely 
transfer to a quali“ ed rehabilitation center, in order to provide SCI 
patients with the greatest opportunity to regain neurological function 
and improve their overall functional outcome.

Figure 9 Algorithm for the clearance of the cervical spine in a trauma 
patient.
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(with collar)

Awake/alert Comatose/altered

Posterior cervical
tenderness

AP, lat,
odontoid

x-ray or CT

Discontinue
collar

Dynamic flexion-
extension under

fluoroscopy or MRI
Yes No
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MORBIDITY AND COMPLICATIONS 
MANAGEMENT IN SPINAL 
CORD INJURY

In discussing the various complications associated with SCI, it is 
helpful to classify these events by their typical timeline to presenta-
tion following the initial injury. Acute complications tend to occur 
within the “ rst hours to weeks following acute SCI, often occurring 
during the acute hospitalization. These complications include hemo-
dynamic instability, cardiopulmonary events, pneumonia, urinary 
tract infection (UTI), sepsis, and thromboembolic phenomena. Con-
versely, chronic complications tend to occur weeks to years following 
the initial insult, and include respiratory, genitourinary, psychiatric, 
thromboembolic, musculoskeletal, gastrointestinal, infectious, and 
skin care issues. Many of the complications encountered during the 
acute management of SCI, including pulmonary, genitourinary, 
and thromboembolism, require the employment of aggressive 
preventive/prophylactic measures in order to reduce risk of occur-
rence in the chronic setting.

Neurogenic Shock

Of the potential complications commonly encountered in the con-
text of acute SCI, those implicated in development of hemodynamic 
compromise are associated with a signi“ cant proportion of morbid-
ity and mortality in the early management of these patients. Neuro-
genic shock is classically associated with the triad of hypotension, 
bradycardia, and core hypothermia, in the setting of acute SCI with 
the NLI localized to T6 and above. The loss of thoracic sympathetic 
out” ow produces a state of unopposed predominant vagotonia, with 
resultant end-organ effects including decreased peripheral vascular 
resistance, impaired thermoregulation, and bradycardia. The dimin-
ished vascular tone, in combination with diminished cardiac output 
(CO) secondary to bradycardia, often results in profound hypoten-
sion that may be refractory to crystalloid/colloid resuscitation. Un-
treated, systemic hypotension can contribute to cord ischemia, facili-
tating the progression and severity of secondary traumatic lesions. It 
is this premise that has underscored the rationale of maintaining 
MAP goals in the acute SCI patient. Typically this is achieved through 
” uid/colloid resuscitation, the use of pressor agents, or a combina-
tion of the two.35…37 Pressors with intrinsic �1-agonist chronotropic 
activity, including dobutamine and dopamine, are of particular use-
fulness, as they address both the vasomotor and cardiogenic aspects 
of neurogenic shock. Persistent bradycardia may be treated with in-
termittent atropine, with the knowledge that atropine may exacer-
bate pulmonary dysfunction by thickening secretions. In general, 
sympathetic tone begins to return in 3…7 days.35 However, during this 
period of time, the SCI patient is at greatest risk for developing a 
cardiopulmonary complication, and thus continued ICU monitoring 
of these patients during the “ rst 1…2 weeks postinjury is strongly 
recommended.22

Spinal Shock

Unlike neurogenic shock, spinal shock is a state of transient physio-
logic re” ex depression of cord function below the level of injury, with 
an associated loss of all sensory/motor functions. Hypertension due 
to an initial release of catecholamines may be encountered, typically 
followed by profound hypotension. Flaccid paralysis, including of 
the bowel and bladder, is the hallmark feature of spinal shock. In 
many instances, sustained priapism is also observed. These “ ndings 
typically last from hours to days following the injury, until the re” ex 
arc below the level of injury resumes function. The bulbocavernosus 
re” ex refers to anal sphincter contraction in response to squeezing 
the glans penis or tugging on the Foley catheter. The re” ex involves 
the S1, S2, and S3 nerve roots and is a spinal cord-mediated re” ex arc. 

Following spinal cord trauma, the presence or absence of this re” ex 
carries prognostic signi“ cance. Speci“ cally, in cases of cervical or 
thoracic cord injury, absence of this re” ex documents continuation 
of spinal shock, or spinal injury at the level of the re” ex arc itself. The 
period of spinal shock usually resolves within 48 hours and return of 
bulbocavernosus re” ex signals termination of spinal shock. Com-
plete absence of distal motor or sensory function or perirectal sensa-
tion, together with recovery of the bulbocavernosus re” ex, indicates 
a complete cord injury, and in such cases it is highly unlikely that 
signi“ cant neurologic function will ever return. Therefore, if no mo-
tor or sensory recovery below the level of injury is present, the pa-
tient has a complete SCI and no further distal recovery of motor 
function can be expected. On the other hand, any spared motor or 
sensory function below the level of injury is considered an incom-
plete injury. In the acute setting, the type of shock present may be 
dif“ cult to discern given the presence of other detracting injuries. 
Therefore, invasive monitoring of pulmonary artery pressures may 
be necessary to differentiate among neurogenic, hypovolemic, and 
cardiogenic shock.

Pulmonary Complications

Pulmonary complications represent a signi“ cant source of morbidity 
and mortality in SCI patients, in both the acute as well as the chronic 
setting. Injury to the cervical and midthoracic cord often results in 
underlying respiratory dysfunction, which, in turn, increases suscepti-
bility to pulmonary infections. SCI above C4 often compromises 
phrenic nerve function, resulting in subsequent diaphragmatic dys-
function. The majority of patients with a high cervical injury thus re-
quire prolonged mechanical ventilation, often necessitating tracheos-
tomy to avoid laryngotracheal malacia associated with prolonged 
intubation. Injury at lower cervical and upper thoracic levels can im-
pair innervation to accessory muscles of respiration, including the in-
tercostal muscles, resulting in a progressive loss of vital capacity, tidal 
volume, and negative inspiratory pressure. This serves to effectively 
reduce lung volume, create ventilation-perfusion mismatches with in-
trapulmonary shunting, and decrease the arterial oxygen saturation.37 
Loss of the ability to produce an adequate cough and the normal sigh 
mechanism, leads to the accumulation of uncleared secretions, and 
plugging/collapsing of the terminal pulmonary segments. This serves 
to promote an optimal intra-alveolar environment for the develop-
ment of repetitive, and in many cases fatal, pneumonias. The excessive 
use of analgesia and sedatives can further depress respiratory function. 
In order to decrease the risk of pulmonary complications, it is impera-
tive that an aggressive pulmonary toilet regimen be immediately insti-
tuted, consisting of aerosol treatments, chest physiotherapy, intermit-
tent positive pressure breathing (IPPB), and frequent suction in 
mechanically ventilated patients. Bronchoscopy has been a valuable 
tool for retrieval of tenacious mucus plugs in chronically debilitated 
patients. Additionally, early mobilization, if possible, also serves to 
improve overall pulmonary function.

Thromboembolism

Thromboembolic phenomena, including deep venous thrombosis 
(DVT) and pulmonary embolism (PE), represent a signi“ cant, and 
potentially fatal, complication in the SCI patient population. DeVivo 
and colleagues38 have documented a 500-fold increased risk of dying 
from a PE in the “ rst month following SCI when compared against 
both age- and gender-matched controls. Although the risk of DVT and 
PE appears to decline proportionately with time from injury, SCI pa-
tients, especially those with complete injury, are perpetually at an ele-
vated risk for thromboembolism due to immobility. For this reason, 
prophylaxis for at least 3 months following injury has been advanced as 
a standard of care in SCI patients.22 A variety of methods have been 
used to achieve this end, including the use of low-molecular-weight 
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heparins, caval “ lters, rotating beds, adjusted-dose heparin, low-dose 
warfarin, pressure stockings, pneumatic compression stockings, and 
electrical stimulation.35,36 Of these, low-dose heparin, in combination 
with pneumatic compression stockings, represents the prophylactic 
regimen of choice in most centers, despite the lack of any direct evi-
dence of synergy. Use of a prophylactic regimen has been observed to 
reduce the risk of DVT in SCI from 27.3%…10.3%.35 In the event of a 
documented DVT or PE, a 4…6 month duration of full anticoagulation 
is warranted. Caval “ lters are recommended for SCI patients who expe-
rience refractory thromboembolic events despite anticoagulation, and 
in patients in whom anticoagulation is contraindicated (e.g., recent or 
impending surgery). The diagnosis of DVT can be accomplished with 
duplex Doppler ultrasound with a sensitivity of approximately 90%.22 
More invasive diagnostic techniques such as venography should be 
reserved for cases in which the index of suspicion for DVT remains 
high, despite a negative Doppler study. Similarly, invasive diagnostic 
modalities for PE such as transfemoral pulmonary angiogram should 
be reserved only for cases where suspicion of PE remains high, despite 
a negative ventilation-perfusion or spiral pulmonary CT angiogram 
study.

Genitourinary Complications

Urinary complications due to elevated bladder pressure, infections, 
and bladder/renal calculi, remain a signi“ cant source of morbidity in 
SCI patients. Alteration of detrusor motor function and bladder 
sensation, along with compromised sphincter activity, all play a role 
in incomplete bladder emptying, which, in turn, leads to elevated 
bladder pressures and secondary genitourinary insult. Chronically 
elevated bladder pressures can lead to the serious sequelae of hydro-
ureteronephrosis and vesicoureteral re” ux. Additionally, urinary sta-
sis increases the risk of UTI, as well as urosepsis, the leading cause of 
morbidity in SCI. In order to limit these complications, a strict blad-
der regimen is recommended. The use of indwelling bladder cathe-
ters should be limited to the ICU course. Should urinary retention/
incontinence prove to be an issue, intermittent clean catheterization 
every 4…6 hours should be employed, with the goal of maintenance 
of bladder volume under 500 ml at all times. Prophylactic antibiotics 
are not recommended. However, any indication of possible UTI 
should be diagnosed and treated promptly.

Gastrointestinal Complications

In the acute setting, SCI patients are at risk of developing stress ulcers 
of the upper gastrointestinal tract, likely related to gastric capillary bed 
ischemia, resulting in a diminished resistance of the gastric-enteric 
mucosa to the normal digestive secretions of the stomach. The utiliza-
tion of high-dose MP therapy in the treatment of acute SCI also places 
these patients at higher risk of developing stress ulcers. In recent years, 
the incidence of bleeding gastric ulcers has gradually decreased in 
the SCI population, thought to be due, in large part, to the implementa-
tion of stress ulcer prophylaxis with histamine receptor type 2 (H2)-
blockers, sucralfate, or proton-pump inhibitors (PPI). With neurologi-
cal injury, institution of a bowel care regimen is of importance given the 
likelihood of associated adynamic ileus. A healthy bowel regimen often 
includes a combination of stool softeners, high-“ ber diet, digital stimu-
lation, suppositories, enemas, and manual disimpaction.

Skin Care

In the setting of neurological injury, the development of pressure 
ulcers is a signi“ cant source of discomfort, and represents yet an-
other potential route of infection. The sacral prominence, femoral 
greater trochanters, ischial tuberosities, and heels are particularly 
vulnerable to ulcer formation. The incidence of pressure necrosis 

requiring surgical debridement within 2 years of SCI is approxi-
mately 4%.36 Prevention is paramount, and typically involves early 
patient mobilization, air mattresses, limited use of braces/orthotics, 
and aggressive skin inspection and wound care.

Post-Traumatic Syringomyelia

Typically occurring on a more chronic timetable, post-traumatic syringo-
myelia (PTS) has been encountered with increasing frequency in SCI over 
the past 20 years, likely due to a combination of factors including in-
creased life expectancy in SCI patients, as well as the emergence of MRI 
technology as a highly sensitive diagnostic tool. By de“ nition, PTS is a 
central cavitation of the spinal cord, typically occurring months to years 
after the initial injury. Although presenting symptoms vary based on the 
location and severity of the syrinx, persistent local or radicular pain, mo-
tor weakness, spasticity, dissociated sensory loss, autonomic dysre” exia, 
sphincter loss, sexual dysfunction, Horner•s syndrome, and respiratory 
dysfunction have all been described. Extension of cervical syrinx cavities 
into the medulla, termed syringobulbia, has also been described, and 
typically manifests with corticobulbar dysfunction. Although the exact 
pathognomic mechanism involved in syrinx formation has not been de-
“ nitively elucidated, the prevailing hypothesis favors a progression of 
post-traumatic cystic myelopathy. Alteration in spinal subarachnoid cere-
bral spinal ” uid (CSF) ” ow dynamics secondary to post-traumatic arach-
noiditis may also play a role. The incidence of PTS ranges from 1.1% to 
greater than 50%, with the duration of time of injury to diagnosis of 
syrinx ranging from 2 months to 33 years.39 Development of symptom-
atic syringomyelia is a poor prognostic sign. Although several surgical 
procedures have been employed in the treatment of PTS, including place-
ment of cysto-peritoneal and cysto-pleural shunts, the overall success of 
these interventions is generally poor.

MORTALITY

Despite signi“ cant advances made in “ rst responder management of 
SCI, approximately 10%…20% of acute SCI patients do not survive to 
reach hospitalization, and another 3% of patients die during their 
acute hospitalization.3,6,14,38,40 For those patients who survive the acute 
hospitalization, the major cause of death is pneumonia and other re-
spiratory complications, followed by heart disease, subsequent trauma, 
and septicemia. The leading causes of death among incomplete para-
plegics are cancer and suicide. Suicide is also the leading cause of death 
in complete paraplegics, followed by heart disease. In general, the sui-
cide rate is higher among the SCI population under the age of 25 years. 
In terms of life expectancy, individuals aged 20 years at the time of 
their injury have life expectancies of approximately 33 years as tetra-
plegics, 39 years as low tetraplegics, and 44 years as paraplegics.

CONCLUSION

Thanks in large part to marked improvements made in the “ rst-
responder and ED management of acute SCI, overall morbidity and 
mortality in this patient population have substantially decreased 
over the past 30 years. Similarly, the implementation of aggressive 
prophylactic/preventative measures against many of the common com-
plications of SCI, including thromboembolism, urinary tract infections, 
pulmonary infections, and pressure ulcers, have served to further im-
prove the quality of life for these patients. With the average life span of 
SCI patients approaching that of the general public, the economic bur-
den associated with lifelong treatment of these patients will undoubt-
edly continue to increase in the years to come. Timely diagnosis, in 
conjunction with the application of appropriate treatment guidelines/
recommendations in the acute setting, provides patients with the best 
opportunity to improve functional neurological outcome. Whereas 
certain interventions, including spinal immobilization, closed reduc-
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tion of cervical dislocation injuries, and maintenance of blood pressure 
parameters, have gained universal acceptance in the management of 
SCI, others, including the role of MP therapy and acute surgical decom-
pression, are more widely debated and open for interpretation.
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MAXILLOFACIAL AND OCULAR INJURIES 183

pupillary defect is noted. Blunt force on an eye can also be described as 
coup…contrecoup, or compressive force in a manner similar to brain 
injury. Examples of coup injuries are corneal abrasions, subconjunctival 
hemorrhages, choroidal hemorrhages, and retinal necrosis. The best 
example of a contrecoup injury is commotio retinae, with anterior 
forces being transmitted to the retina and causing shearing of the retinal 
layers.11 Compression of the globe usually causes scleral rupture. These 
open globe injuries are described below.

Orbital fractures can be caused by blunt forces with an increase of 
intraorbital pressure resulting in blowout fractures of the medial wall 
and ” oor, or caused by direct injury to the bones of the face resulting 
in fracture of any of the four walls. Because the lateral wall and roof 
are the most resistant to fracture, injury of these bones is an indicator 
of signi“ cant force to the face and eyes and concomitant injury to 
the globe should be carefully evaluated. Foreign body penetration 
of the orbit can involve the eye directly or any of the surrounding 
structures.

Chemical and thermal injuries to the eyelids and adnexa must be 
evaluated long term, well beyond the healing period for the super“ -
cial tissues. Burns to the eyelids and skin lead to scarring and con-
traction of the eyelids, which place these patients at risk for eyelid 
retraction and exposure damage to the cornea and ocular surface. 
Thus, long-term follow-up is important in this patient group, par-
ticularly if they are in a critical care setting. They must be treated 
with aggressive lubrication to the eyes until they demonstrate an 
ability to blink voluntarily and protect the eye. It is urged that all ICU 
and trauma wards have written eye care protocols for the manage-
ment of these patients.

Open globe injuries are classically divided into penetrating and 
non-penetrating injuries. The latter group is caused by blunt trauma 
that causes a forceful compression of the eye and results in the 
physical rupture of the eye wall. The location of the rupture is typi-
cally in the areas where the eye wall is the thinnest, namely the 
corneo…scleral junction (the limbus), at the muscle insertion sites, 
and at the posterior attachment of the optic nerve. Ruptures poste-
rior to the limbus may be dif“ cult to identify and the clinician must 
be familiar with the signs of occult rupture, which are described in 
the section on diagnosis.

When the mechanism of injury involves penetration of the globe, 
the site of entry is usually visible and the decision for surgical inter-
vention is straightforward. The three variables to consider when 
an entry wound is identi“ ed are whether the penetrating object has 

Table 2: Key Mechanisms of Eye Injury 
in Emergency Setting

Mechanism of Eye Injury %

Foreign body 44.6
Blunt trauma 33.0
Fire/burn 12.0
Machinery  3.1
Motor vehicle accident  2.3
Fall  1.8
Firearm  �  1.0

Adapted from McGwin G Jr, Owsley C: Incidence of 
emergency department-treated eye injury in the United 
States. Arch Ophthalmol 123:662…666, 2005.

Figure 3  Post-traumatic eye “ ndings in the emergency setting. See 
Table 1.  (Data from McGwin G Jr, Owsley C: Incidence of emergency 
department…treated eye injury in the United States. Arch Ophthalmol 123:
662…666, 2005.)

Contusion/abrasion

Puncture
Laceration

Hemorrhage

Conjunctivitis
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Figure 4 Key mechanisms of eye injury in the emergency setting. 
See Table 2.  (Data from McGwin G Jr, Owsley C: Incidence of emergency 
department…treated eye injury in the United States. Arch Ophthalmol 
123:662…666, 2005.)
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exited the eye, whether a foreign body is within the eye, or whether 
it has passed through the entire eye (perforation), in which case a 
posterior exit wound should be suspected and the foreign body may 
be located within the orbit. 

If there is evidence of an intraocular or intraorbital foreign 
body, the type of material may also have implications in toxicity to 
the eye and the risk of infection to the orbit and the eye (Table 3). 
When the history of the type of injury is unclear, an orbital CT 
should be requested immediately and a shield placed over the eye. 
Even if the foreign body is easily accessible and protruding from 
the eye or surrounding structures, the emergency or trauma sur-
geon should make no attempt to remove the object. A shield 
should be carefully placed over the eye and no manipulation at-

tempted. The extent of injury can be assessed at the time of surgi-
cal repair.

DIAGNOSIS

Orbital Trauma

The key clinical features that aid in the decision for urgent manage-
ment in cases of orbital trauma involve (1) signi“ cant limitation 
of ocular motility, (2) the presence of an afferent pupillary defect, 
(3) the presence of proptosis (abnormal anterior bulging of the eye), 

Figure 5 Diagram of orbital bones with incidence of 
orbital fractures.  (Original image obtained from Yanoff M, 
Duker JS: Ophthalmology, 2nd ed. St. Louis, Mosby, 2004, 
“ gure 83-1. Data from Shere JL, Boole JR, Holtel MR, Amo-
roso PJ: An analysis of 3599 midfacial and 1141 orbital 
blowout fractures among 4426 United States Army Soldiers, 
1980…2000. Otolaryngol Head Neck Surg 130:164…170, 
2004.)

Nasal
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Medial wall
31%
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37%
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24%
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Table 3: Manifestations of Intraocular Metal Toxicity

Type of Metal Cornea Iris Lens Vitreous Retina Signs/Symptoms

Iron (siderosis) Rust-colored cor-
neal stromal 
staining

Anisocoria/
heterochromia

Flower-shaped 
cataract

Brownish 
opacities

Diffuse 
retinal pig-
mentation

Night blindness, 
visual “ eld loss

Copper (�85%) 
(chronic chalcosis)

Fleischer ring Greenish discol-
oration

Sun” ower 
cataract

Brownish-
red opaci-
ties

Metallic 
” ecks on 
vessels and 
macula

Progressive 
vision and “ eld 
loss

Copper (�85%) 
(acute chalcosis)

Severe in” amma-
tion

Greenish 
discoloration

Sun” ower 
cataract

Diffuse vit-
ritis

Metallic 
” ecks on 
vessels

Fulminant 
in” ammation/
loss of eye

Gold „ „ Anterior cap-
sule deposits

„ „ „

Aluminum/zinc Minimal in” am-
mation

„ „ „ „ „

Based on data from Yanoff M, Duker JS: Ophthalmology, 2nd ed. St. Louis, Mosby, 2004.
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MAXILLOFACIAL AND OCULAR INJURIES 185

and (4) the presence of enophthalmos (abnormal posterior displace-
ment of the eye). Any of these features requires an immediate 
orbital CT scan, ophthalmologic evaluation and consideration of 
surgical intervention. In a study by Lee et al.10 on the role of CT in 
orbital trauma, of those patients who suffered visual loss secondary to 
orbital trauma, the causes in order of decreasing frequency were ret-
robulbar hemorrhage, optic nerve thickening presumably secondary 
to edema, intraorbital emphysema, optic nerve impingement, retinal 
detachment, and ruptured globe. In addition to assessing the “ ndings 
described previously the clinician should palpate the orbital rim for 
fractures (step-offs) and assess for hypoesthesia just below the eye 
in the distribution of the infraorbital nerve, and note the presence 
of hypoglobus (inferior displacement of the eye). Presence of hypoes-
thesia is indicative of a blowout fracture involving the infraorbital 
canal and nerve, but it has no urgent signi“ cance in itself.

Evaluation of ocular motility involves assessing for limitation of 
eye movement and eliciting symptoms consistent with decreased 
motility. The patient will often complain of double vision that disap-
pears with the occlusion of one eye. De“ ning the orientation of the 
diplopia (horizontal, vertical, or oblique) can also help focus the 
exam. During the acute in” ammatory period, ocular motility is often 
affected due to orbital congestion or muscle contusion, and supple-
mentary tests can help distinguish between muscle palsy and muscle 
restriction or entrapment. Forced duction testing, where the eye is 
physically displaced using forceps to grasp the eye, can help discern 
the presence of mechanical restriction. A drop of anesthetic is placed 
on the eye and the patient is asked to look in the direction of the 
limited movement. The eye is then physically displaced in that direc-
tion to assess for a •tetheringŽ effect (Figure 6). If signi“ cant resis-
tance is encountered, entrapment must be suspected and an orbital 
CT should be obtained immediately. Clinical signs of entrapment 
supported by radiologic evidence require immediate surgical inter-
vention to prevent muscle ischemia and necrosis.

The “ nding of post-traumatic proptosis requires immediate 
measurement of eye pressures to assess for retrobulbar hemorrhage. 
Proptosis and elevated intraocular pressures are indicative of an 
orbital compartment syndrome and an axial and coronal orbital CT 
should be obtained immediately (Figure 7). The “ ndings on further 







If there is evidence of wound contamination at the time of examina-
tion (e.g., injury with plant matter), the concern for infection becomes 
very acute and must be managed aggressively. Post-traumatic endo-
phthalmitis has been reported to occur in approximately 4%…8% of 
open globe injuries and in up to 30% of injuries in a rural setting.16…19 
The classic “ nding of hypopyon in an infected eye is not commonly 
seen in the context of a ruptured globe, as the anterior segment is often 
distorted and obscured by blood. The role of the trauma and emergency 

Figure 12 Three examples of globe injuries on computed tomography scan. (A) Flattened left eye. (B) Scleral rupture of left eye. 
(C) Optic nerve avulsion of right eye.

A

B

C

risk of infection and toxicity, and often requires emergent vitreoreti-
nal surgery to salvage the eye. The materials can range from metals 
to wood and other organic objects. Orbital CT is very sensitive in 
detecting metallic foreign bodies (Figure 16); however, ultrasound 
examination should be performed on all eyes with suspected IOFB. 
With an obvious corneal laceration and a history of a small solid 
projectile to the eye, the anterior chamber angle must be carefully 
inspected with gonioscopic techniques.
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that is adjacent to the scleral wall, ultrasound is able to determine 
whether it lies just inside or outside of the globe.20

Chemical and thermal burns are often associated with open eye 
injuries or can occur in isolation. The mainstay of treatment is copi-
ous irrigation and treatment with topical steroids and antibiotics. 
However, in the presence of an open globe, repair of the rupture 
is of primary importance and should then be followed by manage-
ment of the chemical and thermal injury. The pH of the ocular 
surface should be tested with litmus paper and irrigation initiated 
promptly with a Morgan lens. Between each liter of irrigation, the 
pH should be reassessed and irrigation continued until the pH be-
comes neutral. The upper and lower fornices should be swept with 
a cotton swab for crystallized particles if the pH does not neutralize 
and lid eversion may be required to remove the particles.12

Acids and bases have very distinct effects on the ocular surface. 
Acids tend to cause denaturation and precipitation of proteins within 
the cornea and sclera, and a proteinaceous barrier is formed that pre-
vents the further penetration of acids into the deeper layers. Acidic 
compounds rarely penetrate into the anterior chamber to cause 

Figure 16 (A, B) Shotgun pellets in right eye. (C) Metallic foreign body and air in anterior chamber of left eye.

A B

C
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ultrasound can yield suf“ cient information on the status of the intra-
ocular contents and on the presence of intraocular foreign bodies. The 
eye can be examined from the cornea to the optic nerve, through closed 
eyelids with virtually no pressure exerted on the globe. In the presence 
of hyphema or vitreous hemorrhage, the posterior pole of the eye may 
be dif“ cult to view, in which case an ultrasound exam may allow thor-
ough evaluation. Posterior scleral rupture usually presents with marked 
hemorrhagic chemosis and vitreous hemorrhage (Figure 17). These 
cases are typically occult with no external signs of rupture and normal 
intraocular pressure. A clue to the trajectory and ultimate location of 
an intraocular foreign body is the presence of a hemorrhagic tract as 
seen on ultrasound. By following this tract, the foreign body and its 
path of destruction can be tracked and de“ ned (Figure 18). Ultrasound 
examination should be performed on all forms of intraocular foreign 
bodies, even if the foreign body has been previously localized on orbital 
CT (Figure 19). Ultrasound has the advantage of more precisely local-
izing the position of a foreign body, in assessing the intraocular con-
tents, and in detecting foreign bodies that are not readily visible on CT 
scan, such as wood, glass, and plastic. Moreover, with a foreign body 
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NECK INJURIES 209

advances in technology, which would allow noninvasive evaluation 
of patients, will clearly facilitate the screening process.

All patients with indications for screening, and no contraindica-
tions to antithrombotic therapy, undergo imaging as soon as pos-
sible. Patients with documented BCVI undergo repeat imaging 7…
10 days after their initial diagnostic study. The importance of 
routine follow-up imaging is particularly salient in patients with 
grade I and II injuries; over half of grade I injuries completely heal, 
allowing cessation of antithrombotic therapy.3 While only 8% of 
grade II injuries heal, over 40% progress to grade III injuries de-
spite therapy; in patients with CAI, this increase in injury grade 

also correlates with an increase in stroke risk. Patients with carotid 
or vertebral artery occlusions are not as important for reimaging, 
as over 80% display no change on follow-up imaging.

INJURY GRADING SCALE

The identi“ cation of disparate outcomes associated with varied 
luminal irregularities comprising BCVI (dissection, occlusion, 
transection, and pseudoaneurysms) prompted us to propose a 
grading scale.10 An injury grading scale was developed to provide 

B

Figure 3 Cervical spine fracture patterns associated with blunt cerebrovascular injury: subluxation (A), transverse foramen involvement (B), 
and C1…C3 fractures (C).

C

A
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not only an accurate description of the injury, but also to de“ ne 
stroke risk by injury grade (Figure 4 and Table 2). Untreated inju-
ries have an overall stroke rate of approximately 20%; CAIs have 
increasing stroke rate by increasing grade, while VAIs tend to have 
a more consistent stroke rate of approximately 20% for all grades 
of injury (Table 3).

INCIDENCE OF BLUNT 
CEREBROVASCULAR INJURIES

Originally thought to be a rare injury, BCVIs are currently diag-
nosed in 1% of all blunt trauma patients. Previously, BCVI-related 
strokes were likely attributed to a patient•s primary head injury, 
rather than as a sequelae of cervical arterial injury with subsequent 
embolic stroke. Therefore, BCVIs were felt to be rare with an inci-
dence less than 0.1% in all trauma patients, and with blunt 

Figure 4 Representative images of blunt cerebrovascular injury by grade.

Grade I

CAI

VAI

Grade II Grade III Grade IV Grade V

Table 2: Denver Grading Scale for Blunt 
Cerebrovascular Injuries

Grade I Irregularity of vessel wall or dissection/
intramural hematoma with less than 25% 
luminal stenosis

Grade II Intraluminal thrombus or raised intimal ” ap is 
visualized, or dissection/intramural hematoma 
with 25% or more luminal narrowing

Grade III Pseudoaneurysm
Grade IV Vessel occlusion
Grade V Vessel transection

Courtesy of Denver Health Medical Center.

Table 3: Stroke Rate by Blunt Cerebrovascular 
Injury Grade

Grade of Injury Stroke Rate (%)

Carotid arterial injury I 3
II 14
III 26
IV 50
V 100

Vertebral arterial injury I 6
II 38
III 27
IV 28
V 100

210 BLUNT CEREBROVASCULAR INJURIES

CAI accounting for less than 3% of all traumatic carotid injuries. 
Once the patient•s neurologic changes were ascribed to a vascular 
source, and appropriate imaging was instituted to identify the in-
jured artery, the incidence of BCVI identi“ ed tripled. In the “ rst 
multicenter review of BCVI, performed by the Western Trauma 
Association, only 49 patients with carotid artery injuries were 
identi“ ed at 11 medical institutions over a 6-year period. With the 
recognition of BCVI as a speci“ c injury causing signi“ cant mor-
bidity and stroke-related mortality, was the associated silent pe-
riod. With the advent of injury screening in asymptomatic high-
risk patients, there has been a relative epidemic of BCVI diag-
nosed. Currently, in centers with a comprehensive screening 
approach, the screening yield is over 30% in high-risk populations. 
In our most recent Denver Health Medical Center institutional 
review over an 81‡2…year period, 0.1% of blunt injury patients 
presented with neurologic symptoms and 4% underwent screen-
ing angiography, with a 34% screening yield for diagnosing 
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Figure 5 Operative approach to a common carotid pseudoaneurysm following angiographic 
(A) diagnosis; identi“ cation of the injury (B) is followed by primary end to end repair (C).

A B C

BCVI and an overall incidence of 1.5% in all blunt trauma 
victims.

ANTITHROMBOTIC TREATMENT

Following the recognition that BCVI were responsible for patients• 
adverse neurologic events, treatment modalities were debated. If 
the injury occurs in a surgically accessible area of the carotid ar-
tery, particularly the common carotid artery, operative manage-
ment is warranted (Figure 5). The vast majority of BCVI lesions, 
however, occur in surgically challenging or inaccessible areas of the 
blood vessels, either high within the carotid canal at the base of the 
skull or within the foramen transversarium (Figure 6). Such a loca-
tion makes the standard vascular repair approaches including 
reconstruction or thrombectomy dif“ cult if not impossible. Hepa-
rin was initially the treatment of choice for BCVI, with the as-
sumption that this promoted clot stabilization if present and clot 
resolution through intrinsic “ brinolytic mechanisms, and pre-
vented further thrombosis. Treatment with anticoagulation was 
shown to improve neurologic outcome in patients sustaining 
BCVI-related ischemic neurologic events (INEs).2,6 Initial reports, 
including a multicenter study by the Western Trauma Association,1 
indicated that patients who were treated with anticoagulation had 
an improved outcome compared to those who were either not 
treated or had a contraindication to anticoagulation due to associ-
ated head injuries. In these studies, up to 45% of patients achieved 
good neurologic status, and anticoagulation therapy was indepen-
dently associated with survival and improvement in neurologic 
outcome.

Subsequently, intravenous heparin was thought to be the treat-
ment of choice for those asymptomatic patients with blunt inju-
ries.3,6 Initially, standard heparinization protocols were used, but 
due to a moderate incidence of bleeding in multisystem trauma 
patients the protocol was modi“ ed (Figure 7).7,10 Currently, anti-
coagulation with systemic heparin is initiated using a continuous 
infusion of heparin at 15 U/kg/hr, without a loading dose; heparin 
drips are titrated to achieve a partial thromboplastin time (PTT) 
in 40…50 seconds. With this adjustment in the BCVI heparin 
protocol, less than 1% of patients have had bleeding complications 
necessitating transfusion in our experience.4 For patients with 
a contraindication to heparin, antiplatelet agents (aspirin 
325 mg/day and clopidogrel 75 mg/day) have been administered. 
Antithrombotic therapy is not started in patients with closed head 
injury or intraparenchymal hemorrhage without input from the 

neurosurgery service. Antithrombotic therapy in patients with 
signi“ cant solid organ injuries or a complex pelvic fracture with 
associated retroperitoneal hematoma is typically not started 
until 24…48 hours of physiologic stability without transfusion 
have passed.

Currently there is controversy regarding the ideal antithrom-
botic therapy for any type of arterial disease„anticoagulation 
versus antiplatelet agents. A retrospective study by Chimowitz 
et al.17 indicated that warfarin is superior in patients with verte-
brobasilar occlusive disease, while a more recent prospective 
double-blind comparison by the same authors18 demonstrated 
that aspirin is the therapy of choice for patients with symptomatic 
intracranial atherosclerotic arterial stenosis, due to equivalent 
stroke prevention rates as warfarin, but decreased hemorrhagic 
complications. A recent review of vertebrobasilar disease sup-
ported the use of antiplatelet agents in patients with arterial steno-
sis but warfarin in patients with severe, ” ow-limiting lesions 
or dissections.19 Which therapeutic agent is used, and whether 
the choice of antithrombotic should be determined by the patient•s 
injury grade, must continue to be evaluated in prospective 
studies.

Most importantly, patients who are diagnosed with BCVI early 
and are treated with antithrombotics almost universally avoid 
INE.4,8,12 The Memphis group showed a reduction in stroke rate 
for CAI from 64% in untreated patients to 6.8% in patients treated 
with antithrombotics (either anticoagulation or antiplatelet 
agents), and for VAI a reduction from 54% to 2.6% in treated pa-
tients.12 Our group•s most recent evaluation demonstrated a stroke 
rate of 0.5% in 187 patients with BCVI treated with antithrombot-
ics, while untreated patients had an overall stroke rate of 21%.8 
Although the optimal regimen remains unanswered, there appears 
to be equivalence between the two therapies (anticoagulation and 
antiplatelet agents) with regard to stroke rate.3,4,8,12

Following initiation of antithrombotics, treatment is empiri-
cally continued for 6 months. Our current protocol is to transition 
the patient to warfarin if the initial antithrombotic therapy 
was heparin, with a goal INR of 2.0. If the patient was started on 
antiplatelet agents, these are continued after hospital discharge. 
Although complete healing of grade I injuries on repeat imaging at 
7…10 days has been documented in more than half of affected pa-
tients, the vast majority of grades II, III, and IV injuries persist. 
Comprehensive long-term follow-up beyond the acute hospital-
ization has not been reported in the literature, as is true in most 
trauma population studies. Therefore, whether these injuries heal 
or persist at 3…6 months is unknown.
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Figure 2 Contents of the oropharynx.  (From Gray•s Anatomy, 
39th ed. St. Louis, Churchill Livingstone/Mosby, 2004, “ gure 33.4, with 
permission.)

whose medial borders are the lateral walls of the larynx. The pos-
terior aspect of the hypopharynx contains the posterior pharyn-
geal wall and postcricoid mucosa (Figures 2, 3, and 4).

PHARYNGEAL INJURY

Incidence

Isolated blunt pharyngeal injury is exceedingly rare. It is more often 
associated with concomitant cervical facial trauma. Penetrating pha-
ryngeal injury occurs more commonly in the pediatric population 
from lacerations caused by intraoral foreign bodies.11

Mechanism of Injury

Pharyngeal trauma may occur from foreign body ingestion, blunt or 
penetrating trauma, or following laryngoscopy or other endoscopic 
procedures.12…15

Diagnosis

The initial clinical scenario varies. Patients with nonlethal injuries 
commonly present with dysphagia and odynophagia. Patients with 
more severe injuries may present with aphonia, dyspnea, hemop-
tysis, and severe acute respiratory failure that may rapidly lead to 
asphyxia if not treated.16 Injuries to the esophagus and pharynx 
are dif“ cult to diagnose and may be missed during the manage-
ment of other immediate life-threatening injuries. Oral bleeding, 
drooling, and subcutaneous emphysema all suggest upper diges-
tive tract or airway injury.16 When possible, careful examination of 
the oropharynx and hypopharynx should be performed at the 
bedside.

Lateral views of the neck and cervical CT scan may identify soft 
tissue air (Figures 5 and 6). A nonionic contrast-enhanced esophagram 
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Figure 3 Muscles and blood supply of the pharynx. Muscles of 
the pharynx, viewed from behind, together with the associated 
vessels and nerves.  (Adapted from Gray H: Anatomy of the Human 
Body. Philadelphia, Lea & Febiger, 1918. Available at www.bartleby.
com/107/.)

Figure 4 Posterior view of the laryngeal cartilages and 
ligaments.  (From Gray•s Anatomy, 39th ed. St. Louis, Churchill Livingstone/
Mosby, 2004, “ gure 36.3, with permission.)
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and/or esophagoscopy are indicated if injury is clinically suspected.17 
Contrast leak may be revealed on esophagram (see Figure 5).

LARYNX

Surgical Anatomy

The larynx is a functional •valveŽ separating the trachea from the 
upper aero-digestive tract. It is primarily an organ of communica-
tion (the voice box), but also serves as an important regulator of 
respiration. The larynx is necessary for effective coughing and for 
creating Valsalva maneuvers. The larynx also prevents aspiration 
during swallowing.

The larynx is composed of the following elements:

Skeleton (Figure 7)
Hyoid bone: Attaches to epiglottis and strap muscles.
Thyroid cartilage: Anterior attachment of vocal folds. Posterior 
articulation with cricoid cartilage.
Cricoid cartilage: Complete ring. Articulates with thyroid and 
arytenoid cartilages.
Arytenoids: Two cartilages that glide along the posterior cricoid 
and attach to posterior ends of vocal folds.
Divisions
Supraglottis: Usually covered with respiratory epithelium con-
taining mucous glands.
Epiglottis: Leaf-shaped mucosal-covered cartilage, which projects 
over larynx.
Aryepiglottic folds: Extend from the lateral epiglottis to the aryte-
noids.
False vocal cords: Mucosal folds superior to the true glottis. 
Separated from true vocal folds by the ventricle.
Ventricle: Mucosal-lined sac, variable in size which separates the 
supraglottis from the glottis.
Glottis: The true vocal folds attach to the thyroid cartilage 
at the anterior commissure. The posterior commissure is mobile, as 
the vocal folds attach to the arytenoids. Motion of the arytenoids 
effects abduction or adduction of the larynx. The bulk of the vocal 

Figure 5 Retropharyngeal air (black arrow) as seen on a lateral 
cervical spine radiograph/esophagogram.

Figure 6 Retropharyngeal air as seen on a noncontrast computed 
tomography scan of the neck.

218 TRACHEAL, LARYNGEAL, AND OROPHARYNGEAL INJURIES

Figure 7 Superior view of laryngeal cartilages together with 
cricothyroid, quadrangular, and related ligaments and membranes.
 (From Gray•s Anatomy, 39th ed. St. Louis, Churchill Livingstone/Mosby, 2004, 
“ gure 36.7, with permission.)
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Figure 9 Third rib •turns the corner.Ž Anteroposterior chest 
radiograph illustrating how the rib cage forms a loose box with the 
third rib at a corner. Arrows denote third rib.

Figure 10 Muscles of thorax: left lateral view.  (Adapted from Gray•s 
Anatomy, 20th ed., plate 392.)
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INTERCOSTAL SPACE

Each intercostal space from super“ cial to deep, has two layers of 
muscle; an artery, a vein, and a nerve; and a diminutive inner layer of 
muscle. The external intercostal muscles run obliquely with “ bers in 
the same orientation as the external oblique muscle of the abdomen 
(“ ngers in pockets). Deep are the internal intercostal muscles running 
in the opposite direction. The intercostal artery, vein, and nerve run 
along the inferior aspect of each rib, occasionally running underneath 
a ledge in the costal groove. To avoid injury to these three structures, 
tube thoracostomies and thoracotomies are directed over the superior 
aspect of each rib or through the middle of the interspace, but not the 
inferior aspect of the rib (Figure 13). The innermost intercostal 
muscles are located deep to the neurovascular bundle and run in the 
same direction as the internal intercostal muscles. While mentioned 
in anatomy texts, surgically, the innermost intercostal muscles do not 
need to be considered separately from the internal intercostal muscle 
(Figure 14). The intercostal arteries originate as segmental branches 
off the descending aorta. The intercostal space, including the underly-
ing pleura, can be harvested as a posteriorly based pedicled muscle 
” ap (Figure 15). This ” ap is useful for reinforcing bronchial or 
esophageal repairs.

The internal mammary artery originates from the subclavian 
arteries bilaterally, and descends on the inside of the chest wall, ap-
proximately 1 cm lateral to the sternum bilaterally (Figure 16).

PLEURAL SPACE

Normally the lung is coupled to the chest wall by the vacuum, which 
exists between the visceral and parietal pleura. With penetration of 
the chest wall air is allowed into the pleural space from the outside or 
more commonly, penetration of the lung allows air to escape from air 
spaces within the lung (alveoli, bronchioles, bronchi) into the pleural 
space. The coupling of the visceral and parietal pleura is broken and 
the potential space, which is the pleural space, becomes a real space. 
The elasticity of the lung causes it to collapse and a pneumothorax is 
formed. The pleural space extends superiorly to where it rises above 
the circumference of the “ rst rib to inferiorly where the diaphragm 
inserts on the costal margin and the 12th rib. Lung may or may not 
be present between the diaphragm and ribs in the lower most 
recesses of the pleural space. Anterior to the pericardium and poste-
rior to the sternum, the two pleural cavities can abut but rarely 
communicate.

DIAPHRAGM

The diaphragm is the movable dome-shaped partition between the 
thoracic and abdominal cavities. With full exhalation, the dome of the 
diaphragm can rise to the level of the fourth interspace anteriorly 
(nipple level). With full inhalation, the diaphragm ” attens, bringing 
the thoracic cavity down to the level of the costal margin anteriorly 
and the 12th rib posteriorly. The muscle “ bers of the diaphragm 
originate from the sternum, the ribs, and the vertebral column. All 
three groups insert on a tough, “ brinous central tendon. Fibers of the 
sternal portion are short, arising as small slips from the back of the 
xiphoid process. Laterally on either side of the xiphoid, “ bers origi-
nate from the inner surface of the lower six costal cartilages (costal 
margin). Posteriorly, “ bers originate from a thick band arching over 
the quadratus lumborum (lateral arcuate ligament) and the psoas 
major (medial arcuate ligament). The paired lateral arcuate ligaments 
extend from the tip and lower margin of the 12th ribs and arch over 
the quadratus lumborum muscle to the transverse processes of L1. 
The paired medial arcuate ligaments complete the journey, arching 
over the psoas major from the tip of the transverse process of the “ rst 
lumbar vertebrae to the tendinous portion of each diaphragmatic 
crus (Figure 17).
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Figure 19 Diaphragmatic incisions 
and branches of the phrenic nerve. 
Incisions are fashioned to avoid 
denervating large portions of the 
diaphragm.  (From Meredino KA, Johnson 
RS, Skinner HH, et al: The 
intradiaphragmatic distribution of the 
phrenic nerve with particular reference to 
the placement of diaphragmatic incisions 
and controlled segmental paralysis. 
Surgery 39:189, 1956.)
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only by the pericardium, right pulmonary veins, esophagus, and 
aorta (from right to left). One-third of the right ventricle and two-
thirds of the left ventricle form the inferior or diaphragmatic 
surface of the heart. This part of the heart is in contact with the 
central portion of the diaphragm. The right atrium and the right 
ventricle form the right surface of the heart. They are related to the 
pericardium, the right lung, and the right phrenic nerve just ante-
rior to the hilum. The left ventricle and the left atrium form 
the left surface. They are related to the same structures as on the 
right but the phrenic nerve runs across the middle of the surface 
(Figure 26).

Coronary Arteries and Veins

Right and left coronary arteries arise from the ascending aorta. The 
right coronary artery supplies the right atrium, the right ventricle, 
the posterior one-third of the interventricular septum and the infe-
rior portion of the septum. The left coronary artery supplies the left 
atrium, the left ventricle and the anterior two-thirds of the interven-
tricular septum. Collateral circulation in the heart is minimal there-
fore occlusion of a coronary artery results in a speci“ c area of myo-
cardial infarction and dysfunction (Figure 27).

The named coronary arteries travel just under the epicardium, 
super“ cial to the myocardium. Lacerations close to a coronary 

artery, but not including the artery, can be repaired with unpled-
geted horizontal mattress sutures of Halsted. Alternatively, pled-
geted horizontal mattress sutures may also be used, placed under 
the coronary bed, effectively repairing the myocardium but not 
occluding the coronary artery (Figure 28). Care should be taken in 
placing and tying the suture so as not to kink the coronary by 
incorporating too much myocardium. If the left anterior descend-
ing artery is the adjacent vessel being avoided, it is possible 
with this suture to occlude a major septal perforator diving deep 
to the vessel.

The venous system of the heart is centered on the coronary sinus, 
which receives the tributaries from the different areas of the heart 
and drains into the posterior aspect of the right atrium just superior 
to the tricuspid valve (see Figure 26B).

Conduction System

The sinoatrial node is the pacemaker of the heart and is located just 
to the right and anterior to the opening of the superior vena cava. 
The impulses are transmitted to the atrioventricular node through 
the wall of the atrium. The atrioventricular node is situated in the 
posteroinferior portion of the interatrial septum just superior 
to the opening of the coronary sinus. From here the impulses travel 
through the bundle of His (atrioventricular bundle) along the 

Figure 21 Pericardial sac, posterior and lateral aspects. Anterior pericardial sac has been 
removed. Heart has been removed.  (Adapted from Grant•s Atlas of Anatomy, 11th ed., 
Philadelphia, Lippincott Williams & Wilkins, 2004, “ gure 1.61, p. 55.)
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Figure 31 Placement of pulmonary artery catheter. (A) Traditional placement of coil is directed toward the wall to the 
patient•s left on a coronal plane, perceiving the tricuspid valve as an opening on a sagittal plane. (B) Tricuspid valve is actually an 
opening on a plane 40…50 degrees off the sagittal plane, and correct orientation will direct the catheter 40…50 degrees more 
toward the ceiling.
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location, it is very susceptible to iatrogenic traction injury by too 
vigorously pulling the lung inferior.

Proximal vascular control of the right pulmonary artery can 
be obtained as it courses under the superior vena cava either by 
encircling the vessel with a vessel loop, careful vascular clamping 
(Figure 35), or if needed, applying a nonselective clamp across the 
entire hilum (Figure 36). A nonselective clamp is sometimes referred 
to as •dirtyŽ clamping because the immediate need is control of hem-
orrhage and structures other than the offending vessel may initially 
be included in the clamp.

From the right chest or a median sternotomy, the superior vena 
cava and inferior vena cava can be clamped. This is termed in” ow 
occlusion and will cause cardiac standstill that can be tolerated 
no more than 3…5 minutes. In desperate circumstances, this allows 
time and visualization to obtain vascular control of a large hemor-
rhage such as from a main or branch pulmonary artery. Once 
the hemorrhage is contained, blood should be allowed to return to 
the heart before performing a de“ nitive repair. Cardioversion 
will be necessary if the heart has “ brillated and should be 
anticipated.

The remaining vascular structure making up the hilum of the 
right lung is the superior pulmonary vein. This vein is seen anteriorly, 
sending a superior branch to the upper lobe, which crosses anterior 
to the pulmonary artery traveling in the horizontal “ ssure and vari-
able branches to the right middle lobe.

The right mainstem bronchus can be visualized on the poste-
rior superior right hilum. It bifurcates from the carina and travels 
underneath the azygous vein. While visualizing the bronchus from 
the posterior hilum, the delicate membranous airway is seen, with 
the bases of the arching bronchial cartilages visible and palpable 
on either side.

Left Hilum

As with the right lung, the left inferior lobe is tethered to the medi-
astinum by the left inferior pulmonary ligament. The superior 
most aspect of this ligament is the left inferior pulmonary vein, 
often with a lymph node in the ligament, just inferior to the vein. 
The superior aspect of the left hilum has the arch of the aorta cross-
ing from the right to the left and from anterior to posterior. The 
superior most structure in the hilum proper is the left main pulmo-
nary artery. The left main pulmonary artery is shorter than the 
right main pulmonary artery. Its “ rst branch is to the left upper 
lobe and is often buried in the medial substance of the lung paren-
chyma. This branch is also vulnerable to injury during inferior re-
traction of the lung. The vagus nerve descends in the left chest an-
terior to the left subclavian artery, crossing the lateral surface of the 
arch of the aorta and diving anterior to the descending aorta to join 
and travel next to the more medially placed esophagus. The vagus 

Figure 33 Hilum of left lung. Dotted line marks incision for pericardial window.  (Adapted from Grant•s Atlas of 
Anatomy, 11th ed., Philadelphia, Lippincott Williams & Wilkins, 2004, “ gure 1.44, p. 44.)
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hemorrhage from the chest wall and from any associated injuries. 
Chest wall hemorrhage in these cases may be life-threatening and 
may mandate emergent thoracotomy. •Damage controlŽ with pack-
ing may be the optimal initial management of these patients. The 
chest defect can be temporarily closed with skin or prosthetic 
material. The de“ nitive closure of these defects, which may require 
tissue-transfer procedures, is best deferred until the patient is fully 
resuscitated, physiologically sound, and able to tolerate a lengthy 
operation.

Rib Fractures and Flail Chest

Rib fractures can result in chest wall pain, chest wall hemorrhage, 
and less commonly, chest wall instability. A ” ail chest is said to exist 
when three or more adjacent ribs are segmentally fractured. The re-
sultant chest wall instability combined with underlying pulmonary 
contusion is responsible for the respiratory insuf“ ciency that devel-
ops in patients after this injury. The pathophysiology and treatment 
of ” ail chest injuries are covered in greater detail on pages 269…277.

Failure to provide suf“ cient analgesia in the setting of chest wall 
injuries has been shown to result in hypoventilation, retained secre-
tions, increased atelectasis and lobar collapse, pneumonia, and respi-
ratory failure.24 Persistence of pain may perpetuate the stress response 
to injury and may have a negative impact on post-traumatic immune 
function.25 Poor pain control will hamper the ability of mechanically 
ventilated patients to be weaned and extubated. The pharmacological 
approach to pain management in chest injury has consisted of the 
use of narcotics with or without regional anesthesia. The addition of 
nonsteroidal anti-in” ammatory drugs (NSAIDs) such as ketorolac 
have also proven effective in relieving pain from mild to moderate 
injuries.

Narcotics

Narcotics are the mainstay for pain control in the majority of trauma 
patients. Narcotic preparations can be given orally, intramuscularly, 
or intravenously. But whereas intramuscular administration has been 
the standard for decades, we strongly advise against this route of 
administration because it is both painful to the patient and results in 
unreliable absorption of the narcotic. With the exception of meperi-
dine (Demerol) however, which narcotic chosen is far less important 

than ensuring adequate dosing for pain control.26 The amount of 
narcotic required for pain control may vary greatly depending upon 
previous or current narcotic use, age, and other factors that alter the 
patient•s perception of pain.

The use of pain scales in combination with performance on in-
centive spirometry can be very effective in determining the adequacy 
of pain control.27 Our current approach is to begin most awake pa-
tients on a patient-controlled analgesia (PCA) regimen using mor-
phine or fentanyl. Later, patients are transitioned to long-acting 
narcotic preparations such as OxyContin or MS-contin with the use 
of oxycodone for breakthrough pain. The addition of an NSAID may 
reduce in” ammation and augment the effect of the oral narcotics. It 
is also important to avoid narcotic induced constipation. This can 
result in severe abdominal pain, nausea, and vomiting in patients 
requiring long-term opioids.

Regional Anesthesia

Rib blocks can be accomplished using a mixture of 1%…2% lidocaine 
with 0.25% bupivacaine to decrease the pain of rib fractures. This 
simple technique involves the administration of 2…3 ml of the anes-
thetic mixture to the inferior rib margin several centimeters poste-
rior to the site of the rib fracture. Optimal analgesia requires block-
ing at least one rib above and one rib below the fracture. The 
limitations of the technique are that the pain control is short-lived 
and that it can only be used for patients with mid or lower rib frac-
tures. Last, in our experience the results vary widely and the risks of 
pneumothorax in patients without a chest tube are real.28

Epidural analgesia/anesthesia is the delivery mode that has been 
shown to have the greatest impact on pulmonary mechanics follow-
ing moderate to severe chest trauma, especially in patients with bilat-
eral injuries.29 There are various combinations of local anesthetics 
and narcotics which have been employed. In our institution, the most 
common combination is fentanyl with bupivacaine. Combination 
therapy can be advantageous because it works via two different 
mechanisms of action. Opioids modulate presynaptic and postsyn-
aptic nerve transmission in dorsal horn neurons by effects on their 
speci“ c receptors. Local anesthetics work by blocking sodium chan-
nels. Thus, the analgesic effects of the two classes of drug are syner-
gistic. Moreover, the potential for side effects is lessened in combina-
tion therapy because the doses of each drug used can be lower than 
the amount used if either were administered alone.

Epidural analgesia has signi“ cant practical problems including 
ileus, pruritus, and urinary retention as well as transient hypoten-
sion. The use of epidural analgesia requires that the spine be docu-
mented to be free of injury, which may be dif“ cult to accomplish for 
several days in severely injured patients. Also, the concomitant use of 
low-molecular-weight heparin (LMWH) in patients with an epidural 
catheter has been implicated in the development of spinal epidural 
hematomas with resultant neurologic de“ cits. Last, epidural cathe-
ters can only be left in place safely for 7…10 days because of the pos-
sibility of epidural abscess formation. Thus, it is strongly recom-
mended that epidural catheters not be placed in mechanically 
ventilated patients until they are ready to be weaned.

The data supporting the use of epidural analgesia is strong. 
Mackersie et al.30 demonstrated that the use of epidural fentanyl was 
associated with signi“ cant improvements in pulmonary mechanics 
with 85% of the patients requiring no additional parenteral narcot-
ics. Intravenous narcotics were associated with increases in PaCO2 
and decreases in PaO2 that were not observed in the epidural group. 
In a randomized prospective trial, Bulger et al.31 reported epidural 
analgesia was associated with half the number of ventilator days 
compared to patients in the opioid group. They also point out that 
the technique was limited in trauma patients due to the presence of 
exclusion criteria in over 50%. Despite these limitations the use of 
epidural analgesia, when feasible, is of considerable bene“ t to pa-
tients following severe chest injury, as it has been strongly associated 

Table 2: Lung Injury Scale

Grade Injury Type Description of Injury

I Contusion Unilateral, �1 lobe
II Contusion Unlateral, 1 lobe

Laceration Simple pneumothorax
Contusion Unilateral, L1 lobe

III Laceration Persistent (�72 hours) air leak 
from distal airway

Hematoma Nonexpanding intraparenchymal
Laceration Major (segmental or lobar) air leak

IV Hematoma Expanding intraparenchymal
Vascular Primary branch intrapulmonary 

vessel disruption
V Vascular Hilar vessel disruption
VI Vascular Total uncontained transaction of 

pulmonary hilum

Adapted from Moore EE, Cogbill TH, Malangoni MA, et al: Organ injury 
scaling. Surg Clin North Am 75(2):293…303, 1995.
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with a decrease in the rate of nosocomial pneumonia and a shorter 
duration of mechanical ventilation.

Pneumothorax and Hemothorax

Rib fractures can also cause injury to the underlying lung paren-
chyma, with resultant hemothoraces or pneumothoraces, although 
these can also occur without evidence of rib fractures. The severity of 
pneumothorax ranges from clinically insigni“ cant to life-threatening. 
Pneumothoraces can be categorized as simple, open, and tension. 
A simple pneumothorax is a collection of air arising from leakage 
of air from an injured lung into the pleural space. An open pneumo-
thorax arises when air enters the thoracic cavity from an open chest 
wound, with equalization of pressure between the thorax and the at-
mosphere. A tension pneumothorax occurs from a •ball-and-valveŽ 
effect in which air enters but does not exit the thoracic cavity, causing 
intrapleural pressure to exceed atmospheric pressure. The resultant 
pressure can cause the heart and great vessels to shift away from 
the side of injury and result in progressive circulatory compromise 
(see Figure 3).

Hemothorax, the presence of blood in the pleural space, can arise 
from either thoracic or abdominal sources. Bleeding from thoracic 
sources can occur from injured lung parenchyma, lacerated intercos-
tal or internal mammary arteries, or the heart and great vessels. He-
mothorax from an abdominal source occurs in the setting of dia-
phragmatic injury with associated abdominal injury, most commonly 
the liver or spleen.

Treatment of pneumothorax depends upon the type. Small sim-
ple pneumothoraces can generally be observed, though larger ones 
require tube thoracostomy. If the patient is stable and a simple pneu-
mothorax is suspected, a CXR is obtained before any intervention. 
This (1) con“ rms the diagnosis and prevents unnecessary chest tube 
placement, (2) helps to exclude unexpected pathology such as a dia-
phragmatic rupture, and (3) may demonstrate other “ ndings (such 
as a large hemothorax or chest wall hematoma) that would affect the 
size or location of chest tube placement. Patients with small pneu-
mothoraces who are stable from the hemodynamic and respiratory 
standpoints may be observed with serial radiographs. Supplemental 
oxygen may be administered to enhance reabsorption of the pneu-
mothorax. Patients with larger pneumothoraces may be treated ei-
ther with standard tube thoracostomy or in select patients a •pigtailŽ 
catheter.

Open and tension pneumothoraces require urgent treatment. The 
treatment of open pneumothoraces requires temporary closure of 
the defect, tube thoracostomy, and then de“ nitive operative closure 
of the chest wall defect. Tension pneumothorax is treated with needle 
decompression followed by tube thoracostomy. If a tension pneumo-
thorax is suspected and the patient manifests any respiratory distress 
or hemodynamic instability, decompression should be performed 
without awaiting radiologic imaging. Emergent chest decompression 
is performed by inserting a 14-gauge IV catheter in the second or 
third intercostal space (approximately two “ nger-breadths below the 
clavicle) in the midclavicular line. A large chest tube is then placed 
(see below).

The treatment goal for hemothoraces, as for pneumothoraces, is 
evacuation of the pleural space and re-expansion of the lung. This is 
accomplished initially through tube thoracostomy. Apposition of the 
visceral and parietal pleurae generally provides de“ nitive control of 
hemorrhage, and thoracotomy is required in less than 10%…15% of 
all chest trauma patients. Patients may occasionally present to the 
trauma bay several hours after injury with a large amount of initial 
drainage from the chest tube. This usually represents the slow accu-
mulation of blood rather than rapid active bleeding, particularly in 
the patient who remains hemodynamically stable. If the hemothorax 
cannot be adequately drained by one chest tube, another one may 
need to be placed. CXR should be obtained immediately after tube 
thoracostomy to demonstrate successful drainage of the pleural 

space and lung re-expansion. If residual blood in the pleural space is 
still suspected and the patient is stable, CT of the chest may help to 
resolve the issue. If an acute hemothorax cannot be adequately 
drained because the chest tube is clotted, operative drainage may be 
necessary as continued bleeding cannot be assessed (Figure 6). Op-
erative treatment can be accomplished either through thoracotomy 
or, in selected stable patients, through video-assisted thoracoscopic 
surgery (VATS).

The chest tube output from any moderate- to large-sized acute 
hemothorax should be collected and auto-transfused. Collection 
systems should be readily available in the trauma emergency depart-
ment (ED), as the largest amount of blood loss occurs immediately 
upon placement of the chest tube. Autotransfusion in our experience 
appears to diminish the coagulopathy and in” ammatory response to 
injury in these patients.

For patients with hemopneumothoraces, admission to a moni-
tored setting and observation are appropriate for patients who re-
main hemodynamically stable, have little or no further hemorrhage 
from the chest tube, demonstrate evacuation of the pleural space on 
CXR, and have no other emergent operative indications. Rapid active 
bleeding or persistent brisk bleeding suggests a signi“ cant lung in-
jury. The need for emergent thoracotomy is strongly suggested when 
more than a liter of blood is immediately evacuated on placement of 
a chest tube. In patients in whom a lower initial volume is drained, 
continued chest tube output of 200 ml/hr for 4 hours is an indication 
for thoracotomy. Observation of patients in this latter group should 
include a repeat CXR to ensure that the slowing of chest tube output 
is not resulting from a clotted hemothorax.

Tube Thoracostomy: Technique and Management

Once the decision is made to place a chest tube, the patient should be 
positioned to allow easy access to the midaxillary line in the “ fth or 
sixth intercostal space. This location is preferred because (1) it is usu-
ally safely above the diaphragm and (2) the chest wall musculature is 
thinnest in this area, thus facilitating the procedure. The chest should 
be cleansed with an antiseptic solution and anesthetized with 10 ml 
of 1% lidocaine in all layers of the chest wall down to the pleura. 
There should be no fear of entering the pleural space when inserting 
a tube thoracostomy! To provide longer analgesia and increase pa-
tient comfort following insertion we suggest mixing the lidocaine 
with an equal volume of 0.25% bupivacaine. Conscious sedation may 
be administered if the patient•s hemodynamic and respiratory status 
permits. A 2-cm skin incision is made over the rib immediately below 
the interspace selected for tube insertion. Sharp dissection proceeds 

Figure 6 Computed tomography scan of patient in Figure 2. The 
large right retained hemothorax (*) is easily seen and can be easily 
differentiated from the lung parenchyma. The clotted hemothorax was 
successfully evacuated by video-assisted thoracoscopic surgery.

*
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directly to the rib, and the pleural space is entered at its superior 
margin, care being taken to avoid the intercostal neurovascular 
bundle at the inferior border of the adjacent superior rib. While a 
clamp is commonly used to •popŽ through the pleural space, we ad-
vocate continuing with the scalpel as it is both easier and less painful 
to the patient. Once the pleural space is entered, digital exploration 
will con“ rm entry into the thorax rather than the lung or abdominal 
cavity. The presence or absence of adhesions should be noted as well. 
Digital exploration is particularly important in the patient who may 
have a diaphragmatic rupture or who has a history of thoracic sur-
gery or pulmonary infection. If no adhesions, diaphragmatic injury, 
or pulmonary pathology is encountered, the chest tube can be safely 
placed. The blind placement of chest tubes with trocars is ill-
advised.

Chest tubes, like most medical devices, have markings to aid in 
placement. Unfortunately, in our experience these are too often ig-
nored by residents placing the tube in the heat of battle, which results 
in tubes that may be poorly positioned. One of the most common 
mistakes is to insert the tube too far in to ensure that it will not •fall 
out.Ž The tube will often bend at the last hole, which will prevent 
adequate drainage (see Figure 2). To prevent this type of malposition, 
the mark at the skin should be evaluated. If the tube is place in the 
midaxillary line at the “ fth interspace, the mark at the skin level in 
most patients should be between 10 and 12. A tube placed deeper is 
likely to be kinked. In addition, once the tube is positioned it should 
be rotated 360 degrees before securing it in place. A tube that cannot 
be rotated freely is presumably kinked or otherwise malpositioned.

Once inserted, the chest tube is connected to suction with an 
underwater seal at a negative pressure of 20 cm of water. A chest ra-
diograph should be obtained after tube placement to con“ rm place-
ment, evacuation of air or ” uid, and proper re-expansion of the lung. 
If intrapleural air or ” uid remains, a second chest tube should be 
placed. Complete evacuation of the pleural space with full pulmo-
nary re-expansion will help to decrease bleeding and air leaks, as well 
as the risk of a post-traumatic empyema. Early surgical intervention 
is indicated for retained blood in the pleural space.

Chest radiographs should be obtained daily to con“ rm resolution of 
the hemopneumothorax. It is not our practice to use prophylactic anti-
biotics with tube thoracostomies, although opinion in the literature is 
divided on this issue.32,33 The chest tube can subsequently be removed 
when there is no air leak and when there is less than 100…150 ml of 
drainage over 24 hours. A prospective study has shown that a 6…8 hour 
trial of water seal decreases the incidence of recurrent pneumothorax 
when compared to chest tube removal with no water seal.34

Should a new air leak be discovered or the lung fails to re-expand, 
several potential causes should be investigated. The connections be-
tween chest tube, canisters, and wall suction should be inspected for 
leaks. The chest tube must be checked to ensure that the last hole has 
not migrated out of the chest wall. If the chest tube is noted to be 
•outŽ immediately after placement, it can be re-prepped and advanced 
a small distance; if detection is delayed, however, the chest tube should 
be removed and replaced at a different site. Placement of the tube 
into the major “ ssure may result in inadequate re-expansion, and 
parenchymal tube placement will result in continuing air leaks. These 
will also require removal and replacement. It is not uncommon for 
pleural space to become loculated or the chest tube occluded some 
time following injury and a tension pneumothorax is always a possi-
bility in a patient on mechanical ventilation even in the presence of a 
chest tube.

Sternal Fractures

Sternal fractures are relatively uncommon and occur most often fol-
lowing blunt trauma. The usual mechanism of injury involves an 
unrestrained driver who strikes the sternum against the steering 
column of an automobile in a deceleration crash. A fall or other 
direct impact to the chest may also cause a sternal fracture. Most 

sternal fractures occur in the upper or mid-portion of the bone.35 
As with scapular fractures, the presence of a sternal fracture should 
be regarded as a marker of potential severe multiple trauma, 
including rib fractures (40%), long-bone fractures (25%), and head 
injuries (18%).

The fracture itself often needs no treatment acutely, and more 
than 95% of patients are treated nonoperatively. While a baseline 
EKG should be obtained, particularly in patients over 40 years of age, 
the need for continuous cardiac monitoring is determined by the 
associated injuries and the patient•s cardiac status rather than by the 
presence of the sternal fracture itself. Most patients will be found to 
have a transient right ventricular dysfunction. The patient with an 
isolated sternal fracture and otherwise normal ED evaluation may be 
discharged.36…38 Similar to rib fractures, the management of sternal 
fractures is symptomatic and consists of analgesic administration 
and the avoidance of motion. Occasionally, patients who have grossly 
displaced fractures or who have persistent pain due to nonunion may 
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “ xation (ORIF). Sternal 
repair can be accomplished though various techniques utilizing wires 
or small plates.
require operative reduction and internal “











THORACIC INJURIES 263

entrapped lung requires mature surgical judgment for early conversion 
to open thoracotomy and avoidance of the risk of further pulmonary 
parenchymal injury or the creation of a bronchopleural “ stula.

Persistent Hemorrhage

Video-assisted thoracoscopic surgery is also useful for patients 
with persistent but slow hemorrhage and no hemodynamic 
instability. Unstable patients with suspected thoracic bleed require 
open thoracotomy. Smith et al.26 performed VATS on “ ve hemody-
namically stable patients for persistent hemorrhage from intercos-
tal vessels. In three patients, the bleeding was successfully con-
trolled with diathermy. Other techniques for hemorrhage control, 
including endoclips or argon beam coagulators, can be used.15 
Intracorporeal suture placement around the rib was used success-
fully in our center for control of a persistent intercostal bleed 
not amenable to endoclip placement. The success rate for the tho-
racoscopic control of a nonhemodynamically compromising hem-
orrhage is around 80% with a thoracotomy conversion rate of 
15%…20%.24,27

Persistent Pneumothorax

The incidence of persistent air leak and lung re-expansion 72 hours 
post…thoracostomy tube placement ranges from 4% to 23%.27,28 
Conservative management with continuous pleural suction leads to 
prolonged chest tube drainage, prolonged hospital length of stay 
(LOS), and increased hospital costs.28 VATS has been shown to be safe 
and effective in the treatment of persistent pneumothorax with de-
creased number of chest tube days, hospital LOS, and cost.9,28,29 In 
our trauma center, endo-GIA staplers are routinely employed to 
staple off the affected lung parenchyma. Recently the use of a topical 
synthetic nonreactive surgical sealant (Coseal by Baxter, Freemont, 
CA) for the creation of an elastic watertight seal has also been re-
ported.17 Chemical pleurodesis or pleural scari“ cation by electroco-
agulation remains a viable option especially in recurrences post-
VATS. Carillo et al.28 reported the successful use of VATS in 10 of 11 
patients with persistent pneumothorax post-traumatic injuries. The 
11th patient was successfully treated with chemical pleurodesis. The 
in” ammatory reaction that occurs with chemical pleurodesis, how-
ever, is often associated with increased pleural edema, drainage, and 
postoperative pain.15 Prior to committing a patient to VATS, it is 

important to aggressively evaluate the cause of the air leak and rule 
out a malfunctioning or a malpositioned chest tube, the presence of 
a foreign body, or a deeply penetrating rib fragment. The patient 
should be evaluated thoroughly with chest CT and bronchoscopy to 
evaluate the tracheobronchial tree, the distal parenchyma, and the 
pleural cavity.

Other Indications/Application

Other indications for use of VATS in chest trauma include diagnosis 
of bronchopleural “ stulas, removal of retained foreign bodies, liga-
tion of injured thoracic duct, drainage of chylothorax, and assess-
ment of cardiac and mediastinal structure.10,15 Although pericardios-
copy for suspected penetrating cardiac injury has been reported as 
feasible and safe in the hemodynamically stable patient, it remains 
very controversial, with potential for iatrogenic life-threatening inju-
ries.30 In a stable patient, the gold standard approach for suspected 
cardiac injury remains the use of echocardiography or subxyphoid 
pericardial window followed by immediate sternotomy or left thora-
cotomy for evacuation of hemopericardium and repair of cardiac 
injury.

Surgical Approach

The operation is performed under general endotracheal intuba-
tion with a dual lumen endotracheal tube. The position of the tube 
is con“ rmed bronchoscopically. The patient is positioned in the 
lateral decubitus position and ” exed at the hip to open the rib 
spaces. The initial port is 10 mm, placed at the site of the existing 
chest tube or in the midaxillary line in the “ fth intercostal space. 
This port is used to introduce a camera with a 30- or 45-degree 
scope into the pleural cavity and to aid in the placement of addi-
tional 5-mm working ports. A maximum of two working ports are 
typically used, along with a 5-mm 30-degree scope to allow com-
plete inspection of the lung and pleural spaces. Insuf” ation is not 
required, although it can be helpful when full lung collapse is not 
achieved. At the end of the procedure, chest tubes are placed under 
direct observation through existing port sites. The lung is then 
in” ated under direct vision. Patient-controlled anesthesia along 
with local intercostal nerve block is used for optimal postoperative 
pain management.

Figure 1 This 48-year-old construction worker was impaled with a 4�4 wooden object. (A) Large 5-cm, full-thickness diaphragm injury 
was noted with underlying liver laceration. (B) Diaphragm was repaired thoracoscopically.

A

B
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Morbidity and Complication Management

The reported complication rates for thoracoscopy are less than 10% 
and the missed injury rates are less than 1%.24,31 The perioperative 
complications include intrathoracic bleed (parietal, intercostal, or 
parenchymal), recurrent pneumothorax, and hemothorax. Other 
complications include intercostal neuritis and iatrogenic lung lacera-
tion. Conversion to open thoracotomy is reported to be less than 8% 
and usually results from pleural adhesions or uncontrollable bleed.31 
This underscores the importance of the timing of the procedures, 
within 5…7 days„early enough to avoid pleural adhesions and “ bro-
sis, and late enough to ensure adequate hemostasis. Persistent air leak 
in the postoperative period is attributed to underlying lung pathol-
ogy such as emphysema or apical bleb disease. Late complications are 
rare and include the development of pneumonia, pleural edema, and 
empyema.9,31 Airway complications from malpositioned dual-lumen 
endotracheal tubes or the development of tension pneumothorax 
during one lung ventilation have also been reported.32

DIAGNOSTIC AND THERAPEUTIC 
ROLE OF BRONCHOSCOPY

Attempts to directly visualize the interior of the airway date as far 
back as the time of Hippocrates. However, the “ rst recorded bron-
choscopy was performed by Gustav Killian of Frieburg, Germany in 
1887. The only available instrument at that time was a rigid broncho-
scope and the principal indications were therapeutic, the commonest 
being removal of inhaled foreign objects. The “ eld was advanced by 
Chevalier Jackson, the father of American bronchoesophagology, 
who designed modern rigid bronchoscopes. In 1963, Shigeto Ikeda 
introduced the ” exible “ broptic bronchoscope, primarily as a diag-
nostic instrument.33 Flexible bronchoscopes were much easier to use, 
and ” exible bronchoscopy became a diagnostic tool with wide ap-
plication. The only therapeutic indication that persisted was removal 
of foreign bodies from within the tracheobronchial tree. Recent tech-
nical advances in the instrument itself and in the availability of other 
therapeutic tools such as stents, electrocautery, lasers, and so on, are 
allowing bronchoscopy to regain a role in therapy and also broaden-
ing its well established diagnostic role. While in some very limited 
situations rigid bronchoscopy may offer some advantages, the ease of 
use and greater experience in the use of ” exible bronchoscopes have 
made rigid bronchoscopy rare in trauma settings.

Basic Technique of Flexible Fibroptic 
Bronchoscopy

Almost all bronchoscopies for trauma patients, whether performed 
in the acute setting soon after trauma or later on for pulmonary 
complications, are performed on patients that have endotracheal 
tubes in place and are mechanically ventilated.

Preparation

The patient should be placed on 100% oxygen, and the ventilator rate 
set at 10…12 breaths per minute. Adequate sedation is essential to 
avoid inducing stress. This is especially important in head injured 
patients as an acute rise in intracranial pressure (ICP) is well docu-
mented during bronchoscopy.34 We use a benzodiazepine (Ativan or 
Versed 2…4 mg intravenously) and a narcotic analgesic (morphine 
4…8 mg intravenously). While bronchoscopy can be performed with-
out paralysis, we have found that, to be able to perform it comfort-
ably, temporary paralysis using vecuronium (10 mg intravenously) is 
very helpful. Adequate time should be given to allow the patient to 
get preoxygenated and the medications to take effect before starting 
the procedure. Recently, bispectral EEG monitoring (BIS) is being 
used to determine optimal sedation. Extra medications should be 
available to be given whenever needed to avoid stress to the body.

The commonly used ” exible bronchoscopes have a uniplanar di-
rection control. To be able to manipulate the scope in the other 
planes, the whole scope needs to be rotated along its longitudinal 
axis. To achieve this, the outside end of the scope is rotated. The ro-
tational movements will not be transmitted to the tip unless the 
scope is straight, and hence the height of the bed should be adjusted 
to keep the scope as straight as possible.

Technique

The basic technique of bronchoscopy is the same irrespective of in-
dication. However, there are minor variations and adjunctive proce-
dures used for various indications. After the height of the bed has 
been adjusted, the patient preoxygenated, and adequate sedation and 
paralysis achieved, a lubricated scope is inserted thought a right an-
gled adaptor that allows some ventilation to continue while the scope 
is within the endotracheal tube. Once the tip of the scope is beyond 
the end of the tube, and the carina is visualized, the two main stem 
bronchi can be identi“ ed by (1) position of the tracheal rings„
de“ cient posteriorly, (2) length of the bronchus„left being longer, 
and (3) angle of take-off„right being straighter. A basic knowledge 
of the lobar anatomy on the two sides and the bronchopleural seg-
ments in each of the lobes is essential for successful scopy. Depending 
on the patient body habitus, the scope can be inserted into III/IV 
order bronchioles. It is important to understand that while suction-
ing and clearing the airway of secretions is an important part of 
bronchoscopy, it does lead to derecruitment by collapsing alveoli; 
hence, like any other medical procedure, the risks and bene“ ts should 
be carefully weighed before embarking on a bronchoscopy and also 
in deciding how much should be done at a given time.

Monitoring

The patient undergoing bronchoscopy under sedation and paraly-
sis needs to be carefully monitored for adequate sedation, and also 
for any cardiorespiratory compromise that may occur during the 
procedure. The monitoring is best left to another person who 
should record vital signs continuously. The most important signs 
to be monitored are (1) heart rate, (2) blood pressure, (3) arterial 
oxygen saturation by pulse oximetry, and (4) ICP, if the patient has 
a monitor in place. If the patient is experiencing stress, the heart 
rate and blood pressure will increase. The procedure should be 
stopped and adequate sedation achieved before continuing. If the 
pulse oximeter shows a decline below 90%, the scope should be 
removed so that the patient can be adequately ventilated and oxy-
genated, except in very rare situations. Last, it is possible for the 
patient to maintain adequate oxygen saturation yet develop ar-
rhythmia, usually bradyarrhythmia, and even cardiac arrest. This 
happens because even though oxygenation is maintained by high 
alveolar oxygen content achieved by preoxygenation, ventilation 
during the procedure is severely compromised, leading to an acute 
rise in PaCO2 and severe respiratory acidosis. This becomes par-
ticularly important in patients with head injury as it can lead to an 
acute and severe rise in ICP with possible deleterious effects on the 
injured brain. If the patient develops any arrhythmia, the scope 
should immediately be removed, and adequate ventilation en-
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Figure 7 Computed tomography of an elderly obese woman with 
steering wheel injury and an anterior ” ail •en cuirasse.Ž Note that 
multiple rib fractures (solid arrows) in both anterior axillary lines 
in this case involved every rib. There is atelectasis and a small 
amount of pleural ” uid, but considering the degree of rib injury this 
patient has little pulmonary contusion. There is an arterial 
hematoma in the anterior chest wall (open arrow). This patient was 
easily managed with pain medication and had no clinical pulmonary 
dysfunction.

and they may develop hypercarbia as ventilation fails. More often, 
though, they do have some element of pulmonary contusion, or they 
develop hypoxemia over time because of atelectasis or poor clearance 
of secretions. Ventilated patients may show little pulmonary dysfunc-
tion resulting from the ” ail chest component of their injury as long 
as their pressure or volume support is suf“ cient to splint the chest 
wall and cause it to move in synchrony.

ANATOMIC LOCATION OF INJURY 
AND INJURY GRADING

The American Association for the Surgery of Trauma-Organ Injury 
Scale (AAST-OIS) for chest trauma as reviewed by Moore and col-
leagues33 is shown in Tables 1 and 2. It should be noted that the scores 
for chest wall and pulmonary injury are separated, but injuries may 
overlap and interact. For instance, the association of a ” ail chest with 
pulmonary contusion results in worse outcomes and greater need for 
intubation than pulmonary contusion only.32 Conversely, many of 
the small pulmonary contusions now found on CT scan alone may 
be of little predictive value, or their signi“ cance may be limited to 
situations where patients are expected to undergo long-bone “ xa-

tion.34 Thus, these scales must clearly be in evolution at the time of 
CT diagnosis of intrathoracic injury (see Tables 1 and 2).

MANAGEMENT

Pulmonary contusion/” ail chest can be viewed as leading to four 
common and important sequelae: (1) pain, (2) mechanical chest 
wall instability, (3) direct lung injury, and (4) secondary (immune) 
lung injury. To differing extents, these all contribute directly or indi-
rectly to pulmonary gas exchange dysfunction and thus can be im-
portant contributors to the morbidity and mortality of multisystem 
injuries.

Immediate Management

Before the early 1980s, the major controversy in early management 
of pulmonary contusion/” ail chest was whether early endotracheal 
intubation should be emphasized or whether attempts should be 
made to avoid intubation. This controversy re” ected the early per-
ception that patients who were intubated had a worse prognosis. 
Richardson and colleagues35 were the “ rst to show that, rather than 
being a causal relationship, this difference in outcomes re” ected 
worse overall injuries in the intubated than the nonintubated group. 
Over time, the established approach (as re” ected in ATLS and other 
algorithms) became early elective use of endotracheal intubation in 
patients presenting with any hypoxemia. Flail chest injuries in par-
ticular are associated with a tendency to early ventilatory failure re-
quiring emergency intubation resulting from unrecognized high 
work of breathing.32 This approach is controversial, however, and 
other workers have suggested aggressive attempts to avoid intuba-
tion.36,37 Analysis of the available data, however, suggests that there 
are no true prospective series available comparing early intubation to 
•intubation on demandŽ in equivalent groups, and that in all reports 
the intubated patients were simply sicker. Such sicker patients simply 
require intubation more often. Thus, in our judgment arguments 
that elective intubation per se leads to worse outcomes are unsup-
ported. Our approach has been the use of early rapid-sequence intu-
bation and ventilation to facilitate diagnosis and management wher-
ever there are severe injuries, with early extubation of patients who 
will tolerate it. Patients who have progressive deterioration of respi-
ratory function despite intubation will require prolonged ventilation 
and intensive care unit (ICU) management.

Intensive Care Unit Management

Pulmonary contusion decreases parenchymal compliance and in-
creases QS/QT. Flail chest causes chest wall dysfunction, pain, and 
inef“ cient mechanical ventilation. These two injuries contribute 
synergistically to hypoventilation and ventilatory failure. Pain and 
impaired coughing contribute to atelectasis and mucus plugging, and 
decreased chest wall expansion under ” ail segments decreases func-
tional residual capacity (FRC).38 Associated systemic injury, shock, 
and pulmonary infections contribute to secondary pulmonary pa-
renchymal injury. All will contribute to shunting and hypoxemia. 
Thus, management of ” ail chest…pulmonary contusion is one of the 
most important and challenging aspects of intensive care in trauma.

General Principles of Ventilator Management

The management of ” ail chest/pulmonary contusion consists in 
great measure of the support of failing pulmonary function by the 
use of a ventilator. In the case of minor injuries, supplemental oxygen 
can be given by mask as needed. True continuous positive airway 
pressure (CPAP) delivered by a tight-“ tting mask has been used to 
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laparotomy, the trauma surgeon should reassess the need for tho-
racotomy in the OR.53…55,66…68,73…76

Operative Management

Emergency Department Thoracotomy

If the patient arrives at the ED in cardiopulmonary arrest, it is neces-
sary to immediately proceed to ED thoracotomy.75,76 The objectives 
of ED thoracotomy follow:

� Resuscitation of agonal patients with penetrating cardiothoracic 
injuries

� Evacuation of pericardial tamponade if there is an associated car-
diac injury

� Direct repair of cardiac lacerations if there is an associated cardiac 
injury65…68

� Control of thoracic hemorrhage
� Prevention of air embolism
� Perform cardiopulmonary resuscitation, which may produce up 

to 60% of the normal ejection fraction
� Control of the pulmonary hemorrhage
� Cross-clamp pulmonary hilum
� Cross-clamp descending thoracic aorta75,76

The technique for ED thoracotomy is described as it pertains to 
its use for patients sustaining penetrating pulmonary injuries arriv-
ing in cardiopulmonary arrest, and should only be performed by 
surgeons that have had appropriate training in the performance of 
this procedure75,76:

 1. Immediate endotracheal intubation and venous access are per-
formed; and simultaneous use of rapid infusion techniques 
complements the resuscitative process. Chest tube insertion in 
the right hemithoracic cavity is also simultaneous.75,76

 2. The left arm is elevated and the thorax is prepped rapidly with 
an antiseptic solution.75,76

 3. A left anterolateral thoracotomy commencing at the lateral bor-
der of the left sternocostal junction and inferior to the nipple is 
carried out and extended laterally to the latissimus dorsi. In fe-
males, the breast is retracted cephalad.75,76

 4. The incision is carried rapidly through skin, subcutaneous tissue, 
and the pectoralis major and serratus anterior muscles until the 
intercostal muscles are reached.75,76

 5. The three layers of these interdigitated muscles are sharply tran-
sected with scissors. The pleura is then opened.75,76

 6. Occasionally, the left fourth and “ fth costochondral cartilages 
are transected to provide greater exposure.75,76

 7. A Finochietto retractor is then placed to separate the ribs. At 
this time, the trauma surgeon should evaluate the extent of 
hemorrhage present within the left hemithoracic cavity. An 
exsan guinating hemorrhage with almost complete loss of the 
patient•s intravascular volume is a reliable indicator of poor 
outcome.13,14,65…68,75,76

 8. The left lung is then elevated medially and the descending tho-
racic aorta is located immediately as it enters the abdomen vita 
the aortic hiatus. The aorta should be palpated to assess the sta-
tus of the remaining blood volume.75,76

 9. The descending thoracic aorta can be temporarily occluded 
against the bodies of the thoracic vertebrae.75,76

10. Before cross-clamping the descending thoracic aorta, a combina-
tion of sharp and blunt dissection commencing at both the su-
perior and inferior borders of the aorta is performed, so that the 
aorta may be carefully encircled between the thumb and index 
“ ngers.75,76

11. Inexperienced surgeons usually commit the error of clamping 
the esophagus, which is located superior to the aorta. A nasogas-
tric tube previously placed can serve as a guide in distinguishing 
the esophagus from the often somewhat empty thoracic 
aorta.75,76

12. A Crafoord-DeBakey aortic cross-clamp should then be placed 
to occlude the aorta.75,76

13. If a cardiac injury is present, the pericardium is then opened 
longitudinally above the phrenic nerve; pericardial clot and 
blood are evacuated and the cardiac injury repaired.65…68,75,76

14. If a pulmonary hilar hematoma or active hemorrhage is present, 
cross-clamping of the pulmonary hilum with a Crafoord-
DeBakey cross-clamp may be necessary.33,35,40,42,75,76,86…90

15. If a parenchymal laceration is detected, it should be clamped 
with Duval clamps.15…17,19,23,41,44,75,77,80,86

16. If the initial injury is located in the right hemithoracic cavity, or 
the previously inserted chest tube returns large quantities of 
blood, or pathology is encountered in the contralateral hemitho-
racic cavity, the sternum is transected sharply and the left antero-
lateral thoracotomy is then converted to a bilateral anterolateral 
thoracotomies.75,76

17. Ligation of one or both internal mammary arteries may be nec-
essary if the left anterolateral thoracotomy has been extended to 
the right hemithoracic cavity.75,76

18. Aggressive ongoing resuscitation is needed with warm, pressure-
driven ” uids via rapid infusers while this procedure is ongo-
ing.75,76,87,88,91,92

19. De“ brillation with internal paddles may be needed, delivering 
10…50 joules.66…68,75,76,89

20. Epinephrine may also be administrated into the right or left 
ventricle or systemically.66…68,75,76,89

21. If air embolism is suspected, the ventricles will need to be aspi-
rated with 16-gauge needles.66…68,75,76

22. Occasionally the use of a temporary pacemaker might be needed 
but outcomes are very poor.66…68,75,76

23. If the patient is successfully resuscitated, immediate and expedi-
ent transportation to the OR is mandated for de“ nitive repair of 
the pulmonary injury or injuries.75,76

Effects of pulmonary hilar cross-clamping

Positive These effects include: (1) preservation and redistribu-
tion of remaining blood volume, (2) improvement in perfusion to 
contralateral uninjured lung, (3) control of hilar hemorrhage, and 
(4) prevention of air emboli.75,76

Negative These effects include: (1) renders cross-clamped lung 
ischemic, (2) imposes a great afterload onto the right ventricle (RV), 
and (3) decreases oxygenation and ventilation to cross-clamped 
lung.75,76

Unknown These effects include: length of safe cross-clamp time 
and incidence of pulmonary reperfusion injury to both the injured 
and uninjured lung.75,76

Effects of thoracic aortic cross-clamping

Positive These effects follow: (1) preservation and redistribution 
of remaining blood volume, (2) improvement of coronary/carotid 
arterial perfusion, (3) reduction of subdiaphragmatic blood ” ow, 
(4) increases in the left ventricular stroke work index (LVSWI), and 
(5) increased myocardial contractility.75,76

Negative These effects include: (1) decreases blood ” ow to the ab-
dominal viscera to approximately 10%, (2) decreases renal blood ” ow 
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to approximately 10%, (3) decreases blood ” ow to the spinal cord to 
approximately 10%, (4) induces anaerobic metabolism, (5) induces 
hypoxia/lactic acidosis, (6) imposes a great afterload onto the left ven-
tricle (LV), and (7) may (rarely) cause paraplegia.75,76

Unknown These effects include: (1) length of safe cross-clamp 
time, and (2) incidence of reperfusion injury.75,76

Operating Room Thoracotomy

Instruments

Special instruments are needed to access the thoracic cavity as well 
as to retract, manipulate, and surgically intervene in the thoracic 
structures and lung (Figure 1). These instruments include the 
following:

� Doyen costal elevators (Figure 2)
� Alexander periostotome (see Figure 2)
� Cameron-Haight periosteal elevators (see Figure 2)
� Bethune rib shears (Figure 3)
� Stille-Horsley bone cutting rongeurs (see Figure 3)
� Lebsche Knife and mallet (see Figure 3)
� Rib raspatory
� Finochietto retractor
� Davidson scapular retractor (Figure 4)

� Allison lung retractors (see Figure 4)
� Semb lung retractors
� Nelson lung dissecting lobectomy scissors (Figure 5)
� Metzenbaum long dissecting scissors (see Figure 5)
� Tuttle thoracic tissue forceps (see Figure 5)
� Duval lung forceps (Figure 6)
� Davidson pulmonary vessel clamps
� Sarot bronchus clamps
� Bailey•s rib approximator (Figure 7)
� Berry sternal needle holder
� vascular clamps75,76,93…95

Adjuncts

Double-lumen tubes are invaluable adjuncts in the management of 
penetrating pulmonary injuries (Figure 8). Although more dif“ cult 
to insert by the anesthesiologists, double-lumen tubes are designed 
to ventilate the right or left lung selectively.64,75,76,78,91 There are two 
types of double-lumen tubes; one is designed for the left and the 
other for the right mainstem bronchus. By in” ating the balloon 
that occludes either the right or left mainstem bronchus, the lung 
can be collapsed, thus allowing the trauma surgeon to operate on a 

288 OPERATIVE MANAGEMENT OF PULMONARY INJURIES: LUNG-SPARING AND FORMAL RESECTIONS

Figure 1 Thoracic instrument tray.

Figure 2 Alexander periostotome, right and left Doyen costal 
elevators, and Cameron-Haight periosteal elevator.

Figure 3 Bethune rib shears, Stille-Horsley bone cutting rongeurs, 
and Lebsche knife and mallet.

Figure 4 Allison lung retractors, and Davidson scapular retractor.
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patient•s hemodynamic instability and/or cardiopulmonary arrest 
demands it.66…68,75,76,95

The anterolateral thoracotomy is also the incision of choice when 
the thoracic cavity needs to be accessed in the presence of an associ-
ated abdominal injury. Anterolateral thoracotomy may be extended 
into bilateral anterolateral thoracotomies if associated pathology is 
found in the contralateral hemithoracic cavity.53,66…68,73,75,76,95

Posterolateral thoracotomy This incision provides for the very 
best exposure for the management of penetrating pulmonary inju-
ries. The disadvantage of this incision is that it is time consuming, 
as it requires a special positioning of the patient on the operating 
table.93…95 Most of these patients are usually transported to the 
operating room with hemodynamic instability and cannot afford 
the luxury of being placed in this position. This incision provides 
suboptimal access for the management of associated cardiac inju-
ries.66…68,75,76,95

Right posterolateral thoracotomy This incision provides access 
to the right lung, the thoracic esophagus up to its most distal portion 
when it crosses anterior to the thoracic aorta into the left hemitho-
racic cavity and superior to the descending thoracic aorta.54,55,95 It 
provides access to the azygous and hemiazygous veins, and is the 
incision of choice for the management of most, if not all, tracheal 
injuries.34,40,93…95

Left posterolateral thoracotomy This incision provides access 
to the left lung, descending thoracic aorta, and the distal-
most portion of the esophagus as it crosses from the right into 
the left hemithoracic cavity and superior to the descending 
thoracic aorta.93…95

Median sternotomy (Duval-Barasty•s incision) This is the in-
cision of choice for the management of patients with associated 
cardiac injuries that arrive with vital signs in the operating 
room.53,66…68,73,75,76,93…95 The right or left hemithoracic cavities can 
be accessed if the mediastinal pleura is sharply transected. This 
provides access to the anterior portions of either the right or left 
lung although exposure of the posterior aspects of the pulmonary 
lobes is suboptimal. Care must be exercised when a signi“ cant 
portion of the lung is mobilized medially into this incision as the 
pulmonary hilar vessels can be rotated at a 90-degree angle, oc-
cluding both the in-” ow and out-” ow causing signi“ cant hemody-
namic compromise to the patient. Similarly, extreme caution must 
be exercised when mobilizing the inferior pulmonary ligaments, as 
an inadvertent iatrogenic injury to the inferior pulmonary vein 
may ensue.75,76,93…95

Adjunct maneuvers

Important adjunct maneuvers used in the management of pulmo-
nary injuries include (1) aortic cross-clamping,75,76,95 (2) pulmonary 
hilar cross-clamping,33,35,75,76,95 (3) complete in-” ow occlusion 
(Shumacker•s maneuver),65…68,75,76,95 (4) pulmonary hilar vessel con-
trol,33,35,75,76,95 (5) control of the main right or left pulmonary ar-
tery,75,76,94,95 and (6) pulmonary vein control.75,76,94,95

Aortic cross-clamping The aorta can be cross-clamped only 
through a left anterolateral thoracotomy. This requires a meticu-
lous combination of sharp and blunt dissection of this vessel 
before its entrance into the abdominal cavity via the aortic hiatus. 
The aorta should be digitally encircled; however, lateral digital dis-
section must be gentle and limited to prevent iatrogenic injuries to 
the intercostal arteries. The esophagus, which lies immediately 
superior to the anterior border of the aorta, must be separated 
before placement of a Crafoord-DeBakey aortic cross-clamp. 
Esophageal identi“ cation is facilitated by the prior insertion of a 
nasogastric tube.75,76,95

Pulmonary hilar cross-clamping This maneuver is used when 
there is a central hilar hematoma or active bleeding from the pulmo-
nary hilum.33,35,95 The hilum of the lung can be isolated using a me-
ticulous combination of sharp and blunt dissection of the perihilar 
tissues to allow for the digital encirclement of all the structures. A 
Crafoord-DeBakey aortic cross-clamp is then placed as close to the 
pericardium as possible.33,35,75,76,95

Complete in-” ow occlusion (Shumacker•s maneuver) 
Shumacker•s maneuver may occasionally be required if there is an 
associated cardiac injury either to the lateral-most aspects of the 
right atrium and/or atriocaval junction. This involves placement of 
Crafoord-DeBakey aortic cross-clamps in the intrapericardial por-
tions of the superior vena cava as well as the inferior vena cava at 
the space of Gibbons. This will allow for immediate emptying of 
the heart. Although it is estimated that the safe period for this ma-
neuver ranges from 1 to 3 minutes, the actual safety period is 
unknown.65…68,75,76,95

Pulmonary hilar vessel control This maneuver is necessary to 
control hemorrhage from the pulmonary artery or vein.33,35,95 The 
dissection and ligation or stapling of pulmonary arteries and veins 
requires a different technique than for systemic vessels. The pul-
monary vessels are thin-walled and fragile. They tear easily and 
cannot be clamped with standard hemostats. The dissection must 
be gentle and meticulous. There is almost always a perivascular 
plane that permits rapid and safe dissection in a vascular 
area. Before encirclement of either the pulmonary artery or 
vein, three sides of the vessels should be dissected completely 
before an attempt is made to pass a Mixter right-angle forceps 
beneath the vessel. If this is not done, perforation is likely. Pulmo-
nary vessels should not be held with vascular forceps as they 
may tear; only the adventitia should be grasped. Either of 
these vessels may be safely held or retracted with Kittner dissec-
tors.33,35,75,76,95

Control of main right or left pulmonary artery This control can 
be extrapleural at the hilum or intrapericardial, which requires lat-
eral cardiac displacement and occasionally transection of the pericar-
dium.75,76,94,95

Pulmonary vein control This control can be extrapleural at the 
hilum or intrapericardial, although the latter maneuver is quite dif-
“ cult.75,76,94,95

Uniform approach to management of pulmonary injuries

A uniform approach to the management of traumatic pulmonary 
injuries has been described. This approach includes the following 
steps95:

1. Evacuate blood and clots from the thoracic cavity.
2. Expose the injured lung.
3. Pack, if necessary, to allow for restoration of depleted intravascu-

lar blood volume.
4. Evaluate for evidence of a hilar and/or central hematoma or hem-

orrhage.
5. Decide whether pulmonary hilar cross-clamping is necessary. If 

this is necessary, place a Crafoord-DeBakey aortic cross-clamp 
across the pulmonary hilum.

6. Proceed to identify bleeding structures within the pulmonary 
parenchyma and control hemorrhage proceeding to sequential 
declamping of the pulmonary hilum.

7. If the pulmonary parenchymal hemorrhage is away from the hi-
lum, clamp the pulmonary injury with Duval lung forceps.

8. Evaluate pericardium and mediastinum.
9. Proceed to repair.
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SURGICAL TECHNIQUES OF REPAIR 
AND RESECTION

The high mortality rates reported for lobectomy and pneumonec-
tomy when performed for the management of traumatic lung in-
juries has served as the impetus to develop quicker and less exten-
sive resection techniques.4,7,19…24,33,35,36,39,41…43,95 These techniques 
have been denominated •lung-sparing techniques,Ž4,7,19,20,22 and 
include suture pneumonorrhaphy,94,95 stapled19 and clamp4,7 pul-
monary tractotomy with selective deep vessel ligation, and non-
anatomic resection.20,94,95 In 2006, Asensio et al.46 reported that 
lung-sparing techniques were used in 80% of 101 patients requir-
ing thoracotomy for the management of traumatic pulmonary 
injuries. The use of adjunct intraoperative tools including the ar-
gon beam coagulator96 and “ brin glue97,98 are valuable adjuncts in 
the trauma surgeon•s armamentarium.

The surgical armamentarium to manage penetrating pulmonary 
injuries discussed below is organized into two broad categories: 
tissue-sparing techniques and resectional procedures.95

Tissue-Sparing Procedures

These procedures include (1) suture pneumonorrhaphy,94,95 (2) sta-
pled pulmonary tractotomy with selective deep vessel ligation,19,20 
(3) clamp pulmonary tractotomy with selective deep vessel liga-
tion,4,7 and (4) nonanatomic resection.20,94,95 It is estimated that ap-
proximately 85% of all penetrating pulmonary injuries can be man-
aged with these techniques.4,7,20,22,46,95

These procedures are indicated for control of hemorrhage, con-
trol of small air leaks, and preservation of pulmonary tissue. They are 
also useful when the pulmonary injury is amenable to reconstruc-
tion.4,7,19,20,22,95

Suture Pneumonorrhaphy

The lung is stabilized with Duval lung forceps. Stay sutures of 
3-0 chromic or other absorbable sutures are placed in the superior 
and inferior aspect of the wound as well as in the lateral aspects, 
and they are used to gently retract the edges. Very “ ne malleable 
ribbon retractors are placed to separate the wound and to provide 
for visualization of the injured vessels, which are then selectively 
ligated with 3-0 chromic sutures or other similarly sized absorb-
able sutures. The same is done for small bronchi. The edges of 
the wound are then approximated with a running locked suture of 
3-0 chromic.94,95

Stapled Pulmonary Tractotomy

In 1997, Asensio et al.19 described a technique for the management 
of penetrating pulmonary injuries, which included the use of a 
linear endo-GIA stapler (Ethicon, Somerville, NJ) to perform 
pulmonary tractotomy with selective vascular ligation. Clamp 
tractotomy was previously described by Wall et al.7 in 1994, 
using aortic clamps. The lung is stabilized with Duval lung forceps 
and ori“ ces of entrance and exit are de“ ned. If need be, the 
overlying visceral pleura is sharply incised with Nelson scissors. 
A GIA 55 or 75 stapler is used to place 3.8-mm staples through 
the ori“ ces of entrance and exit (Figures 10 and 11). This will 
open the tract traversed by the missile or other wounding 
agent, effectively exposing the injured vessels and bronchi, which 
are then selectively ligated utilizing 3-0 chromic or similarly 
sized absorbable sutures (Figure 12). The lung parenchyma 
can then be approximated with a single running locked suture 
of 3-0 chromic or the same size of absorbable suture. The ori“ ces 
of entry and exit are left open for the egress of air and/or blood. 
The integrity of the suture line is tested by having the anesthesi-
ologist in” ate the lung. Air leaks are then detected and 
repaired.19,95

Figure 10 Depicts cavitary effect created by a missile traversing the 
lung. The GIA-55 is then inserted through the ori“ ces of entry and exit.
 (From Asensio JA, et al: Stapled pulmonary tractotomy: a rapid way to control 
hemorrhage in penetrating pulmonary injuries. J Am Coll Surg 185(5):1997.)

Figure 11 The GIA is then closed and “ red to open up the missile 
tract.  (From Asensio JA, et al: Stapled pulmonary tractotomy: a rapid way 
to control hemorrhage in penetrating pulmonary injuries. J Am Coll Surg 
185(5):1997.)

Figure 12 The tract is open and the deep bleeding vessels are 
ligated.  (FromAsensio JA, et al: Stapled pulmonary tractotomy: a rapid way 
to control hemorrhage in penetrating pulmonary injuries. J Am Coll Surg 
185(5):1997.)
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Clamp Pulmonary Tractotomy

The pulmonary tractotomy with selective vascular ligation described 
by Wall et al.7 consists of the same technique as stapled pulmonary 
tractotomy; however, instead of a stapler, two Crafoord-DeBakey 
clamps are placed through the ori“ ces of entrance and exit, and the 
pulmonary tissue between the clamps is sharply transected with ei-
ther Nelson or Metzenbaum scissors.

Nonanatomic Resection

This procedure is indicated when a very small and peripheral portion 
of a lobe or a segment is devitalized.20…24,36,39,41,43,94,95 The area of re-
section is stabilized between Duval lung forceps and a GIA 55 or 75 
stapler with 3.8-mm staples is “ red across, thus resecting the injured 
portion of the lung. The staple line may be oversewn with a running 
locked suture of 3-0 chromic or the same size of absorbable suture, 
although this is not generally necessary.20,95,99,100 Nonanatomic resec-
tions can also be complex and require resections of major segments 
with complex reconstruction. This procedure will require meticulous 
attention in the reconstruction of an injured lobe.94,95

Resectional Procedures

Resectional procedures include formal lobectomy94,95,101 and formal 
pneumonectomy.28,33,35,37,42,94,95 These procedures are indicated for 
(1) control of hemorrhage, (2) resection of devitalized or destroyed 
pulmonary tissue, (3) control of major air leaks from lobar bronchi 
and/or mainstem bronchi not amenable to repair, and (4) control of 
life-threatening hemorrhage.94,95

Formal Lobectomy

This is indicated when there is total lobar tissue destruction, or un-
controllable hemorrhage from the lobar vessels or a large lobar bron-
chial injury, which is destructive and not amenable to repair.94,95

To perform a lobectomy the “ ssures must be separated. Vascu-
lar dissection should be initiated extrapleurally at the hilum 
through a perivascular plane to “ nd the major pulmonary vessels. 
Vascular dissection in the “ ssures identi“ es the lobar vessels. Tran-
section of the inferior pulmonary ligament distally will allow 
greater mobility of the lower lobes of both lungs. All pulmonary 
vessels, whether they be the main lobar vessels or segmental ves-
sels, can be ligated in continuity and trans“ xed with nonabsorb-
able sutures. Alternatively, they may be stapled with a TA-30, 
TA-45, or TA-90, with 3.5-mm staples, or an endovascular stapler. 
All pulmonary vessels may also be oversewn with 4-0, 5-0, or 6-0 
mono“ lament polypropylene sutures.94,95

The bronchi, whether they be the main, lobar, or segmental, 
should be stapled and transected with a TA-30, TA-45, or TA-90 
stapler, with 4.8-mm staples.94,95,101 This is the preferred method 
for handling all bronchial structures. Bronchi may also be tran-
sected utilizing Sarot lung clamps and sutured with 4-0 Tev-Dek 
synthetic sutures. Should a suture technique be chosen, the trauma 
surgeon should avoid grasping the cut end of a bronchus with any 
instrument. The suture technique involves clamping the bronchus 
distal to the intended point of transection. The bronchus is cut 
transversely for 4…5 mm, and the cut end is sutured with a 4-0 Tev-
Dek. These sutures should be tied very carefully to avoid cutting or 
unnecessary devascularization. After placement of two sutures, the 
cut end is extended and additional sutures are placed. The sutures 
should be 2…3 mm apart. For a main bronchus, more than six su-
tures are seldom required. For a lobar bronchus, three or four su-
tures are usually enough. Too many sutures devascularize the 
transected bronchus. After closure is complete, the suture line is 
immersed in saline, and the lung is in” ated by the anesthesiologist 
with up to 45 cm of in” ation pressure. Additional sutures are 
placed if an air leak is detected.94,95

After a lobectomy is performed, the remaining lobes are pexed to 
the thoracic wall with 2-0 chromic sutures to prevent lung torsion; 
this is very important. The bronchial stump may be covered with a 
pleural ” ap or pericardial fat, known as Brewer•s patch. These tech-
niques are of unproven value. An intercostal pedicled muscle ” ap is 
probably superior, but it is time consuming.94,95

Right upper lobectomy

To perform a right upper lobectomy, both the pulmonary artery 
and the vein are dissected peripherally toward the right upper lobe 
to carefully delineate the lobe•s individual blood supply. First, the 
anterior and apico-posterior segmental branches of the main pul-
monary artery to the upper lobe are ligated in continuity with 2-0 
silk sutures, divided, and trans“ xed proximally with 3-0 silk suture 
ligatures. Within the major “ ssure, the posterior segmental branch 
of the upper lobe is identi“ ed, ligated, trans“ xed, and divided in a 
similar fashion. Within the minor “ ssure that exists between the 
upper and middle lobes, the pulmonary venous drainage from the 
upper lobe is identi“ ed and carefully dissected. The vein is ligated 
in continuity with 0 silk sutures, trans“ xed with 2-0 silk suture, 
and divided. At this point, the lung is retracted forward to gain 
access to the posteriorly placed bronchus. The right mainstem 
bronchus and the carina are identi“ ed. The upper lobe bronchus is 
identi“ ed and transected with a TA-30 or TA-45 stapler with 
4.8-mm staples.94,95

Right middle lobectomy

For a right middle lobectomy, the pulmonary artery branch to the 
middle lobe is identi“ ed, ligated with 0 silk sutures, trans“ xed with 
2-0 silk sutures, and divided. The middle lobe division of the supe-
rior pulmonary vein is similarly ligated with 0 silk sutures, trans“ xed 
with 2-0 silk sutures, and divided. With these two vessels addressed, 
the trauma surgeon carefully isolates the middle lobe bronchus, 
which is then transected with a TA-30 or TA-45 stapler with 4.8-mm 
staples.94,95

Right lower lobectomy

To perform a right lower lobectomy, the main pulmonary artery is 
followed in the major “ ssure, and the segmental branches to the 
lower lobe are identi“ ed. The superior and basal segmental branches 
to the lower lobe are carefully identi“ ed, ligated in continuity with 
0 silk sutures, trans“ xed with 2-0 silk sutures, and divided. Particu-
lar care is taken to avoid injury to the middle lobe arteries. Next, 
attention is directed to the inferior pulmonary vein, where, after the 
surgeon has ensured that any drainage from the middle lobe is pro-
tected, the inferior pulmonary vein is ligated in continuity with 
0 silk sutures and trans“ xed with 2-0 silk sutures and transected. 
Again, within the same major “ ssure, the superior segmental and 
the basal segmental bronchi are individually identi“ ed and tran-
sected with a TA-30 or TA-45 stapler with 4.8-mm staples.94,95

Left upper lobectomy

To perform a left upper lobectomy, the interlobar “ ssure is separated 
by a meticulous combination of sharp and blunt dissection. If the 
interlobar “ ssure is not complete, it can be divided with a TA-30 or 
TA-45 with 3.8-mm staples. Arterial dissection is begun at the junc-
tion of the upper third with the middle third of the “ ssure. The ar-
tery is exposed. The perivascular plane is entered, and the individual 
segmental branches to the upper lobe are identi“ ed, carefully dis-
sected, ligated in continuity with 0 silk sutures, and then trans“ xed 
with 2-0 silk sutures. Similarly, the superior pulmonary vein and 
branches to the left upper lobe are identi“ ed, ligated in continuity 
with 0 silk sutures, and trans“ xed with 2-0 silk sutures. The left upper 
lobar bronchus is then identi“ ed and transected with a TA-45 with 
4.8-mm staples.94,95
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Left lower lobectomy

To perform a left lower lobectomy, the same steps are taken as for a 
left upper lobectomy; however, the arterial and venous dissection 
are directed forward the appropriate left lower lobar vessels. The 
lingular artery or arteries, as there may be two identi“ ed, are ligated 
in continuity with 0 silk sutures and trans“ xed with 2-0 silk sutures. 
The left lower lobar bronchus is then identi“ ed and transected with 
a TA-30 or TA-45 with 4.8-mm staples.94,95

Pneumonectomy

Right pneumonectomy

Exploration of the right hemithoracic cavity is carried out, and the 
azygous vein is identi“ ed. The right pulmonary hilum is located. Using 
a meticulous combination of sharp and blunt dissection, the right main 
pulmonary artery is identi“ ed and encircled with a vessel loop; avoid-
ance of undue traction is key. The right inferior pulmonary ligament is 
sharply transected. Both superior and inferior pulmonary veins are 
identi“ ed and encircled with vessel loops. All vessels may be either li-
gated in continuity or stapled individually utilizing a TA-30 or TA-45 
stapler with 3.5-mm staples or an endovascular stapler. The right main-
stem bronchus is then identi“ ed and encircled. The trauma surgeon 
must be careful not to apply undue traction to avoid tearing subcarinal 
structures. The bronchus is then transected with a TA-30 or TA-45 sta-
pler with 4.8-mm staples.28,33,35,37,42,94,95

Left pneumonectomy

A thorough exploration of the left hemithoracic cavity is carried 
out. The phrenic, vagus, and left recurrent laryngeal nerves are 
identi“ ed and preserved. The left pulmonary hilum is located. Us-
ing a meticulous combination of sharp and blunt dissection, the 
left main pulmonary artery is identi“ ed and encircled with a vessel 
loop; avoidance of undue traction is key. The left inferior pulmo-
nary ligament is sharply transected. Both superior and inferior 
pulmonary veins are identi“ ed and encircled with vessel loops. All 
vessels may be either ligated in continuity or stapled utilizing a 
TA-30 or TA-45 stapler with 3.5-mm staples or an endovascular 
stapler. The left mainstem bronchus is then identi“ ed and encir-
cled. The trauma surgeon must be careful not to apply undue trac-
tion to avoid tearing subcarinal structures. The bronchus is then 
transected with a TA-30 or TA-45 stapler with 4.8-mm sta-
ples.28,33,35,37,42,94,95

Alternate technique for pneumonectomy (right or left)

If the patient is exsanguinating from a central hilar vascular injury, 
the pulmonary hilum may be digitally encircled and compressed to 
allow the anesthesiologist to replace the lost intravascular volume. A 
Crafoord-DeBakey aortic cross-clamp is then placed a few centime-
ters from the mediastinal pleura. If this maneuver controls the life-
threatening hemorrhage, extrapleural dissection of hilar vessels may 
be carried out and individual vessels ligated. If this maneuver cannot 
be performed, if it does not contain the hemorrhage, or if the cross-
clamp is required in a very proximal location, the pericardium may 
have to be opened to control the pulmonary artery and the pulmo-
nary veins. Intrapericardial control of the pulmonary veins is quite 
dif“ cult and requires lateral displacement of the heart.28,33,35,37,42,94,95 
This can be accomplished using a Satinsky clamp placed in the right 
auricle. It may even require total in” ow occlusion with a Shumacker•s 
maneuver.66…68

Alternatively, a TA-90 stapler with 4.8-mm staples may be placed 
across the pulmonary hilum and “ red transecting the pulmonary 
artery, pulmonary veins, and mainstem bronchus. In most cases, this 
controls the hemorrhage if the injuries to the pulmonary artery or 
veins are found in an extrapericardial location. If this does not con-
trol the bleeding, then intrapericardial control of the pulmonary 
vessels will be needed.42,94,95

PROGNOSTIC FACTORS 
AND OUTCOMES

Factors associated with survival for pulmonary injuries requiring 
surgical intervention include the following: mechanism of injury and 
type of wounding agents15,20-25,30,33,35,36,39-45,50,52,70,74,75,77,95,102…108; pre-
hospital transport time42,48,65…68,95,109; presence of shock at the scene 
or upon arrival39,42,65,67,68,75,76,95; loss of the airway34,78,95,102,103; pres-
ence of associated injuries45,48,95; complexity of the surgical proce-
dure40,48; and location of the injury.95

Mechanism of Injury and Type of Wounding 
Agents

It is known that pulmonary injuries in civilian life are caused by 
both blunt and penetrating mechanisms.21,45 Most commonly, pen-
etrating pulmonary injuries are produced by knives and low-velocity 
missiles; although the incidence of injuries caused by high-velocity 
missiles is increasing.21,45,104…108 Civilian penetrating injuries to the 
lung secondary to high-velocity missiles are associated with higher 
mortality rates than low-velocity missiles and stab wounds.15,

20…25,30,33,35,36,39…45,50,74,75,77,95,106

In a multicenter study dealing with traumatic pulmonary injuries 
in the civilian arena, Karmy-Jones and colleagues107 reported that 
blunt mechanism of injury tends to provide more extensive injury to 
pulmonary parenchyma requiring extensive resections in case of need 
for surgery. Blunt trauma is associated with a 3 to 10 times greater risk 
of death when compared with penetrating trauma.21,24,45,52

In warfare, most pulmonary injuries are caused by penetrating 
mechanisms, such as shell fragments, shrapnel, and high-velocity 
missiles, although extensive damage is also observed with explosive 
wounds.47,48,79…81 Zakharia et al.47 and Petricevic and colleagues48 re-
ported a higher mortality rate among patients sustaining pulmonary 
lesions secondary to explosive devices and destructive injuries in-
” icted by high-velocity missiles, than in those patients sustaining 
stab wounds or falls.

Prehospital Transport Time

The •scoop-and-runŽ doctrine of Gervin and Fischer65…68,109 might 
improve the survival prospects of some patients with time-related 
deterioration resulting from torso injuries. Wagner et al.42 reported 
that rapidity of prehospital transport of patients with severe pene-
trating pulmonary injuries results in better outcomes, concluding 
that a well-organized trauma service caring for patients within the 
framework of well-de“ ned protocols, increases the survival rate. This 
fact was also reported by Petricevic and colleagues,48 who pointed 
out that the key for success in the treatment of patients sustaining 
traumatic pulmonary injuries during wartime, is rapid transporta-
tion of the wounded to surgical centers.

Presence of Shock at Scene or upon Arrival

Well-known physiologic factors predictive of high mortality in patients 
with traumatic pulmonary injuries include prehospital and ED absence 
of both vital signs and cardiac rhythm. Similarly, the absence of a pal-
pable pulse in the presence of cardiopulmonary arrest is also predictive 
of high mortality.75,76 Robison et al.39 reported a mortality rate of 85% 
among patients presenting with cardiopulmonary arrest upon arrival to 
the ED, while Wagner and colleagues42 reported that hypotensive pa-
tients sustaining penetrating pulmonary injuries with systolic blood 
pressures less than 90 mm Hg had a mortality rate of 90%.

Buckman et al.,65 using the cardiovascular and respiratory com-
ponents of the trauma score (CVRS) on admission of patients sus-
taining penetrating cardiac injuries, concluded that prospective 
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physiologic scoring is helpful in predicting outcomes. Physiologic 
factors and CVRS have been further validated by Asensio et al.67,68 as 
important predictive factors of outcome, in two prospective studies 
dealing with this type of lethal injuries. It would be appropriate to 
extrapolate that these physiologic variables can play the same signi“ -
cant role among patients sustaining traumatic pulmonary injuries.

Loss of Airway

It is known that the highest priority in the resuscitation of the critical 
injured patient lies in achieving a rapid and secure airway regardless of 
setting wherever performed, and this dictum includes, of course, pa-
tients sustaining traumatic pulmonary injuries. Unsolved loss of the 
airway is uniformly fatal.34,78,102,103 As reported by Asensio et al.,103 the 
vast majority of trauma patients treated at the ED in certi“ ed trauma 
centers in which endotracheal intubation is indicated will have a se-
cured airway by means of this procedure. Occasionally endotracheal 
intubation is unsuccessful or contraindicated, and a surgical airway is 
required; in this case, emergency surgical cricothyroidotomy should be 
performed.34,78,102,103 Inoue and colleagues78 reported a strategy to se-
cure the airway in patients with traumatic pulmonary injuries, consist-
ing of selective exclusion of the injured lung by using endotracheal 
tubes with a moveable bronchial occlusion cuff (Univent®, Fuji Systems 
Corporation, Tokyo). By means of this strategy, occlusion by blood of 
the airways of the noninjured lung is prevented.

Presence of Associated Injuries

The presence of associated injuries, particularly cardiac or thoracic 
vascular injuries, uniformly increases mortality. Similarly, the pres-
ence of complex associated abdominal injuries is also known to in-
crease mortality in these patients.

Complexity of Surgical Procedure

Several authors have pointed out that the complexity of the surgical 
procedure is closely related to the mortality rate. Wall et al.,4,7 Velma-
hos and colleagues,20 and Cothren et al.22 have established that the 
use of lung-sparing procedures correlates with lower rates of mortal-
ity than more extensive resective procedures. The mortality rate 
reported in the literature for pneumonorrhaphy, stapled tractotomy, 
clamp tractotomy, and wedge/nonanatomic resections varies. In 
contrast, the mortality rate reported for anatomic lobectomy is 
40%…50%, and for pneumonectomy, 60%…100%.

Wagner and colleagues42 reported a 50% mortality rate among 
patients requiring pneumonectomy for trauma, while Thompson and 
associates40 reported 54.5% mortality rate for lobectomy and 100% 
for pneumonectomy; the overall mortality for this series was 28%, 
and the mortality for pneumonorrhaphy was 3%, and for tractotomy, 
17%. In 1993, Tominaga et al.41 reported an overall mortality rate of 
33%; the authors correlated the complexity of the surgical procedure 
on the lung with mortality, reporting a rate of 20% for nonanatomic 
resections, 33% for lobectomy, and 50% for pneumonectomy. In 
1991, Velmahos et al.20 reported an overall mortality rate of 5% 
among patients requiring thoracotomy for penetrating lung injuries. 
In this study, the authors focused on techniques employed to deal 
with these injuries. The mortality rate among patients requiring lung-
sparing surgery was 3%, compared with 20% for those requiring re-
sective techniques. Stewart et al.43 reported an overall mortality rate of 
12.5% among patients requiring pulmonary resection for pulmonary 
injuries and concluded that the use of stapled resections could be a 
factor related to the low mortality in the series. Karmy-Jones et al.45 
reported that mortality increased with each step of increasing com-
plexity of the surgical technique, with pneumonorrhaphy at 9%; sta-
pled tractotomy, 13%; wedge resection, 30%; lobectomy, 43%; and 

pneumonectomy, 50%. In 2002, Cothren et al.22 reported an overall 
mortality rate of 30% among 36 patients requiring thoracotomy for 
severe lung injuries, and compared mortality rates for patients requir-
ing anatomic resection at 77%, versus a 4% mortality rate for those 
patients that underwent nonanatomic resections. The authors re-
ported that stapled tractotomy correlated with a signi“ cant reduction 
in mortality. Huh and colleagues,24 also focusing on the level of com-
plexity of the lung intervention, described a mortality rate of 24% for 
pneumonorrhaphy, 9.1% for tractotomy, 20% for wedge resection, 
35% for lobectomy, and 69.7% for pneumonectomy.

Location of Injury

Wagner and associates42 pointed out that injury to the hilar pulmonary 
vasculature is associated with greater than 70% of mortality. Wiencek 
and Wilson35 reported a mortality rate of 63% among patients sustain-
ing central/hilar lung injuries secondary to gunshot wounds, while the 
mortality rate among patients with hilar injuries resulting from stab 
wounds was 44%. The major causes of death in this series were exsan-
guination, and possibly air embolism. These authors also reported an 
overall mortality rate of 56% among patients with penetrating central 
pulmonary injuries. Petricevic and colleagues48 pointed out that the 
mortality rate is much higher if lung injury is combined with one or 
more extrathoracic lesions (from 6% to 14% to as much as 55%).

MORBIDITY

According to Asensio et al.,95 complications related to the presence of 
a traumatic pulmonary injury or surgical management are classi“ ed 
into three main categories: intraoperative, short-term postoperative, 
and long-term postoperative complications.

Intraoperative Complications

These complications comprise univentricular failure (usually right 
ventricular failure) and biventricular failure.

Short-Term Postoperative Complications

Technical short-term complications follow:

� Lung hernia
� Lung torsion
� Bronchopleural “ stulas
� Arteriovenous “ stulas
� Bronchial stump leaks
� Bronchial stump blowouts

Physiological short-term complications follow:

� Right ventricular failure
� Pulmonary artery hypertension
� •Run-awayŽ pulmonary artery hypertension
� Biventricular failure

Long-Term Postoperative Complications

These complications are classi“ ed as follows:

� Persistent bronchopleural “ stula
� Bronchial stenosis
� Empyema
� Lung abscess
� Bronchiectasis
� Arteriovenous “ stula
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In 1979, Graham et al.36 described the presence of 155 postoperative 
complications among 108 of 373 patients sustaining penetrating inju-
ries to the lung, for a morbidity rate of 29% and an average number of 
1.43 complications per patient. The most common causes of morbidity 
included postoperative hemorrhage, at 32%; atelectasis, 13%; recurrent 
pneumothorax, 10%; persistent air leak, 9%; wound infection, 8%; and 
pneumonia, 6%. Postoperative hemorrhage and persistent air leak were 
major indications for surgical reintervention. Robison39 reported a 
morbidity rate of 70% among patients requiring thoracotomy for resec-
tive surgery of lung injuries. The most frequent postoperative complica-
tions included hemoptysis, bronchopleural “ stula, air embolism, sepsis, 
and respiratory insuf“ ciency.

MORTALITY

The overall mortality rate reported in the literature for patients 
with traumatic pulmonary injuries ranges from 1.7% to 37%. 
There are many factors signi“ cantly associated with mortality. The 
factors repeatedly mentioned in various series as outcome deter-
minants are the physiologic status of the patient after injury, com-
plexity of the pulmonary surgical intervention, number of 
associated injuries (especially cardiac injury), and need for addi-
tional surgical interventions.

In 1979, Graham et al.36 reported an overall mortality rate of 8% 
among patients sustaining penetrating pulmonary injuries. The mor-
tality rate among patients requiring only tube thoracostomy was 3%, 
versus 6% for those requiring thoracotomy. Major causes of death 
were respiratory insuf“ ciency, at 36%; shock/hemorrhage, 32%; sep-
sis, 11%; central nervous system injury, 11%; air embolism, 7%, and 
tracheoesophageal “ stula, 4%. Robison39 in 1988 reported an overall 
mortality rate of 2.4%, with sepsis, the presence of associated injuries, 
air embolism, and exsanguination (notoriously common in central 
lung injuries) determined to be major causes of mortality.

In 1988, Wiencek and Wilson35 reported a mortality rate of 56% 
among patients sustaining central/hilar vascular injuries to the lung 
and concluded that exsanguination and air embolism play a cardinal 
role as cause of death in these patients. In 1993, Tominaga et al.41 
reported an overall mortality rate of 33% and noticed the role that 
complexity of the pulmonary surgical procedure played on mortality, 
describing a mortality rate of 20% for nonanatomic resections, 33% 
for lobectomy, and 50% for pneumonectomy. Velmahos, Asensio, 
and colleagues20 reported in 1999 an overall mortality rate of 5% 
among patients who underwent thoracotomy for penetrating lung 
injuries; the authors focused on the techniques employed to deal 
with these injuries and reported that mortality rates among patients 
requiring lung-sparing surgery was 3% versus 20% for those requir-
ing resective techniques.

In 1997, Petricevic and colleagues48 reported an overall mortality 
rate of 1.7% among patients sustaining traumatic pulmonary inju-
ries during the war in Croatia; causes of death were identi“ ed as 
hemorrhage and irreversible shock, 30%, and septic complications, 
70%. Stewart et al.43 reported an overall mortality rate of 12.5% 
among patients requiring pulmonary resection for lung trauma, 
concluding that the use of stapled resections could be a factor related 
to the low mortality in the series.

In 2001, Karmy-Jones et al.,21,45 in a retrospective multicenter 
4-year study, reported an overall mortality rate of 9% among 451 pa-
tients requiring thoracotomy for traumatic pulmonary injuries. Strati-
“ ed by mechanism of injury, blunt trauma accounted for 68% and 
penetrating trauma 19%. Mortality increased with complexity of the 
surgical technique required to manage these injuries: for pneumonor-
rhaphy, the mortality rate was 9%; stapled tractotomy, 13%; wedge re-
section, 30%; lobectomy, 43%; and pneumonectomy, 50%. Blunt inju-
ries were associated with a 10 times greater risk of death compared with 
penetrating trauma. Factors identi“ ed by univariate analysis as being 
signi“ cantly associated with mortality included mechanism„blunt 
versus penetrating trauma, high head/neck Abbreviated Injury Score, 

need for laparotomy, and presenting systolic blood pressure on arrival 
in operating room. When these factors were entered along with type of 
lung repair/resection„suture, stapled tractotomy, wedge resection, lo-
bectomy, and pneumonectomy„into a stepwise model regression 
analysis, factors that retained signi“ cance were mechanism of injury, 
presenting systolic blood pressure on arrival in operating room, and 
increasing degree of pulmonary resection.

In 2001, Gasparri et al.25 described an overall mortality rate of 
16% among patients requiring pulmonary parenchymal interven-
tions for lung trauma. Mortality was signi“ cantly higher in the pres-
ence of low systolic blood pressure, low temperature, high Injury 
Severity Score, large estimated blood losses, associated cardiac inju-
ries, and the need for laparotomy. However, the authors did not “ nd 
a correlation between the complexity of the operative intervention 
on the lung and the outcome. Cothren and colleagues22 reported an 
overall mortality rate of 30% among 36 patients requiring thoracot-
omy for severe lung injuries. The mortality rate for patients with 
anatomic resection was 77%, compared with 4% among patients 
who underwent nonanatomic resection. The authors reported that 
stapled tractotomy was related with a signi“ cant reduction in mor-
tality. Huh et al.24 reported an overall mortality rate of 28% among 
patients requiring thoracotomy for traumatic pulmonary injuries, 
and reported that if a concomitant laparotomy was required, mortal-
ity increased to 33%. The authors focused on the level of complexity 
of the lung intervention, and described a mortality rate of 23.9% for 
pneumonorrhaphy, 9.1% for stapled tractotomy, 20% for wedge re-
section, 35% for lobectomy, and 69.7% for pneumonectomy. In 2006, 
Asensio and colleagues46 reported an overall mortality rate of 37% 
among 101 patients requiring thoracotomy for penetrating pulmo-
nary injuries; seven of these patients (19%) required an EDT and did 
not reach the OR.

CONCLUSIONS

Pulmonary injuries requiring thoracotomy are uncommon even in 
busy urban trauma centers. Their operative management requires 
excellent surgical technique to prevent postoperative complications. 
Simpler surgical techniques such as pneumonorrhaphy and wedge 
resections are frequently used for their management. Stapled pulmo-
nary tractotomy has become the most frequently used lung sparing 
procedure and can be used effectively to manage 85% of all pulmo-
nary injuries requiring surgical intervention. Despite recent advances 
in trauma surgery and surgical critical care, pulmonary injuries, 
particularly those requiring resective procedures, are marked by high 
morbidity and mortality.
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those who are hemodynamically stable and may undergo diagnostic 
studies, those who are hemodynamically unstable but will respond to 
” uid resuscitation and allow for rapid transport to the operating 
room (OR), and those who present in cardiopulmonary arrest and 
will necessitate life-saving surgical interventions such as ED thora-
cotomy. Patients can be initially and rapidly evaluated with FAST, 
chest x-ray, and optionally an electrocardiogram (EKG). Volume re-
suscitation with lactated Ringer and O- or type-speci“ c blood should 
be initiated. An arterial blood gas to determine initial pH and base 
de“ cit and lactic acid level should also be obtained. However, a sig-
ni“ cant majority of these patients will arrive •in extremisŽ requiring 
life-saving interventions.38,39,41,44

Emergency department thoracotomy

Emergency department thoracotomy is a surgical procedure of great 
value if undertaken after strict indications for its performance. This 
procedure is routinely performed in urban trauma centers that re-
ceive patients •in extremis.Ž When performed in an expedient fash-
ion, ED thoracotomy, aortic cross-clamping, and cardiorrhaphy are 
successful in salvaging approximately 10% of all penetrating cardiac 
injuries. Open cardiopulmonary massage after de“ nitive repair of 
penetrating cardiac injuries is more effective in producing a greater 
ejection fraction. Similarly, lacerations of major thoracic blood ves-
sels can also be controlled by means of vascular clamps.41,44

Prehospital factors predictive of poor outcome include absence of 
vital signs, “ xed and dilated pupils, absence of cardiac rhythm, absence 
of motion in the extremities, absence of a palpable pulse, and the pres-
ence of cardiopulmonary arrest are predictors of poor outcome.41,44

Generally accepted indications for this procedure include cardio-
pulmonary arrest secondary to penetrating thoracic injuries and 
profound shock with systolic blood pressures of less than 60 mm Hg 
because of exsanguinating hemorrhage or pericardial tamponade. 
Cardiopulmonary arrest secondary to blunt injury is generally a 
contraindication to the performance of this procedure.41,42,44

Objectives to be achieved with this procedure include resuscita-
tion of agonal patients arriving with penetrating cardiothoracic in-
juries, evacuation of pericardial tamponade, control of massive 
intrathoracic hemorrhage secondary to cardiovascular injuries, pre-
vention of air emboli, and restoration of cardiac function using 
open cardiopulmonary massage. Other objectives accomplished in-
clude de“ nitive repairs of penetrating cardiac injuries and control of 
exsanguinating thoracic vascular injuries. Similarly, cross-clamping 
of the descending thoracic aorta, redistributing the remaining blood 
volume to perfuse the carotid and coronary arteries, is achieved with 
this technique.41,42,44

Emergency department thoracotomy should be performed si-
multaneously with the initial assessment evaluation and resuscita-
tion, using the ATLS53 protocols by trained trauma surgeons. Simi-
larly, immediate venous access with simultaneous use of rapid 
infusion techniques complements the resuscitative process. A left 
anterolateral thoracotomy commencing at the lateral border of the 
left sternocostal junction and inferior to the nipple is carried out and 
extended laterally to the latissimus dorsi. In females, the breast is re-
tracted cephalad. This incision is rapidly carried through skin until 
the intercostal muscles have been reached and sharply transected. A 
Finochietto retractor is then placed to separate the ribs. The lung is 
then elevated medially, and the thoracic aorta is located immediately 
as it enters the abdomen via the aortic hiatus. The aorta should then 
be palpated to assess the status of the remaining blood volume. It can 
also be temporarily occluded digitally against the bodies of the lower 
thoracic vertebrae. To fully cross-clamp the aorta, a combination of 
sharp and blunt dissection commencing at both the superior and 
inferior borders of the aorta is performed, so that the aorta may be 
encircled between the thumb and index “ ngers; this facilitates the 
aortic cross-clamp to be placed safely. Trauma surgeons should then 
observe the pericardium and search for the presence of an injury. The 
pericardium is usually tense and discolored in the presence of tam-

ponade. A longitudinal opening in the pericardial sac is then made 
anterior to the phrenic nerve and extended both inferiorly and supe-
riorly. Usually it is necessary to grasp the pericardium and then make 
a small incision sharply, followed by opening the pericardium with 
Metzenbaum scissors.

After opening the pericardium, clotted blood is evacuated. The 
trauma surgeon should immediately note the presence and/or ab-
sence and type of underlying cardiac rhythm as well as location of 
the penetrating injury or injuries. The “ nding of a ” accid heart, 
devoid of any effective forward pumping motion is a strong predictor 
of poor outcome. Other predictors of poor outcome are empty coro-
nary arteries and presence of air, indicating air emboli in the coro-
nary veins.

Digital control of penetrating ventricular injuries as they are 
simultaneously sutured prevents further hemorrhage. We generally 
recommend the use of mono“ lament suture, such as 2-0 polypro-
pylene. If the injury or injuries are quite large, balloon tamponade 
using a Foley catheter can temporarily arrest the hemorrhage either 
to allow the performance of cardiorrhaphy or to gain time so that 
the patient may be transferred expeditiously to an OR for a more 
de“ nitive surgical procedure. We do not recommend the use of 
bioprosthetic materials such as Te” on patches in the ED. This is a 
time-consuming technique that, if needed, should be performed 
in the OR.41,44

In our experience, staples do not effectively control hemorrhage, 
tend to enlarge the cardiac injury, and prove to be rather dif“ cult to 
remove, although they have worked in the hands of others.54

Strict pharmacologic manipulation coupled with directly deliv-
ered countershocks of 20…50 joules is frequently needed to restore a 
normal sinus rhythm. At times a rhythm can be restored, but no ef-
fective pumping mechanism is observed. Progressive myocardial 
death can be witnessed, “ rst by dilatation of the right ventricle with 
accompanying cessation of contractility and motion, followed by the 
same process in the left ventricle.

Outcomes of emergency department thoracotomy 
for penetrating cardiac injuries

Wide disparity in the reporting of outcomes exists in the literature, 
ranging from 0% to 72%. Most of these series are retrospective, and 
the patients reported have been injured because of stab wounds. 
Asensio, Wall, and others in the Working Group of the Committee on 
Trauma of the American College of Surgeons,55 after an extensive 
analysis of the literature, generated practice management guidelines 
for ED thoracotomy (Table 1).

Techniques for Cardiac Injury Repair

Incisions

Two main incisions are used in the management of penetrating cardiac 
injuries. Median sternotomy described by Duval20 is the incision of 
choice for patients admitted with penetrating precordial injuries that 
arrive with some degree of hemodynamic instability and may either 
undergo preoperative investigation with FAST and/or chest x-ray. The 
left anterolateral thoracotomy described by Spangaro21 is the incision of 
choice in the management of patients who arrive •in extremis.Ž This 
incision is used in the ED for resuscitative purposes, and it can also be 
extended across the sternum as bilateral anterolateral thoracotomies. 
Extension into bilateral anterolateral thoracotomies is also the incision 
of choice for patients who are hemodynamically unstable after incur-
ring mediastinal-traversing injuries (Figure 1). It is important to note 
that upon transection of the sternum, both internal mammary arteries 
are also transected and must be ligated after restoration of perfusion 
pressure. For patients who sustain thoracoabdominal injuries, the left 
anterolateral thoracotomy is also the incision of choice if patients dete-
riorate in the OR while undergoing a laparotomy.44,92
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Table 1: EDT for Cardiac Injuries

Author and Year Type of Study Survivors/Penetrating Trauma Survivors/Total Number of EDTs

Boyd 196556 R 0/0 17/25
Beall 196629 R 3/16  42/197
Sauer 196757 R 12/0 12/13
Sugg 196858 R 0/0  63/459
Yao 196859 R 0/0 61/80
Steichen 197160 R 7/21 35/58
Beall 197130 R 29/52 42/66
Borja 197161 R 0/0  24/145
Carrasquilla 197262 R 8/30  20/245
Beall 197263 R 0/0  67/269
Bolanowski 197364 R 0/0 33/44
Trinkle 197465 R 0/0 38/45
Mattox 197434 R 25/37 31/62
Harvey 197566 R 0/0 22/28
Symbas 197667 R 0/0 50/98
Beach 197668 R 0/4 26/34
Asfaw 197769 R 0/0 277/323
Sherman 197870 R 32/41 31/92
Trinkle 197971 R 0/0  89/100
Evans 197972 R 0/4 29/46
Breaux 197973 R 39/44  78/197
Mandal 197974 R 0/38 26/55
Gervin 198249 R 4/21  4/21
Demetriades 198375 R 2/16  40/125
Demetriades 198476 R 1/11  0/45
Tavares 198477 R 21/37 64
Feliciano 198436 R 5/15 2/3
Mattox 198535 R 50/119 204
Demetriades 198678 R 1/18 70
Moreno 198545 R 4/69 100
Ivatury 198751 R 28/91 „
Jebara 198979 R 4/17 „
Attar 199180 R 21/55 „
Knott-Craig 199281 R 5/13 „
Buchman 199282 R 1/2 23
Benyan 199283 R 1/13 „
Macho 199354 R 12/24 „
Mitchell 199384 R 7/47 „
Kaplan 199385 R 2/23
Henderson 199486 R 6/122 215
Coimbra 199587 R 0/20
Arreola-Risa 199588 R 11/40
Karmy-Jones 199789 R 3/6 16
Rhee 199890 R 15/58 41/96
Asensio 199838 P 6/37  6/37
Asensio 199839 P 10/71 10/71
Tyburski 200091 R 12/152  12/152
Asensio 200640 R 47/830  47/830

Note: There were no survivors of blunt trauma.
EDT, Emergency department thoracotomy; P, prospective; R, retrospective.
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Adjunct Maneuvers

Trauma surgeons must possess several maneuvers in their armamen-
tarium to deal with penetrating cardiothoracic injuries. Total in” ow 
occlusion to the heart is a complex maneuver which entails cross-
clamping both the superior (SVC) and inferior vena cava (IVC) in 
their intrapericardial location to arrest total blood ” ow to the heart 
(Figure 2). It is indicated for the management of injuries in the lat-
eral-most aspect of the right atrium and/or the superior or inferior 
atriocaval junction. The safe period for this maneuver is unknown, 
although a 1…3-minute range is often quoted in the literature as the 
period of time after which clamps must be released.

Cross-clamping of the pulmonary hilum is another valuable ma-
neuver indicated for the management of associated pulmonary inju-
ries, particularly those that present with hilar central hematomas 
and/or active bleeding (Figure 3). This maneuver arrests bleeding 
from the lung and prevents air emboli from reaching the systemic 
circulation. However, in the presence of acidosis, hypothermia, and 
ischemia, the right ventricle may not be able to tolerate this maneu-
ver, leading to “ brillation and arrest.

At times, a trauma surgeon will need to elevate the heart out of 
the pericardium in order to repair certain injuries. If hemorrhage can 
be digitally controlled, gradual elevation of the heart by placing mul-
tiple laparotomy packs will allow better tolerance of this maneuver 
while decreasing the chances for development of dysrhythmias.

Repair of Atrial Injuries

Atrial injuries can usually be controlled by placement of a Satinsky 
partial occlusion vascular clamp. Control of the wound will allow the 
trauma surgeon to perform cardiorrhaphy. We recommend utilizing 
mono“ lament sutures of 2-0 polypropylene on an (MH) needle ei-
ther in a running or in an interrupted fashion. It is important to vi-
sualize both sides of the atrial injury, particularly those caused by 
missiles, as they can cause a signi“ cant amount of tissue destruction 
which might require meticulous debridement before closure. The use 
of bioprosthetic materials in the form of Te” on pledgets is not rec-
ommended for the management of these injuries.

Repair of Ventricular Injuries

Ventricular injuries usually cause signi“ cant hemorrhage. They 
should be occluded digitally while simultaneously repaired by either 
simple interrupted or horizontal mattress sutures of Halsted. Per-
forming cardiorrhaphy for ventricular stab wounds is usually less 
challenging than for gunshot wounds. Missile injuries often produce 

some degree of blast effect that causes myocardial “ bers to retract, 
and frequently require multiple sutures to control signi“ cant hemor-
rhage. In the presence of this scenario, bioprosthetic materials such 
as Te” on strips and/or pledgets are often needed to buttress the 
suture line (Figure 4). We recommend 2-0 mono“ lament sutures of 
polypropylene on an MH needle.

Coronary Artery Injuries

The repair of ventricular injuries adjacent to coronary arteries can be 
very challenging. In order to avoid potential narrowing and/or occlu-
sion of a coronary artery or one of its branches, it is recommended that 
sutures be placed underneath the bed of the coronary artery. Coronary 
arteries are usually divided into three segments: proximal, middle, and 
distal. Injuries to the proximal and middle segments will usually require 
cardiopulmonary bypass for repair, and the institution of intra-aortic 
balloon counterpulsation followed by aortocoronary bypass, respec-
tively. Lacerations of the distal segment of the coronary artery, particu-
larly in the distal-most third of the vessel, are managed by ligation.

Complex and Combined Injuries

A signi“ cant number of patients arrive harboring multiple associated 
injuries in addition to their penetrating cardiac injuries. Complex and 
combined cardiac injuries can be de“ ned as a penetrating cardiac injury 
plus associated neck, thoracic, thoracic-vascular, abdominal, abdominal 

Figure 1 Bilateral thoracotomy and laparotomy in management of 
patients with thoracoabdominal injuries arriving •in extremis.Ž

Figure 2 Both superior and inferior vena cava (SVC and IVC) 
clamped. The IVC is clamped at the Gibbon•s space. Note the clamp on 
the right auricle providing better exposure.

Figure 3 Vascular clamps in the pulmonary hilum. This maneuver is 
helpful to control penetrating pulmonary injuries with profuse bleeding 
or with a big hematoma in the pulmonary hilum.
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Grade II injuries with full perforation less than 2 cm in size result 
from stab wounds or small-caliber gunshot wounds. These are 
treated with primary closure (Figure 10). When the perforation is 
located posteriorly, suture placement may be dif“ cult. This can be 
facilitated by hooking the diaphragm through the perforation with a 
long right-angle clamp. This permits the “ rst suture to be placed and 
tied. The “ rst suture then becomes the handle to expose the dia-
phragm for placement of subsequent sutures (Figure 11).

Figure 9 (A) Postoperative chest x-ray, 1 day after laparotomy 
and repair of a grade III blunt liver injury, shows an air bubble in the 
left chest thought to be an eventration. (B) This air bubble increased 
1 day later resulting in re-operation, which demonstrated a missed 
4-cm vertical tear of the diaphragm posterior to the left triangular 
ligament and adjacent to the esophageal foramen.

Figure 10 Most minor diaphragmatic ruptures can be repaired with 
a running or an interrupted suture technique. The authors prefer a 
running O absorbable polyglycolic suture for most minor injuries. This 
is reinforced with strategically placed interrupted sutures for major 
injuries.  (From Asensio AA, et al: Diaphragmatic Injuries: Operative 
Techniques in General Surgery. Philadelphia, WB Saunders, 2000, with 
permission.)

Figure 11 Running O nonabsorbable suture repair shown for grade 
III perforation after blunt injury.

A

B
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Figure 19 The full-thickness, right-sided abdominal wall muscular 
” ap with preserved blood supply laterally is rotated superiorly to 
cover the abdominal visceral and create a new costal arch.

Figure 20 This rotated abdominal wall muscular ” ap allows for a 
tension-free closure of the exposed lower thorax and upper abdomen.

Figure 21 The exposed rotated muscle ” ap of the patient in Figure 
16 was treated with frequent dressing changes and later skin grafted.

Figure 18 Part of the chest defect was closed by detaching the 
anterior con” uence of ribs 7 through 10 from the sternum and 
rotating it to superiorly and laterally to approximate a portion of 
the diaphragm. The posterior segment of diaphragm that remained 
was relocated to a higher inner space, thereby allowing for 
diaphragmatic closure. The remaining chest wall and abdominal 
defect was closed by rotating a full-thickness abdominal wall 
musculature ” ap off of the linea alba medially to a superior and 
lateral location. The right-sided abdominal defect was covered with 
the skin and subcutaneous tissue.

Lower rib
cage

Remainder of
diaphragm

Upper rib
cage

Caudal

Problems: no chest wall
and no diaphragm

Laterally rotated ribs
away from sternum Rotated abdominal
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(Figure 7). The right colon is mobilized in a technique exactly similar 
to what was described on the left side. Similarly, the dissection should 
be brought around the hepatic ” exure and into the lesser sac. The 
duodenum and head of pancreas should be completely mobilized via 
a Kocher maneuver. This brings the surgeon down onto the inferior 
vena cava (IVC). The IVC can be controlled and traced up to the 
con” uence of the left and right renal vein. There is a short suprarenal 
segment of the cava and then the vena cava becomes retrohepatic in 
location.

The Cattel-Braasch maneuver is ideal exposure for the vena 
cava and the right kidney with its vasculature. When combined 
with the Kocher maneuver, the duodenum and head of the pan-
creas can be completely explored. In addition, the right-sided 
pelvic vasculature can be exposed via this maneuver. The Cattel-
Braasch maneuver gives better access to the pelvic vasculature than 
does a left-sided approach. The mesentery of the left colon can 
limit exposure with the Mattox maneuver. As there is no mesentery 
to obscure the view, the Cattel-Braasch maneuver gives wider 
exposure.

The mesentery of the small bowel can also be incised and lifted 
up off the aorta and vena cava in a maneuver similar to that used by 
vascular surgeons during aortic surgery. When combined with 
the Cattel-Braasch maneuver, it gives the widest exposure of the 
retroperitoneal vasculature from the aorta and cava down into the 
pelvis.

Retroperitoneal arterial injuries are handled using the standard 
technique. Proximal and distal control must be obtained, and a deci-
sion made about direct repair, bypass grafting, or shunting. Injuries 
to the external iliac artery at the junction with the common iliac and 
hypogastric arteries can sometimes be managed by using the proxi-
mal hypogastric artery as a conduit. The hypogastric artery is mobi-
lized out of the pelvis and ligated. An end-to-end anastomosis then 
can be performed between the hypogastric and the external iliac 
artery.

Retroperitoneal venous injuries can be among the most dif“ cult 
to treat, particularly if located at the con” uence of the vena cava and 
external iliac vein or in the juxtarenal IVC. Many techniques have 
been described for temporary vascular control including the use 
of sponge sticks, vascular clamps, and direct “ nger pressure to con-
trol bleeding. We have preferred the use of intestinal Allis clamps 
(Figures 8, 9, and 10). The vascular injury is “ rst controlled with 
digital pressure and an Allis clamp is applied at the apex of the injury 
vessel. The clamps are then sequentially stacked for the length of the 
injury. The clamps can then be lifted. This allows for restoration of 
venous return to the heart. A decision can be made about ligation or 
repair. Vascular ligation can be accomplished by running a suture 
onto the clamp.

Exposure of the superior mesenteric vein (SMV) within the 
lesser sac can be extraordinarily problematic. The SMV courses 
behind the pancreas and joins the splenic vein to become the 
short portal vein. SMV injuries often present with torrential blood 
loss.

Occasionally, the pancreas can be mobilized up off the SMV and 
the injury isolated. There are many small branches off the SMV that 
must be individually ligated. If these are torn, the bleeding only 
becomes more dif“ cult to control. Occasionally, identi“ cation of 
the location of an SMV injury is impossible, particularly if it is di-
rectly behind the pancreas or adjacent to the con” uence of the 
splenic vein. In those cases, we generally divide the pancreas at 
the level of the SMV. This is done by gently inserting a “ nger 

Figure 7 Cattel-Braasch maneuver or right-sided medial visceral 
rotation. Kocher maneuver. Mobilize the right colon along the 
equivalent of the white line of Toldt.  (Courtesy of ATOM, L. Jacobs, MD, 
Cine-Med, 2004.)

Figure 8 Temporary venous control is obtained with digital 
pressure. Intestinal Allis clamps are stacked and the vein repaired by 
running a suture under them.  (From Henry SM, Duncan AO, Scalea TM: 
Intestinal allis clamps as temporary vascular control for major retroperitoneal 
venous injury. J Trauma 51:170…172, 2001.)
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techniques. General surgical procedures are increasingly being per-
formed via a laparoscope. Finally, the average general surgery resi-
dent “ nishes his or her residency with fewer than 700 operative cases, 
a number far fewer than residents performed in the past. While com-
munity surgeons may opt to transfer moderately injured patients to 
a higher level of care, it simply is not feasible if the patient is hemo-
dynamically unstable.

Clearly we must devise a different training scheme so that sur-
geons of the future are prepared to deal with operative trauma. A 
number of solutions have been proposed. Simulators offer some 
advantages, although the technology is not yet robust enough 
to replace hands-on operating. Cadaver courses can be helpful, 
allowing the surgeon to understand anatomic relationships. Un-
fortunately, cadaveric tissues handle much differently than in a 
hemorrhaging trauma patient. The cadaver course is a static expe-
rience; it has none of the urgency of operating on a real-life 
trauma surgery.

We have embraced the Advanced Trauma Operative Management 
course (ATOM). This was developed in Hartford, Connecticut, by Dr. 
Lentworth Jacob. The students must repair injuries in a 50-kg swine. 
These injuries encompass all organ systems in the abdomen and 
some in the chest. For instance, the student must successfully repair 
the bladder, ureter, and the pancreas as well as more common liver, 
spleen, and bowel injuries. The “ nal two scenarios involve a large 
injury to the inferior vena cava and a right ventricular stab wound.

The course is conducted in a full operating room atmosphere 
with real instruments, drapes, and scrub tech. It does not take long to 
forget that this is an animal exercise and fall into the rhythm of re-
pairing injury. While other options will almost certainly occur in the 
future, we believe that at present the ATOM course is the best option 
available.

SUMMARY

A complete knowledge of anatomic relationship in the abdomen and 
retroperitoneum is absolutely essential to being able to rapidly and 
effectively control hemorrhage and repair injuries. It is critical that 
the general surgeon understand these and be comfortable with them 
before being called to see a patient with a serious torso injury. Op-
erative trauma case volume is shrinking. Thus, surgical residents are 
exposed to fewer and fewer trauma operations. Other training para-
digms exist, and we strongly urge that these be incorporated into 
residency training and special courses at postresidency to be sure that 
surgeons of tomorrow are adequately prepared to meet the challenge 
of operative trauma surgery.
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DIAGNOSTIC PERITONEAL 
LAVAGE AND LAPAROSCOPY 
IN EVALUATION 
OF ABDOMINAL TRAUMA
R. Stephen Smith, John A. Aucar, 
and William R. Fry

before 1965, lavage of the peritoneal cavity had a recognized role 
for the diagnosis and treatment of acute peritonitis, treatment 

of chronic renal failure, and treatment of drug overdosage. In 1965, 
Root published a landmark article describing the use of peritoneal 
lavage to diagnose occult intra-abdominal hemorrhage in 28 patients. 
Lavage of the abdominal cavity with 1 liter of an isotonic solution 
dramatically improved the sensitivity for detecting intra-abdominal 
hemorrhage compared with four quadrant paracentesis, which car-
ried false negative rates of 17%…36%. In the period before 1965, blunt 
abdominal trauma mortality was over 45%, with two-thirds of deaths 
attributed to undiagnosed intra-abdominal hemorrhage or visceral 
injury. Root established the basic principles pertaining to diagnostic 
peritoneal lavage (DPL) that would be followed for over 20 years. 

These include controlling skin bleeding before catheter insertion to 
reduce contamination of the ” uid, attempting aspiration of free blood 
before infusing ” uid, mild rocking of the patient to improve the 
chance of a mixed sample, retrieving a large proportion of the in-
fusate, and examining the lavage ” uid for hemoglobin concentration, 
amylase, and bacteria. Root did not specify criteria for hemoglobin 
concentration or cell counts, but noted the subjective criterion of 
•more than a faint salmon pink tinge of blood in the retrieved perfus-
ate is an indication of intra-peritoneal hemorrhage requiring lapa-
rotomy....Ž He noted the excellent sensitivity and found no false 
positives, but one case was reported as a possible complication be-
cause an isolated bowel perforation was encountered.

From 1966 to September 2005, there were 2445 Medline-indexed 
articles, which referred to •peritoneal lavageŽ as a medical subject 
heading (MESH) or in the title or abstract. Of these, 931 articles also 
map to the MESH term •wounds and injuries,Ž or mention •traumaŽ 
in the title or abstract. After eliminating review articles and those that 
do not pertain to humans, 791 remained that relate to diagnostic peri-
toneal lavage in the context of trauma. There are no randomized pro-
spective clinical trials comparing DPL to other diagnostic maneuvers. 
However, there are nine randomized clinical trials comparing at least 
two distinct DPL techniques. While the transitions are indistinct, some 
generalizations can be made about observable patterns in the litera-
ture. Publications in the “ rst decade following Root•s article consisted 
mainly of case reports and case series showing the adoption of DPL 
as a diagnostic maneuver for blunt abdominal trauma. The second 
decade (1976…1985) brought larger case series, describing variations 
in technique, de“ ned speci“ c criteria for a positive lavage, and com-
pared DPL to computed tomography (CT) and ultrasound (US) for 
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diagnosing abdominal injury. During this period, DPL was regarded as 
the gold standard to which developing technologies were compared. 
Comparisons were not randomized, but based on selection by hemo-
dynamic stability. Many studies used a cross-over design, where pa-
tients underwent two studies and the results were compared. By the 
third decade (1986…1995), CT scanning emerged as the preferred mo-
dality for diagnosing traumatic abdominal injuries. US was being 
evaluated as a viable and less invasive substitute for DPL, and DPL was 
mentioned passively, predominantly as one of several modalities by 
which abdominal injuries were being diagnosed in larger retrospective 
series. Of the 205 articles mentioning DPL since 1996, only 42 were 
coded as having a focus on the subject. Seven of these pertain to an 
article and six comments entitled •Diagnostic Peritoneal Lavage„An 
Obituary.Ž Despite the implications of the article, there remains sup-
port for a limited role for DPL in trauma.

DPL can be performed by either an •openŽ or •closedŽ technique. 
It can also be considered in the context of three distinct portions of 
the examination: initial aspiration, visual examination of the lavage 
” uid, and microscopic examination of lavage ” uid. In addition, 
consideration has been given to the potential role of (1) delayed 
DPL, when an extended time interval has passed since the occurrence 
of injury; and (2) repeat DPL for clari“ cation of initially ambiguous 
“ ndings. Unfortunately, these additional roles are not well de“ ned 
and are unlikely to be studied in the future. The technique of DPL is 
the only aspect compared in a randomized clinical trial (RCT) 
model. Of the nine RCTs performed between 1980 and 1991, 
two compared catheter types or the position for access. The remain-
ing seven compared open and closed techniques. One article 
provides evidence for a lower complication rate with the open tech-
nique. Six articles indicate an equal or lower complication rate with 
the percutaneous or closed technique. General conditions for keep-
ing the closed technique safe include decompression of the stomach 
and bladder, exclusion of patients with major pelvic fracture or preg-
nancy, absence of prior abdominal surgery, and experience of the 
surgeon. The closed technique is recognized to be faster. It is per-
formed by sterile preparation, in“ ltration of local anesthetic, cre-
ation of a small skin incision, and the insertion of a multiholed 
catheter over a trocar or the use of a Seldinger needle…guide-wire 
technique. Initial aspiration of 10 cc…20 cc of gross blood is consid-
ered an indication of intra-abdominal injury. If aspiration is nega-
tive, 1 liter of saline or lactated Ringers is infused and recovered by 
the siphon effect. It is expected that 60%…90% of the instilled volume 
must be recovered to provide a reliable sample, although some claim 
that recovery of 200 ml is adequate. The open technique is preferred 
in cases in which gastric and bladder decompression is not practical, 
the patient is pregnant, or a pelvic fracture is present. Similar pre-
liminary preparations are made; however, the open procedure is fa-
cilitated by two operators or an assistant. Performing a 2-cm incision 

in the supraumbilical position avoids potential injury to the gravid 
uterus or decompression of a suprapubic hematoma. The fascia is 
sharply incised under direct visualization, and the peritoneum is 
drawn upward and incised between clamps. A catheter can then be 
directly inserted into the peritoneal cavity and directed toward the 
pelvis. Aspiration and lavage are then performed as in the closed 
technique. Technical complications are reported to occur in less than 
1%…5%, with the most common occurrence being failure to recover 
the desired volume of ” uid. Iatrogenic perforation of the bladder, 
stomach, small bowel, or colon occurs rarely. Traditionally, such per-
forations, indicated by retrieval of luminal contents rather than 
blood, were considered an indication for abdominal exploration. It is 
recognized that these needle and catheter size injuries can be selec-
tively managed nonoperatively in the stable patient.

Options for diagnostic evaluation of the ambiguous abdomen 
include serial clinical exam, DPL, US, and CT. Clinical exam is noto-
riously unreliable, particularly when confounded by distracting inju-
ries and altered sensorium resulting from intoxication, head injury, 
or both. Serial exam and repeat hemoglobin measurement continues 
to be a viable approach for stable, alert patients, with a low suspicion 
for abdominal injury. Some advocate a more de“ nitive objective 
evaluation for the sake of shortening hospital stay and reducing re-
source utilization. DPL emerged as the standard for resolving the 
ambiguous abdominal exam. Its primary advantages and disadvan-
tages are noted in Table 1. When considered as a diagnostic tool for 
hemoperitoneum, DPL is highly sensitive, speci“ c, and accurate. 
However, according to current concepts in the management of ab-
dominal trauma, hemoperitoneum alone does not constitute an 
indication for operative exploration. Thus, DPL is too sensitive and 
leads to a high incidence of nontherapeutic laparotomy. When used 
to indicate the need for laparotomy, the speci“ city is low and accu-
racy is limited. Given that low-grade splenic and hepatic injuries are 
the most common cause of hemoperitoneum after blunt trauma, and 
that most of these can be successfully managed nonoperatively, DPL 
has been largely replaced by focused assessment with sonography for 
trauma (FAST) and CT as the preferred diagnostic modalities by 
which therapeutic decisions are made.

In an effort to re“ ne the diagnostic value of DPL, attention was 
directed toward microscopic examination of lavage ” uid. Rather 
than merely characterizing the color of the ” uid as •salmon pink,Ž the 
inability to •read newsprintŽ through the ” uid was used as a predic-
tive criteria. This evolved into the use of automated cell counts with 
varying thresholds. Greater than 100,000 red blood cells per cubic 
millimeter of lavage ” uid or greater than 500 white blood cells per 
cubic millimeter became commonly accepted as an indication for 
abdominal exploration following blunt injury. By these criteria, Nagy 
achieved a sensitivity of 100% and speci“ city of 96% for 2500 pa-
tients. However, like much of the literature pertaining to DPL, the 

Table 1: Primary Advantages and Disadvantages of DPL

Advantages of DPL Disadvantages of DPL

Rapid to perform Potential for inadequate exam
Relatively easy to teach Potential to produce visceral injury
Does not require high technology Requires element of training and skill
Highly sensitive for hemoperitoneum
Highly speci“ c for hemoperitoneum

Oversensitive for hemoperitoneum 
leading to high rate of nontherapeutic 
laparotomy

Can detect hollow viscus injury May miss retroperitoneal injuries
Can be used for blunt or penetrating injuries May lead to rupture and decompression 

of retroperitoneal hematoma
Can be performed in emergency room or operat-
ing room during other emergency procedures

DPL, Diagnostic peritoneal lavage.
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incidence of nontherapeutic laparotomy is not reported. Although 
the criteria are variable, nontherapeutic laparotomy rates associated 
with DPL are reported as high as 36%. In cases of penetrating 
trauma, a lower red cell count, 10,000/mm3…50,000/mm3, are used as 
criteria to establish penetration of the abdominal wall. A similar di-
lemma exists regarding the incidence of nontherapeutic laparotomy, 
because penetration is not always accompanied by visceral perfora-
tion. For both blunt and penetrating trauma, if one accepts that the 
amount of blood in the peritoneal cavity is proportional to the sever-
ity of the injury, then an inverse relationship can be predicted be-
tween the quanti“ ed cell counts and the likelihood of nontherapeutic 
laparotomy. If one lowers the threshold to designate DPL as positive, 
then the sensitivity for hemoperitoneum will be high, but the inci-
dence of nontherapeutic operations will rise.

Other maneuvers used to improve the accuracy of DPL include 
the measurement of amylase and bilirubin and microscopic exami-
nation for particulate matter. These maneuvers are aimed at adding 
sensitivity for hollow viscus injury, which may occur in the presence 
or absence of signi“ cant hemoperitoneum. In addition, the use of the 
•cell count ratio,Ž de“ ned as the ratio between white blood cell count 
and red blood cell count in the lavage ” uid divided by the ratio of the 
same parameters in the peripheral blood, was reported to yield a 
sensitivity of 100% and speci“ city of 97% for hollow viscus perfora-
tion when the cell count ratio was greater than 1. A special consider-
ation arises when DPL is employed in the presence of diaphragmatic 
rupture or intraperitoneal bladder rupture. Failure to recover the 
lavage ” uid may indicate that the ” uid has found another route to 
egress the abdomen. A sudden increase in clear or bloody drainage 
through a chest tube or urinary catheter is practically diagnostic of 
injury to those structures.

The general acceptance of CT and FAST exams as the mainstay 
for abdominal evaluation in preference to DPL has led to the perhaps 
premature publication of its obituary. Despite the advantage of pro-
viding suf“ cient anatomic detail to grade the severity of liver and 
spleen injuries, and the ability to evaluate retroperitoneal structures, 
early implementation of the CT scan required an extended visit to 
the radiology suite and was practical only for stable patients. In ad-
dition, early generation scanners provided limited anatomic detail. 
Improvements in resuscitation techniques and advancing technology 
have dramatically increased the applicability of CT scans to the mul-
tiply injured patient. Fast, high-resolution scanners, strategically lo-
cated in proximity to the resuscitation bay, have made it practical to 
evaluate the abdomen in conjunction with the head, neck, chest, and 
pelvis, with virtually no exclusions.

Because the CT is relatively expensive and carries the disadvan-
tage of radiation exposure, an alternative method for screening the 
abdomen is desirable. FAST by surgeons and emergency physicians 
has ” ourished in common practice as a means to detect intra-
abdominal free ” uid, which is presumed to be blood until proven 
otherwise. Despite its popularity, there are few instances where the 
FAST exam leads directly to the decision to operate without obtain-
ing an additional study. A recent systematic review of randomized 
prospective studies by the Cochrane Collaboration was unable to 
establish a clear advantage for US-based evaluation algorithms to 
affect the frequency of CT scans, DPL, or mortality. Yet, the FAST 
exam has been reported to carry a lower rate of nontherapeutic 
laparotomy (13%) than DPL (36%); however, statistical signi“ cance 
was not reached in this sample. The question remains whether there 
is a residual role for DPL in contemporary trauma care. Given the 
propensity for injuries to occur across a broad spectrum of combi-
nations, severity, and demographic and geographic circumstances, 
and given the complex nature of resuscitation and treatment deci-
sions applicable to trauma, it is unlikely that a single diagnostic 
maneuver will address all situations. The acceptability of nonopera-
tive management in the face of mechanisms and patterns of injury 
that previously called for compulsory surgical exploration has 
placed a burden of diagnostic accuracy on trauma surgeons that 
DPL will never again satisfy. However, not all cases hinge on the 

decision of whether to operate on the hemodynamically stable 
patient. When an unstable patient presents with more than one 
potential source of hypotension, a negative DPL may sway the deci-
sion to explore the abdomen “ rst, and thus preserve a transient 
opportunity for timely angiography, thoracotomy, decompressive 
craniotomy, or pelvic “ xation. A case can be made for the applica-
tion of the FAST exam under those circumstances. However, the 
FAST exam requires availability of the technology and an operator 
with experience and skill. It can also be confounded easily by body 
habitus, bowel gas, nonhemorrhagic abdominal ” uid, and other fac-
tors. Less dramatic circumstances where DPL may still have a role 
include the early identi“ cation of hollow viscus injury resulting 
from either blunt or penetrating trauma. Both US and CT are noto-
riously weak in identifying small bowel and colon injuries, although 
it remains a dif“ cult decision to consider when a DPL might be ap-
propriate in favor of serial examination and specialized radiographic 
techniques, such as triple-contrast CT scan.

Ultrasound-guided paracentesis is a technique which combines 
principles of DPL and FAST. In performing US examinations for the 
diagnosis of intra-abdominal, intra-thoracic, or cardiac injury, it is as-
sumed that the hypoechoic areas seen on the video screen represent 
blood. In most instances, this assumption is correct. Trauma victims, to 
some degree, re” ect the population as a whole with respect to underly-
ing disease processes. Thus, incidental nonhemoglobin-containing ” uid 
collections will be identi“ ed. Fluid collections from infection, chronic 
organ dysfunction (such as cirrhosis), end-stage renal disease, cardio-
myopathy, and malignancy will be encountered.

Ultrasound-guided paracentesis is within the ability of the trained 
surgeon. The procedure is already well within the skill set of those that 
perform US-guided biopsy or US-guided central line insertion. Like 
other US-guided needle placement procedures, the procedure is done 
in two parts. First, the ” uid collection is identi“ ed and localized using 
routine scanning windows. Care should be taken to select a sono-
graphic window and needle path that will cause the least amount of 
collateral damage to other structures such as bowel, solid organs, and 
intercostal vessels. Care should also be taken to select a pathway to 
minimize traversing the pleura, if not necessary, to decrease the 
chances of creating an iatrogenic pneumothorax. Once the sono-
graphic window and needle pathway have been chosen, the area is 
prepped and draped in the standard fashion. Local anesthesia should 
be used to anesthetize the intended needle pathway. For US-guided 
diagnostic ” uid sampling, we have found that prepping the US probe 
along with the use of sterile US gel is adequate aseptic technique and 
that a sterile probe cover is not necessary. The access window can be 
located where there is a clear access to the ” uid without traversing solid 
or hollow viscera. Locating or creating dependent ” uid collections can 
be accomplished by changing the patient•s position. This is accom-
plished by allowing the ” uid to pool by placing the patient in a lateral 
decubitus or semi-Fowler position.

Many recently trained surgeons have little or no experience in 
performing DPL or in exercising the complex decision making that 
might lead to its appropriate application in special circumstances. 
For many, exposure to DPL is limited to animal or mannequin 
practice during the Advanced Trauma Life Support (ATLS) course. 
Fortunately, both the open and closed techniques are paralleled by 
the common practice of laparoscopic port placement. In addition, 
the burgeoning interest in virtual simulation technology has cre-
ated an opportunity to demonstrate its potential usefulness to 
teach uncommon procedures through the development of a DPL 
training simulator. While advanced imaging techniques have been 
extremely bene“ cial for trauma care and are likely to dominate the 
diagnostic approach in the future, it would bene“ t surgical science 
to preserve and teach DPL techniques and strategies. Although the 
opportunity to use it may be rare, understanding its historical de-
velopment and limitations parallels our understanding of the ana-
tomic and pathologic implications of abdominal trauma. Even if 
the technique of DPL is considered to be retired, it should not be 
buried.
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LAPAROSCOPY IN TRAUMA

Evaluation of the abdomen in potentially injured patients remains 
one of the greatest challenges faced by surgeons. None of the current 
diagnostic modalities available to the trauma surgeon are completely 
accurate. All of the available techniques, including DPL, sonography, 
CT, and laparoscopy, have advantages and disadvantages. At present, 
laparoscopy is not considered a frontline method for evaluation of 
the abdomen, but it is an important adjunct.

Laparoscopy has been used sporadically over the past four 
decades in the evaluation of patients at risk for abdominal injury. 
Utilization of laparoscopy in the trauma setting has increased 
dramatically over the past 15 years. This increase in utilization cor-
responds to the greater availability of high-quality laparoscopic 
equipment and the greater penetration of laparoscopy into general 
surgery training programs. At present, laparoscopy holds the greatest 
promise in evaluating a select group of patients with penetrating 
injury. A number of recent series have documented the utility of 
laparoscopy in the evaluation of the diaphragm in hemodynamically 
stable patients with a history of thoracoabdominal wounds. The use 
of laparoscopy in the blunt trauma setting is much less frequent and 
its indications remain controversial in this group of patients.

Sporadic reports of novel uses of laparoscopy, for example, lapa-
roscopically guided blood salvage and laparoscopic decompression 
of abdominal compartment syndrome, have appeared more recently. 
In some centers, laparoscopy is used for the assessment of the hollow 
viscera in patients who are suspected of having a seat-belt injury that 
cannot be ruled out with other diagnostic modalities. Therapeutic 
laparoscopy for a select group of isolated patients, that is, those with 
small diaphragmatic lacerations, is used more frequently and may be 
applicable for a small subset of patients. In addition, some centers 
have reported repair of small enterotomies with laparoscopic tech-
niques, if these injuries are isolated.

Sound surgical judgment must be used in choosing patients for 
laparoscopic evaluation after injury. Any injured patient with hemo-
dynamic instability or obvious complex intra-abdominal injury, is 
not a candidate for laparoscopy, but instead requires immediate 
laparotomy. Several large series performed by experienced groups 
have demonstrated that only about 15% of patients with suspected 
intra-abdominal injury are reasonable candidates for adjunctive 

laparoscopic evaluation or treatment. For patients with gunshot 
wounds to the abdomen, laparoscopy has proved most useful for 
evaluation of the diaphragm in patients with thoracoabdominal 
wounds (Figure 1). In addition, laparoscopy has proven useful to 
determine if peritoneal penetration has occurred from tangential 
gunshot wounds or stab wounds.

The use of laparoscopy is not without risk in these patients. In 
patients with a diaphragmatic injury, production of tension pneu-
mothorax upon insuf” ation of CO2 for creation of pneumoperito-
neum has been reported. Although this does not occur in every 
patient with diaphragmatic laceration, it is estimated that this will 
occur in 10% of patients with diaphragmatic injury. The surgeon 
who uses laparoscopy for evaluation of potential diaphragmatic 
wounds must be prepared to immediately decompress the pneumo-
peritoneum and place a tube thoracostomy if signs and symptoms of 
tension pneumothorax develop. Patients with gunshot wounds of the 
abdomen are not candidates for laparoscopy, as this group of patients 
has a very high incidence of signi“ cant intra-abdominal injury that 
must be treated at laparotomy.

Victims of stab wounds are somewhat more likely to bene“ t from 
laparoscopic examination (Figure 2). In this group of patients, as 
many as 50% will not have signi“ cant intra-abdominal injury. Lapa-
roscopy can be used to reduce the number of negative and nonthera-
peutic laparotomies in patients with minimal injuries. Laparoscopic 
repair of small diaphragmatic injures and limited hollow viscus inju-
ries secondary to stab wounds has been reported in the literature and 
appears to be a viable technique in the hands of a skilled laparoscopic 
surgeon. The use of laparoscopy in most trauma centers has been 
associated with a small decrease in the incidence of negative and 
nontherapeutic laparotomy.

A very small percentage of patients with blunt abdominal 
trauma may bene“ t from laparoscopic evaluation. Previous reports 
using laparoscopy for the examination of hepatic and splenic lac-
erations are not pertinent at this time. The increasing trend toward 
nonoperative treatment of these injuries and the emergence of ar-
teriography and embolization has made this approach to solid or-
gan injury less viable. An area of potential bene“ t in the blunt 
trauma setting is examination of the entire small bowel and colon 
in a patient at risk for the so-called •seat-beltŽ syndrome. With 
moderately developed laparoscopic skills, the vast majority of the 

Figure 1 Algorithm for management of a gunshot wound in a stable patient. 
(1) Laparoscopic repair may be performed for limited injuries, depending on the capabilities 
of the surgeon. (2) Posterior wounds may be more easily identi“ ed and repaired with a 
thoracoscopic approach. Identi“ cation of injuries of associated abdominal organs may 
necessitate laparotomy. (3) Gunshot wounds in this location have a greater than 90% 
probability of producing wounds that require de“ nitive surgical repair.
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small bowel and colon can be examined with laparoscopic tech-
niques. Large injuries to hollow viscera are easily detected; however, 
small enterotomies may still be missed. Therefore, a very low 
threshold for conversion to laparotomy must be maintained in the 
patient at risk for hollow viscus injury. Unfortunately, the literature 
does not clearly delineate or document the ef“ cacy of laparoscopy 
in the blunt trauma setting.

Standard laparoscopic equipment is used for examination of 
the trauma patient. Laparoscopic exploration of the abdomen in 
the trauma setting is similar to patients who present with an acute 
abdomen. In most cases, the laparoscope is inserted through 
a periumbilical incision to provide optimal visualization of all 
quadrants of the abdomen. Additional small operating ports are 
located to permit the use of other laparoscopic instruments. Loca-
tion of these ports should allow the greatest manipulation of ab-
dominal contents in the area of interest. A nasogastric tube and 
urinary catheter should be inserted before the laparoscopic ex-
amination for trauma. Most trauma surgeons who use laparoscopy 
prefer a 30-degree angled lens, as this provides enhanced visualiza-
tion of areas that are dif“ cult to examine, such as posterior aspects 
of the diaphragm.

Carbon dioxide pneumoperitoneum is used in the trauma setting 
just as for elective laparoscopy. Initial insuf” ation may be conducted 
with either a Veress needle or a Hasson cannula. In the trauma set-
ting, initial insuf” ation pressures should be limited to 8…0 mm Hg. 
This threshold is maintained to minimize the risk of the develop-
ment of tension pneumothorax in patients with diaphragmatic de-
fects, and to minimize the onset of hypotension in a patient with less 
than optimal intravascular volume. If insuf” ation to this level is 

tolerated, then the limit may be increased to 15 mm Hg to enhance 
exposure. Gas embolism is also a theoretical risk in patients with 
intra-abdominal venous injury, but is rarely encountered.

If signi“ cant enteric spillage or hemorrhage is found on the initial 
laparoscopic assessment, then laparoscopy should be halted and con-
version to a laparotomy should be performed without delay. In most 
trauma centers that use laparoscopy, signi“ cant penetration of the 
peritoneum secondary to a gunshot wound is an indication for con-
version to exploratory laparotomy. Peritoneal penetration secondary 
to a stab wound allows a more selective approach to further explora-
tion. Certainly, not all injuries identi“ ed at the time of laparoscopy 
require conversion to laparotomy. For example, if an isolated injury 
to the liver without signi“ cant bleeding is encountered, conversion to 
laparotomy is contraindicated.

If the trauma surgeon possesses laparoscopic suturing skills, iso-
lated small diaphragmatic lacerations may be repaired readily with 
laparoscopic techniques. Posterior areas of the diaphragm are some-
what more dif“ cult to visualize and injuries in this area are dif“ cult 
to repair with laparoscopic techniques. The liver and spleen are rela-
tively easy to visualize during laparoscopic techniques, but this may 
require rotating the operating table to the right or left and placing the 
patient in reverse Trendelenburg position for full visualization of the 
spleen. Visualization of the pancreas is accomplished by dividing the 
gastrocolic ligament with laparoscopic vascular clips, staplers, or 
other devices, such as the harmonic scalpel, which are used for vessel 
ligation.

Approximately 5% of all patients who undergo laparoscopic ex-
amination are candidates for therapeutic intervention. These patients 
most commonly have small diaphragmatic lacerations or a very lim-
ited, isolated enterotomy. Sporadic reports of laparoscopic repair of 
the colon, as well as hepatorrhaphy and splenorrhaphy, have ap-
peared in the literature, but cannot be advocated based on the pres-
ent evidence.

In summary, laparoscopy is a useful adjunct for the evaluation 
of a select group of injured patients. Laparoscopic techniques 
are limited to hemodynamically stable patients without clear indi-
cation for laparotomy. At present, the best indication for laparos-
copy is in patients with a penetrating mechanism of injury 
who have either tangential injuries of the abdominal wall or inju-
ries to the thoracoabdominal region in which the diaphragm is 
at risk.
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NONOPERATIVE MANAGEMENT 
OF BLUNT AND PENETRATING 
ABDOMINAL INJURIES
Matthew J. Martin and Peter M. Rhee

BLUNT ABDOMINAL INJURY

The evaluation and management of the abdominal cavity in the 
blunt trauma patient has undergone radical change over the past 
several decades, resulting from both signi“ cant technological ad-
vances as well as a critical reappraisal of management techniques 
and their outcomes. Early and rapid diagnosis of injuries coupled 
with the application of modern trauma-care principles has made 
successful nonoperative management of most blunt abdominal 
injuries the rule rather than the exception. Although select pa-
tients may require immediate or delayed surgical intervention, 
nonoperative management can now safely be extended to most 
patients with blunt abdominal injury regardless of age or associ-
ated injuries.

Incidence

The incidence of intra-abdominal injury after blunt trauma will vary 
widely by the patient population, mechanism of injury, and the diag-
nostic studies employed by the particular center. Approximately 
12% of all blunt trauma patients who are screened with computed 
tomography (CT) have one or more intra-abdominal injuries, with 
46% of these being major injuries and 30% requiring surgical or 
angiographic intervention.1,2 The vast majority of these will be solid 
organ injuries to the spleen and/or liver, followed by injury to the 
kidney, mesentery, small bowel, colon, and pancreas. These injuries 
may be categorized as solid organ (liver, spleen, kidney), hollow vis-
cus (stomach, duodenum, small bowel, colon, ureter, bladder), endo-
crine (pancreas, adrenal), or vascular. Overall, greater than 95% of 
these injuries may be managed without surgical intervention and 
with similar or lower complication rates compared with operative 
management.3

Mechanism of Injury

Blunt trauma may produce abdominal injuries through a variety 
of mechanisms, including direct transmission of energy to abdomi-
nal structures causing tissue disruption or hollow viscus blowout, 
shearing from rapid deceleration, direct compression of abdominal 
organs against the vertebral column, and puncture or laceration 
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from associated rib fracture, spine fracture, or foreign bodies. Al-
though there is not a linear relationship between the degree of force 
and the amount of abdominal injury, mechanisms involving higher 
velocity and/or forces will result in more signi“ cant and extensive 
injuries to the abdominal organs. Direct transmission of force to the 
abdomen will predominantly be absorbed by the large solid organs, 
such as liver, spleen, and kidney, resulting in parenchymal disruption. 
Rapid deceleration forces tend to affect “ xed or tethered structures 
such as the kidneys, duodenum, and bowel mesentery, resulting in 
lacerations or pedicle avulsion. Although seat-belt use has resulted in 
a decrease in traumatic brain injury and death, there is a twofold 
increase in the incidence of hollow viscus injuries resulting from the 
use of seat-belts.3 Organs that are “ xed to or in close proximity to the 
vertebral column may also be injured by direct compression, such as 
the distal duodenum, pancreas, and great vessels. Fractures of the 
lower rib cage may directly lacerate upper abdominal structures in-
cluding the diaphragm, liver, spleen, and kidneys.

Diagnosis

The diagnosis of intra-abdominal injury in the blunt trauma patient 
begins with the primary survey and focused examination of the abdo-
men. Hypotension should be assumed to result from hemorrhage 
from an abdominal injury until proven otherwise. Physical examina-
tion of the abdomen may be limited by distracting injuries or de-
pressed mental status, but should focus on the elicitation of peritoneal 
signs, localized tenderness, external bruising or evidence of a •seat-
belt sign,Ž and distension.4 Peritonitis should never be attributed to a 
solid organ injury, as isolated hemoperitoneum should not cause dif-
fuse peritoneal irritation. Focused abdominal sonography for trauma 
(FAST) is now commonly performed as part of the initial evaluation. 
While a •positiveŽ FAST exam reliably identi“ es the presence of free 
” uid in the abdominal cavity suggestive of injury, a negative study 
does not exclude signi“ cant abdominal injury and should not be 
considered a de“ nitive evaluation. Although ultrasound has been 
used to identify and grade speci“ c organ injuries (i.e., liver and 
spleen), its reliability and reproducibility in this capacity has not been 
well demonstrated. Diagnostic peritoneal lavage (DPL) has largely 
been replaced by the FAST exam and CT scan and is rarely indicated, 
although it may be useful in select cases where there is suspicion for 
hollow viscus perforation with a compromised physical examination 
and equivocal CT scan “ ndings. However, a diagnostic peritoneal as-
pirate (DPA) looking for the presence of gross blood only, can be very 
useful in the patient who is hypotensive with a negative FAST exam. 
A urinalysis should be obtained on all patients, and evaluation of the 
complete urinary tract (kidneys, ureters, bladder) should be per-
formed in the presence of signi“ cant hematuria.

Computed tomography has become the standard of care for the 
de“ nitive diagnosis of most blunt abdominal injuries, and should be 
used liberally. Missed intra-abdominal injuries, typically resulting 
from an incomplete diagnostic evaluation, represent the most com-
mon cause of preventable deaths from trauma.5 Modern generation 
helical CT scanners provide excellent detailed imaging of the ab-
dominal organs, including retroperitoneal structures and major 
vasculature. It has a sensitivity and speci“ city approaching 100% for 
solid organ injuries, and provides anatomic detail that is invaluable 
for injury grading.1,3 The abdominal CT scan should always be per-
formed using intravenous contrast if possible, as a •contrast blushŽ 
can provide evidence of active bleeding or arteriovenous “ stula. Al-
though some older series have characterized CT as unreliable for 
hollow viscus perforation or duodenal/pancreatic injury, more re-
cent experience demonstrates that a high-quality CT scan will cor-
rectly identify most of these injuries. However, repeat CT imaging (if 
no other indication for laparotomy is present) or DPL should be 
considered in those infrequent situations with a high index of suspi-
cion for missed injury or equivocal “ ndings on the initial CT scan. 
We perform the abdominal CT scan with intravenous contrast only, 

as oral contrast has been shown to add little value in the trauma set-
ting and may create undue delay as well as risk aspiration. Oral 
contrast may be useful when obtaining a delayed CT scan to evaluate 
for hollow viscus perforation, or to better delineate known or sus-
pected pancreatic or duodenal injuries.

Anatomic Location of Injury 
and AAST-OIS Grading

The abdominal cavity can be divided into two main compartments, 
the peritoneal cavity and the retroperitoneum. Most injuries after 
blunt trauma are to the intraperitoneal structures, such as the liver, 
spleen, small bowel, and mesentery, and frequently result in clinical 
signs/symptoms such as pain, tenderness, and distension. The main 
retroperitoneal structures of concern to the trauma surgeon are the 
kidneys, duodenum, pancreas, great vessels, and portions of the co-
lon. Clinical signs and symptoms with retroperitoneal injuries may 
frequently be absent or signi“ cantly delayed, even in the presence of 
a severe injury. Fortunately, retroperitoneal hollow viscous injuries 
are relatively rare.

Abdominal injuries identi“ ed by CT should be graded according 
to the American Association for the Surgery of Trauma…Organ In-
jury Scale (AAST-OIS system) (Table 1). This provides a commonly 
understood language for discussion and study of these injuries, and 
may be used to guide the level and duration of monitoring for non-
operative management. Although higher-grade injuries are associ-
ated with higher rates of morbidity and failure of nonoperative 
management, the grade of injury should not be the primary factor in 
this decision. All grades of injury may be successfully managed non-
operatively in the appropriate clinical setting. Additional factors such 
as the amount of hemoperitoneum, presence of associated injuries, 
and presence of a contrast •blushŽ should be noted and factored into 
subsequent management decisions.

Management

Initial management decisions in patients with a known or suspected 
intra-abdominal injury should be based on the clinical examination 
and hemodynamic status. Patients with peritonitis or hemodynamic 
instability that persists despite adequate ” uid resuscitation should 
undergo prompt exploratory celiotomy. Fluid resuscitation in the 
early evaluation period should be administered judiciously and only 
if necessary. Overzealous volume resuscitation with elevation of the 
mean arterial pressure may exacerbate hemorrhage from the injured 
organ or may cause an iatrogenic drop in the hemoglobin by hemo-
dilution, which may be dif“ cult to differentiate from active bleeding. 
We prefer small-volume boluses with immediate assessment of the 
patient•s response by an experienced trauma surgeon. There is a 
mounting body of evidence that supports the positive resuscitation 
and immunomodulatory bene“ ts of hypertonic crystalloid solutions 
over standard crystalloid or colloid formulas.6 Administration of 
small boluses of hypertonic ” uid (100 cc…250 cc of 3%…7.5% saline) 
will result in decreased tissue edema with improved gas exchange, a 
decreased systemic and organ-speci“ c in” ammatory response, with 
an excellent safety pro“ le. In patients with associated traumatic head 
injury, hypertonic saline has the added bene“ t of lowering intracra-
nial pressure while volume resuscitating the patient.

The primary components of safely managing these injuries are ap-
propriate monitoring and frequent reassessments of the patient•s 
clinical exam and laboratory values. The level of inpatient care (inten-
sive care unit [ICU] versus ward) and the frequency of monitoring 
should be dictated by the patient•s clinical status, associated injuries, 
and the severity of the organ injury. All personnel caring for the patient 
should be made aware of the presence and type of abdominal injury, 
and a clear plan for monitoring and alerting the trauma team to any 
changes should be in place. Most injuries that fail nonoperative 
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Table 1: American Association for the Surgery of Trauma…Organ Injury Scale (AAST-OIS) Grading Scales 
for Selected Abdominal Organs

Spleen* Pancreas*

I Laceration �1 cm I Super“ cial laceration, no duct injury

Subcapsular hematoma �10% surface area Minor contusion, no duct injury

II Laceration 1…3 cm II Major laceration, no duct injury 
Subcapsular hematoma 10%…50% surface area Major contusion, no duct injury

Intraparenchymal hematoma �5 cm diameter
III Laceration �3 cm or involving trabecular vessels III Distal transaction or parenchymal injury with 

duct injury

Subcapsular hematoma �50% surface area or expanding/ruptured

Intraparenchymal hematoma �5 cm or expanding/
ruptured

IV Laceration of segmental or hilar vessels with major devascularization 
(�25% of spleen)

IV Proximal transaction or parenchymal injury in-
volving ampulla

V Shattered spleen
Hilar vascular injury with complete devascularization

V Massive disruption of pancreatic head

Liver * Abdominal Vascular

I Laceration �1 cm deep I Non-named branches; phrenic, lumbar, gonadal, 
or ovarian artery/vein

Subcapsular hematoma �10% surface area
II Laceration 1…3 cm deep, �10 cm in length II Hepatic, splenic, gastric, gastroduodenal, 

inferior mesenteric or primary named mesen-
teric arteries/veins requiring ligation or repair

Subcapsular hematoma 10%…50% surface area

Intraparenchymal hematoma �10 cm diameter
III Laceration �3 cm deep III Superior mesenteric vein, infrarenal vena cava

Subcapsular hematoma �50% surface area or expanding/ruptured Renal, iliac, or hypogastric artery/vein

Intraparenchymal hematoma �10 cm diameter or expanding/
ruptured

IV Parenchymal disruption involving 25%…75% of hepatic lobe or 
1…3 Couinaud•s segments within a single lobe

IV Superior mesenteric artery, celiac axis, suprare-
nal vena cava, infrarenal aorta

V Parenchymal disruption �75% of lobe or �3 Couinaud•s segments V Portal vein, extraparenchymal hepatic vein

Juxtahepatic venous injuries to vena cava or major hepatic veins Retrohepatic or suprahepatic vena cava
VI Hepatic avulsion Suprarenal subdiaphragmatic aorta

Kidney * Duodenum *

I Hematuria with normal urologic studies I Hematoma involving single portion
Subcapsular hematoma Laceration, partial thickness

II Laceration �1 cm deep without urinary extravasation II Hematoma involving more than one portion

Nonexpanding perirenal hematoma Laceration �50% of circumference
III Laceration �1 cm deep without collecting system rupture or urinary 

extravasation
III Laceration 50%…75% circumference of D2 or 

50%…100% of D1, D3, or D4

IV Laceration through renal cortex, medulla, and collecting system IVLaceration �75% circumference of D2
Main renal artery or vein injury with contained 
hemorrhage

Involvement of ampulla or distal common bile 
duct

V Completely shattered kidney V Massive disruption of duodenopancreatic 
complex

Renal hilar avulsion with devascularized kidney Devascularization of duodenum

� Advance one grade for multiple injuries, up to grade III.
Modi“ ed from Moore EE, Cogbill TH, Jurkovich GJ, et al: Organ injury scaling: spleen and liver (1994 revision). J Trauma 38:323…324, 1994; Moore EE, 
Cogbill TH, Jurkovich GJ, et al: Organ injury scaling III: Chest wall, abdominal vascular, ureters, bladder, and urethra. J Trauma 33:337…339, 1992; Moore 
EE, Cogbill TH, Malangoni MA, et al: Organ injury scaling, II: pancreas, duodenum, small bowel, colon, and rectum. J Trauma 30:1427…1429, 1990; and 
Moore EE, Shackford SR, Pachter HL, et al: Organ injury scaling: spleen, liver, and kidney. J Trauma 29:1664…1666, 1989, with permissions.
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management will declare themselves within 48 hours of injury, and 
this should be the period of most intensive monitoring.

Additional important factors to be considered in guiding man-
agement are the age of the patient and the presence of comorbidities 
and associated injuries. Traditionally, nonoperative management of 
abdominal solid organ injuries was contraindicated in elderly pa-
tients and those with multiple associated injuries, particularly severe 
traumatic brain injuries. However, with improvements in imaging 
technology and monitoring capabilities, many centers are reporting 
favorable results of nonoperative management in these more dif“ cult 
patient populations.7,8 Success rates for nonoperative management 
of over 90% have been reported among patients with multiple asso-
ciated injuries, with similar complication rates to those with isolated 
injuries.9,10 This should only be attempted at centers with experience 
and expertise in managing complex, multisystem trauma and re-
quires coordination and cooperation between the involved surgical 
services, such as neurosurgery and orthopedics.

Spleen and Liver

Patients with any identi“ ed injury of the spleen and/or liver should be 
admitted to the hospital for a minimum of 24…48 hours of observation. 
We recommend ICU or intermediate-level (step-down) admission for 
all high-grade injuries (grades III through V) (Figures 1 and 2). The 
primary purpose of observation is to identify the presence of any asso-
ciated abdominal injuries and to monitor for ongoing or recurrent 
bleeding from the liver or spleen. The overall incidence of missed inju-
ries in these patients appears to be low (around 2%), and should not 
in” uence the decision for nonoperative management.5,11 Serial physical 
examinations should focus on the patient•s hemodynamic status and 
any evidence of worsening abdominal tenderness, distension, or the 
development of peritonitis. Serial laboratory evaluations should in-
clude a complete blood count at the minimum. Some measure of global 
tissue perfusion and acidosis, such as the lactate or base de“ cit, may be 
useful in making management and treatment decisions in these pa-
tients. The timing and appropriateness of blood transfusion in these 
patients remains an area of controversy. Although the need for transfu-
sion was previously used as a guideline for operative intervention, this 
is no longer the case. For spleen injuries, we favor a low threshold for 
operative or angiographic intervention if the patient requires more than 
one to two units of transfused blood. We accept a higher threshold for 
surgical intervention on liver injuries that require transfusion, typically 
after four to six units of transfused blood. Ideally it would be preferred 
if one could avoid transfusion and surgery, but the exact timing of 

transfusion, surgery, or both for patients with solid organ injuries re-
mains more an art than science. It requires the expert judgment of an 
experienced trauma surgeon to avoid the error of delaying a needed 
laparotomy until the patient is on the verge of hemodynamic collapse.

Bed rest and activity restriction have traditionally been recom-
mended for these injuries, but there is no clinical data or science to 
support this practice. Prolonged immobility should be avoided, and 
patients should be allowed to mobilize as early as possible. Although 
routine repeat imaging of all injuries with ultrasound or CT does not 
appear to be bene“ cial or cost-effective, we recommend re-imaging 
in select patients such as those with high-grade injuries or those with 
above-average activity levels, such as athletes, “ re “ ghters, and police 
of“ cers, among others. Age-appropriate immunizations against en-
capsulated organisms should be considered for all patients with 
grade IV or V splenic injuries as they may be functionally asplenic. 
Immunizations should be administered before patient discharge to 
ensure compliance.

Kidney

The kidneys are highly amenable to nonoperative management of 
most blunt injuries, with successful nonoperative management re-
ported in over 90% of injuries and even in up to 50% of grade V 
injuries.12,13 This is particularly important for preserving renal func-
tion, as a signi“ cant number of surgical explorations for blunt renal 
injury will result in nephrectomy. Tamponade of hemorrhage from 
the renal parenchyma is enhanced by the tough, “ brous capsule of 
the kidneys (Gerota•s fascia) and their retroperitoneal location. The 
principles of hospital admission, monitoring, and serial evaluations 
are the same as for liver and spleen injuries. In addition to serial he-
moglobin assessments for bleeding, measures of renal function 
(blood urea nitrogen, creatinine, creatinine clearance) should be 
obtained at admission and intermittently throughout the hospital 
stay. A urinary catheter should be placed to quantify urine output 
and the degree of hematuria (if present) in the initial observation 
period. We recommend liberal use of repeat imaging, including renal 
function studies, in patients with grades III through V injuries to as-
sess the extent of injury and amount of functional renal parenchyma 
remaining (Figure 3).

Duodenum and Pancreas

Injury to the duodenum or pancreas is rare after blunt trauma, and 
appears to occur more frequently in children compared with adults. 
Diagnosis of these injuries is dif“ cult because of their retroperitoneal 
location, often subtle clinical signs, and frequent poor visualization 

Figure 1 Abdominal computed tomography scan demonstrating 
large subcapsular splenic hematoma (grade III) with no evidence of 
active contrast extravasation.

Figure 2 (A) Abdominal computed tomography scan demonstrating 
intraparenchymal liver laceration (grade III) with an area of contrast 
extravasation or •blushŽ (white arrow). (B) Hepatic angiogram of the 
same injury demonstrating contrast extravasation from the right 
hepatic arterial system (white arrow).
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by CT scan. Unlike other abdominal organ injuries, most identi“ ed 
duodenal and pancreatic injuries will require operative exploration 
for repair and drainage. However, select lower-grade injuries may be 
amenable to successful nonoperative management. Most grade I in-
juries of the duodenum (hematoma or partial-thickness laceration) 
do not require laparotomy and will resolve spontaneously. Patients 
with a large intramural hematoma, particularly children, may experi-
ence obstructive symptoms and require hospitalization for nutri-
tional management until the hematoma shrinks and obstruction 
resolves. Repeat imaging with oral contrast may be helpful in these 
patients to assess the degree of luminal obstruction and resolution or 
progression of the lesion.

The primary determinant of the need for operative interven-
tion in pancreatic injuries will be the extent of parenchymal dis-
ruption and the presence or absence of ductal injury. Grades I and 
II injuries (contusions and lacerations without ductal injury) 
identi“ ed by CT scan may be managed by observation alone in the 
hemodynamically stable patient with minimal clinical symptoms. 
Serial physical examinations and measurement of pancreatic en-
zymes (amylase and lipase) should be performed to monitor the 
progression or resolution of pancreatic injury and in” ammation. 
Repeat imaging with a contrast-enhanced, dedicated pancreatic 
CT should be performed in the face of clinical deterioration or 
laboratory evidence of worsening pancreatic injury. If a localized 
” uid collection or pancreatic abscess is identi“ ed, percutaneous 
drainage may be attempted in lieu of operative drainage. If ductal 
injury is suspected, endoscopic retrograde cholangiopancreatogra-
phy (ERCP) may be performed to both diagnose the injury and 
perform a therapeutic intervention (stenting, sphincterotomy). 
However, laparotomy should be strongly considered if there is evi-
dence of a signi“ cant ductal disruption.

Role of Angiographic Interventions

The increased abilities and availability of interventional radiology are 
now being widely applied to the management of traumatic abdomi-
nal injuries, and may offer signi“ cant bene“ t in the nonoperative 
management of select injury types.14 The most common application 
of these techniques in the abdomen is to control active hemorrhage 
from the spleen or liver by angioembolization of either the bleeding 
vessel (selective) or the proximal main vessel supplying the bleeding 
area (nonselective). Patients with a contrast blush seen on the initial 
CT scan or evidence of ongoing hemorrhage should be considered 

for angiographic embolization if they remain hemodynamically 
stable enough to undergo the procedure. Although there are no well-
de“ ned criteria for prophylactic embolization, we recommend it in 
the nonoperative management of complex hepatic injuries (grades 
IV and V) that have a high rate of recurrent bleeding and failure of 
nonoperative management. Angiographic embolization is currently 
performed with either coil placement, which causes permanent clot-
ting of the vessel, or with absorbable Gelfoam. Gelfoam usually only 
provides temporary occlusion of the vessel, and as recanalization can 
occur in 8…96 hours, the patient should be monitored for recurrent 
hemorrhage.

Angiographic interventions such as catheter-directed clot lysis 
and vessel stenting may also have a role in the management of se-
lected blunt vascular injuries, particularly injury to the renal vascu-
lature, if performed within several hours of injury. Although angiog-
raphy is increasingly being integrated as a component of nonoperative 
management, it is an invasive procedure with a well-de“ ned compli-
cation pro“ le that should be factored in to any management deci-
sions or algorithms. Further study and experience with these 
techniques are needed to clarify the indications and treatment-
associated outcomes as this is an evolving “ eld.

Morbidity and Complications Management

The amount and degree of morbidity associated with nonoperative 
management of blunt abdominal injuries will be a function of the 
speci“ c organ injured, the presence and degree of associated injuries, 
and patient factors such as age and comorbid disease. Avoiding a 
laparotomy does not equate to avoiding any morbidities, and in some 
cases may be associated with equal or greater morbidity than opera-
tive management. Although hemorrhage from a missed solid organ 
injury has classically been described as the most common cause of 
preventable morbidity and mortality in trauma patients, this should 
be an extremely rare occurrence in a modern, dedicated trauma cen-
ter. Approximately 25% of patients with abdominal organ injuries 
managed nonoperatively will develop a complication requiring some 
form of intervention, and over 80% of these can be successfully man-
aged without surgical intervention.2,9,11

The most common sources of morbidity in this patient popula-
tion will be those seen in any injured and hospitalized patient 
population. These include local and systemic infections, single and 
multiple organ failures, venous thromboembolism, prolonged 
hospital stay, and functional disability. Other complications spe-
ci“ c to the injured organ may also be seen, such as delayed hemor-
rhage, organ necrosis or abscess formation, pseudoaneurysm or 
arteriovenous “ stula, bile or pancreatic leak, hemobilia, urinary 
extravasation, and end-organ ischemia from arterial or venous 
thrombosis.

The key to optimizing patient outcomes after blunt abdominal 
injury is anticipation of the commonly associated complications, and 
institution of a multidisciplinary approach to diagnosis and manage-
ment. Any change in the patient•s clinical status or complaints sugges-
tive of an abdominal complication (pain, fever, emesis, ileus, bleeding, 
jaundice) should prompt immediate investigation. CT is the study of 
choice for diagnosing most of these organ-speci“ c complications, 
and can readily visualize organ necrosis or ischemia, ” uid collections 
(abscess, biloma, urinoma, pseudocyst), biliary ductal dilation, and 
progression or resolution of the primary organ injury.15 The addition 
of intravenous contrast can delineate most vascular complications, 
such as pseudoaneurysm, arteriovenous (or portovenous) “ stula, in-
timal dissection, and thrombosis. Arteriography should be performed 
if the diagnosis is unclear by CT or to perform interventional therapy. 
Fluoroscopic contrast studies such as intravenous pyelography and 
retrograde urethrography may be indicated to evaluate the urinary 
tract for injury or urine leak. Suspected biliary or pancreatic pathol-
ogy (leaks, “ stulae) should be further studied using ERCP or percuta-
neous transhepatic cholangiography (PTC).

Figure 3 Abdominal computed tomography scan demonstrating a 
blunt left renal artery injury with an ischemic left kidney and normal, 
contrast-enhancing right kidney.
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Small bowel wounds remain problematic. Injuries obvious to the 
laparoscopic surgeon are probably detectable by other simple or less 
invasive techniques, that is, physical examination, CT, and diagnostic 
peritoneal lavage (DPL). Occult injuries may be initially missed re-
gardless of the diagnostic approach, but exclusion of peritoneal 
penetration is useful whether by local wound exploration or direct 
visualization via a laparoscope.

Table 1: Prevalence of Blunt Small Bowel Injury

Blunt Trauma Admissions 
(n�227,972)

Blunt Abdominal Trauma 
(n�85,643)

Any Injury Perforating 
Injury

Any Injury Perforating 
Injury

All small bowel 1.1 0.3 2.9 0.8
Jejunum/ilium 0.9 0.3 2.5 0.7

Adapted from Fakhry SM, Brownstein M, Watts DD, et al: Relatively short diagnostic delays (�8 hours) pro-
duce morbidity and mortality in blunt small bowel injury: an analysis of time of operative intervention in 198 
patients from a multicenter experience. J Trauma 48:408…415, 2000.

Figure 1 Small bowel injury from crushing force. Note extensive 
areas of nonviability.

Figure 2 Small bowel segment showing burst injury.

negative or nontherapeutic celiotomy in two-thirds of patients, selec-
tive management is now a common practice. In 2001, Scalea et al.5 
reported a prospective series of hemodynamically stable patients 
with penetrating trauma studied by triple-contrast computed to-
mography (CT). There were 75 consecutive patients and 60% sus-
tained gunshot or shotgun wounds. Nonoperative management was 
successful in 96% of patients with a negative CT scan. Despite this 
impressive series, most surgeons employ celiotomy for the treatment 
of gunshot wounds and accept a 15% negative or nontherapeutic 
celiotomy rate. In some institutions, both operative and selective 
management coexist, with surgical judgment prevailing in instances 
where the suspicion of intraperitoneal penetration or injury is low, 
that is, ” ank wounds and wounds con“ ned to the liver.

Indications for operation follow generally accepted algorithms 
(Figures 4 and 5). When criteria are met, most surgeons proceed with 
operative treatment. The emergence of experienced minimally inva-
sive surgeons is beginning to modify indications for celiotomy after 
penetrating trauma, especially in wounds that potentially injure the 
hemidiaphragm or where abdominal penetration is in doubt. These 
enhanced skills have supported the evolution of laparoscopy from a 
primary diagnostic modality to both a diagnostic and therapeutic 
tool.6  Wounds to the diaphragm can be seen and repaired; wounds to 
other organ systems can be detected, characterized as to injury sever-
ity and, in many instances, repaired or controlled with hemostatics. 

Figure 3 Small bowel demonstrating linear perforation, suggesting 
shear injury mechanism.
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Diagnosis of blunt small bowel injury is less obvious. Blunt small 
bowel injury ranges from contusion with or without serosal tear to 
intramural hematoma to loss of integrity of the bowel wall. The latter 
usually occurs immediately as a direct result of the injury, but there are 
many examples of delayed perforation, presumably as a result of post-
traumatic ischemia leading to bowel wall necrosis. Trauma to the 
mesentery can have similar consequences or resolve only to cause post-
traumatic stricture and delayed symptoms of intestinal obstruction. 
Injured patients with free perforation almost always present with ab-
dominal pain and usually have signs of peritoneal irritation including 
percussion tenderness, tenderness to deep palpation, and direct and 
referred rebound tenderness. Operation is indicated in such situations 
without additional diagnostic studies. In many injured patients, the 
physical examination may be obscured by concurrent head injury, use 
of alcohol or other drugs, or associated injuries that distract the 
patient.7 In these instances, diagnostic studies, including CT, ultraso-
nography, DPL, or laparoscopy may play a role. The algorithm for the 
diagnosis of small bowel injury rests on certain caveats:

1. The alert patient is subject to reliable interpretation of physical 
“ ndings.

2. There is no single diagnostic test, other than celiotomy, that can 
diagnose a small bowel injury with certainty.

3. There are injuries to the small bowel and mesentery that do not 
cause free perforation but still require operative management.

The reliability of CT scanning in the diagnosis of small bowel in-
jury is subject to great debate. The technique of performing the CT, 
that is, whether or not oral contrast adds to the accuracy of the scan, 
is debated. What to do in the patient with free intraperitoneal ” uid 
without solid organ injury is debated. The role of DPL as a comple-
mentary study to CT is debated.8 What is not debated, however, is the 
fact that patients can have a normal CT scan and still have signi“ cant 
small bowel injury, including perforation. CT “ ndings suggesting 
small bowel injury occur in less than 50% of cases in some series 
(Figure 6). Because abdominal CT has become the most widely 
used test to detect intra-abdominal injury, there is great potential, in 
the patient with a negative CT, to miss the diagnosis and delay ap-
propriate operative therapy. In 2000, Malhotra et al. cited the differ-
ence in the generations of CT scanners as impacting the ability to 
identify blunt small bowel injuries.9 Compared with early-generation 
scans, the newer helical scanners appeared to be more sensitive. 
Yet, there were 7 of 47 patients (15%) in his series who had negative 
scans and had small bowel or mesenteric injuries requiring operation. 
Malhotra•s experience parallels that from the EAST multi-
institutional trial, which demonstrated a 13% false negative rate for 
CT in the diagnosis of small bowel injury. In 2004, Allen et al. re-
ported sensitivity and speci“ city of 95 and 99%, respectively, for 
abdominal CT scans performed with intravenous contrast alone in 
the diagnosis of blunt small bowel and mesentery injuries.10 However, 
their sample of patients with actual injury was small. In 2001, 

Figure 4 Algorithm for penetrating injuries to small bowel.
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Figure 5 Algorithm for blunt injuries to small bowel.
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Gonzalez et al. reported the use of pre-CT DPL in a series of patients 
and compared the study group with a like group randomized to CT 
only.11 If red blood cells per millimeter cubed were higher than 
20,000, a CT was performed. Those undergoing CT only and found to 
have free ” uid without solid organ injuries were explored. Using this 
protocol of screening DPL, they found a low nontherapeutic celiot-
omy rate and improved cost-effectiveness. CT scanning has also been 
combined with laparoscopy in an attempt to improve diagnostic ac-
curacy. In 2005, Mitsuhide et al. reported the use of selective laparos-
copy in patients suspected of small bowel injury, either by physical 
examination or CT scanning.12 The laparoscopic “ nding of bowel 
perforation or ischemia mandated conversion to open operation. 
They concluded that CT combined with laparoscopy could prevent 
nontherapeutic celiotomy and reduced delay in diagnosis. In 2000, a 
report of the American Association for the Surgery of Trauma (AAST) 
membership regarding diagnosis and management of small bowel 
injuries showed a lack of con“ dence in any of the available diagnostic 
approaches.13 There was considerable variation in how to manage the 
neurologically impaired patient with free ” uid on CT in the absence 
of solid organ injury (Table 2). Options ranged from observation to 
operation with a plurality using DPL when in doubt. In children, the 
presence of abdominal tenderness and isolated free intraperitoneal 
” uid was highly predictive of small bowel perforation.

INJURY GRADING

The grading of small bowel injuries is uncomplicated, but the conse-
quences of the injury are not. The reason for this is simple„bowel 
injuries occur and some are not initially diagnosed. Many proceed to 

heal without incident, some necrose and present as an intra-
abdominal catastrophe, and others cause delayed symptoms, often 
requiring late operative treatment.14 The AAST…Organ Injury Scale is 
depicted in Table 3. Note that grades 2…4 correspond to free perfora-
tion and are likely to be encountered immediately or soon after pre-
sentation. Grade 5 injuries, transection with segmental tissue loss 
and/or devascularization, may be apparent or occult, but both cause 
loss of bowel integrity and require small bowel resection. Somewhere 
in the scheme of things, but still unclassi“ ed, rests the partial devas-
cularization injury without full thickness necrosis that heals by stric-
ture and causes delayed obstructive symptoms. Operation is almost 
always required to deal with this problem.

SURGICAL MANAGEMENT

In most instances, surgical management means operative manage-
ment. Nonetheless, there is a de“ nite role for surgical judgment to 
decide the need for resection, the extent of resection, and the method 
of repair and/or resection. Small bowel injuries occur as isolated in-
juries but they more commonly coexist with other intra-abdominal 
injuries from both penetrating or blunt injury mechanisms. Surgical 
decision making is critical in the management of associated injuries 
and whether to employ damage control. In 2000, Hackam et al. com-
pared small bowel…injured patients both with and without other in-
tra-abdominal injuries.15 Although the presence of other injuries led 
to earlier diagnosis and celiotomy, associated injuries adversely af-
fected mortality, length of hospital stay (LOS), and intra-abdominal 
complications.

Injuries to the small bowel that require operative management 
include perforation, intramural hematoma, crush injury with loss of 
viability, laceration, and mesenteric trauma causing tears or avul-
sions of the mesentery, hemorrhage, expanding hematoma, and 
small bowel ischemia. The decision to repair, resect, or employ dam-
age control techniques is based on the patient•s clinical condition, the 
anatomy of the injury, whether the injuries are localized to a single 
wound site or intestinal segment, or if multiple wounds are dispersed 
over several segments of intestine. The surgeon should beware the 
“ nding of a single perforation or an odd number of intestinal 
wounds. While this may be explained by a tangential wound or the 
“ nding of an intraluminal missile, perforation of the intramesenteric 
small bowel wall is more likely and easy to miss. All juxtaintestinal 
mesenteric hematomas should be opened to ensure integrity of the 
intestinal wall.

Repair is best performed by direct suture. If resection is indicated, 
stapler and hand-sewn techniques of anastomosis appear to be 

Figure 6 Positive computed tomography “ ndings of wall thickening 
and adjacent free intraperitoneal ” uid in patient with ruptured small 
bowel.

Table 2: Patient Management: No Solid Organ 
Injury, Free Fluid, Unreliable Exam

Head Injury % Intoxication %

Observe 28 51
Repeat computed tomography 12 11
Diagnostic peritoneal lavage 42 26
Operate 16 10

Adapted from Brownstein MR, Bunting T, Meyer AA, Fakhry SM: Diagnosis 
and management of blunt small bowel injury: a survey of the membership 
of the American Association for the Surgery of Trauma. J Trauma 48:
402…407, 2000.

Table 3: Small Bowel Injury

Grade a Type of Injury Description of Injury AIS

I Hematoma Contusion or hematoma 
without devascularization

2

Laceration Partial thickness, no 
perforation

2

II Laceration Laceration �50% of 
circumference

3

III Laceration Laceration 50% of circumfer-
ence without transaction

3

IV Laceration Transection of small bowel 4
V Laceration Transection of small bowel 

with segmental tissue loss
4

Vascular Devascularized segment 4

aAdvance one grade for multiple injuries up to grade III.
AIS, Abbreviated Injury Score.
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equally effective. However, both forms of resection have higher com-
plication rates than repair. Therefore, injuries amenable to suture 
repair should be repaired rather than resected unless there are 
multiple proximity wounds that are technically easier to include 
in a limited resection than repair individually. In the damage control 
mode, wounds and lacerations are closed rapidly with a stapler 
to prevent continued soiling. No de“ nitive anastomoses are 
performed.

Celiotomy for trauma must include an initial exploration to con-
trol active hemorrhage followed by a systematic inspection to iden-
tify all injuries. Injuries missed at celiotomy are the most lethal 
missed injuries. Therefore, every effort should be made to identify all 
intra-abdominal injuries, especially in a damage control situation 
where continued contamination predicts poor outcome. Soiling 
from hollow viscus injuries should be isolated with noncrushing in-
testinal clamps or controlled with the assistant•s thumb and fore“ n-
ger. Alternately, Babcock clamps can be applied. After the intestinal 
tract is examined from gastroesophageal junction to rectum, injuries 
should be counted and mentally noted or identi“ ed with tag sutures. 
Areas of hematoma should be carefully inspected. Most are limited 
to serosal injuries and are best treated by imbricating the bordering 
serosal margins. True intramural hematomas require surgical judg-
ment. If limited in extent and nonexpanding, the hematoma will 
likely resolve on its own and does not require speci“ c therapy. Large 
or expanding intramural hematomas, or those in which the viability 
of the involved intestinal segment cannot be determined, require 
intervention. Both hematoma evacuation and resection of the in-
volved segment have been recommended. This author favors the 
latter. Perforations should be carefully debrided back to viable tissue, 
splayed with corner stay sutures and closed transversely in two layers 
(Figures 7, 8, and 9). Perforations that are closely opposed should be 
converted to a single defect and closed in like manner (Figure 10). 
Multiple perforations within a short segment are best treated by re-
section and anastomosis (Figure 11). The mesenteric defect should 
be closed in continuity (Figure 12).

Injuries to the mesentery vary from small hematomas to exten-
sive life-threatening avulsion injuries. Large or expanding mesen-
teric hematomas and those adjoining the intestinal wall should be 

explored and direct vascular control established by suture ligature 
(Figure 13). The integrity of the intestinal wall should be con-
“ rmed or repaired, as needed. Mesenteric tears may cause ischemia 
of the involved intestinal segment and resection may be necessary 
(Figure 14). All tears must be closed with sutures (Figure 15).

Figure 7 Perforations carefully debrided back to viable 
tissue.  (From Maull KI: Stomach, small bowel and mesentery injury. In 
Champion HR, Robbs JV, Trunkey DD, editors: Rob and Smith•s Operative 
Surgery: Trauma Surgery, 4th ed. London, Butterworth-Heinemann, London, 
pp. 401…413.)

Figure 8 Perforations splayed with corner stay sutures.  (From 
Maull KI: Stomach, small bowel and mesentery injury. In Champion HR, 
Robbs JV, Trunkey DD, editors: Rob and Smith•s Operative Surgery: Trauma 
Surgery, 4th ed. London, Butterworth-Heinemann, London, pp. 401…413.)

Figure 9 Perforations closed transversely in two layers.  (From 
Maull KI: Stomach, small bowel and mesentery injury. In Champion HR, 
Robbs JV, Trunkey DD, editors: Rob and Smith•s Operative Surgery: Trauma 
Surgery, 4th ed. London, Butterworth-Heinemann, London, pp. 401…413.)
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COMPLICATIONS

Complications after small bowel injury differ by injury mechanism. 
In blunt trauma, the principal concern is delay in diagnosis. In 2000, 
Fakhry et al., in a multicenter study of eight trauma centers, reported 
a statistically signi“ cant increased risk of wound infection, wound 
dehiscence, intra-abdominal abscess, adult respiratory distress syn-
drome (ARDS), and sepsis in patients with isolated small bowel 
perforations operated on more than 24 hours after injury compared 
with those undergoing operation less than 8 hours after injury.16 
Fang et al. reported a dramatic increase in complications if surgery 
was delayed more than 24 hours.17 In children sustaining blunt small 

Figure 11 Multiple perforations within a short segment are best 
treated by resection and anastomosis.  (From Maull KI: Stomach, small 
bowel and mesentery injury. In Champion HR, Robbs JV, Trunkey DD, editors: 
Rob and Smith•s Operative Surgery: Trauma Surgery, 4th ed. London, 
Butterworth-Heinemann, London, pp. 401…413.)

Figure 10 Perforations that are closely opposed should be 
converted to a single defect and closed in like manner.  (From Maull KI: 
Stomach, small bowel and mesentery injury. In Champion HR, Robbs JV, 
Trunkey DD, editors: Rob and Smith•s Operative Surgery: Trauma Surgery, 
4th ed. London, Butterworth-Heinemann, London, pp. 401…413.)

Figure 12 The mesenteric defect should be closed in 
continuity.   (From Maull KI: Stomach, small bowel and mesentery injury. In 
Champion HR, Robbs JV, Trunkey DD, editors: Rob and Smith•s Operative 
Surgery: Trauma Surgery, 4th ed. London, Butterworth-Heinemann, London, 
pp. 401…413.)

Figure 13 Large or expanding mesenteric hematomas and 
those adjoining the intestinal wall should be explored and direct 
vascular control established by suture ligature.  (From Maull KI: 
Stomach, small bowel and mesentery injury. In Champion HR, Robbs 
JV, Trunkey DD, editors: Rob and Smith•s Operative Surgery: Trauma 
Surgery, 4th ed. London, Butterworth-Heinemann, London, 
pp. 401…413.)
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Figure 14 Mesenteric tears may cause ischemia of the involved 
intestinal segment, and resection may be necessary.  (From Maull KI: 
Stomach, small bowel and mesentery injury. In Champion HR, Robbs JV, 
Trunkey DD, editors: Rob and Smith•s Operative Surgery: Trauma Surgery, 
4th ed. London, Butterworth-Heinemann, London, pp. 401…413.)

bowel rupture, delay in diagnosis more than 24 hours did not result 
in increased morbidity or mortality as reported by Bensard et al.18

Complications are also related to associated injuries and to whether 
management of the small bowel injury requires repair or resection. As-
sociated multisystem injuries occur in as many as 70% of cases after 
blunt trauma, and often dictate not only the occurrence of complica-
tions, but also the eventual outcome19(Figure 16). Anastomosis-related 
complications include leaks, enterocutaneous “ stula, and intra-
abdominal abscess.20 These complications are uncommon but exceed 
the incidence after simple repair. Damage control predicts an increased 
likelihood of anastomosis-related complications.

Late complications of bowel obstruction relate to adhesions and 
ischemic stenosis from unrecognized small bowel or mesenteric 

Figure 15 All mesenteric tears must be closed with 
sutures.  (From Maull KI: Stomach, small bowel and mesentery injury. In 
Champion HR, Robbs JV, Trunkey DD, editors: Rob and Smith•s Operative 
Surgery: Trauma Surgery, 4th ed. London, Butterworth-Heinemann, London, 
pp. 401…413.)

Figure 16 Typical injuries accompanying blunt small bowel trauma.  (Adapted from Neugebauer H, Wallenboeck E, 
Hungerford M: Seventy cases of injury of the small intestine caused by blunt abdominal trauma: a retrospective study from 1970 to 
1994. J Trauma 46:116…121, 1999.)
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injury. In the latter circumstance, symptoms usually appear within 
6 weeks postinjury and vary from vague abdominal pain to frank 
obstruction.21 Resection is necessary to relieve the obstruction.

MORTALITY

Although reported mortalities have reached 25% or higher in some 
series, the consensus mortality after blunt small bowel injury is ap-
proximately 10%. In the multicenter study reported by Fakhry et al., 
there was no difference in mortality between patients with isolated 
small bowel injury and those who incurred small bowel injury in the 
setting of multiple other injuries.16 Delays in diagnosis were directly 
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related to almost half the deaths in this series. In fact, delays 
exceeding as little as 8 hours resulted in increased morbidity and 
mortality.

Mortality after penetrating injury is most commonly related to 
injury to other intraperitoneal and/or retroperitoneal injuries.22

CONCLUSIONS

Small bowel injuries may follow blunt or penetrating trauma. The 
major concern in the patient who sustains blunt small bowel injury 
is recognizing the presence of the injury. In patients with associated 
injuries requiring operation or in those sustaining gunshot wounds, 
small bowel injuries are promptly discoverable. The trend toward 
CT-based nonoperative management and the inaccuracy of early 
postinjury CT places patients with isolated blunt small bowel injury 
at risk of delayed diagnosis and increased morbidity and mortality. 
The importance of injury mechanism and physical “ ndings is often 
overlooked. Patients who are neurologically intact will demonstrate 
abdominal tenderness; many will have peritoneal “ ndings at presen-
tation. The presence of a seat-belt contusion should elevate concern. 
Injuries that can be repaired by lateral enterorrhaphy rarely cause 
postoperative complications, which are more commonly related to 
associated injuries after both blunt and penetrating trauma. Surgical 
judgment is required to ensure early diagnosis and appropriate op-
erative management.
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DUODENAL INJURIES
Gregory J. Jurkovich

duodenal injuries are uncommon, but not so rare as to preclude a 
comprehensive understanding of treatment strategies by general 

surgeons. A 6-year statewide review in Pennsylvania documented a 
0.2% incidence of blunt duodenal injury (206 of 103,864 trauma regis-
try entries), and only 30 of these patients had full-thickness duodenal 
injuries.1 Blunt duodenal injuries are the result of a direct blow to the 
epigastria, which in adults is usually from a steering wheel injury in an 
unrestrained driver, and in children is the result of a direct blow from a 
bicycle handlebar, “ st, or similar mechanism. Penetrating wounds are 
more common causes of duodenal injury, with about 75% of patients 

in published reports sustaining penetrating trauma.2 This “ gure may 
primarily be a re” ection of the experience of urban trauma centers 
where penetrating mechanism are more prevalent, and of academic 
centers that publish their results. Penetrating duodenal wounds are usu-
ally rapidly diagnosed as part of a laparotomy and evaluation of the 
tract of the offending agent. But blunt duodenal injuries are often more 
insidious in their presentation, making the initial diagnosis dif“ cult. 
Despite this well-known observation, delays in the diagnosis of duode-
nal trauma continue to plague trauma surgeons and seriously compro-
mise patient care.3

DETERMINANTS OF OUTCOME

Directly attributable duodenal mortality ranges from 2%…5%, and 
is the result of the common complications of wound dehiscence, 
sepsis, and multiple organ failure.4…11 Associated causes of mortality 
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in patients with a duodenal injury can be garnered from large series 
of duodenal injuries reported during the late 20th century. These 
reports demonstrated an average mortality in patients with a duo-
denal injury of 18%, but with great individual report variability, 
ranging from 6%…29%.6,12…14 Morbidity rates after duodenal injury 
range from 30%…63%, although only about a third of these are di-
rectly related to the duodenal injury itself.6,9,12 Reasons for this vari-
ability in morbidity and mortality statistics include the mechanism 
of injury, associated injuries, and time to initial diagnosis. For ex-
ample, Ivatury and colleagues• review of 100 consecutive penetrat-
ing duodenal injuries documented a 25% mortality rate,6 compared 
with mortality rates of 12%…14% in patients with blunt injury 
mechanisms.3,9

Early death from a duodenal injury, particularly with penetrating 
wounds, is caused by exsanguination from associated vascular, liver, 
or spleen injuries.15,16 The proximity of the duodenum to other vital 
structures makes isolated injuries uncommon, but not unheard of. 
While exsanguinating hemorrhage and associated injuries are re-
sponsible for early deaths, infection and multiple-system organ fail-
ure are responsible for most late deaths. Up to one-third of patients 
who survive the “ rst 48 hours develop a complication related to the 
duodenal injury. Anastomotic breakdown, “ stula, intra-abdominal 
abscess, pneumonia, septicemia, and organ failure are the common 
complications. Late deaths in patients with a duodenal injury typi-
cally occur 1…2 weeks or more after the injury, with about one-third 
of the late deaths attributable to the injury itself.9,12

The time from injury to de“ nitive treatment is also an important 
factor in the development of late complications and subsequent 
mortality. Roman and colleagues17 identi“ ed 10 patients in whom 
the diagnosis of duodenal injury was delayed over 24 hours; 4 of the 
10 died, and 3 of the 10 had duodenal “ stulas. In a true trauma clas-
sic report, Lucas and Ledgerwood18 demonstrated the remarkable 
importance (and frequency) of a delay in diagnosis of duodenal in-
jury. In their report, a delay in diagnosis of more than 12 hours oc-
curred in 53% of their patients, and a delay of more than 24 hours in 
28%; mortality was 40% among the patients in whom the diagnosis 
was delayed greater than 24 hours, as opposed to 11% in those un-
dergoing surgery within 24 hours. Snyder and coworkers9 con“ rmed 
these observations, noting that of the four patients with blunt duo-
denal trauma in their series in whom the diagnosis was delayed, two 
died and the other two developed duodenal “ stula. Cuddington and 
associates3 also noted that 100% of the deaths directly attributable to 
duodenal injury occurred in patients in whom there was a delay in 
diagnosing such injury.

The implication of these observations is that the “ rst priority in 
managing duodenal trauma should be control of hemorrhage. The 
next priority is limiting bacterial contamination from colon or other 
bowel injury to prevent late infections. A clear identi“ cation of the 
extent of the duodenal injury should follow as the next priority, with 
an emphasis on determining the status of the pancreas as well, as this 
affects de“ nitive treatment plans.13,19

ANATOMY AND PHYSIOLOGY

The duodenum is the “ rst portion of the small intestine, beginning 
just to the right of the spine at the level of the “ rst lumbar vertebra 
and extending from the pyloric ring to the duodenojejunal ” exure, 
commonly known as the ligament of Treitz. The duodenum is named 
from the Latin word duodeni, which means •twelve each,Ž because it 
is in total 25 to 30 cm, or about 12 “ ngerbreadths, in length. For 
convenience of description, the duodenum is arbitrarily divided into 
four divisions, differentiated by the alteration in direction of the 
organ.20 The superior or “ rst portion of the duodenum passes back-
ward and upward toward the neck of the gallbladder, and most 
of this portion is intraperitoneal. The descending (vertical) or second 
portion forms an acute angle with the “ rst portion and descends 
7…8 cm. It contains the bile and pancreatic duct openings. This 

portion (and the remainder of the duodenum) is entirely retroperi-
toneal; this is the segment mobilized by a Kocher maneuver. The 
transverse or third portion of the duodenum runs 12 cm horizontally 
to the left in front of the ureter, inferior vena cava, lumbar column, 
and aorta, and ends at just at the left edge of the third lumbar verte-
bra. The superior mesenteric artery runs downward over the anterior 
surface of the third portion of the duodenum. The ascending or 
fourth portion of the duodenum runs upward and slightly to the left 
for only a short distance (2…3 cm) alongside the spine to the duode-
nal suspensory ligament of Treitz.

The arterial blood supply of the duodenum is derived from the 
pancreaticoduodenal artery. The superior branch comes off the he-
patic artery, and the inferior branch from the superior mesenteric 
artery. These two arteries run in a groove between the descending 
(second) and transverse (third) portions of the duodenum and the 
head of the pancreas, with well-developed collateralization via a con-
tinuous marginal artery. The venous drainage parallels the arterial 
supply, with the posterosuperior arcade draining into the portal vein 
and the anteroinferior arcade draining into the gastrocolic trunk.21

The duodenal mucosa resembles that of the remainder of the 
small bowel, with the characteristic histologic feature of the submu-
cosal Brunner•s glands in the most proximal (“ rst) portion. The vis-
cous, mucoid, alkaline secretion of these glands probably affords 
some protection to the duodenum from gastric acid and serves to 
begin neutralization of this acid. The mixing of pancreatic and bile 
juices with the gastric ef” ux also normally occurs in the duodenum. 
The duodenum sees an average of 2500 ml gastric juice, 1000 ml of 
bile, 800…1000 ml of pancreatic juices, and 800 ml of saliva, for a 
total of about 5 liters of combined ” ow through the duodenum per 
day. Such massive ” ow volumes make it clear that duodenal integrity 
is crucial, and help to explain why duodenal “ stulae can be such a 
dif“ cult complication of injury to this organ.

DIAGNOSTIC ADJUVANTS

The radiologic signs of duodenal injury on the initial plain abdomi-
nal or upright chest radiograph are often quite subtle, with mild 
spine scoliosis or obliteration of the right psoas muscle being occa-
sionally all that suggests a retroperitoneal duodenal injury. The pres-
ence of air in the retroperitoneum is a clear sign of duodenal injury, 
but this is often dif“ cult to distinguish from the overlying transverse 
colon. Computed tomography (CT) at the current time is the best 
method of early diagnosis of a duodenal injury, but it is not infallible. 
In a 1997 report describing a 6-year statewide experience with 
duodenal injuries, Ballard et al.1 reported that of 30 documented 
blunt duodenal injuries, the initial CT scan missed 27%. The (CT) 
scan must be performed with both oral and intravenous contrast 
(Figure 1). The exam must be interpreted with great suspicion for 
injury, and uncertainty in interpretation is adequate justi“ cation for 
operative exploration. False-negative exams are known to occur.22 In 
one careful study of the accuracy of CT in diagnosing duodenal and 
other small bowel injuries, only 59% (10 of 17) scans were prospec-
tively (preoperatively) interpreted as suggestive for bowel injury, 
which increased to 88% (15 of 17 injuries) when evaluated retrospec-
tively.23 These investigators emphasized that using CT for the diagno-
sis of blunt bowel rupture requires careful inspection and technique 
to detect the often-subtle “ ndings.

A more cumbersome alternative to CT is upper gastrointestinal 
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Although the initial treatment is nonoperative, associated injuries 
should be excluded, particularly pancreatic injury. Desai et al.46 re-
ported that 42% of pediatric patients with a duodenal injury (perfora-
tion or hematoma) had a concomitant pancreatic injury, and Jewett 
et al.47 found a 20% incidence of pancreatic injury in patients with a 
duodenal hematoma. Continuous nasogastric suction should be em-
ployed and total parenteral nutrition begun. The patient should be 
re-evaluated with UGI contrast studies at 5…7-day intervals if signs of 
obstruction do not spontaneously abate. Ultrasound has also been 
used to follow a resolving duodenal hematoma.48 Percutaneous drain-
age of an unresolving duodenal hematoma has been reported,49,50 but 
operative exploration and evacuation of the hematoma is usually rec-
ommended after 2 weeks of conservative therapy to rule out stricture, 
duodenal perforation, or injury to the head of the pancreas as factors 
that might be contributing to the obstruction.51 One review of six cases 
of duodenal and jejunal hematomas resulting from blunt trauma dem-
onstrated resolution with nonoperative management in “ ve of the six 
patients, with an average hospital stay of 16 days (range, 10…23 days), 
and total parenteral nutrition of 9 days (range, 4…16 days). The sixth 
case had evidence of complete bowel obstruction on UGI series, which 
failed to resolve after 18 days of conservative management. Laparot-
omy revealed jejunal and colonic strictures with “ brosis, which were 
successfully resected.52 Another report included 19 cases of duodenal 
hematoma in children, 17 (89%) managed nonoperatively and 
2 patients in operative incision and drainage occurred within the “ rst 
24 hours and never attempted nonoperative management.46 Nasogas-
tric decompression and total parenteral nutrition were employed for 
an average of 9.3 (±7.7) days (range, 2…29 days), with an average hos-
pital stay of 16.4 (±17.8) days (range, 2…37 days).

If a duodenal hematoma is incidentally found at celiotomy, a 
thorough inspection must ensue to exclude perforation. This will 
require an extended Kocher maneuver, which usually successfully 
drains the subserosal hematoma. It is unclear whether the serosa of 
the duodenum should intentionally be incised along its extent to 
•evacuateŽ the hematoma, or whether this in fact increases the likeli-
hood of converting a partial duodenal wall tear into a complete 
perforation. Unless my index of suspicion is very high for a full-
thickness duodenal wall injury, I generally do not open a duodenal 
hematoma found incidentally, although I do inspect it carefully. A 
feeding jejunostomy should be placed, because an extended period of 
gastric decompression will likely be required.
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PANCREATIC INJURIES
Louis J. Magnotti and Martin A. Croce

t he pancreas is relatively protected deep within the con“ nes of 
the retroperitoneum. As such, injuries to the pancreas are 

uncommon, but not rare, and can present a diagnostic dilemma. In 
fact, despite advances in modern trauma care, there remains signi“ -
cant morbidity and mortality, with mortality rates ranging from 
9%…34%.1 Frequent complications are also common following pan-
creatic injuries, occurring in 30%…60% of patients. The high compli-
cation rate associated with these injuries is primarily secondary to 
diagnostic delays and missed injuries. When identi“ ed early, the 
treatment of most pancreatic injuries is straightforward. It is the 
delayed recognition and/or treatment of these injuries that can result 
in devastating outcomes.

There are few well-documented historical accounts about the 
management of pancreatic injuries. The “ rst documented case of 
pancreatic trauma was an autopsy report from St. Thomas Hospital 
in London in 1827 in which a patient struck by the wheel of a stage-
coach suffered a complete pancreatic body transection.2 Over the 
next several decades, reports of pancreatic injuries were scattered. In 
1903, after extensive review of the literature, only 45 cases of pancre-
atic trauma, 21 resulting from penetrating injuries and 24 from blunt 
trauma could be identi“ ed.3 The occurrence of complications fol-
lowing pancreatic injury was also noted early. In 1905, Korte4 re-
ported a case of an isolated pancreatic transection with resultant 
pancreatic “ stula. The “ stula closed spontaneously and the patient 
survived.

The following chapter attempts to clarify the anatomic and 
physiologic basis for the concerns over injuries to the pancreas as well 
as elucidate speci“ c diagnostic and therapeutic interventions after 
traumatic injuries to the pancreas.

ANATOMY

A complete understanding of pancreatic relational anatomy is es-
sential for providing appropriate treatment and understanding the 
potential for associated injuries. The pancreas is about 15…20 cm in 
length, 3.1 cm wide, and 1…1.5 cm thick. The average mass is 90 g 
(ranging from 40 to 180 g).5 The inferior vena cava, aorta, left kidney, 
both renal veins, and right renal artery lie posterior to the pancreas. 
The head of the pancreas is nestled in the duodenal sweep, with the 
body crossing the spine and the tail resting within the hilum of the 

spleen. The splenic artery and vein can be found along the superior 
border of the pancreas. The superior mesenteric artery and vein re-
side just behind the neck of the pancreas and are enclosed posteriorly 
by the uncinate process. This process can be absent or can almost 
completely encircle the superior mesenteric artery and vein.

The head of the pancreas is suspended from the liver by the hepa-
toduodenal ligament and is “ rmly “ xed to the medial aspect of the 
second and third portions of the duodenum. A line extending from 
the portal vein superiorly to the superior mesenteric vein inferiorly 
marks the division between the head and the neck of the gland. The 
neck of the pancreas measures approximately 1.5…2 cm in length and 
lies at the level of the “ rst lumbar vertebra. It overlies the superior 
mesenteric vessels and is “ xed between them and the celiac trunk 
superiorly. The body of the pancreas is technically de“ ned as that 
portion of the pancreas that lies to the left of the superior mesenteric 
vessels. There is no true anatomic division between the body and the 
tail, nor is there any imaginary dividing line as in the case of the head 
and neck.

The main pancreatic duct of Wirsung originates in the tail of the 
pancreas and typically traverses the entire length of the gland and 
joins the common bile duct before emptying into the duodenum. 
Throughout its course in the tail and body, the duct lies midway be-
tween the superior and inferior margins and slightly more posterior. 
The accessory duct of Santorini usually branches out from the pan-
creatic duct in the neck of the pancreas and empties separately into 
the duodenum. A signi“ cant number of anatomic variants exist and 
must be recognized: (1) in 60% of individuals, the ducts open sepa-
rately into the duodenum; (2) in 30%, the duct of Wirsung carries 
the entire glandular secretion and the duct of Santorini ends blindly; 
and (3) in 10%, the duct of Santorini carries the entire secretion of 
the gland and the duct of Wirsung is either small or absent. In all 
cases, the ducts lie anterior to the major pancreatic vessels.

The arterial and venous blood supply of the pancreas is relatively 
constant. The arterial blood supply of the pancreas originates from 
both the celiac trunk and the superior mesenteric artery. The blood 
supply to the head of the pancreas appears to be the greatest, with less 
” ow to the body and tail and the least to the neck. The veins, like the 
arteries, are found posterior to the ducts, lie super“ cial to the arter-
ies, and parallel the arteries for the most part throughout their 
course. The venous drainage of the pancreas is to the portal, splenic, 
and superior mesenteric vein.

PHYSIOLOGY

The pancreas is a compound tubuloalveolar gland with both endo-
crine (insulin, glucagon, somatostatin) and exocrine (digestive en-
zyme precursors, bicarbonate) function. The endocrine cells are 
separated histologically into nests of cells known as the islets of 
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Langerhans. There are three predominant subtypes of islet cells: al-
pha cells (which produce glucagon), beta cells (which produce insu-
lin), and delta cells (which produce somatostatin). Although these 
cells are distributed throughout the substance of the pancreas, most 
reside primarily within the tail. Consequently, it would seem that a 
distal pancreatectomy would be poorly tolerated in terms of endo-
crine function. However, it is well known that resection of more than 
90% of the pancreas must occur before endocrine insuf“ ciency de-
velops, provided the remainder of the gland is normal. In fact, partial 
resection induces hypertrophy and increased activity of the residual 
islet cells. In animal studies, Dragstedt6 was the “ rst to show that re-
moval of 80% of the pancreas did not signi“ cantly alter carbohydrate 
or fat metabolism or the digestion and/or absorption of food, pro-
vided that the remaining gland is normal and that pancreatic secre-
tions still have access to the upper digestive tract via the ductal 
system.

DIAGNOSIS

It is important to remember that whenever there is trauma to the 
pancreas, particular attention must be given to the possibility of a 
major ductal injury for this is the single most important determinant 
of outcome after pancreatic injury. In fact, this concept was “ rst rec-
ognized as early as 1962.7 Subsequent investigators have con“ rmed 
and reemphasized the necessity of determining the status of the pan-
creatic duct. In fact, Heitsch et al.8 found that distal resection of 
ductal injuries signi“ cantly lowered postoperative morbidity and 
mortality when compared with drainage alone. This “ nding was 
con“ rmed over a decade later when investigators documented a drop 
in mortality rate from 19%…3% after pancreatic resection proximal 
to the site of ductal injury.9

Successful diagnosis of a pancreatic injury requires a high index 
of suspicion. The mechanism of injury, need for laparotomy, and 
time interval following initial abdominal insult will direct the trauma 
surgeon to the most appropriate procedures and tests. Those patients 
with need for immediate laparotomy require little or no preoperative 
evaluation, as the diagnosis of pancreatic injury can be made at the 
time of exploration. Conversely, patients without clear need for op-
erative exploration may require extensive efforts to establish the 
presence of a pancreatic injury.

Pancreatic injuries typically result from high-energy transfer to 
the upper abdomen. In adults, motor vehicle accidents are the pri-
mary cause of pancreatic injuries, usually secondary to impact of the 
steering wheel. In children, the typical scenario involves a handlebar 
injury to the epigastrium. In any case, the energy of impact is di-
rected at the upper abdomen (epigastrium or hypochondrium), re-
sulting in crushing of the retroperitoneal structures. Typical “ ndings 
suggestive of retroperitoneal injury include contusion/bruising to 
the upper abdomen with epigastric pain out of proportion to physi-
cal examination.

Elevated serum amylase is not a reliable indicator of pancreatic 
trauma. In fact, the use of amylase as a screening tool in blunt trauma 
carries a negative predictive value of 95%.10 Measurement of the 
pancreatic isoamylase fraction has failed to substantially improve 
both the sensitivity and speci“ city of this value as a marker of pan-
creatic injury.

Asymptomatic patients with elevated serum pancreatic isoamylase 
require observation and repeat amylase determination. Persistently 
elevated serum amylase or the development of abdominal symptom-
atology warrants further investigation and may include computed 
tomography (CT) scan, endoscopic retrograde cholangiopancreatog-
raphy (ERCP), or operative exploration. Abdominal CT scans have a 
reported sensitivity and speci“ city as high as 80% in diagnosing pan-
creatic injury.11 Patton and colleagues12 reported that in 26 patients 
that sustained blunt pancreatic trauma, early CT scan was suspicious 
for injury in 15. CT failed to demonstrate injury in four patients 
(21%), resulting in a delay in operative intervention (mean, 3.8 days). 
The remaining patients had other indications for exploration.

Computed tomography “ ndings diagnostic of pancreatic injury 
include parenchymal disruption, intrapancreatic hematoma, ” uid in 
the lesser sac or separating the splenic vein and body of the pancreas, 
peripancreatic edema, thickened left anterior renal fascia, and retro-
peritoneal hematoma and/or ” uid. Clearly, certain “ ndings are more 
reliable than others and rarely are all present in a single patient. In 
fact, some of the CT signs of pancreatic injury may not be immedi-
ately apparent following injury, but rather require time to develop 
postinjury. It is important to remember this when evaluating the 
patient with worsening abdominal symptoms and an unimpressive 
initial CT scan.

Endoscopic retrograde cholangiopancreatography can be useful 
in the diagnosis of pancreatic duct rupture. In addition, it can aid in 
the diagnosis of and occasionally the management of the complica-
tions of missed pancreatic injuries. A report from the University of 
Louisville documents ERCP as a useful diagnostic tool in the evalua-
tion of the pancreatic duct in the early postinjury period in hemody-
namically stable patients with elevated amylase levels, persistent 
abdominal pain, and abnormal or questionable abdominal CT “ nd-
ings.13 ERCP is also extremely helpful in the evaluation of patients in 
whom the diagnosis of pancreatic injury was missed during the ini-
tial evaluation. It is in these patients that ERCP can aid in diagnosing 
the injury, planning the surgical approach if necessary, determining 
internal transpancreatic stent placement, and transductal drainage of 
a pancreatic abscess. However, ERCP may not always be available 
and should not delay operation in patients with progressive clinical 
deterioration.

Magnetic resonance (MR) imaging, speci“ cally MRCP (magnetic 
resonance cholangiopancreatography), has emerged as an alternative 
technique for evaluating the pancreatic duct. Although primarily 
used in elective circumstances, MRCP has been reported as a viable 
option for evaluating the status of the duct in those patients with 
pancreatic injuries.14 However, it frequently is not practical for use in 
trauma patients.

In order to successfully diagnose the presence and extent of a 
potential pancreatic injury, the surgeon must recognize those “ nd-
ings associated with pancreatic injury and adequately visualize the 
entire gland. In addition, it is also imperative to determine the integ-
rity of the pancreatic parenchyma and status of the major pancreatic 
duct. Pancreatic injuries are classi“ ed based on the status of the duct 
and the anatomic location of the injury within the gland. Associated 
injuries often complicate pancreatic evaluation. The presence of a 
central retroperitoneal hematoma or a hematoma overlying the pan-
creas, retroperitoneal saponi“ cation or bile staining mandates com-
plete pancreatic exploration.

Once again, it must be stressed that, if possible, it is important to 
determine the status of the duct at the time of exploration. Most of 
these injuries can be diagnosed by local exploration. Injuries to the 
duct occur in approximately 15% of pancreatic trauma and are gen-
erally the result of penetrating injury.15 Blunt injury can also result in 
transection of the major duct with or without complete transection 
of the gland. Minor contusions and/or lacerations of the pancreatic 
parenchyma usually do not require further evaluation of the duct. 
However, an intact pancreatic capsule does not eliminate the possi-
bility of complete transection of the pancreatic duct.9

The use of intraoperative observations such as direct visualization 
of ductal disruption, complete transection of the substance of the 
gland, free leakage of pancreatic ” uid, lacerations involving more 
than one-half of the diameter of the gland, central perforations, and 
severe lacerations with or without massive tissue disruption can pre-
dict the presence of a major ductal injury with a high degree of ac-
curacy. However, in those instances in which the status of the duct is 
uncertain, intraoperative pancreatography has been used as a tech-
nique for visualization of the main pancreatic duct. While intraop-
erative pancreatography may sound appealing, it is frequently 
impractical.

Nevertheless, pancreatography can be performed either by di-
rectly cannulating the ampulla of Vater through a duodenotomy or 
the main pancreatic duct through the amputated tail of the pancreas. 

380 PANCREATIC INJURIES
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A 5F pediatric feeding tube is used along with 2…5 ml of contrast. 
Cannulating the ampulla of Vater entails creating a duodenotomy 
unless there is an associated duodenal injury. It should be stressed 
that identifying the ampulla can be dif“ cult and that resection of the 
tail does not always ensure visualization of the pancreatic duct.

The simplest technique is a needle cholecystocholangiogram. In 
this technique, a purse-string suture is placed in the gallbladder just 
proximal to the cystic duct. An 18-gauge angiocatheter is then intro-
duced into the gallbladder. The remainder of the gallbladder can be 
excluded with a bowel clamp. Water-soluble contrast is injected into 
the gallbladder under direct ” uoroscopy. A cholecystectomy is not 
necessary following this procedure.

CLASSIFICATION OF PANCREATIC 
INJURIES

Although a number of classi“ cation systems have been devised to 
categorize pancreatic injuries, the American Association for the Sur-
gery of Trauma (AAST) Committee on Organ Injury Scaling ad-
dresses the key issues of treatment of parenchymal disruption and 
major pancreatic ductal injury by focusing on the anatomic location 
of the injury (Table 1). Proximal duct injuries require different man-
agement than do distal duct and parenchymal injuries. The dif“ culty 
arises in those patients with parenchymal disruption and major duct 
injury. This classi“ cation scheme provides a useful management 
guide by focusing on the anatomic location of the duct and paren-
chymal injury (proximal vs. distal).

SURGICAL MANAGEMENT OF 
PANCREATIC INJURIES

As with any case of abdominal trauma, the primary operative focus 
is control of ongoing hemorrhage and gastrointestinal contamina-
tion. Once these have been addressed, systemic abdominal explora-
tion should include recognition and evaluation of the possibility of 
pancreatic injury.

Proper evaluation of the pancreas requires complete exposure of 
the gland. Access to the pancreas is best accomplished by opening the 
lesser sac. That is, by dividing the gastrocolic omentum inferior to 
the gastroepiploic vessels, the anterior surface and the superior and 
inferior borders of the body and tail of the pancreas can be visual-
ized. The transverse colon is retracted inferiorly and the stomach 
superiorly (Figure 1). The nasogastric tube may be advanced along 
the greater curvature of the stomach and can be used as a handle for 
retraction of the stomach. An adequate Kocher maneuver will allow 
complete visualization of the pancreatic head and uncinate process. 

This is accomplished by incising the lateral peritoneal attachments of 
the duodenum and sweeping the second and third portions medially 
with a combination of both blunt and sharp dissection (Figure 2). If 
a large retroperitoneal hematoma is encountered, the nasogastric 
tube should be advanced through the pylorus and used as a palpable 
guide to avoid iatrogenic injury to the duodenal wall. The Kocher 

Table 1: Pancreatic Organ Injury Scale: American 
Association for the Surgery of Trauma

Grade Injury Description

I Hematoma Minor contusion without duct injury
Laceration Super“ cial laceration without duct injury

II Hematoma Major contusion without duct injury or 
tissue loss

Laceration Major laceration without duct injury or 
tissue loss

III Laceration Distal transection or parenchymal injury 
with duct injury

IV Laceration Proximal (right of superior mesenteric 
vein) transection or parenchymal injury

V Laceration Massive disruption of pancreatic head

Figure 1 Transection of the gastrocolic ligament with superior 
retraction of the stomach and inferior retraction of the transverse 
colon allows complete visualization of the body and tail of the 
pancreas.  (From Asensio JA, Demetriades D, Berne JD, et al: A uni“ ed 
approach to the surgical exposure of pancreatic and duodenal injuries. 
Am J Surg 174:54…60, 1997.)

Figure 2 The Kocher maneuver is performed by incising the lateral 
attachments of the duodenum and sweeping the second and third 
portions medially.  (From Asensio JA, Demetriades D, Berne JD, et al: 
A uni“ ed approach to the surgical exposure of pancreatic and duodenal 
injuries. Am J Surg 174:54…60, 1997.)
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Perihepatic Sepsis/Abscess

The predominant cause of the late morbidity and mortality associ-
ated with complex hepatic injuries is perihepatic sepsis (3%…5%). 
Perihepatic sepsis, especially in the multiply injured patient, can lead 
to septic shock formation, systemic in” ammatory response syn-
drome, and multiple organ failure. Noninfectious factors can also 
initiate severe in” ammatory responses that may culminate in multi-
ple organ failure and death.

A variety of risk factors for postoperative abscesses after hepatic 
trauma have been identi“ ed, including associated enteric injuries, ex-
tent of parenchymal damage, transfusion requirements, and inadequate 
debridement/drainage at the initial operation. For the most part, the 
rate of hepatic abscess formation can be signi“ cantly reduced with 
meticulous hemostasis, adequate debridement of nonviable hepatic 
parenchyma, and avoiding open-suction drainage.

Most abscesses can be drained percutaneously. Failure of the sep-
tic patient to improve within 24…36 hours after percutaneous drain-
age is a compelling reason to repeat the CT scan to determine if the 
catheter needs to be readjusted or whether operative intervention is 
needed. If surgery is required, the abscess cavity should be unroofed, 
devitalized tissue debrided, and closed-suction drainage established. 
Rarely, resectional debridement or frank lobectomy may be required 
to eradicate either an infected biloma or abscess cavity.

Bile Collections/Fistula

The second most common late complication encountered with the 
nonoperative management of blunt hepatic injuries is either the devel-
opment of a collection of bile (biloma) or the formation of a biliary 
“ stula. Although leakage of bile from lacerated biliary radicals after 
hepatic injuries occurs commonly, the reported incidence of clinically 
signi“ cant bile leaks is low (2%…3%). Extravasation of bile demon-
strated on nuclear imaging (HIDA scan) rarely requires operative inter-
vention, as percutaneous drainage is usually successful. The key to the 
management of bile leaks is adequate closed suction drainage. Even a 
biliary “ stula (� 50 ml/day over 14 days) that is adequately drained usu-
ally closes spontaneously. When biliary “ stulas fail to resolve, ERCP 
with stent and/or sphincterotomy should be performed.

Thoracobiliary “ stula is a rare complication of penetrating thora-
coabdominal trauma. The responsible mechanism is usually a missed 
or deliberate non-repair of small diaphragmatic lesion. Percutaneous 
drainage of the chest collection combined with endoscopic sphinc-
terotomy is almost always curative. It should be stressed, however, 
that early diagnosis is critical to avoid the corrosive effect of bile on 
the lungs and pleural space.

Hemobilia

Hemobilia is an uncommon complication of hepatic trauma, 
occurring at most in 1%. Hemobilia may result from blunt or 
penetrating trauma or iatrogenically induced by deep suture hepa-
torrhaphy. Signs and symptoms of gastrointestinal hemorrhage, 
right upper quadrant pain, and jaundice (Sandbloom•s triad) may 
occur 4 days to 1 month postinjury. Repeat endoscopy is usually 
unrevealing. In this setting, a history of trauma mandates celiac 
angiography. If hemobilia is the cause of the bleeding, angiogra-
phy will demonstrate a hepatic artery pseudoaneurysm that can be 
embolized with steel coils, Gelfoam, or acrylate glue. Surgical in-
tervention is rarely necessary unless hemobilia is either associated 
with a large intrahepatic cavity or angiography is not available. If 
surgery is required, the optimal treatment is hepatic resection en-
compassing the large cavity and the pseudoaneurysm. Vascular 
control (by intraoperative Pringle maneuver or direct ligation 
of the hepatic artery) is essential before attempting to debride or 

resect large intrahepatic cavities associated with hepatic artery 
pseudoaneurysms.

Injury to the Intrahepatic Bile Ducts 
and Late Stricture

Injuries to the intrahepatic bile ducts are rare. The long-term se-
quelae of spontaneous healing of the injured hepatic parenchyma 
surrounding both normal and disrupted intrahepatic bile ducts are 
presently unknown. While disruption of secondary and tertiary bili-
ary radicals within the liver occurs often, late intrahepatic bile duct 
stricture formation is an exceedingly rare occurrence.

Postobservational CT Scanning

The physiology of hepatic repair after blunt injury progresses in a pre-
dictable fashion that results in virtually complete restoration of hepatic 
integrity at the end of 3 months. There is general agreement that post-
observational scanning in patients with grades I and II injuries contrib-
utes little to the clinical management of asymptomatic patients. In 
patients with grades III to V injuries, repeat CT scan or ultrasound, 
showing resolution of the injury, can serve as an invaluable guide in 
identifying patients for whom critical care monitoring may no longer 
be necessary. The optimal time frame for follow-up CT scan in these 
patients, if necessary, is 7…10 days after the original injury.

Resumption of Normal Activities

Dulchavsky et al.21 demonstrated in experimental models that he-
patic wound bursting strength at 3 weeks after injury was compa-
rable and often exceeded wound bursting strength of normal he-
patic parenchyma. Moreover, healing by secondary intention 
resulted in wound bursting strength equal or greater than hepator-
rhaphy or hepatorrhaphy and omental packing at 3 and 6 weeks. 
The healing mechanism responsible for the increased wound 
bursting strengths appears to be the proliferative “ brosis through-
out the injured hepatic parenchyma and the overlying Glisson•s 
capsule. Hepatic parenchymal healing appears to be virtually com-
plete at 6 to 8 weeks postinjury. A reasonable and safe approach to 
pursue would be to allow patients with grade III or greater injury 
to resume normal activities after CT scan documentation, at 
3 months, of major injury resolution.

MORTALITY

The overall liver-related mortality in most large series of non-
operatively managed blunt hepatic injuries is 0.5%. When blunt 
hepatic injuries are strati“ ed by severity, it is clear that with the 
exception of grades IV and V injuries, it is the associated organ 
injuries, speci“ cally brain and cardiopulmonary injury, which ul-
timately affect mortality rates. In most large series of blunt hepatic 
injuries, associated brain injuries account for most (60%…70%) of 
the deaths.

Most liver-related mortalities result from complex hepatic 
trauma (grades IV and V), especially juxtahepatic venous injuries 
and portal triad injuries, which often result in prohibitively 
high mortality rates. Over the past two decades, the mortality 
of complex hepatic injuries has decreased, predominantly because 
of a reduction in deaths from liver hemorrhage. Responsible 
contributing factors include: prolonged in” ow occlusion times, 
hepatotomy with selective vascular ligation, early packing and re-
exploration, and adjunctive interventional procedures, especially 
hepatic artery angioembolization.
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Figure 13 Algorithm for management of blunt 
hepatic injury.  (Adapted from Feliciano DV, Moore EE, 
Mattox KL, editors: Trauma, 3rd ed. Stamford, CT, Appleton 
and Lange, 1996, p. 643.)
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CONCLUSIONS/ALGORITHM

Nonoperative management can be used to successfully manage 
most blunt hepatic trauma patients and a select group of penetrat-
ing hepatic trauma patients. The cornerstone of nonoperative 
management is hemodynamic stability. An active •blushŽ on con-

trast-enhanced CT mandates immediate angiography, irrespective 
of CT grade of injury. Successful embolization of the lesion usually 
permits continued nonoperative management. Should the patient 
under observation become hemodynamically unstable or develop 
peritoneal signs, operative intervention should be undertaken 
without the slightest hesitation.

Ch-44-57-A4418_341-436.indd   398Ch-44-57-A4418_341-436.indd   398 12/21/07   3:43:39 PM12/21/07   3:43:39 PM



ABDOMINAL INJURIES 399

When the liver injury requires operative intervention, four es-
sential maneuvers should be kept in mind, which can be life-sav-
ing, even in the hands of those with limited experience in this area: 
(1) manual compression of the injury, (2) resuscitation, (3) assess-
ment of the injury, and (4) the Pringle maneuver (in” ow occlu-
sion).

Complex hepatic injuries (grades IV and V) continue to chal-
lenge trauma surgeons and tax the resources of trauma centers. 
Most of these patients are hemodynamically unstable, have mul-
tiple associated injuries, require massive blood transfusions, and 
have a signi“ cant mortality rate. Nevertheless, surgeons should be 

familiar with “ ve critical approaches if patients are to be sal-
vaged:

� Hepatotomy and hepatorrhaphy
� Packing and planned re-exploration
� Nonanatomic and anatomic resection
� Angioembolization
� Endoscopic retrograde cholangiography, papillotomy, and en-

dostenting

Algorithms for the management of hepatic injuries are shown in 
Figures 13 and 14.
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Figure 14 Algorithm for the intraoperative management of complex hepatic injuries.
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SPLENIC INJURIES
David H. Wisner and Glenn S. Tse

t he spleen has had a prominent role in medical theory and practice 
throughout history. The Greeks and Romans believed that the 

spleen played a role in “ ltering the humors of the body, mirroring some 
of our modern concepts. During the middle of the last millennium, the 
Thuggee was a cult that worshipped Kali, a Hindu goddess of destruc-
tion. The members were professional assassins, and the act of murder 
for pay was an act of worship for their goddess. They were most famous 
for their use of the noose, but also targeted the left upper quadrant 
where, often fragile and swollen from malaria, the spleen lay. A well-
placed blow leading to splenic rupture and bleeding in the absence of 
available transfusion and modern surgery might well prove fatal.

During the past 50 years, there has been increasing interest in the 
notion that not all splenic injuries require splenectomy. Our under-
standing of splenic injury has increased and our management of 
ruptured spleens has evolved. Although that evolution has steadily 
moved us away from routine aggressive operative management, it is 
important to always keep in mind that splenic injuries can be deadly 
and that patients with damage to the spleen can bleed to death.

INCIDENCE AND MECHANISM OF 
INJURY

The spleen is listed, along with the liver, as either the “ rst or 
second most commonly injured solid viscus in the abdomen 
after blunt trauma. Because splenic injuries have a tendency to 

demonstrate themselves clinically more often than do hepatic in-
juries, splenic injury was listed as the most commonly injured 
intra-abdominal solid viscus before the advent of computed to-
mography (CT) scanning. After the advent of CT scanning and our 
ability to better diagnose clinically silent intra-abdominal injuries, 
it became apparent that the liver is also commonly injured and 
some series now list hepatic injuries as more common than splenic 
injuries. One large, multi-institutional study showed a 2.6% inci-
dence of splenic injuries (6308 of 227,656 patients) for all patients 
evaluated for trauma, with splenic injury con“ rmed by either 
laparotomy or computed tomography.1

For penetrating trauma, retrospective reviews of two large centers, 
Grady Memorial Hospital and Ben Taub General Hospital, showed 
the incidence of splenic injury from abdominal gunshot wounds to be 
7%…9%, far less than for the hollow organs and the liver.2,3 Injuries to 
the spleen from stab wounds are even more infrequent.

Splenic bleeding can also occur on a delayed basis, a 
phenomenon of obvious importance in patients treated nono-
peratively. The incidence of delayed bleeding, leading to failure 
of nonoperative therapy, varies depending on the grade of the 
injury. The failure rate of nonoperative management in aggregate 
for a large multi-institutional study was 10.6%, but varied 
from 4.8% for grade I injuries to 75% for grade V injuries.1 One 
hypothesis for the pathophysiology leading to delayed rupture 
and bleeding is that as subcapsular clot breaks down several 
days after injury into its component parts, the number of osmoti-
cally active particles in the area increases and draws more 
” uid into the area of injury. The resultant increase in size of 
the area may then rupture the capsule, leading to renewed bleed-
ing. Even without being trapped under the capsule of the spleen, 
the in” ammation and “ brinolysis in and around the healing injury 
and clot may weaken the clot enough to result in renewed 
hemorrhage.

400 SPLENIC INJURIES
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DIAGNOSIS

As with any other trauma patient, the initial management of the pa-
tient with splenic injury should follow the ABCs of trauma resuscita-
tion. A particularly important general comment relative to initial 
resuscitation is that it is important to recognize refractory shock 
early and treat it with an appropriate operative response.

In the initial history taking, it is important to note any previous 
operations the patient has undergone, especially a history of splenec-
tomy. History of direct blows to the lower left chest or left upper 
abdomen, with concomitant pain, may engender suspicion for splenic 
injury. Any pre-existing conditions that might predispose the spleen 
to enlargement or other abnormalities also should be ascertained if 
possible. The patient or signi“ cant others should be asked about the 
presence of liver or portal venous disease, ongoing anticoagulation, 
propensity for bleeding, or a recent history of aspirin or nonsteroidal 
anti-in” ammatory drug use.

On physical examination, it is important to determine if the 
patient has left rib pain or tenderness. The left lower ribs are par-
ticularly important in that they overlie the spleen, especially pos-
teriorly. In children, the plasticity of the chest wall allows for 
severe underlying injury to the spleen without the presence of 
overlying rib fractures. Older patients may not report lower rib 
pain and may not have particularly noteworthy “ ndings on physi-
cal examination in spite of severe chest wall trauma and an under-
lying splenic injury. Examination of the abdomen can demonstrate 
localized tenderness in the left upper quadrant or generalized ab-
dominal tenderness, but not all patients with splenic injury will 
reliably manifest peritoneal or other “ ndings on physical examina-
tion. Bleeding without clot formation may not generate peritonitis 
that can be easily elicited. The unreliability of the physical exami-
nation is obvious in patients with altered mental status. As a 
consequence, imaging of the abdomen in hemodynamically stable 
patients has become an important element of diagnosis and 
management.

Diagnostic peritoneal lavage (DPL), once a mainstay diagnostic 
technique after abdominal trauma, is much less frequently used now. 
Its role as an initial diagnostic maneuver to dictate subsequent 
testing or operative intervention has been supplanted in many insti-
tutions by ultrasonography and CT scanning of the abdomen. Peri-
toneal lavage remains useful when ultrasonography is not available 
or reliable, in that it is a quick way of determining whether a hemo-
dynamically unstable patient is bleeding intraperitoneally.

Ultrasound of the abdomen for free ” uid, the so-called FAST 
(focused assessment with sonography for trauma) examination, is 
being used increasingly as a means of diagnosing hemoperitoneum 
in blunt trauma patients. Like DPL, it is most useful in unstable pa-
tients. Also, as with peritoneal lavage, the ability of ultrasound to 
determine exactly what is bleeding in the peritoneal cavity is limited. 
Attempts to image speci“ c organ injuries using ultrasound have met 
with limited success. The most common method of using FAST ex-
aminations is for detection of intraperitoneal ” uid and as a determi-
nant of the need for either further imaging of the abdomen or for 
emergency surgery (Figure 1).

CT of the abdomen is the dominant means of nonoperative diag-
nosis of splenic injury (Figures 2, 3, and 4). Patients are sent either 
directly for abdominal CT scanning after initial resuscitation or are 
screened by abdominal ultrasonography as reasonable candidates for 
subsequent CT. When abdominal CT scanning is done, intravenous 
contrast is quite helpful in diagnosis; oral contrast is less helpful and 
does not measurably increase the sensitivity of CT for splenic injury 
detection.

A CT “ nding in the spleen that has received a great deal of attention 
is the presence in the disrupted splenic parenchyma of a •blush,Ž or 
hyperdense area with a collection of contrast in it. When present, a 
blush is thought to represent ongoing bleeding with active extravasa-
tion of contrast. There is reasonably convincing evidence that the pres-
ence of a blush correlates with an increased likelihood of continued or 

Figure 2 Computed tomography “ ndings in blunt splenic injury, 
grade III. The posterior and inferior aspect of the splenic 
parenchyma is disrupted with the formation of a subcapsular 
hematoma.

Figure 1 Focused assessment with sonography for trauma (FAST). 
Fluid in Morrison•s pouch. The ” uid is the dark area between the 
posteriorly located kidney and the anteriorly located liver (A). Fluid 
around the spleen in the left upper quadrant. The ” uid is the dark area 
located laterally (B).
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delayed bleeding from the splenic parenchyma. Such a “ nding there-
fore has important implications with respect to either operative inter-
vention or the use of angiographic splenic embolization to stop ongo-
ing bleeding (Figure 5).

Anatomic Location of Injury and Injury Grading: 
American Association for the Surgery of Trauma 
Organ Injury Scale

Histologically, the spleen is divided into what has been termed red 
pulp and white pulp. The red pulp is a series of large passageways that 
“ lter old red blood cells and also catch bacteria. The “ ltering of bac-
teria in the interstices of the red pulp allows the antigens of the 
bacterial walls to be presented to lymphocytes in the adjacent white 
pulp. The white pulp is “ lled largely with lymphocytes located such 
that they can be exposed to antigens either on microorganisms or 
moving freely in the circulation. Lymphocyte exposure to antigens 

results in the production of immunoglobulins, the most common of 
which is IgM.

The spleen develops initially as a bulge on the left side of the 
dorsal mesogastrium and begins a gradual leftward migration to the 
left upper quadrant. It changes in relative size during maturation. As 
the child•s bone marrow matures, the spleen becomes relatively less 
important and diminishes in size relative to the rest of the body. 
There are also some important differences between pediatric and 
adult spleens with respect to the splenic capsule and the consistency 
of the splenic parenchyma. The capsule in children is relatively 
thicker than it is in adults, and there is also some evidence that the 
parenchyma is “ rmer in consistency in children than it is in adults. 
These two differences have implications for the success of nonopera-
tive management; pediatric patients are more likely to succeed with 
nonoperative therapy.

It is perhaps not intuitive from the anteroposterior views depicted 
in anatomy textbooks, but the spleen is normally located quite pos-
teriorly in the upper abdomen. It is covered by the peritoneum except 
at the hilum. Posteriorly and laterally, the spleen is related to the left 
hemidiaphragm and the left posterior and posterolateral lower ribs. 
The lateral aspect of the spleen is attached to the posterior and lateral 
abdominal wall and the left hemidiaphragm (splenophrenic liga-
ment) with a variable number of attachments; these require division 
during mobilization of the spleen. Posteriorly, the spleen is related to 
the left iliopsoas muscle and the left adrenal gland. Posteriorly and 
medially, the spleen is related to the body and tail of the pancreas, 
and it is quite helpful to mobilize the tail and body of the pancreas 
along with the spleen when elevating the spleen out of the left upper 
quadrant. Medially and to some extent anteriorly, the spleen is re-
lated to the greater curvature of the stomach. Posteriorly and inferi-
orly, the spleen is related to the left kidney. There are attachments 
between the spleen and left kidney (splenorenal ligament) that re-
quire division during mobilization. Finally, the spleen is related infe-
riorly to the distal transverse colon and splenic ” exure. The lower 
pole of the spleen is attached to the colon (splenocolic ligament), and 
these attachments require division during splenic mobilization. The 
main arterial blood supply emanates from the celiac axis through the 
splenic artery, whose course can be somewhat variable along the up-
per border of the body and tail of the pancreas. The branch points of 
the splenic artery in the hilum as well as the number of splenic artery 
branches are also variable. The other sources of arterial blood supply 
for the spleen are the short gastric vessels that connect the left gastro-
epiploic artery and the splenic circulation along the greater curvature 
of the stomach. The venous drainage of the spleen is through the 
splenic vein and the short gastric veins.

A number of different grading systems have been devised to 
quantify the degree of injury to the spleen. These systems have been 
created based both on the computed tomographic appearance of 
ruptured spleens as well as the intraoperative appearance of the 
spleen. The best known splenic grading system is the one created 
by the American Association for the Surgery of Trauma (AAST) 
(Table 1).4 Implicit in the AAST grading system are the perhaps fairly 
obvious concepts that grade increases with an increase in either the 
length or depth of parenchymal injury, injury to the hilum, or inju-
ries to multiple areas of the spleen.

The CT and intraoperative appearances of a splenic injury are 
often different from one another. Some of these differences might be 
because of evolution of the injury between the time of CT scanning 
and operation, but it is also likely that CT scanning is imperfect in 
describing the pathologic anatomy of a splenic rupture. Splenic in-
jury scores based on CT scans can both overestimate and underesti-
mate the degree of splenic injury seen at surgery. It is possible to have 
a CT appearance of fairly trivial injury but at surgery “ nd signi“ cant 
splenic disruption. Conversely, it is possible to see what looks like a 
major disruption of the spleen on CT scanning and not see the same 
kind of severity of injury at surgery. In general, the CT scan and as-
sociated scores tend, if anything, to underestimate the degree of 
splenic injury compared with what is seen at surgery.5

Figure 3 Computed tomography “ ndings in blunt splenic injury, 
grade IV. A laceration through the parenchyma of the spleen with 
disruption of the capsule.
 

Figure 4 Computed tomography “ ndings in blunt splenic injury, 
grade III. A laceration through the anterior portion of the spleen with 
a •blushŽ in the parenchyma.
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case, it is quite useful in describing fracture anatomy and guiding 
initial attempts at hemostasis.

Lateral compression (LC) pelvic fractures caused by side impact 
generally occur after T-bone vehicular crashes or car…pedestrian col-
lisions (Figure 2). LC fractures cause an acute shortening of the pel-
vic diameter. The pelvis does not open but closes down. The pelvic 
ligaments generally stay intact. Thus, these fractures generally do not 
bleed. Hemodynamic instability after a lateral compression fracture 
more likely results from torso injuries such as intra-abdominal 
bleeding or intrathoracic bleeding. There is a known association with 
traumatic aortic injury and LC pelvic fractures.

Anteroposterior compression (AP) fractures generally occur after 
head-on vehicular crashes or may occur after equestrian injury, typi-
cally when patients are thrown from a horse or the horse lands on 
them (Figure 3). With this mechanism, pelvic diameter widens and 
the pelvis opens. The injuries can be purely ligamentous if the sacro-
iliac (SI) joints rupture, even in the absence of signi“ cant bony in-
jury. Pelvic vascular injuries are quite common. AP compression 
fractures have the highest chance of bleeding, and transfusion re-
quirements are the greatest in patients with these fractures.

Vertical shear (VS) injuries occur when patients land on an 
outstretched foot, which generally occurs after falling from a height 
(Figure 4). VS fractures can also occur in motorcycle crashes, particu-

larly if patients are riding with their legs outstretched. In vertical shear 
fractures, the force is transmitted up the axial skeleton through the 
posterior pelvis. Posterior fractures and/or ligamentous ruptures are 
quite common. If there is a complete disruption of both the anterior 
and posterior elements (Malgaigne fracture), the psoas muscle pulls the 
hemipelvis cephalad without opposition. This may be seen on a pelvic 
x-ray. Vertical shear injuries have an intermediate risk of bleeding.

Pelvic fractures do not always occur in pure form. For instance, a 
pedestrian may be struck obliquely, not truly from the front or side. 
Thus, a clear classi“ cation may not be obvious. The site of bleeding 
often correlates with pelvic fracture anatomy. AP compression frac-
tures generally bleed from either the pudendal or obturator artery. 
Vertical shear fractures most often bleed from the superior gluteal 
artery. If lateral compression fractures bleed, they can bleed from 
virtually any vascular structure.

The notion that fracture anatomy could predict bleeding has been 
questioned recently. The group that Wake Forest reported on the use 
of angiography and embolization for pelvic hemostasis (Table 2). In 
their series, low grade AP compression fractures required angiogra-
phy most often. Seventy percent of AP I injury were treated with 
embolization. This was substantially more common in AP II and 
about the same as AP III. In addition, the same was true for lateral 
compression fractures: nearly 70% of LC I fractures were treated 
without angiography and required embolization, about the same as 
LC II or LC III fractures.

It is also clear that pelvic fracture bleeding may be different by age 
group. In 2001, we demonstrated that lateral compression fractures oc-
curred more common in patients over the age of 55. They were two 
times more likely to get blood than younger patients and required more 
blood transfusions (7.5 vs. 5 units). These lateral compression fractures 
were minor, yet still bled substantially. Not surprisingly, overall mortal-
ity was higher in the older patients.

While fracture anatomy may be able to predict both the likelihood 
and location of bleeding, clearly it is far from perfect. The wise clini-
cian will recognize that any patient with a pelvic fracture can bleed. 
Patients with evidence of ongoing blood loss should obviously have a 
search for blood loss in other cavities. If none is found, the patient is 
probably bleeding from the pelvis. Regardless of the pelvic fracture 
anatomy, action should be taken to obtain hemostasis.

TREATING PELVIC FRACTURE BLEEDING

A number of techniques are available to stop bleeding from the bony 
pelvis. Bleeding from the pelvis can occur in a number of ways. The vast 
majority of bleeding is venous and tends to stop over time as the pelvic 
hematoma tamponades this low-pressure vascular injury. Patients can 
bleed from fracture fragments themselves as well as smaller pelvic arte-
rial injuries. Larger arteries such as major branches of the hypogastric 
distribution (pudendal, obturator, or superior gluteal artery) can bleed. 
Major vascular structures, such as the proximal hypogastric artery or 
the external or common iliac artery, rarely bleed.

Hemostatic techniques for pelvic fracture bleeding can include  
external compressive devices, angiographic embolization, or intraop-
erative control. External compressive devices reduce the pelvic vol-
ume by reducing fracture fragments. This usually stops venous and 
bony bleeding by limiting pelvic volume. In addition, reducing the 
fracture fragments limits direct bony bleeding. External compression 
can help •stabilize the clotŽ that has formed. Stabilizing the fracture 
fragments limits recurrent fracture motion and should help prevent 
recurrent bleeding.

A number of devices are available to help achieve external com-
pression. Perhaps the simplest is using a bed sheet. Ideally, the sheet 
is placed on the stretcher, even before the patient arrives. Alterna-
tively, the patient can be gently lifted and the bed sheet placed under-
neath the patient. The bed sheet is then crisscrossed across the pelvis 
anteriorly and tied down (Figure 5). This low-tech technique has 
proven to be extraordinarily helpful. It can be especially helpful in 

Figure 4 Vertical shear fracture.  (From Moore EE, Feliciano DV, 
Mattox KL: Trauma, 5th ed. New York, McGraw-Hill, 2003.)

Vertical shear injury

Table 2: Pelvic Bleeding

Angiography Embolization

Anteroposterior 
compression

I 10 7

II 4 1
III 4 3

Lateral com-
pression

I 8 5

II 11 5
III 5 3

Vertical shear 1 0

Data from Miller PR, Moore P, Meredith JW, Chang MC: External “ xation 
or arteriogram in bleeding pelvic fracture: initial therapy guided by markers 
of arterial hemorrhage. J Trauma 54(3):437…443, 2003.
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small community emergency departments (EDs) that have limited 
resources and may not have sophisticated technology. We generally 
advise the emergency physician to tie the bed sheet down snugly but 
not excessively tightly. Patients can then be transported within the 
hospital or to a higher level of care.

The military antishock garment (MAST) was originally used as a 
resuscitative technique in the prehospital phase. The MAST was 
originally thought to autotransfuse blood from the capacitance ves-
sels of the lower extremities. It is now clear that increases in blood 
pressure are caused by increases in systemic vascular resistance, not 
increases in cardiac preload. Use of the MAST has largely been aban-
doned. The MAST can, however, be an effective pelvic and lower 
extremity splint, and can keep pelvic fractures reduced similar to the 
bed sheet. The lower extremity portion must be in” ated if the ab-
dominal and pelvic portion is in” ated. The MAST has the advantage 
of being able to set pressure, which obviously is not possible with the 
bed sheet. Increases in blood pressure may displace hemostatic clots 
and cause recurrent bleeding. If the pressure on the MAST is set too 
high, intra-abdominal pressure can go up, causing abdominal com-
partment syndrome. Patients must be carefully monitored for either 
potential complication.

The pelvic C clamp is inserted posteriorly to reduce the posterior 
fracture fragments. This is inserted percutaneously in the ED in many 
European trauma centers. In most American trauma centers, ” uoro-
scopic guidance in the operating room is used, which limits its effec-
tiveness as a resuscitation tool. The anterior portion of the 
C clamp can be rotated out of the way to provide access for angiogra-
phy or laparotomy. Clearly, if the pin is poorly placed, complications 
can include gastrointestinal perforation or iatrogenic nerve injury.

In the past, external “ xation was very commonly used as a com-
pressive device for pelvic hemostasis. External “ xation is the most 
rigid of the external devices and closes the pelvis down de“ nitively 
(Figure 6). In centers with expertise, external “ xators which can be 
rapidly applied in the ED. In other centers, this is often placed in the 
operating room similar to the C clamp. In some cases, external “ xa-
tion may provide de“ nitive fracture “ xation. The anterior portion of 
the frame can be rotated similar to the C clamp to allow access for 
angiography and/or laparotomy.

Use of external “ xation during the resuscitative phase requires 
that these resources be immediately available. External “ xation de-
grades CT images and may interfere with patient motion through the 
CT gantry. The pins for external “ xation are placed in the iliac crest 

and the frame is then applied anteriorly. In patients with badly 
displaced posterior element pelvic fractures, the inward motion pro-
duced by tightening down the frame could cause further displace-
ment of the posterior fracture fragments and increase blood loss.

Many American trauma centers have abandoned virtually all 
other external compressive devices and exclusively use a commer-
cially available pelvic binder. The pelvic binder is a Velcro device that 
applies even direct pressure on the pelvis (Figure 7). The pressure is 
set by the Velcro and lace system on the anterior portion of the 
binder. The binders can be applied rapidly and require a minimum 
of expertise. The binder should be applied across the femoral tro-
chanters, not across the lower abdomen. Correct placement of the 
binder can limit access to the groins for angiography. If angiography 

Figure 5 Achieving external compression by wrapping a bed sheet 
around the patient, crisscrossing anteriorly across the pelvis.  (From 
Moore EE, Feliciano DV, Mattox KL: Trauma, 5th ed. New York, McGraw-Hill, 
2003.)

Figure 6 External “ xation, commonly used in the past as a 
compressive device for pelvic hemostasis. External “ xation is the most 
rigid of the external devices and closes the pelvis down de“ nitively.
 (From Moore EE, Feliciano DV, Mattox KL: Trauma, 5th ed. New York, 
McGraw-Hill, 2003.)

Figure 7 The pelvic binder, a Velcro device that applies even direct 
pressure on the pelvis, used exclusively by many American trauma 
centers.
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Additionally, the extent of injury severity determines the slope lead-
ing to physiologic exhaustion (Figure 9).

Perioperative communication with the anesthesia team en-
hances survival and reduces complications. This communication 
includes maintaining the operating room as warm as possible, 
advising the anesthesia personnel of anticipated blood loss, and 

avoiding over resuscitation before surgical control of hemor-
rhage.

During the initial trauma celiotomy, the surgeon must recognize 
the need for immediate control of major hemorrhage and contami-
nation with maximum replacement of coagulation factors including 
platelets, fresh frozen plasma, and cryoprecipitate, and in certain 
circumstances, factor VIIa for microvascular bleeding. Intraoperative 
monitoring of temperature, arterial blood gases, and volume of re-
suscitative ” uids are important in determining whether a patient is 
descending down the physiologic curve toward physiologic exhaus-
tion. In addition, for patients suffering hollow viscus injuries, con-
tamination is controlled with linear staples to transect the bowel 

Figure 2 High-risk patient for abdominal compartment syndrome.

Figure 3 Shock bowel.

Figure 4 Progressive organ dysfunction with increasing 
intra-abdominal hypertension.
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Figure 5 Bedside decompressive celiotomy for abdominal 
compartment syndrome (note massive small bowel edema).

Figure 6 Algorithm for damage control.

DC0
     € Initial ED assessment
     € Resuscitation
     € Recognition and operative decision 

DC1
     € Initial trauma celiotomy
     € Control hemorrhage
     € Control contamination
     € Intra-abdominal packing
     € •Vac packŽ dressing for temporary
       abdominal closure (TAC) 

DC3
     € Reoperative trauma celiotomy
     € Pack removal
     € Definitive repairs
     € Closure decision

DC2
     € ICU…2° resuscitation
     € Rewarming
     € Correct coagulopathy
     € Ventilatory support
     € Re-exam and Dx
     € Planning
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ends and leave them in discontinuity until a later stage of damage 
control management.

Table 4 lists clinical parameters that should prompt the surgical 
team to initiate damage control maneuvers, abort the operation, 
and return to the ICU for resuscitation and restoration of reserve. 
Asensio17,18 recommends instituting damage control early, well before 
reaching the upper limits of physiologic exhaustion, and describes sta-
tistically validated criteria. Using these statistically validated intraopera-

tive predictors of instituting damage control, patients with post-trau-
matic open abdomen incurred less hypothermia and fewer postoperative 
complications including intra-abdominal abscess and “ stula formation. 
Patients with early damage control were also subjectively noted to have 
less bowel edema and were able to undergo de“ nitive abdominal wall 
closure during their initial hospital stay.

Once a patient ful“ lls the requirements for DC or is decom-
pressed for signs and symptoms of ACS, the surgeon must commit 
the patient to the post-traumatic open abdomen and a temporary 
abdominal closure.

Temporary Abdominal Closure

A TAC is de“ ned as any technique that contains the abdominal vis-
cera during the acute phase of care. Indications for creating a TAC 
are listed in Table 5.

Historically, a wide variety of techniques for TAC have been used 
to contain the abdominal viscera during the acute phase of care. 
However, the •vacuum packŽ technique using the method described 
by Barker et al.19 best ful“ lls the “ rst two principles in the manage-
ment of the post-traumatic open abdomen: protecting the bowel and 
preserving the fascia.

The bowel and abdominal viscera are protected by placing a per-
forated, nonadherent material such as a Steri-Drape (isolation bag 
50 �  50 cm or 1010 large bowel bag 45 �  60 cm, 3M Health Care, 

Figure 7 Host factors de“ ne physiologic reserve.

Host factors

P
hy

si
ol

og
ic

 r
es

er
ve

Young and
healthy

Age

Underlying 
disease

Figure 8 Depletion of physiologic reserve.
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Figure 9 Physiologic reserve as related to Injury Severity Score (ISS).
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Table 4: Clinical Guidelines to Abort Initial Trauma 
Celiotomy and Initiate Damage Control Maneuvers

Hypothermia �35° C
Acidosis pH �7.2

Base de“ cit (BD) �…8
Lactate �4

Coagulopathy Activated partial thromboplastic 
time (aPTT) �60

International normalized ratio 
(NR) �1.6

Ongoing resuscitation Persistent shock systolic blood pres-
sure �90

�10 liters crystalloid
�10 units packed red blood cells

Operative time �60…90 minutes with abdominal 
cavity opened

Table 5: Indications for Temporary Abdominal 
Closure

Depletion of physiologic reserve
Unable to close fascia without undue tension secondary to bowel 
edema

Avoid development of abdominal compartment syndrome after 
large ” uid resuscitation

Planned return to operating room
Unpacking
Re-establish bowel continuity
Enteral access
Thorough exploration to re-evaluate known injuries and identify 
missed injuries

Associated need for management of extra-abdominal life-
threatening injuries (e.g., major pelvic fracture, severe closed head 
injury)
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Advantages of the Vacuum Pack are listed in Table 6. Using this 
technique, the period before de“ nitive fascia closure can be safely 
extended for up to a week after the initial celiotomy.20

Three potential stages (Figure 11) follow the placement of the 
vacuum pack for the post-traumatic open abdomen:

 1. Resuscitation in the ICU (24 hours)
 2. Restoration, or reoperation and attempts at early fascial closure 

(days to weeks)
 3. Reconstruction, or planned ventral hernia and delayed fascia 

closure (6…12 months)

Resuscitation

The goals of the secondary resuscitation in the ICU after damage 
control or decompressive celiotomy for ACS are repayment of the 
oxygen debt sustained, restoration of adequate perfusion to meet 
metabolic needs, and reversal of hemorrhagic shock. This includes 
correction of the coagulopathy, clearing of the arterial lactic acidosis, 
correcting electrolyte disturbances, and rewarming the patient. A 
checklist of essential items necessary to perform this secondary re-
suscitation is listed in Table 7.

Table 6: Advantages of Vacuum Pack Technique

Protects bowel and keeps it below fascia
Preserves fascia and prevents loss of domain
Readily available, rapidly applied, easily removed
Keeps patient dry and maintains sterility
Quantitates/qualitates ” uid losses
Prevents intra-abdominal hypertension/abdominal compartment 
syndrome

Simple, atraumatic, and inexpensive

Figure 10 Vacuum pack temporary abdominal closure: (A) bowel bag, (B) sterile surgical towel/two large sump drains/large adhesive 
drape.

St. Paul, MN) over the intestines. This is followed by subfascial 
placement of a moist surgical towel with two large sump drains 
(Jackson-Pratt, Baxter Health Care Corp., Deer“ eld, IL) that are brought 
out through the superior portion of the wound. The entire abdominal 
defect is then covered with a large adhesive drape (Ioban, 3M Health 
Care, St. Paul, MN). The sump drains are attached to wall suction to 
create continuous negative pressure. This technique also counteracts 
the lateral retraction of the fascial edges and preserves the rectus mus-
culofascial complex for subsequent closure (Figure 10).

Figure 11 Three potential stages of the post-traumatic abdomen.

Time

0 24 hours 4 days 8 days 14 days 6…12 months

€ STSG
€ Planned
  ventral
  hernia

Reconstruction

Attempt fascial closure with 
Alloderm biologic KCI vac

RestorationResuscitation

Attempt primary fascial closure
Vacpack or KCI vac

Initial damage control
Vacpack-TAC

Delayed fascial closure modified
component/Alloderm

A B
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Nutritional support for post-traumatic open abdomen

Ironically, after DC surgery, a large abdominal wound defect is 
created during the period of greatest physiologic stress with ongo-
ing metabolic demands and catabolism. This can cause a tremen-
dous barrier to primary fascial closure, wound healing, and overall 
rehabilitation. Therefore, close attention to nutritional support 
and caloric needs is essential to reduce both early and late compli-
cations.

During hemorrhagic shock and multitrauma, gut mucosal 
blood ” ow is decreased and remains below normal levels despite 
volume resuscitation. This decreased blood ” ow is associated with 
microbe translocation, ischemic bowel, and eventual multiorgan 
failure.

Basic science research has shown that enteral nutrition augments 
gut blood ” ow by locally mediated vasodilation. This enhances ab-
sorption of nutrients and preserves gut mucosal integrity and im-
munologic barrier functions. Additional research has studied the ef-
fects of enteral feeding during hemorrhagic shock, showing improved 
survival with no detrimental gut effects. The reduction in mesenteric 
blood ” ow caused by vasopressors is also inhibited and counteracted 
by the infusion of enteral nutrition. Thus, the gut is the preferred 
route for nutritional support during critical illness, and the initiation 

Figure 19 Alloderm used to bridge fascial gap in contaminated 
open abdomen wound with KCI VAC placed over the biologic fascial 
replacement.

of enteral nutrition within 36 hours of admission or surgery in criti-
cally ill patients results in fewer infections and reduced length 
of stay.

Nutritional support in the open abdomen should be initiated 
during the restoration phase, after intra-abdominal packing is re-
moved, GI intestinal continuity re-established, and coagulopathy, 
acidosis, and hypothermia are corrected.

Immune-enhancing diets increase splanchnic blood ” ow to a 
greater degree than standard enteral diets. Head-injured and non-
septic critically ill patients have been found to bene“ t from the 
use of immune enhancing diets. However, septic patients have a 
worse outcome with this diet and should be kept on standard for-
mulas.

Although enteral feedings are the preferred route, it is not al-
ways possible in severely injured trauma patients with an open 
abdomen resulting from a prolonged in” ammatory response with 
ongoing bowel wall edema, abdominal distention, high gastric 
output, and persistent adynamic ileus. In this circumstance, early 
enteral nutrition should be supplemented with parental nutrition 
to reach acceptable protein and calorie goals. In addition, enteral 
nutrition can continue safely during other extra-abdominal opera-
tions and procedures.31,32

Tsuei and colleagues33 studied nasoenteric feeding in patients 
with an open abdomen and found it a safe effective method of 
nutritional support capable of meeting the nutritional goals in 
most patients. However, there have been no clinical studies to de-
termine the exact percentage of caloric goals required to achieve 
maintenance of gut integrity and prevent bacterial translocation 
during the open abdomen. In animal models, over 50% of goal 
calories were needed to effectively reduce translocation and main-
tain adequate gut permeability.

Planned Ventral Hernia and Delayed Abdominal 
Wall Reconstruction

Once the window of opportunity for early fascial closure has passed 
secondary to an ongoing in” ammatory response and bowel edema, a 
delayed staged closure of the abdominal wall is necessary. Because 
the open abdomen group remains at high risk for infectious compli-
cations, the use of synthetic prosthetic material for reconstruction is 
also not recommended.

Once the split thickness skin graft can be elevated from the un-
derlying intestines (pinch sign…Figure 20), the in” ammatory re-
sponse has resolved and the underlying granulation tissue dissipated. 

A

B

Figure 20 Pinch sign.
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Figure 23 Algorithm for damage control and open abdomen management.
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VASCULAR ANATOMY OF THE 
EXTREMITIES
Enrique Ginzburg, Chee Kiong Chong, 
and Norman M. Rich

extremity vascular injuries date as far back as the Greek and 
Roman civilization. Much of the knowledge regarding vascular 

trauma and the management of these injuries was gained from 
military con” icts. DeBakey and Simeone reported the amputation 
rate to be as high as 40% in World War II, when it was the main life-
saving measure for soldiers who sustained extremity injuries. With 
the advance in surgical technologies and techniques, the rate of 
amputation dropped to as low as 15% during the Korean War. All 
this information provides modern surgeons with the ability to man-
age vascular trauma without the need to enter a combat zone.

DIAGNOSIS

Most patients that are admitted to a trauma center with extremity 
vascular injuries will be admitted from penetrating trauma. These 
are usually either stab wounds from knives or low velocity bullet 
wounds. In most cities, this is closely followed by patients who sus-
tain blunt injuries as a result of motor vehicle crashes, and these are 
often associated with long bone fractures.

There are hard and soft clinical signs of vascular trauma. The 
hard signs include the following:

Pulsatile bleeding
Absence of pulses
Distal ischemia
Visible expanding or pulsatile hematoma
Presence of a thrill or bruit over the injured site

The soft signs of vascular injury include the following:

Bony injury
Proximity of penetrating wound
Presence of signi“ cant hemorrhage but stopped
Neurologic de“ cit
Well-contained hematoma
Swelling out of proportion to the injury

Patients with hard signs of vascular injury will undergo mandatory 
surgical exploration, as any delay will increase the risk of amputation, 
reperfusion injury, compartmental syndrome, and infection. The 

management of patients with soft signs will usually include further 
diagnostic studies, close observation, and frequent re-examination. 
Diagnostic studies include Doppler ultrasound, computed tomogra-
phy (CT) angiogram, or conventional angiography.

MANAGEMENT

The management of patients appearing with obvious peripheral 
vascular injuries should follow the protocols outlined by Advance 
Trauma Life Support (ATLS). Airway, breathing, and circulation will 
take priority. Injury to the brain, chest, and abdomen will also usually 
take precedence over extremity hemorrhage, which can usually be 
controlled by direct pressure.

Successful management of extremity vascular injury includes the 
following components:

Prompt resuscitation
Control of hemorrhage, usually with direct pressure
Timely diagnosis
Early surgical exploration
Minimized delay in transporting patient to operating room or 

extensive diagnostic studies when not indicated

A thorough knowledge of the relevant anatomy of the extremity 
is very important during surgical exploration. Destruction or distor-
tion of tissue planes by hemorrhage is usually the rule rather than the 
exception, and when this is coupled with the retraction of the vessels 
into the surrounding tissue, it will increase the dif“ culty of achieving 
proximal and distal control of the bleeding vessel, which is the most 
important step in stopping the bleeding.

VASCULAR ANATOMY OF UPPER 
EXTREMITY

Axillary Artery

The axillary artery starts from the lateral border of the “ rst rib, as 
a direct continuation of the subclavian artery. It enters the axilla at 
the apex and crosses the “ rst intercostal space to run along the 
lateral wall of the axilla. As the artery emerges from beneath the 
costoclavicular passage, it becomes closely related to the brachial 
plexus, divisions, and cords. These nerves surround the artery and 
exchange “ bers to eventually become the median, ulnar, and radial 
nerves at the distal portion of the axillary artery. This neurovascu-
lar bundle is enclosed in the axillary sheath, which separates 
it from the axillary vein. Distally, the axillary artery continues 
on as brachial artery at the lateral edge of the teres major muscle 
tendon.

PERIPHERAL VASCULAR 
INJURY
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Anteriorly, the axillary artery follows a course under the pecto-
ralis minor muscle as it inserts into the coracoid process. The 
muscle divides the artery into three anatomical portions:

The “ rst portion runs from lateral edge of the “ rst rib to the 
upper border of the tendon pectoralis minor muscle, behind the 
clavipectoral fascia and the clavicular head of the pectoralis major 
muscle. It has only one branch in this portion, the supreme tho-
racic artery.

The second portion lies behind the pectoralis minor muscle. 
This is the shortest portion and it has two branches of clinical 
signi“ cance, the thoracoacromial artery and the lateral thoracic 
artery. The cords of the brachial plexus surround the axillary ar-
tery at this section.

The third portion starts from the lateral border of the pectora-
lis muscle to the lateral border of the teres major muscle. The axil-
lary artery gives out three branches at the portion, the subscapular 
artery, the lateral humeral circum” ex artery, and the medial cir-
cum” ex artery. At this level, the brachial plexus becomes the me-
dial nerve, which is anterior, the radial nerve, which is posterior, 
and the ulnar nerve, which is inferior to the axillary in the axillary 
sheath.

Axillary Vein

The basilic vein continues on at the lower edge of the teres 
major muscle as the axillary vein. Its main tributaries are brachial 
veins, which accompany the named arteries while they ascend 
in the axilla, and the cephalic vein, which courses through the 
deltopectoral groove, just below the clavicle. The axillary vein 
then becomes the subclavian vein above the lateral border of the 
“ rst rib.

The axillary vein lies medial to the axillary artery. It is separated 
from artery by the medial pectoral nerve, medial cord of the brachial 
plexus, and the ulnar nerve. It is separated from the axillary sheath by 
a pad of fat. The close proximity of the vein to the artery often results 
in the occurrence of traumatic arteriovenous malformations. Pene-
trating injury to the upper part of axilla can cause profuse hemor-
rhage and risk of air embolism.

Surgical Exposure of Axillary Vessels

The axillary artery lies anterior to the capsule of the shoulder joint 
and might be injured when the shoulder is dislocated anteriorly. 
Fractures of the surgical neck of the humerus will also risk lacerating 
the vessel as it runs over the fusion of the subscapularis tendon and 
the joint capsule.

The axillary artery can be exposed through an infraclavicular 
incision placed 2 cm below and parallel to the mid-point of the 
clavicle, following a gentle curve along the anterior axillary line 
and then along the anterior border of the deltoid muscle. The “ rst 
portion of the artery is the simplest to expose because it is medial 
to the pectoralis muscle and contains only one branch. Exposure 
of the second portion will require the detachment of the pectoralis 
minor tendon from the coracoid process. The cords of the brachial 
plexus surround this portion of the axillary artery, arranged medi-
ally, laterally, and posteriorly. From the posterior cord arises the 
axillary nerve, which follows a posterolateral course on the neck 
of the humerus. This nerve can be easily injured by dislocation of 
the humerus or fracture of the surgical neck, causing atrophy of 
the deltoid muscle and numbness of an area over the deltoid re-
gion. The third portion becomes super“ cial after emerging from 
under the pectoralis major muscle before becoming the brachial 
artery. Great care must be taken while exposing this portion be-
cause the nerves to the upper extremities run about it. The median 
nerve runs anterior to the artery and is frequently involved in axil-
lary injuries resulting from its super“ cial position.

Brachial Artery

The brachial artery originates at the lower border of the teres ma-
jor muscle as a direct continuation of the axillary artery. It takes a 
course toward the antecubital fossa, together with the median 
nerve, and bifurcates into radial and ulnar arteries opposite the 
neck of the radius. The medial bicipital sulcus, which separates the 
coracobrachialis and biceps muscle anteriorly from the triceps 
muscle posteriorly, marks the course of the basilic vein toward 
the axillary vein and provides the surface marking of the brachial 
vessels.

The proximal part of the brachial artery lies on the medial as-
pect of the arm, anterior to the long and median head of the tri-
ceps and bordered laterally by the coracobrachialis muscle. The 
median nerve lies between the coracobrachialis muscle and the 
brachial artery, whereas the ulnar nerve separates the artery from 
the basilic vein. The brachial artery gives rise to the profunda bra-
chii artery posteriorly, which passes backward and accompanies 
the radial nerve in the radial groove to the lateral condyle of the 
humerus. This artery collateralizes about the shoulder with the 
circum” ex humeral arteries arising from the axillary artery.

The brachial artery gradually inclines forward and outward 
and eventually comes to lie below the medial border of the biceps 
muscle. The median nerve crosses the artery obliquely at this 
part of the arm. The basilic vein and the medial cutaneous nerve 
are separated from the artery by the deep fascia sheath. The 
branches arising from this portion of the brachial artery include 
the nutrient artery to the humerus, muscular branches, and supe-
rior ulnar collateral artery, which accompanies the ulnar nerve to 
the groove on the posterior surface of the medial epicondyle. This 
artery subsequently takes part in the rich anastomosis around the 
elbow joint.

The distal part of the brachial artery is overlapped by the 
medial border of the biceps muscle and biceps tendon and 
even tually comes to lie medial to the biceps tendon before the 
bifur cation of the artery. The median nerve lies medial to the bra-
chial artery. This inferior ulnar collateral artery arises near the el-
bow and forms a rich network of collaterals around the elbow 
joint. Brachial artery bifurcates opposite the neck of the radius 
bone to give rise to the ulnar artery medially and the radial artery 
laterally.

The artery is closely accompanied by a pair of venae comitantes 
that drain into the axillary vein.

Surgical Exposure of Brachial Artery

The brachial artery is the most commonly injured artery in the 
upper extremity, probably as a result of the super“ cial course 
that it takes. This artery accounts for 50% of all upper extremity 
injuries.

In the arm, exposure in any part of the artery can be achieved 
by a longitudinal incision along the course of the vessel just medial 
to the bicipital sulcus. This sulcus can be easily identi“ ed by grasp-
ing the head of the biceps and lifting it up to reveal the groove. The 
artery, along with the accompanying vein and nerves, is immedi-
ately visible after dividing the skin and subcutaneous tissue, in-
vesting the fascia, and splitting the biceps and triceps muscle. The 
basilic vein runs a super“ cial course along the bicipital sulcus. It 
can be identi“ ed and retracted laterally to prevent injury to 
 the vein.

Just above the elbow, the brachial artery passes behind the bi-
cipital aponeurosis, which may be divided to facilitate exposure of 
the vessel. The brachial artery is juxtaposed to the median nerve. 
Extension of incision across the antecubital fossa should be made 
with an S-shaped incision to reduce the risk of joint contracture. 
Care has to be exercised to prevent injury to the accompanying 
nerves and veins.
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Radial Artery

The radial artery is usually the smaller branch that follows the gen-
eral direction of the brachial artery. It is a fairly super“ cial vessel, 
covered mainly by skin, subcutaneous tissue, and fascia, save for the 
upper part, which is covered by the ” eshy belly of brachioradialis 
muscle. The artery takes a course that travels laterally gradually, and 
after emerging from under the brachioradialis muscle, it comes to lie 
between the brachioradialis and the ” exor carpi radialis muscles. The 
distal part, which is the most super“ cial part of the radial artery, 
travels between the tendon of ” exor pollicis longus and the lateral 
border of the radius, until it passes behind the ” exor retinaculum to 
enter the hand.

The radial artery gives rise to two major branches, the radial re-
current branch near the origin, and the super“ cial palmar branch, 
which takes part in the formation of the super“ cial palmar arch.

Ulnar Artery

The ulnar artery is the larger of the two terminal trunks of the bra-
chial artery. It runs downward and medially to reach the medial 
aspect of the forearm from the bifurcation. During its course, the 
artery lies on the brachialis muscle in the upper part and then on the 
” exor digitorum profundus as it progresses distally. It is covered by 
the pronator teres muscle, ” exor carpi radialis, and ” exor digitorum 
super“ cialis. The medial nerve lies medial to the ulnar artery for the 
“ rst 2.5 cm before it crosses in front of the artery to take up a lateral 
relationship. After the crossing over, the nerve is separated from the 
artery by the ulnar head of the pronator teres.

At the distal part, the ulnar artery emerges between the tendon of 
the ” exor digitorum super“ cialis medially and ” exor carpi ulnaris 
laterally to be covered by skin and fascia only. It subsequently passes 
behind the palmaris brevis to terminate in the super“ cial palmar 
arch. The branches that give out near the origin of the ulnar artery 
include the anterior and posterior ulnar recurrent arteries and the 
common interosseous artery.

Surgical Exposure of Ulnar and Radial Arteries

The incidence of ulnar and radial artery injuries ranges from 
7%…35% of all upper extremity injuries. Ligation of a single vessel 
results in an amputation rate of 10%. Ligation of both vessels in-
creases the rate to 39%.

Exposure of the ulnar artery is made through an incision over the 
medial volar aspect of the forearm, over the course of the vessel. The 
incision can be extended proximally to reach the antecubital fossa to 
gain control of the brachial artery. The skin incision is deepened to 
the subcutaneous, and the tissue between ” exor carpi radialis and 
” exor digitorum super“ cialis can be split to facilitate exposure.

The radial artery can be exposed throughout its length via a lon-
gitudinal incision made on the medial aspect of the brachioradialis 
muscle. This will allow lateral retraction of the muscle to facilitate 
exposure. The artery runs super“ cially at the wrist, and exposure 
over the wrist will only require division of skin and subcutaneous 
tissue over the pulsation. However, this artery is very liable to spasm. 
Papaverine can be used to in“ ltrate the radial sheath, which is the 
deep fascia, before sharp dissection and mobilization.

VEINS OF UPPER EXTREMITY

The upper limb has deep and super“ cial sets of draining veins. The 
deep veins are the venae comitantes of the named arteries. The su-
per“ cial vein runs in between the super“ cial fascia immediately be-
neath the skin. These two set of vessels have frequent anastomosis 
with each other.

In the forearm, the named arteries are accompanied by a pair 
of venae comitantes to provide venous drainage. These deep veins 
will drain into the two brachial veins. The brachial veins run with 
the brachial artery in the arm, draining blood proximally, until 
they join the axillary vein at the lower border of the subscapularis 
muscle.

The upper extremity also has a super“ cial venous network to 
provide drainage of the upper limb. These veins will eventually drain 
into the super“ cial veins, namely the basilic and cephalic veins.

Basilic Vein

The basilic vein receives tributaries from the ulnar component of the 
dorsal venous network. It runs up the posterior surface of the fore-
arm and curves around the ulnar border below the elbow to the an-
terior surface of the forearm. In the elbow, it is joined by the vena 
mediana cubiti, a branch from the cephalic vein. The vein takes a 
medial and super“ cial relation to the brachial artery and the medial 
cutaneous nerve in this part of the course. It then runs upward along 
the medial border of the biceps brachii muscle, and perforates the 
deep fascia to run along the medial side of the brachial artery. At the 
lower border of the teres major muscles, the vein continues on as 
the axillary vein.

Cephalic Vein

The cephalic vein begins as the coalescence of the radial part of the 
dorsal venous network and winds upwards around the radial bor-
der. In the antecubital fossa just below the elbow, the cephalic vein 
gives off the vena mediana cubiti, which receives a perforating 
branch from the deep veins of the forearm and passes across to 
join the basilic vein. In the elbow, it crosses super“ cial to the mus-
culocutaneous nerve and ascends along the lateral border of the 
biceps brachii muscle. In the upper part of the arm, the cephalic 
vein runs in the deltopectoral groove, where it is accompanied by 
the deltoid branch of the thoracoacromial artery. It then pierces 
the clavipectoral fascia to drain into the axillary vein just below the 
clavicle.

Axillary Vein

The basilic vein continues on at the lower edge of the teres major 
muscle as the axillary vein. Its main tributaries are brachial veins, 
tributaries that accompany the named arteries, while it ascends 
in the axilla, and the cephalic vein, which courses through the 
deltopectoral groove, just below the clavicle. The axillary vein then 
becomes the subclavian vein above the lateral border of the 
“ rst rib.

The axillary vein lies medial to the axillary artery. It is separated 
from the artery by the medial pectoral nerve, medial cord of the 
brachial plexus, and the ulnar nerve. It is separated from the axillary 
sheath by a pad of fat. The close proximity of the vein to the artery 
often results in the occurrence of traumatic arteriovenous malforma-
tions. Penetrating injury to the upper part of axilla can cause profuse 
hemorrhage and risk of air embolism.

NERVES OF UPPER EXTREMITY

The nerves in the upper extremity have a close and important re-
lationship to the major named artery. They can be easily injured 
along with the vessels in any trauma. However, iatrogenic injury to 
the nerve can also occur during surgical exploration if the relevant 
anatomy of the neurovascular bundle is not thoroughly under-
stood.
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Median Nerve

The median nerve originates from the lateral and medial cords of the 
brachial plexus at the distal part of the axillary artery. It accompanies 
the brachial artery throughout the whole course.

At “ rst, the nerve lies laterally to the brachial artery. At the level 
of insertion of the coracobrachialis muscle, the median nerve crosses 
the artery super“ cially, occasionally deep to it, and descends along 
the medial side to the elbow. It traverses the cubital fossa together 
with the brachial artery in the same relationship, behind the aponeu-
rosis of the biceps muscle and anterior to the brachialis muscle. It 
then passes into the forearm between the two heads of the pronator 
teres muscle, separated from the ulnar artery by the deep head of the 
muscle.

In the forearm, the median nerve runs between the ” exor digito-
rum super“ cialis and ” exor digitorum profundus, attaching “ rmly to 
the undersurface of the super“ cial ” exor muscle of the “ ngers. There 
is no direct relationship between the median nerve and any of the 
major axial vessels in the forearm. At the wrist region, the median 
nerve lies super“ cially and thus prone to even minor laceration. It 
takes a course between the tendon of the palmaris longus and the 
tendon of ” exor carpi radialis, and enters the wrist through the car-
pal tunnel along with tendons of ” exor digitorum super“ cialis.

Ulnar Nerve

The ulnar nerve arises from the medial cord of the brachial plexus. It 
runs medial to the axillary artery in the axilla between the artery and 
the vein. In the arm, it accompanies the brachial artery on its medial 
side, anterior to the triceps muscle. At the distal half of the arm, the 
nerve deviates from the artery and pierces the medial intermuscular 
septum. It then runs downward and medially in the posterior com-
partment anterior to the medial head of the triceps muscle.

The nerve continues into the elbow between the medial epicon-
dyle of the humerus and the olecranon. In the epicondyle groove, the 
nerve is just covered by skin and adipose tissue. It can be palpated as 
a cord-like structure and is prone to injury from any trauma to the 
medial epicondyle. Violent ” exion of the elbow can also dislocate the 
nerve, and this will require surgical intervention. Through the ulnar 
groove on the medial epicondyle, the ulnar nerve enters the forearm 
between the two heads of ” exor carpi ulnaris. It descends on top of 
the ” exor digitorum profundus muscle and is overlapped by the 
” exor carpi ulnaris. In the upper half of the forearm, the ulnar nerve 
is still separated from the ulnar artery, but the two structures eventu-
ally come to travel together in the lower half of the forearm, with the 
nerve taking a medial relation to the artery throughout.

Radial Nerve

The radial nerve is the direct continuation of the posterior cord of 
the brachial plexus. It lies posterior to the axillary artery, and it is 
bigger in size when compared with the ulnar nerve. In the axilla, the 
radial nerve can be injured from prolonged exposure to pressure, 
such as falling asleep when the arm drapes across an arm rest and 
improper use of crutches. The nerve maintains the same relationship 
with the proximal part of the brachial artery, between the long head 
of the triceps and the shaft of the humerus. It then winds backward, 
accompanied by the profunda brachii artery, to run in the radial 
groove of the humerus laterally and distally across the back of the 
arm. The radial nerve is especially prone to injury in fracture of the 
midshaft of humerus resulting from its relation to the bone. Just 
distal to the midshaft, the nerve traverses the lateral muscular septum 
to enter the anterior brachii compartment, lying along the lateral 
margin of the brachialis muscle and deep to the brachioradialis and 
extensor carpi radialis longus muscle. The radial nerve may be in-
jured in the fracture of the shaft of humerus or involved in the callus 

formation when the bone heals. These might need surgical interven-
tion for repair or release of the nerve. Anterior to the lateral epicon-
dyle, the nerve gives rise to the posterior interosseous nerve.

In the forearm, the radial nerve descends deep to the brachiora-
dialis, to take up a lateral relationship to the radial artery in the 
middle third of the forearm. The neurovascular bundles course fur-
ther distally before separating prior to the styloid process of the ra-
dius to enter the dorsum of the hand. The posterior interosseous 
branch is a muscular branch that winds around the neck of the ra-
dius through the supinator muscle. It runs between the super“ cial 
and deep muscles of the back of the forearm to innervate them. As it 
is in close relation to the head of radius, the posterior interosseous 
nerve is prone to injury from fractures of the elbow or from exposure 
of the elbow during surgery.

VASCULAR ANATOMY OF LOWER 
EXTREMITY

Femoral Artery

The femoral artery, also known as the common femoral artery, is the 
direct continuation of the external iliac artery. It enters the femoral 
triangle behind the inguinal ligament, midway between the anterior 
superior iliac spine and the symphysis pubis.

The femoral triangle is bounded by the inguinal ligament superi-
orly, medial border of the sartorius muscle laterally, medial border of 
adductor longus, and pectineus muscle medially. The ” oor of the 
triangle is formed by the iliacus, psoas major, pectineus, and adduc-
tor longus muscles.

Within the triangle, the femoral artery is related laterally to the 
femoral nerve, medially to the femoral vein and femoral canal, and 
posteriorly to the psoas and pectineus muscles. Early in its course, the 
femoral artery gives rise to several branches„super“ cial epigastric, 
super“ cial circum” ex iliac, superior geniculate, super“ cial, and deep 
external pudendal arteries. After traveling about 4 cm, the artery bi-
furcates within the femoral triangle into super“ cial femoral artery 
and profunda femoris artery.

Profunda Femoris Artery

The profunda femoris artery provides the main blood supply to the 
thigh. It usually arises from the posterolateral aspect of the femoral 
artery and descends “ rst laterally, and then posterior to the super“ -
cial femoral artery. Subsequently, the artery runs down the thigh 
deep to the adductor longus muscle, in close relation to the linea 
aspera of the femur, and pierces the adductor magnus muscle to be-
come the fourth perforating artery.

The medial and lateral circum” ex femoral arteries arise soon after 
the origin of the profunda femoris artery, although they branch out 
from the common femoral artery at the level of bifurcation in 20% 
of patients. These important vessels can ” ow in either direction. 
They serve as collaterals via cruciate anastomosis around the hip 
when either the internal or external iliac artery is occluded. Three 
perforating arteries are also given out along the course of the pro-
funda femoris artery to supply the muscle of the thigh. They are also 
connected by a rich anastomotic network.

Super“ cial Femoral Artery

This is usually the larger of the two terminating branches. It exits 
the femoral triangle at the apex and descends into the adductor ca-
nal. This canal is bordered by the sartorius muscle medially, vastus 
medialis anterolaterally, and the adductor longus and magnus mus-
cles posteriorly. Within the canal, the artery is bound closely to the 

470 VASCULAR ANATOMY OF THE EXTREMITIES

Ch-62-66-A4418_467-496.indd   470Ch-62-66-A4418_467-496.indd   470 12/20/07   7:42:44 PM12/20/07   7:42:44 PM



PERIPHERAL VASCULAR INJURY471

femoral vein by connective tissue. The saphenous nerve lies anterior 
to the vessel. The artery then pierces the adductor magnus at the ad-
ductor hiatus to become the popliteal artery. Near its termination, 
the superior geniculate artery branches from the femoral artery.

Surgical Exposure of Femoral Artery

In both wartime and peacetime, injuries to the femoral artery ac-
count for 20%…45% of all extremity injuries. Most of the injuries are 
penetrating in nature. Generally, penetrating injuries are most obvi-
ous and surgical intervention can be carried out without extensive 
diagnostic evaluation. However, blunt injuries are frequently ob-
scured by concomitant injuries to the bone, nerve, and soft tissues. 
Angiography is known as the gold standard for diagnosing vascular 
injury. However, with the advance in technology, CT angiography is 
beginning to replace conventional angiography as the “ rst line of 
investigation in some centers. It is noninvasive, and results can be 
obtained quickly. In the absence of pulses or with evidence of dimin-
ished perfusion, restoration of ” ow must be achieved as quickly as 
possible.

Exposure can be achieved by placing a longitudinal incision over 
the femoral pulse in the femoral triangle. In the absence of a pulse, 
the incision can be placed inferior to the midpoint between anterior 
superior iliac spine and pubic tubercle. Proximal control of the exter-
nal iliac artery can be achieved through either a separate incision that 
runs parallel to the inguinal ligament or by extending the longitudi-
nal incision superiorly and laterally through the inguinal ligament.

The incision is deepened to expose the deep fascia covering the 
femoral triangle. Incision of the fascia will allow the retraction of 
sartorius and adductor magnus to expose the femoral sheath. The 
sheath is then sharply incised to expose the femoral artery within. 
Exposure of the femoral vein is carried out in similar fashion.

The super“ cial femoral artery can be approached through an in-
cision along the line joining the anterior superior iliac spine and 
medial femoral condyle. The incision is deepened through the super-
“ cial fascia, carefully retracting the greater saphenous vein. The fascia 
covering of the sartorius is divided and the muscle can be retracted 
medially to expose the super“ cial femoral vessels with the saphenous 
nerve on the anterior surface.

Popliteal Artery

The popliteal artery begins at the adductor hiatus as the direct continu-
ation of the super“ cial femoral artery. It travels downward and slightly 
laterally to go behind the distal femur to enter the popliteal fossa.

The popliteal fossa is an important anatomical area because all 
neurovascular structures passing from the thigh to the leg traverse 
this space. It is “ lled with tissues that offer protection to the neuro-
vascular structure and yet allow the movement at the knee joint. This 
is a diamond-shaped fossa located behind the knee. The ” oor con-
sists of popliteal surface of the femur above, posterior surface of the 
joint capsule with overlying popliteus muscle. The superior border is 
made up of bicep femoris muscle and tendon laterally, and four 
muscles (namely, semimembranosus, semitendinosus, gracilis, and 
sartorius muscles) medially. The inferior boundaries are formed by 
the lateral and medial head of the gastrocnemius muscle, respec-
tively. The roof consists of a strong sheet of deep investing fascia, 
which is pierced in the center by the short saphenous vein, subcuta-
neous tissue, and skin. This unites with the muscles and tendons 
forming the boundaries to form a well-enclosed space.

The popliteal artery runs on the ” oor of the popliteal fossa be-
tween the condyles of the femur until it reaches the distal border of 
the popliteus muscle and terminates by dividing into anterior tibial 
and tibioperoneal trunk. Throughout the course, it is in direct con-
tact with the posterior ligament of the knee joint. Three pairs of 
branches are given out to supply the knee and these form important 

collaterals about the knee. No branches are given off at the upper 
portion of the popliteal artery, and this portion of the vessel is acces-
sible for ligation if required.

Anterior Tibial Artery

The anterior tibial artery is the smaller terminating branch of the 
popliteal artery that arises from the lower border of the popliteus 
muscle. It passes forward through the interosseous membrane into 
the anterior compartment of the leg. At “ rst, it lies close to the medial 
aspect of the neck of the “ bula, but inclines medially and forward on 
the membrane as it descends and rests against the anterior surface of 
the shaft of tibia in the lower third of the leg. It lies deep between 
anterior tibialis and extensor digitorum longus muscle proximally 
and extensor hallucis longus muscle distally. In the “ nal part of its 
course, it is covered only by skin, fascia, and extensor retinaculum. At 
the level of the ankle, the tendon of the extensor hallucis longus 
muscle crosses in front of the artery to become medially related. The 
artery then continues on as the dorsalis pedis.

Throughout the course, the anterior tibial artery is surrounded by 
two interlacing venae comitantes and the deep peroneal nerve. The 
deep peroneal nerve, after winding around the neck of the “ bula, 
joins the anterior tibial artery soon after the artery enters the anterior 
compartment. Initially the nerve lies laterally to the artery, but from 
about the middle of the leg, the nerve takes up an anterolateral rela-
tionship with the artery for the rest of its course.

Tibioperoneal Trunk

The tibioperoneal trunk is the larger terminating branches of the 
popliteal artery. It originates and descends from just behind the 
soleal arch. The trunk lies on the tibialis posterior muscle and is 
covered by the gastrocnemius and soleus muscles. A network of com-
plex and thin-walled venous vessels surrounds the artery and may 
bleed profusely during dissection of the tibioperoneal trunk. The 
tibial nerve accompanied the artery below the arch of the soleus 
muscle. It runs a variable length, ranging from 0 to 5 cm before 
bifurcating into posterior tibial and peroneal artery.

Posterior Tibial Artery

Posterior tibial artery is the direct continuation of the tibioperoneal 
trunk. It descends in the posterior compartment, lying on posterior 
tibialis for most of its course and covered by gastrocnemius and so-
leus muscles. In the upper two thirds, the posterior tibial artery lies 
deep to the covering muscles. For the rest of the course, the artery 
takes a super“ cial course. At its termination, the artery lies midway 
between the medial malleolus and the medial tubercle of the calca-
neus, among the tendons of the deep leg muscles and under the cover 
of the ” exor retinaculum. A pair of deep veins accompanies the ar-
tery as venae comitantes. Throughout the course, the posterior tibial 
nerve runs alongside the artery. The nerve takes a medial relationship 
initially and becomes posterior in the lower part of the leg. The pos-
terior tibial artery terminates by dividing into medial and lateral 
plantar arteries.

Peroneal Artery

The peroneal artery descends laterally toward the “ bula after branch-
ing off from the tibioperoneal trunk. It then follows the medial edge 
of the “ bula, between ” exor hallucis longus and tibialis posterior 
muscles, in close relation to the posterior aspect of the “ bula and the 
interosseous membrane throughout the course. At the ankle, the ar-
tery gives off a branch that perforates the interosseous membrane. 
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This anterior malleolar branch of the peroneal artery descends in 
front of the lateral malleolus, and forms an anastomotic network 
around the malleolus with the lateral and posterior malleolar 
branches of the peroneal artery. A pair of deep veins accompanies the 
artery, but there is no major nerve that travels with the artery.

Surgical Exposure of Vessels in Leg

Most of these injuries are blunt injuries in peacetime, as opposed to 
most wartime injuries, which are penetrating in nature. Popliteal 
artery injury remains a serious affair. The amputation rate had been 
high with ligation, such as up to 73% in World War II. The rate of 
amputation has dropped signi“ cantly over the last decade, with the 
advance in arterial repair and liberal use of fasciotomy and intraop-
erative angiography. However, vascular insuf“ ciency is a common 
sequelae when the limb survives.

The approach to the popliteal artery can be carried out in a pos-
terior or a medial incision. A posterior S-shaped incision requires the 
patient to be placed in a prone position and have limited access to the 
anterior compartment of the leg; thus, it is seldom used for vascular 
injury. The medial approach tends to be more versatile, and lacks the 
disadvantages of the posterior approach. The incision is placed from 
the medial femoral condyle across the knee down to the leg. The inci-
sion of the super“ cial fascia will expose the underlying muscles. 
Anterior retraction of vastus medialis muscle and posterior retrac-
tion of sartorius muscle will expose the popliteal vessels and the 
saphenous nerve. This incision can also be extended distally behind 
the bony prominence of the tibia, to approach the origin of the ante-
rior tibial artery and the tibioperoneal trunk. The exposure can be 
further enhanced by dividing the medial head of the gastrocnemius 
muscle, the tendon of the adductor magnus, sartorius, and the two 
medial hamstrings muscles.

The anterior tibial artery in the anterior compartment lies 
in front of the interosseous membrane. Exposure can be gained by 
a longitudinal lateral incision between the tibia and “ bula. The inci-
sion is carried through the intermuscular septum between the 
tibialis anterior and extensor hallucis longus muscles, without dis-
rupting the belly of the muscles. The extensor hallucis longus can be 
retracted laterally to facilitate exposure. Care must be taken to pre-
serve the venae comitantes and the deep peroneal nerve. This ap-
proach, coupled with resection of “ bula, will also facilitate exposure 
of the peroneal vessels that lie just behind the “ bula in the posterior 
compartment. The anterior tibial artery in the lower part of the leg 
lies super“ cially. The incision placed over the pulse, dissection of 
the subcutaneous tissue, and investing fascia will allow exposure 
of vessel.

The posterior tibial artery is accessed through a medial ap-
proach. An incision is placed behind the posterior border of the 
tibia. The deep investing fascia is incised for the length of the wound 
and the intermuscular plane between the ” exor digitorum longus 
anteriorly, and the medial head of gastrocnemius and soleus poste-
riorly. This will also allow exposure of the peroneal vessels, which lie 
in a more lateral position. Care must be taken to avoid injuring the 
tibial nerve, which lies adjacent to the posterior tibial artery. In the 
lower third of the calf, the posterior tibial artery takes a super“ cial 
course after emerging from under the soleus and gastrocnemius 
muscles. It is only covered by skin, subcutaneous tissue, and the 
deep investing fascia. The incision can be made directly over the 

pulse or about an inch anterior to the Achilles tendon and deepened 
to expose the vessel.

VEINS OF LOWER EXTREMITY

Like the upper extremity, the veins in the lower extremity are also 
divided into two sets„super“ cial and deep veins. The deep veins 
accompany the named arteries. In the thigh, they are usually single 
veins that run alongside the major arteries, namely, the common 
femoral vein, the super“ cial femoral vein, the deep femoral vein, and 
the popliteal veins. Those that accompany the smaller arteries usually 
consist of two smaller veins, the venae comitantes. These are the 
main capacitance vessels of the lower extremity.

The super“ cial veins, much like their counterparts in the upper 
limb, run below the skin in between the super“ cial fascia. In the 
lower extremity, the super“ cial veins are the long saphenous and the 
short saphenous veins with their tributaries. The deep and super“ cial 
systems are connected by perforating veins at various points in the 
lower extremity.

Long Saphenous Vein

The long saphenous vein is the longest vein in the body. It begins in 
the medial marginal vein of the dorsum of the foot. The vein runs in 
front of the medial malleolus and along the medial side of the leg, 
in relation with the saphenous nerve. It curves posteriorly at the level 
of the knee, and then sweeps upwards along the inner aspect of the 
thigh. The vein enters the femoral triangle, pierces the deep fascia, 
passes through the fossa ovalis, and “ nally gains entry into the com-
mon femoral vein. Near the fossa ovalis, it is joined by the super“ cial 
epigastric, the super“ cial iliac circum” ex, the super“ cial external 
pudendal veins, and the accessory saphenous veins.

Short Saphenous Vein

The short saphenous begins behind the lateral malleolus as a con-
tinuation of the lateral marginal vein of the foot. It “ rsts ascends 
along the lateral border of the Achilles tendon, and then crosses the 
tendon to continue its ascent in the midline of the back of the leg. In 
the lower part of the popliteal fossa, the short saphenous vein perfo-
rates the deep fascia and ends in the popliteal vein between the heads 
of the gastrocnemius muscle. In the lower third of the leg, the vein is 
in close relation with the sural nerve, and in the upper two-thirds 
with the medial sural cutaneous nerve.
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THE DIAGNOSIS OF VASCULAR 
TRAUMA
John T. Anderson and F. William Blaisdell

t he diagnosis of vascular trauma is usually not a problem, as 
most injuries manifest overt blood loss, shock, or loss of critical 

pulses. However, in certain instances, the lesion may not be recog-
nized initially, only to manifest itself later by sudden secondary 
hemorrhage or the development of critical organ or extremity 
ischemia.

Most of the vascular injuries of immediate concern to the clini-
cian are those related to arteries. The reason for this is that venous 
hemorrhage is usually well controlled by the adjacent soft tissues, 
and excellent collateral ” ow compensates for occlusive lesions. Late 
progression of thrombosis and pulmonary embolism are the primary 
complications related to venous injury.

DIAGNOSIS

The “ rst priority should be to identify and manage life-threatening 
injuries and treat shock. Except for head injuries, nearly all injuries 
associated with immediate fatality are related to the cardiovascular 
system.

Advanced Trauma Life Support (ATLS) guidelines should be 
followed while proceeding with evaluation and treatment simultane-
ously. Shock from internal hemorrhage can be differentiated from 
cardiac compression or injury by a quick glance at neck veins. If neck 
veins are full, the presumption is cardiac compression from tampon-
ade, tension pneumothorax, or cardiac failure. Collapsed neck veins 
indicate hypovolemia, and failure of response to ” uid therapy dictates 
immediate operative intervention involving the most likely body cav-
ity. This is usually dictated by an emergency chest x-ray. External 
hemorrhage is usually obvious and immediate control is essential. 
Generally, direct pressure is effective for temporary control.

The presence of shock may lead to diminished pulses in the ex-
tremities and confusion about the location of vascular injury. Associ-
ated fractures and dislocations may compromise vascular patency 
and should be reduced before any decision about vascular injury is 
reached.

Prompt resuscitation and identi“ cation and management of vas-
cular injuries should be the goals in order to minimize mortality and 
prevent permanent extremity ischemic damage.

History

Prehospital personnel should be questioned about bleeding at the 
scene and the presence or absence of shock. The need for resuscita-
tion and the volume of ” uid administered should be solicited. The 
use and duration of application of a tourniquet should be deter-
mined, and the amount and character of blood loss at the accident 
scene ascertained. A history of bright red pulsatile bleeding suggests 
arterial injury, while dark blood suggests venous origin. In many in-
stances, bleeding may have ceased by the time the patient reaches the 
emergency room, leading to a false sense of security. In this type of 
patient, particularly one with an arterial injury, secondary hemor-
rhage is possible at any time.

Both the patient and prehospital personnel should be questioned 
about the mechanism of injury. Most civilian penetrating trauma 
results from low-velocity mechanisms such as knives or handguns. 
Arterial injuries in these cases are typically the result of direct injury, 
that is, from the knife or bullet. Information should be collected to 
aid in determining the trajectory of injury and potential structures 
injured. This could include the knife type and length, the number 
and direction of bullets, and the body position at the time of injury. 
Vascular injury from blunt mechanisms is often the result of stretch-
ing or compression from associated fractures or dislocations. Evi-
dence of extremity fracture, dislocation, or altered perfusion should 
be elucidated. Additionally, speci“ c mechanisms such as •car bum-
perŽ injuries or posterior knee dislocations are often associated with 
vascular injury and should be sought as appropriate.

Information about neurologic symptoms including sensory and 
motor de“ cits should be obtained. Potential confounding factors 
such as pre-existing peripheral vascular disease, diabetes, or neu-
ropathies should be elicited.

Physical Examination

The patient should be undressed and thoroughly examined. The skin 
folds of the axilla or perineum and buttocks should not be neglected, 
as wounds resulting from penetrating trauma may be missed in these 
areas. Deformity resulting from fracture or dislocation should be 
identi“ ed. In the case of penetrating trauma, the location and num-
ber of wounds should be noted in an attempt to identify the trajec-
tory of the wounding object (particularly with reference to major 
arteries).

Evidence of active bleeding or hematoma formation should be 
sought. The character of the bleeding, pulsatile bright red blood, or 
a steady ooze of dark blood should be noted. A tense or expanding 
hematoma indicates the presence of an arterial injury with bleeding 
contained by surrounding soft tissues. The opposite uninjured ex-
tremity should be evaluated as a comparison. Chronic peripheral 
vascular disease is generally symmetric. Absent pulses in the nonin-
jured leg would support a diagnosis of pre-existing peripheral vascu-
lar disease.

The examination should include palpation of pulses proximal 
and distal to the injury. Perfusion and tissue viability can be further 
assessed with skin temperature and capillary re“ ll distal to the injury 
and determination of motor function. Alterations in any of these 
parameters warrant further assessment. Conversely, an apparent 
•normalŽ pulse does not exclude the possibility of vascular injury. 
Pulses may be palpable and assessed as normal in up to 1‡3 of patients 
with later proven vascular injury. Again, the opposite noninjured 
extremity serves as a useful comparison.

Arteriovenous (AV) “ stulas may occasionally be identi“ ed by 
auscultation of a bruit over the involved arterial segment. Generally 
the AV “ stulas progress over time„often a bruit is not apparent early 
postinjury. A glove should be placed over the bell of the stethoscope 
to keep the stethoscope free of blood when there is an open injury.

A thorough neurologic examination should be documented. 
Anatomically, the blood vessels and nerves are located in close 
proximity to each other. A neurologic de“ cit may hint toward the 
presence of an associated vascular injury. Further, the examination 
is of prognostic importance, as functional outcome is very depen-
dent on intact sensation and motor function. A •stocking gloveŽ 
de“ cit frequently indicates neurologic dysfunction resulting from 
ischemia„peripheral nerves are susceptible to ischemia because 
of a high metabolic rate and low glycogen stores. Blood ” ow 
should promptly be re-established to prevent development of 
muscle death and gangrene.
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principles of vascular surgery apply to the exposure, preparation and 
repair of the injured vessel. The injured extremity can provide obstacles 
to exposure and identi“ cation of vasculature. Proximal and distal con-
trol of the injured vessel must be established. A detailed inspection of 
the wound and determination of vessel loss and surrounding soft tissue 
injury is done. The subclavian artery and proximal axillary artery can 
be dif“ cult to surgically expose. Demetriades et al.14 reported the use of 
an infraclavicular incision with extension into the deltopectoral groove 
to approach over 50% of these injuries. Another 48% were successfully 
exposed by adding a sternotomy or thoracotomy to the infraclavicular 
incision. Lin et al.13 exposed most injuries using a supraclavicular inci-
sion on the left and a median sternotomy with infraclavicular extension, 
when necessary, on the right. McKinley et al.12 exposed most vascular 
injuries with a supraclavicular or limited sternotomy incision with 
sternoclavicular dislocation.

Several methods can then be employed to repair the blood vessel 
(Table 6). Lateral suture repair can be performed if a simple laceration 
without tissue loss is found and the vessel is still intact, although this is 
rarely feasible for the relatively small brachial, radial, and ulnar arteries, 
which also tend to spasm after injury and manipulation. Mobilization 
of the vessel with debridement of the ends and a primary end-to-end 
anastomosis can be performed on transected vessels. Recent studies 
show this is performed in up to 69% of cases.13,15,17,21…23,28 Uncompli-
cated penetrating injuries are more amenable to primary vascular re-
pair than are blunt or complex injuries.17,23,28 An interposition graft 
may be needed if extensive vessel loss occurs or mobilization for pri-
mary repair may cause undue tension or require ligation of collateral 
vessels. An autogenous vein is the recommended conduit for interposi-
tion grafting, and is used in up to 82% of cases requiring grafts. Pros-
thetic grafts are preferable when adequate vein is not available, or in 
unstable patients with multiple associated injuries when time is critical 
(Figure 2). In these circumstances, the risk of infection is outweighed by 
these considerations. In reviewing their treatment of subclavian and 
axillary injuries, Demetriades et al.14 and McKinley et al.12 found that 
over 20 prosthetic grafts were necessary for repair. Primary end-to-end 
anastomosis was performed in approximately one-third of these cases, 
as was interposition vein graft. Prosthetic graft was used as frequently as 
vein graft by Demetriades et al.12…14 Extra-anatomic bypass may be 
necessary when the native vascular bed is contaminated or involved in 
extensive tissue destruction, in which setting it is recommended that the 
graft be tunneled through uninvolved clean tissue planes. Externally 
stented prosthetic grafts should be used for this approach. Finally, 

ligation of the injured vessel may be a last-resort option in unstable 
patients with other life-threatening problems as a damage control mea-
sure. Temporary intraluminal arterial shunts are another option to al-
low limb salvage in these dire circumstances, as a means of maintaining 
extremity perfusion until the patient has been stabilized to the point 
that they may return to the operating room for de“ nitive vascular re-
pair. Ligation was used more frequently as management of radial and 
ulnar arterial injuries. Either artery may be ligated as long as the other 
is intact, and an intact palmar arch can be con“ rmed by performing an 
Allen test, or by observing brisk back-bleeding from the distal arterial 
segment.13,15,20,28,29

Fasciotomy may be necessary at the initial operation when pro-
longed ischemia or extensive soft tissue injury poses a high risk of 
compartment syndrome after reperfusion. The anatomy of the fascial 
compartments of the upper extremity must be understood to prop-
erly perform fasciotomy. In the postoperative period, serial clinical 
examinations, with compartment pressure measurements in suspi-
cious cases, may demonstrate the need for fasciotomy.

Table 6: Surgical Procedures Performed to Repair Extremity Vascular Trauma

References
Extremity 

Injuries
Primary 
Repair

Vein 
Graft

Bypass 
Graft

Lateral 
Repair

Prosthetic 
Graft

Vein 
Patch Ligation Amputation Endovascular

Borman 198422 269 155 75 0 24 2 0 9 4 0
Sitzmann 198415 107 62 19 0 8 0 0 18 0 0
Orcutt 198616 158 76 33 0 16 1 1 31 0 0
Cikrit 199021 100 54 26 0 0 0 3 17 0 0
Myers 199024 123 74 44 0 0 5 0 0 0 0
Fitridge 199428 107 26 50 0 0 0 13 14 4 0
Sruissadaporn 
199717

28 3 23 0 1 0 0 1 0 0

Pillai 199711 20 2 16 0 0 0 0 2 0 0
Manord 199832 45 19 25 0 0 0 0 1 0 0
Demetriades 
199914

100 33 18 0 0 22 0 26 0 1

McKinley 200012 241 88 95 0 23 24 6 5 0 0
Wali 200223 29 4 13 1 3 0 2 5 1 0
Lin 200313 54 38 10 0 0 3 0 3 0 0
Total 1381 634 447 1 75 57 25 132 9 1

Figure 2 Subclavian artery repair after transection of injured area 
with interposition polytetra” uoroethylene (PTFE) graft.
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Primary amputation at the time of initial presentation may some-
times be an option to consider in patients with such severely injured 
upper extremities that prolonged and costly attempts at limb salvage are 
judged unlikely to succeed. The initial clinical examination is of major 
importance in this most dif“ cult and challenging decision process, 
which should always involve the entire multidisciplinary team of 
trauma, vascular, plastic, and orthopedic surgeons. Most commonly a 
primary amputation is performed when the extremity is severely 
mangled without chance for recovery of limb function, and the poten-
tial for life-threatening complications related to attempted salvage are 
prohibitive. Primary amputation of the upper extremity is reported in 
up to 14% of cases of upper extremity trauma.17,22,25,28,30 Secondary 
amputation is usually related to infectious complications from at-
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Nondisplaced or minimally displaced fractures can be treated non-
operatively if they are stable enough to allow for early range-of-
motion (ROM) exercises. If the joint is not restored to its anatomic 
position, it will become painful as the high joint reactive forces lead 
to premature arthrosis.

In the case of a badly comminuted joint surface, in a low-demand 
elderly patient with poor bone quality other options would include 
early range-of-motion exercises to attempt to re-create some form of 
joint surface or primary total elbow arthroplasty. With modern frac-
ture treatment principles and “ xation devices good results can be 
achieved most of the time with ORIF.

Extra-articular fractures of the distal humerus occur more fre-
quently in children than adults. They can be dif“ cult to control in a 
splint or brace due to the muscle forces acting on the distal fragment, 
as well as the anatomy of the thin ” at metaphyseal region, which 
makes it dif“ cult to get any bony apposition for stability.

In children the more common •extension-typeŽ fracture would 
require casting with the elbow in a greater-than-100 degrees ” exion for 

maintenance of the reduction. Historically, this has led to the disas-
trous complications of Volkmann•s ischemic contractures. It is there-
fore recommended that those fractures that are signi“ cantly displaced 
be closed reduced and pinned allowing the arm to be immobilized in 
90 degrees or less, virtually eliminating this complication.

In adults the goals of reconstruction are aimed at re-creating the 
articular surface, and then re-establishing the medial and lateral col-
umns of the humerus, Figure 6. An olecranon osteotomy is usually 
necessary in order to provide adequate exposure of the articular surface, 
after which the ulnar nerve is identi“ ed and retracted. Transposition of 
the nerve at the time of surgery is somewhat controversial at present.

Complications include ulnar neuropathy, heterotopic ossi“ ca-
tion, and painful impinging hardware, which can be removed once 
the fracture has healed, and if necessary ulnar nerve transposition 
can be carried out at the same time.

Figure 5 Intraoperative photograph of radial nerve. Incarcerated 
between bony spike of fracture fragments in a distal third humerus 
fracture (left) (white arrow). Post…open reduction internal “ xation 
(ORIF) with radial nerve crossing plate proximally (right).  (Courtesy of 
Robin M. Gehrmann, MD.)

Figure 4 Clinical photos of a humeral fracture brace. Radiograph on right shows complex fracture 
being treated in this brace at 6 weeks with acceptable alignment of all components. Greater tuberosity 
component (dotted arrow), surgical neck (solid arrow), and comminuted shaft with early callus 
formation.  (Courtesy of Robin M. Gehrmann, MD.)

Figure 6 Preoperative anteroposterior (AP) radiograph of 
comminuted intra-articular distal humerus fracture (left), and 
postoperative AP “ lm (right) with restoration of the articular surface and 
the medial and lateral columns.   (Courtesy of Robin M. Gehrmann, MD.)
 

6 weeks post injury
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position of the implant still pose some disadvantages in treating 
wrist fractures.

Intramedullary devices such as the Micronail (Wright Medical 
Technology, Inc., Memphis, TN) attempt to counteract some of the 
disadvantages noted with open reduction and plating. By residing 
within the medullary canal, these devices minimize or eliminate soft 
tissue irritation and pin track infection, yet maintaining fracture re-
duction and alignment (Figure 10).

Perilunate Dislocations

Perilunate dislocations are relatively rare but complex injuries 
involving only 7% of all injuries of the carpus. They most often 
result from high energy mechanisms, including motor vehicle ac-
cidents, falls from height, or contact sports, and thus are often as-
sociated with other signi“ cant trauma. May“ eld et al. showed that 
an axial load with hyperextension and ulnar deviation of the wrist, 
coupled with intercarpal supination, reproduced a spectrum of 
•progressive perilunate instability.Ž Four stages of perilunate inju-
ries were described as the carpus is disrupted around the lunate. 
The pattern of sequential failure begins radially and is transmitted 
either through the body of the scaphoid (producing a trans-scaph-
oid fracture) or through the scapholunate (SL) interval (produc-
ing a SL dissociation). The force then propagates to the ulnodorsal 
aspects of the wrist. In stage I, there is disruption of the scapholu-
nate and radioscaphocapitate ligaments. In stage II, the force dis-
rupts the lunocapitate association. In stage III, there is failure of 
the lunotriquetrial interosseous and ulnotriquetrial ligaments, 
where the entire carpus separates from the lunate. Finally, stage 
IV involves palmar lunate dislocation into the carpal tunnel. May-
“ eld demonstrated that slower application of load produced frac-
tures (radial styloid, scaphoid and/or capitate) prior to the lunate 
dislocation, termed •greater arc injuries.Ž Conversely, a more rap-
idly applied force produced purely ligamentous disruptions, 
termed •lesser arc injuries.Ž

Correct diagnosis and treatment of these injuries is imperative in 
order to restore wrist motion and function. The major pitfall in treat-
ing perilunate carpal injuries is delayed or missed diagnosis. The 
patient may have multiple (even life-threatening) injuries that pre-
clude adequate workup and imaging of extremity injuries. Other 
times, the dislocation is missed because the radiographs are misread 
by inexperienced observers.

The typical presentation of an acute perilunate dislocation in-
cludes pain and swelling about the wrist. Deformity may be more 
subtle than expected. The carpus is usually displaced dorsally. In 
a lunate dislocation, the lunate can come to lie within the carpal 
tunnel; therefore, thorough neurovascular assessment of the upper 
extremity is important. A well-taken wrist series is the key to the 
diagnosis. Posterior-anterior view will show disruption of the nor-
mal carpal arcs (Figure 11A). Lateral radiograph will reveal loss of 
colinearity between the capitate, lunate, and the radius (Figure 11B). 
Traction radiographs may be indicated to further assess the injury 
pattern.

Once the diagnosis of a perilunate dislocation is made, treatment 
consists of immediate closed manipulation to achieve reduction and 
immobilization. Reduction is usually undertaken with the patient 
under intravenous sedation. The arm is “ rst suspended in longitudi-
nal traction. With the wrist extended and maintaining traction, a 
thumb is used to push the lunate back into its fossa as the wrist is then 
” exed to reduce the capitate over and into the concavity of the lunate. 
Failure to achieve a reduction via closed means often indicates inter-
posed volar capsule and necessitates an urgent open procedure. A 
patient with an irreducible perilunate dislocation at minimum must 
undergo an urgent temporizing extended carpal tunnel release to de-
crease the pressure on the median nerve (Figure 11C). Failure to do so 
could result in permanent median nerve dysfunction.

Early de“ nitive treatment of perilunate injuries is necessary 
to minimize the devastating complications of chronic carpal insta-
bility and traumatic arthritis associated from missed or inappro-
priately treated injuries. Despite the overall consensus that open 
reduction and internal “ xation is the treatment of choice for re-
storing carpal alignment in acute perilunate dislocations, the ideal 
surgical approach is less explicit. There are three basic surgical 
approaches that can be used: volar, dorsal, and combined dorsal…
volar approach.

The volar or palmar approach is typically used for reduction of 
the lunate and carpal tunnel release. Additionally, direct repair of the 
capsular rent at the space of Poirier can be done volarly. The dorsal 
approach provides exposure of the carpus for restoring alignment 
and repairing the scapholunate interosseous ligament (SLIL) which 
is thought to be the key to successful long-term results. Moreover, 
scaphoid and other carpal bone fractures can also be addressed dor-
sally. The combined dorsal…volar approach offers the advantages of 
both and is the preferred choice for the authors since it allows access 
to all the injured structures.

Carpal Fractures and Ligamentous Injuries

Trauma to the carpus can result in fractures or ligamentous disruptions. 
The scaphoid is the most common carpal fracture and can occur in 
isolation or in conjunction with distal radius or perilunate injuries. 
Emergency room management of isolated scaphoid fracture should 
include appropriate x-ray views, followed by a long-arm thumb-spica 
splint immobilization. Ninety percent to 95% of acute nondisplaced 
scaphoid fractures will heal with proper immobilization; however, it 
may take 8…12 weeks and several cast changes. Percutaneous headless 
screw “ xation of acute scaphoid fractures has resulted in shorter healing 
time and less overall disability. Displaced scaphoid fractures require 
open reduction and “ xation; there is no role for closed treatment under 
normal circumstances. Missed or inadequate treatment of a scaphoid 
fracture can result in malunion, nonunion, and/or avascular necrosis, 
which will lead to wrist arthritis in the long run.

Figure 10 A single posteroanterior radiograph of the wrist in a 
patient who underwent distal radius fracture “ xation with an 
intramedullary device. The fracture line is faintly visible just proximal 
to the distal screws.  (Courtesy of Virak Tan, MD.)
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Figure 11 (A) Posteroanterior radiograph of a stage III trans-styloid perilunate. The abnormal triangular appearance 
of the lunate (black dots) has disrupted Gilula•s arcs (black lines). (B) Lateral radiograph of the same patient showing the 
lunate (outlined) is still articulating with the distal radius; however, there is dislocation of lunocapitate articulation. There 
is loss of colinearity among the radius, lunate, and capitate. (C) An emergent extended carpal tunnel release is required 
for irreducible perilunate dislocations. The transverse carpal ligament has been divided longitudinally, and the content of 
the carpal canal (including the median nerve, bottom arrow) is retracted ulnarly. The lunate (top arrow) is seen dislocated 
into the carpal canal.  (Courtesy of Virak Tan, MD.)

A

B

C

Fractures of the other carpal bones are uncommon and are usu-
ally a part of a larger injury spectrum. Kienbock•s disease should be 
ruled out in patients with a lunate fracture but minimal trauma.

Scapholunate dissociation results from disruption of the scaph-
olunate interosseous ligament. Dorsal wrist pain with tenderness 
over the scapholunate interval is the usual “ nding. The scaphoid 
shift test may also be positive. The space between the scaphoid and 
lunate will be widened on the AP radiograph. Early surgical treat-
ment of this injury is simpler, and has better results than delayed 
reconstruction.

CONCLUSION

Trauma to the upper extremity can result in a variety of injury 
patterns, ranging from minor sprains to complex open fracture-
dislocations. Often the injury can be treated or at least temporized 
by immobilization or splinting which will help with pain control 
and also minimize further damage to the extremity. Proper patient 
assessment and imaging studies are essential to initiating treat-
ment. Although life-threatening injuries take precedence over 
the limb, a long-arm posterior splint can usually be applied 
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reduction followed by anterior C2-C3 interbody fusion, posterior 
C1-C3 fusion, or bilateral C2 pars screw osteosynthesis.

Subaxial Spine Fractures

Isolated fractures of the spinous process, lamina, and transverse pro-
cesses occur frequently, and are most often stable as long as the facet 
articulations are competent and minimal vertebral translation has 
occurred.

Figure 5 Radiographic assessment of transverse ligament instability.
 (From Hasharoni A, Errico TJ: Fracture of the “ rst cervical vertebra. In Clark 
CR, Dvorak J, Ducker TB, et al., editors: The Cervical Spine, 4th ed. 
Philadelphia, Lippincott-Raven, 2005, p. 592.)

a b

Figure 6 Types of odontoid fractures.  (From Anderson LD, D•Alonzo 
RT: Fractures of the odontoid process of the axis. J Bone Joint Surg 
56:1663…1674, 1974.)

Type I

Type II

Type III

Table 1: Classi“ cations of Dens Fractures

Type I Avulsion fractures of tip
Type II Waist fractures
Type III Fracture extends into C2 body

Source: Anderson LD, D•Alonzo RT: Fractures of the odontoid process 
of the axis. J Bone Joint Surg 56:1663…1674, 1974.

Dens Fractures

Dens fractures have been classi“ ed by Anderson and D•Alonzo 
(Table 1; Figure 6). Type I and III fractures can generally be treated 
with an external orthosis. Management of type II fractures is more 
problematic and depends on patient age and associated injuries, as 
well as fracture displacement and stability. While nondisplaced frac-
tures can sometimes be treated successfully with a halo vest, indica-
tions to operate include fracture comminution, displacement greater 
than 6 mm, posterior angulation, delay in diagnosis, and patient age 
greater than 50 years old. In general, elderly patients can be consid-
ered for C1-C2 fusion because of their decreased healing rates and 
poor tolerance of halo vest. Severely debilitated patients, on the other 
hand, can be treated with a cervical collar until comfortable, with the 
understanding that a successful fusion may not occur.

Surgical treatment can also be performed via anterior odontoid 
screw osteosynthesis, particularly for oblique fractures that run from 
anterosuperior to posteroinferior, patients with C1 ring fractures, 
and younger patients. C1-C2 arthrodesis can be performed via sev-
eral techniques including wiring, transarticular screws, or rod and 
screw constructs.

Traumatic Spondylolisthesis of Axis

Bilateral fractures of the par interarticularis are called hangman•s 
fractures. Most injuries are caused by motor vehicle accidents. 
Hangman•s fractures are classi“ ed by Levine and Edwards (Table 2; 
Figure 7). Type I fractures require 6…12 weeks of halo vest immo-
bilization. Surgical options for type II and III fractures include 

Figure 4 Types of C1 arch fractures.  (From Hasharoni A, Errico TJ: Fracture of the “ rst cervical vertebra. In 
Clark CR, Dvorak J, Ducker TB, et al., editors: The Cervical Spine, 4th ed. Philadelphia, Lippincott-Raven, 2005, p. 
610.)

Posterior arch fracture Burst fracture Lateral mass fracture
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Subaxial cervical spine fractures can be subclassi“ ed many ways. 
The most common injuries include compression, burst, and teardrop 
injuries.

Compression ” exion injuries cause failure to the anterior half of 
the vertebral body without disruption of the posterior body cortex. 
The mechanism is a hyper” exion or axial loading injury. Patients are 
usually neurologically intact and in the absence of gross deformity 
or instability, most fractures heal with external immobilization in 
6…12 weeks.

Burst fractures involve the anterior and middle columns and may 
extend into the posterior body cortex. Burst fractures that do not 
involve the posterior elements are more stable and can be treated in 
a halo for 12 weeks. Fractures that involve the posterior elements are 
unstable and can be associated with cord compromise. These types of 
fractures require anterior surgical decompression and stabilization 
via an anterior plate or added posterior “ xation if necessary.

Extension tear drop injuries occur with hyperextension of the neck 
with an avulsion fracture of the anteroinferior vertebral body. This 
injury typically occurs at the C2-C3 interspace. Most of these injuries 
can be treated with a cervical collar for 6…8 weeks, even if the anterior 
longitudinal ligament has been disrupted. Flexion teardrop injuries 
are a more severe injury and may be associated with spinal cord in-
jury. The teardrop fracture is located at the anteroinferior corner of 
the body, with the posteroinferior corner of the body rotating into the 
canal and possibly causing an anterior cord syndrome. Initial treat-
ment consists of tong application for spinal reduction. Anterior de-
compression may be necessary to address cord compromise along 
with anterior and/or posterior stabilization.

Subaxial Spine Dislocations

Unilateral dislocations demonstrate 25% vertebral subluxation 
with associated monoradiculopathy that improves with traction. 
Bilateral dislocations demonstrate vertebral body subluxation 
greater than 50% without signi“ cant spinal cord injury. Awake 
and alert patients can safely undergo closed reduction with 
progressive application of traction as long as serial neurologic ex-
ams and radiographic assessments are taking place. A successful 
closed reduction without signi“ cant kyphotic deformity or radic-
ulopathy can be managed with 6…12 weeks of external immobi-
lization.

Patients who develop new or worsening neurologic de“ cits while 
having a closed reduction should proceed to have an MRI to identify 
a possible herniated disk. Overall, 25% of patients will fail a closed 
reduction will demonstrate signs of disk disruption on MRI. Patients 
who fail a closed reduction maneuver will require an open reduction 
and instrumented fusion. Additionally, patients with kyphotic defor-
mity, signi“ cant subluxation, radiculopathy, bilateral facet fractures, 
and lateral mass dissociations may be treated with anterior or poste-
rior instrumented fusions.

Special Considerations

Children less than 10 years of age frequently have spine injuries from 
the occiput to the third cervical spine due to the weight/size of the 
head being proportionally larger than the body. Children older than 
10 years of age have spinal injuries similar to adults. Elderly patients 
frequently exhibit C1-C2 injuries that include transverse ligament 
disruption and dens fractures.

THORACIC AND LUMBAR SPINE TRAUMA

Anatomy

The thoracic spine is more rigid than the cervical or lumbar spine 
due to attachments of the ribs to the transverse processes and ver-
tebral bodies. The thoracic spine also imparts its overall stability 
from the coronally orientated facets with shingled lamina, proper-
ties that limit extension. Because of the rigidity of the thoracic 
spine, the transition zones at T1 and T12 are highly susceptible to 
injury.

The thoracic spine has an overall kyphotic alignment with the 
apex centered around T6 through T8 with a range of 15…49 degrees. 
Maximal anterior column forces are generated and fractures within 
the rib cage usually occur at this location.

Motorcyclists have a high prevalence for blunt chest and throracic 
spine trauma. Patients with lap belt echymosis are also at higher risk 
for ” exion distraction T-L injuries.

Figure 7 Types of Hangman•s fractures.  (From Levine AM, Edwards CC: The management of traumatic 
spondylolisthesis of the axis. J Bone Joint Surg 67:221…226, 1985.) 

Type I Type IA Type II Type IIA Type III

Table 2: Classi“ cations of Hangman•s Fractures

Type I Fractures with �3 mm of displacement and no 
angulation due to axial compression and 
hyperextension

Type IA Asymmetric fracture line with minimal 
angulation or displacement due to 
hyperextension with lateral bending forces

Type II Fractures with �3 mm of translation and 
angulation due to hyperextension and axial 
loading followed by rebound ” exion

Type IIA Fractures demonstrate angulation without 
translation due to a ” exion-distraction injury

Type III Fractures include C2-C3 facet dislocation due to 
hyperextension followed by ” exion mechanism

Source: Levine AM, Edwards CC: The management of traumatic spondylo-
listhesis of the axis. J Bone Joint Surg 67:221…226, 1985.
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Figure 11 (A) Open, heavily contaminated fracture following an industrial 
accident, a crush injury with a plastic cutting device. (B) Following operative 
debridement and removal of devitalized bone, external “ xator applied to 
maintain bone length and facilitate wound care. (C) Iliac crest bone graft 
applied following soft tissue healing. (D) Consolidated bone following removal 
of external “ xator.

A B

C D
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Hemodynamically unstable patients who appear to be exsangui-
nating from subclavian vessels should proceed immediately to the 
operating room for control and repair. Left-sided injuries should be 
approached via a high anterolateral or •trapdoorŽ thoracotomy inci-
sion, while right-sided injuries are best managed via median ster-
notomy with supraclavicular extension.13 Hemodynamically stable 
patients may undergo a more thorough diagnostic evaluation. If 
vascular injuries are identi“ ed by arteriography, management is dic-
tated based on the presence of hemorrhage, location of the injury, 
perfusion of the distal extremity, and neurologic injury.14 Active 
hemorrhage must be controlled surgically, unless a branch vessel in-
jury is amenable to angioembolization. Venous injuries may be li-
gated without concern for signi“ cant upper extremity swelling.15 The 
artery may be reconstructed with a saphenous vein graft or with a 
polytetra” uoroethylene graft. In the case of an exsanguinating pa-
tient, the vessel may be shunted temporarily, or ligated. If perfusion 
is inadequate, this may obligate amputation, but there is often suf“ -
cient collateral ” ow to sustain the extremity. The location of the in-
jury dictates the approach for surgical exposure, proximal and distal 
control, and the appropriate level of graft interposition. An ischemic 
extremity must be vascularized within 4…6 hours to optimize func-
tional outcome.4 However, it is well recognized that an arm may be 
adequately perfused„and have a normal brachial-brachial index„
even in the case of subclavian artery occlusion, due to the extensive 
collateral network around the shoulder.16,17 In such a case, Sampson 
and colleagues17 have suggested a nonoperative approach for hemo-
dynamically stable patients with a viable, well-perfused upper ex-
tremity. Clearly, such a treatment course must be individualized. 
With the growing application of endovascular stents, there is likely a 
role in stable patients with amenable injuries, but they cannot be 
recommended as a standard at this time.

The neurologic injury is a major determinant of outcome and 
thus of treatment. In patients undergoing surgical exploration for 
vascular repair, the brachial plexus should be explored. If the brachial 
plexus is completely avulsed, a primary above-elbow amputation is 
the preferred initial management, as there is essentially no chance of 
functional recovery of the extremity.1,3 If the brachial plexus is rup-
tured but not avulsed, repair is appropriate at the initial operation if 
the patient is a good physiologic candidate for the procedure. Nerve 
reconstruction does not need to be performed as an emergency but 
should be performed within 6 months to avoid muscle atrophy and 
“ brosis and as early as practically possible to minimize the scarring 
that will make the operation more challenging.1,8,10 Treatment op-
tions for brachial plexus injuries include nerve repair, nerve grafting, 
neurotization, tendon transfers, or palliative pain-relieving proce-
dures.1 Treatment planning is facilitated by CT myelography and 
electromyography, done at 3 and 6 weeks after injury.6 Clements and 

Reisser18 suggest that nerve repair is indicated if there are fewer than 
three pseudomeningoceles on CT myelography. On the other hand, 
the presence of three or more pseudomeningoceles indicates irrepa-
rable damage and warrants above-elbow amputation. Leffert9 has 
suggested that the preoperative differentiation of preganglionic from 
postanglionic lesions facilitates planning and reduces operative time. 
The identi“ cation of a postganglionic lesion indicates that a proxi-
mal donor root will be available for repair or grafting. Identi“ cation 
of a preganglionic lesion allows the surgeon to proceed to neurotiza-
tion without exploration of the brachial plexus. In this procedure, an 
uninjured, less important nerve is divided from its muscular inser-
tion and attached (directly or via nerve grafts) to the distal stump of 
a nonfunctioning nerve.

The management of the bony injuries is a matter of some contro-
versy. Open reduction and internal “ xation may protect vascular re-
pairs as well as facilitate early rehabilitation.4,18 The concept of the 
shoulder suspensory complex helps determine the need for bony 
“ xation.19 The complex consists of the scapula, clavicle, and acro-
mioclavicular joint, along with the ligamentous, tendinous, and sup-
porting capsular structures. Injuries to individual components of the 
complex may be managed nonoperatively. However, injuries to two 
or more components usually result in instability and require repair. 
De“ nitive recommendations on this require further experience. If 
amputation is indicated, an above-elbow amputation is preferred. 
Early prosthetic application and rehabilitation are important in op-
timizing functional outcome.

In the case of open STD or degloving injuries, soft tissue coverage 
is important. Initial wound management consists of cleansing, with 
debridement of foreign material and necrotic tissue, and dressing 
changes. A vacuum-assisted wound dressing such as the VAC (Ki-
netic Concepts, Inc., San Antonio, TX) can be useful in facilitating 
wound care and hastening granulation of the wound bed. Skin grafts 
may be placed on a clean bed of granulation tissue, but myocutane-
ous ” aps may be required.

MORBIDITY AND COMPLICATIONS

In the early postinjury period, the massive soft tissue injury can re-
sult in myoglobinuria, hyperkalemia, and vascular thrombosis. Hy-
dration is important, but the surgeon should be mindful of this and 
prepared to perform amputation if the patient is compromised. Re-
vascularization of the extremity may be associated with reperfusion 
injury and development of an extremity compartment syndrome. 
Thus, serial clinical evaluation of the extremity„with measurement 
of compartment pressures if there is uncertainty„is essential. These 
problems may be avoided by early amputation.

The major morbidity associated with STD is a ” ail upper 
extremity. Zelle and colleagues3 reported that of the 62 well-
documented cases of STD in the literature, of 40 patients who 
survived and did not undergo primary amputation, 24 (60%) were 
left with a ” ail extremity. In their experience, all complete brachial 
plexus avulsions resulted in a functionless extremity. Of seven pa-
tients with partial or no avulsion, shoulder function (as assessed 
by the Subjective Shoulder Rating System) was scored as poor in 
three, fair in two, and good in two. Long-term de“ cits were typi-
cally related to avulsed nerve roots. Zelle and colleagues3 argue for 
early primary amputation in the setting of complete brachial 
plexus avulsion. It avoids the problems of myoglobinuria, hyper-
kalemia, and vascular thrombosis. The decision should be made 
initially. If early amputation is refused, later amputation should be 
considered within the “ rst year to improve rehabilitation and 
functional outcome.20 Unfortunately, patients and their families 
often refuse secondary amputation, despite a ” ail, anesthetic ex-
tremity.7,8,18 This can lead to severe causalgia, pressure sores, and 
injury.15,20 Furthermore, the longer the delay from injury to ampu-
tation to prosthetic “ tting, the less likely the patient is to wear the 
prosthetic.20

Table 1: Proposed Classi“ cation System for Severity 
of Scapulothoracic Dissociation

Type Clinical Findings

I Musculoskeletal injury alone
IIA Musculoskeletal injury with vascular disruption
IIB Musculoskeletal injury with incomplete neurologic im-

pairment of the upper extremity
III Musculoskeletal injury with vascular disruption and 

incomplete neurologic impairment of the upper 
extremity

IV Musculoskeletal injury with complete brachial plexus 
avulsion

Adapted from Zelle BA, Pape HC, Gerich TG, et al: Functional outcome 
following scapulothoracic dissociation. J Bone Joint Surg [Am] 86:2…8, 
2004.
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MORTALITY

The STD-related mortality documented in the literature is 11%.4 
However, this may be underestimated, as patients may exsanguinate 
from uncontrolled subclavian vessel injuries, or die of associated in-
juries, without STD being de“ nitively diagnosed.

CONCLUSIONS AND ALGORITHM

Scapulothoracic dissociation is a rare but devastating injury. Associ-
ated injuries are common. The timely diagnosis of vascular and 
neurologic injuries is critical. The rate of upper extremity loss is high, 
and many survivors are left with a ” ail upper extremity. Early ampu-
tation is indicated if there is a brachial plexus avulsion. A practical 
management algorithm, adapted from that proposed by Clements 
and Reisser,18 is presented in Figure 2.
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Figure 2 A management algorithm for scapulothoracic dissociation.
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EXTREMITY REPLANTATION: 
INDICATIONS AND TIMING
Matthew Trovato, Boris Mordikovich,
and Ramazi O. Datiashvili

t he years since the “ rst successful replantation of an arm in a 
12-year-old boy by Malt and McKhann1 in 1964 were marked 

by evident progress in the reconstructive surgery of limbs. That 
“ rst revolutionary report was followed by the reports of revascu-
larization of incompletely amputated “ ngers by Kleinert and col-
leagues in 19652 and the “ rst successful thumb replantation by 
Komatsu and Tamai in 1968.3,4 The evolution of microsurgical 
techniques and an accumulation of experience worldwide, along 
with the organization of specialized centers, has made replantation 
of completely or partially amputated extremities a generally ac-
cepted treatment of choice.

INCIDENCE

Traumatic amputation of the extremity is a devastating trauma, both 
physically and psychologically, leading to a lifelong disability of an 
individual.

According to the National Center for Health Statistics, the inci-
dence of traumatic amputations is 38,500 per year. The exact num-
ber of replantations performed annually is unknown, although 
it seems to be on the decline, due to more conservative selection 
criteria and likely, as well, to improvements in safety protocols in the 
workplace.

Digital amputations comprise the group of the most common up-
per extremity amputations, followed by more proximal amputations.

The largest proportion of amputations occurs in the upper extrem-
ity distal to the elbow, accounting for 70%. Upper extremity amputa-
tions have the highest prevalence at ages 21…64 and account for 60% of 
the reported injuries. Fewer than 10% of all reported upper extremity 
amputations are sustained by persons less than 21 years of age.

Needless to say, the loss of an extremity or its parts has a great 
economic impact, accounting for billions of dollars lost every year.

CLASSIFICATION

All traumatic amputations of extremities are classi“ ed based on:
Type of amputation
Level of amputation
Mechanism and character of injury
This approach to classi“ cation serves both academic and clinical 

purposes and presents a foundation upon which the indications for 
replantation are predicated and functional outcomes assessed and 
compared.

Types of amputations are classi“ ed by anatomic criteria. The 
complete type is clearly de“ ned by its term, that is, an amputation 
without any tissue connection between amputated and proximal 
parts of the extremity. An incomplete, or partial amputation is where 
most of vital anatomic structures are disrupted, and blood circula-
tion in the amputated part of the extremity is absent; without replan-
tation the amputated segment will neither survive nor be functional 
(Figure 1).

The level of traumatic amputation of the extremities is de“ ned 
by the level of the skeletal rather than soft-tissue disruption. Based on 
these criteria, we divide all traumatic amputations (replantations) of 
the extremities into two main groups: major and minor amputations 
(replantations).

The necessity of differentiating the extremity amputations and 
replantations has been stressed by many authors for important clini-
cal reasons, especially for indications and timing of surgery. This is 
due to the fact that major segments of the extremities contain large 
muscle mass, and anoxia of the muscles largely determines successful 
outcome of, and therefore indications for, replantation.

Minor segments are those amputated distal to the wrist or ankle 
level, and major segments are those amputated at and proximal to the 
level of the respective joints.

More precise classi“ cation of upper extremity amputations and 
replantations is based on the •zonalŽ principle, where the upper 
extremity is divided into six anatomic zones (Figure 2):

Zone I„distal to the insertion of the ” exor digitorum super“ cialis 
(FDS) tendons

Zone II„at the level of the “ bro-osseous canals of the ” exor ten-
dons, between anterior interosseous (AI) pulley and FDS tendon 
insertion

Zone III„the palm itself, between Zones II and IV
Zone IV„the level of carpal tunnel
Zone V„from the wrist to the musculotendinous junction
Zone VI„proximal to the musculotendinous junction

Based on the mechanism of trauma, we differentiate the following 
types of injury and various combinations of these in the same 
patient:

Guillotine: a very sharp wound with minimal skin and soft-tissue 
damage

Cutting: for instance, a guillotine with some zone of contusion
Crushing: the skin and soft-tissue injury zone is signi“ cant, often 

associated with comminuted fractures
Avulsion: dissociation in levels of amputation of bone and soft 

tissues, almost always requiring vessel grafts (Figure 3)

Patients with traumatic amputation of an extremity and associ-
ated signi“ cant injury to other organs, such as the head, chest or 
abdomen, usually represent a special challenge. These combined in-
juries are usually life-threatening and often preclude replantation.

INDICATIONS

We de“ ne replantation as a restorative surgery for the reestablish-
ment of the anatomic integrity of major structures of an extremity in 
complete or partial amputation in order to regain the viability of the 
extremity and attain the acceptable functional outcome.

It appears from the review of the literature and our own experi-
ence that the indications for replantation have changed over the 
years.5 Increasing experience has brought a clear understanding that, 
in evaluating the results of replantation, the only common denomina-
tor is functional outcome. We agree with Pederson that the indica-
tions for replantation should not be •based solely on potential viabil-
ity but are predicated on the potential for long-term function.Ž6

When considering replantation, one should take into account the 
status of the amputated part and the patient•s general condition. In 
general, while any patient with complete or partial amputation can 
be considered as a candidate for replantation, an ideal candidate 
should have had not only a relatively benign local status, e.g., an 
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amputation with minimal contamination and/or contusion but also, 
and maybe more importantly, a real determination for the continu-
ous hard work later to attain and maintain the function of the re-
planted extremity or its part.

Assuming technical feasibility, the indications for replantation in 
traumatic amputations follow:

� The thumb provides 40%…50% of the hand•s function. Usually re-
plantation offers the best functional result as compared with other 
reconstructive options, including toe-to-hand transfer (Figure 4). 
Even with decreased motion and sensation, the replanted thumb 
provides such critical tasks of the hand as pinching and grasping. 
Therefore, all efforts should be made to replant the amputated 
thumb, unless the functional outcome is dismal.

� Multiple digital amputations always present a reconstructive 
puzzle. In general, all feasible replantations should be performed, 
aiming at the best possible functional result. If not all digits are re-
plantable, the least damaged “ nger is usually replanted to the most 
functionally favorable position (heterotopic or transpositional).

� Amputations of a single digit in zone I„despite the recent conser-
vative trend in replantations at the level distal to the ” exor super-
“ cialis tendon insertion (e.g., Zone I), these usually have favorable 
functional outcome.

� All transmetacarpal amputations, or zone III, regardless of the 
thumb involvement„an absolute indication for replantation.

� Hand amputations at the level of the wrist and above, up to mid-
humerus level„the risk of general complications increases with 
increasing anoxia time and muscle mass.

� Any amputation in a child where replantation is technically feasible.

General considerations, such as age, gender, occupation, and even 
a hobby, should be carefully considered every time replantation is 
contemplated. We recognize that any amputation in a selected group 
of patients with an extremely demanding occupation, such as musi-
cian or calligrapher, or with cosmetic demands in female patients, 
can be an indication for replantation.

Contraindications to replantation follow:

Relative

� Single digit in zone II (from AI pulley to FDS insertion)
� Prolonged warm ischemia
� Atherosclerotic vessels
� Mentally unstable patients

Absolute

� Multiple-level amputations
� Patients with severe combined trauma or systemic illness
� Signi“ cantly crushed or avulsed amputated part

TIMING 

Anoxia of the amputated extremity is a critical factor for the success 
of replantation, especially of major segments. One should never 
underestimate the clinical implications of this fact, as it may lead to 
severe postoperative metabolic complications and potentially to 
death, especially in patients with prolonged warm anoxia of the re-
planted extremities. Most authors agree that after 6 hours of warm 
anoxia, the muscle undergoes irreversible changes. As the “ ngers 
devoid of muscles, their tolerance to ischemia, even warm anoxia, is 
relatively high. Adequate cooling of the amputated “ nger signi“ -
cantly prolongs its ischemic tolerance, thus increasing the time 
allowance between amputation and replantation.

The warm ischemic tolerance of amputated “ ngers is believed to 
be in the range of 812 hours, while cold anoxia can be tolerated for 
up to 40 hours and longer.

We performed successful replantation of three digits in one patient 
with a total period of warm anoxia of 28 hours. There have been reports 
of successful replantation of digits after 94 hours of cold anoxia.

Figure 1 (A) Incomplete traumatic amputation of the hand at the 
level of carpus. (B, C) Functional result of replantation 1 year after 
replantation: (B) ” exion; (C) extension.

A

B

C
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AIRWAY MANAGEMENT 
IN THE TRAUMA PATIENT: 
HOW TO INTUBATE 
AND MANAGE 
NEUROMUSCULAR PARALYTIC 
AGENTS
Ola Harrskog and Per-Olof Jarnberg

i njury is the leading cause of death in persons between the ages 
of 1 and 45 years in the United States and the third leading 

cause overall. Airway compromise is a common cause of death 
or severe morbidity in trauma victims. Management of the airway 
is a fundamental skill in trauma medicine. Obstruction of the 
airway has been reported in two-thirds of patients who die in 
the prehospital setting when death was not inevitable. Airway care 
is a cornerstone of resuscitation and is the “ rst priority for 
patients both in the prehospital setting and in the emergency 
room (ER).

Over the last few decades, improvement in the management of 
trauma victims has helped to decrease mortality and morbidity. 
An organized systematic approach to treatment is particularly 
important and includes focus on the airway in the •primary sur-
vey,Ž as outlined by the American College of Surgeons in their 
Advanced Trauma Life Support Course and Manual (ATLS). The 
ATLS emphasizes the importance of management during •the 
golden hourŽ after major trauma by stressing immediate attention 
to life-threatening conditions as soon as they are discovered. The 
development of new airway equipment as well as new techniques 
and algorithms for managing the dif“ cult airway has signi“ cantly 
contributed to improved outcomes. The goal for emergency airway 
intervention is to make certain that the patient•s ventilation is ad-
equate to meet oxygen demands, thereby reducing the risk of 
ischemic injury to the brain, heart, and other organs as well as 
protecting the patient from the risks of aspiration and airway 
obstruction.

This review focuses on airway management of the adult trauma-
tized patient. Speci“ c aspects of pediatric airway management and 
the controversies of prehospital management of airways are not 
 included.

AIRWAY CONSIDERATIONS 
IN THE TRAUMA PATIENT

Several circumstances make management of the trauma patient•s 
airway unique. These include the frequent need for emergent intuba-
tion, the presence of complicating injuries, “ xation in neck collars, 
and the risk of tracheopulmonary aspiration. There is no standard 
de“ nition for a dif“ cult airway, but it is often de“ ned in the literature 
as an airway that requires more than two or three attempts for suc-
cessful intubation. In the emergency department, dif“ cult intubation 
conditions have been reported in at least 3% of cases. During the last 
few decades, we have seen a marked reduction in severe airway com-
plications related to anesthesia for surgery in the operating room 
(OR). This, however, is not the case for airway management outside 
the OR. Management of the trauma airway is considered a task for 
the experienced physician.

Airway and breathing are the “ rst two components of the ABCs 
(airway, breathing, and circulation) of initial evaluation of trauma 
patients. All seriously injured patients should receive supplemental 
oxygen, and many require intubation. Trauma victims are frequently 
either unconscious or combative as a result of head trauma or in-
toxication. The airway is vulnerable to mechanical obstruction from 
loss of muscle tone and airway re” exes. In addition, the airway is 
frequently contaminated with debris, blood, and secretions. Direct 
airway trauma and facial trauma may make the situation even more 
complex. The fully conscious, talking patient who maintains his/her 
own airway may not need airway intervention initially, but it must be 
kept in mind that the patient•s status may change quickly. Continu-
ous monitoring and frequent reevaluation of the airway is manda-
tory. Inhalation of oropharyngeal and gastric contents is always a risk 
in these individuals, but the actual frequency of aspiration is un-
known. All trauma patients are presumed to have a full stomach and 
should be treated accordingly, using a technique to secure the airway 
that minimizes the risk of pulmonary aspiration.

The cervical spine is considered •unstableŽ in the trauma victim 
until proven otherwise. The evaluation of the spine and ruling out or 
diagnosing injury may be a prolonged procedure, especially in the 
patient with a decreased consciousness level. In the United States, 
1.5%…3% of trauma victims suffer from spinal cord injury, and 55% 
of these injuries are located in the cervical spine. Complete spinal 
cord injury with loss of motor and sensory function distal to the le-
sion occurs in 43%…46% of cases. All trauma patients receive a rigid 
cervical collar to prevent secondary spine injury. However, this “ xa-
tion usually makes an intubation more dif“ cult and unpredictable.

There is an increased risk for awareness among trauma patients 
during airway manipulation and surgery. The incidence of awareness 
in the general adult patient population undergoing anesthesia is 
0.1%…0.2%. Approximately 50% of these patients will have some 
psychological impact from their experience, and the most severe re-
action is full-blown post-traumatic stress syndrome. The incidence 

SPECIAL ISSUES AND 
SITUATIONS IN TRAUMA 

MANAGEMENT
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of awareness is reported to be higher among trauma patients. These 
patients often have such hemodynamic instability that they tolerate 
only very light levels of anesthesia. It is, therefore, good practice to 
always consider giving amnesia-inducing drugs when neuromuscu-
lar blocking agents are used. To be paralyzed and unable to commu-
nicate is an extremely traumatic experience.

EVALUATION OF AIRWAY 
AND RESPIRATORY FUNCTION

Assessment of the airway as well as of the ventilatory and respiratory 
functions has the highest priority when a new trauma patient is en-
countered. Start by observing the patient•s ventilatory pattern; and 
then auscultate the lungs. If time permits, obtain a chest “ lm, and 
evaluate for the presence of hemothorax and/or pneumothorax. If 
there is an emergent need for airway intervention, the time for 
physical examination will be limited. The vital functions of a trauma 
patient can deteriorate rapidly, and constant monitoring with fre-
quent reevaluation of the airway is crucial. The goal of the evaluation 
is to get as clear a picture as possible of the airway anatomy and the 
patient•s ventilatory and respiratory functions, so that an appropriate 
plan for securing the airway can be established. The objective of the 
plan should always be a patient who is well oxygenated and ventilated 
and an airway that is protected after the intervention. The sophistica-
tion of the evaluation and the “ nal plan are largely affected by the 
urgency of the needed intervention. It is not surprising that the inci-
dence of dif“ cult intubation is four to seven times higher in the 
emergency department than in the OR, largely due to challenging 
conditions in the trauma patient such as direct injury to the face and 
neck areas, fractures, hematomas, burns with edema, and secondary 
distortion of the airway.

In recent years, the development of classi“ cation systems to pre-
dict dif“ cult intubations has reduced the incidence of airway compli-
cations in patients undergoing elective surgery. The Mallampati 
classi“ cation of the airway (see page 59) is commonly used and is 
based on assessment of tongue size in relation to other pharyngeal 
structures. The I to IV scoring scale predicts dif“ culty of intubation. 
The atlanto-occipital joint extension test measures the ability to ex-
tend the neck and, consequently, the ability to align pharyngeal and 
laryngeal axes to accommodate intubation. Measurements of the 
thyro-mental distance, sterno-mental distance, mandibulo-hyoid 
distance and inter-incisor distance are also helpful in evaluating the 
airway.

To provide high speci“ city and sensitivity for successful intubation 
and to assess the level of dif“ culty of an endotracheal intubation, 
several tests must be performed. These tests are usually correlated to 

the visualization of laryngeal structures and vocal cords. The gold 
standard for classifying the degree of exposure to the larynx entrance 
is the description by Cormac and Lehane (Figure 1). Grades III and 
IV are associated with dif“ cult intubation. The dilemma is that all 
these tests are dif“ cult to utilize in the trauma patient for many rea-
sons, including an immobilized neck. Thus, alternative scoring sys-
tems such as the LEMON method have been proposed.

The LEMON method was developed by the U.S. National 
Emergency Airway Management Course and has a maximum score 
of 10 points, calculated by assigning 1 point for each criterion 
(Table 1). It has been demonstrated that an airway assessment 
score based on the LEMON criteria is helpful in predicting dif“ -
cult intubation in the ER. The LEMON test is designed to be a 
quick and easy-to-use assessment tool. A poor laryngoscopic view 
is more common, for example, among patients with large incisors, 
a reduced inter-incisor distance, and a reduced thyroid-to-” oor-
of-mouth distance.

Another important component in an emergency evaluation is 
assessment of conditions that may compromise mask ventilation. 
Mask ventilation is usually used as an intermittent bridge until 
“ nal airway control is established. Dif“ cult mask ventilation is 
correlated to obesity, beards, facial trauma, upper airway obstruc-
tion, and absence of teeth and is reported in up to 5% of the nor-
mal adult population. It is a useful rule to make sure that mask 
ventilation is possible before paralytic drugs are administered to a 
patient. In the emergency situation, however, there are exceptions 
to this rule, and the pros and cons of using muscle blockade must 
be assessed in each case. Furthermore, the possibility of a •can•t 
ventilate, can•t intubateŽ situation is something that should be 
anticipated; therefore, it is essential that equipment and compe-
tence for creating a surgical airway are immediately available. In 
this circumstance, the team approach and communication among 
team members becomes crucial in establishing the “ nal manage-
ment plan, including rescue alternatives.

Planning an approach is the “ nal step of the assessment (Figure 2). 
The team should then proceed with the airway management plan. 
When the patient can maintain adequate oxygenation and ventilation, 
and time permits, it may be bene“ cial to transport the patient to the 
OR which normally has better equipment and resources than the ER. 
In other situations, the right decision may be to immediately establish 
a surgical airway with the patient breathing spontaneously.

When reviewing the literature about airway management, it is 
remarkable how often the quality of professional competence/experi-
ence is mentioned. This is something that is very dif“ cult to measure 
but is obviously critical to a successful outcome. All efforts should be 
made to have that experience accessible on short notice in a trauma 
organization that strives for excellence in airway management.

Figure 1 Cormack-Lehane original grading system compared with a modi“ ed Cormack-Lehane system (MCLS). E, Epiglottis; LI, 
laryngeal inlet.  (From Yentis SM, Lee DJH: Evaluation of an improved scoring system for the grading of direct laryngoscopy. Anesthesia 
82:1197…1204, 1998.)
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Table 1: LEMON Criteria

Physical Sign Less Dif“ cult Airway Indicators of Dif“  cult Airway

Look at exterior No face or neck pathology Face or neck pathology, obesity, 
and so on

Evaluate the 3-3-2 rule Mouth opening �3F
Hyoid…chin distance �3F
Thyroid cartilage…mouth ” oor 
distance �2F

Mouth opening �3F
Hyoid…chin distance �3F
Thyroid cartilage…mouth ” oor 
distance �2F

Mallampati Classes I and II Classes III and IV
Obstruction None Obstruction within or sur-

rounding upper airway
Neck mobility Normal extension and ” exion Limited range of motion

F, Finger-breadths.

Figure 2 Airway management algorithm.
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INDICATIONS FOR INTUBATION 
AND CONTROLLED VENTILATION

There are many indications for intubation and controlled ventilation 
in trauma patients. The decision to intubate is not always easy, but 
for the severely injured patient, the threshold should be low. The 

decision to intubate the trauma patient is usually made after a rapid 
assessment of injuries and identi“ cation of an indication to control 
the airway. Indications for intubation are:

Airway obstruction
Hypoventilation
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Hypoxemia
Severe cognitive impairment
Cardiac arrest
Severe hemorrhagic shock
Smoke inhalation

Airway obstruction in the trauma patient can result from many con-
ditions. Direct trauma to the larynx and trachea or maxillofacial 
injuries can result in severe obstruction, sometimes with delayed 
onset. These injuries are associated with high risk of aspiration. Cer-
vical spine injury can be associated with hematoma formation and 
obstruction and also with direct paralysis of respiratory muscles. 
Patients with cognitive impairment, resulting from brain injury or 
intoxication, are prone to obstruction and secondary hypoxemia. 
Smoke inhalation and burns frequently result in edema formation 
and obstruction, which can have a delayed onset and require preven-
tive intubation.

Hypoventilating patients need tracheal intubation. Patients with 
cervical spine fractures frequently hypoventilate, as do patients with 
cognitive impairment.

Persistent hypoxemia, despite supplemental oxygen, is also an 
indication for airway intervention. This condition can result from 
airway obstruction, hypoventilation, and lung injury, including aspi-
ration and lung contusion. Low consciousness levels frequently result 
in hypoxemia that affects neurologic outcome. However, prevention 
of hypoxemia is associated with reduced mortality and morbidity in 
trauma victims.

The patient with severe cognitive impairment (Glasgow Coma 
Score �8) frequently has airway obstruction, is hypoventilating, and 
has hypoxemia. Usually, these patients have brain injury, and early 
intubation reduces mortality and morbidity. Other reasons for low 
consciousness levels include intoxication and smoke inhalation.

Trauma victims with cardiac arrest have a higher survival rate if 
early intubation is performed.

Patients with severe hemorrhagic shock should be intubated 
emergently to improve oxygenation. Immediate surgical intervention 
is almost inevitable.

Smoke inhalation is associated with burn injuries and inhalation 
of toxic products, such as carbon monoxide and cyanide. When cog-
nitive impairment from inhalation is suspected, or airway obstruction 
from thermal injury is present, immediate intubation is necessary. If 
the patient is not intubated, close observation is required. Edema 
formation and airway obstruction can develop quickly, and many 
authors recommend routine intubation. Measurement of blood con-
centrations of carbon monoxide and cyanide is fundamental. Toxic 
carbon monoxide concentrations are indication for intubation and 
ventilation with 100% oxygen.

INDUCTION AGENTS AND MUSCLE 
RELAXANTS

A number of pharmacological agents are used to facilitate intubation 
of the trauma patient. Most patients will bene“ t from anesthesia 
prior to paralysis and intubation, with the exception of profoundly 
hypotensive and unconscious patients. Intubation of the brain-
injured patient without the use of anesthesia can produce a severe 
increase in intracranial pressure and cause herniation.

Many anesthesia induction agents have qualities that limit their 
usefulness in the trauma setting. The ideal induction agent should 
have a quick onset, provide deep hypnosis, have a short duration, and 
render hemodynamic stability. Intracranial and intraocular pressures 
should be minimally affected, and a reduction of cerebral metabolic 
rate is ideal. If the potential for increased blood pressure and heart 
rate is a concern, pretreatment with an opioid usually diminishes this 
response.

Many of these properties are also desirable for muscle relaxants. 
For example, when intubation and mask ventilation are not accom-

plished, the duration of neuromuscular blocking agents should ide-
ally be so short that spontaneous ventilation is reestablished before 
severe desaturation occurs.

Currently, we do not have agents that satisfy all of these criteria. 
However, the most commonly used induction agents and muscle 
relaxants are discussed below.

Sodium thiopental has been one of the most commonly used 
induction agents for many years. Maximum concentration at the 
receptor site occurs within a minute, and the patient is usually 
unconscious within 30…45 seconds. Rapid redistribution results in a 
short duration after a single dose. Barbiturates act at the GABA re-
ceptor site and depress the reticular activating system. The respira-
tory center is depressed, and the response to carbon dioxide is 
reduced. In the hypovolemic patient, sodium thiopental may cause a 
dangerous decrease in blood pressure due to depression of the med-
ullary vasomotor center and reduced activity of the sympathetic 
nervous system, causing vasodilatation and decreased venous return. 
If thiopental is used, it must be dosed cautiously, using a lower dose 
in the circulatory-compromised patient. Thiopental causes cerebral 
vasoconstriction as well as decreased intracranial blood volume and 
intracranial pressure. Therefore, it is often an excellent choice in a 
patient with an isolated brain injury and stable circulation, when el-
evated intracranial pressure is a concern. Thiopental may induce 
acute intermittent porphyria in susceptible patients.

Propofol is a relatively new agent which can be used for sedation 
and induction and maintenance of anesthesia. It is an alkylphenol 
with high lipid solubility. It causes marked vasodilatation, making it 
less suitable for induction of trauma patients. If propofol is used, the 
induction dose must be drastically reduced. It is attractive for con-
tinuous sedation in the circulatory-stable patient because of its short 
half-life and its properties that reduce cerebral metabolism and 
blood ” ow. Propofol depresses pharyngeal and laryngeal re” exes and 
muscle tone more than other induction agents.

Etomidate is a carboxylated imidazole that produces unconscious-
ness within 30 seconds after intravenous (IV) administration. The 
duration is short, and etomidate has very favorable circulatory proper-
ties. Its direct cardiovascular effects are minimal, but it can cause hy-
potension by affecting sympathetic output. Etomidate also reduces 
cerebral blood ” ow, cerebral oxygen consumption, and intracranial 
pressure. These traits make it very attractive for the unstable trauma 
patient with head injuries; and it is, therefore, considered by many to 
be the induction agent of choice for trauma patients. Although the 
circulatory properties are bene“ cial, careful dose reduction should be 
considered in the hypovolemic patient, as even etomidate may drop 
the cardiac output. There is also some concern that it causes adreno-
cortical suppression for a few hours after administration, and it may 
theoretically cause instability in the catecholamine-depleted patient 
and potentially modify the humoral stress response.

Ketamine is another choice for induction of anesthesia. It is 
derived from phenylcyclidine and induces a condition called disso-
ciative anesthesia. Onset occurs within a minute after IV administra-
tion. Ketamine stimulates the cardiovascular system via endogenous 
release of catecholamines, which often results in tachycardia and 
hypertension. However, it has direct negative inotropic properties 
and can produce further hypotension in patients with long-standing 
shock and depleted endogenous catecholamine stores. This drug 
should probably be avoided in victims with head injuries because of 
its properties to increase cerebral metabolism, blood ” ow, and intra-
cranial pressure. It is often the preferred induction agent in hypoten-
sive, hypovolemic patients; and with ketamine, ventilation is 
preserved and airway re” exes are more or less intact. Ketamine is also 
a potent analgesic. All these qualities make ketamine a useful drug 
under “ eld conditions. However, it is well known for its potential to 
produce unpleasant hallucinations and psychomimetic reactions 
during emergence. This risk can be reduced by pretreatment with 
benzodiazepines.

Muscle relaxants are used to create conditions that facilitate the 
intubation procedure. The larynx, for example, must be visualized as 
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optimally as possible, and muscle tone suppression is integral to 
creating this condition. To help prevent hypoxemia and hypercapnia, 
a short onset time for muscle paralysis is important. Today, succinyl-
choline and rocuronium are the two drugs available that ful“ ll this 
criterion. Succinylcholine has some undesirable side effects, and 
substantial research has been underway to “ nd an alternative drug. 
So far, however, no superior replacement has been introduced on the 
market, although promising drugs are under investigation. The cur-
rent alternative to succinylcholine is rocuronium, but it does not 
match the short onset and short duration of succinylcholine.

Techniques that shorten the onset of alternative drugs have been 
studied. One such technique is known as •primingŽ and results when 
approximately one-tenth of the intubating dose is given 60 seconds 
prior to the remainder of the full dose. This partially preoccupies the 
receptor sites, thereby shortening the time required to achieve ade-
quate intubation conditions. Another method, called •timing,Ž re-
quires that the administration of the muscle relaxant be carefully 
timed before the induction agent so that the patient does not experi-
ence the unpleasant sensation of being conscious while paralyzed. 
Each of these techniques is unreliable, and all alternatives to succinyl-
choline render a prolonged duration of muscle relaxation that can be 
detrimental in the •can•t intubate, can•t ventilateŽ situation.

Succinylcholine is a depolarizing muscle relaxant. Its onset is 
30…45 seconds, and its offset is about 6…12 minutes. Shortly after 
administration of succinylcholine, muscle fasciculations occur. Ob-
servation of these fasciculations can help to predict when the patient 
is suf“ ciently paralyzed to commence the intubation process.

A brief increase in intracranial and intraocular pressure will fol-
low administration of succinylcholine. The increase in intracranial 
pressure is small and not considered important enough to avoid suc-
cinylcholine in the brain-injured patient. Furthermore, it has never 
been proven that this increase in intracranial and intraocular pres-
sure is of clinical importance. After all, laryngoscopy alone increases 
intracranial and intraocular pressure.

An increase in intragastric pressure after succinylcholine injection 
has also been documented. However, this does not likely increase the 
risk for aspiration of stomach contents because succinylcholine in-
creases the tone of the lower esophageal sphincter.

A transient elevation of plasma potassium concentration of up to 
1 mmol/l is seen in conjunction with administration of succinylcho-
line. This can be more pronounced in victims of burns, spinal cord 
trauma, and severe soft tissue injuries and can lead to cardiac dys-
rhythmias or asystole. The resulting massive release of potassium is 
an effect of extrajunctional receptor proliferation. This is not a rele-
vant problem in the acute situation but must be considered later 
during hospital treatment of these patients.

Finally, succinylcholine also triggers malignant hyperthermia and 
can produce severe anaphylactic reactions.

Rocuronium is a nondepolarizing muscle relaxant. It does not 
trigger malignant hyperthermia or other side effects associated with 
succinylcholine. However, allergic reactions are still a possibility. To 
obtain good intubation conditions, rocuronium usually requires up 
to 60 seconds, and its duration after an intubation dose is approxi-
mately 45 minutes. These time factors are the primary reasons that 
succinylcholine is still considered the muscle relaxant of choice.

INTUBATION TECHNIQUES

During all advanced airway management procedures, the patient 
should be monitored adequately. The standard is electrocardiogram 
(ECG), pulse oximetry, end tidal CO2 monitoring, and an automated 
blood pressure cuff. The choice of intubation technique depends on 
the severity of respiratory compromise, the expected dif“ culty of 
intubation, and the skills of the practitioner.

In most cases when the airway must be controlled immediately, 
the best technique is the modi“ ed rapid sequence approach, using 
preoxygenation and cricothyroid pressure to block esophageal pas-
sage of gastric contents. This technique has an acceptable success rate 
of 95%…97%, but is inherently risky.

For this approach, drugs are injected at predetermined doses. 
Taking into consideration that the decisions regarding medications 
must often be made within seconds of the patient•s arrival, it is fun-
damental to have a thorough knowledge about drug actions in order 
to tailor the choice and dose and to avoid causing harm and circula-
tory instability (Table 2).

During the intubation process, the potential risk of spinal cord 
injury is always a concern if cervical fractures are present. In the 
past, because of this risk, blind nasal intubation of the conscious 
patient was frequently advocated. Today, we know more about 
spinal movements and different intubation techniques; and the 
nasal route is used mainly if the jaw is locked and the patient•s 
condition is relatively stable. As long as manual in-line neck stabi-
lization is applied and axial traction is avoided to prevent distrac-
tion, rapid sequence intubation, followed by direct laryngoscopy 
and oral intubation, appears to be safe, even if it produces more 
motion in the spine compared with the use of the nasal route. Ide-
ally, when a spine injury is present, and spine motion is the pri-
mary concern, intubation should be executed using a “ beroptic 
bronchoscope. This is rarely possible in an emergency situation. 
Preintubation maneuvers, such as jaw trust, insertion of Combi-
tubes, and positioning of laryngeal masks, cause as much motion 
as some of the intubation techniques. There are no data that sug-
gest better outcome with any particular technique, and the most 
immediate threat to patients with spinal cord injury is hypoxemia 
from hypoventilation or aspiration of gastric contents. The most 
severe injury to the spinal cord probably occurs at the time of the 
trauma; and if rapid sequence intubation is performed with care 
and in-line stabilization, the risk for secondary neurological injury 
is minimal. The most common complication of rapid sequence 
intubation is probably hypotension.

The rapid sequence intubation procedure can be divided into a 
predetermined sequence of four phases: preoxygenation, drug ad-
ministration, endotracheal tube positioning, and con“ rmation of 
endotracheal tube position. Usually, the patient will present with 
the neck immobilized in neutral position by a cervical collar. This 
position should be retained throughout the intubation sequence. 
The patient is preoxygenated with a high ” ow of 100% oxygen us-
ing a non-rebreathing system before the induction agent is in-
jected. The mask should have a tight seal. The preoxygenation 
process will signi“ cantly increase the time lapse until desaturation 
begins after apnea.

Table 2:  Dosages of Induction and Muscle Relaxant Drugs

Drug Dose Onset Time Duration

Etomidate 0.15…0.3 mg/kg 30…60 sec 3…5 min
Ketamine 2 mg/kg 1…2 min 5…15 min
Propofol 0.5…2 mg/kg 30…60 sec 3…10 min
Thiopental 1…3 mg/kg 30…60 sec 5…10 min
Succinylcholine 1.5 mg/kg 30…60 sec 5…10 min
Rocuronium 1 mg/kg 45…60 sec 45…60 min
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The induction agent is injected as a bolus and is immediately 
followed by the muscle relaxant. When the patient starts to lose con-
sciousness, one assistant will hold the patient•s neck in in-line stabi-
lization, and a second assistant will apply cricoid pressure using 
Sellick•s maneuver to compress the esophagus between the cricoid 
cartilage and C6, prohibiting the regurgitation of stomach contents 
during airway manipulation. It is permissible to open the cervical 
collar to facilitate intubation as long as strict attention is maintained 
to prevent cervical movements.

When the patient is paralyzed, intubation should proceed in a 
gentle and nontraumatic fashion. After the cuff is insuf” ated, the 
correct position of the tube should be veri“ ed by direct visual in-
spection during the intubation process, end tidal CO2 monitoring, 
and auscultation in both ” anks and over the stomach. Indirect 
signs, such as chest movements and condensation in the tube, are 
helpful when verifying tube positioning. If the breath sounds are 
not bilateral and equal, an explanation must be determined. The 
most common explanations for this situation include mainstem 
intubation, pneumothorax, hemothorax, and obstruction of the 
airway. Since the right mainstem bronchus leaves the trachea at a 
steeper angle than the left, foreign bodies and endotracheal tubes 
that have been placed too deeply frequently end up on the right 
side. Absence of breath sounds and a gurgling sound over the epi-
gastrium indicate esophageal intubation. After correct placement, 
the tube should be taped securely. Note the distance from the up-
per sixth molar. When the tube is correctly positioned, the average 
distance from the tip of the endotracheal tube is 21 cm in an adult 
female and 23 cm in an adult male.

The in-line stabilization of the patient•s head, which is re-
quired, is not optimal for visualization of the larynx during direct 
laryngoscopy; and it is not uncommon that suboptimal conditions 
are encountered during the intubation procedure and the larynx is 
not fully exposed. The gum elastic bougie is an excellent tool that 
allows tracheal intubation in most cases when the laryngeal inlet is 
not optimally exposed. After the bougie is inserted into the tra-
chea, vibrations can usually be felt when its tip is sliding against 
tracheal cartilages. Then, the endotracheal tube is advanced over 
the bougie and into the trachea. Frequently, a twisting motion 
must be applied if the tip of the tube is trapped against the ante-
rior larynx wall.

If intubation of the patient fails, a surgical airway usually needs 
to be created. Multiple intubation attempts increase the risk for 
edema, bleeding, and diminished visualization of the  positi applied if the tip of the tube is trapped against the ante-
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and serum creatinine are commonly reduced, but urine output vol-
ume does not signi“ cantly change.

DIAGNOSIS

Primary Survey

The initial evaluation of the pregnant trauma patient should include 
early consultation with the obstetrics service as well as neonatology if 
appropriate (� 24 weeks gestation). The general principles of evalua-
tion of trauma patients are similar to those of the nonpregnant patient 
and include initial focus on assessing and stabilizing maternal vital 
signs. These include the standard Advanced Trauma Life Support 
(ATLS) primary survey, which is then followed by a rapid and brief 
assessment of the fetus for viability. Because pressure from the preg-
nant uterus on the inferior vena cava can result in a decrease in cardiac 
return, an effort should be made to displace the uterus laterally in 
pregnant patients. This may be accomplished by tilting the backboard 
to the side or by manually displacing the uterus to the left side.

Indications for intubation in the pregnant trauma patient are 
similar to those in the nonpregnant patient, although aspiration risk 
is higher during pregnancy. It should be kept in mind, however, that 
the fetus will not tolerate hypoxemia as well as the mother, so supple-
mental oxygen should always be applied and oxygen saturation 
monitored in all pregnant patients.

Accurate assessment of maternal volume status may be complicated 
by the physiologic changes of pregnancy. Since the fetus will be com-
promised by even minor maternal hypovolemia, aggressive volume re-
placement should be undertaken. Vasopressors and inotropes may ac-
tually reduce maternal blood ” ow to the fetus and should not be used 
as a substitute for volume resuscitation in alleviating maternal hypoten-
sion. Immediate jeopardy of the mother•s life may occasionally neces-
sitate the use of vasopressors or inotropes for circulatory support, but 
they should be used sparingly and discontinued as rapidly as possible.

Secondary Survey

The secondary survey is then performed in accordance with ATLS 
guidelines, with the caveat that examination of the perineum must 
include a formal examination of the vagina and cervix to evaluate for 
bleeding. The pelvic examination should be performed by an obste-
trician if possible.

The physical examination of the abdomen is dif“ cult in pregnancy 
due to displacement of abdominal contents from their normal position. 
Additionally, stretching of the abdominal wall by the uterus in late 
pregnancy may result in a relative insensitivity to peritoneal irritation, 
resulting in dif“ culty in detecting peritonitis on clinical examination 
alone. The FAST examination represents a rapid and noninvasive 
means of evaluating the patient for the presence of intra-abdominal 
” uid. The sensitivity of the FAST examination in pregnant patients, at 
83%, is slightly lower than in the nonpregnant population,; however, 
the speci“ city is similar at 96%.13 Although it does not replace formal 
fetal ultrasonography, the FAST examination may be used to get a rapid 
picture of the fetal status during the initial resuscitation by detecting the 
fetal heart rate. The FAST has also been reported to detect unsuspected 
pregnancies in some trauma patients, thus in” uencing subsequent 
management.14 The use of ultrasonography does not involve ionizing 
radiation and poses no known risk to the developing fetus.

Initial Evaluation of the Fetus

The initial evaluation of the fetus is part of the secondary survey and 
potentially includes ultrasonography, fetal monitoring, and obstetric 
consultation if not previously obtained. Formal pelvic ultrasonography 

can determine if the fetus is still viable and can calculate gestational age. 
It should be noted that ultrasonography is unreliable in predicting 
placental abruption.

Cardiotrophic monitoring is the mainstay of fetal assessment in 
the third trimester. The practice management guidelines of the 
Eastern Association for the Surgery of Trauma (EAST) include a 
recommendation that all pregnancies greater than 20 weeks gestation 
should undergo fetal monitoring for a minimum of 6 hours.15 More 
prolonged monitoring has been recommended in cases of uterine 
contractions, abnormal fetal heart rate patterns, and in cases of 
severe maternal trauma.3 Fetal monitoring is used to evaluate both 
the state of the fetus as well as the presence and frequency of uterine 
contractions. It is the single most reliable tool available for the assess-
ment of placental abruption. The use of fetal monitoring routinely, 
even in cases of apparently minor maternal trauma, must be empha-
sized. A recent multi-institutional study of 13 Level I and Level II 
trauma centers revealed that fetal monitoring was obtained on only 
61% of trauma patients with third trimester pregnancies.16

Exposure to Radiation from Diagnostic 
Radiographs

Invariably, the necessity of obtaining radiographs in the evaluation 
of the pregnant patient raises concern about radiation exposure 
and subsequent damage to the fetus. Since the most important 
predictor of fetal outcome is maternal outcome, the clinician car-
ing for the injured pregnant patient should not hesitate to obtain 
diagnostic radiographs that are necessary for the evaluation of the 
mother. These diagnostic tests should be limited to those that will 
have impact on maternal outcome and for which there is no alter-
native test. Redundancy should be eliminated. Hence, if it is 
known that the patient will require computed tomography (CT) 
scans of the chest and abdomen, plain “ lms of the chest and tho-
racolumbar spine need not be obtained. The dose of ionizing ra-
diation to the fetus can be further reduced by the use of lead 
shielding whenever possible.

Predicting teratogenicity as a consequence of fetal radiation expo-
sure is dif“ cult; however, no study has shown an increase above 
baseline for exposures of 10 rad (100 mGy).15 According to the rec-
ommendations on radiation exposure during pregnancy made by the 
American College of Obstetrics and Gynecology (ACOG), exposure 
of 5 rad (50 mGy) is not associated with any increase in risk of fetal 
loss or of birth defects.17 Other than teratogenicity, the principal 
concern in exposing a fetus to radiation is that of increasing the risk 
of childhood cancers. The National Radiation Protection Board of 
Britain cites a 6% excess risk per 100 rad exposure.18

Most of the common radiographic tests employed in the evalua-
tion of trauma patients are associated with fetal radiation doses of 
1/100 rad or less (Table 2). The exception to this is the abdominal CT, 
with a radiation dose of 2.60 rad for 10-mm slices. This is still only 
about half of the 5-rad dose cited by ACOG as safe. However, it 
should be kept in mind that the newer multiplanar scanners may 
have a higher radiation exposure. Consultation with the radiology 
department is strongly recommended in planning a diagnostic 
workup that will minimize the risk of radiation exposure.

SURGICAL MANAGEMENT

The majority of traumatic injuries to the pregnant patient are treated 
similarly to those in nonpregnant patients. In general, injuries re-
quiring operative intervention would be the same in the pregnant 
patient and in the nonpregnant patient. The additional consider-
ations necessary in pregnancy are that general anesthesia and ab-
dominal surgery may precipitate premature labor. Direct injury to 
the uterus, maternal shock, or fetal distress may require emergency 
cesarean section.
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Blunt Trauma

Uterine rupture occurs in only 0.6% of instances of blunt trauma 
during pregnancy.19 Direct fetal injury is also very rare and compli-
cates �1% of cases. As it is in the nonpregnant patient, nonoperative 
management of abdominal solid organ injuries should be the treat-
ment of choice in hemodynamically stable pregnant patients. The 
greatest difference in nonoperative management of abdominal inju-
ries is that angiographic therapeutic adjuncts are not advisable be-
cause of the potential for large radiation exposure. In unstable pa-
tients, operative management may best limit maternal and fetal 
shock, and the indications for laparotomy are similar to those in 
nonpregnant patients. Hemodynamic instability in patients with 
blunt abdominal trauma and free intraperitoneal ” uid found by ul-
trasonography are indications for urgent laparotomy (Figure 2). At 
laparotomy, the uterus should be left intact unless there is direct 
uterine injury.

Pelvic fractures have several serious implications in the pregnant 
patient and may be associated with fetal demise in up to 25% of cases. 
Engorgement of pelvic and retroperitoneal vasculature renders any 
pelvic fracture at increased risk for signi“ cant hemorrhage. Fetal injury 
or death may result from direct placental injury or from maternal shock 
(Figure 3). Pelvic angiography for embolization should be an adjunct 
used for life-threatening pelvic hemorrhage, as the radiation required 
for the procedure exceeds safe levels for the fetus.

Penetrating Trauma

As the uterus enlarges and rises out of the bony pelvis, the risk of 
injury from penetrating trauma increases. The muscular uterine 
wall is somewhat resilient to low-velocity stab wounds to the ab-
domen but is not an adequate barrier to GSWs. Patients who 
should have urgent laparotomy are those who are hemodynami-
cally unstable, those with obvious transperitoneal penetration, 
and those with free intraperitoneal ” uid found on ultrasonogra-
phy. While the diagnostic options available are similar to those of 
nonpregnant patients, the main concern would be the exposure of 
ionizing radiation. It may be prudent to use local wound explora-
tion to evaluate super“ cial stab wounds whenever possible. Diag-
nostic peritoneal lavage (DPL) has relative contraindications in 
pregnancy, and there is the special consideration for the need of a 
supraumbilical location for access.

The use of CT scanning in penetrating torso trauma in the preg-
nant patient is an area that has not yet been well studied. In blunt 
trauma, the judicious use of abdominopelvic CT scanning to evaluate 
for abdominal injury is recommended. In penetrating trauma, the 
bene“ ts and risks of the options must be considered. In penetrating 
torso trauma in nonpregnant patients, triple contrast abdominopelvic 
CT reliably excludes peritoneal penetration to prevent unnecessary 
laparotomy.20 The risks of CT scanning include the fetal exposure to 
ionizing radiation. The risks of general anesthesia and unnecessary 
laparotomy must be considered in balance. Without clear evidence and 
recommendations on the utility of CT in penetrating torso trauma, 
careful individual decision making and judgment are required between 
immediate laparotomy and diagnostic CT scanning.

Cesarean Section

While the importance of emergency cesarean section for fetal sal-
vage is evident, the indications for perimortem cesarean section 
remain controversial (Table 3). Morris et al. showed that emer-

Table 2: Estimated Fetal Exposure 
from Radiographs

Procedure Approximate Fetal Dose a (rad)

Plain Films
Chest (two views) 0.00002…0.00007
Abdomen 0.1
Cervical spine 0.002
Pelvis 0.040
Thoracolumbar spine 0.370
CT Scansb

Head CT �0.05
Chest CT �0.100
Abdominal CT 2.60

aDose varies depending on exact procedure used and on body habits.
bEstimate based on 10-mm slices.
Adapted from Barraco RD, Chiu WC, Clancy, et al: Practice management 
guidelines for the diagnosis and management of injury in the pregnant 
patient: the EAST practice management guidelines work group, Eastern As-
sociation for the Surgery of Trauma World Wide Web site, http://www.east.
org/tpg/pregnancy.pdf; and Wakeford R, Little MP: Risk coef“ cients for 
childhood cancer after intrauterine irradiation: a review. Int J Rad Biol 
79(5):293…299, 2003.

Figure 2 Ultrasound of a car crash victim showing an early 
intrauterine pregnancy (small arrow) and free ” uid in the abdomen 
(large arrow).

Figure 3 Computed tomography scan demonstrating fracture of 
the maternal pelvis (long arrow) with concomitant fracture of the fetal 
skull (short arrows).
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gency cesarean section for patients at greater than 25 weeks gesta-
tion was associated with a 45% fetal survival and that 60% of in-
fant deaths resulted from delay in recognition of fetal distress.21 
In this multicenter study, infant survival was independent of 
maternal injury, and no fetus delivered without fetal heart tones 
survived.

Perimortem cesarean section refers to those cases of emergency 
cesarean section performed surrounding maternal death, whether 
fetal delivery is performed prior to or after actual maternal death, 
and should be considered in any moribund pregnant patient of at 
least 24 weeks gestational age if fetal heart tones are still present.15 
When performed following maternal death, fetal neurological out-
come and survival are closely dependent upon the time interval be-
tween maternal death and fetal delivery. Fetal delivery must occur 
within 20 minutes of maternal death, but should ideally start within 
4 minutes of maternal cardiac arrest. The anticipated fetal survival 
rate is up to 70% when delivery is performed within 5 minutes of 
maternal death.

MORBIDITY AND COMPLICATIONS 
MANAGEMENT

The pregnant trauma patient is at risk for complications speci“ cally 
associated with the pregnancy and fetus. Changes in the anatomy and 
physiology of pregnancy may also place the pregnant patient at in-
creased risk for some potential complications that are not directly 
related to the pregnancy.

Fetomaternal Hemorrhage

Fetomaternal hemorrhage occurs in up to 28% of pregnancies af-
ter trauma.22 The amount of Rh-positive fetal blood required to 
sensitize the Rh-negative mother is variable, but most patients are 
sensitized by as little as 0.01 ml of blood. The extent of fetomater-
nal hemorrhage and Rh alloimmunization is evaluated with the 
Kleihauer-Betke (KB) test. The test utilizes a stain that identi“ es 
fetal red blood cells with hemoglobin F in maternal blood. The 
ratio of fetal:maternal red blood cells can be assessed. Treatment 
with Rh immunoglobulin should be given early, along with obstet-
ric consultation, but de“ nitely within 72 hours of injury.

Premature Labor

Many cases of mild uterine contractions after trauma resolve sponta-
neously. Instances of true premature labor involve both preterm 
contractions and evidence of cervical dilation and may need to be 
treated with pharmacologic tocolytics. Several agents are available for 
tocolysis, including terbutaline and magnesium sulfate, and should 
only be administered with obstetric consultation. Traumatic injury, 
surgery, and general anesthesia may increase the risk of premature 

labor. Drost et al. reported an 80% ef“ cacy using tocolysis in a study 
of major trauma in pregnancy.23 Blunt abdominal trauma may cause 
premature rupture of membranes leading to premature labor.

Pre-eclampsia and Eclampsia

Systemic blood pressure is normally decreased beginning in the sec-
ond trimester. Any hypertension in these patients may be a sign of 
pre-eclampsia. Control of pregnancy-induced hypertension is im-
portant to prevent uterine vasoconstriction and placental ischemia. 
The initial treatment includes ” uid resuscitation to expand intravas-
cular volume. These patients may also require vasodilator therapy or 
inotropic support to improve perfusion. Pre-eclampsia typically re-
solves following fetal delivery.

Pregnant trauma patients with altered sensorium, coma, or sei-
zures may have eclampsia. Associated signs may include hyperten-
sion, oliguria, proteinuria, pulmonary edema, and disseminated 
intravascular coagulation (DIC). As in the treatment of pre-
eclampsia, ” uid resuscitation and hemodynamic support is neces-
sary. Intravenous magnesium sulfate should be administered, and 
cesarean section should be considered in those patients at 28 weeks 
gestation or greater.

Placental Abruption

In surviving pregnant trauma patients, placental abruption is the 
most common cause for fetal death, and occurs in 30%…70% of se-
verely injured patients. The mechanisms for abruption in blunt 
trauma may be either from uteroplacental ischemia from maternal 
shock or from mechanical shearing as a result of deceleration forces. 
Later in pregnancy, relatively minor blunt trauma may result in ab-
ruption.

In the setting of trauma, the signs of abruption may be as subtle 
as occult vaginal bleeding and abdominal pain, or may be severe 
enough to result in shock or DIC. The absence of vaginal bleeding 
does not exclude abruption. Uteroplacental separation of up to 25% 
may result in vaginal bleeding and premature labor. Separation of 
greater than 50% usually results in fetal demise.

Amniotic Fluid Embolization

Amniotic ” uid embolism refers to the entrance of amniotic ” uid into 
the maternal circulation. It more commonly presents during labor or 
the immediate postpartum period, and the risk of maternal mortality 
is up to 80%. Pregnant trauma patients suffering from premature 
labor may be at risk. The diagnosis is mostly made on clinical signs, 
and the manifestations include severe dyspnea, hypoxia, hypoten-
sion, altered sensorium or seizures, and possible cardiac arrest. Re-
spiratory failure mimics that seen in the acute respiratory distress 
syndrome. Patients may develop thrombocytopenia or DIC. Follow-
ing fetal delivery, the maternal treatment for this condition is largely 
supportive. These supportive measures include supplemental oxygen 
or mechanical ventilation, ” uid resuscitation, inotropes, vasopres-
sors, and blood product replacement.24

Venous Thromboembolism

The hypercoagulable state associated with pregnancy is caused by an 
increase in coagulation factors and inhibition of “ brinolysis. The 
hypercoagulable state exacerbates conditions of prolonged immobi-
lization in trauma patients with neurologic injury, pelvic or lower 
extremity fractures, and critical illness. Prophylaxis with subcutane-
ous low-molecular-weight heparin or low-dose unfractionated hepa-
rin, in combination with lower extremity intermittent pneumatic 

Table 3: Indications for Emergency and Perimortem 
Cesarean Section

Fetal hypoxia or distress
Premature rupture of membranes
Uterine injury or rupture
Amniotic ” uid embolism
Disseminated intravascular coagulation
Gravid uterus complicating management at laparotomy
Maternal refractory shock or cardiac arrest
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hypoglycemic levels. In the case of small children with small burns, 
the resuscitation ” uid volume as estimated on the basis of burn size 
may not meet normal daily metabolic requirements. In such patients, 
maintenance ” uids should be added to the resuscitation regimen.

The infusion rate is adjusted according to the individual patient•s 
response to the injury and the resuscitation regimen. The progressive 
edema formation in burned and even unburned limbs commonly 
make measurements of pulse rate, pulse quality, and even blood pres-
sure dif“ cult and unreliable as indices of resuscitation adequacy. 
Therefore, hourly urine output should be used as a measure of the 
adequacy of resuscitation. The ” uid infusion rate is adjusted to ob-
tain 30 ml of urine per hour in the adult and 1 mg/kg of body weight 
per hour in children weighing less than 30 kg. The administration of 
” uid is increased or decreased only if the hourly urinary output is 
one-third or more below, or 25% or more above, the target level for 
2 successive hours. If in either adults or children the resuscitation 
volume infused in the “ rst 12 hours will result in administration of 
6 ml or more per percent of body surface area burned per kilogram 
of body weight in the “ rst 24 hours, human albumin diluted to a 
physiologic concentration in normal saline should be infused and the 
volume of crystalloid solution reduced by a comparable amount.

Restoration of functional capillary integrity occurs at or near 
24 hours after burn injury. Consequently, the volume of ” uid 
needed for the second 24 hours post-burn is less, and colloid-
containing ” uids can be infused to reduce further volume and salt 
loading. Human albumin diluted to physiologic concentration in 
normal saline is the colloid-containing solution of choice, infused in 
a dosage of 0.3 ml per percent of burn per kilogram of body weight 
for patients with 30%…50% burns, 0.4 ml per percent of burn per 
kilogram of body weight for patients with 50%…70% burns, and 
0.5 ml per percent of burn per kilogram of body weight for patients 
whose burns exceed 70% of the total body surface area. Water con-
taining 5% dextrose is also given in the amount necessary to main-
tain an adequate urinary output. The colloid-containing ” uids for 
children are estimated according to the same formula, but half nor-
mal saline is infused to maintain urinary output and avoid inducing 
physiologically signi“ cant hyponatremia by infusion of large vol-
umes of electrolyte-free ” uid into the relatively small intravascular 
and interstitial volume of the child. Fluid infusion •weaningŽ should 
also be initiated during this time period, to further minimize vol-
ume loading. In a patient who is assessed to be adequately resusci-
tated, the volume of ” uid infused per hour should be arbitrarily 
decreased by 25%…50%. If urinary output falls below target level, 
the prior infusion rate should be resumed. If urinary output re-
mains adequate, the reduced infusion rate should be maintained 
over the next 3 hours, at which time another similar fractional re-
duction of ” uid infusion rate should be made. This decremental 
process will establish the minimum infusion rate that maintains 
resuscitation adequacy in the second post-burn day.

Fluid management after the “ rst 48 hours post-burn should per-
mit excretion of the retained fraction of the water and salt loads in-
fused to achieve resuscitation, prevent dehydration, and electrolyte 
abnormalities, and allow the patient to return to pre-burn weight by 
post-burn day 8…10. Infusion of the large volumes of lactated Ring-
er•s required for resuscitation commonly produces a weight gain of 
20% or more and a reduction of serum sodium concentration to 

approximate that of lactated Ringer•s„that is, 130 mEq/l. Correction 
of that relative hyponatremia is facilitated by the prodigious evapo-
rative water loss from the surface of the burn wound, which is the 
major component of the markedly increased insensible water loss 
that is present following resuscitation. Inadequate replacement of 
insensible water loss makes hypernatremia the most commonly en-
countered electrolyte disturbance in the extensively burned patient 
following resuscitation. Such hypernatremia should be managed by 
provision of suf“ cient electrolyte-free water to allow excretion of the 
increased total body sodium mass and replace insensible water loss to 
the extent needed to prevent hypovolemia.

Electrolyte abnormalities are frequently encountered in the im-
mediate post-burn period. Hyperkalemia is frequently encountered 
and is typically a laboratory sign of hemolysis but may also be a sign 
of muscle destruction by high-voltage electric injury or a particu-
larly deep thermal burn. Hyperkalemia may also occur in associa-
tion with acidosis in patients who are grossly under-resuscitated. In 
the case of patients with high-voltage electric injury, emergency 
debridement of nonviable tissue and even amputation may be nec-
essary to remove the source of the potassium. Hypophosphatemia is 
also extremely common after burn resuscitation due to either pro-
longed administration of parenteral nutrition or failure to supply 
suf“ cient phosphate to meet the needs of tissue anabolism following 
wound closure. Hypophosphatemia can be prevented and treated by 
appropriate dietary phosphate supplementation.

Ventilatory Support

The most critical factor in the initial assessment of a burn patient is 
the patency of the airway and the ability of the patient to maintain 
and protect the airway. Standard criteria should be used to determine 
the need for mechanical stabilization of the airway, also keeping in 
mind the systemic response to a major burn and the local response 
to an airway injury which may combine to cause progressive airway 
swelling and edema that will impair air ” ow. Circumferential torso 
burns will further impair the ability of the patient to respire. Allow-
ing airway compromise to proceed to a critical state before intubat-
ing the patient and stabilizing the airway is not appropriate care. The 
safest approach when there is concern about the airway, particularly 
in a patient needing transport for de“ nitive care, is to perform early 
intubation.

Patients suffering both inhalation injuries and thermal burns 
have a signi“ cantly increased incidence of complications and prob-
ability of death. While an inhalation injury alone carries a mortality 
of 5%…8%, a combination of a thermal injury plus inhalation injury 
can easily result in a mortality 20% above that predicted on the basis 
of age and burn size. Injuries to the airway are due to the direct dam-
age by the inhaled products of combustion that cause in” ammation 
and edema. Damage to the oropharynx and upper airway is related 
to the heat content of the inhaled material. In the distal airways, 
however, injury is principally related to the particulate material con-
tained within the smoke and the chemical composition of inhaled 
materials. Moist heat, which occurs with steam, has 4000 times the 
heat-carrying capacity of dry smoke and is capable of causing more 
extensive thermal damage of the tracheobronchial tree.

Presenting signs and symptoms of an inhalation injury are stri-
dor, hypoxia, and respiratory distress. The probability that a patient 
has suffered an inhalation injury is highly correlated with being 
burned in an enclosed space, having burns of the head and neck, and 
having elevated carbon monoxide levels. The extent and severity of 
the inhalation injury are directly related to the duration of exposure 
and the types of toxins contained within the smoke, and exacerbates 
the ensuing host in” ammatory response. Activation of the in” am-
matory cascade results in the recruitment of neutrophils and macro-
phages which propagate the injury. Altered surfactant release causes 
obstruction and collapse of distal airway segments. As part of the 
response to injury, there is a marked and near-immediate increase in 

Table 3: Fluid Required for the First 24 Hours 
Post-Burn

Adults � 2…4 ml LR/%TBSAB/Kg, BW

Children � 3…4 ml LR/%/TBSAB/Kg, BW � maintenance in chil-
dren �30 kg

BW, Body weight; LR, lactated Ringer•s; TBSAB, total body surface area 
burned.

Ch-75-81-A4418_547-588.indd   573Ch-75-81-A4418_547-588.indd   573 12/21/07   3:47:02 PM12/21/07   3:47:02 PM



bronchial artery blood ” ow, which is associated with marked altera-
tions in vascular permeability within the lung. The net effect is that 
extensive destruction and in” ammation reduce pulmonary compli-
ance and impair gas exchange, resulting in altered pulmonary blood 
” ow patterns and ventilation perfusion mismatches.

Part of the initial management of the patient with inhalation in-
jury should include a thorough evaluation of the airway, including 
bronchoscopy. The clinical “ ndings of an inhalation injury on bron-
choscopy include airway edema, in” ammation, increased bronchial 
secretions, presence of carbonaceous material which can diffusely 
carpet the airway, mucosal ulcerations and even endoluminal oblit-
eration due to sloughing mucosa, mucous plugging, and cast forma-
tion. Signs of gastric aspiration may also be evident. Repeat bron-
choscopy can be performed for removal of debris and casts as well as 
surveillance for infection.

Carbon monoxide and cyanide gases are present in smoke and 
when inhaled are rapidly absorbed and cause systemic toxicity as well 
as impaired oxygen utilization and delivery. Carbon monoxide is an 
odorless, nonirritating gas that rapidly diffuses into the bloodstream 
and has a 240-fold greater af“ nity for hemoglobin than does oxygen, 
thus easily displacing oxygen. The diagnosis of carbon monoxide 
poisoning is made in a burn patient on the basis of circumstances of 
injury, physical “ ndings, and the measurement of blood carboxyhe-
moglobin level. It is important to note that pulse oximetry values do 
not differentiate between carboxyhemoglobin and oxyhemoglobin. 
Patients with signi“ cant carbon monoxide intoxication can have 
normal oxygen saturations but will not have satisfactory blood oxy-
gen content. Signs and symptoms of carbon monoxide poisoning are 
typically mild to absent when carbon monoxide-hemoglobin (car-
boxyhemoglobin) levels are 10% or less. When carboxyhemoglobin 
levels are between 10% and 30%, symptoms are present and often 
manifested by headache and dizziness. Severe poisoning is seen in 
patients with carboxyhemoglobin levels of greater than 50%, which 
may be associated with syncope, seizures, and coma. The primary 
treatment modality for carbon monoxide intoxication is the admin-
istration of increased levels of inspired oxygen.

Cyanide poisoning, which can occur in combination with carbon 
monoxide intoxication, disrupts normal cellular utilization of oxy-
gen by binding to the cytochrome oxidase and resulting in cellular 
lactic acid production and greater cellular dysfunction due to uncou-
pling of the oxidative phosphorylation system. Blood concentrations 
of cyanide greater than 0.5 mg/l are toxic. Treatment of cyanide poi-
soning includes the administration of oxygen as well as decontami-
nating agents such as amyl and sodium nitrates. These compounds 
induce the formation of methemoglobin, which can act as a scaven-
ger of cyanide. Hydroxycobalamin is the antidote of choice.

The goal of mechanical ventilation following inhalation injury is 
to minimize further damage to the airway and lung parenchyma 
while providing adequate gas exchange. This is best achieved through 
careful control of airway pressures, thereby limiting ventilation-
induced barotrauma. Lung damage following burn injury is not ho-
mogeneous but patchy in distribution and requires that the level of 
positive end expiratory pressure (PEEP) used to maximize airway 
recruitment be limited to avoid ventilator-induced lung injury. In 
severe lung injury, mechanical ventilation can lead to increases in 
alveolar sheer forces and changes in pulmonary blood ” ow. This, 
in association with reductions in elasticity and alterations in lung 
compliance, results in further lung injury and ventilation perfusion 
abnormalities.

For patients who have signs of inhalation injury on bronchos-
copy, it is bene“ cial to initiate aggressive management of retained 
secretions with the use of bronchodilators and mucolytic agents. 
Meticulous control of airway pressure should be practiced, with the 
early performance of torso escharotomies and prompt treatment of 
abdominal compartment syndrome. Mean airway pressures should 
be maintained at less than 32…34 cm of water and chemical paralysis 
liberally used, with a low threshold for conversion to pressure-
controlled ventilation with titration of tidal volumes to lessen further 

the risk of ventilator-induced barotrauma. This may require the ac-
ceptance of smaller than usual tidal volumes and permissive hyper-
capnia, which is acceptable as long as arterial blood pH is above 7.26 
and the patient is hemodynamically stable.

Initial Wound Care

Initial wound care is focused on preventing further injury. Burning 
clothing should be removed, contact disrupted with metal objects 
that may retain heat, and only molten materials adherent to the skin 
surface should be cooled. Attempted cooling of burn wounds should 
not done, as local vasoconstriction can impair wound blood ” ow and 
extend the depth of the injury, as well as exacerbate systemic hypo-
thermia. Patients being prepared for transport or admitted for de-
“ nitive care should be placed in sterile or clean, dry dressings and be 
kept warm. Items of clothing or jewelry should be removed prior to 
the onset of burn wound edema to prevent further compromise of 
the circulation. In cases of chemical injury, the removal of contami-
nated clothing with copious water lavage of liquid chemicals and 
removal by brushing of powdered materials at the scene can limit the 
extent of the resultant burn injury. No attempt should be made at 
chemical neutralization, as such treatment would result in an exo-
thermic reaction and cause additional tissue damage. The care pro-
vider must exercise extreme caution when working with victims of 
chemical injury to prevent self-contamination and personal injury.

After admission to the hospital and as soon as resuscitative 
measures have been instituted, the burn wounds should cleansed 
with warm ” uids and a detergent disinfectant like chlorhexidine 
gluconate, which has an excellent antimicrobial spectrum. During 
cleansing, hypothermia must be avoided. Materials that are densely 
adherent to the wound, such as wax, tar, plastic, and metal, should be 
gently removed or allowed to separate during the course of subse-
quent dressing changes. Sloughing skin, devitalized tissue, and rup-
tured blisters should be gently trimmed from the wound. Careful 
wound cleansing should be done at each dressing change, with serial 
debridement of devitalized tissue performed as necessary. The wound 
should be monitored for signs of infection and change in depth from 
the initial assessment.

The damaged skin surface can serve as the portal for microbial 
invasion if it becomes progressively colonized. As microbial numbers 
increase within the wound to levels of 100,000 organisms per gram 
of tissue, an invasive wound infection and ultimately systemic sepsis 
may occur. Topically applied antimicrobial agents, which penetrate 
the burn eschar, are capable of achieving suf“ cient levels to control 
microbial proliferation within the wound. Systemic antibiotics are 
not indicated, as they do not adequately penetrate eschar. Topical 
antimicrobial agents are used in the prophylactic treatment of the 
burn wound and as a part of the management of burn wound infec-
tions. Topical agents do not heal the wound but prevent local burn 
wound infection from destroying viable tissue in wounds capable of 
spontaneous healing.

Silver sulfadiazine, the most widely used agent, is available as a 
1% suspension in a water-soluble micronized cream base. The cream 
is easily applied and causes little or no pain on application. The 
cream can be directly applied to the wound as a continuous layer and 
covered over with a dressing. At each dressing change, the cream 
should be totally removed and not allowed to form a caseous layer 
that will obscure the wound bed. The most common toxic side effect 
of silver sulfadiazine is a transient leukopenia which, when it does 
occur in up to 15% of treated patients, resolves spontaneously 
without discontinuation of the drug. Silver sulfadiazine is active 
against a wide range of microbes, including Staphylococcus aureus, 
Escherichia coli, Klebsiella sp., many but not all Pseudomonas aerugi-
nosa, Proteus sp., and Candida albicans.

Mafenide acetate was one of the “ rst effective topical agents intro-
duced for the management of the burn wound. It was initially avail-
able as Sulfamylon® Burn Cream, which is highly effective against 
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Gram-positive and Gram-negative organisms but provides little an-
tifungal activity. Mafenide acetate readily diffuses into the eschar and 
is the agent of choice for signi“ cant burns of the ears because it is 
also capable of penetrating cartilage. Drawbacks with the use of 
mafenide acetate include pain on application to partial-thickness 
burns, and limited activity against methicillin-resistant S. aureus. 
Mafenide acetate also inhibits carbonic anhydrase and may cause a 
self-limiting hyperchloremic acidosis. Mafenide acetate has more 
recently become available as a 5% aqueous solution and is an excel-
lent agent to use on freshly grafted wounds and is not associated with 
the problems found with the cream formulation.

Silver nitrate as a 0.5% solution is effective against Gram-positive 
and Gram-negative organisms but does not penetrate the eschar. 
Silver nitrate solution leaches sodium, potassium, chloride, and 
calcium from the wound, in association with transeschar water ab-
sorption which can result in mineral de“ cits, alkalosis, and water 
loading. Those side effects can be minimized by giving sodium and 
other mineral supplements and modifying ” uid therapy. These prob-
lems and the labor required to use silver nitrate effectively limit its 
routine use, and most see silver sulfadiazine as a highly acceptable 
alternative.

Silver-impregnated dressings have recently become available for 
clinical use. When the fabric base is in contact with wound ” uids, the 
silver is released continuously and serves as the antimicrobial agent 
deposited onto the wound. The treatment interval with such a com-
posite may extend up to several days depending on the fabrication 
design, with dressing changes needed only once or twice per week. 
The effectiveness of this membrane in treating extensive full-thickness 
burns is uncon“ rmed, and at present it is used to treat partial-
thickness burns.

In super“ cial partial-thickness burns, the use of bacitracin oint-
ment represents a satisfactory alternative, particularly in patients with 
a known sulfa allergy. It may be used open, especially with super“ cial 
facial burns or as a component of a closed dressing. Other topical 
agents include antibiotic combinations such as triple antibiotic oint-
ment (neomycin, bacitracin zinc, and polymyxin B) and Polysporin 
(bacitracin zinc and polymyxin B). In the case of methicillin-resistant 
staphylococci, mupirocin is a useful agent.

The application of topical antimicrobial agents to the burns of pa-
tients who will be transferred to a burn center may preclude the use of 
biological membrane dressings that must adhere to the wound surface 
to be effective. Additionally, as soon as a patient is admitted to a burn 
center, any previously placed dressing must be removed to permit the 
burn team to make a precise assessment of the extent of the burn and 
the depth of injury. Unless there will be an extended period of time 
before the patient is transferred to a burn center, the preferred initial 
management entails placing the patient in a dry dressing, particularly 
one with a nonadherent lining, and keeping the patient warm.

Burn Wound Excision and Grafting

Excision of the burned tissue and grafting are required for wounds 
that are full thickness in depth; this treatment is also now considered 
the optimum management of wounds with a mixed depth of injury. 
Wounds that are capable of spontaneous closure within 2…3 weeks 
post-injury can be managed expectantly, provided the cosmetic and 
functional outcomes will be acceptable. Wounds needing excision 
and closure should undergo excision as soon as possible, as this re-
duces the period of disability and the overall cost of the injury. In 
patients with a large burn wound, the timing and extent of the sur-
gery are based on the patient•s relative physiologic stability and his or 
her capacity to undergo a major operative procedure. Early burn 
wound excision and closure in patients with large wounds shortens 
the length of hospitalization, reduces cost, and favorably impacts 
overall burn mortality.

Wounds that are small or linear in shape can be managed by exci-
sion of the burn and primary wound closure. This is useful in burns 

of the upper inner arm in the elderly, localized burns of a pendulous 
breast, abdominal burns, buttock injuries, and thigh burns. This ap-
proach works quite well when these wounds are excised early, before 
signi“ cant microbial colonization of the wound occurs.

In selected cases, the injury may be such that amputation of the 
burned part is most appropriate. In the patient with signi“ cant mul-
tisystem trauma, the expeditious removal of the burn injury might 
be the best option for the patient•s overall survival. A mangled ex-
tremity, which has also suffered a severe burn that is deemed nonsal-
vageable, should undergo early amputation. It is not necessary to 
extend the amputation to a level that allows closure with unburned 
tissue. If viable muscle is available to close the amputation site, that 
wound bed can be resurfaced with an autogenous skin graft. A 
grafted amputation site can, with a modern prosthesis, function as a 
durable stump. In a patient who is paraplegic and suffers an exten-
sive, deep lower extremity burn injury, amputation can be a viable 
alternative to excision and grafting. A similar option may need to be 
considered for the patient in whom signi“ cant pre-existing periph-
eral vascular disease makes the likelihood of a healed and functional 
extremity very low.

Excision and grafting will be required for wounds not amenable 
to primary closure. The extent of the procedure that a patient can 
undergo is related to the patient•s age and physiologic status. Implicit 
in this approach is the use of experienced operating teams, an anes-
thesiologist who thoroughly understands the unique problems of the 
patient with a major body surface-area burn, and an operating room 
fully equipped to treat such a patient, as well as ready availability of 
blood products and the capacity to care for the patient postopera-
tively. A patient having this extent of surgery in essence undergoes a 
doubling of the surface area of •injuryŽ„the now excised and 
grafted wound along with the partial-thickness wound produced by 
the donor site. In patients with wounds of a larger size (�30% total 
body surface area) or those who cannot tolerate a single procedure to 
achieve closure, staged excision of burned tissue is performed and 
the resulting wounds are closed with available cutaneous autografts 
or a biologic dressing.

The technique of burn wound excision is based on the depth of 
the wound and anatomic site to be excised. The most common 
method of excision is tangential. Excision of deep partial-thickness 
wounds to the level of a uniformly viable bed of deep dermis by 
tangential technique and immediate coverage with cutaneous auto-
graft results in rapid wound closure with a typically excellent result. 
Optimally, the desired wound bed is achieved in one pass of the Weck 
blade as evidenced by diffuse bleeding. A frequent error is attempting 
this technique in wounds of an inappropriate depth and assuming 
that punctuate bleeding indicates a viable bed. Such wounds will heal 
with a poor take, as the bed contains marginally viable tissue inca-
pable of supporting the cutaneous autograft. During the perfor-
mance of this procedure, the amount of blood loss can be minimized 
with the use of a tourniquet on extremity burns or subeschar clysis 
containing epinephrine. An alternative to tangential excision is fas-
cial excision, which involves excision of the burn wound to fascia or 
deep subcutaneous tissue. Viability of the fascia should be carefully 
assessed, and if the viability is questionable, the excision should be 
carried down to the underlying muscle prior to grafting.

The blood loss occurring with burn wound excision is related to 
the time of excision post-burn, the area to be excised, the presence of 
infection, and the type of excision. Donor sites can also represent a 
signi“ cant portion of the blood loss. The quantity of blood loss has 
been estimated to range from 0.45 to 1.25 ml/cm2 of burn area ex-
cised. Adjunctive measures that can be used to control blood loss 
include elevation of limbs undergoing excision, applications of topi-
cal thrombin and/or vasoconstrictive agents in solutions to the ex-
cised wound and donor site, clysis of skin graft harvest sites and/or 
the eschar prior to removal, and application of tourniquets. Spray 
application of “ brin sealant can also reduce bleeding from the 
excised wound after release of the tourniquet. Blood loss will be 
compounded if the patient becomes coagulopathic, hypothermic, or 
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acidotic during the procedure, a triad that can be avoided by partner-
ship with an experienced anesthesiologist.

Grafting of the burn wound is usually done at the time of exci-
sion. However, there are instances where it advisable to stage the skin 
grafting procedure. The surgeon must be aware of the patient•s status 
throughout the surgical procedure and, if necessary, truncate the 
procedure. It may be best to perform only the excision, and stage the 
timing of the grafting. Additionally, if the viability of the wound bed 
is suspect, only excision should be performed. The wound can be 
dressed with a 5% Sulfamylon solution dressing or covered with a 
skin substitute and subsequently re-evaluated.

Several skin substitutes exist. The two most commonly used natu-
rally occurring biologic dressings are human cutaneous allograft and 
porcine cutaneous xenograft. Both of these preparations are capable 
of becoming vascularized. Allograft skin can provide wound cover-
age for 3…4 weeks before rejection. Xenograft tissue is available as 
reconstituted sheets of meshed porcine dermis or as fresh or pre-
pared split-thickness skin. Xenograft skin can be used to cover 
partial-thickness injuries or donor sites, which re-epithelialize be-
neath the xenograft. Additionally, various synthetic membranes have 
been developed that provide wound protection and possess vapor 
and bacterial barrier properties. Either BiobraneTM (Dow-Hickham, 
Sugarland, TX) or IntegraTM (Integra LifeScience Corporation, 
Plainsboro, NJ) can be placed over freshly excised full-thickness 
wounds, and once fully vascularized, the epidermal analog is re-
moved and the vascularized •neodermisŽ covered with a thin split-
thickness cutaneous autograft. A permanent skin substitute for burn 
care victims continues to represent the holy grail. Presently, cultured 
epithelial autografts are commercially available but are limited in 
their use because of suboptimal graft take, fragility of the skin sur-
face, and high cost. Use of any biologic dressing requires that the 
excised wound and the dressing that has been applied be meticu-
lously examined on at least a daily basis. Submembrane suppuration 
or the development of infection necessitates removal of the dressing, 
cleansing of the wound with a surgical detergent disinfectant solu-
tion, and even re-excision of the wound if residual nonviable or 
infected tissue is present.

The proper management of the patient•s burn wounds is critical 
to achieve the optimum cosmetic and functional outcome and the 
timely return of the patient to full activity. In patients with major 
burns, the wound must be properly cared for and closure achieved 
expeditiously to lessen the level of physiologic disruption that ac-
companies a major burn. Failure to do so can result in invasive 
wound infection, chronic in” ammation, erosion of lean body mass, 
progressive functional de“ cits, and even death.

Specialized Injuries: Electrical Burns

The principal mechanism by which electricity damages tissue is by 
conversion to thermal energy. Currents of 1000 volts and above are 
classi“ ed as high voltage. Upon contact with such currents, the body 
acts as a volume conductor. The electric current may induce cardiac 
and/or respiratory arrest, necessitating cardiopulmonary resuscita-
tion at any time after injury. Arrhythmias may also occur, necessitat-
ing electrocardiogram monitoring for at least 24 hours after the last 
recorded episode of arrhythmia.

Two characteristics of high-voltage electric injury increase the 
incidence of acute renal failure in patients. First, there is often exten-
sive unapparent subcutaneous tissue injury in a limb underlying 
unburned skin. The limited cutaneous injury may lead to gross un-
derestimation of resuscitation ” uid needs. Second, the mass of 
muscle injured by the electric current may cause rhabdomyolysis, 
resulting in direct damage to the renal tubules. Resuscitation ” uids 
should be based on the extent of burn visible plus the estimated daily 
needs of the patient, adjusted according to the patient•s response. If 
the urine contains hemochromogens (dark red pigments), ” uid 
should be administered to obtain 75…100 ml of urine per hour, with 

sodium bicarbonate added to the ” uids to alkalinize the urine. If the 
hemochromogens do not clear promptly, or the patient remains oli-
guric, 25 g of mannitol should be given as a bolus and 12.5 g of man-
nitol added to each liter of lactated Ringer•s until the pigment clears. 
The addition of mannitol, an osmotic diuretic, makes measurements 
of urine output unreliable as a monitor of the adequacy of resuscita-
tion, and central venous monitoring is indicated.

When the body functions as a volume conductor, current ” ow is 
proportional to the cross-sectional area of the body part involved. 
Consequently, severe tissue destruction may occur in a limb with a 
relatively small cross-section area, whereas relatively little tissue dam-
age may occur as current ” ows through the trunk. Damage to the 
muscle in a limb is often associated with marked increase in the pres-
sure within the compartment containing the damaged muscle, which, 
if unrelieved, may cause further tissue necrosis. A limb compart-
ment, which is hard to palpation, should alert one to the need for 
immediate surgical exploration. Operative intervention and exten-
sive fasciotomy are mandated by extensive deep tissue necrosis, 
compartment syndrome, or persistent or progressively severe hyper-
kalemia. The extent of destruction may necessitate amputation at the 
time of exploration, particularly if the nonviable muscle is the source 
of persistent hyperkalemia. Following debridement or amputation, 
the wound should be dressed open. The patient is returned to the 
operating room in 24…36 hours for reinspection and further debride-
ment of nonviable tissue if necessary. When all tissue in the wound is 
viable, it may be closed de“ nitively.

Tissue damage can also be caused by low-voltage or house cur-
rent. Burns of the oral commissure occur in young children who bite 
electric cords or suck on the end of a live extension cord or an electric 
outlet. The lesion may have the characteristics of full-thickness tissue 
damage, but early surgical debridement may only accentuate the 
defect and should be avoided. These injuries will usually heal with 
minimal cosmetic sequelae, which can be addressed electively if 
needed.

Specialized Injuries: Chemical Injuries

A variety of chemical agents can cause tissue injury as a consequence 
of an exothermic chemical reaction, protein coagulation, desiccation, 
and delipidation. The severity of a chemical injury is related to the 
concentration and amount of chemical agent and the duration with 
which it is in contact with tissue. Consequently, initial wound care to 
remove or dilute the offending agent takes priority in the manage-
ment of patients with chemical injuries, brushing away dry material 
and instituting immediate, copious water lavage. For patients in 
whom extensive surface injury has occurred, the irrigation ” uid 
should be warmed to prevent the induction of hypothermia.

The appearance of skin damaged by chemical agents can be mis-
leading. In the case of patients injured by strong acids, the involved 
skin surface may have a silky texture and a light brown appearance, 
which may be mistaken for a sunburn rather than the full-thickness 
injury that it is. Skin injured by delipidation caused by petroleum 
distillates may be dry, show little if any in” ammation, and appear to 
be undamaged but yet found to be a full-thickness injury on histo-
logic examination.

Specialized Injuries: Cold Injuries

Injuries occurring secondary to environmental exposure can result in 
local injuries, frostbite, or systemic hypothermia. The pathophysiol-
ogy of frostbite is crystal formation due to freezing of both extracel-
lular and intracellular ” uids. Patients presenting with frostbite will 
have coldness of the injured body part, with loss of sensation and 
proprioception. On initial examination, the limb may well appear 
pale, cyanotic, or have a yellow-white discoloration. During rapid 
rewarming at 40°…42° C in water for 15…30 minutes, hyperemia will 
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occur followed by pain, paresthesias, and sensory de“ cits. Greater 
than 1 week may pass before a true determination of the depth and 
extent of the injury can be obtained. The injured extremity should be 
elevated in an attempt to control edema and padded to avoid pres-
sure-induced ischemia as a secondary insult. Frostbite wounds are 
tetanus-prone wounds, and therefore tetanus toxoid should be ad-
ministered based on the patient•s immunization status.

MORBIDITY AND COMPLICATIONS 
MANAGEMENT

Early Complications

As resuscitation proceeds and edema forms beneath the inelastic 
eschar of encircling full-thickness burns of a limb, blood ” ow to 
underlying and distal unburned tissue may be compromised. Cya-
nosis of distal unburned skin and progressive paresthesias, particu-
larly unrelenting deep tissue pain, which are the most reliable clini-
cal signs of impaired circulation, may become evident only after 
relatively long periods of relative or absolute ischemia. Since the 
full-thickness eschar is insensate, the escharotomy can be performed 
as a bedside procedure without anesthesia, using a scalpel or an 
electrocautery device. On an extremity, the escharotomy incision, 
which is carried only through the eschar and the immediately 
subjacent super“ cial fascia, is placed in the mid-lateral line and 
must extend from the upper to the lower limit of the burn wound 
(Figure 2). The circulatory status of the limb should then be 

reassessed. If that escharotomy has not restored distal ” ow, another 
escharotomy should be placed in the mid-medial line of the in-
volved limb. A fasciotomy may be needed when there has been a 
delay in restoring the patient•s limb circulation and in particular if 
the patient is receiving a massive ” uid load.

Edema formation beneath encircling full-thickness truncal burns 
can restrict the respiratory excursion of the chest wall. If the limita-
tion of chest wall motion is associated with hypoxia and elevated 
peak inspiratory pressure, chest escharotomy is indicated to restore 
chest wall motion and improve ventilation. These escharotomy inci-
sions are placed in the anterior axillary line bilaterally, and if the 
eschar extends onto the abdominal wall, the anterior axillary 
line incisions are joined by a costal margin escharotomy incision 
(see Figure 2).

The timely administration of adequate ” uid as detailed previously 
has essentially eliminated acute renal failure after burn injury. Far more 
common today are the complications of excessive resuscitation„that 
is, compartment syndromes and pulmonary compromise. Compartment 
syndromes can be produced in the calvarium, muscle compartments 
beneath the investing fascia, and the abdominal cavity.

Excessive ” uid administration may also cause formation of 
enough ascitic ” uid and edema of the abdominal contents resulting 
in intra-abdominal hypertension. The abdominal compartment 
syndrome represents progression of intra-abdominal hypertension 
to the point of organ dysfunction, including decreased cardiac out-
put with resultant hypotension, increased peak airway pressures, 
oliguria, and worsening metabolic acidosis due to hypoperfusion. 
Bladder pressure measurements serve as an indirect measurement of 
intra-abdominal pressures. Elevation of the bladder pressure above 
25 mm Hg should prompt therapeutic intervention, beginning with 
adequate sedation, reduction of ” uid infusion rate, diuresis, and 
paracentesis. If organ failure becomes evident, decompressive lapa-
rotomy is indicated.

Compartment syndromes may also occur in the muscle compart-
ments underlying the investing fascia of the limbs of burn patients, 
even in limbs that are unburned. To assess compartment pressure, the 
turgor of the muscle compartments should be assessed on a scheduled 
basis by simple palpation. A stony hard compartment is an ominous 
“ nding which should prompt direct measurement of intracompart-
mental pressure. A muscle compartment pressure of 25 mm of mer-
cury or more necessitates performing a fasciotomy of the involved 
compartment in the operating room using general anesthesia.

Metabolic and Nutritional Support

Burn injury alters the distribution and utilization of nutrients as well 
as the metabolic rate. All of these post-burn metabolic changes must 
be considered in planning nutritional support of the hypermetabolic 
burn patient. This is necessary to minimize loss of lean body mass, 
accelerate convalescence, and restore physical abilities. Bedside indi-
rect calorimetry is the most accurate means of determining meta-
bolic rate and nutritional requirements, but bedside metabolic care 
may not always be available. A rule of thumb estimate for nutritional 
needs of patients whose burns exceed 30% of the body surface area 
is 2000…2200 kcal and 12…18 g of nitrogen per square meter of body 
surface per day.

At the time of admission, patients should have a nasogastric or 
nasoduodenal tube placed. It is preferable to start enteral feedings as 
soon as possible after the patient is admitted. When feedings are 
initiated early, the desired rate of administration can typically be 
reached within 24…48 hours after admission. If the patient is intoler-
ant to gastric feedings, the administration of metoclopramide will 
often resolve the problem. If a patient fails to respond to metoclo-
pramide, an attempt should be made to pass a feeding tube distal to 
the ligament of Treitz. In patients who become intolerant of enteral 
feedings, or who develop gastrointestinal complications that prevent 
enteral feeding, total parenteral nutrition will be required.

Figure 2 The dashed lines indicate the preferred sites of 
escharotomy incisions for the limbs (mid-lateral and mid-medial lines), 
thorax (anterior axillary lines and costal margin), and neck (lateral 
aspect). The thickened areas of the lines on the limbs emphasize the 
importance of carrying the incisions across involved joints.  (Used with 
permission from Martin RR, Becker WK, Ciof“  WG, and Pruitt BP Jr: Thermal 
Injuries. In Wilson RF and Walt AJ, editors: Management of Trauma: Pitfalls 
and Practice, 2nd ed. Baltimore, Williams and Wilkins, 1996, p. 765.)
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Burn injury induces insulin resistance, which may lead to hyper-
glycemia. The maintenance of blood glucose values below 120 mg/dl 
with aggressive insulin infusion has been demonstrated to have a fa-
vorable impact on the outcome of critically ill patients. Potassium 
and phosphorous must also be given to meet the patient•s needs, 
which often exceed initial estimates, particularly when large loads of 
glucose are being given with exogenous insulin. Over the course of 
the patient•s care, as the open wound area decreases and the hyper-
metabolic state slowly resolves, the nutrient load should be adjusted 
so that balance is maintained between metabolic needs and substrate 
delivery, preventing overfeeding.

TRANSPORTATION AND TRANSFER

Many important advances have been made in the care and manage-
ment of burn-injured victims during the past 50 years. One of the 
more signi“ cant advances has been the recognition of the bene“ ts of 
a team approach in the care of critically injured burn patients. The 
American College of Surgeons and the American Burn Association 
have developed optimal standards for providing burn care and a 
burn center veri“ cation program that identi“ es those units that have 
undergone peer review of their performance and outcomes. Patients 
with burns and/or associated injuries and conditions listed in 
Table 1 should be referred to a burn center.

Once the decision has been made to transfer a patient to a burn 
center, there should be physician-to-physician communication re-
garding the patient•s status and need for transfer. It is critical that the 
patient be properly stabilized in preparation for the transfer. During 
transport the need to perform life-saving interventions such as endo-
tracheal intubation or re-establishing vascular access may be very 
dif“ cult to accomplish in the relatively unstable and limited space of 
a moving ambulance or a helicopter in ” ight. That dif“ culty makes it 
important to institute hemodynamic and pulmonary resuscitation 
and to achieve •stabilityŽ prior to undertaking transfer by either 
aeromedical or ground transport. A secure large-bore intravenous 
cannula must be in place to permit continuous ” uid resuscitation. 
Patients should be placed on 100% oxygen. If there is any question 
about airway adequacy, an endotracheal tube should be placed and 
mechanical ventilation instituted. The hourly urinary output should 
also be monitored, with ” uid infusion adjusted as necessary. All pa-
tients should be placed NPO, and those with a greater than 20% body 
surface area burn require placement of a nasogastric tube. The burn 
wound should be covered with a clean and/or sterile dry sheet. The 
application of topical antimicrobial agents is contraindicated prior to 
transfer, since they will have to be removed on admission to the burn 
center. Maintenance of the patient•s body temperature is vital. The 
patient should be covered with a heat-re” ective space blanket to 
minimize heat loss. Burn wounds, as tetanus-prone wounds, man-
date immunization in accordance with the recommendations of the 
American College of Surgeons.

MORTALITY

Early post-burn renal failure as a consequence of delayed and/or in-
adequate resuscitation has been eliminated, and inhalation injury as 
a comorbid factor has been tamed. Invasive burn wound sepsis has 
been controlled, and early excision with prompt skin grafting and 
general improvements in critical care have reduced the incidence of 
infection, eliminated many previously life-threatening complica-
tions, and accelerated the convalescence of burn patients. Mortality 
for various ages and burn sizes is reported in Table 4. Not only has 

survival improved, but the elimination of many life-threatening 
complications and advances in wound care have improved the qual-
ity of life of even those patients who have survived extensive, severe 
thermal injuries.
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Table 4: Changes in Burn Patient Mortality at U.S. 
Army Burn Center, 1945…1991

Age Group
Percentage of Body Surface Burn 

Causing 50% Mortality (LA 50)

1945…1957 1987…1991

Children (0…14) 51 72 a

Young adults (15…40) 43 82 b

73 c

Older adults 23 46 d

a5 years
b21 years
c40 years
d60 years
Source: Pruitt BA Jr, Gamelli RL: Burns. In Britt LD, Trunkey DD, 
Organ CH, Feliciano DV, editors: Acute Care Surgery. New York, Springer, 
2006, p. 155, with permission.
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SOFT TISSUE INFECTIONS
Sharon Henry

soft tissue infections occur frequently and account for approxi-
mately 48.3 in 1000 outpatient visits. The severity of these infec-

tions varies from trivial to life-threatening.
Severe soft tissue infections have been described throughout the 

medical literature since ancient times. Necrotizing fasciitis was de-
scribed in the “ fth century bc by Hippocrates, though Wilson coined 
the term in 1952.

Much of our knowledge regarding the treatment of soft tissue infec-
tion has been based on the experience gained during military con” icts. 
For instance, hospital gangrene was described “ rst by Joseph Jones, a 
Confederate surgeon during the Civil War. The treatment of battle“ eld 
infections has in” uenced civilian practice. This review will begin with a 
description of the anatomically more super“ cial infections and progress 
to the deeper, life-threatening infections (Figure 1).

SUPERFICIAL INFECTIONS

Super“ cial infections are limited anatomically to the epidermis and the 
dermis. These infections can occur spontaneously or secondary to mi-
nor trauma. Impetigo usually presents with vesicles that leak, producing 
a thick yellow crust. These lesions are typically located on the face, neck, 
and extremities. Staphylococcus aureus and Streptococcus pyogenes are 
the most common causative agents. Bullous impetigo, like impetigo, is 
most commonly caused by S. aureus. It is characterized by small vesicles 
that coalesce to form large bullae.

Folliculitis develops as an infection of the hair follicle. The lesions 
appear as pustules or papules, commonly on the extremities, scalp, or 
beard. Whirlpool folliculitis is associated with immersion in inade-
quately chlorinated pools, whirlpools, or hot tubs. Diffuse pustules are 
seen. Pseudomonas aeruginosa is the classic causative agent. Swimmer•s 
itch is a folliculitis that develops after freshwater exposure.

Furuncles, deeper in” ammatory nodules, can develop from fol-
liculitis. S. aureus is often the causative agent. Carbuncles are coalesc-
ing furuncles formed by connecting sinuses. The nape of the neck is 
the most common anatomic location. S. aureus is most often isolated. 
Patients often have comorbidities such as diabetes mellitus, alcohol-
ism, immunosuppression, or malnutrition. Systemic infection may 
result from these lesions.

Cellulitis is an in” ammation of the subcutaneous tissue. There is 
erythema, pain, and edema of varying severity. A portal of entry for 
the bacteria is usually present. It may be as mundane as a crack in the 
skin from dryness or athlete•s foot. More substantial trauma may be 
involved, such as shotgun or shrapnel penetrations. Systemic symptoms 
may manifest and include fever, chills, malaise, and (infrequently) 
organ failure. Streptococcus (Groups A, B, C, and G) as well as staphy-
lococcus are frequent culprits. Areas of compromised venous or lym-
phatic drainage are prone to this infection, and recurrence is common. 
Pelvic radiation or having had lymphadenectomy, mastectomy, or 
venectomy makes the development of cellulitis more likely.

DEEP INFECTION

Deeper infections are more frequently life- and limb-threatening. 
The literature concerning the potentially life-threatening infections 
is confusing. Multiple terms are used to describe the same disease, 

depending on the clinical setting in which it arises. The treatment is 
the same regardless of the term used to describe it. It therefore seems 
that anatomic classi“ cation is more logical and easily remembered. 
This review uses anatomic characterizations and relate them to older 
terminology as necessary.

In the medical literature, deep structure infection has masqueraded 
under a variety of pseudonyms. The term •necrotizing soft tissue infec-
tionŽ (NSTI)is used here. Table 1 lists a variety of terms that may appear 
in the medical literature to describe this infective process.

All the terms describe an infection involving the subcutaneous fat 
and fascia, with variable skin involvement. The incidence of this in-
fection is not known. A recent report quotes World Health Organiza-
tion statistics of 500…1500 cases of necrotizing fasciitis annually. 
Though uncommon, it is not rare. The Centers for Disease Control 
has monitored Group A streptococcal infections and estimated 
10…20 cases per 100,000 population. In Ontario, Canada, a popula-
tion study estimated an incidence of 0.6 per 100,000.

CLINICAL PRESENTATION

Signs and symptoms of NSTI can be quite nonspeci“ c (Table 2). 
Pain, erythema, and swelling of the affected area are most frequently 
present. This same constellation of symptoms may be seen in patho-
logic processes that have a much more benign course and respond 
effectively to antibiotic therapy alone. •Hard signsŽ of necrotizing 
infection include tense erythema, bullae, skin discoloration, and 
crepitus, pain out of proportion to examination, or anesthesia of the 
affected area. Unfortunately, many of these are late signs and indicate 
that the infective process is well established or they occur only in a 
small percentage of patients.

Signs of systemic toxicity may also be present. These may include 
pyrexia, tachycardia, hypotension, and organ dysfunction. The pro-
gression of symptoms may be rapid over the course of hours to days 
or more indolent over the course of days to weeks. The rate of pro-
gression of symptoms may be ameliorated by partial treatment. 
Some suggest classifying the disease by its clinical course. Fulminant 
disease presents in patients with acute onset and rapid progression 
over the course of hours with shock. Acute disease presents with large 
surface area involvement and over the course of days. Subacute dis-
ease presents for weeks and is usually localized. Differentiating this 
process from cellulitis or simple abscess can be a challenge. Clinically, 
failure to improve with appropriate antibiotics or worsening sys-
temic toxicity portends this diagnosis (Table 3).

Laboratory data are equally nonspeci“ c. Leukocytosis, hyponatre-
mia, and elevated creatinine phosphokinase have been evaluated in 
clinical studies and may be markers of the disease. Wall et al. matched 
21 patients with necrotizing fasciitis with controls and attempted 
to identify parameters that would distinguish the groups. White blood 
cell count (WBC) � 15.4 �  109/l, serum sodium (Na) less than 
135 mmol/l, or both, were the best factors to distinguish necrotizing 
fasciitis from non-necrotizing fasciitis. The sensitivity was 90%, and the 
speci“ city was 76%. In this study, 40% of the patients with necrotizing 
fasciitis lacked •hard signs.Ž Wong and colleagues developed the Labora-
tory Risk Indicator for Necrotizing Fasciitis (LRINEC) score. The score 
was developed retrospectively based on WBC, hemoglobin (Hgb), se-
rum Na, C-reactive protein, creatinine, and glucose in patients with 
necrotizing fasciitis and patients with other severe soft tissue infections. 
A score of 	6 had a positive predictive value of 92% and a negative 
predictive value of 96%. In a cohort of prospectively evaluated patients, 
the model was found to have a positive predictive value of 40% and a 
negative predictive value of 95%. Creatinine phosphokinase (CPK) 
elevation was found by one group to distinguish patients with group 
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A streptococcal necrotizing fasciitis (GAS) from non…group A strepto-
coccal necrotizing fasciitis. CPK elevations were � 600 IU/l in the 
GAS group.

DIAGNOSTIC IMAGING

Diagnostic imaging may be useful in diagnosis or in de“ ning the 
extent of disease. The hallmark of necrotizing, air in subcutaneous 
tissues, can be seen with a variety of imaging techniques. Plain radio-
graphs will demonstrate subcutaneous air in only 16% of patients. 
Plain “ lms may also demonstrate foreign bodies. This is especially 

important when treating intravenous drug users. Ultrasonography, 
computed tomography (CT scan), and magnetic resonance imaging 
(MRI) are more sensitive than plain radiography in demonstrating 
air in the tissues. These modalities may additionally identify ” uid 
collections in the subcutaneous tissues or within the muscle. They 
may be very helpful in cases without signi“ cant skin changes in plan-
ning incisions. MRI has the advantage of not requiring the adminis-
tration of intravenous contrast material which may be toxic to the 
kidneys. This is especially helpful in patients who already have com-
promised renal function. However, systemically compromised pa-
tients are often logistically poor candidates for MRI scanning. In 
most cases, diagnostic imaging is only con“ rmatory, as patients with 
nonspeci“ c “ ndings on evaluation, such as edema, may still harbor 
the disease. Failure to improve with appropriate antibiotics, develop-
ment of systemic toxicity, or profound elevation of the WBC should 
markedly raise the index of suspicion.

PATHOPHYSIOLOGY

The ability of an organism to cause infection is dependent on the 
virility of the organism and the resistance of the host. This disease 
is unique in that it affects both the compromised and the uncom-
promised host. Multiple reviews identify multiple risk factors 
associated with increased susceptibility; however, exceptionally 
virulent bacteria such as GAS are able to affect otherwise uncom-
promised hosts. These bacteria produce exotoxins that activate 
cytokines, leading to a robust systemic response. At the cellular 
level, the toxins and enzymes (hyaluronidases and lipases) facili-
tate the spread of bacteria along fascial planes and through the 
subcutaneous tissue. Necrosis of the super“ cial fascia and fat often 
produce a thin, watery, foul-smelling ” uid (dishwater pus). The 
skin necrosis that may accompany this infection results when 
thrombosis of the skin•s nutrient vessels occurs. Microscopic 
“ ndings are usually severe subcutaneous fat necrosis, severe in-
” ammation of the dermis and subcutaneous fat, vasculitis, endar-
teritis, and local hemorrhage. The fascia may be edematous and 
suppurative, and thrombosis of vessels may be seen. Myonecrosis 
may also be seen in advanced cases.

SURGICAL TREATMENT

Necrotizing fasciitis is a surgical emergency. The mainstay of treat-
ment is surgical debridement. These procedures can be quite 
deforming, requiring the removal of large amounts of skin, subcuta-
neous fat, fascia, and possibly muscle or bone. Explorations on the 
extremities are usually begun by making generous vertical incisions. 
When involvement is diffuse, fasciotomy incisions on the extremities 
are often a useful starting place. The dissection must extend down to 
the level of the deep fascia. The muscle should also be inspected to 
con“ rm its viability (Figure 2). Formal fasciotomies may be neces-
sary in cases with very intense edema in order to prevent myonecro-
sis (Figure 3).

Table 2: Frequency of Clinical Signs

Author Erythema (%) Crepitans (%) Edema (%) Year Published # Patients in Study

Callahan  77  3 20 1988  30
McHenry  72 12 75 1995  65
Brook  89 39 77 1995  83
Elliot  66 45 75 1996 197
Tang  50 58 2001  24
Theis  54 2002  13
Wong 100 13 92 2002  89

Figure 1 Skin structures with corresponding infection.

Epidermis

Dermis

Superficial
fascia

Deep fascia

Muscle

Erysipelas
Impetigo
Folliculitis
Ecthyma

Furunculosis
Carbunculosis

Cellulitis

Clostridial and
non-clostridial
myonecrosis

Necrotizing
fasciitis

Table 1: Terms Used to Describe NSTI

Meleney•s synergistic gangrene Hospital gangrene
Streptococcal gangrene Fournier•s gangrene
Gas gangrene Acute dermal gangrene
Suppurativa fasciitis Necrotizing erysipelas
Phagedena Phagedena gangrenosum
•Flesh-eating diseaseŽ Necrotizing fasciitis
Clostridial cellulitis
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When the presentation is more focal, incisions can be placed 
over the area of maximal skin abnormality and the incision ex-
tended as abnormalities of the deeper tissue are encountered. A 
colostomy may be helpful in cases with extensive perianal involve-
ment to prevent ongoing stool contamination. Surgical feeding 
tube placement should be considered in critically ill patients or in 

Table 3: Bacteriology

Rapid progression:

Incubation �24 hours following inciting event
Streptococcus pyogenes (GAS)

Clostridia perfringens (gas gangrene)
Pasteurella multocida (animal bite)
Aeromonas hydrophilia (freshwater exposure)
Vibrio vulni“ cus (shell“ sh exposure)

Slower progression:

Staphylococcus aureus
Enterobacteria
Escherichia coli
Klebsiella pneumonia
Pseudomonas aeruginosa
In immunocompromised host
Coagulase negative staphylococci
Diphtheroids
Bacillus sp.

Figure 2 Lower extremity fasciotomy.

Anterior

Superficial
posterior

Lateral

Deep
posterior

Figure 3 Upper extremity fasciotomy.

Extensor

VolarMobile
wad

The integrity of the tissue plane between the subcutaneous fat 
or super“ cial fascia and the deep fascia is tested with either a “ nger 
or clamp (Figure 4). Lack of resistance to this probing is the hall-
mark of the diagnosis in early cases. •Dishwater pusŽ may be en-
countered as this plane is opened. In more advanced cases, frankly 
necrotic or purulent material is encountered. Cultures for stat 
Gram stain and aerobic and anaerobic cultures should be obtained. 
If the patient is immunosuppressed, cultures for Mycobacterium 
and fungus should also be sent. It is imperative to widely open all 
affected tissue planes and debride all obviously devitalized tissue 
(Figure 5).

Figure 4 Loss of tissue plane integrity.

Figure 5 Thorough debridement.
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the injury was treated within 24 hours. But patients with a delay 
in diagnosis of greater than 4 hours had an increased incidence of 
wound infection, abscess formation, enterocutaneous “ stula, wound 
dehiscence, and sepsis. Those whose injury was repaired after 
24 hours averaged a 20-day increase in hospital stay and a 6-day delay 
in initiation of oral intake when compared with those whose injury 
was repaired between 12 and 24 hours. Fakhry et al. found an in-
crease in mortality and morbidity with diagnostic delays in small 
bowel injuries. Mortality was 2% when the injury was treated within 
8 hours, 9.1% when treated between 8 and 16 hours, 16.7% when 
treated between 16 and 24 hours, and 30.8% when delayed more 
than 24 hours.

Missed injuries are not isolated to blunt mechanism of injury. 
Sung et al. found, in a retrospective review of 607 patients with pen-
etrating trauma, a missed injury rate of 2%. These injuries were 
missed at the initial operation. These injuries included two gastric 
perforations, two retroperitoneal rectal injuries, one pancreatic tran-
section, and one duodenal injury. Forty-two percent of patients with 
missed injuries developed sepsis, and 17% developed renal failure. 
Mortality was signi“ cantly higher in patients with missed injuries 
(17% vs. 6.4%, p � 0.007). This study highlights the need for a stan-
dard, systematic approach to trauma laparotomy. In our institution, 
after a physical exam, all patients undergo a surgeon-performed 
FAST exam. In the stable patient with free ” uid, we then obtain a 
contrast-enhanced CT. If the patient•s physical “ ndings change or a 
hollow viscus injury is still suspected, but unproven, a repeat CT scan 
and/or diagnostic laparoscopy is then considered. The increased 
mortality and morbidity associated with diagnostic delays mandates 
an aggressive search for suspected hollow viscus injuries.

FAILURE TO PERFORM TERTIARY 
SURVEY

Missed injuries plague all trauma centers. The Advanced Trauma Life 
Support Course (ATLS) has become the gold standard for initial 
recognition and treatment of life-threatening injuries in the initial 
evaluation period through the use of a primary and secondary sur-
vey. However, it is clear from published reports that this approach 
allows injuries to go undetected. While there is no consensus on the 
speci“ c criteria to de“ ne a missed injury, it refers to any injury not 
appreciated in the initial evaluation. The reported rates of missed 
injuries vary from 2%…50%. The majority of these may not be clini-
cally signi“ cant, but some are potentially fatal. Even less severe inju-
ries can cause prolonged disability, expense, pain, and deterioration 
in the relationship between the trauma team and the patient. Factors 
that contribute to the prevalence of missed injuries include the atten-
tion focused on more urgent treatment priorities, altered patient 
sensorium, poorly appreciated physical “ ndings, and radiologic 
studies that are not appropriately performed, are misinterpreted, or 
are omitted. Missed injuries are more common in patients involved 
in motor vehicle crashes, those with higher injury severity scores 
(ISS), and those with a greater number of injuries. One other factor 
reported to increase the frequency of missed injuries is the level of 
experience of the treating physician.

There are a number of reports that recommend the use of a ter-
tiary survey as a mechanism to address this issue. The tertiary survey 
is a thorough re-examination of the trauma patient within the “ rst 
24 hours of admission and after all contributing sources of examina-
tion dif“ culty have resolved. This exam includes symptom review, 
physical examination, and review or ordering of appropriate radio-
logic or laboratory studies. Since factors of hemodynamic instability 
and altered sensorium may still exist after 24 hours of treatment, it is 
important to complete the tertiary survey again when a patient is 
stabilized and neurologically competent. Many surgeons have sug-
gested formal radiology rounds as a standard part of the tertiary 
survey, since over 25% of missed injuries can be correctly identi“ ed 
on the original x-ray studies. Enderson et al. reported identifying 

additional injuries in 9% of blunt trauma patients with the routine 
use of a tertiary survey. Janjua et al. detected 56% of early missed in-
juries and 90% of clinically signi“ cant missed injuries with the per-
formance of a tertiary survey within 24 hours of admission. Bif”  et al. 
were able to reduce the incidence of missed injuries from 2.4%…1.5% 
after implementation of a tertiary survey policy. Soundappan et al. 
reported similar results in a pediatric population.

The distribution of missed injuries involves almost every anatomic 
region. The most commonly missed injuries are fractures. These in-
clude fractures of the extremities, spine, and pelvis. Missed skull and 
facial fractures are reported routinely. Strategies to avoid delayed di-
agnosis include a thorough physical examination of all extremities 
and the back to search for deformity, swelling, ecchymosis, and de-
creased range of motion. In neurologically intact patients, a meticu-
lous interrogation of symptoms is warranted. Radiologic evaluation 
of any questionable area should be performed and reviewed in a 
timely fashion. Delays in the diagnosis of abdominal injuries, includ-
ing both solid organ, intestinal, and diaphragm injuries, can cause 
preventable trauma deaths. Inability to perform a meaningful ab-
dominal exam, hemodynamic instability precluding the ability to 
perform a CT scan, and the immediacy of an operative procedure for 
other serious injuries, can all contribute to a delay in diagnosis. Useful 
measures to reduce these delays include repeat physical examination, 
the use of serial sonography, and repeat CT scan to improve the diag-
nosis of a hollow viscus injury. Frequently missed injuries in the 
thorax include aortic rupture, rib fractures, pneumothorax, and he-
mothorax. Careful physical examination and radiologic evaluation 
can reduce the rate of diagnostic delays.

Missed injuries occur with signi“ cant frequency and with the 
potential for signi“ cant morbidity and mortality. The tertiary survey 
is a comprehensive patient evaluation that occurs after the initial 
resuscitation period. Tertiary survey should become a standard and 
necessary feature of the care of every trauma patient.

FUTILE RESUSCITATIVE 
THORACOTOMY

One of the most dramatic procedures performed is the emergency 
department (ED) thoracotomy. It is performed in a hectic environ-
ment, but when carried out in the proper patient, can be life saving. 
Unfortunately, it is frequently performed in poorly selected patients 
without valid indications, with predictably dismal results. There is little 
doubt that a patient with cardiac tamponade secondary to a small stab 
wound to the right ventricle who loses vital signs in the trauma bay 
may be salvaged. But in many instances, indications for resuscitative 
thoracotomy are less clear. Futile thoracotomy performed for patients 
with lethal injuries is distressingly common.

Rhee et al. recently retrospectively reviewed a 25-year multicenter 
experience with resuscitative thoracotomy. Blunt trauma victims un-
dergoing ED thoracotomy had a survival rate of 1.4%. Survival of 
blunt trauma victims ranged from 0%…12.5% for the various trauma 
centers. If the 12.5% rate of survival from one center is excluded, most 
survival rates are less than 2%. Many blunt trauma •survivorsŽ of ED 
thoracotomy were not neurologically intact. In 2004, Powell et al. 
evaluated their experience with ED thoracotomy for victims of pene-
trating and blunt trauma who required prehospital cardiopulmonary 
resuscitation (CPR). They documented four blunt trauma survivors, 
all of whom had a severe neurologic de“ cit. Even in blunt trauma pa-
tients with cardiac tamponade, the outcome after ED thoracotomy is 
routinely fatal. In a retrospective review of ED thoracotomy patients, 
Grove et al. reported four blunt trauma victims with cardiac tampon-
ade who survived ED thoracotomy and were admitted to the ICU; all 
died within 9 days. Clearly, blunt trauma victims without signs of life 
in the “ eld or upon arrival in the trauma bay should be declared dead. 
The blunt trauma patient who loses vital signs shortly after arrival in 
the ED will have a dismal outcome with any therapy, and we believe 
that thoracotomy should not be performed.

Ch-75-81-A4418_547-588.indd   587Ch-75-81-A4418_547-588.indd   587 12/21/07   3:47:05 PM12/21/07   3:47:05 PM



Some victims of penetrating trauma clearly may bene“ t from ED 
thoracotomy. Proper selection of potentially salvageable patients is 
key. Powell found that the duration of CPR was critical. All survivors 
of ED thoracotomy had CPR for 15 minutes or less. Any penetrating 
trauma patient with prolonged CPR (�15 minutes) should be pro-
nounced dead upon arrival.

Few patients will survive if the duration of prehospital CPR is 
greater than 5 minutes. ED thoracotomy is a potentially life-saving 
procedure, but there are few survivors. Utilization of this interven-
tion should be limited to patients with penetrating mechanisms of 
injury. Those with noncardiac injuries have a poor prognosis. The 
FAST exam may help to delineate treatable intrathoracic injury 
and decrease the number of futile ED thoracotomies in the 
future.

SUMMARY

The circumstances involved in the evaluation and treatment of injured 
patients makes errors likely. It is inevitable that delays in diagnosis and 
intervention will occur in multiply injured patients. However, it is in-
cumbent upon all those who care for trauma patients to have a high 
index of suspicion for common errors so that the frequency of these 
may be minimized. A low threshold of suspicion for dif“ cult to diag-
nose injuries must be maintained if optimal care is to be delivered to 
injured patients. Futile attempts to salvage lethally injured patients are 
costly and time consuming and should be minimized.
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CARDIAC HEMODYNAMICS: 
THE PULMONARY ARTERY 
CATHETER AND THE MEANING 
OF ITS READINGS
Mitchell J. Cohen and Robert C. Mackersie

t he pulmonary artery catheter (PAC) is a physical object creat-
ing a conundrum. Since its introduction in the 1970s, the PAC 

has been simultaneously hailed for its ability to provide physiological 
data not easily obtainable by other means, and condemned as a use-
less and potentially harmful invasive monitor. Very little hard data 
support continued use of the PAC, and some data support avoiding 
it altogether. Despite considerable controversy over the clinical utility 
and safety of the PAC, which has intermittently led to confusion and 
conjecture regarding its use and future, the PAC remains a mainstay 
of invasive intensive care unit (ICU) monitoring. In this chapter, we 
aim to provide a concise history of right-heart catheterization. We 
will then examine the basis of insertion, data collection, interpreta-
tion, and troubleshooting. Finally, we will reexamine the clinical data 
for and against the use of PA catheterization and determination of 
resuscitation in critically ill surgical patients.

HISTORY OF CONTROVERSY

The PAC was introduced in the late 1960s, approved for clinical use in 
1970 and quickly became the de facto tool of the critical care physi-
cian. By 1999, 1.5 million catheters were sold, and presumably used, 
each year in the United States. Due to its introduction prior to a 
1976 policy change, which mandated the testing of medical devices, 
the PAC was grandfathered by the Food and Drug Administration 
(FDA), and has to date never been required to undergo safety testing. 
Even as considerable controversy and political debate over its utility 
continues, the catheter has never been considered a life-saving device 
and, as a result, is exempt from licensing and required study.1

Since its invention, the PAC has enjoyed growing use and accep-
tance as a monitoring tool. Indeed, its popularity has followed closely 
the advent of critical care as a specialty, and thus is considered by 
many a primary tool of the critical care physician. After years of use 
with little data supporting bene“ ts, concerns about the overall utility 
and safety of the PAC “ rst appeared in several papers written in 
the late 1980s.1 Gore et al. examined 3000 patients with acute myo-

cardial infarction (MI) and the relationship of outcome to PA cath-
eterization.2 This study of over 3000 patients with acute MI reported 
higher mortality in patients with hypotension who received a PAC 
(42% vs. 32%). Higher mortality was also reported in the subgroup 
or patients with CHF who received a PAC (44% vs. 25%). In addi-
tion, patients who received a PAC had longer hospital stay. Several 
observational and retrospective studies quickly followed with similar 
concerning results.3 Many in the critical care community discounted 
these trials, believing that PAC placement was more common in pa-
tients with greater illness, which would explain the higher mortality 
rates. A 1990 Canadian trial was the “ rst to attempt to prospectively 
study the use of PAC in critically ill patients. In what was to become 
a recurring theme, however, the study failed due to a 35% exclusion 
rate as many clinicians refused to randomize their patients, arguing 
instead that it was unethical not to use a PAC (which had become the 
de facto tool of the ICU physician). A lack of clinical agreement re-
garding PAC use or perhaps just a lack of interest in the problem 
followed, and the PAC enjoyed continued widespread use until 
the debate was reignited by Connors et al., who studied PAC use in 
5735 critically ill ICU patients. The Connors group was careful to 
attempt to match illness severity and other confounding variables 
between the PAC and control groups. Ultimately, his group found 
that patients treated with PAC had increased 30-day mortality, mean 
cost, and ICU stay. Subgroup analysis identi“ ed no groups of pa-
tients who bene“ ted from PAC.4

As a result of these and similar data, in the same issue of the Jour-
nal of the American Medical Association, Bone and Drhen called for a 
National Heart, Lung, and Blood Institute (NHLBI) randomized pro-
spective clinical trail to test the ef“ cacy and safety of the PAC. They 
went on to spark considerable controversy by suggesting that the FDA 
issue a moratorium on the use of the pulmonary catheter until such 
time that the safety and use be measured in an appropriate clinical 
trial. In response to this call for a moratorium, both a National Heart, 
Lung, and Blood Institute (NHLBI) and a Society of Critical Care 
Medicine (SCCM) consensus conference were convened in 1997. The 
Pulmonary Artery Catheter Consensus Conference Consensus State-
ment was published that same year. According to the statement, there 
was no need of a moratorium on PACs, given adequate level-IV evi-
dence to support the possibility of bene“ t of PAC in patient groups 
including MI and trauma, but conceded that appropriate clinical tri-
als should be undertaken to measure its use and safety.5,6 The NHLBI 
conference came to similar “ ndings.7 Many trials followed, all with 
limited numbers of patients or low randomization rates.

In 2003, a Canadian group published the “ rst prospective ran-
domized study with suf“ cient patient enrollment to have statistical 
power and authority.8 In this study, 1994 patients were randomized 
to surgery without a pulmonary catheter versus with a PAC. The 
authors found that there were no differences in hospital survival, 
and in 6- and 12-month survival. There was however, an increase 
in the number of pulmonary embolism (PE) events with eight 
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reported in the catheter group versus 0 in the observation group. 
The authors concluded that no bene“ t from PA catheterization 
could be found in elderly high-risk surgical patients. While this 
study was important in that it was the “ rst to randomize a signi“ -
cant cohort of patients, the randomization rate remained a low 52%. 
Furthermore, it represented a subset of older critically ill patients, 
while excluding younger trauma or septic patients. Other trials have 
followed and shown mixed results.9…12 More recently Shah et al. 
performed a meta-analysis of 13 randomized clinical trials between 
1985 and 2005.13 This study totaling 5051 patients was performed 
using a random effects model to estimate the odds ratio for death, 
hospital days, and pressors and found no difference between pa-
tients with and without a PAC.

No randomized prospective trial to date, however, has shown a 
de“ nite bene“ t to PA catheterization in critically injured patients. In 
data limited to trauma patients, there is some recent evidence to 
show a bene“ t for PAC use in the injured. A database study of over 
53,000 patients drawn from the National Trauma Data Bank showed 
a reduction in mortality in older patients and patients with higher 
injury severity scores. Overall, PAC use was shown to be bene“ cial in 
patients with severe shock with a base de“ cit of 11 or more, injury 
severity scores higher than 25, and age over 61. This large cohort 
database study is the “ rst and only study to show a clear bene“ t from 
PAC use in the severely injured patient.14

One bias confounding PAC use and study are disparate factors 
that affect which patients are treated with the PAC. In 2000, Rapo-
port et al. reported a comprehensive look at the characteristics of 
PAC use.15 This group retrospectively examined 10,217 patients in 
34 ICUs in the United States and showed that full-time ICU staf“ ng 
was associated with a decreased likelihood of PAC use. Catheter use 
was associated with white race/ethnicity and private insurance. 
Patients admitted to a surgical ICU were two times more likely to 
have a PAC. This study is revealing in that it is indicative of the lack 
of an established protocol and the presence of an established bias in 
PAC placement.

PULMONARY ARTERY CATHETER 
USE AND INSERTION: WHAT 
IT IS AND HOW IT WORKS

Pulmonary artery catheters are commonly 100 cm long with an exte-
rior French diameter of 7.5. Available with or without a heparin or 
antibiotic coating, they commonly contain latex rubber, an important 
consideration in latex-allergic patients. The 7.5…French diameter is 
further separated into three lumens. At the far distal end of the cath-
eter is the PA port, which is used to transduce PA pressure and draw 
mixed venous blood. Just proximal to this port is a 1.5-cc balloon, 
which facilitates both the •” oatingŽ of the catheter and is also used to 
distally occlude the PA to measure pulmonary artery occlusion pres-
sure (PAOP). Another side infusion port, used for instillation of ” uid, 
vasoactive agents, and medications, is located 15 cm proximal to the 
end of the catheter. Proximal to the side infusion port is the right 
atrial (RA)/central venous pressure (CVP) port, which is designed to 
be positioned at the vena cava/right atrial junction. This RA/CVP port 
is transduced to measure the CVP. Like the proximal infusion port, it 
can also be used as an infusion port for medication and ” uids.

Along with ports that allow for pressure transduction and ” uid 
infusion, the PAC also incorporates a thermal coil and proximal and 
distal thermistor for the measurement of cardiac output. Cardiac 
output is calculated by measurement of the change in temperature of 
blood between a proximal and distally placed thermistor. Tradition-
ally, a cooled ” uid bolus was injected proximally and the temperature 
of this bolus (now slightly warmed by blood ” ow) was measured by 
the thermistor at the tip of the catheter. Using formulas discussed later 
in this chapter, the cardiac output could be calculated. Most modern 
catheters now utilize a proximally placed thermal coil incorporated 

into the catheter which gently warms blood proximally extrapolation 
from the temperature difference proximally and distally gives a con-
tinuous calculation of cardiac output. (A more detailed discussion of 
cardiac output monitoring appears later in the chapter.)

Insertion Tips and Guidelines

Insertion of the catheter is done through the gasketed introducer 
port of a Cordis’  catheter. Full sterile technique is paramount in 
order to reduce infection rates. We commonly place the introducer 
catheter and the PAC sequentially with one sterile prep and setup, 
which prevents contamination at the introducer gasket as well as the 
necessity of reprepping of a previously placed introducer. At times, 
however, this cannot be avoided, or a PAC will be placed through a 
previously located introducer line. In this instance, the introducer 
catheter and surrounding skin should be prepped widely with chlo-
rohexidine preparation. In all cases, wide sterile prep with chloro-
hexidine, full sterile precautions including gown, hat, mask, and 
sterile gloves are essential. Any break in sterile technique has been 
shown in many studies to signi“ cantly increase the infection rate and 
implementation of the above precautions has been reported to re-
duce the infection rate to near zero.16…21 Another tip is to prep widely. 
We cannot stress this seemingly trivial point too strongly. Opening, 
preparing, and inserting a PAC results in an often-unwieldy octopus 
of catheter, tubing, and transducers that have to cross through a 
sterile to unsterile transition zone. Wide prep of all or most of the 
bed with a sterile half-sheet facilitates easy handling and reduced risk 
of contamination. Once an introducer catheter is in place, the PAC is 
removed from the packaging and the proximal end is passed to an 
assistant who will connect and ” ush the catheter ports. At this time, 
the transducer is connected, zeroed, and tested. The balloon is also 
tested. Placement of the catheter sheath allows future adjustments 
without additional sterile prep.

Constant verbal communication between the ” oater and the as-
sistant is essential. Once the tip of the catheter is passed through the 
introducer and into the blood vessel, it must be advanced only when 
the balloon is in” ated (up), and conversely it must never be with-
drawn unless the balloon is de” ated (down). The slang •” oatingŽ a 
swan refers to the fact that the catheter advances by ” oating along 
with the blood ” ow. Direct advancement can cause vascular injury or 
perforation. A constant communicative banter„•balloon up?,Ž •bal-
loon up,Ž •balloon down?,Ž •balloon downŽ„can prevent injuries 
such as arterial, cardiac, and PA rupture.

Initially the catheter is inserted to the 10…15-cm mark, allowing the 
balloon to pass through the introducer. Once the catheter tip is safely 
past the introducer, the balloon is in” ated and the catheter slowly ad-
vanced by feeding slack catheter and allowing the catheter to be pulled 
downstream by the blood ” ow. A combination of clinical experience, 
length of catheter inserted, and careful attention to the monitored 
transducer tracing allow successful placement. As the catheter tip enters 
the vessel, the initial pressure reading will be the CVP, which “ rst trans-
duced at � 15…25 cm depending on patient size and insertion site. With 
another 5…10 cm of advancement, the catheter passes into the right 
atrium and the transducer will register a distinct right arterial wave-
form. Another few centimeters of advancement passes the catheter tip 
through the tricuspid valve (around 30 cm) and the easily recognizable 
spike of RV pressure will register on the monitor. Slow careful advance-
ment of another 5…10 cm will pass the catheter into the PA (tracing), 
and will soon wedge the catheter to produce a ” attening of the wave-
form and characteristic wedge tracing.

Often several attempts to ensure proper wedging are required. When 
a RV waveform is not evident after 35…45 cm or no wedge tracing oc-
curs after the catheter has advanced 10…15 cm past the RV tracing, the 
balloon should be de” ated, and the catheter pulled back to the RA or 
RV. Once a distinct tracing identi“ es the catheter location, another care-
ful attempt at reinsertion and wedging can begin. When the catheter is 
inserted and wedged, the pulmonary capillary wedge pressure (PCWP) 
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is noted and the balloon de” ated. The catheter is locked into place and 
the sterile covering advanced to cover the full length of the catheter. 
Placement of the catheter is con“ rmed by a chest x-ray.

INTERPRETATION: WHAT DOES 
IT MEASURE AND WHAT DOES 
IT MEAN?

Initial Warnings and Potential Measurement 
Problems

While the PAC provides a lot of otherwise unobtainable data, only dili-
gent attention and educated interpretation make PA catheterization 
worth the risk, time, and cost. Without proper placement, all obtained 
data are erroneous and will lead to false interpretation and incorrect 
(and possibly harmful) intervention. Careful attention to the PAC 
waveform helps con“ rm catheter placement. Entry into the pulmonary 
artery is evidenced by a decrease in mean pressure and characteristic 
wave form. Upon entering the PA, a triphasic waveform is seen, which 
re” ects atrial and ventricular contraction. From the PA careful advance-
ment of the catheter will •wedgeŽ the catheter.22

From the PAOP and CVP, we begin the pressure-volume mea-
sures. Once wedged or occluded, the in” ated balloon prevents for-
ward blood ” ow from the right ventricle or proximal pulmonary 
artery and allows only back-pressure to be transduced at the catheter 
tip. This transduced •wedgeŽ pressure re” ects a contiguous ” uid 
column from the PA through the pulmonary vasculature to the left 
atrium (LA). The unobstructed column continues through the mi-
tral valve into the (when open) left ventricle (LV), and hence,

PA � LA � LV � LVEDP,

where LVEDP is left ventricle end-diastolic pressure. It is crucial to note 
that this relationship holds true only when there is a contiguous ” uid 
column between the PA and LV. A common reason for improper inter-
pretation of PAOP occurs when this contiguous ” uid column is inter-
rupted or affected. Examples of interrupted ” uid column include mitral 
valve disease (stenosis or insuf“ ciency) and pulmonary venous obstruc-
tion. Also affecting the relationship between PAOP and left ventricular 
end-diastolic volume (LVEDV) is the ability to extrapolate volume 
from pressure measurements. Since PCWP is ultimately used as a mea-
sure of ventricular “ lling (volume), this necessitates the ability to pre-
dictably extrapolate volume from pressure, which is only possible with 
normal compliance. Indeed, LVEDP is analogous to left ventricular 
end-diastolic volume (LVEDV) only in a normally compliant heart and 
thorax. Many factors in” uence the ability to use PCWP as an accurate 
measure of left heart…“ lling pressures. As described previously, the 
analogous relationship between LVEDP and LVEDV is accurate only 
insofar as the ventricle is normally compliant. In cases where left heart 
compliance is reduced such as ventricular hypertrophy or ischemic 
myocardial damage, the PCWP will be elevated for a corresponding left 
ventricular pressure/volume and cannot be considered an accurate 
measure. While trend analysis can be used to monitor ” uid resuscita-
tion in these patients, injured or septic patients often manifest rapidly 
changing cardiac compliance making interpretation dif“ cult and sus-
pect. Indeed multiple animal models have shown a rapid ” ux of cardiac 
edema resulting from injury, resuscitation, and in” ammation, all of 
which can rapidly change ventricular compliance and render the PAC 
an unreliable measure of cardiac “ lling.22

Along with proper wedging in the pulmonary artery and a normally 
compliant heart, the pulmonary catheter must be placed in the proper 
lung zone. In order for PCWP to re” ect a vascular rather than alveolar 
pressure, the catheter must be placed in West zone 3 of the lung. Here 
Pa �  PV �  PA, so the measured pulmonary venous pressure re” ects 
vascular pressure instead of pulmonary alveolar pressure. If the catheter 
is in zone 1, PA � Pa �  PV, or 2 Pa �  PA �  PV, the catheter will re” ect 
alveolar pressure rather than the PA pressure.

Constantly changing thoracic pressures from ventilation (sponta-
neous or mechanical) are re” ected in the PAC tracing. In a positive 
pressure…ventilated patient, the PCWP should be measured at expi-
ration when the pleural pressures are closest to zero. This is reversed 
if the patient is spontaneously breathing. In a spontaneously breath-
ing patient the pressure normalizes somewhere between expansion 
and inhalation and by convention, the pressure is measured at end 
inspiration. Direct monitoring and examination of the tracing rather 
than reliance on automatically collected single number display is 
always better. In an extreme situation, brief paralysis might be neces-
sary to get a useful PAWP tracing in an agitated or ventilatory dys-
synchronous patient.

Positive end-expiratory pressure (PEEP) also affects the PAC trac-
ing, and interpretation of the PCWP in a patient affected by intrinsic 
or intrinsic PEEP is the subject of much conjecture and misinforma-
tion. PEEP (both intrinsic and extrinsic) causes transmural thoracic 
pressure, which positively effects PAWP measurements. To correctly 
determine the PAWP, the PEEP can be temporally disconnected (for a 
few seconds or breath cycles). Alternatively, the effect of intrinsic or 
extrinsic PEEP can be estimated by adding 2…3 cm H2O to each 5 cm 
of PEEP �10.22

Cardiac output (CO) is measured by thermodilution. Tradition-
ally, a cooled saline bolus was injected proximally, and the tempera-
ture of the bolus was measured by a thermistor at the catheter 
tip. CO is calculated by determining the area under the curve and 
plotting the integral. An average of three to “ ve injections were used 
to minimize variability. Newer catheters measure CO continuously 
by integrating a thermal coil, which gently heats the proximal blood, 
measures the temperature drop at the catheter tip and uses a similar 
method to calculate CO. In either method, intracardiac shunt and 
tricuspid regurgitation will lead to unpredictable error in cardiac 
output measurement. At least one set of authors suggest that greater 
reliability can be had by calculating CO through plotting of the Fick 
curve and extrapolating CO.

Pressure, Volume, and Work Measures

While modern PAC monitoring units or ICU nurses provide con-
tinuous data readouts of hemodynamic parameters, it remains 
essential to have a grounded understanding of the physiologic prin-
ciples and calculations involved in PAC monitoring. Actual measured 
parameters begin with CVP. CVP is directly transduced from the 
proximal or CVP port of the catheter. Without obstruction between 
the right atrium and the vena cava, CVP is analogous to right atrial 
pressure (RAP), which is again analogous to right ventricle end-
diastolic pressure (RVEDP) and right ventricle end-diastolic volume 
(RVEDV). Hence,

CVP � RAP � RVEDP � RVEDV.

CVP is a direct measured extrapolation of RVEDV or cardiac 
preload. Just as CVP is a measure of right heart “ lling, PCWP mea-
sures left-sided pressure and volume. As described previously when 
the catheter is •wedgedŽ in the pulmonary artery, there is a continu-
ous ” uid column between the PA and LV. Hence,

PCWP � LAP � LVEDP � LVEDV.

Cardiac output is also measured directly through the previously 
mentioned thermodilution. CO is converted to a more normalized 
cardiac index (CI) by dividing CO by body surface area (BSA). BSA 
is derived from height and weight normograms, but can also be eas-
ily calculated as follows:

BSA (m2) � {Ht (cm) � wt (kg) … 60}/100 (IB).
Once CO is known, stroke volume (SV) can be calculated:

SV � CO / HR,

where HR is heart rate.
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Right-sided ejection fraction (RVEF) is then calculated as follows:

RVEF � SV / RVEDV.

Calculation of RVEDV requires a continuous thermistor, which is 
callable of dividing CI into systolic and diastolic components. Know-
ing RVEF allows RVEDV to be calculated:

RVEDV � SV / RVEF.

Right-sided heart work estimates the work of the right heart as it 
pumps blood through the lungs back to the left ventricle. The right 
ventricle stroke work index (RVSWI) is estimated as follows:

RVSWI � (PAP … CVP) � SVI � 0.0136,

where PAP is pulmonary artery pressure, and SVI is stroke volume 
index.

The left heart volume and work are calculated similarly to the 
right. The left ventricular work is the work of the blood circulating 
through the systemic circulation. This is estimated by

LVSWI � (MAP … PCWP) � SVI � 0.0136,

where LVSWI is left ventricle stroke work index, and MAP is mean 
arterial pressure.

Among the most useful calculated measures provided by the PAC 
is the pulmonary and systemic vascular resistance. Each estimates the 
resistance across the pulmonary or systemic circulation and is an 
extrapolation of vascular tone. Systemic vascular resistance (SVR) is 
the drop in pressure across the systemic circulation times the ” ow 
and is calculated as

SVR � (MAP … RAP) � 80 / CI,

where RAP is renal arterial pressure.
Pulmonary vascular resistance (PVR) is the drop in pressure 

across the pulmonary circulation multiplied by right-sided ” ow:

PVR � (PAP … PCWP) � 80 / CI.

Goal-Directed Therapy Using Pulmonary 
Artery Catheter

There is little disagreement regarding the large amount of data pro-
vided by a properly placed and interpreted PA catheter. Whether the 
data provided result in better patient outcome is the source of consid-
erable debate. Much clinical research has been done in an attempt to 
determine which PAC-derived physiologic parameters should be 
measured and which are predictive of outcome. Shoemaker and his 
group provided the initial work toward de“ ning and grouping patient 
physiologic response to trauma.23 As early as 1973 Shoemaker and 
colleagues showed in several studies that PAWP measured reduced 
cardiac output. They further showed that decreased oxygen delivery 
along with increased peripheral vascular resistance characterized 
non-survivors after trauma.24 Based on these and other similar study 
results, many groups targeted resuscitation of severely injured trauma 
patients to achieve physiologic values retrospectively associated with 
survival. Ten years after his initial studies, Shoemaker and colleagues 
showed an overall survival bene“ t in patients who achieved normal 
physiologic values.25,26 Finally, this group showed that there was less 
oxygen debt as measured by VO2 in surviving patients.27 Interestingly, 
there was no difference in oxygen consumption between the groups. 
In similar research, Bishop et al. examined physiologic parameters in 
90 trauma patients and found that patients who achieved higher levels 
of CI, oxygen delivery, and oxygen consumption within the “ rst 
24 hours after admission had a lower incidence of ARDS and reduced 
overall mortality.28 Based on these and similar “ ndings, several groups 
then randomized patients to supernormal resuscitation versus tradi-
tional resuscitation with the intent of proving that invasive monitor-
ing of aggressive resuscitation would allow achievement of supranor-

mal physiology and better outcome. These studies showed mixed 
results. Bishop•s group randomized patients to be supranormally 
resuscitated to a cardiac index of more than 4.5, DO2I greater than 
670, and a VO2I greater than 166, versus traditional resuscitation as 
de“ ned by achievement of normal urine output and CVP.29 The su-
pranormally resuscitated group showed signi“ cantly lower mortality 
and decreased organ failure. Interestingly, optimal parameters were 
reached in 70% of the study group and 29% of the control group. 
Similarly, Flemming et al. randomized trauma patients with blood 
loss of more than 2000 cc to supernormal CI, DO2, and VO2, and 
found that attainment of these goals resulted in statistically signi“ cant 
decreases in organ failure, ICU stay, and ventilator days, and a trend 
toward decreased mortality.30

Other studies, however, pointed out that attainment of resuscita-
tion was more important than the means by which it was achieved 
and many more recent studies have been unable to show similar 
bene“ t to monitoring or goal-directed resuscitation. Velmahos et al. 
randomized severely injured patients to supranormal resuscitation 
versus traditional hemodynamic monitoring. While there was no dif-
ference in mortality, organ failure, sepsis, ICU days, or hospital stay 
between the two groups, they found that 70% of the supranormal 
group and 40% of the traditional group achieved supranormal 
physiologic parameters, and that attainment of these optimal values 
was associated with better outcome independent of treatment proto-
col. There were no outcome differences between the two groups. 
What was perhaps most interesting in this study, however, was the 
“ nding that nonresponders (those who failed to reach the set goals 
despite volume and ionotropic manipulation) fared signi“ cantly 
worse than the control group. This suggests the likelihood that 
aggressive resuscitation toward supranormal physiology will be 
harmful in those whose physiology cannot attain it, and is in fact 
exhausted such attempts. Other groups have reported similar results, 
which indicate that that the ability to achieve normal parameters is 
associated with the mortality bene“ t, and is ultimately more impor-
tant than whatever treatment was designed to achieve them.31 Taken 
together, these results cast doubt regarding the usefulness of inter-
ventional monitoring and resuscitation. Indeed, many believe that 
aggressive resuscitation should be instituted in all patients without 
any need for invasive monitoring. Others argue for limited supra-
physiologic resuscitation. Some data points to poorer outcome from 
PAC use. Indeed, deleterious consequences of aggressive resuscita-
tion and the PAC have been reported. Hayes et al. reported that in-
creasing oxygen delivery with ionotropic augmentation with dobuta-
mine was associated with increased mortality.32 Others have reported 
similar increased mortality in supranormally resuscitated patients. At 
least one group has purported to show that the PAC is itself a predic-
tor of morbidity independent of protocol-driven resuscitation. 
Rhodes et al. performed a prospective randomized trial of 200 pa-
tients where no protocol-driven resuscitation was instituted.33 In this 
study, patients were randomized to PAC placement versus no PAC 
where patients were resuscitated based up the clinical judgment of 
the ICU staff. Data were obtained prospectively and examined retro-
spectively, and revealed that the PAC group received signi“ cantly 
more ” uid in the “ rst 24 hours and exhibited increased morbidity. 
Evidence for the deleterious effects of PAC protocol…driven resusci-
tation were seen in a study by Hayes et al. that showed an increased 
mortality in PAC-treated patients (54% vs. 34%).32 In this study 
there was a rigorous goal-directed attempt to achieve supranormal 
physiologic parameters. To achieve these goals, aggressive ” uid resus-
citation and ionotropic support were used.

In an attempt to make sense of the huge amount of data regarding 
PACs and endpoints of resuscitation, Kern and Shoemaker per-
formed a meta-analysis on 21 randomized clinical trials and found 
that early hemodynamic optimization achieved signi“ cant mortality 
reduction only if optimized parameters were achieved prior to the 
onset of sepsis or organ dysfunction.34 Heyland and associates ana-
lyzed seven studies and found no signi“ cant reductions in mortality 
achieved with optomization.35 Lastly, an analysis by Poeze et al. 
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showed that physiologic optimization resulted in decreased mortal-
ity. In this analysis the entire bene“ t was from patients who hemody-
namically optimized perioperatively. Patients with established sepsis 
or organ failure prior to treatment were unlikely to bene“ t from 
•optimization.Ž36

Others have questioned the accuracy of the actual PAC measure-
ments. Epstein et al. studied the accuracy of VO2 measurements by 
the calculated reverse Fick method versus direct measurement by 
indirect calorimetry in an attempt to determine the accuracy of PAC 
determined oxygen consumption measures. Their study showed a 
bias of 41 ml/min/m2, indicative of an undermeasurement of VO2 by 
PAC measures.37 Finally, Luchette and colleagues studied the accu-
racy of continuous cardiac output measurements and found that 
there was higher signal-to-noise ratio and degraded accuracy when 
patient temperature was above 38.5° C, resulting in further question-
ing of the accuracy and usefulness of PAC measurements in severely 
injured or septic patients.38

Mixed Venous Saturation: Monitoring Tissue 
Metabolism

While the results of supranormal resuscitation are mixed, many be-
lieve that the best use of a PAC is as a measure of tissue perfusion. PAC 
sampling of mixed venous saturation should serve as an adjunctive 
measure of tissue-level perfusion. Even if supranormal resuscitation 
remains controversial with mixed data, surely SVO2 should provide 
useful data. Unfortunately, this measure of tissue perfusion, while 
seemingly useful as a measure of tissue oxygenation and subsequent 
outcome has also not ultimately been shown useful as the targeted 
endpoint of resuscitation. Gattinoini and associates published a ran-
domized prospective trial involving 762 patients across 56 ICUs who 
were randomized to either traditional resuscitation or targeting of 
CI �  4.5 or SvO2 �  70%. There was no difference in mortality or 
organ dysfunction among the three groups. Like the studies discussed 
above, subgroup analysis showed that patients who achieved hemody-
namic targets had similar mortality rates independent of the group to 
which they were randomized.

Right Ventricle End-Diastolic Pressure as 
Measure of Cardiac Index and Cardiac Function

As predicted by the Starling curve, end-diastolic volume is the best 
predictor of preload. Unfortunately, PAC pressure measurements as 
discussed previously are confounded in the setting of changing in-
trinsic ventricular compliance and extrinsic PEEP. RVEDV monitor-
ing provides the “ rst actual measurement of preload. Rather than 
being a pressure surrogate for volume, RVEDV utilizes a PAC with a 
fast thermistor to give a directly measured volume measure. In an 
attempt to “ nd an alternative to PAOP as a measure of cardiac func-
tion, Chetham et al. showed that CI correlated better with RVEDVI 
than PAOP.39 The same group then studied 64 patients with respira-
tory failure and high PEEP requirements, and suggested that RVEDVI 
was a better measure of CI than PAOP at all levels of PEEP. CI was 
inversely correlated with PCWP at PEEP levels over 15. Taken to-
gether, these “ ndings caused this group to conclude that RVEDVI 
should be used in lieu of PAOP as a measure of cardiac function.

Despite initial reservations that mathematical coupling was re-
sponsible for the close correlation between RVEDV and CI, several 
groups have shown that the directly measured volume measures are 
superior to extrapolations from pressure (CVP and PAWP) mea-
sures. Chang and colleagues showed that splanchnic malperfusion 
was better predicted by RVEDV than PCWP, which was in turn as-
sociated with MODS and mortality.40 Other correlations among 
RVEDV, tissue perfusion, and outcome have been similarly reported 
by several groups.,42 Lastly Kincaid et al.41 presented data to show 
that optimal RVEDV could be calculated for each individual patient. 

Taken together, these data support the use of RVEDV as a superior 
measure of cardiac function and goal-directed resuscitation.

CONCLUSIONS: USE THE PULMONARY 
ARTERY CATHETER WISELY

Since its inception, the PAC has been a data tool of the critical care 
physician. As can be seen from a careful review of the literature, little 
prospective, conclusive data exist to support its continued use. At the 
same time, however, there is a recent literature and clinical support 
for early goal-driven resuscitation of critically ill patients. Trauma 
patients are often hyper-protocolized based on their mechanism and 
injuries. The PAC is also subject to extreme dif“ culties in proper 
measurement and interpretation of collected data, and it is impossi-
ble to know the precise accuracy of collected data and how well they 
were interpreted in the many PAC and resuscitation trials. In the 
midst of controversy, however, it is important to remember that the 
PAC is not a drug or intervention, and its utility therefore cannot be 
directly assessed. The potential effectiveness of the PAC depends on 
a number of other factors, many of which are not measured or as-
sessed in clinical studies. These include proper indications and risk 
assessment, proper placement and risk reduction measures, knowl-
edgeable use and interpretation, and the contextual relevance and 
utility of the data obtained from the PAC.

Because of these confounders and the powerful data that can be 
procured from measurement, we advocate continued selected and dili-
gent use of the PAC as a tool for proper resuscitation in the critically 
injured and ill patient. While the proper resuscitative parameters and 
goals may not be absolutely known, and may change from minute to 
minute in our patients, more frequent and better data collection prop-
erly “ ltered through clinical judgment should only bene“ t patient care. 
To be used correctly, however, perfect attention to proper and safe 
placement and use must be assumed. From there, continued data col-
lection and monitoring corroborated with patient state is also essential. 
It is not enough to intermittently examine a few select physiologic vari-
ables. Indeed, at any given moment a patient•s physiology and subse-
quent predicted outcome are the sum of a huge number of measured 
and unmeasured variables and the interactions between these patterns 
of variables. As technology becomes suf“ ciently advanced to allow for 
pattern recognition of more than a few variables, the utility of each 
measure should increase and be revealed. To discount the important 
measures derived from the PAC based on studies that failed to “ nd util-
ity of these independent measures is probably shortsighted, and ignores 
the utility of these otherwise unobtainable data. Indeed, the continued 
use of the PAC despite multiple studies re” ects the clinician•s belief that 
the PAC data combined with other monitoring and clinical acumen will 
be bene“ cial on a patient-to-patient basis, which might not be mea-
sured in a large trial. That said, use of the PAC requires continual atten-
tion, monitoring, and intervention, and we believe that much of the 
confusion and negative data regarding PA catheterization results from a 
once-a-day glance at the Swan numbers (usually without regard to their 
accuracy) without careful perusal of the ongoing ” ux of the patient•s 
state. Discounting the PAC is foolish. It is a tool that can only be made 
useful and better through physician education and diligence.
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may be used to assist spontaneous breaths in SIMV. Weaning may 
be facilitated using this combination, as the backup (SIMV) rate is 
weaned initially, and then the PS.

HELIOX

Helium has signi“ cantly lower density than air or nitrogen. Substi-
tuting helium for nitrogen reduces the density of the gas in direct 
proportion to the amount of helium admixed. Breathing heliox (the 
concentration in clinical use ranges from 80:20 to 60:40) results in 
more laminar ” ow, reduced airway resistance, and reduced work of 
breathing. Heliox may be useful in clinical situations where resistance 
to air” ow is high, including asthma, acute exacerbations of chronic 
bronchitis or chronic obstructive pulmonary disease, other causes of 
bronchospasm, and upper airway obstruction with stridor. Breathing 
heliox is well tolerated, without signi“ cant adverse effects. Disadvan-
tages include high cost and limited utility when a high FIO2 is re-
quired. Ventilators must also be recalibrated when heliox is delivered 
by ventilator rather than nebulizer (the usual route), to ensure that 
the ” ow of gas is measured correctly.

MODES OF MECHANICAL VENTILATION

Assist Control Ventilation

The ACV mode is the most commonly used mode in medical/surgi-
cal critical care units. Set parameters in ACV mode are inspiratory 
” ow rate, frequency (f), and VT. The ventilator delivers a set number 
of equal breaths per minute, each of a given VT. Tidal volume and 
” ow determine inspiratory (I) and expiratory (E) time and the I:E 
ratio. Plateau or alveolar pressure is related to VT and respiratory 
system compliance. The patient has the ability to trigger extra 
breaths by exerting an inspiratory effort exceeding a preset trigger 
level. Typically, each patient will display a preferred rate for a given 
VT and will trigger all breaths when f is set a few breaths per minute 
below the patient•s rate. In this mode, the control rate serves as 
adequate support should the patient stop initiating breaths. When 
high inspiratory effort continues during a ventilator-delivered 
breath, the patient may trigger a second superimposed breath. Pa-
tient effort can be increased, if desired, by increasing the triggering 
threshold or lowering VT.

Synchronized Intermittent Mandatory 
Ventilation

In a passive patient, SIMV cannot be distinguished from ACV. Venti-
lation is determined by f and VT. However, if the patient is not truly 
passive, respiratory work may be performed during mandatory 
breaths. In addition, the patient may trigger additional breaths by 
spontaneous effort. If the triggering effort comes in a brief, de“ ned 
interval before the next mandatory breath, the ventilator will deliver 
the mandatory breath ahead of schedule to synchronize with patient 
inspiratory effort. If a breath is initiated outside the synchronization 
window, VT, ” ow, and I:E are determined by patient effort and respi-
ratory system mechanics, not by ventilator settings. These spontane-
ous breaths tend to be of low VT and are variable from breath to 
breath. The SIMV mode is often used to augment patient work of 
breathing gradually by lowering the mandatory breath frequency or 
VT, compelling the patient to breathe more rapidly in order to main-
tain adequate VE. Some ventilators allow combinations of modes. A 
useful combination is SIMV plus PSV as a means to add •sighŽ 
breaths and decrease atelectasis. Because SIMV plus PSV guarantees 
some backup VE that PSV alone does not, this combination may be 
particularly useful for patients at high risk for deteriorating central 

respiratory drive, and it is also popular as an adjunct to weaning the 
ventilator.

Positive End-Expiratory Pressure

Although it is a ubiquitous form of ventilatory support, positive end-
expiratory pressure (PEEP) can be confusing because the positive 
pressure is actually applied throughout the respiratory cycle and is 
more correctly termed CPAP. Using PEEP accomplishes three goals: 
prevention of alveolar derecruitment by restoring FRC, which is de-
creased in acute lung injury (ALI) and atelectasis, to the physiologic 
range; protection against injury during phasic opening and closing of 
atelectatic units; and assisting cardiac performance during heart 
failure, by increasing mean intrathoracic pressure.

The FRC is the lung•s physiologic reserve; loss of chest wall or 
lung compliance (the rate of change of volume in response to pres-
sure) causes reduced FRC. The FRC is the volume of gas that remains 
in the lungs at the end of a normal tidal breath (�2.5 liters); gas ex-
change does occur. At FRC, the tendency for the lungs to collapse is 
balanced by the tendency for the chest wall to move outward. A small 
vacuum in the pleural space assists in maintaining equilibrium, 
which is lost when pneumothorax is present.

The FRC is determined by the compliance of the lung and chest 
wall. Anything that constrains chest wall expansion reduces its com-
pliance; likewise, anything that reduces lung volume reduces lung 
compliance. The FRC is composed of two volumes, the expiratory 
reserve volume (ERV) and the residual volume (RV). Below FRC, 
exhalation is active; lung tissue must be compressed to express gas. 
The RV (�1 liter in adults) is the point where no more gas can be 
expressed from the lungs regardless of the pressure applied, because 
alveolar pressure exceeds atmospheric pressure and the gradient 
along the airway is reversed. Being “ lled with gas and coated with 
surfactant, alveoli are dif“ cult to compress, but airways are com-
pressible. When intrathoracic pressure exceeds pressure in the small 
airways, •dynamic airway collapseŽ occurs and gas is trapped in al-
veoli. Airway collapse increases the work of breathing and leads to 
ventilation-perfusion (V/Q) mismatch. Collapsed airways are dif“ -
cult to rein” ate, leading to a huge increase in the work of breathing 
and oxygen consumption.

The concept behind PEEP is to increase FRC; in essence, to allow 
alveoli to de” ate only to the point just above where in” ation remains 
easy (called the lower in” ection point of the pressure…volume curve). 
The patient requires suf“ cient PEEP to prevent alveolar derecruit-
ment, but not so much PEEP that alveolar overdistension, dead space 
ventilation from collapse of the alveolar microcirculation, or hypo-
tension due to reduced right ventricular preload, right ventricular 
output, and ultimately cardiac output occur.

Auto-PEEP is caused by gas trapped in alveoli at end-expiration. 
This gas is not in equilibrium with the atmosphere and is at positive 
pressure, increasing the work of breathing. In patients with obstruc-
tive airways disease, increased bronchial tone leads to resistance to 
both inhalation and exhalation. Shortening of E (e.g., small airways 
disease, mucus plugging, pressure-controlled ventilation with in-
verted I:E) results in gas trapping at end-expiration, hyperin” ation, 
and increased intrathoracic pressure, which abolishes the alveolar 
pressure gradient. Auto-PEEP can be ameliorated by lengthening E, 
shortening I, or decreasing the respiratory rate.

The ideal level of PEEP is controversial (Table 3). It may be that 
which prevents derecruitment of the majority of alveoli, while causing 
minimal overdistension; alternatively, application of PEEP is a recruit-
ment maneuver, arguing for higher pressures to be applied to over-
come alveolar collapse. Applying PEEP to put the majority of lung 
units on the favorable part of the pressure…volume curve will maxi-
mize gas exchange and minimize overdistention, but is easier said than 
done because the lower in” ection point is sometimes indistinct. Un-
doubtedly, the combination of PEEP and low VT prevents volutrauma, 
but the exact amount of PEEP to apply is controversial. The reason for 
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this is hysteresis„the tendency of the lungs, due to surfactant, to exist 
at higher volumes in exhalation than in inhalation.

Ventilator •BundleŽ

Care of the patient who requires mechanical ventilation is more 
than just a matter of providing ventilation and oxygenation. Such 
patients are often critically ill and at risk of numerous complica-
tions, not all of which are related directly to acute respiratory fail-
ure or mechanical ventilation. Therefore, it is important for the 
clinician to bear in mind the total patient. The patient may be at 
prolonged bed rest, and at risk for deconditioning, venous throm-
boembolic complications, and the development of pressure ulcers. 
Neurologic compromise from disease or sedative/analgesic drugs 
may impair the sensorium suf“ ciently that the patient cannot pro-
tect his or her airway, increasing the risk of pulmonary aspiration 
of gastric contents. Oversedation may be one component aspect of 
prolonged mechanical ventilation, which is a de“ nite risk factor for 
development of ventilator-associated pneumonia (VAP). Prolonged 
mechanical ventilation (�48 hours) is itself a marker of critical 
illness, speci“ cally the development of stress-related gastric muco-
sal hemorrhage, a rare but serious (� 50% mortality) harbinger of 
adverse outcomes of critical illness.

Using the principles of evidence-based medicine, several •best prac-
ticesŽ have been combined into a •ventilator bundleŽ to optimize the 
outcomes of mechanical ventilation. The bundle consists of four ma-
neuvers: Keeping the head of the patient•s bed up at least 30 degrees 
from level at all times unless contraindicated medically; prophylaxis 
against venous thromboembolic disease; prophylaxis against stress-

related gastric mucosal hemorrhage; and a daily •sedation holidayŽ to 
assess for readiness to liberate from mechanical ventilation through as-
sessment of a trial of spontaneous breathing. Careful adoption and 
adherence to all facets of the bundle can decrease the substantial risk of 
VAP, along with other maneuvers such as adherence to the principles of 
infection control.

Routine Settings

Ventilator settings are based on the patient•s ideal body mass and 
medical condition. The risk of oxygen toxicity from prolonged expo-
sure to a fraction of inspired oxygen (FIO2) greater than 60% is 
minimized by using the lowest FIO2 that can oxygenate arterial blood 
satisfactorily (e.g., arterial oxygen tension [PaO2] of 60 mm Hg or an 
oxygen saturation [SaO2] of 88%) (see Table 3).

The normal lung (e.g., during general anesthesia) may be ventilated 
safely with VT 8…10 ml/kg for prolonged periods. Historically, critically 
ill patients with acute lung injury (ALI)/acute respiratory distress syn-
drome (ARDS) have been ventilated with VT 10…15 ml/kg of ideal body 
mass, which is now considered inappropriate due to convincing data 
from experiments indicating that alveolar overdistention can produce 
endothelial, epithelial, and basement membrane injuries associated 
with increased microvascular permeability and iatrogenic lung injury 
(VILI). Direct monitoring of alveolar volume is not feasible. A reason-
able substitute is to estimate peak alveolar pressure as obtained from the 
plateau pressure (Pplat) measured in a relaxed patient by occluding the 
ventilator circuit brie” y at end-inspiration. In patients with pulmonary 
dysfunction, there is a growing tendency to reduce the VT delivered to 
4…6 ml/kg or less in order to achieve a Pplat no higher than 35 cm H2O. 

Table 3: Protocol Summary for Institution of Mechanical Ventilation for Acute Lung Injury/Acute Respiratory 
Distress Syndrome

Initial ventilator settings

Use a volume-controlled mode initially to ensure that VT is delivered.
Initial VT 8 ml/kg; reduce by 1 ml/kg/2 hours until 6 ml/kg is reached. Minimum VT is 4 ml/kg.
Set ventilator rate at 12…20 breaths/minute. Maximum ventilator rate 35 breaths/minute.
Adjust ventilator subsequently based on goals of arterial pH (7.25…7.45; ventilator rate) and end-inspiratory plateau pressure (Pplat) 
(	30 cm H 2O; VT).

Measure arterial pH upon admission to the ICU, every morning, and 15 minutes after each change in respiratory rate or VT.
Alkalemia is managed by decreasing ventilator rate by at least two breaths/minute.

Mild acidemia (pH 7.15…7.25) is managed by increasing ventilator rate until pH �7.25 or PaCO2 	25 mm Hg up to 35 breaths/minute. If 
ventilator rate � 35 or PaCO2 	 25 mm Hg, give sodium bicarbonate.

Severe acidemia (pH 	 7.15) is managed by increasing the ventilator rate up to 35 breaths/minute. If ventilator rate � 35 and pH 	 7.15, 
and sodium bicarbonate has been given, increase VT in increments of 1 ml/kg until pH � 7.15. It may be necessary to exceed the target 
Pplat under these conditions.

Keep Pplat 	 30 cm H 2O. Measure Pplat at least every 8 hours, and 5 minutes after each change in PEEP or VT, and more frequently when 
changes in lung compliance are likely. Accurate measurement of Pplat requires a patient who is not moving or coughing.

If Pplat cannot be measured because of an air leak, peak inspiratory pressure may be substituted.

Target ranges for PaO2 are 55…80 mm Hg, or SaO2 � 88%. The combination of PEEP and FIO2 is discretionary, but FIO2:PEEP should gen-
erally be 	5 if F IO2 � 0.45.

When increasing PEEP above 10 cm H2O, increase by 2…5 cm increments up to a maximum of 35 cm H2O, until target ranges for PaO2 are 
reached. Reduce PEEP to the previous level of PEEP if the change does not increase PaO2 � 5 mm Hg or if decreased oxygen delivery re-
sults from a decrease of cardiac output.

Assess arterial oxygenation by blood gas determination or oximetry at least every 4 hours.
If arterial oxygenation is below the target range, increase FIO2 incrementally (up to 1.0), then PEEP (up to 35 cm H2O within 30 min). Re-
assess every 15 min after each adjustment until target ranges for PaO2 are regained. Brief periods of SaO2 	 88% (	5 min) may be toler-
ated. FIO2 � 1.0 may be used transiently (	10 min) for arterial desaturation or during suctioning or bronchoscopy.

PEEP, Positive end-expiratory pressure.
Adapted from Nathens AB, Johnson JL, Mine JP, et al. In” ammation and the Host Response to Injury Investigators: In” ammation and the host response to in-
jury, a large-scale collaborative project: patient-oriented research core„standard operating procedures for clinical care. I. Guidelines for mechanical ventila-
tion of the trauma patient. J Trauma 59:764…769, 2005.

612 FUNDAMENTALS OF MECHANICAL VENTILATION
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The incidence of VILI increases markedly when Pplat is high. Low VT 
ventilation may lead to an increase in PaCO2. Acceptance of elevated 
CO2 tension in exchange for controlled alveolar pressure is termed 
•permissive hypercapnia.Ž It is important to focus on pH rather than 
PaCO2 if this approach is employed. If the pH falls below 7.25, increase 
VE or administer NaHCO3.

The f that is set depends on the mode. With ACV, the backup rate 
should be about four breaths per minute less than the patient•s spon-
taneous rate to ensure that the ventilator will continue to supply 
adequate VE should the patient have a sudden decrease in spontane-
ous breathing. With SIMV, the rate is typically high at “ rst and then 
decreased gradually in accordance with patient tolerance.

An inspiratory ” ow rate of 60 l/min is used with most patients 
during ACV and SIMV. In patients with chronic obstructive pulmo-
nary disease, better gas exchange may be achieved at a ” ow rate of 
100 l/min, probably because the resulting increase in E allows for 
more complete emptying of trapped gas. If the ” ow rate is insuf“ -
cient to meet the patient•s requirements, the patient will strain 
against his or her own pulmonary impedance and that of the ventila-
tor, with a consequent increase in the work of breathing.

In the ACV, SIMV, and pressure control modes (discussed in the 
next chapter), the patient must lower airway pressure below a preset 
threshold (usually minus 1…2 cm H2O) in order to trigger the ventila-
tor to deliver a tidal breath. In most situations, this is straightfor-
ward; the more negative the sensitivity the greater the effort de-
manded of the patient. When auto-PEEP is present, the patient must 
lower alveolar pressure by the amount of auto-PEEP in order to have 
any impact on airway opening pressure, and then further by the trig-
ger amount to initiate a breath, increasing dramatically the work of 
breathing. Flow triggering systems have been used to reduce the work 
of triggering the ventilator. In contrast to the usual approach in 
which the patient must open a demand valve in order to receive 
assistance, continuous ” ow systems maintain a high continuous 
” ow, and then further augment ” ow when the patient initiates a 
breath. These systems reduce the work of breathing slightly below 
that present using conventional demand valves, but do not solve the 
triggering problem when breath stacking occurs.

Sedation

Most patients who require mechanical ventilation will require se-
dation, but only a minority (� 10%) will also require neuromuscu-
lar blockade. A panoply of agents are available for both (Table 4), 
so the choice of agent can be individualized for the patient, but 
caution must be exercised so that patients receive only what they 
need and are not oversedated. Titration of sedation such that pa-
tients are comfortable is facilitated by ordering sedation to be ti-
trated to a sedation score of 3…4 points on the Ramsay or Riker 
scale (Table 5). Intermittent doses of sedatives are preferred to 
continuous infusions, also to attempt to minimize the amount of 
sedation. Neuromuscular blockade should be avoided whenever 
possible.

Prolonged or excessive sedation increases the duration of me-
chanical ventilation and increases the likelihood of tracheostomy. 
Protocolized weaning of sedative medications and daily sedation 
•holidaysŽ to permit spontaneous breathing trials (see following) 
shorten the duration of mechanical ventilation and decrease the risk 
of VAP and other complications.

MONITORING

Blood Gases

Blood gas analyzers report a wide range of results, but the only pa-
rameters measured directly are the partial pressures of oxygen (pO2) 
and carbon dioxide (pCO2), and blood pH. The arterial blood 

hemoglobin saturation (SaO2) is calculated from the pO2 using the 
oxyhemoglobin dissociation curve, assuming a normal P50 (the pO2 
at which SaO2 is 50%, normally 26.6 mm Hg), and that hemoglobin 
is normal structurally. Some blood gas analyzers incorporate a co-
oximeter that measures the various forms of hemoglobin directly, 
including oxyhemoglobin, total hemoglobin, carboxyhemoglobin, 
and methemoglobin. The actual HCO3

…, standard HCO3…, and base 
excess are calculated from the pH and pCO2.

A freshly drawn, heparinized, bubble-free arterial blood sample is 
required. Heparin is acidic; if present to excess, the measured pCO2 
and calculated HCO3… are reduced spuriously. Delayed analysis al-
lows continued metabolism by erythrocytes, reducing pH and pO2 
and increasing pCO2; keeping the specimen iced preserves accuracy 
for up to 1 hour. Air bubbles cause a decrease in pCO2 and an in-
crease in pO2.

The solubility of all gases in blood, including CO2 and O2, in-
creases with a decrease in temperature. Thus, hypothermia causes the 
pO2 and pCO2 to decrease and pH to increase. As analysis of a sample 
taken from a hypothermic patient occurs at 37° C, the pO2 and pCO2 
results are arti“ cially high, but the error is usually too small to be 
meaningful clinically.

Pulse Oximetry

Pulse oximetry calculates SaO2 by estimating the difference in inten-
sity of signal between oxygenated and deoxygenated blood from the 
red (660 nm) and near-infrared (940 nm) regions of the light spec-
trum. To function accurately, pulse oximetry must detect pulsatile 
blood ” ow, but all things being equal, pulse oximetry data can be 
obtained from a detector on the “ nger, the earlobe, or even the fore-
head. Pulse oximetry is generally accurate (�2%) over the range of 
SaO2 70%…100%, but less accurate below 70%.

Several aspects of the technology and patient physiology limit 
the accuracy of pulse oximetry. If the device cannot detect pulsa-
tile ” ow, the waveform will be damped and unable to provide an 
accurate estimation. Consequently, patients with hypothermia, 
hypotension, hypovolemia, or peripheral vascular disease, or who 
are treated with vasoconstrictor medications (e.g., norepineph-
rine), may have inaccurate pulse oximetry readings. Additionally, 
an elevated carboxyhemoglobin concentration will lead to falsely 
elevated SaO2 because re” ected light is absorbed at the same wave-
length as oxygenated hemoglobin. Other situations contributing 
to inaccurate pulse oximetry include the presence of ambient light 
and motion artifact.

Capnography

Capnography measures changes in the concentration of CO2 in 
expired gas during the ventilatory cycle. This technique is most 
reliable in ventilated patients and employs either mass spectros-
copy or infrared light absorption to detect the presence of CO2. 
The gas may be collected by sidestream or mainstream sampling; 
the former is most common and has the advantage of a light-
weight analyzer. However, sidestream sampling is susceptible to 
accumulation of water vapor in the sampling line. In the ICU, 
where respiratory gases are humidi“ ed, mainstream sampling may 
be preferable.

The peak CO2 concentration occurs at end-exhalation and is re-
garded as the patient•s •end-tidal CO2Ž (ETCO2), at which time 
ETCO2 is in close approximation to the alveolar gas concentration. 
Capnography is useful in the assessment of successful tracheostomy 
or endotracheal tube placement, to monitor weaning from mechani-
cal ventilation, and as a monitor of resuscitation. The ability to detect 
hypercarbia during ventilator weaning can diminish the need for se-
rial blood gas measurements. In conjunction with pulse oximetry, 
many patients can be weaned successfully from mechanical ventila-
tion, without reliance upon arterial blood gases or invasive hemody-
namic monitoring.
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Table 4: Selected Formulary for Analgesia, Anesthesia, and Sedation in the Intensive Care Unit

Agent Initial IV Adult Dose Comments

Induction Agents

Etomidate �6 mg Maintains CO and BP. Reduces ICP but maintains CPP. Short T1/2; use infusion for 
maintenance. Possible adrenal suppression.

Ketamine 1…2 mg/kg Rapid-onset, short-duration agent for induction of anesthesia. Can be given by 
maintaining continuous infusion, and at lower dose for sedation without 
anesthesia. Transiently increases BP and HR, raises ICP and intraocular pressure. 
Usually does not depress breathing. Generally safe in pregnancy and for neonates 
and children. Concurrent narcotics or barbiturates may prolong recovery. Can 
cause anxiety, disorientation, dysphoria, and hallucinations, which may be re-
duced by a short-acting benzodiazepine during emergence. Atropine pretreat-
ment is recommended to decrease secretions, but may increase incidence of 
dysphoria. Hepatic metabolism.

Propofol 1.5…2.5 mg/kg Provides no analgesia. Potent amnestic effect. Causes apnea and loss of gag re” ex. 
Can cause marked low BP. Infuse at 0.05…0.3 mg/kg/min for prolonged sedation. 
Minimal accumulation (hepatic insuf“ ciency) facilitates rapid elimination. Account 
for 1 kCal/ml (lipid infusion) in nutrition prescription. Use of same vial �12 hours 
associated with bacteremia. Safety for children still debated.

Intravenous Sedatives/Analgesics

Midazolam 0.5…4 mg Short T1/2, but accumulates during infusion owing to active metabolites. Only benzo-
diazepine with potent amnestic effect. Can cause low BP and loss of airway. Primary 
use is short-term sedation for ICU procedures. Renal elimination.

Lorazepam 1…4 mg Effective anxiolytic. Preferred agent for continuous infusion of benzodiazepine 
(starting dose 1 mg/hr). Can cause low BP, especially with hypovolemia, and para-
doxical agitation. Hepatic elimination.

Morphine 2…10 mg Analgesic and sedative effects. Can cause low BP, CO, and apnea. Tolerance and with-
drawal possible after long-term use. Can be given as IV infusion or by PCA for 
analgesia or to facilitate prolonged mechanical ventilation or withdrawal of care. 
Hepatic elimination.

Hydromorphone 0.5…2.0 mg Hydrated ketone of morphine with similar use and risk pro“ les. Approximately 
eight-fold more potent than morphine. Hepatic elimination.

Fentanyl 50…100 mcg Approximately 50-fold potency compared with morphine, but less likely to cause low 
BP in appropriate dosage (less histamine release). Versatile for ICU use given IV or 
by epidural infusion or PCA. Less potent than local anesthetics for epidural analge-
sia or abrogation of surgical stress response. Can cause truncal rigidity and apnea 
with inability to ventilate by hand (use neuromuscular blockade to facilitate intuba-
tion in that setting). Hepatic elimination.

Neuromuscular Blocking Agents

Succinylcholine 0.75…1.5 mg/kg Only depolarizing NBMA (occupies ACh receptor). Rapid onset, effect dissipates 
within 10 minutes of single dose. Causes hyperkalemia. Can precipitate 
malignant hyperthermia. Increases ICP and intraocular pressure. Contraindi-
cated in TBI, spinal cord injury, neuromuscular disease, and burns. Metabolized 
by plasma cholinesterase; absence of enzyme (relatively common) causes 
prolonged paralysis.

Atracurium 0.2…0.5 mg/kg Short-acting nondepolarizing NMBAs (competitive inhibitor of ACh).
Cisatracurium 0.2…0.5 mg/kg Relatively slow in onset (also competitive inhibitor of ACh). Atracurium and cisatra-

curium are similar, except that the former causes histamine release and can cause 
high HR and low BP. Cisatracurium now used preferentially. Short acting, requires 
IV infusion for prolonged effect. Effect potentiated by hypokalemia. Many drug in-
teractions. Metabolized by Hoffman elimination/ester hydrolysis, and is thus used 
for patients with renal/hepatic insuf“ ciency.

Pancuronium 0.05…0.1 mg Rapid onset, prolonged effect. Causes increased BP and HR. Used for induction of 
neuromuscular blockade, but should be converted to a drug such as continuous-
infusion cisatracurium for maintenance. Renal/hepatic elimination, accumulates in 
organ dysfunction.

Vecuronium 0.08…0.10 mg/kg Nondepolarizing NMBA with rapid onset and short duration of action. Less poten-
tial for histamine release. Can cause malignant hyperthermia. Metabolized by liver.
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Other information is acquired from capnography as well. Prog-
nostically, an ETCO2-PaCO2 gradient of 13 mm Hg or more after 
resuscitation has been associated with increased mortality in trauma 
patients. A sudden decrease or even disappearance of ETCO2 can be 
correlated with potentially serious pathology or events, such as a low 
cardiac output state, disconnection from the ventilator, or pulmo-
nary thromboembolism. A gradual increase of ETCO2 can be seen 
with hypoventilation; the converse is also true. Another cause of 
gradually decreasing ETCO2 is hypovolemia.

INVASIVE HEMODYNAMIC 
MONITORING

Arterial Catheterization

Measurement of arterial blood pressure is one of the simplest, 
most reproducible methods of evaluating hemodynamics. 
Automated noninvasive blood pressure cuff devices are accurate 
(error, 
 2%), but take measurements only periodically. If ” uctua-

tions require more frequent monitoring, continuous monitoring 
is available via an indwelling arterial catheter. Indications for 
invasive arterial monitoring include prolonged operations or pro-
longed mechanical ventilation (� 24 hours), unstable hemody-
namics, substantial blood loss, a need for frequent blood sampling, 
or a need for precise blood pressure control, (e.g., neurosurgical 
patients, patients on cardiopulmonary bypass). Although there is 
morbidity from insertion and from indwelling catheters, there 
is also morbidity from repetitive arterial punctures; the risk:ben-
e“ t analysis is a matter of clinical judgment for •less-unstableŽ 
patients.

Arterial catheters may be placed in any of several locations. The 
catheter should be a special-purpose thin-walled catheter to main-
tain “ delity of the waveform and to avoid obstructing the vessel 
lumen; a standard intravenous cannula should not be used. The 
radial artery at the wrist is the most commonly used site; although 
the ulnar artery is usually of larger diameter, it is relatively inacces-
sible percutaneously. Careful con“ rmation of a patent collateral 
circulation to the hand is mandatory before cannulation of an ar-
tery at the wrist, to minimize potential tissue loss from arterial 
occlusion or embolization. In neonates, the umbilical artery may 

Miscellaneous Agents

Dexmedetomidine 1 mcg/kg load, then 
0.2…0.7 mcg/kg/hr

Central selective �2 agonist used for short-term (	24 hours) sedation. Sympatholysis 
lowers HR and BP. Can achieve light sedation, does not depress respirations. No an-
amnestic effect. Useful for drug/alcohol withdrawal and sedation when liberation 
from mechanical ventilation is imminent. Expensive.

Haloperidol 2…5 mg Used commonly for anxiolysis (often over lorazepam), especially when respiratory 
depression is undesirable. IV administration, not FDA-approved, is commonplace. 
Antidopaminergic properties contraindicate use in Parkinson disease. Causes extra-
pyramidal effects. Hepatic elimination.

Ketorolac 0.5…1.0 mg/kg Parenteral NSAID used in lieu of opioids or for opioid-sparing effect in combination. 
Irreversible platelet dysfunction; can cause incisional or GI hemorrhage and acute 
renal failure. Use strictly limited to less than 5 days in postoperative period.

Reversal Agents

Flumazenil 0.1…0.2 mg Benzodiazepine antagonist. Rapid onset and short duration. Adverse effect 
of benzodiazepine can persist after drug wears off. Repeated doses of up to 
0.8 mg can be used. Abrupt antagonism of chronic benzodiazepine use can 
precipitate seizures.

Naloxone 0.4 mg Opioid antagonist. Rapid onset and short duration. Often diluted 0.4 mg/10 ml and 
titrated 0.04…0.08 mg at a time to reverse undesirable side effects while preserving 
analgesia. Repeated doses of up to 0.4 mg or continuous IV infusion can be used. 
Abrupt opioid antagonism can precipitate hypertension, increased HR, pulmonary 
edema, or myocardial infarction.

Edrophonium with 
atropine

0.5…1.0 mg/kg
0.007…0.014 mg/kg

Anticholinesterase inhibitor with antidysrhythmic properties. Rapid onset, short du-
ration; therefore used usually in concert with atropine, which counteracts the in-
creased secretions, decreased HR, and bronchospasm. Not effective for reversal of 
neuromuscular blockade caused by depolarizing agents. Renal and hepatic elimina-
tion (edrophonium). Atropine may cause fever.

Neostigmine with 
glycopyrrolate

0.5-2.0 mg
0.1-0.2 mg

Neostigmine causes salivation and severe low HR. May cause laryngospasm or bron-
chospasm. Renal metabolism. Not effective for reversal of neuromuscular blockade 
caused by depolarizing agents. Because of profound low HR, given in same syringe 
with glycopyrrolate (or sometimes atropine). Glycopyrrolate counteracts low HR, 
and unopposed causes increased HR. May cause fever. Glycopyrrolate is contraindi-
cated in GI ileus/obstruction and in neonates.

ACh, Acetylcholine; BP, blood pressure; CO, cardiac output; CPP, cerebral perfusion pressure; ICP, intracranial pressure; FDA, U.S. Food and Drug Adminis-
tration; GI, gastrointestinal; HR, heart rate; IV, intravenous; NBMA, neuromuscular blocking agent; NSAID, nonsteroidal anti-in” ammatory drug; PCA, 
patient-controlled analgesia; T½, elimination half-life; TBI, traumatic brain injury; VO2, oxygen consumption.
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be catheterized; intestinal ischemia is a rare complication. The 
axillary artery is relatively spared by atheromata, supported by 
good collaterals at the shoulder, and easy to cannulate percutane-
ously, making it a suitable choice. The super“ cial femoral artery 
may also be used, but is not a location of choice because the bur-
den of plaque (and therefore the risk of distal embolization) is 
higher, as is the infection rate. The super“ cial temporal artery is 
dif“ cult to cannulate because of small caliber and tortuosity. The 
dorsalis pedis artery is accessible, but should be avoided in patients 
with peripheral vascular disease. The brachial artery should be 
strictly avoided, because the collateral circulation around the el-
bow is poor and the risk of ischemia of the hand or forearm is 
high. Severe peripheral vasoconstriction due to vasopressor ther-
apy may necessitate a longer catheter at a more central location 
(e.g., axillary, femoral) in order to place the catheter tip into an 
artery in the torso that would be less affected. Nosocomial infec-
tion of arterial catheters is unusual, provided that basic tenets of 
infection control are honored and femoral artery catheterization is 
avoided. Other complications from arterial catheterization include 
bleeding, hematoma, and pseudoaneurysm.

Central Venous Pressure Monitoring

The central venous pressure (CVP) is an interplay of the circulating 
blood volume, venous tone, and right ventricular function. The 
CVP measures the “ lling pressure of the right ventricle, providing 
an estimate of intravascular volume status. Central venous access 
can be obtained via the basilic, femoral, external jugular, internal 
jugular, or subclavian vein. In the ICU, the internal jugular, subcla-
vian, and femoral veins are used in decreasing frequency. The inter-

nal jugular site is the most popular because of ease of accessibility, 
a high technical success rate of cannulation, and a low rate of com-
plications. However, it is dif“ cult to keep an adherent dressing in 
place, and the infection rate is higher than for subclavian catheters. 
Subclavian insertion is technically demanding, and has the highest 
rate of pneumothorax (1.5%…3%), but the lowest rates of infection. 
The femoral vein site is least preferred, despite the relative ease of 
catheter placement. It is accessible during cardiopulmonary resus-
citation or emergency intubation, so procedures can occur concur-
rently. However, the site is particularly prone to infection, and the 
risks of arterial puncture (9%…15%) and venous thromboembolic 
complications are higher than for jugular or subclavian venipunc-
ture. Overall complications are comparable for internal jugular and 
subclavian vein cannulation (6%…12%), and higher for femoral 
vein cannulation (13%…19%). The incidence of carotid puncture 
during internal jugular cannulation (6%…9%) is higher than the 
incidence of puncture of the subclavian artery during subclavian 
vein catheterization (3%…5%).

PULMONARY ARTERY 
CATHETERIZATION

A pulmonary artery catheter (PAC) is a balloon-tipped, ” ow-
directed catheter that is usually inserted percutaneously via a central 
vein and transits the right heart into the PA. Data from PACs are used 
mainly to determine cardiac output (Q) and preload, which is most 
commonly estimated in the clinical setting by the PA occlusion pres-
sure (PAOP). Pulmonary artery diastolic pressure corresponds well 
to the PAOP. Diastolic pressure can exceed the PAOP when pulmo-
nary vascular resistance is high (e.g., pulmonary “ brosis, pulmonary 
hypertension).

Normally, PAOP approximates left atrial pressure, which in turn 
approximates left ventricular end-diastolic pressure (LVEDP), itself a 
re” ection of left ventricular end-diastolic volume (LVEDV). The 
LVEDV represents preload, which is the actual target parameter. Fac-
tors that may cause PAOP to re” ect LVEDV inaccurately include 
mitral stenosis, high levels of PEEP (�10 cm H 2O), and changes in 
left ventricular compliance (e.g., due to myocardial infarction, peri-
cardial effusion, or increased afterload). Inaccurate readings may re-
sult from balloon overin” ation, improper catheter position, alveolar 
pressure exceeding pulmonary venous pressure (as with ventilation 
with PEEP), or severe pulmonary hypertension (which may make 
PAOP measurement hazardous). Elevated PAOP occurs in left-sided 
heart failure. Decreased PAOP occurs with hypovolemia or decreased 
preload.

A desirable feature of PA catheterization is the ability to measure 
mixed venous oxygen saturation (SmvO2), although controversially, 
sampling from the superior vena cava via a central venous catheter 
may provide data of comparable utility. True mixed venous blood is 
blood from both the superior and inferior vena cava admixed in the 
right atrium, which may be sampled for blood gas analysis from the 
distal port of the PAC. Some catheters have embedded “ beroptic sen-
sors that measure SmvO2 directly. Causes of low SmvO2 include 
anemia, pulmonary disease, carboxyhemoglobinemia, low Q, and 
increased tissue oxygen demand. The SaO2:(SaO2 … SmvO2) ratio 
determines the adequacy of O2 delivery (DO2). Ideally the PmvO2 
should be 35…40 mm Hg, with a SmvO2 of about 70%. Values of PmvO2 
	 30 mm Hg are critically low.

CLINICAL USE OF THE PULMONARY 
ARTERY CATHETER

Many indications have been championed for the PAC, but no studies 
have demonstrated unequivocally that PAC use decreases morbidity 
or mortality. Pulmonary artery catheters may still be useful in 
cardiomyopathy, shock of various etiologies, suspected pulmonary 

Table 5: Sedation Scales in Common Usage

Value Clinical Correlate

Ramsay Sedation Score

Awake scores 1…3 1 Anxious, agitated, or restless
2 Cooperative, oriented, tranquil
3 Responsive to commands

Asleep scores 4…6 4 Brisk response to stimulusa

5 Sluggish response to stimulus
6 No response to stimulus

Riker Sedation-Agitation Scale

Dangerous agitation 7 Pulling at catheters, striking 
staff

Very agitated 6 Does not calm to voice, re-
quires restraint

Agitated 5 Anxious, responds to verbal 
cues

Calm and cooperative 4 Calm, awakens easily, follows 
commands

Sedated 3 Awakens to stimulus
Very sedated 2 Arouses to stimulus, does not 

follow commands
Unarousable 1 Minimal or no response to 

noxious stimulus

aStimulus is light glabellar tap or loud auditory stimulus.
Adapted from Ramsay M, Savege T, Simpson B, et al: Controlled sedation 
with alphaxalon-alphadolone. BMJ 2:656…659, 1974; and Riker RR, Picard 
JT, Fraser GL: Prospective evaluation of the Sedation-Agitation Scale for 
adult critically ill patients. Crit Care Med 27:1325…1329, 1999.
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hypertension, or an unpredicted or poor response to conventional 
” uid therapy. Transesophageal echocardiography is an alternative, 
but it is not widely available outside cardiac surgery operating 
rooms. Critically ill patients receiving inotropic agents despite re-
suscitation with large volumes of ” uid may also bene“ t from moni-
toring by PAC. However, a recent ARDSnet trial demonstrated no 
differences in outcome when ALI/ARDS was managed by PAC ver-
sus CVP monitoring.

LIBERATION FROM MECHANICAL 
VENTILATION

Objective measures and proactive strategies are available to hasten 
the moment when mechanically ventilated patients can be liberated 
from the ventilator. The stakes are high, because each day of me-
chanical ventilation via arti“ cial airway (e.g., endotracheal or trache-
ostomy tube) increases the need for sedation, which may postpone 
•liberation day.Ž Moreover, each day of mechanical ventilation in-
creases the risk of VAP, which may prolong further the need for me-
chanical ventilation.

Some patients do not separate readily from the ventilator, 
which may be due to disease- or therapy-related reasons. Most 
clinical cases of failed liberation from the ventilator are multifac-
torial, but respiratory muscle fatigue is a common factor, in that 
the load on the respiratory system exceeds the capacity to breathe 
(Table 6). The increased load may take the form of a demand for 
increased VE, or increased work of breathing. Increased VE may 
result from increased CO2 production, increased dead space (VD) 
ventilation, or increased ventilatory drive. Increased CO2 produc-
tion may be caused by a catabolic state, or excess carbohydrate 
administered during nutritional support. Increased VD (ventila-
tion of unperfused or under-perfused lung) may be caused by de-
creased Q, pulmonary embolism, pulmonary hypertension, severe 
ALI, or iatrogenically from positive-pressure ventilation. Increased 
ventilatory drive may occur from muscle fatigue or failure, stimu-
lation of pulmonary J receptors (usually by lung in” ammation or 
parenchymal hemorrhage), or lesions of the central nervous sys-
tem. Psychological stress is also an important factor that may 
manifest itself as tachypnea, hypoxemia, or agitation or delirium. 
Stress may be caused by inadequate analgesia or sedation, or un-
treated delirium. Acute alcohol or drug withdrawal is a major fac-
tor in some patients.

Increased work of breathing results from either increased 
air” ow resistance or decreased thoracic compliance. Airway 
obstruction can result from reversible small airways disease 
(e.g., bronchospasm), tracheal stenosis, tracheomalacia, glottic 
edema or dysfunction, mucus plugging, or muscle weakness or 
fatigue. Muscle dysfunction may be caused by nutritional or meta-
bolic causes (including hypocalcemia, hypokalemia, or hypophos-

phatemia). The critical illness polyneuropathy syndrome has poorly 
understood pathophysiology, but is associated with sepsis and 
multiple organ dysfunction syndrome, and is often diagnosed 
when sought speci“ cally by electromyography. Other potential 
causes of muscular failure or weakness include hypoxemia, hyper-
carbia, and possible anemia.

Patients who •“ ghtŽ the ventilator technically have the syn-
drome of patient…ventilator dyssynchrony. The cause can usually be 
found and must be sought; to sedate the patient more deeply (or 
administer neuromuscular blockade) before correctable causes are 
identi“ ed and remedied is incorrect and may be catastrophic if an 
unstable airway is the cause. A systematic approach to evaluation 
is advocated; recognizing that the patient and the ventilator are 
supposed to be working in concert facilitates an understanding 
that the problem may be the patient or the ventilator. The cause 
may be found anywhere on the continuum from the alveolus to 
the power outlet or the source of respiratory gases, and must be 
sought systematically (Table 7). The “ rst step is always to ensure 
that the patient has a patent airway that is positioned properly.

Liberation from mechanical ventilation can be easy in patients 
requiring short-term support. However, as many as 25% of 

Table 6: Load on Respiratory System

Demand for increased minute ventilation
Increased carbon dioxide production
Increased dead space ventilation
Increased ventilatory drive
Increased work of breathing
Airway obstruction
Decreased respiratory system compliance
Decreased respiratory system capacity
Impaired central drive to breathe
Integrity of phrenic nerve transmission
Impaired respiratory muscle force generation

Table 7: Therapies to Reverse Ventilatory Failure

Improve muscular function
Treat sepsis„avoid aminoglycosides
Nutritional support without overfeeding (follow indirect calo-
rimetry)

Replete electrolytes to normal
Assure periods of rest„do not exhaust the patient
Limit neuromuscular blockade
Avoid oversedation
Identify/correct hypothyroidism
Reduce respiratory load
Airway resistance Ensure airway patency/adequate 

caliber
Compliance (elastance) Treat pneumonia

Treat pulmonary edema
Identify/reduce intrinsic PEEP 
(auto-PEEP)

Drain large pleural effusions
Evacuate pneumothorax
Treat ileus (promotility agents)
Decompress abdominal distention/
treat abdominal compartment 
syndrome

Position patient 30 degrees head up
Minute ventilation Treat sepsis

Antipyresis (temperature �40° C)
Avoid overfeeding
Correct metabolic acidosis
Identify/reduce intrinsic PEEP 
(auto-PEEP)

Bronchodilators
Maintain least possible PEEP
Resuscitate shock/correct 
hypovolemia

Identify and treat pulmonary 
embolism

PEEP, Positive end-expiratory pressure.
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patients will experience respiratory distress such that ventilation 
has to be reinstituted; patients recovering from acute respiratory 
failure, necrotizing pneumonia, or major torso trauma can be es-
pecially challenging. Patients who cannot be weaned have a char-
acteristic response to trials of spontaneous breathing: there is 
an almost immediate increase in respiratory rate and decrease 
in VT. As the trial of spontaneous breathing continues over 
30…60 minutes, work of breathing increases substantially by four- 
to seven-fold. Increased oxygen demand is met by increased oxy-
gen extraction, which eventually causes decreased DO2 and arterial 
hypoxemia. Pulmonary compliance decreases, and gas trapping 
from lengthened I:E doubles measured auto-PEEP. The rapid, 
shallow breathing pattern causes CO2 retention because of in-
creased dead space ventilation despite increased VE. There is con-
siderable cardiovascular stress also, with pulmonary and systemic 
hypertension and increased afterload on both ventricles, likely 
from the extreme changes in intrathoracic pressure generated by 
the struggling patient.

Timing is important; if weaning is delayed unnecessarily, the 
patient remains at risk for a host of ventilator-associated complica-
tions. If weaning is performed prematurely, failure may lead to car-
diopulmonary decompensation and further prolonged mechanical 
ventilation. In general, discontinuation of mechanical ventilation 
is not attempted in the setting of cardiopulmonary instability or 
PaO2 	  60 mm Hg with an FIO2 of 0.60 or higher. However, satisfac-
tory oxygenation does not predict successful weaning reliably; 
rather, a more important determinant is the ability of respiratory 
muscles to perform increased respiratory work. Decisions based 
solely on clinical judgment are frequently erroneous. Parameters 
gathered traditionally, including maximal negative inspiratory pres-
sure, vital capacity, and VE, have limited predictive accuracy. Respi-
ratory frequency (f)/VT during 1 minute of spontaneous breathing 
(the Rapid Shallow Breathing Index) is a more accurate predictor 
(95% probability of success) if f/VT is less than 80 after a 30-minute 
trial of spontaneous breathing. Calculation of f/VT during PSV is 
considerably less accurate.

The process of weaning begins by determining patient readiness 
(Figure 1). Patients should be screened carefully for hemodynamic 
stability, cooperative mental status, respiratory muscle strength, 
consistent and adequate wakefulness, ability to manage secretions, 
nutritional repletion and normalization of acid…base and electrolyte 
status, and an arti“ cial airway of adequate size. Particular attention 
should be given to acceptance of hypercapnia if chronically present 
and avoidance of new metabolic alkalosis. Finally, ensure normality 
of electrolytes affecting muscle function (e.g., calcium, phosphate, 
and potassium). If the aforementioned conditions are addressed, 
weaning may be attempted.

There are four methods of weaning. Simplest is to perform 
spontaneous breathing trials each day with a T-piece circuit pro-
viding oxygen-enriched gas. Initially brief (5…10 minutes), the 
trials can be increased in frequency and duration until the patient 
can breathe spontaneously for several hours. An alternative is to 
perform a single daily T-piece trial of up to 2 hours in duration; if 
successful, the patient is extubated; if not, the next attempt is the 
following day. Much more common (and popular) are SIMV and 
PSV, which in fact are often combined. Ventilatory assistance is 
decreased gradually by decreasing f or the amount of pressure. 
When combined, f is set to zero before the level of pressure is de-
creased. Pressure support of 5…8 cm H2O is used widely to com-
pensate for the resistance inherent in the ventilator circuit, and 
patients who can breathe comfortably at that level should be able 
to be extubated, although the minimal level of assistance in these 
modes has never been well de“ ned. Randomized, controlled trials 
indicate that the process of weaning takes up to three times as long 
when IMV is used rather than trials of spontaneous breathing. Ap-
proximately 10%…20% of patients require reintubation, de“ ning a 
subgroup of patients with mortality that is six-fold higher, which 

may be a marker of more severe underlying illness. Use of NIV 
following extubation may improve the likelihood of successful 
extubation.

SPECIAL AIRWAY CONSIDERATIONS

Unplanned Extubation

Unplanned extubation (usually by the patient) is a morbid event 
that occurs in approximately 10% of patients receiving mechanical 
ventilation. Risk factors include chronic respiratory failure, poor 
“ xation of the airway device, orotracheal intubation (which is de-
cidedly uncomfortable), and inadequate sedation. The associated 
complications include reintubation (required in one-half of cases), 
pneumonia, vocal cord trauma, and rarely, loss of the airway with 
attendant cardiovascular and neurologic complications. Reintuba-
tion is more likely in the setting of accidental extubation, decreased 
mentation, occurrence outside a process of active weaning, and 
PaO2: FIO2 	  200. The risk of unplanned extubation can be reduced 
by adequate, appropriate sedation, vigilance during positioning of 
the patient and bedside procedures, durable “ xation of the airway 
device, and daily screening and assessment of patient readiness for 
liberation from the ventilator.

Reintubation

Approximately 20% of patients will require reintubation, which 
can occur even if protocols are followed and the patient meets all 
criteria for extubation. The rate varies widely among units; a rate 
that is •too lowŽ may imply that patients are not being weaned ag-
gressively enough, whereas a rate that is •too highŽ may re” ect a 
high proportion of patients with neurologic impairment, who are 
at highest risk. Interestingly, weaning protocols, which are de-
signed to liberate patients from mechanical ventilation sooner, are 
associated paradoxically with lower rates of reintubation. Reintu-
bation may be a marker of severity of illness, but it is associated 
with substantially increased risks of pneumonia and death. The 
cause may either be airway compromise or failure of lung/chest 
wall mechanics (weaning failure).

Tracheostomy

Identifying patients who will not be able to be removed from the venti-
lator is challenging. Possible reasons include airway obstruction, anxiety 
or agitation (requiring heavy doses of sedatives), aspiration syndromes, 
alkalosis, bronchospasm/wheezing, chronic obstructive pulmonary dis-
ease, critical illness polyneuropathy or other forms of neuromuscular 
disease, electrolyte abnormalities heart disease, hypothyroidism, mor-
bid obesity, nutrition (over- or under-feeding), opioids, oversedation, 
pleural effusion (if large), pulmonary edema, and sepsis.

The timing of tracheostomy remains controversial. There is no 
consensus de“ nition of when a tracheostomy is •earlyŽ (	 10 days?) or 
•lateŽ (� 21 days?), although trends are toward earlier performance, 
with decreased sedation requirements and risk of pneumonia, greater 
patient comfort, and facilitated weaning subsequently. The shorter 
tube decreases airway resistance and work of breathing, and facilitates 
pulmonary toilet by suctioning. Percutaneous tracheostomy has de-
creased the morbidity of tracheostomy substantially. However, mod-
ern high-volume, low-pressure cuffs on endotracheal tubes permit 
translaryngeal intubation for several weeks with relative safety. Pa-
tients who are unstable hemodynamically, coagulopathic, or on high 
levels of PEEP may bene“ t from having tracheostomy postponed 
until they are more stable.
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Figure 1 Cornell protocol for liberation from mechanical ventilation.

Screening (performed at least once daily, usually in early AM, by
respiratory therapist, nurse, or physician, according to local protocol)

Resolution of the underlying disease process
No vasopressors or sedative infusions (except propofol or dexmetetomidine).

No neuromuscular blocking agents. Intermittent doses of sedatives are
permissible. No active myocardial ischemia or cardiac rhythm disturbances.

VE < 15 l/min
PaO2:FlO2 > 120 on FlO2 < 0.55

PaCO2 < 50 mm Hg
Physiologic pH (7.30…7.50)

PEEP < 8 cm H2O
Pressure support < 8 cm H2O

Adequate cough/clear

Proceed with spontaneous breathing trial…turn off enteral feedings
and monitor serum glucose concentration closely, especially if

on continuous infusion of insulin

Spontaneous breathing trial
Calculate RSBI; target <105

Return to
screening

Yes No

Return to
screening

Does not require suctioning more than every 4 hr 
Present evidence of ability to protect airway (cough, gag re”ex)

No evidence of upper airway obstruction in previous 48 hr
No history of reintubation for excessive tracheal secretions in previous 48 hr

T-piece trial (optional)

Extubate

Pass Fail

Return to screening…
treat to reduce respiratory load

Continue spontaneous breathing trial

CPAP with ”ow-by trigger, no change in CPAP or F lO2 over course
of 1 hour trial
Failure criteria:

RR > 35 breaths/min for 5 min
SaO2 < 90% for 30 sec or more

HR > 140 beats/min, or sustained ® > 20% in either direction 
BPsyst > 180 mm Hg or < 90 mm Hg

Increased anxiety, agitation, or diaphoresis

Yes No

ance of secretions
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ADVANCED TECHNIQUES 
IN MECHANICAL VENTILATION
Mark M. Melendez, Marc J. Shapiro, 
Soumitra R. Eachempati, and Philip S. Barie

since the introduction of mechanical ventilation using a bicycle 
tire and bellows about 50 years ago, the science and art of respi-

ratory therapy has advanced dramatically„allowing the clinician to 
ventilate and oxygenate patients who would have died in the past due 
to limitations of man and machine. This chapter focuses on recent 
advances and future considerations in ventilatory support to allow 
further improvements in respiratory care and survival from acute 
lung injury (ALI), acute respiratory distress syndrome (ARDS), and 
chronic respiratory failure.

IMPROVING OXYGENATION 
AND PREVENTING ACUTE LUNG 
INJURY

Providing adequate oxygen delivery (DO2) with minimal barotrauma 
is the primary goal of mechanical ventilation for patients with all 
types of pulmonary pathology, as well as for those with normal lungs. 
Noninvasive ventilation (NIV) using such modalities as bi-level 
positive airway pressure (BiPAP) with various degrees of inspiratory 
and expiratory pressure applied via a face, nasal, or combined face 
mask has become a more common modality to avoid endotracheal 
intubation or to perhaps shorten the need or period of ventilation by 
arti“ cial airway. Marginal candidates for liberation from ventilation 
may stave off reintubation once extubated.

Peak and plateau airway pressures are crucial parameters for the 
clinician in managing patients on the ventilator. The ARDSnet trial 
examined conventional mechanical ventilation with a tidal volume 
(VT) of 10 ml/kg and with VT at a lower tidal volume of 6 ml/kg in 
patients with ALI/ARDS and found a signi“ cant improvement in 
oxygenation, a decrease in ventilator-associated lung injury (VILI), 
and decreased mortality related to ALI/ARDS. Tidal volumes as low 
as 4 ml/kg may be used to maintain the plateau pressure at less than 
30 cm H2O to minimize barotrauma (or •volutrauma,Ž as it is called 
by some). In some circumstances, conventional mechanical ventila-
tor modalities may be inadequate to the task. Modern microproces-
sor-controlled ventilators allow modi“ cation of ” ow rate and ” ow 
patterns in providing adequate and safe mechanical ventilation.

Ventilator-Associated Lung Injury

Acute lung injury and ARDS are recognized as affecting the lungs 
heterogeneously. The distribution of edema ” uid, ventilated versus 
” ooded alveoli, and consequently the matching of ventilation and 
perfusion vary among gas exchange units. Moreover, it is recognized 
that the lung is capable of a brisk in” ammatory response when in-
jured or when ventilated mechanically, which may have local or sys-
temic manifestations. The ARDSnet trial demonstrated improved 
outcomes from ALI/ARDS after ventilation with lower VT and min-
ute ventilation (VE), resulting in lower airway pressures, less overdis-
tension of recruitable alveoli, less shear stress on lung tissue, and 
lower mortality despite the paradox that most patients with ALI/

ARDS do not die from an inability to oxygenate or ventilate. Rather, 
most such patients die in association with the multiple organ dys-
function syndrome„which has been linked closely with a rampant 
systemic in” ammatory response. If less ventilation is better, it was 
hypothesized that more ventilation may be injurious or indeed pro-
vocative to the lung„leading to the concept of VILI.

Ventilator-induced lung injury occurs from excessive mechanical 
stress to the lung, either from excessive VT or excessive airway pressure. 
Mechanical ventilation induces a pulmonary and systemic cytokine 
response, which can be minimized by limiting overdistension and 
phasic recruitment/derecruitment of lung. A substantial body of ex-
perimental and clinical data demonstrates that the mechanism of VILI 
is the proin” ammatory response in the lung and the periphery, and 
that the response and injury are attenuated by lung-protective ventila-
tion strategies. New modes of ventilation and protective ventilation are 
designed to minimize the deleterious effects of mechanical ventilation, 
which is a fundamental aspect of critical care management.

ALTERNATIVES TO CONVENTIONAL 
MECHANICAL VENTILATION

Proportional Assist Ventilation

Proportional assist ventilation (PAV) is a form of synchronized 
partial ventilatory assistance that augments the ” ow of gas to the 
patient in response to patient-generated effort. The ventilator aug-
ments the patient•s inspiratory effort without using preselected 
target volume or pressure. The purpose of PAV is to allow the pa-
tient to achieve a pattern of ventilation and breathing that is ade-
quate and comfortable. The patient initiates and determines the 
depth and frequency of the breaths independently of the ventilator. 
Advantages to this type of ventilator support include greater com-
fort; reduction of peak airway pressure required to deliver the 
VT; less likelihood of overventilation and overdistension of alveoli; 
preservation and enhancement of the patient•s own re” ex, behav-
ioral, and homeostatic control mechanisms; and improved ef“ -
ciency of negative-pressure ventilation.

Effective use of PAV requires an understanding of the individual 
patient•s ventilatory mechanics. This entails measuring the patient•s 
airway resistance, compliance, and intrinsic positive end-expiratory 
pressure (auto-PEEP) to determine the ventilatory load and assis-
tance the patient requires. Younes et al. proposed an innovative 
method for the noninvasive determination of passive elasticity dur-
ing PAV. Once the patient•s elastance and resistance are determined, 
the PAV parameters are set followed by PEEP, adjusting the peak 
pressure limit to 30 cm H2O, adjusting volume assist to 8% of 
elastance measured on PAV, and “ nally observing the patient•s venti-
lation, breathing pattern, and peak airway pressure. As a new ventila-
tory method, PAV can conceivably improve patient-ventilator 
interaction. Its true usefulness remains to be measured, and clinical 
usage is uncommon.

Pressure-Controlled Ventilation

Pressure-controlled ventilation (PCV) is pressure-limited time-
cycled breathing that is completely controlled by the ventilator, with 
no participation by the patient. Inspiratory airway pressure in-
creases early in the respiratory cycle, and is maintained at that 
speci“ ed pressure throughout the remainder of the delivery phase. 
The major bene“ t of PCV relates to the inspiratory ” ow pattern and 
its bene“ t in gas delivery for patients with suppressed respiratory 
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efforts. In pressure-cycled breathing, the inspiratory ” ow decreases 
exponentially during lung in” ation in order to keep the airway pres-
sure at the preselected value. Thus, this type of ” ow pattern can 
improve gas exchange. The primary disadvantage of PCV is the 
tendency for in” ation volumes to vary with changes in the me-
chanical properties of the lungs. There is a proportional relationship 
between the lung in” ation and the peak in” ation pressure. When a 
constant peak in” ation pressure is reached, the in” ation volume 
decreases as the airway resistance increases or lung compliance de-
creases. The result is ” uctuation in in” ation volumes due to reliance 
on a speci“ c pressure target.

Inverse-Ratio Ventilation

Inverse-ratio ventilation (IRV) is a combination of PCV (hence, 
PC-IRV) with a prolonged inspiratory time (I). One way to in-
crease I is to decrease the inspiratory ” ow rate, such as increasing 
the I:expiratory time (E) ratio from the usual 1:4 to 2:1 (up to 4:1). 
Bene“ ts of IRV include improved oxygenation and the prevention 
of alveolar collapse as con“ rmed in cases of ARDS and neonatal 
respiratory distress syndrome. On occasion, the early use of 
PC-IRV can facilitate tapering of high fractions of inspired oxygen 
(FIO2) and decrease high PEEP and peak inspiratory pressures 
(PIPs). The downside to PC-IRV is that is can lead to stacking of 
breaths (auto-PEEP), with high airway pressures, hyperin” ation 
and barotrauma, CO2 retention, and metabolic acidosis. Another 
adverse effect observed with IRV is the potential to cause de-
creased cardiac output due to auto-PEEP because increased trans-
thoracic pressure decreases venous return.

Mandatory Minute Ventilation

Mandatory minute ventilation (MMV) is a mode of mechanical 
ventilation in which the minimum level of VE needed by the patient 
is provided. If the patient•s spontaneous ventilation is insuf“ cient to 
meet the predetermined VE, the ventilator provides the difference. 
Conversely, if the patient•s spontaneous breathing exceeds the target 
VE no ventilator support is provided. This mode is one of the so-
called •closed-loopŽ ventilation modes (Table 1) because the ventila-
tor varies its parameters in response to the patient•s own intrinsic 
ventilatory requirements. The major advantage of MMV is the capa-
bility to vary ventilatory support according to the response of the 
patient. This mode of mechanical ventilation is best suited for pa-
tients with severe neuromuscular disease or drug overdose, or pa-
tients heavily sedated. One of the main disadvantages with MMV is 
that alveolar ventilation may not be matched equally with exhaled VE, 
thus diminishing closing volumes and leading to atelectasis. None of 
the closed-loop modes, MMV included, has been tested suf“ ciently 
on critically ill patients to recommend widespread incorporation 
into practice.

Airway Pressure Release Ventilation

Airway pressure release ventilation (APRV) (Table 2) has been used 
as an alternative mode of mechanical ventilation in patients with 
acute respiratory failure. APRV, which has been available in some 
ventilator models since the mid-1990s, allows for the unloading dur-
ing exhalation of any positive pressure provided during inhalation in 
order to facilitate the egress of the tidal breath. Release of airway 

Table 1: Closed-Loop Modes of Mechanical Ventilation

Mode Principle Theoretical Advantage Caveat

Mandatory minute ventilation SIMV mode in which manda-
tory breath rate increases or 
decreases in response to VE

Guaranteed minimum VE in pa-
tients with ” uctuating or unreli-
able ventilatory drive

Desired VE must be set carefully, 
or the patient may be over- or 
underventilated.

Pressure-regulated volume 
control

Pressure-targeted time-cycled 
breaths with automatic 
pressure adjustment to 
guarantee VT

Decelerating variable pattern of gas 
” ow combined desirable charac-
teristics of pressure-controlled 
(synchrony, gas mixing) and 
volume-controlled (guaranteed 
VT) breaths during full ventilator 
support

No pressure limit is set.

Volume support Pressure-targeted ” ow-cycled 
breaths with automatic 
pressure adjustment to 
guarantee VT

Decelerating variable pattern of gas 
” ow combined desirable charac-
teristics of pressure-controlled 
(synchrony, gas mixing) and 
volume-controlled (guaranteed 
VT) breaths during weaning

Because VT is the main control-
ler, inappropriate setting of 
VT may lead to inappropriate 
changes in pressure as patients 
recover.

Volume-assured pressure 
support

Pressure-targeted ” ow-cycled 
breaths with backup set ” ow 
to guarantee VT

Decelerating variable pattern of gas 
” ow combined desirable charac-
teristics of pressure-controlled 
(synchrony, gas mixing) and 
volume-controlled (guaranteed 
VT) breaths

No pressure limit is set. Inap-
propriate high setting of VT 
may lead to inappropriately 
high pressure as patients 
recover.

Adaptive support ventilation VT-frequency combination set 
automatically based on 
proportion of VE to be 
provided by ventilator

Automatic settings have ability to 
adjust to patient mechanics and 
effort

Untested in sick patients.

Adapted from Macintyre NR: Basic principles and new modes of mechanical ventilation. In Murray MJ, Coursin DB, Pearl RG, Prough DS, editors: Critical 
care medicine: perioperative management. Baltimore, Lippincott Williams & Wilkins, 2002, pp. 445…459.
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pressure from an elevated baseline simulates exhalation. Technically, 
APRV is time-triggered, pressure-limited, time-cycled mechanical 
ventilation. Conceptualizing APRV as continuous positive airway 
pressure (CPAP) with regular, brief, intermittent releases of airway 
pressure may facilitate understanding. It can augment alveolar venti-
lation in the patient breathing spontaneously, or provide full support 
to the apneic patient.

Advantages of APRV include lower peak airway pressure, lower 
intrathoracic pressure, lower VE, minimal effect on cardiac output, 
and improved matching of ventilation and perfusion. The mode may 
facilitate spontaneous breathing by the patient. Sedation require-
ments may be decreased, and neuromuscular blockade should be 
avoided altogether. Patient-ventilator dyssynchrony is believed not to 
develop. Disadvantages of APRV include pressure control of ventila-
tion, increased effects of airway and circuit resistance on ventilation, 
decreased transpulmonary pressure, and potential interference with 
spontaneous ventilation. Facilitated exhalation may make APRV 
bene“ cial in patients with bronchospasm or small-airways disease. 
This mode of ventilation can be used as a weaning mode. Although 
increasingly popular, the advantage of APRV over other modes of 
ventilation is unproved.

The terminology of APRV differs somewhat from other modes 
of mechanical ventilation, and has yet to be standardized. Four im-
portant terms include pressure high (Phigh), pressure low (Plow), time 
high (Thigh), and time low (Tlow). The Phigh term describes the base-
line airway pressure (the higher of the two pressures), alternatively 
called CPAP, in” ating pressure, or the P1 pressure. The Plow term 
describes the airway pressure resulting from the release of pressure 
(alternatively called PEEP, release pressure, or the P2 pressure). The 
Thigh time refers to the time during which Phigh is maintained (T1), 
whereas Tlow refers to the duration of time when airway pressure is 
released (T2). Mean airway pressure can be calculated from the fol-
lowing equation:

[(P1 � T1) � (P2 � T2)] / (T2 � T1)

Application of APRV to the patient must be individualized, as 
standard approaches have yet to emerge. Initial settings are deduced 
partly from the result of conventional mechanical ventilation, which 
should be attempted initially for most patients. The plateau airway 
pressure (Pplat) from conventional ventilation (if not higher than 
35 cm H2O) is converted to Phigh, aiming for a VE of 2…3 l/min (lower 
than with conventional ventilation). The Plow pressure is set initially 
at 0 cm H2O. The setting for Thigh is a minimum of 4 seconds, and 
Tlow is set at approximately 0.8 seconds (0.5…1.0 second). Spontane-
ous breating is permitted. At these settings, mean airway pressure 
is 29 cm H2O. Rarely, a higher Phigh (40…45 cm H2O) is needed for 
patients with low compliance (e.g., morbid obesity, abdominal 
distention). For all patients, Thigh is lengthened progressively to 
12…15 seconds (usually in 1- to 2-second increments as lung 

mechanics improve). Longer Thigh prevents the cyclical opening and 
closing of small airways that is believed to be a cause of VILI. The Tlow 
parameter is optimized when expiratory ” ow decreases to 25%…50% 
of peak expiratory ” ow.

Clinical improvement may not be immediate after transition to 
APRV (as is the case with IRV). Clinical studies have shown that 
maximum clinical improvement may not occur until 8…16 hours af-
ter the transition. After improvement, weaning from APRV is guided 
by general principles of weaning. Weaning from APRV is accom-
plished primarily by manipulation of Phigh and Thigh. High pressure is 
decreased in increments of 2…3 cm H2O down to about 15 cm H2O, 
and Thigh is lengthened progressively to 12…15 seconds (usually in 
1- to 2-second increments). Minute ventilation must be monitored 
carefully for signs of hypoventilation during the transition. The goal 
is to switch the patient to pure CPAP of 6…12 cm H2O, at which point 
the patient may be extubated„all conditions permitting.

Some confusion arises with similar modes of ventilation. BiPAP 
differs from APRV only in the timing of Thigh and T low. The latter is 
longer in BiPAP. Intermittent mandatory pressure release ventilation 
(IMPRV)„similar to APRV and rarely used„synchronizes the re-
lease of pressure with the patient•s spontaneous effort. In IMPRV, all 
spontaneous breaths are pressure-supported ventilation (PSV) to 
reduce the work of breathing. However, the rationale for IMPRV is 
considered dubious by some because dysynchrony appears not to 
occur with APRV.

High-Frequency Ventilation

High-frequency ventilation (HFV) is a ventilatory strategy that has 
been used with success for respiratory failure in neonates and chil-
dren. This modality utilizes limited high mean airway pressures at 
low VT (often smaller than anatomic dead space) and a high-
frequency respiratory rate (2.5…30 Hz) to achieve adequate ventila-
tion while at the same time preventing alveolar overdistension. This 
mode is conceptually attractive because it achieves many of the goals 
of lung-protective ventilation. Used most often to support complex 
thoracic surgical procedures (e.g., one-lung or split-lung ventilation) 
or to facilitate “ beroptic bronchoscopy or healing of bronchopleural 
“ stula, HFV has been shown to be safe and effective for ventilation of 
small numbers of adult patients with severe ARDS who have failed 
conventional ventilation. However, large-scale trials are needed.

Permissive Hypercapnia

Permissive hypercapnia is an adjunctive protective ventilatory strat-
egy. Permissive hypercapnia de“ nes a ventilatory strategy for acute 
respiratory failure in which the lungs are ventilated with a low VT, 

Table 2: Comparison of Common Modes of Ventilation

Mode Trigger Limit Cycle-Off
Spontaneous 
Breathing Gas Flow

AC (volume) T or P V T N C
AC (pressure) T or P Pr T N D
SIMV T or P V T Y C
PSV P Pr Gas ” ow Na D
APRV T P T Y D

aCan be used as a standalone modality for patients breathing spontaneously, but not in patients with alveolar 
hypoventilation or periods of apnea because there is no backup rate of mechanical ventilation.

AC, Assist-control ventilation; APRV, airway pressure release ventilation; C, constant; D, decelerating; N, no; 
P, patient; Pr, pressure; PSV, pressure support ventilation; SIMV, synchronized intermittent mandatory ventila-
tion; T, time; V, volume; Y, yes.
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permitting PaCO2 levels to increase. Permissive hypercapnia aims to 
avoid hyperin” ation-induced lung trauma, as described initially by 
limiting the plateau airway pressure (as a surrogate of static alveolar 
pressure) to approximately 30…35 cm H2O while allowing PaCO2 to 
increase absent any contraindications (such as increased intracranial 
pressure).

Hickling et al. introduced the concept of permissive hypercapnia, 
reporting that reducing the peak inspiratory airway pressure to a 
maximum of 20…30 cm H2O while allowing PaCO2 to increase re-
sulted in a decreased mortality rate of 16% for 50 consecutive pa-
tients with ARDS. Amato et al. reported similar results in the “ rst 
controlled study on the use of permissive hypercapnia in patients 
with ARDS. If the ARDSnet low VT protocol is adhered to as a venti-
latory strategy, permissive hypercapnia may provide further im-
provement in outcomes in patients with ALI. In addition, experi-
mental evidence suggests that VILI may cause release of in” ammatory 
mediators„increasing the likelihood of multiple-organ dysfunction 
syndrome.

Permissive hypercapnia has not been widely implemented to near 
its physiologic limits (e.g., PaCO2 up to 80 mm Hg, arterial pH down 
to 7.20) because of a relative paucity of controlled studies showing 
clear bene“ t from the application of this strategy in ARDS, and be-
cause of concerns over physiologic consequences of the associated 
hypercapnia on the central nervous, cardiovascular, and renal sys-
tems. The absolute level of PaCO2 and the permissible degree of aci-
dosis is debated, as is the concern of alveolar derecruitment and 
possible worsening of ventilation-perfusion mismatching. The 
PaCO2 is directly proportional to the rate of CO2 production by oxi-
dative metabolism (VCO2) and inversely proportional to the rate of 
CO2 elimination by alveolar ventilation (VA). An equation that illus-
trates the relationship between each source is PaCO2 � k (VCO 2/VA). 
The three major sources of hypercapnia include increased CO2 
production, hypoventilation, and increased dead space ventilation. 
Metabolic CO2 production is an essential factor in promoting hyper-
capnia only in patients with underlying lung disease.

Contraindications and adverse effects of permissive hypercapnia 
include cerebral edema or high intracranial pressure, convulsions, 
depressed cardiac function, arrhythmias, increased pulmonary 
vascular resistance, tachypnea, increased work of breathing, dyspnea, 
respiratory distress, headache, sweating, and biochemical distur-
bances related to acidosis.

PHARMACOTHERAPY

Liquid Ventilation

Use of ” uids to facilitate gas exchange has been under scrutiny for 
many years. Due to the fact that mechanical ventilation with gas may 
cause barotrauma, exacerbate ALI (causing structural damage to the 
lungs), and induce the release of in” ammatory mediators, alternative 
means of supporting pulmonary gas exchange while preserving lung 
structure and function are desirable. Much research has focused on 
the use of per” uorocarbon (PFC) liquids to deliver biologic agents to 
diseased lungs, generally by one of two modalities. The “ rst is total 
liquid ventilation, in which the lungs are “ lled with PFC to a volume 
equivalent to functional residual capacity (FRC), then ventilating the 
PFC-“ lled lung with oxygen. Total liquid ventilation has been largely 
abandoned owing to its logistical complexity.

The second technique of liquid ventilation (partial liquid ventila-
tion, PLV) involves intratracheal administration of PFC in a volume 
equivalent to FRC, followed by standard gas mechanical ventilation 
of the PFC-“ lled lung. In infants with biochemically immature lungs, 
liquid ventilation may minimize the effect of barotrauma. There is 
evidence that liquid ventilation may eliminate surface-active forces, 
providing effective gas exchange with minimal risk for barotrauma. 
Airway toilet may be improved as debris ” oats upward to the menis-

cus, where it can be removed. Notably, the debris can be so volumi-
nous as to cause airway obstruction. Thus, pulmonary toilet must be 
diligent. However, PFC is volatile and requires frequent •topping offŽ 
to maintain suf“ cient volume. Moreover, PFC is radioopaque and 
creates a bilateral •white-outŽ on chest x-ray that makes radiographic 
interpretation impossible.

Per” uorocarbon liquids may have anti-in” ammatory properties 
in the alveolar space. The anti-in” ammatory effects of liquid venti-
lation in ALI are from inhibition of neutrophil and macrophage 
function, and the dilution of in” ammatory debris in the airways. 
PFC liquids are currently used clinically in a number of ways, such 
as intravascular PFC emulsions for volume expansion, improving 
oxygen-carrying capacity, angiography, and intracavitary PFC liq-
uid for image contrast enhancement and vitreous ” uid replace-
ment. However, no agent for liquid ventilation in the United States 
has been approved for clinical use. Several factors complicated the 
phase 2 and 3 clinical studies of PLV. In a prospective, randomized, 
controlled pilot study of 90 adults with ALI/ARDS, with PaO2:FIO2 
greater than 60 but less than 300, PLV did not affect ventilator-free 
days (the primary endpoint), mortality, or any other clinical fac-
tors. Criticisms of this study included slow recruitment (entry cri-
teria were relaxed after 45 patients), lack of a weaning protocol, and 
a disproportionate number of patients over age 55 in the PLV 
group. However, a post hoc analysis found signi“ cantly more rapid 
discontinuation of mechanical ventilation and a trend toward more 
ventilator-free days in the PLV group among younger patients. The 
authors suggested further evaluation, particularly in certain well-
de“ ned (especially younger) patients.

In a second trial, the hypothesis was tested that PLV would in-
crease the number of ventilator-free days compared to conventional 
mechanical ventilation„and would decrease 28-day all-cause mor-
tality compared to conventional ventilation. Adult patients with ALI 
who had been on mechanical ventilation for less than 120 hours 
(with a PaO2:FIO2 below 200, FIO2 above 0.5, and PEEP above 5 cm 
H2O) were enrolled. There was no improvement in 28-day all-cause 
mortality. The mean number of ventilator-free days was reduced 
signi“ cantly. The aggregate results have caused a substantial loss of 
enthusiasm for the clinical use of PLV.

Surfactant Administration

Acute lung injury is characterized by pulmonary and endothelial 
in” ammation, which causes pulmonary edema, destruction and 
impaired synthesis of surfactant with atelectasis and reduced pulmo-
nary compliance, hypoxemia from ventilation/perfusion mismatch-
ing, and subsequent pulmonary hypertension and “ brosis. Studies 
have examined the intratracheal administration of surfactant as a 
means of improving both oxygenation and ventilation. Although 
surfactant is indisputably effective for neonatal respiratory distress 
syndrome, clinical trials of adult patients have failed to demonstrate 
a bene“ t for any of several variations of natural or synthetic surfac-
tant or components thereof.

Inhaled Nitric Oxide

Inhaled nitric oxide (NO) is a selective pulmonary vasodilator that 
acts on the alveolar endothelium to produce regional vasodilation in 
well-ventilated lung units where it is distributed. NO at a dose of 
40 parts per million (PPM) has been demonstrated to improve 
ventilation-perfusion mismatching, hypoxemia, and pulmonary hy-
pertension in patients who have ALI/ARDS. In contrast, systemic 
vasodilators may actually cause pulmonary vasodilation in nonventi-
lated lung, thereby abrogating hypoxic vasoconstriction and leading 
to hypoxemia and exacerbated ventilation-perfusion inequality. NO 
is also a bronchodilator and has anti-in” ammatory properties that 
have been helpful in lung transplant patients. When inhaled, it 
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diffuses into the blood stream„where it is metabolized rapidly and 
excreted via the urine, minimizing systemic effects. Three random-
ized controlled trials suggest that NO may improve oxygenation for 
up to 72 hours, but neither survival nor a shorter duration of me-
chanical ventilation was observed. In addition, rebound pulmonary 
hypertension has been reported with cessation of therapy. Therefore, 
inhaled NO is not recommended for therapy of ALI/ARDS even as 
rescue therapy.

UNCONVENTIONAL METHODS 
OF PULMONARY SUPPORT

Independent Lung Ventilation

Acute lung injury is recognized to be heterogeneous with the lung, 
but also may be heterogeneous between lungs (e.g., massive aspira-
tion of gastric content con“ ned to one lung). The left lung is smaller 
than the right in human beings. Moreover, when lung injury is asym-
metric, differences in compliance exist between the lungs. Conse-
quently, conventional mechanical ventilation delivers a larger VT to 
the more compliant lung„which may cause overdistension and 
VILI. In addition, overdistension disrupts blood ” ow through alveo-
lar vessels„diverting ” ow to the underventilated lung and worsen-
ing ventilation-perfusion mismatch. Independent lung ventilation 
(ILV) has been described to ventilate the more diseased lung while 
avoiding overdistension of the more normal lung.

Using a dual-lumen endotracheal tube with a bifurcated tip 
such that each main-stem bronchus can be intubated separately, 
gas can be delivered using two ventilators dedicated one to each 
lung. Typically, the VT is set equal for both lungs. However, this 
may be an irrational approach both anatomically and physiologi-
cally because higher airway pressure may be anticipated in the 
more injured lung. Alternatively, ventilator settings may be ad-
justed to produce equal Pplat in both lungs. The ventilators may be 
managed independently, and the lungs may be monitored inde-
pendently by pressure measurements, compliance calculations, 
and capnography.

Independent lung ventilation is seldom used anymore. Modern 
mechanical ventilators and lung-protective ventilation strategies 
have obviated many of the dif“ culties that made ILV attractive when 
described initially in the 1970s and early 1980s. The dual-lumen en-
dotracheal tube is challenging to position and keep positioned. Pa-
tients require heavy sedation and often neuromuscular blockade. 
Combinations of ILV with newer modes of ventilation have not been 
described.

Extracorporeal Membrane Oxygenation

Extracorporeal membrane oxygenation (ECMO) provides oxygen-
ation of blood and removal of CO2 via an extracorporeal circuit. 
ECMO consists of the application of intermediate-term cardiopul-
monary bypass for the treatment of potentially reversible cardiac or 
pulmonary failure for patients of any age. If successful, suf“ cient gas 
exchange permits reduced support of positive-pressure ventilation„
thereby lowering the incidence of barotrauma-induced lung injury 
associated with mechanical ventilation. ECMO thus provides relative 
•lung restŽ to the acutely injured lungs and facilitates recovery.

Conventional mechanical ventilation is the mainstay of treatment 
for severe respiratory failure associated with trauma. However, when 
extensive lung injury is present, conventional ventilation may not be 
suf“ cient to prevent hypoxia and may exacerbate pulmonary damage 
by barotrauma. The logic of ECMO for severe pulmonary failure is 
that borderline patients may be saved if their lungs are allowed to rest 
and heal rather than endure the morbidity of the high-level ventila-
tor support necessary to achieve adequate gas exchange. ECMO has 

been used successfully to manage critically ill adult trauma patients 
and offers an additional treatment modality. However, ECMO is not 
available in all centers.

The “ rst adult managed successfully with prolonged ECMO 
was a trauma patient cared for by Hill et al., reported in 1972. Sub-
sequently, a National Institutes of Health (NIH)-sponsored 
randomized multi-institutional trial (reported in 1979) failed to 
demonstrate improved survival in adults managed with ECMO. 
In contrast, Cordell-Smith et al. found that a high proportion of 
trauma patients treated with ECMO for severe lung injury 
survived. This outcome appears to compare favorably with conven-
tional ventilation techniques and may have a role in patients who 
develop acute severe respiratory failure associated with trauma. 
ECMO may be considered for support of severe ARDS affecting 
adult patients when all other treatment options have failed. Injury 
of the thoracic aorta, even if contained, is considered a contraindi-
cation to ECMO use. The paradox is that ECMO appears to achieve 
the best outcomes when utilized relatively early. The mortality from 
respiratory failure increases the longer a patient is mechanically 
ventilated before initiation of ECMO.

Over the years, ECMO therapy has undergone substantial 
changes in indications, technique, and materials. Technical progress 
has been made in the pumps, oxygenators, and coating of arti“ cial 
surfaces, leading to greater biocompatibility and a lower rate of 
procedure-related complications. The potential of new inline pumps 
in combination with a decreasing incidence of procedure-related 
complications may lead to a reevaluation of the role of ECMO in the 
therapy of ARDS. New techniques for insertion of intravascular 
oxygenators (IVOX) and extracorporeal CO2 removal (ECCO2R) 
devices highlight some of the technical advances being made. Un-
fortunately, the technical advancements have yet to translate to 
improved survival in clinical trials.

In a prospective controlled trial using ECMO in patients with 
ARDS and severe ALI, Zapol et al. showed that refractory hypoxia 
tempered enthusiasm for ECMO use by demonstrating no survival 
bene“ t. However, the control group and treatment group both had 
very high mortality rates (control 91% vs. ECMO 90%, vs. �30% in 
the ARDSnet trial), and the study did not use a lung protection ven-
tilation strategy. The only randomized, prospective, controlled study 
utilizing ECCO2R similarly did not demonstrate any survival bene“ t 
from ECCO2R use. The IVOX device attempts to accomplish the 
same objectives as ECMO through placement of a membrane within 
a major vein such as the vena cava. Its intended patient population is 
intensive care unit (ICU) patients with severe potentially reversible 
acute respiratory failure. Initially examined in its current form 
in 1982, the main function of IVOX is to provide transport for 
oxygen and CO2 across its microporous hollow capillaries. Phase I 
and phase II IVOX clinical trial observations note that IVOX man-
aged limited but statistically signi“ cant amounts of oxygen and CO2. 
Further trials are pending.

Prone Positioning

Prone positioning (PP)„in which the patient is positioned prone, 
most commonly using a specialty bed„improves oxygenation by 
decreasing ventilation-perfusion mismatching. Ventilated lung 
segments tend to be in nondependent portions of lung, whereas 
perfused lung segments (and higher pulmonary vascular pressures 
and hence lung edema) tend to be in dependent portions of lung. 
Positive-pressure ventilation exacerbates the mismatching. PP re-
verses the dependency of the lung, and newly dependent well-
ventilated lung segments are well perfused for several hours until 
the effects of gravity and positive airway pressures restore the 
previous conditions over a period of several hours. Drainage of 
secretions may also be facilitated in the prone position. The large 
multicenter randomized controlled trial by Gattinoni et al. showed 
signi“ cant improvement in PaO2:FIO2 and in 10-day mortality, but 
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this modest advantage did not persist beyond ICU discharge. 
Complications with PP include pressure sores, need for increased 
sedation, facial edema, and dif“ culty maintaining airway patency 
or restoring it when the patient is inverted. Recently, facilitated PP 
using a specialized bed has shown promise. Thus, this intervention 
may yet prove useful for management of severely hypoxic patients 
with ARDS.

THE FUTURE

Mechanical ventilation is crucial for oxygenation and ventilation of 
the critically ill patient. The use of low VT ventilation and a mode 
that minimizes barotrauma is already being incorporated into prac-
tice. Microprocessor technology has increased the sophistication of 
mechanical ventilators, thus leading to new modes of ventilation. 
New modes often re“ ne old techniques by adding devices or combin-
ing different modes. The role of these new modes in relation to 
conventional mechanical ventilation, and the optimal combination 
of the various modes and adjuncts, remains to be tested for bene“ t in 
these complex patients.
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THE MANAGEMENT OF RENAL 
FAILURE: RENAL 
REPLACEMENT THERAPY 
AND DIALYSIS
Joseph M. Gutmann, Christopher McFarren, 
Lewis M. Flint, and Rodney Durham

acute renal failure (ARF) is a common and devastating problem 
that contributes to morbidity and mortality in critically ill pa-

tients. ARF prolongs hospital stays and increases mortality. Although 
effective renal replacement therapy (RRT) is available, it is not ideal 
and the best therapy is prevention.

The kidneys are the primary regulators of volume and composi-
tion of the internal ” uid environment and their excretion. Renal 
failure leads to regulatory function impairment, causing retention of 
nitrogenous waste products and disturbance in ” uid, electrolyte, and 
acid-base balance. Renal injury in intensive care unit (ICU) patients 
is a progressive process, usually starting with a prerenal insult„
which progresses to severe renal injury. Other systemic issues can 
worsen the renal injury.

Acute renal failure in critically ill patients is a growing clinical 
problem. Options for RRT in these patients use convective and dif-
fusive clearance, which may be intermittent (as in classic hemodialy-
sis) or continuous. RRT needs to be tailored to the needs of each 
patient. Current and future research studies are essential in improv-
ing outcomes.

INCIDENCE

Acute renal failure is de“ ned as an abrupt and sustained decline in 
the glomerular “ ltration rate (GFR),1 which leads to accumulation of 
nitrogenous waste products and uremic toxins. In critically ill pa-
tients, more than 90% of the episodes of ARF are due to acute tubu-
lar necrosis (ATN) and are the result of ischemic or nephrotoxic eti-
ology (or a combination of both). ARF affects nearly 5% of all 
hospitalized patients and as many as 15% of critically ill patients.2 
Like many other medical conditions, there is no gold standard of 
diagnosis, no speci“ c histopathologic con“ rmation, and no uniform 
clinical picture.

The mortality rate of an isolated episode of ARF is approximately 
10% to 15%. When it occurs in association with multiple-organ dys-
function, as in the ICU setting, mortality rates are much greater and 
vary in published series between 40% and 90%.3

In some cases, preexisting conditions may worsen. New major 
complications, such as sepsis and respiratory failure, may also de-
velop after the onset of renal failure. Although ARF that requires RRT 
carries a high mortality,4 there is emerging evidence to suggest that 
milder forms of ARF that do not require supportive therapy with 
RRT have better patient outcomes.5

Many aspects of surgical diseases and their care have the poten-
tial to impair renal function, either by toxic effects on the renal 
parenchyma or by reducing renal perfusion (or a combination of 
the two). The prevention of ARF in critical patients consists of 
minimizing toxicity and ensuring adequate blood ” ow. Avoidance 

of renal failure is preferred to any treatment. Therefore, renal 
function should be monitored closely so that adverse circum-
stances can be limited.

Given the impact of ARF on mortality, it is important to prevent 
or hasten the resolution of even the mildest forms of ARF. The goals 
of a preventive strategy for the syndrome of ARF are to preserve renal 
function, to prevent death, to prevent complications of ARF (volume 
overload, acid…base disturbances, and electrolyte abnormalities), 
and to prevent the need for chronic dialysis (with minimum adverse 
effects).

This chapter explores preventive strategies, the major challenges 
ARF presents, and key issues to be considered. Can the patient be 
managed conservatively or will RRT be needed? If RRT is required, 
which form of RRT is most appropriate?

MECHANISM OF INJURY/ETIOLOGY

Diagnosis

Renal failure is measured routinely and easily in the ICU: the excre-
tion of water-soluble waste products of nitrogen metabolism, urea 
and creatinine, and the production of urine. To understand 
renal failure, we need to re” ect on some important aspects of renal 
physiology.

Water and Fluid Homeostasis

Because body water is the primary determinant of the osmolality of 
the extracellular ” uid (ECF), disorders of body water homeostasis 
can be divided into hypo- and hyperosmolar disorders depending on 
whether there is an excess or de“ ciency of body water relative to body 
solute. The end result of any change in circulating blood volume is a 
change in sodium excretion by the kidneys. This is brought about 
by the activation of the sympathetic nervous system, the renin-
angiotensin-aldosterone axis, and release/suppression of natriuretic 
peptides.

Assessment of Renal Function

Serum concentrations of blood urea nitrogen (BUN) and creatinine 
are the most commonly used markers of renal function. Urea is the 
end product of protein and amino acid catabolism. Under normal 
conditions, 80%…90% of total nitrogen excretion is by the kidneys. 
Creatinine is formed in muscle by the nonenzymatic degradation of 
creatine and phosphocreatine, and is excreted primarily by glomeru-
lar “ ltration. A small percentage of creatinine is actively secreted 
into the glomerular “ ltrate and tubular reabsorption of creatinine is 
negligible.5

Circulating concentrations of BUN and creatinine are deter-
mined not only by how ef“ ciently they are excreted by the kidneys 
but by their rate of production. Urea formation depends on the 
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CRITICAL CARE I, MANAGEMENT OF ORGAN FAILURES637

Figure 1 Approach to patients with bleeding. *INR, PT/PTT, platelet count, arterial blood gas for base de“ cit or lactate; consider platelet 
function assay and thromboelastogram. DDAVP, 1-deamino-8-D-arginine vasopressin; PT, prothrombin time; PTT, partial thromboplastin time; 
vWD, von Willebrand disease.
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coagulopathic microvascular bleeding. This may be one of the most 
dif“ cult decisions a surgeon can face. A nontherapeutic operation 
on a coagulopathic patient may exacerbate the vicious cycle, but 
leaving a surgically correctable source of bleeding untouched can 
prove fatal.

The evaluation begins with a detailed history, especially review of 
operative notes if the patient has had surgery or invasive procedures. 
Physical examination may reveal blood in operative wounds, tubes, 
or drains that indicate a source of bleeding requiring reoperation. 
Conversely, oozing of blood from multiple sites or seemingly minor 
wounds (e.g., intravenous catheter sites) may indicate coagulopathy. 
All recently administered medications should be reviewed for drugs 
that may affect hemostasis, in addition to reviewing the patient•s 
medical history.

Postoperative bleeding may be considered in the broad categories 
of loss of surgical hemostasis versus coagulation disorders. Loss of 
surgical hemostasis is bleeding at the operative site, which may be 
due to technical problems such as slipped ligature or inadequate he-
mostasis from the procedure. During an operation, vasoconstriction 
may prevent visible bleeding„but with warming and resuscitation 
bleeding resumes. Loss of surgical hemostasis usually requires de-
“ nitive control through reoperation. Postoperative surgical bleeding 
may be associated with signs and symptoms ranging from hypovole-
mia to hemorrhagic shock. The physician should intervene based 
on early signs of shock (tachycardia, restlessness, anxiety, pallor, 
oliguria), and not wait until shock is glaringly obvious. Anxiety or 
agitation in a postoperative surgical patient should prompt “ rst an 
assessment of perfusion and oxygenation, before analgesics or seda-
tives are given. Hypotension is a late sign of hemorrhage, indicating 
severe volume de“ cit.

Coagulation disorders may be grouped into those affecting pri-
mary hemostasis (formation of initial platelet plug) or secondary 
hemostasis (clotting factors and the coagulation cascade). These 
groups may be subdivided into qualitative defects (e.g., dysfunctional 
platelets, factor inhibition by heparin) or quantitative defects (e.g., 
thrombocytopenia, factor de“ ciencies). Furthermore, these condi-
tions may be congenital or acquired. The algorithm presented in 
Figure 1 represents one example of a systematic approach that can 
help guide therapy in most surgical patients, even if the exact cause 
of the coagulopathy is not evident. It is intended to aid rapid assess-
ment and initiation of treatment in the ICU, rather than as a de“ ni-
tive guide to diagnosis of speci“ c bleeding disorders.

A few basic laboratory tests are helpful in guiding diagnosis and 
treatment of coagulopathy. It is worthwhile “ rst to reiterate that the 
primary goal of therapy is clinical hemostasis, and not complete 
normalization of every clotting parameter. Platelet count, PT, INR, 
and PTT are the minimum basic lab tests needed to help differentiate 
problems with primary or secondary hemostasis. A baseline hemato-
crit level should be checked, keeping in mind that acute hemorrhage 
will not be re” ected by a change in hematocrit until dilution of the 
intravascular space occurs from ” uid shifts and intravenous ” uid 
administration. Thromboelastography (TEG) is a global test of co-
agulation that may help de“ ne the etiology of a coagulopathy. Fibrin 
split products, D-dimer, and “ brinogen levels are rarely necessary in 
the setting of hemorrhagic shock-induced coagulopathy but may 
help con“ rm a clinical diagnosis of DIC. Each test is discussed in 
more detail in the following section.

Laboratory Tests of Coagulation

PT: This test is done by adding a thromboplastin containing TF, phos-
pholipid, and calcium to citrated plasma and measuring the time in 
seconds until a “ brin clot is formed compared to a control. The 
PT measures the activity of the extrinsic pathway (factor VII) and the 
common pathway (“ brinogen, factors II, IX, and X). It is used to 
monitor warfarin therapy, and is affected by depletion of the vitamin-
K…dependent factors (factors II, VII, IX, and X, and proteins C and S).

INR: The INR is used to adjust for individual lab variation in 
the PT, using the formula INR � (log patient PT/log control PT) to 
the power of •c,Ž where c is the international sensitivity index (ISI). 
The thromboplastin used in individual laboratories is thus calibrated 
against a reference thromboplastin. The INR was developed to 
monitor the degree of warfarin anticoagulation.

PTT: The PTT is done by adding a partial thromboplastin (mix-
ture of phospholipids), an activating substance, and calcium chloride 
to citrated plasma. It measures the activity of the intrinsic pathway 
(HMW kininogen, prekallikrein, and factors VIII, IX, XI, and XII) 
and the common pathway (“ brinogen, factors II, IX, and X). Only 
factor VII activity is not measured by the PTT.

Bleeding time: The bleeding time is a test of platelet function and 
primary hemostasis. However, due to variation in the performance of 
the test it is relatively insensitive and nonspeci“ c in identifying plate-
let function abnormalities and may not predict surgical bleeding.

Platelet function tests: Several tests of platelet function are avail-
able through the lab or as point-of-care tests. Our hospital has aban-
doned the bleeding time in favor of the PFA-100 (Platelet Function 
Analyzer, Dade-Behring). The PFA-100 measures platelet function by 
the time it takes whole blood to occlude an aperture in a “ lter as it 
” ows under high shear conditions. It is a global test of primary he-
mostasis that may detect platelet dysfunction due to certain disorders 
or medications, and congenital diseases such as vWD, but its role has 
not yet been completely de“ ned. Other tests measure the percentage 
of platelets working normally to determine the functional platelet 
count, and are used often during cardiac surgery. Several point-of-
care tests are available to assess platelet inhibition by drugs such as 
aspirin or GPIIb/IIIa inhibitors. Platelet aggregation tests use several 
agonists in different concentrations to induce aggregation in platelet-
rich plasma, and will reveal quantitative or qualitative defects. It is a 
gold standard test but takes hours to perform, making it less useful in 
acute coagulopathy management.

TEG: TEG is reported as a graph of clot formation in a sample of 
whole blood (Figure 2). The TEG tracing is drawn based on several 
factors, including rate of clot formation, “ brin cross-linking, and 
platelet-“ brin interaction. By measuring various parameters of the 

Figure 2 Thromboelastogram (TEG).  (Adapted from Kaufmann CR, 
et al: Usefulness of thromboelastography in assessment of trauma patient 
coagulation. J Trauma 42:716, 1997.)

Normal
  R/K/MA/angle = normal

Heparin
  R/K = prolonged;
  MA/angle = decreased

Thrombocytopenia
  R = normal; K = prolonged;
  MA = decreased

Fibrinolysis (UK, SK, or TPA)
  R = normal;
  MA = continuous decrease

Hypercoagulation
  R/K = decreased;
  MA/angle = increased

No platelet function (DIC)
  R = prolonged;
  MA/angle = decreased
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tracing, TEG provides an assessment of platelet function, coagulation 
enzyme activity, and the overall degree of coagulability. It can identify 
conditions such as primary “ brinolysis, consumptive coagulopathy, 
anticoagulant therapy, and the effect of hypothermia. TEG is used 
frequently during cardiopulmonary bypass, liver transplantation, and 
in intensive care settings due to its rapid availability and ability to as-
sess the components of coagulation in an integrated fashion.

TT: The TT is done by adding thrombin to citrated plasma 
�/… calcium. The TT measures the time for conversion of “ brinogen 
to “ brin, which is induced by thrombin. It is prolonged when “ -
brinogen is de“ cient (	100 mg/dl) or abnormal, in the presence of 
circulating anticoagulants (including “ brin split products [FSPs] and 
heparin), and during excessive “ brinolysis. Its high sensitivity to ex-
ogenous anticoagulants such as heparin limit its usefulness in hospi-
talized patients, but it can be used to detect low levels of circulating 
heparin that do not cause changes in the PTT.

Fibrinogen: Fibrinogen is a large protein that is cleaved by throm-
bin to produce “ brin monomers, which cross-link to form a “ brin 
clot in the presence of factor XIII. Fibrinogen levels may fall with the 
excess clotting seen in consumptive coagulopathy or with overanti-
coagulation by thrombolytic agents. It is also an acute-phase reac-
tant, increasing in response to physiologic stress.

FSPs: FSP•s are fragments of the “ brin molecule that result from 
breakdown of “ brin by plasmin. The test is nonspeci“ c, but elevated 
levels may indicate “ brinolysis and support a clinical picture of con-
sumptive coagulopathy. The D-dimer is a speci“ c form of FSP that is 
most closely associated with DIC.

Factor assays: Speci“ c coagulation factor levels can be used to help 
diagnose certain diseases or de“ ciencies (for example, factor VIII for 
hemophilia A and factor IX for hemophilia B). Other assays may 
detect de“ ciencies in factors V, VII, X, XI, and XII (Hagemann fac-
tor), prekallikrein, and HMWK, all of which are very rare. Factor 
assays are used infrequently in the ICU setting.

MANAGEMENT

Blood Product Transfusion

Fresh Frozen Plasma

FFP is prepared by extracting the noncellular portion of blood and 
freezing it within hours of donation. One 250- to 300-ml unit of FFP 
contains all clotting factors and about 400 mg of “ brinogen, and will 
increase clotting factor levels by about 3%. The PT and PTT should 
be used during FFP therapy to gauge the ef“ cacy of transfusion.

Indications for FFP administration in the surgical ICU are relatively 
few. These include coagulopathy with clinical bleeding, accompanied by 
measured or suspected factor de“ ciency as indicated by a PT or PTT 
more than 1.5 times normal, and emergent correction of a prolonged 
PT due to acquired coagulopathy from warfarin, liver disease, or DIC. 
FFP should not be used for volume replacement, nutrition, to promote 
wound healing, hypoalbuminemia, empirically during massive transfu-
sion, or as part of a preset formula based on number of red blood cell 
transfusions. Avoiding unnecessary transfusion is important to reduce 
risks of transfusion reaction and transfusion-related acute lung injury 
(TRALI), as well as for cost control. The dose of FFP should be aimed 
at a minimum of 30% of normal plasma factor concentration and 
clinical hemostasis. Practically, 10…15 ml/kg of FFP are suf“ cient for this 
purpose, although lower volumes are usually adequate (5…8 ml/kg) to 
reverse warfarin.

Platelets

Treatment of thrombocytopenia or platelet dysfunction centers on 
the underlying cause and the patient•s clinical condition. In the ab-
sence of active bleeding or imminent surgery, platelet counts above 

10,000/mm3 do not require treatment„whereas counts below 
10,000/mm3 warrant platelet transfusion to prevent spontaneous 
bleeding. Patients with microvascular bleeding and thrombocytope-
nia may bene“ t from platelet transfusion after excluding hypother-
mia because the transfused platelets will not function properly at low 
temperatures. Evidence-based guidelines are lacking for surgical pa-
tients with platelet counts between 50,000/mm3 and 100,000/mm3, 
and therapy should take into account the patient•s condition, risk of 
signi“ cant bleeding, and plans for surgery or high-risk invasive pro-
cedures (e.g., ventriculostomy).

In general, platelet transfusion is not indicated at these levels in 
the absence of microvascular bleeding. Patients with consumptive 
coagulopathy rarely bene“ t from platelet transfusion because the 
same process consumes newly transfused platelets. However, micro-
vascular bleeding in the presence of sepsis or DIC usually warrants 
treatment. If surgery or invasive procedures are necessary in the pres-
ence of a consumptive process and low platelet count, platelet trans-
fusion should be given just before or during the procedure to maxi-
mize the number of circulating platelets available for hemostasis.

Different platelet concentrates are available. The traditional 
•six-packŽ from random donor concentrates contains platelets from 
multiple individuals and equals six units of platelet concentrates. One 
unit of single-donor platelets, also called apheresis platelets, contains 
roughly the same volume of platelets as 6 random donor units but has 
the advantage of originating from one person and thereby exposing 
the recipient to only one set of antigens. One can expect a rise in 
platelet count by about 30,000/mm3 for each unit of single-donor 
platelets and for each 6 units of random donor. Repeated platelet 
transfusion may lead to alloantibody formation in some patients, 
making them refractory to further platelet transfusions. HLA-matched 
or cross-matched platelets may be required in such cases. The use of 
single-donor platelet transfusions has been adopted by many institu-
tions to minimize antibody formation and preserve the response to a 
platelet transfusion for as long as possible.

Cryoprecipitate

Cryoprecipitate is prepared by thawing FFP to 1° C to 6° C and then 
removing and refreezing the insoluble precipitate that forms. Each 
bag of cryoprecipitate has a volume of approximately 15 ml and con-
tains 150…250 mg “ brinogen per bag, along with 80…100 factor VIII 
units and other components such as vWf and “ bronectin. It is usually 
given as a pooled product containing 8…10 bags, resulting in transfu-
sion of 1200…2500 mg of “ brinogen. Although it is not virus inacti-
vated, it is thoroughly screened for virus„resulting in extremely low 
risk of transmission. Cryoprecipitate is used for treatment of hemo-
philia A, vWD, hypo“ brinogenemia, in DIC when serum “ brinogen 
levels fall below 100 mg/dl, and when the previously cited factors need 
to be replaced in a low volume of ” uid. Cryoprecipitate has little role 
in treating the coagulopathy of hemorrhagic shock, where factor re-
placement (when needed) is accomplished with FFP because volume 
is not an issue and “ brinogen replacement is rarely necessary.

Reversal of Warfarin

The prevalence of preinjury warfarin use among trauma patients 
increases with age. The effect of this drug on morbidity and mortal-
ity in trauma is variable, but potentially signi“ cant. Emergent rever-
sal of warfarin anticoagulation is occasionally required in patients 
with TBI or serious injury associated with hemorrhage, and slower 
reversal is often used for patients with increased risk of bleeding due 
to trauma or perioperative status. Before initiating therapy, several 
factors should be considered„including urgency of warfarin rever-
sal, expected length of time until re-anticoagulation, and cardiac 
function of the patient (i.e., tolerance of volume loading).

Reversal of warfarin is guided by the INR and is best managed by 
standardized evidence-based guidelines. Vitamin K takes 8…12 hours 
to take effect, and is the “ rst-line choice for nonemergent treatment 
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of a high INR. However, it has a long half-life and high or repeated 
doses should be avoided if re-anticoagulation with warfarin is an-
ticipated in the next several days. Oral vitamin K is preferred for 
nonemergent reversal of warfarin, whereas the subcutaneous route is 
not recommended because of inef“ cient absorption. Patients receiv-
ing intravenous vitamin K should have continuous cardiac monitor-
ing due to the risk of anaphylaxis. FFP is the standard therapy for 
patients with a high INR and signi“ cant bleeding or need for invasive 
procedures.

Many elderly patients on warfarin have concomitant heart dis-
ease, and caution must be used to avoid precipitating congestive 
heart failure with overly aggressive ” uid loading. In our experi-
ence, an INR greater than 2 is rarely normalized with only one or 
two units of FFP. In addition, patient factors vary considerably„
resulting in an unpredictable and nonlinear dose-response rela-
tionship. Recombinant activated factor VII (rFVIIa) may be used 
when immediate reversal of anticoagulation is required in emer-
gent situations such as severe TBI or life-threatening bleeding. 
However, data on its proper use in these conditions is limited. 
rFVIIa•s half-life is only a fraction of that of warfarin, and thus it 
must be used in conjunction with FFP and vitamin K to maintain 
normal coagulation. Table 1 is an example of a management 
scheme for patients on warfarin with an elevated INR and risk of 
bleeding.

Reversal of Heparin

Unfractionated heparin (UFH) and low-molecular-weight heparin 
(LMWH) are used commonly in the surgical ICU for venous throm-
boembolism prophylaxis or treatment of other conditions. Although 
risk of major bleeding events with prophylactic doses is low, full an-
ticoagulation is associated with higher risk. When nonsurgical bleed-
ing occurs in patients anticoagulated with heparin, reversal of the 
drug•s effects may be necessary. The half-life of UFH is about an 
hour, and thus most treatment doses are reversed by holding the in-
fusion for 6 hours. When immediate reversal is desired, protamine 
may be used. Protamine binds heparin and neutralizes its effects. The 
dose is 1 mg of protamine for each 100 units of heparin given. The 
half-life of heparin must be taken into account when calculating 
the protamine dose, such that the dose of heparin must be halved for 
each hour since its injection. If a continuous infusion has been used, 
the cumulative dose must be estimated. Protamine administration 
carries risks of hypotension, which may be avoided by slow injection 

over 10 minutes, and a 1% risk of anaphylaxis in patients who have 
had previous exposure to protamine or NPH insulin.

The half-life of LMWH varies with the particular agent used, but 
in general ranges from 2 to 5 hours. LMWH is only partially neutral-
ized by protamine, which reverses most of the anti-IIa (thrombin) 
activity but only some of the anti-Xa activity. The reversal is based on 
the level of anti-Xa activity, in a dose of 1 mg protamine per 100 anti-
Xa units.

Recombinant Activated Factor VIIa

rFVIIa is a synthetic form of coagulation factor VII, intended to 
promote hemostasis. It is an FDA-approved drug for bleeding in 
hemophilia patients with inhibitors, but has also been used in a 
variety of other conditions. The primary mechanism of action has 
been debated. When bound to exposed TF in the subendothelium, 
rFVIIa can activate factors X and IX„which then promote throm-
bin formation. This mechanism would explain its localized activity 
at sites of injury. Other data suggest that high-dose rFVIIa 
acts independently of TF by activating factor Xa on the platelet 
surface.

rFVIIa has proven ef“ cacious in reducing blood loss and improv-
ing survival in multiple animal studies of its use for the coagulopathy 
of hemorrhagic shock, and in reducing blood loss and operative time 
in humans undergoing radical prostate surgery. In blunt trauma pa-
tients, rFVIIa reduces the need for blood transfusion and for massive 
transfusion. A similar signi“ cant bene“ t was not seen in patients 
with penetrating trauma, however. Initial concerns about an in-
creased risk of thrombosis with rFVIIa have not been borne out. 
Studies have revealed no evidence of systemic thrombi or increased 
risk of thrombotic complications in animals or humans.

The optimal dose of rFVIIa for surgical patients has not yet been 
determined. Doses ranging from 20 to 200 micrograms/kg have been 
used successfully in clinical trials. Due to the drug•s short half-life, 
certain conditions such as severe coagulopathy may require a second 
or third dose within a few hours of the “ rst to maintain hemostasis 
while other contributing factors are aggressively treated. Until spe-
ci“ c guidelines are developed through future large multicenter trials, 
use of rFVIIa should be directed in accordance with local hospital 
policies, economic considerations, and speci“ c patient variables.

The current expense of the drug precludes its routine use in most 
bleeding conditions. We have employed a multidisciplinary approach 
to develop guidelines for use of rFVIIa on our Trauma Service, and 
have limited prescribing authority to certain specialists. Our guide-
lines promote use of rFVIIa in two speci“ c conditions: severe hepatic 
trauma requiring surgery and coagulopathy from hemorrhagic shock 
(as diagnosed by operating surgeon in the presence of microvascular 
bleeding) that is unresponsive to standard therapy. Its use in other 
conditions, such as TBI, remains unspeci“ ed.

CONCLUSIONS

Coagulopathy is commonly encountered in critically ill or injured 
patients. When bleeding is encountered, the “ rst priorities should be 
control of bleeding and resuscitation with crystalloids and blood. 
Congenital disorders should be considered. The patient should also 
be evaluated for acquired coagulopathies, including those resulting 
from medications. Coagulopathy frequently accompanies massive 
bleeding and resuscitation, and its etiology in this setting is multifac-
torial. Although dilution is frequently invoked as the primary patho-
physiologic process, hypothermia, acidosis, and shock generally play 
more important roles.

The use of blood components should be guided by objective evi-
dence of coagulation abnormalities (including clinical “ ndings and 
laboratory data) rather than resorting to formula-based replacement. 
Selective use of components (especially platelet transfusion) will 
yield safer and more effective therapy. Such an approach should lead 

Table 1: Management Options for Patients 
with Warfarin Anticoagulation and Bleeding Risk

Clinical Context Treatment Options

INR 	 5, no signi“ cant 
bleeding

Hold warfarin

INR � 5, no signi“ cant 
bleeding

Vitamin K 1…5 mg orally

INR � 1.5, bleeding or high 
risk of bleeding, nonemer-
gent

FFP in 2- to 4-unit doses, 
recheck INR after each dose, 
until bleeding stopped or INR 
	 1.5

Consider vitamin K 5 mg orally

INR � 1.5, life-threatening 
bleeding or emergent surgery 
or invasive procedure required

FFP in 4-unit doses, recheck INR 
after each dose, and vitamin K 
10 mg slow IV infusion

Consider factor 7a (repeat in 
2…3 hours if still bleeding)
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to more effective management of coagulopathy and more judicious 
use of blood component therapy. Continued advances in the “ eld 
present novel opportunities to affect coagulation, but the fundamen-
tal principles still apply in the patient with hemorrhage: control 
bleeding rapidly, expeditiously resuscitate from shock, manage tem-
perature carefully, and monitor the patient for clinical and labora-
tory evidence of coagulation abnormalities.
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MANAGEMENT OF ENDOCRINE 
DISORDERS IN THE SURGICAL 
INTENSIVE CARE UNIT
Anthony J. Falvo and Mathilda Horst

t he endocrine system as a part of the neuroendocrine axis (hypo-
thalamic-pituitary axis) in” uences the response to stress and 

critical illness. Endocrine abnormalities within this axis change and 
modify the physiologic response to trauma and stress. Critically ill pa-
tients with a known diagnosis of an endocrine problem are treated with 
replacement therapy. However, an unrecognized endocrine abnormal-
ity often creates management dif“ culties and increases morbidity. En-
docrine problems occur at all levels of the neuroendocrine axis from 
primary or secondary disease, medications, or end-organ failure.

The neuroendocrine axis is responsible for the stress response 
and is controlled by the hypothalamus, pituitary, and the auto-
nomic nervous system (Figure 1). This axis is activated by barore-
ceptor response to intravascular volume, sympathetic response 
from tissue injury, and in” ammatory mediators released from 
tissue trauma. The hormones released in response to injury act 
through binding to cell surface receptors or intracellular receptors 
and produce a complex series of responses and feedback loops 
that maintain cellular processes.1 This chapter addresses abnor-
malities in the endocrine system that affect the course of critically 
ill patients.

BRAIN PROBLEMS: ABNORMALITIES 
IN HYPOTHALAMIC/PITUITARY 
RESPONSE

Injuries that affect the brain can interrupt the hypothalamus or 
pituitary production of hormone. Head injury, brain surgery, mass 
lesions or in“ ltrative diseases, vascular or hypoxic injuries, 
and cerebral infections cause failure of the releasing and pituitary 
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hormones„resulting in single or combined abnormalities. Cere-
bral edema or increased intracranial pressure is thought to restrict 
the blood ” ow to the hypothalamic pituitary area. Frequently en-
countered abnormalities are diabetes insipidus (DI), syndrome of 
inappropriate antidiuretic hormone (SIADH), and cerebral salt 
wasting. These syndromes cause abnormalities of sodium and 
water balance. Evaluation of volume status, urine and serum so-
dium, and osmolality are required to determine which syndrome 
is present. This evaluation is important because the treatment de-
pends on which abnormality is present (Table 1).

Diabetes Insipidus

DI is caused by lack of vasopressin (antidiuretic hormone [ADH]), 
which causes water diuresis of more than 3 l/day, dehydration, and 
hypernatremia. The urine is dilute with urine osmolality of less than 
300 mOsm/kg and urine speci“ c gravity of less than 1.005. Urine osmo-
lality greater than 800 mOsm/kg excludes DI. The diagnosis is usually 
made when dilute urine output exceeds 200 ml for 2 consecutive 
hours.2 A dramatic rise in serum sodium occurs in the ICU patient 
population unless ” uids are aggressively replaced. In the neurosurgery 

Figure 1  Neuroendocrine axis. E, Epinephrine; NE, norepinephrine.
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Table 1: Comparison of Central Causes of Sodium and Water Abnormalities

Diabetes Insipidus Cerebral Salt Wasting SIADH

Serum sodium � � �
Serum osmolality 
(mOsmo/kg)

�290 	280 	280

Urine osmolality 
(mOsmo/kg)

	300 �100 �100

Urinary sodium (mEq/l) Variable �20 �20
Volume depletion Yes Yes No
Treatment dDAVP, water 

replacement
Normal saline Fluid restriction

dDAVP, 1-Desamino-8d-arginine vasopressin; SIADH, Syndrome of inappropriate antidiuretic hormone.
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patient population, the incidence of DI is 3.7% with a mortality of 
70%.2
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ACUTE RESPIRATORY DISTRESS 
SYNDROME
Booker T. King, Alexander Becker, George D. Garcia, 
and Juan A. Asensio

t here have not been many topics in critical care medicine that 
have received as much as attention as the acute respiratory dis-

tress syndrome (ARDS). Recently, there has been signi“ cant medical 
progress in this area„due in part to a better understanding of the 
pathophysiology of ARDS as well as earlier diagnosis and initiation 
of therapy. The •open lungŽ concept of mechanical ventilation has 
revolutionized the management of these patients. Newer modes of 
ventilation and novel strategies to improve oxygenation and reduce 
lung compliance have also contributed substantially.1 Despite these 
advances, a 30%…40% mortality can be attributed to ARDS.2 ARDS 
can occur directly from traumatic chest trauma or as a sequela of a 
host of disease processes (sepsis, fat emboli syndrome, pneumonia, 
severe blunt chest trauma, and so on). Therefore, a thorough under-
standing of the clinical presentation and treatment options for ARDS 
is essential for every practitioner who manages critically ill patients.

EPIDEMIOLOGY

The “ rst estimate of the incidence of ARDS, 75 cases per 100,000 person 
per year population correlating with 150,000 cases per year in this 
country, was published in an expert panel report by the National Insti-
tute of Health in 1972.3 The American European Consensus Confer-
ence (AECC) rede“ ned ARDS in 1992. Recent studies based on the 
AECC criteria found incidence rates that varied from 4.9 to 22 per 
person years. More recent studies reported high incidence rate of ARDS 
among ventilated patients. In a large multicenter study including 5183 
mechanically ventilated patients, 9% of patients met ARDS criteria at 
the beginning or over the course of the ventilatory support.4 In a more 
recent prospective study, Estenssoro et al.5 found that 8% of patients 
admitted to an intensive care unit (ICU) and 20% of mechanically 
ventilated patients ful“ lled criteria for ARDS.

The reported rate of mortality from ARDS ranges from 31% to 
74%. Several investigators have observed a reduction in mortality rates 
over time, from more than 60% in the 1980s to less than 40% in the 
1990s.2,6 Most studies have indicated that nonsurvivors of ARDS usu-
ally die of nonrespiratory causes. In 1985, Montgomery et al.7 high-
lighted that only 16% of deaths were caused by respiratory failure. In 
most cases, early death was caused by underlying disease, whereas 
late death was caused by sepsis. Recently, Bersten et al.8 showed that 

respiratory failure was the cause of death in only 9% of ARDS cases. 
Thus, ARDS is a systemic disease and the main cause of death is related 
to multiorgan failure. It is interesting that degree of hypoxemia is un-
important in terms of predicting mortality. Valta et al.9 showed that 
age, right ventricular dysfunction, and the presence of acute renal fail-
ure were found to have important prognostic value.

DEFINITION AND CLINICAL 
DIAGNOSIS

The de“ nition of ARDS has been simpli“ ed over the past few years, 
allowing clinicians to identify patients earlier. Ashbaugh•s 1967 
original description consisted of respiratory distress, cyanosis, de-
creased lung compliance, and bilateral in“ ltrates on chest radio-
graph.10 In 1988, Murray and Mathay devised a four-point scoring 
system that included the level of positive end expiratory pressure 
(PEEP), the ratio of partial pressure of arterial oxygen to the fraction 
of inspired oxygen (PaO2/FiO2), lung compliance, and chest x-ray 
“ ndings.11 In 1994, the AECC modi“ ed the 1988 de“ nition and their 
new de“ nition included the following major components12:

 � Hypoxia de“ ned speci“ cally as PaO2/FIO2 of less than 200
 � Bilateral diffuse alveolar in“ ltrates on chest x-ray
 � Pulmonary artery occlusion pressure (PAOP) of less than 18

The new de“ nition also introduced a classi“ cation for a lesser 
form of ARDS: acute lung injury (ALI). The diagnosis of ALI is iden-
tical except in one respect: PaO2/FiO2 of less than 300. This distinc-
tion is important because a greater portion of ARDS patients will 
require mechanical ventilation.

Acute respiratory distress syndrome presents with dyspnea, usu-
ally developing within 72 hours of the initial insult. Some patients 
may progress to moderate or severe respiratory failure necessitating 
intubation. Stable patients with mild to moderate ALI can be cau-
tiously managed with a trial of noninvasive ventilation.13 Arterial 
blood gas will often reveal hypoxia with respiratory alkalosis. The 
diagnosis is con“ rmed by chest x-ray, which shows bilateral in“ l-
trates resembling pulmonary congestion. Infrequently, the chest 
x-ray will have an atypical pattern that will be asymmetric or unilat-
eral. Computer tomography of the chest, if obtained, shows consoli-
dation with atelectasis in the dependent zones.14

Acute respiratory distress syndrome is associated with several 
clinical disorders, sepsis being the most common among them 
(40%).5 Two clinical disorders often found in trauma patients are 
pulmonary contusion and multiple blood transfusions, which can 
lead to ARDS. Pulmonary contusion is a direct insult to the lung 
parenchyma, leading to the accumulation of blood and protein-
aceous ” uid at the alveolar-capillary interface.15 This will lead to ALI 
in many patients, with some patients progressing to ARDS. Trauma 
patients requiring multiple transfusions of packed red cells are at risk 
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for ARDS. Transfusion-related ALI (TRALI) accounts for a small 
percentage of cases of ARDS. The exact mechanism of TRALI is still 
unclear.

PATHOPHYSIOLOGY

Acute respiratory distress syndrome is a devastating form of acute re-
spiratory failure that frequently develops in patients with pulmonary 
and nonpulmonary organ failure. Experimental and clinical data re-
garding the pathogenesis of disease have evolved signi“ cantly over the 
past decade. ARDS is an extremely severe form of ALI that occurs as a 
result of systemic in” ammation caused by either direct or indirect lung 
injury. Direct lung injury is associated with high mortality rate. Some 
causes of direct lung injury include pneumonia, aspiration, and pul-
monary contusion. Common causes of indirect lung injury are sepsis, 
multiple blood transfusion, shock, and acute pancreatitis.16 Regardless 
of the initial etiology, ARDS is characterized histologically by diffuse 
alveolar damage with interstitial and alveolar in“ ltration with neutro-
phils and macrophages. On the other hand, it is a progressive disease 
and has indistinct stages with different histologic features.

The acute exudative phase is manifested by the rapid onset of 
respiratory failure. Arterial hypoxemia that is refractory to oxygen is 
a characteristic feature. Pathologically, this picture is characterized by 
injury of the alveolar-capillary membrane and accumulation of 
protein-rich ” uid with neutrophils, macrophages, and disruption of 
the endothelial-epithelial barrier„ending with the development 
of the pulmonary interstitial edema secondary to microcapillary 
circulatory injury.17 The resulting interstitial accumulation of ” uid 
and protein impairs diffusion capacity and thus oxygenation. These 
changes are responsible for the decreasing pulmonary compliance 
and hypoxemia. Disruption of the alveolar epithelium and loss of 
types 1 and 2 pneumocytes lead to loss of the mechanical barrier 
integrity, leading to bacterial translocation and sepsis.

The key role of the activated neutrophils and macrophages has 
been established based on analyses of bronchoalveolar (BAL) ” uid in 
the acute phase of ARDS.18 Several recent studies stressed that acti-
vated neutrophils and macrophages produce cytokines, including 
TNF-�, interleukins IL-1�m IL-6, IL-8, and IL-10 (all of these play-
ing essential roles in pathophysiology of ARDS).19 Recovery from 
ARDS is characterized by the resolution of the alveolar edema and 
recuperation of the alveolar epithelial barrier. During the acute phase 
of in” ammation, alveolar epithelial cells undergo apoptosis. Once 
recovery begins, type 2 cells proliferate„producing surfactant. The 
type 2 cells then differentiate to type 1 cells. After the acute phase, 
some patients make uncomplicated and rapid recovery„whereas 
others progress to the “ brotic stage, which has been observed early in 
the course of disease.20 The alveolar space “ lled with mesenchymal 
cells (producing procollagen 3 peptide, collagen, and “ bronectin, 
along with new blood vessels) gives a histologic picture of “ brosing 
alveolitis associated with poor outcome and an increased risk of 
death.21

TREATMENT

The initial steps in the treatment of ARDS include early recognition 
of the disorder, followed by the initiation of therapies designed to 
treat the underlying insult or condition that caused the ARDS to 
develop. In the case of pneumonia, this may entail early aggressive 
initiation of broad-spectrum antibiotics. In sepsis, early resuscita-
tion and optimization as well as treatment of the septic focus are 
essential. All cases of ALI and ARDS will require the trauma sur-
geon or surgical critical care specialist to continually assess the 
need for mechanical ventilatory support. In addition to the thera-
pies previously cited, other areas must be addressed„including the 
nutritional status of the patient, comorbid conditions, and extra-
pulmonary sites of end-organ failure.

The “ rst major decision for the trauma surgeon or surgical criti-
cal care specialist caring for a patient developing ARDS is whether or 
not mechanical ventilation is necessary. This will depend of course 
on the severity of the patient•s symptoms. Patients who cannot be 
supported by noninvasive therapies (supplemental oxygen and con-
tinuous positive airway pressure mask) will de“ nitely require intuba-
tion and mechanical ventilation.

The use of PEEP in the treatment of ARDS patients dates back 
to the original description of the disease.10 The effectiveness of 
PEEP is due to its ability to recruit lung units, thereby increasing 
functional residual capacity (FRC) and hence increasing lung 
compliance. PEEP also increases the proportion of alveoli actively 
engaged in gas exchange, leading to a decrease in shunt fraction.22 
PEEP has a third advantage of protecting against ventilator-
associated lung injury (VALI) by preventing the derecruitment-
recruitment cycle that ultimately leads to alveolar damage. There 
has been much interest in the past few years in determining the 
optimum level of PEEP (a PEEP level that yields maximum oxy-
genation without overdistending the lung).

The use of upper and lower in” ection points on the pressure-
volume curve has been advocated by some as a more accurate way of 
determining this PEEP level.23,24 This method is highly sophisticated, 
often requiring computer software designed to graphically display 
pressure-volume curves. Therefore, this method has not gained 
widespread appeal. The current recommendation is to adjust PEEP 
to a level at which the FIO2 can be decreased to less than 60% and 
oxygen saturation can be maintained at 88% or greater.25 The ARDS 
network recently conducted a trial comparing lower to higher PEEP 
levels and there was no difference in mortality between the two 
groups.26 The use of high PEEP in ARDS remains controversial.

A landmark study conducted by the ARDS Network compared 
ventilating ARDS patients with tradition tidal volume (12 ml/kg) 
with lower tidal volume (6 ml/kg). A 22% reduction in risk was seen 
in patients ventilated with lower tidal volume.27 No other single ven-
tilator strategy has been shown to impact survival dramatically in 
ARDS. Additional recommendations derived from the ARDS Net-
work study included keeping plateau pressure less than 30 mm Hg 
and adjusting the PEEP to keep to oxygen saturation between 
88% and 95%. Together, these recommendations comprise the •open 
lungŽ strategy of management of patients with ARDS.

Permissive hypercapnia has emerged as another important tool in 
the treatment of ARDS patients. With permissive hypercapnia, the 
partial pressure of carbon dioxide (PCO2) is allowed to rise as high 
as 70 mm Hg„and in some cases higher. Several studies have shown 
that this level of PCO2 is well tolerated and that attempts to normal-
ize the PCO2 by increasing the respiratory rate or using bicarbonate 
replacement are unnecessary and perhaps detrimental. Permissive 
hypercapnia is thought to be lung protective.28

Pressure-controlled ventilation (PCV) was once thought to 
provide an advantage over volume-controlled ventilation in ARDS 
patients. It has been suggested that the rapid inspiratory ” ow char-
acteristic of PCV leads to better oxygenation. A prospective ran-
domized trial failed to show that PCV was superior.29 Inverse ratio 
ventilation (IRV) is used to improve oxygenation by allowing a 
greater time for inspiration to occur, this allowing more time for 
oxygen exchange. A longer inspiratory time can lead to hypercap-
nia and auto-PEEP. Some studies have found a small bene“ t to 
IRV, but others have failed to show a survival advantage.30 Other 
newer modes of ventilation are being used for ARDS. One mode 
that has recently attracted attention is airway pressure release ven-
tilation (APRV). In this mode, continuous positive airway pressure 
is delivered for prolonged periods with exhalation allowed to oc-
cur over a fraction of a second.31 APRV has been successful in 
improving oxygenation in ARDS in anecdotal reports, but it can 
result in profound hypercapnia and auto-PEEP. No data exists to 
show this newer modality increasing survival.

It is important for the critical care team caring for ARDS patients 
on mechanical ventilation to be mindful of the potential to create 
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VALI. VALI is an insult that arises in the lung as a result of the venti-
lator pressures causing alveoli to overdistend. This leads to not only 
physical stress-related injury to the alveolus but to activation of the 
proin” ammatory response.32 The main components of VALI are oxy-
gen toxicity and •volutrauma.Ž VALI is often seen after attempts to 
ventilate ARDS patients with high tidal volumes and when higher 
levels of oxygen (�60%) are used unnecessarily. The ARDS patient 
must be managed with a strategy that minimizes VALI.

Alternative Therapies

Inhaled nitric oxide improves oxygenation in respiratory failure by 
several mechanisms. First, it selectively vasodilates the pulmonary 
capillaries of well-ventilated alveoli„leading to a reduction in shunt 
and decreasing pulmonary vascular resistance. Second, inhaled nitric 
oxide may have some anti-in” ammatory properties.33 It is usually 
delivered at concentrations of 1 to 10 parts per million, although 
concentrations as high as 40 parts per million can be delivered with-
out toxicity. Several randomized clinical trials failed to show an out-
come bene“ t.34 To date, the use of inhaled nitric oxide in ARDS is 
con“ ned mostly to patients who are severely hypoxemic despite 
maximal efforts with conservative therapy.

Prone positioning has the theoretical bene“ t of improving oxy-
genation by redistributing lung ventilation and perfusion. Other 
important mechanisms include improving ventilation mechanics 
and alleviating the medial compression of the lung by the heart and 
mediastinum. A recent multicenter randomized trial conducted by 
Gattinoni et al.35,36 showed improved oxygenation in ARDS patients 
who were ventilated in the prone position. No improvement in mor-
tality was shown in this study. Prone positioning is associated with 
several complications, including risk of pressure necrosis of facial 
structures, dif“ culty assessing sedated patients, and the possibility of 
dislodging the airway. Currently, there is no recommendation advis-
ing the routine use of prone positioning.

High-frequency ventilation (HFV) is achieved with a special ven-
tilator or oscillator designed to deliver tidal volume of 1 to 5 ml/kg at 
rates of 60 to 300 breaths per minute. Ventilating the lung at such 
high frequency and with small tidal volumes is believed to have a 
lung-protective effect that reduces VALI.37 Multiple clinical trials of 
HFV in ARDS patients have failed to show a survival bene“ t. Its use 
is highly individualized and is often applied to patients who do not 
respond to conservative therapies.38

Partial liquid ventilation is a process in which the lungs are “ lled 
with per” ouro-carbon (PFC) liquid and ventilated with conven-
tional mechanical ventilator. PFC is an inert liquid with high af“ nity 
for oxygen. Partial liquid ventilation improves oxygenation by dis-
tributing PFC throughout the lung, allowing gas exchange in areas 
where gaseous oxygen will not.39 Previous studies have shown some 
promise for this modality in children with severe respiratory fail-
ure.40 A recent randomized study performed by Kacmerak et al.,41 
which compared conventional mechanical ventilation with partial 
liquid ventilation, failed to show outcome bene“ t. With no large 
randomized studies to show ef“ cacy partial liquid, ventilation re-
mains investigational but it has been used as a salvage therapy at 
some institutions.

Extra corporeal membrane oxygenation (ECMO) utilizes a me-
chanical membrane oxygenator to directly oxygenate blood while 
blood is circulated through the machine by roller pumps. This is an 
appealing strategy potentially allowing the lung to •restŽ while con-
tinuing to maintain maximal oxygenation. This procedure is fraught 
with logistical dif“ culties and is not available at many medical cen-
ters. The procedure also carries the risk of injury to vasculature from 
insertion of venous and/or arterial cannulas and the risk of bleeding 
because full anticoagulation is necessary. Clinical studies have not 
shown a bene“ t to using ECMO.42 ECMO is reserved almost exclu-
sively for patients who fail conservative therapy and cannot be oxy-
genated by any other method.

Enthusiasm for the use of surfactant arose as a result of its bene“ -
cial effects on neonatal respiratory distress syndrome.43 Attempts to 
apply this therapy to adults have not proven fruitful. A recent ran-
domized study comparing aerosolized surfactant to placebo in ARDS 
patients failed to show improvement in survival or an increase in 
ventilator-free days.44 To date, surfactant has no role in the manage-
ment of adult patients with ARDS.

A signi“ cant proportion of patients with ARDS will begin to 
develop “ brosis early as a result of a deranged healing process. 
These patients may exhibit poor lung compliance, elevated peak 
airway pressures, and pulmonary hypertension„and have a •hon-
eycombŽ appearance on chest x-ray indicating “ brotic lung. It has 
been postulated that corticosteroids may arrest this process and 
possibly reverse it. Clinical studies looking at high-dose steroid 
(methylprednisolone 30 mg/kg every 6 hours) failed to show im-
provement.45 A recent study conducted by the ARDS Network used 
low-dose methylprednisolone (2 mg/kg) tapered over 25 days.46 
The steroid group had higher 60-day mortality but was shown to 
have improved oxygenation, increased ventilator-free days, and 
increased shock-free days. However, despite these bene“ ts the 
ARDS Network did not advocate the use of corticosteroids for 
“ broproliferative ARDS.

CONCLUSIONS

ARDS is a common life-threatening disorder with a signi“ cant in” u-
ence on the morbidity and mortality of ICU patients. It has been 
clinically recognized for nearly 30 years. During that time, the under-
standing of the risk, pathophysiology, and outcomes has changed and 
improved. In the last years, important randomized controlled trials 
in patients with ARDS have been conducted and have shown that 
mechanical ventilation with low tidal volume is better than me-
chanical ventilation with high tidal volume. High PEEP pressure has 
not been shown to offer any survival bene“ t. Different modes of 
ventilation (such as APRV and HFPV) have some disadvantages, but 
their bene“ ts have to be proven. No drug therapy has been shown to 
improve survival in patients with ARDS. Despite the success of a low 
tidal volume strategy in reducing mortality, ARDS patients still have 
increased risk of death as well as signi“ cant functional disability and 
decrements in quality of life. Therefore, new therapies are still 
needed.
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SYSTEMIC INFLAMMATORY 
RESPONSE SYNDROME 
AND MULTIPLE-ORGAN 
DYSFUNCTION SYNDROME: 
DEFINITION, DIAGNOSIS, 
AND MANAGEMENT
Anthony Watkins and Edwin A. Deitch

i n 1973, Tilney et al.1 described 18 patients who developed •se-
quential system failureŽ following surgery for ruptured abdomi-

nal aneurysms. It was at this time that the idea that severe physiologic 
insults could lead to multiple-organ failure (MOF) was “ rst estab-
lished. Several decades later, MOF (or multiple organ dysfunction 
syndrome [MODS]) remains a major source of postinjury morbidity 
and a leading cause of death in surgical intensive care units (SICUs). 
Although the pathogenesis of this syndrome remains to be fully de-
“ ned, it is evident that sepsis, systemic in” ammatory response syn-
drome (SIRS), acute respiratory distress syndrome (ARDS), and 
MODS are closely related phenomena. Consequently, the goal of this 
chapter is to review SIRS and MODS, focusing on current strategies 
for diagnosing, managing, and (most importantly) preventing these 
syndromes.

INCIDENCE

The concept that death from trauma has a trimodal distribution 
(with these deaths being caused by hemorrhage, head injury, and 
sepsis/organ failure) is well established. Because MODS is the most 
common cause of late trauma deaths, it has been the subject of in-
tense investigation. It is now clear that certain clinical risk factors can 
be used to predict the likelihood of a patient developing MODS. 
These include age, injury severity score (ISS), number of blood trans-
fusions, and lactate/base de“ cit levels.2 However, it is only over the 
last decade that the incidence of MODS in high-risk trauma patients 
appears to have decreased. This decrease appears to be due to a better 
knowledge of the factors predisposing patients to its development, as 
well as to the immunoin” ammatory response to shock and trauma. 
For example, a 12-year prospective study examining 1344 trauma 
patients noted that the actual incidence of MODS (25%) was lower 
than its predicted rate.3

The authors concluded that this decrease was likely due to the 
concomitant drop in the liberal use of blood transfusions, which 
have been shown to be an independent predictor of MODS, SIRS, 
and mortality.4,5 Not only does the incidence of MODS appear to be 
decreasing but there is emerging data to suggest that the mortality 
rate of patients with MODS is also declining„as re” ected in a retro-
spective study of MODS-related death after blunt multiple trauma 
during a 25-year period. This study revealed an approximately 50% 
reduction in MODS-related mortality, from 29% to 14% over this 
time period.6 As will be discussed later in this chapter, several thera-
peutic interventions have been developed that have been shown to 

reduce mortality or to attenuate organ dysfunction, which would 
help explain this decline in mortality. In spite of these improvements, 
once MODS has become established the risk of death is signi“ cant„
with the patient•s prognosis being more closely related to the number 
of organs that have failed than to any other variable, including the 
underlying processes that initiated the MODS.7

MECHANISMS OF MODS

The clinical picture of MOF is indicative of a generalized systemic 
in” ammatory response, which typically occurs as a result of infection 
or uncontrolled in” ammation in the patient with severe trauma. 
Several distinct and often con” icting hypotheses have been proposed 
to explain the mechanisms underlying MODS.7 Nonetheless, MOF 
can be viewed as a systemic process involving the excessive stimula-
tion of certain in” ammatory responses mediated by circulating fac-
tors whose effects contribute to injury or dysfunction in organs not 
involved in the initial insult. To a large extent, the cascade of events 
culminating in MOF is likely to be mediated by the same factors ir-
respective of the exact nature of the triggering insult. In fact, it is the 
host•s in” ammatory response to injury or infection that is probably 
more important in the genesis of SIRS, ARDS, and MODS than the 
microbial agent or the initiating insult. Thus, an appreciation of the 
role of the in” ammatory response of the host in the pathogenesis of 
MOF is vital in order to develop new and effective modalities for the 
prevention and treatment of this syndrome.

The earliest reports of postinjury MODS identi“ ed occult intra-
abdominal infection as the etiology in approximately half of the 
cases. However, the recognition that more than 50%…70% of patients 
with MOF do not have an identi“ able focus of infection meant that 
uncontrolled infection could not be the universal cause of MODS. 
From this early work came the recognition that only a fraction of 
septic-appearing patients were infected and that the host•s own re-
sponse to tissue injury or shock could result in a noninfectious septic 
state. In turn, this recognition that the host•s immunoin” ammatory 
response to microbial infection, tissue injury, necrotic tissue, or 
shock was similar led to the hypotheses that immune cell products, 
such as cytokines, contributed to the development of MODS.

This hypothesis was based on the concept that an excessive 
immuno-in” ammatory response due to activated macrophages and 
other immune cells led to cytokine-mediated tissue injury and 
thereby the development of SIRS and MODS. This hypothesis was 
supported by several experimental and clinical observations. For ex-
ample, cytokine levels were increased in trauma patients and the 
administration of tumor necrosis factor alpha (TNF-�) to humans 
elicited a clinical response similar to SIRS, whereas preclinical animal 
studies documented that TNF-neutralization improved survival in 
animals receiving a lethal dose of endotoxin. However, things were 
not this simple„as soon became apparent from multiple failed 
clinical trials of anti-in” ammatory agents and the results of more 
complex preclinical animal studies. In fact, it is now recognized that 
cytokines have many bene“ cial functions, such as the control of in-
fection. It is also recognized that elevated cytokine levels appear 
to be more markers or predictors of the host response than inducers 
of MODS.

Another mechanism by which hemorrhagic shock and trauma 
could predispose to the developments of MODS is through an 
ischemia-reperfusion injury and/or damage to the microcirculation. 
Because shock is essentially a total-body ischemia-reperfusion insult 
and the microcirculation of various tissues and organs are highly 
susceptible to ischemia-reperfusion…mediated insults, this process 
has been termed the microcirculatory hypothesis of MODS.7 
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Physiologically, circulatory shock could contribute to MOF through 
inadequate global oxygen delivery, the ischemia-reperfusion phenom-
enon, and/or the promotion of deleterious endothelial-leukocyte inter-
actions.

Although prolonged tissue hypoxia leads to inadequate ATP gen-
eration and potentially irreversible cell damage, under most clinical 
conditions the shock period is not long enough for this process to 
occur. Thus, in clinical situations it appears that most of the tissue 
damage occurs after ischemia is relieved by reperfusion and that this 
damage is due to the production of reperfusion-induced oxygen 
radicals and proin” ammatory factors (such as oxidants, nitric oxide, 
chemokines, and cytokines). In fact, recent studies show that the 
combination of reperfusion-induced increased levels of nitric oxide 
and superoxide anion synergistically increase cell injury via the pro-
duction of peroxynitrite, which is a long-lasting and potent oxidant 
that causes direct cell injury through lipid peroxidation. This notion 
that increased nitric oxide production is important in the pathogen-
esis of MODS is supported by clinical studies showing that serum 
nitrate levels (an index for the systemic production of nitric oxide) 
correlated well with MOF scores in critically ill patients.8

Endothelial-leukocyte interactions leading to tissue injury also seem 
to be a key step in the pathogenesis of SIRS, ARDS, and MODS. Many 
factors related to shock and tissue injury, including cytokines, necrotic 
tissue, endotoxins, and oxidants, can convert endothelial cells from a 
quiescent state to a proin” ammatory procoagulant one and can activate 
neutrophils. The combination of these changes in endothelial cell 
phenotype and neutrophil activation has been documented to lead to 
increased neutrophil adherence to the microcirculatory endothelium, 
thereby promoting neutrophil-mediated microvascular injury.7 Experi-
mentally, inhibition of neutrophil-endothelial interactions has been 
shown to limit shock- and sepsis-induced injury to a number of 
organs, including the lung. Furthermore, neutrophil activation in 
trauma patients has been identi“ ed as a predictor of the development 
of SIRS, ARDS, and MODS. Therefore, endothelial cell…neutrophil 
interactions, whether induced by shock, sepsis, or an augmented in-
” ammatory response, appear to be an important effector mechanism in 
the development of ARDS and MODS.

The gut hypothesis of MOF has been used to explain why no 
identi“ able focus of infection can be found in as many as 30% of 
bacteremic patients who die from MOF.9 An extensive body of ex-
perimental as well as clinical studies supports this hypothesis. For 
example, clinical studies indicate that intestinal permeability is in-
creased in patients with sepsis after major thermal injury or trauma 
and that loss of intestinal barrier function correlates with the devel-
opment of systemic infection, ARDS, and MODS.10 Likewise, studies 
in intensive care unit (ICU) and trauma patients indicated that gut 
ischemia, as measured by gastric tonometry, is a better predictor of 
the development of ARDS and MODS than global indices of oxygen 
delivery.11 Although both clinical and experimental studies impli-
cated intestinal injury and bacterial translocation in the development 
of SIRS and MODS, a study by Moore et al.12 began to cast doubt on 
the clinical relevance of bacterial translocation.

These investigators failed to “ nd bacteria or endotoxin in the 
portal blood of severely injured patients, including a subgroup of 
patients developing MODS. One potential explanation for this fail-
ure to “ nd endotoxin or bacteria in the portal blood was that the 
gut-derived factors contributing to SIRS, ARDS, and MODS were 
exiting the gut via the lymphatics. Studies testing this possibility have 
documented that nonbacterial factors exiting the ischemic gut con-
tribute to acute ARDS, MODS, neutrophil activation, and endothe-
lial cell injury/activation in both rodent and primate models of 
trauma-hemorrhagic shock and have led to the gut-lymph hypothe-
sis of MODS.10 This gut lymph hypothesis of MODS proposes that 
nonbacterial noncytokine factors released from the stressed gut via 
the lymphatic system activate neutrophils and endothelial cells, 
thereby leading to organ dysfunction. Thus, over the last several years 
the gut hypothesis has expanded beyond bacterial translocation and 
now also implicates gut-derived nonbacterial proin” ammatory 

and tissue-injurious factors in the pathogenesis of SIRS, ARDS, 
and MODS.

Although each of the various MODS hypotheses was presented 
individually, in patients many of these pathways overlap and the in-
duction of one pathway can lead to activation of others. For example, 
severe bacterial infection activates the immuno-in” ammatory re-
sponse, which in turn leads to microcirculatory dysfunction and gut 
ischemia. Likewise, nonbacterial gut-derived factors have been shown 
to activate neutrophils, lead to an augmented in” ammatory re-
sponse, and promote microcirculatory dysfunction. Furthermore, 
shock states are associated with microcirculatory failure, gut injury, 
induction of an in” ammatory response, and augmented neutrophil-
endothelial cell interactions. In addition, in many patients who de-
velop MOF no one major insult seems to have occurred. Instead, it 
appears that the development of MODS is related to the summation 
of several minor insults rather than one major event.

This clinical observation has led to the •two-hitŽ hypothesis of 
MODS, where potentially clinically modest events prime the host so 
that the host•s response to subsequent secondary events becomes 
exaggerated, culminating in SIRS, ARDS, and MOF. Although this 
two-hit theory needs to be further understood, it is a feasible expla-
nation of how trauma or burn injury can convert a nonlethal infec-
tious or hypoxic challenge into a lethal insult. In fact, as illustrated in 
Figure 1 it is clear that the dif“ culty in “ nding an effective therapy to 
prevent or treat MODS relates to the overlapping nature of the mul-
tiple systems activated by shock and trauma as well as the ability of 
one system to prime other systems for an exaggerated physiologic 
response to secondary insults. Nonetheless, the knowledge gained 
from these basic studies of the physiology of in” ammation and 
MODS have provided important therapeutic insights. For example, 
they highlight the importance of prompt and adequate volume re-
suscitation and microcirculatory blood ” ow to prevent organ isch-
emia, the need for early excision of nonviable tissue to limit systemic 
in” ammation, and the need for therapies to better preserve gut bar-
rier dysfunction and limit uncontrolled in” ammation.

DIAGNOSIS

A key step in the treatment of a disease process is the establishment 
of an accurate diagnosis. To that end, a number of consensus confer-
ences have been held in an attempt to provide classi“ cation schemes 
that allow SIRS, ARDS, and MODS to be accurately diagnosed. 

Figure 1 Overlapping nature of multiple hypotheses believed to be 
responsible for causing MODS.
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Based on these conferences, SIRS is de“ ned as the response to a va-
riety of severe clinical insults, which is manifested by two or more of 
the four conditions listed in Table 1.13 Furthermore, SIRS should be 
viewed as an evolved dynamic process that has adaptive survival 
value for the host under most circumstances because it signals the 
body to respond to injury or to an external threat such as a bacterial 
infection. However, if this protective in” ammatory response be-
comes uncontrolled or excessive it has maladaptive consequences 
due to its potential to injure the host•s own tissues.

The term •MODSŽ was introduced by a consensus conference of 
the American College of Chest Physicians (ACCP) and the Society of 
Critical Care Medicine (SCCM) in 1991.14 Prior to that time, this syn-
drome had many different names, including sequential organ dysfunc-
tion syndrome and multiple-organ failure syndrome. Several MODS 
scoring systems have been established that grade the severity of MODS 
and emphasize the concept that there exists a continuous spectrum 
from mild to full-blown dysfunction that correlates, on a patient 
population level, with mortality and morbidity (Table 2).15…18

These systems, much like the sequential organ failure assessment 
(SOFA) score developed by Vincent et al.,18 score organ failure by as-
signing a numerical scale in which more points are given to the higher 
degree of organ dysfunction in several organ systems (Table 3).16,19 
Although not developed to predict mortality in individual patients, 
there are several areas where the use of such scoring systems can be 
bene“ cial in critically ill patients. This includes their use in the daily 
clinical evaluation of a patient•s response, in research involving epide-
miologic studies, and in the assessment of new therapies in clinical 
trials. Although these scoring systems use slightly different parameters 
to grade organ failure, most studies have found that the clinical utility 
of these scoring systems is comparable.20,21

MANAGEMENT

At the current time, the treatment of patients with established 
MODS is largely symptomatic and dedicated to supporting organs 
and systems that have failed. Because there is no •cureŽ for MODS, 

once it is present„and because the mortality rate of patients with 
established MODS is high„prevention becomes a key strategy in 
the care of the high-risk trauma patient. Therefore, it is important 
to understand and utilize certain strategies and approaches that 
have been shown to reduce the risk for developing MODS. In 
trauma patients, prevention begins in the “ eld, with rapid trans-
port to a medical facility, and extends throughout the resuscitative, 
operative, and ICU phases of care (Table 4). Because the 
approaches and strategies used at different phases of patient 
care may vary to some extent, each of these phases is discussed 
individually„although in actual clinical practice these phases 
often overlap.

Resuscitative Phase

The resuscitative phase has as its central goal the restoration of an 
effective blood volume, optimization of microcirculatory blood 
” ow (and hence tissue perfusion), and the prevention/limitation 
of ischemia-reperfusion injury. Recognition that shock causes a 
global ischemia-reperfusion injury, which directly and indirectly 
leads to cellular and hence organ injury, has led to an increasing 
emphasis on the adequacy of volume resuscitation as well as a 
search for more effective resuscitation ” uids. The primary end-
point of resuscitation, however, remains controversial. Parameters 
such as base de“ cit and lactate levels, oxygen delivery, gastric in-
tramucosal pH (pHi), and invasive monitoring using pulmonary 
artery catheters have all been used in an attempt to optimize vol-
ume resuscitation.

This is because blood pressure and urine output may not re” ect 
the adequacy of volume resuscitation in the severely injured trauma 
patient. In this setting, arterial blood base de“ cit and serum lactate 
levels have been shown to be useful markers with which to monitor 
the response to resuscitation. A worsening base de“ cit or serum 
lactate has been shown to correlate with ongoing blood loss or i
nadequate volume resuscitation, whereas improvements in these 
parameters are indicative of adequate volume resuscitation. Be-
cause in severely injured patients the period of volume resuscita-
tion may last up to 48 hours, serial measurements are important. 
Based on prospective studies demonstrating that patients who 
cleared their base de“ cient or lactate levels within 48 hours had a 
reduced incidence of ARDS and MODS plus a higher survival rate 
than those who did not,22,23 the resuscitative goal should be to re-
duce and keep the base de“ cit below …2 mmol/l and/or the serum 
lactate less than 1.5 mEq/l.

The choice of resuscitative ” uid has become a more controversial 
subject with the recognition that Ringers lactate is proin” ammatory 
and thus may exacerbate the in” ammatory response and contribute 
to the development of organ injury in shock states.24…27 Given these 

Table 1: De“ nition of Systemic In”  ammatory 
Response Syndrome

Temperature �38°C or �36°C

Heart rate �90 bpm

PaCO2 �32 torr (�4.3 kPa)

WBC of �12,000 or �4,000 cells/mm3; �10% immature forms

Table 2: Comparison of Scores Evaluating Multiple-Organ Dysfunction

System Brussels Score MODS Score LOD Score SOFA Score

Respiratory PaO2/FIO2 ratio PaO2/FIO2 ratio PaO2/FIO2 ratio PaO2/FIO2 ratio
Cardiovascular � Arterial pressure

� Response to ” uids
� Acidosis

Pressure-adjusted heart rate � Arterial pressure
� Heart rate

� Arterial pressure
� Vasoactive drugs

Renal Creatinine Creatinine Creatinine, urea, UO Creatinine, UO
Hematologic Platelets Platelets Platelets, leukocytes Platelets
Hepatic Bilirubin Bilirubin Bilirubin, PT Bilirubin
Neurologic GCS GCS GCS GCS

Brussels score,15; GCS, Glasgow Coma Scale; LOD, logistic organ dysfunction16; MODS, multiple organ dysfunction score20; PT, prothrombin; SOFA, sequential 
organ failure assessment18; UO, urine output.
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failure in two or more organs (19% relative risk reduction). However, 
due to its ability to cause severe bleeding complications, it is contra-
indicated in patients with head injury, an increased risk of life-
threatening bleeding, and with epidural catheters or recent active 
bleeding. Thus, although rhAPC is the only immunomodulatory 
treatment shown to date to improve survival in patients with a high 
risk of death (Apache II score above 25 or multiple organ failure), 
little information is available on its effectiveness in trauma patients. 
Furthermore, in contrast to the PROWESS study, no 28-day mortal-
ity bene“ t was shown in septic patients with a low risk of death 
(Apache II scores �25 or single organ failure); however, it doubled 
the risk of the development of a bleeding complication.22 Thus, it 
appears that the use of rhAPC may not be appropriate for many 
trauma patients, but it should be considered in selected patients.

Multiple Organ Dysfunction Syndrome

Since infections can contribute to the development of MODS as well 
as increase mortality, several key concepts must be kept in mind to 
limit as well as to treat infection-related organ dysfunction. For ex-
ample, sepsis is one of the most common clinical precursors to 
ARDS. Tachypnea and hyperventilation are frequent manifestations 
of severe sepsis, and increased work of breathing and abnormalities 
of oxygenation often make oxygen delivery dif“ cult. Thus, one of the 
primary goals in severe sepsis is to ensure adequate oxygen delivery 
and oxygenation; however, the timing of mechanical ventilation is 
controversial. Clearly, patients with clinically evident acute lung in-
jury or ARDS should be intubated early; however, the bene“ ts of 
early ventilatory support should be weighed against the risks of ven-
tilator-associated complications. In mechanically ventilated patients, 
the goal is to keep the oxygen saturation above 88%…95% while keep-
ing the FiO2 less than 0.6. Lung-protective strategies for improved 
outcome include volume-cycled ventilation in the assist control 
mode, with a low tidal volume (6 ml/kg of body weight). In the 
ARDSNET trial, low tidal volume strategies produced signi“ cantly 
decreased in-hospital mortality with an increase in ventilator-free 
and organ failure…free days.23 In this trial, plateau pressures were kept 
below 30 cm of water, and tidal volumes were approximately 6 ml/kg; 
however, if necessary, tidal volumes were dropped to 4 ml/kg and 
permissive hypercapnia was allowed to achieve this goal. Permissive 
hypercapnia has not been shown to be detrimental, except in patients 
with elevated intracranial pressures. Once intubated, the only pre-
ventive strategy for decreasing the incidence of ventilator-associated 
pneumonia is semirecumbent positioning.24 Patients may be laid ” at 
for procedures, hemodynamic measurements, or episodes of hypo-
tension, but the remainder of the time they should be semirecum-
bent. In addition, sedation and neuromuscular blockade should be 
frequently evaluated. Neuromuscular blockade should be avoided 
due to prolonged paralysis and skeletal muscle weakness. If necessary, 
depth of blockade with train-of-four monitoring should be used. 
Sedation should also be monitored with sedation scales and daily 
periods of lightening or interrupting continuous sedation, which has 
been shown to decrease the length of mechanical ventilation and 
ICU stays.25

Sepsis can also lead to cardiac dysfunction and associated myo-
cardial depression, manifested as both diastolic dysfunction and a 
decreased cardiac response to catecholamines. This causes a de-
creased ejection fraction despite an increased cardiac index. This re-
versible biventricular myocardial dysfunction has been attributed to 
TNF-alpha, IL-1, or nitric oxide. Hypovolemia also exacerbates car-
diac dysfunction and thus must be avoided. During this period of 
myocardial depression, the ventricles dilate and the ejection fraction 
is decreased. Even in the presence of normal or increased cardiac 
output, cardiac function is not always adequate to provide suf“ cient 
oxygen to the tissues to meet metabolic needs. Thus, a goal of therapy 
is to maintain oxygen delivery at suf“ cient levels to allow optimiza-
tion of oxygen consumption at the tissue level. Consequently, if there 

is evidence of inadequate systemic oxygen delivery associated with a 
low cardiac output despite adequate ” uid therapy, then the use of 
inotropes is indicated with dobutamine being the agent of choice.1 
On the other hand, attempts to drive oxygen delivery to supranormal 
levels should not be done, since this strategy has been shown to in-
crease rather than decrease mortality.26

While renal dysfunction is common in the setting of severe sepsis 
or septic shock, renal failure requiring renal replacement therapy oc-
curs in less than 5% of patients with severe sepsis. The development 
of acute renal failure requiring replacement therapy, either hemodi-
alysis or continuous venovenous hemo“ ltration, in severe sepsis is 
associated with an increased risk of death. Although it has been hy-
pothesized that plasma exchange may be bene“ cial in removing 
molecules in the bloodstream that initiate or propagate the sepsis 
cascade, there are no compelling data to support the ef“ cacy of this 
approach. When acute renal failure occurs in the septic patient, it is 
generally a consequence of inadequate volume resuscitation, the use 
of nephrotoxic drugs or a prolonged period of shock. Thus, preven-
tion of renal failure is primarily aimed at maintenance of effective 
renal perfusion, including volume administration and cardiovascular 
support. In contrast, multiple studies have shown that there is no role 
for •renal-doseŽ dopamine in the prevention or treatment of acute 
renal failure.27 Since the mortality rate of nonoliguric renal failure is 
about half that of oliguric renal failure, once renal failure becomes 
manifest it is important to attempt to convert oliguric to nonoliguric 
renal failure. Therapeutic strategies that can be used include volume 
administration to maintain pulmonary arterial wedge pressure of 
15…18 and the administration of mannitol or high-dose continuous 
loop diuretics to convert nonoliguric to oliguric renal failure.28 In 
addition, in patients with renal failure, drug dosing is modi“ ed and 
levels of drugs such as aminoglycosides are monitored. Lastly, endog-
enously produced nephrotoxic substances such as myoglobin must 
be cleared, and continued attempts are made to control the infectious 
process.

Since the early studies performed by Moore et al. in 1989 docu-
menting that early enteral nutrition is associated with a reduction in 
infectious complications and length of stay in trauma patients,29 
many other studies have validated the concept that early enteral feed-
ing reduces infection rates in trauma as well as other ICU patient 
populations. Not only is there evidence that enteral nutrition is ben-
e“ cial, but there is also evidence from several clinical trials that total 
parenteral nutrition (TPN) may be harmful as illustrated in the 
VA cooperative perioperative trial of 395 malnourished surgical pa-
tients.30 In this study, the TPN-treated patients had an infection rate 
that was almost 2.5-fold higher than the saline controls (14% vs. 6%), 
thereby highlighting the potential risk of parenteral nutrition. The 
mechanisms by which enteral nutrition appears to exert its bene“ cial 
effects appears to be multifactorial, and is related to the ability of en-
teral nutrition, in contrast to TPN, to directly feed the gut as well as 
the rest of the body.31 More recent studies using newer enteral diets 
containing higher levels of various nutrients, such as glutamine, argi-
nine, “ ber, or omega-fatty acids, have documented that early enteral 
nutrition is associated not just with less infectious complications but 
also with a reduction in organ dysfunction.31 When choosing an en-
teral formula, the following nutritional guidelines for patients with 
sepsis should be considered: (1) caloric intake 25…30 kcal/kg of lean 
(not total) body weight, (2) protein 1.3…2.0 g/kg/day, (3) glucose 
30%…70% of total nonprotein calories, and (4) lipids 15%…30% of 
total nonprotein calories.

The reason why TPN was associated with an increased incidence 
of infectious complications was initially unclear when these clinical 
TPN studies were performed; however, it has now become clear that 
hyperglycemia is a major risk factor in critically ill patients and TPN 
was commonly associated with hyperglycemia. Since then, another 
component of metabolic management that has been shown to im-
prove survival in ICU patients is tight glucose control, where the 
blood glucose is maintained at 90…110 mg/dl.32 Consequently, the 
nutritional support of the septic as well as the nonseptic trauma 
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patient includes enteral alimentation as well as the liberal use of in-
sulin to avoid hyperglycemia.

CONCLUSIONS

The mortality associated with sepsis and septic shock remains high, 
ranging from 13% to 50% and as high as 85% when complicated by 
multiple organ failure. After recovery from severe sepsis, mortality 
is higher during the “ rst year of follow-up.13 The challenge remains 
to prevent infections and limit the development of SIRS and 
MODS. Although our understanding of the pathophysiologic 
changes that occur in septic shock continues to increase, we are just 
beginning to employ novel therapeutic strategies with a signi“ cant 
survival bene“ t.

The therapeutic goals for management of sepsis and septic shock 
include early recognition, prompt initiation of antibiotic therapy, 
and source control. Restoration of volume status and hemodynamic 
function is accomplished with volume administration and the addi-
tion of vasoactive medications when volume fails to restore adequate 
hemodynamic function, remembering that vasopressor-dependent 
patients with septic shock are candidates for steroid replacement 
therapy. Early support of oxygenation with lung-protective ventila-
tory strategies, as well as metabolic support, with early enteral feed-
ing and tight glucose control, also appears to impart a survival ben-
e“ t. Lastly, selected patients with sepsis and no contraindications 
might bene“ t from the use of activated protein C as an antithrom-
botic agent that restores normal “ brinolytic pathways and reduces 
in” ammation.
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THE IMMUNOLOGY 
OF TRAUMA
S. Rob Todd and Christine S. Cocanour

f ollowing trauma, the immune system is called into action by 
signals from injured tissues. Injuries, hypoxia, and hypoten-

sion, as well as secondary insults such as ischemia/reperfusion 
injuries, compartment syndromes, operative interventions, and 
infections induce a host response that is characterized by local and 
systemic release of proin” ammatory cytokines, arachidonic acid 
metabolites, and activation of complement factors, kinins, and 
coagulation as well as hormonal mediators. Clinically, this is the 
systemic in” ammatory response syndrome (SIRS). Paralleling 
SIRS is an anti-in” ammatory response referred to as the compen-
satory anti-in” ammatory response syndrome (CARS). An imbal-
ance between these responses appears to be responsible for in-
creased susceptibility to infection and organ dysfunction. The aim 
of this chapter is to provide an overview of the immune response 
following trauma.

In this chapter we will discuss the two-hit model, SIRS, CARS, 
cytokine response, cell-mediated response, leukocyte recruitment, 
proteases and reactive oxygen species, and acute phase reaction.

TWO-HIT MODEL

In the two-hit model, the inciting injury induces a systemic in-
” ammatory response (Figure 1). This •“ rst hitŽ primes the im-
mune system for an exaggerated and potentially lethal in” amma-
tory reaction to a secondary, otherwise nonlethal, stimulus 
(•second hitŽ). This secondary stimulus may be either endogenous 
or exogenous. Endogenous second hits include cardiovascular in-
stability, respiratory distress, metabolic derangements, and isch-
emia/reperfusion injuries. In contrast, exogenous second hits in-
clude surgical interventions, blood product transfusions, and 
missed injuries. The two-hit model proposes that this second hit 
results in destructive in” ammation leading to multiple organ fail-
ure (MOF) and potentially death. This model has been supported 
by the work of Moore and colleagues who linked postinjury op-
portunistic infections to SIRS and MOF.

SYSTEMIC INFLAMMATORY RESPONSE 
SYNDROME

In 1991, a consensus conference of the American College of Chest 
Physicians and the American Society of Critical Care Medicine 
(ACCP/SCCM) de“ ned SIRS as a generalized in” ammatory response 
triggered by a variety of infectious and noninfectious events. They 
arbitrarily established clinical parameters through a process of con-
sensus. Table 1 summarizes the diagnostic criteria for SIRS. At least 
two of the four criteria must be present to ful“ ll the diagnosis of 
SIRS. Note that this de“ nition emphasizes the in” ammatory process 
regardless of the presence of infection. The term sepsis is reserved for 
SIRS when infection is suspected or proven. Subsequent studies have 
validated these criteria as predictive of increased intensive care unit 
(ICU) mortality, and that this risk increases concurrent with the 
number of criteria present.

Systemic in” ammatory response syndrome is characterized by 
the local and systemic production and release of multiple mediators, 
including proin” ammatory cytokines, complement factors, proteins 
of the contact phase and coagulation system, acute-phase proteins, 
neuroendocrine mediators and an accumulation of immunocompe-
tent cells at the local site of tissue damage. The severity of trauma, 
duration of the insult, genetic factors, and general condition of the 
individual determine the local and systemic release of proin” amma-
tory cytokines and phospholipids.

COMPENSATORY ANTI-INFLAMMATORY 
RESPONSE SYNDROME

Trauma not only stimulates the release of proin” ammatory media-
tors, but also the parallel release of anti-in” ammatory mediators. 
This compensatory anti-in” ammatory response is present concur-
rently with SIRS (Figure 2). When these two opposing responses 
are appropriately balanced, the traumatized individual is able to 
effectively heal the injury without incurring secondary injury from 
the autoimmune in” ammatory response. However, overwhelming 
CARS appears responsible for post-traumatic immunosuppres-
sion, which leads to increased susceptibility to infections and 
sepsis. With time, SIRS ceases to exist and CARS is the predomi-
nant force.

CYTOKINE RESPONSE

Cytokines exert their effects in both a para- and auto-crine manner. 
Proin” ammatory cytokines, tumor necrosis factor-� (TNF-�), and 
interleukin-1� (IL-1�) are released within 1…2 hours. Secondary 
proin” ammatory cytokines are released in a subacute fashion and 
include IL-6, IL-8, macrophage migratory factor (MMF), IL-12, and 
IL-18. Clinically, IL-6 levels correlate with injury severity score (ISS) 
and the development of MOF, acute respiratory distress syndrome 
(ARDS), and sepsis.

Interleukin-6 also acts as an immunoregulatory cytokine by 
stimulating the release of anti-in” ammatory mediators such as 
IL-1 receptor antagonists and TNF receptors which bind circulat-
ing proin” ammatory cytokines. IL-6 also triggers the release of 
prostaglandin E2 (PGE2) from macrophages. Prostaglandin E2 is 
potentially the most potent endogenous immunosuppressant. 
Not only does it suppress T-cell and macrophage responsiveness, 
it also induces the release of IL-10, a potent anti-in” ammatory 
cytokine that deactivates monocytes. Serum IL-10 levels correlate 
with ISS as well as the development of post-traumatic com pli-
cations.

Following trauma, IL-12 production is decreased, stimulating a 
shift in favor of TH2 cells and the subsequent production of anti-
in” ammatory mediators IL-4, IL-10, IL-13, and transforming growth 
factor beta (TGF-�). This decrease in IL-12 and resultant increase in 
TH2 cells correlates with adverse outcomes. A listing of pro and anti-
in” ammatory mediators appears in Tables 2 and 3.

CELL-MEDIATED RESPONSE

Trauma alters the ability of splenic, peritoneal, and alveolar macro-
phages to release IL-1, IL-6, and TNF-� leading to decreased levels of 
these proin” ammatory cytokines. Kupffer cells however, have an 
enhanced capacity for production of proin” ammatory cytokines. 
Cell-mediated immunity not only requires functional macrophage 
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and T cells but also intact macrophage…T-cell interaction. Following 
injury, human leukocyte antigen (HLA-DR) receptor expression 
is decreased leading to a loss of antigen-presenting capacity and 
decreased TNF-� production. Prostaglandin E2, IL-10, and TGF-� 
all contribute to this •immunoparalysis.Ž

T-helper cells differentiate into either TH1 or TH2 lymphocytes. 
TH1 cells promote the proin” ammatory cascade through the release 
of IL-2, interferon-� (IFN-�), and TNF-�, while T H2 cells produce 
anti-in” ammatory mediators. Monocytes/macrophages, through the 
release of IL-12, stimulate the differentiation of T-helper cells into 
TH1 cells. Because IL-12 production is depressed following trauma, 
there is a shift toward TH2, which has been associated with an adverse 
clinical outcome.

Adherence of the leukocyte to endothelial cells is mediated 
through the upregulation of adhesion molecules. Selectins such 
as leukocyte adhesion molecule-1 (LAM-1), endothelial leukocyte 
adhesion molecule-1 (ELAM-1), and P-selectin are responsible 
for polymorphonuclear leukocytes (PMNL) •rolling.Ž Upregula-
tion of integrins such as the CD11/18 complexes or intercellular 
adhesion molecule-1 (ICAM-1) is responsible for PMNL attach-
ment to the endothelium. Migration, accumulation, and activation 
of the PMNL are mediated by chemoattractants such as chemo-
kines and complement anaphylotoxins. Colony-stimulating fac-
tors (CSFs) likewise stimulate monocyte- or granulocyto-poiesis 
and reduce apoptosis of PMNL during SIRS. Neutrophil apoptosis 
is further reduced by other proin” ammatory mediators, thus 
resulting in PMNL accumulation at the site of local tissue 
dest ruction.

Second
insult

First
insult

Tissue
injury

Systemic
inflammatory

response
syndrome

Cannot
resuscitate MOF

Vulnerable

Protected

MOF

Recovery

Figure 1 Pathogenesis of postinjury multiple organ failure.

Table 1: Clinical Parameters of Systemic 
In” ammatory Response Syndrome

Heart rate � 90 beats/min

Respiratory rate � 20 breaths/min, or Paco2 � 32 mm Hg

Temperature � 38° C or �36° C

Leukocytes � 12,000/mm 3 or � 4000/mm 3 or  �10% juvenile 
neutrophil granulocytes

PaCO2, Arterial CO2 partial pressure.

Figure 2 Postinjury multiple organ failure occurs 
as a result of a dysfunctional in” ammatory response. 
CARS, Compensatory anti-in” ammatory response 
syndrome; MOF, multiple organ failure; SIRS, systemic 
in” ammatory response syndrome.

First hits
(injury, hypotension,

hypoxia)

Second hits
(ischemia/reperfusion,

compartment syndromes,
operative interventions)

Severe SIRS

Moderate SIRS

Moderate CARS

Severe CARS

Early MOF

Recovery/repair

Infections

Sepsis

Late MOF

Table 2: Proin”  ammatory Mediators

Mediator Action

IL-1 IL-1 is pleiotropic. Locally, it stimulates cytokine and cytokine receptor production 
by T cells as well as stimulating B-cell proliferation. Systemically, IL-1 modulates 
endocrine responses and induces the acute phase response.

IL-6 Il-6 induces acute-phase reactants in hepatocytes and plays an essential role in the 
“ nal differentiation of B cells into Ig-secreting cells. Additionally, IL-6 has anti-
in” ammatory properties.

IL-8 IL-8 is a major mediator of the in” ammatory response. It functions as a chemoat-
tractant and is also a potent angiogenic factor.

IL-12 IL-12 regulates the differentiation of naive T cells into TH1 cells. It stimulates the 
growth and function of T cells and alters the normal cycle of apoptotic cell death.

TNF-� TNF-� is pleiotropic. TNF-� and IL-1 act alone or together to induce systemic in-
” ammation as above. TNF-� is also chemotactic for neutrophils and monocytes, 
as well as increasing neutrophil activity.

MIF MIF forms a crucial link between the immune and neuroendocrine systems. It acts 
systemically to enhance the secretion of IL-1 and TNF-�.

Ig, Immunoglobulin; IL, interleukin; MIF, migration inhibitory factor; TNF, tumor necrosis factor.

678 THE IMMUNOLOGY OF TRAUMA

Ch-92-107-A4418_659-762.indd   678Ch-92-107-A4418_659-762.indd   678 12/21/07   3:51:19 PM12/21/07   3:51:19 PM



CRITICAL CARE II, SPECIAL ISSUES AND TREATMENTS679

LEUKOCYTE RECRUITMENT

Proin” ammatory cytokines enhance PMNL recruitment, phagocytic 
activity, and the release of proteases and oxygen-free radicals by 
PMNL. This recruitment of leukocytes represents a key element for 
host defense following trauma, although it allows for the develop-
ment of secondary tissue damage. It involves a complex cascade of 
events culminating in transmigration of the leukocyte, whereby the 
cell exerts its effects. The “ rst step is capture and tethering, mediated 
via constitutively expressed leukocyte selectin denoted L-selectin. 
L-selectin functions by identifying glycoprotein ligands on leuko-
cytes and those upregulated on cytokine-activated endothelium.

Following capture and tethering, endothelial E-selectin and 
P-selectin assist in leukocyte rolling or slowing. P-selectin is found 
in the membranes of endothelial storage granules (Weibel-Palade 
bodies). Following granule secretion, P-selectin binds to carbohy-
drates presented by P-selectin glycoprotein ligand (PSGL-1) on the 
leukocytes. In contrast, E-selectin is not stored, yet it is synthesized 
de novo in the presence of in” ammatory cytokines. These selectins 
cause the leukocytes to roll along the activated endothelium, 
whereby secondary capturing of leukocytes occurs via homotypic 
interactions.

The third step in leukocyte recruitment is “ rm adhesion, which is 
mediated by membrane expressed � 1- and � 2-integrins. The integrins 
bind to ICAM resulting in cell-cell interactions and ultimately signal 
transduction. This step is critical to the formation of stable shear-
resistant adhesion, which stabilizes the leukocyte for transmigration.

Transmigration is the “ nal step in leukocyte recruitment following 
the formation of bonds between the aforementioned integrins and 
Ig-superfamily members. The arrested leukocytes cross the endothelial 
layer via bicellular and tricellular endothelial junctions in a process 
coined diapedysis. This is mediated by platelet…endothelial cell adhe-
sion molecules (PECAM), proteins expressed on both the leukocytes 
and intercellular junctions of endothelial cells.

PROTEASES AND REACTIVE OXYGEN 
SPECIES

Polymorphonuclear lymphocytes and macrophages are not only re-
sponsible for phagocytosis of microorganisms and cellular debris, 
but can also cause secondary tissue and organ damage through de-
granulation and release of extracellular proteases and formation of 
reactive oxygen species or respiratory burst. Elastases and metallo-
proteinases which degrade both structural and extracellular matrix 
proteins are present in increased concentrations following trauma. 
Neutrophil elastases also induce the release of proin” ammatory 
cytokines.

Reactive oxygen species are generated by membrane associated 
nicotinamide adenine dinucleotide phosphate (NADPH) oxidase, 
which is activated by proin” ammatory cytokines, arachidonic acid 
metabolites, complement factors, and bacterial products. Superox-
ide anions are reduced in the Haber-Weiss reaction to hydrogen 
peroxide by superoxide dismutase located in the cytosol, mito-
chondria, and cell membrane. Hydrochloric acid is formed from 
H2O2 by myeloperoxidase, while the Fenton reaction transforms 
H2O2 into hydroxyl ions. These free reactive oxygen species cause 
lipid peroxidation, cell membrane disintegration, and DNA dam-
age of endothelial and parenchymal cells. Oxygen radicals also 
induce PMNL to release proteases and collagenase as well as inac-
tivating protease inhibitors.

Reactive nitrogen species cause additional tissue damage 
following trauma. Nitric oxide (NO) is generated from L-arginine 
by inducible nitric oxide synthase (iNOS) in PMNL or vascular 
muscle cells and by endothelial nitric oxide synthase in endothelial 
cells. Nitric oxide induces vasodilatation. Inducible nitric oxide 
synthase is stimulated by cytokines and toxins, whereas endothe-
lial nitric oxide synthase (eNOS) is stimulated by mechanical 
shearing forces. Damage by reactive oxygen and nitrogen species 
leads to generalized edema and the capillary leak syndrome.

Table 3: Anti-In”  ammatory Mediators

Mediator Action

IL-4 IL-4, IL-3, IL-5, IL-13, and CSF2 form a cytokine gene cluster on chromosome 5q, 
with this gene particularly close to IL-13.

IL-10 IL-10 has pleiotropic effects in immunoregulation and in” ammation. It downreg-
ulates the expression of TH1 cytokines, MHC class II antigens, and costimulatory 
molecules on macrophages. It also enhances B-cell survival, proliferation, and 
antibody production. In addition, it can block NF-kappa B activity, and is in-
volved in the regulation of the JAK-STAT signaling pathway.

IL-11 IL-11 stimulates the T-cell…dependent development of immunoglobulin-
producing B cells. It is also found to support the proliferation of hematopoietic 
stem cells and megakaryocyte progenitor cells.

IL-13 IL-13 is involved in several stages of B-cell maturation and differentiation. It up-
regulates CD23 and MHC class II expression, and promotes IgE isotype switch-
ing of B cells. It downregulates macrophage activity, thereby inhibiting the 
production of proin” ammatory cytokines and chemokines.

IFN-� IFN-� enhances and modi“ es the immune response.

TGF-� TGF-� regulates the proliferation and differentiation of cells, wound healing, and 
angiogenesis.

�-MSH �-MSH modulates in” ammation by way of three mechanisms: direct action on 
peripheral in” ammatory cells, actions on brain in” ammatory cells to modulate 
local reactions, and indirect activation of descending neural anti-in” ammatory 
pathways that control peripheral tissue in” ammation.

CSF, Colony-stimulating factor; IFN, interferon; Ig, immunoglobulin; IL, interleukin; MHC, major histo-
compatibility complex; MSH, melanocyte stimulating hormone; TGF, transforming growth factor; TH, T 
helper.
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COMPLEMENT, KININS, 
 AND COAGULATION

The complement cascade, kallikrein-kinin system, and coagulation 
cascade are intimately involved in the immune response to trauma. 
They are activated through proin” ammatory mediators, endogenous 
endotoxins, and tissue damage. The classical pathway of complement 
is normally activated by antigen-antibody complexes (immuno-
globulins [Ig] M or G) or activated coagulation factor XII (FXII), 
while the alternative pathway is activated by bacterial products such 
as lipopolysaccharide. Complement activation following trauma is 
most likely from the release of proteolytic enzymes, disruption of the 
endothelial lining, and tissue ischemia. The degree of complement 
activation correlates with the severity of injury. The cleavage of C3 
and C5 by their respective convertases results in the formation of 
opsonins, anaphylotoxins, and the membrane attack complex (MAC). 
The opsonins C3b and C4b enhance phagocytosis of cell debris and 
bacteria by means of opsonization. The anaphylotoxins C3a and C5a 
support in” ammation via the recruitment and activation of phago-
cytic cells (i.e., monocytes, polymorphonuclear cells, and macro-
phages), enhancement of the hepatic acute-phase reaction, and re-
lease of vasoactive mediators (i.e., histamine). They also enhance the 
adhesion of leukocytes to endothelial cells, which results in increased 
vascular permeability and edema. C5a induces apoptosis and cell ly-
sis through the interaction of its receptor and the membrane attach 
complex (MAC). Additionally, C3a and C5a activate reparative 
mechanisms. C1-inhibitor inactivates C1s and C1r, thereby regulat-
ing the classical complement pathway. However, during in” amma-
tion, serum levels of C1-inhibitor are decreased via its degradation 
by PMNL elastases.

The plasma kallikrein-kinin system is a contact system of plasma 
proteases related to the complement and coagulation cascades. It 
consists of the plasma proteins FXII, prekallikrein, kininogen, and 
factor XI (FXI). The activation of FXII and prekallikrein occurs via 
contact activation when endothelial damage occurs exposing the 
basement membrane. Factor XII activation forms factor XIIa (FXIIa), 
which initiates the complement cascade through the classical path-
way, whereas prekallikrein activation forms kallikrein, which stimu-
lates “ brinolysis through the conversion of plasminogen to plasmin 
or the activation of urokinase-like plasminogen activator (u-PA). 
Tissue plasminogen activator (t-PA) functions as a cofactor. Addi-
tionally, kallikrein supports the conversion of kininogen to bradyki-
nin. The formation of bradykinin also occurs through the activation 
of the tissue kallikrein-kinin system, most likely through organ dam-
age as the tissue kallikrein-kinin system is found in many organs and 
tissues including the pancreas, kidney, intestine, and salivary glands. 
The kinins are potent vasodilators. They also increase vascular per-
meability and inhibit the function of platelets.

The intrinsic coagulation cascade is linked to the contact activa-
tion system via the formation of factor IXa (FIXa) from factor XIa 
(FXIa). Its formation leads to the consumption of FXII, prekallikrein, 
and FXI while plasma levels of enzyme-inhibitor complexes are in-
creased. These include FXIIa-C1 inhibitor and kallikrein-C1 inhibi-
tor. C1-inhibitor and �1-protease inhibitor are both inhibitors of the 
intrinsic coagulation pathway.

Although the intrinsic pathway provides a stimulus for activation 
of the coagulation cascade, the major activation following trauma is 
via the extrinsic pathway. Increased expression of tissue factor (TF) 
on endothelial cells and monocytes is induced by the proin” amma-
tory cytokines TNF-� and IL-1�. The factor VII (FVII)…TF complex 
stimulates the formation of factor Xa (FXa) and ultimately thrombin 
(FIIa). Thrombin-activated factor V (FV), factor VIII (FVIII), and 
FXI result in enhanced thrombin formation. Following cleavage of 
“ brinogen by thrombin, the “ brin monomers polymerize to from 
stable “ brin clots. The consumption of coagulation factors is con-
trolled by the hepatocytic formation of antithrombin (AT) III. The 
thrombin…antithrombin complex inhibits thrombin, FIXa, FXa, 
FXIa, and FXIIa. Other inhibitors include TF pathway inhibitor 

(TFPI) and activated protein C in combination with free protein S. 
Free protein S is decreased during in” ammation due to its binding 
with the C4b binding protein.

Disseminated intravascular coagulation (DIC) may occur following 
trauma. After the initial phase, intra- and extra-vascular “ brin clots are 
observed. Hypoxia-induced cellular damage is the ultimate result of 
intravascular “ brin clots. Likewise, there is an increase in the interac-
tions between endothelial cells and leukocytes. Clinically, coagulation 
factor consumption and platelet dysfunction are responsible for the 
diffuse hemorrhage. Consumption of coagulation factors is further 
enhanced via the proteolysis of “ brin clots to “ brin fragments. The 
consumption of coagulation factors is further enhanced through the 
proteolysis of “ brin clots to “ brin fragments by the protease plasmin.

ACUTE-PHASE REACTION

The acute-phase reaction describes the early systemic response fol-
lowing trauma and other insult states. During this phase, the biosyn-
thetic pro“ le of the liver is signi“ cantly altered. Under normal cir-
cumstances, the liver synthesizes a range of plasma proteins at steady 
state concentrations. However, during the acute phase reaction, he-
patocytes increase the synthesis of positive acute-phase proteins (i.e., 
C-reactive protein [CRP], serum amyloid A [SAA], complement 
proteins, coagulation proteins, proteinase inhibitors, metal-binding 
proteins, and other proteins) essential to the in” ammatory process at 
the expense of the negative acute-phase proteins. The list of acute-
phase proteins is in Table 4.

The acute-phase response is initiated by hepatic Kupffer cells and 
the systemic release of proin” ammatory cytokines. Interleukin-1, 
IL-6, IL-8, and TNF-� act as inciting cytokines. The acute phase reac-
tion typically lasts for 24…48 hours prior to its downregulation. Inter-
leukin-4, IL-10, glucocorticoids, and various other hormonal stimuli 
function to downregulate the proin” ammatory mediators of the 
acute-phase response. This modulation is critical. In instances of 
chronic or recurring in” ammation, an aberrant acute-phase re-
sponse may result in exacerbated tissue damage.

The major acute-phase proteins include CRP and SAA, the ac-
tivities of which are poorly understood. C-reactive protein was so 
named secondary to its ability to bind the C-polysaccharide of Pneu-
mococcus. During in” ammation, CRP levels may increase by up to 
1000-fold over several hours depending on the insult and its severity. 
It acts as an opsonin for bacteria, parasites, and immune complexes, 
activates complement via the classical pathway, and binds chromatin. 
Binding chromatin may minimize autoimmune responses by dispos-
ing of nuclear antigens from sites of tissue debris. Clinically, CRP 
levels are relatively non-speci“ c and not predictive of post-traumatic 
complications. Despite this fact, serial measurements are helpful in 
trending a patient•s clinical course.

Serum amyloid A interacts with the third fraction of high-density 
lipoprotein (HDL3), thus becoming the dominant apolipoprotein 
during acute in” ammation. This association enhances the binding of 
HDL3 to macrophages, which may engulf cholesterol and lipid de-
bris. Excess cholesterol is then utilized in tissue repair or excreted. 
Additionally, SAA inhibits thrombin-induced platelet activation and 
the oxidative burst of neutrophils, potentially preventing oxidative 
tissue destruction.

SUMMARY

Injury triggers a tremendously complex response involving a multi-
tude of systems. The individual•s immune system must balance the 
proin” ammatory response, which is necessary to clear injured tissue, 
yet not cause overwhelming endogenous injury with a necessary 
downregulation of the in” ammatory process in order to provide an 
environment of minimal in” ammation that can nurture the cell 
proliferation and tissue remodeling needed for healing. A loss of this 
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balance can cause additional tissue injury from the immune response 
itself, or leave the individual susceptible to infection and sepsis. As 
our understanding of the immune response following injury grows, 
the more likely that we will be able to monitor and effectively manage 
the traumatized, critically ill patient.
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Table 4: Acute-Phase Proteins

Group Individual Proteins

Positive Acute-Phase Proteins
Major acute phase proteins C-reactive protein, serum amyloid A
Complement proteins C2, C3, C4, C5, C9, B, C1 inhibitor, C4 binding protein
Coagulation proteins Fibrinogen, prothrombin, von Willebrand factor
Proteinase proteins �  1-Pntitrypsin, �  1-antichymotrypsin, �  2-antiplasmin, 

heparin cofactor II, plasminogen activator inhibitor I

Metal-binding proteins Haptoglobin, hemopexin, ceruloplasmin, manganese su-
peroxide dismutase

Other proteins �  1-acid glycoprotein, heme oxygenase, mannose-binding 
protein, leukocyte protein I, lipoprotein (a), lipopolysac-
charide-binding protein

Negative Acute-Phase Proteins Albumin, prealbumin, transferrin, apolipoprotein AI, 
apolipoprotein AII, � 2-Heremans-Schmid glycoprotein, 
inter…�-trypsin inhibitor, histidine-rich glycoprotein, 
protein c, protein s, antithrombin III, high-density lipo-
protein

Note: Positive acute-phase proteins increase production during an acute-phase response. Negative acute-phase 
proteins have decreased production during an acute-phase response.
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NOSOCOMIAL PNEUMONIA
D. Brandon Williams, Amritha Raghunathan, 
David A. Spain, and Susan I. Brundage

t he two broad classes of pneumonia are nosocomial and com-
munity-acquired pneumonia. Nosocomial pneumonia is often 

referred to as hospital-acquired pneumonia (HAP), de“ ned as pneu-
monia occurring 48 hours or more after admission that was not in-
cubating at the time of admission. Postoperative pneumonia is es-
sentially HAP, except in a patient who has undergone a surgical 
procedure. Finally, ventilator-associated pneumonia (VAP) refers to 
pneumonia occurring 48 hours or more after initiating mechanical 
ventilation via endotracheal intubation or tracheostomy.

Our goals in this chapter are to review the incidence of nosocomial 
pneumonia in the trauma patient, risk factors contributing to pneumo-
nia, proven prevention strategies, the speci“ cs of diagnosis, appropriate 
management of pneumonia once diagnosed, and associated morbidity 
and mortality relevant to the trauma population such as the relationship 
between prophylactic antibiotics, tube thoracostomy, and pneumonia.

INCIDENCE/MORBIDITY 
AND MORTALITY

Nosocomial infections cause signi“ cant mortality and morbidity in the 
critical care setting. HAP is the most common infection in the intensive 
care unit (ICU), causing between 25% and 48% of all nosocomial infec-
tions. Pneumonia is the leading cause of death due to hospital-acquired 
infections, with an estimated associated mortality ranging from 20% to 
50%. The majority of nosocomial pneumonia episodes, 80%…90%, are 
associated with mechanical ventilation. While VAP makes up 90% of all 
infections in intubated patients, the overall reported incidence of 
VAP varies, with rates between 6% and 52%. The incidence varies due 
to differences in the de“ nition of VAP in studies as well as differences in 
patient populations. There is, for example, a lower incidence in respira-
tory and medical ICUs (4.2 and 7.4 cases per 1000 ventilator days, 
respectively) as compared to trauma, neurosurgical, and burn units 
(15…16.3 cases per 1000 ventilator days). Although there is approxi-
mately a 1% cumulative risk per day of mechanical ventilation, the risk 
is highest in the “ rst 5 days (approximately 3% per day), and steadily 
decreases after that. A number of studies place nosocomial pneumonia•s 
risk ratio for death around 2.0. Developing pneumonia increases the 
overall hospital stay by approximately 9…11.5 days, and for critically ill 
patients, increases the ICU stay by 4…6 days. In addition to prolonging 
hospital and ICU stays, pneumonia increases hospital cost by requiring 
more antibiotics, chest radiographs, and days of mechanical ventilation, 
with all its associated care. The attributable cost of a single episode of 
HAP is estimated to be between $12,000 and $16,000.

RISK FACTORS AND PREVENTIVE 
MEASURES

Nonmodi“  able versus Modi“ able Risk Factors

While the greatest risk factor for VAP is the duration of mechanical 
ventilation, there are many other independent predictors, including 
modi“ able and nonmodi“ able risk factors (Table 1).

These risk factors are directly related to the pathogenesis of 
VAP. As the lower respiratory tract is sterile under basal condi-
tions, the introduction of pathogens into the lungs and the im-
pairment of traditional host defenses are necessary to cause infec-
tion. There is growing evidence that aspiration of pathogens 
colonizing or contaminating the oropharynx or gastrointestinal 
tract results in lower respiratory tract infection. Colonization of 
the endotracheal tube itself also may lead to alveolar infection 
during suctioning or bronchoscopy. Other less frequent sources 
include bacteremia and hematogenous spread or inhalation of in-
fected aerosols.

Mechanical Ventilation

Mechanical ventilation is the greatest risk factor for HAP and is 
associated with a 6- to 20-fold increase in the risk of lung infec-
tion. Intubation itself increases the risk of pneumonia due to 
the potential for direct inoculation of pathogens into the lungs 
during the procedure. Therefore, intubation should be avoided, 
with noninvasive positive-pressure ventilation being the preferred 
alternative to mechanical ventilation, when clinically feasible. 
A prospective survey of those who underwent mechanical ventila-
tion versus noninvasive ventilation showed that even after adjust-
ing for the severity of illness using the Simpli“ ed Acute Physiology 
Score (SAPS II), both the risk of VAP as well as the risk of 
nos ocomial infections in general were reduced. Other invasive 
procedures such as tracheostomy, bronchoscopy, placement of a 
nasogastric (NG) tube, and chest tube thoracostomy also increase 
the risk. Thoracic trauma and chest operations lead to a dis-
proportionately higher incidence of VAP, likely due to direct 
inoculation of pathogens, as well as infection due to chest tube 
placement.

In a trauma or surgical unit, the majority of patients are me-
chanically ventilated secondary to the need for surgery. However, all 
efforts to decrease sedation and wean the patient to extubation post-
operatively should be made. The risk of reintubation and emergency 
intubation should be minimized, as these events are also associated 
with increased risk of VAP.

Subglottic secretions are also potential sources of incres well as infection due to chest tube 
placement.
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ations of both clearance and volume of distribution. Half-life is use-
ful to estimate when a steady-state drug concentration will be 
achieved. If a •loading doseŽ is not administered intravenously, 
thereby creating instantaneously a desired drug concentration to be 
maintained throughout therapy, four to “ ve half-lives must elapse to 
achieve a steady state. Changes in dosage and changes in half-life 
owing to disease state (e.g., renal failure) must be accounted for. In-
terpretation of drug concentration data is dif“ cult if the patient is 
not at a steady state, especially so in critical illness characterized by 
” uctuating organ function and volume of distribution.

Volume of distribution (VD) is a proportionality constant that 
relates to plasma concentration and the amount of drug in the body. 
VD is useful for estimating achievable plasma drug concentrations 
that result from a given dose. It is a derived parameter that is inde-
pendent of a drug•s clearance or half-life. It does not have particular 
physiologic signi“ cance, but pathophysiologic conditions can alter 
VD substantially. A reduction of VD will result in a higher plasma 
drug concentration for a given dose. However, the •third spaceŽ ex-
travascular volume redistribution, ” uid overload, and hypoalbumin-
emia (with decreased drug binding) of surgical illness act to increase 
VD, all of which makes dosing a complex matter.

Clearance refers to the volume of liquid from which drug is elimi-
nated completely per unit of time (whether by distribution to tissues, 
metabolism, or elimination) and is important for determining the 
amount of drug necessary to maintain a steady-state concentration. 
Drug elimination may be by metabolism, excretion, or dialysis. Most 
drugs are metabolized by the liver to polar compounds that can then be 
excreted by the kidney, but metabolism does not imply inactivation. For 
example, metronidazole is metabolized to a bactericidal metabolite 
with a prolonged half-life that has dosing implications. The kidneys are 
most important for excretion of metabolized drugs, although some 
drugs are metabolized or conjugated by the kidneys. Renal excretion 
may occur by “ ltration or by active or passive transport. The degree of 
“ ltration is determined by molecular size and charge and by the num-
ber of functional nephrons. In general, if greater than 40% of adminis-
tered drug or its active metabolites is eliminated unchanged in the 
urine, decreased renal function will  require a dosage adjustment. Active 
reabsorption and concentration of aminoglycosides by proximal tubu-
lar cells is a likely component of its well-recognized nephrotoxicity.

PRINCIPLES OF PHARMACODYNAMICS

The variable responses to drugs administered to a heterogeneous 
patient population can be described and perhaps reduced by an un-
derstanding of PD, the relationship of a drug to its intended effect. 
The PD of antibiotic therapy is especially complex because drug-
patient, drug-microbe, and microbe-patient interactions must be 
accounted for. Knowledge of how patient characteristics in” uence 
absorption, distribution, and elimination of a drug„and how an 
antibiotic interacts with the targeted microbe„can increase the like-
lihood of a salutary clinical response. In turn, antimicrobial effects 
on bacteria are highly variable. Microbial physiology, inoculum size, 
microbial growth phase, intrinsic and extrinsic mechanisms of resis-
tance, microenvironmental factors such as the pH at a local site of 
infection, and the patient•s immune response are important factors. 
In the case of antimicrobial therapy, the key drug interaction is not 
with the host but with the microbe.

Because of microbial ability to alter the nature of the interaction 
with antimicrobial agents (principally via the development of resis-
tance), mere delivery of drug may not be microbicidal. Factors that 
may contribute to the development of resistance are the production 
of drug-inactivating enzymes, alteration of cell surface receptor tar-
get molecules, and altered bacterial permeability to antimicrobial 
penetration. Critical to the microbe-patient interaction is the pa-
tient•s immune system. Also inseparable are drug-patient factors that 
may in” uence PK, such as hepatic and renal function, serum albu-
min concentration, and extracellular volume status.

Antibiotic PD is determined by laboratory analysis, and thus 
the extrapolation of in vitro results to the patient may be challeng-
ing because the interaction with the host immune system is iso-
lated from the analysis of the drug-microbe interaction. Analyses 
from in vitro study include the minimal inhibitory concentration 
(MIC). The MIC is the minimal serum drug concentration neces-
sary for inhibition of bacterial growth, expressed as the proportion 
of the inoculum inhibited (MIC90 refers to 90% inhibition). How-
ever, some antibiotics may have important effects on bacteria at 
subinhibitory concentrations. Moreover, MIC testing may not de-
tect the presence of resistant bacterial subpopulations (a particular 
problem with •heteroresistanceŽ of Gram-positive bacteria, par-
ticularly Staphylococcus aureus).

Sophisticated analytic strategies draw upon the principles of 
both PK and PD; for example, by determination of the peak serum 
concentration:MIC ratio, the duration of time plasma concentra-
tion remains above the MIC, and the area of the plasma concentra-
tion-time curve above the MIC (the •area under the curve,Ž or 
AUC). With some agents, antibacterial effects may persist for pro-
longed periods after the plasma drug concentration has become 
•subtherapeutic.Ž The persistent inhibition of bacterial growth 
(but not killing) that persists after the serum drug concentration 
has fallen below the MIC for the organism is known as the postan-
tibiotic effect (PAE). Appreciable PAE can be observed with amino-
glycosides and ” uoroquinolones for Gram-negative bacteria, and 
with some � -lactam drugs (notably carbapenems) against 
S. aureus. Through analyses of this type, certain drugs (e.g., ami-
noglycosides) have been characterized as having concentration-
dependent killing whereby a higher peak concentration increases 
the ef“ cacy of bacterial killing (up to a point). Other agents (most 
� -lactam agents) exhibit bactericidal properties that are indepen-
dent of concentration. Rather, ef“ cacy is determined by the dura-
tion of time the plasma concentration remains above the MIC. 
Other agents (e.g., ” uoroquinolones) exhibit both properties such 
that bacterial killing may increase as drug concentration increases 
up to a point of saturation, after which the effect becomes inde-
pendent of concentration.

EMPIRIC ANTIBIOTIC THERAPY

The decision to administer empiric antibiotic therapy must be con-
sidered carefully. An injudicious approach could result in nontreat-
ment of established infection or therapy when the patient has only 
sterile in” ammation or colonization with bacteria. Inappropriate 
therapy (e.g., delay, therapy misdirected against usual pathogens, 
failure to treat MDR pathogens) leads unequivocally to increased 
mortality. Several questions should be asked in each circumstance 
where empiric therapy is being considered.

Are antibiotics indicated at all? The answer is ultimately often no, 
but the decision to start treatment of the unstable patient must often 
be made before de“ nitive information becomes available. The deci-
sion to start antibiotics empirically is based on the likelihood of in-
fection, its likely source, and whether the patient•s condition is suf-
“ ciently precarious that a delay will be detrimental. Outcome from 
serious infections is improved if antibiotics are started promptly, but 
on the other hand only about 50% of fever episodes in hospitalized 
patients are caused by infection. Many causes of the systemic in” am-
matory response syndrome are not due to infection (e.g., aspiration 
pneumonitis, burns, trauma, pancreatitis), although they may be 
complicated later by infection. Multiple organ dysfunction syndrome 
may progress even after an infectious precipitant has been controlled, 
due to a dysregulated host response.

Must antibiotics be started immediately? If the presumed infection 
is not destabilizing, this decision also depends on the overall status of 
the patient and should take into consideration such host factors as 
age, debility, renal and hepatic function, and immunosuppression. 
Culture yields are highest before antibiotics are administered, which 
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for certain types of specimens (e.g., blood, cerebrospinal ” uid) can 
be crucial. However, for many infections (e.g., bacteremia, intraab-
dominal infection, pneumonia) early appropriate therapy improves 
outcome.

Which organisms are the likely pathogens, and are they likely to be 
MDR? The clinical setting must be considered (e.g., nosocomial versus 
community-acquired infection, recent antimicrobial therapy), as must 
the patient•s environment (e.g., recent hospitalization, proximity to 
another infected patient, the presence of MDR pathogens in the unit) 
and any recent microbial cultures obtained from the patient.

Will a single antibiotic suf“ ce? The likely diagnosis and the nature 
of the probable pathogens are crucial determinants. If a nosocomial 
Gram-positive pathogen is suspected (e.g., wound or surgical site 
infection, catheter-related infection, prosthetic device infection, 
pneumonia) and methicillin-resistant S. aureus (MRSA) is endemic, 
empiric vancomycin (or linezolid) is appropriate. Some authorities 
recommend dual-agent therapy for serious Pseudomonas infections 
(i.e., an antipseudomonal �-lactam drug plus an aminoglycoside). It 
is important to use at least two antibiotics for empiric therapy of any 
infection that may be caused by a Gram-positive or Gram-negative 
infection (e.g., nosocomial pneumonia).

Duration of Therapy

Perhaps the most dif“ cult issue is identifying the endpoint. If bona 
“ de evidence of infection is evident, treatment is continued as indi-
cated clinically. Often, however, the cultures will return negative and 
the decision must be arbitrary. The decision is complicated further 
when the patient has had a clinical response to antibiotic therapy in 
the absence of corroborating evidence, which may be coincident with 
or a result of false-negative cultures. Moreover, the bias to do some-
thing to treat the patient (i.e., continue antibiotic therapy) can be 
compelling in a patient who is deteriorating.

It must be recognized that careful culture techniques and specimen 
handling, combined with current sophisticated microbiology labora-
tory support, make it unlikely that substantive pathogens will 
be missed. Therefore, continuing empiric antibiotic therapy beyond 
48 hours becomes dif“ cult to justify. There are two possible exceptions. 
One occurs when fungal infection is suspected because the organisms 
can be dif“ cult to culture, and the other occurs when deep cultures are 
needed from areas that are inaccessible without radiologic-guided 
aspiration and some time is necessary to make appropriate arrange-
ments (but is not an excuse for procrastination).

How long should a course of therapy be continued? Effective 
broad-spectrum antibiotics are widely available, and many infections 
can be treated with therapy lasting 5 days or fewer. It is important 
that every decision to start antibiotics must be accompanied by a 
decision regarding the duration of therapy. A reason to continue 
therapy beyond the predetermined endpoint must be compelling. 
Bacterial killing is rapid in response to effective agents, but the host 
response may not subside immediately. Therefore, the clinical re-
sponse of the patient should not be the sole determinant for con-
tinuation of therapy. If a patient still has sepsis syndrome at the end 
of a de“ ned course of therapy, it is more useful to stop therapy and 
obtain a new set of cultures to look for new sites of infection, resis-
tant pathogens, and noninfectious causes of in” ammation.

There is a clear trend toward shorter courses of antibiotics for 
established infections. Broad-spectrum antibiotics that achieve excel-
lent tissue penetration have been an important clinical development, 
but they also carry morbidity. The worldwide emergence of MDR 
Gram-positive and Gram-negative bacteria, superinfections in im-
munosuppressed patients, and the increased mortality associated 
with nosocomial infections in general make it important that ade-
quate therapy be provided rapidly and for the shortest possible dura-
tion. Unfortunately, duration of therapy is not well established in the 
literature„and new studies are seldom designed with duration of 
therapy as a primary endpoint. Much depends on expertise and 
clinical judgment, which is accumulating in favor of shorter courses 

of therapy. Nowhere is this clearer than for peritonitis and intra-ab-
dominal abscess, for which the previous standard 7- to 10-day 
courses of therapy have been reduced to 5 days.

Infections that require 24 hours of therapy or less (sometimes just a 
single dose) include uncomplicated acute appendicitis or cholecystitis, 
uncomplicated bacterial cystitis (with some agents), and intestinal in-
farction without perforation. There is seldom justi“ cation to continue 
antibacterial therapy for more than 10 days. Examples of bacterial in-
fections that require more than 14 days of therapy include tuberculosis 
of any site, endocarditis, osteomyelitis, and selected cases of brain ab-
scess, liver abscess, lung abscess, some cases of postoperative meningitis, 
and some cases of endophthalmitis. Among the many reasons to limit 
therapy to only that which is needed is that antibiotic therapy has ad-
verse consequences, despite a widespread perception that therapy is safe 
if not entirely benign. Adverse consequences of antibiotics include al-
lergic reactions; development of nosocomial superinfections, including 
fungal infections, enterococcal infections, and Clostridium dif“ cile…
related disease; organ toxicity; promotion of antibiotic resistance; re-
duced yield from subsequent cultures; and induced vitamin K de“ -
ciency with coagulopathy or accentuation of warfarin effect.

CHOICE OF ANTIBIOTIC

The choice of which antibiotic to prescribe is made based on several 
interrelated factors. Paramount is activity against identi“ ed patho-
gens, presuming that a distinction between infecting and colonizing 
organisms can be made and that narrow-spectrum coverage is always 
most desirable. Knowledge of antimicrobial resistance patterns, na-
tionally and especially in one•s own institution and unit, is essential. 
Also important is an assumption regarding likely pathogens, which is 
paramount in cases where empiric therapy is necessary. Estimation 
of likely pathogens depends on the disease process believed respon-
sible, whether the infection is community- or hospital-acquired, 
whether MDR organisms are present, and proximity to other in-
fected patients. Also important are patient-speci“ c factors, including 
age, debility, immunosuppression, intrinsic organ function, prior al-
lergy or another adverse reaction, and recent antibiotic therapy. In-
stitutional factors that may play a role include the existence of guide-
lines or practice parameters that may specify a particular therapy, or 
the availability of speci“ c agents as de“ ned by inclusion on the for-
mulary or restriction by antibiotic control programs (Figure 1).

Development of Bacterial Resistance

In general, bacteria use four different mechanisms to develop resis-
tance to antibiotics. Cell wall permeability to antibiotics is decreased by 
changes in porin channels (especially important for Gram-negative 
bacteria with complex cell walls, affecting aminoglycosides, � -lactam 
drugs, chloramphenicol, sulfonamides, tetracyclines, and possibly qui-
nolones). Production of speci“ c antibiotic-inactivating enzymes by 
plasmid-mediated or chromosomally mediated mechanisms affects 
aminoglycosides, � -lactam drugs, chloramphenicol, and macrolides. 
Alteration of the target for antibiotic binding in the cell wall affects 
� -lactam drugs and vancomycin, whereas alteration of target enzymes 
can inhibit � -lactam drugs, sulfonamides, quinolones, and rifampin. 
Drugs that bind to the bacterial ribosome (aminoglycosides, chloram-
phenicol, macrolides, lincosamides, streptogramins, and tetracyclines) 
are also susceptible to alteration of the receptor on the ribosome. An-
tibiotics may be extruded actively once entry to the cell is achieved 
in the case of macrolides, lincosamides, streptogramins, quinolones, 
oxazolidinones, and tetracyclines.

Cephalosporin resistance among Gram-negative bacilli can be the 
result of induction of chromosomal � -lactamases after exposure to the 
antibiotic. The extended-spectrum cephalosporins are rendered inef-
fective when bacteria such as enteric Gram-negative  bacilli mutate to 
constitutively produce a � -lactamase that is normally an inducible en-
zyme. Although resistance to cephalosporins can occur by several 
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mechanisms, the appearance of chromosomally mediated � -lactamases 
has been identi“ ed as a consequence of the use of third-generation 
cephalosporins. Resistance rates decline when use is restricted. The in-
duction of an extended-spectrum � -lactamase (ESBL) in Klebsiella by 
ceftazidime was “ rst reported approximately 20 years ago, but more 
than 200 mutations have now been described in several species of 
Gram-negative bacteria. The mutant bacteria develop resistance rapidly 
not only to all cephalosporins but to entire other classes of � -lactam 
antibiotics. It is therefore justi“ able to restrict the use of ceftazidime, 
especially in institutions grappling with an ESBL-producing bacterium. 
The carbapenems generally retain useful microbicidal activity against 
ESBL-producing strains. Increasingly, Pseudomonas aeruginosa pro-
duces beta-lactamases of the ampC type.

Quinolone resistance, which is increasing rapidly, is for the most 
part chromosomally mediated, primarily by changes in the target 
sites for the antibiotic (DNA gyrase or topoisomerase IV). Changes 
in permeability or ef” ux may sometimes cause resistance to quino-
lones as well. Quinolone resistance is relatively easy to induce if a 
less-than-maximally effective drug is chosen for initial therapy. Re-
sistance to one quinolone may also increase the MIC for the other 
quinolones against the organism, and thus if a quinolone is used, a 
highly active agent given in adequate dosage is essential.

ANTIBIOTIC SPECTRUM OF ACTIVITY

Susceptibility testing of speci“ c organisms is necessary for management 
of serious infections (including all nosocomial infections). Recom-
mended agents for speci“ c organisms are guidelines only because in 
vitro susceptibilities may not correlate with clinical ef“ cacy. The neces-
sary concentration of antibiotics may not be achieved in tissue because 
of underdosing or poor tissue penetration. Moreover, bacterial killing 
correlates well with peak serum antibiotic concentrations for some 
drugs (e.g., aminoglycosides) and disorders (e.g., bacterial endocarditis) 
but correlates better with the duration of bactericidal drug concentra-
tions for other antibiotics (e.g., �-lactam agents).

Cell-Wall…Active Agents: �-lactam Antibiotics

The � -lactam antibiotic group consists of penicillins, cephalosporins, 
monobactams, and carbapenems. Within this group, several agents 
have been combined with � -lactamase inhibitors to broaden the spec-
trum and increase the ef“ cacy of the drugs. Several subgroups of anti-

biotics are recognized within the group, notably several •generationsŽ of 
cephalosporins and penicillinase-resistant penicillins.

Penicillins

With the exception of carboxy- and ureidopenicillins, penicillins do 
not retain important activity against most strains of Gram-negative 
bacilli. Penicillin G (parenteral) and V (oral) are useful against most 
strains of aerobic and anaerobic streptococci (except for the increas-
ingly important problem of penicillin-resistant pneumococci [PRSP, 
up to 40% of isolates] in bacteremia, recurrent otitis, and upper 
respiratory tract infections). Penicillins also have activity against 
Enterococcus faecalis (but not E. faecium), Corynebacterium diphthe-
riae, and Listeria monocytogenes. Gram-negative bacteria that are 
susceptible to penicillins include Neisseria meningitidis (highly resis-
tant strains exist), some strains of Proteus mirabilis, and Pasturella 
multocida. In addition to anaerobic streptococci, penicillins are effec-
tive against other anaerobes, such as Bacteroides melaninogenicus 
(but not B. fragilis) and all clostridial species other than C. dif“ cile.

The penicillinase-resistant semisynthetic penicillins include 
methicillin, nafcillin, oxacillin, cloxacillin, and dicloxacillin. Although 
these agents have useful activity against streptococci, C. diphtheriae, 
and anaerobic streptococci, the primary use of these agents is as 
therapy for sensitive strains of staphylococci. Hospitalized patients 
who need empiric therapy should not be treated with these agents 
because 60% of strains of S. aureus (MRSA), 90% of strains of 
S. epidermidis (MRSE), and virtually all enterococcal strains are resis-
tant. However, these drugs are the treatment of choice for infections 
caused by susceptible isolates of S. aureus.

Activity against Gram-negative organisms was achieved initially 
by the addition of an amino group to the penicillin nucleus, thereby 
creating such drugs as ampicillin and amoxicillin. These drugs retain 
their antistreptococcal activity and a similar spectrum against most 
other Gram-positive pathogens, including anaerobic streptococci, 
but do not have appreciable activity against staphylococci. Ampicillin 
is highly effective against E. faecalis, including some vancomycin-
resistant strains (VRE), but only rarely effective against E. faecium. 
Useful activity remains against N. meningitidis, Moraxella catarrhalis, 
community-acquired strains of E. coli and Klebsiella spp., Salmonella 
and Shigella spp., and Proteus spp. Ampicillin remains reasonably 
effective against community-acquired strains of Hemophilus in” uen-
zae, but H. in” uenzae is increasingly important as a nosocomial 
pathogen and resistant strains are recognized.

Figure 1 Host factors, microbe-speci“ c factors, 
and drug-related factors all in” uence the selection 
of antibacterial agents. ICU, Intensive care unit.
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The carboxypenicillins (ticarcillin and carbenicillin) and ureidope-
nicillins (azlocillin, mezlocillin, and piperacillin; sometimes referred to 
as acylampicillins) have enhanced activity against Gram-negative bac-
teria and some activity against P. aeruginosa. Ureidopenicillins have 
greater intrinsic activity against Pseudomonas, but with the advent of 
� -lactamase inhibitor combination drugs none of these agents is used 
widely anymore. Beta-lactamase inhibitors (sulbactam, tazobactam, 
and clavulanic acid) result in enzymatic inactivation and enhanced ef-
fectiveness of the antibacterial agent. The effectiveness of these drugs as 
antibacterial agents is primarily a function of the inherent antibacterial 
properties of the parent compound (ampicillin �  ticarcillin �  piper-
acillin), and to a lesser extent of the effectiveness of the inhibitor (sul-
bactam �  clavulanic acid � tazobactam). The spectrum of activity 
varies as a result, and the treating clinician needs to be familiar with 
each of the drugs in this class.

All of these drugs are effective against streptococci, methicillin-
sensitive strains of S. aureus, Listeria monocytogenes, Salmonella, 
Proteus, and Providentia spp., P. multocida, and widely effective 
against anaerobes„including anaerobic cocci, B. fragilis, Bacteroi-
des and Prevotella spp., and Clostridium spp. (except for C. dif“ -
cile). Piperacillin/tazobactam has the widest spectrum of activity 
against Gram-negative bacteria, and the most potency against P. 
aeruginosa. Although ampicillin/sulbactam has excellent activity 
against community-acquired Gram-negative bacilli, it has major 
shortcomings against hospital-acquired strains of E. coli and Kleb-
siella (as many as 50% of strains may be resistant). However, sul-
bactam has useful activity against Acinetobacter spp., making am-
picillin/sulbactam an option for therapy of infections caused by 
susceptible strains.

Cephalosporins

More than 20 antibiotics comprise this class of agents. The character-
istics of the drugs thus vary widely when considered individually. It 
is useful to consider these drugs within four broad •generationsŽ 
whose general characteristics are similar. For example, the “ rst-
generation agents retain useful activity against Gram-positive 
organisms„whereas the second-generation agents generally lose 
that activity in favor of antianaerobic activity. In contrast, the third-
generation agents generally have enhanced activity against Gram-
negative bacilli„and some have speci“ c antipseudomonal activity. 
However, most lack ef“ cacy against Gram-positive organisms and 
none is effective against anaerobic bacteria.

Cefepime, the fourth-generation cephalosporin available in the 
United States, has enhanced antipseudomonal activity and has re-
gained activity against most Gram-positive cocci but not MRSA. 
None of the cephalosporins, regardless of class, has clinically useful 
activity against any of the enterococci. Regardless, there is suf“ cient 
heterogeneity of spectrum (especially among the third-generation 
agents) such that the clinician should be familiar with all of these 
drugs. Collectively, they account for a majority of prescriptions for 
parenteral antibiotics. Ceftriaxone, a third-generation agent unique 
in its class for excellent activity against Gram-positive organisms 
and once-daily dosing, was at one time the most-prescribed inject-
able antibiotic worldwide.

First-Generation Cephalosporins

First-generation cephalosporins include cefadroxil, cefazolin, 
cephalexin, cephalothin, cephapirin, and cephradine. Parenteral 
agents may be used against selected community-acquired Gram-
negative infections, but they are of limited use against nosocomial 
pathogens. Parenteral “ rst-generation cephalosporins still have a 
major role in surgical prophylaxis. Oral “ rst-generation cephalo-
sporins are used mostly for outpatient therapy of skin and soft-
tissue and urinary tract infections. First-generation cephalospo-
rins are the most active of the cephalosporin classes against 

staphylococci (not methicillin-resistant strains) and streptococci, 
but they are not active against anaerobes other than anaerobic 
streptococci. Against Gram-negative bacilli, “ rst-generation ceph-
alosporins are active against some strains of E. coli, Klebsiella, H. 
in” uenzae, and P. mirabilis.

Second-Generation Cephalosporins

Second-generation cephalosporins have activity that makes them 
useful to the abdominal surgeon, but they are in increasingly short 
supply. These agents include cefaclor, cefamandole, cefmetazole, 
cefonicid, cefotetan (manufactured intermittently in the United 
States), cefoxitin (technically a cephamycin), and cefuroxime. These 
drugs retain activity against aerobic and anaerobic streptococci, but 
lose some activity against methicillin-sensitive staphylococci. Ac-
tivity against Neisseria gonorrheae is reliable, although resistant 
strains do exist. However, only cefuroxime has appreciable activity 
against Neisseria meningitidis. Activity against Gram-negative ba-
cilli is intermediate between that of the “ rst- and third-generation 
agents, and thus the clinician must be familiar with the activity of 
speci“ c agents. In general, there is activity against the Enterobacte-
riaceae except for Enterobacter but no activity against Acinetobacter, 
Pseudomonas, or Stenotrophomonas. As a class, there is good activity 
against E. coli and K. pneumoniae for all agents. Cefmetazole, cefo-
tetan, and cefoxitin have appreciable activity against anaerobic 
Gram-negative bacilli„including Bacteroides fragilis. The spec-
trum of antianaerobic activity is a bit broader for cefoxitin com-
pared to cefotetan. Both are more effective than clindamycin 
against anaerobes, but neither is as effective as � -lactamase…
combination drugs, carbapenems, or metronidazole.

Third-Generation Cephalosporins

Rightly or wrongly, third-generation cephalosporins dominate pre-
scribing practices for parenteral antibiotics. These agents include 
cefoperazone, cefotaxime, cefpodoxime, cefprozil, ceftazidime, cef-
tibuten, ceftizoxime, ceftriaxone, and lorcarbicef. They are rela-
tively resistant to � -lactamases, and therefore have an extended 
spectrum of activity against Gram-negative bacilli. Despite this, 
these agents lack ef“ cacy against Gram-positive bacteria (except for 
ceftriaxone) and anaerobic bacteria. Activity is reliable against 
non-ESBL…producing species of Enterbacteriaceae, including En-
terobacter, Citrobacter, Providencia, and Morganella. Activity is vari-
able against Acinetobacter and the pseudomonads, with broad ac-
tivity against Aeromonas, reasonable albeit variable activity against 
P. aeruginosa (cefoperazone and ceftazidime), but no activity 
against S. maltophilia. Ceftriaxone and ceftazidime have activity 
against Borrelia burgdorferi, the agent of Lyme disease.

Paradoxically, third-generation cephalosporins (particularly cef-
tazidime) have been associated with the induction of ESBLs among 
many of the Enterobacteriaceae. Production of ESBLs was “ rst re-
ported in strains of Klebsiella pneumoniae, but now is so well recog-
nized that susceptible pathogens are now referred to commonly as 
•inducible entericŽ bacteria. The resistance induced by ESBL produc-
tion is not just against other third-generation cephalosporins but 
affects entire other classes of �-lactam antibiotics. Third-generation 
cephalosporins, especially ceftazidime, have also been implicated (in 
concert with the widespread overuse of vancomycin; see material 
following) in the emergence of VRE. Because resistance can be trans-
ferred between enterococci and staphylococci, staphylococci of inter-
mediate susceptibility to glycopeptides (GISA) or resistant to vanco-
mycin (VRSA) have now been reported. Because of the potential to 
induce resistance of hospital ” ora, many centers no longer use third-
generation cephalosporins as empiric therapy but rather reserve 
them for directed narrow-spectrum monotherapy of known suscep-
tible organisms.
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Fourth-Generation Cephalosporins

Cefepime is considered a fourth-generation agent because it has 
the broadest in vitro activity of any cephalosporin. The Gram-
negative spectrum is more broad than that of the third-generation 
cephalosporins, the antipseudomonal activity exceeds that of 
ceftazidime, and the Gram-positive activity is comparable to that 
of a “ rst-generation cephalosporin. The excellent safety pro“ le of 
the cephalosporins is retained, and the potential for induction 
of ESBL production appears to be less. In common with all other 
cephalosporins, there is no meaningful activity against either en-
terococci or enteric anaerobic pathogens. Similar to the carbapen-
ems, cefepime appears to be intrinsically more resistant to hydro-
lysis by � -lactamases. However, cefepime has variable activity 
against ESBL-producing bacteria. As a zwitterion, tissue penetra-
tion of cefepime is rapid.

Monobactams

Monobactams possess only the � -lactam nucleus. The single clinically 
available agent of this class, aztreonam, has a spectrum of activity 
against Gram-negative bacilli (including Pseudomonas aeruginosa and 
Aeromonas but not P. cepacia or Stenotrophomonas) that is similar to the 
third-generation cephalosporins„with no activity against either Gram-
positive organisms or anaerobes. Aztreonam is not a potent inducer of 
� -lactamases. Resistance to aztreonam is widespread, but the drug may 
be useful for directed therapy against known susceptible strains and 
may be used safely for penicillin-allergic patients because the incidence 
of cross-reactivity is low.

Carbapenems

Carbapenems have a “ ve-carbon ring attached to the �-lactam nucleus. 
The alkyl groups are oriented in a trans-con“ guration rather than the 
cis-con“ guration characteristic of other � -lactam agents, making these 
drugs resistant to � -lactamases. Four drugs (imipenem/cilastatin, me-
ropenem, doripenem, and ertapenem) are available for clinical use in 
the United States, and other agents are in clinical trials. Imipenem/cilas-
tatin does induce � -lactamase production, but because it is resistant 
itself to ESBLs the activity of the drug is undiminished and little cross-
resistance develops. Cilastatin is irrelevant to the antibacterial activity of 
imipenem/cilastatin, but it inhibits renal dihydropeptidase I, thereby 
abrogating the profound nephrotoxicity of the parent compound.

Imipenem-cilastatin, meropenem, and doripenem have the widest 
antibacterial spectrum of any antibiotics, with excellent activity against 
aerobic and anaerobic streptococci, methicillin-sensitive staphylococci, 
and virtually all Gram-negative bacilli except Legionella, P. cepacia, and 
S. maltophilia. Activity against the Enterobacteriaceae exceeds that of all 
antibiotics, with the possible exceptions of piperacillin/tazobactam 
and cefepime„and activity of meropenem against P. aeruginosa is ap-
proached only by that of amikacin. All of the carbapenems are superla-
tive antianaerobic agents, and thus there is no reason to combine a 
carbapenem with metronidazole except for example to treat concur-
rent C. dif“ cile colitis in a patient with a life-threatening infection that 
mandates continuance of the carbapenem. Other differences in spectra 
between imipenem-cilastatin and meropenem are trivial except that 
imipenem is an effective drug against E. faecalis (but not E. faecium). 
Meropenem is ineffective against enterococci.

Meropenem and doripenem appear not to have the same potential 
for neurotoxicity that is recognized with imipenem-cilastatin, which is 
contraindicated in patients with active central nervous system disease 
or injury (excepting the spinal cord) because of the rare (� 0.5%) ap-
pearance of myoclonus or generalized seizures in patients who have 
received doses of more than 3 g/day (with normal renal function) or 
who have not had dosage reductions in the setting of renal insuf“ ciency. 
With both drugs, the widespread disruption of the host microbial ” ora 

inherent in such broad-spectrum therapy may lead to superinfections 
(e.g., fungi, C. dif“ cile, Stenotrophomonas, or resistant enterococci).

Ertapenem is not active against Pseudomonas spp., Acinetobacter 
spp., Enterobacter spp., or MRSA, but is a useful drug nonetheless by 
virtue of its long half-life and substantial PAE„permitting once-
daily dosing. In addition, ertapenem is highly active against ESBL-
producing Enterobacteriaceae and has less potential for neurotoxicity 
than imipenem-cilastatin.

Cell-Wall…Active Agents

Lipoglycopeptides

Vancomycin is a soluble lipoglycopeptide with a complex bactericidal 
mechanism of action. The drug inhibits synthesis and assembly of 
the second phase of cell wall peptidoglycan synthesis, and it may also 
injure protoplasts by altering the permeability of their cytoplasmic 
membrane. There is some evidence that RNA synthesis may be im-
paired as well. These multiple mechanisms, along with a lack of 
cross-resistance with other antibiotics, may explain the historic low 
resistance rate for Gram-positive bacteria. Vancomycin is rapidly 
bactericidal, but only on dividing organisms. A PAE persists for 
about 2 hours. Unfortunately, tissue penetration of vancomycin is 
poor for almost all tissues„which can limit its effectiveness.

Both S. aureus and S. epidermidis are susceptible to vancomycin, al-
though MICs for S. aureus are increasing and may require higher doses 
for therapeutic effect. Streptococcus pyogenes, group B streptococci, S. 
pneumoniae (including penicillin-resistant strains), and C. dif“ cile are 
also susceptible. Listeria monocytogenes, anaerobic cocci, other clos-
tridial species, and Actinomyces are usually susceptible. Most strains of 
E. faecalis are inhibited (but not killed) by concentrations attainable in 
serum, but E. faecalis is increasingly resistant to vancomycin. Resistant 
enterococci have emerged because of prolonged or indiscriminate use 
of vancomycin (Table 1), occasioned by the ubiquity of MRSA/MRSE. 
Both GISA and strains of S. aureus fully resistant to vancomycin are 
recognized, but so far only in association with prolonged (i.e., weeks to 
months) exposure to vancomycin.

Vancomycin usage is often inappropriate, and it is important for 
the public health that inappropriate usage should be curtailed. Bona 
“ de indications include serious infections caused by MRSA/MRSE, 
Gram-positive infections in patients with serious penicillin allergy, 
and oral therapy (or by enema in patients with ileus) for C. 
dif“ cile-related colitis in patients who have failed or are intolerant to 

Table 1: Situations in Which Use of Vancomycin 
Is Discouraged

� Routine surgical prophylaxis in the absence of life-threatening 
allergy to �-lactam antibiotics

� Empiric therapy of febrile neutropenia in the absence of 
evidence for a Gram-positive infection

� Continued empiric use when microbiologic data suggest a 
reasonable alternative

� Systemic or local (i.e., catheter ” ush) prophylaxis of indwelling 
vascular catheters

� Selective decontamination of the digestive tract
� Eradication of colonization of methicillin-resistant staphylo-

cocci
� Primary treatment of antibiotic-associated colitis due to 

Clostridium dif“ cile
� Routine prophylaxis for patients on hemodialysis or continuous 

ambulatory peritoneal dialysis
� Use for topical irrigation or application
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metronidazole. Parenteral vancomycin is now usually administered in 
a dose of 15 mg/kg actual body weight q12h. The infusion must be 
performed over the course of at least 1 hour. The dose must be re-
duced in renal failure, and monitoring of serum concentrations may 
be helpful in that circumstance. New high-” ux hemodialysis mem-
branes dialyze vancomycin partially, and a 500-mg dose should be 
given after each dialysis.

Dalbavancin is a second-generation lipoglycopeptide agent that 
has a mechanism of action similar to vancomycin, resulting in dis-
ruption of the bacterial cell wall. Advantages of dalbavancin over 
vancomycin include a long elimination half-life in human beings, 
which makes once-weekly dosing feasible. For example, a phase III 
randomized trial demonstrated that two doses of dalbavancin (1 g 
initially, followed by 500 mg 7 days later) in complicated skin infec-
tions can take the place of other antibiotics requiring up to 28 doses. 
An additional possible advantage is that dalbavancin is bactericidal, 
whereas vancomycin is bacteriostatic, against most Gram-positive 
cocci.

Cyclic Lipopeptides

Daptomycin is a cyclic lipopeptide antibiotic with potent bactericidal 
activity against most gram-positive organisms, including MDR 
strains. The unique structure of daptomycin consists of a 13-member 
amino acid cyclic lipopeptide with a decanoyl side chain. This dis-
tinctive structure confers a novel mechanism of action, believed to 
involve insertion of the lipophilic daptomycin tail into the bacterial 
cell membrane„causing rapid membrane depolarization and a po-
tassium ion ef” ux. This is followed by arrest of DNA, RNA, and 
protein synthesis, resulting in bacterial cell death. The bactericidal 
effect of daptomycin is rapid, with greater than 99.9% of both MRSA 
and MSSA bacteria dead in less than 1 hour without appreciable 
bacterial cell lysis.

Daptomycin is effective in a concentration-dependent manner, 
has a long half-life (8 hours), and demonstrates a prolonged PAE (up 
to 6.8 hours). Once-daily dosing of daptomycin results in linear PK 
with minimal drug accumulation. A dosing regimen of 4 mg/kg once 
daily is recommended for complicated skin/skin structure infections 
(cSSSI). Daptomycin is excreted renally. Therefore, the dosing inter-
val should be increased to every 48 hours in patients with a creatinine 
clearance of less than 30 ml/min. Because of daptomycin•s unique 
mechanism of action and because it is not metabolized by cyto-
chrome p450 or other hepatic enzymes, no antagonistic drug interac-
tions have been observed.

In vitro potency of daptomycin has been demonstrated against 
many aerobic and anaerobic Gram-positive bacteria, including 
MDR strains. Daptomycin•s spectrum of activity encompasses dif-
“ cult-to-treat antibiotic-resistant Gram-positive cocci, including 
MRSA and VRE. Daptomycin demonstrates activity against 
vancomycin-resistant S. aureus, as well as against linezolid- and 
quinupristin/dalfopristin-resistant S. aureus and E. faecium. Fur-
thermore, daptomycin is also effective against a variety of strepto-
cocci„including S. pyogenes (group A) and S. agalactiae (group B) 
as well as other Streptococcus spp.„and against a variety of anaero-
bic species, including Peptostreptococcus spp., C. perfringens, and 
C. dif“ cile. Daptomycin•s ef“ cacy is enhanced by the near absence 
thus far of antibiotic resistance, as veri“ ed by both in vitro and 
clinical studies. No transferable elements conferring daptomycin 
resistance have been isolated to date.

Daptomycin has been approved in the United States for the 
treatment of cSSSI associated with S. aureus (both MSSA and 
MRSA), S. pyogenes, S. agalactiae, S. dysgalactiae subsp. equisimilis, 
and E. faecalis (vancomycin-susceptible only) and for bacteremia 
caused by susceptible pathogens. Importantly, daptomycin must 
not be used for the treatment of pneumonia or empiric therapy 
when pneumonia is in the differential diagnosis (even when 
caused by a susceptible organism) because daptomycin penetrates 
lung tissue poorly and is inactivated by pulmonary surfactant.

PROTEIN SYNTHESIS INHIBITORS

Several classes of antibiotics, although dissimilar structurally and 
having widely divergent spectra of activity, exert their antibacterial 
effects via the similar mechanism of binding to bacterial ribosomes 
to inhibit protein synthesis. This classi“ cation is valuable mechanis-
tically and serves to link several classes of antibiotics conceptually 
that have few clinically useful members.

Aminoglycosides

With a reputation as toxic agents that have been superceded by newer 
antibiotics, it is ironic that the resurgence of aminoglycoside use has 
occurred as resistance to these newer antibiotics (especially third-
generation cephalosporins and quinolones) has developed. Aminogly-
cosides exert their microbicidal activity by binding to the bacterial 
30S ribosomal subunit, thereby inhibiting protein synthesis. With the 
exception of slightly better activity against Gram-positive cocci pos-
sessed by gentamicin, the spectrum of activity for the various agents is 
nearly identical. Differences among the agents are based on differences 
in toxicity, and ef“ cacy is based on local resistance patterns. Gentami-
cin, tobramycin, and amikacin are still used frequently. Netilmycin is 
comparable in toxicity, but seldom used. Neomycin and kanamycin are 
quite toxic, and are now used only topically. Streptomycin is also quite 
toxic, but is still used in regimens for antimycobacterial therapy.

Nevertheless, the potential toxicity is real and aminoglycosides 
are seldom “ rst-line therapy anymore except in a synergistic combi-
nation to treat a serious Pseudomonas infection, enterococcal endo-
carditis, or an infection caused by a MDR Gram-negative bacillus. As 
second-line therapy, these drugs are ef“ cacious against the Entero-
bacteriaceae, M. catarrhalis, H. in” uenzae, Salmonella spp., and Shi-
gella spp. Notably, there is somewhat less activity against Acineto-
bacter, and limited activity against P. cepacia, Aeromonas spp., 
S. maltophilia, and anaerobic organisms.

Aminoglycosides kill bacteria most effectively when the peak 
concentration of antibiotic is high. Therefore, a loading dose is nec-
essary and serum drug concentration monitoring is often per-
formed. Synergistic therapy with a � -lactam agent is theoretically 
effective because damage to the bacterial cell wall caused by the 
� -lactam drug enhances intracellular penetration of the aminogly-
coside. However, evidence of improved clinical outcomes is scant. 
Serious infections require 5 mg/kg/day of gentamicin or tobramycin 
after a 2-mg/kg loading dose, or 15 mg/kg day of amikacin after a 
loading dose of 7.5 mg/kg. Clearance and volume of distribution are 
variable and unpredictable in critically ill patients, and doses that 
are higher still are sometimes necessary (e.g., burn patients). High 
doses (e.g., gentamicin 7 mg/kg/day) administered as part of a 
single-daily-dose protocol can obviate these problems in selected 
patients. Marked dosage reductions are necessary in renal failure, 
but the drugs are dialyzed and a maintenance dose should be given 
after each hemodialysis treatment.

Tetracyclines

Tetracyclines bind irreversibly to the 30S ribosomal subunit, but un-
like aminoglycosides are bacteriostatic agents. Widespread resistance 
limits their utility in the hospital setting (with two exceptions), but 
they are still prescribed as oral agents. Short-acting oral tetracyclines 
include oxytetracycline and tetracycline HCl. Intermediate-acting 
oral agents of this class include demeclocycline, whereas those with a 
long half-life include the semisynthetic lipophilic congeners doxycy-
cline and minocycline. Most pneumococci and H. in” uenzae are in-
hibited by achievable concentrations in serum. Thus, the tetracy-
clines may be used for management of sinusitis and acute 
exacerbations of chronic bronchitis. Gonococci and meningococci 
are quite susceptible. Unfortunately, penicillin-resistant gonococci 
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tend also to be resistant to tetracycline. Outpatient urinary isolates of 
E. coli can be treated with tetracyclines, as can most infections caused 
by Vibrio spp. Most recently, doxycycline has been used with some 
success against VRE.

Tetracyclines are active against anaerobic pathogens. Actinomyces 
can be treated successfully. Doxycycline has activity against B. fragilis, 
but is it seldom used for the purpose. Many spirochetes are suscep-
tible, including the Lyme disease pathogen Borrelia burgdorferi. The 
drugs can be used against ricckettsiae, Chlamydophila spp., myco-
plasmas, and to some extent protozoa (Entamoeba histolytica).

Tigecycline is a novel glycycline antibiotic derived from minocy-
cline. The drug shares with other tetracyclines its bacteriostatic 
mechanism of action and toxicities, including the contraindicated 
administration to children under the age of 8 years owing to dental 
toxicity. With the major exception of Pseudomonas spp., the spec-
trum of activity is broad„including many MDR Gram-positive and 
Gram-negative bacteria. Tigecycline is able to overcome typical bac-
terial resistance to tetracyclines because of modi“ cation at position 
9 of its core structure. This enables it to bind to the bacterial 30S 
ribosomal unit with greater af“ nity than earlier-generation tetracy-
clines. The modi“ cation at position 9 provides additional steric 
hindrance, giving tigecycline a broader spectrum of activity than 
traditional tetracyclines. In vitro Gram-positive activity is directed 
against streptococci (including anaerobic species), staphylococci (in-
cluding methicillin- and fully vancomycin-resistant strains), 
and enterococci (including VRE, E. avium, E. casseli” avus, and 
E. gallinarum). Activity against Gram-negative bacilli is directed 
against Enterobacteriaceae (including ESBL-producing strains), 
P. multocida, A. hydrophila, S. maltophila, E. aerogenes, and Acineto-
bacter spp. Activity against anaerobic bacteria is excellent.

Tigecycline has been approved in the United States for treatment 
of cSSSI and complicated intraabdominal infection caused by sus-
ceptible organisms. As clinical experience accrues, the utility of tige-
cycline for therapy of MDR organisms will become clear.

Oxazolidinones

Oxazolidinones bind to the 50S subunit of the prokaryotic ribosome, 
preventing it from complexing with the 30S subunit, mRNA initiation 
factors, and formylmethionyl-tRNA. The net result is to block assembly 
of a functional initiation complex for protein synthesis, thereby pre-
venting translation of mRNA. This mode of action differs from that of 
existing protein synthesis inhibitors such as chloramphenicol, macro-
lides, lincosamides, and tetracyclines„which allow mRNA translation 
to begin but then inhibit peptide elongation. This difference may seem 
trivial, but is important in two respects. First, linezolid (the “ rst oxa-
zolidinone to be marketed) appears to be particularly effective in pre-
venting the synthesis of staphylococcal and streptococcal virulence 
factors (e.g., coagulase, hemolysins, and protein A). Second, linezolid 
has a target that does not overlap with those of existing protein syn-
thesis inhibitors. Consequently, its activity is unaffected by the rRNA 
methylases that modify the 23S rRNA so as to block the binding of 
macrolides, clindamycin, and group B streptogramins. Preventing 
the initiation of protein synthesis is no more inherently lethal than 
prevention of peptide elongation. Consequently, linezolid (similar to 
chloramphenicol, clindamycin, macrolides, and tetracyclines) is es-
sentially bacteriostatic. The only protein synthesis inhibitors to 
achieve strong bactericidal activity are the aminoglycosides, which 
cause misreading of mRNA„leading to the manufacture of defective 
proteins that, among other effects, destabilize the membrane struc-
ture and cause leakage of cell content. The ribosomes of E. coli are as 
susceptible to linezolid as those of Gram-positive cocci. However, 
with minor exceptions Gram-negative bacteria are oxazolidinone-
resistant„apparently because oxazolidinones are excreted by endog-
enous ef” ux pumps.

Linezolid is equally active against methicillin-susceptible and 
-resistant staphylococci; against vancomycin-susceptible enterococci 

and those with VanA, VanB, or VanC resistance determinants (VRE); 
and against pneumococci with susceptibility or resistance to penicil-
lins or macrolides. Most Gram-negative organisms are resistant to 
linezolid, but susceptibility is observed for many Bacteroides
enous ef” ux pumps.
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of bradyarrhythmias and, at a core temperature below 28° C…30° C, 
ventricular “ brillation. The body•s attempt at restoring normother-
mia results in an elevation of oxygen that takes place primarily in 
muscles through shivering. Because of the excessive oxygen consump-
tion required to maintain or restore normothermia in an environ-
ment with signi“ cant cold stress, organ dysfunction can occur due to 
a relative undersupply of oxygen, with a resultant increased risk of 
cardiac complications in elderly patients.26

The potential immunologic consequences of hypothermia have 
been extensively studied. Because of the enzymatic nature of most 
immunologic functions, it makes sense that hypothermia would in-
hibit many of these processes. Moreover, our immunologic system is 
often pitted against bacteria that are not homeotherms as humans 
are, and may therefore not suffer as severe a functional deterioration 
in the presence of a hypothermic environment. Some relatively 

well-done clinical studies provide evidence that mild hypothermia is 
associated with increased risk for surgical site infection.27,28 Labora-
tory studies of the neuroprotective effects of hypothermia appeared 
promising, but clinical trials have been disappointing, and the im-
munologic effects of hypothermia were associated with an increase 
in pneumonia and septic complications.29…31

MANAGEMENT

The relatively high speci“ c heat of the body makes hypothermia 
very dif“ cult to treat. The rapidity and aggressiveness with which 
treatment is provided should be based on how severely the hypo-
thermia is affecting the patient. There are a number of clinical stud-
ies that describe the ef“ cacy of currently available rewarming 

Figure 2 Prolongation of partial thromboplastin time (PTT) that results from cooling of the blood in 
samples with normal clotting factor levels, and in samples of blood with diluted clotting factor 
levels.  (Data from Gubler K, Gentilello L, Hassantash S, Maier R: The impact of hypothermia on dilutional 
coagulopathy. J Trauma 36:847…851, 1994.)
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techniques. However, many were conducted on healthy, nonvaso-
constricted volunteers, and most did not take into account the pa-
tient•s initial body temperature and mass, the rate of endogenous 
heat production, and the presence or absence of anesthetics, vasodi-
lating agents, shock, or shivering, all of which are important deter-
minants of the rewarming rate.

Passive Rewarming

Since the speci“ c heat of the body is 0.83 kcal/kg/° C, a 70-kg patient 
has to gain 58.1 kcal to raise average body temperature by one degree. 
Since basal heat production is approximately 1 kcal/kg/hr, endoge-
nous heat production will produce a rewarming rate of roughly 
1.2° C/hr if the patient is suf“ ciently insulated to prevent all heat loss. 
Shivering can increase heat production by three-fold, so that a spon-
taneous rewarming rate of 3.6° C/hr is theoretically possible.

Active External Rewarming

Heat ” ows from an area of higher temperature to one of lower tem-
perature as a function of the laws of thermodynamics. Since the 
temperature of the skin is generally 10° C…20° C cooler than the core, 
the skin must “ rst be warmed to a temperature greater than that of 
the core before central heat transfer can occur. Since external re-
warming has little immediate effectiveness, it should not be relied 
upon as the principle means of rewarming patients who are suffering 
adverse effects of hypothermia.

Standard ” uid-circulating heating blankets are a commonly used 
external rewarming technique. Based upon observed rewarming 
rates in hypothermic patients, it has been estimated that roughly 
2.5 kcal/hr per degree Celsius temperature difference between blan-
ket and skin occurs.32 Roughly 25…35 kcal/hr of heat transfer can be 
expected, which is enough to rewarm body temperature by approxi-
mately 0.5° C/hr. Convective air rewarmers provide a larger surface 
area for heat exchange than ” uid circulating heating blankets. How-
ever, the density of air is so low that it contains very little thermal 
energy. For example, one can tolerate a 150° F sauna for 10 minutes, 
but inserting a hand in 150° F water for 10 seconds results in an im-
mediate scald injury.

The very low heat-carrying capacity of air means that little heat can 
be transferred to a patient by blowing warm air over the skin. However, 
an additional consequence of the laws of thermodynamics is that when 
two masses are in contact with one another, heat always ” ows from the 
area of higher temperature to the area of lower temperature, regardless 
of differences in heat content (law of entropy). The purpose of a con-
vective warmer is to establish a microenvironment around the patient 
that is warmer than skin temperature. This prevents heat loss from the 
skin (except through sweating). These devices may be used to minimize 
heat loss from covered areas, but are ineffective means of treating hypo-
thermia, and most of the actual warming that is observed is due to the 
patient•s own heat generation. In a randomized treatment study hypo-
thermic patients did not warm faster with a convective heating blanket 
than with a standard cotton hospital blanket.33

Aluminum space blankets are made of material often used as a 
lining in survival apparel, and are designed to minimize radiant 
heat loss by re” ecting emitted photons back to the patient. The 
distance between the emitting and re” ective surface is an impor-
tant determinant of effectiveness. Proper use requires wrapping 
the blanket relatively tightly over the patient, and placement of an 
additional standard blanket on top of the space blanket to mini-
mize underlying air movement. Since scalp vessels do not vasocon-
strict even in hypothermic patients, a large amount of radiant heat 
loss occurs from the neck up.

Overhead radiant warmers can produce intense local heat in vaso-
constricted patients if there is not enough circulation to carry the heat 

away, which can cause severe thermal injury. Patients must be fully 
exposed for radiant warming to occur. A blanket is often placed over 
the patient to diminish the risk of thermal injury, but radiant heat is 
then supplied only to the blanket, and the patient is warmed in a very 
inef“ cient manner by the air trapped underneath the blanket. Based on 
observed rewarming rates in hypothermic patients, Henneberg et al.34 
have calculated an approximate heat transfer of 17.7 kcal/hr with the 
use of an overhead radiant warmer.

Active Core Rewarming

Airway rewarming using humidi“ ed air at 41° C is one of the most 
frequently used core rewarming techniques. Fully saturated 41° C 
air can hold 0.05 ml H2O per liter. At 30° C, air can only hold only 
0.03 ml H2O per liter. If a 30° C patient inspires a liter of saturated 
41° C air, then 0.02 ml H2O condenses within the airway when the 
air cools down to the patient•s temperature. With a ventilation of 
10 l/min, 12 ml of H2O will condense each hour. When water con-
denses heat is liberated at a rate of 0.58 kcal/ml H2O (latent heat of 
vaporization). Thus, the amount of heat contributed by airway re-
warming under these conditions will be only 7 kcal/hr (0.58 kcal/
ml H2O �  12 ml H2O/hr). An additional 1…2 kcal will be trans-
ferred by the warming effect of the inspired air, independent of 
condensation. Since 58 kcal is required to increase core tempera-
ture by 1° C in a 70-kg patient, as with external techniques, airway 
rewarming has limited effectiveness.

Pleural or peritoneal lavage should be considered for use in 
unstable patients with a deleterious response to hypothermia. The 
amount of heat transferred depends on the difference between the 
inlet and outlet water temperature and the water ” ow rate. Since 
the speci“ c heat of water is 1 kcal/kg/° C, if 1 liter of 42° C water 
that is infused into a body cavity exits at 35° C, 7 kcal of heat will 
have been left in the body. However, prolonging operative time in 
order to irrigate the open peritoneal cavity with warm ” uids is 
counter-productive, as most of the heat that is lost from the water 
will be transferred to the 21° C operating room environment rather 
than to the patient.

The high speci“ c heat of water makes it important to warm cold 
IV ” uid prior to administration. A patient will have to generate 
16 kcal to warm 1 liter of crystalloid infused into the body at room 
temperature (21° C). When patients are under anesthesia, their 
metabolic rate is relatively “ xed. If they cannot increase their meta-
bolic rate suf“ ciently to generate this additional heat, the loss of 
16 kcal will decrease body temperature by 0.28° C, which is enough 
to cause vigorous shivering.

Warm IV ” uids also provide a simple means of transferring signi“ -
cant amounts of heat to cold patients requiring massive ” uid resuscita-
tion. Warm IV ” uids equilibrate with body temperature, liberating heat 
in the process. A 1-liter infusion of 40° C crystalloid infused into a 
32° C patient is, in effect, equivalent to a transfusion of 8 kcal. Since 
hypothermic trauma patients frequently require massive ” uid resusci-
tation, using warm IV ” uids can provide a signi“ cant quantity of heat.

Rewarming with cardiopulmonary bypass is, in effect, a means 
of rewarming via the provision of a continuous infusion of warmed 
IV ” uids. The limitations imposed by the patient•s ” uid require-
ments are circumvented by recirculating the patient•s own blood. 
Continuous arteriovenous rewarming (CAVR) is a newly described 
means of performing extracorporeal circulatory rewarming that 
does not require a mechanical pump.6,35,36 CAVR uses percutane-
ously placed 8.5-Fr femoral arterial and venous lines and the pa-
tient•s own blood pressure to create an extracorporeal AV “ stula 
through the heating mechanism of a counter current ” uid warmer. 
The tubing circuit is heparin bonded, and no additional heparin-
ization is needed (Figure 4).

Unlike cardiopulmonary bypass, this technique requires an in-
tact circulation, and its effectiveness is limited when arterial 
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pressure falls below 80 mm Hg. However, hypotensive patients 
generally require additional ” uids, which can be •piggybackedŽ 
into the heat exchanger to supplement the “ stula ” ow rate. The 
typical ” ow rate in normotensive individuals is between 250 and 
350 ml/min. If the patient•s temperature is 32° C and blood is rein-
fused at a temperature of 39° C approximately 6 kcal of heat will be 
transferred every 3…4 minutes.

Rewarming ef“ cacy can be analyzed using standard thermody-
namic and heat transfer equations to provide a more accurate as-
sessment various rewarming techniques. A mathematical model 
has been developed which takes into account body mass and sur-
face area, the speci“ c heat of tissues, the various conductivities of 
body tissues as a function of temperature, endogenous heat pro-
duction, and the thermophysical properties of air, water, radiation, 
and other heat transfer media.37 A computer simulation provides 
the expected rewarming rates based on the properties of the tech-
nique used (Figure 5).

MORTALITY

Hypothermia has two well-known clinical effects: to preserve life and 
to kill. Which one of these properties is most active in the trauma 
patient has been debated for centuries. Hippocrates recommended 
packing injured soldiers in snow and ice. Baron de Larrey, a battle-
“ eld surgeon during Napoleon•s campaigns, noted that injured sol-
diers who sat closest to the “ re were usually the “ rst to die. Animal 
studies repeatedly demonstrate that hypothermic animals are better 
able to survive shock than normothermic counterparts.38,39

Despite these observations, current recommendations for treat-
ment of injured patients call for strict efforts to prevent hypother-
mia, and for aggressive treatment to reverse it once it has oc-
curred.40 These recommendations are based on “ ndings of repeated 
clinical studies demonstrating that mortality is signi“ cantly higher 
in trauma patients who develop hypothermia.1,2,4,41 One study 
controlled for magnitude of injury using the Injury Severity Score 
(ISS), the presence or absence of shock, and ” uid and blood prod-
uct requirements. Patients who became hypothermic had signi“ -
cantly higher mortality rates than similarly injured patients who 
remained warm. Mortality was 100% if core body temperature 
dropped to 32° C, even in mildly injured patients.1 A large study 
analyzing the NTDB (National Trauma Data Bank) found that 
hypothermia was an independent predictor of mortality by using 
stepwise logistic regression (odds ratio 1.54, 95% CI 1.40-1.71) 
(Figure 6).4

One study compared the mortality of hypothermic patients 
(�35° C) admitted over a 10-month period who were treated with a 
combination of airway rewarming, ” uid circulating or convective 
heating blankets, an aluminized head covering, and warm IV ” uids 
with a consecutive sample of patients who were rapidly rewarmed 
with CAVR.6 Time to rewarming (T � 35° C) was 3.23 hours with 
standard rewarming techniques and 39 minutes with CAVR. Rapid 
rewarming with CAVR resulted in a 57% decrease in blood product 
requirements, a 67% decrease in crystalloid requirements, and a re-
duction in mortality in trauma patients. In a more recent random-
ized, prospective clinical trial comparing slow versus rapid rewarm-
ing in critically injured patients, signi“ cantly more patients in the 
rapid rewarming (CAVR) group were able to be successfully resusci-
tated.7 Two additional prospective, but nonrandomized studies have 
demonstrated improvements in outcome in trauma patients when 
protocols designed to minimize heat loss were utilized.42,43

Figure 4 Diagram of continuous arteriovenous rewarming (CAVR) 
circuit.
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CONCLUSIONS

The relatively high speci“ c heat of the body makes hypothermia very 
dif“ cult to treat. Early attention to the mechanisms of heat loss outlined 
previously remains the best form of therapy. Based on current data 
hypothermia has an adverse effect on outcome from trauma, and every 
attempt should be made to aggressively treat it once it has occurred.
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Figure 6 Mortality at each admission body temperature determined 
from the National Trauma Data Bank (NTDB).
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SURGICAL PROCEDURES 
IN THE SURGICAL INTENSIVE 
CARE UNIT
Ziad C. Sifri and Alicia M. Mohr

bedside procedures are an integral part of the care delivered to 
critically ill patients. Whether performed for diagnostic or 

therapeutic purposes, bedside procedures have speci“ c indications 
and complications. With the pressure of more effective utilization of 
the operating rooms (ORs), bedside procedures in the surgical inten-
sive care unit (SICU) have become more frequent.

This chapter is not intended to provide a comprehensive review 
of all the bedside procedures and monitoring that can be performed 
in the SICU. Rather, we will illustrate the indications, management, 
and complications of common surgical procedures that can be per-
formed outside of the OR at the patient•s bedside.

HISTORICAL PERSPECTIVE

The basic concept of bringing the surgeon to the site of the injured 
patient is not a novel one. During the Korean War, mobile army sur-
gical hospitals (MASH) units allowed injured soldiers to receive es-
sential surgical care close to the battle“ eld before they could be 
transported to hospitals for de“ nite care. This concept is widely used 
today by the military around the world, and more recently has been 
adopted by humanitarian organizations to provided medical care to 
injured civilians. It has also been recently modi“ ed and used in re-
sponse to new challenges of trauma care.

Critically injured patients are more likely to survive their inju-
ries today due to a multitude of improvements in trauma systems 
and critical care.1 As a result, •diseases of survivorshipŽ have be-
come more prevalent and are posing new and complex challenges 
to the trauma surgeon. Clearly, surgeons are most comfortable 
operating in the OR where conditions are optimal. However, the 
safe performance of bedside elective surgical procedures has al-
ready been demonstrated with tracheostomy and percutaneous 
feeding access. Currently, there are now circumstances where it is 
not safe to transport the patient to the OR, and the surgeon is 
forced to operate under less optimal conditions, in the patient•s 
best interest, in the SICU. This situation arises if the patient is too 
critical to travel to the OR but needs urgent or emergent surgery, 
or if the patient needs an emergent surgery but the OR is not im-
mediately available due to other emergencies. This chapter will 
provide indications and management of both elective and emer-
gent bedside procedures.

SURGICAL PROCEDURES

Bedside Tracheostomy

Patients with persistent respiratory failure following major trauma 
frequently require tracheostomy since the complications related to 
the presence of an endotracheal tube for more than 7 days in-
creases and can be life threatening. Patients who have a high likeli-

hood of requiring prolonged mechanical ventilation undergo tra-
cheostomy at the earliest possible time when conditions are stable 
and optimal. Some of the theoretic and proven bene“ ts of trache-
ostomy include reduction of dead space and airway resistance, 
facilitation of weaning, improved pulmonary toilet and oral care, 
and better toleration by the patient, and establishing a secure long-
term airway.2

Indications

The indications for tracheostomy include (1) prolonged mechanical 
ventilation (�7 days); (2) an inability to protect airway such as in 
severe traumatic brain injury, severe maxillofacial trauma, extensive 
neck, or vocal cord edema/trauma/injury; (3) complex tracheal re-
pair; (4) cervical spinal cord injuries; and (5) respiratory failure and 
the need for multiple and frequent trips to the OR.

Procedure Options, Contraindications, and Preparation

Bedside tracheostomy can be performed via an open or percutane-
ous technique based on the surgeon•s preference. Tracheostomy is 
not recommended at times when respiratory complications related 
to the procedure will be poorly tolerated by the patient. These in-
clude situations such as severe hypoxemia, severe hypercarbia, or 
respiratory acidosis. Redo tracheostomies in patients with dif“ cult 
anatomy (short neck, goiter) should preferably be performed in 
the OR under more favorable conditions with optimal lighting. 
Speci“ c relative contraindications to the percutaneous tracheos-
tomy include a redo tracheostomy, moderate to severe coagulopa-
thy, and unstable cervical spine injuries or an inability to extend 
the neck.

Adequate preparation for this procedure is critical, as errors 
can quickly lead to major complications. A complete surgical tra-
cheostomy set and percutaneous tracheostomy kit are present at 
the bedside (Table 1). Lighting in the SICU should be optimized or 
surgeons may prefer using a headlight. Assisting personnel include 
a surgical team with an operating surgeon attending and one or 
two assistant surgeons, one respiratory therapist, one anesthesiol-
ogist, and a nurse. All personnel in the room have protective head-
wear, masks, and gloves, and the surgeons also wear sterile gowns 
and gloves.

Open Tracheostomy Technique

Once the patient is paralyzed and sedated, the neck is prepped and 
draped. Local anesthetic is injected at the surgical site, and then a 
2-cm vertical midline incision is made below the cricoid. The pla-
tysma is divided and the strap muscles are retracted laterally. The 
second to fourth tracheal rings are exposed by retracting the isthmus 
of thyroid superiorly (using a vein retractor) or by dividing the isth-
mus of the thyroid. Stay sutures can be placed at the lateral aspect of 
trachea; note that the balloon of endotracheal tube should be de-
” ated while placing stay sutures. Before the procedure begins, the 
surgeon should test the balloon of the tracheostomy, and ensure that 
the anesthesiologist suctions the endotracheal tube and mouth and 
that all equipment works and is within reach. A tracheotomy is per-
formed using an 11-blade scalpel, the opening is dilated, and under 
direct vision the endotracheal tube is pulled back to just above the 
tracheotomy site. The tracheostomy is inserted, the inner cannula is 
placed, and the balloon is in” ated. Then capnography is performed, 
adequate return of tidal volume is assessed, and chest wall movement 
is visualized. When placement is con“ rmed, the tracheostomy is su-
tured to the skin and secured with tracheal ties, and then the endo-
tracheal tube is removed (Figure 1).
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Percutaneous Dilatation Technique

There are several kits available today with various modi“ cations for the 
percutaneous tracheostomy using the Ciaglia technique. The authors 
recommend the following percutaneous technique, which includes 
making a 2-cm vertical midline incision below the cricoid, and gentle 
dissection and retraction of the strap muscles with the ability to iden-
tify the thyroid and palpate the tracheal rings. With or without the use 

of a bronchoscope in the endotracheal tube, the endotracheal tube is 
pulled back superiorly so that a 10-ml saline-“ lled syringe is inserted 
into the trachea just below the endotracheal tube at about the second 
or third tracheal ring. Once air bubbles enter the syringe, the syringe is 
removed and a guidewire is advanced into the tracheal lumen. The 
needle is removed and the tract is dilated with the short dilator. With 
the use of a guiding catheter, either serial dilation (12…36 Fr) or a single 
tapered dilation is performed. The 28-Fr dilator within a #8 tracheos-
tomy tube is placed over the guiding catheter and the entire unit is 
inserted into the trachea (Figure 2). Once in place, the guidewire, the 
guiding catheter, and the 28-Fr dilator are removed; the inner cannula 
is placed; and the balloon is in” ated. Placement is con“ rmed and se-
curing of the tracheostomy is performed as previously explained.

Mortality, Morbidity, and Complications

Bedside tracheostomy is considered a safe procedure when per-
formed meticulously and using the suggestions stated above. It has a 
low mortality rate (0.1%…1%) and minimal morbidity (up to 3%).3 
Complications related to tracheostomy occur intraoperatively, early 
postoperatively, and late postoperatively. Intraoperative complica-
tions include bleeding, perforation of posterior wall of the trachea or 
anterior wall of esophagus, hypoxia, and loss of the airway. Early 
postoperative complications include bleeding, hematoma, pneumo-
thorax, and tracheoesophageal “ stula. Late postoperative complica-
tions include subglottic stenosis, laryngeal nerve injury, tracheal 
granulation, and tracheoinnominate “ stula.

A meta-analysis comparing open surgical and percutaneous tra-
cheostomies found that the rate of serious complication was similar 
in the two groups.4 The authors also noted that perioperative com-
plications occurred more often with the percutaneous technique, but 
that postoperative complications were more frequent with the open 
surgical tracheotomy. However, most of the differences in complica-
tion rates were attributed to minor complications. Another meta-
analysis by Freeman et al.5 found no difference in overall operative 
complication rates, but found lower postoperative complications and 
bleeding in the percutaneous technique. Currently, there are no pro-
spective data to support the use of bronchoscopy to reduce complica-
tions related to percutaneous tracheostomy, but using it is advocated 
during the learning curve.

Table 1: Equipment Required for Bedside 
Tracheostomy

Bedside Tracheostomy Equipment

Tracheal set Retractors
Hemostats
Right-angle clamps
Metzenbaum and suture scissors
Tracheal hook and dilator
Electrocautery
#11- and #15-blade scalpels

Airways 8F tracheostomy and 6F 
tracheostomy

Lubricating gel
Capnometer
Anesthesia kit with endotracheal 
tubes

Sutures Nylon skin sutures
Silk sutures and silk ties

Anesthesia Paralytic and sedatives
1% lidocaine anesthetic

Field Sterile drapes and Betadine prep
Sterile towels

Percutaneous Tracheostomy 

Percutaneous tracheostomy kit
Bronchoscope

Figure 1 Tracheostomy tube insertion.  (From Velmahos GC: Bedside 
tracheostomy. In Shoemaker WC, Velmahos GC, Demetriades D, editors: 
Procedures and Monitoring in the Critically Ill. Philadelphia, WB Saunders, 
2001, “ gure 5-4, p. 34.)

Hook

Stay
sutures

Figure 2 Percutaneous dilation technique (up to 36FR). FR, French. 
 (From Velmahos GC: Bedside tracheostomy. In Shoemaker WC, Velmahos GC, 
Demetriades D, editors: Procedures and Monitoring in the Critically Ill. 
Philadelphia, WB Saunders, 2001, “ gure 5-9, p. 37.)

Dilators

36FR

32FR

28FR

24FR

21FR

18FR

12FR

60°
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cardiac output in patients depending on heart rate for cardiac 
output.

BISPECTRAL INDEX MONITORING

The bispectral index (BIS) is a neurophysiologic monitor that 
was designed with the intention of measuring unconsciousness 
under what would otherwise be an uncomfortable perioperative 
experience. It received FDA clearance in 1996 with studies corre-
lating the BIS index to response to verbal command and to a lesser 
extent, movement upon surgical incision with various modes of 
anesthesia. Since then, it has become ubiquitous with prevention 
of perioperative awareness, and has found a niche among moni-
toring equipment in ORs across the country. While the popularity 
of this instrument has become synonymous with outpatient pro-
cedures, a new frontier has slowly developed, that is, the use of the 
BIS monitor in the critical care setting (Figure 6).

Although sedation monitors such as the Physiometrix PSA 4000 
and Datex Entropy State are available, more studies have been fo-
cused on the Aspect Bispectral Monitor. For this reason, the subse-
quent discussion will primarily focus on the Aspect Bispectral 
Monitor.

Bene“ ts of Bispectral Index in Critical Care 
Setting

Sleep disruption in critically ill patients is a well-documented phe-
nomenon. It has been shown to increase the state of confusion, 
more eloquently termed ICU psychosis, in addition to contributing 

to respiratory dysfunction. A review by Eveloff23 and Gabor et al.24 
concluded that sleep disruption in the ICU can cause increased re-
spiratory muscle fatigue and decreased ventilatory responsiveness to 
hypercapnia, which could prolong mechanical ventilation. Another 
study by Rundshagen and colleagues25 found that recall of night-
mares and hallucinations in sedated and ventilated patients dis-
charged from the ICU approached 9.3% and 6.6%, respectively. 
Sleep disruption with decreased slow wave patterns has also been 
suggested to predispose for post-traumatic stress disorder. The com-
mon element in these investigations is the value of attaining near 
normal sleep patterns, while preventing awareness of stressful stim-
uli during the ICU period, both of which could be assessed by the 
BIS monitor.

Minimization of drug withdrawal symptoms is another unfore-
seen bene“ t of the BIS index in the ICU. In a study by Cammarano 
and colleagues,26 9 of 28 patients mechanically ventilated for more 
than 7 days were found to exhibit withdrawal reactions including 
insomnia and sleep disturbances. This association was attributed 
to high-dose opioids and benzodiazepines. The implementation of 
sedation scores theoretically should minimize the risk of excessive 
doses; however, the major drawback to the traditional scoring sys-
tems is their reliance on the subjectivity of the practitioner. Several 
studies have shown that nurses rely on previous experiences with 
sedation for their population of patients, which is further compli-
cated by a lack of scienti“ c evidence for a particular sedative prac-
tice. In addition, most cues used by critical care nurses to judge 
sedation are inadequate. The importance of objective data is there-
fore paramount to the optimal management of sedation and 
convalescence in the critically ill. With the BIS monitor, an objec-
tive method for the titration of sedation transforms the realm 
of abstract theory to tangible and practical clinical application 
(Table 6).

Computing the Bispectral Index

The BIS is a single dimensionless number that incorporates infor-
mation of electroencephalograph (EEG) power and frequency along 
with beta activation, burst suppression, and bicoherence. During 
sleep, a portion of the cortical EEG re” ects activity in deeper struc-
tures. The bispectral analysis “ lters out the components of the EEG 
that provide information on the interaction between cortical and 
subcortical neural generators. The frequencies are derived from the 
EEG signals using a mathematical technique known as Fourier 
analysis. As sedation increases, more in-phase coupling occurs 
within signal frequencies. The degree of coupling represents bico-
herence patterns. With increasing amounts of hypnotic drugs, 
changes in unique bicoherence patterns occur, which serve as mark-
ers for sedation level. These patterns are collected and analyzed by 
the monitor and compared with a database that contains a multi-
variate statistical model. From the comparison, the monitor assigns 
a number that designates a hypnotic state.

Figure 6 Bispectral index monitor.

Table 6: BIS Values and EEG Patterns Correlated to Hypnotic States 
at Administration of Sedative Agents

Clinical State BIS Value EEG Pattern

Awake 100 Alpha wave predominance
Moderate hypnotic state 60 Decreased alpha / increased beta wave
Deep hypnotic state 40 Predominance of delta and theta waves
Cortical silence, coma, brain death 0 Isoelectric EEG, burst suppression

BIS, Bispectral index; EEG, electroencephalograph.
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The BIS is derived empirically based on a statistical model; it is 
not a physiologic parameter. It was attained by analyzing a large 
database of EEGs from healthy volunteers who had received one or 
more of the most commonly used hypnotic agents (Figure 7). EEG 
features were identi“ ed that characterized some portion of the 
EEG spectrum that changed as the subjects went from the awake 
state to anesthetized (Figure 8). Multivariate statistical models 
were then used to derive the optimum combination of these 
features, which were then transformed into a dimensionless 
0…100 linear scale. Details of the algorithm and statistical model 
are proprietary information. However, a brief four-step model of 
the process is described in the following (Figure 9):

1. Data are collected and “ ltered.
2. EEG calculations are performed.
3. Statistical screening using clinical endpoints awake and uncon-

scious.
4. A bispectral number is assigned using multivariate statistical 

modeling.

With a BIS number designation, an assessment can then be made on 
the hypnotic state of the patient.

Several trials were undertaken that compared the effectiveness of 
the BIS in measuring hypnotic drug effect. In each trial, healthy 
patients were given increased doses of propofol, midazolam, iso” u-
rane, or the combinations midazolam-alfentanil, propofol-alfentanil, 
or propofol-nitrous oxide. The agents were increased and decreased 
systematically to various steady-state plasma concentrations. Clinical 
measurements of sedation, hypnosis, and memory were simultane-
ously recorded. The results supported the BIS index as a better pre-
dictor of hypnotic state compared to measured or targeted drug 
concentrations.

Limitations

The BIS monitor, although novel in its approach on quantifying the 
level of sedation, is not impervious to the setbacks of derivation and 
statistical models (Table 7). Namely, the instrument•s ability to assess 
a given level of sedation is only as good as the database with which it 
compares the “ ltered EEG. Recalling the aforementioned develop-
ment process, it is reasonable to presume that the differences be-
tween healthy volunteers and critically ill patients undergoing seda-
tion may increase the margin of error, especially when considering 
that a portion of these patients have neurologic dysfunction or in-
jury. Comparing these EEGs to a database of healthy patients does 
not seem to be an ideal scenario for assessing the hypnotic state in 
these patients.

Some authors have even expressed caution about using the BIS as 
a predictor of response. Because the BIS number is a derivation of 
EEG data from 15…30 seconds previously, its number re” ects the 
state prior to the reading. Therefore, strong stimulation common 
during procedures in the ICU setting could lead to rapidly changing 
brain states. These changes can result in a response to stimulation 
despite a previously low BIS score.

Other authors have scrutinized the heterogeneity of the clinical 
endpoints and the subtleties of recall as a cause of the poor correla-
tion between movement response and cerebrally derived parameters. 
The endpoints typically used include hemodynamic response to 
noxious stimulus, movement in response to stimulus, and response 
to command and recall. These endpoints are independent of one 
another. To add further complications, explicit (conscious) and im-
plicit (unconscious) memory are not readily strati“ ed on a contin-
uum. Therefore, unconsciousness and inability to respond to com-
mands does not equate to loss of recall.

Because BIS monitors the state of the brain and not the concen-
tration of the drug, value ranges will vary among anesthetic regi-
mens. This may lead, for example, to a BIS of 60 with the use of 
propofol having similar effects to a BIS of 40 with morphine and 
midazolam when assessing response to stimulation. The difference in 
values could lead to overestimation or underestimation in sedative 
dosing if the numbers were followed without taking the drug regi-
men into consideration.

Finally, electromyographic activity as seen in nonparalyzed se-
dated patients has been shown to increase BIS values. Studies have 
shown that BIS values in sedated patients are further decreased 
with the administration of muscle relaxants. One hypothesis is 
that the BIS inevitably interprets a portion of muscle activity 
as cerebral EEG activity, which causes a higher calculated number 
to be displayed. This is but one source of artifacts that does 
not include the possibility of nonphysiologic artifacts derived 
from lighting, pacemakers, monitors, infusion pumps, and 
radios. These variables contribute to what might seem an insur-
mountable challenge to overcoming the limitations of sedation 
monitoring.

Prospective Uses

The BIS monitor, an instrument designed for the quanti“ cation of 
sedation, has prospective uses as both an endpoint determinant of 
pentobarbital therapy and as a diagnostic tool. Traumatic head 
injury, cerebral hemorrhagic events, and neoplasms are signi“ cant 
causes of increased intracranial pressures. Pentobarbital-induced 
coma is a second-line treatment for intracranial hypertension re-
fractory to osmotic or diuretic agents and cerebrospinal ” uid 
drainage. Up to one-third of medical centers within the United 
States use barbiturates as a treatment modality for ICP. Pentobar-
bital-induced coma can be con“ rmed by an isoelectric pattern 
with intermittent •burstsŽ of activity„burst suppression„on 
the EEG. This pattern serves as a guide to therapy that minimizes 

Figure 7 BIS algorithm development process. Key steps used 
during development phase of the BIS algorithm. The importance of 
statistical analysis and modeling to identify and combine key EEG 
parameters is noted. The circular path shows the •iterativeŽ process 
by which the BIS algorithm was prospectively tuned and improved 
to maximize the clinical correlation of the EEG analysis. BIS, 
Bispectral index; EEG, elec troencephalogram.  (Courtesy of Aspect 
Medical Systems.)
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barbiturate dosage and the likelihood of toxicity. The BIS monitor 
has the capacity to collect raw EEG data and display burst suppres-
sion ratios as a percentage of isoelectric episodes over a 63-second 
period. The size of the monitor and its ability to express burst sup-
pression ratios as a numerical value make it an ideal bedside 
monitor in the ICU. Riker and colleagues•27 prospective study of 
12 patients comparing EEG monitoring values to BIS values found 
that BIS values correlated well with the standard EEG-based 
method used to titrate barbiturate therapy. With the BIS monitor, 
titration of a pentobarbital infusion could occur on a minute-to-
minute basis without the use of special technicians, bulky equip-
ment, or interpretation of the EEG by a neurologist hours later. 
This could signi“ cantly reduce overall cost and improve care of 
patients with increased ICP.

Conclusion

The BIS monitor has its limitations in terms of quantifying the 
hypnotic state. However, it does provide an objective method for 
the titration of sedation, which could lead to improved patient 

comfort, decreased sleep disruption, decreased withdrawal symp-
toms, and hopefully lower incidence of post-traumatic stress dis-
order. As more attention is focused on de“ ning the endpoints to 
therapy, monitors that can provide insight on physiologic effect on 
a minute-to-minute basis will become a growing trend. Such is 
the case now for the BIS monitor and its potential uses as a guide 
to barbiturate therapy in patients with increased intracranial 
pressure.

SUMMARY

The care of critically ill patients in the ICU at times may require 
the use of NMBAs for any number of reasons. As with any medica-
tion, the risk:bene“ t ratio of using NMBAs must be calculated on a 
patient-by-patient basis. Using the lowest dose possible for the short-
est time period required can minimize the complications of using 
NMBAs. In addition, it must be remembered that NMBAs do not 
provide analgesia or amnesia, and require the concurrent use of 
suf“ cient dosages of pain medication and sedation. EEG monitoring 
is now commercially available for assessment of adequate sedation, 

Figure 8 Illustration of electroencephalogram patterns from waking state to sleep 
sleep.  (Modi“ ed from Hauri P: The sleep disorders. Kalamazoo, MI, 1977.)

Awake„Low voltage…Random, fast

Drowsy…8 to 12 cps…Alpha waves

Stage 1…3 to 7 cps…Theta waves

Stage 2…12 to 14 cps…Sleep spindles and K complexes

Delta sleep (S sleep)… ��  to 2 cps…Delta waves

Sleep spindle
K Complex

Theta waves

REM sleep (D sleep)…Low voltage…Random, fast

Sawtooth waves

1 sec

50
 µ

V

742 ANESTHESIA IN THE SURGICAL INTENSIVE CARE UNIT„BEYOND THE AIRWAY

Ch-92-107-A4418_659-762.indd   742Ch-92-107-A4418_659-762.indd   742 12/21/07   3:51:33 PM12/21/07   3:51:33 PM



CRITICAL CARE II, SPECIAL ISSUES AND TREATMENTS743

Figure 9 Schematic diagram of signal processing paths integral to generating a single BIS value. 
Original EEG epochs (following digitization and artifact processing) undergo three primary paths 
of analysis„power spectral analysis, bispectral analysis, and time-based analysis for suppression/
near-suppression„to look for key EEG features. The BIS algorithm, based on statistical modeling, 
combines the contribution of each of the identi“ ed features to generate the scaled BIS. BIS, Bispectral 
index; EEG, electroencephalogram.  (Courtesy of Aspect Medical Systems.)
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Table 7: Potential Sources of Erroneous BIS Values

Circumstance(s) BIS Reading Description

Electromyographic activity Falsely increased EMG artifact misinterpreted as cerebral activity.
Neuromuscular blockade Falsely decreased Removal of EMG artifact.
Electronic devices Falsely increased Electromagnetic “ elds, vibrations, and electric interfer-

ence interpreted as increased cerebral activity.
Cerebral injury Falsely decreased Decreased cerebral perfusion, neurological damage, and 

abnormal mental function leads to lower EEG activity.
Alzheimer•s Falsely decreased Decreased beta waves equate to overall decreased 

collection of EEG data.
Lack of stimulation Fails to predict movement upon 

stimulation
BIS readings are retrospective but not predictive. They 
only assess adequacy of sedation at current level of 
stimulation.

Various combination of sedatives and 
opioids in critically ill patients

BIS value studied mostly for healthy 
volunteers, general anesthesia, and 
pure drug regimes

BIS values change for a given clinical endpoint 
depending on medication combination used.

Note: This table organizes the most common reasons for erroneous BIS-Monitor readings. Included are the potential root causes and a brief description of 
why they occur.

BIS, Bispectral index; EEG, electroencephalograph; EMG, electromyogram.
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and also for burst suppression in pentobarbital coma, even though its 
use in the ICU is still being developed. Good analgesia, including re-
gional techniques where indicated, will reduce the need for sedation 
and improve outcomes most if individualized and include the use of 
patient-controlled administration of analgesics. Adequate sedation 
that is adjusted with frequent patient assessment or participation and 
daily wake-up tests will help prevent excess morbidity from overseda-
tion as well as recall of unpleasant experiences and post…intensive 
care, traumatic stress disorders.
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PALLIATIVE CARE 
IN THE TRAUMA INTENSIVE 
CARE UNIT
Anne C. Mosenthal

despite many recent advances in trauma resuscitation and 
surgery, surgeons continue to care for critically injured pa-

tients who will succumb to their injuries. The mortality rate for 
trauma patients who require admission to the intensive care unit 
(ICU) remains at 10%…20%, and an additional percentage of those 
who survive will be signi“ cantly disabled or functionally impaired. 
Appropriate and compassionate care for the dying trauma patient 
as well as management of pain and symptoms in all critically ill 
patients are now part of good-quality trauma care. Aggressive pain 
management or comfort measures causing physiologic hemody-

namic derangements or masking symptoms in the critically in-
jured are no longer of great concern. Newer information and selec-
tion of appropriate medications now make clear that attention to 
pain management and comfort can be successfully provided dur-
ing ongoing resuscitation without ill effects. The skills of the 
trauma surgeon encompass basic palliative care principles as they 
apply to the critically ill trauma patient; facility with an interdisci-
plinary team approach, communication of bad news, pain and 
symptom management, and withholding and withdrawal of life 
support.

WHEN TO START PALLIATIVE 
CARE IN ICU

While mortality from injury is correlated with Injury Severity 
Score and increasing age, prognosis on admission to the ICU is not 
always clear for every patient. The majority of trauma deaths in 
the ICU occur in the “ rst 48 hours secondary to traumatic brain 
injury or traumatic hemorrhage, while another signi“ cant propor-
tion (20%…30%) will linger in the ICU only to die weeks later from 
sepsis and multiple organ failure. In the “ rst group, catastrophic 
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injuries have a rapid trajectory toward death, usually with prog-
nostic certainty; here palliative care should be started early in the 
ICU course, shortly after admission. In this context, bereavement 
support and communication with the family while attending to 
patient care are crucial. This early support sets the stage for later 
decision making, minimizes con” ict and has a salutary effect on 
family grief, bereavement, and even organ donation rates. For pa-
tients who have a protracted course and uncertain prognosis, wait-
ing for death to be imminent before instituting palliative care 
means that many patients will receive end-of-life care late, have 
untreated suffering and symptoms, or remain on life support long 
after it is futile. Thus, palliative care in some form should start 
early in this group as well, regardless of ultimate outcome.

All trauma patients are admitted to the ICU with the hope and 
expectation for life-saving care, not only on the part of their fami-
lies, but physicians and nurses as well. The transition in goals of 
care to palliative can seem daunting in the face of these hopes. This 
transition is best initiated on admission with a simple palliative 
care assessment for likely prognosis, even if the possible outcomes 
are uncertain. Assessment should include not just survival 
and mortality risk, but expected long-term quality of life and 
function. If a poor outcome is possible or expected, an interdisci-
plinary assessment should follow of pain and symptoms, 
family psychosocial needs, proxy decision makers, presence of ad-
vance directives or patient preferences regarding care, and spiritual 
issues (Table 1).

WHAT IS PALLIATIVE CARE 
IN THE ICU?

Palliative care in the ICU integrates and applies the principles of 
shared decision making and relief of suffering to critical care prac-
tice. The family and the patient are the unit of care; this requires 
an interdisciplinary approach with team members from not only 
trauma surgery and critical care nursing, but pain management, 
social work, psychosocial support, and pastoral care. The unique 
nature of traumatic injury suggests four main domains of pallia-
tive care that are essential in the management of critically ill pa-
tients in the trauma ICU: communication and shared decision 
making, withholding and withdrawal of life support, bereavement 
and family support, and pain and symptom management. De-
pending on the injury and trajectory of illness, some domains may 
predominate. For example, palliative care may primarily focus on 
the family and their support, as in traumatic brain injury with 
rapid progression to brain death. Here minimal attention to pa-
tient comfort is required, and care is refocused on family crisis and 
grief, death rituals, and spiritual issues. Conversely, in the patient 
with sepsis and respiratory failure, palliative care will focus on 
pain and symptom management and shared decision making 
around goals of care and life support, often in parallel with ongo-
ing aggressive critical care.

These four components of palliative care are essential for good 
quality care for trauma patients in the ICU. Evidence suggests that 
implementation of these components in a pathway or bundle im-
proves many aspects of care. Integration of these four areas of assess-
ment and management into standard critical care in a timed se-
quence ensures their application when appropriate. Assessment of 
patient, family, and prognosis is the “ rst step, followed by appropri-
ate family support, communication, and family meetings. From these 
steps, goals of care should be developed. This should be completed 
within 72 hours of admission (Table 2).

COMMUNICATION AND SHARED 
DECISION MAKING

The foundation of end-of-life care is shared decision making be-
tween physician and the patient/patient•s family. In its simplest 
form, the patient or family report the patient•s wishes and prefer-
ences, while the physician contributes information on prognosis, 
outcomes, and treatment options, and all parties together make 
medical decisions that are consistent with the patient•s wishes and 
hopes. Through this process, goals of care are established that will 
guide speci“ c therapies, procedures, use of life support, and com-
fort care.

Table 1: Palliative Care Assessment on Admission 
to Trauma ICU

Pain and symptom assessment
1. Pain score______ 2. Anxiety ____ 3. Agitation score____
4. Dyspnea ____
Outcome and prognosis assessment
1. Is patient likely to die on this admission?
2.What is expected quality of life or functional outcome?
3. What are patient•s preferences for life-sustaining therapy?
4. Is there an advance directive?
Family assessment
1. Who is patient•s surrogate for medical decisions?
2. Has the health care team communicated information to family?
3. What are family support needs?
Cultural and spiritual assessment

Table 2: Integrated Care Pathway: Essential Steps in Trauma ICU

First 24 Hours First 72 Hours End-of-Life Care for Dying

Palliative care assessment:
Likely outcomes
Pain and symptoms
Patient preferences

Family meeting: (physician, 
nurse, family)

Discuss patient condition, prog-
nosis, patient preferences

Discussion of do not re-
suscitate (DNR)

Family support
Spiritual support

Family support and 
communication

Goals of care discussion
Plan of care to meet goals

Update goals of care
Stop therapies that do not 
meet goals of care

Pain and symptom 
management

Pain and symptom management Pain and symptom man-
agement
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Skills in communication, negotiation, and consensus building 
are essential for this process to be effective in the trauma ICU. The 
vast majority of critically ill patients lack capacity for communica-
tion due to injury or sedation, and their families must function as 
proxy decision makers. Direct communication with the family 
about the patient•s condition, proposed treatments, prognosis, and 
range of possible outcomes with each therapy should commence 
as soon as possible in the intensive care course. Questions on ad-
vance directives and patient preferences for or against life support 
should be posed. The earlier this happens, the less con” ict will 
ensue in later discussions on end-of-life decisions, do-not-resusci-
tate orders, and withholding of life support. Con” ict is most 
common between family and health care staff, usually when fami-
lies want life-prolonging care that physicians deem to be futile. 
Good communication, education, and support in many cases will 
resolve con” ict. Evidence is clear that a structured family meeting 
or communication within 72 hours of admission focused on goals 
of care improves quality of care, length of ICU stay, and patient 
and family satisfaction. Studies suggest that this meeting is most 
effective when it includes a proper setting and appropriate mem-
bers of the team, and then assessment of family understanding, 
discussion of prognosis and goals of care, and provision of sup-
port, and concludes with recommendations for care (Table 3). In 
many instances, facilitation of the meeting is best done by social 
workers, bereavement counselors, or nurses who can provide emo-
tional support for the family during dif“ cult or con” icted deci-
sions. The physician plays a critical role, however, in discussing 
prognosis and medical treatment options in a clear and direct 
fashion, and how each may or may not meet the patient•s goals of 
care. It is important also for the physician to make a recommenda-
tion for a care plan based on these discussions.

WITHHOLDING AND WITHDRAWAL 
OF LIFE SUPPORT

In the last decade, withdrawal and withholding of life support before 
death in the ICU has become common practice. Now more than 80% 
of patients who die in ICU do so in the setting of withdrawal or with-
holding of life support. Discussion and management of do-not-
resuscitate orders are standard practice in critical care, and require 
expertise in both decision making and its clinical applications. Ethi-
cal and legal precedents in the United States clearly place patient 
autonomy and the right to refuse therapy as prominent principles in 
end-of-life care, even if withdrawal of therapy ultimately results in 
the patient•s death. In addition, withdrawal of support is ethically 
equivalent to withholding it; once a therapy is initiated, it can still be 
withdrawn later if such decision meets the patient•s goals.

The decision to withdraw or withhold any therapy is based on 
(1) the patient•s preference, advance directives and goals of care, and 
(2) the bene“ ts versus burdens of each therapy in achieving these 
goals. Each individual therapy is evaluated as to whether it meets the 
goals of care; the decision to forego cardiopulmonary resuscitation, 
for instance, does not necessarily imply refusal of surgery, particu-
larly if proposed surgery would relieve burdensome symptoms. Life 
support can be used in time-limited trials, particularly if it is uncer-
tain if improvement will result, and then withdrawn if it does not 
accomplish goals. Concerns have been raised regarding traumatic 
brain injuries that progress to brain death, as the issue of organ do-
nation can complicate the palliative care plan. In reality, the option 
of organ donation needs to be integrated into the end-of-life discus-
sions; if organ donation is part of the goals of care, then withdrawal 
of life support is not appropriate.

Once decisions have been made to withdraw life support, with-
drawal should be accomplished in an appropriate setting, that is, in a 
manner that ensures comfort and is not unnecessarily prolonged. 
This is a critical care procedure that requires planning and skill. The 
withdrawal of the ventilator deserves special mention as it raises fears 
on the part of physicians and nurses that it will hasten death, and on 
the part of families that it will cause breathlessness and feelings of 
suffocation. Families need to be reassured that dyspnea can be 
treated, and in most cases comfort is assured for a peaceful death. 
Several procedures for ventilator withdrawal have been described. 
The terminal wean involves slowly weaning (15…20 minutes) ventila-
tor support as well as oxygen so that opioids can be titrated to control 
symptoms, but the endotracheal tube is left in place to prevent airway 
compromise from secretions. Immediate extubation and treatment 
with humidi“ ed air or oxygen via face mask is preferred in many 
situations, since it has the advantage of removing unsightly tubes and 
allows the patient to communicate. The choice again is guided by the 
goals of the patient and family for the end of life. The patient should 
be premedicated with opioids for dyspnea prior to extubation and 
then reassessed after ventilator withdrawal for symptoms, initially 
every 10…15 minutes. There is no role for neuromuscular blockers, as 
they only mask symptoms and do not ameliorate them. Anxiety from 
breathlessness or hypoxia can be treated with small doses of benzo-
diazepines as well. There is no evidence that appropriate treatment of 
dyspnea in this situation hastens death. Families usually want to be 
present at the bedside and this should be encouraged and accom-
modated, although they need to be prepared for the dying process 
and how it looks.

PAIN AND SYMPTOM MANAGEMENT

Quality care of the trauma patient in the ICU includes good pain and 
symptom management. Attention to relief of suffering is not only 
ethical and compassionate, but also abbreviates the sympathetic re-
sponse and physiologic and immunologic derangements associated 
with surgical stress and painful injury. Studies suggest that inadequate 

Table 3: Family Meeting in ICU

Preparations
Find a private setting.
Decide who will be present (family, physician, nurse, pastoral 
caregiver, social worker).

Review patient•s condition, prognosis, treatment options.
Review family•s knowledge of patient condition.
Meeting
Find out what family understands.
Review patient•s condition, likely outcomes, prognosis, and 
treatment options.

Acknowledge uncertainty if present.
Find out patient•s preferences for treatment •what would the 
patient want.Ž

Discuss goals of care in light of outcomes and preferences.
Acknowledge emotions and listen.
Allow time for questions and re” ection.
Conclusion of Meeting
Come to common understanding of patient•s condition and 
decision making.

Make a recommendation for treatment, time-limited trials if 
appropriate.

Have follow-up plan in place.

Adapted from Curtis JR, Patrick DL, Shannon SE, Treece PD, Engelberg RA, 
Rubenfeld GD: The family conference as a focus to improve communication 
about end-of-life care in the intensive care unit: opportunities for improve-
ment. Crit Care Med 29(Suppl 2):N26…N33, 2001.
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treatment of pain and anxiety in the ICU can lead to long-term se-
quelae with post-traumatic stress disorder and poor psychosocial 
outcomes and function. Concerns that treatment of pain in the ICU 
will lead to hemodynamic or neurologic compromise are for the 
most part unfounded, and aggressive symptom control can be deliv-
ered in parallel with resuscitation in unstable patients. Short-acting 
agents such as fentanyl and propofol provide pain relief and deep 
sedation, respectively, in such situations. Newer agents such as dex-
emetomidine that sedate without respiratory compromise show 
promise as well.

Assessment of pain and symptoms can be dif“ cult in the critically 
ill, particularly trauma patients with brain injury. Unconscious, se-
dated, and noncommunicative patients cannot report their pain. 
This is a barrier to good pain management in the ICU. Little is 
known of the importance of other non-pain symptoms, but evidence 
suggests that symptoms such as thirst, anxiety, and sleeplessness are 
not only common, but distressing, even to patients who already are 
receiving pain management. Other studies have noted that even rou-
tine nursing and medical procedures such as suctioning and turning 
are distressing and painful.

Pain management is based on assessment and frequent reassess-
ment of patient. Communicative patients should be assessed based 
on a numerical rating score (0…10) as reported by the patient. Non-
communicative patients must be assessed by observed behavioral 
response cues such as grimacing, splinting, restlessness, and so on. 
Behavioral response scales have been validated but are not in wide 
use. Sedation may make them less reliable. These in combination 
with intuitive judgment, physiologic variables, and family input may 
be helpful, although they are highly subjective.

Response to therapy must be gauged by consistent objective pa-
rameters and reassessed frequently. Opioids are the mainstay of 
therapy, and continuous infusions are “ rst choice for administra-
tion, particularly for ventilated patients. Titration should be based 
on objective pain scores, and infusion increases accompanied by a 
bolus to produce a more immediate effect. In the end-of-life situa-
tion, if intravenous lines are to be avoided, opioids can be delivered 
via a patch, subcutaneous infusion, or oral suspensions with good 
effect, although it is dif“ cult to achieve rapid titration with these 
modalities.

Treatment of anxiety, agitation, and delirium is also important 
for the critically ill. The presence of these symptoms is clearly as-
sociated with complications and longer ICU stay. Therapy with 
psychotropic drugs to reinstitute or preserve the sleep…wake cycle 
may be helpful, although in some patients benzodiazepines only 
exacerbate the situation. Tricyclic and serotonin reuptake inhibitors 
may be better, but data are scarce. For the terminally ill and immi-
nently dying, sometimes terminal sedation is necessary. In these 
conditions, a combination of haloperidol and benzodiazepines is 
useful. Scopolamine is also indicated for its anticholinergic effects 
in the treatment of secretions.

FAMILY AND BEREAVEMENT 
SUPPORT

Palliative care adheres to the concept that the patient and the family 
are considered the unit of care. This is a useful construct in the 
trauma ICU, as families of critically injured are often in crisis, be-
reaved, and require lots of support and communication during the 
ICU stay. This is particularly important when surviving family mem-
bers are called on to make end-of-life decisions for the patient. Pro-
fessionals who can provide emotional support as well as consistent 
communication are essential. Attention to this early in the patient•s 
course in the ICU can help support the family but also avoid or pre-
vent con” ict around decisions later. This role can be ful“ lled by 
various members of the health care team: social workers, pastoral 
caregivers, bereavement counselors, but also nurses and physicians. 

Communication skills in breaking bad news are important for the 
trauma surgeon, as the manner in which this is done and support 
offered in this process can have signi“ cant impact on family mem-
bers• bereavement process.

It is now clear that the presence of family in the ICU is important 
both to the patient•s recovery but also the family•s well-being. The 
opportunity to say •goodbyeŽ to the dying patient is important for 
long-term bereavement, even if the circumstances of death and dying 
seem traumatic or unsightly. Open family visiting hours in ICUs are 
fast becoming the standard of care and should be encouraged. Family 
presence at resuscitation is more controversial, but again appears to 
have a salutary effect. This can be encouraged in selected situations. 
Someone from the health care team should accompany the family to 
provide support during the resuscitation. When a patient is expected 
to die in the ICU, attention should be paid to spiritual care and ritu-
als. Assistance with these matters should be part of the interdisciplin-
ary care provided by ICU staff.
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DEATH FROM 
TRAUMA„M ANAGEMENT 
OF GRIEF AND BEREAVEMENT 
AND THE ROLE 
OF THE SURGEON
Patricia A. Murphy and Anne C. Mosenthal

death from trauma is a tragic event, often affecting young 
and previously healthy people. It is rarely peaceful or digni-

“ ed. Traumatic sudden death leaves in its wake confused, disori-
ented, angry, sad, and overwhelmed survivors. Their reactions 
separate hem from life, from reality, and sometimes from caring 
about themselves. This is grief. When death occurs from sudden, 
unexpected events such as car crashes, suicide, or murder, grief 
reactions are more severe, exaggerated, and complicated. The 
griever•s ability to use adaptive coping mechanisms is limited.

Despite all life-saving efforts, trauma surgeons must occasionally 
deliver news of the death or impending death of the patient. In real-
ity, 10%…15% of trauma patients who present to the hospital will die 
from their injuries. The majority succumb during resuscitation or 
surgery within hours, but others will linger in the intensive care unit 
and die days to weeks after injury. Physicians often are called on to 
communicate with grief-stricken families and support them. The 
manner in which this is done can have long-term consequences for 
the bereaved families as well as in” uence end-of-life decisions. Good 
trauma management must include knowledge of basic grief and be-
reavement theory as well as skills in communication of bad news.

INCIDENCE

Violence and motor vehicle crashes continue to be a leading cause of 
death in young people in the United States. This leaves many survi-
vors to cope with lifelong grief and bereavement. Increasing evidence 
suggests that traumatic injury and death are not necessarily isolated 
events, but can be part of larger social conditions (poverty, substance 
abuse) in some communities and families. In inner city neighbor-
hoods, children are exposed to violence and loss at an early age. This 
may in” uence a family•s ability to cope with a new loss or death. In 
order to care for the survivors of violent death, the trauma surgeon 
must be aware of the family•s loss history: Is this the “ rst (or second, 
third, etc.) member of the immediate family to die violently? How 
has the survivor coped in the past? This assessment is essential to 
providing competent grief support.

Even if patients die after weeks of a long illness or injury, this is still 
an acutely disruptive event for the family. Some trauma patients spend 
weeks in the surgical intensive care unit hovering near death. During 
this time the family is desperate for any information that gives them 
hope. They ride the rollercoaster of hope and despair with every con-
versation they have with the trauma surgeon. They are exhausted, and 
frequently ignore their own needs for rest and food. If their loved one 
dies, it is perceived as a sudden event„even if weeks have gone by since 
the trauma. This is because they have probably coped using the defense 
of denial, and the death shatters that defense.

Profound grief occurs not only after death, but after any major 
loss. Even if the patient survives, grief may complicate recovery and 
care, especially after spinal cord injury, brain injury, or traumatic 
amputation where lifelong loss of function means loss of hopes and 
dreams and expectations. This can be devastating„families and pa-
tients may experience the same sequence of grief and coping mecha-
nisms as is apparent after the death of the patient.

GRIEF

Bereavement refers to the objective situation of having lost someone 
signi“ cant to death. Throughout their lives people have to face 
the death of parents, siblings, partners, friends, or even their own 
children. Bereavement is associated with intense distress for most 
people. This distress is grief, de“ ned as a primarily emotional reac-
tion to the loss of a loved one. It includes diverse psychological and 
physical manifestations (Table 1).

TRAUMATIC GRIEF

When the death of a loved one occurs under traumatic circumstances, the 
survivor•s grief is predisposed to be complicated by many factors. The 
suddenness of the loss, violent circumstances, preventability, and/or ran-
domness of the event and the survivor•s sense of vulnerability to harm are 
all factors that complicate the grief. Sudden, unexpected, or violent death 
is a signi“ cant factor in complicated mourning. Researchers have studied 
the relationship of post-traumatic stress disorder (PTSD) and bereave-
ment. PTSD was found among the bereaved and frequently correlated 
with the perceived inadequacy of the goodbye said to the deceased. The 
overlay of PTSD-type symptoms in some individuals who have lost 
someone to death from trauma may complicate the bereavement and 
capacity to grieve. Theorists have suggested that there are many issues 
inherent in sudden, unanticipated death that complicate mourning. 
Those relevant to trauma surgery in the acute care setting follow:

 � The capacity to cope is diminished as the shock of the death 
overwhelms the self.

 � The assumptive world of the mourner is violently shattered 
(the world as orderly, predictable, and meaningful), and causes 
intense reactions of fear, anxiety, and loss of control.

 � The loss does not make sense and cannot be absorbed.
 � There is no chance to say goodbye and “ nish un“ nished busi-

ness with the deceased.
 � Symptoms of acute grief and physical and emotional shock 

persist for a long time.
 � The mourner obsessively reconstructs events in an effort to 

both comprehend the death and prepare for it in retrospect.
 � The mourner experiences a profound loss of security and con-

“ dence in the world and increasing anxiety.
 � The loss cuts across experiences in the relationship and tends 

to highlight what was happening at the time of the death, 
predisposing to problems with unrealistic recollection and 
guilt.

 � The death tends to leave mourners with relatively more intense 
emotions, along with a strong need to determine blame and 
af“ x responsibility for it.

GRIEVING ACROSS THE LIFE SPAN

Numerous authors have de“ ned •tasks of mourningŽ as activities that 
facilitate the resolution of signi“ cant loss. Adults and children experi-
ence grief after a loss, but the manifestations are developmentally 
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 � Use real words to describe the death.
 � Answer the questions that the child asks. When a death occurs, 

children often worry about 3 issues: Did I make it happen? Will 
it happen to me? Who will take care of me?

 � Give the child the opportunity to attend the family ritual sur-
rounding death. If the child asks to attend, that usually means  
he/she is old enough to do so.

MANAGEMENT OF ACUTE GRIEF 
AFTER TRAUMATIC DEATH

The sudden and often violent nature of death from trauma can 
lead to complicated mourning as described previously. However, 
certain strategies for support and communication can and should 
be applied in the immediate situation that may facilitate long-term 
coping and bereavement. These can be divided into three time 
frames around the death of a patient: support for family contact 
with the dying patient prior to death, communication of bad news 
and death noti“ cation, and facilitation of postmortem rituals and 
time with the deceased. While the physician may not be primarily 
responsible for bereavement support immediately after death, 
he/she is usually called on to deliver bad news and can facilitate 
other members of the health care team to support the family.

Because the inability to say goodbye is associated with PTSD 
and complicated grief, the surgeon should offer the survivors an 
opportunity to see the patient before death if at all possible. Reli-
able research supports having family members attend resuscita-
tion; of course, this applies only if they want to attend. They 
should be brought into the room two at a time and never left unat-
tended. This process allows the family to witness attempts to save 
the patient•s life and also prepares them for the eventual death. 
This process creates opportunities for the family to say goodbye. 
Not all families want to be present, and not all resuscitations are 
amenable to family presence. What is most important is that a 
bereavement support person who is not caring for the patient 
must be free to accompany the family. This can be a social worker, 
pastoral caregiver, bereavement counselor, nurse, or other experi-
enced member of the team.

Communication of bad news or death of the patient to surviving 
family members is one of the most dif“ cult tasks of the trauma 
surgeon. Research has demonstrated that the manner in which this 
is done is long remembered by families, and will affect their lifelong 
bereavement. However, several studies have revealed some simple, 
yet important skills for compassionate and effective communication 
in this setting. First, create an appropriate setting for delivering the 
news: it should be private, quiet, and secure. Prepare yourself as to 
the identity of the family members and their relationship to the 
patient. Do not assume that family members already know their 
loved one has died, even if they have witnessed the event. Your news 

Table 1: Manifestations of Grief

Affective Behavioral
Despair Agitation
Anxiety Fatigue
Guilt Crying
Anger Social withdrawal
Hostility
Loneliness
Cognitive Physiological
Decreased self-esteem Anorexia
Preoccupation with image of 
deceased

Sleep disturbances

Helplessness Energy loss and exhaustion
Hopelessness Somatic complaints
Self-blame Susceptibility to illness/disease
Problems with concentration

Table 2: Tasks of Mourning: Children versus Adults

Adult•s Tasks of Mourning Child•s Tasks of Mourning

Accept the reality of the loss. Understand that someone has died.
Experience the pain or emotional aspects of the 
loss.

Face the psychological pain of the loss.
Cope with periodic resurgence of pain.

Adjust to an environment in which the 
deceased is missing.

Invest in new relationships.
Develop a new sense of identity that includes 
experience of the loss.

Emotionally relocate the deceased (this reloca-
tion process still allows for continuing bonds 
to the deceased).

Reevaluate the relationship to the person who 
has died.

Return to age-appropriate developmental 
tasks.

determined (Table 2). It is important to recognize the different ways 
that children express grief; the age of the child is an important deter-
minant and should be taken into account when information is shared 
and support provided.

Special attention should be paid to bereaved children because 
there is often confusion about age-appropriate information and sup-
port. In working with children, you must remember that a mature 
understanding of death is tied to the cognitive capacity to under-
stand that death is permanent. This occurs in children at about the 
age of 5. The child•s developmental needs help to de“ ne the signi“ -
cance of the loss.

Simple, clear information about the young child•s reaction to 
the death should be given to the primary caregiver. Printed, easily 
understandable information should be given to caregivers to take 
home. Iverson has published a simple but complete list of adult 
behaviors that are helpful to young children. It is essential that the 
child be told the truth in words that he/she can understand. Real 
words should be used to describe what has happened, such as, 
•Your mom was in a terrible car crash. The doctors have worked 
real hard to try and “ x her but her body just stopped working and 
she died.Ž Children take their cues from their adult caregivers, and 
closely watch adults• reaction.

Some basic principles for grief in children follow:

 � Children as young as 3 years can understand the concept of 
death.

 � Do not tell children the dead person has gone away or is sleep-
ing, as this will only confuse them.
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will come as a shock, so for this reason it is helpful to give a warning 
shot: •I am afraid I have bad news.Ž Then follow with a clear, direct 
statement about the death of the patient. Avoid vague euphemisms 
such as •passed away,Ž •passed on,Ž or •we lost himŽ; instead, use the 
word •diedŽ or •dead.Ž Elaborate explanations of medical details at 
this time are confusing; time is needed for the news to sink in “ rst. 
Listen and provide support by acknowledging the family•s emotions. 
Then allow time for questions if they arise. Reassure family mem-
bers that they can see and spend time with the deceased, and provide 
a plan for follow-up support and questions. Family-support person-
nel, social workers, and pastoral caregivers can and should be called 
in during this process (Table 3).

After sudden death, there is usually no chance for the family to say 
goodbye while the patient is alive or conscious. The only chance is in 
the immediate aftermath of the news, and this is often in the hospital 
or emergency room. As the ability to say goodbye to the deceased is 
correlated with a positive bereavement outcome, the opportunity to 
see, touch, and hold the deceased is especially important after trauma 
and should be provided as soon as possible. Many physicians are 
concerned about this in circumstances when there is mutilation or 
dis“ gurement. There is no research data in the grief literature to sup-
port the idea that family members are harmed by viewing the body 
of their dead loved one. One of the authors (PM) has been involved 
in family support in trauma services for more than 20 years. In all 
that time no family member ever reported an adverse reaction to 
viewing the body. It is important that the family be prepared for what 
they are going to see, that is, all physical trauma should be explained 
in advance, and the body cleaned and covered. Usually the family can 
and should decide how much they can handle. The worst thing that 
could happen, the death, has already happened! The role of the 
health care team is to support them as they cope with the tragedy. Do 
not leave them alone, unless they ask to be alone. Encourage them to 
cut a lock of hair, sit with the body, and ask if they want a clergy 
person to be with them. This is particularly important for parents 
after the death of a child, and they should be supported if they wish 
to hold the child. However, if the family continually declines to view 
the body, they should not be coaxed into doing so.

COMPLICATED GRIEF

There are many characteristics of acute traumatic grief that can lead 
to complicated grief. Death that is sudden and unexpected, violent, 
mutilating, and random can lead to complicated grief reactions. 

Often the griever has some of the following complications: cognitive 
dissonance, murderous impulses and anger, guilt and blame, and 
emotional withdrawal.

Cognitive dissonance occurs because the mind is overwhelmed 
with events prior to, during, and after the event. There is a constant 
rehearsal of the event, and the person continually asks when, how, 
where, who did what, and the unanswerable •why(???).Ž The most 
helpful intervention involves giving the person whatever information 
you have and referring them to others who may have the answers to 
their questions. They may ask the same questions over and over, and 
sometimes the only answer is •I don•t know.Ž Often there is no an-
swer to their questions, but they need to keep asking.

Many survivors have murderous impulses and anger toward who-
ever they think caused the death. If the death was caused by someone 
in the commission of a crime, such as an auto accident caused by a 
drunk driver, assault, and shooting, then the normal anger of grief is 
compounded by rage, and the desire to violently destroy whoever is 
perceived as the cause. It is in the venting and verbalizing of some of 
theses impulses that the anger begins to lose some of its intensity. It 
is important to remember that thoughts that can be expressed do not 
have to be acted out.

Guilt is intricately embodied with a sense of control and the 
search for a reason. The traumatic loss is internalized, and the bar-
rage of •If only•sŽ is endless. Human beings seek to blame others or 
themselves in order to make sense of the tragedy and to con“ rm a 
sense of control over their lives. Family members often blame each 
other. Immediately following the loss, this dynamic is expected and 
part of the process. If it persists for more than 3 months, professional 
help may be necessary to resolve the loss.

Emotional withdrawal often occurs as members of the family 
withdraw from each other. They nurse their own psychic pain and 
grief separately. Individuals may also withdraw from friends and 
activities that provide comfort and support because they believe 
that no one else could ever imagine their level of pain and despair. 
Often survivors have thoughts of suicide as an attempt to avoid the 
intense pain.

Complicated grief requires specialized interventions beyond the 
scope of this chapter and beyond the scope of practice of surgeons. 
What a surgeon must know is that there is help available and how to 
access that help. Every hospice program offers support groups for 
bereaved individuals that are open to all in the community. In addi-
tion, hospital pastoral care departments can be very helpful in com-
plicated grief situations. Do not hesitate to reach out to other profes-
sionals for help.

Table 3: Cardinal Rules for Communication of Bad News

Include communication with the family and bereavement support in routine trauma care after death 
of the patient.

Provide timely and straightforward information.
Give families frequent updates, even if there is no signi“ cant new information.
If you have bad news, “ re a •warning shot.Ž
If you have inconclusive news, invite people to •hope for the best and plan for the worst.Ž
Always pledge constancy: •I (we) will stick with you through this regardless of what happens.Ž
Remember that people are usually tougher than we give them credit for.
Remember that good information enables most people.
Know your limits and get help.
Use the knowledge and skill of colleagues who specialize in bereavement work.
Avoid giving advice about what the family should do that is not based on evidence or best 
practices.

Remember that the more someone differs from you (age, ethnicity, religious orientation, etc.), 
the less you can rely on your empathy to know what they feel or want or value.
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TRAUMA REHABILITATION
Wayne Dubov, Michael M. Badellino, 
and Michael D. Pasquale

i n 2002, unintentional injury was the most common cause of death 
between the ages of 1 and 44 years. There were 161,000 total injured 

deaths (56 per 100,000 population) that year. It was the “ fth leading 
cause of death for all ages, after heart disease, malignant neoplasms, 
cerebrovascular events, and chronic respiratory disease. For males, it is 
the third leading cause of death, and seventh overall for females.1 Mo-
tor vehicle collision (MVC) was the most common cause of death re-
lated to trauma.

There were many more nonfatal than fatal injuries. In 2004, there 
were 29,654,475 (�10,000/100,000) in the United States„involving 
all races, ages, and both sexes. Falls were most common 
(2756/100,000), followed by transportation-related injuries 
(1545/100,000). Violent nonfatal injuries occurred at a rate of 
755/100,000.1

Trauma rehabilitation is the restoration of injured patients. 
Rehabilitation of patients who sustain traumatic injuries is unique 
compared to other types of rehabilitation. There is a large range of 
types and degree of diagnoses associated with trauma. Patients will 
therefore have many different medical, surgical, and rehabilitation 
needs.

Musculoskeletal injuries (such as fractures to limbs, pelvis, and 
spine) limit function and are the most common hospitalized injuries. 
Traumatic brain injuries, spinal cord injuries, peripheral nerve inju-
ries, burns, and amputations are also common. Although patients 
with chest and abdominal injuries are frequently admitted, these 
conditions do not often lead to long-term disability.

The focus of this chapter is the assessment and rehabilitation of 
patients in a Level 1 trauma care setting. The role of a physiatrist 
(specialist in physical medicine and rehabilitation) is discussed, as 
well as the role of the trauma rehabilitation team.

TRAUMA REHABILITATION TEAM

The trauma rehabilitation team at our particular acute Level 1 
trauma center consists of a physiatrist and departments of physical 
therapy (PT), occupational therapy (OT), and case management. 
The request for consultation by other team members is deter-
mined by the patient•s needs and includes speech pathology and 
substance abuse counseling. A trauma rehabilitation consultation 
is initiated by the trauma service (the admitting service), and this 

provides an automatic consult to physiatry, PT, OT, and case man-
agement.

The physiatrist is the physician leader of the trauma rehabilitation 
team. This physician establishes rehabilitation needs and provides 
diagnostic evaluation after reviewing all available test results, assess-
ing the patient•s injuries, and determining any contraindications for 
early mobility. Emphasis is placed on detection and evaluation of 
neurological injuries. The physiatrist•s examination is multisystem, 
with focus on orthopedic and neurological injuries such as traumatic 
brain injury (TBI), spinal cord injury (SCI), and peripheral nerve 
injury. The presence of a physiatrist allows a physician consultant to 
perform a tertiary survey, looking for any previously unrecognized 
injuries.

Team physical therapists perform an examination and assess the 
injuries. They then work with a patient in the acute care setting to 
improve functional mobility. They may also play a role in wound 
care. Occupational therapists assess the patient to determine how to 
facilitate basic activities of daily living and to maximize functional 
restoration of the upper extremities. They also fabricate splints and 
provide family teaching. Speech pathologists assess swallowing and 
make recommendations related to appropriate food consistency. 
They also assess for any cognitive and language de“ cits, particularly 
in patients sustaining TBI.

The case manager usually has a background in social service or 
nursing. Case managers play an integral role by assisting patients and 
their families with social and discharge planning issues. These man-
agers are responsible for securing durable medical equipment, such 
as wheelchairs and modi“ ed commodes, for patients who are being 
discharged to home. See Figure 1 regarding rehabilitation screening 
of trauma patients.

ASSESSMENT OF PATIENTS 
WITH SPINAL CORD INJURY

Epidemiology of Traumatic Spinal Cord Injury 
in the United States

The incidence of SCI is estimated to be approximately 40 new cases 
per million population per year, or roughly 11,000. The estimated 
prevalence in the United States is 250 million persons.2 SCI primarily 
affects young adults. The average age at the time of injury is 37.6 years. 
The percentage of persons older than 60 years at injury has increased 
from 4.7% in 1980 to 10.9% since 2000. Of the SCI reported to the 
national database, 79% has occurred among males. Since 2000, 
MVC have accounted for 47.5% of SCI cases reported. Falls are the 
next most common cause of SCI, followed by acts of violence and 
recreational activities. Since 2000, the most frequent neurological 
category is incomplete tetraplegia (34.5%), followed by complete 
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rehab team.

Isolated upper proximal extremity fx
with neurological impairment

Elderly with PMH or deconditioning second to trauma
Peripheral nerve injury

Premorbid functioning problems expected to affect
disposition of function

Unexplained weakness in upper or lower extremities
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Consult
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Isolated lower
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Difficulty swallowing
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No

No

No

Yes

Yes

Yes

No consult.

Figure 1 Rehabilitation screening of trauma patients (all ages). fx, Fracture; MMSE, mini mental 
state examination; MTBI, mild traumatic brain injury; OT, occupational therapy; PMH, past medical 
history; PT, physical therapy; rehab, rehabilitation; SCI, spinal cord injury; TBI, traumatic brain injury.
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paraplegia (23.1%), complete tetraplegia (18.4%), and incomplete 
paraplegia (17.5%).3

Neurological Classi“  cation

Determining the neurological level and completeness of injury is the 
most accurate way of prognosticating recovery and functional out-
come. Using the International Standards of Neurological and Func-
tional Classi“ cation of Spinal Cord Injury, the examiner determines 
the motor and sensory level on the right and left and ascertains 
whether the injury is complete or incomplete.4

Using standard dermatomes and myotomes de“ ned by the 
American Spinal Injury Association (ASIA), motor level is de“ ned 
as the most caudal segment to have a muscle grade of 3. Five 
muscle groups are tested in the upper extremities, and “ ve muscle 
groups are tested in the lower extremities. Each muscle group is 
supplied by two root levels, and each muscle group is graded from 
0 to 5. Therefore, if the muscle grade is at least 3 of 5 the proximal 
root is believed to be intact. The sensory level is de“ ned as 
the most caudal dermatome to have normal sensation to pin prick 
and light touch. Speci“ c testing points are de“ ned by ASIA4 
(Figure 2).

In addition to de“ ning the neurological level, the completeness of 
injury must be determined. See the ASIA impairment scale in Figure 2. 
A complete injury results in no motor or sensory function preserved in 
the sacral segments (ASIA A). There are four incomplete levels of 

ASIA: B, C, D, and E. Incomplete is de“ ned as sparing of sensory and/or 
motor function below the neurological level that includes the sacral 
(S4-S5) segments.

There are a number of incomplete SCI syndromes, including 
central cord syndrome, Brown-Sequard syndrome, anterior cord 
syndrome, dorsal column syndrome, cauda equina syndrome, and 
conus medullaris syndrome. Central cord syndrome occurs in the 
cervical cord and produces greater weakness in the upper extremi-
ties than lower extremities. Brown-Sequard syndrome is a lesion 
that produces ipsilateral motor and proprioceptive loss and con-
tralateral loss of pain and temperature perception. Anterior cord 
syndrome causes variable loss of motor function, pain, and tem-
perature perception while sparing proprioception. This is usually 
seen with injury to the anterior spinal artery in the thoracic level. 
Dorsal column syndrome is rare and would produce abnormal 
proprioception but preserved motor function and pain and tem-
perature sensation. In cauda equina syndrome, the lumbosacral 
roots are injured because the spinal cord ends at approximately the 
L1-L2 level. This causes lower motor neuron symptoms, such as 
are” exic bladder, bowel, and lower limbs. Conus medullaris syn-
drome involves injury to the end of the spinal cord. At this level, 
the lumbar and sacral roots are affected.

Acute Medical Management

All patients with acute traumatic SCI receive methylprednisolone. 
This is based on the National Acute Spinal Cord Injury Studies 
(NASCIS), the last being NASCIS 3. This study concluded that pa-
tients treated within 3 hours of injury should receive 24 hours of 
steroids, and those treated in 3…8 hours of injury should receive 
48 hours of steroids.5

The degree of respiratory dysfunction after SCI is related to the 
neurological level and the completeness of injury. The level of pulmo-
nary dysfunction increases concomitantly with the level of injury.

C1-C3 neurological levels will require ventilatory support. The 
phrenic nerve (supplied by C3-C5 nerve roots) will be intact in pa-
tients with a C5 neurological level and below. As the level descends 
from mid-cervical to lower cervical, and then to thoracic, there will 
be greater innervation to abdominal and intercostal muscles„
thereby making the work of breathing easier. The primary objective 
in early pulmonary management in SCI is to minimize secondary 
complications, including preventing hypoxemia, preventing and 
treating atelectasis, reducing risk of aspiration, and providing aggres-
sive pulmonary management to compensate for impaired clearing of 
secretions.6

During spinal shock (temporary loss of all or most spinal re” exic 
activity below the level of injury), sympathetic activity is reduced or 
absent. This leads to bradycardia and hypotension. After resuscita-
tion, elastic stockings, abdominal binders, adequate hydration, and 
gradual upright positioning are used to reduce the effects of ortho-
static hypotension.

Bladder management is usually accomplished with an indwelling 
catheter, as the bladder is often initially are” exic. The goals of team 
bladder management are to allow the bladder to empty, prevent uri-
nary retention, minimize urinary tract infections, and determine 
which methods facilitate independent bladder management. Meth-
ods may include use of an indwelling Foley catheter or placement of 
a suprapubic tube. Intermittent catheterization is appropriate for 
patients with use of their upper extremities.

Male patients who have re” ex voiding and detrusor hyperre” exia 
may require a sphincterotomy procedure or pharmacological agents 
to reduce out” ow resistance and allow use of an external catheter. 
Some patients with incomplete spinal cord injuries will be inconti-
nent. Urodynamic studies are useful at some point to help classify the 
neurogenic bladder, in order to select adequate bladder management 
methods.

Figure 2 American Spinal Injury Association Impairment 
Scale.  (Adapted from American Spinal Injury Association: International 
Standards for Neurological Classi“ cation of Spinal Cord Injury, rev. 2006. 
Chicago, American Spinal Injury Association, 2006.)

A = Complete: no motor or sensory
       function is preserved in the
       sacral segments S4…S5.

B = Incomplete: sensory but not motor
       function is preserved below the
       neurological level and includes the
       sacral segments S4…S5.

C = Incomplete: motor function is
       preserved below the neurological
       level, and more than half of key
       muscles below the neurological
       level have a muscle grade less
       than 3.
D = Incomplete: motor function is
       preserved below the neurological
       level, and at least half of key
       muscles below the neurological
       level have a muscle grade of 3
       or more.
E = Normal: motor and sensory
       function are normal

ASIA IMPAIRMENT SCALE

CLINICAL SYNDROMES

Central cord
Brown-Sequard
Anterior cord
Conus medullaris
Cauda equina
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A bowel program should be established. Initially, a paralytic 
ileus is common. Patients may be placed on a stool softener and a 
daily or every-other-day suppository, with digital stimulation. 
This routine should be established about the same time each day. 
The goal is to prevent or minimize incontinence between bowel 
programs.

Deep venous thromboembolism (DVT) prevention is extremely 
important, as DVT and pulmonary embolism are major causes of 
morbidity and mortality in the SCI population. Sequential com-
pression devices should be used, with or without elastic stockings, 
to improve lower extremity venous return. Such methods are 
contraindicated in patients with severe arterial insuf“ ciency. 
Pharmacologic prophylaxis should be initiated within the “ rst 
72 hours, when not contraindicated. Low-molecular-weight hepa-
rin is the current recommendation. Anticoagulation should be 
continued for 8 weeks in patients with uncomplicated complete 
motor impairments, and for 12 weeks in complete motor injuries 
with other risk factors (lower limb fractures, history of thrombosis, 
cancer, heart failure, obesity, and age over 70). Vena cava “ lter 
placement is indicated in SCI patients with a contraindication for 
pharmacologic prophylaxis.7

ASSESSMENT OF PATIENTS 
WITH TRAUMATIC BRAIN INJURY

Epidemiology of Traumatic Brain Injury 
in the United States

There are 1.4 million people who sustain TBI in the United States 
annually. Approximately 50,000 will die, 235,000 are hospitalized, 
and 1.1 million are treated and released from the emergency depart-
ment.8 Between 80,000 and 90,000 people experience long-term dis-
ability associated with TBI.9 According to the TBI Model System 
database, MVCs account for 48.3%„with the next most common 
cause of TBI being falls, followed by violence. The most common 
cause of death from MVCs is TBI. Approximately 5.3 million 
Americans (or about 2% of the population) currently live with dis-
abilities caused by TBI.10

Pathophysiology of Traumatic Brain Injury

Primary injuries occur at the moment of impact and can be 
focal or diffuse. Focal injuries include skull fractures, contusions, 
or extraaxial hematomas. They may develop in the region of 
direct impact (coup) or at the opposite site of the skull (contre-
coup), where the brain contacts the skull. In addition, there are 
acceleration-deceleration and rotational forces that produce dif-
fuse axonal shearing at the white-gray borders. This is referred to 
as a diffuse axonal injury (DAI).

Secondary injuries are the biochemical and physiological result 
of the primary brain injury. These cause tissue hypoxia and 
cerebral ischemia. Attempts should be made to minimize hypox-
emia, hypercarbia, hypotension, and acidosis. Development of 
intracranial hematomas and cerebral edema also causes secondary 
brain injury.

Initial Physiatric Consultation and Early 
Rehabilitation Intervention

The chart should be thoroughly reviewed, including all associated 
injuries, comorbid conditions, and diagnostic studies. It is important 
to document social information, including premorbid vocational 
and educational status, as well as the family and home situation. 

Obtaining prehospital records documenting any loss of conscious-
ness and Glasgow Coma Scale (GCS) prehospital and at admission 
will help determine the severity of brain injury. A GCS of 8 or less is 
considered severe, a GCS between 9 and 12 is considered moderate, 
and a GCS of 13…15 is a mild TBI (Table 1).

A thorough neurological examination includes a mental status 
evaluation and assessment of neurological recovery using the Rancho 
Los Amigos Scale of Cognitive Functioning (Table 2). The Rancho 
Los Amigos Scale is used for patients with moderate to severe TBI 
and spans from Level 1 to Level 8. Level 1 indicates no response 
to any stimuli. Level 8 is when all activities are purposeful and 
appropriate.11

Medical Considerations and Complications 
in Traumatic Brain Injury

Several potential medical complications unique to moderate to se-
vere TBI must be assessed with emphasis on preventing disability. 
Spasticity is a motor disorder characterized by a velocity-dependent 
increase in tonic stretch re” exes (muscle tone). The degree of spastic-
ity usually correlates with the severity of brain injury. It is one feature 
of the upper motor neuron picture. Treatment is indicated to im-
prove positioning, prevent contractures, and sometimes to reduce 
pain. Physical modalities such as ice, stretching, splinting, inhibitive 
casting, and appropriate positioning can be used. Attempts should be 
made to position the patient with hips and knees ” exed rather than 
in a supine position.

Medications can be used, but they provide varied results. 
Dantrolene acts directly on skeletal muscle and reduces muscle con-
traction by a direct effect on the excitation-contraction coupling 
mechanism. Dantrolene is effective for cerebral spasticity. It should 
not be used for people with liver dysfunction, and all those on Dan-
trolene should be given liver function tests. Baclofen inhibits mono-
synaptic and polysynaptic spinal re” exes, and is more effective 
for spinal spasticity. Sedation is a common side effect, and the dosage 
should be increased slowly. Tizanidine binds to central alpha2-

Table 1: Glasgow Coma Scale

Parameter Score

Best Motor Response

Normal 6
Localizes 5
Withdraws 4
Flexion 3
Extension 2
None 1

Best Verbal Response

Oriented 5
Confused 4
Verbalizes 3
Vocalizes 2
None 1

Eye Opening

Spontaneous 4
To command 3
To pain 2
None 1
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adrenergic receptors, and therefore reduces spasticity by acting cen-
trally. Tizanidine is more effective for spinal spasticity than cerebral 
spasticity. Hypotension and elevated liver function tests are common 
side effects. Diazepam and other benzodiazepines are also effective, 
but are sedating and usually should be avoided. Local injections us-
ing Botulinum toxin, phenol, or alcohol can be used for speci“ c 
muscles. Intrathecal Baclofen may be considered if the previously 
cited measures do not work.

Central dysautonomia, sometimes referred to as storming, is prob-
lematic in patients with severe brain injury. There is an increase in cir-
culating catecholamines, leading to tachycardia, diaphoresis, hyperten-
sion, hyperthermia, pupillary dilatation, and increased spasticity or 
posturing. Beta-blockers such as propranolol and clonidine, alpha2-
adrenergic agonists, can be used to treat the cardiovascular symptoms 
of central dysautonomia. Opioids are used to reduce pain. Antispastic-
ity drugs are effective in decreasing the dystonia; particularly tizanidine, 
which has the added bene“ t of being an alpha2-adrenergic agonist.

The risk of seizures is increased by brain injury severity, depressed 
skull fracture, intracranial hematoma, early seizure, penetrating in-
jury, and prolonged unresponsiveness. According to practice guide-
lines of the American Academy of Physical Medicine and Rehabilita-
tion, there is evidence for the use of antiepileptic drugs within the 
“ rst week after TBI. However, there is no good evidence to support 
their use after the “ rst week of injury.12

Patients with TBI are at high risk for DVT, and prophylaxis is 
needed. Early on, if there is concern about bleeding mechanical 
methods such as sequential compressive devices and thigh high 
compressive dressings should be used. Pharmacologic prophylaxis 
should be started, when it is deemed safe, usually within 1…2 weeks. 
If this needs to be delayed even further, insertion of an inferior vena 
cava (IVC) “ lter should be considered.

Heterotopic ossi“ cation (HO) may occur in patients with se-
vere brain injury. HO is the formation of ectopic bone and most 
commonly occurs at the hips, shoulders, elbows, and knees. Early 
signs of contracture (a hard endpoint with range of motion, pain, 
and erythema) might suggest this diagnosis. Initially a plain x-ray 
will be normal, but a three-phase bone scan as well as elevated 
serum alkaline phosphatase levels can con“ rm the diagnosis of 
HO. Anti-in” ammatory agents, diphosphonate, and localized ir-
radiation have been used. However, sometimes surgical resection 
is needed. Prevention is best, by providing range of motion and 
proper positioning, reducing spasticity, and avoiding prolonged 
chemical paralysis.

Other potential medical consequences of TBI include neuroendo-
crine disorders. There is a syndrome of inappropriate antidiuretic 
hormone (SIADH), which leads to hyponatremia. Diabetes insipidus 
causes excessive water secretion due to diminished ADH (vasopres-
sin) secretion. This leads to dilute urine and causes hypernatremia, 
polydipsia, polyuria, and possibly hypotension due to decreased in-
travascular volume.

ASSESSMENT OF PATIENTS 
WITH PERIPHERAL NERVE INJURY

Epidemiology of Peripheral Nerve Injuries

The estimated incidence of peripheral nerve injuries in patients 
admitted to a Level I trauma center, including plexus and root in-
juries, is about 5%.13 The radial nerve is the most frequently in-
jured nerve in the upper extremity due to mid-shaft humerus 
fractures, as the radial nerve travels around the spiral groove. 
Ulnar nerve injuries are associated with elbow fractures, with or 
without dislocations. The median nerve may also be injured at the 
level of the elbow or with supracondylar distal humerus fractures. 
Rarely, there may be peripheral nerve injuries due to forearm 
fractures„particularly in the rare case of compartment syndrome 
in the forearm.

In the lower extremity, the sciatic nerve is frequently injured. This 
is most often seen with acetabular fractures or femoral head disloca-
tion because the sciatic nerve is directly posterior to the hip joint. 
When the sciatic nerve is injured, the common peroneal nerve is more 
prone to injury than the tibial nerve (these nerves are separate nerves, 
but are contiguous with each other as the sciatic nerve until they sepa-
rate at the popliteal fossa). The common peroneal nerve lies more lat-
erally, and there is less epineurium (connective tissue) protecting the 
common peroneal nerve than the tibial nerve. The peroneal nerve can 
be injured in the area of the “ bula head, where it lies super“ cially. 
Compartment syndrome in the lower leg can also lead to tibial or pe-
roneal nerve injuries, depending on the compartment affected.

Brachial plexus injuries occur largely as the result of MVCs 
or motorcycle crashes. They may be seen in patients with TBI, 
and there are signs upon examination in the unresponsive or mini-
mally responsive patient. The absence of re” exes, ” accid tone, and 
poor movement compared to the other extremities suggests a bra-
chial plexus injury. This is particularly true when there is 
no weakness of the ipsilateral lower extremity, and therefore a central 
etiology is less likely. Many times there will be an associated clavicle 
or scapular fracture on the same side as the brachial plexus injury, 
but fractures do not have to exist for brachial plexus injuries to be 
present. A careful neurological exam in the awake patient will usually 
differentiate a brachial plexus injury versus a central nervous system 
injury, such as a cervical SCI or effects of TBI.

Electrodiagnostic Testing and Classi“  cation 
of Peripheral Nerve Injury

A commonly used classi“ cation of peripheral nerve injury is the 
Seddon classi“ cation.14 Neurapraxia is the most mild because 
there is no axonal degeneration (Wallerian degeneration). There is 

Table 2: Rancho Los Amigos Scale of Cognitive Functioning

I No response to any stimuli.
II Generalized re” ex response to pain.
III Localized response. Blinks to light, tracks, inconsistent response to commands.
IV Alert, but confused and agitated.
V Confused, nonagitated. Social, but with inappropriate verbalizations.
VI Inconsistent orientation. Impaired short-term memory. Goal-directed behavior, 

with assistance.
VII Automatic appropriate behavior in familiar tasks and environment.
VIII Purposeful, appropriate behavior allows functional independence. Social, emotional, 

intellectual levels may be decreased compared to pretraumatic brain injury.
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focal demyelination or ischemia causing partial or complete con-
duction block at the site of injury. The nerve distal to the injured 
segment functions normally. Recovery is usually good and takes 
weeks to months, but may be only hours or days if mild and local-
ized. Axonotmesis occurs when there is Wallerian degeneration. 
For recovery to occur, there must be regeneration of the nerve. 
Both the axon and the myelin are disrupted. The extent of recovery 
will depend on the extent of disruption, including the surrounding 
connective tissue (endoneurium and perineurium) as well as the 
distance between the site of injury and the muscles it supplies. 
Neurotmesis is diagnosed when the axon and all connective tissue, 
including the most external (the epineurium), are disrupted. 
There will be no spontaneous recovery and only surgery may be 
helpful.

Many times, electrodiagnostic studies (electromyography [EMG], 
plus nerve conduction studies) are used to con“ rm and prognosticate 
the recovery of a nerve injury. Wallerian (axonal) degeneration takes up 
to 9 days for motor “ bers, and 11 days for sensory “ bers, postinjury.15 
This information is relevant in performing nerve conduction studies.

It may take up to 3 weeks to see axonal degeneration on needle 
EMG. When possible, waiting at least 3 weeks to perform EMG/
nerve conduction studies will provide more valuable diagnostic 
information.

Rehabilitation of Nerve Injuries

The focus of early rehabilitation intervention is to improve func-
tion, control edema, decrease pain, and maintain range of motion. 
Elevation of the affected extremity, use of elastic sleeves or stock-
ings, and providing massage are all helpful in decreasing and 
preventing swelling. Desensitization of the involved extremity, ap-
propriate pain medications, and splints to maintain optimal posi-
tioning are all important.

Orthoses (splints) are also used to assist with function. In the 
upper extremities, the most common type of splint treats weakness 
or loss of “ nger and wrist extension due to radial nerve injuries. A 
static wrist cock-up splint retains some wrist extension, promoting 
more effective hand grip and “ nger ” exion. A dynamic wrist and 
digit extension splint can also be used to encourage functional hand 
grip, while keeping the “ ngers and wrist extended. In the lower ex-
tremity, a resting foot drop splint is used when a patient has a sciatic 
nerve injury or a peroneal nerve injury causing weakness or absence 
of ankle dorsi” exion. For ambulation, a custom molded ankle foot 
orthosis (MAFO) is prescribed to allow toe clearance and ankle 
protection. If the patient is non weight bearing on the extremity due 
to an orthopedic injury, waiting to prescribe a custom MAFO is ap-
propriate. An MAFO is not necessary while the patient is non weight 
bearing on the affected extremity, and the nerve may recover by the 
time weight bearing is allowed. It is important to maintain range of 
motion, so that if the nerve does recover the affected limb will have 
the best functional outcome.

Many medications have been used for neuropathic pain. They 
include tricyclic antidepressants, anticonvulsants, and topical agents. 
Anticonvulsant drugs, particularly Gabapentin, pregabalin, and car-
bamazepine, are commonly used. Topical agents such as transdermal 
lidocaine patches are also effective.

ASSESSMENT OF PATIENTS 
WITH MULTIPLE ORTHOPEDIC 
INJURIES: THE POLYTRAUMA 
PATIENT

Orthopedic injuries account for almost half of all trauma-related 
hospital and inpatient rehabilitation admissions annually in the 
United States. Patients with multiple orthopedic injuries, or poly-

trauma patients, account for approximately 10% of inpatient reha-
bilitation admissions.16 The care of polytrauma patients in an 
acute care setting is extremely challenging, as they are often vic-
tims of high-speed decelerations with signi“ cant nonorthopedic-
associated wounds. The hospital course of these patients is often 
complicated by the need for hemodynamic resuscitation, multiple 
surgical procedures, and the occasional delayed diagnosis of occult 
injuries. As noted, many of these patients will require intensive 
inpatient rehabilitation upon discharge. Early involvement of a 
well-trained physiatrist is critical to ensure the best possible reha-
bilitative potential and to prevent delays in care and avoidable 
long-term complications.

Acute Hospital Care

Following initial resuscitation and/or resuscitative surgery, most 
polytrauma patients can be expected to experience a signi“ cant 
ICU stay. Although care must “ rst be directed to the diagnosis and 
treatment of life-threatening injuries, “ xation of orthopedic inju-
ries should occur without unnecessary delay. If attention must be 
paid to nonorthopedic injuries such as intracranial, thoracic, or 
intraabdominal injuries„or if a patient remains in a nonresusci-
tated state for several hours„simple splinting of extremity frac-
tures, traction for long bone fractures, and/or the use of pelvic 
compression devices may be required as temporizing maneuvers. 
Time permitting, external “ xation devices may be employed to 
better stabilize fractures in the more stable but still critical pa-
tient.

A careful and thorough head-to-toe tertiary survey to include a 
complete neurological exam should be performed by an experienced 
examiner as soon as practical to rule out potentially signi“ cant 
missed injuries and possible associated spinal cord injuries. All of 
these tasks are made more dif“ cult in the intubated and unrespon-
sive patient.

Once the polytrauma patient is resuscitated and all injuries 
have been properly addressed, early consultation with a physiatrist 
experienced in the care of trauma patients should occur. Although 
it may seem counterintuitive that signi“ cant rehabilitation can oc-
cur in an acute ICU setting, there are simple and effective reha-
bilitative modalities that can and should be initiated in the ICU. 
Passive range of motion exercises performed by experienced phys-
ical therapists may bene“ t patients by reducing complications 
such as joint contracture and muscle atrophy. Likewise, the use of 
pressure pads, functional bracing, and compressive dressings at 
amputation sites may promote healing and avoid long-term 
complications.

Proper wound care, especially at open fracture and amputation 
sites, and decubitus prevention will avoid unnecessary morbidity 
and shorten ICU stays. Because polytrauma patients are often 
signi“ cantly hypercatabolic, adequate nutritional support should be 
instituted early and markers of protein synthesis measured fre-
quently to facilitate rapid wound healing. Although not traditionally 
considered as such, nutritional support is a vital part of acute reha-
bilitative care. Timely and proper application of these modalities may 
very well have a signi“ cant impact on rehabilitation potential and 
outcome.

Once the patient is transferred out of the ICU, rehabilitation 
should be continued with a goal of maximizing functional recovery. 
Early involvement of a physiatrist and a team of physical and occu-
pational therapists is critical for the seamless transition of rehabilita-
tion care from the ICU to the ” oor. A uni“ ed rehabilitation plan, 
designed by a well-trained physiatrist and carried out regularly and 
without interruption, is in the patient•s best interest. The speci“ c 
rehabilitative regimen for a particular patient is extremely variable, 
based not only on the pattern of orthopedic injuries present and the 
method of their repair but the presence or absence of signi“ cant as-
sociated injuries (especially TBI).
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Generally, in-hospital rehabilitation will follow a logical pro-
gression from immobilization (occasionally with casts or braces) 
to passive range of motion exercises. If the patient is cooperative, 
this is followed by conditioning exercises„especially if the patient 
experienced signi“ cant deconditioning or muscle atrophy. Finally, 
varying degrees of weight bearing will be allowed„often aided by 
the use of crutches or walkers. The provision of adequate analgesia 
is absolutely critical during this early rehabilitative phase. Narcot-
ics or nonsteroidal drugs must be timed properly to have maxi-
mum effect during periods of increased activity, yet not be dosed 
in a fashion to produce lethargy or foster dependency. For patients 
with low pain tolerances or previous drug dependency, early in-
volvement of a pain management consultant may facilitate and 
shorten rehabilitation. Lack of appropriate participation in reha-
bilitation by a patient may be a sign of depression, and if so should 
trigger involvement of a psychologist or psychiatrist. Patients with 
signi“ cant TBI are particularly challenging because they may not 
be able to adequately participate in any meaningful active reha-
bilitation regimens.

As noted previously, polytrauma patients account for approxi-
mately 10% of all inpatient rehabilitation admissions. Because many 
insurance carriers will not certify an inpatient rehabilitation admis-
sion unless a patient can engage in a set amount of meaningful reha-
bilitation therapy activities daily, many polytrauma patients may 
need to be transferred “ rst to a skilled nursing facility once inpatient 
acute care is complete.

LEVELS OF CARE AFTER ACUTE 
TRAUMA HOSPITAL STAY

When patients are medically stable and have completed any neces-
sary surgeries, they are ready for discharge from the Level 1 trauma 
center. Determining the next step is an important role of the trauma 
rehabilitation team. Discharge settings include home, an acute inpa-
tient rehabilitation unit, a subacute or skilled nursing rehabilitation 
facility, a long-term acute care hospital, or an assisted living/personal 
care facility.

Whenever possible, direct return to home is best. The patient 
must be able to function safely and have support systems in place. 
They should be capable of independent function. When their injuries 
prevent them from doing so, the appropriate services (including 
home care) need to be available. Outpatient rehabilitation services 
should be arranged if needed.

Many times acute inpatient rehabilitation is appropriate. Patients 
should be able to participate and require at least 3 hours a day of 
physical therapy, occupational therapy, and/or speech therapy. 
Rehabilitation settings also should provide psychological services, 
rehabilitation nursing, and case management. This setting is usually 
needed for patients with SCIs, traumatic brain injuries, and multiple 
orthopedic injuries. When patients are not able to function safely or 
independently but have the potential to do so, acute inpatient reha-
bilitation is indicated.

Subacute or skilled nursing rehabilitation is necessary when pa-
tients cannot be cared for at home, or when their injuries limit par-
ticipation in rehabilitation. Examples include patients with limited 
ability to bear weight due to severe injuries and those who would not 
tolerate many hours of therapy, particularly the elderly. Long-term 
care may be needed if return to a home setting is not possible in the 
future.

Long-term acute care hospitals are appropriate for those patients 
requiring ventilator weaning, prolonged antibiotics, or wound care, 

or those with continued complex medical needs. An assisted living or 
personal care facility is necessary for those patients who are fairly 
independent but need supervision or some assistance with self-care, 
mobility, and meal preparation.

CONCLUSIONS

Early involvement of an interdisciplinary rehabilitation team is es-
sential for a patient who has sustained trauma. The team promotes 
optimal mobility, maximizes functional outcome, educates family 
members, communicates with other health care professionals, and 
determines the best discharge environment for an individual.
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TRAUMA OUTCOMES
Michael Rhodes and Glen Tinkoff

all surgeons who care for patients with injury are subject to in-
creased scrutiny relative to the outcomes of their patients. In 

fact, all participatory physicians, nurses, technicians, hospitals, and 
state trauma systems should have a heightened interest in trauma 
outcomes. Not only does outcome analysis provide a platform 
for performance improvement and patient safety, but may have a 
signi“ cant impact on liability, cost, and reimbursement. As pay-for-
performance initiatives emerge, the survival of trauma centers and 
systems may be at risk.

More importantly, measurement of outcomes allows compara-
tive benchmarking of care and provides a measure of the effective-
ness of current processes of care such as triage, diagnosis, treat-
ment, and rehabilitation. Fortunately, venues for outcome analysis 
are maturing such as the work of the many trauma/critical care 
societies as well as the American College of Surgeons. Examples of 
this resource include the National Trauma Data Bank (NTDB) and 
the Of“ ce of Evidence Based Surgery at the American College of 
Surgeons.

OUTCOMES

Outcomes may be viewed differently from the perspective of the pa-
tient, provider, payer, and society. The standard outcome parameters 
are outlined in Table 1. Although survival (live/die) seems straight-
forward, the endpoint in time may vary considerably, including in 
hospital, 30 days, 6 months, 1 year, and time to death. These varia-
tions project imprecision into many of the existing severity scoring 
and mortality prediction models.

The use of morbidity as an outcome requires distinguishing 
between a complication and a pre-existing condition (i.e., a co-
morbidity) and providing a precise de“ nition of a complication. A 
wound infection requires a precise diagnosis using the NISS clas-
si“ cation; however, many of the infections are discovered and 
treated as outpatients and are never recognized by registries. Dis-
tinguishing between pre-existing renal or pulmonary disease and 
subsequent renal or pulmonary dysfunction after trauma can be 
challenging.

Hospital length of stay is a gross parameter of quality or outcome 
because of the variety of practices in institutions relative to the use of 
intensive care unit, step-down, ” oor, and outpatient care. The effect 
of early discharge is widely unknown relative to the effect on the 
patient•s family, visiting nurses, physician•s of“ ces, and unanticipated 
hospital readmissions.

As with all outcome parameters, the cost of trauma care can be in 
the eye of the beholder. The payer is likely to know his/her cost with 
some precision, which usually re” ects what he/she paid plus admin-
istrative costs. The patient usually perceives the cost as out-of-pocket 
expenses plus lost wages. However, the cost to the providers 
(i.e., emergency medical services, physician, and hospital) has many 
confounding variables, and is much less precise. The cost to society 
is even more abstract and studies have revealed substantial variation 
in estimates.

Quality of life has been recognized by researchers as desired out-
come measures. The Functional Independence Measure (FIM), 
Glasgow Outcome Scale (GOS), Functional Capacity Index (FCI), 

Quality of Well-Being Scale, Sickness Impact Pro“ le (SIP), and the 
SF-36 Survey are among the most popular in trauma-related out-
come studies. Some are labor intensive and become impractical ex-
cept for focused studies.

Many commercially available survey tools are religiously utilized 
by hospital and system administrators as measures of patient satis-
faction. Goals are frequently set to meet target scores, suggesting ei-
ther improvement or decline in outcome.

Finally, measuring compliance with evidence-based guidelines 
can provide a measurement of outcomes. Studies of compliance 
with Advanced Trauma Live Support (ATLS) guidelines, as well as 
head injury guidelines, have provided several outcome studies. Us-
ing guideline compliance as an outcome itself assumes that the 
desired outcome is compliance, inferring improvement in other 
standard patient outcomes based on the evidence on which the 
guidelines were developed. Therefore, caution is required in inter-
preting this outcome parameter.

EVIDENCE-BASED MEDICINE

The discipline of evidence-based medicine has emerged over the 
past decade to allow investigators to quantify the power of scien-
ti“ c studies based on the certainty of the scienti“ c methods em-
ployed. Although simplistic, a classi“ cation system has been well 
received by the medical community that allows dialog among in-
vestigators (Table 2). Fortunately, the trend of dominance of class 
III data in the world of trauma outcomes is slowly giving way to 
signi“ cant class II and class I outcome studies in trauma and 
critical care.

In general, class I and class II studies provide the fuel for the 
strongest evidence-based guidelines on which to base the processes 
of trauma care (Table 3). The value of class III studies is to point 
the researcher toward an area of need and to help formulate the 
appropriate null hypothesis for a higher-power study. However, 
there are many clinical questions that have prohibitive barriers 
that prevent class I and class II studies, thereby augmenting the 
value of class III evidence.

PERFORMANCE IMPROVEMENT 
AND PATIENT SAFETY

For over two decades, performance improvement (previously called 
quality assurance) has been a centerpiece of trauma care as promul-
gated by the American College of Surgeons Committee on Trauma. 
Recently, as a result of studies by the Institute of Medicine and the 
response to those studies by the Joint Commission on Accreditation 
of Health Care Organizations, patient safety has been added to the 
equation. Most health care organizations are under a mandate for 
demonstration of performance improvement and patient safety 
(PIPS) initiatives.

The Surgical Care Improvement Project (SCIP) is a national ini-
tiative to improve outcomes for patients having surgery. This project 
represents a coalition of 10 organizations, including the American 
College of Surgeons, Agency for Healthcare Research and Quality, 
Centers for Medicare and Medicaid Services, and Joint Commission 
on Accreditation of Healthcare Organizations. Although some of the 
initiatives are not speci“ c to trauma care, many relate to critical care 
and general care of any patient, including those with injury (Table 4). 
Most of these initiatives are centered on evidence-based guidelines 
re” ective of class I or II outcome studies. Therefore, it is important 
to understand the very strong link between trauma/critical care…
related PIPS and outcome studies.
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E

Ear lacerations, 178
Ebola virus, 82
Echinocandins, 707
Echogenicity, 126t
Eclampsia, 563
Edrophonium with atropine, 615t
Educational outreach, 54
Elbow dislocation, 502…503
Elbow fractures

coronoid process of ulna, 503, 504f
distal humerus, 500…502, 501f
olecranon, 503
radial head, 503

Elderly. See also Geriatric trauma
abuse of, 567
anticoagulant therapy in, 568, 640
blunt trauma in

chest, 568
description of, 566

burns in, 567
chest trauma in, 568
considerations in treating, 53
de“ nition of, 565
epidemiology of, 565
falls in, 566
leading causes of death in, 91t
motor vehicle crashes, 566
physiologic changes in, 565…566
rib fractures in, 568
spinal injuries in, 568
splenic injuries in, 567…568
trauma in, 565…569
violent crime against, 567
warfarin therapy in, 640

Electrical burns, 569, 576
Electrocardiography

prehospital, survival associated with, 35
pulmonary injuries evaluated using, 285

Electroencephalography, 740…741
Electrolytes, 573, 629…630
Embolism

amniotic ” uid, 563
arterial air, 76
venous, 563…564

Emergency department thoracotomy
algorithm for, 117t
cardiac injury repair using

adjunct maneuvers, 116…118
atrial injuries, 118
bioprosthetic and autogenous materials, 119
coronary artery injuries, 118…119
incisions, 116
studies of, 121t
ventricular injuries, 118

contraindications, 587…588
damage control uses of, 451
description of, 114
futile, 587…588
history of, 114…115
indications for, 115…116, 588
objectives of, 115
in penetrating trauma, 588
physiology of, 115
prehospital factors, 306
pulmonary injuries managed using, 287
results of, 119…123

Emergency medical personnel, 48
Emotional withdrawal, 750
Emphysema, 224, 253
Empyema

diagnosis of, 301
pneumothorax and, 259, 259f
stages of, 301…302

Empyema (continued)
 thoracotomy for, 302
treatment of, 302
tube thoracostomy and, 301
video-assisted thoracoscopic surgery for, 

262…263
Endocrine cells, 379…380
Endocrine disorders

adrenal glands, 644…645
adrenal insuf“ ciency, 645, 645t, 646f
cerebral salt wasting, 642t, 643
description of, 641
diabetes insipidus, 642t, 642…643
hyperglycemia, 645…648
hyperthyroidism, 643
hypothalamic/pituitary response, 641…643
hypothyroidism, 644, 644t
pheochromocytoma, 644…645
sick euthyroid syndrome, 644
syndrome of inappropriate antidiuretic 

hormone, 642t…643t, 643
thyroid excess, 643
thyroid storm, 643, 644t

End-of-life care, 745t
Endophthalmitis, fungal, 704
Endoscopic retrograde cholangiopancreatography, 

356, 380, 383, 558
Endothelial leukocyte adhesion molecule…1, 678
Endothelial nitric oxide synthase, 679
Endotracheal intubation. See also Rapid sequence 

intubation
chest auscultation in, 98…99
in children, 553
chin lift maneuver, 98
description of, 58…60
emergency, 97
history of, 95
in hypoventilation patients, 550
iatrogenic injuries caused by, 222
indications for, 549…550
induction agents for, 550…551, 614t
jaw thrust maneuver, 98, 551
late, 89
management after, 554
muscle relaxants for, 550…551
nasal intubation, 101
paralytic agents for, 89
pediatric, 553
in pregnancy, 561
preoxygenation, 102
techniques, 551…552
tube placement, 98…100

Endovascular stents, 140, 213
Endovascular therapy, 204
End-stage liver disease, 636
End-tidal carbon dioxide, 60…61, 613
Enophthalmos, 179, 195
Enteral nutrition

complications of, 716…717
description of, 463, 675
formulas, 713…714
gastrointestinal access, 716
nasogastric tubes for, 713
postoperative, 715…716
preoperative, 712…714

Enteroatmospheric “ stula, 461f
Epidural analgesia/anesthesia, 256, 737…738
Epidural hematoma

computed tomography of, 137f
description of, 147…148
surgical management of, 154

Epiglottis, 95…96, 96f, 218
Epinephrine, 599t…600t, 600, 674
Epistaxis, 175
Equine encephalitides, 82

Ergosterol, 706
Errors

abdominal compartment syndrome, 584…585
compartment syndromes, 584
delayed damage-control laparotomy, 586
futile thoracotomy, 587…588
hollow viscus injury not found, 586…587
missed diaphragmatic injuries, 583…584
tertiary surgery not performed, 587

Ertapenem, 693
Escharotomy, 577, 577f
Esophagus

anatomy of, 250…251
defects of, 325, 325f
injuries to

abdominal, 323…324
cervical, 321…322
complications of, 325…326
description of, 199
devastating types of, 324…325
diagnosis of, 322, 326
incidence of, 321…322
morbidity associated with, 325…326
penetrating, 322
in penetrating neck injuries, 322
surgical treatment of, 322…323
thoracic, 322…323, 324t

perforation of, 199
resection of, 324…325

Ethyl pyruvate, 442…443
Etomidate, 101, 101t, 550, 551t, 614t
Europe, 4…5
European Union, 4…5
Eventration, 327f…328f, 332f
Evidence-based medicine, 758, 759t
Exertional compartment syndrome, 490
Expectant casualties, 57
Explosives

history of, 73
improvised explosive devices, 73, 87
injuries caused by, 70t

Exsanguination. See also Bleeding; Hemorrhage
algorithm for, 447f
in children, 558
damage control in, 447
de“ nition of, 445
history of, 445
hypothermia secondary to, 446
from pulmonary injuries, 451

Extended-spectrum ß-lactamases, 691…692
External intercostal muscles, 232
Extracellular ” uid, 627
Extracorporeal membrane oxygenation, 625, 661
Extravascular lung water, 271
Extremity compartment syndromes, 113
Extremity trauma. See also Lower extremity; 

Upper extremity
arteriography of, 476t
interventional radiology of, 142…143
management of, 732
mangled extremities, 512

Extremity vascular injuries
anatomy of, 467…469
anterior tibial artery, 471…472
axillary artery, 467…468
axillary vein, 468
brachial artery, 468, 481
diagnosis of, 467
lower. See Lower extremity injuries, vascular
management of, 467, 732
peroneal artery, 471…472
popliteal artery, 471…472, 486
posterior tibial artery, 471…472
profunda femoris artery, 470
radial artery, 469
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Extremity vascular injuries (continued)
super“ cial femoral artery, 470…471
tibioperoneal trunk, 471
ulnar artery, 469
upper. See Upper extremity vascular injuries

Extubation, 618
Eye injury. See also Ocular trauma

anatomic considerations, 182f
blunt, 185f
causes of, 181, 183f
foreign bodies, 187, 189f…190f, 195
mechanism of, 182…184, 183f
metal toxicity, 184t
open globe, 183
physical examination for, 194…196
picture of, 182f
proptosis after, 185, 186f
rupture after, 187

Eyelids
chemical injuries to, 183
laceration of, 178, 193
thermal injuries to, 183

F

Face, 136, 137f
Facial fractures, 179…180
Facial injuries

airway obstruction, 175
hemorrhage control, 175…176
history-taking, 176
lacerations. See Lacerations
lacrimal system, 178
orbital soft tissue injuries, 178
parotid duct, 178
physical examination for, 176
radiographs of, 176
scalp lacerations, 176
soft tissue, 176…179
tongue lacerations, 176

Facial nerve injuries, 178…179
Falciform ligament, 389
•Fallen lungŽ sign, 278
Fallopian tube injuries, 429t
Falls, 566
False vocal folds, 218
Fasciocutaneous ” aps, 543
Fasciotomy

compartment syndrome treated with, 
482, 488…489, 493…494, 584

lower extremity, 581f
upper extremity, 581f

Fasting stage, 711f
Female genitalia trauma, 427…428
Femoral artery, 470…471, 486
Femoral triangle, 470
Femoral vein cannulation, 716
Femoral venous catheter, 554
Femoro-femoral bypass, 309f
Fentanyl, 614t, 737, 737t
Fetomaternal hemorrhage, 426, 426f, 563
Fiber-optic endoscopy, 198
Fibrin split products, 639
Fibrinogen, 639
Fibrothorax, 303
Fick equation, 144…145
Field stabilization, 38
Field triage, 35, 36f…39f, 55…56, 56f, 78
Finger-fracture technique, 390, 393f
Finochietto retractor, 287
Firearms, 82…83
First rib, 227, 231f
Fistula

arteriovenous, 204, 473
bronchopleural, 259…260, 267, 300

Fistula (continued)
enteroatmospheric, 461f
after liver injuries, 397
in open abdomen patients, 460
after pancreatic injury, 384
tracheoesophageal, 224

Flail chest
in children, 557
description of, 256, 269
diagnosis of, 271…273
incidence of, 269
management of, 273…276
mechanical ventilation of, 273…275
mechanisms of injury, 269…271
mortality caused by, 276
operative stabilization of, 276
physiology of, 270…271
pulmonary contusions and, 276

Flail upper extremity, 535
Flaps

for abdomen, 542t, 544
for chest wall, 542t, 542…544
for foot, 544…545
groin, 542
for head and neck, 541…542, 542t
for knee, 544
for lower extremity, 542t, 544…545, 545f
for proximal tibia, 544
radial forearm, 542
rectus femoris, 544
tensor fascia lata, 544
for thigh, 544
for upper extremity, 542, 542t

Flexible “ beroptic bronchoscopy
airway trauma repaired using, 266
atelectasis management using, 267
bronchopleural “ stula management using, 267
complications of, 264, 265t
description of, 222, 224, 264
diagnostic uses of, 265…266
foreign body removal using, 266…267
inhalational injuries evaluated using, 265
lung abscess drainage using, 267…268
monitoring during, 264
preparation for, 264
strictures and, 265…267
technique of, 264
therapeutic uses of, 266…268
tracheobronchial injuries, 265
ventilator-associated pneumonia diagnosis 

using, 265, 266f
Flexion distraction injuries, 518f, 518…519
•Floating shoulder,Ž 499
Fluconazole, 706t, 708, 709t
Flucytosine, 709t
Fluid resuscitation

acute renal failure treated with, 628
blood substitutes, 442
blood transfusions, 110…111, 441…442
in blunt abdominal injury, 353
in burn patients, 571…573
in children, 554, 555f
colloid ” uids, 65, 441
complications of

acidosis, 113…114
coagulopathy, 112…113
compartment syndromes, 113…114
description of, 66
hypothermia, 111…112, 112t

crystalloid ” uids. See Crystalloid ” uids
hemorrhagic shock treated with, 63…67, 

439…442
history of, 106
hypertonic saline, 40…41, 65, 110, 441
morbidity, 66

Fluid resuscitation (continued)
pediatric, 554, 555f
prehospital, 40, 63…67, 91
red cell transfusions, 441…442
septic shock treated with, 673…674
targets of, 66
in traumatic brain injury, 155

Flumazenil, 615t
Fluoroquinolones, 691
Focused Assessment with Sonography for Trauma. 

See also Ultrasound
abdominal trauma evaluated with

blunt, 130, 353
during pregnancy, 426

accuracy of, 129…130
algorithms for, 131, 132f
in children, 133, 555
computed tomography vs., 134
controversies associated with, 134
diagnostic peritoneal lavage vs., 125, 134, 349
extended, 132
free ” uid on, 131
hemothorax evaluations, 131…132, 285
indications for, 128…129
intra-abdominal trauma diagnosed using, 430
learning curve associated with, 130
limitations of, 134
liver injuries, 386
objective of, 125
pediatric trauma evaluations, 133, 555
pelvic fractures, 134, 431f
penetrating trauma, 130…131, 132f
pneumothorax evaluations, 132
in pregnancy, 133, 561
principles of, 125, 126t
pulmonary injuries evaluated with, 285
quadrants, 127, 127f…128f
reproductive-age females, 133
scoring systems, 131, 133
secondary examinations, 129
splenic injuries, 401, 401f
sternal fracture evaluations, 132…133
summary of, 135
surface anatomy landmarks, 128
technique of, 125, 127
terminology associated with, 126t
training in, 130…131, 134
transducers, 126f, 126…128
troubleshooting, 128, 130t
ultrasound images, 125, 126t

Folic acid, 713t
Folliculitis, 579
Foot, ” aps for, 544…545
Foramen of Bochdalek, 326
Forearm

compartment syndrome of, 493, 498, 511
fractures of, 503, 505, 505f, 525
gunshot wounds to, 498

Foreign bodies
” exible “ beroptic bronchoscopy removal of, 

266…267
intraocular, 187, 189f…190f, 195
parenchymal, 300…301
tracheobronchial tree, 266…267

Formal lobectomy, 292
Fractional excretion of sodium, 628
Fractures

atlas, 515, 516f
Bennett•s, 528…529, 529f
boxer•s, 527
burst, 168f, 517…519, 518f
carpal, 506…507
cervical spine, 207, 209f, 515…517
clavicular, 252, 259
compression, 518, 518f
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Fungal infections (continued)
treatment of, 705…710

Fungemia, 702
Furuncles, 579

G

Galeazzi fractures, 505
Galen, 282
Gastric injuries

algorithm for, 363f
American Association for the Surgery of 

Trauma-Organ Injury Scale, 363t
in children, 557
diaphragmatic injury with, 364
incidence of, 362
mechanism of, 362
morbidity after, 364
mortality after, 364
perforations, 362
stab wounds, 362
surgical management of, 363…364

Gastrocolic ligament, 381f
Gastrocolic omentum, 343
Gastroesophageal junction, 363
Genitourinary tract injuries

bladder, 422
genitals, 423
kidneys, 420…421
penile fracture, 423
ureters, 421…422
urethra, 422…423

Geriatric trauma. See also Elderly
burns, 567
complications of, 45
description of, 43
head injuries, 45
mechanism of injury, 566…567
mortality predictors, 44…45
motor vehicle crashes, 566
outcomes of, 566
resuscitation, 45, 45t
triage, 43…44, 44t
violent crime, 567

Gestational age, 424
Glasgow Coma Scale

description of, 15, 16f, 28…29, 149t
endotracheal intubation and, 60, 97
in geriatric patients, 45
intubation indications based on, 60, 97
pediatric uses of, 556
traumatic brain injury severity based on, 151, 

159, 159t, 754…755, 754t
Glenohumeral dislocation, 499
Glisson•s capsule, 390
Globe injuries, 183, 187, 188f
Glomerular “ ltration rate, 565, 628, 699
Glottis, 97, 218
Glucose metabolism, 595
Glycemic control, 646f, 647t
Glycolysis, 595
Gold, 184t
Grave•s disease, 643
Gravid uterus, 426, 427t
Great vessel injury

radiological “ ndings of, 317t
surgical management of, 318…320

Greater tuberosity fracture, 500f
Grief

in children, 748…749
complicated, 750
management of, 749…750
manifestations of, 749t
traumatic, 748

Groin ” ap, 542

Group A streptococcal necrotizing fasciitis, 
579…580

Guilt, 750
Gunshot wounds. See also Shotgun wounds

abdominal, 359, 363, 410
algorithm for evaluating, 350f
description of, 137
forearm, 498
humeral shaft, 500
low-velocity, 498
neck, 205
penetrating cardiac injuries caused by, 304
small bowel injuries secondary to, 365
trachea, 220…221
traumatic brain injury caused by, 159
upper extremity, 497…498

Gut-associated lymphoid tissue, 712
Gynecologic trauma. See also Pregnancy, trauma 

during
American Association for the Surgery of 

Trauma-Organ Injury Scale, 
426, 427t

description of, 423
diagnosis of, 424…426
fetal heart rate and rhythm abnormalities, 

425…426
fetal outcome predictors, 428t
fetomaternal hemorrhage, 426, 426f, 563
gestational age, 424
gravid uterus, 426, 427t
hospital care for, 424…426
incidence of, 424
mechanism of, 424
morbidity and mortality, 427
penetrating, 427
prehospital care for, 424
surgical treatment of, 426…427

H

Haddon, William, 25
Half-life, 688…689
Haloperidol, 615t, 738, 738t
Hamman•s sign, 253, 322
Hand fractures

Bennett•s, 528…529, 529f
in children, 525
complications of, 533
diagnosis of, 526
incidence of, 525
mechanism of injury, 525…526
metacarpal, 526…528
metacarpophalangeal joints, 530, 531f…532f, 533
nonoperative management of, 525
operative management of, 526t
phalangeal, 526t, 529…530
Rolando, 529

Handguns, 83…84, 84f
Hangman•s fractures, 166, 516, 517f, 517t
Hard palate, 95
Harris-Benedict equations, 712t
Head, 136, 137f
Head trauma. See also Traumatic brain injury

coagulopathy and, 113
geriatric, 45

Health care systems, 5
Heaney maneuver, 342
Heart. See also Cardiac injuries

anatomy of, 237…241
body surface markings of, 237, 241f
chambers of, 241, 244f
conduction system of, 239, 241, 244f
external features of, 237, 239
surfaces of, 237, 239
total in” ow occlusion to, 116

Fractures (continued)
dens, 516, 516f, 516t
facial, 179…180
forearm, 503, 505, 505f
frontal sinus, 179
Galeazzi, 505
greater tuberosity, 500f
hand. See Hand fractures
hangman•s, 516, 517f, 517t
humerus

distal, 500…502
proximal, 499…500
shaft, 500

LeFort, 176, 180
lower extremity, 451, 509…511
lumbar spine, 519
mandibular, 175, 180
metacarpal, 526…528, 527f…529f
Monteggia, 503, 505
nasal, 180
naso-orbital-ethmoid, 179
occipital condyle, 515, 515f
olecranon, 503
open

lower extremity, 509…511
upper extremity, 497, 498t, 508

orbital, 179…180, 182…183, 184f, 186f…187f
pelvic. See Pelvic fractures
phalangeal, 526t, 529…530
radial

head, 503
shaft, 505

rib
blunt chest trauma and, 252
chest computed tomography of, 271
in children, 252, 557
in elderly, 568
management of, 256
mortality associated with, 252

scaphoid, 506
scapular, 258, 260, 498…499, 499t
shoulder girdle, 498…499
sternal, 132…133, 252, 258, 260
subaxial spine, 516…517
thoracic spine, 518…519
thoracolumbar junction, 518…519
ulnar shaft, 505

FRAMES, 24
Francisella tularensis, 81
Franco-Prussian War, 2
Frankel scale, 162…163
Free ” uid, 131
Fresh frozen plasma, 639, 651
Frontal sinus fractures, 179
Full-metal-jacket bullets, 83, 83f…84f
Full-thickness burn, 570…571, 571t
Functional Capacity Index, 30
Functional Independence Measure, 30, 163
Functional residual capacity, 611
Fungal endophthalmitis, 704
Fungal infections

antifungal agents for, 706, 706t…707t, 709t
aspergillosis, 705, 705f
broad-spectrum antibiotics and, 703…704
Candida spp., 702…705, 706t
central venous catheters and, 703
description of, 702
diabetes mellitus and, 702
healthcare costs of, 702
immunosuppression and, 703
malignant tumors and, 703
mechanical ventilation and, 704
neutropenia and, 702, 707…708
organ transplantation and, 703, 708
predictors of, 702…704
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Heart (continued)
venous system of, 239, 242

Heart failure. See Acute decompensated heart 
failure

Heliox, 611
Hematoma

abdominal, 411
duodenal, 377f, 377…378, 557
epidural, 147…148
inframesocolic, 412
pulmonary injuries and, 299
subdural, 147, 148f

Hemidiaphragm, 330
Hemipelvectomy, 434f
Hemithoracic cavity, 116
Hemobilia, 397
Hemodialysis, intermittent, 630…631
Hemo“ ltration, 700
Hemoglobin, 595…596
Hemoglobin concentration, 144
Hemoglobin saturation, 613
Hemoglobin-based oxygen carriers, 65, 110, 442, 

655…656, 656t
Hemopericardium, 130
Hemophilia A, 635
Hemophilia B, 635
Hemopneumothorax

description of, 253, 258…260
scapula fractures and, 498

Hemoptysis, massive, 266
Hemorrhage. See also Bleeding

bandages and, 90…91
blood pressure during, 66
control of, 389, 439
external, 90
facial wounds as cause of, 175
fetomaternal, 426, 426f, 563
” uid resuscitation for, 439…440
global ischemia secondary to, 449
historical descriptions of, 477
liver injuries and, 396…397
local control of, 439
pelvic, 430…431
recombinant-activated factor VIII for, 439
retroperitoneal, 430
sites of, 90…91
systemic control of, 439
vascular access in patients with, 440
ventricular injuries and, 308
video-assisted thoracoscopic surgery for, 261, 

263
Hemorrhagic chemosis, 189f
Hemorrhagic fever viruses, 82
Hemorrhagic shock

abdominal compartment syndrome after, 489, 
668

acute blood loss and, 437
animal models of, 438
blood transfusions for, 648…649, 651, 651t
causes of, 63
characteristics of, 437
classi“ cation of, 64, 64t
coagulopathy of, 634
diagnosis of, 438
epidemiology of, 63, 437
” uid resuscitation for, 63…67, 439…442
hypotension, 437…439
hypothermia and, 443
intubation indications, 550
management of, 64…66, 439
metabolic acidosis after, 113, 449
oxygen transport in, 597
pharmacotherapy for, 442…443
tissue perfusion assessments, 438…439
vasopressin for, 442

Hemothorax
in children, 557
de“ nition of, 257
evacuation of, 301
Focused Assessment with Sonography for 

Trauma evaluations, 
131…132, 285

gastric bubble in, 329f
incidence of, 252
video-assisted thoracoscopic surgery evacuation 

of, 262…263
Heparin

blunt cerebrovascular injuries treated with, 211
deep venous thrombosis treated with, 718
intracranial bleeding caused by, 213
low-molecular-weight

coagulation disorders and, 640
deep venous thrombosis prophylaxis using, 

155, 718
epidural catheter and, 256

reversal of, 640
unfractionated, 640

Heparin-induced thrombocytopenia, 635
Hepatectomy, 342f
Hepatic artery, 342, 395
Hepatic injuries. See Liver injuries
Hepatic venous exclusion, 342f
Heterotopic ossi“ cation, 755
Heuristics, 20
Hextend, 441
High-density lipoprotein 3, 680
High-frequency jet ventilator, 289, 289f
High-frequency ventilation, 623, 661
High-index trauma, 48t, 48…49
High-risk populations

children, 53…54
elderly, 53
pregnancy, 53

Hilar lymphadenopathy, 80
Hilum of lung, 246…248
Hollow viscus injury, 586…587
Hollow-point bullets, 83, 84f
Hosmer Lemeshow statistic, 11…12
Hospital

levels of care after stay in, 757
violence prevention in, 25

Hospital Emergency Incident Command System, 
69, 69f

Hospital standardization program, 2…3
Hospital-acquired pneumonia

antibiotic prophylaxis, 687…688
antibiotics for, 685…687
CDC criteria for, 684t
clinical pulmonary infection score, 685, 686t
de“ nition of, 682
diagnosis of, 684…685
gastrointestinal tract bacterial overgrowth and, 

683
incidence of, 682
management of, 685…687
morbidity of, 682
multidrug-resistant, 686, 686t
oropharyngeal colonization and, 683
prevention of, 684, 684t
risk factors for, 682…684
signs and symptoms of, 684t
sputum cultures, 685
thoracic trauma and, 687

Hospitalists, 4
Humerus fractures

distal, 500…502, 501f
proximal, 499…500
shaft, 500

Hunting ri” es, 84…85
Hydromorphone, 614t, 737, 737t

Hydroxyethyl starch, 65
Hyperbaric oxygen, 582, 582t
Hypercarbia, 730
Hyperchloremic acidosis, 113
Hyperechoic, 126t
Hyperglycemia, 645…648
Hyperkalemia, 629, 653
Hypertension, intra-abdominal, 454, 455t
Hyperthermia, 155
Hyperthyroidism, 643
Hypertonic saline resuscitation, 40…41, 65, 110, 

441
Hypertonic sodium chloride, 64
Hyperventilation

acute neurologic deterioration situations treated 
with, 92, 150

intracranial hypertension and, 150
Hypocalcemia, 653
Hypoechoic, 126t
Hypogastric artery, 343
Hypokalemia, 653
Hypopharynx, 215…217
Hypotension, 437…439, 631
Hypotensive resuscitation, 440

arti“ cial oxygen-carrying blood substitutes, 
110

crystalloids, 108…110
description of, 108
hypertonic saline, 110

Hypothermia
blood transfusion-related, 634, 653
classi“ cation of, 111
clotting factors affected by, 722
coagulation affected by, 721
from cold exposure, 576…577
cutaneous vasoconstriction secondary to, 721
de“ nition of, 111, 449, 721
” uid resuscitation-related, 66, 111…112, 112t
hemorrhagic shock and, 443
immunologic effects of, 723
incidence of, 721
intracranial hypertension treated with, 156
in liver injury patients, 389t
management of, 452, 723…725
mechanism of, 721
mortality from, 111, 725, 726f
platelets affected by, 721
preventive measures for, 410
prothrombin time affected by, 113f
rewarming techniques for, 724…725, 725f
systemic effects of, 722…723
trauma complicated by, 39, 111

Hypothyroidism, 644, 644t
Hypoxemia, 270, 272…273

I

ICD…9
description of, 11
survival and, 13f

ICD…9 Injury Scoring System
advantages of, 28
creation of, 14
description of, 10, 28
studies of, 15
Trauma Registry Abbreviated Injury Scale vs., 

14…15
Ileocolostomy, 417
Iliac artery, 413
Iliac veins, 413
Imipenem-cilastatin, 693, 701t
Immediate care, 68
Immediate casualties, 57
Immunology, 677…681
Improvised explosive devices, 73, 87
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Incomplete spinal cord syndromes, 513…514, 753
Independent lung ventilation, 625
Indoleamine 2,3…dioxygenase, 704
Inducible nitric oxide synthase, 679
Infants. See also Children; Pediatric(s)

leading causes of death in, 90t
vital signs in, 43t, 554t

Infections
blood transfusions and, 654…655
fungal. See Fungal infections
multiple organ dysfunction syndrome 

caused by, 667
soft tissue. See Soft tissue infections
total parenteral nutrition and, 675

Inferior vena cava
“ lters, 155…156, 719, 730
injuries of, 412

In” ammatory lung injury, 271
Infrahepatic vena cava, 412
Inhalational injuries, 265, 573…574
In-house trauma attending, 49
Injury. See also speci“ c injury

alcohol problems as cause of, 21
description of, 11
outcome determinations, 11
physiologic, 15

Injury control approach, 25
Injury scoring

conceptual background of, 10…11
prediction improvements in, 19…20
recommendations for, 20
uses of, 19…20

Injury scoring systems, 11. See also speci“ c system
Injury Severity Scale, 27…28
Injury Severity Score

calibration of, 11…12
description of, 10, 27…28
equation for, 12
geriatric mortality predictions using, 44…45
history of, 12
limitation of, 27
mathematical ” aws in, 12
new, 12
physiologic reserve and, 457f
popularity of, 12…13
shortcomings of, 12, 27…28
statistical problems, 27…28
survival and, 14f

Innominate artery injuries, 318, 319f
Inotropes, 599…600
Insuf” ation, 351
Insulin, 647t
Intensive care unit

analgesia and anesthesia in, 614t…615t
palliative care in, 744…747
resuscitation in, 452, 459t
sedation in, 614t…615t
surgical

bedside tracheostomy, 727…728
diagnostic peritoneal lavage. See Diagnostic 

peritoneal lavage
historical descriptions of, 727
inferior vena caval “ lter placement, 730
intra-abdominal pressure monitoring, 

731…732
percutaneous feeding catheters, 729f, 

729…730
Interatrial groove, 237
Intercellular adhesion molecule…1, 678
Intercostal muscle ” ap, 235f
Intercostal space, 232, 234f…235f
Interferon-�, 679t
Interleukins, 677, 678t…679t
Intermittent hemodialysis, 630…631

Internal intercostal muscles, 232
Internal jugular catheterization, 440
Internal mammary artery, 235f
International Committee of the Red Cross, 87
International normalized ratio, 638
Interosseous ligaments, 520
Interpersonal violence, 25…26
Interphalangeal joint dislocations, 530, 531f
Interventional radiology

abdominal trauma, 141…142
blunt cerebrovascular injuries, 139…140
brachiocephalic trauma, 140
description of, 139
extremity trauma, 142…143
indications for, 139
pelvic trauma, 142
thoracic injuries, 140

Interventricular groove, 237
Intimate partner violence, 559…560
Intra-abdominal abscess, 143, 419
Intra-abdominal bleeding, 430
Intra-abdominal hypertension, 454, 455t, 490, 584, 

731…732
Intra-abdominal pressure monitoring, 731…732
Intracranial hypertension

decompressive craniectomy for, 156, 157f
description of, 150
hypothermia for, 156
treatment of, 156

Intracranial pressure
elevated

algorithm for, 156f
cerebrospinal ” uid drainage for, 156
prophylactic therapies, 158
traumatic brain injury as cause of, 114, 148

hypertonic sodium chloride effects on, 64
monitoring of, 155

Intrahepatic bile ducts, 397
Intramedullary devices, 506
Intramural hematomas, 369
Intraocular foreign bodies, 187, 189f…190f, 195
Intraoral injuries, 179
Intraparenchymal hemorrhage, 70
Intraparenchymal lesions, 153…154
Intubation

indications for, 549…550
orotracheal, 59…60, 101…103
prehospital. See Prehospital intubation
rapid sequence. See Rapid sequence intubation

Inverse-ratio ventilation, 622, 660
Iron, 184t, 713t
Islet cells, 380
Isoechoic, 126t
Itraconazole, 706t, 709t

J

Jacketed bullets, 82
Jaw thrust, 98, 551
Joint dislocations, 497, 497t
Jugular venous injuries, 206

K

Kallikrein-kinin system, 680
Ketamine, 550, 551t, 614t, 737
Ketoconazole, 709, 709t
Ketolides, 696
Ketorolac, 615t
Kidney(s)

acute failure of. See Acute renal failure
anatomy of, 142
function assessments, 627

Kidney(s) (continued)
insuf“ ciency, antibiotic therapy adjustments for, 

699…701, 700t
sepsis and septic shock effects on, 675

Kidney injuries
angioembolization of, 142, 356
blunt, 355, 421
in children, 558
description of, 420…421

Kinins, 680
Kirschner wires, 526…527
Kleihauer-Betke test, 426
Knife laceration, 105
Knife wounds, 278
Kocher maneuver, 345, 378, 381f

L

Lacerations
cardiac, 451
colorectal, 419
diaphragmatic, 333, 351, 584
ear, 178
eyelid, 178, 193
lip, 177
liver, 355f
nasal, 177…178
pancreatic, 382
perineal, 429
scalp, 176
splenic, 451
tongue, 176
treatment of, 177
upper extremity vascular injuries, 481, 481f

Lacrimal system injuries, 178
Lactate, 145, 438…439, 596
Lactated Ringer•s solution, 64, 109…110
Lactoferrin, 712
Landmines, 87
Laparoscopy

abdominal trauma applications of, 350…351
complications of, 732
laparotomy conversion of, 351
liver injuries evaluated using, 387
novel uses of, 350
risks associated with, 350

Laparotomy
abdominal compartment syndrome after, 452, 

489
Cesarean section during, 427, 427t
damage control, 450…451, 489, 586
decompressive, 731…732
diagnostic peritoneal lavage and, 349
laparoscopy conversion to, 351

Larrey, Dominique, 1
Laryngeal mask airway, 58, 59f, 89, 103, 103f
Laryngeal skeleton, 96
Laryngoscope blades, 102, 102f
Larynx

anatomy of, 218…219, 221f
cartilages of, 217f…218f
injuries to

complications of, 223…225
description of, 199t, 219
management of, 223t
mortality from, 225
surgical management of, 222…223

stenosis of, 224
Lateral arteriorrhaphy, 486
Lateral canthus, 194f
Lateral compression pelvic fractures, 431, 431t, 

432f, 434
Lead poisoning, 85, 87
Leading causes of death, 88, 90t…91t, 553, 751
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Leeches, 512
LeFort fractures

hemorrhage from, 176
maxillary, 180

Left atrium, 241, 244f
Left coronary artery, 239
Left lower lobectomy, 293
Left main pulmonary artery, 248
Left renal artery, 142f
Left upper lobectomy, 292
Left ventricle, 241, 244f
Left ventricular end-diastolic pressure, 591, 616
LEMON method, 548, 549t
Leukocyte adhesion molecule…1, 678
Leukocytes, 679
Levo” oxacin, 701t
Lidocaine, 101, 177t
Life support withholding and withdrawal, 746
Ligament of Treitz, 373
Ligamentum arteriosum, 248…249
Lincosamides, 695…696
Linear regression, 18…19
Linezolid, 695
Lip lacerations, 177
Lipoglycopeptides, 693…694
Liquid ventilation, 624, 661
Liver

insuf“ ciency, antibiotic therapy adjustments 
for, 699

surgical inspection of, 341…342
Liver injuries

abscess after, 397
algorithms for, 398f…399f
American Association for the Surgery of 

Trauma…Organ Injury 
Scale for, 386t

angioembolization of, 141, 395…396
bile collection after, 397
blunt, 342, 385, 387…388, 398f
in children, 558
coagulopathy and, 636
complications of, 396…397
computed tomography of, 386…388
description of, 385
diagnosis of, 386…387
exsanguinating hemorrhage secondary to, 389
“ stula formation after, 397
Focused Assessment with Sonography for 

Trauma evaluations, 386
grading of, 386t, 389…391, 395
hemobilia secondary to, 397
in hemodynamically unstable and stable 

patients, 386…387
hemorrhage secondary to, 396…397
hepatic artery, 395
hypothermia concerns, 389t
incidence of, 385
intraoperative management of, 399f
juxtahepatic venous, 391, 395
lacerations, 355f
laparoscopy of, 387
mechanism of, 385…386
mortality of, 397…398
motor vehicle crashes as cause of, 385
nonoperative management of, 387…388, 396
operative management of

adjuncts to, 395…396
complex injuries, 389…391, 392f
direct hepatotomy, 395
minor injuries, 389
principles, 388…389
Pringle maneuver, 342, 389…390, 392f
suture hepatorrhaphy, 389, 390f
venovenous bypass, 395

Liver injuries (continued)
penetrating, 385…386, 388
perihepatic packing, 395, 396f
resumption of normal activities after, 397

L-Lactate, 64
Lobectomy, 292
Logistic regression, 19
Long saphenous vein, 472
Long-term acute care hospitals, 757
Loop diuretics, 599, 628…629
Lorazepam, 614t, 738t
Lower extremity

fasciotomy of, 581f
” aps for, 542t, 544…545, 545f
vascular anatomy of, 470…472
veins of, 472

Lower extremity injuries
compartment syndromes, 511
fractures, 451, 509…511
musculoskeletal, 509
radiologic evaluation of, 508
vascular

blunt, 488
complications of, 488
description of, 484
diagnosis of, 485, 485f
femoral artery, 486
incidence of, 484…485
intraoperative management of, 486, 487f
mechanism of, 484…485
morbidity of, 488
mortality from, 488
operative management of, 485…488
outcomes of, 488
popliteal artery, 471…472, 486
posterior tibial artery, 471…472
signs of, 485t
tibial arteries, 486
venous injuries, 486

Low-molecular-weight heparin
coagulation disorders and, 640
deep venous thrombosis prophylaxis using, 

155, 718
epidural catheter and, 256

Lumbar spine fractures, 519
Lung

aging effects on, 565
anatomy of, 248…249, 249f
hilum of, 246…248
lobes of, 248…249, 249f

Lung abscess, 267…268, 300
Lung gangrene, 300
Lung injuries. See also Pulmonary injuries

acute. See Acute lung injury
anatomic location of, 286
penetrating, 286
ventilation-induced, 621, 668

Lung necrosis, 299
Lymphangiography, 303
Lymphopenia, 703
Lysozyme, 712

M

Macintosh curved blades, 102f
Macrolides, 696
Macrophages, 679
Mafenide acetate, 574…575
Magnetic resonance arteriography, 203…204
Magnetic resonance cholangiopancreatography, 380
Magnetic resonance imaging

atlas fractures, 515
spinal cord injury evaluations, 164, 165f
thoracic vascular injuries evaluated using, 317

Major trauma, 33
Mallampati classi“ cation of airway, 58, 59f, 548
Malnutrition, 710
Mandatory minute ventilation, 622, 622t
Mandibular fractures, 175, 180
Mangled extremities, 512
Mannitol, 92, 156
Manubrium, 227, 230f
Mask ventilation, 548
Mass casualty events

biological weapons, 70, 71t
blast injuries. See Blast injuries
chemical agents, 71…72
conventional weapons, 69…70
de“ nition of, 67
description of, 55…57
hospital triage for, 67…68
immediate care after, 68
prehospital care in, 67
radiation injuries, 72…73
transportation concerns, 67
treatment classi“ cations, 68

Mass casualty triage, 56…57
Massive hemoptysis, 266
Massive transfusion syndrome, 439
Mattox maneuver, 343…344, 344f
Mattress sutures, 304
Maximum likelihood estimation, 19
Mean airway pressure, 623
Mean arterial pressure, 66, 144
Mechanical ventilation

acute lung injury treated with, 612t
acute respiratory distress syndrome treated 

with, 612t
airway management in, 618
airway pressure release ventilation, 622…623, 

623t, 660
alternatives to, 621…624
assist control, 610t, 611, 613
closed-loop modes of, 622t
” ail chest managed using, 273…275
fungal infections and, 704
heliox, 611
high-frequency ventilation, 623, 661
hospital-acquired pneumonia caused by, 682
indications for, 609, 610t
after inhalation injury, 574
inverse-ratio ventilation, 622, 660
liberation from, 617…618
lung injury induced by, 621
mandatory minute ventilation, 622, 622t
mask, 548
modes of, 610t, 611…613, 623t
monitoring during

arterial catheterization, 615…616
blood gases, 613
capnography, 613, 615
central venous pressure, 616
invasive, 615…616
pulmonary artery catheter, 616…617
pulse oximetry, 613

noninvasive, 609…610
nosocomial infections, 670
in operating room, 289
oxygenation, 621
patient…ventilator dyssynchrony, 617
per” uorocarbon liquids with, 624, 661
permissive hypercapnia, 623…624, 660
pharmacotherapy, 624…625
positive end-expiratory pressure, 610…612
pressure support ventilation, 610…611, 623t
pressure-controlled ventilation, 621…622, 660
proportional assist ventilation, 621
protocol for, 612t
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Mechanical ventilation (continued)
pulmonary contusion managed using, 273…275
reintubation, 618
sedation during, 613, 614t…615t
settings, 612…613
surfactant, 624
synchronized intermittent mandatory ventila-

tion, 611, 613, 623t
terminology of, 610t
tracheostomy in, 618
unplanned extubation, 618
•ventilator bundle,Ž 612
weaning from, 155, 617…618, 619f

Median nerve, 470
Median raphe, 328
Median sternotomy, 290, 304, 317f, 319
Medicaid, 47
Medical careers, 4
Medicare, 47
�-Melanocyte stimulating hormone, 679t
Meropenem, 693
Mesenteric artery injuries, 411…412, 412f
Mesenteric injuries, 369, 370f…371f
Metabolic acidosis

in acute renal failure, 629
description of, 446
hemorrhagic shock and, 113, 449

Metabolic stress, 711
Metacarpal fractures, 526…528, 527f…529f
Metacarpophalangeal joints, 530, 531f…532f, 533
Methicillin-resistant Staphylococcus aureus, 690
Methylene blue, 601
Methylprednisolone

“ brosis in acute respiratory distress syndrome 
treated with, 661

spinal cord injuries treated with, 169…170, 514, 752
Metronidazole, 697, 699
Microcirculation, 595…596
Microvascular free-tissue transfer, 542, 545
Midazolam, 101, 101t, 614t, 738t
Middle colic artery, 417
Migration inhibitory factor, 677, 678t
Military antishock garment, 432…433, 584
Milrinone, 600t
Minerals, 713t
Minimal casualties, 57
Mixed venous oxygen saturation, 593, 616
Monobactams, 693
Monomorphic ventricular tachycardia, 607…608
Monteggia fracture, 503, 505
Morning reports, 50
Morphine, 614t, 737, 737t
Morrison•s pouch, 126…127
Mortality. See also speci“ c trauma, mortality of

communication to family about, 750, 750t
geriatric patients, 44…45
hypothermia and, 111
incidence of, 748
injury severity score and, 12, 28
leading causes of death, 88, 90t…91t, 553, 751
mechanism of injury and, 30, 748
motor vehicle crashes, 32, 147, 748, 751
as outcome measure, 30
predictive model of, 12
statistics regarding, 32
traumatic brain injury and, 147

Motor vehicle crashes
chest wall injuries caused by, 252
diaphragmatic injuries caused by, 333
by elderly, 566
fetal mortality caused by, 564
liver injuries caused by, 385
mortality caused by, 32, 147, 748, 751
during pregnancy, 559, 564
traumatic brain injury caused by, 754

Mouth, 95
Mt. Everest phenomenon, 412
Multidetector computed tomography, 139
Multidisciplinary rounds, 50, 51t
Multidisciplinary trauma care

challenges to, 48t
overview of, 47…48

Multidrug-resistant pneumonia, 686, 686t
Multifocal atrial tachycardia, 605…606, 606f
Multiple casualty event, 67
Multiple organ dysfunction syndrome

description of, 438
diagnosis of, 664…665
endothelial-leukocyte interactions and, 664
gut lymph hypothesis of, 664
incidence of, 663
infection-related, 667, 675…676
intensive care unit management phase, 667…668
ischemic-reperfusion injury and, 663
management of, 665…668, 668f, 675…676
mechanisms of, 663…664
operative treatment of, 666…667
prevention of, 667…668, 668f
renal replacement therapies for, 668
resuscitative phase, 665…666
scoring systems for evaluating, 665, 665t
total parenteral nutrition, 675
word origin of, 665

Multiple-organ failure
blood transfusions and, 653, 666
description of, 453, 663
pathogenesis of, 678f
prevention of, 667…668, 668f
systemic in” ammatory response syndrome, 

663
Multisystem trauma

nutritional support for, 53
trauma surgeon care of, 51

Muscle ” aps
anatomy of, 541
classi“ cation of, 541

Muscle relaxants, 550…551
Musculoskeletal system, 566
Muzzle velocity, 82, 83t
Myocardial contractility, 598
Myocardial contusion, 311…313
Myocutaneous ” aps, 541…542
Myoglobinuria, 491
Myxedema coma, 644

N

N-Acetylcysteine, 628…629
Naloxone, 615t
Narcotics, 256
Nasal cavity, 95
Nasal fractures, 180
Nasal intubation, 101
Nasal lacerations, 177…178
Nasoenteric feeding, 460
Nasogastric feedings, 716
Nasogastric intubation, 175, 577
Naso-orbital-ethmoid fractures, 179
Nasopharyngeal airway, 98, 100f
Nasopharyngeal bleeding, 175
Nasopharynx, 215
Nasotracheal intubation, 175
National Academy of Sciences, 6
National Association of EMS Physicians, 35
National Highway Traf“ c Safety Administration, 

88
National Surgical Quality Improvement Program, 

761
National Trauma Data Bank, 759…761, 760t…761t
Near-infrared spectroscopy, 145, 146f, 490

Neck
anatomy of, 197, 198f, 216f
computed tomography of, 137
lacerations of, 105
penetrating injuries

aero-digestive injury, 197…199
algorithm for, 201f
carotid artery injuries. See Carotid artery 

injuries
color-” ow Duplex assessment of, 203
computed tomography angiography of, 203
computed tomography of, 200
esophageal injuries associated with, 322
evaluation of, 197, 199t
imaging of, 200
interventional radiology of, 140
jugular venous injuries, 206
signs of, 199t
thoracic duct, 199
vertebral artery injuries, 205…207

physical examination of, 203
triangles of, 197, 198f
vascular injuries, 199…201
zones of, 198f, 203

Necrotizing fasciitis, 579…580, 582
Necrotizing lung infections, 299…300
Necrotizing soft tissue infections, 579, 580t
Needle cholecystocholangiogram, 381
Needle cricothyroidotomy, 89, 104
Negative pressure wound therapy, 582
Neostigmine with glycopyrrolate, 615t
Nephrotoxicity, 698
Nephrotoxins, 628
Nerve agents, 71
Nesiritide, 599
Neural networks, 19
Neurogenic shock

description of, 171
oxygen transport in, 597

Neurohumoral senescence, 566
Neuroleptic malignant syndrome, 738
Neuromuscular blocking agents

complications of, 736
depolarizing, 733…734
description of, 92, 614t
drugs that affect, 735t
historical descriptions of, 733
indications for, 733, 734t, 735
neuromuscular blockade monitoring, 735…736
nondepolarizing, 734…735
paralysis concerns, 733
risk:bene“ t ratio, 742
summary of, 742…744

Neuromuscular end plate, 734f
Neutropenia, 702, 707…708
New Injury Severity Score, 12, 28
Newborns, 43t, 554t
Niacin, 713t
Nicotinamide adenine dinucleotide phosphate 

oxidase, 679
Nitric oxide, 624…625, 661
Nitrogen balance, 715t
Nitroglycerin, 599
Nitroprusside, 599
Nondepolarizing neuromuscular blocking agents, 

734…735
Nongravid uterus, 427…428, 429t
Noninvasive ventilation, 609…610
Nonocclusive intestinal necrosis, 717
Nonopioid analgesics, 737
Nonsteroidal anti-in” ammatory drugs, 737
Norepinephrine, 599t…600t, 600, 674
Nosocomial infections, 670, 672t
Nosocomial pneumonia

antibiotic prophylaxis, 687…688
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Nosocomial pneumonia (continued)
antibiotics for, 685…687
CDC criteria for, 684t
clinical pulmonary infection score, 685, 686t
de“ nition of, 682
diagnosis of, 684…685
gastrointestinal tract bacterial overgrowth and, 

683
incidence of, 682
management of, 685…687
morbidity of, 682
multidrug-resistant, 686, 686t
oropharyngeal colonization and, 683
prevention of, 684, 684t
risk factors for, 682…684
signs and symptoms of, 684t
sputum cultures, 685
thoracic trauma and, 687

NTDB, 30
Nutrition

postoperative, 714…715
in traumatic brain injury, 155

Nutritional support
algorithm for, 711f
description of, 53, 710
enteral nutrition

complications of, 716…717
description of, 463, 675
formulas, 713…714
gastrointestinal access, 716
nasogastric tubes for, 713
postoperative, 715…716
preoperative, 712…714

postoperative, 714…715
preoperative, 711…716
total parenteral nutrition

caloric value of, 712t
central venous access for, 716
complications of, 716…717
description of, 53, 675…676
gastrointestinal access, 716
postoperative, 715
preoperative, 712

Nystatin, 709t

O

Obstetric trauma, 53
Occipital condyle fracture, 515, 515f
Occipitocervical dissociation, 515
Octreotide, 303
Ocular motility, 195
Ocular trauma. See also Eye injury

diagnosis of, 185…191
foreign bodies, 187…188, 189f…190f, 195
incidence of, 181
location of, 182f
physical examination for, 194…196
picture of, 182f
rupture after, 185…187
scleral, 187, 191f

Ocular Trauma Classi“ cation Group, 191…192
Odontoid fractures, 166, 167f
Odontoid screw osteosynthesis, 516
Older adults, 91t. See also Elderly; Geriatric 

trauma
Olecranon fractures, 503
Omental packing, 391f
On-call pay, 4
Open abdomen, 460t, 460…461
Open fractures

lower extremity, 509…511
upper extremity, 497, 498t, 508

Open globe injuries, 183
Open pelvic fractures, 435…436

Open pneumothorax, 257
Open reduction and internal “ xation

of distal radius fractures, 505…506
of open fractures of lower extremity, 510
of pelvic fractures, 435
of proximal humerus fractures, 500

Opiate dependence, 22
Opioid analgesics, 737, 737t
Oral cavity, 215
Orbit

computed tomography of, 136, 137f
soft tissue injuries of, 178

Orbital fractures, 179…180, 182…183, 184f, 
186f…187f

Orbital trauma
description of, 181
diagnosis of, 184…185
management of, 184…185, 193…194
ocular. See Ocular trauma
physical examination for, 194…196
terminology associated with, 193t

Organ transplantation, 703, 708
Oropharyngeal airway, 98, 100f
Oropharynx, 215, 217f
Orotracheal intubation, 40, 59…60, 101…103
Osmotic diuretics, 156
Ototoxicity, 698
Outcome measures

de“ nition of, 758
description of, 30, 53
hospital length of stay, 758
morbidity as, 758
National Trauma Data Bank, 759…761, 

760t…761t
quality of life, 758
Surgical Care Improvement Project, 758, 760t

Outcome models, 11…12
Ovarian injuries, 429t
Overtriage, 67
Oxazolidinones, 695
Oximes, 71
Oxygen consumption, 596…597
Oxygen delivery, 144
Oxygen saturation, 145
Oxygen tension of the brain, 150, 155
Oxygen transport, 595…597
Oxygenation, 621
Oxyhemoglobin dissociation curve, 596, 596f

P

Pacing, 603…604, 607…608
Packing

damage control uses, 586
hepatic hemorrhage control by, 450
pelvic, 435, 435f
perihepatic, 395, 396f

Pain control
in abdominal trauma, 359
in chest trauma, 256, 275…276
in end-of-life patients, 746…747

Palate, 95
Palatine tonsils, 215
Palliative care, 744…747
Pancreatic duct of Wirsung, 379…380
Pancreatic injuries

abscess after, 384
American Association for the Surgery of 

Trauma…Organ Injury Scale 
classi“ cation of, 381, 381t

amylase levels and, 380
anatomy, 342…343, 379…380
blunt, 355…356
in children, 558
classi“ cation of, 381

Pancreatic injuries (continued)
 complications of, 379, 384
computed tomography of, 380
contusions, 382f
description of, 379
diagnosis of, 380…381
ductal, 380
duodenal injuries and, 384
historical descriptions of, 379
isoamylase levels and, 380
lacerations, 382
mechanism of, 380
morbidity of, 384
parenchymal, 382f
pseudocyst formation after, 384
surgical management of, 381…384

Pancreatitis, 384
Pancreatoduodenectomy, 375…376
Pancreatography, 380
Pancuronium, 614t, 735, 735t
Pantothenate, 713t
Papillary muscles, 241
Paracentesis, 349
Paralytic agents, for endotracheal intubation, 89
Paraspinous muscle ” aps, 543…544
Parathyroid glands, 197
Paré, Ambrose, 1, 304
Parenchymal foreign objects, 300…301
Parenchymal injuries

abdominal, 357
foreign bodies, 300…301
pancreatic, 382f…383f
traumatic brain injury, 148

Parenchymal lesions, 148, 151
Parenteral nutrition. See Total parenteral nutrition
Parietal pericardium, 234
Parotid duct injuries, 178
Paroxysmal supraventricular tachycardia, 605
Partial liquid ventilation, 624, 661
Partial thromboplastin time, 638, 723f
Partial-thickness burn, 570…571, 571t
Passive rewarming, 724
Patient-controlled analgesia, 256, 737
Patient…ventilator dyssynchrony, 617
Pectoralis major muscle, 229
Pectoralis myocutaneous ” ap, 541…542
Pediatric(s)

Focused Assessment with Sonography for 
Trauma applications, 133

rapid sequence intubation, 101t, 101…102
trauma systems, 41, 42f…43f, 53…54

Pediatric trauma
abdominal, 557…558
airway management, 553…554
cervical spine, 517
circulatory management, 554…555
colorectal, 558
computed tomography of, 555…556, 556f
diagnostic assessments, 555…556
diaphragmatic rupture, 557
duodenal hematoma, 377f, 377…378, 557
” uid resuscitation, 554, 555f
Focused Assessment with Sonography for 

Trauma, 133, 555
gastric injuries, 557
hand fractures, 525
head, 556…557
hemothorax, 557
incidence of, 553
kidneys, 558
liver, 558
mechanisms of, 553
pancreas, 558
pneumothorax, 557
rapid sequence intubation in, 101t, 101…102
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Pediatric trauma (continued)
rib fractures, 252
small bowel, 557
spleen, 404, 558
thoracic, 557
traumatic brain injury, 41, 556…557
vascular access, 554, 554f

Pediatric trauma centers, 41
Pelvic binder, 433f, 433…434, 523
Pelvic bleeding, 23, 430…431
Pelvic C clamp, 433, 433f
Pelvic fractures

algorithm for, 524f
anatomy, 520
anterior, 520
anteroposterior compression, 431t, 431…432, 

432f
bladder rupture associated with, 422
bleeding from, 432…435
classi“ cation of, 431t, 431…432, 432f, 520, 522t
computed tomography angiography of, 475
description of, 134, 430
external “ xation of, 433f, 451
“ xation of

anterior pelvic, 435
external, 523
open reduction and internal “ xation, 435

Focused Assessment with Sonography for 
Trauma, 431f

genitourinary complications of, 525
hemodynamic instability of, 523
incidence of, 451, 520
lateral compression, 431, 431t, 432f, 434
management of, 520, 523
open, 435…436
during pregnancy, 427, 562
radiologic evaluation of, 520, 521f…522f
retroperitoneal approach to, 435
skeletally unstable, 430
treatment of, 523…525
unstable, 524f, 525
urethral injury associated with, 422
vertical shear, 142, 432, 432f
Young and Burgess classi“ cation system, 520, 

522f
Pelvic packing, 435, 435f
Pelvic trauma

angioembolization of, 142
fractures. See Pelvic fractures
interventional radiology of, 142
penetrating, 138

Pelvis
anatomy of, 520, 521f
computed tomography of, 138
vasculature of, 346, 346f

Penetrating trauma
abdominal

algorithm for, 361f
American Association for the Surgery of 

Trauma-Organ Injury Scale, 359
anatomic location of, 359
angiography for, 360
complications of, 360
computed tomography of, 138, 360f
description of, 357…358
diagnosis of, 358…359
Focused Assessment with Sonography for 

Trauma evaluations, 134
gunshot wounds, 359, 363
incidence of, 358
intra-abdominal abscess secondary to, 364
mechanism of, 358
missile wounds, 358
morbidity of, 360

Penetrating trauma (continued)
 mortality of, 360…361
stab wounds, 350, 351f, 358…359, 359f

brain injury, 159
cardiac. See Cardiac injuries, penetrating
chest, 283
colorectal, 419, 585
esophageal, 322
Focused Assessment with Sonography for Trauma 

evaluations, 130…131, 132f
gynecologic, 427
liver, 385…386, 388
lung, 286
orbital, 178
during pregnancy, 427, 559, 562
pulmonary, 283
reductions in incidence of, 51…52
small bowel, 365, 367f
spinal cord, 162, 167
stab wounds, 330
survival predictors, 37
thoracic vascular, 316
thoracotomy indications, 588
tracheal, 278
upper extremity vascular injuries, 478…479, 480t
ureters, 421…422

Penicillins, 691…692
Penile fracture, 423
Pentobarbital-induced coma, 156, 741
Percutaneous dilatational tracheostomy, 267
Percutaneous endoscopic gastrostomy, 713, 729
Percutaneous feeding catheters, 729f, 729…730
Percutaneous gastrostomy tubes, 716
Per” uorocarbons, 110, 624, 661
Performance improvement, 758
Pericardial sac, 234, 239f
Pericardial sinus, 235
Pericardial space, 234
Pericardial tamponade, 91, 304
Pericardiocentesis, 91…92
Pericardioscopy, 263
Pericardium

anatomy of, 234…236
blunt rupture of, 312
drainage of, 236
parietal, 234
penetrating trauma to, 130
subxiphoid space, 236, 240f

Perihepatic packing, 395, 396f
Perihepatic sepsis, 397
Perilunate dislocations, 506, 507f
Perineal lacerations, 429
Peripheral artery injuries, 494f
Peripheral nerve injuries, 755…756
Peripheral vascular injuries

compartment syndrome and, 491, 491t
diagnosis of, 467
management of, 467

Peripherally inserted central venous catheters, 716
Peritoneal cavity, 353
Permissive hypercapnia, 623…624, 660
Peroneal artery, 471…472
Persistent air leaks, 298…299
Phalanges

amputation of, 539f
fractures of, 526t, 529…530

Pharmacist, 53
Pharmacodynamics, 689
Pharmacokinetics, 688…689
Pharynx

anatomy of, 95, 215…217, 217f
collapse of, 97
injuries of, 217…218

Phentolamine, 645

Phenylephrine, 600t
Pheochromocytoma, 644…645
Phlegmasia cerulea dolens, 489
Phosgene, 72
Phosphodiesterase inhibitors, 600…601
Phrenic nerve, 233…234, 238f, 328
Physiatrist, 751
Physical therapists, 751
Physician assistants, 50…51
Physician extenders, 50…51
Physiologic injury, 15
Physiologic reserve, 15, 29, 455, 457f
Physiologic scoring systems, 28…29
Piezoelectric effect, 125, 126t
Pinch sign, 463, 463f
Piperacillin, 701t
Piriform sinuses, 96
Placental abruption, 563
Plague, 71t, 79t, 80
Plasma volume, 65t
Platelets

coagulation disorders treated with, 639
function tests, 638
hypothermia effects on, 721

Pleural space, 232, 255, 302
Pleuroscopy, 302
Pneumatocele, 259, 299
Pneumo crepitus, 105
Pneumomediastinum, 224
Pneumonectomy, 283, 293…295, 298
Pneumonia

multidrug-resistant, 686, 686t
nosocomial. See Nosocomial pneumonia
risk factors for, 299
ventilator-associated, 265, 266f, 276, 299, 299t, 

612
Pneumopericardium, 278
Pneumoperitoneum, carbon dioxide, 351
Pneumothorax

air leaks, 278
chest x-ray of, 271f
in children, 557
classi“ cation of, 257
computed tomography-only, 253f, 253…254
Focused Assessment with Sonography for 

Trauma evaluations, 132
hemopneumothorax, 253, 258…260
incidence of, 252
management of, 257
mechanism of injury, 252
open, 257
tension, 89…90, 224
treatment of, 257
video-assisted thoracoscopic surgery for, 263

Polymorphic ventricular tachycardia, 608
Polymorphonuclear lymphocytes, 679
Polyneuropathy of critical illness, 646
Popliteal artery, 471…472, 486
Popliteal fossa, 471
Porta hepatis, 413
Portal triad occlusion, 390
Portal vein, 413
Positive end-expiratory pressure

acute respiratory distress syndrome treated 
with, 660

description of, 61, 272, 591, 610…612, 621
Posterior cord syndrome, 514
Posterior elbow dislocation, 503
Posterior tibial artery, 471…472
Postsplenectomy sepsis, 407
Post-traumatic open abdomen

description of, 460t, 460…461
nutritional support for, 463

Post-traumatic stress syndrome, 547, 748
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Post-traumatic syringomyelia, 172
P-R interval, 603
Prealbumin, 715t
Predicted Functional Independence Measure, 30
Pre-eclampsia, 563
Pre-existing conditions, 44
Pregnancy

algorithm for evaluating, 425f
cardiovascular alterations during, 560, 560t
endotracheal intubation during, 561
fetal evaluations, 561
fetal heart rate and rhythm abnormalities, 

425…426
fetal outcome predictors, 428t
“ rst trimester, 560
Focused Assessment with Sonography for 

Trauma 
evaluations during, 133, 561

hormones released during, 560
maternal physiology during, 424t
physiologic alterations of, 560…561
radiation exposure during, 561, 562t
second trimester, 560
third trimester, 560…561
trauma during. See also Gynecologic trauma

amniotic ” uid embolization, 563
battery, 424, 559
blunt, 559, 562
cesarean section indications, 562…563
complications of, 563…564
computed tomography assessments, 562
deep venous thrombosis, 564
diagnosis of, 561
eclampsia, 563
fetal mortality secondary to, 564
fetomaternal hemorrhage, 426, 426f, 563
incidence of, 559
intimate partner violence, 559…560
intra-abdominal infection secondary to, 564
mechanism of injury, 559…560
morbidity of, 563…564
pelvic fractures, 427, 562
penetrating, 427, 559, 562
placental abruption secondary to, 563
pre-eclampsia, 563
premature labor secondary to, 563
pulmonary embolism, 564
surgical management of, 561…563
uterine rupture secondary to, 562
venous thromboembolism, 563…564

treatment considerations during, 53
vaginal bleeding during, 425

Prehospital cardiopulmonary arrest, 35, 37…39, 40t
Prehospital care

advanced trauma life support, 39…40
airway management, 40, 89
biological weapon injuries, 78…82
breathing, 89…90
circulation, 90…92
for critically injured patients, 35
description of, 5
” uid resuscitation, 40…41, 63…67
hypertonic saline resuscitation, 40…41
in mass casualty events, 67
organizing of, 48…49
traumatic brain injury, 40, 149…150
volume resuscitation, 40…41

Prehospital deaths, 30
Prehospital intubation

capnometry in, 61
Glasgow Coma Scale score and, 60, 97
rapid sequence intubation, 60
in traumatic brain injury, 40, 60, 92

Preload, 598

Premature labor, 563
Premature ventricular contractions, 607
Pre-review questionnaire, 8
Pressure support ventilation, 610…611, 623t
Pressure-controlled ventilation, 621…622, 660
Primary blast injury, 74t, 74…75
Pringle maneuver, 342, 389…390, 392f
Profunda femoris artery, 470
Proin” ammatory mediators, 678t
Prone positioning, 625…626, 661
Propofol, 550, 551t, 614t, 738t
Proportional assist ventilation, 621
Proptosis, post-traumatic, 185, 185f
Protective vests, 86
Protein, 714
Protein synthesis inhibitors, 694…696
Protein-calorie malnutrition, 712
Prothrombin time, 113f, 638
Proximal hypogastric embolization, 434
Proximal interphalangeal joint dislocation, 530
Proximal tubular cell, 698
Pseudoaneurysm

carotid, 211f
of descending aorta, 141f

Pseudocyst, 384
Public good model, 5
Pulmonary artery catheters

characteristics of, 590
de“ nition of, 616
description of, 241…242, 245f
goal-directed therapy using, 592…593
hemodynamic evaluations, 144
history of, 589…590
indications for, 616…617
insertion of, 590…591
interpretation of, 591…593
measurements, 591…593
mechanical ventilation monitoring using, 

616…617
popularity of, 589
ports, 590
positive end-expiratory pressure effects on, 591
recommendations for using, 593
studies of, 589…590
tissue perfusion measurements using, 593
warnings, 591

Pulmonary artery injuries, 320
Pulmonary artery occlusion pressure, 590, 593, 

616
Pulmonary contusions

description of, 269
diagnosis of, 272
” ail chest and, 276
hypoxemia associated with, 272
incidence of, 269
management of, 273…276
mechanical ventilation of, 273…275
mechanisms of injury, 269…271
mortality caused by, 276
physiologic studies of, 272…273
physiology of, 270…271
scapula fractures and, 498
subclinical, 269, 270f
treatment of, 76

Pulmonary embolism, 564, 719
Pulmonary hilar cross-clamping, 287, 290, 308, 

308f
Pulmonary hilum, 117
Pulmonary injuries. See also Chest trauma; 

Tracheobronchial tree injuries
adjunct procedures for, 290
anatomic location of, 286
associated injuries, 285…286, 294
chest x-ray of, 285

Pulmonary injuries (continued)
 complications of

bronchial strictures, 300
chylothorax, 303
description of, 294
empyema, 301…302
“ brothorax, 303
hematoma, 299
hemothorax, 301
necrotizing lung infection, 299…300
parenchymal foreign objects, 300…301
persistent air leak, 298…299
pneumatocele, 299
pulmonary torsion, 300

computed tomography of, 285
diagnosis of, 284…285
electrocardiogram evaluations, 285
emergency management thoracotomy for, 287
etiology of, 284
historical description of, 282…283
incidence of, 283…284
management of, 286…290
morbidity of, 294
mortality in, 293, 295
penetrating, 283
physical examination of, 284
prognostic factors, 293…294
resectional procedures for, 292
surgical management of, 291…294
tissue-sparing procedures for, 291…292

Pulmonary shunting, 270
Pulmonary support

extracorporeal membrane oxygenation for, 625
prone positioning, 625…626
ventilation. See Mechanical ventilation

Pulmonary torsion, 300
Pulmonary tractotomy, 291f, 291…292
Pulmonary vascular resistance, 592
Pulse oximetry, 613
Pulse rate, 144t
Pulse-echo principle, 125, 126t
Purpura fulminans, 705f
Pyloric exclusion, 376f

Q

Q-fever, 81
Quadrangular ligament, 96
Quality of life, 758
Quaternary blast injury, 74t, 76
Quinary blast injury, 74t, 76
Quinolones, 691, 696, 699

R

Radial artery, 469
Radial forearm ” ap, 542
Radial fractures

distal, 505…506
head, 503
shaft, 505

Radial nerve, 470, 501f
Radiant warmers, 724
Rancho Los Amigos Scale of Cognitive 

Functioning, 754, 755t
Rapid sequence intubation

description of, 58, 60, 62f, 92
medications for, 101t
in pediatric patients, 101t, 101…102
phases of, 551…552

Rapid transport, 38
Reactive oxygen species, 442, 679
Receiver operation characteristic curve, 11…12
Recombinant activated factor VIIa, 640

Index-A4418_763-790.indd   779Index-A4418_763-790.indd   779 12/21/07   5:43:18 PM12/21/07   5:43:18 PM



780 INDEX

Recombinant activated factor VIII, 439
Recombinant human activated protein C, 

674…675
Rectal injuries. See Colorectal injuries
Rectus femoris ” ap, 544
Recurrent laryngeal nerve, 219
Red blood cells

deformability of, after trauma, 655, 655f…656f
transfusion of, 441…442

•Red manŽ syndrome, 698
Reentry, 605f, 607
Regional anesthesia, 256…257, 737…738
Regional perfusion, 145
Regionalized trauma care, 34…35
Rehabilitation. See Trauma rehabilitation
Reintubation, 618
Renal artery injuries, 413
Renal failure

acute. See Acute renal failure
antibiotic therapy adjustments for, 700
coagulopathy in, 636

Renal pelvis injury, 421…422
Renal replacement therapies

classi“ cation of, 630…632
continuous, 630…632
electrolyte disturbances, 629…630
indications for, 629…630
intermittent hemodialysis, 630…631
multiple organ dysfunction syndrome treated 

with, 668
principles of, 630
timing of, 630
ultra“ ltration, 630

Renal trauma
angioembolization of, 142, 356
blunt, 355
in children, 558

Renin-angiotensin-aldosterone axis, 598
Reperfusion injury, 489, 494
Replantation, 537…540
Reproductive-age females, 133
Research

funding of, 54
National Trauma Data Bank, 760t…761t

Residents, 50…51
Respiratory cart, 98, 98t…99t, 100f
Respiratory evaluations, 548
Resuscitation

autoresuscitation, 106…107
damage control, 458, 460, 586
endpoints of, 143…146
” uid. See Fluid resuscitation
geriatric, 45, 45t
hemodynamic parameters, 143…145
hypotensive. See Hypotensive resuscitation
initial, 449…450
intensive care unit, 452, 459t
metabolic parameters, 145
withholding of, in prehospital cardiopulmonary 

arrest, 35, 37…39, 40t
Resuscitation Outcome Consortium, 441
Reticular endothelial system, 110
Retinol-binding protein, 715t
Retrobulbar hemorrhage, 193
Retrohepatic inferior vena cava, 413
Retroperitoneal hematoma, 381, 421
Retroperitoneal hemorrhage, 430
Retroperitoneum

arterial injuries, 345
description of, 353
incisions, 341
Mattox maneuver, 343…344, 344f
surgical evaluation of, 343…346
venous injuries, 345, 345f…346f

Retroperitoneum (continued)
visceral rotation maneuver for, 343
zones of, 343, 343f

Retropharyngeal abscess, 224…225
Retropharyngeal air, 218f
Revised Trauma Score, 10, 15, 29
Rewarming, 724…725, 725f
Rhomboid minor, 229, 233f
Rib(s)

anatomy of, 227, 228f
buckle handle motion of, 227, 229f
counting, 231f
“ rst, 227, 231f
second, 227, 231f
third, 232f

Rib blocks, 256
Rib fractures

blunt chest trauma and, 252
chest computed tomography of, 271
in children, 252, 557
in elderly, 568
management of, 256
mortality associated with, 252

Ribo” avin, 713t
Rifampin, 696…697
Ri” es, 84…85, 85f
Right atrium, 241, 244f
Right coronary artery, 239
Right lower lobectomy, 292
Right main-stem intubation, 89
Right middle lobectomy, 292
Right subclavian artery, 480
Right upper lobectomy, 292
Right ventricle, 241, 244f
Right ventricle stroke work index, 592
Right ventricular end-diastolic pressure, 591…593
Right ventricular failure, 598…599, 601
Right-ventricular end diastolic volume index, 

144
Rigid bronchoscopy, 279
Rima glottidis, 96f, 97
Ringer•s ethyl pyruvate solution, 110
Risk-adjustment scoring systems, 29…30
Rocuronium, 101, 551, 551t
Rolando fracture, 529
Romans, 1
Rounds, 50, 51t
Roux-en-Y duodenojejunostomy, 375, 375f

S

Sacroiliac ligaments, 520
Sandbloom•s triad, 397
Sarin, 72
Satinsky clamp, 117
Scalp lacerations, 176
Scaphoid fracture, 506
Scapholunate dissociation, 507
Scapholunate interosseous ligament, 506
Scapular fractures, 258, 260, 498…499, 499t
Scapulothoracic dissociation, 258…260, 499, 

533…536
Sciatic nerve, 755
Scleral rupture, 187, 191f
Scrotal trauma, 423
•Seat-beltŽ syndrome, 350
Second rib, 227, 231f
Secondary blast injuries, 74t, 75…76
Sedation, 613, 614t…615t, 737…739
Sedation scales, 616t
Sedatives, 22, 738…739
Seizures

benzodiazepines for, 92
in traumatic brain injury patients, 158, 755

Selectins, 678…679
Selenium, 713t
Self-pay patients, 53
Sensitivity, 11
Sepsis

acute respiratory distress syndrome and, 675
antibiotics for, 671…672, 672t
cardiac dysfunction secondary to, 675
coagulopathy in, 635
diagnosis of, 670…671, 671f
 incidence of, 670
line, 717
management of, 671…673
mechanism of infection, 670
mortality from, 676
perihepatic, 397
postsplenectomy, 407
renal dysfunction secondary to, 675
risk factors for, 670
staging system for, 671, 672t

Septal ruptures, 312
Septic shock

corticosteroid therapy for, 674
description of, 595
diagnosis of, 670…671, 671f
” uid resuscitation for, 673…674
heart failure in, 601
incidence of, 670
mechanism of infection, 670
mortality from, 676
oxygen transport in, 597
recombinant human activated protein C for, 

674…675
renal dysfunction secondary to, 675
treatment of, 673f, 673…675
vasopressors for, 674

Sequential compression devices, 718, 754
Sequential organ failure assessment score, 665, 

666t
Serratus anterior muscle, 229
Serum amyloid A, 680
Shock

cardiogenic, 597
classes of, 106…107, 107t
de“ nition of, 64, 143, 595
hemorrhagic. See Hemorrhagic shock
lactate levels and, 145
neurogenic, 171
pulse rate and, 144t
at scene, 293
septic. See Septic shock
signs and symptoms of, 108f

Shock bowel, 456f
Shock lung, 109
Short saphenous vein, 472
Shotgun wounds. See also Gunshot wounds

chest wall trauma from, 334f…335f
description of, 85…86, 86f

Shoulder dislocations, 499
Shoulder girdle fractures, 498…499
Shumacker•s maneuver, 290
Sick euthyroid syndrome, 644
Silver nitrate, 575
Silver sulfadiazine, 574
Sinoatrial node, 239, 242, 244f
Sinoatrial node dysfunction, 603
Sinus bradycardia, 603
Sinus of Valsalva, 249
Sinus tachycardia, 604…605
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