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Section I

Chapter

1
Diagnostic work-up of the thoracic surgery patient

Lung function assessment
John E. Pilling

History and examination
All patient assessment, including that of lung func-
tion, begins with a history and clinical examination.

Cough, sputum production, haemoptysis, wheeze
and chest pain should be discussed. As well as a
detailed history of breathlessness, chronicity, variabil-
ity and severity are important. For a chest surgeon,
an objective measure of breathlessness is useful, such
as the Medical Research Council Dyspnoea Scale
(Table 1.1) or exercise tolerance. While exercise toler-
ance can be limited by mechanical factors such as
knee pain, if these are absent, the number of flights
of stairs a patient can climb without stopping is useful
as a comparable and reproducible value. It is also
worth enquiring what stops the patient stair climbing:
dyspnoea, angina, claudication or general fatigue.

Eliciting any history of cardiovascular disease is also
vital as thismaybe the cause of breathlessness and is often
the cause of post-operative complications in the thoracic
surgical patient. Significant weight loss will result in
muscle wasting, including the respiratory muscles.

It is imperative to discuss smoking history; a patient’s
number of pack-years allows an expression of both the
quantity and duration of smoking. Many diseases that
cause post-operative complications are caused by
smoking. Pulmonary complications after thoracic sur-
gery fall dramatically if the patient has abstained from
smoking for 6 weeks prior to surgery. All smokers being
considered for surgery should be made aware of the
benefits of stopping, encouraged to do so and given every
assistance, both psychological and pharmacological.

Examination of the patient begins with watching
him or her walk from the waiting room into the
consultation room. It should include looking for
breathlessness on exertion, chest wall deformity and
signs of respiratory disease. It may include observing
the patient exercise or climb stairs.

Lung volumes
Upon maximal inspiration, the volume of gas con-
tained in the lungs is the total lung capacity (TLC).
Upon forcible exhalation, not all the air in the lungs

Table 1.1 Medical Research Council Dyspnoea Scale

Category 0 No dyspnoea

Category 1 Slight degree of dyspnoea (troubled by shortness of breath when hurrying on level or walking
up a slight hill)

Category 2 Moderate degree of dyspnoea (walks slower than people of the same age on level because of
breathlessness)

Category 3 Moderately severe degree of dyspnoea (has to stop because of breathlessness when walking
at own pace on level)

Category 4 Severe degree of dyspnoea (stops for breath after walking 100m yards or after a few minutes on level)

Category 5 Very severe degree of dyspnoea (too breathless to leave the house or breathless dressing or undressing)

Core Topics in Thoracic Surgery, ed. Marco Scarci, Aman Coonar, Tom Routledge and Francis Wells. Published by
Cambridge University Press. © Cambridge University Press 2016
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can be exhaled; after expelling the forced vital capacity
(FVC), the residual volume (RV) remains. During
normal, quiet breathing, the volume inhaled and then
exhaled is the tidal volume (TV), the volume left in
the lungs at this point is the functional residual cap-
acity (FRC), which is made up of the residual volume
and expiratory reserve volume (ERV).

Investigations
Spirometry
Spirometry comprises a relatively simple set of tests.
The results can be used for diagnosis, following the
course of a disease, assessing response to treatment
and, most commonly by thoracic surgeons, to predict
risk of death, complications and breathlessness after
pulmonary resection.

Rationale for spirometry
The thoracic surgical patient must tolerate trauma to
his or her chest wall and possible pulmonary resection
and is at high risk of developing pulmonary compli-
cations; the development of atelectasis is dependent on
the closing volume (CV). CV is the volume of lung
inflated when the small airways in the dependent parts
of the lung begin to collapse during expiration. The
dependent parts are affected as the intrapleural pres-
sure is more negative at the apex and less negative at
the base. In active expiration, the small airways at the
base, which lack cartilaginous support, collapse prior
to RV being reached. Usually, the CV is about 30% and
FRC about 50% of TLC. As patients age and their lungs
lose elasticity, the closing volume rises such that airway
closure occurs at the end of tidal volume in the mid-40s
while supine and in the mid-60s while erect. As well as
increasing age, tobacco smoking, fluid overload,
bronchospasm and airway secretions all increase the
closing volume. A reduction in FRC or a rise in CV
leads to closure of small airways during expiration,
atelectasis and increased work of breathing.
A thoracotomy reduces the FRC by 35%; hence thoracic
surgical patients are at high risk of developing atelec-
tasis, hypoxia and its sequelae, infection. An under-
standing of the patient’s spirometry allows assessment
of the likelihood of the development of complications
and his or her ability to tolerate them.

Common measurements
The two values commonly measured are forced
expiratory volume in 1 second (FEV1) and forced

vital capacity (FVC). In the pre-operative thoracic
surgical patient, these should be tested either standing
or sitting upright after an inhaled beta agonist (if it is
safe for the patient to do so). The spirometer should
have been subjected to calibration, for example, syr-
inge calibration for volume. The patient is asked to
inspire to TLC and then exhale as hard as he or she
can to RV. Flow rate at the mouth, volume exhaled
and time are recorded. Two or three reproducible test
manoeuvres should be obtained; graphical results
should be superimposable and numerical results
(FEV1, FVC) should be within 0.15 L of each other
(0.1 L if FEV1 or FVC < 1 L). Exhalation to RV
should be completed within 6 seconds.

Expiratory airflow can be expressed either by a
volume over time curve or a flow-volume curve. The
ratio of FEV1 over FVC can then be calculated. The
flow-volume loop is generated by having the patient
inhale deeply to TLC, forcefully exhale until the lungs
are emptied to RV and rapidly inhale to TLC; flow is
plotted on the y-axis and volume on the x-axis. Flow
climbs rapidly to peak expiratory flow; once reached,
the flow rate falls in an almost linear fashion, inde-
pendent of patient effort, as any increased effort by
the patient causes dynamic compression of small,
unsupported airways (more so as lung volume falls),
and so the flow cannot be increased by increased
effort.

In patients with reduced FEV1 two patterns are
recognized: reduced FEV1 with normal or increased
FVC and a FEV1/FVC ratio less than 0.7, which is an
obstruction, as in COPD (Figure 1.1). Where both
the FEV1 and FVC are reduced, the ratio remains
above 0.7, and the pattern is described as restrictive
(Figure 1.2), as seen in pulmonary fibrosis or pleural
thickening. In reality, many patients present with a
mixed restrictive and obstructive picture, so they
cannot simply be classified by their spirometric data.
The flow-volume loop is also used to diagnose and
assess fixed upper airway obstruction (Figure 1.3) as
seen in post-intubation tracheal strictures, tracheal
tumours and goitres.

When spirometry was being investigated as a
predictor of morbidity and mortality post lung
resection, the studies were performed on a popula-
tion of patients undergoing surgery for lung cancer
who were predominantly male[1]. It was said that a
patient should be left with 800 ml of FEV1 after
pulmonary resection. The normal values of FEV1
and FVC for men and women of different heights

Section I: Diagnostic work-up of the thoracic surgery patient
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(a) Figure 1.1 A Volume-time curve of a
patient with obstructive lung disease: the
FEV1 is reduced while the FVC is normal
but takes longer than 6 seconds to reach.

(b) Figure 1.1 B Flow-volume loop of a
patient with obstructive lung disease: the
peak flow rate is reduced and the flow
rate is very low in relation to lung volume,
giving the curve a concave appearance.

Chapter 1: Lung function assessment
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and ages are known, so FEV1 and FVC can be
expressed as a percentage of the normal value for
that patient. By using percentage predicted values
rather than absolute values of volume, discrimin-
ation against female and small patients is avoided.
A 5-foot-tall, 80-year-old woman with an FEV1 of
1.5 L has normal lung function (96% predicted); a
6-foot-tall, 40-year-old man with the same FEV1 has
severe COPD (39% predicted).

Transfer factor
Gas exchange between the capillaries and alveoli
occurs by simple diffusion from high to low partial
pressure across the capillary membrane. This is
governed by Fick’s law, which states the volume of
gas diffusing across a membrane per unit time is
proportional to the area of the membrane; the diffu-
sion constant (also known as permeability coefficient)
of the gas and the difference in partial pressure of the
gas either side of the membrane are inversely propor-
tional to the thickness of the membrane.

To measure the transfer factor across the alveolar
capillary membrane, a gas is needed which does not
build up on the capillary side and so is only limited by
diffusion – carbon monoxide (CO) binds avidly to
haemoglobin, and hence there is little rise in its partial
pressure in the capillary.

The transfer factor is the volume of gas trans-
ferred per minute from alveoli to capillary divided
by the difference of the partial pressures of gas in
the alveoli and the capillary. It is dependent on the area,
thickness and diffusion properties of the blood gas
barrier and is measured using a single-breath-holding
technique. The patient takes one breath of dilute CO,
which is held for 10 seconds and then exhaled,
allowing the rate of disappearance and alveolar partial
pressure to be measured; the capillary partial pressure
is assumed to be zero.

The transfer factor is given in ml/min/mmHg and
is the value for the whole ventilated lung volume.
Thoracic surgeons rarely use the absolute value but
more commonly use the percentage of predicted for
the patient’s gender, age, height and weight. The kCO
is the transfer factor per unit lung volume and is most
commonly used by physicians following patients with
interstitial lung disease and its treatment.

Lung volumes
Lung volumes can be measured in two ways: gas
dilution and body plethysmography.

Gas dilution
The patient is connected to a spirometer of known
volume containing a known concentration of helium,

(a) Figure 1.2 A Volume-time curve of a
patient with restrictive lung disease: the
FEV1 and FVC are reduced; the duration
of expiration is normal.

Section I: Diagnostic work-up of the thoracic surgery patient

4

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.001
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:20:51, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.001
http:/www.cambridge.org/core


(b) Figure 1.2 B Flow-volume loop of a
patient with restrictive lung disease: the
peak flow rate and total volume exhaled
are reduced.

(a) Figure 1.3 A Volume-time curve of a
patient with a fixed upper airway
obstruction: consider this diagnosis if the
peak flow is close to the FEV1.
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chosen because it is insoluble in the blood. After a
number of breaths, the concentrations in the spirom-
eter and the patient’s lungs equalize and can be
measured. The product of the initial concentration
and volume of the spirometer is equal to the product
of the new concentration and the sum of the volumes
of the spirometer and the patient’s lungs. This only
measures the volume of ventilated parts of the lung.

Body plethysmography
Also known as the body box, the body plethysmo-
graph is a large airtight box in which the patient sits
with his or her mouth connected to a tube which exits
the box. At the end of normal expiration, a shutter
closes on the mouthpiece and the patient inhales,
expanding the gas in his or her lungs and changing
the volume and pressure in the box. Boyle’s law (pres-
sure multiplied by volume is constant, at constant
temperature) is applied to both the patient’s lungs
and the box. The volume in the box is known; the

pressures in the box before and after inspiratory effort
are measured, so applying Boyle’s law to the box
allows the change in volume with inspiratory effort
to be calculated. The mouthpiece pressure before and
after inspiration is measured so Boyle’s law can be
applied to the patient’s lungs. The initial pressure
multiplied by the lung volume is equal to the new
pressure multiplied by the sum of the change in
volume in the box and the lung volume; the change
in volume in the box has been calculated by applying
Boyle’s law to the box. This method of calculating
lung volume includes non-ventilated segments
of lung.

Predicted post-operative (ppo)
lung function
Chest surgeons are interested in their patient’s lung
function after resection, which is dependent on the
extent of resection and the pre-operative function.

(b) Figure 1.3 B Flow-volume loop of
patient with a fixed upper airway
obstruction: the lack of change of calibre
of the obstruction in both inhalation and
exhalation causes similar flattening of
both inspiratory and expiratory portions
of the loop.

Section I: Diagnostic work-up of the thoracic surgery patient
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Ppo lung function can be estimated in two ways:
segment counting and quantative VQ scan.

Segment counting
Segment counting is the simplest method of deter-
mining post-operative lung function once the extent
of pulmonary resection required has been deter-
mined. The pre-operative FEV1 or transfer factor is
multiplied by the number of remaining ventilated
segments after surgery divided by the number of
ventilated segments prior to surgery. Atelectatic seg-
ments on CT or obstructed segments at bronchoscopy
are excluded as they did not contribute to the pre-
operative lung function and if not resected will not
contribute to the post-operative lung function.

Quantitative VQ scan
Quantitative VQ scan is especially useful in patients
who may undergo pneumonectomy. It can be more
accurate than segment counting or estimating using a
55% right, 45% left lung split; central tumours or
tumours with hilar nodal disease (for which pneu-
monectomy may be required) often cause pressure on
the pulmonary artery (a high-flow but low-pressure
system) to the lung and significantly reduce the pro-
portion of the flow to the affected lung. Following
quantative VQ scan, the pre-operative FEV1 and
transfer factor are multiplied by the proportion of
perfusion to unaffected lung to give ppo values.

Upper, middle and lower zone perfusion can be
calculated for patients undergoing lobectomy, but this
is unhelpful as the fissures are oblique; oblique views
can be used to illustrate the perfusion and ventilation
to various lobes but not for calculating lobe-specific
perfusion values or ppo values.

PpoFEV1 predicting operative risk
Anumber of small case series have shown a ppoFEV1 of
less than 40% to place patients at a substantial risk of
post-operative death and complications compared with
those whose ppoFEV1 was greater than 40%. The rela-
tionship of low ppoFEV1 to increased pulmonary com-
plications was confirmed in a large series of 331 patients
by Kearney et al. (1994)[2]. There have been studies
showing that patients with ppoFEV1 < 40% can suc-
cessfully undergo anatomical pulmonary resection
without excess risk, and so ppoFEV1 alone cannot be
used to deny patients access to curative surgery.

Ppo transfer factor predicting post-
operative risk
Initially shown by Ferguson et al. (1988), a ppo trans-
fer factor of less than 40% is a strong predictor of
post-operative mortality[3]. Transfer factor is often
low in patients with a low FEV1 but is not always
preserved in patients with normal spirometry. Bru-
nelli et al. (2006) showed that a ppo transfer factor <
40% in patients with normal spirometry was a reliable
predictor of post-operative complications[4]. Hence
transfer factor should be measured as routine when
assessing candidates for lung resection, not just in
those with a poor FEV1.

Confounding factors
The ppo value of FEV1 overestimates the patient’s
lung function in the initial recovery after surgery as
this value is affected by chest wall trauma and pain. It
also underestimates the value in the long term, espe-
cially after lobectomy where the remodelling of the
chest and expansion of the remaining lung mean
values higher than the predicted values by a year.
Ppo values seem to be most accurate between 3 and
6 months after pulmonary resection.

Another confounding variable in considering ppo
lung function is the possibility of having a ‘lung
volume reduction effect’ as a side effect of lobar
resection for lung cancer. Most patients with lung
cancer have an element of pulmonary emphysema,
and if a carcinoma contained in a severely emphyse-
matous upper lobe is resected, the same beneficial
effect of reducing intra-thoracic hyper-expansion
and removing non-functioning lung tissue may be
seen, as is seen with a pure lung volume reduction
operation. This allows patients with severely reduced
pre-operative lung function to be considered for sur-
gery and makes ppo values of FEV1 and TLCO
(transfer factor for the lung for carbon monoxide)
inaccurate. There is growing evidence that this effect
is evident early after surgery, having been shown on
the first post-operative day and at discharge.

Exercise testing
Exercise testing is theoretically attractive to the thor-
acic surgeon wishing to effectively counsel his
patients about their ability to withstand post-
operative complications, which are commonly
respiratory and cardiovascular in nature. Testing the
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patient’s physiological ability to deliver oxygen to
respiring tissues, utilize it and expel carbon dioxide
seems to closely mimic the post-operative situation.
There are a number of tests involving exercise of
varying complexity.

Simple
Stair climbing
While this test is not sophisticated, if performed by
the surgeon, it allows for assessment of the patient’s
motivation and ‘fighting spirit’, which are difficult to
quantify but play a significant role in coping with
recovery after pulmonary resection. Patients are stood
at the bottom of a set of stairs and their saturation
and pulse are measured. They are then asked to climb
the stairs at the pace of the surgeon, using the hand-
rail only for balance and aiming to climb two floors. If
they manage to climb two floors without stopping,
having angina or desaturating by more than 4%, then
they are fit for thoracic surgery. Investigators have
tried to standardize this simple test by reporting alti-
tude climbed in metres; it seems that those climbing
less than 12 m have a 50% risk of complications[5].

Intermediate
Shuttle Walk Test (SWT)
The patient walks between two cones placed 9 m apart
in time to a set of beeps played on a CD. With turning
distance, one shuttle is 10 m. The walking speed
required to keep up with the beeps increases incre-
mentally. The number of completed shuttles is
recorded, and the test ends when patients are too
breathless to continue or they are more than 0.5 m
from the cone at a beep for two shuttles. Completing
25 shuttles (250 m) is considered to imply average risk
for pulmonary resection, as by regression this is
thought to imply a VO2max of 10 ml/kg/min. This
has not been consistently shown in practice, and while
passing an SWT is a good sign that a patient has an
acceptable risk for pulmonary resection alone, it
should not be used to exclude patients.

Six-minute walk test (SMWT)
Over a flat track of at least 25 m in length, patients are
asked to walk as far and as fast as they can in the 6
minutes. The result is the distance covered. Encour-
agement is given, and if patients have to stop, for a
non-sinister reason, then they are asked to continue

when able. As there is an element of learning in
performing the test, it should be done twice and the
best result used. The predictive normal values for
SMWT are based on sex, age, height and weight. It
has not been evaluated fully enough to use in
pre-operative evaluation for pulmonary resection for
lung cancer.

Complex
The cardio-pulmonary exercise test (CPET) allows
measurement of the maximal oxygen uptake
(VO2max). It requires a means of exercising the
patient – usually a cycle-ergometer (a cycle on which
the work rate of the patient can be determined and
varied by the examiner), continuous electrocardio-
gram and oxygen saturation measurement, the ability
to continuously measure exhaled carbon dioxide and
oxygen, and non-invasive blood pressure testing. The
patient’s expected maximal heart rate is determined,
and then he or she is incrementally exercised until this
is reached, the patient gives up or a medical compli-
cation intervenes. The maximum oxygen uptake
during the test is reported in ml/kg/min; it can also
be given as a percentage predicted.

This test is complex and demands a lot of time,
expensive equipment and highly trained technical
staff. It also requires a patient who can pedal a sta-
tionary cycle or walk on a treadmill. It is an indirect
test of the patient’s motivation. Most pre-operative
assessment algorithms submit patients whose ppo
spirometry is borderline to this test. Unfortunately,
these patients are likely to have a borderline result on
this test also. A result of > 15 ml/kg/min (or 60%
predicted) means the patient’s risk of death and com-
plications after surgery is average; those whose
VO2max is < 10ml/kg/min (or 40% predicted) have
a prohibitively high risk. The difficulty lies in dealing
with a result between 10 and 15 ml/kg/min, which is
where the majority of patients with borderline spiro-
metry will fall.

Using lung function tests in pre-
operative assessment
A number of learned societies have published
guidance for surgeons on selection of patients for
surgical treatment of lung cancer (see Box). While
these can only be used as guidance and the surgeon
must discuss the individual risks and benefits of a
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proposed procedure with the patient, these docu-
ments are helpful in informing our approach.

In patients with borderline ppo lung function
tests, the surgeon is more likely to recommend sur-
gery to a patient in whom he feels that surgery stands
a good chance of curing the disease.

ACCP
FEV1 and TLCO should be measured in all patients
and the ppo values calculated; if both are > 60%, no
further testing is recommended. If either is< 60% but
> 30%, then a simple exercise test such as stair
climbing or SWT is suggested. If either the ppo
FEV1 or ppo TLCO is less than 30%, then a CPET
should be performed. If patients fail an SWT (25
shuttles) or stair climbing test (<22 m), they should
then undergo a CPET. If patients’ VO2max is < 10
ml/kg/min or < 35% predicted, then they should be
counselled to undergo limited resection or non-
operative oncological treatment.

ERS/ESTS
FEV1 and TLCO should be measured in all lung
resection candidates. If both are > 80%, no further

testing is required. If either is < 80%, then exercise
testing is recommended (either CPET or stair
climbing as available). If the VO2max is > 20 ml/kg/
min or > 75% predicted, no further testing is
required. If VO2max is < 35% predicted or < 10 ml/
kg/min, then patients should undergo limited resec-
tion or non-operative treatment. If patients perform
between 35 and 75% predicted or between 10 and 20
ml/kg/min on CPET, then the ppoFEV1 and
ppoTLCO are calculated: if both are > 30%, then
the patient can undergo the proposed resection; if
one is < 30%, then the ppoVO2max is calculated; if
this is > 35% or> 10 ml/kg/min, then the patient can
undergo the proposed resection if not lesser resection
or non-operative treatment is recommended.

BTS/SCTS
Advocate a tripartite assessment of the patient’s risk
of operative mortality, a post-operative cardiac event
and post-operative dyspnoea. The first two are
achieved using an operative risk scoring system such
as Thoracoscore[6] and the American College of Car-
diologists, American Heart Association Guidelines[7].
Assessment of dyspnoea risk is achieved using
ppoFEV1 and ppoTLCO by segment counting or
VQ scan. Those where both are > 40% have a low
risk; if one or both are < 40%, exercise testing
should be considered. An SWT > 400 m or a
VO2max > 15 ml/kg/min is considered adequate.
Once a patient’s risk is determined, the surgeon is
then advised to discuss those risks with the patient
and determine the best course of action for that
specific patient.

Conclusion
The thoracic surgeon having a good understanding of
respiratory physiology and the available tests for its
assessment can advise patients of the short- and
long-term risks of surgery. An understanding of the
pathology and natural history of the disease being
treated is also vital to help the patient to make an
informed decision. Thoracic surgical patients are
complex, and as such, while lung function tests give
a surgeon a quantitative data, their application is a
matter of clinical judgement.

Acknowledgement: Mr Pilling wishes to acknow-
ledge the assistance of Mark Unstead, Chief Respira-
tory Physiologist, Royal Berkshire Hospital, with the
figures in this chapter.

Guidelines for assessing fitness for radical surgery
for lung cancer

European Respiratory Society (ERS), European
Society of Thoracic Surgery (ESTS):
Brunelli A, Charloux A, Bolliger CT. ERS/ESTS clinical
guidelines on fitness for radical therapy in lung
cancer patients (surgery and chemoradiotherapy)
Eur Respir J 2009; 34:17–41.

British Thoracic Society (BTS) and the Society for
Cardiothoracic Surgery (SCTS) in Great Britain and
Ireland:
Lim E, Baldwin D, Beckles M, et al. Guidelines on
the radical management of patients with lung
cancer. Thorax 2010; 65 (Suppl. 3).

American College of Chest Physicians (ACCP):
Brunelli A, Kim, AW, Berger DJ, et al. Physiologic
evaluation of the patient with lung cancer being
considered for resectional surgery: Diagnosis and
Management of Lung Cancer, 3rd edition:
American College of Chest Physicians evidence-
based clinical practice guidelines. Chest 2013; 143
(Suppl. 5):e166S–e190S.
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Chapter

2
Endobronchial and endoscopic ultrasound for
mediastinal staging
Robert C. Rintoul and Nicholas R. Carroll

Endobronchial ultrasound
Endobronchial ultrasound (EBUS) is a broncho-
scopic technique that uses ultrasound to visualize
structures within and adjacent to the airway wall.
There are two forms of endobronchial ultrasound –
radial probe and linear (or convex) probe. This
chapter will largely focus on the applications of
linear probe EBUS.

Radial probe EBUS
Radial probe EBUS provides a 360° image of the
airway wall and adjacent structures. It can be used
to (a) examine the airway wall layers, (b) localize
parenchymal lung nodules or (c) identify the position
of parabronchial and paratracheal lymph nodes prior
to sequential (non-ultrasound-guided) transbronchial
needle aspiration[1]. The latter application has been
largely superseded by the development of linear
EBUS. Nowadays, radial EBUS is predominantly used
to localize a peripheral parenchymal lung lesion to
allow placement of a guide sheath through which
biopsies can be taken[2]. While radial EBUS helps with
the localization of a peripheral lesion, the problem of
navigating to a peripheral bronchus remains, and
therefore, in recent years considerable effort has been
directed at the development of navigation systems to
aid guide sheath placement[3]. As navigation systems
improve, it is likely that the use of radial EBUS will
spread, but for the time being, it is limited to a rela-
tively small number of specialist centres.

Linear Probe EBUS
Linear probe EBUS was first described in 2003 using a
convex probe bronchoscope developed by Olympus

Medical Systems, Japan[4]. Several models are now
available, all of which comprise an electronic curved
linear array ultrasound transducermounted at the distal
end of a flexible bronchoscope (Figure 2.1). To provide
an ultrasound image, the transducer has to be brought
into contact with the airway wall – an inflatable balloon
can be placed over the transducer to improve contact.
Side-by-side conventional endobronchial and ultra-
sound imaging allow lymph node station identification.
Ultrasound imaging is undertaken at a frequency of
5–10 MHz, which allows tissue penetration of 10–50
mm. Using EBUS, it is possible to identify and perform
transbronchial needle aspiration (TBNA) frommedias-
tinal lymph node stations 2R, 2L, 3P, 4R, 4L and 7 and
hilar and interlobar nodes in stations 10R, 10L, 11R and
11L.With experience, lymph nodes as small as 4 mm in
short axis can be sampled using dedicated 21G, 22G or
25G needles (Figure 2.2).

Although EBUS can be performed under general
anaesthesia, in most centres it is performed under mod-
erate sedation using a combination of an intravenous

Core Topics in Thoracic Surgery, ed. Marco Scarci, Aman Coonar, Tom Routledge and Francis Wells. Published by
Cambridge University Press. © Cambridge University Press 2016

Figure 2.1 Linear probe EBUS.
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benzodiazepine and an opiate. Local anaesthetic is
applied to the oropharynx using spray, and a crico-
thyroid injection is often valuable to anaesthetize the
trachea.

During the procedure, all lymph node stations
should be identified and evaluated in a systematic
fashion before beginning to take any biopsies. The
technique for identification of each lymph node sta-
tion has been described previously[5]. On most ultra-
sound systems, Doppler is available which can help
differentiate vascular from non-vascular structures.
When staging the mediastinum, it is important to
consider which nodes are to be biopsied and in which
order. Lymph nodes classified as N3 should be biop-
sied initially, followed by N2 nodes, then N1 nodes and
finally the primary tumour if accessible. This approach
minimizes the risk of any sample cross-contamination
and inadvertent nodal upstaging.

Endoscopic ultrasound
Linear endoscopic ultrasound (EUS) has been available
since 2003 and uses an esophageal approach to evaluate
lymph nodes in the inferior and posterior medias-
tinum – stations 2L, 4L, 7, 8 and 9. In addition, EUS
provides access to the left lobe of the liver, the coeliac
lymph nodes and the left adrenal gland. Like EBUS,
EUS is normally performed under moderate sedation
and local anaesthesia. In combination, EBUS and EUS
can be used to access all the mediastinal and hilar/
interlobar stations bar lymph nodes in the true aorto-
pulmonary window (station 5) and pre-vascular nodes
(station 6) and anterior mediastinum (station 3A).

Both procedures can be performed under sedation
with local anaesthesia, and an experienced team can
perform the investigations in about 50 minutes.

Diagnosis and staging of lung cancer
The initial reports concerning the efficacy of EBUS-
TBNA were published as small case series between
2003 and 2006[4,6-8]. These were followed by sev-
eral larger non-randomized, prospective case series
drawn together in a meta-analysis in 2009, which
showed that the pooled sensitivity of EBUS-TBNA
was 0.93 (95% CI 0.91–0.94)[9]. A more recent meta-
analysis by Dong et al. (2013) incorporating 1066
patients, all of whom had surgical confirmation of
results, showed that the pooled sensitivity was 0.90
(95% CI 0.84-0.96) and pooled accuracy 0.96[10].

In 2011, Yasufuku et al.[11] reported the first pro-
spective, controlled trial comparing EBUS-TBNA
(under general anaesthesia) with mediastinoscopy
for mediastinal lymph node staging. The sensitivity,
negative predictive value and diagnostic accuracy
for EBUS-TBNA were 81, 91 and 93%, respectively,
and for mediastinoscopy 79, 90 and 93%. No signifi-
cant differences were found between EBUS-TBNA
and mediastinoscopy in determining N stage. Um
et al. (2015)[12] undertook a prospective study
in which 138 patients underwent sequential EBUS-
TBNA (under sedation and local anaesthesia) and
cervical mediastinoscopy with the aim of assessing
the efficacy of both approaches for mediastinal
staging. In those where no mediastinal nodal disease
was identified by either modality, surgical resection

(a) (b)

Figure 2.2 Ultrasound imaging using linear probe EBUS.
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and lymph node dissection were undertaken. In total,
138 patients underwent EBUS-TBNA and 127 had
both EBUS and mediastinoscopy. The prevalence of
N2/N3 disease was 59%. The diagnostic sensitivity,
negative predictive value and accuracy of mediastino-
scopy were 81, 79, and 89%, respectively. For EBUS-
TBNA the equivalent values were 88, 85 and 93%,
all of which were significantly higher than for
mediastinoscopy.

Combined endobronchial and
endoscopic ultrasound
Following early reports showing that EBUS had high
sensitivity and accuracy for staging the mediastinum,
some groups explored whether combined EBUS and
EUS could provide even better results. The rationale
for this approach is that while EBUS provides excel-
lent coverage of the anterior/superior mediastinum,
EUS offers better access to the posterior/inferior
mediastinal nodal stations. With the exception of
station 5 (which can sometimes be accessed by
EUS), station 6, and anterior mediastinum 3A, the
entire mediastinum can be covered using a combined
approach.

The first study to compare EBUS/EUS with surgi-
cal staging was undertaken by Annema et al. (2010) [13].
They performed a randomized, controlled trial in
which patients requiring mediastinal staging were
randomized to either EBUS/EUS (under sedation
and local anaesthesia) or surgical staging. In the
EBUS/EUS arm, those with no evidence of malig-
nancy were referred for surgical staging, usually med-
iastinoscopy prior to thoracotomy. In the endoscopic
arm, the sensitivity for detection of malignancy was
85%, which was not significantly different to 79% in
the surgical arm. However, if mediastinoscopy was
performed following a ‘negative for malignancy’
EBUS/EUS, the sensitivity for detection of malig-
nancy rose to 94%. However, this 9% increase in
sensitivity translates into the need for 11 mediastinos-
copies in order to identify one patient with medias-
tinal nodal disease.

Liberman et al. (2014)[14] have also compared com-
bined EBUS/EUS with surgical staging, albeit using a
different approach. They prospectively enrolled
166 patients with confirmed or suspected NSCLC
who required mediastinal staging into a study whereby
each patient underwent EBUS, EUS and surgical medi-
astinal staging during a single procedure. Each patient

served as his or her own control. Results from EBUS,
EUS and combined EBUS/EUS were compared with
surgical staging, and those with no evidence of nodal
malignancy went on to resection with lymph node
sampling. Overall the prevalence of mediastinal nodal
disease was 32%. The sensitivity, negative predictive
value and diagnostic accuracy of EBUS were 72%
(95% CI, 0.58–0.83), 88% (0.81–0.93) and 91%
(0.85–0.95), respectively. For EUS the equivalent
results were 62% (0.48–0.75), 85% (0.78–0.91) and
88% (0.82–0.92). Combined EBUS/EUS gave 91%
(0.79–0.97), 96% (0.90–0.99) and 97% (0.93–0.99),
respectively. The authors estimated that combined
EBUS/EUS prevented 14% of patients from undergo-
ing inappropriate thoracotomy.

Who should have combined EBUS
and EUS?
The selection of patients for combined EBUS and
EUS depends upon the clinical scenario. In cases
where pre-biopsy imaging studies (CT and/or PET-
CT) have shown extensive disease, it may only be
necessary to biopsy one or two lymph nodes in order
to obtain a histological diagnosis and confirm medi-
astinal involvement. In these cases we tend to select
either EBUS or EUS depending on the position of the
target node and the procedure which we feel is most
likely to provide the answer. However, if pre-biopsy
imaging in conjunction with the clinical scenario
suggests that treatment with potential curative intent
is possible (surgical resection, radical radiotherapy or
chemoradiotherapy), we undertake full systematic
mediastinal assessment using combined endobron-
chial and endoscopic ultrasound aiming to cover all
N3, N2 and N1 lymph node stations (barring
inaccessible station 5, 6 and 3A nodes). Until
recently, most centres have performed EUS and
EBUS using separate EUS and EBUS scopes. How-
ever, Hwangbo et al. (2010)[15] reported a prospect-
ive series of 150 patients with potentially operable
(suspected) NSCLC upon whom they performed
EBUS initially followed by EUS using the EBUS
bronchoscope (termed EUS-B). They found that the
sensitivity, negative predictive value and diagnostic
accuracy of EBUS-TBNA for the detection of medias-
tinal metastasis were 84, 93 and 95%, respectively.
Performing EUS with an EBUS bronchoscope to assess
nodal stations inaccessible by EBUS increased these
outcomes to 91, 96 and 97%, respectively. Overall

Chapter 2: Endobronchial and endoscopic ultrasound for mediastinal staging

13

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.002
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:20:45, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.002
http:/www.cambridge.org/core


these results are very similar to those obtained using
separate EBUS and EUS scopes.

Re-staging of the mediastinum
following neo-adjuvant chemotherapy
With the advent of treatment regimens using neo-
adjuvant chemotherapy, the need for mediastinal re-
staging following chemotherapy is increasing. Re-
staging the mediastinum is challenging and tradition-
ally has been undertaken using mediastinoscopy.
However, re-mediastinoscopy is technically more dif-
ficult to perform on account of adhesions and fibrotic
change induced by the initial procedure and induc-
tion treatment, and case series reporting sensitivity
for detection of residual disease have given widely
disparate results[16-18]. Usually the gold standard
that is applied in these cases is analysis of mediastinal
nodes at thoracotomy, although this can only address
the ipsilateral side.

To date, there have only been a few endosonogra-
phy studies which have addressed this issue. Herth
et al. (2008)[19] undertook a retrospective review of
124 patients with tissue-proven Stage IIIA N2 disease
who had been treated with induction chemotherapy
and who had undergone re-staging using EBUS-
TBNA. Surgical verification was performed in all
cases. The prevalence of persistent mediastinal disease
was 94%. Sensitivity for EBUS-TBNA detection of
residual malignancy was 76%. However, the negative
predictive value was low at 20%.

Szlubowski et al. (2014)[20] used transcervical
extended mediastinal lymphadenectomy (TEMLA)
to clarify mediastinal nodal status in a prospective
series of 106 patients undergoing combined endo-
bronchial and endoscopic ultrasound for induction
therapy for non-small cell lung cancer. The preva-
lence of persistent mediastinal nodal disease was
52%. Overall, diagnostic sensitivity of endosonogra-
phy for mediastinal metastases was 67% (95% CI
53–79), specificity 96% (95% CI 86–99) and overall
accuracy 81% (95% CI 73–87). The negative predict-
ive value was 73% (95% CI 61–83).

Taken together, these studies suggest that when-
ever possible, initial staging should be performed
using endobronchial and/or endoscopic ultrasound.
Initial re-staging should also be performed using
endobronchial and/or endoscopic ultrasound. How-
ever, given the low negative predictive value of EBUS/
EUS, when there are negative findings, there should

be consideration of surgical staging (mediastinoscopy)
prior to thoracotomy.

Role of linear EBUS in the diagnosis of
isolated mediastinal lymphadenopathy
Isolated mediastinal lymphadenopathy is a common
clinical problem for which EBUS is often used as a
first-line investigation. Although EBUS can often pro-
vide a diagnosis, there are some situations where a
surgical biopsy may be required for clarification, and
careful consideration as to the probability of the final
diagnosis will help selection of the best test or com-
bination of tests.

A number of groups have shown that EBUS has
high diagnostic sensitivity in cases of sarcoidosis,
Mycobacterium tuberculosis and lymphadenopathy
due to metastatic extra-thoracic malignancy[21-25].
While EBUS (with transbronchial biopsies) will pro-
vide a diagnosis in the majority of cases of sarcoido-
sis, some cases of ‘burnt out’ sarcoid will require a
surgical biopsy for confirmation because the yield of
diagnostic material showing non-caseating granulomas
from fibrotic lymph nodes is very low in a fine-needle
aspirate. If the pre-test probability of Mycobacterium
tuberculosis is high, material should always be sent for
culture because the bacillary load in intra-thoracic
lymph nodes is often low and acid-fast bacilli may not
be seen on light microscopy.

The role of EBUS-TBNA in the diagnosis of
lymphoma and recurrent lymphoma is unclear. While
a presumptive diagnosis of lymphoproliferative disease
may be established by EBUS using a combination of
cytopathology and flow cytometry, a surgical biopsy is
often required to confirm a specific histological sub-
type and/or grade. To date, the reported literature
around the efficacy of EBUS-TBNA for diagnosis of
lymphomas is quite variable, and at the present time, in
cases of suspected lymphoma, close liaison between
bronchoscopists, thoracic surgeons and the lymphoma
MDT (multdisciplinary team meeting) is recom-
mended to achieve the optimal approach to diagnosis.

Complications
Overall, EBUS and EUS are very safe techniques.
Major complications are rare, and minor complica-
tions such as cough, hypoxaemia and self-terminating
post procedure pyrexia are similar to those seen
with flexible bronchoscopy. As the number of cases
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performed globally has risen in recent years, large
analyses of complications have been undertaken.
One review looked at 16 181 cases from 190 studies
and reported a serious adverse event rate of 0.05% for
EBUS and 0.3% for EUS[26]. However, the authors
suspected that under-reporting bias exists in individ-
ual studies, and a prospective registry study which
evaluated 1317 EBUS-TBNA cases showing a compli-
cation rate of 1.44% would support this view[27].

Training
Until now there has been relatively little written about
the training requirements for EBUS. Kemp et al.
(2010)[28], using cumulative-sum analysis, showed
that the learning curve over the first 100 cases per-
formed by five experienced bronchoscopists was
quite variable in terms of length of time before com-
petence in EBUS-TBNA was achieved. Bellinger et al.
(2014) [29] showed, maybe not surprisingly, that the
diagnostic yield of trainees and experienced broncho-
scopists improved with increasing experience, with
the latter group achieving a 90% yield after 50 proced-
ures. Stather et al. (2014)[30] looked at competency
among interventional pulmonary fellows in the
United States and Canada. On-going improvements
in technical skill were still being seen after 200 proced-
ures, and one-third of participants did not achieve
expert-level technical skill during their fellowship

training. Currently there are no specific guidelines
on training required, and most national societies have
avoided stipulating a specific number of procedures
to be performed before an individual is deemed com-
petent as such numbers are often arbitrary and rather
the focus should be on monitoring an individual’s
performance and outcomes. It should be remembered
that the skill level required for fully assessing and
accurately staging the mediastinum including biopsy
of sub-centimetre nodes to achieve a high negative
predictive value is very different to that required for
biopsying a large station 4R or 7 lymph node for
diagnostic purposes only. As with many procedures
requiring manual dexterity and hand-eye co-ordin-
ation, increasing experience is likely to produce better
and more consistent results.

The increasing use of EBUS/EUS also has impli-
cations for the trainee surgeon learning surgical
staging procedures such as mediastinoscopy. Vyas
et al. (2013)[31] have noted that the number of
mediastinoscopies being performed is decreasing,
an effect we have also noted in our own centre.
Although the requirement for fewer mediastinosco-
pies may be seen as a positive step, it should be borne
in mind that if surgeons become less skilled in the
procedure, it becomes more challenging to under-
take, particularly in complex situations such as the
re-staging scenario following neo-adjuvant chemo-
therapy [32].
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Chapter

3
Staging of lung cancer
Mediastinoscopy and VATS
Gaetano Rocco and Giuseppe De Luca

Mediastinoscopy and lung cancer
Mediastinoscopy serves the purpose of providing
tissue for the diagnosis of masses in the mediastinum.
In addition, cervical mediastinoscopy is used to access
the lymph nodes located in the middle mediastinum
which represent the N compartment of the modern
TNM staging for lung cancer[1,2]. In addition, cer-
vical mediastinoscopy represents a valid diagnostic
tool for the diagnosis of lymphoma. Less frequently,
it is possible to perform an extended mediastino-
scopy by which the surgeon gains access to the lymph
nodes of a specific area of the anterior mediastinum,
namely, the pre- and subaortic ones beyond the
reach of cervical mediastinoscopy. A safe and reli-
able performance of the procedure also in relatively
inexperienced hands has been made possible by the
implementation of video-assisted mediastinoscopy[1,2].
As a result, tutoring of cervical mediastinoscopy has
since become routine as well as recording of the
procedure for medico-legal and training purposes.
Video-assisted cervical mediastinoscopy for staging
requires the patient to be under general anesthesia
and the surgeon to perform the procedure according
to time-honoured principles.

Surgical anatomy of video-assisted mediastino-
scopy. A basic knowledge of the anatomy of the
mediastinum is mandatory for the trainee approach-
ing a surgical mediastinal exploration. The corridor
where the mediastinoscope needs to be inserted is a
parallelepiped.1 The posterior face of this geometric
space is the anterior wall of the trachea, and it is
first visualized when the mediastinoscope is first
inserted in this corridor. The anterior wall of the

trachea is indeed the pavement of this corridor and
represents the landmark always to be kept in sight
for orientation during the procedure. Laterally, the
superior vena cava and the right paratracheal nodal
stations are found. On the left side, lateral to the
trachea, are the left carotid artery, the paratracheal
nodal stations and the left recurrent nerve. Anteri-
orly, the innominate artery crosses this space as it
emerges from the aortic arch towards the right
thoracic inlet. At the carinal level, the pulmonary
artery runs anteriorly, partially hidden by the sub-
carinal nodes. Laterally, on the right-hand side, the
azygos vein is found as it encroaches the right main
stem bronchus.

1. With the patient supine, a roll must be placed
under the shoulder – usually transversally at the
level of the angle of the scapula – in order to
obtain maximal extension of the neck at the
jugular notch (‘thyroid position’).

2. Surgical draping should include an area ranging
from the chin to the umbilicus sagittally and
extending from one posterior axillary line to the
contralateral transversally. A sternal saw should be
made available on the surgical tray for open
surgery at all times.

3. As opposed to first-generation rigid
videomediastinoscopes, more recent instruments
are devised much like a speculum with one
dilating blade, which contributes to controlling
and ‘fixing’ the surgical field, making dissection
and biopsy more precise. In addition, complete
removal of nodes and other operative steps can be
facilitated by bimanual handling of endoscopic
instruments. At times, also open surgery
instruments can be introduced through this
single-access approach to the mediastinum.

Core Topics in Thoracic Surgery, ed. Marco Scarci, Aman Coonar, Tom Routledge and Francis Wells. Published by
Cambridge University Press. © Cambridge University Press 2016

1 Parallelepiped is a three-dimensional figure formed by six
parallelograms.
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4. The incision must be placed at one fingerbreadth
above the jugular notch; careful hemostasis should
be obtained by ligating small venous vessels
encountered as the dissection proceeds to the
pretracheal fascia. Crucial technical details for
successful blunt dissection are using the index
finger pressing on the linea alba to guide the
dissection into the deeper layers, stepwise
retraction of the paratracheal muscles with
increasingly longer retractor blades and
releasing and cranially dislocating the thyroid
isthmus by ‘hooking’ it with the left (right,
for the left-handed) index finger prior to
inserting the videomediastinoscope under the
opened pretracheal fascia. The instrument must
slide onto the first phalanx of the index finger
into the pretracheal space (‘ship launching’)
previously created upon opening of the fascia.
To this respect, the tunnel under this fascia is
created with the purpose of enlarging the
cylinder for the videomediastinoscope by gently
applying a finger dissection in all directions.
Forceful movements should be avoided at
all times.

5. The videomediastinoscope is supposed to explore
potentially blind areas such as the anterior
nodal stations (i.e. 1 and 3) which may go
unnoticed during the procedure. The need to
identify and avoid the course of the recurrent
nerve on the left tracheal groove cannot be
overemphasized. Probing an unidentified
structure, especially if detected in an uncommon
anatomic location, represents good practice. As a
rule, superb visualization through video-assisted
mediastinoscopy, good common sense and a solid
knowledge of the anatomy should make routine
probing unnecessary.

6. Bleeding from sampling nodes is usually an easily
controllable event. Diathermy coagulation,
clipping or simple tight packing all represent
effective measures to gain time before completing
the diagnostic procedure (i.e. stations 2–4R, 7,
2–4L and 3). The diathermy cautery should not
be used in the vicinity of the recurrent nerve.
Hemostatic powders or foams tend to cover the
surgical field, impeding further visualization.
Rarely, the surgeon is confronted with the
dilemma of whether to proceed to repeated biopsy
of anthraco-sclerotic nodes strictly adherent to

major vessels. However, this is often the case with
re-staging mediastinoscopy. In this circumstance,
there is nothing which can replace experience
and a balance between the risks and the potential
clinical benefit resulting from the diagnosis
(i.e. PET-negative nodes after chemotherapy)
should be carefully established.

Recently, modifications of the classic cervical medias-
tinoscopic approach, aimed at providing lymph node
dissection rather than sampling, were introduced in
clinical practice due to the refinement of techno-
logy providing video-assistance and the availability
of maneuverable endoscopic instruments. As an
example, video-assisted mediastinal lymphadenect-
omy (VAMLA) and transcervical extended medias-
tinal lymphadenectomy (TEMLA) have been added
to the armamentarium of thoracic surgeons with
the aim of providing one single surgical access for
the exploration and complete removal of multiple
mediastinal stations located on the same side or
opposite to the primary tumour (T). The advantages
of a pathological assessment of both ipsilateral and
contralateral mediastinal lymph nodes to better select
surgical candidates and prospect a neo-adjuvant treat-
ment for those found with clinically undetected meta-
static deposits are obvious. Yet, critics of these
approaches emphasize the persistent inaccessibility
of stations 5/6 on the left for VAMLA and 8–9 for
TEMLA. Also, TEMLA would most likely require a
separate session under general anesthesia since com-
plete assessment of the numerous nodes would man-
date a careful histological and immunohistochemical
analysis[3–9].

Mediastinoscopy and EBUS
Already defined ‘medical mediastinoscopy’, EBUS
is being extensively used to stage the mediastinum
in view of comparable results to mediastinoscopy in
terms of sensitivity and specificity[10,11]. Also, costs
have often argued against the use of mediastinoscopy
in favour of EBUS[12]. Recent evaluation seems to
confute point by point this view. As a result, while
some surgeons still consider mediastinoscopy the
‘gold standard’ for mediastinal staging[13,14], others
have conceived a pathway including EBUS for staging
and mediastinoscopy for re-staging of lung cancer.
Although the extent of the surgical exploration of
the N compartment varies with the interpretation
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of the idea of ‘locally advanced NSCLC’, the use of
mediastinoscopy in a previously intact surgical field
may avoid the untoward complications and the
reduced accuracy of re-staging mediastinoscopy[15–18].

VATS for lung cancer staging
In the last two decades, video-assisted thoracoscopic
surgery (VATS) has radically changed routine general
thoracic surgical practice, becoming a fundamental
component of minimally invasive thoracic surgery[19].
Indeed, conventional open surgery has been affected
by VATS in as much as surgeons have been induced
to limit the invasiveness of open thoracotomy and
introduced videoassistance in the so-called hybrid
approaches to the chest[20]. The techniques of VATS
have themselves evolved from the traditional three-port
approach to the use of uniportal VATS for the
diagnosis and treatment of several intrathoracic
conditions[21]. In this context, VATS is currently
utilized for accepted indications, one of them being lung
cancer staging[22,23].

1. Pleural effusion suspected for M1a. This
represents the most widely accepted indication for
the use of VATS[24]. The British Thoracic Society
guidelines recommend thoracoscopy for
suspected but unproven effusions, both under
general or local anesthesia, given the 90% accuracy
and control of recurrence rates reported in the
literature[25,26]. Recently, Katlic et al. have
reported on 353 patients managed with VATS
utilizing local anesthesia and sedation. In this
series, 66 patients had malignant pleural effusion
from lung cancer in whom the procedure was
performed via one port only[27,28]. The
concomitant presence of loculations may indicate
the addition of another port to facilitate biopsies.
Irrespective of the number of ports used during
VATS for pleural effusion, pleural nodules
represent an obvious target for biopsy. However, a
frozen section of the specimen should be obtained
to confirm diagnosis and facilitate prompt start of
chemotherapy. The presence of endobronchial
obstruction may cause concurrent effusion, which
might be due to atelectasis of the lung. In addition,
the detection of conglomerates with gelatinous
consistency (‘jellyfish’) concomitant to lung
cancer should raise suspicion of an M1a effusion
and should be sent for frozen section.

2. Mediastinal nodal disease suspected for
multistation N2 or N3 disease. When cervical
mediastinoscopy poses significant technical
difficulties or is not deemed feasible (i.e. previous
neck dissection, huge goitre) or mediastinal nodal
stations unreachable by conventional
mediastinoscopy need to be sampled (i.e. for
histological confirmation of PET positive nodes),
VATS can be a useful alternative. VATS has
increasingly been shown as an excellent approach
to remove mediastinal nodes[29–30]. Both uniportal
and conventional VATS can be used. The patient
lies in the lateral decubitus position. Double-lumen
tube is needed to ensure lung exclusion. The
standard baseball diamond configuration is used
to target the nodal station to be biopsied[31].
Conventional endoscopic instrumentation can be
utilized. Alternatively, only one incision (2–2.5
cm) is placed in the fifth intercostal space, 1 cm
posterior to the scapular line for lesions in the
anterior or middle mediastinum (or anterior to
the scapular line for lesions in the posterior
mediastinum), and the mediastinal pleura is
elevated by using an articulating endograsper.
When mediastinal nodes in stations L6 or L5 are
addressed, caution should be used to use
diathermy to avoid phrenic or recurrent nerve
injuries. The mediastinal lymph node can be
biopsied as in the conventional mediastinoscopic
approach or can be removed entirely[31,32].
Irrespective of the clinical stage, the need for
biomolecular studies mandates an adequate size of
the biopsy specimen. Many surgeons use a
standard suction device to dissect the nodes or,
alternatively, endokittners. The suction needs to
be clamped when not needed for hemostasis to
avoid undue lung re-expansion and subsequent
obstruction of the surgical field. Endoclip devices
are used for unrelenting bleeding from a small
arterial vessel; alternatively, energy devices such as
Ligasure or Ultracision may be utilized for
peribronchial dissection.

3. VATS pericardial biopsy and window. Isolated
pericardial effusions are quite rare since they
are more frequently found in association with
pleural effusion. When a tissue diagnosis is
necessary and the cytology on previously
aspirated fluid was non-diagnostic, the
pericardium can be approached thoracoscopically
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either by conventional (three-port) or uniportal
VATS[33,34]. Interaction with the anesthesiologist
is of utmost importance to decide the anesthetic
regimen to control alterations of blood pressure
related to surgical maneuvers. A chest CT will
contribute to the selection of the side with the
most prominent pericardial effusion. If the
uniportal approach is selected, the incision is
placed in the fifth intercostal space, 1 cm behind
the scapular line. The area of pericardium to be
incised is carefully chosen anterior to the phrenic
nerve. If possible, probing of the pericardial
effusion with a long spinal needle is feasible both
with conventional and with uniportal VATS. By
releasing the intrapericardial pressure, the
aspiration of small amounts of fluid will make

Figure 3.1 Video-assisted mediastinoscopic view: left-sided
tracheobronchial node.

Figure 3.2 Video-assisted mediastinoscopic view: right-sided
tracheobronchial node.

Figure 3.3 Video-assisted mediastinoscopic view: left-sided
paratracheal node.

Figure 3.4 Video-assisted mediastinoscopic view: right-sided
paratracheal node.

Figure 3.5 Video-assisted mediastinoscopic view:
subcarinal nodes.
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Figure 3.7 Uniportal video-assisted
thoracoscopic view: biopsy of
mediastinal mass.

Figure 3.6 Macroscopic appearance of
the parietal pleura during video-assisted
thoracoscopy. Biopsy of white nodules.

Figure 3.8 Wedge resection of a lung
metastasis by uniportal video-assisted
thoracoscopic approach.
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grasping of the target area of the pericardium
easier. To this purpose, an Allis clamp is
introduced parallel to the thoracoscope during
uniportal VATS and through one of the operative
ports during conventional VATS. The
pericardium is gently suspended, and an incision
is performed with endoscissors at the previous
puncture site still gushing pericardial fluid.

Once the first incision is placed, the window
can be completed under direct thoracoscopic
visualization of the pericardial cavity[34].

4. Wedge resection of peripheral pulmonary
nodule. In the event of a synchronous nodule or
ground glass opacity with predominant nodular
pattern, either contralateral to or ipsilateral to
the primary tumour, the need for histological
characterization of the lung lesion may arise.
For peripheral nodules, a minimally invasive
approach is warranted, either open or VATS.
While during the former palpation of the lung
usually yields the identification of the lesion,
the visualization of the target lesions in the
lung may become more challenging, especially
if the nodule is not immediately subpleural.
Although in select circumstances some degree
of lung palpation may still be feasible with
conventional, three-port VATS, other techniques
of localization (i.e. with dye, hookwire, Tc99,
ultrasounds) may be necessary to identify the
nodule[35–37].
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Chapter

4
Access to the chest cavity
Safeguards and pitfalls
Laura Socci and Antonio E. Martin-Ucar

Introduction
The choice of incision is vital for procedures in the
thoracic cavity. The main principle should always be
adequate exposure in order to perform a safe and
effective procedure without compromise. However,
the trauma of entering the chest cavity is particularly
severe with impact on pain, muscle performance and
respiratory function. As with surgical access in any
region of the body, surgeons have always tried to
minimize the impact of this trauma in the thoracic
wall. As a result, we have at our disposal a myriad of
incisions to choose from when facing thoracic pro-
cedures, with their own indications and pitfalls. As a
general rule, in order to decide our approach, we have
to take into account the indication for surgery, the
anatomical location of the pathology, the likelihood of
encountering difficulties (such as previous surgeries
or locally invasive tumours), the pre-operative assess-
ment of the patient, the predicted extent of side effects
and also the patient’s views in term of cosmesis and
recovery.

Common to all techniques are the basic principles:
correct positioning of the patient on the operating
table, anatomical landmarks to place the incision,
correct tissue handling and haemostasis and gradual
spread of ribs/sternum to minimize trauma. For the
purpose of this chapter, we will divide the incisions
into three main groups: open approaches in lateral
decubitus position (muscle and non-muscle sparing),
open approaches in supine position (sternotomy,
anterior thoracotomy, clamshell and their variations)
and minimally invasive approaches (VATS and
hybrid). We will describe the techniques with points
regarding their main indications and their potential
pitfalls.

Techniques
Open approaches in lateral decubitus
The majority of the chest wall approaches for thoracic
surgery procedures are still performed in the lateral
decubitus position. It is crucial that multiple pressure
points are padded, with the dependent leg flexed with
a pillow between the legs. Ideally, both arms should be
flexed ‘in the prayer position’, although this can vary
depending on the surgeon’s preference. It is import-
ant to widen the intercostal spaces to be entered by
hyperextending the chest cavity with a roll positioned
under the dependent chest at the level of the tip of the
scapula or by ‘breaking’ the operating table mechan-
ism. We must remember to secure the patient to the
operating table by using straps, beanbags or stops not
only for safety but also to allow for table movements
during the operation.

Posterolateral thoracotomy
The posterolateral thoracotomy is one of the most
traditional procedures; however, it is no longer a
routine choice because of post-operative pain and
the severe impact on the chest muscle. Yet, it is a
viable option when a large view is needed, as in the
case of major surgery that includes the diaphragm.

The skin incision is performed by joining a point
2–3 cm below the tip of the scapula and the point on
the midline between the middle of the spinal border
of the scapula and the spinous process of the vertebra.
This incision is extended anteriorly until the anterior
axillary line (Figure 4.1). The latissimus dorsi muscle
is carefully divided with cautery. The serratus anterior
muscle was traditionally divided although nowadays
is preserved by dividing its attachments to the ribs.
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Cambridge University Press. © Cambridge University Press 2016

25

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.004
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:20:40, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.004
http:/www.cambridge.org/core


The lateral border of the trapezius is exposed and can
be divided in cases where more posterior access is
required.

The chosen intercostal space to be entered is iden-
tified by counting the ribs from the top (posteriorly)
and can be performed by dividing the muscle itself or
by lifting the periostium off the rib below. In either
case, we aim to minimize damage to the intercostal
neurovascular bundle that runs at the inferior border
of the ribs. The parietal pleura is then entered so the
pleural cavity can be inspected for adhesions and
diagnosis. In cases where we suspect the presence of
dense adhesions, it is advisable to mobilize a portion
of the parietal pleura off the ribs above and below
prior to attempting to enter the pleural cavity to
reduce the risk of accidental damage to the lungs.

Once the parietal pleura is opened, the rib
spreader is inserted. The rib spreader is always
opened slowly and progressively, to minimize the risk
of accidental rib fracture and maybe to reduce post-
operative and long-term pain. In order to facilitate
exposure, some surgeons prefer to perform a poster-
ior transection of the rib or a blunt division of the
costo-transverse ligaments. Care must be taken
during these manoeuvres to avoid damage to the
intercostal vessels as bleeding can be difficult to stop
due to vessel retraction into the spinal canal.

Indications and advantages: The traditional pos-
terolateral thoracotomy allows the surgeon to per-
form the vast majority of thoracic procedures both
electively and as an emergency. It does provide

excellent exposure to all areas of the lungs, the thor-
acic oesophagus and aorta, and it is very useful for
procedures for pleural and diaphragmatic patholo-
gies. Exposure and familiarity with the position are
the main advantages of this access.

Another advantage of this approach is that it can
be extended cranially at the back if we require more
retraction of the scapula (i.e. Pancoast tumours or
chest wall invasion) and anteriorly towards the abdo-
men converting the approach into a thoraco-phreno-
laparotomy.

Pitfalls: Posterolateral thoracotomy can be very
traumatic, with a known incidence of post-operative
and long-term pain as well as an impact on respira-
tory function following surgery. Division of the latis-
simus dorsi muscle can cause shoulder movement
dysfunction that can delay return to full activities.

Surgeons have to be aware of potential damage to
the intercostal vessels during the procedure, the inter-
costal nerves and ribs while using the rib spreader and
the lung while entering the pleural cavity because of
adhesions.

Haemostasis is very important during latissimus
muscle division and closure to prevent haematomas,
especially in younger patients with well-developed
muscles.

Because of the morbidity of this approach, sur-
geons have moved away from division of the serratus
anterior muscle and gradually reduced the size of the
incision, while still considering it as a posterolateral
thoracotomy.

Muscle-sparing posterolateral thoracotomy
A variant of the posterolateral thoracotomy per-
formed via the auscultatory triangle[1–7]. The patient
is positioned and prepared in the same fashion,
but with the operating table slightly tilted anteriorly
(away from the surgeon).

The skin incision will be limited to the initial part
of the posterolateral thoracotomy, only we would not
need to extend the incision anteriorly from the tip of
the scapula. The chest wall muscle layer will be
entered via fascia, without division of any muscles.
To expose the auscultatory triangle, the posterior
border of the latissimus dorsi is mobilized anteriorly,
and the lateral border of the trapezius is mobilized
posteriorly. These muscles are mobilized by dissecting
them off the subcutaneous fat, creating flaps. The
intercostal muscle is entered in the same manner
as in a posterolateral thoracotomy, with the same

Figure 4.1 Skin marks of a posterolateral thoracotomy. The
incision is performed 1–2 cm below the tip of the scapula, from a
equidistant point between the thoracic spine and the midpoint of
the spinal border of the scapula, then extended anteriorly.
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precautions and the same length. The surgical field is
then secured by the use of two smaller spreaders
simultaneously, one retracting the ribs and another
one at 90 degrees retracting the trapezius and latissi-
mus muscles creating a square ‘window’ (Figure 4.2).

In this approach the musculofascial layer is closed
very easily as there is no muscle division. Prior to
closure of the sub-cutaneous tissues and skin, a tissue
drain must be placed under the subcutaneous flaps to
prevent seromas or haematomas.

Indications and advantages: As the intercostal
incision is of similar size to the one in a posterolateral
thoracotomy, the exposure and indications are very
similar. In particular, this incision can be very effi-
cient to treat pathologies of the posterior medias-
tinum (neurogenic tumours, oesophageal cysts, etc.),
which don’t require exposure to the anterior chest
cavity. It provides a good exposure for procedures
involving reconstruction of the bronchial tree such
as sleeve lobectomies or trauma because of their pos-
terior location. It is a particularly effective approach
for anatomical segmentectomies of segment 6.

Another good indication is an initial procedure
for pulmonary metastasis as the incision would allow
inspection of the entire lung, but it might minimize
the adhesions should further procedures be required
in the future.

Overall this approach provides good exposure of
the thoracic cavity with a perceived improvement in
terms of cosmesis due to the smaller skin incision and

return to activities due to preservation of muscles.
Leaving the latissimus dorsi and serratus muscles
intact does allow for these muscles to be used in the
future as flaps if complications or further procedures
are required[4,8].

Pitfalls: The same possible complications apply as
per the posterolateral thoracotomy (damage of inter-
costal vessels, nerves and lung) with the addition of
the more common incidence of seromas due to the
creation of subcutaneous flaps (reported incidence of
up to 26%). A self-vacuumed subcutaneous drain
should be placed and be kept in place for a few days
until it stops draining.

In the presence of very central large lung tumours,
access to the main pulmonary artery can be difficult,
leading to the need to extend the incision anteriorly
(especially on right-sided procedures).

Tying knots can be sometimes difficult deep in the
thoracic cavity, making surgeons rely on knot pushers;
the surgeon should make sure one is available. This is
normally not an issue if stapling guns are used. A good
tip is to create the chest drain port early during the
procedure and use it for insertion of the stapler guns,
giving a very comfortable angle for placement and
firing. Longer instruments may be needed too.

Muscle-sparing anterolateral thoracotomy
The patient is positioned in lateral decubitus with the
same precautions as the posterolateral thoracotomy.
The table can be slightly tilted posteriorly to facilitate
the surgeon’s view (who will be standing in the front
of the patient). The skin incision is performed starting
from 2 cm below the scapula tip and continuing
towards the submammary crease. The subcutaneous
layers are divided with cautery; it is important to
preserve the intercostal brachial nerve that runs in
the superior part of the wound. If dissected, a post-
operative numbness of the lateral breast and the
nipple area can occur. Posteriorly, the long thoracic
nerve is identified and preserved.

The anterior border of the latissimus dorsi is
mobilized posteriorly by creating a subcutaneous flap
and spared. The 4th or 5th intercostal space is entered
in the same manner as per posterolateral thoracot-
omy. While it is more difficult to divide the costo-
transverse ligaments to increase rib spreading, the
intercostal spaces are wider anteriorly.

The closure will be very similar to the procedure via
auscultatory triangle, with the very important subcuta-
neous drain to prevent seromas or haematomas.

Figure 4.2 Operative view during a muscle-sparing thoracotomy
repair of a traumatic rupture of the diaphragm. Two rib spreaders are
placed at 90 degrees to secure adequate exposure: the deeper one
is separating the ribs and the more superficial one is retracting the
preserved muscles.
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Indications and advantages: The wide anterior
intercostal spaces facilitate exposure compared to the
more posterior approaches, thus in theory reducing the
need for excess rib spreading. It gives a very adequate
exposure of lungs, pericardium and diaphragm.

Preservation of the chest wall muscles not only
reduces impact on shoulder movements but also
allows for their use as flaps should complications
(bronchopleural fistula) arise[4,8].

With the increase in the use of the VATS anterior
approach, the view is now very familiar for younger
thoracic surgeons who recognize promptly this view
for access to hilar structures even in central tumours.
This might help for this incision to become the pre-
ferred ‘open’ approach in the future.

Pitfalls: Once again the incidence of seromas and
haematomas needs to be prevented by self-vacuumed
drains post-operatively. While exposure to the hilar
structures is improved over posterior approaches,
access to the posterior mediastinum can be restricted.

If we have to perform a broncho-angioplasty, it
will be easier to perform the bronchial reconstruction
first (as it is located more posterior) and then the
vascular one.

For posterior anatomical segmentectomies (seg-
ments 3 or 6), this access may prove more difficult
than using more posterior approaches.

Axillary thoracotomy
The use of the axillary thoracotomy has been less
extensive than the other ‘lateral’ approaches. The lat-
eral decubitus position is slightly altered by tilting the
table backwards, increasing exposure of anterior chest
wall, and the ipsilateral arm is secured away from the
incision by shoulder abduction and elbow flexion at
90 degrees. As always when the arm is secured, care
must be taken for it not to be in tension that might
result in brachial plexus traction injury.

The axillary approach can be used for access to the
high intercostal spaces (2nd) down to 4th or 5th space
depending on the indications for surgery. The trad-
itional approach involves a transverse incision at the
level of the axillary hairline with the anterior end at
the posterior edge of the pectoralis major (anterior
axillary line) and the posterior end at the anterior
edge of latissimus dorsi (posterior axillary line). Both
of these landmarks are easily recognizable due to the
bulk of these muscles.

Following the division of the subcutaneous layers,
flaps are developed to allow retraction of the

latissimus dorsi posteriorly and pectoralis major
anteriorly. The extent of this dissection depends on
the indication for surgery and the need for exposure.
Retraction of the muscles will allow identification of
the digitations of the serratus anterior muscles that
can either be detached or divided between the digita-
tions. The ribs are then exposed, and entry into the
desired intercostal space is then performed according
to surgeon’s preference. As in other muscle-sparing
thoracotomies, normally two small spreaders at
90 degrees of each other are used to create the
surgical field.

Indications and advantages: The advent of VATS
has reduced the use of these incisions. It does provide
a good access for apical procedures: surgery for
pneumothorax, sympathectomies and operations at
the thoracic outlet[9-12]. As a muscle-sparing thor-
acotomy, it is well tolerated and has cosmetic results
as the incision will remain in a non-exposed area.

Pitfalls: Although it has been used for major pro-
cedures, the exposure can be limited, especially in the
lower hemithorax. If the procedure is complex, the
incision could be extended anteriorly, but it can be
quite morbid in the more apical procedures.

Care must be taken with the pressure areas and
with the ipsilateral arm to prevent traction or pressure
injuries. At the posterior end, the long thoracic nerve
should be preserved while dividing the serratus anter-
ior. Due to the creation of the flaps, this incision
carries the risk of seromas and haematomas, so care
must be taken during closure in terms of haemostasis,
approximating the ribs and closure of the serratus
anterior.

Open approaches in the supine position
Median sternotomy
As well as being the most used incision for cardiac
surgical procedures, median sternotomy has been
the incision of choice for large anterior media-
stinal tumours and also extensively used for dis-
eases that require access to both pleural cavities
(multiple pulmonary metastases, bilateral lung
volume reduction surgery, bilateral bullectomies or
pleurectomies)[13–18].

The patient is positioned in the supine position
with a degree of neck extension to expose the top of
the manubrium. The skin incision is performed on
the midline from the sternal notch towards the xiph-
oid process. The length of the incision is mainly
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dependent on the surgeon’s preference. The subcuta-
neous layers are dissected with cautery towards the
pectoralis fascia, and the periostium is ‘scored’ with
the cautery over the midline. The superior end of the
incision is retracted towards the neck to allow the
identification of the structures in the space of Burns.
The interclavicular ligament can be dissected with
cautery, paying attention to the innominate vein.
Then blunt dissection is commonly used to open the
retrosternal space. The xiphoid process is identified
and dissected at the caudal end of the incision.

The sternum is divided with a saw along its mid-
line. At that moment usually the surgeon asks the
anaesthetist to keep the patient in a transient apnea
to minimize the potential risk of entering into the
pleural space. Haemostasis is achieved at the perios-
tium with cautery or prothrombotic materials. Per-
sisting sternal bone marrow bleeding can be
controlled with bone wax.

A sternal retractor is used to spread the sternal
edges. It is important to open the sternal retractor
gradually, avoiding injuries to the brachial plexus.
The exposure is then adequate to perform the
required procedure either in the mediastinum or
any of the pleural cavities. At the end of the proced-
ure, sternal wires are normally used to reapproximate
the sternum; a median number of six are generally
used (two in the manubrium and four in the ster-
num), although it depends on the patient’s height.
A good closure of the sternum is important to min-
imize the risk of non-union, mediastinitis and wound
infection. The pectoralis fascia, the subcutaneous
layer and the skin are carefully closed by layers.

Indications and advantages: Median sternotomy
is the most commonly used incision for cardiac sur-
gical procedures. In non-cardiac thoracic surgery, its
use has been extensive in the management of large
anterior mediastinal masses, maximal thymectomy
for myasthenia and bilateral pathologies such as mul-
tiple lung metastases. Median sternotomy was also the
incision of choice following the resurgence of lung
volume reduction surgery in the 1990s, although
more recently bilateral VATS (even as staged proced-
ures) is more commonly used as it might reduce
morbidity.

But median sternotomy has also been used very
successfully, especially on the right side, in pleuropul-
monary diseases such as central primary cancers in
which pericardial involvement is suspected and the
surgeon is keen to safely access main pulmonary

vessels. Another valid indication is in re-do proced-
ures, for example, completion pneumonectomies for
central tumours where control of pulmonary vessels
may be easier with a sternotomy than via re-do thor-
acotomy. The authors found that right extrapleural
pneumonectomies for mesothelioma were feasible via
median sternotomy and indeed reduced the incidence
of post-operative complications.

The advantages are clear: great exposure of medi-
astinal structures (even carina), easy access to control
main pulmonary vessels and ability of entering both
pleural cavities. From the experience in the post-
operative management and analgesia requirements
following cardiac surgery, we know that a median
sternotomy is very well tolerated by patients with
lesser incidence of pain-related complications in the
short and the long term than a large posterolateral
thoracotomy.

Pitfalls: Although experienced cardiac surgeons
could consider median sternotomy a very simple
and routine part of the procedure, many potential
complications can arise as a result of it. Care must
be taken not to damage the anterior jugular veins
when dissecting the area at the suprasternal notch or
even the innominate vein at that time or when
dissecting the thymic tissue or fat (Figure 4.3). It is
important to perform the sternotomy in the midline
as it is easier than expected to perform a paramedian
one, increasing the risk of sternal fractures and non-
union. Careful ‘scoring’ of the periostium in the mid-
line helps to guide the saw. Infective and sternal
complications are uncommon (less than 5%) but
potentially very morbid.[19–20]

Figure 4.3 Median sternotomy following thymectomy for stage II
thymoma. The innominate vein has been exposed to divide the
thymic vein. The right pleura has been entered.
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Accidental entry into the pleural cavities during
the sternotomy can be prevented by temporary apnea,
being more important in patients with hyperinflated
lungs with emphysema or bulla.

Poor access to the posterior areas of the lungs,
posterior mediastinal structures and left lower lobe
are the main pitfalls in terms of exposure (Figure 4.4).

Bilateral thoracosternotomy (clamshell and
hemiclamshell)
The clamshell incision consisting of a bilateral anter-
ior thoracotomy with transverse sternotomy has been
the choice for bilateral lung transplantation and
access to pericardium in the past. Today it is some-
how restricted to uncommon indications but is a
valuable tool for cardio-thoracic and trauma sur-
geons[21–25]. A number of modifications such as
the hemiclamshell have been described for diverse
indications[26].

With the patient in the supine position, the skin
incision is made along the inframammary skin creases
from the midaxillary/anterior axillary lines. The sub-
cutaneous tissues are divided with cautery, and the
pectoralis major muscles are raised from their inferior
and sternal attachments. The 4th or 5th intercostal
spaces are identified and entered bilaterally. If the skin
incision is made from the midaxillary lines, it is
important that the intercostal spaces are entered
beyond these points to allow for better retraction.
Care must be taken to identify and ligate the internal
mammary vessels. The sternal body is divided trans-
versally with a saw, and after haemostasis, the ends

are spread with two sternal retractors. In the hemi-
clamshell approach, the skin incision is performed
starting on the sternal notch on the midline and
running over the inframammary crease towards the
anterior axillary line. The pectoralis major is raised or
incised over the 5th rib. The 4th intercostal space is
entered. The mammary bundle is ligated. Variants of
this incision include a cervical extension of the inci-
sion along the medial edge of the sternocleidomastoid
muscle and the Dartevelle’s approach that includes
the sectioning of the medial half of the clavicle.

After the indicated procedure has been performed,
the sternal ends are approximated with wires, the
intercostal spaces are closed routinely and the pector-
alis major muscles are reattached to the lower ribs and
sternum.

Indications: The clamshell incision provides
better exposure of thoracic cavities, but its comorbid-
ities and the trauma involved have restricted its use to
specific indications. Currently, its use is limited to
very large mediastinal masses, bilateral lung trans-
plantation and trauma. Its use on bilateral lung
metastases or excision of pericardium has declined
in favour of other approaches.

Pitfalls: The consequences of this approach in the
chest wall can be severe. Transternal division carries a
high risk of sternal healing complications, up to 30%
compared to 1–2% after median sternotomy. In a
comparative series, Macchiarini et al. reported more
post-operative pain, deformities, need for surgical
revision and more impact on respiratory mechanics
following clamshell than median sternotomy after
double lung or heart-lung transplant.

Apart from care during closure, one of the
important steps is to identify and ligate the internal
mammary vessels during the incision as it can lead to
post-operative bleeding.

Anterior thoracotomies
The anterior thoracotomy did regain some popularity
with the advent of minimal invasive cardiac surgery
(mitral valve surgery and MIDCAB)[27], although its
use in thoracic surgery remains limited to non-
complex procedures.

The patient is positioned supine with a roll under
the ipsilateral side of the operation to increase inter-
costal spaces separation. The skin incision is made
from the anterior axillary line curving under the breast
towards the sternum for procedures that require
access through the 4th or 5th intercostal space[9].

Figure 4.4 A median sternotomy performed to excise a very large
mediastinal mass. The size of the mass did require a hemi-clamshell
extension towards the right side to perform the dissection safely.
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A lower approach of an anterior thoracotomy would
be a submammary incision, which can be very useful
for insertion of pacemakers or creation of pericardial
windows. In procedures for the staging of lung
cancer, the incision is placed at the level of the
2nd–3rd intercostal space with or without excision
of the sternocostal cartilage.

A limited anterior thoracotomy is a good
approach for patients who require a lung biopsy but
are not fit enough for a single lung ventilation that
could make the VATS approach more difficult, and it
can be used as invasive mediastinal staging of lung
cancer in the form of an anterior mediastinotomy for
biopsy of lymph nodes or to confirm suspected direct
mediastinal invasion. A good advantage is the fact
that the intercostal spaces are wider anteriorly so less
rib retraction is required, even being substituted by
soft tissue retractors.

Pitfalls of this incision are the poor exposure that
makes it rarely used for major thoracic procedures[28].
If the costal cartilage is excised, there is a risk of
seromas or hernias, and the possibility of damage to
the internal thoracic arteries.

Minimally invasive approaches
Video-assisted thoracic surgery
Video-assisted thoracic surgery (VATS) implies that
the surgeon must perform the entire operation
through a number of small incisions, the entire
visualization done via the optics, and without the
use of any rib spreading (either by a retractor or
manually)[29].

The procedures performed via VATS initially
were primarily diagnostic, then minor therapeutic
procedures; currently, most major operations have
been described by a VATS approach. Traditionally,
VATS has been performed through three or four
ports; in the last decade, the evolution of the tech-
nique, instruments and the surgeon’s experience has
permitted minimization of the number of ports to
only one. Previous contraindications (adhesions, cen-
tral tumours, etc.) and pitfalls are being changed by
the increased experience of surgeons. Currently, the
indications for VATS surgery are increasing rapidly
and include the management of all thoracic diseases
except lung transplantation. Good results are being
achieved in all areas of pulmonary, pleural, media-
stinal and thoracic outlet procedures[30–42]. The
advantages are mainly the effect of the limitation of

trauma: shorter hospital stay, less post-operative pain,
less impact on post-operative shoulder movements
and faster return to activities[35,43–44].

The position of the camera port varies according
to the surgeon’s experience and training and can be
broadly divided into anterior, posterior and uniportal
approaches.

Posterior approach

In the posterior approach, the surgeon and the assist-
ant are positioned on the back of the patient normally
with one screen positioned at each side of the head of
the table. Commonly an optic with 30 or 0 degree
angle is used[45].

A 5-cm utility port incision is made in the 6th or
7th intercostal space in front of the anterior border of
the latissimus dorsi muscle. The camera is temporar-
ily introduced through this port to facilitate safe cre-
ation of a 1.5-cm incision posteriorly in the
auscultatory triangle at the point nearest to the upper
end of the oblique fissure. A port is inserted to
accommodate the camera, which is positioned in this
posterior port for the remainder of the procedure.
A further 2-cm port can be created in the midaxillary
line at the level of the upper third of the anterior
utility port. The anterior and posterior ports lie at
opposite ends of the oblique fissure. The upper anter-
ior port is converted into a utility incision for major
procedures to permit retrieval of large specimens.

Advantages: There is easy access to the posterior
hilum including the bronchial branches and the pul-
monary arteries. The lymph nodes are better seen,
and tips of the instruments are coming towards the
camera, which provides safe dissection.

Pitfalls: The position of the camera implies that
for major procedures the instruments get moved
towards the optics, making it a very difficult tech-
nique to learn and thus creating a steep learning
curve. The posterior port may contribute to increased
pain due to injury to the intercostal nerve at the
narrowest part of the intercostal space, especially if a
trocar is used.

Anterior approach

In the anterior approach, the surgeon and the assist-
ant are positioned on the anterior (abdominal) side of
the patient and with the surgeon cranially. One or two
screens are positioned in front of the surgeon. The
scrub nurse is positioned at the back of the patient
and follows the operation on a separate screen.

Chapter 4: Access to the chest cavity

31

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.004
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:20:40, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.004
http:/www.cambridge.org/core


Two port incisions of 1 cm are placed at the
anterior axillary line (camera port) and posterior axil-
lary line (tissue retractor port) commonly at the 7th
intercostal space. A 5-cm anterolateral utility incision
is usually performed at the 4th intercostal space for
major procedures[46]. This incision is later used for
specimen retrieval. This results in a triangle with two
approximately 10-cm limbs and the camera pos-
itioned at the apex, with a working channel on each
side. With the advent of purposely designed VATS
instruments, the posterior port can be omitted with
probable impact on post-operative pain[47].

Advantages: The position of the lens makes it
easier to learn techniques as surgeons are operating
away from the lens rather than towards it. The utility
incision is placed directly over the hilum and the
major pulmonary vessels, so access to main vessels
is easier if control is required in case of bleeding
or complex procedures. The first structures to be
transected during major lung resections are the
hilar structures, and most surgeons have adopted a
fissure-less technique to minimize post-operative air
leaks. Because of the wider intercostal spaces in the
front, the trocar for the camera port is not really
necessary, so post-operative pain might be reduced.

The anterior approach is proving an approach that
can be reproducible and learnt, allowing more pro-
cedures to be performed via VATS. Although very
complex procedures or those with very large tumours
are probably best served with an open approach, there

are no major pitfalls for the anterior VATS approach;
the only limitation is that of the operating surgeon’s
experience.

Uniportal approach

Initially designed for diagnostic procedures, small
therapeutic operations via the uniportal technique
were described[48]. Now, with the improvement in
surgeons’ skills and the development of curved
VATS-designed instruments and articulated staplers,
major procedures are performed in an increasing
number of centers[49–59].

In the single-port VATS approach, the whole pro-
cedure is performed via the utility incision ranging
from 2.5 to 6 cm depending of the operation to be
performed (Figure 4.5a and 4.5b). The incision is
made at the level of the 4th intercostal space along
the anterior axillary line, in front of the anterior
border of the latissimus dorsi muscle. The surgeon
is positioned in front of the patient, cranially; his
assistant is positioned at his side, caudally. A screen
is positioned in front of the surgeon. The scrub nurse
is positioned on the posterior side of the patient.
A second screen is positioned in front of the scrub
nurse if required. The camera with a 30-degree lens
lies on the most posterior end of the wound, and the
remaining space is utilized to introduce the instru-
ments (Figure 4.6a). The chest drain is inserted
trough this same wound at the end of the procedure
(Figure 4.6b).

(a) (b)

Figure 4.5 Uniportal VATS lobectomy. The anterior incision allows for the placement of multiple instruments and the optics in order to
perform the whole procedure (5a). The size of the incision has to allow retrieval of the specimen (5b).
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Advantages: The advantages are the same as the
anterior approach, plus the potential for less post-
operative pain and better cosmetic results due to a
lesser number of incisions[60–61]. Currently, any
procedure that can be performed by VATS can be
performed with the uniportal technique, and an
increasing number of experiences and indications
are reported monthly by different surgeons[50–59,62].
The presumed difficulty of performing the whole
procedure via a single incision is outweighed by
the comfortable view and ergonomics of this
approach[63].

Pitfalls: As with any VATS approach, it does
require training and carries a learning curve. If per-
forming major pulmonary resections, it is important
to place the incision on the 4th intercostal space and
not the 5th to allow for division of the pulmonary
artery before the superior pulmonary vein to minim-
ize chances of vascular injury during dissection. It
does require access to specifically designed VATS
instruments and articulated stapler machines, so it
might not be universally available.

Hybrid approaches (Figure 4.7)
Ever since the advent of VATS, surgeons have used
some of its advantages to assist in open procedures in

order to minimize trauma and/or benefit from its
view. The size of the incision can be reduced during
the use of VATS-assisted thoracotomies with good
results[64]. As experience with the use of VATS in
more complex procedures grows, the role of combin-
ing VATS and open accesses may increase. Authors
have described the use of hybrid procedures in lung
tumours involving the chest wall by performing

(a) (b)

Figure 4.6 Uniportal VATS lung volume reduction surgery. The entire procedure can be performed through a single incision when
articulated staplers and VATS-designed instruments are available (6a). At the end of the procedure two intercostal drains can be placed
in the incision (6b).

Figure 4.7 Hybrid procedure where an en-bloc lobectomy and
chest wall resection was guided by a thoracoscopy.
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the pulmonary resection through VATS and then the
chest wall resection and reconstruction via a limited
open approach even on superior sulcus
tumours[65–67]. We have reported the use of single-
port VATS for the confirmation and ‘mapping’ of the
chest wall involvement, thus allowing correct place-
ment of the incision with limitation of trauma to
the tissues[68]. Another use of the hybrid techniques
is the initial assessment of patients requiring open
re-do surgery where dense adhesions are expected
and ‘blind’ re-do thoracotomy could lead to damage
to pulmonary parenchyma. With the help of a single-
port VATS (whose port will be used for the intercostal
drain placement), we can identify the safe area
to perform the re-do incision. New hybrid approaches
have been described for mediastinal surgery as
well [69].

Summary
Thoracic surgery can be performed via a large number
of approaches and incisions. All of them do have their
advantages and their limitations. The responsibility of
the surgeon is to perform the correct procedure for the
right indication using the approach that provides the
best exposure with the least amount of injury to the
patient. For this, important factors to take into account
are the surgeon’s experience and training, good plan-
ning based on the indications for surgery and the
patient’s status and adequate positioning.

Other approaches such as cervical, supraclavicular
or substernal incisions have not been described in this
chapter as they are performed less commonly, but
they might increase their indications as part of hybrid
procedures in the near future[70–72].
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Section II

Chapter

5
Upper airway

Therapeutic bronchoscopy
KeyvanMoghissi

Background introduction
The celebrated American oto-rhino-laryngologist
Chevalier Jackson[1] has been an important player in
the field of bronchoscopy since the 1920s. His instru-
ment, with a fewmodifications, becamewhat is basically
the rigid bronchoscope (RB) of today. By the 1950s,
bronchoscopy became a well-established procedure, and
every trainee thoracic surgeon had to be proficient in
diagnostic and therapeutic bronchoscopy, the latter
being confined to foreign body (FB) removal, clearing
the tracheo-bronchial tree of secretions, cauterization of
bleeding tumours and therapeutic bronchial lavage.

The flexible fibreoptic bronchoscope (FFB) was
developed in the 1960s, the first instrument being
designed by the Japanese, Shigeto Ikeda[2]. Its flexibility
allowed examination of segmental bronchi. Until then
this had only been possible with the use of straight and
right-angled telescopes introduced through the rigid
bronchoscope. The ease of FFB bronchoscopy under
topical anaesthesia and sedation attracted respiratory
physicians, and for thoracic surgeons, the flexible
instrument became an important addition to broncho-
scopic instrumentation for use independently or in
conjunction with the rigid instrument. At present, for
the thoracic surgeon, the two instruments are comple-
mentary to one another, and skills in both are neces-
sary for the diagnosis of endobronchial lesions and for
therapeutic endoscopic interventions.

Instrumentation and general principles
of therapeutic bronchoscopy
Rigid bronchoscope (RB)
RB alone, or in conjunction with the FFB, remains
the instrument of choice and sine qua non of many

therapeutic bronchoscopies. Accessory devices include
a range of forceps for grasping, provision of biopsy
and/or punching/coring out tumours, dilators and dia-
thermy probes. In addition, operative bronchoscopes
have been designed for specific interventions such as
lasertherapy[3,4]. Rigid bronchoscopy is performed
under general anaesthetic during which ventilation is
provided most effectively by hand-operated (Sander’s)
injectors or jet ventilation. The author’s preference
is the injector, since it allows effective control by the
anaesthetist.

Flexible fibreoptic bronchoscope (FFB)
There are now a number of FFBs available with vari-
ous accessory devices, such as biopsy forceps, needles
for injection, aspirators and dilators.

FFB offers a recording system and monitor for
live viewing and storing of bronchoscopic events.
It can incorporate a fluorescence imaging system for
auto-fluorescence bronchoscopy (AFB), which is sev-
eral times more sensitive than white light in imaging
pre- and early neoplastic endobronchial lesions.

FFB is essentially a diagnostic tool, which can be
used under local/topical anaesthetic and sedation.
Some models provide facilities for delivery devices
for some of the therapeutic endoscopic methods.
However, its use alone for interventional bronchos-
copy, though publicized by some, can be uncomfort-
able for both patient and operator. Also, it can prove
hazardous if there is bleeding which requires rapid
clearance or control, and it can hinder a procedure
when there are copious bronchial secretions which,
in some patients, make the operation akin to an
‘underwater’ undertaking. This is because the suction
channel is too narrow to be efficient for serious volume
and high-viscosity secretions.
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For many therapeutic bronchoscopies, the com-
bined use of RB-FFB under general anaesthetic is
the ideal method of practice. This allows comfort for
patient and operator, efficient visualization of the
lesion using white light and fluorescence bronchos-
copy, precise targeting and application of the delivery
device undisturbed by cough or bronchial secretion. It
is important to note that such a method is not incom-
patible with treatment being undertaken as a day-case
procedure.

Therapeutic bronchoscopic methods
This chapter will describe the most frequently used
methods of therapeutic bronchoscopy, particularly
those for which important experience is available
to be relied upon. Nevertheless, mention is made
of methods which are less universally employed.
(Table 5.1) Available therapeutic bronchoscopic
methods include

� Bronchial cleansing and lavage
� Retrieval of foreign bodies (FB)
� Cryotherapy
� Electrocautery
� Argon plasma coagulation
� Radiofrequency ablation
� CO2 laser
� Neodymium–yttrium aluminium garnet (Nd:

YAG) radiation
� Intraluminal radiotherapy/brachytherapy
� Photodynamic therapy (PDT)
� Stent

The basis for selecting a method for a given patient is
governed by

� The morphology of the lesion within the
bronchial lumen

� The histopathology of the lesion
� The objective of therapy
� The experience of the operator

Mechanical methods
Bronchoscopic clearing of the airway
This is one of the simplest of procedures, commonly
practiced by thoracic surgeons in patients with reten-
tion of secretions after pulmonary resection. When
seriously tenacious secretions are present, the FFB
is often inappropriate and ineffective. Passing a RB
down the upper airway of a patient under topical
anaesthetic is a simple and easy procedure to master.
This is even easier when the patient is sitting up
in bed.

Bronchoscopy and suction of copious secretions
in patients with collapse (atelectasis) of the residual
lobe or even the whole lung is attended by immediate
expansion of the lung if sputum retention is recog-
nized early enough before pneumonic consolidation
sets in.

Bronchial lavage (synonym: whole lung lavage)
Classically, in this procedure, a large volume (several
litres) of normal saline is introduced into the bron-
chial tree and aspirated. The procedure has been
identified for treatment of pulmonary alveolar protei-
nosis[5,6]. A modification of the technique has also
been used for other broncho-pulmonary conditions
in which copious purulent secretions teeming with
antibiotic-resistant bacteria or fungal organisms cause
repeated pulmonary infection (e.g. cystic fibrosis and
extensive bronchiectasis). In such cases, lavage, using
saline or a suitable aqueous mild antiseptic solution,
is instilled into the bronchial tree by repeated injec-
tion of 50ml of solution at body temperature, followed
by aspiration. The aim is to thoroughly clear the
bronchial tree from debris or purulent and thick
secretion.

Foreign-body (FB) retrieval
A variety of FBs have been removed from patients of all
ages. The rigid bronchoscope remains the instrument
of choice for the purpose, to be used under general
anaesthesia. Occasionally, the fibreoptic instrument

Table 5.1 Classification of therapeutic bronchoscopy

i Mechanical Cleaning of bronchial
tree/bronchial lavage
Retrieval of FB

ii Thermal Cryotherapy
Electrocautery
Plasma argon coagulator
Radiofrequency
CO2 laser
Nd:YAG laser

iii Biological Brachytherapy
(cancer-specific
methods)

PDT

iv Stents
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needs to be used if the FB is in a lobar or segmental
bronchi, inaccessible to the rigid instrument.

In theory, the thoracic surgeon should be in a
position to introduce a range of rigid scopes which
match the size/age of the patient. In practice, how-
ever, the contemporary trainee surgeon is not exposed
to such a range of patients and should at least be
accustomed to adults of either sex, adolescents and
teenagers.

Thermal methods
Cryotherapy
Cryotherapy is a treatment which deploys freezing to
achieve necrosis of pathological tissues. The method
is based on a rapid freeze of less than �40°C, within
seconds, followed by a slow thawing, which leads to
destruction of the targeted tissue[7].

The mechanism involves the formation of ice
crystals both within the cell and in the extracellular
compartment.

In addition, there are also vascular effects: vaso-
constriction followed by vasodilatation and vascular
thrombosis within 6–10 hours. This effect is induced
via a probe delivering nitrous oxide (N2O) which is
passed through the bronchoscope.

There are a variety of flexible and rigid cyroprobes
to match the FFB or RB.

Indications: Cryotherapy has been used for

� Locally advanced endobronchial tumours,
either benign or malignant. In the latter the
aim is palliation of symptoms such as
dyspnoea or haemoptysis.

� Superficial endobronchial malignant
tumours in patients ineligible for surgical
resection, where the treatment is undertaken
with curative intent.

Cryotherapy can also be used in association with
chemo/radiation[8].

Instrumentation/equipment: Bronchoscopic
cryotherapy requires

� Bronchoscope: it can be performed under
topical anaesthesia using a flexible
bronchoscope and flexible cryoprobe[8].
However, many practitioners prefer
and advocate the use of general anaesthetic
with rigid bronchoscope and a rigid
cryoprobe[9].

� Cryotherapy device: This has three components:

○ Cryoprobe: This is the delivery device which
targets the tissue to be treated. The rigid
probe has an added heating device that the
flexible probe does not have.

○ Transfer line: Connects the cryoprobe to the
cooling agent (gas cylinder) and the
command counsel.

○ The cooling agents: Most often liquid
nitrogen (LN2) or nitrous oxide (N20). The
latter is most often used.

Following cryotherapy the patient needs to have
repeat bronchoscopy 8–10 days later in order to

� Evaluate the extent of tissue damage/
destruction

� Remove debris/slough
� Undertake possible additional treatment cycles

Results: In bulky obstructive endoluminal tumours,
subjective and objective improvement is achieved in
>70% of patients[10]. In early neoplastic lesions, a
long-period complete response has also been
reported[9].

Complications: Reactive oedema leading to
respiratory complications, haemorrhage and
pneumothorax. Overall, it has been reported in
7–10% of cases[10].

Electrocautery/electrodiathermy
This method uses an electric current to generate and
deliver heat via a probe in order to coagulate or vaporize
the tissue[11]. There are two types of probes: monopolar
and bipolar. The later carries high voltage and needs to
be used through the RB to achieve vaporization/cutting
effect; themonopolar probe can be used through the FFB
with a low voltage for hemostasis. The bipolar system can
deliver a mixed cutting and coagulation current.

Elecrocautery has been used in patients with hae-
moptysis; a 70% success rate has been reported[12,13].
It has also been used to vaporize obstructive lesions of
the airway. However, the procedure is time-consuming
when there is a bulky obstructing tumour within the
bronchus.

Argon plasma coagulation (APC)
APC uses high-frequency electric current delivered
via ionized argon gas (plasma). The process involves
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emission of a jet of argon gas which is ionized by a
high-voltage discharge (approximately 6 kV). High-
frequency electric current is then conducted through
the jet of gas resulting in thermal coagulation. There is
no physical contact with the lesion, thus enhancing the
safety of the procedure. The depth of coagulation is
usually only a few millimetres.

Indications: The indication par excellence is
coagulation at a distance where the
electrodiathermy probe and catheter cannot
reach[14]. The second line indication is disposal of
superficial and obstructing endoluminal
tumours[12,13]. However, for bulky lesions,
coagulation needs to be used in conjunction with
piecemeal removal. APC is particularly attractive to
practitioners wanting to use FFB under topical
anaesthetic and sedation.

Equipment: The basic APC system is composed of
an argon gas source, a computer-controlled high-
frequency electrosurgical generator and the
endoscopic probe.

Results: Control of haemoptysis is achieved in over
97% of patients[14]. Recurrence is to be expected in
cancer cases, and long-term complete response is
rare. Also, the relief of endobronchial obstruction is
less effective, requiring a long session and repeat
treatment.

Complications: APC is relatively safe and
complications are rare. Nevertheless,
haemorrhage, perforation, fire and gas embolism
have been reported even in some experienced
centres.[15]

Radiofrequency ablation (RFA)
Radiofrequency ablation (RFA) is a treatment
modality employing an electromagnetic wave with
the same frequency band as an electric scalpel
commonly used in surgery and a radiofrequency
interchange with an electric current. It is a minim-
ally invasive modality. The insertion of the radio-
frequency electrode into a tumour generates heat
with the effect of tissue heating which induces
coagulative necrosis and cell death. The method
has been used in hepatic tumours and also periph-
eral lung tumours under CT guidance[16]. The
bronchoscopic use has not had thorough clinical
evaluation.

Bronchoscopic laser
The term LASER is an acronym for light amplifica-
tion by stimulated emission of radiation. In essence,
lasers are specific wavelengths of light. However, the
term is now more generally used in reference to
devices which produce a laser light, which is

� Monochromatic, denoting that the emitted light
comprises a single wavelength output;

� Coherent, defining a close phase relationship
between all components of the emitted light;

� Collimated, meaning that the radiation
propagation is a narrowly confined beam with low
divergence.

Different lasers can generate and emit light across a
broad range of the electromagnetic spectrum, but it
is only those within the ultraviolet, visible light and
infrared spectral regions that have found clinical
application.

Classification: Lasers may be classified in a number
of ways:

� According to wavelength
� Based on their effect on tissue (e.g. thermal/

non-thermal)
� Depending on their ‘gain medium’, that is, the

element which generates the laser light

Currently, thermal bronchoscopic laser therapy is
performed exclusively with the use of neodimium–
yttrium aluminium garnet (Nd:YAG), although
CO2 laser is used by ear nose and throat surgeons
for the upper airway.

The basic Nd:YAG laser machine comprises a
generator emitting light of 1064 nm (infrared)
accommodated within the control console. The
emitted light is colourless and, therefore the
emission is coupled with a helium-neon aiming
beam emitting 630 nm red light. In this way, the
Nd:YAG beam can be visibly directed via an
appropriate delivery optical fibre. This needs to be
coupled with a cooling system.

The mechanism of action is thermal coagulative
necrosis and vaporization (ablation) of the tumour
using high power at 30–50 watts and pulses of
10–20 seconds.

Indications[17-20]: Bronchoscopic laser is used for

� Benign tumours of major airways, when
complete cure can be expected.

Section II: Upper airway
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� Locally advanced primary endobronchial
malignant tumours (i.e. central lung
cancer).

� In these, anatomical and functional integrity of
the airway is rapidly restored. The method has
been, and continues to be, the most important
indication in malignant endoluminal
obstructive lesions of the airway needing
immediate/urgent relief.

� Primary early central lung cancer. This
indication has not received general acceptance
since the advent of PDT.

� Secondary malignant endoluminal airway
lesions.

Method: Nd:YAG laser therapy is best carried out
under general anaesthesia using a dedicated rigid
instrument, if available. Alternatively, a standard
RB-FFB as described previously is employed. After
identification of the lesion, its topography and
extent, the laser delivery fibre is introduced through
the biopsy channel of the FFB instrument. Care is
taken to see the distal end of the delivery fibre
protruding at least 1 cm beyond the end of the FFB
because the intense heat will damage the FFB. The
pilot He-Ne beam is activated to show the red circle
which is indicative of the firing line of the
laser light. Bursts of 4–10 seconds at a power
setting of 30–50 watts is delivered over the
tumour. The resulting ‘soot’ and half-burnt
tissue are removed using biopsy forceps. The
pulses or bursts of energy delivery (power in
watts × time in seconds = joules) is
continued until all the obstructing lesion is
disposed of. When the obstructed lumen of the
airway is opened up satisfactorily, the laser
radiation is discontinued, and the bronchial
tree is thoroughly washed with warm normal
saline.

Results: The Nd:YAG laser is the best thermal
method for immediate relief of benign and
malignant exophytic tumours. It has a long
safety and efficacy record. It can easily be used in a
day-surgery setting. However, in malignant
obstructive lesions it needs to be repeated every
4-6 weeks.[19-21]

Complications are rare in experienced hands.
However, rare haemorrhage, perforation and very
rarely fire in the airway have been reported[21,22].

Cancer-specific methods (CSM) of
therapeutic bronchoscopy
Mechanical and thermal bronchoscopic therapies
are designed to eliminate any type of tissue within
the lumen of the bronchi, with the objective of
relieving obstruction or effecting cure by physical
methods. In these methods, the lesion is targeted by
the operator with the motto: ‘SEE, TARGET,
ZAP’ (STZ).

CSMs interventional bronchoscopy specifically
targets and destroys the malignant tissues. As such,
it is endowed with a double targeting mechanism.
First is the STZ in which the operator views the
lesion and targets it under vision. The second is
the ability of the methods and the mechanisms
under which they operate to specifically and prefer-
entially target the malignant lesions independent of
visual and imaging systems which are operator
dependent.

There are two bronchoscopic CSMs, namely, bra-
chytherapy (BT) and photodynamic therapy (PDT).
In both of these, patient preparation and lesion assess-
ment, with certain physical measurements, are man-
datory prior to treatment in order to plan effective
therapy.

Brachytherapy (BT)
BT refers to treatment which places a radioactive
source (iridium-192) within the bronchus involved
by a malignant tumour, thus providing local
radiotherapy[23].

This treatment needs the active participation of a
radiotherapist in order to undertake the planning of
the radiation dose and number of sessions/fractions
to achieve optimal outcome.

The mechanism involved concerns DNA damage
resulting in accelerated apoptosis and decrease in cell
proliferation.

By convention, BT recognizes three classes which
are named according to the level of emitted energy.
These are: low dose rate (LDR), medium dose rate
(MDR) and high dose rate (HDR). The International
Commission of Radiation Units defines HDR, which
has more advocates than LDR and MDR, as the appli-
cation of >12 Gy/h with a dose fraction of up to
1,000 cGy.

Patient preparation is an important part of the
treatment package, and in stenotic or exophytic
lesions, balloon dilatation or preliminary preparation
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with endoluminal electrodiathermy or laser may
become a necessary pre-brachytherapy preparation.

BT can be performed as a day-case procedure
using the fibreoptic instrument and with the patient
under topical/local anaesthetic.

A wide variety of treatment schedules con-
cerned with number of fractions and total radi-
ation dose have been advocated; each centre will
have its own method. In practice, endobronchial
brachytherapy is undertaken in many centres by
respiratory physicians, in collaboration with a radi-
ation oncologist, who plans the radiotherapy
schedule.

Indications and results: Brachytherapy can be
used either for palliation or with curative intent. In
either of the indications, it is important to evaluate
the extent and topography of the tumour, taking
account of the previous treatment, particularly
External Beam Radiotherapy.

In its palliative role, BT achieves its objective of
improving ventilation, cessation of haemoptysis and
reduction of dyspnoea[20,23]. In its curative intent role,
BT provides long-lasting complete response in over
25% of patients[20,25].

Complications: Brachytherapy under topical
anaesthesia is not well tolerated by patients with pro-
fuse secretion and in patients with COPD. Temporary
pleuritic pain and pneumothorax can occur, the
former not infrequently and the latter rarely. Radi-
ation bronchitis, haemoptysis and bronchial fistula
are also rare occurrences, with fever and wheeze the
usual presentation.

Photodynamic Therapy (PDT)
PDT is a treatment modality which has three
components:

� A chemical photosensitizer (the drug)
� An appropriate light whose wavelength matches

the absorption bands of the photosensitizer
� Molecular oxygen

The interaction between the drug and the light, in the
presence of oxygen, releases cytotoxic species, notably
singlet oxygen, which bring about necrosis of the
treated cells and tissues.

The mechanism of tissue destruction in PDT
involves direct cellular damage, through injury
to cell membranes and subcellular structures,
and also by vascular ischemic action through

vasoconstriction and endothelial damage. In
bronchology, PDT is used principally for endo-
bronchial malignancies[26].

Bronchoscopic PDT is undertaken as a two-phase
process[27]:

1. The first phase: pre-sensitization in which the
photosensitizer (PS) is administered
intravenously. Time is allowed for the uptake and
retention of the PS predominantly in the
neoplastic tissue. This ‘latent period’ is variable
according the chemical structure of the PS.

2. The second phase: illumination refers to
bronchoscopic exposure of the lesion to light
(usually laser light).

At present, the drug commonly used for broncho-
scopic PDT is Photofrin (porfimer sodium). This
drug is licensed in most countries of the world,
including the UK and EU. It is activated by red light
in the region of 630 nm.

In practice, pre-sensitization is undertaken
using Photofrin at 2 mg/kg/body weight; after a
period of between 24 and 72 h, bronchoscopic
illumination is undertaken. There are two types of
delivery fibres: in one the distal fibre tip is pro-
vided with a cylindrical diffuser for interstitial illu-
mination that is inserted into the tumour mass.
The other type has an end diffuser (microlens) to
allow forward illumination. The method of choice
is to carry out bronchoscopic illumination under
general anaesthesia using RB-FFB combination
(Figure 5.1)[27,28].

Following Illumination, debridement is carried
out using the RB’s biopsy forceps.

Indications: PDT has been extensively used in a
variety of types of lung cancer:

� Locally advanced endobronchial
exophytic tumours. The aim in these cases is
palliation.

� Early superficial endobronchial carcinoma,
with curative intent. This is for patients who
are ineligible for surgical resection on account
of high co-morbidity and poor general and
cardio-pulmonary function.

� Multifocal and metachronous lesions, the
latter after major previous resection.

� Salvage PDT in patients unresponsive to
chemotherapy.

Section II: Upper airway
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� Elimination of over- and undergrowth of
neoplastic tissue in the airway in patients with
an airway stent.

Results: In locally advanced disease, PDT achieves
the objective of palliation[27,29,30]. Symptomatically,
breathing and performance status improve.
Anatomically, malignant bronchial obstruction is
substantially (>60%) relieved and the lung expands.
Physiologically, there is improvement in ventilation
and spirometry.

There are very few complications other than
photosensitivity skin reaction in bronchoscopic
PDT. A review of the literature[29] shows 2%
haemorrhage, 3–4% respiratory complications and
11% photosensitivity skin reaction. The latter in
centres which are doing PDT fairly routinely is
0–5%[33].

In early-stage disease, PDT can achieve total
response and clearance for long periods amounting
to nearly 60% 5-year survival[28,31-33]. In patients
with small superficial or occult bronchial lesions, a
figure of 80% 5-year survival has been recorded[31].
Such early and occult cancers often require AFB for
their detection[35,36].

Stents
Stents are devices which are fitted within the airway to
maintain their luminal opening. Their only function
is as an internal splint, and as such, they have no effect
on the pathology of the lesion. There are now many
different stents, which, at times, makes difficult the
choice of stent for a given case. However, this diffi-
culty is rewarded by the availability of a stent for
every kind of situation.

Indications: The cardinal indication for stenting is
stenosis of the major airway, caused by extrinsic
compression bymalignant tumour. Other secondary
indications highlighted by some authors are

� Endoluminal benign and malignant
obstruction.

� Bypassing malignant fistula or covering
bronchial dehiscence in cases of
bronchopleural fistula. In the opinion of this
author, stenting in such cases is only valid
when the method is used for short-term
palliation, in other words, for malignant cases.

Their more recent use has been in emphysema.
The pathology, topography of the lesion and the

objectives of stenting have important consideration in
selecting a device prior to embarking on stenting.

Instrumentation and methods: Most, if not all,
practitioners concede that the RB is the instrument
of choice for use in stenting of trachea and main
stem bronchi. The Gianturco stent is designed to be
inserted by FFB. General anaesthesia is used with
rigid bronchoscopy for insertion of many stents.
However, the bronchial stent can be inserted quite
easily using FFB under topical anaesthetic.

Types of stent: Basically there are three types of
stents:

1. Plastic, most commonly silicone
2. Metallic
3. Combination of plastic and metal

From the topographical point of view, stents are
either tracheal, tracheo-bronchial or bronchial. Stents
can be life-savers, particularly in an emergency
situation and when the trachea and its bifurcation
are the start of the obstruction, but unfortunately
they have many drawbacks such as migration,
obstruction, ulceration and extrusion. There is no
ideal stent; a good stent should be selected based on
the following criteria:

� Remain in place with no or low migration
potential

� Be flexible yet have firmness to maintain
the lumen

� Tissue friendly
� Be designed to prevent tumour ingrowth and

granulation tissue
� Not be easily blocked by inspicated

secretions
� Not cause ulceration and not cause

perforation
� Be easily removable and re-insertable

The commonly used stents are

� Montgomery type (T-tube) and its
variants[37,38] which are for the trachea and its
bifurcation; it is tissue friendly and easy to
maintain its position.

� Dumon stent, and its modified subtypes,[39,40]

with external studs for major airway; the studs
reduce the chance of migration.
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� Expandable metallic stents (Gianturco) with a
single zigzag loop of stainless steel coil[41,42] of
which both covered and uncovered types are
available. Also, it is possible to place these
stents using FFB[43].

� An interesting stent was one developed by Frietag
in plastic with loops of metal anterolaterally[44].

Aftercare and complications: All patients with
stents of any kind need regular follow-up and check
bronchoscopy, inspection and cleaning. Migration,
extrusion, granulation tissue formation, bleeding,
ingrowth (in particular) and undergrowth by
neoplastic tissue have been reported with variable
frequency.
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Chapter

6
Tracheal stenosis, masses and
tracheoesophageal fistula
TimothyM.Millington and Douglas J. Mathisen

Like any hollow viscus in the face of untreated path-
ology, the trachea can over time develop either symp-
tomatic obstruction or fistula into an adjacent space.
Tracheal lesions can be divided according to these two
mechanisms.

Obstructive lesions of the trachea
(stenosis and masses)
A narrowing of greater than 50% of the cross-sectional
area of the trachea by a mass or stricture is necessary
before a patient experiences dyspnea at rest. The typ-
ical presentation of chronic or subacute tracheal
obstruction is the insidious onset of wheezing and
shortness of breath that may evolve to stridor and
respiratory distress. The finding of tracheal narrowing
may not be seen on chest radiographs. Many patients
initially receive incorrect diagnoses of asthma or
chronic obstructive pulmonary disease and are often
treated unsuccessfully with bronchodilators or ster-
oids. Patients with malignant tracheal tumours may
report associated hemoptysis and hoarseness, often
with a more rapid onset of symptoms.

Axial imaging by computed tomography has
superseded linear tracheal tomograms as the imaging
study of choice. Three-dimensional reconstruction of
images obtained by CT allows virtual bronchoscopy
to identify and localize tracheal lesions. Inspiratory
and expiratory CT scans are useful to demonstrate
tracheomalacia. Pulmonary function testing demon-
strating an obstructive pattern may help to suggest the
diagnosis but is of limited use in operative planning.
Patients with a central airway obstruction will benefit
from treatment regardless of pre-operative pulmon-
ary function tests (PFTs).

Bronchoscopy is the mainstay of diagnosis. Rela-
tive to flexible bronchoscopy, rigid bronchoscopy with

general anaesthesia provides better visualization and
control of the airway, precise measurement of laryn-
gotracheal pathology and improved access for biopsy.
Rigid bronchoscopy also permits debulking of tracheal
lesions and improves tracheal dilatation. Flexible bro-
nchoscopy without the availability of rigid bronchos-
copy should be undertaken with caution because of
the risk that endoscopic manipulation may lead to
abrupt worsening of critical airway stenosis.

Obstructive lesions
Obstructive lesions of the trachea may be extrinsic,
intramural or intraluminal. Extrinsic lesions causing
tracheal compression include thyroid masses, congenital
vascular rings and mediastinal masses. Inflammatory
diseases of the mediastinum including tuberculosis, his-
toplasmosis, sarcoidosis and Wegener’s granulomatosis
may also lead to extrinsic tracheal obstruction due to
lymphadenopathy and fibrosis. Treatment of the under-
lying cause of extrinsic compression is necessary and
usually sufficient to relieve symptoms.

Intramural lesions
Replacement of the normal architecture of the trachea
by scar tissue may be post-traumatic (including iatro-
genic), inflammatory or idiopathic.

Post-intubation stenosis
Stenosis as a late complication of endotracheal intub-
ation was reported after the widespread use of plastic
endotracheal tubes from the 1960s. Use of high-
volume, low-pressure cuffs (20–25 mmHg) and tol-
erance for small cuff leaks in adequately ventilated
patients have reduced but not eliminated this compli-
cation. Endotracheal tubes may ultimately create
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stenoses at various levels including the larynx, the
inflatable cuff and the tip of the tube (Figure 6.1).

Laryngeal stenosis
The prolonged presence of an orotracheal tube passing
through the vocal cords causes mucosal irritation, which
can lead to edema, ulceration, granulation tissue
formation and ultimately subglottic stenosis.
Tracheostomy generally prevents this complication,
although in kyphotic patients pressure on the anterior
cricoid may still occur. Laryngeal stenosis in patients
with tracheostomy may occur due to infection.
Smaller-sized tubes should be used to avoid excessive
pressure on the larynx and subglottis.

Obstruction at the site of a stoma
Formation of bulky granulation tissue at the site of a
stoma may occur unrecognized while a tracheostomy
tube is in place and lead to airway obstruction
immediately after tube removal. Later, the defect
through which the tube was placed heals by scarring and
contraction. This process converts the cross section of
the trachea at the site of the stoma from a C to an
A shape with resultant narrowing. This phenomenon is
magnified by the presence of an excessively large stoma,
either from technical error at the time of surgery or
excessive traction from the tube.

Infrastomal lesions
Cuff stenosis is the most common complication of
prolonged intubation. Pressure necrosis of the tracheal
mucosa leads to ulceration and tracheitis and ultimately

to erosion of the underlying cartilaginous rings and
dense fibrosis of the airway. Prior to the introduction of
low-pressure cuffs, the incidence of symptomatic
tracheal stenosis was as high as 20% following prolonged
intubation. Prolonged high cuff pressure may also lead
to tracheoesophageal fistula (described later) or tracheo-
innominate fistula.

Tracheal narrowing may occur due to granulation tissue
deposition at the site of contact between the tip of the
endotracheal tube and the trachea. This complication is
less common with modern, concentrically expanding
cuff balloons because contact between the tube tip and
tracheal wall is limited.

Management
Because many survivors of prolonged intubation have
complex medical problems, conservative management of
post-intubation stenosis is often initially favored.
Repetitive dilatation or laser ablation may be successful
in some patients. Airway patency can be maintained
indefinitely by creating a new tracheostomy and using a
T-tube to splint the airway open. The sidearm of the
T-tube is kept closed and used to access the trachea for
cleaning and for periodic T-tube changes as necessary.
In placing a T-tube, the stoma should be created through
the most damaged part of the trachea to preserve viable
trachea for future reconstruction.

Carefully selected patients can be managed by tracheal
resection and reconstruction (described later) with a
success rate exceeding 95%. Expandable stents are
generally contraindicated in benign stenosis. Stents can

Figure 6.1 Post-intubation tracheal
stenosis may occur at various points in
the airway, from the point where an
orotracheal tube passes through the
vocal cords to the contact point between
the tube tip and the distal trachea.
[From Grillo H (Ed.), Surgery of the Trachea
and Bronchi. 2004: BC Decker, Inc, Hamilton,
Ontario.]
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lead to the deposition of granulation tissue proximal and
distal to the stent, potentially converting a short,
resectable lesion into a long, unresectable one.

Traumatic tracheal stenosis
Blunt injury to the trachea, carina or bronchi may
initially go unrecognized. There is usually a history of
pneumothorax, frequently bilateral, requiring tube
thoracostomy. Tracheostomy below the level of injury
may have been performed. Over time the injured
segment of trachea becomes stenotic, and if a trache-
ostomy is present, the upper airway may become
totally occluded. Treatment is by surgical repair sev-
eral months after injury when local inflammation
has subsided.

Stenosis due to inhalation injury
Chemical or thermal injury due to the upper airway
is challenging to manage. Injury is usually confined
to the subglottic and tracheal mucosa, sparing the
tracheal rings. Whereas the pharynx and supraglottic
larynx often heal without functional deficit, the sub-
glottic airway may develop fibrosis that is difficult
to distinguish from intubation-related stenosis. Pro-
tecting the airway carefully with silicone T-tubes
permits resection and reconstruction, if needed, to
be deferred until inflammation has resolved – often
many months later.

Post-therapeutic
Recurrent tracheal stenosis may be a late complication
of tracheal resection and reconstruction. This can be
caused by interruption of the blood supply, excessive
anastomotic tension, granulation tissue or recurrence
of primary disease. Reconstruction following radio-
therapy should be approached with great caution but
is feasible in highly selected patients. Careful assess-
ment of the tracheal architecture is essential. The
anastomosis should be covered with well-vascularized
tissue – either muscle or omentum – to buttress and
aid healing.

Stenosis due to infection
Tuberculous infection of the upper airways may lead
to ulcerative tracheitis that progresses to long-
segment circumferential fibrosis. Surgical treatment
is complicated by the length of the lesion and the pre-
sence of ongoing inflammation. Complete eradication

of infecting organisms and repeated dilation is the usual
treatment. Infection with Histoplama capsulatum can
lead to fibrotic replacement of mediastinal structures,
including the trachea and bronchial tree. Enlarged,
fibrotic mediastinal lymph nodes due to histoplasmosis
may lead to extrinsic airway compression.

Other causes of tracheal stenosis
Relapsing polychondritis is a systemic condition in
which cartilaginous structures become inflamed and
fibrotic. When the cartilaginous rings of the trachea
are affected, the result is progressive stenosis. Wege-
ner’s granulomatosis, sarcoidosis and amyloidosis
may also affect the trachea. Because of the diffuse,
systemic nature of these diseases, surgical resection
and reconstruction are is frequently impossible, and
palliative management with a silicone T-tube may be
preferable.

Idiopathic tracheal stenosis
Stenosis of the trachea may occur without an antece-
dent history of trauma, intubation or inflammatory
disease. The majority of affected patients are women
in the third to fifth decades of life. Symptoms may
develop rapidly over a few months or insidiously over
years. Most lesions of idiopathic tracheal stenosis are
short (1–3 cm), circumferential and centred at the
junction between cricoid cartilage and trachea. The
subglottic location of these lesions frequently man-
dates complex laryngotracheal resection (described
later). High lesions may require resurfacing of the
posterior cricoid plate with a membranous wall
tracheal flap.

Intraluminal obstruction
(tracheal masses)
Primary neoplasms of the trachea are rare, comprising
1% of bronchial tumours and 2% of upper respiratory
tract tumours. In adults, malignant tumours are sig-
nificantly more common that benign lesions, whereas
in children the reverse is true.

Malignant tracheal tumours
Malignant tumours of the trachea are roughly evenly
divided between squamous cell carcinoma and adenoid
cystic carcinoma. Other primary malignant masses
have been described including carcinoid tumours, ade-
nocarcinoma, malignant fibrous histiocytomas and
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various sarcomas. Locally invasive extrinsic cancers
(thyroid, esophagus, larynx, lung, lymphoma) may also
lead to tracheal obstruction.

Squamous cell carcinoma
Squamous cell carcinoma of the trachea is primarily a
disease of older male tobacco users. Synchronous
primary cancers of the larynx or lung are common.
Lesions are typically exophytic or ulcerating and
occur in the distal third of the trachea. Local invasion
and cervical lymph node metastasis at the time of
presentation are common. Staging of regional lymph
nodes and careful determination of the length of
tumour extension are is important prior to attempts
at resection and intraoperatively prior to reconstruc-
tion. Post-operative radiation therapy is recom-
mended in almost all patients to improve local
control. Survival of up to 47% at 5 years and 36% at
10 years has been reported (Figure 6.2).

Adenoid cystic carcinoma
Adenoid cystic carcinoma is not linked to cigarette
smoking and has no age predilection. It is more likely
to occur in the proximal third of the trachea than
squamous cell carcinomas and is slower growing.
Compression of adjacent structures in the mediastinum
may occur, but true invasion is uncommon. Although
lymphatic spread is rare, hematogenous metastases to
the lung are frequently seen. A complete surgical resec-
tion is preferable, but because of the relatively indolent
nature of adenoid cystic carcinoma, a positive resection
margin is preferable to an anastomosis under tension.

All patients should receive post-operative radiation
therapy. Survival of 73% at 5 years and 57% at 10 years
is described (Figure 6.3).

Benign tracheal tumours
Squamous papilloma
In most series, squamous papillomas are the most
common benign neoplasms of the trachea. They are
attributed to mucosal infection with human papillo-
mavirus and can occur as solitary lesions or
diffuse papillomatosis. Malignant degeneration
into squamous cell carcinoma occurs in 10–30% of
adult patients and is more common with cigarette
smoking and radiation exposure. Bronchoscopic exci-
sion is the preferred treatment, although segmental
excision is preferable when the suspicion of malig-
nancy exists.

Chondroma
Chondroma is the most common benign tracheal
mesenchymal tumour. Chrondromas may arise as
submucosal masses projecting into the lumen of the
trachea. The possibility of local recurrence and malig-
nant degeneration make segmental tracheal resection
the preferred treatment.

Other benign tracheal tumours
The remainder of benign tracheal tumours are
described in small cases series or individual case
reports. Examples include pleomorphic adenoma, leio-
myoma, lipoma and benign nerve sheath tumours.

Figure 6.2 Long-term survival after
operative and non-operative treatment of
adenoid cystic carcinoma (ACC) and
squamous cell carcinoma (SCC) of the
trachea. [Gaisssert H, Grillo H, Shadmehr M,
Wright C, Gokhale M, Wain J, Mathisen D. Long-
term survival after resection of primary adenoid
cystic and squamous cell carcinoma of the
trachea and carina. Ann Thorac Surg 2004;
78:1889–1997.]
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Nonsurgical treatment of tracheal
stenosis and masses
Endoscopic treatment
Acutely symptomatic tracheal masses can be palliated
via rigid bronchoscopy and coring out of the tumour
with biopsy forceps. This procedure permits control
of a bleeding lesion, treatment of post-obstructive
pneumonia and symptomatic relief prior to radiation
or resection. Laser resection with Nd:YAG, cryother-
apy and photodynamic therapy have also been used to
debride symptomatic lesions. Short-term placement
of an endobronchial stent can be used as a bridge to
definitive treatment, although this technique should
be employed with caution due to the risk of formation
of granulation tissue outside the stented region. Sten-
otic lesions of the trachea may be palliated with a
silicone T-tube, as described earlier.

Radiation therapy
Primary radiation therapy is an acceptable alternative to
surgical resection and reconstruction only in those pati-
ents unable to undergo operative treatment. Long-term
survival with radiation therapy alone has occasionally
been reported in both squamous cell carcinoma and
adenoid cystic carcinoma. Radiation doses from 50 to
70 Gy have been described, although there does not
appear to be a survival advantage to doses above
60 Gy, and dose-dependent toxicities including esopha-
gitis, tracheitis and stricture favor a lower radiation dose.

Operative treatment of tracheal
stenosis and masses
Initial reports of tracheal resection and reconstruction
by Belsey placed the maximum length of trachea that
could be safely resected at 2 cm or four tracheal rings.

Figure 6.3 Technique of tracheal
resection and reconstruction. The
affected portion of the trachea is carefully
dissected (A), and cross-field ventilation is
used following division of the airway (B).
Reconstruction is performed using
interrupted absorbable sutures (C), and
a tension-free anastomosis is created (D).
[From Grillo H (Ed.), Surgery of the Trachea and
Bronchi. 2004: BC Decker, Inc., Hamilton,
Ontario.]
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Subsequent refinements by Grillo at the Massachu-
setts General Hospital led to the realization that up to
half the length of the trachea could be removed with
extensive mobilization techniques. These maneuvers
include cervical flexion, suprahyoid laryngeal and
hilar release. Resection of tracheal segments greater
than 4 cm may require release maneuvers. Resection
remains contraindicated with long-segment lesions
and tumours involving nonresectable mediastinal
organs. In the presence of distant metastases, pallia-
tive resection is occasionally undertaken.

Bronchoscopy is performed immediately prior to
surgery. A tracheal resection should not be performed
in the face of unexpected excessive airway secretions
or untreated post-obstructive pneumonia. Rigid
bronchoscopy and dilatation may be necessary prior
to placement of an endotracheal tube.

A cervical collar incision is typically used, some-
times in conjunction with a partial sternotomy.
A sternotomy or right thoracotomy may be preferred
for distal lesions. Once the trachea has been tran-
sected, cross-field ventilation is employed via a sterile
endotracheal tube. In combination with periods of
hyperventilation, this tube may be removed for short
periods to permit construction of an anastomosis.
The anastomosis is constructed using interrupted
absorbable sutures placed through the cartilaginous
rings (anterior) or the membranous wall (posterior).
The importance of creating a tension-free anasto-
mosis cannot be overstated.

In cases of subglottic stenosis, the proximal extent
of resection may include the anterior cricoid and the
mucosa of the posterior cricoid, which is then covered
using a flap of the membranous wall of the distal
trachea.

Patients are extubated in the operating room and
spared a tracheostomy unless concern exists about
the status of the airway. The neck is secured in gently
flexed position using a ‘guardian stitch’ placed from
the chin to the chest. A routine bronchoscopy is
performed on the seventh post-operative day, and
the guardian stitch is typically removed at that time.

Tracheoesophageal fistula (TEF)
The clinical presentation of acquired fistula between
the esophagus and trachea depends on whether
patients are breathing spontaneously and taking food
orally or being mechanically ventilated and fed via a
tube into the stomach or small intestine.

In patients who are being fed orally, symptoms
are similar to poorly controlled aspiration. Forceful
coughing after swallowing, recurrent pneumonias
and hemoptysis may be seen.

In mechanically ventilated patients, insufflation of
the gut through a fistula may occur, leading to
abdominal distension and triggering of the ventila-
tor’s leak alarm. In addition, frequent pneumonias
may occur, and tube feeds may be suctioned via the
patient’s endotracheal tube.

Radiographs of the chest will frequently reveal
diffuse infilitrates, focal pneumonia or a dilated, air-
filled esophagus. Dilute barium swallow should dem-
onstrate the fistulous track between esophagus and
trachea. Gastrografin should be avoided when TEF
is suspected because of the risk of causing pneumon-
itis. CT may be helpful in defining the TEF but is not
the study of choice in making the diagnosis.

Bronchoscopy is more reliable than esophago-
scopy in detecting and characterizing small fistulae.
Both procedures should be performed, however, as
simultaneous bronchoscopy and esophagoscopy are
sometimes needed to detect small defects.

Etiologies of TEF
Acquired TEF can originate as a tracheal lesion that
penetrates the esophagus or an esophageal lesion that
penetrates the trachea or a mediastinal lesion that
perforates both.

Tracheal origin
Iatrogenic – In the era of high-pressure, low-volume
endotracheal tube cuffs, erosion of the
membranous wall of the trachea into the esophagus
was a frequent complication. The problem is
exacerbated by presence of a rigid nasogastric tube
in the esophagus (Figure 6.4). Although the
incidence has declined in the modern era, it
remains the most common benign cause of TEF.
Infectious – Granulomatous infection of the
membranous wall of the trachea related to
tuberculosis or histoplasmosis may proceed to TEF.
Malignant – Invasion of airway tumours into the
esophagus may occur but is less frequent than the
converse (see later).

Esophageal origin
Malignant – Squamous cell cancer of the upper
third of the esophagus is most likely to result in

Chapter 6: Tracheal stenosis, masses and tracheoesophageal fistula

53

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.006
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:20:52, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.006
http:/www.cambridge.org/core


malignant TEF. In a series of 207 malignant TEFs,
78% derived from esophageal cancer compared to
16% from lung cancer and 1.5% from primary
tracheal cancer. The incidence of fistula formation
in esophageal cancer approaches 5%.
Anastomotic complication – Following
esophagectomy, early anastomotic leak or delayed
erosion of a stapled anastomosis may lead to
development of acute or chronic TEF. Late
dilatation of an anastomotic stricture can also cause
a late fistula.
Stent-related – Balloon-expandable metallic stents
in the esophagus (and less frequently the trachea)
may cause TEF either through erosion or from
trauma due to difficulties with removal.

Extrinsic
Trauma – Traumatic TEF may be extrinsic
(penetrating injury) or intrinsic (aspirated or
swallowed foreign body).
Iatrogenic – Anterior approach to cervical spine
fusion may be complicated by iatrogenic injury to
the trachea and/or esophagus, leading to TEF
formation.
Malignant – Extrinsic mediastinal or
cervical malignancies that may lead to TEF

include lymphoma, thyroid cancer and metastatic
breast cancer.

Treatment of TEF
Principles of operative treatment
Patients with TEF frequently have additional complex
medical problems that must be addressed prior to
definitive repair. In particular, the nutritional status
must be maximized and any pulmonary infection
treated. Contamination of the respiratory tract by
gastrointestinal secretions can be minimized prior to
surgery by repositioning the cuff of the endotracheal
tube below the level of the fistula, optimizing pul-
monary toilet, decompressing the stomach with a
gastrostomy tube and providing enteral nutrition via
a jejunostomy.

Exposure for TEF is usually achieved via a cer-
vical collar incision. The incision may be extended
into the mediastinum via partial sternotomy if
necessary. A supracarinal fistula requires right thor-
acotomy for exposure and repair. In cases of benign
disease the esophageal defect is closed in two layers,
and a pedicle of healthy muscle is placed between
the trachea and esophagus (Figure 6.5). Typically, the
segment of trachea containing the fistula is resected

Figure 6.4 Mechanism of
post-intubation tracheoesophageal fistula
due to pressure necrosis between a rigid
nasogastric tube and the balloon of a
tracheostomy tube. [From Grillo H (Ed.),
Surgery of the Trachea and Bronchi. 2004: BC
Decker, Inc., Hamilton, Ontario.]
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and reconstructed with a tension-free anastomosis.
In cases of malignancy or extensive mediastinal soilage,
esophagectomy and/or diversion may be necessary.

Special cases
Malignant TEF
Primary malignancies leading to TEF, whether origin-
ating in the esophagus or the airway, are seldom
curable by combined airway and esophageal resec-
tion. Palliative stenting of the trachea, esophagus
or both may help to control respiratory infection
and allow swallowing. Operative palliation involves

isolating the affected segment of esophagus with cer-
vical esophagostomy and gastrostomy. Regardless of
the means of palliation, survival is 5–10 weeks.

In cases of TEF occurring later after esophageal
resection, the first step is to determine whether residual
or recurrent cancer is present. If the fistula is attributable
to an anastomotic complication, then the gastric conduit
may be resected and an esophageal diversion created to
permit treatment of infectious sequelae of the fistula.
Reconstruction with colonic or jejunal interposition
may subsequently be required. In patients with recurrent
or metastatic disease, conservative management with
stenting may be more appropriate.

Figure 6.5 Resection and closure of
tracheoesophageal fistula. After resection
of the portion of trachea containing the
defect (A, B), the esophageal defect is
carefully closed in two layers and a
buttress of vascularized tissue applied (C).
Tracheal reconstruction then proceeds in
the standard fashion. [From Grillo H (Ed.),
Surgery of the Trachea and Bronchi. 2004: BC
Decker, Inc., Hamilton, Ontario.]
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Post-intubation TEF
Attempts to repair an intubation-related fistula in
patients who remains mechanically ventilated are likely
to fail. Once the patient’s pulmonary and nutritional
status have been optimized, a single-stage repair is usu-
ally possible. Successful fistula repair in 94% of patients,
with freedom from tracheal appliance in 71% and
resumption of oral nutrition in 83%, has been described.

Traumatic TEF
Successful management of traumatic TEF depends
on accurately identifying and repairing the
esophageal injury. We prefer a primary two-layered
repair of the esophagus using interrupted sutures
buttressed with a flap of healthy tissue. Once
the esophageal defect has been controlled, repair of
the trachea proceeds as described for reconstruction.

Further reading
Tracheal anatomy
MinnichD,Mathisen D. Anatomy of the

Trachea, Carina and Bronchi. Thor
Surg Clin 2007; 17:571–85. Summary
of tracheobronchial anatomy and
relationships to adjacent structures
and their role in the advancement of
airway surgery.

Tracheal stenosis
Ashiku S, Kuzucu A, Grillo H, et al.

Idiopathic laryngotracheal stenosis:
effective definitive treatment by
laryngotracheal resection. J Thorac
Cardiovasc Surg 2004; 127:99–107.
Reports on the outcome of 73 patients
treated for undergoing
laryngotracheal resection at the
Massachusetts General Hospital
between 1971 and 2002, with
no perioperative mortality
and excellent long-term results in 91%.

Donahue D, Grillo H, Wain J, et al.
Reoperative tracheal resection and
reconstruction for failed repair of
postintubation stenosis. J Thorac
Cardiovasc Surg 1997; 1114:934–9.
Discussion of 75 patients operated on
at the Massachusetts General
Hospital between 1966 and 1997
after initially failed repairs with
further resection ranging from 1 to
5.5 cm, with good or satisfactory
outcomes in 82%.

Tracheal tumour
Gaissert H, Grillo H, Shadmehr B,

et al. Laryngotracheoplastic
resection for primary tumors of
the proximal airway. J Thorac
Cardiovasc Surg 2005; 129:1006–9.
Reports on the results of
25 patients undergoing
laryngotracheal resection for
primary airway tumours close
to the vocal cords with median
follow-up of 101 months and
overall 5- and 10-year survival of
79% and 64%.

Gaissert H, Grillo H, Shadmehr B, et al.
Uncommon primary tracheal
tumors. Ann Thorac Surg 2006;
82:268–73. Retrospective analysis of
treatment and outcomes of
360 benign and malignant tracheal
tumours other than squamous cell
and adenoid cystic carcinoma over a
40-year period.

Gaisssert H, Grillo H, Shadmehr M,
et al. Long-term survival after
resection of primary adenoid cystic
and squamous cell carcinoma of the
trachea and carina. Ann Thor Surg
2004; 78:1889–997. Retrospective
analysis of 270 patients with adenoid
cystic or squamous cell carcinoma
treated between 1962 and 2002
comparing 5- and 10-year survival
in resected and unresected patients
by histology.

Gaissert H, Honings J, Grillo H, et al.
Segmental laryngotracheal and
tracheal resection for invasive
thyroid Carcinoma. Ann Thorac
Surg 2007; 83:1952–9. Retrospective
study of 82 patients demonstrating
that thyroid cancer invading the
airway can be safely and effective
managed by segmental airway
resection.

Tracheoesophageal fistula
Muniappan A, Wain J, Wright C, et al

Surgical treatment of nonmalignant
tracheoesophageal fistula: a thirty-five
year experience. Ann Thorac Surg
2013 Apr; 95(4):1141–6. doi: 10.1016/
j.athoracsur.2012.07.041. Epub
2012 Sep 20. Retrospective study of
36 patients undergoing various surgical
repairs of tracheoesophageal fistula
between 1992 and 2010, reporting
successful fistula closure in 94%.

Complications
Wright C, Grillo H, Wain J, et al.

Anastomotic complications after
tracheal resection: prognostic
factors and management. J Thorac
Cardiovasc Surg 2004; 128:731–9.
Describes anastomotic complications
in 9% of 901 patients with
reoperation, diabetes, resection > 4
cm, age < 17 years, and pre-
operative tracheostomy as
independent risk factors.
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Section III

Chapter

7
Benign conditions of the lung

Congenital and developmental
lung malformations
Naziha Khen-Dunlop, Guillaume Lezmi, Christophe Delacourt
and Yann Revillon

Landmarks

� There are three main congenital lung
malformations: cystic forms also named
congenital pulmonary airway malformation
(CPAM), broncho-pulmonary sequestrations
(BPS) and congenital lobar emphysema also
named congenital alveolar overdistension. Among
them, cystic lung malformations are the most
frequent.

� Cystic lung malformations are focal and occur
sporadically, suggesting they result from a defect
in normal lung development rather from a genetic
abnormality.

� The description of hybrid malformation,
associating CPAM and sequestration features
and the observation of microcystic elements in
about half of extralobar sequestrations reflect the
complex status of pulmonary malformations.

� Prenatal mediastinal shift is observed in 50% of
CPAM and polyhydramnios in 20% of cases; both
of these signs do not have to be interpreted as
complications and do not lead to impaired lung
development or fetal distress. On the opposite,
hydrops is present in about 10% of cases and
is associated to fetal or neonatal death in more
than 95%.

� The ‘disappearance’ of congenital malformations
of the lung on last prenatal ultrasound was
classically described and interpreted as a complete
regression of the malformation, but such
evolution is exceptional and only documented for
sequestrations. Post-natal thoracic imaging (MRI
or CT scan) is required to check the persistence of
congenital lung malformations regardless of the
prenatal evolution.

� Cystic lesions are congenital lung
malformations for which complications
are most often reported. Respiratory
impairment and lung infection are the
two main symptoms but, although
exceptional, they are associated to malignant
degeneration. If non-operated, asymptomatic
cystic lesions have to be followedup
into adulthood.

� Over 90% of bronchopulmonary
sequestrations are found in the thorax, and less
than 10% are located in the abdomen. As
respiratory symptoms are rare and no
malignancy reported, expectance can then be
proposed, provided that there is no cystic
component.

� Progressive respiratory signs, secondary to lobar
overinflation, are the most common symptoms
in congenital lobar emphysema. Signs may
have a favourable evolution with clinical and
ventilatory parameter improvements. In case
of respiratory distress, surgical excision of
the malformation is necessary.

Important publications in the speciality

� Morrisey E, Hogan B. Preparing for the
first breath: genetic and cellular
mechanisms in lung development. Dev Cell 2010;
18:8–23.

� Sekine K, Ohuchi H, Fujiwara M, et al. FGF10 is
essential for limb and lung formation. Nat
Genet 1999; 21:138–41.

� Adzick NS. Open fetal surgery for life-threatening
fetal anomalies. Semin Fetal Neonatal
Med 2010 Feb; 15:1–8.

Core Topics in Thoracic Surgery, ed. Marco Scarci, Aman Coonar, Tom Routledge and Francis Wells. Published by
Cambridge University Press. © Cambridge University Press 2016
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� Langston C. New concepts in the pathology
of congenital lung malformations. Semin Pediatr
Surg 2003; 12:17–37.

� Stocker JT. Cystic lung disease in infants and
children. Fetal Pediatr Pathol 2009; 28:155–84.

� Bush A. Prenatal presentation and postnatal
management of congenital thoracic
malformations. Early Hum Dev 2009; 85:679–84.

Introduction
Advances in antenatal imaging over the past 10 years
have dramatically changed diagnosis and manage-
ment of congenital lung disease, especially for the
two lesions most commonly detected: congenital
cystic adenomatoid malformations (CCAM), also
named congenital pulmonary airway malformation
(CPAM), and bronchopulmonary sequestrations
(BPS). If early surgical excision is required for
all symptomatic malformations, management of
asymptomatic cases is still controversial. The natural
evolution and consequences of late complications of
lung malformations still need to be compared with
the benefits of elective resection and surgical mor-
bidity. Complete regression of sequestrations or
clinical and morphological improvement in con-
genital lobar emphysema (also named congenital
alveolar overdistension) plead for clinical watching.
On the other hand, resection is advocated for
cystic malformations because of an increased risk
of acute respiratory distress, later infections and
the possibility of malignant transformation. Further
studies and long-term follow-up are still needed to
understand the natural history of congenital lung
malformations and help to define the optimal way
to manage them.

Lung morphogenesis and congenital
malformations
Lung development begins at embryonic day 28 when
the primary lung buds evaginate from a domain
expressing TTF-1 within the ventral foregut endo-
derm[1]. Once formed, the primary lung buds extend
and undergo branching. Branching morphogenesis is
a developmental process that occurs during the pseu-
doglandular stage of lung development (6–16 weeks),
and leads the primary lung buds to form the con-
ducting airways. Branching morphogenesis results
from interactions between epithelium and underlying

mesenchyma[2]. Such interactions are mediated by
diffusible factors, mainly members of the fibroblast
growth factor (FGF) family[1]. In particular, FGF10
plays a key role in lung development. FGF10 is
secreted by fibroblasts of the mesenchyma and may
act on epithelium through its receptor FGFR2b to
induce branching morphogenesis. When FGF10 or
FGFR2b are absent, the primary buds are present
but are unable to branch[3-5].

Cystic lung malformations are focal and occur
sporadically, suggesting that they result from a defect
in normal lung development rather from a genetic
abnormality. This is supported by studies reporting
that many molecules involved in normal lung devel-
opment remain overexpressed in CCAM/CPAM.
Markers of early lung development such as HOXb-5
and TTF-1 have been found to remain overexpressed
in fetal mesenchyma and epithelium of cysts, respect-
ively, when compared with controls[6]. Platelet-
derived growth factor-B, which stimulates lung growth
by increasing proliferation, remains overexpressed
in severe fetal CCAM/CPAM complicated of hydrops
when compared with age-matched control lungs[7],
and conditional overexpression of the cell fate regula-
tor NOTCH-Ic within lung epithelium of fetal trans-
genic mice results in cystic-like lesions instead of
normal saccules[8]. Several animal models have
recently highlighted the relevance of FGF10 overex-
pression in CCAM/CPAM pathogenesis. In vitro stud-
ies showed that excess of FGF10 in cultured fetal lung
explants from mice and rats induces a cystic-like
enlargement of lung buds[9-10]. In vivo, the overex-
pression of FGF10 in proximal and distal airways of
fetal transgenic mice induces marked adenomatoid
malformation[11], whereas localized injection of the
rFGF10 transgene in the lungs of rats during gestation
results in cystic lung lesions resembling CCAM/
CPAM[12]. Although animal models support that an
FGF10 overexpression may lead to the formation of
CCAM/CPAM, this hypothesis has yet never been
confirmed in humans[10,13]. These discrepancies
point the difficulties in understanding developmental
disease mechanisms in humans and support the
development of in vivo animal models to provide
new insights in their pathogenesis. Moreover, the
description of hybrid malformation, associated CPAM
and sequestration features and the observation of
microcystic elements in about half of extralobar
sequestrations reflect the complex status of pulmonary
malformations[14,15].
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Prenatal diagnosis
Fetal lung malformations are present in about
1/20 000 pregnancies and are classified into two
major types based on their sonographic appearance:
cystic or echogenic. Cystic lesions are in the vast
majority of cases CPAM (previously named CCAM).
Hyperechogenic lesions may correspond to CPAM,
bronchopulmonary sequestrations, congenital emphy-
sema or bronchial atresia. CPAM is one of the most
frequent lesions visualized during prenatal ultra-
sound[16]. Mediastinal shift is observed in 50% of
cases and polyhydramnios in 20% of cases because
of a mass effect on mediastinum or oesophageal
compression. Both of these signs do not have to be
interpreted as complications and do not lead to
impaired lung development or fetal distress. On the
other hand, hydrops is present in about 10% of cases
and is a sign of poor cardiac tolerance either by
decreased venous return or by direct myocardial com-
pression. Hydrops is associated in more than 95% of
cases to fetal or neonatal death[17,18].

Bronchopulmonary sequestrations are the second
malformations diagnosed prenatally. The aspect is
the same as the microcystic forms of CPAM or
congenital lobar emphysema, and only visualization
of a feeding systemic artery can affirm the diagnosis.
Despite their volume, bronchopulmonary sequestra-
tions are usually well tolerated by the fetus and do not
lead to prenatal nor post-natal symptoms. However,

complications such as hydrothorax and hydrops are
reported but stay exceptional[19]. If persistent, they
can also lead to pre- or post-natal death.

Because of their reduced size during fetal life,
bronchogenic cysts are rarely diagnosed prenatally,
and compressive effects in the fetus are very uncom-
mon[17,20]. Prenatal diagnosis of lobar emphysema is
rare and unspecific[21,22].

Two indications for prenatal intervention are
identified: hydrops, due to the significant risk of
death, and persistent mediastinal compressive effect,
because of the risk of pulmonary hypoplasia. How-
ever, a decrease in the volume of the malformations is
usually observed during pregnancy after the thirtieth
week of gestation, resulting in an improvement in the
appearance of the lung parenchyma and fetal toler-
ance[18,20]. Given the importance of spontaneous
regression in the third trimester of pregnancy, pro-
cedures are usually performed after the thirtieth week
and after a first test of maternal corticosteroids. In
cystic lesions, a simple puncture has little interest
because of the high risk of secondary recurrence.
Provided that there is a large or dominant cyst, drainage
into the amniotic cavity achieves a survival rate of
70% when hydrops regresses and the drainage is
effective, with a collapse of the cyst and a shift of
the mediastinum (Figure 7.1). A second drainage
may be required due to exclusion of the drain, which
occurred in one-third of the cases[23]. Drains can also

Figure 7.1 Prenatal imaging of compressive CPAM (courtesy of Prof. Y. Ville).
A. Prenatal ultrasound exam of a compressive CPAM of the left lung at 23 WG. The heart is displaced to the right by a macrocystic lesion
of 58-mm diameter with compression of both lungs and secondary polyhydramnios but without hydrops. Prenatal thoracoamniotic shunting
was decided.
B. Prenatal ultrasound exam at 26 WG, 2 weeks after the CPAM drainage by two catheters (white arrows) placed in the predominant cysts.
The cysts are well subsided, and the mediastinal shift is corrected. The drainage will remain functional until birth.
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be placed to evacuate pleural effusion compressions,
which can complicate pulmonary sequestration[24,25].

Prenatal treatment of hyperechogenic lesions is
still debated. Sclerosis of the mass or coagulation of
vascular pedicles has been proposed by some teams
with mixed results[17]. Similarly, interventions by
open surgery after hysterotomy and maternal fetal
thoracotomy were performed for solid malforma-
tions. Series from Scott Adzick’s team are the largest
to date, with 24 cases of in utero fetal thoracotomy
within 15 years, carried out between 21 and 34 weeks.
The fetal survival rate was about 50%. Half the deaths
occurred intraoperatively during resection of the
lesion and the other half in the hours following the
intervention secondary to fetal bradycardia, uterine
contractions or uncontrolled chorioamnionitis[26].

The decrease in prenatal volume of the malforma-
tions was estimated between 15 and 65%. This
regression accounts for almost half of CPAM when
the volume of the lesion is reported to total lung
volume[26,27]. The ‘disappearance’ of congenital mal-
formations of the lung on last prenatal ultrasound was
classically described and interpreted as a complete
regression of the malformation. This evolution,
although exceptional, was documented for seques-
trations[28] but not for cystic malformations, for
which the ultrasound disappearance is attributed to
changes in prenatal morphological feature at the
third trimester. Thus, post-natal thoracic imaging

(MRI or CT scan) is required to check the persist-
ence of congenital lung malformations regardless of
the prenatal evolution.

Post-natal diagnosis
Cystic lung malformations
Cystic lesions are congenital lung malformations
for which complications are most often reported.
In the neonatal period, respiratory distress second-
ary to compression of the lung parenchyma is the
main symptom and leads to an emergency opera-
tion in the first month of life in about 20% of the
children[21] (Figure 7.2).

On the other hand, bronchogenic cysts are small
in the neonatal period and thus remain asymptomatic
long after birth. Gradually, intracystic secretions lead
to cystic growth and tensioning. This increase can
be rapid and significant with symptoms related to
the compression of adjacent structures: the trachea
in most cases, more rarely the oesophagus or the
vena cava and the myocardium. Cysts located just
under the carena are particularly at risk and life
threatening because of the simultaneous compres-
sion of both bronchi[29,30,31]. Although exceptional,
symptoms can also be secondary to a fistula in the
tracheobronchial tree, oesophagus or lung tissue[32,33].

After the neonatal period, infection is the most
common complication of cystic malformations. It can

Figure 7.2 Neonatal imaging of CPAM.
A. Macro-cystic malformation of the upper lobe of the left lung leading to post-natal respiratory distress. Chest X-ray shows cardiac shift
with left mediastinal compression and tracheal deviation to the right.
B. Multicystic malformation of the lower lobe of the left lung without respiratory symptoms (prenatal diagnosis). The chest X-ray did not
show mediastinal or lung compressive effect.
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be manifested by febrile episodes but also by recur-
rent respiratory symptoms that are usually diagnosed
and treated as asthma[32]. Chronic inflammation may
remain latent or be complicated by hemoptysis or
pneumothorax[34,35]. In all theses cases, the diagnosis
of the malformation, if undetected prenatally, or the
confirmation of the complication is made on the chest
CT scan (Figure 7.3).

To date, 50 cases of malignant degeneration of
cystic malformations have been reported in children;
the youngest age at diagnosis was 1 year[36,37]. Three
kinds of tumours are described: pleuropneumoblas-
toma, bronchioloalveolar carcinoma and rhabdo-
myosarcoma. These tumours have been mainly
described in CPAM but also, even though excep-
tional, in bronchogenic cysts[38,39]. In CPAM, the
risk seems to depend on the type of cystic malforma-
tion: clearly associated to type 1 and type 4 CPAM
when type 2 CPAM seems not involved[40,41]. Intra-
cystic mucinous cell clusters, with K-ras mutations,
have been described in type 1 CCAM, making these
lesions potential precursors of bronchoalveolar car-
cinoma[42]. These concordant data strongly suggest
that CPAM (at least type 1 CCAM) may predispose
to malignant transformation. But the incidence of
malignant transformation is still difficult to estimate:
on systematic histological analyses, it was evaluated
up to 4% in children’s CPAM and 20% in adults’

CPAM[43,44] and such differences may be reflect-
ing the evolution with time of cystic congenital
malformations[45,46].

Solid lung malformations
Solid malformation corresponds to bronchopulmon-
ary sequestration (BPS). Two sub-types are described
(i) intralobar sequestrations which share common vis-
ceral pleura with the normal lung and (ii) extralobar
sequestrations which have their own pleura. Extra-
lobar sequestrations account for 20% of prenatally
detected BPS (Figure 7.4). Over 90% of sequestra-
tions are found in the thorax, and less than 10%
are located in the abdomen (all extralobar forms),
typically described in the left suprarenal area. Because
of this particular location, differential diagnoses
such as neuroblastoma, adrenal hematoma, hemo-
lymphangioma and teratoma have to be excluded[47].
BPS is characterized by a systemic vasculature that
most commonly arises from the descending thoracic
aorta, less frequently from the upper abdominal aorta
(or celiac and splenic branches) and in rare cases from
intercostal, subclavian or coronary arteries[48]. The
existence of intradiaphragmatic locations is rare but
is of embryological interest. The presence of abnormal
tissue embedded within the diaphragm suggests that
the sequestration forms prior to embryologic closure

Figure 7.3 CPAM with multiple cysts: imaging and perioperative correlation.
Cystic malformation of the middle lobe of the right lung diagnosed after two episodes of pulmonary infection and abnormal chest X-ray.
CT scan (left) shows numerous cysts with some thick dividing walls and proximal bronchocele (grey circle) leading to the diagnosis of
associated bronchial atresia. Thoracoscopic per-operative view (right) shows the cysts at the surface of the middle lobe and the absence of
lesions in the two other lobes.

Chapter 7: Congenital and developmental lung malformations

61

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.007
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:20:49, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.007
http:/www.cambridge.org/core


of the diaphragm, which is before the eighth week of
gestation, and thus pleads for the origin from an early
ectopic pulmonary bud. BPS with gastric duplications
is also described[49]. The term is gastric duplication
was proposed due to the fusion between the seques-
tration and the stomach, even in the absence of iden-
tified intestinal mucosa, considering that histological
overlaps can occur because of the primitive digestive
origin of lung tissues[50].

In the post-natal period, symptoms are common
to other malformations: respiratory discomfort and
infection but more specifically, although excep-
tional, vascular complications, such as intralesional
bleeding or heart failure[51,52]. Diagnosis appears
earlier in extralobar sequestrations as 60% are
recognized in the first 6 months of life, whereas
intralobar sequestrations are most often diagnosed
after the age of 2 years[50]. Sequestrations may also

Figure 7.4 Bronchopulmonary sequestration: imaging and perioperative correlation.
A. CT scan showing left basal bronchopulomonary sequestration with two feeding arteries arising from aorta. The malformation appears
as a dense lesion without cystic component.
B. Thoracoscopic perioperative view confirming an extralobar sequestration with two feeding vessels.
C. Dissection of the vessels and ligation by thoracoscopic clips.
D. Section of the vessels and mobilization of the BPS.
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completely disappear in the pre- and post-natal
periods, presumably by spontaneous thrombosis of
the vascular pedicle, although histological data are
not available to confirm the diagnosis. Expectant
management can then be proposed for BPS, espe-
cially when the size of the lesion is small and if it is
an extralobar form[34]. Percutaneous embolization
could then be a good therapeutic alternative because
of less morbidity, but it is reserved for BPS with a
single artery and in the absence of associated cystic
structures[53,54].

Emphysema
Emphysema is typically diagnosed in the neonatal
period due to respiratory distress, acute or progressive
effect by trapping and overinflation of the segment or
the pulmonary lobe[55] (Figure 7.5). Although bron-
chus malformations were described at histological
analysis in only half the cases, emphysema is attrib-
uted to abnormal bronchial cartilage without mal-
formations of the lung parenchyma but secondary
alveolar overdistension[56].

Figure 7.5 Congenital emphysema: imaging and perioperative correlation.
A. CT scan showing parenchymal hyperlucency of the upper left lobe.
B. Thoracoscopic perioperative view. The upper part of the lung is discreetly clearer with very small superficial bubbles. The malformative
zone can, however, be continuously delineated.
C. After ventilation exclusion of the left lung, the normal lower part is collapsed when the malformative upper part stays overinflated.
D. Thermal fusion parenchymal section at the edge of the emphysematous part.
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Functional respiratory signs, with or without
associated infection, are also common symptoms
at diagnosis after the neonatal period. They occur
in the majority of cases within the first 6 months of
life[57]. In older children, it is sometimes difficult to
tell the difference between late symptomatic con-
genital lobar emphysema and emphysematous lesions
secondary to extrinsic bronchial compression or post-
infectious lung damage[58,59].

Difficulty in breathing may also remain moderate
with a favourable evolution and a regression of the
lesions, provided there is not a local mechanical cause.
Clinical improvements are associated to changes in
ventilatory parameters[60].

Post-natal treatment
The principles of surgery in newborns are identical
to those in older children, but the thoracoscopic
approach, even if feasible as it was assessed by numer-
ous publications, is difficult because of the limited
space in the thorax at this age. As infants remain
asymptomatic in the majority of cases, it allows
an initial follow-up and avoids intervention and
general anaesthesia in the first months of life; con-
sensus seems to be emerging for intervention after
6 months[16,34].

At birth, chest X-ray is performed before dis-
charge from hospital to assess the impact of the mal-
formation once the lung is ventilated. CT scan or
MRI, realized between 2 and 3 months of life, can
precisely evaluate the morphological characteristics
and the local impact of pulmonary malformation.
The early term for this imaging, in the absence of
planned surgery, has the advantage to still be per-
formed at this age without general anaesthesia, which
will not be the case in babies older than 3 months. In
our experience, in the aim to limit irradiation, MRI
provides a good pulmonary, mediastinal or vascular
evaluation but fails to give a good evaluation of
cystic components and can thus be completed by a
low-dose scanner. This evaluation allows us to define
precisely the type of malformation: strictly cystic
(CPAM), entirely solid malformation (BPS) or cystic
and solid components (i.e. hybrid malformation) in
case of prenatal malformation with systemic pedicle;
CPAM, BPS, emphysema or bronchial atresia in case
of prenatal hyperechogenic malformations.

The surgical resection of lung congenital malforma-
tions is consensual when they become symptomatic:

dyspnea, tachypnea, acute respiratory distress, dis-
comfort in food intake, etc.[16,34]. For asymptomatic
malformations (prenatally diagnosed), the main
argument of the wait-and-see attitude is the possible
disappearance of lesions over time. Disappearance
was also documented for BPS[28,61], but there were
no clear evidences of such evolution in cystic
malformations.

The second argument for the expectative attitude
is the poor knowledge of the natural history of con-
genital lung malformations, particularly with regard
to delayed symptoms. Lobar emphysema may remain
asymptomatic with little risk of major complications,
and clinical and morphological improvements were
even shown, justifying a long-term surveillance[60].
But even in the absence of functional symptoms,
resection of cystic lesions is proposed. Although
the evaluation of secondary infection is variable (from
10 to 85%), they were associated to higher periopera-
tive complications with longer operativetimes,
increased blood loss or higher rates of conversion
when performed thoracoscopically[62]. Post-operative
morbidity was also increased with longer lengths of
stay and more frequent post-operative complica-
tions (pulmonary fistulae, secondary haemorrhage,
reoperation, etc.)[14,63].

Early surgery is also recommended in cystic
malformations because of the risk of malignant trans-
formations[41,43]. Unlike bronchopulmonary carcin-
oma (cf supra), it is most likely that CPAM and
pulmonary pleuroblastoma (PPB) are two separate
lesions without natural evolution between them;
chromosomal abnormalities that are identified in
PPB cases are not found in CPAM cases[64,65]. With-
out complete resection, low-grade cystic PPB (type I)
is likely to progress over 2–4 years to a high-grade
solid disease (type III)[41]. Delayed recognition or
failure to resect type I PPB significantly worsens
prognosis. Overall survival rate in PPB ranges from
80–85% for type I to 45–50% for type III[66,67]. As
these two entities share similar clinical and radio-
logical features, pathologic examination is the only
means to establish the final diagnosis[68]. Although
some clinical features associated with cystic lung
lesions can be helpful to suspect a type I PPB, they
lack specificity and are often misinterpreted[66,67].
In their retrospective analysis of 51 patients with
type I PPB, Hill et al. found that type I PPB was
never suspected pre-operatively despite the high rate
of pneumothorax at presentation and/or multiple
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lesions in the lung[67]. Thus, only systematic surgical
removal of congenital cystic lung lesions, associated
with a thorough pathologic study by a trained team,
can formally exclude the diagnosis of PPB.

Cystic malformations (CPAM) with systemic vas-
cularization or a predominantly solid lesion (BPS) but
containing cystic structures, now defined as hybrid
malformations, are thus to be considered for surgical
resection.

Surgical procedure
The optimal period for lung resection seems to be
between 6 months and 2 years. Surgery in the first
6 months for asymptomatic forms seems not neces-
sary nor useful regarding the increased anaesthetic
risk in the neonatal period compared to the inci-
dence/consequences of complications. Moreover, the
growth and development of the chest offer better
technical conditions for thoracoscopic surgery after
the first year. If resections are decided, interventions
should be realized before the onset of complications,
considering the data on increased morbidity, that is,
in the first 3 years.

Progress in the miniaturization of equipment
offers instruments of 3- or 5-mm diameters and
5-mm optics, perfectly suited for the thorax of infants.
Lung resections, either thoraco-assisted or entirely
thoracoscopic, are possible in the vast majority of
cases, with an advantage (vs thoracotomy) on post-
operative pain and costal healing[68]. In children, their
low weight does not allow the use of a doublelumen
endotracheal tube for transient pulmonary exclusion
work, and the pulmonary exposure is more difficult
than in adults. When the lesion is on the left lung,
right selective intubation can be performed, if toler-
ated. When the lesion is on the right lung, a good
collaboration with the anaesthesia team, providing a
high-frequency and low-volume ventilation, is the key
of this surgery.

The optical port is placed at the tip of the blade, on
the mid-axillary line, and insufflation is performed at
a maximum of 4–5 mmHg. Two 5-mm ports are

positioned in triangulation location, and a third port
may be necessary to improve the exposure. For par-
enchymal sections we used preferentially thermal
tissue fusion (LigaSure⎩) that provides both control
of the haemostasis and a good pneumostasis. Vascular
controls, if necessary, are obtained by clips, endoloops
or only by thermal tissue fusion, depending on the
size of the pedicles. In children, the bronchi are flex-
ible, and endoloop ligation is often sufficient without
complementary stapling. In sequestrations, systemic
arteries are controlled from the start of the interven-
tion, venous return can be variable and there is no
connection with the bronchial tree.

One or two chest tubes are left in place for an
average of 48–72 hours. They are removed after
ensuring the absence of bubbling and our usual test
without prior clamping. Because of the lack of schol-
arship skin, a compression bandage is left for 48 h.
The return home is made the day after the drains are
removed after a final chest X-ray control.

Conclusion
Because histological overlaps are described between
the four classical types of congenital lung malforma-
tions, the classical classification now seems imperfect.
Last works on pathogenetic mechanism plead for
a malformation sequence based on fetal airway
obstruction events that lead to lung parenchymal
maldevelopment.

There is general agreement in favour of resecting
lung congenital malformations when symptomatic.
The optimal period for lung resection of congenital
cystic malformation diagnosed prenatally seems to be
between 6 months and 2 years. If resection is decided,
intervention should be realized before the onset of
complications, considering the data on increased
morbidity. A European Task Force stated that unop-
erated stable cystic lesions should be followedup into
adulthood, but the optimal frequency of repeated
evaluations is not given. As post-natal natural history
of congenital lung malformations remains a mystery,
long-term observation of patients is still needed.
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Chapter

8
Lung volume reduction surgery for the
treatment of advanced emphysema
Nathaniel Marchetti and Gerard J. Criner

Introduction
Chronic obstructive pulmonary disease (COPD) is
a common worldwide problem associated with mor-
bidity and mortality that, unlike other diseases, is
increasing. Recently, COPD has become the third
leading cause of death in the United States, an event
that was not predicted to occur until the year 2020[1].
Therapy for COPD focuses on smoking cessation,
bronchodilators, oxygen therapy, pulmonary rehabili-
tation, lung volume reduction surgery (LVRS), trans-
plantation and treatment of comorbidities[2]. While
many of these interventions may improve dyspnea
and quality of life, only oxygen supplementation in
those with hypoxemia at rest[3,4], smoking cessation[5]

and LVRS[6,7] have been associated with improved
mortality in COPD. This chapter will review the role
of LVRS in the treatment of patients with advanced
COPD, and also examine the current status of min-
imally invasive bronchoscopic techniques for lung
reduction that are approved overseas but are currently
under study in the United States.

Rationale for lung reduction in COPD
COPD is an inflammatory disease that leads to airflow
obstruction secondary to a combination of airway dis-
ease and emphysema, primarily in the distal small
airways of the lung. The small airways become
narrowed due to airway inflammation, smooth muscle
hypertrophy, peribronchial fibrosis and mucus plug-
ging. In emphysema, the destruction of alveolar walls
leads to a loss of tethering of distal small airways,
predisposing the airway to expiratory collapse. Most
individuals with COPD will have a mixture of small
airways obstruction and emphysema, but some will
have a predominance of one abnormality or the other.

Lung emptying is determined by the expiratory time
constant, which is the product of airway resistance and
lung compliance. Because subjects with emphysema
have both increased lung compliance and airways
resistance, they have impaired lung emptying and are
prone to hyperinflation. As emphysema progresses,
total lung capacity (TLC) and residual volume (RV)
both increase as a result of decreased lung compliance
and unopposed chest wall recoil causing hyperinflation
and gas trapping, respectively. During exertion, the
respiratory rate increases, reducing the time available
for lung emptying, and the end-expiratory lung volume
(EELV) rises even further, leading to dynamic hyper-
inflation[8]. Figure 8.1 demonstrates the rise in lung
volumes that occurs during exercise in severe COPD.
EELV rises during exercise, thereby limiting the
normal increase in tidal volume that occurs during
exercise. Static and dynamic hyperinflation are recog-
nized as the main contributions to dyspnea develop-
ment in COPD, which leads to increased work of
breathing and places the inspiratory muscles at a
mechanical disadvantage. Furthermore, extreme static
hyperinflation has been linked to increased mortality
in patients with COPD[9]. While it is intuitive to
realize that lowering lung volumes would improve
respiratory muscle function and exercise performance,
it is less intuitive to understand how LVRS could
improve forced expiratory volume in 1 second (FEV1).
Initially it was felt that LVRS improved lung function
(FEV1) primarily by increasing lung elastic recoil, but
while LVRS does improve the lung recoil, it fails to
totally explain the increase in FEV1 following lung
reduction, since preoperative lung recoil fails to signifi-
cantly correlate with increases in post-LVRS FEV1

[10].
LVRS may improve lung function by “resizing” the
lungs to better match thoracic dimensions[11,12]. As a
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result of resizing, vital capacity (VC) increases post
LVRS due to a greater reduction in RV than TLC. If
the VC increases then the FEV1 should increase, since
FEV1 = FEV1/FVC × FVC (forced expiratory vital
capacity)[11,12]. It has been postulated that if only cysts
and bullae were removed with LVRS, the lung compli-
ance would not change, since these empty spaces (cysts
and bullae) do not contribute to lung elasticity. In this
scenario, RV would fall by the volume of the cysts and
bullae, and TLC would decrease. However, due to
resizing of the lung relative to the thoracic cavity, the
respiratory muscles would be at a more optimal
precontraction length to produce force generation and
increase TLC. Thus RV would fall more than TLC,
resulting in a larger VC. This theory may explain why
LVRS appears to be more effective in heterogeneous
disease[11,12].

History of LVRS
Brantigan[13] was the first to resect emphysematous
tissue in an attempt to reduce lung volumes in severe
hyperinflated emphysema. While many of the surviv-
ing patients reported subjective improvement, the
perioperative mortality was 18%, and postoperative
lung function was not measured in a systematic
manner. The procedure was not widely accepted
because of high operative mortality without objective
outcomes to document efficacy. The procedure was
reintroduced in 1995 after Cooper reported the
results of 20 cases of bilateral LVRS demonstrating
dramatic improvements in pulmonary physiology

and 6-minute walk distances[14]. Shortly thereafter,
the same group published their outcomes in 150
consecutive cases of LVRS and reported a 90-day
operative mortality of 4%. Postoperative FEV1 (0.70 L
[25% predicted] to 1.0 L [38% predicted], p < 0.0001),
RV (6.0 L [288% predicted] to 4.3 L [205% predicted],
p< 0.001), TLC (8.4 L [143% predicted] to 7.2 L [125%
predicted]) all significantly improved when compared
to preoperative values[15]. Subsequent to these
reports, other uncontrolled series and case reports
suggested that LVRS could be beneficial in selected
emphysematous patients. The first randomized, con-
trolled trial evaluating the effectiveness of LVRS was
published by Criner et al. in 1999[16]. In this study,
37 subjects were randomized to either LVRS or con-
tinued pulmonary rehabilitation and optimized med-
ical care, and subjects in the nonsurgical arm could
cross over to surgery following the period of continued
pulmonary rehabilitation. The authors found that
LVRS significantly improved FEV1, TLC, RV, PaCO2
(partial pressure of carbon dioxide), 6-minute walk
distance, VO2 (oxygen consumption) on cardiopul-
monary exercise testing, and quality of life 3 months
following surgery compared to medical therapy[16].
A subsequent randomized, controlled trial comparing
LVRS to maximal medical therapy in 48 patients also
demonstrated an improvement in FEV1, TLC, RV, and
shuttle walk distance[17]. Five of the surviving surgical
patients did not have improvement following surgery,
and all of these subjects were noted to have diffuse
emphysema present on computed tomographic (CT)
imaging. Neither of these studies was powered to
evaluate survival with LVRS. The Centers for Medicare
and Medicaid Services (CMS) noted increased util-
ization of this procedure code between October
1995 and January 1996; there were 711 LVRS proced-
ures performed with a 1-year mortality of 26%, which
was much higher than that being reported in the lit-
erature[18]. Both the Agency for Healthcare Research
and Quality (AHRQ) and CMS recognized that some
patients did benefit from LVRS, but they recom-
mended that a prospective trial be conducted in order
to study the effect of LVRS in subjects with compre-
hensive, long-term postoperative follow-up.

National Emphysema Treatment Trial
(NETT) design
The majority of the data regarding LVRS originated
from the NETT, a multicenter prospective randomized,

Figure 8.1 Lung volumes measured during exercise
demonstrating development of dynamic hyperinflation. The EELV
rises throughout exercise until a critical point is reached and tidal
volume can no longer be increased. (EILV = end-inspiratory lung volume,
EELV = end-expiratory lung volume, TLC = total lung capacity, RV = residual
volume).
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controlled trial comparing optimal medical therapy,
including pulmonary rehabilitation, to optimal medical
therapy plus LVRS[19]. The trial was designed to exam-
ine the effect of LVRS on the coprimary endpoints of
survival and exercise performance. Secondary outcomes
included the effects of LVRS on lung function, patient
symptoms, and quality of life compared to maximal
medical therapy. NETT sought to enroll patients with
moderate to severe bilateral emphysema on high-
resolution CT (HRCT) imaging who were free from
other diseases that would interfere with either data
collection or the subject’s ability to complete the trial.
Inclusion and exclusion criteria are listed in Tables 8.1
and 8.2, respectively, but essentially investigators sought
to enroll subjects with either heterogeneous or homo-
geneous disease who were not at high risk for
perioperative morbidity and mortality and who were
likely to complete the trial[19]. All subjects were opti-
mally medically treated and underwent pulmonary
rehabilitation prior to randomization. Pulmonary
rehabilitation was conducted in three different phases
of the trial including prerandomization (16–20 sessions
over 6–10 weeks), postrandomization (10 sessions over
8–9weeks), andmaintenance therapyforstudyduration.

Surgical and anesthetic procedures
All centers performed surgical LVRS; 8 of the
17 centers performed median sternotomy (MS), 3 of
the 17 centers used video-assisted thorascopic surgery
(VATS) approach, and the remaining 6 centers ran-
domized subjects to MS or VATS. Surgeons removed
25 to 30% of the total lung tissue from each lung
targeting the most diseased regions, and they were
permitted to use buttress suture material to reinforce
staples lines at their discretion to minimize
postoperative air leaks. All MS subjects received a
thoracic epidural catheter for perioperative pain man-
agement, and all subjects were expected to be extu-
bated within 2 hours. Additionally, everyone received
chest respiratory therapy and physical therapy on the
first postoperative day to enhance mobility[19].

Data analysis
The investigators used an intention-to-treat analysis
and reported the outcomes of the entire cohort.
The NETT steering committee determined a priori
that a 10-watt change in exercise performance and
an 8-point change in St George’s Respiratory Ques-
tionnaire (SGRQ) were clinically meaningful changes

for a surgical procedure with significant morbidity
and mortality. Because one of the main goals of
NETT was to define which subjects would benefit
from LVRS a priori, the investigators identified the
following prognostic factors prior to initiation of the

Table 8.1 Inclusion criteria for enrollment in NETT

History and physical exam consistent with emphysema

CT scan evidence of bilateral emphysema

Prerehabilitation postbronchodilator TLC � 100%
predicted

Prerehabilitation postbronchodilator RV � 150%
predicted

Prerehabilitation FEV1 (maximum of pre- and
postbronchodilator values) ≤ 45% of predicted and, if
age � 70 years, prerehabilitation, FEV1 (maximum of
pre- and postbronchodilator values) �15% of
predicted

Prerehabilitation room air, resting PaCO2 ≤ 60 mmHg
(≤ 55 mmHg in high altitude)

Prerehabilitation room air, resting PaO2 � 45 mmHg
(� 30 mmHg in high altitude)

Prerehabilitation plasma cotinine ≤ 13.7 ng/ml (if not
using nicotine products) or prerehabilitation arterial
carboxyhemoglobin ≤ 2.5% (if using nicotine products)

Bodymass index ≤ 31.1 (males) or ≤ 32.3 (females) as of
randomization

Nonsmoker (tobacco products) for 4 months prior to
initial interview

Approval for surgery by cardiologist if any of the
following: unstable angina, left ventricular ejection
fraction cannot be estimated from the
echocardiogram, left ventricular ejection fraction <
45%, dobutamine-radionuclide cardiac scan indicates
coronary artery disease or ventricular dysfunction, >
5 premature ventricular beats/minute (rest), cardiac
rhythm other than sinus or premature atrial
contractions noted during resting EKG, S3 gallop on
physical examination

Completion of all prerehabilitation assessments

Judgment by study physician that patient is likely to be
approved for surgery upon completion of the
rehabilitation program

Completion of NETT rehabilitation program

Completion of all postrehabilitation and all
randomization assessments
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trial: age, FEV1 percent predicted, PaCO2, RV percent
predicted, distribution of perfusion on radionuclide
lung scanning, homogeneity or heterogeneity of
emphysema distribution on HRCT, and the presence
of hyperinflation on chest X-ray[19,20]. During the
trial, but well before data collection was completed,
the Data and Safety Monitoring Board (DSMB) and
steering committee additionally identified the
following factors: diffusion capacity of carbon mon-
oxide (DLCO), maximal exercise capacity, RV/TLC
ratio, ratio of expired ventilation in 1 minute to
carbon dioxide excretion in 1 minute, presence or
absence upper lobe predominant emphysema, degree
of dyspnea, quality of life, race or ethnic group,
and sex.

National Emphysema Treatment Trial
(NETT) outcomes
Primary NETT outcomes for all patients
In 2003 the first report of NETT outcomes was pub-
lished after patients were followed for a mean of 29.2
months[20]. A total of 3,777 subjects were screened
and 1,218 were randomized to optimal medical ther-
apy (610 subjects) or LVRS (608) subjects. Nearly all
the subjects randomized to LVRS (580/608 [5.4%])
underwent LVRS (406 [70%] by median sternotomy,
174 [30%] by video-assisted thoracoscopic surgery),
21 [3.5%] declined LVRS, and 7 (1.2%) were con-
sidered unsuitable by the surgeon for LVRS after
randomization. The 90-day mortality rate was signifi-
cantly higher in the LVRS group (7.9% [95% CI
5.9–10.3] vs. 1.3% [95% CI 0.6–2.6]; p < 0.001) com-
pared to the medical group. During follow-up (mean
of 29.2 months) the overall mortality in all patients
was not different between LVRS and medical therapy
(relative risk [RR] 1.01, p < 0.90) despite an increased
early mortality (90-day) in the surgical group[20].

Exercise performance at 6, 12, and 24 months
improved by more than 10 watts in 28, 22, and 15%
of the subjects undergoing LVRS, respectively, whereas
the proportion improving with medical therapy alone

Table 8.2 Exclusion criteria for enrollment in NETT

CT scan evidence of diffuse emphysema judged
unsuitable for LVRS

Previous LVRS (laser or excision)

Pleural or interstitial disease which precludes
surgery

Giant bulla (� one-third of the volume of the lung)

Clinically significant bronchiectasis

Pulmonary nodule requiring surgery

Previous sternotomy or lobectomy

Myocardial infarction within 6 months of interview and
ejection fraction < 45%

Congestive heart failure within 6 months of interview
and ejection fraction < 45%

Uncontrolled hypertension (systolic > 200 mmHg or
diastolic >110 mmHg)

Pulmonary hypertension: mean PPA on right heart
catheterization � 35 mmHg (� 38 mmHg in high
altitude) or peak systolic PPA on right heart
catheterization � 45 mmHg (� 50 mmHg in high
altitude); right heart catheterization is required to rule
out pulmonary hypertension if peak systolic PPA on
echocardiogram > 45 mmHg

Unplanned, unexplained weight loss > 10% usual
weight in 90 days prior to interview or unplanned,
explained weight loss > 10% usual weight in 90 days
prior to interview

History of recurrent infections with daily sputum
production judged clinically significant

Daily use of > 20 mg of prednisone or its
equivalent

History of exercise-related syncope

Resting bradycardia (<50 beats/min), frequent
multifocal PVCs (premature ventricular contractions) or
complex ventricular arrhythmia or sustained SVT
(supraventricular tachycardia)

Cardiac dysrhythmia that poses a risk to the patient
during exercise testing or training

Oxygen requirement during resting or oxygen
titration exceeding 6 L/min to keep saturation
� 90%

Evidence of systemic disease or neoplasia that is
expected to compromise survival

Any disease or condition which may interfere with
completion of tests, therapy, or follow-up

6 MWD (maximum walking distance) ≤ 140 m
postrehabilitation

Inability to complete successfully any of the screening
or baseline data collection procedures
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was 4, 5, and 3% at the same time points (p< 0.001 for
all time points). Patients who underwent LVRS were
much more likely to improve FEV1, 6-minute walk
distance, dyspnea, and quality of life than those who
received medical therapy alone[20].

Identification of the high risk for death with
LVRS subgroup
The NETT steering committee predefined a 30-day
mortality rate greater than 8% as a stopping endpoint
for either group. The investigators found a subgroup
of patients who had LVRS with an FEV1 ≤ 20%
predicted and either a DLCO ≤ 20% predicted or
homogeneous emphysema on HRCT imaging who
had a 30-day mortality rate of 16% compared to 0%
in the medical group (p < 0.001). Furthermore, those
that had survived LVRS had a low likelihood of
achieving predefined significant changes in exercise
performance and quality of life. Therefore, patients
with an FEV1 ≤ 20% predicted who have either a
DLCO ≤ 20% or a homogeneous disease should not
undergo LVRS due to high morbidity and mortal-
ity[21]. After excluding the high-risk group, there were
1,078 remaining subjects in whom the 30-day mortal-
ity was 2.2 and 0.2% in the LVRS and medical therapy
groups, respectively (p< 0.001). The 90-day mortality
rates were also significantly different in LVRS group
(5.2%) vs medical therapy (1.5%). The non-high-risk
subjects who had LVRS were significantly more likely
to have improved 6-minute walk distance, maximal
exercise performance, FEV1 percent predicted, and
quality of life compared to medical therapy alone[21].

Predicting LVRS outcomes in non-high-risk
NETT patients
One of the stated goals of the NETT was to determine
which groups of patients with advanced emphysema
would benefit from LVRS. NETT demonstrated that
the only factors that discriminated mortality differ-
ences were the craniocaudal distribution of emphysema
on CT imaging and postrehabilitation prerandomiza-
tion exercise performance differences, while the only
factor to discriminate an improvement in maximal
exercise performance at 24 months was the craniocau-
dal distribution of emphysema. Patients were divided
into four subgroups based on exercise performance
(high vs low) and emphysema distribution (upper
lobe predominant vs non–upper lobe predominant).

A maximal workload on cardiopulmonary exercise
testing was defined as < 25 watts for women and
< 40 watts for men. The group with upper lobe
predominant emphysema and low exercise perform-
ance had a mortality benefit with LVRS compared to
medical therapy alone (p = 0.005). Those that had
LVRS in this group were more likely to achieve >
10-watt improvement in maximal exercise perform-
ance at 24 months (30% vs 0%, p < 0.001) and >
8-point improvement in SGRQ score at 24 months
(48% vs 10%, p < 0.001). In the group with upper lobe
predominant emphysema and high exercise perform-
ance there was no survival advantage with LVRS,
although LVRS afforded this group a better chance
at a > 10-watt improvement in exercise performance
at 24 months (15% vs 3%, p = 0.001) and > 8-point
improvement in SGRQ (41% vs 11%, p < 0.001)[20].

Those that underwent LVRS with non–upper lobe
predominant emphysema and low baseline exercise
performance did not have a survival advantage (p =
0.49) or improved exercise performance at 24 months
(12% vs 7%, p = 0.50), but they were more likely to
have improved SGRQ at 24 months (37% vs 7%, p =
0.001). Those that underwent LVRS with non–upper
lobe predominant emphysema and high baseline
exercise performance had increased risk of death
(p = 0.02), no difference in exercise performance
(3% both groups, p = 1.0), and no difference in SGRQ
(15% vs 12%, p = 0.61) at 24 months[20].

In summary, the NETT demonstrated that at a
mean follow-up time of 29.2 months, LVRS did not
offer a survival advantage compared to optimal
medial therapy alone even when the high-risk group
was excluded. However, LVRS did result in improved
exercise performance, reduction in dyspnea, and
improvements in quality of life. Data from NETT
suggest that in those with upper lobe predominant
emphysema and low baseline exercise performance,
LVRS did offer a survival advantage compared to
optimal medical therapy alone. The NETT investiga-
tors realized that the mean follow-up time of only 2.4
years may not have been long enough and proposed
that the group continued to be followed in order to
establish the long-term effect of LVRS in this group
with advanced emphysema.

Long-term follow-up of NETT subjects
Subjects enrolled in NETT continued follow-up with
the clinical centers through June 2004 with scheduled
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clinic visits, annual testing, and completion of
quality-of-life questionnaires. Long-term survival
was updated by the clinical centers and through
review of the Social Security death file[6]. In all,
1,218 subjects enrolled in NETT with a median
follow-up time of 4.3 years, those treated with LVRS
demonstrated a long-term survival advantage
(Figure 8.2a). The mortality rate was 0.11 deaths
per person-year with LVRS and 0.13 medical therapy
(RR = 0.85, p = 0.02). Overall, long-term survival
improved despite the expected early increase in sur-
gical mortality immediately following LVRS[6].
The survival advantage was similar when the
high-risk subjects were excluded from the analysis
(RR = 0.82, p = 0.02, Figure 8.2b). Exercise capacity
improved by > 10 watts in 23, 15, and 9% following
LVRS at 1, 2, and 3 years, respectively, compared to
5, 3, and 1% with medical therapy alone (p < 0.001
at each time point). There was a > 8-point improve-
ment in SGRQ in 40, 32, 20, 10, and 13% following
LVRS at 1, 2, 3, 4, and 5 years, respectively, com-
pared to 9, 8, 8, 4, and 7% with medical therapy
alone. These differences in SGRQ were significant
through 4 years (p < 0.001 years 1 to 3 and p =
0.005 for year 4). In those with upper lobe predo-
minant emphysema and baseline low exercise per-
formance, LVRS markedly decreased mortality (RR =
0.57, p = 0.01, Figure 8.2c) and produced > 10-watt
improvement in exercise performance and > 8-point
improvement in SGRQ measured quality of life that
persisted for 3 years. In the group with upper lobe
predominant emphysema and high exercise capacity,
there was no survival advantage with LVRS (RR =
0.86, p = 0.19, Figure 8.2d), but more subjects had an
increase in exercise performance of > 10 watts and
> 8-point improvement in SGRQ during the long-
term follow-up period with LVRS[6].

LVRS did not confer a survival benefit or improve
exercise performance in the non–upper lobe predo
minant emphysema and low exercise group. While
subjects who had LVRS were more likely to have had
> 8-point improvements in the SGRQ score com-
pared to medical therapy, this advantage dissipated
by year 3. Subjects in the non–upper lobe predomin-
ant emphysema and high exercise group undergoing
LVRS did not have a survival benefit and were not
more likely to have significant improvements in
either exercise (>10-watt change) or quality of life
(>8-point increase in SGRQ) compared to medical
therapy alone[6].

Not only did the long-term follow-up of the NETT
reaffirm that LVRS is beneficial to subjects with
advanced emphysema that have upper lobe pre-
dominant emphysema, but it demonstrated that these
benefits are durable. Benefits include clinically
important improvements in exercise and quality of
life, dyspnea, lung function, and in those with baseline
low exercise, a survival advantage. Individuals with
non–upper lobe dependent emphysema did not have
a survival advantage with LVRS (regardless of base-
line exercise performance), and although there was
improved quality of life in subjects with upper lobe
disease and low exercise, it was not durable. Most
experts would agree that the risk/benefit ratio in this
group is not justified, and those with non–upper lobe
predominant disease should not receive LVRS.

In addition to the primary and secondary out-
comes that were part of the NETT protocol, there
were many other analyses that provided insight into
LVRS and the pathophysiology of emphysema.

Operative mortality and cardiopulmonary
morbidity following LVRS
Investigators examined data from 511 of the non-high-
risk subjects who underwent LVRS and found a 5.5%
90-day mortality rate. The only predictor of operative
mortality was the existence of non–upper lobe predom-
inant emphysema with a relative odds (RO) of 2.99
(p = 0.009). During the intraoperative period, 91% of
subjects had no complications, 2.2% had transient hyp-
oxemia, and 1.2% developed arrhythmias. Also, 58.7%
of LVRS subjects had at least one postoperative compli-
cation in the 30-day postoperative time frame, with
cardiac arrhythmia being the most common (23.5%).
Pneumonia developed in 18.2%, 21.8% required intub-
ation at least once, 11.7% were readmitted to the ICU,
and 8.2% required tracheostomy. Only 5.1% of subjects
undergoing LVRS were not extubated within 3 days
postoperatively[22].

Major pulmonary and cardiovascular 30-day mor-
bidity occurred in 29.8 and 20% of subjects, respect-
ively. Multivariate logistic regression determined that
pulmonary morbidity was greater in older patients
(RO = 1.05, p = 0.02), lower FEV1 (RO = 0.97, p =
0.05), and lower DLCO (RO = 0.97, p = 0.01). Car-
diovascular morbidity was higher with age (RO = 1.07,
p = 0.004), preoperative steroid use (RO = 1.72, p =
0.04), and presence of non–upper lobe predominant
emphysema (RO = 2.67, p < 0.001)[22].
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Air leak following LVRS
Within the 30-day postoperative period, 90% of
patients undergoing LVRS had an air leak with a
median duration of 7 days, although 12% had an air

leak � 30 days. The choice of buttressing technique,
stapler brand, or intraoperative adjunctive procedures
(tenting or pleurodesis) did not alter either the inci-
dence or duration of air leaks post LVRS. Risk factors

Figure 8.2. Kaplan-Meier estimates of the cumulative probability of death as a function of years post randomization to LVRS. The overall
relative risk (RR) and p value represent the 4.3 years median follow-up. Shown below each plot is the number of subjects at risk in each arm,
probability of death in each arm, and the RR (LVRS: Medical) for each year and the p value for difference in the probability. (a) All patients
(n = 1,218) (b) Non-high-risk patients (n = 1,078) (c) Upper lobe predominant and low baseline exercise performance (n = 290) (d) Upper lobe
predominant and high exercise capacity (n = 419). (Reprinted with permission from Naunheim et al., Ann Thorac Surg 2006).
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for postoperative air leaks were lower DLCO, presence
of upper lobe predominant disease, and most import-
ant, the presence of pleural adhesions. Air leaks were
more prolonged in Caucasians, patients with lower
FEV1 or DLCO, presence of upper lobe predominant
emphysema, use of inhaled corticosteroids, and pres-
ence of pleural adhesions[23]. Subjects having air leaks
were more likely to have postoperative complications
(57 vs 30%, p = 0.0004) and a longer hospital stay
(11.8 ± 6.5 vs 7.6 ± 4.4 days, p = 0.0005). The presence
of air leak was not associated with increased mortality
and only 4.4% of subjects with an air leak required
reoperation.

Median sternotomy (MS) vs video-assisted
thorascopic (VATS) approach to LVRS
As mentioned previously, the approach to LVRS was
not uniform with MS performed at 8 of the 17
centers, VATS approach used at 3 of the 17 centers
and subjects randomized to MS or VATS at the
remaining 6 centers. There was no difference in
90-day mortality between the two approaches (5.9%
for MS and 4.6% for VATS, p = 0.42)[24].
Intraoperative blood loss and the need for subsequent
transfusion of blood products were not different
between the two groups either. The mean operating
time was 21.7 minutes shorter in the MS group. There
were fewer episodes of intraoperative hypoxemia in
the MS group (0.8 vs 5.3%, p = 0.004) and overall
fewer intraoperative complications in the MS group
as well (93.0 vs 86.2%, p = 0.02). There were not any
statistically significant differences in postoperative
complications between the MS or VATS approaches.
Air leak duration was not different between MS and
VATS subjects, but median hospital length of stay
was shorter with VATS (10 vs 9 days, p = 0.01). At
30 days post LVRS, 70.5% of MS patients and 80.9%
of VATS patients were living independently
(p = 0.02), but by 4 months post randomization there
was no difference in the number of subjects living
independently. There were no differences in func-
tional outcomes following LVRS at 12 and 24 months
between the two approaches. Total hospital costs at
6 months post LVRS were about $10,000 less with
VATS compared to MS ($61,481 ± 3,189 vs $51,053 ±
4,502, p = 0.005)[24]. Overall outcomes, morbidity,
and mortality were similar for both MS and VATS,
but recovery time and associated costs were lower
with VATS.

Effects of LVRS in α-1 antitrypsin-deficient
subjects in NETT
There were 16 subjects (1.3%) with severe α-1
antitrypsin (AAT) deficiency (serum AAT level < 80
mg/dL) randomized in NETT, and 10 underwent
LVRS. The 2-year mortality was higher with LVRS
compared to medical therapy (20 vs 0%) in subjects
with AAT deficiency. AAT-deficient subjects also had
less improvement in FEV1 and exercise capacity, and
the benefits were not as durable[25]. Based on these
data and the fact that many AAT-deficient patients
have non–upper lobe predominant disease, most
centers do not offer LVRS to AAT-deficient patients.

Perfusion scintigraphy and patient selection
for LVRS
In NETT 1,045 of the 1,218 subjects had complete
perfusion scintigraphy performed at baseline, and a
post hoc analysis was performed to determine if perfu-
sion scintigraphy could predict outcome following
LVRS[26]. The investigators decided a priori to focus
on upper lobe perfusion, and they defined low perfu-
sion to the upper third as being < 20% of total lung
perfusion. Among the 248 subjects with upper lobe
predominant emphysema and low exercise in NETT,
the 202 who had low perfusion to the upper lung zone
had decreased mortality with LVRS vs medical therapy
(RR = 0.56, p = 0.008) as opposed to the 82 patients
with high perfusion to the upper lung zone in whom
mortality was unchanged (0.97, p = 0.62). Among the
404 subjects with upper lobe predominant emphysema
and high exercise performance, the 278 with low per-
fusion to the upper lung zone had a reduction in
mortality with LVRS compared to medical therapy
(RR = 0.70, p = 0.02). In the remaining 126 subjects
with upper lobe predominant emphysema and high
exercise performance who had high perfusion to the
upper lung zone, there was no difference in mortality
between LVRS and medical therapy (RR = 1.05,
p = 1.0)[26]. In subjects who had non–upper lobe pre-
dominant emphysema the perfusion to the upper lung
zones did not predict outcomes from LVRS. These data
suggest that in those with upper lobe predominant
emphysema the presence of low perfusion to the upper
lung zone will have improved survival following LVRS.
The most likely explanation for this finding is that lung
scintigraphy assesses regional lung function in addition
to purely anatomic CT imaging.
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Lung function and prediction of LVRS
outcome
A small subset of 115 subjects who were randomized
to LVRS in NETT had measurements of static lung
recoil at total lung capacity (SRTLC) and inspiratory
resistance (RI) at baseline. A post hoc analysis of the
subjects who had LVRS in NETT was conducted to
determine if CT measurements of emphysema (%
lung attenuation) and airway wall thickness, ratio of
upper to lower zone emphysema, RV/TLC, SRTLC,
and RI at baseline could help predict LVRS outcome.
The investigators found that SRTLC, RI, and CT meas-
ures of airway wall thickness did not predict improve-
ments in either FEV1 or exercise performance post
LVRS. The RV/TLC and CT measures of emphysema
were only weakly predictive of postoperative impro-
vements in FEV1 and exercise performance[10].

Reduction of acute exacerbation of COPD
(AECOPD) in NETT
The effect of LVRS onAECOPDwas examined in 1,204
subjects enrolled in NETT who had Medicare claims
data available pre and post randomization[27]. There
were 601 subjects randomized to LVRS and 603 to
medical therapy, and subjects were followed up to
3 years post randomization. Subjects undergoing LVRS
had a 30% reduction in the rate of COPD emergency
department visits and hospitalizations (0.27 vs 0.37 per
person-year; p = 0.0005) compared to optimal medical
therapy. LVRS also delayed the time to the first
AECOPD, but this effect did not become apparent until
150 days following randomization to treatment. The
change in FEV1 6months following LVRS was a signifi-
cant predictor of an increased time to first AECOPD
(HR = 3.2; p = 0.002)[27].

Effects of LVRS on oxygenation
The effects of LVRS on oxygenation were evaluated in
1,078 NETT subjects utilizing arterial blood gases, the
need for supplemental oxygen during treadmill
testing, and the self-reported use of oxygen during
rest, exertion, and sleep. Subjects undergoing LVRS
required less oxygen at 6 months (33 vs 49%,
p < 0.001), 12 months (50 vs 36%, p < 0.001), and
24 months (52 vs 42%, p = 0.02) compared to medical
controls. Additionally, self-reported oxygen use was
lower with LVRS compared to medical therapy at the

same time points. Not surprisingly, multivariate analy-
sis of preoperative characteristics showed that baseline
oxygenation was the best predictor for needing
postoperative supplemental oxygen[28].

Effect of LVRS on pulmonary hemodynamics
A group of patients from NETT underwent right
heart catheterization at baseline and then 6 months
post randomization to determine if LVRS altered
pulmonary hemodynamics[29]. The mean pulmonary
artery pressure was elevated in this group with severe
emphysema at baseline (mean pulmonary artery pres-
sure 24.8 ± 5.0 mmHg). The changes from baseline to
6 months post randomization were not significantly
different except for a decrease in the pulmonary capil-
lary wedge pressure at end-expiration in the LVRS
group compared to medical therapy (–1.8 mmHg
vs 3.5 mmHg, p = 0.04). These data suggest that
postoperative pulmonary hypertension is an unlikely
occurrence in patients undergoing LVRS using NETT
criterion[29].

The effects of LVRS on breathing pattern
during exercise
A NETT substudy involving 238 patients examined
the effect of LVRS on breathing pattern, gas exchange,
and dyspnea during maximal exercise testing. At 6
months, LVRS subjects had higher maximum minute
ventilation (32.8 vs 29.6 L/min, p = 0.001), carbon
dioxide production (0.923 vs 0.820 L/min, p =
0.0003), tidal volume (1.18 vs 1.07 L, p = 0.001), heart
rate (124 vs 121 beats/min, p = 0.02) and workload
(49.3 vs 45.1 W, p = 0.04), but less breathlessness (4.4
vs 5.2 Borg dyspnea scale, p = 0.0001) and were less
likely to have a ventilatory limitation to exercise (49.5
vs 71.9%, p = 0.001) than medical controls. Following
LVRS, patients breathed slower and deeper during
exercise at 6 and 12 months with reduced dead space
at 6 and 24 months. Patients with upper lobe pre-
dominant emphysema showed a downward shift in
the partial pressure of carbon dioxide (PCO2) vs
amount of carbon dioxide produced as a result of
metabolism (VCO2) relationship during restful
breathing and throughout exercise (p = 0.001). These
data show that following LVRS, patients breathe
slower and deeper during exercise and have improved
CO2 elimination and less dyspnea and dead space
ventilation[30].
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Effect of LVRS on body mass index (BMI)
A low BMI has been associated with increased
mortality in COPD[31]. A posthoc analysis was per-
formed on NETT subjects to examine the effect of
this intervention on BMI; subjects who were
underweight (BMI < 21) who underwent LVRS were
more likely to increase BMI � 5% 6 months post
randomization compared to medical therapy alone
(37.97 vs 17.65%, p = 0.02)[32]. Those subjects with
normal weight (BMI 21–25) who underwent LVRS
also were more likely to increase BMI � 5% 6 months
post randomization (23.67 vs 3.57%, p < 0.001), but
subjects who were overweight (BMI 25–30) or obese
(BMI > 30) did not have significant weight gain[32].
In subjects who underwent LVRS and had � 5%
increase in BMI compared to those did not have an
increase � 5%, the percent predicted FEV1 (11.53 ±
9.31% vs 7.55 ± 14.88%, p < 0.0001), 6-minute walk
distance (38.70 ± 69.57 m vs 7.57 ± 73.37 m, p <
0.0001) and SGRQ (–15.30 ± 14.08 vs –9.15 ± 14.44,
p < 0.0001) had greater change at 6 months. Further-
more, the VE /VCO2 ratio (ventilator equivalent ratio
for oxygen and carbon dioxide), a marker of ventila-
tory efficiency, was lower in the LVRS group, who
had� 5% increase in BMI compared to those who did
not have the 5% increase in BMI. These data suggest
that subjects undergoing LVRS who are underweight
or normal weight preoperatively can expect to gain
weight following the procedure. Another study sug-
gested that LVRS results in an 8% decrease in resting
energy expenditure (REE) that is also associated with
a decrease in respiratory muscle oxygen consumption
following LVRS[33]. The reduction in VE/VCO2 (i.e.
improved ventilatory efficiency) is likely related to
reduction in lung volumes, which leads to a lowered
REE leading to weight gain.

Cost-effectiveness of LVRS in NETT
The NETT investigators conducted a parallel pro-
spective cost analysis of LVRS compared to medical
therapy which estimated costs involved in caring for
subjects including medical goods and services, trans-
portation, subject time receiving treatment and even
time family spent caring for the subjects. A cost-
effectiveness ratio was calculated by taking the cost
difference between LVRS and medical therapy divided
by the difference in quality-adjusted life-years gained
between the two groups[34]. This analysis excluded the
high-risk group identified in NETT.

The mean total cost per patient was higher in
the LVRS subjects compared to medical therapy in
the first 12 months ($71,515 vs $23,371, p < 0.001)
due to increased costs associated with the surgery and
postoperative care. However, the mean cost was lower
in LVRS subjects during the second year post ran-
domization ($13,222 vs $21,319, p < 0.001). During
the third year post randomization, the costs were
lower in the LVRS group, but the difference was not
statistically significant ($14,215 vs $17,870, p = 0.08).
From months 7 to 36 post randomization the mean
total cost was nearly $10,000 lower in LVRS as com-
pared to medical therapy alone ($36,199 vs $49,628, p
< 0.001), mainly due to fewer hospitalization days
following LVRS. Subjects receiving LVRS had more
hospitalization days during the first year post ran-
domization compared to medical therapy (24.9
vs 4.9, p < 0.001), but during the second year LVRS
subjects had fewer hospitalization days (3.2 vs 6.1, p<
0.001). During the third year LVRS subjects still had
fewer hospitalization days, but the difference was not
statistically significant (4.0 vs 5.2, p = – 0.08)[34].

The mean number of quality adjusted life-years
was higher in LVRS subjects compared to medical
therapy (1.46 vs 1.27, p < 0.001) during the first post
randomization year, and this difference remained sig-
nificant during years 2 and 3 post randomization. The
cost-effectiveness ratio for LVRS subjects compared
to medical therapy was $190,000 per quality-adjusted
life year at 3 years post randomization. The investi-
gators projected the cost-effectiveness ratio to be
$53,000 per quality-adjusted life year at 10 years post
randomization. The cost-effectiveness ratio for LVRS
compared to medical therapy in the upperlobe
predominant low-exercise subgroup was $98,000 per
quality-adjusted life-year at 3 years post randomiza-
tion and was projected to be $21,000 per quality-
adjusted life-year at 10 years[34]. The cost-effectiveness
analysis was repeated using data obtained on
patients during the extension of NETT, and the
cost-effectiveness ratio at 5 years post randomiza-
tion decreased to $140,000 per quality-adjusted
life-year. The projected 10-year cost-effectiveness
ratio was similar at $54,000 per quality-adjusted
life-year[35].

LVRS: an underutilized therapy
Despite evidence from randomized and controlled
clinical trials in well-characterized emphysema subjects
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demonstrating benefit, there have been relatively few
LVRS surgeries performed since CMS approval for
the procedure in 2004. Initially in 2004 there were
254 LVRS procedures performed in Medicare benefi-
ciaries, and more recent data suggest that even fewer
are being performed. The most recent data available
for the years of 2009, 2010, and 2011 demonstrate
that only 104, 92, and 93 LVRS procedures were
performed in Medicare beneficiaries in the United
States, respectively[36].

A retrospective analysis at a single center exam-
ined a database of 413 patients who had full pul-
monary function data, CT imaging, and a primary
diagnosis of emphysema to determine what percent-
age would benefit from LVRS using NETT criteria[37].
They found that 195 did not meet clinical criteria,
with the most common exclusions being malignancy
with an expected survival of < 2 years, prior lobec-
tomy, prior sternotomy, and presence of pulmonary
hypertension. Twelve more subjects had CT findings
such as pleural plaques or extensive pulmonary fibro-
sis. The investigators found that 61 of the 413 subjects
(15%) had evidence of upper lobe predominant dis-
ease on CT imaging that would make them good
candidates for LVRS[37]. These data suggest that
there is a large population of subjects who would
benefit from a proven surgical intervention. Although
the reasons for underperformance of LVRS are not
known, the NETT investigators proposed some
possible reasons, which are listed in Table 8.3[38].

Another reason why some physicians may be reluc-
tant to send patients for LVRS is that even in the
NETT subgroup with the most benefit from LVRS
(upper lobe predominant emphysema/low exercise)
physiologic outcomes can be highly variable. This
variability may be secondary to the presence of unrec-
ognized small airway disease that cannot be detected
using current preoperative testing[39,40].

Nonsurgical investigative approaches to lung
volume reduction (LVR)
Recently, there have been efforts to achieve lung
reduction without the morbidity associated with thor-
acic surgery. Bronchoscopic techniques include place-
ment of one-way endobronchial valves in the airway,
self-activating coils placed in the airway, targeted
destruction and remodeling of emphysematous tissue,
and bypass airway stenting. While these techniques
are investigative in the United States, some of them
are approved for routine clinical use in other countries.
An additional technique, transpleural ventilation, is
achieved with a minithoracotomy.

Endobronchial one-way valves
Of all the bronchoscopic techniques, one-way endo-
bronchial valves have been studied more than any
other technique. These valves are placed at the seg-
mental or lobar level to block inspiration but permit
expiration of air and secretions, and are thought to
work by promoting atelectasis of the region distal to
the valve. Currently, there are two types of endobron-
chial valves (EBV) under evaluation. The Spiration
intrabronchial valve (Spiration Incorporated, Red-
mond, WA) system has an umbrella design where
an occlusive cover is stretched over a titanium wire
frame, which allows expired air and secretions to
escape around the outer edges. The Zephyr valve
(Pulmonx, Redwood City, CA) is a cylindrical device
with a duckbill one-way valve placed in a nitinol wire
cage, which permits expired air and secretions to
escape through the center of the valve.

The Endobronchial Valve for Emphysema Palli-
ation Trial (VENT) was the first prospective random-
ized trial to evaluate bronchoscopic LVR utilizing
the Zephyr valve[41]. The VENT trial randomized
220 subjects to EBV placement compared to 101 sub-
jects treated with maximal medical therapy. The pri-
mary endpoints of the study were percentage change

Table 8.3 Possible explanations for underperformance of LVRS
in the United States

Restriction of LVRS to NETT centers, lung transplant
centers, or those with JCAHO-approval limits to patient
access

Preoperative testing is overly complicated

Limited availability of outpatient pulmonary
rehabilitation centers

Physicians remain unaware of LVRS benefits

Misinterpretation of the report on the group at high
risk for mortality in NETT that all patients with severe
emphysema are at high risk for death due to LVRS

LVRS is perceived as being too costly

LVRS = lung volume reduction surgery, NETT = National
Emphysema Treatment Trial, JCAHO = Joint Commission on
Accreditation of Healthcare Organizations
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in FEV1 and 6-minute walk distance at 6 months. The
primary safety endpoint was the Major Complication
Composite (MCC), which included death, massive
hemoptysis, empyema, pneumonia distal to the valves,
and ventilator dependency for � 24 hours. Investiga-
tors placed the valves unilaterally, targeting the lobe
with the highest percentage of emphysema and
greatest degree of heterogeneity defined as the differ-
ence in percent emphysema between ipsilateral lobes.

At 6 months, the FEV1 increased 4.3% (34.5 ml) in
the EBV group but decreased 2.5% (–25.4 ml) in the
control group such that following EBV, the FEV1

increased 6.8% (60 ml) compared to controls (p =
0.005). The 6-minute walk distance increased 2.5%
(9.3 m) in the EBV group and fell 3.2% (–10.7 m) in
the control group. The mean increase in the 6-minute
walk test was 5.8% (19.1 m) following EBV compared
to control (p = 0.04). Furthermore, there were modest
differences in the quality of life, dyspnea, cycle ergo-
metry peak workload, and supplemental oxygen use,
all favoring the EBV group. The MCC rate was 1.2%
in the control group and 6.1% in the EBV group (p =
0.08). Acute exacerbations of COPD requiring hospi-
talization occurred in 7.9% of the EBV cases com-
pared to 1.2% of controls (p = 0.03). Heterogeneity of
emphysema between lobes in treated lung and the
presence of complete fissures were the only factors
predictive of improvements in the primary end-
points. For heterogeneity of emphysema, those with
�15% differences in emphysema were found to have
greater improvements in FEV1 and 6-minute walk
distance at 6 months. EBV subjects with intact fis-
sures had a 16.2% improvement in FEV1 at 6 months
(p < 0.001) and 17.9% at 12 months (p < 0.001),
while those with incomplete fissures had changes of
FEV1 of only 2.0 and 2.8% at 6 and 12 months,
respectively[41].

The VENT study was also performed in 23 Euro-
pean sites where 111 subjects were randomized to
EBV and 60 to medical therapy[42]. Although the
study was underpowered compared to the VENT
study in the United States, the results were similar.
At 6 months, there were modest improvements in
FEV1, quality of life, and 6-minute walk distance in
the EBV group compared to the control group that
were either significant or nearly significant. Once
again, those with complete fissures had better results
with improvements in FEV1 (16 vs 2%, p =0.02) when
treated with EBV compared to medical therapy. The
6-minute walk distance did not reach statistical

significance (11 vs 19%, p = 0.6). The median reduc-
tion in target lobe volume reduction (TLVR) relative
to baseline TLVR was greater in those with complete
fissures (–55%) compared to incomplete fissure
(–13%) (p < 0.0001). In this series the level of emphy-
sema heterogeneity did not preclude a decrease in
TLVR[42].

The Lung Function Improvement after Broncho-
scopic Lung Volume Reduction with Pulmonx Endo-
bronchial Valves used in Treatment of Emphysema
(LIBERATE) study is now recruiting patients to
determine the efficacy of the Zephyr valve in patients
who have intact fissures and �15% emphysema het-
erogeneity between lobes. This study is utilizing the
Chartis system (Pulmonx, Inc.), which measures col-
lateral ventilation during bronchoscopy in order to
only enroll subjects with intact fissures. A balloon
catheter with flow and pressure sensors is inflated in
the target bronchus to occlude airflow, and if there is
no collateral flow (i.e. intact fissure), then there will be
a gradual decline expiratory flow[43].

Experience with the Spiration intrabronchial valve
is limited compared to the Zephyr valve, but a pilot
study involving 91 subjects who had bilateral valve
placement has been published[44]. The study was a
multicenter case prospective open-enrollment study
designed to examine safety and effectiveness of the
device. The primary outcome of the study was safety
based on incidence of valve migration and erosion or
infection. Subjects enrolled had upper lobe predomin-
ant emphysema and met NETT criteria. While there
was a decrease in lobar lung volumes and the SGRQ
compared to baseline, there was not an improvement
in FEV1, TLC or RV, or exercise performance as
measured by 6-minute walk distances or cycle ergo-
metry. There were no instances of valve migration or
erosion in any patient, and two episodes of infection
in the first 3 months of the valve procedure yielded a
2.4% rate. The most common complication was
pneumothorax, which occurred in 12.1% of the sub-
jects over the 12-month study period, and a total of
19 subjects (20.8%) withdrew from the study. The
investigators concluded that the procedure has an
acceptable safety profile and may improve quality of
life, but further controlled studies are needed[44].

Self-activating coils for LVR
One method currently under study to avoid the prob-
lems with endobronchial valves and collateral flow is
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to place nitinol coils into subsegmental airways. These
coils are placed straight bronchoscopically and then
upon release recover to a predetermined shape. In a
pilot study, lung volume reduction coils (LVRCs)
(PneumRx, Inc., Mountain View, CA) were bronch-
oscopically placed into the most diseased regions in
11 severe emphysema patients (8 homogeneous, 3
heterogeneous)[45]. Safety was the primary endpoint;
efficacy outcomes were secondary endpoints. The
11 patients underwent 21 treatments with a total
placement of 101 LVRCs. A total of 33 adverse events
were reported, and events possibly attributed to the
procedure or device included dyspnea (10 events),
cough (5 events), COPD exacerbations (3 events),
and chest pain (1 event). Group mean values for
FEV1, RV, TLC, SGRQ, and 6 MWD at 1 and 3
months improved following the first procedure. The
greatest relative changes were observed in 6 MWD,
SGRQ, and mMRC in the patients with heteroge-
neous emphysema[45]. A prospective cohort pilot
study in 16 subjects with severe heterogeneous
emphysema who underwent 28 procedures using
260 LVRCs (median 10 per procedure) was per-
formed with the primary efficacy endpoint being
quality of life as measured by SGRQ[46]. In the 28
procedures, adverse events included pneumothorax
(1), transient chest pain (4), self-limiting mild hemop-
tysis (12), and no life-threatening events. Six months
post procedure, secondary endpoints including SGRQ
(–14.9, p < 0.005), FEV1 (14.9%, p = 0.004), FVC
(13.4%, p = 0.002), RV (11.4%, p < 0.001), and 6-
minute walk distance (84.4 m, p< 0.001) all improved
compared to baseline. Additionally, more than 50% of
subjects met the minimal clinically important difference
for FEV1, 6-minute walk distance, and SGRQ.

The RESET trial was a prospective, randomized
multicenter trial comparing LVRCs to optimal med-
ical therapy in 47 subjects with either heterogeneous or
homogeneous emphysema[47]. The goal was to place
10 coils in the most diseased lobe of each lung in those
randomized to the LVRC arm during two separate
bronchoscopies separated by 1 month. The primary
outcome was quality of life as measured by the SGRQ
at 90 days. Secondary endpoints included change in
FEV1, TLC, RV, 6-minute walk distance, and dyspnea,
as well as any procedure- or device-related adverse
events at 90 days. The SGRQ declined in subjects
randomized to LVRC placement (–8.11 with 95% CI
–13.83 to –2.39) compared to optimal medical therapy
(+0.25 with 95% CI –5.58 to +6.07, p = 0.04).

Additionally, there were significant improvements in
RV (–0.51L vs –0.20L, p = 0.03), FEV1 percent change
(14.19% vs 3.57%, p = 0.03), and 6-minute walk dis-
tance (51.15 m vs –12.39 m, p < 0.001) for the LVRC
subjects compared to optimal medical therapy,
respectively. Two subjects had a pneumothorax in the
LVRC arm that occurred within 2 hours following the
procedure. During the first 30 days following treat-
ment there were significantly more adverse events in
the LVRC arm (two pneumothoraces, two AECOPDs,
and two lower respiratory tract infections) compared
to the optimal therapy arm (two AECOPDs, p = 0.02).
Between days 31 and 90 there was not a significant
difference in adverse events between the two groups
(p> 0.99)[47]. While the use of LVRC is promising and
avoids problems with collateral ventilation, additional
prospective controlled trials are ongoing.

Biologic lung reduction
This approach uses a biodegradable sclerosant gel
(BioLVR, Aeiris Therapeutics) to polymerize in small
airways and alveolar spaces, reducing lung volumes
by scarring and remodeling of targeted lung regions
that occur over a period of several weeks. In an open-
label multicenter phase 2 dose-ranging study, BioLVR
hydrogel was instilled in four pulmonary subseg-
ments in each upper lobe at a low dose (10 ml per
site) and high dose (20 ml per site)[48] in patients with
upper lobe predominant emphysema. There was a
significant reduction in the RV/TLC at 6 months in
the low-dose (–6.4%, p = 0.002) and high-dose proto-
col (–5.5%, p = 0.028). The FEV1 improvement at
6 months was more robust in the high-dose (15.6%,
p = 0.002) compared to the low-dose protocol (6.7%,
p = 0.021), while both low- and high-dose protocols
led to improvements in health-related quality of life
scores[48]. A separate study also administered
BioLVR to 25 subjects with homogeneous emphy-
sema distribution utilizing the same protocol in the
upper lobe predominant group[49]. Compared to
baseline, changes at 6 months in FEV1, FVC, RV/
TLC, dyspnea, and SGRQ were better with high-dose
but only met statistical significance following high-
dose therapy in FEV1 (13.8, p = 0.007), dyspnea (–0.8
mMRC score, p = 0.001), and SGRQ (–12.2,
p = 0.0001).

Aeris Therapeutics halted plans for larger studies
with BioLVR to focus efforts on a new polymeric
sealant coined AeriSeal. An initial pilot study was
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conducted at six European centers to test the safety
profile and effectiveness of the AeriSeal Emphyese-
matous Lung Sealant System (ELS)[50]. Investigators
treated 25 subjects with severe upper lobe predomin-
ant emphysema in up to six subsegments in one lung
with the primary outcome being RV/TLC ratio as well
as the incidence of adverse events. All subjects experi-
enced a flu-like reaction 8–24 hours following the
procedure. The most common adverse events were
dyspnea (n = 25), fever (n = 22), and leukocytosis
(n = 21). Additionally, all subjects had elevated inflam-
matory markers such as erythrocyte sedimentation
rate and/or C-reactive protein, and there were eight
treatment-related COPD exacerbations. While there
were improvements in FEV1, FVC, RV/TLC, 6-minute
walk distance, SGRQ, and dyspnea scores, only the
FVC met statistical significance. The change in RV/
TLC at 6 months had significant correlations with
FEV1 (r = –0.759, p < 0.001), FVC (r = –0.703, p <
0.001), and SGRQ (r = 0.481, p = 0.05)[50]. Another
pilot study treated 20 subjects (10 with homogeneous
disease and 10 with upper lobe predominant disease)
in two subsegments of each upper lobe[51]. The pri-
mary outcome of this study was reduction in lung
volume as measured by CT imaging, and compared
to baseline, there was a decrease of 895 ml (p< 0.001).
At 6 months post treatment there was a significant
improvement in FEV1 (31.2%, p = 0.02) and in RV/
TLC (–7.2%, p = 0.027). One subject developed tension
pneumothorax following the procedure and subse-
quently died 9 days later after developing sepsis.
Remaining procedure-related events included AECOPD
(three), pneumonia (two), and upper respiratory tract
infection (one).

Airway bypass tract stent placement
Airway bypass is a bronchoscopic technique designed
for homogeneous emphysema in which airway pas-
sages are created to deflate trapped air using paclitaxel
eluding-eluting stents to maintain patency of the
bypass tracts (Broncus Technologies, Mountain View,
CA). The Exhale Airway Stents for Emphysema
(EASE) Trial is a randomized, sham-controlled study
designed to investigate the safety and efficacy of these
stents[52]. EASE enrolled 315 subjects (208 in stent
arm) with severe homogeneous emphysema that
were severely gas trapped. Up to six stents were placed
in each patient with no more than two per lobe,
and none were placed in the right middle lobe. The

investigators had a coprimary endpoint of an increase
in FVC by 12% as well as a decrease in modified
Medical Research Council (mMRC) dyspnea scale of
1 point. There was no difference between the sham
procedure or airway bypass stenting in regards to the
coprimary endpoints. Compared to baseline mMRC
scores, airway bypass stenting did decrease dyspnea
(–0.47 points) to a greater degree than the sham
procedure (–0.22 points, p = 0.045), but this effect
was lost at 12 months. There was no difference in lung
function or lung volumes at 6 or 12 months. Possible
explanations for these results included loss of stents
either from expectoration or occlusion from tissue
debris. The number of subjects meeting one of the
predetermined safety endpoints was not different in
the airway bypass stent (14.4%) or the sham (11.2%)
group[52].

Bronchoscopic thermal vapor ablation
(BTVA) for LVR
BTVA uses heated water vapor to produce thermal
injury in airways resulting in an inflammatory
response followed by fibrotic and atelectatic changes
to induce volume reduction. Forty-four subjects with
upper lobe predominant emphysema (FEV1 31.4%
predicted) were treated in either the left or right upper
lobe at a dose of 10 cal/g of tissue with BTVA[53]. The
treated lobar lung volume decreased by 715.9 ml
compared to baseline (p < 0.001), while the FEV1

improved 17% (p < 0.001) compared to baseline at
6 months. The SGRQ score decreased by 14.0 points
(p < 0.001), and 73% of the subjects met the minimal
clinically important difference of 4 points 6 months
following the procedure. The 6-minute walk distance
increased by 46.5 m (p < 0.001) at 6 months as well.
There were a total of 29 serious adverse events
following the procedure, with the most common
being COPD exacerbation (9), pneumonia (6),
respiratory tract infection (5), and hemoptysis
(3)[53]. While the risk-to-benefit ratio appears to be
favorable with BTVA, larger clinical trials with an
appropriate control group are required.

Conclusion
LVRS is one of the few interventions for the select
emphysematous patient (upper lobe predominant and
low exercise) that can improve survival from a morbid
and mortal disease. Just as importantly, severely
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emphysematous patients with upper lobe predominant
disease (high or low exercise capacity) can expect
improved dyspnea, exercise tolerance, and quality of life
following LVRS. LVRS remains a vastly underutilized
intervention, and its role in treating severely emphyse-
matous patients appears to be undervalued. Less

invasive methods of lung reduction are currently being
studied, and although results are promising, it would
seem unlikely that these procedures would offer a simi-
lar degree of lung volume reduction as surgical inter-
vention. Future studies will be required to determine
who should undergo LVRS vs. bronchoscopic LVR.
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Chapter

9
Surgical aspects of infectious conditions
of the lung
Elaine Teh and Elizabeth Belcher

Empyema
Background
Pleural empyema is defined as collection of pus in the
pleural space. It was first described by an Egyptian
physician in 3000 BC, but Hippocrates was more
famously credited with its description. The mainstay
of early treatment was open drainage; however, asso-
ciated mortality was high. In 1917–1919, during the
influenza epidemic, an Empyema Commission rec-
ommended closed chest tube, avoidance of early open
drainage, obliteration of pleural space and nutritional
support for the patient. These principles remain the
basis of treatment today.

Empyema remains a common clinical problem,
with an incidence of about 80,000 in the UK and
United States[1]. The mortality and morbidity associ-
ated with the condition remain high[1].

Etiology
Empyema may be caused by spread of infection from
organs contiguous to the pleural space, direct inocu-
lation of the pleura due to trauma or as a result
of haematogenous spread. Contiguous spread is the
most common modality and accounts for over half
of all cases. Most commonly it arises from the lung
or structures such as mediastinum, deep cervical
organs, chest wall and spine or organs below the
diaphragm. The other major route is secondary to
thoracic procedures such as thoracocentesis, post-
operatively following thoracic or oesophageal sur-
gery or secondary to trauma. Rarely empyema
develops as a result of haematogenous spread from
a distant source.

Chronic respiratory diseases, diabetes mellitus,
malignancies, immunosuppression, gastro-oesophageal

reflux disease and alcohol and drug addiction increase
the risk of developing empyema.

The incidence of complicated parapneumonic
effusion or empyema in patients requiring hospital
admission for community-acquired pneumonia is
over 7%. Hypoalbuminemia, hyponatremia, throm-
bophilia, raised C-reactive protein (CRP) and alcohol
and intravenous drug abuse were independently asso-
ciated with the development of complicated para-
pneumonic effusion or empyema. Interestingly, it
appears COPD is protective against the development
of empyema[2].

Over half of patients with community-acquired
pneumonia develop pleural effusions; however, the
majority are sterile sympathetic effusions destined to
resolve. In about 30% of these patients, the condition
progresses to complicated parapneumonic effusion
(CPPE) or to empyema[3].

The incidence of empyema following post-
traumatic haemothorax is over 25%. Risk factors for
its development include rib fractures, (injury severity
score) ISS > 25 and the need for additional interven-
tions to evacuate retained haemothorax[4]. The use of
prophylactic antibiotics in patients with chest trauma
can decrease the incidence of post-traumatic empy-
ema and pneumonia[5].

Pathophysiology and microbiology
When empyema develops, three stages are observed,
with distinct characteristics of the pleural fluid and
space (Figure 9.1).

In a normal, healthy person, pleural fluid amounts
to less than 1 ml. The early simple exudative stage
(Stage I) occurs within the first 2 weeks of the
developing empyema. The pleural fluid is increased
in quantity; however, it has normal pH, with glucose
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level equivalent to serum level, low white cell count
and absence of micro-organisms. If the patient is
adequately treated with antibiotics, the exudate nor-
mally will resolve spontaneously at this stage, with
preservation of the thoracic dimensions. However, if
there is persistent infection, it may progress to the
fibrinopurulent stage (stage II) between week 1 and
week 6. This stage is characterized by neutrophil
phagocytosis, with inhibition of plasminogen activa-
tor and decreased tissue-type plasminogen activator
leading to increased fibrin deposition, low pH, low
glucose (< 2.2 mmol/L) and high lactase dehydrogen-
ase (> 1000 IU/L). This is typically manifested by
thick and purulent secretions with formation of sep-
tae causing loculations. The final phase, which
develops from week 5 onwards, the organizing phase
(stage III), is characterized by formation of a fibrous
peel which leads to restriction of lung expansion.

The bacteriology of empyema has changed with
the advent of antibiotic therapy. In the pre-antibiotic
era, Streptococcus was the most common organism.
Currently in community-acquired pneumonia, the
majority of the infections continue to be caused by
gram-positive aerobes or facultative organisms.
Streptococcus and Staphyloccus aureus account for
65% of isolated organisms. Streptococcal organisms
include Streptococcus pneumoniae, beta-haemolytic
streptococci group A and Streptococcus ‘milleri’
groups. Commonly isolated gram-negative bacilli
include Escherichia coli, Klebsiella pneumonia, Hae-
mophilus influenzae and Pseudomonas aeruginosa.
Staphylococcus aureus accounts for 50% of hospital-
acquired empyema. Anaerobic organisms account for
13% of isolates. The frequency of pathogens such as
anaerobic cocci, Fusobacterium and Bacteroides species
is increasing in the community-acquired infection.
These organisms are particularly seen in association
with aspiration pneumonia and lung, dental and oro-
pharyngeal abscess. The remainder of cases are due
to mixed aerobic and anaerobic isolates (23%)[6].

In many cases no organism is ever isolated, which
may relate to early speculative antibiotic use.

Diagnosis
Empyema should be suspected in patients presenting
with acute respiratory illness associated with pleural
effusion. Symptoms and signs include dyspnoea,
cough, pleuritic chest pain, fever, tachycardia, mal-
aise, anorexia and weight loss. Extension of a pleural
infection, outside of the thoracic cage and into the
neighbouring chest wall and surrounding soft tissues,
is known as empyema necessitans. Empyema necessi-
tans may be observed in patients in whom presenta-
tion is late or in association with particular organisms
such as Mycobacterium tuberculosis and Actinomyces
species. Mycobacterium tuberculosis account for
approximately 70% of cases[7] and Actinomycosis for
most of the remainder.

Investigations should include haematology, bio-
chemistry and cultures of blood and sputum for aer-
obic and anaerobic bacteria. There are seven clinical
variables that are found to be positively predictive of
pleural infection: albumin < 30 g/L, CRP > 100 mg/L,
platelet count > 400 × 109/L, sodium < 130 mmol/L,
intravenous drug and alcohol abuse.

New biomarkers such as tumour necrosis
factor alpha (TNF-α), myeloperoxidase, matrix
metalloproteinase-2, interleukin 8 and CRP may have
potential as future biomarkers in the diagnosis and
management of empyema[3].

Imaging
Radiological investigation in empyema facilitates
image-guided aspiration for diagnostic purposes, is
an aid to chest drain insertion and allows assessment
of loculations to guide relative merits of drain inser-
tion versus operative intervention. Chest radiograph
is the first-line imaging investigation. A lateral chest
radiograph may help distinguish between free-flowing
or loculated collection in the pleural space. CT,

Figure 9.1 Time-scale and overlapping
of stages of thoracic empyema. [Adapted
from Molnar 2007.]
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however, may be more useful in aiding the diagnosis
of empyema, as well as staging the disease, as it
facilitates differentiation between pleural effusion,
lung abscess and consolidation. Classically, empye-
mas are usually posterolateral, and most extend to
the diaphragm. CT also allows better visualization of
septations, thickness of pleura, the presence or
absence of trapped lung and associated underlying
abnormalities.

Ultrasound (US) is able to differentiate between
pleural effusion and consolidation, facilitates image-
guided aspiration of effusion and is superior com-
pared with CT in the assessment of loculations.
US-guided aspiration will yield higher pleural aspir-
ates and a lower risk of organ perforation compared
to non-image-guided aspiration. Although US and
CT have established roles in the investigation of
parapneumonic effusions, neither technique reliably
identifies the stage of pleural infection or predicts
those patients who subsequently require surgical
intervention after failed management by chest tube
drainage[8].

Pleural aspiration
US-guided pleural aspiration is recommended in effu-
sion > 10 mm in depth, especially if associated with
pneumonic illness, ongoing sepsis or recent history of
chest trauma or surgery. Frank pus indicates the need
for formal drainage. Anaerobic pus is usually foul-
smelling, whilst aerobic pus usually has little or
no odour. Biochemical analysis (pH, glucose and
protein concentration), microbiological culture and
cytology are indicated. Pleural pH of < 7.2 is the
single most powerful predictor of the need for chest
tube drainage. Glucose level of fluid < 400 mg/L,
LDH above 1000 IU/ml, protein level > 3 g/ml and
WCC > 15,000 cells/mm[3] are also consistent with
infection of the pleural space. Microbiological yield
for suspected empyema is usually low. In the MIST-1
(Multicenter Intrapleural Sepsis Trial), positive
pleural culture was only obtained in about 15% of
patients. Polymerase chain reaction and immuno-
logical analysis may also identify the offending
organisms.

Underlying causes of empyema should be sought.
In patients with anaerobic empyema, examination of
the oropharynx should be undertaken to exclude peri-
odontal and oropharyngeal abscess. Bronchoscopy
should be considered to exclude foreign bodies or
endobronchial tumours. Bronchoscopy also facilitates

bronchoalveolar lavage, which will increase the rate of
isolation of positive microbiological culture when
performed in addition to pleural fluid microcopy
and culture.

Management
The principles of empyema management are drainage
and sterilization of the pleural space, obliteration of
empyema cavity, lung expansion and nutritional sup-
port. However, individual therapy should be tailored
to the cause, clinical stage, underlying lung, presence
or absence of bronchopleural fistula and patient’s
clinical and nutritional status.

Drainage of pleural fluid
Presentation of patients in the earliest stage facilitates
conservative management without empyema drain-
age. However, the presence of frankly purulent or
turbid fluid, presence of bacteria confirmed with
Gram stain, pleural pH < 7.2, poor clinical progress
with signs of ongoing sepsis despite antibiotic therapy
and loculated effusion are indications for closed tube
drainage of empyema. The chest drain should be
inserted under image guidance. There are no sub-
stantial data to recommend the optimal size of
the chest drain or management of the chest drain
such as regular flushing or suction. Historically,
large-bore surgical chest drains were used, but cur-
rently, there is an increasing use of small intercostal
chest drains, which are inserted percutaneously.
Small-bore catheters (10–14F) facilitate ease of inser-
tion, and evidence for the optimal size of chest tube
is scarce[1].

Antibiotics
British Thoracic Society guidelines recommend that
all patients should be treated with adequate and
appropriate antibiotics, guided when available by
culture based on pleural and blood culture results,
and microbiological review taking into account local
patterns of resistance[1]. Antibiotic therapy should
cover anaerobic infections, except in patients with
culture-proven Streptococcus infection. Penicillins,
penicillins combined with β-lactamase inhibitor,
metronidazole and cephalosporins penetrate the
pleural space well; aminoglycosides should be avoided
due to poor pleural penetration. In the absence
of positive culture results, antimicrobial therapy
should be directed based on local hospital policy
and resistance pattern. Antimicrobial therapy may
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be needed for 2 to 3 weeks; however, the ultimate
duration should be guided by clinical progress. Intra-
venous treatment is recommended initially, with
change to the oral route once the patient shows
improvement.

Intrapleural fibrinolytics
In an attempt to improve drainage of empyema,
fibrinolytics have been utilized intrapleurally to lyse
fibrinous septations. A number of case series and
small trials suggested that these agents may improve
outcome. However, the MIST-1, a large multicenter
UK trial, showed no overall benefit in using strepto-
kinase, when given intrapleurally. This large study
enrolled 454 patients randomized in doubleblind
fashion to intrapleural streptokinase twice daily for
3 days or placebo. No benefits were noted in either
mortality or the need for surgical intervention at
either 3 or 12 months after randomization with
intrapleural streptokinase compared to placebo (31%
streptokinase group versus 27% placebo group).
Moreover, patients receiving streptokinase had a
greater tendency to suffer serious adverse effects such
as chest pain, fever, rash and allergy (7 versus 3%,
RR = 2.49, 95% CI 0.98–6.36, p = 0.08)[9]. Following
this study, fibrinolytics alone fell out of favour for the
management of adult empyema. More recently, the
MIST-2 of four study treatments – intrapleurally
tissue plasminogen activator (t-PA), DNase, each
agent alone and double placebo – showed intrapleural
t-PA–DNase therapy improved fluid drainage in
patients with pleural infection with improvement
in chest radiograph. Secondary outcome measures
reduced frequency of surgical referral, and the dura-
tion of hospital stay was also improved. Treatment
with either agent alone was ineffective[10].

Prognosis
The prognosis is generally good in young and other-
wise fit patients, especially if treatment was initiated
early. There are rarely any long-term functional
sequelae, although radiographically, there may be
residual pleural thickening. Very rarely, a patient
could develop fibrothorax with impairment of
respiratory function.

Overall, however, the mortality and morbidity
associated with the condition remains high, with
20% mortality if not effectively treated, as many
of those affected are elderly with significant
co-morbidities.

Indications for surgery
Surgery is indicated in patients with persistent sepsis
and pleural effusion despite adequate therapy. Surgi-
cal options will be discussed in the next section.
However, if surgery is not a feasible option due to
the patient’s clinical condition, re-imaging with consi-
deration for further chest drain insertion, with or
without intrapleural fibrinolytics, may be considered.

Operative approaches (Figure 9.2)
Stage I: Drainage
Antibiotic therapy and simple drainage by either
aspiration or intercostal chest drain are most useful
in the early stage I exudative phase of empyema. If
this is used as a treatment modality in primary thor-
acic empyema, the success rate ranges from 67 to
74%[11–13]. The thoracic surgeon rarely meets the
patient at this early stage as patients are adequately
managed by respiratory physicians.

Figure 9.2 Summary of management of the three stages of
empyema.

Chapter 9: Surgical aspects of infectious conditions of the lung

89

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.009
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:20:57, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.009
http:/www.cambridge.org/core


Stage II: Debridement
When the disease progresses to stage II, simple drain-
age alone is inadequate to resolve the infection, and
debridement is then necessary to achieve local con-
trol. Surgical debridement of the pleural cavity can be
carried out via open or video-assisted thoracosco-
pic surgery. Thoracoscopic debridement has gained
popularity since the late 1990s with the general bene-
fits associated with its minimally invasive nature
compared to open, such as reduced post-operative
pain and analgesic requirement, decreased air leak,
decreased duration of chest tube drainage and shorter
post-operative hospital stay.

In early stage empyema (stage II), two small
randomized, controlled studies comparing VATS
debridement with conservative drainage in patients
with early/mixed-stage disease reported success rates
of 83–93% in patients treated with VATS[14,15]. In
other small case series, the reported conversion rates
to open thoracotomy with VATS increased with
increasing stage of the disease: 3–28% in early stage,
15–21% in mixed stage and 7–44% in late dis-
ease[16–26]. Between days 2 and 16 from presentation
of empyema, the conversion rates to open with VATS
increased from 22% to about 86%. A recent review of
VATS decortication compared to open decortication
in adults with primary empyema found that in stage
II empyema, VATS is superior in the treatment of
empyema with reduced post-operative morbidity,
complications such as pain and air leak and reduced
length of hospital stay[27].

The other major factor ensuring a higher success
rate of treating empyema with VATS is the under-
lying condition of the parenchymal lung. In patients
with empyema secondary to trauma, underlying
normal lung will facilitate lung re-expansion with
VATS drainage and debridement, hence preventing
persistent space and infection in the pleural cavity.

Stage III: Decortication
Once the disease progresses to the advanced stage of
organizing fibrous tissue encasing the underlying
lung, decortication is usually a necessary therapeutic
intervention. Decortication is defined as removal of
constricting peel over the lung. It is usually indicated
if the history of empyema is longer than 6 weeks,
diagnostic assessment suggests progression to stage
III disease and the patient is symptomatic. In these
patients, lung perfusion can decrease by 20–25%

in the affected lung, and decortication can improve
vital capacity from 62 to 80% and forced expira-
tory volume in 1 second (FEV1) from 50 to 69%[28].
There is, however, controversy regarding the optimal
timing of decortication. Advocates of early surgery
will argue that there is less injury to the underlying
lung parenchyma with early surgery as there is less
significant ingrowth of fibrous tissue. However, on
the other hand, late decortication after 3 months may
achieve maximal functional respiratory recovery. The
presence of intact visceral pleura, expandable lung
and pleural space that will be completely obliterated
by lung expansion are vital to the success of the
therapy.

Themortality associated with decortication is high,
ranging between 1.3 and 6.6%, with significant mor-
bidity such as persistent air leak, bleeding, prolonged
intubation with mechanical ventilation, persistent
infection with prolonged ITU and hospital stay[11,29]

Many surgeons now advocate the use of VATS
in decortication, even at the advanced stage. Many
series and reviews suggests that VATS is as safe
and effective in treating stage III empyema, with
the added advantage of less post-operative pain,
superior functional recovery of respiratory function,
safer in high-risk patients and shorter hospital
stay. Readers are directed to many good series and
reviews of comparison between VATS and open
decortication[16,17,19,30–32]. The conversion rate for
patients treated with VATS decortication to open
thoracotomy is between 3.5 and 41%. The main aim
is to achieve sufficient decortication to allow full
expansion of the underlying lung. VATS may be
attempted in suitable patients; however, if this tech-
nique does not result in the desired outcome, open
decortication will be required.

Management of persistent pleural space
Thoracoplasty

Thoracoplasty or collapse therapy was first intro-
duced at the end of the nineteenth century, but
due to its mutilating nature and being a poorly
tolerated procedure, it rapidly lost popularity as a
therapeutic option. However, with the advance in
other aspects of surgery such as improvement in
thoracic anaesthesia, blood transfusion and ITU
support, thoracoplasty may be a good surgical
option to treat a persistent pleural space in empy-
ema in highly selected group of patients. The aim of
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thoracoplasty is to decrease the distance between
the lung parenchyma and the chest wall. Collapsing
the chest wall and filling the space with viable tissue
such as omentum or viable muscle flap can achieve
this. The modern indications, as described by
Botianu, are

The lack of dissecting plane for decortication
Inability of the underlying to fully re-expand
following decortication
Post-operative empyema, when decortication has
failed or is not possible
Presence of bronchopleural fistula (BPF) – as this
has to be dealt with by safe closure and suture
reinforcement with a muscle flap
Presence of unresectable lesion in the lung
parenchyma

Modern technique has achieved much better results
due to an improved understanding and experience
in raising muscle flaps and reducing the extent of
chest wall mutilation by limiting the extent of rib
resection. Meticulous assessment and planning pre-
and peri-operatively are absolutely essential. With
good planning and management, the operative mor-
tality reported in the recent years is around 5%[33–37],
with varying length of hospital stay and post-
operative morbidity. Success rates of >90% have been
reported when the procedure was performed in suit-
able patients.

Open window thoracostomy/fenestration

In debilitated patients who are unable to tolerate a
major thoracic procedure as described earlier to
manage a persistent pleural space, open window thor-
acostomy drainage is a useful option. The cavity is
marsupialized via rib resection and open drainage.
This long-term treatment plan involves multiple
outpatient attendances for dressing changes and irri-
gation of the cavity. The cavity may eventually heal
with time, fill with granulation tissue or require
undergoing surgical closure.

Eloesser described a procedure involving a
U-shaped incision through skin, subcutaneous tissue
and muscle down to the ribs, creating a soft-tissue
flap[38]. The exposed two or three adjacent ribs
should be resected into 5-cm-long segments to
fashion an approximately 5 to 7-cm opening to pre-
vent contraction and spontaneous closure. Following
drainage of empyema, the superiorly attached skin

flap is folded inward underneath the chest wall and
sutured both to the parietal pleura and empyema peel,
and the cavity packed.

Theron Claggett described a similar two-stage
open procedure in 1963. The superficial fascia is
sutured down to the periosteum of resected ribs to
leave a large window for daily irrigation and delayed
closure.

Simple rib resection to facilitate adequate drain-
age of the empyema space is another alternative
in high-risk patients who are medically unfit for
major surgery. It is a minor procedure, performed
under general anaesthesia. A short segment of the
rib over the most dependent part of empyema is
resected, with the space opened and deloculated,
followed by insertion of either a large-bore chest
drain or multifenestrated tube into the cavity to
ensure adequate drainage. Mortality of rib resection
in empyema reported in various small retrospective
series ranged between 5 and 14%, with a low failure
rate of <10% and median hospital stay of between
11 and 21 days[11,39,40]. However, in cases of late
referral to a thoracic surgical unit for management
of chronic empyema, Cham and associates reported
a failure rate as high as 83% in patients who initi-
ally underwent rib resection subsequently requiring
decortication[41].

Post-pneumonectomy empyema

Post-pneumonectomy empyema (PPE) is a serious
complication of pneumonectomy with high mor-
bidity and mortality in excess of 10%[42]. (See also
Chapter 20 on BPF.) PPE must be treated imme-
diately. However, there are various techniques to
manage PPE; it very much is dependent on the
presence of bronchopleural fistula and the patient’s
general condition. Conservative treatment with
chest tube drainage only seemed to result in a low
success rate[43,44]. Surgical debridement, via either
VATS or open thoracotomy, is associated with low
mortality[45–48]. Even when more complex thoraco-
plasty was required to manage PPE, especially in the
presence of BPF, the outcome reported was encour-
aging, with a success rate of between 81 and
100%[49–53]. A recent review by Zahid and colleagues
found that open surgery is superior to minimally
invasive management (which the authors have
included chest tube drainage with or without chem-
ical irrigation and video-assisted thoracoscopic
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debridement) in reducing empyema recurrence rate,
mortality and re-intervention rate[54].

A study by Colice demonstrated the mortality
associated with the natural history of the condition
and inability to perform aggressive intervention[55]

(Figure 9.3). Escalating mortality rate can be observed
with reduction in intervention. Partly this reflects
the fitness of the patients to undergo aggressive

surgical intervention; it also serves to demonstrate
the mortality of the condition when it is untreated
or there is inability to undertake the treatment due to
the patient’s condition.

Empyema in children

In children, empyemas almost always occur as a com-
plication of respiratory tract infection. The goals of

Figure 9.3 Deaths by primary drainage
procedure. (Colice et al., 2000[55]).

(a)

Figure 9.4a Chest radiograph showing left-sided loculated
empyema.

(b)

Figure 9.4b Chest CT demonstrating loculations prior to VATS
drainage. No organism was isolated in this patient despite culture of
pleural fluid.
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management of empyema in children are similar to
those in adults, which are to eliminate the empyema,
re-expand trapped lung, restore mobility of chest
wall and diaphragm, return respiratory function to
normal, eliminate complications of chronicity and
reduce length of hospital stay. Two randomized, con-
trolled trials have found that there is no difference in
the length of hospital stay and success rate between
VATS and chest tube drainage with fibrinolytics[56,57].
However, when patients were randomized to either
VATS or chest tube, with fibrinolytics as indicated,
Kurt and colleagues found that patients treated with
VATS had significantly shorter hospital stay[58].
A systematic review which included 3418 patients
from 54 different studies concluded that VATS sig-
nificantly improved mortality (0 vs 3.3%), re-
intervention rate (2.5 vs 23.5%), duration of chest
drains (4.4 vs 10.6 days) and length of hospital stay
(10.8 vs 20 days)[59].

(c)

Figure 9.4c Post-operative chest radiograph following VATS
and drainage of empyema.

(b)

Figure 9.5b Chest CT showing incomplete drainage of pleural
despite intercostal drain, consolidation of undergoing lung and
surgical emphysema. Patient underwent re-thoracotomy and
drainage of empyema.

(a)

Figure 9.5a Chest radiograph demonstrating right lower zone
opacification despite drain insertion. Patient presented with
staphylococcal empyema following basal segmentectomy for
metastastic thyroid carcinoma.
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(b)

Figure 9.6b Chest radiograph of same patient 2 months following
VATS and drainage of empyema.

(a)

Figure 9.7a Chest radiograph showing large right
hydropneumothorax secondary to ruptured pulmonary abscess.
Patient presented with sepsis and multiple organ failure requiring
admission to intensive care.

(b)

Figure 9.7b Chest CT demonstrating large right
hydropneumothorax with contralateral mediastinal shift. Patient
underwent drainage of 2.5 L of pus from pleural cavity and
cavernostomy of underlying lung abscess.

(a)

Figure 9.6a Chest CT showing loculated empyema with
hydropneumothorax 6 weeks following aspiration of Streptococcus
pneumoniae parapneumonic effusion.
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(b)

Figure 9.8b. Follow-up chest radiograph showing resolution of
changes and opacification of right upper zone in area of
interposition muscle flap.

(a)

Figure 9.9a Chest CT demonstrating right lung abscess. Patient
had associated poor dentition.

(b)

Figure 9.9b Chest CT showing lung abscess and empyema.
Klebsiella species were cultured from pleural drain fluid.

(a)

Figure 9.8a Chest CT of patient presenting with complications of
right lung abscess. Abscess was associated with bronchopleural
fistula, empyema and contamination of bilateral lung parenchyma.
Patient developed acute respiratory distress syndrome requiring
prolonged intubation and ventilation.
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(a)

Figure 9.10a Chest CT showing pleural aspergilloma associated
with emphysema.

(b)

Figure 9.10b Fludeoxyglucose positron emission tomography
(FDGPET) demonstrating FDG avidity of pleural aspergilloma prior to
resection in a patient with significant emphysema.

(c)

Figure 9.9c Chest CT showing pectoralis muscle flap utilized to
obliterate residual pleural space following thoracotomy and
drainage in same patient.

Figure 9.11 Aspergilloma cavity occurring late following earlier
lung volume reduction surgery.
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Maskell NA, Davies CW, Nunn AJ, et al. First Multicenter

Intrapleural Sepsis Trial (MIST1) Group. UK controlled
trial of intrapleural streptokinase for pleural infection.
N Engl J Med 2005 Mar 3; 352(9):865–74.

Rahman NM, Maskell NA, West A, et al. Intrapleural use of
tissue plasminogen activator and DNase in pleural
infection. N Engl J Med. 2011 Aug 11; 365(6):518–26.

Molnar TF. Current surgical treatment of thoracic
empyema in adults. Eur J Cardiothorac Surg 2007 Sep;
32(3):422–30.

Lung abscess
Aetiology
Lung abscess is defined as a localized area of suppur-
ation occurring in association with cavitation within
the lung. Abscess formation may occur primarily as a
consequence of initial necrotizing infection or result
from secondary causes including infection of a pre-
existing cavity, bronchial obstruction due to foreign
body or tumour or due to septic emboli. Cavitating
conditions of the lung including pulmonary infarc-
tion, sarcoid and Wegener’s granulomatous; all pre-
dispose to lung abscess.

The risk of developing necrotizing infection is
increased in the immunocompromised patient and
by factors that increase the risk of aspiration such as
altered mental state particularly alcohol misuse,
vocal cord paralysis, poor dental hygiene and
oesphageal pathology such as diverticulae or malig-
nancy. Poor dental hygiene is so commonly associ-
ated that suspected lung abscess in the edentulous
should cause reconsideration of the diagnosis and
further efforts to exclude underlying malignancy
should be made.

Such pre-disposing factors are identified in the
majority of patients diagnosed with lung abscess.
In a series of 259 patients presenting with lung
abscess, overall poor health was seen in over 97%,
82.5% had associated dental disease, 78.6% reported
having lost consciousness at least once and 70.2%
described alcohol misuse[60].

Pathophysiology/microbiology
The process has arbitrarily been divided into acute
and chronic phases based on a 6-week time period;
however, in practice, the onset is insidious, and these
phases are not therefore useful in the diagnosis and
management of the condition.

The classic studies of lung abscess were performed
by David Smith at Duke in the 1920s[61]. He noted the
similarity between bacteria in the mouth and those
identified in the walls of the lung abscesses at post
mortem, leading him to postulate that aspiration was
the mechanism of infection, which he confirmed by
an inoculation model of lung abscess.

Lord Brock later radiologically demonstrated that
the segmental localization we observe in lung abscess
is associated with aspiration by using iodized oil in
patients in the recumbent position. In the supine
position, aspiration preferentially targeted the poster-
ior segment of the right upper lobe and the apical
segment of the lower lobes[62].

Anaerobic bacteria accounted for 60–80% of cases
of lung abscess, with the predominant isolates being
mixed Peptostreptococcus, Fusobacterium, Prevotella
and Bacteroides species[60,63]. In primary necrotiz-
ing pneumonia, Staphylococcus aureus, Streptococcus
pneumoniae and gram-negative organisms especially
Klebsiella are more commonly seen to predominate
rather than mixed cultures[64]. Other culprit patho-
gens include Haemophilus influenzae, Actinomyces
species, Aspergillus, Cryptococcus, Histoplasma, Blas-
tomyces and Coccidioides.

Enatamoeba histolytica results in lung abscess
following haematogenous spread and is almost always
associated with empyema. It is classically associated
with anchovy paste sputum due to expectoration of
amoebae and liver tissue. Metronidazole is the antibi-
otic of choice.

Diagnosis
Clinical features
Onset of symptoms is typically insidious. Features
include productive foul-smelling cough (67%),
fever, malaise, weight loss (97%), chest pain (64%)
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haemoptysis (15%), complicated by empyema (10%),
clubbing (30%), poor dental hygiene (82%), amphoric
breath sounds and cachexia[60].

Investigation
Routine haematology, biochemistry and blood cul-
tures for aerobic and anaerobic bacteria should be
obtained for these patients.

Radiological investigation facilitates diagnosis of
abscess, identification of underlying causes such as
proximal obstruction or pre-existing lung disease
and image-guided biopsy when required to exclude
tumour. Chest radiograph is the first-line imaging
investigation and identifies an air-fluid level within a
cavitating lesion.

CT is the most sensitive and specific imaging
modality to diagnose a lung abscess. Contrast should
be administered to enable identification of the abscess
margins. Abscess cavities are usually rounded exter-
nally with irregular luminal surface. Classically they
contain an air-fluid level with evidence of surround-
ing consolidation. It should be remembered that the
commonest cause of a cavitating lesion is carcinoma.

Lung abscess is unilateral in 96% of cases and is
more frequently observed on the right[60]. Anatomic-
ally, the apical segments of the lower lobes and pos-
terior segments of upper lobes are preferentially
involved in 85% of patients[60]. In a series of patients
presenting with lung abscess, the lesion was identified
in the right upper lobe in 28.4%, middle lobe 7.1%,
right lower lobe 29%, left upper lobe 14.2% and left
lower lobe 21.3%[64].

Management
Antibiotic therapy, nutritional support and treatment
of underlying cause are the mainstay of the manage-
ment of lung abscess. Most patients will respond to
treatment with parenteral clindamycin within
2 weeks, although treatment should be continued
for 8 weeks. This regimen is superior to penicillin
in published trials as several anaerobes may produce
beta-lactamase and therefore penicillin resistance[65].
The response rate to metronidazole is only 50% due
to the polymicrobial nature of the abscess in most
cases[66].

CT-guided percutaneous drainage has been shown
to be a useful and safe procedure for the treatment of
patients with lung abscesses who do not respond to

medical therapy. In a study of patients with lung
abscesses over a 3-year period in which antibiotic
therapy failed and patients were managed with CT-
guided percutaneous drainage, the abscess completely
resolved in 33 of 40 patients (83%). Five (13%)
patients developed pneumothorax. Seven patients
(17.5%) had a residual cavity, and surgery was
performed[67].

Failure of conservative therapy will occur in
approximately 5–10% of patients, who will require
surgical intervention[64, 68].

Complications of lung abscess and
indications for surgery
Rates of surgery have decreased over time due to
increasing effectiveness of antibiotic therapy. How-
ever, surgery continues to play an important role in
a minority of patients. Indications for surgery are
failure of medical treatment with ongoing sepsis and
complications of lung abscess. Complications include
massive significant haemoptysis, bronchopleural fis-
tula and inability to exclude carcinoma. Surgery
should be also considered in patients with associated
empyema (see later in chapter).

Initial bronchoscopy should be undertaken if not
previously performed to exclude proximal obstruc-
tion. Single lung ventilation should be instituted as
early as possible in order to protect the contralateral
lung from spillover contamination and certainly
before establishment of lateral positioning. Consider-
ation of repeat bronchoscopy to facilitate bronchial
toilet should be given at the end of the procedure if
there are concerns that contamination of the tracheo-
bronchial tree has been significant.

Anatomical resection, usually lobectomy, is the
resection of choice with early control of the bronchus
to reduce contamination with drainage of empyema
and obliteration of pleural space as indicated. In
patients where the risk of resection is prohibitively
high, surgical drainage of the abscess cavity is indi-
cated[69]. It is critical that the nutritional support,
antibiotic therapy and treatment of underlying condi-
tions initiated during the conservative management
phase should continue despite the move to a surgical
approach. In the series examined by Moreira et al.,
surgical intervention was indicated in 52 (20.6%) of
252 patients. Procedures performed included drain-
age of the empyema in 24 patients (9.5%), pulmonary
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resection in 22 cases (8.7%) and drainage of abscess
in 6 others (2.3%)[60].

Prognosis
The mortality associated with lung abscess has
reduced significantly over time from rates of over
34% in the first half of the twentieth century to
5–6% today[60,70]. This is due to advances in anti-
microbial therapy and improvements in health
over time.

Risk factors for worse outcome have been identi-
fied in certain patients with lung abscess. Approxi-
mately 8% of lung abscesses will occur in association
with empyema. In a series of 259 patients with empy-
ema, 22 had associated lung abscess (8%). This
conferred a higher requirement for intensive care
admission (64 vs 40%, p = 0.032) and a higher opera-
tive mortality (23 vs 5.9%, OR = 4.69, 95% CI
1.057–14.56)[71]. Early surgical intervention should
be considered in these patients.

Prognosis is poor for patients requiring ventila-
tory support prior to surgical intervention. In a series
of 35 patients undergoing requiring surgery for lung
abscess, of those ventilated pre-operatively, three died
and four remain ventilator dependent longterm. In
this series there were no deaths in patients not venti-
lated pre-operatively[72].

Harding and Hagan noted in their series of
252 patients that cavity size >6 cm prolonged symp-
toms for longer than 8 weeks; necrotizing pneumonia,
old age, immunocompromised patients, bronchial
obstruction and aerobic pathogens were independ-
ently associated with worse outcomes.

The mortality of patients undergoing surgery for
lung abscess ranges from 11 to 28%[64,73].

Landmark and important publications
Moreira Jda S, Camargo Jde J, Felicetti JC, et al. Lung

abscess: analysis of 252 consecutive cases diagnosed
between 1968 and 2004. J Bras Pneumol 2006 Mar-Apr;
32(2):136–43.

Smith DT. Experimental aspiration abscess. Surgery 1927;
14:231–9.

Bartlett JG. Anaerobic bacterial infections of the lung.
Chest 1987; 91:901–9.

Schweigert M, Dubecz A, Stadlhuber RJ, Stein HJ. Modern
history of surgical management of lung abscess: from
Harold Neuhof to current concepts. Ann Thorac Surg
2011 Dec; 92(6):2293–7.

Aspergillosis
Aetiology
Aspergillus species are a group of fungi, usually
acquired by inhalation. They can be isolated from
soil, plant debris or an indoor environment. The most
common species isolated is Aspergillus fumigatus,
although other species are also found. Aspergillus
may cause a spectrum of pulmonary syndromes
dependent on the physiological state of the host.

Pathophysiology/microbiology
Aspergillus infection results in one of three distinct
patterns of disease depending on host suscep-
tibility[74]. Allergic bronchopulmonary aspergillosis
(ABPA) is an Immunoglobulin E (IgE)–mediated
condition affecting patients with asthma, cystic fibro-
sis and bronchiectasis.

Aspergilloma consists of fungal hyphae, inflam-
matory cells, fibrin, mucus and tissue debris.
Aspergilloma may be simple or complex. Simple
aspergilloma is associated with a thin-walled cyst
lined with ciliated epithelium in contrast to complex
aspergilloma with thick-walled cavities and radio-
logical evidence of surrounding disease. Aspergilloma
generally develops in pre-existing lung cavities, most
commonly tuberculosis. The decline in cases of tuber-
culosis has resulted in both a reduction in cases
of aspergillosis and improvement in outcome for
patients who develop and undergo treatment for
aspergilloma[75,76]. Other disease processes associated
with aspergilloma development include sarcoidosis,
bronchiectasis, bronchial cyst, bullae, neoplasm and
pulmonary infection.

Invasive aspergillosis occurs in the immuno-
suppressed patient including solid organ and bone
marrow transplant recipients, following radiotherapy
and HIV infection.

Diagnosis
Patients with aspergilloma are usually asymptom-
atic. When symptoms develop, haemoptysis is the
usual presentation as a consequence of invasion
of local bronchial artery, secondary to endotoxins
released by the fungus ball or to mechanical irrita-
tion of the fungal ball itself. Other than haemop-
tysis, other symptoms may include dyspnea, cough
and fever.
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Diagnosis is made on clinical, radiological, sero-
logical and microbiological basis. Chest radiograph
and CT show one or more cavitating lesions. Lesions
are commonly seen in upper lobes. Monad sign
describes the air surrounding the mycetoma.

However, this sign is not specific to aspergilloma
but may be present in other conditions, including
malignancy and abscess. Serum immunoglobulin
G (IgG) antibodies to Aspergillus are almost always
positive, except in patients on immunosuppression
therapy including steroids. Sputum culture is positive
in about 50% of patients.

A diagnosis of ABPA relies on the following cri-
teria: bronchospasm, eosinophilia, immediate skin
test reactivity to Aspergillus antigens, precipitating
(IgG) antibodies to Aspergillus, elevated total IgE,
elevated Aspergillus-specific IgE, central bronchiecta-
sis and history of pulmonary infiltrates on chest
radiograph. The presence of all eight factors confers
diagnostic certainty.

Galactomannan antigen is an Aspergillus-specific
antigen that is released during the growth phase of
invasive aspergillosis. Galactomannan assay is useful
for the diagnosis of invasive aspergillosis with a sen-
sitivity of 81% and specificity of 89%. The halo sign
describes an area of ground-glass attenuation sur-
rounding a pulmonary nodule. It is most commonly
associated with invasive aspergillosis but may also
be associated with haemorrhagic nodules, tumours,
or inflammatory processes. Lung biopsy may be
required to provide definitive diagnosis. The air cres-
cent sign refers to air around the nodule and may
indicate improvement.

Management
The treatment of ABPA is medical. Steroids and
antifungals are first-line therapy. There is currently
no consensus on the optimal management strategy
for asymptomatic aspergilloma. Anti-fungal therapy
remains the mainstay of treatment. A number of
small studies advocate the benefits of various routes
of administration including transcutaneous and inha-
lation. Oral itraconazole is an effective therapy due to
its penetration for elective therapy; however, its role
as a first-line treatment for life-threatening haemop-
tysis is limited owing to the significant length of time
from administration to action.

Thoracic surgery has a limited role in the man-
agement of most of the clinical syndromes except

for aspergilloma. Whilst surgery for aymptomatic
patients is controversial, results are good for selected
patients. Patient presenting with haemoptysis should
receive tranexamic acid, and radiologically guided
coil embolization should be considered. Where this
is ineffective or unavailable, surgery is indicated.

Indications for surgery
Surgery for aspergilloma has been recognized as
technically challenging with a high complication rate
due to multiple adhesions, obliterated pleural space,
indurated hilar structures and failure of residual
lung to re-expand post-resection. Lobectomy is the
operation of choice.

Surgical resection is indicated in patients with
life-threatening haemoptysis, recurrent chest infec-
tion or weight loss. In the complex form, surgical
intervention must be considered as a last resort. In
the simple form, surgery is relatively benign and
prevents disease progression. Pleural aspergillosis
can occur, usually as a consequence of previous resec-
tion. Given the loss of lung parenchyma, thoraco-
plasty is often the only option.

Whilst surgical intervention should generally be
avoided in invasive aspergillosis, it may be considered
in the event of massive haemoptysis and to prevent
relapse during or following antifungal therapy[77].

Operative approaches
Open anatomical lung resection is the operation
of choice in low-risk patients. Loboectomy is the
operation of choice; however, segmentectomy or
wedge resection are alternative options. Post-
operative complications are significant, including
haemorrhage, residual pleural space, prolonged air
leak, empyema, bronchoalveolar fistula, respiratory
failure and recurrence.

Cavernostomy is an alternative procedure in older
patients or in whom the risk of resection is prohibi-
tively high[78]. This may be performed as an isolated
procedure or in combination with limited thoraco-
plasty and latissimus dorsi myosplasty.79

In one medically inoperable patient, a satisfactory
result is reported following bronchoscopic removal of
a large intracavitary pulmonary aspergilloma[80].

Thoracoplasty is often the only surgical option
for semi-invasive aspergillosis and pleural disease.
In a series of 16 patients with pleural aspergillosis
who underwent surgical management, all patients
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experienced complications including bleeding pleu-
ral space problems, respiratory failure and post-
pneumonectomy empyema. Mortality associated with
thoracoplasty was 15% (vs 6% for patients with all
types of aspergilloma not receiving thoracoplasty).
These findings lead the authors to conclude that only
symptomatic pleural aspergilloma should be operated
on and pleuropneumonectomy should be avoided[81].

More recently, VATS has been advocated for
patients with both simple and complex aspergilloma.
In a series of 20 patients undergoing a minimal access
approach, early mortality was 5%, with a 5-year sur-
vival of 89%[82].

Prognosis and complications
Aspergilloma generally runs a chronic course with
10% regressing; however, 30% of patients will experi-
ence significant haemoptysis with an associated mor-
tality rate of between 2 and 14%[83].

In a series of 64 cases of aspergilloma undergoing
surgical intervention, 10-year cumulative survivals in
simple and complex aspergilloma were 88.3 and
70.6%, respectively (p = 0.042). Certain patient factors
are associated with a worse prognosis. These include
older age, underlying lung disease, greater number of
lesions, immunosuppression, increasing Aspergillus-
specific IgG titers, recurrent large volume of haemop-
tysis, underlying sarcoid and presence of HIV[84],
whilst female gender, forced expiratory volume in

1 second greater than >75% and simple aspergilloma
are independent favourable prognostic factors. How-
ever, in routine use adjuvant antifungals did not
significantly affect morbidity or survival in this
series[85].

The surgical mortality associated with aspergil-
loma is high, between 7 and 23% in the published
case series[81,86–88]. Improved outcomes over time
have been associated with a reduction in complex
cases of aspergilloma as a result of a reduction in
tuberculosis. Only 17% of patients in a contemporary
cohort had a history of tuberculosis compared with
57% in a former series. Reduced morbidity of surgery
in terms of bleeding, pleural space issues and hospital
stay have all decreased such that modern-day surgery
for aspergilloma may be offered at lower risk in order
to interrupt the course of the disease[75,76].

Invasive aspergillosis continues to carry a high
mortality of up to 80%. Bone marrow transplant
patients or those with cerebral involvement are par-
ticularly at risk [89].

Landmark and important publications
The Aspergillus website: www.aspergillus.org.uk

Belcher JR, Plummer NS. Surgery in bronchopulmonary
aspergillosis. Br J Dis Chest 2011; 54:335–41.

Lejay A, Falcoz PE, Santelmo N, et al. Surgery for
aspergilloma: time trend towards improved results?
Interact Cardiovasc Thorac Surg 2011 Oct;
13(4):392–5.
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Chapter

10
Treatment of haemoptysis
Odiri Eneje and Katharine Hurt

Introduction
Haemoptysis is defined as coughing up blood or bloody
sputum from the airways. It is a relatively common
presenting symptom in clinical practice[1]. The symp-
toms can range from small volume specks mixed in
with sputum through to massive life-threatening hae-
moptysis. It can be difficult to accurately quantify
the volume of haemoptysis, as this mostly relies on
patients’ subjective recollections, often in moments of
high stress. In the clinical setting, the degree of com-
promise depends on the underlying cause, the patient’s
current health status and co-morbidities. There is no
absolute volumetric definition of massive haemopty-
sis, with quoted volumes ranging from 100 ml to
1000 ml over 24 hours[2]. In general 200–600 ml in
24 hours appears to be an acceptable definition for
massive haemoptysis[3]. A functional definition can
also be useful to account for physiological effect of
haemoptysis[4,5].

Massive haemoptysis is rare but a potential life-
threatening emergency, which carries a mortality rate
of up to 38%[6]. It is estimated that 400 ml of blood
in the alveolar space is sufficient to inhibit gaseous
exchange significantly[7]. In cases of massive haemop-
tysis, death commonly occurs as a result of asphyxi-
ation as opposed to exsanguination[8]. The patient’s
current health status greatly predicts severity, morbid-
ity and mortality. Identified independent predictors
of mortality include chronic alcohol dependency,
malignancy, aspergillosis, pulmonary artery involve-
ment, infiltrates involving two quadrants or more on
the admission radiograph and requirement for mech-
anical ventilation[9]. Haemoptysis is associated with
many conditions. It warrants prompt investigation,
although a cause may never be found. This so-called
idiopathic or cryptogenic haemoptysis is quoted to be

responsible for 3–42% of cases and carries a better
prognosis[10]. Key elements of the history can often
suggest an aetiology; investigations can be focused
around this, and management should be directed at
the underlying cause. Massive haemoptysis is a medical
emergency where initial management will centre on
resuscitation, especially airway protection. In this
chapter, we will discuss common causes of haemopty-
sis. We will also discuss history and key investigatory
algorithms before reviewing current medical, radio-
logical and surgical management options.

Causes
Haemoptysis is caused by many conditions. A full list
is summarized in Table 10.1. The commonest causes
vary according to geography, ethnicity, socioeconomic
status and age. They can be broadly divided into being
associated with infection, neoplastic disease, airway
disease, systemic disease, cardiovascular disease and
coagulopathy. In the UK, the most common causes
are bronchiectasis, lung cancer, pulmonary emboli,
pulmonary tuberculosis (TB) and pneumonia. World-
wide, TB is the leading cause of haemoptysis[11,12]. As
stated, no underlying aetiology is found in 3–42% of
cases[12,13]. Rarer causes include endobronchial capil-
lary haemangioma[14] and Hughes-Stovin syndrome;
there are fewer than 40 cases described, and the condi-
tion is characterized by thrombophlebitis and multiple
pulmonary and/or bronchial aneurysms[15].

History
Haemoptysis needs to be differentiated from haema-
temesis, epistaxis or bleeding from the oropharynx.
This information is sometimes more difficult to elicit
than one may think, and confirmation of understand-
ing of what constitutes coughing blood needs to be

Core Topics in Thoracic Surgery, ed. Marco Scarci, Aman Coonar, Tom Routledge and Francis Wells. Published by
Cambridge University Press. © Cambridge University Press 2016
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made. An assessment of volume also needs to be
performed. Doing this accurately is difficult. A small
volume of blood can seem large, especially when the
reporter is frightened. If the patient is in hospital,
ongoing measurement of volume needs to be docu-
mented. In the era of smart phones, patients often
photograph initial episodes of haemoptysis, so it is
worth asking about. Onset and frequency then needs
to be established. In women, take note of association
with menses (catamenial haemoptysis). The patient

may describe a gurgling sound, which could
indicate the side from which the bleeding is coming.
A clear, detailed history will help identify or exclude
causes.

It is important to establish associated symptoms
that may suggest a particular aetiology. For example,
the presence of fevers and night sweats may suggest
infection. Associated weight loss should prompt
immediate exclusion of malignancy and TB. Acute
breathlessness and chest pain may suggest infection
or pulmonary embolism. Associated sputum produc-
tion acutely may suggest pneumonia or bronchitis
but chronically may suggest bronchiectasis.

A full systemic review should be performed. For
example, joint pains and rashes should prompt inves-
tigation for vasculitis. A thorough past medical his-
tory needs to be made, with particular attention to
childhood respiratory disease (bronchiectasis and TB
reactivation). Cardiovascular disease can cause hae-
moptysis, so enquire about previous cardiovascular
disease, paroxysmal nocturnal dyspnoea, orthopnoea
and peripheral oedema.

It is important to elicit a drug history, in particular,
anti-coagulation and anti-platelet therapy. Smoking
and travel history may also add information to assess-
ment of risk for lung cancer, TB and pulmonary
embolism. A summary of key points of the history is
made in Table 10.2.

Examination
After the history is taken, assessment of the patient’s
physical status is essential (In the case of massive
haemoptysis, this will be performed simultaneously.)
Observations should be recorded, and an assessment
of physiological compromise should be made. This
should involve the application of an early warning
score if in hospital.

The examination may be normal. Features on gen-
eral examination to ascertain are the presence or
absence of cachexia, pallor, cyanosis, clubbing, lymph-
adenopathy, rashes, telangiectasia or ecchymoses.

Respiratory examination is mandatory. Clinical
signs of deep vein thrombosis should be excluded.
In addition, a cardiovascular examination should be
performed to ascertain signs of heart failure, pulmon-
ary hypertension or valvular disease.

Abdominal examination may reveal signs of
hepatic failure, congestion, intra-abdominal masses
or scars.

Table 10.1 Causes of hemoptysis

Neoplastic Systemic disease

Bronchogenic
carcinoma
Pulmonary
metastatic disease
Kaposi’s sarcoma

Goodpasture’s syndrome
Wegner’s granulomatosis
Microscopic polyarteritis
Behcet’s disease
Systemic lupus erythematosus
Idiopathic pulmonary
hemosiderosis

Infection Coagulopathy

Bacterial
pneumonia
TB
Mycetoma
Respiratory viral
infections
Lung abscess
Parasitic disease

Use of anticoagulants or
thrombolytic agents
Von Willebrand’s disease
Haemophilia
Thrombocytopenia
Disseminated intravascular
coagulation

Airways disease Miscellaneous

Bronchiectasis
Bronchitis
Cystic fibrosis

Trauma
Foreign body
Iatrogenic
Pulmonary sequestration
Endometriosis/catamenial
Lymphangioleiomyomatosis
Cryptogenic or idiopathic

Primary vascular
disease

Pulmonary AV
malformation
Pulmonary emboli
Pulmonary
hypertension
Congestive
cardiac failure
Mitral stenosis

[Reproduced from Hurt K, Bilton D. Haemoptysis: diagnosis and
treatment. Acute Medicine 2012; 11(1):39–45.]
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Investigations
Most patients will have small-volume haemoptysis and
can be investigated as an outpatient[16]. The National
Institute for Clinical Excellence (NICE) lung cancer
guidelines suggest urgent (2 week wait) referral to
respiratory medicine for patients with persistent hae-
moptysis who are smokers or ex-smokers aged 40 years
and older. They suggest an urgent chest radiograph for
all patients with haemoptysis to be arranged by their
general practitioner (GP)[17]. Investigations will be
guided by history and examination.

Chest radiograph is an essential test, as it will
rapidly identify gross pathology such as tumours
and consolidation and may help localize the site of
bleeding. It will fail to identify pathology in up to
46% of cases[18].

Initial blood tests should include full blood count,
urea and electrolytes, liver function and clotting.
Second-line tests that may offer a diagnosis are anti-
neutrophil cytoplasmic antibodies or anti-nuclear anti-
bodies if concerned about a vasculitis or autoimmune
process. If vasculitis is a possibility urine analysis (pro-
tein and blood) and microscopy (for cast cells) should
also be performed.

Sputum examination and culture are important to
exclude bacterial infection and tuberculosis[19].

Computed tomographic (CT) scanning increases
diagnostic yield, especially in distal bronchial and par-
enchymal abnormalities. It should be done prior to
bronchoscopy as it will help locate the abnormality,
improving diagnostic yield especially in cases of pos-
sible malignancy[17,20]. The choice of scan and protocol
will depend on the likely underlying cause – for
example, CT staging in cases of malignancy and high-
resolution CT scan in cases where it is felt to be due to
an interstitial process or bronchiectasis. CT may fail to
identify small endobronchial lesions, early mucosal
abnormalities, bronchitis, squamous metaplasia and a
benign papilloma[21]. CT angiography may also be per-
formed to assess bronchial arteries and potential bleed-
ing source. This should be performed in patients with
known bronchiectasis or cystic fibrosis when bronchial
artery embolization is the treatment of choice if conser-
vative options fail.

Fibreoptic bronchoscopy should be considered
in high-risk patients if the chest X-ray and CT scan
are normal and no cause has been found for the
haemoptysis such as infection. Those at high risk
include ongoing haemoptysis, smokers and those
over the age of 40[22]. This could be diagnostic,
allowing visualization of the airways and endobron-
chial or transbronchial biopsies to be taken. This
could also be therapeutic; interventions such as cold
saline, adrenaline or balloon tamponade can be
performed[23].

Second-line investigations include CT pulmonary
angiogram (CTPA) to rule out pulmonary embolism,
echocardiography to assess for pulmonary hyperten-
sion and nasopharyngoscopy performed by an ear,
nose and throat specialist may be beneficial.

Management of haemoptysis
The sequence and timing of investigations and manage-
ment will depend on whether the patient is having a
massive or non-massive haemoptysis. The next section

Table 10.2 Summary of key aspects of the history

History of presenting compliant

Establish true
haemoptysis
Frequency
Weight loss
Sputum production
Rashes
Chest discomfort
Shortness of breath
Recent travel
Calves tenderness
Orthopnoea
Association with menses

Onset (acute vs chronic)
Progression
Volume
Fevers
Night sweats
Wheeze
Recent illness/Ill
contacts
History of trauma
Peripheral oedema
Paroxysmal nocturnal
dyspnoea

Past medical history

Previous TB/TB exposure
Recent operations
Recent bronchoscopy
Previous breast colon or
renal cancers
HIV status

Previous lung disease
History of PE/DVT
Cardiovascular disease
Childhood illness/failure
to thrive

Drug history

Allergies
Anticoagulation/anti-platelets

Social history

Smoking and pack year history
Alcohol intake

Family history

Congenital illness
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describes an algorithm for investigation and manage-
ment. This is summarized in Figure 10.1.

The mortality rate for patients with mild to
moderate haemoptysis is low (2.5 and 6%, res-
pectively)[13]. Investigations and management are
similar to that of massive haemoptysis; however,
conservative approaches play more of a role and
surgical intervention less.

Management of massive haemoptysis
Patients should be resuscitated in accordance with the
Resuscitation Council (UK) guidelines, using the
ABCDE approach in assessment and management[24].
Senior doctors from intensive care and respiratory
medicine should be called immediately. These patients
are best managed in a high dependency or intensive
care setting and nursed bleeding side down (if
known)[19]. Thoracic surgery and interventional radi-
ology need to be informed at an early stage.

The immediate priority, to prevent asphyxiation,
is to protect the airway and ensure adequate oxygen-
ation. This may require tracheal intubation, in which
case a large-caliber single-lumen ET tube should be
inserted. It should be large enough to allow suctioning
and the introduction of a fibreoptic bronchoscope,
preferably size 8 or more[25]. Once the airway is clear,
if the side of haemoptysis is known, unilateral intub-
ation can be performed, allowing protective ventila-
tion of the collateral lung and preventing aspiration
from the side actively bleeding. This can be done with
a double-lumen tube; however, this requires equip-
ment and expertise to prevent misplacement and the
complications that may arise as a result[26]. An alter-
native to protect the left lung is, under fibreoptic
bronchoscopic guidance, the left main bronchus is
intubated. This is best avoided on the right, as a pitfall
is the inadvertent occlusion of the right upper lobe,
preventing it from participating in gaseous exchange.
In this situation, an ET tube is inserted over a

Figure 10.1 Management of massive
hemoptysis.
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bronchoscope; and a Fogarty catheter of size 14F/100
cm length is passed through the vocal cords and
guided via bronchoscopy in to the left main bronchus
and inflated, allowing continued ventilation of the
right lung and tamponade of the left[19].

Two large-bore cannulae should be inserted to
allow adequate volume replacement. Samples should
be sent for full blood count, urea and electrolytes,
liver function tests, cross-match, clotting and inflam-
matory markers. Cross-match at least 6 units of blood.
Coagulopathy should be corrected, which may include
reversing anticoagulants[7]. Arterial blood gases are
useful to look at parameters such as lactate, pH and
base excess and provide an instant estimate of haemo-
globin concentration. Replace volume with crystal-
loids and blood products, once available. Tranexamic
acid can be given; however, there is little evidence to
support its use. Other medical treatments that should
be commenced include antibiotics for infection, anti-
tuberculous therapy in the case of TB and systemic
antifungals for Aspergillus lung disease.

Localizing the bleeding
Once the patient has been stabilized, the next priority
is to locate the bleeding point. The patient may need
transfer to a specialist centre if he or she is being
managed in a unit without interventional radiology
or thoracic surgery. If that is the case, an expert in
transfer medicine should assess the patient.

There is no consensus on the best diagnostic
approach to massive haemoptysis. Broadly, though,
an assessment of stability needs to be made. In the
case of haemodynamic instability (where time taken
for CT scanning could threaten life), patients should
proceed immediately to bronchoscopy. Exceptions to
this are patients with known bronchiectasis or cystic
fibrosis. These patients, no matter how severe the
bleeding is, should not undergo bronchoscopy at
this stage.

Bronchoscopy
Urgent rigid bronchoscopy should be preformed
where possible; it is preferable to fibreoptic bronchos-
copy for maintaining airway patency, preserving ven-
tilation, allowing for suctioning and therefore better
visualization of the airways. Definitive procedures can
also be performed. The major limitation of rigid
bronchoscopy is the inability to identify more periph-
eral lesions or view the upper lobes easily; however, a
fiberoptic bronchoscope can be introduced through

it. It is more suitable for patients with large-volume
active bleeding requiring endobronchial management
or in cases with bilateral lung involvement, where
radiographic intervention may be limited[23]. Bron-
choscopy identifies the site of bleeding in 73–93% of
episodes of massive bleeding[27,28].

Therapeutic techniques include instillation of epi-
nephrine (1:20,000) to a bleeding point; however, its
effectiveness is uncertain in life-threatening haemopty-
sis[25]. There is limited evidence for the use of cold
saline lavage, fibrinogen compounds and tranexamic
acid[29–31]. Endobronchial balloon tamponade can be
performed. This involves identifying the site of bleed-
ing and wedging the bronchoscopy against it. A 4–7F
Fogarty catheter is inserted through the bronchoscope
and inflated. The bronchoscope can then be removed
over the catheter, which is left in place for 24 hours.
Complications with balloon tamponade include muco-
sal necrosis and obstructive pneumonia[19].

Neodymium: yttrium-aluminium-garnet (Nd:YAG)
laser photocoagulation has been used with some success
in the literature[32].

Stable patients
Haemodynamically stable patients with no evidence
of respiratory distress should have a CT scan. CT is
more effective than bronchoscopy at locating the site
of bleeding and identifying the aetiology of the bleed-
ing (60–77 vs 2.5–8%)[23]. New multi-detector CT
scans allow more accurate identification of bronchial
and non-bronchial systemic arteries in comparison
with conventional angiography; quoted success rates
are 62–100%[33]. This can be used for planning for
bronchial artery embolization.

Bronchial artery embolization (BAE)
BAE (Figure 10.2) is a minimally invasive procedure
that is well established in the management of massive
haemoptysis. Success depends on the underlying dis-
ease, with better outcomes in TB and less favorable
outcomes in lung cancer. Immediate control of hae-
moptysis is achieved in 73–99%, but the overall recur-
rence rate long term is unchanged[34].

The procedure starts with a descending thoracic
aortogram to identify bronchial artery anatomy,
any collaterals and bleeding site. Selective catheteriza-
tions of the arteries are then carried out. The most
commonly used catheter is the cobra catheter. Alter-
native micro-catheters are available for cases where
the bleeding vessel is small and tortuous requiring
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super-selective catheterization in order to successfully
access the bleeding vessels and avoid damage to sur-
rounding vessels. This is important in the case of the
right bronchial artery, to prevent occlusion of the anter-
ior medullary artery and the spinal cord supply[10].

Contrast may demonstrate hypertrophic and tor-
tuous bronchial arteries, areas of hypervascular and
neovascular change as well as aneurysms. Rarely do
you see extravasation of contrast medium, and this
finding is reported in between 3.6 and 10.7% of
cases[35,36]. The most commonly used embolic mater-
ial is polyvinyl alcohol foam granules, but isobutyl-2-
cyanoacrylate, Gianturco steel coils and absorbable
gelatin pledgets have also been used[19]. A detailed
search for ongoing bleeding vessels should be pre-
formed, especially from the collateral blood supply.
Early re-bleeding may be due to incomplete emboli-
zation or, as aforementioned, the bleeding may be
coming from the pulmonary or non-bronchial arter-
ies. Late re-bleeding is generally as a result of revas-
cularization of collateral arteries. The re-bleed rate
depends on the underlying disease[34].

Complications of bronchial artery embolization
include chest pain (24–91%), dysphasia (1–18%) and
spinal cord ischaemia (1.4–6.5%). Systemic emboliza-
tion can lead to ischemic colitis or cortical blindness[34].

Pulmonary angiography has been advocated in
patients with early recurrent haemoptysis, after

bronchial artery embolization or in the presence of
normal bronchial arteries. In certain conditions such
as pulmonary TB, bleeding arises from the pulmonary
circulation. The most common cause of bleeding from
the pulmonary circulation is from a Rasmussen’s
aneurysm. This is a result of erosion of a peripheral
pulmonary artery by chronic inflammation seen in TB.
They are seen as nodules within the walls of TB cav-
ities; reported incidence varies from 4 to11%[10].

Surgery
Until two decades ago, surgery was regarded as the
treatment of choice for massive haemoptysis. Surgery
has now been largely superseded by safer endovascu-
lar techniques. It does, however, remain the treatment
of choice in the following clinical situations[23]:

1. AV malformations
2. Trauma
3. Pulmonary artery rupture
4. Mycetoma that has failed medical treatment
5. Failed BAE
6. Immediate life-threatening haemoptysis, where

the risk of temporizing measures are considered
too great

The patient’s fitness for surgery should be assessed
early in the admission and discussed with the thoracic
team. Surgical resection will not be an option for

Figure 10.2 Images demonstrate bronchial arteries pre- and postembolization [Reproduced from Hurt K, Bilton D., Haemoptysis: diagnosis and
treatment. Acute Medicine 2012; 11(1):39–45.]
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patients with a poor performance status and poor
respiratory reserve. Lung cancer that is deemed ‘inop-
erable’ due to spread is also a contraindication.

Morbidity and mortality are high following sur-
gery, with mortality ranging between 20 and
30%[37–40].

Recent studies looking at patients with significant
haemoptysis presenting to specialist centres have dem-
onstrated surgery rates of 10–15% in patients with
massive haemoptysis (who also underwent BAE).
These mortality rates were lower than in some older
studies quoted earlier and were around 13%[41, 42].

Management of haemoptysis in
special cases
Cystic fibrosis (CF)
Haemoptysis is a common complication in CF, occur-
ring in 9.1% of patients. Massive haemoptysis is asso-
ciated with older patients with more severe disease
and carries a high mortality rate. Current guidelines
for treatment from the Cystic Fibrosis Foundation
(CFF) are based on consensus opinion of experts[44].
There is limited evidence to support current practice.
Patients should receive specialist centre treatment and
should receive treatment for respiratory infection.
There is a limited amount of data to support the use
of tranexamic acid and terlipressin, and these are
routinely used[45,46].

BAE is the treatment of choice when these
measures have failed. Bronchoscopy should not be
routinely performed as it may delay time to BAE.
Immediate control is gained in most cases, but there
are few data to support improved outcomes longer
term. Surgery is a last resort in patients with CF.

There should be a lower threshold for patients with
cavitatory disease. Lobectomy is the most common
procedure performed. It should be considered in cases
of ongoing bleeding despite BAE or recurrent severe
haemoptysis that has not responded to BAE. For
patients undergoing recurrent life-threatening hae-
moptysis, lung transplantation may play a role. This
needs a full risk-benefit discussion with the CF team,
transplant team and patient.

Vasculitis and alveolar haemorrhage
These patients should be managed medically (joint
care with renal physicians). Therapeutic options
include immunosuppression and plasma exchange.
Bronchoscopy may have a role if super-added infec-
tion is suspected[47].

Conclusion
Haemoptysis is a serious symptom that needs further
investigation, usually by a respiratory physician. Mas-
sive haemoptysis carries a high mortality, yet there are
no agreed guidelines for treatment. Patients with
massive haemoptysis should generally be managed
in a high-dependency setting. Initial stabilization
includes airway protection, possible single lung venti-
lation, volume resuscitation, isolation of the bleeding
source and definitive treatment.

There are some established endobronchial tech-
niques for control of bleeding with a limited evidence
base and some newer treatments that need further
trials. BAE is now a well-established treatment for
massive haemoptysis and has reduced the amount of
patients requiring surgery. Surgery still has a signifi-
cant role to play in cases that won’t settle with these
measures.
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Section IV

Chapter

11
Malignant conditions of the lung

Evaluation of solitary pulmonary nodule
DustinM.Walters and David R. Jones

Introduction
The solitary pulmonary nodule (SPN) is an increas-
ingly common radiographic entity, often presenting a
challenging scenario for clinicians and provoking sig-
nificant anxiety in patients. The increasing incidence
of SPNs is directly related to the widespread use of
chest radiography, particularly computed tomog-
raphy (CT). SPNs are found incidentally on 0.09–
0.2% of chest X-rays[1,2] and 1.3% of CT scans[3].
Roughly half of smokers over the age of 50 will have
pulmonary nodules detected by CT scan, although the
majority of these will be smaller than 7 mm[4]. As
data from the National Lung Screening Trial[5] show
decreased lung cancer–specific mortality in high-risk
patients screened with CT, it stands to reason that the
incidence of SPNs will continue to increase in coming
years. Thus it is imperative that thoracic surgeons
understand the nuances of these lesions in order to
direct an efficient evaluation and provide optimal
management for their patients.

SPNs are defined as a single nodule, less than 3 cm
in size, completely surrounded by lung parenchyma
and without other associated features such as atelec-
tasis, adenopathy, or effusions[6,7]. These nodules
have a variety of benign and malignant etiologies
(Table 11.1). Determining the risk of malignancy is
the most critical duty of the clinician because this
ultimately drives the management of these lesions.
Establishing a firm diagnosis, while ideal, is not
always possible without invasive approaches, which
is not necessary for all SPNs.

Initial evaluation
The diagnostic evaluation begins with a thorough
history and physical exam, as well as a careful review

of imaging, particularly old radiographs or CT scans.
The majority of SPNs are asymptomatic at diagnosis.
However, the history should focus on tobacco abuse
and exposures (such as asbestos, radon, etc.) and a
search for symptoms such as cough, hemoptysis,
chest pain, and weight loss. A history of solid organ
cancer should be sought, as this increases the chance
that the nodule represents a malignancy and should
raise suspicion of metastatic disease. Knowing the
previous source of cancer may provide some clues.
For instance, the odds of metastatic pulmonary

Table 11.1 Differential diagnoses for SPNs

Malignant

Non-small-cell lung cancer
Small-cell lung cancer
Carcinoid tumor
Other primary pulmonary tumors
Metastases (colorectal, breast, sarcoma,
melanoma, renal cell, etc.)

Benign

Infectious

Bacterial pneumonia/abscess/septic embolus
Fungal infections
Tuberculosis
Parasitic infection

Inflammatory

Sarcoidosis
Wegener granulomatosis
Rheumatoid nodule

Hamartoma
Arteriovenous malformation

Core Topics in Thoracic Surgery, ed. Marco Scarci, Aman Coonar, Tom Routledge and Francis Wells. Published by
Cambridge University Press. © Cambridge University Press 2016
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disease are higher for sarcomas and melanoma com-
pared to colorectal adenocarcinoma and head and
neck squamous cancer.

The next step involves thorough review of all
imaging studies, with particular attention to the radio-
graphic features of the nodule and a comparison to old
studies. With few exceptions, lesions that have been
stable for 2 or more years on imaging can be con-
sidered benign and require no additional follow-up.
However, this “2-year” rule is not based on great data,
and if the patient is high risk for developing a lung
cancer, one may wish to follow-up for a longer period
of time. If no previous imaging studies are available for
comparison, radiographic features of the nodule can
be used to estimate cancer risk. If the nodule has been
identified on a chest X-ray or low-resolution CT scan,
the next approach should be a high-resolution chest
CT with fine-imaging cuts for better characterization.

When reviewing imaging studies, the growth rate
and size of the nodule are particularly important.
A nodule that demonstrates interval growth is signifi-
cantly more likely to be malignant, whereas slower-
growing or stable nodules are more likely benign.
The exception is lesions with ground-glass opacities
(GGOs), which may represent minimally invasive
adenocarcinoma or adenocarcinoma-in-situ (for-
merly known as bronchioloalveolar carcinoma[8])
and may have much longer doubling times. While
there is no absolute consensus, there is strong sugges-
tion that these GGOs should be followed-up for
longer than a 2-year period. In a study of 61 patients
found to have small lung cancers on screening CT
scans, the doubling time was found to be 813 days for
true GGOs compared with 457 days for semisolid
GGOs and 149 days for purely solid lesions[9]. Per-
haps the most important information that can be
gained from the imaging studies is the size of the
nodule itself, which strongly correlates with risk of
malignancy. In an analysis of several large series,
the risk of malignancy was 0–1% for nodules less
than 0.5 cm in size compared to 6–28% for lesions
0.5–1.0 cm in size and 64–82% for nodules greater
than 2.0 cm in size[10].

The radiographic appearance of the nodule,
including the shape, borders, density, and location,
may provide further clues to the malignant potential.
Nodules with spiculated, lobulated, or otherwise
irregular borders are more commonly associated
with malignancy, compared to benign lesions, which
usually demonstrate smooth, rounded borders.

Malignant lesions are less likely to contain calcifica-
tions and cavitations than benign lesions, but calcifi-
cations do not exclude the possibility of malignancy,
and thus the pattern of calcifications may provide
more useful information. Benign calcification pat-
terns are more commonly diffuse, centric, popcorn-
shaped, or concentric, while malignant patterns are
more likely to be stippled or eccentric[11]. Ground-
glass or semisolid nodules are more likely to be malig-
nant than purely solid lesions, while a nodule with
fatty components is more likely to represent a benign
lesion, most likely a hamartoma. Finally, location
may provide some clue, as malignant lesions more
commonly affect the upper and middle lobes.

Further management of
pulmonary nodules
Stratification of SPNs into low, intermediate, and
high risk can be performed on the basis of the clin-
ical history and radiographic review (Table 11.2)[12].
Low-risk lesions are small (<8 mm in size), smooth-
bordered lesions, occurring in younger nonsmokers

Table 11.2 Risk stratification for patients with SPNs

Risk factor Low risk Intermediate
risk

High risk

Nodule size,
in mm

<8 8–20 >20

Nodule
shape

Smooth Lobular Spiculated

Age, in
years

<45 45–60 >60

Personal
history of
cancer

No Yes

Smoking
history

Never Current < 1
pack/day

Current
> 1 pack/
day

Smoking
cessation

Quit
� 7 years
ago

Quit
< 7 years
ago

Never quit

COPD No Yes

Exposure to
asbestos

No Yes

(Adapted from: Ost DE, Gould MK., J Respir Crit Care Med 2012;
185(4):363–72.)
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without a personal history of cancer and other risk
factors. Intermediate-risk nodules include moderately
sized (8–20 mm) or lobulated lesions, occurring in
slightly older patients, current light smokers, or
patients with mild risk factors. High-risk lesions are
larger (>20 mm) or spiculated and occur in older
patients, heavy smokers, or those with more signifi-
cant risk factors. In general, low-risk nodules warrant
either close monitoring with serial imaging or no
further workup. Intermediate-risk nodules should
prompt further testing, while high-risk nodules
should be surgically resected in patients who are good
operative candidates.

Low-risk nodules (<10% risk ofmalignancy)
In general, nodules considered to be low risk for
malignancy should be observed with serial imaging.
If there are previous comparable imaging studies that
demonstrate long-term stability of the nodule, no
further workup is indicated. However, the majority
of low-risk nodules warrant follow-up with serial
imaging by CT scan every 3–12 months for a period
of 2 years. Numerous studies have shown low rates of
malignant potential, particularly for nodules less than
5 mm in diameter[13–15]. The Fleischner Society has
published consensus guidelines for follow-up and
management of very small nodules (Table 11.3)

based on patient clinical risk of cancer[16]. For these
small nodules, the Fleischner Guidelines stratify
higher-risk patients to include those with smoking
history or other known lung cancer risk factors, while
lower-risk patients have minimal or no history of
smoking.

Intermediate-risk nodules (10–60% risk
of malignancy)
Intermediate-risk nodules should prompt further
investigation, either via CT-guided fine-needle aspir-
ation (FNA) or core needle biopsy or via positron-
emission tomographic (PET)–CT followed by
CT-guided FNA, if necessary. Other potential diag-
nostic techniques include bronchoscopy, with or
without endobronchial ultrasound (EBUS), and navi-
gational bronchoscopy, although these techniques are
less reliable in many patients.

CT-guided FNA has become routine for many
pulmonary nodules, with a sensitivity and specificity
of 90% and 65–94%, respectively[10]. CT-guided FNA
is dependent on the experience of the interventional
radiologist and may be less reliable in smaller
nodules, with an overall rate of nondiagnostic biopsy
ranging from 6–27% in large studies[17-19]. CT-guided
FNA carries some risk, and the overall complication
rate is approximately 40%. The most common com-
plication is iatrogenic pneumothorax, which has been
reported with a frequency as high as 25–43% in large
studies, although the majority do not require chest
tube insertion[10], with contemporary series demon-
strating a 3–7% rate of chest tube insertion following
CT-guided biopsy[20,21]. PET-CT has largely replaced
standard PET scanning and has been shown to be a
cost-effective strategy for intermediate-risk SPNs[22].
The sensitivity and specificity for determining pul-
monary malignancy with PET-CT have been shown
to be 87 and 83%, respectively[23]. The major limita-
tion of PET-CT is false-negative and false-positive
results, given the relative small size of some SPNs.
Further, some tumor subtypes, such as adeno-
carcinoma in situ (formerly bronchioloalveolar car-
cinoma) and carcinoid tumors, have decreased
fluorodeoxyglucose uptake and thus diminished
diagnostic accuracy with PET-CT[8,24]. While
little data exist on the subject, there is strong sugges-
tion that small (<1.0 cm) nodules have poorer sensi-
tivity, and the use of PET-CT for smaller lesions is
not likely to provide definitive information[25,26].

Table 11.3 Fleischner Society guidelines for follow-up of small
nodules incidentally detected on CT

Nodule
size,
in mm

Low-risk patients* High-risk
patients#

≤4 No follow-up CT at 12 months; if
stable, no further
follow-up

>4–6 CT at 12 months, if
stable, no further
follow-up

CT at 6–12 months;
if stable, repeat at
18–24 months

>6–8 CT at 6–12 months;
if stable, repeat at
18-24 months

CT at 3–6 months,
9–12 months, and
24 months

> 8 CT at 3, 9, and 24
months, CT-FNA, or
PET-CT

CT at 3, 9, and 24
months, CT-FNA, or
PET-CT

(Adapted from: MacMahon et al., Radiology 2005; 237(2):395–400.)
* Minimal or no smoking history, without other risk factors.
# Significant smoking history or other risk factors.
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False-positive results are known to occur in both
inflammatory and infectious conditions.

Other techniques have been used as diagnostic
adjuncts, including bronchoscopic biopsy, endobron-
chial ultrasound (EBUS)–FNA, and electromagnetic
navigation bronchoscopy (ENB). In general, these
techniques are associated with decreased sensiti-
vity and lower diagnostic yield than both PET-CT
and CT-FNA. Higher success rates are observed
in more central or endobronchial lesions, nodules
associated with air bronchograms, and larger nodules,
and these techniques may be useful in these scena-
rios[27,28]. There is some evidence that combining
ENB biopsy with EBUS is associated with higher
diagnostic yield[29]. When using ENB, larger nodules
are associated with increased diagnostic yield,
although the data are somewhat limited[30–33]

(Table 11.4). Currently, in the majority of cases, CT-
FNA is preferred over these bronchoscopic tech-
niques when obtaining tissue is a diagnostic priority.

High-risk nodules (>60% risk
of malignancy)
Nodules that have radiographic features that are high
risk for malignancy should be managed operatively
with resection in patients who can tolerate surgery.
Preoperative workup should consist of a thorough

evaluation of fitness for surgery, including pulmonary
function tests and assessment of baseline functional
status. Surgery is performed via video-assisted thor-
acoscopic surgery (VATS) or robotic techniques
whenever possible. We rarely recommend that a thor-
acotomy be performed. If a diagnosis has not been
established, a wedge resection with adequate (R0)
margins should be performed with frozen histologic
assessment. Benign lesions, typical carcinoid tumors,
and metastatic lesions from other sources (i.e. sar-
coma, renal cell carcinoma) require no further resec-
tion. Currently, the standard of care for non-small-
cell lung cancer in patients with adequate pulmonary
function tests (PFTs) is anatomic lobectomy with
mediastinal lymph node sampling or dissection. It is
worth noting that small lesions, particularly GGOs
and semisolid nodules, may be difficult to locate
by manual palpation, particularly using VATS
techniques. In these patients, we have found that
radiotracer-guided resection with technetium-99m
microalbumin aggregate safely facilitates resection
of the nodule and is cost-effective[34-36].

Conclusions
SPNs are becoming increasingly common clinical
entities, and thus thoracic surgeons should be com-
fortable with the evaluation and management of these

Table 11.4 Diagnostic yield of electromagnetic navigation diagnostic bronchoscopy

Study Technique Nodule size Number
(n)

Diagnostic
yield

p-Value

Gildea TR et al., 2006 [30] ENB 0–20 mm
>20–40 mm
>40 mm
0–30 mm
>30 mm

31
18
5
43
11

74.1%
66.6%
100%
72.1%
81.8%

0.422
0.378

Makris D et al., 2007 [31] ENB 0–10 mm
>10–20 mm
>20–30 mm
>30 mm

4
16
7
13

75%
43.7%
71.4%
76.9%

Not
reported

Lamprecht B et al., 2012 [32] Combined FDG-PET,
ENB, and ROSE

0–20 mm
>20 mm

45
67

75.6%
89.6%

0.066

Pearlstein DP et al.,
2012[33]

ENB and ROSE <15 mm
15–20 mm
>20 mm

16
14
71

88%
71%
87%

0.331

ENB = Electromagnetic navigation bronchoscopy, FDG-PET = fluorodeoxyglucose positron emission tomography, ROSE = rapid on-site
examination of cytopathology.
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lesions (Figure 11.1). Patients can be risk stratified
into low-, intermediate-, and high-risk groups for
malignancy based on a thorough history and review
of radiographic studies. High-resolution CT scan is
an important component of the initial workup. In

general, low-risk nodules should be followed with
serial imaging, intermediate-risk nodules should trig-
ger additional workup via CT-FNA and/or PET-CT,
and high-risk nodules should be managed surgically
in patients with acceptable operative risk.
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Chapter

12
Lung cancer staging
Bilal H. Kirmani and Aman S. Coonar

Lung cancer is the second most common cancer in
the UK and a leading cause of cancer-related deaths
worldwide. Prognosis and treatment options vary
depending on the pathological type and the anatom-
ical extent of the tumour. Both over-treatment of
advanced disease and under-treatment of limited dis-
ease can reduce quality and length of life. Therefore,
prompt and accurate staging are important to ensure
delivery of appropriate therapy.

Clinical presentation
A large proportion of primary lung cancers are
asymptomatic[1], and poor awareness of signs and
symptoms of lung cancer in the general population[2]

means that patients often present late. Clinical fea-
tures identified by careful history and examination
can direct tests. More recently, the increasing avail-
ability of CT screening has led to an increased detec-
tion of early cancers, and this may result in a real
survival advantage by curing disease found at an
early stage[3]. Alternatively, it may just represent a
lead-time bias.

Staging systems
Staging helps in advising on prognosis, planning
treatment and comparing data. There are two parts,
the TNM (tumour, node, metastasis) and the stage
groups.

Different TNM combinations have been aggre-
gated into stage groups that differ by their prognosis.
The TNM and stage groups are based on the out-
comes of many pragmatically managed patients and
undergo periodic review. This means there can be
differences between versions, and while these may be
small, users should be aware of them.

TNM status
The TNM status describes the anatomical extent of
cancer based on tumour size, location and any local
invasion, lymph node involvement and metastasis.
Nodal involvement is described based on lymph node
stations, as described by Mountain and Dresler[4].

The seventh and most recent revision of the TNM
staging system for lung cancer, summarized in
Table 12.1, started to be used in 2010. It is based on
multicentre data from more than 80,000 patients[5].
At various stages of the diagnostic pathway, the
patient’s TNM status can be updated. The clinical
stage (cTNM) and the pathological stage (pTNM)
(post-operative) have different prognoses[6]. It is
important to note that the data set employed to deter-
mine the seventh edition of the TNM classification
predated the widespread use of positron-emission
tomography (PET) scanning and therefore does not
fully reflect the importance of that tool, which is now
a standard of care for lung cancer staging in the UK
and many other places.

Stage groups
The TNM classification is used to determine a prog-
nostic stage grouping of 0, I, II, III or IV, with further
subdivision of some stages into A or B, as shown in
Table 12.2. Thus, patients with various combinations
of tumour size and nodal involvement may have simi-
lar prognoses. The IASLC data found survival varied
from 73 to 36% for completely resected stage Ia to IIb
disease[5]. Treatment of stage IIIa disease is controver-
sial and variable[7]. Some groups advocate surgery for
N2 disease, some with and some without induction
treatment. N2 disease is further classifiied into bulky
or non-bulky. Patients with stage IIIB or IV disease are
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usually considered incurable by surgery. However, sur-
gery is sometimes performed as part of multi-modality
treatment even in selected cases of stage IV disease[8].

The multidisciplinary team
Initial referral is usually to a chest physician, oncologist
or surgeon via a fast-track clinic. After history and
plain chest radiography (if not already done),
contrastenhanced staging CT of chest and upper abdo-
men is performed and generally reviewed by the multi-
disciplinary team. Some units now also include the
pelvis in this initial CT scan. The format and purpose
of these meetings are to ensure that patients receive the
most appropriate management[9]. Tests are done to
determine fitness, diagnosis and stage. Practices differ
between units particularly in the value put on pre-
operative tissue diagnosis. Some units will rely more
on a clinical-radiological diagnosis and perform intra-
operative pathological confirmation, and others will
prefer pre-operative tissue diagnosis assuming that it
is representative of the whole specimen. If the tumour
is considered suitable for surgery (all stage I, II, some

Table 12.1 The TNM staging system (7th edition)

Tumour extent

Stage Diameter Airway Atelectasis Invasion Pulmonary
nodules

T1 <2 cm No invasion of lobar
bronchus

T2a 2–3 cm Main bronchus but
>2 cm to carina

Lobar Visceral pleura
T2b 3–5 cm

T3a 5–7 cm <2 cm to carina Atelectasis to
whole lung

Chest wall, diaphragm,
phrenic nerve, mediastinal
pleura, parietal pericardium

Nodules in same
lobeT3b >7 cm

T4 Tumour in carina Heart, great vessels, trachea,
oesophagus, spine

Nodules in
ipsilateral lung

Nodal involvement

N1 Ipsilateral peribronchial and/or ipsilateral hilar lymph nodes and intrapulmonary nodes
N2 Ipsilateral mediastinal and/or subcarinal nodes
N3 Contralateral mediastinal, contralateral hilar, ipsilateral or contralateral scalene or supraclavicular nodes

Metastasis

M0 No metastasis
M1a Nodules in contralateral lung, malignant pleural or pericardial effusion
M1b Metastases outside chest

Table 12.2 Stages I–IV

Stage Tumour Lymph
nodes

Metastases

IA T1a or T1b N0 M0

IB T2a N0 M0

IIA T1a or T1b or
T2a

N1 M0

T2b N0 M0

IIB T2b N1 M0
T3 N0 M0

IIIA Any T between
T1a and T2b

N2 M0

T3 N1 or
N2

M0

T4 N0 or
N1

M0

IIIB T4 N2 M0
Any T between
T1a and T4

N3 M0

IV Any T Any N M1a or M1b
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IIIa and selected higher-stage patients depending
on fitness and patient preference) virtually all patients
will also undergo CT-PET scan and, if still appropri-
ate, head imaging by CT and increasingly MRI.
Because of an increased availability of CT-PET and
based on its efficacy, more patients are having
CT-PET earlier in their pathway. This aids in
targeting investigations and identifying higher-stage
disease earlier.

Generally ‘benefit of the doubt’ is assumed, that
is to say, the lowest stage is assumed for the patient,
thereby allowing the most aggressive treatment. Sites
suspicious for higher-stage disease are investigated
with biopsies as needed.

Investigations
Diagnostic investigations are usually performed in
an incremental fashion unless a single test can
definitively stage the cancer (e.g. biopsy of a skin
lesion, if proven to be metastatic from lung cancer
would be M1b and therefore stage IV, regardless of
tumour size, local involvement or regional node
involvement).

Noninvasive staging
Computed tomography (CT)
CT is routinely performed for all patients. This is
normally performed with intravenous contrast and
includes the entire thorax and upper abdomen to
incorporate the liver and adrenals. Some units also
include the pelvis. CT can determine tumour size,
extent and invasion; significant lymphadenopathy
(>10 mm in short axis) and identify metastatic
deposits. If used alone, CT has a 77% sensitivity
and 55% specificity[10].

CT may not be able to discriminate between
tumours close to the chest wall or mediastinum as
this modality is not good at discriminating between
apposition of soft tissues and invasion. Similarly,
indeterminate lesions in the liver may require other
evaluation such as ultrasound or MRI.

Magnetic resonance imaging (MRI)
MRI is useful in assessing for brain and hepatic
metastases and has higher sensitivity than CT for
the brain[11]. It also has excellent discrimination for
identification of soft tissue planes and may provide an
adjunct to thoracic CT where the extent of tumour
invasion cannot be clearly defined[12].

Positron emission tomography (PET)
PET scanning uses intravenous glucose marked
with radioactive fluorine (18-fluoro-deoxy-glucose,
or 18FDG). The patient is fasted and rested completely
for 30 minutes in a darkened room prior to scanning
to ensure that the labelled glucose is taken up by
actively metabolizing cells. Rapidly dividing cells with
a high mitotic index, such as those within tumours,
will show as ‘hotspots’ of radioactivity on the PET
scan. These represent positrons emitted during the
radioactive decay of 18FDG. Other metabolically
active cells utilizing glucose also show increased activ-
ity, such as the myocardium, brain or brown fat.
Renal excretion of the radioisotope may also be seen
in the form of activity from the renal calyces to
the bladder.

Areas of interest are compared to background radi-
ation level measured in the caval blood pool, generat-
ing a standardized uptake value (SUV). While this can
aid diagnosis, the potential for false positives and nega-
tives must be taken into account: masses with high
SUV may represent malignant tumours, inflammation
or infection; those with low SUV may be tumours with
low glucose uptake such as low-grade adenocarcino-
mas, carcinoids or other low-glucose-uptake tumours.

An SUV value > 2 is generally considered to be
significant and concerning for cancer unless there
is some other explanation. Deposits < 1 cm may not
generate a high enough SUV to fall into this category,
and this can be a cause of false negatives.

The utility of whole-body 18FDG PET in the
staging of lung cancer was appreciated towards the
end of the data-collection period for the current TNM
classification[13], which represents some limitation to
that data set.

The value of PET is greater if it is performed with a
CT and the images synchronized (CT-PET). This means
that there is a correlation between the functional and
anatomical findings. CT-PET scan is now considered a
routine test in the evaluation of lung cancer, with com-
bined PET-CT acknowledged to be significantly super-
ior to PET and CT performed separately. CT-PET has a
sensitivity of 90% and specificity of 90%[14]. The test can
help to guide invasive staging and reduce the number of
negative thoracotomies performed[15].

Radionuclide bone scans
Due to the age and comorbidities of the patient popu-
lation presenting with lung cancer, false-positive bone
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scans are common, and their use should be judicious
rather than universal. Bone scans tend to be per-
formed when PET is not available.

Invasive staging
Invasive staging may be required to confirm the diag-
nosis of a primary tumour or for staging to identify
nodal involvement or metastasis. Needle biopsies
either as a fine-needle aspirate (FNA) or as a core
biopsy are commonly performed. Core biopsy yields
more tissue, preserves histological architecture, and is
more informative than FNA.

Trans-thoracic needle biopsy
This is typically performed under CT or, if more
superficial, ultrasound guidance and a biopsy taken
for histological confirmation[16].

Endo-bronchial/endo-oesophageal ultrasound
(EBUS/EUS)
Where CT scanning of the mediastinum identifies sus-
picious lymphadenopathy, invasive sampling techniques
such as EBUS (for stations 2, 3, 4, 7, 10 and some 11) and
EUS (for stations 7, 8, 9, left adrenal, some other abdom-
inal sites and sometimes, with a mobile oesophagus,
left sub-aortic nodes) have been demonstrated to have
excellent predictive value and low morbidity compared
to surgical staging of themediastinum. These techniques
use ultrasound to guide a fine needle aspiration. Sensi-
tivity of endoscopic ultrasound-guided techniques
following radiological imaging is 94%, with a 93% nega-
tive predictive value[17].

Ultrasound-guided biopsy is safer if the patient
has had previous surgery, radiotherapy or inflamma-
tion to these sites.

Cervical mediastinoscopy/left anterior mediastinotomy
Surgical approaches to the mediastinum allow access
to lymph node stations that have not yielded mean-
ingful results to EBUS (2, 3, 4, 7 via mediastinoscopy)
or were inaccessible (5, 6 via mediastinotomy or
left VATs).

Cervical mediastinoscopy approaches the medias-
tinum from the neck, using an approximately 3-cm
skin-crease incision, a finger’s breadth above the
sternal notch[18]. After dissection to the pre-tracheal
plane and blunt dissection of the peri-tracheal tissues,
a rigid scope is advanced to allow biopsies of lymph
nodes. Particular risks include injury to the left

recurrent nerve (rare) and, uncommonly, pneumo-
thorax or significant bleeding. Thoracotomy for con-
trol of bleeding is a rare complication.

Left anterior mediastinotomy approaches the lymph
nodes in the sub-aortic or aorto-pulmonary window
from an approximately 5-cm incision in the left second
intercostal space. Rib excision or retraction is some-
times necessary to provide adequate exposure[19].
Sometimes a biopsy is performed on the right side.

Complications after medisatinoscopy/mediasti-
notomy are more common following induction treat-
ment, previous surgery or diseases such as mediastinal
tuberculosis.

Scalene/supraclavicular node biopsy
Performed under ultrasound guidance, FNA or open
biopsy of superficial lymph nodes can be performed.

Thoracoscopy/thoracotomy
Where other staging modalities have failed to confirm
the presence of nodal involvement, video-assisted
thoracoscopic surgery (VATS) or open thoracotomy
can be used to sample lymph node stations or other
sites. Depending on the degree of clinical suspicion
and patient suitability for lung resection, this may be
combined with a definitive procedure. Frozen section
histological assessment is useful in determining the
appropriateness of continued resection.

Stage migration
Stage migration describes the reclassification of patients
from one stage to another during their care. The terms
‘upstaging’ and ‘downstaging’ may be used to describe
whether the patient’s stage is higher or lower than
previously assessed. This may be as a result of new
findings (e.g. the discovery of PET positive lymph
nodes that had not appeared suspicious on CT) or the
effects of treatment such as induction therapy. Planned
downstaging with chemo- or radio-therapy in prepar-
ation for surgery may improve survival[20,21].

Despite the current advances in technology, the
final pre-operative clinical stage (cTNM) may be
revised by final pathological examination (pTNM) in
up to a quarter of cases. In nearly 10%, upstaging
uncovers occult N2 disease that was not identified
with optimal diagnostic workup[6]. The effects of this
low-volume, PET-negative micro-metastatic disease
on outcome is not known, although the prognosis is
likely to be better[22,23].
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After induction treatment patients are re-staged,
and this may involve re-imaging and re-biopsy. The
terminology yTNM is then sometimes used.

Key points
� Lung cancer staging is important for determining

treatment and describing prognosis

� pTNM is a better guide to prognosis than cTNM.
� Lung cancer staging is usually multimodal and

always multidisciplinary.
� EBUS and EUS are less-invasive effective options

than mediastinoscopy and mediastinotomy.
� Stage migration is possible at any stage from

diagnosis until completion of surgery.
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Chapter

13
Pathological considerations in lung
malignancy
Doris M. Rassl

Introduction
The great majority of primary malignant lung
tumours are carcinomas derived predominantly from
the epithelium of bronchi, bronchioles and alveoli.
These neoplasms are divided, mainly on the basis of
histopathological features, into four cell types: small
cell carcinoma, squamous cell carcinoma, adenocarci-
noma and large cell carcinoma; the latter three cell
types grouped together represent non-small cell car-
cinomas[1]. In recent years, it has become increasingly
important to subclassify non-small cell carcinomas
even in small biopsy specimens in view of therapeutic
advances and the development of targeted thera-
pies, such as tyrosine kinase inhibitors for tumours
with EGFR mutations or EML4-ALK translocations,
mainly seen in adenocarcinomas. Some chemothera-
peutic agents, such as pemetrexed, for example, are
also more efficacious in adenocarcinomas.

Small cell carcinoma is an aggressive neuroendo-
crine tumour, often presenting at an advanced stage.
Neuroendocrine tumours of the lung are a distinct
subset of tumours which share morphological, ultra-
structural and immunohistochemical characteris-
tics[2]. In addition to small cell carcinoma, the other
morphologically identifiable neuroendocrine tumours
of the lung are large cell neuroendocrine carcinomas
and typical and atypical carcinoid tumours.

It should be noted that lung carcinomas may be
mixed and composed of more than one cell type.
Sarcomatoid carcinomas comprise approximately
0.3% of lung malignancies, and this group of
poorly differentiated lung carcinomas expresses a
spectrum of pleomorphic, sarcomatoid and sarcoma-
tous elements[3].

Rarely, malignant salivary gland type tumours,
mainly adenoid cystic carcinomas or mucoepidermoid

tumours, arise from the mixed seromucous glands
of the trachea and bronchi, as these are similar to
the minor salivary glands and can therefore give rise
to the same range of tumours.

Primary malignant neurogenic, vascular and
mesenchymal tumours can also occur within the
lungs and the morphological features of these types
of tumours reflect those seen in extrapulmonary
lesions.

Whilst the lungs are often involved in dissemin-
ated nodal lymphomas of all types, primary pulmon-
ary lymphoma is relatively rare, accounting for less
than 0.5% all of primary lung neoplasms[4].

It should also be remembered that the lungs are
a very common site for metastatic disease, most
commonly due to haematogenous or lymphatic
spread of extrapulmonary tumours. Dissemination
within pulmonary lymphatics may be widespread,
producing the appearances of so-called lymphangitis
carcinomatosa.

Lung cancer
Incidence and risk factors
Worldwide, lung cancer is the leading cause of cancer-
related mortality, accounting for 26–29% of all cancer
deaths[5]. In developed countries, geographical pat-
terns of lung cancer incidence are a reflection of
past exposure to tobacco smoking[2], the predominant
aetiologic risk factor. Cigarette smoke contains over
60 chemicals that have been identified as carcinogens,
the most potent of which include polycyclic aromatic
hydrocarbons such as benzo(a)pyrene and nicotine-
derived nitrosaminoketone (NNK).[6] For those who
smoke, relative risk estimates are as high as 20–30%,
depending on different aspects of tobacco smoking:
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average consumption, age at start, duration of
smoking, time since quitting, type of tobacco prod-
uct and inhalation pattern[2]. Further risk factors,
in addition to smoking, include environmental and
occupational factors, especially exposures to asbestos
and radon and, more rarely, polycyclic aromatic
hydrocarbons, chromates, crystalline silica, nickel,
arsenic and chloromethyl methylether. Viruses, such
as the Epstein-Barr virus (EBV) and human papil-
loma virus (HPV), may also play a part in the gen-
esis of lung cancer[4,7]. Idiopathic pulmonary
fibrosis is associated with a 14-fold increased inci-
dence of lung cancer[4]. Genetic differences also
influence the risk of developing lung cancer in sev-
eral ways, including the enzymatic activation or
elimination of carcinogens and the expression of
tumour suppressor or oncogenes[4].

Clinical effects
Most lung cancers are diagnosed in view of patients
presenting with symptoms, which include progressive
shortness of breath, cough, chest pain, haemoptysis,
hoarseness or loss of voice, paraneoplastic manifest-
ations or evidence of intra- or extrathoracic spread via
blood-borne metastases to the liver, adrenal glands,
brain, kidneys and bones. Less than 15% of tumours
are discovered by chance, usually during the course of
radiological investigations for other reasons[4].

Paraneoplastic syndromes develop in 10–20% of
lung cancer cases and are non-metastatic disorders
of distant organs. Neuromuscular paraneoplastic
syndromes include encephalopathies, peripheral neu-
ropathies, myelopathies and myopathies such as
dermatomyositis and polymyositis. Autoantibodies
directed against a muscle cell or neuronal antigen
are the cause of many carcinomatous neuromyopa-
thies[4], including the myasthenia gravis-like Eaton-
Lambert syndrome, particularly associated with small
cell lung cancer.

Other paraneoplastic syndromes are due to
inappropriate or ectopic hormone secretion, includ-
ing the secretion of antidiuretic or adrenocortico-
trophic hormone, again more commonly seen in
patients with small cell carcinoma.

Tumour-related hypercalcaemia is usually due to
bone metastases but may occur without metastatic
disease when it is mediated by parathyroid-related
hormone, most commonly seen in association with
squamous cell carcinoma[4].

Prognosis
Non-small cell lung cancer (NSCLC) accounts for
80% of all lung cancer diagnoses, and as the majority
of these tumours (60–80%) are diagnosed at an
advanced stage, most are unresectable. In view of this,
the prognosis for NSCLC remains poor, with a 5-year
survival rate of ~15%[5].

Lung carcinoma is multiple (synchronous or
metachronous) in about 2–5% of cases and is associ-
ated with independent cancers of the head and neck
region in about 20% of cases[8].

Small cell carcinomas often present with dissem-
inated disease; only a small percentage of limited stage
tumours may be successfully resected.

Preinvasive lesions
As with other epithelial cancers, lung cancer develops
over a long latent period via a series of progressive
morphological changes accompanied by molecular
alterations that commence in histologically normal
epithelium[9]. The pathology of these pre-invasive
lesions has attracted increasing interest because of
the importance of early detection of lung cancer and
trials of screening high-risk patients using fluores-
cence bronchoscopy and spiral or helical computed
tomography (CT)[3]. The new 2011 IASLC/ATS/ERS
classification includes adenocarcinoma in situ, in
addition to atypical adenomatous hyperplasia, squa-
mous dysplasia and carcinoma in situ (CIS), and
diffuse idiopathic neuroendocrine cell hyperplasia
(DIPNECH).

Squamous dysplasia and carcinoma in situ (CIS)
Bronchial carcinogenesis is believed to be a multistep
process involving the transformation of the normal
bronchial epithelium through a spectrum of lesions,
including basal cell hyperplasia, squamous metapla-
sia, dysplasia and carcinoma in situ (CIS). Squamous
dysplasia is graded as mild, moderate or severe
depending on the degree of cytological atypia and
the thickness of the abnormality within the bronchial
epithelium. Full-thickness cytological atypia is seen in
CIS. These morphological changes are accompanied
by a series of molecular changes that accumulate as
the lesions progress[3].

However, the natural history of bronchial pre-
neoplastic lesions is based on scant data. The progres-
sion of lesions is variable, and ~50% of dysplastic
lesions may regress spontaneously[9].
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White light bronchoscopy is relatively insensitive
for the detection of these premalignant lesions, and
fluorescence bronchoscopy is much more efficient in
identifying these changes.

Atypical adenomatous hyperplasia (AAH)
AAH is a bronchioloalveolar proliferation of mild to
moderately atypical type II pneumocytes with asso-
ciated slight fibrous thickening of alveolar septa, often
encountered as an incidental finding in lung cancer
resection specimens. Radiologically, these lesions rep-
resent small ground-glass opacities, which are fre-
quently multiple. Most lesions measure less than
5 mm in diameter.

Molecular studies support the concept of AAH
being a pre-malignant lesion, preceding the develop-
ment of non-mucinous lepidic adenocarcinomas.

The incidence of AAH ranges from 5.7 to 21.4%
depending on sampling and the criteria used for
diagnosis[3].

Adenocarcinoma in situ (AIS)
In the recent IASLC/ATS/ERS adenocarcinoma clas-
sification, AIS is defined as a localized, small (≤3 cm)
adenocarcinoma with growth of neoplastic cells along
pre-existing alveolar structures (lepidic growth),
lacking stromal, vascular or pleural invasion. AIS is
subdivided into mucinous and non-mucinous vari-
ants, but the majority of cases are non-mucinous,
consisting of type II pneumocytes and/or Clara
cells[10].

By CT these lesions consist of a ground-glass
nodule if non-mucinous and a more solid nodule if
mucinous, due to the filling of alveolar spaces by
mucin. If these lesions are completely resected,
patients have been reported to have 100% 5-year
disease-free survival; however, it is important to
exclude cases with miliary spread and/or lobar con-
solidation, particularly for mucinous AIS.

Diffuse idiopathic neuroendocrine cell
hyperplasia (DIPNECH)
This is a rare condition in which there is diffuse
neuroendocrine cell hyperplasia involving the per-
ipheral airways, which may manifest by airway
obstruction due to associated bronchiolar fibrosis
in approximately half of patients[3]. Other patients
present with pulmonary nodules. DIPNECH is
believed to represent a pre-invasive lesion for
carcinoid tumours, as these tumours, often

multiple, are frequently found in patients with
this condition.

DIPNECH is not believed to be a precursor lesion
for small cell carcinoma. No precursor lesions have
been identified with certainty for the development of
pulmonary small cell carcinoma.

Field effect
Exposure to carcinogens, especially tobacco smoke,
results in extensive damage to the entire respira-
tory epithelium, and a variety of molecular lesions,
often numerous, have been identified, the mole-
cular changes preceding the onset of histologically
abnormal foci. In the lungs of never smokers, the
field of epithelial damage is usually more limited,
being present mainly in the region surrounding a
tumour. This field effect may result in the develop-
ment of multiple synchronous or metachronous
tumours[9].

Squamous cell carcinoma
Approximately 20–30% of all lung cancers are squa-
mous cell carcinomas, characterized by the presence
of keratinization and intercellular bridges depending
on the degree of differentiation. Grading of tumours
from well to moderate to poorly differentiated is of
prognostic value but best limited to resection speci-
mens as there can be substantial variation within a
tumour. Historically, most squamous cell carcinomas
presented as central lung tumours; however, more
recently an increasing number of squamous cell car-
cinomas are found in the periphery.

Current squamous cell carcinoma subtypes
include papillary, clear cell, small cell and basaloid
variants. The papillary variant is well differentiated,
and most of these lesion are endobronchial, with no
or limited stromal invasion and a 5-year survival of
>60%. The small cell and basaloid variants have a
poor prognosis, similar to that of poorly differenti-
ated squamous cell carcinoma.

Squamous cell carcinoma arises most often in
segmental bronchi[3]. Of all bronchogenic carcin-
omas, squamous cell carcinoma is the one most often
confined to the lung and regional lymph nodes at the
time of diagnosis and therefore the most amenable to
successful surgical treatment[11]. The tumours may
spread along airways or form a discrete mass, some-
times with associated distal obstructive changes
due to occlusion of the involved airway. Peripheral
tumours often invade the pleura and chest wall.
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Large squamous cell carcinomas tend to show necro-
sis and central cavitation.

In situ changes may be seen in the vicinity of the
tumour, ranging from squamous metaplasia to dys-
plasia to carcinoma in situ.

Adenocarcinoma
Adenocarcinoma is the most common type of lung
cancer, and there has been an increase in its inci-
dence relative to squamous cell carcinoma. One
factor may be the increasing use of filter-tipped
cigarettes, which allow smaller particulate carci-
nogens to penetrate more deeply into the lungs.
However, there is also a higher proportion of
adenocarcinomas in younger patients and non-
smokers[4]. Most adenocarcinomas are peripheral
and arise from the terminal respiratory unit, which
comprises the terminal bronchiole, the respiratory
bronchioles and the alveoli and alveolar ducts.
A division into central and peripheral adenocarci-
nomas has been suggested in view of histological
heterogeneity and prognosis, and molecular studies
demonstrating different mutations, such as more
frequent EGFR mutations in peripheral adenocarci-
nomas, support the separation of adenocarcino-
mas into bronchial and peripheral subtypes[4,12].
Occasional peripheral adenocarcinomas may dif-
fusely involve the pleura, mimicking mesothelioma.

Adenocarcinomas exhibit various growth pat-
terns, including lepidic, acinar, papillary, micropapil-
lary and solid. Tumours with a mixed subtype make
up about 90% of cases, often combining an acinar and
solid architecture centrally and papillary and lepidic
patterns peripherally. Lung adenocarcinomas are
known to be heterogeneous from various aspects:
pathological, molecular, clinical, radiological and sur-
gical, and pathological and radiological studies have
demonstrated prognostic subsets of lung adenocarci-
noma. In view of this, the recent 2011 IASLC/ATS/
ETS lung adenocarcinoma classification has intro-
duced several changes to the previous 2004 WHO
classification[10,13]:

(1) The term ‘bronchioloalveolar carcinoma’ (BAC)
is no longer used, and the growth pattern of
BAC is referred to as lepidic pattern.

(2) The term ‘adenocarcinoma in situ’ (AIS) is
recommended for small (≤3 cm), solitary
adenocarcinomas with a pure lepidic growth

pattern lacking invasion. Most AIS are
non-mucinous; rarely are they mucinous.

(3) Minimally invasive adenocarcinoma (MIA)
is proposed for small (≤3 cm), solitary
adenocarcinomas with predominant
lepidic growth and small foci of invasion
measuring 0.5 cm or less. Most MIAs are
non-mucinous.

(4) Invasive adenocarcinomas are classified
according to the predominant subtype after
comprehensive histological subtyping with
semiquantative assessment of each subtype
in 5% increments.

Comprehensive histological subtyping of
multiple lung adenocarciomas may help to
determine if tumours are metastases or separate
synchronous or metachronous primaries.

(5) For non-mucinous adenocarcinomas (>3 cm)
with a predominant lepidic growth pattern, the
term ‘lepidic predominant adenocarcinoma’ is
recommended.

(6) Former mucinous BACs (>3 cm) are now
classified as invasive mucinous adenocarcinoma,
recognizing that most of these tumours will have
invasive components and a worse prognosis
than non-mucinous lepidic predominant
adenocarcinomas.

(7) Micropapillary adenocarcinoma is added as a
major subtype due to its association with poor
prognosis.

(8) Clear cell and signet ring features are considered
to represent cytological changes which can be seen
in various histological subtypes rather than
denoting separate histological subtypes.

Studies have shown 100% 5-year disease-free survival
for tumours that would be classified as AIS, and data
suggest that MIAs also have 100% or near 100%
disease-free survival when resected[3]. The prognostic
significance of subtyping adenocarcinomas has also
been demonstrated in studies of resected stage
I tumours[13,14], and according to disease-free sur-
vival, three prognostic groups with low-, intermedi-
ate- and high-grade clinical behaviour were identified.
The low-grade group included AIS and MIA (100%
disease-free survival at 5 years), the intermediate-
grade group consisted of non-mucinous lepidic
predominant, acinar predominant and papillary pre-
dominant adenocarcinomas (83–90% disease-free
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survival at 5 years) and the high-grade tumours
comprised solid predominant, micropapillary pre-
dominant and invasive mucinous and mixed muci-
nous tumours (67–76% disease-free survival at
5 years)[13]. Disease-free survival for patients with
T1a tumours was significantly better than that for
T1b tumours, and the difference was more pro-
nounced when size of the invasive component was
taken into consideration.

Lung cancer classifications have primarily
addressed classification of resected tumours rather
than small biopsies or cytology. However, as approxi-
mately 70% of lung cancer patients present at an
advanced stage, the diagnosis in the majority of cases
is based on small biopsy samples or cytology speci-
mens[15]. Therapeutic advances – including tyrosine
kinase inhibitors for tumours with EGFR mutations
found mainly in adenocarcinomas, the recognition
that pemetrexed is more efficacious in adenocarcino-
mas and NSCLC, and that there is an increased risk
of haemorrhage with bevacizumab in patients with
advanced squamous cell carcinoma – have high-
lighted the importance of subtyping non-small cell
carcinomas even in small samples. To do this, light
microscopy is supplemented with tinctorial stains and
immunohistochemistry, and the 2011 IASLC/ATS/
ERS classification includes proposed standardized cri-
teria that apply to the pathological diagnosis in small
biopsies and cytology samples.

Adenosquamous carcinoma
Adenosquamous carcinomas show both squamous
and adenocarcinomatous differentiation on light
microscopy, the minor component representing at
least 10% of the tumour. This diagnosis can be sus-
pected but not made on small samples and requires a
resection specimen.

Large cell carcinoma
Large cell carcinomas comprise about 3% of all
lung carcinomas[3], are aggressive tumours and lack
differentiation on light microscopy. The diagnosis of
large cell carcinoma can only be made if a resection
specimen is available, as the presence of areas of
squamous or adenocarcinoma differentiation cannot
be excluded on biopsy or cytology specimens.

Large cell carcinomas present as large tumours,
frequently with geographical areas of necrosis. The

tumour cells are relatively large, possess a moderate
amount of cytoplasm, vesicular nuclei with clumped
nuclear chromatin and a prominent nucleolus.

Electron microscopy often reveals features of
squamous or glandular differentiation, and large cell
carcinoma therefore does not represent a distinct
entity but a collection of poorly differentiated epithe-
lial tumours. Some of these tumours can be classified
on the basis of their immunohistochemical profile
(see Table 13.1), and this is becoming increasingly
important in the era of targeted drug therapy, as there
is some correlation between histological type and
oncogene mutation.

Five variants of large cell carcinoma are recog-
nized in the 2004 WHO classification: basaloid,
clear cell, lymphoepithelioma-like, rhabdoid and
neuroendocrine.

Sarcomatoid carcinoma
Some poorly differentiated non-small cell carcinomas
show areas of sarcoma or sarcoma-like (spindle and/or
giant cell) differentiation. These tumours, which have
undergone divergent connective tissue differenti-
ation, are rare and account for about 1% of all lung
malignancies. Histologically, five subgroups, repre-
senting a morphological continuum, are recognized,
and these are pleomorphic carcinoma, spindle cell
carcinoma, giant cell carcinoma, carcinosarcoma and
pulmonary blastoma (see Table 13.2)[2], although
‘sarcomatoid carcinoma’ is the appropriate term, as
there is evidence that tumours that appear to be of
mixed epithelial and connective tissue phenotype, or

Table 13.1 Immunophenotypic characterization of
lung carcinoma

Cell type Usual
immunophenotype

Squamous cell carcinoma CK5/6, p63, p40 +ve
TTF-1, CD56 -ve, CK7+/-

Adenocarcinoma & large
cell carcinoma

TTF-1 (~70%), CK7+
CK5/6, p40, CD56 -ve

Small cell carcinoma & large
cell neuroendocrine
carcinoma

CD56, synaptophysin,
CK7 +ve
TTF-1 + (70-80%)

(CK = cytokeratin, TTF-1 = thyroid transcription factor-1)
NB. Mucinous tumours show variable staining for TTF-1.

Chapter 13: Pathological considerations in lung malignancy

131

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.013
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:42:31, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.013
http:/www.cambridge.org/core


even purely sarcomatous, are epithelial and originate
from the same clone[2,4].

The average age at diagnosis is 60 years, the male-
to-female ratio is approximately 4 to 1 and tobacco
smoking is a major aetiological factor, as for other
histological types of lung cancer.

Pleomorphic carcinomas tend to be large, periph-
eral tumours with a tendency to invade the chest wall
and a poor prognosis. Because of the histological
heterogeneity of these tumours, adequate sampling
of resection specimens is important, and pleomorphic
carcinomas should have at least 10% of a spindle or
giant cell component. In view of this, the diagnosis
cannot be made based on small biopsies or cytology
specimens. If the tumour has a purely spindle or giant
cell morphology, the term ‘spindle cell’ or ‘giant cell
carcinoma’ is used[3].

Carcinosarcomas are composed of a mixture of
non-small cell carcinoma (squamous cell, adeno- or
large cell carcinoma) and differentiated sarcomatous
elements, such as malignant bone, cartilage or skeletal
muscle. The metastases of a carcinosarcoma may
consist of carcinoma or sarcoma or both.

Pulmonary blastoma is also a biphasic tumour
with a glandular component that resembles
well-differentiated fetal adenocarcinoma, composed
of branching epithelial tubules or cords and undiffer-
entiated stroma. Both components are malignant, and
either or both may be seen in metastatic deposits.
These tumours are often peripheral growths and form
large, well-defined masses with foci of haemorrhage
and cystic change. Pulmonary blastoma is a rare
tumour, which can occur at any age, the mean age
of presentation being earlier than that of carcinosar-
coma, at about 40 years. It affects males three times
more commonly than females[4].

Table 13.2 Histiological classification of lung cancer (modified
from the 2004 WHO and 2011 IASLC/ATS/ERS classifications,
based primarily on resection specimens)

Preinvasive lesions
Squamous dysplasia/carcinoma in situ (CIS)
Atypical adenomatous hyperplasia (AAH)
Adenocarcinoma in situ (AIS) (≤3 cm, formerly BAC)

Non-mucinous
Mucinous
Mixed non-mucinous/mucinous
Diffuse idiopathic pulmonary neuroendocrine
cell hyperplasia (DIPNECH)

Squamous cell carcinoma
Variants

Papillary
Clear cell
Small cell (may be discontinued)
Basaloid

Small cell carcinoma
Combined small cell carcinoma

Adenocarcinoma
Minimally invasive adenocarcinoma (MIA)
(≤3 cm, lepidic predominant tumour with
≤5 mm invasion)

Non-mucinous
Mucinous
Mixed non-mucinous/mucinous

Invasive adenocarcinoma
Lepidic predominant (formerly non-mucinous BAC
with >5 mm invasion)
Acinar predominant
Papillary predominant
Micropapillary predominant
Solid predominant with mucin production
Variants of invasive adenocarcinoma
Invasive mucinous adenocarcinoma (formerly
mucinous BAC, >3 cm)
Colloid
Fetal
Enteric

Large cell carcinoma
Large cell neuroendocrine carcinoma (LCNEC)

Combined LCNEC
Large cell carcinoma with rhabdoid phenotype
Basaloid carcinoma
Lymphoepithelioma-like carcinoma

Adenosquamous carcinoma
Sarcomatoid carcinomas
Pleomorphic carcinoma
Spindle cell carcinoma

Giant cell carcinoma
Carcinosarcoma
Pulmonary blastoma
Other

Carcinoid tumour
Typical carcinoid
Atypical carcinoid

Carcinomas of salivary gland type
Mucoepidermoid carcinoma
Adenoid cystic carcinoma
Epimyoepithelial carcinoma
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Clinical outcome is stage dependent, but these
tumours have a worse prognosis than conventional
non-small cell carcinomas, and the 5-year survival is
only about 20%, despite half the patients presenting
with stage I disease[2].

The role of molecular pathology in
non-small cell lung cancer
In recent years, a better understanding of mutations
and rearrangements which alter the function or
expression of several molecules that can either be
located on the cell surface, acting as growth factor
receptors, or participate in downstream intracellular
pathways, leading to uncontrolled cell growth, can be
used to generate prognostic information or to select
patients for targeted therapies[16].

To date, effective molecularly targeted therapies
have disproportionately impacted on adenocarcino-
mas compared to squamous cell carcinomas and
on never or light smokers compared to heavy
smokers. However, next-generation sequencing tech-
nologies are allowing better characterization of
cancer genomes across a broad range of tumour types,
and targets in squamous tumours and smokers will
need to be developed to maker a greater impact on
non-small cell lung cancer.

Lung cancers have a high rate of protein altering
mutations, accounting for the genomic complexity
of lung cancers and the comparative difficulty in
effectively treating these tumours[17]. To effectively
match drug therapies, it is important to distinguish
‘driver’ mutations, which confer growth advantage
and are causally linked to cancer development,
from ‘passenger’ mutations, which are biologically
neutral[17].

These are some of the genomic changes which are
currently of interest with regard to the development
of targeted therapies:

EGFR
The epidermal growth factor receptor (EGFR) plays
an important role in tumour development and pro-
gression through activation mechanisms including
overexpression, mutation and autocrine ligand pro-
duction. Derangements in the EGFR gene are asso-
ciated with tumour cell proliferation, cell growth,
invasion, metastatic spread, apoptosis and angio-
genesis through the activation of the Ras/Raf/Mek/
MAPK and PI3K/Akt/mTOR pathways.

Tumours with EGFR mutations are more frequent
in East Asians (30% versus 8% in non-Asians), in
women, in never smokers (66% versus 22% in ever-
smokers) and in adenocarcinomas than in other types
of non-small cell carcinomas[16].

Gefitinib and erlotinib are first-generation EGFR
tyrosine kinase inhibitors which selectively target the
intracellular tyrosine kinase domain of EGFR, block-
ing downstream signalling. However, patients who
respond to this treatment eventually develop resist-
ance, mostly due to the emergence of a secondary
T790M mutation or amplification of mesenchymal-
epithelial transition factor (c-Met)[16].

Whilst EGFR activating mutations are found
in adenocarcinomas, high EGFR copy number and
protein overexpression are observed more fre-
quently in squamous cell lung cancers (82 versus
44% in adenocarcinomas)[17]. EGFR overexpression
has been associated with a worse prognosis in some
studies, but it has not been associated with a
response to the EGFR tyrosine kinase inhibitors
used clinically. One phase III study suggested that
EGFR overexpression may be associated with
better outcomes in the first-line chemotherapy plus
cetuximab arm[18].

KRAS
Kirsten rat sarcoma viral oncogene homolog (KRAS),
a member of the ras gene family, is an important
downstream signalling target of EGFR and has been
implicated in the development and prognosis of
several cancers, including adenocarcinomas of the
pancreas, colon and lung. Mutations that lead to
loss of KRAS GTPase activity render the protein GT
bound, resulting in sustained activation of down-
stream components and persistent proliferation.

Mutations in KRAS have been found in 15–30% of
patients with non-small cell carcinoma[16].

KRAS mutations are most commonly detected in
lung adenocarcinomas, and tumours with KRAS
mutations are more frequent in Caucasian patients
(20–30 versus 5% in East Asian patients) and in
current or former smokers[16].

Several studies have shown that KRAS mutations
correlated with poor survival in patients with non-
small cell lung cancer.

Both KRAS and EGFR mutations have been
described in AAH lesions, and EGFR mutations
have been found in the non-neoplastic peripheral
airways in the vicinity of invasive peripheral
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adenocarcinomas, indicating that mutations of both
genes are early events that play a role in tumour
initiation[19].

ALK gene rearrangements
The EML4-ALK fusion gene results from an inversion
within chromosome 2p. The prevalence of EML4-
ALK varies in different studies but is approximately
4% and is most commonly found in adenocarcinomas
with a solid or signet ring morphology.[20] Patients
with this gene rearrangement tend to be younger and
are usually non-smokers or light smokers. Studies
have demonstrated the therapeutic value of critozinib
in patients found to be ALK-positive by fluorescence
in situ hybridization (FISH).

BRAF
BRAF encodes a non-receptor serine/threonine kinase
which is a member of the RAS/MAPK signalling
pathway downstream of Ras protein.[16] Mutations
of BRAF occur in approximately 3% of non-small cell
lung cancers and are found predominantly in adeno-
carcinomas (97%), with just over half being V600E
mutations (57%) and the remainder non-V600E.
V600E mutations appear to be more prevalent in
women, in never smokers and in more aggressive
tumour subtypes characterized by micropapillary fea-
tures and associated with a poorer prognosis. Non-
V600E mutations were found in tobacco users[21].

FGFR1
FGFR1 is a member of the FGFR family of receptor
tyrosine kinases, and activation leads to downstream
signalling via the PI3K/AKT and RAS/MAPK path-
ways, which are important for growth, migration,
survival and angiogenesis in many tumours[17].
FGFR1 mutations are rare, but FGFR1 amplification
was found more frequently in squamous cell carcin-
omas (approximately 20%) than in adenocarcinomas,
and mouse models with FGFR1 amplified tumours
showed tumour growth inhibition and apoptosis on
inhibition of FGFR1[22]. FGFR inhibitors are in devel-
opment, many of which are multitargeted tyrosine
kinase inhibitors.

PIK3CA
The PIK3CA-AKT pathway is central for survival
and proliferation of many cancers, and PIK3CA
copy number gains have been found in about
20% of lung cancers, with a higher frequency in

squamous cell carcinomas[23]. In one study, PKI3CA
mutations have also been detected more often in
squamous cell carcinomas than adenocarcinomas
(6.5 versus 1.5%)[24].

Preclinical data suggest that cancers with
activating mutations in PIK3CA are sensitive to
PIK3-pathway inhibitors, and combinations of PIK3
and other cancer-related pathway inhibitors are
being developed[17].

PTEN
PTEN is a tumour suppressor gene, loss of which
leads to constitutive PI3K-AKT signalling. Somatic
PTEN deletions and mutations and inactivation of
PTEN by an epigenetic mechanism are seen in mul-
tiple cancers. Reduction or loss of PTEN has been
found in up to 70% of non-small cell carcinomas
(squamous and adenocarcinomas). Mutations of
PTEN are more common in squamous cell carcin-
omas (10.2 versus 1.7% for adenocarcinomas)[25].
Cancers with PTEN loss may be more sensitive to
inhibitors of the PI3K pathway[17].

EphA2
The Eph receptor family is a group of tyrosine
kinases, which are important in embryonic develop-
ment such as vascular development, cell migration
and tissue border formation. Overexpression of
EphA2 is seen in multiple tumours, including non-
small cell carcinomas, and is believed to promote
cell motility, invasion, metastasis and angiogenesis.
EphA2 expression has been correlated with smoking
and reduced survival and has been reported to be
higher in metastatic lesions compared to the primary.
Mutations of EphA2 have also been described, and
although they are rare, they appear to be more
common in squamous cell carcinomas[17].

p53/MDM2
As in other tumours, mutations in p53 are frequent in
lung cancer and are seen in more than half of non-
small cell carcinomas and in approximately 65% of
squamous cell carcinomas[26]. The spectrum of muta-
tions seen is affected by smoking, with frequent G!T
translocations, which are linked to polycyclic aro-
matic hydrocarbon adducts[17].

In a number of tumours, wild-type p53 is inacti-
vated by MDM2 overexpression or amplification.
MDM2 and p53 are regulated in a negative feedback
loop, where MDM2 marks p53 for degradation.
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MDM2 amplification has been reported in 6–7% of
non-small cell carcinomas (squamous cell and adeno-
carcinomas) and appears to be an exclusive event of
p53 mutation. One potential treatment strategy is to
try to develop small molecules that neutralize MDM2
and thereby increase p53 activity. Small molecules
targeting mutant p53 are also under development[27].

DDR2
DDR2 is also a receptor tyrosine kinase involved in
cell migration, proliferation and survival. Mutations
have been found in lung cancer with varying fre-
quency, with a rate of 3.8% in squamous cell carcin-
omas in one study[28].

Bronchopulmonary neuroendocrine tumours

Bronchopulmonary neuroendocrine tumours com-
prise about 20–25% of all invasive lung malignancies
and represent a spectrum of tumours arising from
the neuroendocrine cells of the bronchopulmonary
epithelium. Although these tumours share morpho-
logical, immunohistochemical and ultrastructural
features, they are classified into four subtypes: low-
grade typical carcinoid tumours, intermediate-grade
atypical carcinoid tumours and two high-grade malig-
nancies: large cell neuroendocrine carcinoma and
small cell carcinoma[29,30]. These exhibit different
biological characteristics and data from histologi-
cal and molecular studies suggests that carcinoid
tumours are distinct from the more malignant large
cell neuroendocrine and small cell carcinoma groups.

Large cell neuroendocrine and small cell carcin-
omas are strongly related to tobacco usage, whereas
the link between carcinoid tumours and tobacco
smoking is uncertain.[29]

Carcinoid tumours
Carcinoid tumours, typical and atypical, are
well-differentiated neuroendocrine tumours which
account for approximately 1–2% of all primary lung
carcinomas[31]. These tumours show no sex predilec-
tion and tend to occur at a younger age than other
lung cancers, with the average age at the time of diag-
nosis ranging from 45–55 years. Approximately 50%
of patients are asymptomatic at presentation[30].
Symptoms include dyspnoea, haemoptysis, cough
and post-obstructive pneumonia. The most common
paraneoplastic syndromes include the carcinoid syn-
drome and Cushing’s syndrome[30]. Classical carcinoid

syndrome with flushing and diarrhoea is rare and
is generally associated with metastatic disease[32].
Approximately 5% of bronchopulmonary carcinoids
may occur as a component of the multiple neuro-
endocrine neoplasia 1 syndrome.

Polypoid endobronchial growth is common in
central carcinoids, which on bronchoscopic examin-
ation are usually red-brown masses with a smooth
surface. They are often highly vascular and may
bleed considerably on biopsy. Peripheral carcinoid
tumours, usually within the subpleural parenchyma,
occur in ~40% of cases.

Both typical and atypical carcinoid tumours are
characterized histologically by an organoid growth
pattern and uniform cytologic features with a moder-
ate amount of eosinophilic cytoplasm and nuclei
with finely granular chromatin. In typical carcinoid
tumours nucleoli are inconspicuous, but they may
be seen in atypical carcinoids, which are defined as
carcinoid tumours with 2–10 mitoses per 2 mm2 area
of viable tumour or the presence of necrosis, often
punctate[30]. Since necrosis and mitosis may occur
only focally, small biopsies may not be representative
and in such situations the lesion should be classi-
fied as carcinoid tumour until adequate material is
available[29]. Carcinoid tumours stain for neuroendo-
crine markers such as chromogranin, synaptophysin
and CD56.

Since 5–20% of typical carcinoids and 30–70% of
atypical carcinoids metastasize, lymph nodes should
be assessed in all cases to ensure adequate staging[29].
TNM staging is recommended for pulmonary carci-
noid tumours.

Distant metastases to other organs, including
adrenal glands, liver, bone and brain, are rare, and
atypical carcinoids account for most cases of meta-
static disease, with ~25% of patients developing dis-
tant disease even long after initial diagnosis[32].

The primary approach to treatment of pulmonary
carcinoid tumours is surgical resection, as these
tumours are generally resistant to radiation and vari-
ous chemotherapeutic agents have yielded minimal,
mostly short-lasting results[29]. Both lung conserving
and radical resections have been used, and all proced-
ures should involve lymph node dissection or sam-
pling, as a clearly identified prognostic factor is the
presence or absence of lymph node involvement[32].

Patients with typical carcinoids have an excel-
lent prognosis, with a 5-year survival rate of
87–100% and a 10-year survival rate of 87–93%[32].
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The finding of metastases should not be used as a
criterion to distinguish typical from atypical carcinoid
tumours, as 5–20% of typical carcinoids show lymph
node involvement. Compared with typical carcinoid
tumours, atypical carcinoids tend to be larger, have a
higher rate of metastases and the survival is signifi-
cantly reduced with 5- and 10-year survival rates of
40–59% and 31–59%, respectively, although meta-
static disease has a much poorer survival rate
(~25%)[3,32]. As these tumours are relatively resistant
to radiation and chemotherapy, when possible, meta-
static disease is best managed surgically[30].

Large cell neuroendocrine carcinoma
Some large cell carcinomas display neuroendocrine
features, including neuroendocrine morphology with
organoid, trabecular, pallisading or rosette-like
growth patterns and positivity for at least one specific
neuroendocrine marker. These tumours, termed
‘large cell neuroendocrine carcinoma’, represent
approximately 3% of resected lung cancers, are typic-
ally found in middle-aged or elderly heavy smokers
and have a poor prognosis with 5- and 10-year
survival rates of 27% and 11%, respectively[3]. Surgical
resection should be performed, if possible. Reports
regarding their chemosensitivity are contradictory,
and the clinical significance of large cell neuroendo-
crine carcinoma and non-small cell carcinoma with
neuroendocrine differentiation has yet to be fully
evaluated, but recognition of these tumours is of
potential therapeutic significance[4].

Small cell carcinoma
Small cell carcinoma comprises approximately 15% of
all lung cancers, and most of these tumours present as
a perihilar mass, arising in major airways, typically
situated in a peribronchial location with infiltration
of the submucosa and peribronchial tissues. These
tumours grow rapidly and metastasize early, and
paraneoplastic syndromes are relatively common.
Lymph node metastases are frequent, and most small
cell carcinomas are unresectable at the time of pre-
sentation. At least initially these tumours are sensitive
to platinum-based chemotherapy. In up to 5% of
cases, small cell carcinoma may present as a solitary
lesion.[3] Necrosis is often extensive, and bronchial
obstruction may occur due to extrinsic compression.

Until recently, small cell carcinoma has been
staged as ‘limited’ or ‘extensive’ disease, but surgery

has been successful in selected early cases, especially
rare peripheral lesions, and it is now recommended
that the same TNM staging is applied as for other
lung tumours.

With combination chemotherapy and chest radio-
therapy for limited disease, the median survival is
15 months, and 5-year survival is ~10%[3].

The terms ‘oat cell’ and ‘intermediate cell’ types
are no longer used, as the differences in microscopic
appearance are artefactual, depending on the preser-
vation of the tissue. The 2004 WHO classification
only includes small cell and combined small cell car-
cinoma, the latter comprising between 3–28% of the
total[4], depending on the extent of sampling, being
characterized by the presence of any other type of
non-small cell carcinoma in addition to small cell
carcinoma.

Histologically, small cell carcinoma has a distinct-
ive appearance, being composed of relatively small
cells with scant cytoplasm and round to fusiform
nuclei with finely granular chromatin and absent
or inconspicuous nucleoli. Nuclear moulding and
smearing of nuclear chromatin due to crush arte-
fact is often apparent. Necrosis is usually extensive,
and the mitotic rate of this type of tumour is high;
hence the rapid growth rate and advanced stage at
presentation.

After chemotherapy, areas of large cell, squamous
cell or adenocarcinoma may be seen within any
residual resected tumour in 15–45% of cases[3].

Salivary gland–type tumours
The mixed seromucous glands of the trachea and
bronchi are similar to the minor salivary glands
and can give rise to the same range of tumours[4].
Salivary gland-type tumours of the lung are therefore
most commonly found in the proximal main airways,
usually present as endoluminal lesions and rarely
occur in the peripheral lung parenchyma. Salivary
gland-type tumours unrelated to the bronchial tree
have a possible origin from a primitive stem cell that
can show variable differentiation[33]. Clinical evalu-
ation to exclude metastasis from a salivary gland
primary is essential, especially if the lung tumour is
peripheral or multiple lesions are present.

The clinical presentation of these tumours
depends on their location, but as most are central
lesions and protrude into the airway lumen, the most
common symptoms include cough, dyspnoea and
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haemoptysis or atelectasis and pneumonia due to
proximal airway obstruction.

The two most common pulmonary salivary
gland–type lung tumours are adenoid cystic carcin-
oma and mucoepidermoid carcinoma.

Adenoid cystic carcinoma
Adenoid cystic carcinomas of the lung account for
about 0.2–0.3% of all lung cancers, and >90% arise in
central rather than segmental bronchi[34,35]. These are
tumours of middle age and are described as having
no gender predilection, although some studies have
suggested a higher incidence in females[35]. They are
slow-growing, infiltrative tumours with a prolonged
clinical course and are thus considered a low-grade
malignancy. Adenoid cystic carcinomas form poorly
defined, sessile, nodular growths which may ulcerate
centrally and show a predilection for submucosal and
perineural spread.

Histologically, the tumourcells formwell-demarcated
groups within which small cysts impart a tubular or
cribriform appearance. Small, dark myoepithelial
cells form the dominant cell population, amongst
which are ducts lined by slightly larger cells which
secrete mucin. These histological features are suffi-
ciently distinctive to allow diagnosis, but in small
biopsies it may be difficult to distinguish adenoid
cystic carcinoma from adenocarcinoma, basaloid car-
cinoma and small cell carcinoma[4].

The first-line treatment for adenoid cystic carcin-
oma is surgical resection, and as these tumours often
arise in the central airways, tracheobronchoplasty
is also often indicated[34]. Alternative options for
tumours which cannot be completely resected include
stenting, local ablation and radiotherapy. Because of
their tendency to exhibit submucosal and perineural
extension, it is important that resection margins are
checked intra-operatively by frozen section.

Although long-term survival can be expected,
local recurrence is frequent, often after a number of
years, and careful follow-up is recommended. Meta-
stases are uncommon but may occur in lymph nodes,
bone, liver, kidney, brain and lung[4].

The reported 5- and 10-year survival rates for
adenoid cystic carcinoma are 55% and 39%,
respectively[36].

Mucoepidermoid carcinoma
Mucoepidermoid carcinomas comprise 0.1–0.2%
of primary lung tumours[37], occurring mostly in

relatively young persons, with approximately 50% of
cases presenting before the age of 30. There is a
female sex predominance[4].

Mucoepidermoid carcinomas most commonly
arise in the central bronchial regions and clinically
may present with cough, wheezing, haemoptysis
and obstructive pneumonia. Occasional lesions are
peripheral.

Both low- and high-grade tumours are recognized,
and the gross appearances depend on the degree of
malignancy. Low-grade tumours, which comprise
approximately 80%, form intraluminal smooth, partly
cystic, polypoid masses compressing surrounding
tissues. More aggressive tumours are less well defined,
are solid and infiltrate surrounding lung[4].

Mucoepidermoid carcinoma is characterized by a
mixture of mucus-producing, glandular and squa-
mous epithelial cells, together with intermediate cells
at various proportions and growth patterns, such as
cystic, papillary and solid[37].

Surgical resection is the treatment of choice, with
bronchoplasty for low-grade lesions. Patients with
low-grade tumours have a good prognosis with a
5-year survival rate of 95%, although nodal involve-
ment and metastases have occasionally been reported.
About 25% of patients with high-grade tumours
develop metastases, mainly in lymph nodes, bone or
skin[4]. Effective treatment measures for high-grade
mucoepidermoid carcinomas have not been estab-
lished, but patients with EGFR gene mutations are
reported to have responded favourably to tyrosine
kinase inhibitors[37].

Primary pulmonary lymphoma
Primary pulmonary lymphoma is defined as a
clonal lymphoid proliferation affecting one or
both lungs, with or without mediastinal involvement,
in a patient with no detectable extrapulmonary
involvement at diagnosis or during the subsequent
3 months[38,39].

Although secondary involvement of the lung
by malignant lymphoma is relatively frequent, with
an incidence of 25–40%, primary pulmonary non-
Hodgkin’s lymphoma is a rare entity encompassing
only 0.4% of all lymphomas[40] and 3.6% of extra-
nodal lymphomas[38]. Most primary lymphomas of
the lung arise from the mucosa-associated lymphoid
tissue (MALT) of the airways, and it is believed that
MALT is not a normal constituent of the respiratory
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tree but acquired in response to various antigenic
stimuli such as smoking, infection or autoimmune
disease[40].

Patients tend to be between 50–70 years of age,
and many are asymptomatic at the time of diagnosis,
with symptomatic patients presenting with cough,
dyspnoea, chest pain and haemoptysis[2]. The radio-
logical appearances of pulmonary lymphoma are
non-specific and include patchy opacities with air
bronchograms, solitary or multiple areas of mass-like
consolidation.

Approximately 70–90% of primary pulmonary
lymphomas are marginal zone B-cell lymphomas
of MALT type. Most are low grade, but trans-
formation to a higher grade occurs in a minority
of cases[38]. No specific trigger has been identified
so far, but MALT lymphomas have been associ-
ated with autoimmune disorders such as Sjogren’s
syndrome, systemic lupus erythematosus and Hashi-
moto’s thyroiditis[39]. High-grade diffuse large B-cell
lymphoma comprises about 5–20% of cases[2], most
of which occur in individuals with an underlying
disorder such as immunodeficiency. Patients with
high-grade lymphoma are frequently symptomatic.

Bronchoscopy obtained a diagnostic yield in
30–40% of cases[41], but often a more generous VATS
or open lung biopsy is required, especially since a
number of non-neoplastic reactive conditions can
simulate lymphoma[40]. Bronchoalveolar lavage and

fine needle aspiration specimens may be diagnostic if
a clonal B-cell population can be demonstrated by
flow cytometry, but the specific subtype of lymphoma
can rarely be determined by these techniques[2].

Low-grade marginal zone B cell lymphomas of
MALT type are indolent, remain localized to the lung
for a long time and have a favourable outcome, with a
5-year survival rate of >80% and a median survival
time of >10 years.[39] Prognostic factors affecting
survival are not well defined; the stage of the disease,
extent of resection (complete versus incomplete) and
presence of mediastinal lymphadenopathy do not
appear to be associated with a worse prognosis[41].
Treatment options for localized disease include obser-
vation, definitive resection, chemotherapy or radio-
therapy[38]. The rate of local recurrences with these
tumours has been found to be as high as 50%[40].

The outcome for high-grade primary pulmonary
diffuse large B-cell lymphoma is poorer, progression
and relapse occurring earlier and more frequently.
They are usually treated with combination chemo-
therapy and the overall 5-year survival ranges from
0–60%[2].
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Chapter

14
Medical treatment of lung cancer (neo and
adjuvant chemoradiotherapy)
Athanasios G. Pallis andMary E. R. O’Brien

Adjuvant chemotherapy after surgical
resection
Surgery remains the only curative treatment modality
for patients with stage I–IIIA non-small cell lung
cancer (NSCLC). However, even after complete resec-
tion, the risk of recurrence is substantial, and 5-year
overall survival (OS) is approximately 70% for patients
with stage IB disease, 40–50% for stage II and less than
30% for stage IIIA patients[1]. Efforts to improve the
survival of patients with operable NSCLC have exam-
ined the addition of chemotherapy (CMT) and/or
radiotherapy (RT) in the post-operative setting.

In 1995, the NSCLC collaborative group reported a
meta-analysis of eight trials with a total of 1394 patients
treated with cisplatin-based adjuvant chemotherapy[2].
This study reported a 13% reduction in the risk of
death (hazard ratio [HR] 0.87; 95% confidence interval
[CI]: 0.74–1.02) corresponding to an absolute survival
benefit of 3% at 2 years (95% CI 0.5% detriment to 7%
benefit) and 5% (95% CI 1% detriment to 10% benefit)
at 5 years in favour of chemotherapy. Despite the lack
of statistical significance (P = 0.08), these findings
encouraged the initiation of several randomized trials
investigating the role of platinum-based adjuvant
chemotherapy in patients with completely resected
stage I, II and IIIA NSCLC (Table 14.1).

The North American Intergroup Trial INT0115
was the only trial that compared the combination of
chemotherapy plus thoracic radiotherapy versus radio-
therapy alone in patients with completely resected stage
II or IIIA NSCLC and failed to demonstrate a benefit
in favour of chemotherapy[3]. The negative results
of the Adjuvant Lung Project Italy (ALPI)[4] and the
Big Lung Trial (BIG)[5] further jeopardized the role of
adjuvant chemotherapy in the treatment of NSCLC.

National Cancer Institute of Canada (NCIC)
JBR10 trial
The National Cancer Institute of Canada (NCIC)
JBR10 Trial randomly assigned 482 patients with
completely resected, pathological stage IB and II
(patients with T3N0 disease were excluded) to receive
either post-operative adjuvant chemotherapy with cis-
platin and vinorelbine or no chemotherapy[6].

At 5 years of follow-up, the 5-year survival rates
were 69% for the chemotherapy arm and 54% for the
control arm (HR 0.69; 95% CI 0.52–0.92; P = 0.011),
with an absolute survival benefit of 15% for patients
receiving chemotherapy[6]. An updated analysis after
a median follow-up of 9.3 years continued to show a
benefit in favour of adjuvant chemotherapy (HR 0.78;
95% CI 0.61 to 0.99; P = 0.04)[7]. Patients with stage II
disease had a significant benefit in terms of 5-year
OS (59 vs 44% for placebo), but in patients with stage
I disease the benefit depended upon the size of
tumour. For the whole group there was no benefit
(5-year OS, chemotherapy vs placebo: 76 vs 69%; HR
1.03; P = 0.79). In patients with tumours < 4 cm,
chemotherapy was associated with a detrimental effect
(5-year OS chemotherapy vs placebo: 73 vs 79%;
HR 1.73), while in those with tumours > 4 cm adju-
vant treatment prolonged OS (5-year OS chemother-
apy vs placebo: 79 vs 59%; HR 0.68). Compliance with
chemotherapy was relatively low, with only 65% of
the patients receiving three or four cycles. Neutrope-
nia was the most common haematological toxicity,
with 73% of the patients experiencing a grade III–IV
neutropenia, while fatigue (15%) anorexia (10%) and
vomiting (10%) were the most common grade III–IV
non-haematological toxicities. Chemotherapy was not
associated with an increase in secondary malignancies,
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but resulted in a statistically significant transient
worsening of quality of life[8].

Adjuvant Navelbine International Trial
Association (ANITA) trial
The Adjuvant Navelbine International Trial Associ-
ation (ANITA) trial randomized 840 patients with
stage IB-IIIA NSCLC to post-operative chemotherapy

(4 cycles of cisplatin 100 mg/m2 every 4 weeks and
16 cycles of vinorelbine at 30 mg/m2 weekly) or
observation only[9]. After a median follow-up of
76 months, OS was significantly longer in the chemo-
therapy arm (65.7 months in the chemotherapy arm
vs 43.7 months in the observation arm; HR 0.80; 95%
CI 0.66–0.96; p = 0.017). Overall survival at 5 years
with chemotherapy improved by 8.6%, which was
maintained at 7 years (8.4%). In a similar way to

Table 14.1 Randomized phase III studies of adjuvant chemotherapy in NSCLC

Trial No. of
pts.

Disease
stages
included

CT regimen/
control arm

Compliance
to CT (%)

Median
follow-up
(months)

5-Year
absolute
survival
benefit (%)

Hazard
ratio of
death

p-
Value

INT0115-
ECOG3590[3]

488 II-IIIA E-Cis/
Radiotherapy
only (both arms
received a total
of 50.4 Gy
radiotherapy)

69 44 �6* 0.93 0.56

ALPI Trial[4] 1209 I-IIIA Mit-VND-Cis, for
three cycles/
observation

69 64.5 1 0.96 0.589

IALT Trial[10] 1867 I-IIIA Cis + vinka
alkaloids or
E/observation

74 56 4.1 0.86 <0.03

Big Lung
Trial[5]

381 I-IIIA Cis-VND, Cis-mit-
If, Cis-mit-Vin or
Cis-VNB/
observation

64 34.6 �2** 1.02 0.90

UFT Trial[13] 999 I UFT for 2 years/
observation

74
(at 12 mo)
61
(at 24 mo)

72 3 — 0.047

UFT meta-
analysis[14]

2003 I-III UFT/observation 80 6.44 (years) 4.6 0.77 0.011

NCIC-JBR10
Trial[6,7]

482 IB-II Cis-VNB/
observation

65 60 15 0.69 0.011

CALGB 9633
Trial[12]

344 IB PCL-carboplatin/
observation

85 48 3 0.80 0.32

ANITA
Trial[9]

840 IB-IIIA Cis-VNB/
observation

56 ## >70 8.6 0.79 0.013

* Estimated 5-year survival rates were 39% for the RT only group and 33% for the CT-RT group.
** Estimated 2-year survival rates were 60% for the observation group and 58% for the CT group.
## dose density of vinorelbine
E = etoposide; Cis = cisplatin; Mit = mitomycin; PCL = paclitaxel, VND = vindesine; Vin = vinblastine; If = ifosphamide; UFT = Uracil/tegafur;
VNB = vinorelbine.
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JBR10, chemotherapy did not improve survival in
stage IB disease (HR 1�10; 95% CI 0�76–1�57). Signifi-
cant chemotherapy-related toxicity was reported
with 84.6 and 12.5% of the patients experiencing
grade 3–4 neutropenia and febrile neutropenia,
respectively. It should be noted that only 50% of
the patients were able to complete the planned four
cycles.

International Adjuvant Lung Cancer Trial
(IALT) and CALGB9633 trial
The International Adjuvant Lung Cancer Trial (IALT)
was the largest adjuvant trial (n = 1867 patients) and
included patients with stage I–IIIA disease. Patients
were randomized to cisplatin-based chemotherapy or
observation[10]. After a median follow-up of 56 months,
the 5-year OS was significantly longer in the chemo-
therapy arm (5-year OS chemotherapy vs placebo
44.5 vs 40.4%; HR 0.06; p = 0.03), but the significant
effect was no longer present after a median follow-up
of 90 months (HR 0.91; p = 0.10)[11]. The CALGB9633
trial was the only one to use a carboplatin-based regi-
men and focused only on patients with stage IB disease.
It failed to maintain the benefit with longer follow-up
(HR 0.83; p = 0.12)[12]. However, exploratory analysis
demonstrated a significant survival difference in favour
of adjuvant chemotherapy for patients who had
tumours� 4 cm (HR 0.69; 95%CI 0.48–0.99; p= 0.043).

Uracil/tegafur (UFT)
A large phase III trial (n = 999) tested the role of UFT
in Japanese patients with stage I adenocarcinoma and
demonstrated a significant increase in the 5-year OS
rate in patients with T2 tumours (85 vs 74% for the
UFT and observation groups, respectively; HR 0.48;
95% CI 0.29–0.81; p = 0.005), while for patients with
T1 disease no significant difference was observed[13].
A subsequent meta-analysis with 2,000 patients
further confirmed the role of UFT in the adjuvant
setting[14]. It should be noted that UFT has not been
tested in Caucasians in the adjuvant setting, and the
drug is not registered in the European Union for this
indication.

Targeted agents
Goss et al. evaluated the role of gefitinib in 503 stage
IB-IIIA NSCLC, patients not selected by EGFR status.
Patients were randomized to gefitinib 250 mg or

placebo daily for 2 years. After a median follow-up of
4.7 years, median disease-free survival (DFS) was 4.2
years for gefitinib versus not yet reached (NYR) for
placebo (HR 1.22; 95% CI 0.93–1.61, p = 0.15 and
median OS) 5.1 years vs NYR (HR 1.24; 95% CI
0.94–1.64, p = 0.14). In multivariate analysis, tumour
size > 4 cm was predictive of poor DFS (p < 0.0001)
and never smoking for better OS with gefitinib
(p = 0.02). EGFR copy whether low/high polysomy or
amplification was neither prognostic (p = 0.77) nor
predictive of OS benefit from gefitinib[15]. A trial of
erlotinib after surgery (with or without adjuvant
chemotherapy) in patients who have epidermal growth
factor receptor (EGFR)–positive tumours (RADIANT)
is currently ongoing (NCT00373425). Adjuvant chemo-
therapy with or without bevacizumab as adjuvant ther-
apy for NSCLC patients with completely resected stage
IB (�4 cm)–IIIA is being tested in an ongoing ECOG
(E1505) trial (NCT00324805). Melanoma associated
antigen (MAGE)–A3 is a tumour-specific antigen that
is expressed in a large variety of cancers, including
NSCLC. Vaccination with the MAGE-A3 antigen in
patients with early-stage NSCLC has shown encour-
aging results in the context of phase II trials[16]. The
vaccine reduced the risk of relapse after surgery, and
its role is currently under investigation in a phase III
trial (MAGRITTE trial; NCT00480025).

Meta-analyses
The survival benefit observed with adjuvant chemo-
therapy was confirmed by a meta-analysis of five
randomized trials[4–6,9,10] with 4584 patients regis-
tered in the LACE (lung adjuvant cisplatin evaluation)
database[17]. This meta-analysis demonstrated a 5.4%
increase in 5-year survival in favour of adjuvant
chemotherapy compared to observation (HR 0.89;
95% CI 0.82–0.96). The survival benefit varied
according to stage and was most pronounced for
patients with stage II and IIIA disease. The improve-
ment in survival in patients with stage IB disease did
not reach statistical significance, and patients with
stage IA disease appeared to do worse with adjuvant
chemotherapy. All five trials included in the LACE
meta-analysis used cisplatin-based chemotherapy,
and all trials except the JBR10 allowed the use of
post-operative radiotherapy at the discretion of
the treating physician. A more recent meta-analysis
by Arriagada et al. demonstrated a similar benefit
(HR 0.86, 95% CI 0.81–0.92, p < 0.0001), with an
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absolute increase in survival of 4% (95% CI 3–6) at
5 years (from 60 to 64%)[18]. This meta-analysis did
not show significant differences in the effect of plat-
inum chemotherapy by stage. Also, no platinum-
based regimen emerged as ‘goldstandard’. Numerous
other meta-analyses have reported HR in the same
range[19–22] (Table 14.2).

Is there an optimal regimen for adjuvant
chemotherapy?
All the aforementioned trials utilized a cisplatin-based
regimen in the adjuvant treatment, while in the
CALGB9633 the carboplatin/paclitaxel doublet was
used[12]. In the LACE meta-analysis, the effect of
cisplatin plus vinorelbine was marginally better than
the effect of other drug combinations[17]. However,
it should be noted that these trials used relatively
older drugs (etoposide, ifosphamide, vinca alkaloids)
in combination with cisplatin, and no trial utilized
a third-generation agent (docetaxel, gemcitabine,
pemetrexed). This meta-analysis also demonstrated
that patients who received a total dose of cisplatin
>300 mg/m2 had a trend towards better OS and
disease-free survival compared to patients who
received ≤300 mg/m2. The total dose of cisplatin
varied according to the second drug used in each
regimen. In the cisplatin/vinorelbine group, 86%
of the patients were able to receive >300 mg/m2,
while this percentage was 54% in the cisplatin/other
drug group. Therefore, it can be questioned whether
the benefit observed with the cisplatin/vinorelbine
regimen is due to higher efficacy of this combination

or to the fact that higher dose of cisplatin could
be achieved with this doublet[17]. Finally, patients
who were treated with a triplet received significantly
(p < 0.001) less cisplatin compared to patients who
were treated with a doublet[17].

According to these observations, the approach of
many scientific societies is to recommend the use of
any cisplatin-based doublet23–25.

Stage I treatment
With the exception of the IALT study[4], none of the
studies described earlier included patients with stage
IA disease. Furthermore, in the LACE meta-analysis,
patients with stage IA disease (n = 347) appeared to
do worse with adjuvant chemotherapy, although the
number was too small to allow valid conclusions[17].
Therefore, adjuvant chemotherapy is not recom-
mended for patients with stage IA disease[23–25].

The management of patients with stage IB disease
is more controversial. CALGB9633[12], the only study
that enrolled only patients with stage IB disease, failed
to demonstrate a benefit. Similarly, subgroup analysis
of the IALT[10], the JBR10 and the ANITA[9] studies
demonstrated no benefit for these patients. Finally, in
the LACE meta-analysis, there was only a trend
towards an OS benefit in favour of adjuvant chemo-
therapy in patients with stage IB disease (HR 0.93; 95%
CI 0.78–1.10)[17].

On the contrary, the more recent meta-analysis
from the NSCLC Collaborative Group demonstrated
an identical 5-year OS benefit in patients with stage
IB, II and III disease (5% in all groups)[18]. Also, the

Table 14.2 Meta-analyses evaluating the role of adjuvant chemotherapy

Study Intervention No. of studies/pts. HR (95% CI) p-Value

Hotta et al.[19] Adjuvant CMT
Adjuvant C

13/5360
8/3786

0.87 (0.80–0.94)
0.89 (0.81–0.98)

0.001
0.012

Sedrakyan et al.[20] Adjuvant CMT
Adjuvant C

19/7200
12/4912

0.87 (0.81–0.93)
0.89 (0.82–0.96)

< 0.0001
0.004

Berghmans et al.[21] Adjuvant CMT
Adjuvant C

17/7644
16/NR

0.84 (0.78–0.89)
0.86 (0.80–0.92)

NR
NR

Bria et al.[22] Adjuvant P 12/7334

LACE[17] Adjuvant C 5/4584 0.89 (0.82–0.96) 0.005

NSCLC CG[18] Adjuvant C
Adjuvant C +PORT

30/8147
12/2763

0.86 (0.81–0.93)
0.90 (0.82–0.98)

< 0.001
0.02

CMT: chemotherapy; P: platinum based; C: cisplatin based; NR: not reported; CG: Collaborative Group; PORT: post-operative radiotherapy.

Chapter 14: Medical treatment of lung cancer

143

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.014
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:20:54, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.014
http:/www.cambridge.org/core


CALGB9633 trial[12] and the JBR10 demonstrated
a benefit in patients with tumours larger than 4 cm.
However, these analyses were not pre-planned or
adequately powered, and therefore, their results
cannot be considered conclusive.

Currently, adjuvant chemotherapy is not con-
sidered as standard of care for patients with stage IB
disease[23–25]. Further, prospective trials are needed in
order to clearly address this issue. However, a pro-
spective phase III trial especially for patients with
stage III disease is unlikely given the large number
of patients required.

Treatment of elderly patients
Despite the increasing incidence of NSCLC in eld-
erly populations, this patient group is often under-
represented in clinical trials, and therefore, it is
difficult to reach evidence-based recommendations
for this population[26]. Unfortunately, in the adju-
vant setting, only retrospective data exist for elderly
patients.

Patient data included in the LACE meta-analysis[17]

were categorized into three age groups (<65
[n = 3,269, 71%], 65–69 [n = 901, 20%] and �70
[n = 414, 9%]). The analysis of these data according
to age demonstrated that although patients �70 years
received lower total doses of cisplatin (p < 0.0001) and
fewer cycles of chemotherapy (p < 0.0001), there was
no difference in terms of OS between age groups, and
elderly patients had a similar survival benefit from
adjuvant chemotherapy with their younger counter-
parts[27]. Furthermore, toxicity rates were similar across
all age groups evaluated. As expected, a higher number
of elderly patients died from non-cancer-related causes
(p < 0.0001)[27]. The more recent meta-analysis
from the NSCLC Collaborative Group also did not
observe any differential effect of chemotherapy
according to age[18].

In a retrospective age-specific subgroup analysis
of the JBR10 study, outcomes in elderly patients
(age � 65) and matched younger patients (age < 65)
were compared[6]. Despite older patients receiving
fewer doses of chemotherapy and lower mean dosein-
tensities, OS was significantly prolonged with chemo-
therapy (HR 0.61; 95% CI 0.38–0.98; p = 0.04)[28].
The survival benefit in the elderly group was similar
to that demonstrated in younger patients with no
significant differences in toxicities, hospitalization
or treatment-related death. A recently published

observational study based on data from the Surveil-
lance, Epidemiology, and End Results (SEER) Registry
also demonstrated that platinum-based adjuvant
chemotherapy administered to elderly patients was
associated with a significant OS benefit, although with
higher toxicity[29].

According to these results, it can be argued that
adjuvant chemotherapy should not be refused to eld-
erly patients solely on the basis of age, and treatment
decisions should take into account the estimated
absolute benefit, life expectancy, treatment tolerance,
presence of co-morbidities and patient prefer-
ences.[30]. However, it should also be noted that these
results are based on retrospective analyses that are
likely to suffer from selection bias in favour of treat-
ment and their extrapolation to the general older
population should be made with caution.

Molecular prognostic and predictive markers
Translational research projects were initiated in con-
nection with the aforementioned studies in an
attempt to characterize ‘high-risk’ patients who are
likely to benefit from adjuvant chemotherapy while
sparing the toxicity of unneeded treatment for ‘low-
risk’ patients.

Excision repair cross-complementation group 1
(ERCC1) is a key enzyme participating in the nucle-
otide excision repair (NER) DNA repair pathway[31].
An immunohistochemical (IHC) analysis to deter-
mine the expression of ERCC1 was performed in
operative specimens of patients participating in the
IALT. A total of 761 tumours were tested, and
ERCC1 expression was positive in 335 (44%) and
negative in 426 (56%). Absence of ERCC1 expression
was associated with a significant benefit from
cisplatin-based adjuvant chemotherapy (HR 0.65;
95% CI 0.50–0.86; p = 0.002; test for interaction,
p = 0.009). Patients with ERCC1-positive tumours
had no benefit from adjuvant chemotherapy (HR
1.14; 95% CI 0.84–1.55; p = 0.40). ERCC1 expression
had also a prognostic value. Among patients in the
observation arm, ERCC1 expression was associated
with longer OS (HR 0.66; 95% CI 0.49–0.90;
p = 0.009)[32]. Similarly, low expression of MutS
homologue 2 (MSH2), another key enzyme of the
mismatch DNA repair pathway, had a borderline
positive predictive role (low MSH2 expression HR
0.76; p = 0.3 vs high MSH2 expression HR 1.12;
p = 0.48; p-value for interaction = 0.06)[33]. High
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expression had a positive prognostic role in patients
in the no treatment arm (HR 0.66; p = 0.01).

Tumour samples from patients participating in
the JBR10 trial were used to develop an mRNA-based
15-gene signature[34]. This gene signature could
separate patients in the observation arm into high-
and low-risk subgroups with significantly different
OS (HR 15.02; 95% CI 5.12–44.04; p < 0.001). The
prognostic value was further validated in four separ-
ate data sets and on the original data set by the use of
reverse transcription polymerase chain reaction (RT-
PCR). The signature also had a positive predictive
value. Patients in the high-risk group benefitted from
the adjuvant treatment (HR 0.33; 95% CI 0.17–0.63;
p = 0.0005), but it was not beneficial and potentially
even detrimental to low-risk patients (HR 3.67; 95%
CI 1.22–1.06; p = 0.021).

Adjuvant radiotherapy after surgical
resection
Because few and underpowered studies had evaluated
the role of post-operative radiotherapy (PORT), a
meta-analysis was performed in the late 1990s[35].
The last update of this meta-analysis included infor-
mation from 11 trials and 2,128 patients[36]. The
results of the updated analysis continued to demon-
strate that PORT was associated with a detrimental
effect on OS, with an 18% relative increase in the risk
of death, which was more pronounced for patients
with lower nodal status. Similar detriments were
observed for local recurrence-free survival, distant
recurrence-free survival and overall recurrence-free
survival. A significant interaction with stage and
nodal status was observed. Stage III and N2 patients
had no detrimental effect (but no benefit as well),
while in patients with earlier-stage disease, PORT
was associated with shorter survival. However, the
PORT meta-analysis has been criticized for its long
enrolment period and use of different types of
machines, techniques and doses that are abandoned
in the current modern radiotherapy. For patients with
N2 positive disease, a retrospective analysis demon-
strated higher survival for those who had received
PORT[9]. The role of PORT in patients with N2
disease is evaluated by the ongoing LUNGART study
(NCT00410683). This trial randomizes NSCLC
patients with pathologically confirmed mediastinal
node disease to post-operative conformal RT (45 Gy)
or observation. This trial is a cooperation between

Cancer Research UK (CRUK), the European Organisa-
tion for Research and Treatment of Cancer (EORTC),
the Institut de Cancerologie Gustave Roussy (IGR),
the National Institute for Health Research Cancer
Research Network (NCRN), and the Christie NHS
Foundation Trust.

On the basis of these results, routine PORT is not
recommended for patients with completely resected
stage I–IIIA NSCLC[23,24,37].

Neoadjuvant treatment
Induction (neoadjuvant) chemotherapy
before surgery
Pre-operative chemotherapy has been evaluated
as an alternative to adjuvant chemotherapy. Pre-
operative chemotherapy presents several theoretical
advantages including reduction of tumour volume
that could enhance radical resections and local con-
trol, evaluation of response to chemotherapy, early
eradication of micrometastatic disease, and higher
patient compliance compared to post-operative
chemotherapy.

In the early 1990s, two small, randomized phase III
trials evaluated the role of neoadjuvant chemotherapy
in patients with stage IIIA (mainly N2 disease)[38,39].
Both studies were prematurely terminated on the
basis of interim analyses showing significant benefit
in favour of the neoadjuvant arm.

In a multicentre phase III study conducted by the
French Thoracic Cooperative Group, 355 patients
with clinical IB–IIIA disease were randomly assigned
to receive two cycles of induction chemotherapy
(cisplatin/ifosfamide/mitomycin triplet) followed by
surgery and two post-operative cycles versus surgery
alone[40]. Patients with pT3 or pN2 received post-
operative radiation. Median survival favoured the
chemotherapy arm, but the difference failed to reach
statistical significance (37 months for the chemother-
apy arm vs 26 months for the surgery alone arm,
p = 0.15). At an updated analysis after 14 years of
follow-up, the 10-year recurrence-free survival rate
was significantly higher in the chemotherapy arm
(55 vs 38%; HR 0.78; 95% CI 0.62–0.98). A trend
towards higher OS rate at 10 years was observed in
the neoadjuvant arm, but the difference was not stat-
istically significant (29 vs 21%; p = 0.12) [41.42].

The European multicentre LU22 trial randomly
assigned 519 patients with clinical stage I—III to three
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cycles of platinum-based treatment followed by sur-
gery or immediate surgery. Overall, 75% of patients
completed all three planned cycles of chemotherapy,
but there was no evidence of a benefit in terms of
overall survival (HR 1.02; 95% CI 0.80–1.31; p = 0.86).
The results of this trial were criticized because of
the high percentage of patients with stage I disease
included[43].

The Southwest Oncology Group (SWOG)
9900 trial evaluated the role of carboplatin/paclitaxel
doublet as neoadjuvant treatment in patients with
stage IB–IIIA NSCLC. A total of 354 patients were
enrolled, but the trial was prematurely terminated
when positive results were obtained in the large phase
III adjuvant trials[44]. The median OS was 41 months
in the surgery-only arm and 62 months in the pre-
operative chemotherapy arm (HR 0.79; 95% CI
0.60–1.06; p = 0.11). The median progression-free
survival (PFS) was 20 months for surgery alone and
33 months for pre-operative chemotherapy (HR 0.80;
95% CI 0.61–1.04; p = 0.10).

Neoadjuvant and adjuvant chemotherapy were
compared to surgery alone in the three-arm NATCH
trial by Felip et al.[45]. In this trial, 624 patients with
stage IA (tumour size > 2 cm), IB, II, or T3N1 were
randomly assigned to surgery alone, three cycles of
pre-operative paclitaxel/carboplatin followed by
surgery, or surgery followed by three cycles of the
same chemotherapy regimen. Although compliance
with chemotherapy was better in the neoadjuvant

arm (90 vs 61% of patients receiving three cycles),
no significant differences were observed in terms
of 5-year disease-free survival rate (34, 38 and 37%
for surgery, neoadjuvant and adjuvant arms,
respectively) or 5-year OS rate (44, 47 and 46% for
surgery, neoadjuvant and adjuvant arms,
respectively).

Finally, another recent European phase III trial by
Scagliotti et al. evaluated the role of another active
doublet (cisplatin/gemcitabine) in patients with stage
IB–IIIA disease. This trial was also prematurely ter-
minated after the documentation of positive results
from adjuvant trials, after only 270 patients of the
712 originally planned were enrolled[42].

The results of these trials (Table 14.3) do not
support the use of neoadjuvant chemotherapy rather
than immediate surgery followed by adjuvant chemo-
therapy[46]. Further investigation is required to select
the ideal regimen in terms of efficacy and safety and
to identify subgroups of patients and/or predictive
factors associated with greater benefit.

Induction chemoradiotherapy
To improve resection rates, local control and
pathological response, induction approaches that
combined radiotherapy and chemotherapy were
evaluated in the context of phase II trials[47–49].
A German phase III trial evaluated the role of neoad-
juvant chemoradiotherapy in patients with IIIA–IIIB

Table 14.3 Randomized phase III trials of neoadjuvant chemotherapy in NSCLC

Study No. of
pts.

Stage Regimen OS p-Value

IFCT[40] 355 IB–IIIA 3 cy CIM!surgery
vs surgery

10-year OS rate
29 vs 21%

0.12

MRC LU22[43] 519 I–III 3 cy platinum-
based!surgery
vs surgery

55 vs 54 months NS

SWOG 9900[44] 354 IB–IIIA 3 cy carbo/PCL!surgery
vs surgery

62 vs
41 months

0.11

NATCH[45] 624 IA–IIIA
(T3N1)

3 cy carbo/PCL!surgery
vs surgery

5-year OS rate: 47 vs
44%

NS

Scagliotti et al.[42] 270 IB–IIIA 3 cy C/GMB!surgery
vs surgery

7.8 vs 4.8 years 0.04

C: cyclophosphamide, C: cisplatin, I: ifosphamide, M: mytomycin,, PCL=paclitaxel, Carbo=carboplatin, GMB :gemcitabine, NS: non significant;
HR: Hazard ratio, cy: cycles
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NSCLC and invasive mediastinal assessment[50].
Patients were randomized to receive either three
cycles of cisplatin/etoposide doublet, followed by
twice-daily radiation with concurrent carboplatin
and vindesine, and then surgical resection; or three
cycles of cisplatin and etoposide, followed by sur-
gery, and then further radiotherapy. The primary
endpoint was median PFS. A total of 558 patients
were enrolled. There was no difference in PFS
between treatment groups – either in eligible patients
(median PFS 9.5 vs 10.0 months; 5-year PFS 16
vs 14%; HR 0.99; 95% CI 0.81–1.19; p = 0.87).
In patients receiving a pneumonectomy,
treatmentrelated mortality increased in the experi-
mental group compared with the control group (7/
50 [14%] vs 3/54 [6%]).

Conclusions
The results of several large phase III trials have demon-
strated that adjuvant chemotherapy with cisplatin-based
doublets offers a significant OS prolongation. These
results have been further confirmed in meta-analyses.
The benefit is most evident in patients with disease stage
II–IIIA, while for patients with stage IB disease the
results are controversial. There is no clear ‘goldstandard’
doublet. Adjuvant chemotherapy should be offered also
to carefully selected elderly patients. There is no strong
data to support routine use of neoadjuvant chemother-
apy rather than immediate surgery followed by adjuvant
chemotherapy. Post-operative radiotherapy was associ-
ated with poorer outcomes, and its role remains contro-
versial. Use is not recommended outside a clinical trial.
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Chapter

15
Superior vena cava obstruction
Etiology, clinical presentation and principles
of treatment
Federico Venuta, Marco Anile, Miriam Patella and Erino A. Rendina

Superior vena cava (SVC) syndrome:
definition
The symptoms resulting from compression or
obstruction of the SVC system at any level, from
the left and right brachiocephalic veins to the right
atrium.

Historical notes
The SVC syndrome was first described in 1757 by
William Hunter in a patient with a saccular aneurysm
of the ascending aorta. At autopsy, “the superior vena
cava and innominate vein were both so much com-
pressed by the dilated artery as hardly to have any-
thing left in the natural capacity and appearance”[1].
Almost two hundred years later, Stokes, in 1837,
described SVC syndrome related to a malignant
tumor arising in the right lung; he observed that the
underlying clinical findings were the result of the
neoplastic compression on the vein and the progres-
sive development of collateral circulation[2]. Rosen-
blatt published in the early 1960s a review on lung
cancer in the nineteenth century[3] reporting several
cases of SVC syndrome secondary to bronchogenic
carcinoma.

Before the mid-twentieth century, only about
one-third of the cases of SVC syndrome were related
to malignant tumors; in fact, most were due
to infections (syphilis causing aortic aneurysms or
tuberculosis) or fibrotic mediastinitis[4]. This etio-
logical distribution remained stable up to 30–40
years ago, when 40% of the cases were still related
to these diseases[5]. From that time, improvement in
treatment of granulomatous and infectious diseases
and their prevention favored changes in the etiological
distribution; nowadays, malignancy, in particular,

lung cancer, has far overcome benign disorders as
the primary cause of the syndrome.

This etiological shift from benign to malignant
disorders consequently required a change in the thera-
peutic approach; surgical resection of the vessel en bloc
with the tumor and subsequent reconstruction pro-
gressively became a viable therapeutic option. The first
SVC bypass graft with an autologous superficial fem-
oral vein was described in 1951 by Klassen and col-
leagues[6]. However, complete sleeve resection and
subsequent reconstruction of the SVC uniformly failed
until the successful reconstruction by a spiral vein graft
was described[7]. Notwithstanding the progressive
improvement of long-term patency rates, the complex-
ity of this surgical technique prevented widespread
acceptance. In 1987, Dartevelle and associates described
the use of polytetrafluoroethylene (PTFE) grafts with
proven patency in patients with neoplastic involvement
of the SVC[8]. Nowadays, excellent patency rates are
achieved both with synthetic materials and with auto-
logous and heterologous pericardium.

The potential role of stenting in patients with
inoperable SVC obstruction, although it allows imme-
diate symptoms relief, is still to be clearly defined
since long-term patency remains to be assessed[9].

Etiology
SVC obstruction occurs is as many as 15 000
patients a year in the United States[10]; approxi-
mately 73 to 97% of the cases are secondary
to malignancy[11–16]; bronchogenic carcinoma is
certainly the most frequent cause, accounting for
65 to 80% of the cases. Approximately 3% of the
patients with lung cancer develop SVC involve-
ment[16–20]; 10% of the patients with right-sided
tumors show it. SVC involvement occurs either by
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primary tumor invasion or compression or by
enlarged peritracheal lymph nodes. The tumor
may grow beyond the wall of the vessel into the
lumen and favor thrombosis with progressive com-
plete closure of the vein, branch vessels and collat-
erals. In most patients with this presentation of lung
cancer, histology shows small cell carcinoma
(SCC)[5]; this is probably due to the fact that this
tumor (although it accounts for only 25% of all
cases of bronchogenic carcinoma) often arises in
the central or perihilar areas of the lung and gives
extremely early lymphatic metastases at the omolat-
eral (N2) or contralateral (N3) mediastinal stations.

Other causes of neoplastic involvement of the SVC
are related tomediastinal tumors (20% of cases), particu-
larly stage III thymoma and thymic carcinoma, germ cell
tumors, and lymphoma (almost invariably non-
Hodgkin); in children, T-cell leukemia and lymphoma
are the most frequent causes of malignant SVC obstruc-
tion.Metastatic lesions (particularly breast cancer) are
responsible for 5% of malignant SVC obstructions;
primary vascular tumors are rarely observed[21].

The increased use of indwelling central venous
catheters, cardiac pacemakers and defibrillator leads
resulted in a higher incidence of benign SVC obstruc-
tion. Also postirradiation vascular fibrosis has been
described[22].

Among the infectious etiologies, the most frequent
is fibrosing mediastinitis due to tuberculosis, syphilis,
histoplasmosis, actinomycosis, aspergillosis, blasto-
mycosis, filariasis, and direct spread of nocardiosis.

Other, rarer causes of SVC obstruction
are sarcoidosis, sclerosing colangytis, goiter,
aortic aneurisms, fibrosing mediastinitis, Hughes-
Stovin or Behcet’s syndrome, and idiopathic fibros-
ing mediastinitis.

Anatomy
The confluence of the left and right innominate veins
at the level of the cartilaginous portion of the first
right rib gives rise to the SVC (Figure 15.1). The left
brachiocephalic vein is much longer than the right
one and crosses the anterosuperior mediastinum
from left to right posteriorly to the thymus or its
remnants. The SVC has a diameter of 2 cm and an
average length of 7 cm; it descends toward the right
atrium laterally to the ascending aorta and medially to
the right mediastinal pleura and lung. Other anatom-
ical structures adjacent to the SVC are the right

paratracheal lymphatic chain, the right pulmonary
artery, crossing the vessel posteriorly, the upper right
pulmonary vein, the phrenic nerve, and the thymus or
its remnants with mediastinal fat.

The junction between the SVC and the right
atrium lies within the pericardium that surrounds
the anterolateral surface of the vessel for about
2 cm. At the level of the anterolateral aspect of the
junction with the atrium is located the sinus node.

Anatomy of the collateral SVC routes:

A) Azygous venous system: it drains directly into
the extrapericardial posterior aspect of the SVC
immediately above the level where the right
pulmonary artery crosses the vein posteriorly.

Figure 15.1 Anatomy of the superior vena cava and
brachiocephalic veins.
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B) Internal thoracic venous system: through this
system blood converges into the inferior vena cava
(IVC) from the internal thoracic vein through the
epigastric veins and the external and common
iliac veins.

C) Vertebral venous system: The blood flows into the
IVC through the brachiocephalic veins and the
intercostal, lumbar, and sacral veins.

D) External thoracic venous system: this is the
superficial collateral system connecting the
subclavian and axillary veins to the femoral veins
through the lateral thoracic, thoracoepigastric,
and superficial epigastric veins.

Clinical presentation
Obstruction of the SVC due to compression, invasion,
constriction, or thrombosis shows a different pattern
of clinical presentation based on its acuity and degree.
The SVC drains blood from the head, neck, and upper
extremities. If the SVC obstruction progresses slowly,
adequate collateral drainage develops, and patients
potentially show no or mild symptoms. On the other
hand, if vascular obstruction develops acutely,
patients are obviously more symptomatic since the
collateral circulation has no time to develop and com-
pensate. In this case the signs and symptoms might be
dramatic. The eyes are usually affected first, and
patients complain of tearing and swelling of eyelids.
They also refer to headache, dizziness, tinnitus, and a
bursting sensation in the head exacerbated when
bending forward. The face, neck, and arms become
red and edematous; the superficial veins of the chest
may be distended if they are part of the collateral
circulation. These symptoms are greatly increased
when also the azygous vein is obstructed. Some
patients may find some symptomatic relief in the
upright position; for this reason, they sleep in a chair
to avoid dyspnea. The venous hypertension might
cause life-threatening complications such as cerebral
edema, thrombosis, and hemorrhage or laryngeal
and/or glossal edema.

Since most of the SVC obstructions are caused by
bronchogenic carcinoma or mediastinal neoplasms,
patients might show also symptoms related to the
tumor, including paraneoplastic syndromes.

Pathophysiology
The SVC is located in an anatomic compartment that
has limited distensibility; due to the thin walls and

inner low pressure it is easily obstructed by compres-
sion, invasion, and constriction; also, thrombosis due
to hypercoagulation, intimal damage, and/or stasis
may be involved. Severe obstruction dramatically
increases the endovascular pressure up to 400–500
cmH2O. As aforementioned, in case of acute SVC
obstruction, the collateral systems do not have time
to accommodate the increased blood flow. On the
other hand, in case of slow progression of obstruc-
tion, palliation from collateral circulation is more
pronounced. The site of obstruction is extremely
important: when the azygous vein orifice is not
involved, the collateral pathways are more efficient
since this system easily accommodates the shunted
blood with acceptable flow due to its caliber and
distensibility. On the other hand, when the azygous
system can’t compensate due to the location of the
tumor, the blood flow runs through the other venous
systems that are less efficient for the smaller caliber
and major length of the pathway; for these reasons,
in these situations, signs and symptoms are more
pronounced.

Diagnosis
SVC syndrome is a clinical diagnosis; radiologic con-
firmation is usually not strictly necessary, although it
might be helpful. However, it is crucial to diagnose
the underlying disease since treatment is different
according to its nature.

Routine radiologic studies include chest X-ray,
computed tomography (CT), and magnetic resonance
imaging (MRI). Also Doppler studies[23] and digital
subtraction angiography have been employed[24].

SVC syndrome is rarely a true emergency[25]; for
this reason, any treatment should be delayed until a
precise histologic diagnosis is obtained. However, if
urgent symptomatic treatment is deemed necessary,
the diagnosis can be delayed until at least endovas-
cular treatment is performed, especially in case of
inoperable tumors.

The approach to obtain tissue for diagnosis
depends on tumor location, clinical status of the
patient, and available expertise. According to these
key points, bronchoscopy, needle biopsy, endoscopic
ultrasound (EUS) or endobronchial ultrasound
(EBUS)[26], mediastinoscopy[27], anterior mediasti-
notomy, median sternotomy, video-assisted thoraco-
scopy (VATS), and even thoracotomy might be
indicated.
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Treatment
Management depends on etiology and severity of
symptoms. It should take into account several key
points. Measures such as head elevation, fluid restric-
tion, administration of diuretics, and supplemental
oxygen are useful until the diagnosis is obtained and
treatment can be planned.

According to the clinical presentation and to his-
tologic diagnosis, pharmacologic treatment, radiation
therapy (with or without concomitant chemotherapy),
and invasive procedures including endovascular stent
deployment and surgical resection and reconstruction
should be considered.

Patients affected by catheter-related SVC throm-
bosis should receive anticoagulant treatment and may
require catheter removal. Heparin administration
favors clot lysis; as an alternative, thrombolytic agents
can be given through the catheter itself, especially if it
is centered in the thrombus. This therapy is extremely
successful when started within 48 hours of the onset
of thrombosis; its efficacy strongly decreases after a
longer period of time. Urokinase is usually more
successful than streptokinase[28]. In patients with
extensive malignancy, this treatment should be evalu-
ated more carefully.

In patients with SVC syndrome related to inoper-
able tumors, radiotherapy is an effective treatment
modality, and it is usually the initial choice once the
diagnosis is available. Many fractional dose schemes
have been proposed; however, despite the various
dosing regimens described, most patients receive a
total of 20 to 30 Gy[29,30].

Percutaneous delivery of metallic stents has
become a viable option to treat patients with SVC
obstruction not suitable for surgical resection. Sev-
eral endovascular stents are available basically in
two designs: self-expanding and expandable[31,32];
however, the Wallstent (Boston Scientific, Natick,
MA) is certainly the most commonly used[33]. Stents
are usually employed in association with adjuvant
therapies: intravenous heparin is administered before
and after placement[34]; thrombolysis is performed if
clots occlude the lumen of the vessel.

Surgery is overall rarely indicated; however, it
plays clearly an important role in patients with resect-
able lung cancer or mediastinal tumors without distant
or lymphatic spread. Notwithstanding that, resection
and reconstruction of the SVC are still considered
major technical and anesthesiological challenges, clear

benefits have been reported with adequate patients
selection, planning of the surgical strategy, and preven-
tion of complications[35–37].

Median sternotomy is the optimal approach for
anterior mediastinal tumors, while right thoracotomy
in the fourth or fifth intercostal space should be
employed for upper lobe tumors invading the SVC.
These approaches allow optimal exposure and access
to the lung, SVC and azygous vein, trachea, pulmon-
ary hilum, and right atrium; the left brachiocephalic
vein is obviously more visible through median ster-
notomy. Cardiopulmonary bypass (CPBP) and shunts
are easily instituted through both approaches when
required.

Intraoperative management is extremely import-
ant and should be planned in advance. Partial caval
clamping (tangential) or clamping of a vessel with a
long history of occlusion and presence of a viable
collateral circulation is usually well tolerated. In these
situations, the duration of clamping is not a major
issue. On the other hand, complete clamping of an
unobstructed vessel causes an important hemody-
namic derangement with consequent venous pressure
increase, decrease in arterial pressure, and reduced
brain arteriovenous gradient. This might cause brain
edema, hemorrhage, or transient dysfunction. The
hemodynamic imbalance is reduced by an aggressive
intraoperative management; fluid implementation by
macromolecules, blood, and plasma is recommended
and should be obtained through a femoral vein access;
diuretics should be administered to reduce brain
edema; anticoagulation therapy is mandatory during
and immediately after the operation. Intravascular or
extravascular shunts might be useful when a pro-
longed complete clamping time is required; CPBP is
rarely required.

If the SVC is involved for less than 30% of its
circumference, partial resection is usually feasible,
and reconstruction can be performed either by direct
suture of the tangential resection or by interposition
of a patch (Figure 15.2); in this case, autologous
material (either pericardial or venous) can be success-
fully employed. When a more extended involvement
of the vessel is present, complete resection en bloc
with the primary tumor and prosthetic reconstruction
are required. Reconstruction can be accomplished by
SVC replacement if the confluence of the brachioce-
phalic veins is disease-free (Figure 15.3). To avoid
kinking of the prosthesis, whatever material is used,
the length of the conduit should be adapted to keep it
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under moderate tension; this is particularly important
when the operation is carried out through a median
sternotomy, since approximation of the bone edges
may cause kinking of the conduit. If the confluence
of the innominate veins is involved by the tumor,
the reconstruction is usually performed connecting
only the two veins to the inferior SVC stump or
to the right atrium, closing the contralateral vessel
(Figure 15.4). Revascularization of both innominate
veins connected independently to the right atrium is
usually not performed for the risk of thrombosis,
unless the collateral circulation in the neck is com-
pletely absent (previous neck surgery or radiother-
apy). However, complete resections of the SVC and
both brachiocephalic veins with a reconstruction
achieved by a Y-shaped synthetic conduit have been
reported[38].

Both biologic (autologous and heterologous)
and synthetic materials are nowadays available for

vascular reconstructions. Biologic materials include
autologous or bovine pericardium, azygous vein, and
saphenous vein; they clearly show improved biocom-
patibility, decreased risk of infectious complications
and thrombosis, and lower costs. Autologous pericar-
dium has been used especially for patch reconstruction.
It shows several advantages: it has adequate thickness
and resistance; it is cost-free and available on both
sides of the chest; it also offers a larger amount of
tissue when compared with venous patches. An ori-
ginal method of fixation of autologous pericardium
with glutaraldeyde[39] has been described to further
improve the technical features of this material; with
this technique, the fixed leaflet becomes stiffer with a
reduced tendency to shrink or curl, and it is easier to
tailor and suture.

Bovine pericardium is certainly the most used
heterologous biologic material. It shows stiff edges
and a limited tendency to retract; it is more frequently

Figure 15.2 Patch reconstruction of the superior vena cava. Figure 15.3 Superior vena cava reconstruction with a bovine
pericardium conduit.
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used for complete SVC replacement because autolo-
gous pericardium is not sufficient to create a long
conduit. In our experience, the use of this material
does not require long-term anticoagulation. An ori-
ginal technique has been described to construct a
pericardial conduit suitable for SVC reconstruc-
tion[40]: the leaflet is trimmed in length and closed
in a tubular shape with a mechanical GIA 75 stapler.
This technique is easy and fast; it is precise and allows
more regular shape of the graft, facilitating the anas-
tomosis with the vascular stumps.

Reinforced PTFE is the option of choice among
synthetic materials; it shows the highest patency rate
in the long run when compared to other synthetic
conduits, and shortly after the operation, it shows
autologous reepithelization.

Postoperative complications of these procedures
include problems at the graft anastomosis, graft
thrombosis, and infection.

Results
Untreated malignant SVC obstructions usually show
a very poor prognosis. The median overall survival at
1 year is 35% for non-small cell lung cancer
(NSCLC) and 18% for small cell lung cancer
(SCLC)[47]. In patients with operable NSCLC, overall
5-year survival is 15–30%[42–46]; the prognosis is
usually better for patients with SVC involvement
due to the primary tumor and not to enlarged medi-
astinal lymph nodes with extracapsular invasion. In
1998, the Marie Lonnelongue Hospital Group in
Paris reported a 17-year experience on 89 patients
with primary mediastinal tumors resected en bloc
with adjacent structures (47 thymic tumors)[41]. In
this series, 40% of the patients underwent resection
of great vessels including SVC in 21 cases and
innominate vein in 13. In 79% of the patients, the
resection margins were tumor free. Overall 5-year
survival was 63%; it was 69% for patients with thy-
moma, 42% for those with thymic carcinoma, 48%
for those with germ cell tumors, and 83% for those
with lymphoma. The recurrence rate was signifi-
cantly higher in patients with thymic carcinoma.

Conclusion
For malignant etiologies there is rarely a role for
surgical intervention with the exception of a limited
number of patients with non-N2–3 NSCLC invading
the SVC or mediastinal tumors, particularly thy-
moma. PTFE and autologous or bovine pericardium
are the most frequently used replacement materials.

The currently available expandable stents provide
appropriate and immediate symptomatic relief; in
these cases, chemoradiotherapy is usually adminis-
tered after stent deployment.

In case of SVC obstruction of benign etiologies,
most commonly mediastinal fibrosis, surgical recon-
struction should be performed only in patients with-
out adequate collateral circulation.
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Chapter

16
Robotics in thoracic surgery
Marlies Keijzers, Peyman Sardari Nia and Jos G. Maessen

Life is pretty simple: You do some stuff. Most fails.
Some works. You do more of what works. If it works
big, others quickly copy it. Then you do something else.
The trick is the doing something else.
– Leonardo da Vinci

Introduction
Minimally invasive thoracic surgery has been a hot
topic in the past decades. With the development of
robotic surgery, thoracic surgeons entered a newer
and more exciting field. Much progress in minimally
invasive surgery has been made, and robotic surgery
is accepted as a potential diagnostic and treatment
modality for thoracic diseases. In this chapter, we
provide a comprehensive review of the history and
the current data in robotic thoracic surgery.

History of minimally invasive thoracic
surgery
The first thoracoscopic procedure was described
100 years ago. In 1910, Jacobeaus examined the
pleural cavity with a cytoscope and was the first to
perform a thoracoscopic procedure[1]. In the late
1980s, minimally invasive surgical techniques were
developed, and after the success of laparoscopic sur-
gery, video-assisted thoracic surgery (VATS) was
established in the 1990s.

The first prospective randomized studies did not
meet the high expectations and showed no significant
benefit for the VATS approach compared with thor-
acotomy[2,3]. More recent studies, however, show
advantages such as reduced blood loss, less pain,

lower inflammatory responses and an earlier return
to work. Today, VATS plays a role in the diagnostic
and therapeutic procedures for benign and malignant
tumours arising from the lung or adjacent organs[4,5].
Although these studies show favourable results, there
are still important limitations. The lack of three-
dimensional vision, loss of wrist articulation and
natural hand-eye coordination can reduce surgical
precision[6].

Robotic surgical systems in the medical industry
were developed to overcome these limitations. The
first robotic system used for surgical procedures was
the Puma 560. Kwoh et al. used the robot in 1985 to
perform neurosurgical biopsies, and in 1988, Davies
et al. performed a transurethral prostatectomy with
the Puma 560[7]. Robotic systems developed later,
originated from telepresence machines that were
developed for NASA.

The rationale of developing a robotic system was
to use it in the US Army in war areas by ‘bringing the
surgeon to the wounded soldier through telepresence’.
This has been successfully tested in animal models,
but it has not yet been utilized in the US Army for
care of wounded soldiers in the battlefield. The
researchers and surgeons of the US Army formed a
research group for commercial purposes and intro-
duced robotic surgery into civilian society[8].

The da Vinci Surgical System developed by the
Stanford Research Institute was FDA approved in
2000 for general laparoscopic surgery, and in the next
year it was approved for thoracic surgery. The robotic
surgical approach is nowadays applied for thymec-
tomies, lobectomies and esophagectomies. The da
Vinci Surgical System is the most widely used robotic
surgical system.

Core Topics in Thoracic Surgery, ed. Marco Scarci, Aman Coonar, Tom Routledge and Francis Wells. Published by
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The da Vinci Surgical System
The da Vinci Surgical System was developed by Intui-
tive Surgical. Intuitive Surgical was created in 1995
by Frederic Moll MD Robert Younge and John
Freud MD, and is based on technology developed
by the Stanford Research Institute. The da Vinci Sur-
gical System consists of an ergonomically designed
master console for the surgeon, a bedside chassis with
three to five interactive robotic arms, high-performance
vision system and Endowrist instruments (Figure 16.1).
The console contains high-definition three-dimensional
optics and foot pedals to control tools. The surgeon can
place fingers in the master controls, which are located
below the display, with the hands and wrists in an
ergonomic position.

The instruments are cable driven with 7 degrees of
freedom and 360 degrees of rotation of the tip of the
instruments (Figure 16.2). The three-dimensional image
is displayed above the hands of the surgeon, giving the
surgeon the perception of being in the surgical field.

Advantages
Compared with conventional thoracoscopic surgery,
the daVinci Surgical Systemhas advantages (Table 16.1).
One important benefit is the three-dimensional vision;
the depth perception gives an improvement in the
view over the cameras used in thoracoscopic surgery.
The three-dimensional image is displayed above the
surgeon’s hands, resulting in better hand-eye coordin-
ation and eliminating the fulcrum effect, making
manipulation of the instruments much easier. The
instruments also offer superior manoeuvrability with

7 degrees of freedom, 360 degrees of rotation of the
tip of the instruments and elimination of physiologic
tremors.

Disadvantages
Robotic surgery has a lot of advantages compared
with thoracoscopic and conventional surgery, but it

Figure 16.1 The da Vinci Surgical
System set-up.

Figure 16.2 The superior manoeuvrability of the instruments.
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has also some disadvantages. In thoracoscopic sur-
gery, there is reduction in touch sensation; in robotic
surgery, however, there is an absence of touch sensa-
tion. Robotic surgery is also very expensive; there are
high start-up costs and costs in training of the staff.
Another disadvantage is the possibility of failure of
the instruments of the da Vinci Surgical System.
A survey of the MAUDE database showed that fail-
ures occurred in a number of robotic instruments
in a short period, although some failures may go
unreported[9].

Thoracic applications of robotic surgery
Lung cancer
Lung cancer is the main cancer worldwide whether
considered in terms of incidence or mortality. More
patients die of lung cancer than breast, colon and
prostate cancer together[10]. Only patients with
early stage lung cancer qualify for surgical resection.
With the development of new screening tools like
low-dose computed tomography (LDCT), it is pos-
sible that more early-stage lung cancers suitable for
surgical resection will be diagnosed in the future.

VATS lobectomy was first described in the early
1990s, and ever since, multiple studies have been
published. However, only three of these published
studies are randomized, controlled trials comparing
VATS lobectomy to thoracotomy. There is also a
great variability in the techniques described so far.
The variability exists in the surgical approach for the
lobectomy itself, size of the utility incision thoracot-
omy, number of incisions and the use of rib spread-
ing. Despite this variability, the studies published to
date have shown that VATS lobectomy is safe and
effective. It is a feasible technique for early-stage lung
cancer and provides at least the same oncological
results. In addition to this, it has been shown that
VATS lobectomy is associated with lower rates of

post-operative complications and shorter duration
of hospitalization.

Despite these advantages, VATS lobectomy is not
very widely used by thoracic surgeons. According
to the Society for Thoracic Surgeons (STS)
Database (voluntary database), in 2006, around 32%
of lobectomies were performed through VATS[11].
The authors showed that the percentage of lobecto-
mies performed by VATS in the STS Database has
been increasing: 21.6% in 2004 and 28.6% in 2005. In
the Nationwide Inpatient Sample Database (non-
voluntary database in US), however, this number is
as low as 6%[12], indicating the overall application
of VATS lobectomies may be lower in nonacademic,
smaller hospitals. The low application of VATS
approach might be due to the limitations of VATS;
it only has two-dimensional vision, hand-eye coord-
ination is difficult, manoeuvrability is restricted and
there is a steep learning curve. Robotic surgery might
overcome these limitations. The use of robotic sur-
gery for lobectomy is still in its infancy, so the litera-
ture is sparse. There are no published randomized,
controlled trials comparing robotic lobectomy with
VATS lobectomy.

Melfi et al. were in 2002 the first to report a series
of robotic lobectomies, and they showed that it is safe
and feasible[13]. Ever since, multiple series have been
reported showing that robotic lobectomy is safe, feas-
ible and has the same oncological results (Table 16.2).
The early experiences with robotic lobectomy regarding
chest tube drainage, morbidity, mortality, conversion
rate and reasons for conversion are comparable with
VATS[14–16].

The largest published series of robotic lobecto-
mies is a multi-centre study by Park et al. The
authors reported robotic lobectomies in 325 con-
secutive patients for early-stage non-small cell lung
cancer (NSCLC) at three institutions[17]. The
authors showed that robotic lobectomy for NSCLC
was feasible and safe. The overall and stage-specific
survival of robotic lobectomies for early-stage
NSCLC was comparable with the reported series
of (VATS) lobectomies in the literature[17,18]. With
respect to the higher costs of robotic surgery related
to purchase and maintenance of the technology, Park
et al. reported that robotic surgery is more expensive
than VATS but less expensive than open thora-
cotomy. This was mainly because of the longer
hospitalization in patients who underwent open
thoracotomy[19].

Table 16.1 Advantages and disadvantages of robotic-assisted
surgery

Advantages Disadvantages

3-Dimensional vision Expensive

Superior manoeuvrability High start-up cost

No physiological tremors Instrumental failure

No fulcrum effect No touch sensation
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Meyer et al. showed in a recent paper that
the learning curve for robotic lobectomies in
surgeons experienced with VATS was 18 ± 3 cases
based on operative time, mortality and the surgeon’s
comfort[20].

An evaluation of the available literature shows that
robotic surgery for lobectomies is comparable with
the results in VATS lobectomies. However, additional
research by prospective, randomized, controlled trials
comparing VATS and robotic lobectomies is war-
ranted to discern the differences between these two
techniques.

Mediastinal surgery
Anterior mediastinum
In the anterior mediastinum, the most frequently
found mediastinal mass is a thymoma. Thymomas
and thymic carcinomas are rare tumours. Thymomas
are frequently observed in patients with myasthenia
gravis (MG). Up to 45% of the patients with a thy-
moma have MG, and in 10% of patients with MG, a
thymoma is present[29]. The neurologist Oppen-
heim was the first who described the association
between MG and the thymus[30]. The thymus gland
plays a role in the complex pathogenesis of MG[31].

Therefore, thymectomy has been accepted as a stand-
ard treatment of MG for patients[32].

Myasthenia gravis (MG)
In 1936, Alfred Blalock was the first who performed
a successful thymectomy by a median sternotomy
in a patient with a mediastinal mass and MG[33].
Later, thymectomy by partial sternotomy, a transcer-
vical approach, extended transcervical thymectomy,
video-assisted thoracoscopic extended thymectomy
and the transcervical subxyphoid-videothoracoscopic
maximal thymectomy have been described[34,35]. Thy-
mectomy has been reported as a possible treatment
for nonthymomatous MG. Series comparing VATS
with sternotomy in nonthymomatous MG have
showed that in VATS thymectomy there is reduced
operative blood loss, a shorter hospitalization and an
equivalent MG remission rate[36]. Because of the het-
erogeneity in the surgical techniques described as
VATS thymectomy, the evaluation and comparison
of the studies are difficult.

On account of the lack of visualization, the unilat-
eral procedure underwent several modifications; a
bilateral approach, an addition cervical incision and
an addition subxiphoid incision have been described.

Table 16.2 Review of the published studies on robotic lobectomies

Authors No. of
patients

30 days
mortality, %

Follow-up,
mos.

OC, % OT, minutes LOS, days

Melfi et al. 2004[21] 23 4.3 — 8.7 192 † 5.0 †

Park et al. 2006[14] 34 0 — 12 218 * 4.5 *

Melfi et al. 2008[22] 107 0.9 — 9.4 220 * 5 †

Charagozloo et al. 2009[23] 100 3.0 32 * 0 216 † 4.0 *

Veronesi et al. 2010[24] 54 0 — 13 236 * 5.0 *

Augustin et al. 2011[25] 26 3.8 27 * 19 228 * 11.0 *

Dylewski et al. 2011[26] 154/200 3.0 ¶ — 1.5 90 * 3.0 *

Cerfolio et al. 2011[27] 104/168 0 — 7.7 132 * 2.0 *

Jang et al. 2011[28] 40 0 — 0 240 * 6.0 *

Veronesi et al. 2011[16] 91 0 24 11 239 * 5.0 *

Park et al. 2012[17] 325 0.3 27 8.0 206 * 5.0 *

Meyer et al. 2012[20] 185 1.6 — 1.6 211 † 4.0 *
¶, 60-day mortality rate; OC, open conversion; OT, operative time; LOS, length of hospital stay;
*, Median value,
† Mean value

Chapter 16: Robotics in thoracic surgery

161

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.016
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:27:20, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.016
http:/www.cambridge.org/core


Proponents of the robotic approach argue that
it facilitates a total extended resection for MG by a
minimal invasive approach more accurately than
thoracoscopic surgery. In 2004, Bodner et al. were
the first to report a series of 10 robotic thymectomies
with an operative morbidity and mortality of 0% and
a hospitalization of less than 3 days. Multiple small
series have been reported ever since and have shown
that robotic thymectomy for non-thymomatous MG
is feasible, safe and can produce high cumulative
complete remission rates[37–39].

Rückert et al. showed in a retrospective cohort
with 79 thoracoscopic and 74 robotic thymectomies
that the cumulative complete remission rate of MG
is higher in the robotic group. After a follow-up of
42 months, the cumulative complete remission rate
was 20.3% in the thoracoscopic group and 39.25% in
the robotic group. It is postulated that the superior
outcome of robotic thymectomy is due to a more
complete mediastinal resection because of superior
three-dimensional vision and an enlargement of the
operation field by insufflation with CO2

[40].

Thymomas
Minimally invasive surgery for a thymoma remains
controversial. Despite advantages of less blood loss
and shorter hospitalization, VATS thymectomy for
thymomas is not widely used. A complete surgical
resection with the resection margins free of tumour
is the most important factor for the curative treat-
ment of thymomas[41]. It is controversial whether with
VATS this can be accomplished. Recurrences after
resections of a thymoma, possible rupture of the cap-
sule and seeding of the tumour during endoscopic

manipulations are associated with the minimally inva-
sive approach. Long-term oncological results are not
available yet, and the prolonged learning curve is a
secondary reason for the reserved attitude. In the lit-
erature, it is only recommended in highly selected
patients with an early-stage thymoma[42]. A median
sternotomy is the standard approach for advanced
stage thymomas.

A thymectomy for a thymoma by a robotic
approach might overcome the limitations of thoraco-
scopic thymectomy because of the three-dimensional
vision and the manoeuvrability of the instruments.
There are only a few studies published regarding the
outcome of robotic thymectomies in patients with a
thymoma (Table 16.3). Marulli et al. reported a multi-
centre European study of 79 early-stage thymomas
resected by robotic surgery. The authors indicated
that robotic thymectomy is safe for early-stage thy-
momas with a low complication rate, shorter hospi-
talization and acceptable oncological outcome. There
were no vascular injuries, no nerve injuries and no
peri-operative mortality. However, these results should
be interpreted with caution as the median follow-up
was only 40 months[43].

Keijzers et al. showed that robotic thymectomy is
a safe and feasible approach for early- and late-stage
thymomas. Tumour invasion in the lung, pericar-
dium and phrenic nerve could be successfully handled
with the robotic system; only invasion in major
vessels was a bridge too far. Conversion to an open
procedure was performed when the surgeon sus-
pected the invasion of a major vessel. There were no
conversions for surgical complications[46].

A summary of the available literature shows that
robotic thymectomy is feasible in patients with MG.

Table 16.3 Review of the published studies on robotic thymectomy for thymomas

Authors No. of
patients

Masaoka
stage I/II/III/IV

TS, cm Follow-up,
mos.

RR, % OC, % OT,
minutes

LOS,
days

Mussi et al.
2012[44]

13 7/6/0/0 3.3 † 14.5 * 0 7.7 139 † 4.0 †

Marulli
et al. 2012[45]

79 30/49/0/0 3.7 † 51.7 † 1.3 1.3 165 † 4.4 †

Keijzers
et al. 2014[46]

37 20/13/3/1 5.1 † 41 † 2.7 10.4 149 † 3.0 *

TS, tumor size; RR, recurrence rate; OC, open conversion; OT, operative time; LOS, length of hospital stay.
*, Median value,
† Mean value
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In patients with an early-stage thymoma, a robotic
thymectomy is also feasible; however, with a median
follow-up around 40 to 50 months, a longer follow-up
is indicated to evaluate the oncological outcome.

Esophageal surgery
Robotic Heller myotomy
Achalasia (Greek term that means ‘does not relax’) is an
esophageal condition characterized by failure of the
lower esophageal sphincter (LES) and a loss of peristal-
sis in the distal esophagus. The etiology is unknown,
but different autoimmune and infectious etiologies are
mentioned in the literature as possible causes. The aim
of the treatment of achalasia is decreasing the pressure
in the LES so that passage of nutrition is no longer
difficult. Surgery by a Heller myotomy has the best
long-term outcome; in 1913, Ernst Heller was the first
to describe a myotomy through a thoracotomy. Over
the past 20 years, minimally invasive Heller myotomy
has been shown to be feasible[47]. A study of Shali-
gram et al. showed that robotic and laparoscopic sur-
gery is superior to the open Heller procedures; the
hospitalization is shorter, there are less post-operative
complications and less need for re-admissions[48].
A robotic Heller myotomy seems similar in safety and
efficacy to a pure laparoscopic approach.

Robotic esophagectomy
An esophagectomy can be performed for benign and
malignant diseases. It is a complex procedure associ-
ated with significant mortality and morbidity. The 5-
year overall survival rate varies between 19 and 46.5%
with early-stage detection of esophagus cancer and
good follow-up[49,50]. The benefits of minimally inva-
sive esophagectomy have been described in benign
diseases such as achalasia, and it is nowadays also
applied in malignant esophageal diseases.

Minimally invasive surgery for esophageal oncol-
ogy remains controversial. Even in experienced sur-
geons, dissection of the hiatus and the mediastinum
can be difficult and time-consuming. With the intro-
duction of robotic surgery, surgeons hoped to over-
come these problems with the three-dimensional
vision and the superior manoeuvrability of the
instruments.

In 2004, Kernstine and colleagues were the first to
describe a robotic esophagectomy in a 59-year-old
man with an ulcerated esophageal adenocarcinoma.

And since then, many case series have been published.
The described techniques differ; transthoracic and
transhiatal approaches combined with different
degrees of robotic assistance and a laparoscopic
approach for the abdominal section of the esopha-
gectomy have been published. The best way to per-
form a robotic esophagectomy remains debatable.

The largest case series of 40 robotic trans-hiatal
esophagectomies showed benefits in a selected patient
population with mediastinal dissection, minimal
blood loss and minimal post-operative morbidity[51].
Weksler et al. compared 11 robotic esophagectomies
with 26 thoracoscopic esophagectomies. The authors
showed no significant differences in operative time,
blood loss, number of resected lymph nodes,
post-operative complications, days of mechanical
ventilation and length of intensive care unit stay[52].

Robotic esophagectomy in malignant diseases is
feasible, and the results are comparable with thoraco-
scopic esophagectomies. However, there are no pub-
lished prospective, randomized, controlled studies to
monitor a better long-term survival of robotic esopha-
gectomy compared with conventional open esophagect-
omy. The first randomized, controlled trial comparing
robot-assisted minimally invasive thoraco-laparoscopic
esophagectomy with open trans-thoracic esophagect-
omy started in January 2012 in the Netherlands. The
follow-up will be 5 years, and the short-term results
will be published after discharge of the last random-
ized patient[53].

Conclusions
The high-definition three-dimensional optics and the
superior manoeuvrability of the instruments with
7 degrees of freedom and 360 degrees of rotation are
the most favorable advantages of robotic surgery. These
advantages overcome the weaknesses of thoracoscopic
surgery and make it possible to perform complex pro-
cedures in small operation fields more accurately. The
learning curve is significantly shorter than that of the
straight thoracoscopic approach. The indications in the
thoracic field include esophageal diseases, early-stage
lung cancer, mediastinal tumours and thymic diseases.
Although the evidence is insufficient, many published
series show benefits in robotic surgery for early-stage
lung cancer, myasthenia gravis and thymomas. With
the increased application and the promising results, it is
possible that robotic surgery willmarkedly change thor-
acic surgery in the future.
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Chapter

17
Pulmonary metastasectomy
Michel Gonzalez, Jean Yannis Perentes and Thorsten Krueger

Introduction
Pulmonary metastasectomy refers to the surgical
excision of metastasis to the lung originating from
an extrathoracic location. Pulmonary metastases
can potentially develop in any malignant tumor
with a prevalence of 30% in patients diagnosed with
cancer[1–3]. The pathophysiology of pulmonary
metastases is thought to result from the dissemin-
ation of tumor cells from the primary tumor site to
the blood circulation. These cells are stopped in the
pulmonary capillary bed, and if they have the cap-
acity, develop new tumor entities called metastasis.
Histologic studies have demonstrated that 84% of
pulmonary metastases receive their blood supply
from the pulmonary arteries, while 16% receive it
exclusively from bronchial arteries[1]. The probabil-
ity of a new lung lesion being a metastasis is directly
related to the original primary tumor. In situations
of sarcoma or melanoma primary tumors, the
likelihood of a new lung nodule being metastasis
is approximately 80%[1–3]. If the primary tumor is
urothelial or colorectal, the likelihood of a new lung
nodule being metastatic is 50%. Interestingly, in
situations of head and neck cancer, a new pulmon-
ary nodule is twice as likely to be a primary tumor
rather than a metastasis[4]. The latter is mostly
explained by the exposure to tobacco. For these
reasons, the histologic analysis of pulmonary
nodules should be performed preoperatively or
intraoperatively to determine the surgical strategy of
resection. Fineneedle aspiration biopsy can some-
times be a good alternative; however, this approach
does not always yield enough material to differen-
tiate primary lung cancer from lung metastasis of
colorectal or breast cancer.

Rationale for curative pulmonary
metastasectomy
The management of the majority of patients who
develop lung metastases is generally palliative includ-
ing chemotherapy due to the metastatic invasion of
other organs. The resection of pulmonary metastases
is sometimes indicated for palliation in situations of
pain due to chest wall invasion, massive hemoptysis
or retention pneumonia due to centrally located
metastases. However, more important, a substan-
tial group of patients with pulmonary metastases
may benefit from resection of lung metastases with
curative intent. Although there are no prospectively
randomized studies comparing pulmonary metasta-
sectomy with chemotherapy or observation, surgical
resection of pulmonary metastases is widely per-
formed in carefully selected patients[5]. Several retro-
spective studies have suggested an increased survival
for patients who underwent complete resection of
lung metastases in comparison to historical results
of patients who did not benefit from lung metasta-
sectomy[6–8]. The largest multicenter study based
on the International Registry of Lung Metastases
reviewed retrospectively 5,206 patients from
18 centers (US, Canada, and Europe)[9]. Overall
operative mortality was only 1.3%, demonstrating
that pulmonary metastasectomy is safe. Complete
resection was achieved in 88% of patients and was
demonstrated to be an important prognostic factor of
survival: overall 5-year survival of 36% for patients
with complete resection compared to 13% with
incomplete resection. These results suggest that pul-
monary metastasectomy can offer a survival advantage
when complete resection was achievable. Moreover,
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other prognostic survival factors were identified in this
study: (a) a tumor-recurrence-free interval of >36
months, (b) single pulmonary metastasis, and (c) the
histologic type of the primary tumor (Table 17.1)[9].
Over the past two decades, several studies have been
published supporting the role of pulmonary metasta-
sectomy in different tumors types[6–8]. Nonetheless, it
is currently not possible to identify patients who may
benefit mostly from this surgical strategy. Several
prognostic factors have been described and should
be considered in a multidisciplinary discussion before
pulmonary metastasectomy including the histology of
the primary tumor, the disease-free interval, the pres-
ence of other extrathoracic metastases, the number of
lung metastases, the tumor doubling time, the lymph
node invasion, as well as the surgical approach. The
improvement of surgical techniques (video-assisted
thoracoscopic surgery), radiologic images (chest CT
scan with thin slices), current use of PET-CT, and
advances with new chemotherapeutic agents allow
increasing surgical resection of pulmonary metastases
in properly selected patients. The established criteria
for lung metastasectomy are (Table 17.2)[10,11] (1) the
primary site of cancer is controlled or controllable
with no evidence of active disease; (2) the absence of
extrathoracic metastatic disease; however, involve-
ment of other extrathoracic sites may not be a contra-
indication to the resection of the pulmonary disease
if all metastatic sites can be resected completely
before the lung resection; (3) resection of lung metas-
tases must be complete; (4) the patient has sufficient
pulmonary and cardiovascular reserves to tolerate
pulmonary resection; and (5) there is no valid alterna-
tive therapy.

Preoperative evaluation
Control of the primary tumor
Surgical resection of lung metastases may be con-
sidered only if the site of the primary disease is
controlled or controllable. Unresectable primary
tumor is an absolute contraindication to lung metas-
tasectomy. Staging of the primary site depends on the
underlying tumor and the disease-free interval. Local
tumor recurrence must always be ruled out by specific
exams performed generally within 6 weeks before
planning pulmonary metastasectomy. Radiologic
investigations should include MRI or CT scan of the
primary tumor region. A recent colonoscopy will be
indicated in case of primary colorectal tumor. If the
tumor and pulmonary metastases are synchronous,
sequential resection is a reasonable approach if com-
plete resection can be achieved at the two sites[10].

Exclusion of extrathoracic metastases
Staging for extrathoracic metastatic disease should be
performed before the pulmonary resection, depend-
ing on the primary tumor. Abdominal CT scan is
generally performed to exclude hepatic metastases
or peritoneal carcinomatosis. PET scan is currently
performed to assess the extrathoracic metastatic
disease in patients with sarcoma, epithelial tumors
(breast, colon, lung), and melanomas, offering a
better sensitivity than the CT scan alone[12–14]. How-
ever, PET scan is not recommended for the detection
of additional pulmonary metastases not seen on CT
due to the low sensitivity for the detection of pulmon-
ary nodules smaller than 10 mm in diameter[15]. The
PET scan may be useful to determine hilar or medi-
astinal lymph node involvement. Lymph node inva-
sion, which is found in approximately 15–20% of lung

Table 17.1 Five-year survival after pulmonary metastasectomy
according to histologic type

Primary tumor 5-year survival

Colorectal carcinoma 24–68%

Soft tissue sarcoma 21–52%

Osteosarcoma 7–65%

Renal cell carcinoma 42–74%

Non-seminomatous germ-cell tumor 79–94%

Melanoma 21–35%

Uterine carcinoma 50%

Mammary carcinoma 36–51%

Table 17.2 Indication for a pulmonary metastasectomy

1. The primary site of cancer is controlled or
controllable.

2. Absence of other extrathoracic metastases (with
exception for metastases that are potentially
resectable).

3. Resection of pulmonary metastases must be
complete.

4. Sufficient pulmonary reserves to tolerate pulmonary
resection.

5. No valid alternative therapy.
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metastases, represents a factor of poor prognosis[16].
If the PET scan is positive for mediastinal lymph
node involvement, some authors recommend
preoperative mediastinal staging with endoscopic
bronchial ultrasonography (EBUS) or mediastino-
scopy to histologically assess the mediastinum and
potentially exclude patients from subsequent pulmon-
ary metastasectomy[16]. In the case of neurologic
symptoms, and in some tumor types with cerebral
dissemination (e.g. melanoma), a cerebral MRI or
CT if not available is indicated to exclude the presence
of brain metastases[10].

Identification of the number of
lung metastases
Preoperative lung radiology is crucial to determine
whether the patient can benefit from a complete
resection of lung metastases and to plan the type of
intervention[15]. Metastases may have various radio-
logic appearances but generally are round, well deli-
niated, and peripherally located in the lower lobes due
to a better vascularization of these areas (Figure 17.1).
The chest CT scan is the standard for the evaluation
of pulmonary nodules and invasion of adjacent struc-
tures (great vessels, chest wall, spinal column, and
esophagus). It should be performed within 4 weeks
of the pulmonary metastasectomy[15]. Nevertheless,
despite the progress of radiologic imaging with thin-
slice multidetectorrow CT scans, the ability to detect
all metastatic nodules is uncertain, and many sur-
geons still recommend bimanual palpation of the lung
to detect metastases that are not visible on the

preoperative CT[17,18]. Various studies have shown
that 16 to 46% of pulmonary lesions discovered
during the bimanual palpation of the lung were not
identified on preoperative chest CT[19–21]. Most of
these studies have involved a helical CT with 5-mm
thin-section reconstructions. More recent thin-slice
CT scanners allow better spacial resolution and
seem to achieve a level of metastasis detection com-
parable to bimanual palpation. Thus, the thoraco-
scopic approach to these diseases is more and
more defendable. Recently, Kang et al. have reported
27 patients by comparing the pathology reports with
preoperative radiologic report[22]. The thin slice
(1-mm) chest CT scan was compared with bimanual
palpation by thoracotomy. The sensitivity and nega-
tive predictive value were 97 and 96%, respectively, in
patients with a nonsarcomatous tumor.

Pulmonary reserve
Complete pulmonary function and a cardiac evalu-
ation should be performed prior to the pulmonary
metastasectomy according to the European Respira-
tory Society/European Society of Thoracic Surgeons
guidelines[23]. Postoperative pulmonary reserve of the
patient must be estimated considering the number and
locations of lung metastases. Peripheral lesions are
generally removed by nonanatomic resection (wedge
resection). But centrally located or larger metastases
may require anatomic resections (segmentectomy,
lobectomy, or pneumonectomy). In case of bilateral
involvement with multiple metastases, the estimation
of postoperative pulmonary function may be particu-
larly difficult if lesions are centrally located and mul-
tiple anatomic resections are required[10]. In this
situation, sternotomy with palpation of the two lungs
may be necessary to assess the resectability of bilateral
pulmonary lesions. In general, it is recommended to
use the most parenchyma-sparing approach because
metastases can be multiple and can recur.

Surgical resection
Extent of surgical resection
The goal of pulmonary metastasectomy is the com-
plete resection of the metastases while preserving as
much pulmonary parenchyma as possible. Most of
the pulmonary metastatic lesions are generally located
at the periphery of the lung and easily accessible to
wedge resection. In contrast to primary lung cancer

Figure 17.1 Chest CT scan showing single pulmonary metastasis
located in the left superior lobe originating from colorectal
carcinoma excised by thoracoscopic wedge.
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that generally requires anatomic resection, wedge
resection is as effective as anatomic resection
to manage metastasis to the lung parenchyma[10].
Pulmonary metastases are easily managed by wedge
resections using a standard stapler. This approach
has the advantage of achieving clear surgical margins
and efficient aerostasis. Other techniques have been
developed as an alternative to staplers to allow max-
imal sparing of lung parenchyma, especially when
lesions are multiple[24] (Table 17.4). Cautery resection
(precision resection), initially described by Perelman,
may be proposed for deeply located or peripheral
lesions in patients who are not candidates for

anatomic resection[25]. The technique consists of
nodule resection by cautery and individual ligation
of small vessels and bronchi. Another approach uses
lasers. This is usually performed by thoracotomy and
allows a superficial limited excision without deform-
ation of the pulmonary parenchyma. It can also allow
complete resection for lesions located close to major
bronchi and/or vessels[21]. The 1,318-nm Nd:YAG
laser is the only laser device capable of dissecting
lung parenchyma due to its high absorption of
water[26,27]. The disadvantages of laser systems are
the financial investment and staff education.
Moreover, this expensive technique has not proven a
clear benefit in comparison to cautery resection. The
Ligasure Vessel Sealing System, which is an electro-
thermal bipolar tissue sealing system, and the Ultra-
cision scalpel using ultrasonic waves promoting
coagulation have been proposed recently for wedge
resection, but data are lacking in thoracic surgery on
lung parenchyma with these techniques[28,29].

For large or central lesions, segmentectomy, lob-
ectomy, or occasionally pneumonectomy may be
required. Within the International Registry of Lung
Metastases, pulmonary metastasectomy was achieved
with wedge resection in 67%, segmentectomy in 9%,
lobectomy in 21%, and pneumonectomy in 3%[9].
Some authors consider pneumonectomy to be a rela-
tive contraindication to pulmonary metastasectomy
that should be reserved for solitary centrally located
tumors with a long tumor-free-interval without pre-
vious pulmonary resection. Resection extended to
other structures (chest wall, great vessels) may be
justified if complete resection can be achieved[30,31].

Surgical approach
Surgical approach is determined by the number
of metastases, their location, the functional reserves
of the patient, and whether or not the disease is
limited to one hemithorax. The choice of surgical
approach should permit complete resection while
saving as much pulmonary parenchyma as pos-
sible[32]. There are different approaches, each with
their advantages and disadvantages: thoracotomy
(anterior or posterolateral), median sternotomy, bilat-
eral transsternal thoracotomy (Clamshell incision),
and thoracoscopy. The optimal approach still remains
controversial (Table 17.5)[10,32,33].

In a recent survey of the European Society of
Thoracic Surgeons (ESTS), the approaches and

Table 17.3 Preoperative exams

Primary tumor CT Scan
MRI
Colonoscopy

Extrathoracic disease Thoracoabdominal CT
PET scan/CT
Brain MRI

Pulmonary metastases Chest CT (number,
localization)

Lymph node
involvement

PET scan/CT
Mediastinoscopy
EBUS/EUS

Cardiopulmonary
function

Spirometry
Echocardiography
Stress test

Table 17.4 Technique used in lung metastasectomy

Staplers

Cautery resection (precision resection)

Laser resection (Nd:YAG laser)

Ligasure system

Ultracision scalpel

Image-guided ablatives therapy:

• Radiofrequency
• Microwave
• Cryoablation
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preferences were recorded and included anterolateral
thoracotomy (36.3%), video-assisted thoracoscopic sur-
gery (28.8%), posterior muscle-sparing thoracotomy
(26%), posterolateral thoracotomy (22.6%), axillary
thoracotomy (17.2%), sternotomy (1.4%), bilateral
staged thoracotomy (66.2%), single-stage sternotomy
(26.9%), single-stage bilateral sequential thoracotomy
(19.3%), bilateral staged versus single-stage VATS
(12.4 vs 7.6%), and single-stage clamshell incision
(7.6%)[34].

The most commonly used approach is the lateral
or posterolateral thoracotomy via the fourth or fifth
intercostal space, which allows optimal exposure of
the lung with the opportunity to perform bimanual
palpation of the entire lung to find additional nodules
not noticeable on the pre-operative CT scan.
Postoperative pain and the inability to reach the
contralateral lung are major disadvantages. System-
atic one-stage bilateral thoracotomies provide no sur-
vival advantage when unilateral disease is evident on
radiologic findings[35]. Most centers propose staged
posterolateral thoracotomies for patients with bilat-
eral disease. Median sternotomy offers the advantage
to reach both lungs, allowing bilateral resection[36].
Postoperative pain is less important than a bilateral
thoracotomy. However, access to the lower lobes,
lymph node dissection, and anatomic resections are
more difficult than with a classical thoracotomy.

Clamshell incision (bilateral anterior thoracotomy
with transverse sternotomy) allows excellent visual-
ization and palpation of the lung but involves a
sacrifice of two mammary arteries and important
postoperative pain and is nowadays considered of
historical interest[10].

Video-assisted thoracoscopic surgery has gained
progressive interest for pulmonary metastasect-
omy[37,38]. The potential benefits of the VATS
approach are numerous: less pain, faster recovery,
smaller incisions, decreased length of hospital stay,
good visualization of the pleural space, less adhe-
sions in the event of reintervention, and better
compliance for adjuvant treatment[39]. However,
these advantages do not allow bimanual palpation
of the entire lung to detect nodules that are not
visible on preoperative radiologic exams. Some
studies have demonstrated that an open approach
with manual palpation allows identification of
additional nodules in 16 to 46% of patients in
comparison with the VATS approach[19–21,40].
These series were conducted with old-generation
CT scans with thick slices of more than 5 mm. Even
if there are no prospective, randomized studies
comparing the thoracoscopic approach to open
bimanual thoracotomy, numerous series have
demonstrated comparable survival rates between
the two approaches for patients with less than
three lesions[41–45]. These results appear to be partly
explained by the fact that there is no evidence that
the absence of immediate detection of nodules of
<5 mm influences tumor disease[46]. Microscopic
metastases, undetectable by VATS, can often be
resected later if they become detectable on a
follow-up CT with no deletary effect on patient
survival. In fact, as long as patients can regularly
be screened by repeat high-resolution CT scans,
new nodules can be detected and additional resec-
tions performed (more easily than following a pre-
vious thoracotomy). Moreover, the resection of
recurrent metastases does not interfere with overall
survival in case of metachronous metastases. Many
curable patients benefit from repeated resection, and
repeated thoracoscopies are better tolerated than
repeated thoracotomies. Finally, VATS resection is
less traumatic and significantly decreases the immune
response with a possible effect on the progres-
sion of the disease. Several adjunctive procedures
have been suggested to help in the localization of
nodules during VATS approach. Needle localization,

Table 17.5 Summary of the different surgical approaches

Surgical
approach

Advantages Disadvantages

Thoracotomy Good
unilateral
exposure
Bimanual
palpation

Painful
Second
intervention if
bilateral lesion

Sternotomy Bilateral
exposure
Less painful

Poor exposure to
lower lobe

Clamshell
incision

Bilateral
exposure

Painful
Sacrifice of both
internal
mammary arteries

Video-assisted
thoracoscopic
surgery

Less painful
Low
morbidity
Faster
recovery

No bimanual
palpation,
detection of
centrally located
lesion
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methylene blue injection, and sonographic evaluation
have been used to identify nodules not easily palpable
on the visceral pleural surface[47–49]. However, these
maneuvers may help for the resection of solitary
radiologically detectable lesions and will not allow
for detection of lesions less than 5 mm.

Even without any randomized, controlled trial or
meta-analysis available, an ESTS workgroup proposed
some recommendations on an optimal surgical
approach: for bilateral lesions, staged thoracotomy
with an interval of 3 to 6 weeks and an interval CT
are recommended. A VATS approach seems appro-
priate for diagnostic procedures and is not still
accepted as a therapeutic modality. At this time, there
is no alternative to bimanual palpation.

In conclusion, the optimal approach for pulmon-
ary metastasectomy continues to evolve, and the
patient must be informed of the different surgical
and interventional options with their advantages and
limitations. Given continued advancement in both
imaging and operative technology, the role of VATS
is expected to grow.

Lymph node involvement
Although mediastinal lymph node dissection or sam-
pling is currently performed during pulmonary resec-
tion for primary lung cancer, many surgeons do not
routinely perform this procedure during lung metas-
tasectomy. In a recent ESTS survey, 56% of surgeons
performed mediastinal sampling, 13% completed dis-
section, and 32% did no lymph node biopsy[34]. There
are two distinct clinical scenarios: (1) lymph node
involvement discovered on preoperative imaging or
invasive mediastinal staging and (2) incidental lymph
node involvement discovered during surgery after
mediastinal sampling or complete dissection. When
systematic or sampling lymph node dissection is per-
formed, lymph node metastases are identified in 12
to 32%[50–52]. Systematic mediastinal lymph node dis-
section has been reported to have a significant differ-
ence in survival between patients with positive lymph
nodes versus negative lymph nodes. Pfannschmidt
reported 245 patients who underwent systematic
lymph node dissection during pulmonary metasta-
sectomy and found hilar or mediastinal lymph node
involvement in 32%[52]. Median survival was
64 months for patients without nodal metastases
and 33 and 21 months for patients with hilar and
mediastinal metastases, respectively. Other series have

reported that hilar or mediastinal lymph node
involvement has worse survival in various primary
tumors, including colorectal, renal or head and neck
cancers[53–56]. Themorbidity after completemediastinal
lymphadenectomy has been reported to be low and does
not require much extra operative time[57]. Even though
survival benefit after lymph node dissection is unclear,
most authors consider that complete mediastinal lym-
phadenectomy or sampling should be recommended
during pulmonary metastasectomy to achieve accu-
rate staging and guide additional chemotherapy[16].

When mediastinal lymph node involvement is
suspected in preoperative findings, more formal
mediastinal evaluation should be performed, includ-
ing mediastinoscopy, EBUS, or EUS. Pulmonary
metastasectomy is questionable for preoperative his-
tologically proven mediastinal involvement, and some
authors propose to exclude patients with positive
mediastinal lymph nodes from pulmonary
metastasectomy[16].

Resection of recurrent metastases
Recurrence of pulmonary metastasis is a common
situation occurring in approximately 50% of cases.
Within the International Registry of Lung Metastases,
recurrent disease was found in 53%, and patients who
underwent a second metastasectomy had a survival
at 5 years of 44%[9]. A longer time interval between
the first metastasectomy and recurrent metastases
appears to have a more favorable prognosis. Surgical
resection of recurrent pulmonary metastases has been
studied particularly in patients with colorectal cancer,
with 5-year survivals ranging from 29 to 85%[58–60].
These results suggest that the biology of the tumor is
more important than the strategy of resection, biology
allowing some lesions that are not detected by CT
scans to be resected later without significant
impact on overall survival. Conversely, in the case of
biologically aggressive tumors, complete resection of
all pulmonary lesions may not improve prognosis. No
controlled studies are available to define the optimal
imaging protocol after metastasectomy. Even if pal-
pation at the time of metastasectomy was performed,
regular follow-up is recommended. The interval for
follow-up is not defined, but an ESTS workgroup’s
recent recommendation was chest CT in the
postoperative period, which will be repeated every
6 months for the first 2 years, then yearly[15]. If the
lung has not been palpated or the tumor doubling
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time is short, a more frequent radiologic monitoring
should be discussed.

Other ablative techniques
Alternative, less aggressive therapies are currently
under investigation. Radiologic ablation under
guidance has been proposed using three different
techniques: radiofrequency[61], microwave[62], and
cryoablation[63]. These CT-guided techniques have
some potential limitations. It is impossible to ensure
complete destruction of the lesion and resection
margins cannot be obtained with histologic evidence.
These techniques are still under investigation and
may present serious complications (pneumothorax,
hemoptysis, hemorrhage, bronchopleural fistula)
and are usually reserved for nonoperable patients or
patients who choose them.

Specific situations (different
primary tumors)
Colorectal cancer
Lung metastases develop in 5 to 15% of colorectal
cancer patients, and pulmonary metastasectomy is
a treatment option in 1 to 2% of all patients with
colorectal carcinoma[64]. Colorectal cancer is cur-
rently the most common primary tumor for patients
with potentially resectable pulmonary metastases.
Pulmonary metastases may develop along four differ-
ent types of scenarios: (1) synchronous with the pri-
mary colorectal cancer; (2) development of lung
metastases in a patient who had previously developed
liver metastases, (3) development of isolated lung
metastases; and (4) recurrent pulmonary metastases
after previous lung metastasectomy. Multiple studies
have investigated the outcome of colorectal cancer
patients who underwent resection of lung metastasis,
with 5-year survival varying from 24 to 68% and with
median survival of 18 to 67 months[64–67]. Several
survival prognostic factors have been identified:
(1) disease-free interval between colonic tumor and
lung metastasis identification of >12 months,
(2) CEA preoperatively normal, (3) absence of hilar
or mediastinal lymph node infiltration, and (4) single
pulmonary metastasis. Patients presenting with both
hepatic and pulmonary metastases have a 5-year
survival rate after lung metastasectomy ranging
from 11 to 61%[64]. These results are comparable
with patients who underwent only pulmonary

metastasectomy. Nevertheless, none of these factors
is an absolute contraindication to pulmonary resec-
tion. Repeated pulmonary resections also have
encouraging results, with survival at 5 years between
29 and 85%[58–60]. With the development of new
chemotherapeutic agents, the progression-free sur-
vival and overall survival have been dramatically
increased in stage IV colorectal cancer, and pulmon-
ary metastasectomy is currently questioned. Cancer
Research UK has began recently a randomized, con-
trolled trial PulMiCC (Pulmonary Metastasectomy
in Colorectal Cancer) in patients with pulmonary
metastases comparing treatment with chemotherapy
alone versus surgery combined with chemother-
apy[68]. Moreover, in metastatic colorectal cancer,
additional systemic chemotherapy should be con-
sidered. The exact role of combined liver and lung
metastasectomy in the context of modern chemother-
apeutic modalities is also currently under discussion.

Soft tissue sarcoma
Between 20 and 50% of patients with soft tissue sar-
coma will develop pulmonary metastases. Frequently,
the lung is the only metastatic site of sarcoma,
and death usually occurs due to uncontrolled
intrathoracic disease. Many studies have suggested a
survival benefit in patients who undergo pulmonary
metastasectomy. These tumors are generally poorly
chemosensitive, and pulmonary metastasectomy is
recommended as long as complete surgical resection
is feasible. Survival at 5 years varies from 29 to
52%[69–73]. The principal prognostic factor of survival
is the completeness of resection. Poor prognostic
factors found are (1) high-grade tumor, (2) tumor of
>5 cm, (3) multiple metastases, (4) a bilateral disease
and (5) a short disease-free interval.

Osteosarcoma
Treatment of osteosarcoma is nowadays multidisci-
plinary. It includes the combination of chemotherapy
and surgery. If lung metastases are synchronous,
chemotherapy is started, and lung metastasectomy is
performed after resection of the primary tumor.
Postoperatively, surgery is usually combined with sys-
temic chemotherapy. The 5-year survival rate varies
from 7 to 65%[74–76]. Completeness of resection, long
disease-free survival interval, and number of metasta-
ses have been described as prognostic factors for
survival. Repeat pulmonary metastasectomy for
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osteosarcoma is also considered a viable option,
and remissions or possible cure may be obtained
even in patients who experience two or more lung
relapses.

Renal cell carcinoma
Several studies have shown survival benefit after
pulmonary metastasectomy in renal carcinoma[77].
Two studies have shown a 5-year survival of 45 and
42% after complete resection in comparison with 8
and 22% in the case of incomplete resection[55,78].
Hilar or mediastinal lymph node invasion indicated
poorer prognosis. A recent study published by the
Mayo Clinic showed a 5-year survival of 74% after
pulmonary metastasectomy compared to 19% for
incomplete resection[77]. Current indications for sys-
temic chemotherapy following metastasectomy are
questionable in this nonchemosensitive disease.
To date, targeted therapy have some effectiveness
for palliation.

Melanoma
More than 30% of patients with a malignant mela-
noma will develop lung metastases, associated with a
poor prognosis[79]. In solitary pulmonary lesions, pul-
monary metastasectomy may offer a benefit on sur-
vival, with 5-year survival ranging from 21 to 35%.
Complete resection is also an important prognostic
factor of survival, with 5-year survival of 21% and
median survival of 19 months in comparison with
13% and 11 months, respectively, for incomplete
resection[80]. Disease-free interval of less than
12 months and invasion of thoracic lymph nodes
confer poorer prognosis. Systemic chemotherapy
following surgery has not proven efficient.

Nonseminomatous testicular germ cell tumor
Pulmonary metastases are frequently encountered
in patients with nonseminomatous testicular germ
cell tumors[81,82]. Resection of the residual pulmonary
lesion is indicated after chemotherapy when there
is normalization of tumor markers (beta-HCG,
alpha-fetoprotein). Residual pulmonary lesions after
chemotherapy may result in three distinct lesions
which cannot be differentiated radiologically: (1) nec-
rotic lesions, (2) viable tumor, and (3) mature tera-
toma. Nevertheless, complete resection of viable
tumor or mature teratoma is associated with a 5-year

survival if from 79 to 94%. Viable tumor and an
absence of tumor marker normalization after chemo-
therapy are associated with poorer prognosis. Pul-
monary metastasectomy may also be indicated in
cases of poor response to chemotherapy when com-
plete resection is feasible.

Breast cancer
Metastatic disease in breast cancer is often wide-
spread, and pulmonary metastasectomy is rarely indi-
cated. However, some patients will develop solitary
isolated lung metastases amenable to lung metasta-
sectomy. Complete resection, solitary metastasis, and
long disease-free interval have a better prognosis.
Nonetheless, breast cancer is treated as systematic
disease, and prolonged survival is probably attributed
to systemic chemotherapy or hormone therapy[83].

Other tumors
Pulmonary metastasectomy may also be considered
for patients with other histologic types such as
head and neck[84], uterine[85], pancreatic[86], or
hepatocellular[87] carcinoma. Unfortunately, criteria
of pulmonary resection are rarely indicated for these
tumors. Glandular metastases from head and neck
cancer have a much better prognosis than squamous
cell cancer.

Conclusion
Isolated pulmonary metastases are common in
patients with cancer and can be found with differ-
ent types of primary tumors. Various studies suggest
that pulmonary metastasectomy has an impact on
overall survival and should be proposed if the primary
tumor is controlled, if there are no extrathoracic
metastasis, and if complete resection can be per-
formed (adequate pulmonary and cardiac functional
reserves). Several prognostic factors may influence sur-
vival (single metastasis, unilateral, long diseasefree
interval, type of primary cancer). The major prognos-
tic and survival factor is the achievement of complete
resection. Pulmonary resection should be lung
sparing. Thus, wedge resections are the preferred
approach. VATS with high-resolution CT scan
before and after seems to offer equivalent oncologic
results to the classical thoracotomy with bimanual
palpation of the lung and allows a more easy
reoperation, which can occur along the course of
these diseases.
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Section V

Chapter

18
Diseases of the pleura

Tube thoracostomy
Evidence-based management of chest drains following
pulmonary surgery
Alessandro Brunelli

Management of chest tubes remains a critical aspect
in the post-operative course of patients following lung
resection. It is traditionally influenced by two factors:
presence of air leak and daily pleural fluid output. The
combination of these two factors has characterized
protocols of chest tube removal.

Prolonged air leak
Figures from the last edition of the European Society of
Thoracic Surgeons Database Annual Report (www.ests
.org/documents/PDF/Database_ESTS_Report_2012
.pdf) showed that the incidence of an air leak lasting
longer than 5 days is about 8.3% after lobectomy, 6.8%
after segmentectomy and 3.5% after wedge resection.

These data confirm that prolonged air leak (PAL)
remains a bothersome complication. Several authors
have shown that PAL is a major determinant of post-
operative hospital stay and costs[1,2]. Varela and col-
leagues[2] have shown that only 10% of patients with
PAL are likely to be discharged by the seventh post-
operative day, whereas 90% of those without PAL can
be sent home by this time. They found that the excess
cost attributable to PAL (driven mainly by the
increased length of stay) was about 39,000 euros in
21 patients with this complication, an average of 1,860
euros per patient[2].

Although many patients can be safely sent home
with a one-way valve or portable chest drainage
system, this practice is not always well accepted by
patients, is not feasible in all settings and is not
possible for patients with medium- to high-grade
air leaks.

PAL is not only a financial issue, but it has also
been shown to increase the risk of other medical
complications, particularly empyema[3].

For this reason, several authors have attempted to
predict the occurrence of this complication in an
effort to identify high-risk patients in whom to apply
preventative measures.

The most consistently reported risk factors are
reduced pulmonary function indicative of a damaged
and fragile lung parenchyma, use of steroids, perform-
ance of an upper lobectomy, low body-mass index
(BMI) and presence of pleural adhesions[4]. Together
with the group from Salamanca[5], we recently
developed an aggregate risk model stratifying the risk
of PAL in four risk classes according to the presence of
four weighted factors: age > 65, 1 point; presence of
adhesions, 1 point; FEV1< 80%, 1.5 points; and body-
mass index < 25.5, 2 points. The sum of the individual
points in each patient yields a cumulative score, which
may range from 0 to 5.5. For instance, a 75-year-old
patient with an FEV1 of 70%, BMI of 24 and pleural
adhesions would have themaximum score of 5.5 points.
According to the score, four risk classes were derived
with an incremental risk of PAL. In the validation set,
the risk of PALwas nil in class A (no risk factors present,
score 0), 6.7% in class B (score 1), 10.9% in class C (score
1.5–3) and 25.7% in class D (score > 3.5).

The best way to avoid the occurrence of PAL is to
prevent this complication during surgery by applying
meticulous technique. However, once this complica-
tion is evident in the post-operative period, several
measures have been tested to reduce the duration of
air leak (chest tube management, autologous blood
patching, reoperation etc.).

Certainly one of the most studied methods used in
the post-operative phase is the application of different
protocols of chest tube management. Several random-
ized clinical trials have been published comparing
suction versus ‘water seal / no suction’.
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There are relative pros and cons in using suction
versus no suction. Theoretically, suction promotes
pleura-pleura apposition favouring the sealing of air leak
and certainly favouring the drainage of large air leaks.
However, suction has also been shown to increase the
flow through the chest tube proportional to the level of
suction applied, and it is assumed that this increased
airflow increases the duration of drainage. Further, the
use of suction has also historically been associated with
reduced patient mobilization, particularly if wall suction
is used. On the other hand, the so-called water seal or no-
suction approach has been shown to be effective in some
circumstances to reduce the duration of air leak, presum-
ably by decreasing the airflow, whilst also favouring
mobilization (since the patient is not attached to the wall
suction). Nonetheless, the absence of suction makes this
approach ineffective in the case of medium to large air
leaks (particularly in the presence of a large pneumo-
thorax) and is associated with an increased risk of other
complications (particularly pneumonia and arrhythmia).

Table 18.1 is a summary of the findings of the
randomized trials published on suction versus no suc-
tion in lung resection patients. As evident from the
table, these trials yielded mixed results. Some authors
found a benefit by using ‘water seal’; others did not
find any difference between the two modalities.

There are a number of problems with these studies.
By comparing suction and no suction, whilst maintain-
ing identical drain removal criteria, the studies automat-
ically favour the no suction group, in that the
measurement is the removal of air and not the healing

of the fistula. The application of suction would increase
the airflow through the fistula; however, there is no
evidence to suggest that suction slows the healing of
the fistula itself. To truly demonstrate the difference
between suction and no suction, it would be necessary
to have a higher airflow criterion when removing the
chest drain for the suction group – something not
possible with traditional systems due to their inaccuracy
in measuring the severity of the air leak. This lack of
objective data for more sensitive measurement of air
leak severity has prevented the standardization of stud-
ies, and even test and control groups within studies,
resulting in a lack of accurate quantification and repro-
ducibility. Further, a conceptual problem inherent to all
these studies is the definition of ‘water seal’ and suction.

Standardization of terminology
A recent collaborative proposal from the European
Society of Thoracic Surgeons (ESTS), American Asso-
ciation for Thoracic Surgery (AATS), Society of Thor-
acic Surgeons (STS) and General Thoracic Surgical
Club (GTSC) on standardization of nomenclature has
helped clarify some controversial definitions based on
physical and physiological principles[6].

Among others the following terms were discussed
and proposed:

• Passive drainage occurs when intrapleural pressure
rises above atmospheric pressure.
• Active drainage occurs when a sub-atmospheric
pressure is applied to the pleural space either by an

Table 18.1 Summary of the randomized trials comparing suction versus no suction

Author Algorithm No.
of pts.

Favour no suction Benefit

Cerfolio RJ 2001[22] No suction on POD2 33 Yes Larger air leak seal by POD3

Marshall B 2002[23] No suction on ward
arrival

68 Yes Shorter air leak duration

Brunelli A 2004[24] No suction on POD1 145 No No difference in air leak
duration,
increased trend of
complications

Brunelli A 2005[25] Alternate suction 94 Yes to alternative
suction

Shorter tube duration, LOS,
less
PAL vs full-time no suction

Alphonso N 2005[26] Immediate no suction 234 No No difference

LOS = length of stay; PAL = prolonged air leak; POD = post-operative day
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external suction device or by creating a column of
liquid within the chest tube that extends below the
level of the pleural space (siphoning effect). In this
regard, the old term ‘water seal’ does not always
correspond to ‘no suction’. It may at times
represent a form of uncontrolled, active drainage.

Recent findings from our group[7] have shown large
variations of values of pleural pressure measured during
the last hour before chest tube removal in a series
of uncomplicated pulmonary lobectomies, while the
chest tube was maintained on water seal without exter-
nal suction. Pressure can vary from values above
atmospheric pressure, exposing patients to the risk of
tension pneumothorax, to values as negative as minus
40 cmH2O in the same patient and during a relatively
short period of time (Figure 18.1).

To simplify terminology and understanding of the
‘active drainage’, the situation where a sub-atmospheric
pressure is created by an external suction device has
been defined as ‘external suction applied’. In all other
cases (previously referred as ‘water seal’), the definition
‘no external suction applied’ has been proposed.

Another important definition is the distinction
between regulated (variable) suction and unregulated
(fixed) suction. Regulated suction is a form of active
drainage obtained through the application of an
external source of suction capable of modifying its
level of suction (negative pressure) in response to the
feedback coming from the pleural space. In other
words, the suction source applied to the chest drain-
age system is capable of varying its activity to main-
tain a preset value of pressure. As a consequence,
these systems can be best described as suction when
needed by the patient and non-suction when not
(Figure 18.2). Non-regulated or fixed suction is a form
of active drainage provided by an external source of
suction not capable of varying its level based on the
intrapleural pressure level (i.e. wall suction).

Electronic drainage systems
Some companies have recently produced and com-
mercialized chest drainage systems with built in elec-
tronics able to measure air flow.

Figure 18.1 Average intrapleural
pressure measured in patients submitted
to pulmonary lobectomy and managed
with a traditional device and with a
regulated-pressure device (Thopaz). In
these cases, the traditional system was
not on suction, and Thopaz pressure was
set at �2 cmH2O. By using the traditional
system, wide oscillations of intrapleural
pressure were evident with prolonged
periods of positive values (>0 cmH2O). By
using the regulated pressure system,
intrapleural pressure was maintained
stable at the preset value with minimal
oscillations.

Figure 18.2 Average intrapleural
pressure measured in patients
undergoing pulmonary lobectomy and
managed with a traditional device and
with a regulated-pressure device
(Thopaz). In these cases, both systems
were placed on suction at �15 cmH2O.
By using the traditional system, wide
oscillations of intrapleural pressure were
evident despite the suction, whereas by
using the regulated pressure system, the
intrapleural pressure was maintained
stable at the preset value.
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There are several experiences already published in
the medical literature reporting on the clinical char-
acteristics and benefits of these novel devices.

In summary, the main features of the commer-
cially available digitalized chest drainage systems are
the following:

1. Objective measurement of air leak, which
improves reproducibility and interobserver
agreement

2. Graphical display of trends of airflow, which
assists in chest tube management

3. Recording of data for later export, retrospective
analysis and medico-legal purposes

4. Compact, light and portable design
5. Built-in pump, no need to attach to chest wall for

suction
6. Provide regulated, variable suction to generate a

stable intrapleural negative pressure (Figures 18.1
and 18.2)

7. Intelligent systems, which work only when needed
to mantain preset negative levels in the presence
of air leak (suction when needed, non-suction
when not)

8. Unaffected by gravity and the position of the
system relative to the patient

One the most important studies about digital systems
is the one published from the Salamanca group[8].
They found a high inter-observer variability among
staff surgeons in deciding when to remove a chest tube
when using a traditional device. On the other hand, the
inter-observer agreement was almost perfect when a
digital system was used to assess air leak. The main
reason explaining the difference is the availability of
objective data about air leak upon which to base the
decision on whether to remove the chest tube.

The objective unequivocal quantification of the air
leak is likely the most important factor explaining the
clinical benefits found in two randomized clinical trials
comparing digital versus traditional devices[9,10].

Cerfolio and colleagues[9] found that patients con-
nected to a digital system had a shorter duration of
chest tube (0.8 days less) and hospital stay (0.7 days less)
than those connected to a traditional device. One
interesting aspect of this study was the crossover of
patients with an air leak on both devices, which made
it possible to correlate the readings obtained from
both systems.

The authors were able to find a certain linear
correlation between the median airflow measured

by the digital device and the intensity of the
bubbling.

The other randomized trial showing the efficacy of
digital systems over traditional ones was the one pub-
lished by our group[10]. Only lobectomy patients were
included in the study, with 160 patients randomized into
two groups. The group connected to a digital systemhad
a significantly shorter duration of chest tube placement,
which resulted in a reduced hospital stay of about 1 day.
Consequently, we were able to find a cost reduction of
about 500 euros per patient. Additionally, 51% of
patients with the digital drainage device had their chest
tube removed by the second post-operative day com-
pared to only 12% of those with the analog device. One
of the most important aspects of this study was the use
of a standardized fast-track chest tube removal protocol,
taking advantage of the objective information about air
leak recorded in the system.We did not rely on instant-
aneous assessment of air leak anymore but rather on
average values of air leak, expressed inml/min, recorded
during the last 3–6 hours.

Both of these randomized trials were conducted
using a system, called Digivent, no longer available on
the market.

Pleural pressure
Some new electronic chest drainage systems are not
only able to measure the airflow but also the pleural
pressure. Little is known about the influence of the
pleural pressure on the duration of air leak and even
less on the importance of it to the recovery of the lung
after surgery.

A recent paper combining patients from Ancona
and Mayo Clinics has shown that the differential
pressure (difference between minimum pressure and
maximum pressure) calculated from measurements
taken during the 6 post-operative hours following
lobectomy was associated with the duration of air leak
and the risk of a PAL[11].

Patients with an airflow greater than 50 ml/min
and a differential pressure greater than 10 cmH2O
have a risk of PAL > 72 hours as high as 52%.

This work may have clinical implications insofar
as by modifying the differential pressure (narrowing
the ‘swing’ between maximum and minimum pres-
sure), there may be the possibility to influence the
duration of air leak.

These findings were derived from data recorded
by using the Digivent system, which is no longer
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available on the market. That system featured separate
flow and pressure sensors located at the canister level,
which allowed for influence by external factors such
as siphoning effects and positioning of the patient.

New systems, such as the Thopaz (Medela
Healthcare, Switzerland), provide more sophisticated
data and clinical results. They feature a pressure
sensor that measure the intrapleural pressure of the
chest and contain an intelligent algorithm that con-
trols the pump, meaning they are capable of reacting
to the feedback coming from the sensor. The airflow
is accurately measured (with 1% error rate) by the
activity of the pump to maintain a preset level of
pressure. In a sealed environment and in the case of
no air leak, the pump function ceases to work once
the preset negative pressure is reached, turning the

system into a non-suction device. Nevertheless, it
never stops measuring and recording pressure data.
In the absence of air leak, Thopaz will simply observe
and record the pressure of the intrapleural space.

One of the great potential advantages of regulated
suction devices (i.e. Thopaz) is the capability to
maintain a stable pressure even in the case of air
leak with minimal variability in the range of 0.1
cmH2O (Figure 18.3). Furthermore, when the preset
pressure is at or below �8 cmH2O and there is no air
leak, the device works passively, as a one-way valve,
only monitoring and recording the pleural pressure
driven by the patient himself or herself (Figure 18.4).

What you set in the device is what you really get
inside the pleural space. In contrast to a traditional
chest drainage system, the oscillations around the

Figure 18.3 Airflow–pleural pressure graph downloaded from a regulated-pressure chest drainage system in a patient undergoing
pulmonary lobectomy. The red line represents airflow, and the blue line the pleural pressure recorded at the chest. In this patient there was a
prolonged period of air leak. The device worked to maintain the pleural pressure stable at the preset value without oscillations in spite of the
airflow.

Figure 18.4 Airflow–pleural pressure graph downloaded from a regulated-pressure chest drainage system (Thopaz) in a patient undergoing
pulmonary lobectomy. The red line represents airflow, and the blue line the pleural pressure recorded at the chest. There was an initial
period of a few hours with some air leak and in which the pleural pressure was maintained stable at �2 cmH2O (which was the preset
value in this case). Once the airflow stopped, the patient stabilized his own pleural pressure within physiological values. The device simply
observed without exerting any suction.
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preset value are minimal (Figure 18.1), which may
contribute to reducing the duration of air leak,
according to the aforementioned paper[11]

The introduction of these types of novel electronic
chest drainage systems in clinical practice has been
shown to be effective and safe. In a previous investi-
gation, Pompili and colleagues[12] used propensity
score case-matched analysis to compare the first con-
secutive 51 lobectomy patients managed with Thopaz
with 51 counterparts managed with a traditional
device.

Patients managed with Thopaz had chest tube
durations approximately 2 days shorter and hospital
stays 1.5 days shorter, with a consequent saving of
approximately 750 euros per patient.

Moreover, compared to patients managed with
a traditional system, those connected to the novel
electronic device had a consistently shorter duration
of chest tube since the very first cases. The ‘learning
curve’ sloped down for the first 40 patients before
reaching a plateau, when the maximum benefit of
the electronic device was evident.

Modern chest drain devices, which are able to
apply regulated suction to maintain the preset intra-
pleural pressure, represent the ideal instruments to
reliably assess the effect of different levels of negative
pressure on the duration of air leak. They may over-
come the main limitation of previous trials using
traditional devices and comparing suction versus no
suction: the impossibility of controlling whether the
preset level of suction was indeed maintained inside
the chest.

In this regard, we[13] recently compared the effect
of different levels of pleural pressure on the duration
of air leak under controlled conditions by using a
regulated chest drainage system (Thopaz). One hun-
dred patients undergoing pulmonary lobectomy
were randomized to receive two different types of
chest drainage management: group 1, regulated indi-
vidualized suction mode, with different pressure
levels depending on the type of lobectomy and
ranging from �11 to �20 cmH2O based on a previ-
ous investigation[7]; group 2, regulated seal mode
(�2 cmH2O). At this low level of suction, the system
works only to compensate the occurrence of values
more positive than �2 cmH2O in case of air leak.
Otherwise, it works passively as a regulated, non-
suction device. We found that the average air leak
duration and the number of patients with PAL were
similar between the groups, showing that a regulated

seal is as effective and safe as regulated suction in
managing chest tubes following lobectomy.
Although this experience can be refined with the
application of different levels of suction or different
endpoints, it will contribute to set the basis for
future investigation on active pleural management
based on regulated pleural pressure.

Pleural effusion
The other factor influencing the timing of chest
tube removal is the amount of pleural fluid output
observed daily from the chest tubes. Traditionally,
most surgeons accepted the cutoff of about 200 ml/day
as a safe threshold below which to pull out a chest
tube. However, this value is based more on tradition
than on scientific data or physiology.

The pleural fluid turnover is fully regulated by the
lymphatic drainage system located at the parietal
level. This system is particularly developed at the
diaphragmatic and mediastinal surfaces, and the
visceral pleural is substantially excluded from this
mechanism since its permeability is in physiological
conditions at least 10-fold less than that of parietal
pleura. The hourly turnover of the pleural fluid is
about 0.2 ml/kg, leading in physiological conditions
to its complete renewal in about 1 hour[14].

Lymphatics act as an efficient negative-feedback
system to regulate pleural fluid dynamics as they can
markedly increase draining flow (20–30 fold) in
response to increased filtration, such as the one
occurring after lung surgery as a result of post-
operative inflammation. Studies on experimental
hydrothorax have shown that pleural lymphatics
are able to generate a pressure to bring the lung close
to the chest with minimal residual pleural liquid
volume[15]. Another important factor of the equa-
tion is that hydrothorax may be actually favoured
by the presence of the chest tube because excessive
sub-atmospheric pressure (above physiological
range, such as �20 cmH2O) may cause an increase
in fluid filtration. Also, the presence of a chest tube
itself is an irritant to the pleural lining, creating
an inflammatory effect, thereby increasing fluid
filtration.

These physiologic principles seem to support the
concept that it is not really necessary to drain all the
fluid in pleural space by chest tube, since the pleura
can absorb this excess fluid physiologically. But how
much fluid can we safely leave behind? There is really
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scant information in the literature about pleural fluid
management after lung surgery.

Probably the most important study in this regard is
the one from Cerfolio and colleagues[16]. In more than
2,000 patients submitted to lung resection, they found
that a fluid threshold of less than 450 ml/day (provided
that the presence of cerebrospinal fluid, chylothorax or
hemothorax has been ruled out) was safe and that only
11 patients (<1%) needed to be readmitted for recur-
rent symptomatic pleural effusion.

Since that paper, several thoracic surgeons have
started changing their attitude in pleural fluid man-
agement to being more aggressive in pulling a chest
tube even with a high pleural fluid output.

In our unit, we currently remove a chest tube in
the absence of air leak when the daily amount of
pleural fluid is less than 400 ml/day. Using this policy,
we did not observe any significant increase in
readmissions for symptomatic pleural effusion or
need for chest tube re-insertion.

Single versus double chest tube
Traditionally, thoracic surgeons have used two chest
tubes to drain the pleural space after lobectomy. The
dogma, learned from school and mentors, is that one
tube should be placed at the apex to drain air and the
other at the base to drain fluid. Once again, this practice
has never been challenged and has been accepted for
granted as the best practice in thoracic surgery.

In the last 10 years, however, there have been
several randomized trials that have demonstrated that
the use of a single chest tube after lobectomy is safe
and effective. Further, as the presence of the chest
tube is an irritant and encourages fluid secretion,
the presence of only a single tube will reduce the
incidence of drains being left in situ due to measured
fluids in the drainage device.

Table 18.2 summarizes the randomized trials
comparing single versus double chest tubes after pul-
monary lobectomy[17–19].

All authors found an advantage of using a single
chest tube in terms of pain. No differences were
detected in terms of residual pleural effusion or a
need to re-insert a chest tube.

Okur and colleagues found that the use of a single
tube reduced the duration of chest drains in place and
the amount of drained pleural fluid[19].

We also found that the pressure exerted and meas-
ured within the pleural space when applying suction
to a single chest tube was not different from the
intrapleural pressure measured when two chest tubes
were used[20]. In this regard, the concern that a single
chest tube may not be sufficient to promote adequate
lung re-expansion does not appear to be supported by
this finding.

The practice of using a single chest tube is corrob-
orated by recent findings from our group[21] about
the influence of chest tubes on respiratory function
and static and dynamic chest pain. We measured
forced expiratory volume and chest pain (by numeric
pain scale) immediately before and 1 hour after chest
tube removal in 104 patients submitted to lung
resection.

The static and dynamic pain scores decreased by
approximately 40% after chest tube removal. Com-
pared to the pre-removal value, the average FEV1
increased by 13% after tube removal (about 200 ml).
After chest tube removal, 67% of patients showed an
FEV1 improvement. Similar results were observed in
patients operated on through video-assisted thoracic
surgery (VATS) or thoracotomy.

These findings indicate that the chest tube has an
impact not only on pain but also on respiratory func-
tion. Therefore, in this regard, the use of a single chest
tube appears even more warranted.

The current practice in our unit is to use a single
24-French chest tube placed in a mid-position
through the apex. We adopted this practice more
than 4 years ago, and we did not notice any increase
in recurrent symptomatic pleural effusion requiring
tube re-insertion.

Table 18.2 Summary of the randomized trials comparing single versus double chest tubes

Author Protocol CT Duration Pl Effusion Pain Residual Pl effusion
or new drain

Alex J 2003[17] RCT Same Same Reduced Same

Gomez-Caro A 2006[18] RCT Same Same Reduced Same

Okur E 2009[19] RCT Reduced Reduced Reduced Same
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Chapter

19
Primary spontaneous pneumothorax
Giuseppe Cardillo, Gerard Ngome Enang, Francesco Carleo, Bernardo
Ciamberlano, Pasquale Ialongo, AldoMorrone and MassimoMartelli

Pneumothorax is a relatively common clinical prob-
lem which usually occurs in young healthy males,
but anyone can be affected. Irrespective of aetiology
(primary, or secondary to pre-existing lung disorders
or injury), immediate management depends mainly
on the extent of cardiorespiratory impairment and
degree of symptoms.

Definition
Pneumothorax is defined as the presence of air in
the pleural space[8]. This is due to one of the following
reasons: (1) the existence of communication between
alveolar spaces and pleura; (2) direct or indirect com-
munication between the atmosphere and the pleural
space; (3) presence of gas-producing organisms in the
pleural space; (4) trauma involving bowel and dia-
phragm; of (5) oesophageal perforation. Clinically,
pneumothorax is classified as spontaneous (no obvi-
ous precipitating factor present) and secondary (in the
presence of pre-existing lung disease) (Table 19.1)[20].
Nevertheless, different national guidelines (BTS,
British Thoracic Society; Belgian Society of Pneumol-
ogy; SEPAR, Sociedad Espanola de Neumologia y
cirugia toracica)[3,17,20,21,22,23] and a consensus state-
ment (Delphi Consensus Statement) have been pub-
lished. There are still a lot of discrepancies about
the treatment of spontaneous pneumothorax among
the different specialists involved. A new consensus
statement by the European Respiratory Society (ERS)
was delivered in 2015[27].

Spontaneous pneumothorax (SP) is divided into
primary spontaneous pneumothorax (PSP) and sec-
ondary spontaneous pneumothorax (SSP). PSP is
defined as the spontaneously occurring presence of
air in the pleural space in patients without clinically
apparent underlying lung disease. It is usually caused

by ruptured pleural blebs or bullae. SSP is caused by a
variety of respiratory disorders. The most frequent
underlying disorders are chronic obstructive pulmon-
ary disease with emphysema, cystic fibrosis, tubercu-
losis, lung cancer and HIV-associated Pneumocystis
carinii pneumonia, followed by rarer disorders such
as lymphangioleiomyomatosis and histiocytosis X
(Table 19.2).

Epidemiology
PSP has an incidence of 7.4 to 18 cases (age-adjusted
incidence) per 100,000 population each year in males
and 1.2 to 6 cases per 100,000 population each year in
females[4,7]. PSP typically occurs in tall, thin subjects.
Smoking plays a role in the development of PSP. The
lifetime risk in healthy smoking men may be as much
as 12% compared with 0.1% in non-smoking men.
PSP recurs in up to 25% of the cases after a first
episode and up to 50% after a second episode,

Table 19.1 Clinical classification of pneumothorax

Spontaneous
Primary: no apparent underlying lung disease
Secondary: clinically apparent underlying disease
(e.g. chronic obstructive pulmonary disease and cystic
fibrosis)

Catamenial
in conjunction with menstruation

Traumatic
Iatrogenic: secondary to transthoracic and
transbronchial biopsy, central venous catheterization,
pleural biopsy and thoracentesis
Non-iatrogenic: secondary to blunt or penetrating
chest injury
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especially in the first 2 years after the initial episode.
There are, therefore, two distinct epidemiological
forms: (1) primary pneumothorax, with a peak inci-
dence in young people between 20 and 40 years old,
especially if the person is very tall and underweight,
and (2) secondary pneumothorax, which has a peak
incidence in those aged above 55 years. Because lung
function in these patients is already compromised,
SSP can be more serious. The general incidence is
almost similar to that of PSP.

Pathogenesis
The pathogenesis of the spontaneous occurrence of a
communication between the alveolar spaces and the
pleura remains unknown. Subpleural blebs and bullae
are found at the lung apices at thoracoscopy and on
computed tomographic (CT) scanning in up to 90%
of cases of PSP[5,14,15].

Smoking is implicated. The risk increases with the
length of time and the number of cigarettes smoked.
It has been associated with a 12% risk of developing
pneumothorax in healthy smoking men compared
with 0.1% in non-smokers. The risk of recurrence of

PSP is as high as 54% within the first 4 years and in
80–86% of young patients who continue to smoke
after their first episode of PSP.

Signs and symptoms
Symptoms in PSP may be minimal or absent. In
contrast, symptoms are often greater in SSP, even if
the pneumothorax is relatively small in size. The
typical symptoms are chest pain and dyspnoea.
Almost all patients with PSP report a sudden ipsi-
lateral chest pain. Dyspnoea may be present but is
usually mild. In SSP, dyspnoea is the most prominent
clinical feature; chest pain, cyanosis, hypoxemia and
hypercapnia, sometimes resulting in acute respiratory
failure, can also be present. Physical examination
can be normal in a small pneumothorax. In a large
pneumothorax, breath sounds and tactile fremitus
are typically decreased or absent, and percussion
is hyper-resonant. Severe symptoms and signs of
respiratory distress suggest the presence of tension
pneumothorax, which is, however, extremely rare in
PSP. These signs include

� Dyspnoea, tachypnea, increased work of breathing
� Hypoxia
� Abnormal pulse or blood pressure
� Poor perfusion
� Distended neck veins, muffled heart sounds
� Depressed mental state

Clinical evaluation should probably be the main
determinant of the management strategy.

Diagnostic approaches of SP
The diagnosis of pneumothorax is usually confirmed
by imaging techniques. The following imaging moda-
lities are employed for the diagnosis and management
of pneumothorax:

� Standard postero-anterior (PA) chest X-ray
� Lateral X-rays
� CT scanning

Standard erect PA chest radiographs in inspiration
are recommended for the initial diagnosis of pneumo-
thorax rather than expiratory films. The diagnostic
characteristic is displacement of the pleural line.
If uncertainty exists, then CT scanning is highly
desirable.

Lateral X-rays may provide additional informa-
tion when a suspected pneumothorax is not con-
firmed by a PA chest film.

Table 19.2 Frequent and/or typical causes of secondary
spontaneous pneumothorax

Hyperinflation
Emphysema

Airway disease
Cystic fibrosis
Severe asthma

Infectious lung disease
Pneumocystis carinii pneumonia
Tuberculosis
Necrotizing pneumonia

Interstitial lung disease
Idiopathic pulmonary fibrosis
Sarcoidosis
Histiocytosis X
Lymphangioleiomyomatosis

Connective tissue disease
Rheumatoid arthritis, scleroderma and ankylosing
spondylitis
Marfan’s syndrome
Ehlers-Danlos syndrome

Malignant disease
Lung cancer
Sarcoma
Metastases to lung
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CT scanning can be regarded as the ‘gold stand-
ard’ in the detection of small pneumothoraces and in
size estimation. It is generally performed before sur-
gery in patients >40 years old (either smokers or
non-smokers). The 2010 British Thoracic Surgery
guidelines recommend using CT when required to
differentiate between pneumothorax and bullous lung
disease, when aberrant tube placement is suspected
and when the plain chest radiograph is difficult to
read owing to the presence of subcutaneous emphy-
sema (grade C recommendation).

Treatment
The chief objective of the management of primary
spontaneous pneumothorax is elimination of the
intrapleural air, either by observation in the case of
partial pneumothorax or by evacuation using any of
several different methods when the pneumothorax
is complete and/or there is total lung collapse.

The secondary aim is to prevent recurrence when
there is a high probability of recurrence or when
recurrence could potentially be serious.

Treatment options for PSP include

� Non-surgical: observation, needle aspiration
(thoracentesis), chest (intercostal) tube
drainage, and

� Surgical (video-assisted thoracoscopy, and
thoracotomy) approaches.

Observation. This should be the first-line treatment
for patients who have a partial pneumothorax and
no dyspnoea (grade B recommendation). If the lung
is less than 20% collapsed, monitoring of the
patient’s condition with a series of chest X-rays can
be done, until the air in the pleural space is com-
pletely absorbed and the lung has re-expanded. The
reabsorption rate is 1.25 to 1.8% per day. A 25%
pneumothorax will take 20 days to resolve.
Needle aspiration (thoracentesis).When the lung

is more than 20% collapsed, the air in the pleural
space can be removed by inserting a needle or hollow
tube (chest tube). This can be done even when the
pneumothorax is small and non-threatening, because
it may take weeks for it to heal on its own[18]. Thor-
acentesis is associated with less pain, and patients
do not have to be admitted to hospital. The rate of
immediate resolution ranges between 50 and 88%.
Several randomized clinical trials have shown this
procedure to be as effective in both the short and long
term as chest tube drainage (grade A recommendation).

Chest (intercostal) tube drainage. This is the
most common approach, even if there is a trend
towards a non-surgical approach in most countries.
Small-bore catheters (14F) are easier to insert and
cause less discomfort (grade B recommendation).
Intercostal tube drainage (16F–24F) are very popular.
During this procedure, chest (intercostal) tubes are
connected to a one-way valve system that allows air to
escape but not to re-enter the chest cavity and may be
left in place for several hours to several days[6].

Indications for surgery:

� Second ipsilateral pneumothorax,
� First contralateral pneumothorax,
� Bilateral spontaneous pneumothorax,
� Spontaneous hemothorax,
� Persistent air leak (>4–5 days of chest tube

drainage),
� Incomplete lung re-expansion after chest

(intercostal) drainage, and
� Professions at increased risk (aircraft personnel,

sportsmen, scuba divers).

The aforementioned professions are considered
unsafe unless permanent treatment of spontaneous
pneumothorax has been achieved; in some instances,
professional guidelines suggest that pleurodesis is per-
formed on both lungs and that lung function tests and
CT scan must be normal before normal activity is
resumed.

There are two objectives in the surgical manage-
ment of pneumothorax. The first widely accepted
objective is resection of blebs or the suture of apical
perforations to treat the underlying defect. The
second objective is to create a pleural symphysis
(pleurodesis) to prevent recurrence. There are three
options: pleurectomy, abrasion, and talc poudrage.

Video-assisted thoracoscopy (VATS) is the ‘gold
standard’ for surgical treatment of PSP. It is a less
invasive approach and has the benefits of less post-
operative pain, better wound cosmetics, shorter dur-
ation of drainage and hospital stay, better functional
recovery, better short- and long-term patient satisfac-
tion, and at least equivalent cost-effectiveness to the
open approach. Video-assisted magnification allows
easier identification of the bullae or blebs, which can
be managed through VATS in different ways: stapling
and resection, which is the commonest approach; by
no-knife stapling, useful in emphysematous-like lung;
or by endoloop ligation, which has been shown by
Cardillo et al. to be less effective than the previous
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techniques[11]. However, bullectomy without add-
itional pleurodesis does not prevent recurrence as
effectively as combining the two techniques. Horio
and Naunheim have shown that recurrence rate
diminished from 16 to 1.9% and from 20 to 1.5%,
respectively, when a pleurodesis was added to bullect-
omy[13,16]. Cardillo has shown bullectomy to be
superior to bulla ligation (endoloop) with a drop of
recurrence rate from 4.54 to 0%. Bullectomy with
pleural abrasion or with talc poudrage is the tech-
nique most often used by most thoracic surgeons
(grade D recommendation)[1,2,20].

The different pleurodesis techniques (pleurect-
omy, pleural abrasion and talc poudrage) have all
shown to be effective in preventing recurrences[19].
Parietal pleurectomy is often extended from the apex
to the fifth–sixth intercostal space or lower. Pleural
abrasion is usually performed with a pad. Talc pleur-
odesis is performed by instilling 2–4 g of sterile talc
in the pleural cavity. It is a very fast technique, with
the lowest rate of related complications, compared to
the risk of bleeding reported for pleurectomy, and
sometimes, even for pleural abrasion. Talc poudrage

has been shown to be efficacious and safe with a
success rate of 95% in the largest series. No concern
exists regarding the oncological safety of talc and
about the long-term lung function after talc poudrage.
Graded talc, with a very low percentage (4–5%) of
particles with a diameter of less than 5 microns, has
been extensively and safely used in Europe for more
than 70 years for pleurodesis in recurrent spontaneous
pneumothorax and has been shown to be well toler-
ated without long-term sequelae[9–12].

Follow-up
The need for follow-up in patients following an epi-
sode of pneumothorax is unclear. No data are avail-
able in the world literature.

Prevention
Although it’s often not possible to prevent a pneumo-
thorax, stopping smoking is an important way to
reduce the risk of a first pneumothorax episode and
to avoid a recurrence[2]. Most recurrences occur
within 2 years from the first episode.
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Chapter

20
Bronchopleural fistula management
StevenM.Woolley and SusannahM. Love

A bronchopleural fistula (BPF) is an abnormal con-
nection between the bronchial tree and the pleural
space. The development of a fistula following pul-
monary resection due to a bronchial stump dehis-
cence is a rare and potentially fatal complication.
The incidence is reported as between 1 to 20%
following pneumonectomy and 0.5% after lobec-
tomy, and reported mortality varies between 20 and
70%[1,2,3,4,5]. The risk of death is highest when a fistula
presents within the first 2 weeks after surgery, and the
main cause of death is aspiration pneumonia[4].

The most common aetiology of a bronchopleural
fistula is a complication of pulmonary resection,
either segmentectomy, lobectomy or pneumonec-
tomy. This chapter will focus upon post-operative
fistulae, but they can occur in the non-operative set-
ting. Non-operative fistulae can be caused by a necro-
tizing pneumonia or empyema and neoplasms of
lung, thyroid, oesophagus or the lymphatic system.
Also, they can be secondary to blunt or penetrating
chest trauma or as a complication of medical proced-
ures such as radiotherapy, lung biopsy or chest drain
insertion. The ‘air leak’ responsible for causing a
pneumothorax is often erroneously referred to as a
bronchopleural fistula, but these leaks are alveolar-
pleural fistulae, rather than the more proximally
located bronchopleural fistulae.

The risk factors for post-resection fistula forma-
tion can be classified into pre-operative, intra-opera-
tive and post-operative factors. Table 20.1 shows a list
of risk factors which have been suggested to predis-
pose to BPF after lung resection. Pre-operative factors
focus upon co-morbidities, drug history and any pre-
operative oncological treatment. Algar et al. found a
significant association between development of BPF
and COPD, hyperglycaemia, hypoalbuminaemia,

steroid therapy and low predicted post-operative
FEV1[6]. A multivariate analysis by Asamura et al.
of risk factors for BPF in 1,360 pulmonary resections
for lung cancer reported similar findings but in add-
ition found an increased risk associated with liver
cirrhosis and pre-operative radiotherapy in excess of
5,000 Gy[3].

Intra-operatively, Asamura et al. identified right-
sided resection, pneumonectomy (especially right-
sided), mediastinal lymph node dissection and
residual carcinoma at the bronchial stump as tech-
nical factors predisposing to fistula formation[3]. Also,
long and devascularized bronchial stumps are
reported as risk factors[2]. The mechanisms for the
increased risk related to right-sided resections are
two-fold. Firstly, the right main bronchus is usually
supplied by one bronchial artery, whereas the left is
supplied by two bronchial arteries. Secondly, the left
main bronchus, after resection, retracts up behind the
aortic arch, where it is surrounded by the richly
vascularized mediastinal tissue. The right main bron-
chus is left exposed without any natural protective
covering within the pleural cavity.

Post-operative risk factors include prolonged
positive-pressure ventilation and the development of
infection within the bronchial stump or an empyema
in the pleural space which can break down the bron-
chial stump. Post-operative management should aim
at early extubation followed by early mobilization and
physiotherapy to reduce the risk of re-intubation. In
clinical scenarios where post-operative mechanical
ventilation is unavoidable, ventilator settings should
be weaned to decrease peak airway pressures and
positive end-expiration pressure, and the endotracheal
tube cuff and tip should be as proximal as possible
from the bronchial stump[7]. Airway suctioning of
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ventilated patients after pneumonectomy should be
carried out cautiously as vigorous instrumentation
can cause fistula formation.

Post-operative fistulae can present with a broad
spectrum of signs, symptoms and times of onset. Sev-
eral classification systems have been suggested to
describe post-operative fistulae based upon time
between surgery and onset of symptoms. Varoli et al.
suggested that fistulae should be classified depending
on time of onset after the operation: early (1–7 days),
intermediate (8–30 days) and late fistulae (>30
days)[8]. Hollaus et al. recommended that fistulae after
pneumonectomy should be classified on a I–III scale
(I: <14 days where risk of aspiration and mortality is
high; II: 14–90 days, where fibrothorax is in a state of
formation which prevents massive aspiration, but
mortality is high as patients will have already been
discharged and may fail to seek adequate and prompt
treatment; and III: >90 days, where a fibrothorax has
formed, making massive aspiration impossible, and
mortality is much decreased)[4].

Early presentation is most likely due to a technical
failure due to misfired staples, poor suture technique
or a closure performed with excessive tension with
poor apposition of tissues. Intermediate or late pre-
sentation suggests a secondary cause such as weak
bronchial tissues, residual or recurrent tumour or
infection within the bronchial stump or from within
the pleural cavity such as an empyema within the
pleural space.

Clinical presentation of a BPF is variable depending
upon the time of onset since the initial operation. Early
fistula can present with sudden cardiovascular collapse
either due to a tension pneumothorax or a large aspir-
ation of pleural contents into the contralateral lung
and, if the patient survives the initial insult, subsequent
acute respiratory distress syndrome (ARDS). Early fis-
tulae can present in a less dramatic fashion, such as a
cough productive of clear or purulent sputum, a pro-
longed or new-onset air leak or development of surgi-
cal emphysema. A late fistula classically presents with a
cough productive of frothy, serosanguinious sputum;
often patients describe coughing this fluid up on
waking in the morning or when they lie flat. If the
fistula is due to an empyema, the patient may have
symptoms associated with sepsis such as pyrexia
and rigors.

Radiologically, a fistula should be suspected if
there is a fall in the air-fluid level by more than
2 cm on the chest radiograph or the appearance of a
new air-fluid level within a previously opacified hemi-
thorax. Figure 20.1 shows a marked drop in the fluid
level in a right pneumonectomy space in a ventilated
patient. When a fluid level does drop in a patient after
pneumonectomy, unfortunately, BPF is a common
cause; other causes include breakdown of the wound
and fluid draining percutaneously or iatrogenic
drainage of fluid from the space. A rare cause can be
dehydration. Bronchoscopy allows direct visualiza-
tion of the bronchial tree, often enabling identifica-
tion and localization of a fistula. However, small

Table 20.1 Risk factors for development of a bronchopleural
fistula

Pre-operative Age

Diabetes mellitus
Steroid therapy
Hypoalbuminaemia
Pre-operative radiotherapy
Liver cirrrhosis
COPD
Low predicted post-operative FEV1
Surgery for ongoing infection

Operative Right pneumonectomy
Long bronchial stump
Devascularization of the bronchus
Positive resection margin

Post-operative Mechanical ventilation
Empyema

(a)

Figure 20.1A CXR of a patient 2 weeks after pneumonectomy
ventilated via a tracheostomy.
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fistulae are not always seen with bronchoscopy. If a
suspected fistula is not identified via plain bronchos-
copy, a suspicious site can be irrigated with saline,
and the presence of continuous bubbling can help
confirm the location of a fistula. In addition, injection
of methylene blue into the lumen of a suspected
bronchi can confirm the presence of a fistula if the
dye subsequently appears within the chest drainage
tube. More recently, CT bronchography has also been
described as a useful technique in the evaluation of
patients with a suspected BPF[9]. Of course, some of
these more complex imaging procedures may not be
appropriate in an unstable patient requiring critical
care, and bronchoscopy remains the ‘gold standard’
for diagnosis of BPF.

Surgical techniques to avoid BPF
As mentioned earlier, risk factors for BPF include
leaving a long bronchial stump and devascularization
of the bronchial stump by excessive diathermy or
skeletonization. These factors are avoided relatively
easily. When comparing handsewn or stapled bron-
chial stumps, there is no clear advantage to either
technique with experienced operators[6]. Though, as
a stapled technique is very reproducible and simple to
teach, it is now the most commonly used method in
UK centres. Further measures to avoid fistula forma-
tion include covering the bronchial stump at the time
of resection. Most authors agree that a vascularized

tissue should be used to promote early healing of the
bronchial stump, and a wide variety of tissues have
been used for this purpose, including pleura, intercos-
tal muscle, diaphragm, pericardium, azygous vein and
omentum[5,10,11]. Asamura and Naruke as well as
Klepetko have all suggested that a pedicled pericardial
flap covering the bronchial stump is a good method to
decrease incidence of BPF in their reported series[3,14].
There is reasonable agreement that following a right
pneumonectomy the bronchial stump should be
covered due to the increased risk of BPF on this side.
With a left pneumonectomy, however, some surgeons
do not routinely cover the stump as the stump tends
to retract behind the aorta and is surrounded by well-
vascularized mediastinal tissues which can be closed
over the stump.

Treatment strategies for BPF
As mentioned earlier, in early BPFs, aspiration of
pleural fluid into the contralateral lung is a common
problem which leads to a high mortality rate. This
means that in such patients thorough early drainage
of the pleural space on the side of the BPF must be
achieved to avoid contamination of the contralateral
lung. Drainage is commonly closed via intercostal
drains. Antibiotics to treat any pleural space infection
are also normally given as the pleural space associ-
ated with a BPF must be presumed to be infected
unless proven otherwise. Bronchoscopy is performed
both to attempt to identify the fistula and to clear
any secretions or suction-contaminated pleural fluid
from the contralateral lung and airways. In patients
requiring ventilation, this may be necessary via a
double-lumen tube or a long ET tube selectively
intubating the contralateral bronchus to protect the
unaffected side from aspiration of pleural fluid. The
immediate management of an early BPF can be sum-
marized as protection of the airway (by drainage,
clearance of fluid secretions and possible selective
ventilation) and treatment of infection by appropri-
ate antibiotic cover.

Large fistulae that present early after lung resec-
tion are often best managed by exploration and
operative repair as long as the patient is stable enough
to tolerate the procedure and there is not heavy con-
tamination of the pleural cavity[12,13]. When repaired
early like this, techniques such as stump resection or
revision can be used, and in the case of post-
lobectomy BPF, completion pneumonectomy may

(b)

Figure 20.1B The same patient 12 hours later after developing a
BPF; the fluid level in the pneumonectomy space has dropped
dramatically.
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be an option. Khan et al. suggested that direct closure
is possible in around 80% of patients, and it is sug-
gested that the stump be covered in a vascularized
pedicle flap, as mentioned earlier[16]. Thorough wash-
out of the space together with antibiotics delivered by
continous irrigation and systemically have rarely pre-
vented the development of post-pneumonectomy
empyema.

Where there is an established empyema associated
with a bronchopleural fistula, this is more difficult to
treat, and treatment has two main goals: to close the
fistula and to sterilize or obliterate the pleural space.
It is commonly suggested that definitive surgical
repair is not carried out until the pleural space infec-
tion is cleared and the patient is in the best possible
condition for surgery[15]. Various methods have been
used to attempt to clear infection from the pleural
space, including irrigation with saline, dilute iodine
solution or antibiotic installations along with con-
tinued administration of IV antibiotics[15,16]. Even
with these strategies, it is often not possible to clear
the pleural space infection with closed drainage,
and open thoracostomy drainage can be necessary.
A commonly used technique to deal with BPFs asso-
ciated with empyema is the Clagett procedure; this is
a two-stage procedure consisting of open pleural
drainage, closure of the BPF, removal of the necrotic
tissue and then secondary closure or obliteration
of the pleural cavity with antibiotic solution[14,15].
This procedure was developed at the Mayo Clinic
and modified there by Pairolero et al. to include
intrathoracic muscle flap transposition to reinforce
the closed BPF[16]. With this technique, they reported
84% of patients in whom the procedure was com-
pleted having a healed chest wall with no evidence
of recurrent infection and the BPF remaining closed
in 86%[19]. Though these techniques report good
outcomes, they can involve multiple surgical
procedures, prolonged hospital stays and extended
periods of open chest drainage and packing[17]. Ghar-
agozloo et al. have suggested that pleural space irriga-
tion can speed up this process; however, they also
suggest that this is only appropriate for early-stage
BPFs, not those with established indurated pleural
tissue[18].

Where there is still a large pleural space present,
other techniques can be used to obliterate this space.
Historically, thoracoplasty was commonly used for
this purpose, but increasingly now, the space is filled
with muscle flaps or omentum. Muscles flaps which

can be used to fill the pleural space include latissimus
dorsi, pectoralis major, serratus anterior, pectoralis
minor, rectus abdominis and intercostal muscle[19–21].
Omentum is especially good for filling irregularly
shaped cavities and is normally very vascular promot-
ing rapid healing[15]. In malnourished patients, how-
ever, it can have little bulk and become less useful.
Sometimes for very large spaces a combination of
limited thoracoplasty and muscle transposition may
be useful.

There have also been a variety of bronchoscopic
techniques which have been employed to attempt to
deal with BPFs. These have generally been carried out
in patients either deemed to unwell to undergo surgi-
cal correction under general anaesthetic or in patients
with small BPFs who are quite well and wish to avoid
invasive surgery. Many materials and devices have
been used to try to close fistulae including ethanol
silver nitrate, cyanoacrylate compounds, coils, lead
plugs, balloons, fibrin or tissue glue, antibiotics, gel
foam, spigots, autologous blood patches and more
recently Amplatzer-type devices[22–24]. All of these
techniques have had variable success rates and in
general seem to work best on smaller and more per-
ipheral fistula. It has been suggested they work best
with fistulae around 1 mm and have no real use in
fistulae above 8 mm[25]. As mentioned earlier, they
are often used in patients where major surgery is not
an option. In summary, the principles of treatment
of a BPF are protection of the airway and treatment of
infection initially, then closure of the fistula and
management of the pleural space. Though endobron-
chial techniques have been used successfully, the
most commonly employed methods of treatment with
the highest success rates all involve major surgical
intervention.

More recently, treatment strategies using some
of the elements described earlier plus negative pres-
sure wound therapy have been reported. Schneiter
et al. have reported an accelerated treatment for
post pneumonectomy empyema comprising mul-
tiple debridements and packing the chest with iodine
soaked swabs with negative-pressure therapy and
antibiotics[25]. In this report, they describe success-
fully treating 97% of 75 patients with a post-pneu-
monectomy BPF. Similar treatment has also been
described by Perentes et al. with repeated intrathor-
acic VAC dressings until granulation tissue covered
the entire chest cavity[26]. The current evidence
regarding negative-therapy dressing for treatment
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of post–lung resection BPF and empyema was
reviewed by Haghshenasskashani et al.[27]. The con-
clusions of this review were that negative-pressure
therapies can potentially alleviate the morbidity and

decrease hospital stay in patients with empyema after
lung resection. As evidence grows regarding their
use, they may play an important role in the treat-
ment of BPF.
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Section VI

Chapter

21
Diseases of the chest wall and diaphragm

Surgery for pectus and other congenital
chest wall disorders
Jakub Kadlec, Jean-MarieWihlm and Aman S. Coonar

Congenital chest wall disorders represent a broad
spectrum of abnormalities. Their physiological impli-
cations vary from concerns about the cosmetic
appearance to life-threatening conditions. Pectus
excavatum and carinatum are the commonest, repre-
senting 97% of all chest wall deformities. Rare condi-
tions include Poland syndrome, sternal defects, and
Jeune’s and Jarcho-Levin syndromes. The incidence,
sex ratio and familial occurrence of all these abnor-
malities are depicted in Table 21.1[1,2].

Pectus excavatum (funnel chest)
An early portrayal of a patient with pectus excavatum
was found among the works of Leonardo da Vinci
from 1510[3]. The deformity presents as a depression

of the lower anterior chest wall as a result of posterior
deviation of the sternum and usually the third to
seventh ribs and costal cartilage. It represents nearly
90% of all congenital chest wall abnormalities and has
high familial occurrence. Despite this, no clear genetic
basis has been established. It is more frequently seen
in patients with Marfan and Ehler-Danlos syndromes,
and these patients comprise about 2% of all patients
with pectus excavatum (Figure 21.1).

Table 21.1 The incidence, sex ratio and familial occurrence
of congenital chest wall deformities

Abnormality Incidence M:F
ratio

Familial
occurrence

Pectus
excavatum

1:200 4–5:1 40%

Pectus
carinatum

1:1500 3–4:1 25%

Poland
syndrome

1:30 000 2–3:1 1%

Sternal
defects

<1:100 000 1:1.5 Unknown

Jeune’s
syndrome

<1:100 000 1:1 Unknown

Jarcho-Levin
syndrome

<1:200 000 1:1 Unknown

Figure 21.1 Pectus excavatum.
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The deformity is usually noted soon after birth or
in early childhood and often becomes more marked
during the period of rapid growth in puberty. It may
be symmetrical or asymmetrical and sometimes asso-
ciated with scoliosis or kyphoscoliosis. If asymmet-
rical, the depression is usually more marked on the
right, and the sternum is rotated rightward and
angled posteriorly[1,2].

There are several hypotheses behind the develop-
ment of pectus excavatum. These include intrauterine
external pressure, muscular imbalance, thickened
substernal ligament and, most commonly accepted,
(in some cases asymmetrical) sternocostal cartilage
overgrowth. In some cases the ultrastructural and
biochemical studies of cartilage from affected patients
revealed decreased level of zinc and increased level of
magnesium and calcium[4]. Given the association
with Marfan syndrome and similar phenotypes and
the familial nature of some cases of pectus, it is likely
that there is an important genetic component.

The affected individuals seek medical attention
due to embarrassment over the appearance, exertional
dyspnea, poor stamina, pain and occasionally palpita-
tion. Apart from the depression of the lower sternum,
a typical posture of a tall, thin patient with a ‘pot-
belly’, forward, drifted shoulders and flaring of the
costal margin is often seen. Severe scoliosis with a
Cobb angle1 of more than 15° and usually rightward
curvature between the fourth and ninth thoracic ver-
tebrae is found in approximately 15% of patients.

Patients often develop nipple and, in females,
breast asymmetry. A systolic murmur might be pre-
sent in severe cases due to compression of the heart
and mitral regurgitation secondary to valve prolapse.
Echocardiographical studies revealed mitral valve
prolapse in 18–65% of patients with severe deformity
and compression of the ventricle in up to 95% of
patients during exercise, with significant reduc-
tion of prolapse and ventricular compression after

correction of the deformity[5,6]. Pulmonary function
tests may show a moderate restrictive pattern with a
reduced forced vital capacity. Interestingly, despite
subjective improvement of patients post-operatively,
some patients do not show significant improvement
in pulmonary function tests[7]. However, there is
some evidence showing that correction of pectus
excavatum can have a positive impact on cardiac
function during exercise[8,9].

The psychological impact of the deformity on
patients cannot be underestimated. Patients are often
teased by their peers and siblings or overprotected by
parents. This leads to avoidance of swimming, sports
and situations when the shirt would be removed in
front of others. Lower self-esteem and social anxiety
are frequent consequences.

Several radiological indexes were developed to
objectively measure the severity of pectus deformity.
The most commonly used Haller (pectus) index is a
ratio between transverse chest diameter (A) and dis-
tance from the posterior aspect of the sternum to the
anterior surface of the spine (B) at the level of the
deepest part of the deformity (Figure 21.2). The diam-
eters are taken from axial computed tomography or
lateral and postero-anterior chest radiographs. This
ratio for normal individuals is around 2.5, and it ismore
than 3.2 in patients with severe pectus excavatum[10].

Treatment
Open repair
The first surgical repair with resection of rib cartilages
was attempted by Meyer in 1911, but his operation
did not improve the deformity. German surgeon
Sauerbruch is credited with the first successful repair
in 1913, and the ‘Sauerbruch procedure’ comprises

Figure 21.2 Haller index evaluated by CT scan.

1 The Cobb angle is used to quantify the magnitude of
spinal deformities. To measure the Cobb angle, one must
first decide which vertebrae are the end vertebrae of the
curve deformity (vertebrae at the upper and lower limits
of the curve), and the Cobb angle is formed by the
intersection of two lines: one parallel to the endplate of
the superior end vertebra and the other parallel to the
endplate of the inferior end vertebrae. Scoliosis is defined
as a lateral spinal curvature with a Cobb angle of 10°
or more.
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bilateral resection of the third to fifth costal cartilages,
sternal osteotomy and external traction of the ster-
num for 6 weeks after the operation. Mark Ravitch
in 1949 further developed the open repair. The
main feature of the original ‘Ravitch procedure’
(Figure 21.3) was an intra-perichondrial resection of
the abnormal costal cartilages, perichondrial repair,
resection of the xiphisternal junction, release of sub-
sternal ligament, transverse cuneiform osteotomy of
sternum and its fixation in a corrected position with
Kischner wires or sutures[11]. Modifications were
made by different surgeons to prevent possible com-
plications, the most important modifications being
more limited cartilage resection with preservation of
lateral and medial cartilage to retain the growing
centres and mobility of sternocostal joints, use of
metal struts for stabilization of the sternum to prevent
recurrence of deformity and use of Marlex mesh to
avoid second operation for removal of strut, which is
usually performed about 1 year after correction
(Figure 21.4)[12].

In the sternal turnover technique, the cartilages
are resected, and the sternum is mobilized and rotated
by 180°. This procedure was popular in Japan, but a
high incidence of osteonecrosis and fistula formation
in 46% of patients precluded widespread use of this
technique[13].

Minimally invasive repair (MIRPE)
Donald Nuss introduced a less invasive procedure for
correction in 1998[14]. Cartilage resections, sternal
osteotomy and liberation are not required. The cor-
rection of deformity is achieved by the placement of
a semi-customized stainless steel curved bar which
moves the sternum to the correct position, leading
to cartilage remodelling over time (Figure 21.5). The
bar is inserted via relatively small lateral incisions
through a tunnel created between the pericardium
and maximal sternal depression. Once in place, the
bar is turned over by 180° with the convexity pointing
anteriorly and secured with lateral stabilizers. There is
a potential risk of injury to the heart, so thoracoscopic
guidance was added to the original operation to
decrease such a risk. The bar is usually removed after
3 years[15]. In some cases, two or more bars may be
needed.

Prosthetic reconstruction and
nonsurgical treatment
In milder deformities, purely cosmetic techniques
with the use of a custom-made silicone prosthesis
have been reported as well as use of a vacuum bell
or bracing as an alternative to surgical treatment.Figure 21.3 Cartilage-sparingmodification of the Ravitch technique.

Figure 21.4 Titanium implants maintaining the correction and cardiopulmonary decompression.
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Complications and results of surgery
There is a spectrum of possible complications either
early or late after repair. The obvious complica-
tions include pain, infection, seroma, bleeding, hae-
mothorax and pneumothorax, atelectasis, pneumonia,
injury to the heart and great vessels, liver injury,
residual deformity, recurrence of deformity, allergy
to metals, dislodgement or fracture of the substernal
bars, pericarditis, keloid formation and psychological
problems. The more specific complications include
floating sternum due to extensive resection of costal
cartilages and liberation of the sternum, acquired
restrictive thoracic dystrophy (acquired Jeune’s syn-
drome) due to injury to the growing centres of costal
cartilages in children, sternal necrosis, acquired scoli-
osis secondary to biomechanical forces after minim-
ally invasive repair of asymmetrical forms and
acquired pectus carinatum due to overcorrection,
especially in patients with connective tissue disorders.
There are also unfortunate cases of asymmetry and
retarded growth of the breasts due to injury of
developing breast tissue as a result of poorly placed
skin incisions in pre-pubescent girls[16]. This compli-
cation must, of course, be considered and avoided.

Despite the aforementioned complications, the
results of open and minimally invasive procedures
are very good, with minimal recurrence and patient
satisfaction around led 95%. Although there are no
randomized, controlled trials comparing the Ravitch
and Nuss procedures, a recent meta-analysis of pro-
spective and retrospective studies showed no signi-
ficant differences in the overall complication rate
in both procedures[17].

However, rates of re-operation for bar migration,
persistent deformity, pneumothorax and hae-
mothorax were significantly higher with the Nuss
procedure. Duration of surgery was significantly
longer by 70 minutes for the Ravitch procedure.
There was no difference in length of hospital stay,
time to ambulation or patient satisfaction[18].

Specific considerations
Age of repair
Pectus excavatum is often noticed early after birth,
but it may not be evident till later in childhood. It
tends to progress to at least mid-teens. The timing of
corrective surgery remains a matter of debate. Earlier
repair has the potential advantage of flexibility of the
chest and a lower risk of costal flaring developing.
Psychological and physiological impacts may also be
minimized if repair is performed before commencing
school. The development of an acquired restrictive
thoracic defect in the original Ravitch cohort discour-
aged early repair with a recommendation not to oper-
ate before the age of 8. An increasing age of repair is
seen in large paediatric registries, in which the mean
age for operation has increased to 14 years[19]. This is
challenged by some, who state that the Ravitch pro-
cedure can be performed safely in patients from
3 years of age if the medial and lateral fourths of
costal cartilages are spared.

The situation is different in patients with Marfan
and other connective tissue disorders due to a higher
risk of recurrence or acquired pectus carinatum. In
these patients, it is recommended to perform the

Figure 21.5 Front and lateral chest
X-rays of a Nuss bar in place.
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operation after the patient is fully grown. Operation
should also consider the needs of other problems that
these patients may have, for example, surgery for
aortic disease.

In general, the Ravitch procedure is the preferred
option for fully grown adults due to the less compli-
ant chest wall and risk of costal flaring (which may be
treated at the same time if already present), although
recently published data show good mid-term results
with the Nuss procedure if more than one bar is used
for correction[20]. Consequently, in the future there
may be more use of the Nuss in older patients[21].

Symmetry of deformity
Asymmetry of chest deformity usually develops or
progresses during growth of a child and is thus more
common in adolescents and adults. The Ravitch pro-
cedure is usually preferred for asymmetrical forms,
although specific techniques of morphology-tailored
bar shaping for correction by Nuss procedure also
provide good results[22,23].

Incision
Two small lateral chest incisions are generally used in
the Nuss procedure, which gives excellent cosmetic
results. Horizontal or vertical incisions can be used in
the Ravitch procedure. The advantage of a vertical
incision is of an easier approach to deformed cartil-
ages with shorter length of scar. In contrast, sub-
pectoral transverse incisions allow better access to
inferior costal flaring and an easier positioning of
bars, which can also be removed through the lateral
parts of the same incision. Submammary incisions are
cosmetic and also allow combined or staged breast
augmentation or reconstruction. It is essential that the
incision is placed appropriately to avoid injury to
breast tissue.

Resuscitation
With new procedures, new issues develop. The bar
in the Nuss procedure requires a modified approach if
cardiopulmonary resuscitation is required. It is
argued that the bar prevents effective chest compres-
sion. Chest depressions should be performed with
higher force, and early chest opening or bar removal
should be considered if soon after surgery. Anterior
and posterior placement of defibrillation pads is also
necessary to provide effective defibrillation[24].

Internal mammary artery injury and patency
There is risk of direct injury to mammary arteries
during dissection in both the open andNuss procedure,
which can have implications if future coronary artery
bypass grafting is required. Interestingly, recent data
show that even without direct injury, the bar in the
Nuss procedure compromises flow in the mammary
artery by pressure against the sternum in 44% of
patients, usually with bilateral mammary occlusion[25].

Cardiac surgery and pectus excavatum
Congenital and acquired cardiac diseases in patients
with pectus excavatum present challenges during car-
diac surgery. These include exposure, positioning the
sternal retractor, harvesting the mammary artery,
aortic cannulation and difficulty in closing the chest.
Simultaneous repair is advantageous in that it avoids
two operations but also due to an early improvement
in right ventricular function[26]. A modified Ravitch
procedure is an option but is time-consuming and
requires additional dissection and cartilage resections.
So, recently, several authors have advocated an ‘open
Nuss’ technique, easy to perform under visual control,
before closing the sternotomy[27,28].

Multidisciplinary approach
Due to the complexity of problems in some patients,
advice and cooperation with other specialities are of
great importance to allow optimal timing and results
of corrective surgery. These include paediatricians,
physiotherapists, orthopaedic surgeons, plastic sur-
geons, cardiologists, cardiac surgeons, geneticists
and psychotherapists.

Pectus carinatum (Pigeon chest)
Pectus carinatum is characterized by an anterior pro-
jection of the sternum with adjacent anterior ribs and
represents nearly 10%of all congenital chest wall abnor-
malities. A geographical difference is described. One of
the author’s personal experiences is that this is 15–20%
in Europe and up to 50% in parts of SouthAmerica. The
shape of the deformity has a similar shape to the keel of
a ship, hence the Latin word ‘carinatum’. It usually
develops between 11 and 15 years of age, and its aeti-
ology is thought to be similar to pectus excavatum. It is
associated with scoliosis in approximately 15% of
patients and with an increased incidence of congenital
heart disease especially in Marfan patients.
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Two types are included in this category according
to the affected part and shape of the sternum and to a
different aetiology: pectus carinatum of vertical type
(chondrogladiolar or ‘chicken breast’; Figure 21.6A)
and pectus arcuatum (chondromanubrial or ‘pouter
pigeon breast’ or Currarino-Silverman syndrome)
sometimes associated with an excavatum shape of
the lower sternum (Figure 21.6B).

The pectus carinatum type is the most frequent,
occurring in about 90% of all cases. The sternum
projects anteriorly to a point corresponding to the
bottom of the sternal body with the xiphoid process
and the adjacent lower cartilages angling posteriorly
and a slightly concave shape of the anterior ribs
laterally. One-third of patients have an asymmetrical
form with anterior displacement of usually the lateral
part of the sternum and anterior ribs on only one side
leading to rotation of the sternum. The Haller index is
measured in the same way as described for pectus
excavatum and is usually less than 1.9. The aetiology
is similar to pectus excavatum due to an excessive
length of sternocostal cartilages, mainly in the middle
and lower parts of the deformity[1,2].

Pectus arcuatum is the least common type, occur-
ring in about 10% of all carinatum deformities, with a
relative anterior protrusion of the angle of Louis and
second and third costal cartilages (sometimes
described as ‘horn of Steer’) associated with an
inferior depression of the lower part of the sternum
in some cases. In this case, there is a premature fusion
of the manubrium and segmental pieces of the ster-
num, leading to a characteristic short and broad

flat bone without cartilage at the manubriosternal
junction.

Presentation is usually with embarrassment over
appearance, breathing difficulties and pain when lying
prone or inadvertently bumping into objects. Many
patients avoid swimming and sports activity with
similar psychological consequences as pectus excava-
tum. Severe forms have an impact on pulmonary
function with a restrictive pattern and also impaired
diaphragmatic function at exercise due to diaphrag-
matic flattening. Some patients report improvement
of breathing difficulties after operation, although
objective evidence for this improvement is equivocal.

Treatment for pectus carinatum
Open repair
Surgical repair is performed by a modified Ravitch
procedure, usually comprising a third to seventh sub-
perichondrial cartilage resection or division and par-
tial sternal osteotomy usually comprising a small
wedge to correct the inferior sternal protrusion and
rotational abnormality. The correction may be
secured by pre-sternal titanium bridging implants or
plates (Figure 21.7).

Correction of the pectus arcuatum type requires
resection or division of the second to fourth costal
cartilages with resection of the prominent manubrios-
ternal junction. The inferior pectus excavatum com-
ponent requires further osteotomy and support by
mesh or bar[12,29]. The operative results are good, with
90% patient satisfaction and low morbidity.

Figure 21.6 Pectus carinatum (A) and
pectus arcuatum (B).
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Minimally invasive repair (MIRPC)
This procedure preserves cartilages, and sternal osteo-
tomy is not performed. The principle is similar to the
Nuss procedure with a bar implanted subcutaneously
in front of the sternum, pushing back the deformity.
Results of long-term follow-up are awaited[30].

Self-adjustable bracing
Conservative correction with self-adjustable bracing
is becoming a popular choice before skeletal matu-
rity is achieved. Treatment consists of 6 months of
correction and 18 months of maintenance phase.
Mid-term results are promising[31–34].

Poland’s syndrome
This syndrome is named after Poland, who as a
medical student in 1841 described this condition,
characterized by a congenital absence of pectoral
muscle. Subsequent reports described other possible
components of this syndrome. These include a lack
of subcutaneous tissue and absence of the breast, ribs
and axillary hairs. Reported extra-thoracic features
are syndactyly, hypoplasia and rarely absence of
digits, palm or arm (Figure 21.8)[1,2]. Unilateral palsy
of abducens oculi muscles or facial muscles is occa-
sionally observed (Möbius syndrome).

The cause of this pathology is unknown. There are
various theories that there may be a genetic compon-
ent, as the more severe Holt-Oram syndrome is due to
mutation in a gene responsible for segmental body
development[35,36].

Surgical repair is warranted for paradoxical chest
wall movement with lung herniation and also for
cosmetic reasons, especially in women with breast
aplasia. The correction is usually performed in con-
junction with a plastic surgeon. This is a rare condi-
tion. The authors have used semi-rigid contoured
chest wall prosthesis made of polypropylene mesh
and methyl methacrylate and in other cases titanium
implants. Missing rib reconstruction with titanium
implants and parietal defect covering with polytetra-
fluoroethylene (PTFE) is another recent option[37].
Soft tissue coverage can be provided with a rotational
latissimus dorsi muscle flap and the breast augmented
with use of a silicone prosthesis. A period of tissue
expansion may be needed prior to placement of the
breast prosthesis.

Sternal defects
Sternal defects are rare conditions which are caused
by a failure of anterior fusion of the two sternum
halves. These abnormalities range from a relatively
simple sternal cleft to absence of the sternum and
chest wall, creating thoracic or thoracoabdominal
ectopia cordis[1,2].

Sternal cleft
The cleft primarily involves the upper half of the
sternum and may be associated with cervicofacial hae-
mangiomas. The soft tissue of the chest wall, pericar-
dium and diaphragm are well developed, and there
is no obvious association with congenital heart

Figure 21.7 Pre- and post-operative
lateral chest X-ray view of an open
correction of pectus carinatum.

Chapter 21: Surgery for pectus and other congenital chest wall disorders

205

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.021
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:31:07, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.021
http:/www.cambridge.org/core


abnormalities or omphalocele. Lung herniation via the
cleft during crying or Valsalva’s manoeuvre is themost
common presentation, usually without any comprom-
ise of respiratory function. Surgical repair is recom-
mended to protect underlying structures and is usually
performed in newborns with direct closure of the cleft
by posterior periosteal flaps and chondral grafts[38].

Thoracic ectopia cordis
In this condition, the abnormality consists of a lower
sternal cleft or absent sternum, and the heart pro-
trudes anteriorly from the chest without coverage
by soft tissue or pericardium. The chest cavity is
underdeveloped, and congenital heart disease is often
present, especially tetralogy of Fallot and, atrial and
ventricular septal defect. Surgical repair with survival
to adulthood is possible. This is usually staged.

Thoracoabdominal ectopia cordis
(Cantrell’s pentalogy)
The thoracoabdominal ectopia cordis differs from
thoracic ectopia cordis by coverage of the heart by
a thin omphalocele-like membrane or skin and, lack
of anterior rotation of the heart and associated defects
in the diaphragm and abdominal wall. The most
frequent congenital heart defect is left ventricular
diverticulum associated with tetralogy of Fallot or
atrial and ventricular septal defects. The sternum
has a cleft that is present in its lower half, with part
of the heart protruding via a diaphragmatic defect.

This condition is less frequent than thoracic ectopia
cordis, and surgical repair is also possible.

Jeune’s disease (asphyxiating thoracic
dystrophy, short rib thoracic dysplasia)
Jeune described this condition in 1954. It is an auto-
somal recessive disease presenting with a narrow,
bell-shaped thorax and protuberant abdomen. The
underlying genetic problem leads to abnormal cilia
function. This causes a variety of abnormalities includ-
ing abnormal rib development. It is one of a group of
rare related conditions known as ‘short rib thoracic
dysplasias’ (STRD). The pathology is based on poor
endochondrial ossification leading to wide and short
ribs with abundant and irregular costal cartilage. The
thorax is narrow in transverse and sagittal axes, with a
horizontal direction of the ribs leading to decreased
respiratory movements and hypoplastic lungs. Short
limbs, hypoplastic pelvis, phalange abnormalities,
renal microcystic disease and liver dysfunction might
also be present. The patients usually die in infancy due
to respiratory insufficiency or pneumonia, but patients
with less severe forms may live into adulthood.

There are reports of surgical attempts to expand
the chest and allow growth of hypoplastic lungs. These
include expandable prosthetic titanium ribs, sternal
split and expansion, Nuss procedure and, most effect-
ive, lateral thoracic expansion. The latter consists of
division of lateral parts of ribs and underlying tissue
in a staggered fashion and plating them together
in an expanded manner with titanium struts[39,40].

Figure 21.8 Poland syndrome with
absence of breast and missing ribs.
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This procedure may need to be repeated to accommo-
date growth of the child and thorax.

Pathophysiology of acquired Jeune’s disease is dif-
ferent. This condition develops as a consequence of
excessive resection of growing costal cartilages during
open pectus excavatum repair in very young children,
and use of the term ‘acquired restrictive thoracic
dystrophy’ is also seen.

Jarcho-Levin syndrome
(spondylothoracic dysplasia and
spondylocostal dysostosis)
Spondylocostal dysostoses are a varied group of axial
skeletal disorders characterized by multiple segmen-
tation defects of the vertebrae (SDV), rib malalign-
ment with variable points of intercostal fusion and
often a reduction in rib number. Jarcho-Levin syn-
drome was described in 1938. Many of the published
patients are from Puerto Rican families. It is a
rare disease existing in two distinct subtypes: (1)
spondylothoracic dysplasia and (2) spondylocostal
dysostosis.

Spondylothoracic dysplasia is an autosomal reces-
sive disease with very abnormal and very short verte-
bral bodies of the thoracolumbar spine, leading to a
close proximity of origin of ribs and their bilateral
posterior fusion. The primary pathology in spinal and
rib bone formation is preserved. The posterior thorax
is severely shortened with hypoplastic lungs as a con-
sequence. This condition has typical crab-like appear-
ance on chest radiograph. Prognosis is poor due to
underdeveloped lungs, and the majority of patients
die in infancy as a result of respiratory insufficiency
or pneumonia.

Spondylocostal dysostosis has both autosomal
recessive and dominant inheritance with a variable
degree of asymmetrical spinal and rib abnormalities
but no symmetrical costal fusion. Spinal scoliosis is
typical, and lung pathology is usually less promin-
ent. These patients are usually treated by ortho-
paedic surgeons by means of implantation of
expandable prosthetic titanium inserts for correc-
tion of spinal abnormality and growth, with life
expectancy into adulthood and in some cases
normal.
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Chapter

22
Eventration, central bilateral diaphragmatic
paralysis and congenital hernia in adults
Françoise Le Pimpec-Barthes, Pierre Mordant, Alex Arame, Alain Badia,
Ciprian Pricopi, Anne Hernigou andMarc Riquet

Introduction
Diaphragm surgery concerns various rare disorders
with radically different functional consequences ranging
from the absence of respiratory symptoms to the absence
of spontaneous ventilation. Diaphragmatic disorders
may also be associated with digestive troubles, cardiac
arrhythmia or chest pain. The aetiologies may be
traumatic, congenital or degenerative, concerning the
diaphragm itself or its innervation from the cortex to
the muscle[1,2]. Morphological analysis and specific
neuromuscular explorations are often required to refine
the diagnosis and to evaluate the need for a specific
treatment. This chapter will discuss the diagnostic fea-
tures and treatment options of the three main diaphrag-
matic pathologies, including (i) congenital and acquired
eventration in adults, (ii) central bilateral paralysis in
adults or adolescents, and (iii) hernia in adults or
adolescents.

Eventration of hemidiaphragm
‘Unilateral eventration’ is defined as an elevation of
the hemidiaphragm due to the lack or the lengthening
of peripheral muscular fibres with normal peripheral
attachments. It can affect either all or only a portion
of the hemidiaphragm[3]. Unilateral eventrations can
be congenital or acquired. True diaphragmatic even-
trations are congenital and result from an incom-
plete development of the muscular portion during
the embryonic period. They are usually diagnosed in
the neonatal period but sometimes also in young
adults. Acquired forms are the result of phrenic
nerve paralysis due to traumatic, tumoural, infec-
tious or neuromuscular diseases[4]. Every level of
the neuromuscular axis may be involved. However,
in nearly 60% of diaphragmatic paralysis (DP) cases,

no specific cause is identified. These DP cases are
called ‘a frigore’ and may follow a previously
unnoticed viral infection.

Regarding traumatic causes, it is difficult to evalu-
ate the real frequency of unilateral DP (UDP) apart
from iatrogenic causes in surgical series. In adult
cardiac surgery, the incidence of irreversible UDP
ranges from 2 to 31%[5,6]. The main suspected causes
are cold myocardial protection and use of mammary
arteries for bypass grafts[5,6]. Among non-surgical
traumatic causes, cervical traumas are often reported
to induce UDP. However, the neuromuscular junc-
tion is also a particularly fragile area which can be
torn in sudden and dramatic deceleration. Such
lesions happen more on the left side because of ana-
tomic considerations (Figure 22.1).

Figure 22.1 Intra-operative views of a left pleural cavity: the
phrenic pedicle passes from the pericardium’s left side to the left
hemidiaphragm’s upper part. In case of sudden deceleration, a
rupture may occur at the neuromuscular junction.
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Clinical presentation
A UDP may be unnoticed in 50% of patients with
moderate to low activity and revealed on chest X-ray.
Postural or effort dyspnoea is the most commonly
observed symptom. Antepnoea, also called the ‘shoe-
lace sign’, almost formally proves the diaphragmatic
damage. In a lying position during sleep, the elevation
of the hemidiaphragm is increased, giving hypoventi-
lation and hypoxemia. A ventilatory support using
non-invasive ventilation may be proposed to improve
the apnoeic syndrome. Recurrent bronchopulmonary
infections or cardiac dysrhythmias may occur, being
directly linked to the local compression and medias-
tinal shift. The stomach horizontalization leads to
digestive disorders including epigastric pain, strong
and painful eructations and gastro-oesophageal
reflux disease. Co-morbidity factors such as obesity,
cardiomyopathy or pre-existing underlying broncho-
pulmonary disease potentiate the functional conse-
quences of eventration[3].

Morphological and functional assessments
� Chest radiography (profile and front) associated

with dynamic X-ray (inspiration and expiration)
views are enough to diagnose the eventration and
to appreciate its severity. The mediastinal shift
shows a major amyotrophied form which is
always very symptomatic. In major forms, a
paradoxical cranial movement of the distended

hemidiaphragm is observed during inspiration
due to an increase of abdominal pressure.

� Diaphragm ultrasonography is a simple test
which allows analysis of diaphragm mobility, but
its results may depend on the operator, decreasing
its relevance for surgeons.

� Cervicothoracic CT scan and magnetic
resonance imaging (MRI) are useful and
unavoidable tools in the diagnosis of aetiology and
for evaluation of local consequences (Figure 22.2).
Performed in the supine position, they increase
the elevation of the hemidiaphragm and show
what happens during sleep. They allow
the detection of a tumour that can be located on
the course of the phrenic nerve somewhere
between its root and its end. Local compressions
may also be evaluated.

� Pulmonary function tests usually show a
restrictive syndrome of which severity depends
on the importance of the elevation and
co-morbidity criteria. The vital capacity
reduction, which often exceeds 50%, is further
aggravated during transition from a sitting to a
supine position. The effect is more evident in
right-sided DP.

� Full-night polysomnography is interesting to
detect a possible sleep apnoea syndrome.

� Electrophysiological study is essential to evaluate
the conduction of the nerve and to measure the
capacity of the muscle to get an efficient

Figure 22.2 Magnetic resonance imaging of the diaphragm showing the movement of the two hemidiaphragms during inspiration and
expiration. The fixed right eventration of the hemidiaphragm contrasts with the good mobility on the left side.
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contraction[7,8]. It includes surface
electromyography (EMG) of costal diaphragm,
needle EMG of the diaphragm (usually
contraindicated in chronic obstructive lung disease
and ventilated patients because of the risk of
pneumothorax), gastric and oesophageal
catheters (to measure transdiaphragmatic pressure,
commonly considered to be proportional to the
force generated by the diaphragm) and cervical
stimulation tests (magnetic and electric to measure
the conduction time of each nerve). The tests can
be repeated to follow the evolution over time and
detect possible recovery.

� Indication for surgery: When an eventration is
diagnosed, it is important to avoid unnecessary
surgery and to evaluate precisely its reversibility,
which can occur months to years later[9]. This
reversibility is evaluated according to a set of
arguments, including

○ The initial mechanism of the trauma: a phrenic
nerve section is obviously definitive but a
cervical trauma may recover,

○ The time since the onset of the paralysis,
○ The importance of the hemidiaphragm
distension, and

○ The results of the stimulation tests. One should
keep in mind that a significant distension of
the hemidiaphragm with a thinning of the
muscular part is usually the sign of an
irreversible amyotrophy even if the nervous
conduction has already recovered.

Surgery can be proposed in case of a significant
elevation of the hemidiaphragm (more than two or
three intercostal spaces on chest X-ray) if the tests
show a major dysfunction of the diaphragm, with
important functional consequences for the patient
and no hope of spontaneous recovery. Before surgery,
co-morbidity factors must be controlled – tobacco
weaning, active bronchial physiotherapy, weight reduc-
tion and sleep apnoeic syndrome.

Asymptomatic or minimally symptomatic even-
trations do not require any prophylactic surgical
treatment, even in complete hemidiaphragm paralysis
confirmed by stimulation tests. A simple follow-up
must be proposed to these patients.

Formal contraindications
Morbid obesity is a contraindication because of the high
risk of post-operative morbidity and mortality, technical

challenge and poor functional results. For these patients,
a strict slimming diet is the first measure to propose,
sometimes associated with non-invasive ventilation
and/or even bariatric surgery. Diffuse neuromuscular
disorders (i.e. amyotrophic lateral sclerosis) and
pleural tumour represent a contraindication because
of short-term pejorative vital prognosis and poor func-
tional benefits. General co-morbidity factors (cardiac
or renal failure) must also contraindicate this surgery,
temporarily or definitively.

Objective and principles of the surgical
treatment of unilateral eventration
Tightening the distended hemidiaphragm using
plication[3,10] is the only accepted surgical treatment
for a symptomatic eventration. Suggested by Wood
in 1916, this technique was used successfully for
the first time by Morrison in 1923[11]. Since then,
hemidiaphragm plication has only been infre-
quently performed and reported in the medical
literature[10,12–18]. The objective of this treatment
is to improve symptoms by pulling down the hemi-
diaphragm and restoring its anatomical position.
This procedure does not restore the active contrac-
tion of the muscle; however, it restores the position
of both abdominal and thoracic organs, decreases
compression and stops the paradoxical movements
of the diaphragm, improving the function of the
healthy contralateral hemidiaphragm.

When should plication be used?
There is no consensus regarding the time between
diagnosis and plication. To plan surgery, the key
elements are a good understanding of the mechan-
ism of the lesion and the importance of symptoms.
Surgery should be proposed without delay in case of
irreversible respiratory decompensation requiring
assisted ventilation.

Three different approaches have been described to
perform plication. To date, the reference technique
is a plication of the hemidiaphragm performed via
a limited lateral thoracotomy approach[10,13,16–18].
More recently, plication via video-assisted thoraco-
scopic approach (VATS) has been proposed by Mour-
oux and colleagues[15] and later done by other expert
centres[14]. In 2004, Huttl[19] first described the
laparoscopic approach, and other rare successful cases
were reported[20].
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Open thoracic approach associated
with thoracoscopy
Technical aspects
Under general anaesthesia with double-lumen intub-
ation, the patient is placed in a lateral position.
A nasogastric tube is positioned to completely empty
the stomach. The thoracoscope is inserted to deter-
mine the exact level of thoracotomy. A small lateral
thoracotomy is performed (usually through the sev-
enth or eighth intercostal space), and a rib retractor is
positioned. After removal of the pleural symphysis, if
necessary, a complete local exploration is done. It
concerns the thickness of the peripheral muscle, the
general aspect of the hemidiaphragm and the whole
phrenic nerve all along its course from the apex to its
end on the muscle. The hemidiaphragm is then
manually tensioned and folded to determine the exact
level of the plication plane. This suture area must be
chosen on the peripheral muscular parts, thus pre-
serving the phrenic nerve and its branches. It is most
often a transverse fold, lined up from the pericardial
region (in front of or behind the phrenic pedicle) to
the lateral chest wall. We suggest to perform a short
opening of the central tendon in order to control the
position of the abdominal organs and thus to avoid
injuring them when passing the suture through
(Figure 22.3). The re-tensioning of the hemidiaph-
ragm allows one to determine the exact position of
the U stitches placed on both sides of the fold. The
eventrated diaphragm is grasped with Babcock
clamps, and the excess portion is sutured at the base

with non-absorbable mattress sutures (with or with-
out pledgets). These stitches are not tied but put on
hold on a clamp. Then, when all stitches are pos-
itioned, they are tied up while checking the quality
of the whole re-tensioning and shape of the hemi-
diaphragm. If necessary, some stitches may be added
to avoid any organ strangulation inside the suture.
The opening performed inside the central tendon at
the beginning of the procedure is then closed by a
non-absorbable continuous suture (Mersuture; John-
son & Johnson, New Brunswick, NJ) with threads.
The fold is then sutured laterally to reinforce the first
plication (Figure 22.4). In case of major amyotrophia,
we systematically reinforce the diaphragm using a
prosthetic mesh in non-absorbable mattress, using
additional stiches positioned on the peripheral muscle
at the beginning of the surgical procedure
(Figure 22.5). To reinforce the plication, several rows
of double-armed non-absorbable sutures parallel to
the sagittal plane may be used without any opening of
the central tendon.

Results
Observational retrospective studies and few studies
of unpaired control cases[12,13] have been reported.
Respiratory functional improvement is almost always
observed earlier and sustained in the long
term[10,12–14,16,17]. The subjective benefit is measured
using different criteria according to the series. It may
be a simple questioning, a measure of dyspnoea
score using an analog scale or a more complex scale
such as the Medical Research Council (MRC) dyspnoea

Figure 22.3 The short opening of the central tendon allows
control of the position of the abdominal organs, avoiding injury,
when passing the sutures.

Figure 22.4 Lateral suture reinforcing the first row of
hemidiaphragm’s plication.
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score. The objective results are measured on
post-operative flow and volume improvements. The
mean improvements of the vital capacity (VC) and the
forced expiratory volume in 1 second (FEV1) are in the
range of 10 to 20%[13,16,17,21], also assessed in the supine
position[21]. In Versteegh’s series, all the patients could
sleep again in the supine position, and non-invasive
ventilation was stopped in the three patients who had
it before operation[21]. This benefit persists on long-
term follow-up despite a downward trend, as reported
in Higgs’s series, where 15 of the 19 operated patients
had a mean follow-up of 10 years[16]. The blood
exchanges also improve, with a significant arterial pres-
sure in oxygen ranging from 7 to 13 mmHg[10,17].
The advantages of thoracotomy are to allow an excellent
approach of the whole diaphragm and to apply
re-tensioning of the hemidiaphragm with maximal
security for all intra-peritoneal organs.

Thoracoscopic plication
History
The first successful VATS approach to treat dia-
phragm eventration in adults was described in 1996
by Mouroux and colleagues[22]. Then it was devel-
oped in paediatry, even in newborns, to avoid the
constant disadvantages of thoracotomy. In adults,
few centres performed the diaphragm plication using
this approach[14,15].

Technical aspects
Under general anaesthesia with double-lumen intub-
ation, a nasogastric tube is inserted to completely

empty the stomach. The patient is positioned in the
full lateral position. Two 5-mm ports are inserted in
the fifth intercostal space on the posterior axillary
line (for 5-mm 30-degree angled scope) and on the
mammary line (for the grasper), respectively.
A short thoracotomy 5-cm working incision is per-
formed in the nineth intercostal space on the poster-
ior axillary line. No rib retraction is generally
required, and conventional surgical instruments are
introduced through the thoracotomy. An endoscopic
clamp introduced through the anterior port is used
to grasp and invaginate the apex of the eventration
downward into the abdomen. A transverse fold is
thus created from the periphery to the cardiophrenic
angle behind the phrenic nerve. This fold is first
closed using a non-absorbable running suture begin-
ning at the periphery of the diaphragm. The first row
is superficial to avoid injury to the abdominal
organs. Once at the cardiophrenic angle, the suture
is drawn tight, while the clamp used to push the
diaphragm downward is removed. A row of return
stitches is created along the same axis, and the suture
is tied with the free end of the first knot. During the
placement of these return stitches, the assistant keeps
the suture material taut using forceps introduced
through the posterior port. The tension applied in
this manner facilitates grasping of the edges of the
fold to be sutured. This first back-and-forth series of
running suture allows maintenance of the excess of
diaphragm within the abdomen, and care is taken to
avoid applying tension to this first series of suture.
A second back-and-forth series of running suture
is carried out similarly, thus burying the first series
of suture lines: stitches are inserted through a more
peripheral portion of the diaphragm to obtain the
desired tension of the hemidiaphragm. Chest drain-
age is achieved using a single chest tube introduced
through the anterior port.

Results
Significant improvements in the functional status
were reported in short series[14,15]. At 6-month
follow-up in the VATS group, mean forced VC,
FEV1, functional residual capacity (FRC) and total
lung capacity (TLC) improved by 17, 21, 20 and
16%, respectively (p < 0.005). Mean MRC dyspnoea
scores also improved significantly in the operated
cohort (p< 0.001). In the short Kim’s series including
four patients treated by exclusive tidal volume (VT)
plication (without minithoracotomy), no eventration

Fig. 22.5 The prosthetic mesh in non-absorbable mattress is
sutured laterally to reinforce the muscular plication.
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recurrence was observed at 6-month follow-up[23].
However, at 12-month follow-up, a slight elevation of
the hemidiaphragm was observed in one patient, but
no new surgical procedure was necessary. A validation
of these results obtained by minimally invasive tech-
nique is needed based on larger prospective studies.
Such studies are probably difficult to conduct because
of scarcity of the disease and the lack of thoracic
surgeons experienced in this disease.

Laparoscopic approach
History
Described in 2004 by Hüttl[19], this approach is still a
more exceptional and recent procedure[24].

Technical aspects
Under general anaesthesia with a single-lumen trach-
eal tube, four ports are inserted: the first one for the
camera above the umbilicus and 2 cm lateral to the
midline (toward the contralateral side of the affected
hemidiaphragm), two working ports placed in line
with the first port, ipsilateral to the affected hemi-
diaphragm, and one near the xiphoid process. The
creation of pneumoperitoneum displaces the dis-
tended hemidiaphragm upward. A pneumothorax is
created by a 5-mm defect in the affected hemidiaph-
ragm. It lets the diaphragm drop down, making it
easy to grasp and retract caudally. The pneumoper-
itoneum is still maintained because the opening in
the diaphragm is small, and a chest tube is inserted
in case of respiratory or hemodynamic compromise.
The diaphragm incision is then closed. A T-shaped
plication is constructed from the medial to lateral
direction with braided, non-absorbable number
2 (curved needle) hand-sewn pledget-reinforced
U stitches.

Results
For the authors, the laparoscopic diaphragmatic
plication offers several distinct advantages, such as
avoidance of single-lung ventilation, ample working
space and visualization, potentially less post-operative
pain and a reduction of the risk of visceral injury. In
the Groth’s series including 25 patients, there was one
conversion to thoracotomy because of pleural sym-
physis, a 25% complication rate and no deaths[25].
A significant short- and mid-term improvement
in respiratory quality-of-life scores (St George’s
Respiratory Questionnaire) and pulmonary function

was reported[25]. While the scores of quality of
life and dyspnoea were still improving 1 year after
operation, the functional tests (VC and FEV1) were
noticeably deteriorating compared with the early
post-operative ones.

Due to the small amount of data concerning the
importance of eventration and the lack of functional
evaluation, this technique could not really be well
assessed.

In conclusion, the diaphragmatic plication using
thoracic approaches is a treatment recommended
in case of symptomatic eventration after treating
co-morbidities. It is a safe and efficient technique
which allows long-term improvement of the respira-
tory symptoms in selected patients. Thoracoscopic
repair is gaining favour, but short lateral thoracotomy
remains the reference technique. To date, the laparo-
scopic approach has not been validated for the treat-
ment of diaphragm eventration.

Central diaphragm paralysis
Some ventilator-dependent patients following cen-
tral respiratory paralysis can be weaned from their
respirator after the implantation of phrenic pacing.
This treatment concerns strictly selected patients
with damaged central command but with func-
tional phrenic nerves and preserved diaphragm.
The main indications for phrenic pacing are upper
cervical spinal cord injury (above or at the C3 level)
and central alveolar hypoventilation (either con-
genital or acquired)[26–28].

General considerations
Compared with mechanical ventilation, phrenic
pacing provides more natural breathing, reduces the
occurrence of respiratory infection and improves the
quality of life, in part through restored olfaction[29].
It is also considered to decrease healthcare cost,
thanks to earlier home discharge and reduced infec-
tion complications[30,31].

For tetraplegic patients, the criteria to indicate
phrenic pacing are a persistent electromyographic
response of the diaphragm to bilateral cervical mag-
netic stimulation and an abolished response of
the diaphragm to transcranial magnetic stimula-
tion[32,33]. For patients with central hypoventilation,
cervical stimulation confirms the functionality of the
phrenic nerves.
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Technical aspects
Device
We use a quadripolar phrenic pacing system from
Atrotech (Jukka, Atrotech, Tampere, Finland) which
has two components: an internal part – the perman-
ently implanted device – and two external antennas
taped to the skin and connected to the transmitter
(Figure 22.6). The internal component consists of
quadripolar electrodes positioned around each
phrenic nerve connected by wires to subcutaneous
radiofrequency (RF) receivers. Each electrode, stuck
on Teflon strips, is placed opposite a quarter of the
nerve to subsequently stimulate the nerve fibres of
that portion (Figure 22.7).

Surgical technique
Under general anaesthesia with double-lumen intub-
ation, VATS is performed successively for each pleural
cavity. The endoscopic camera (5 mm in diameter) is
inserted laterally into the third intercostal space. A 4-cm
incision is made in the first or second intercostal space,
3 cm laterally to the sternum. A careful dissection of
the phrenic nerve is done at the end of the vena cava

on the right side and in front of the aorta on the left
side. For each nerve, two electrodes are located above
the nerve and two below. The Teflon strips support-
ing the electrodes are sutured on the pleura and the
pericardium. Each wire is brought out of the pleural
cavity through an intercostal space below the main
access and is tunnelled under the pectoralis major
muscle to a subcutaneous pocket in the lateral chest
wall. In this pocket the wires are connected to a
subcutaneous RF receiver on each side (Figure 22.8).
Intraoperative tests determine the minimum stimula-
tion thresholds of each electrode. A chest drain is
inserted into each pleural space exiting through the
lateral port.

Figure 22.6 Schematic view of the device for phrenic pacing.
Internal components on the right side (1 = phrenic electrodes,
2 = subcutaneous radiofrequency receiver, 3 = wires between
electrodes and receiver) and external components on the left side
(4 = skin antenna, 5 = generator).

Figure 22.8 The wires between the electrodes and the
subcutaneous radiofrequency receiver are tunnelled under the
pectoralis major muscle.

Fig. 22.7 Intra-operative views of left pleural cavity: The Teflon
strips supporting the four electrodes are sutured around the phrenic
pedicle.
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Reconditioning
Two weeks after surgical implantation, the recondi-
tioning procedure of the diaphragm can start. Short
daily stimulation sessions are done initially (only
2 or 5 minutes). The time is progressively increased
according to a breath-by-breath monitoring of VT.
Intervals of 24 hours between sessions are allowed at
the beginning. The intersession intervals are reduced
as soon as diaphragmatic contractions are in phase[34].
The reconditioning procedure is considered complete
when the patient can spend 8 hours under stimulation
alone without a noticeable drop in VT.

Results
When pre-operative electrophysiological tests confirm
that the central command is affected but the phrenic
nerve conduction is normal, phrenic pacing is success-
ful in all cases without intra-operative complications
or peri-operative mortality[26]. In our experience, the
only failure was due to a misindication with a com-
passionate indication because pre-operative tests did
not detect any conduction by phrenic nerve. In our
series, the level of intra-operative thresholds ranged
from 0.05 to 2.9 mA, and ventilatory weaning was
obtained after a mean reconditioning time of 6 weeks
(2–11 months). Patients with major denutrition had
a longer reconditioning and incomplete weaning. All
the patients weaned from mechanical ventilation
reported an improved quality of life for several
reasons. Phrenic stimulation allows one to get a more
physiological breathing, recovery of smell and taste
and more mobility.

Congenital diaphragmatic hernia
Diaphragmatic hernias are defined as a passage of the
abdominal contents through a peripheral orifice of
the diaphragm. These congenital hernias are rare
but increase in size over time. We will not discuss
hiatal hernias, but we will focus on Bochdalek hernias
and Morgagni hernias (Larrey and Morgagni hernia).
Bochdalek hernias represent 90% of all diaphrag-
matic hernias. They are due to a closure failure of
the posterior pleuroperitoneal track. Morgagni hernias
are anterior retrosternal diaphragmatic defects that
occur between the xiphoid process of the sternum
and costochondral attachments of the diaphragm. In
both cases, hernias result from a lack of partitioning
between the pleura and peritoneal cavities during the

embryonic stage. Anterior hernias are due to an
abnormal development of the septum transversum or
a failure of fusion of the pleuroperitoneal folds. In
neonatal periods, these hernias usually require a treat-
ment in emergency because of respiratory distress. In
adults, because of the lack of symptoms, the diagnosis
is done later and fortuitously[35].

Bochdalek hernias
Digestive structures may be located and sometimes
strangulated (omentum, small or large intestine,
stomach or spleen) inside these hernias[36]. In adults,
symptoms are usually limited to vague dorsal chest
pain or respiratory symptoms. The diagnosis is done
on CT scan showing a posterior or lateral defect
between the chest wall and the peripheral part of the
diaphragm. Except in cases of major co-morbidities,
surgery is decided at the time of diagnosis to prevent
any organ strangulation. Unlike emergency surgery
done in the perinatal period for respiratory failure,
the adult form is rarely treated in the emergency
setting, except in the case of intestinal obstruction.

The approach mainly depends on the surgeon’s
habits. Currently, the abdominal access is performed
through a short upper midline laparotomy or a sub-
costal transverse incision. Detecting the hernial orifice
is easy, and the herniated organs are put back into the
abdomen. Particular caution must be taken when
the spleen is incarcerated while avoiding any traction
on its meso. The borders of the hernia sac are then
clearly visible, and if necessary, the left triangular
ligament of the liver is cut. Then the hernia sac is
resected and closed. If the hernial orifice is sur-
rounded by part of the diaphragm, a direct suture
may be done using non-absorbable suture. If there is
no muscle near the thoracic wall, the sutures may be
done by stitching up directly around the ribs. In fact,
a too superficial suture runs the risk of recurrence. If
there is a too large diaphragmatic defect, a prosthetic
mesh may be used. Most of the time direct suture is
possible[35,36].

In our thoracic department, a minimally invasive
access by VATS is done. The videothoracoscopy is
associated with limited lateral lower thoracotomy
through the nineth intercostal space to offer a direct
intrapleural view. In case of excessive pleuropulmon-
ary adhesion, the small thoracotomy is widened. The
content of the hernia sac is reduced towards the
abdominal cavity, and the hernia sac is resected. Then
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the two edges of the diaphragm are sutured with the
same recommendation as through abdominal access.
This VATS approach represents the first choice over
an open or laparoscopic approach in the management
of adult patients with Bochdalek or Morgagni hernias
because intra-thoracic severe adhesions of digestive
structure are easily removed with a direct and secure
vision.

Morgagni-Larrey hernias
These hernias are rarely symptomatic and are usually
well tolerated even in large size. Exceptionally, they
are revealed by an acute episode of intestinal obstruc-
tion. On chest X-ray, a filling of the cardiophrenic
angle, mostly right-sided, is observed. The diagnosis
is determined by CT scan or MRI, especially thanks
to sagittal and frontal reconstructions showing the
diaphragmatic defect. The risk of incarceration of
digestive structures indicates surgery as soon as the
diagnosis is determined.

Repair of foramen of Morgagni hernias has been
described through the abdomen and through the
chest. A short upper midline incision is done to access
the hernia. The size of the incision depends on the
patient’s size, the size of the hernia and the content of
the hernia. The most important is to have an excellent
visualization of the content. Once the peritoneal
cavity is entered, the abdominal viscera are displaced
in their normal intra-abdominal position. The limits
of the hernia sac can be observed, and the sac is
resected. Regarding the size of the diaphragm defect,
the repair is done either directly or by placing some
prosthetic mesh in case of a large defect[35]. In a small
defect, a horizontal mattress using non-absorbable
sutures allows a direct closure of the two edges of
the muscle. In its anterior part, the suture is fixed to

the posterior part of the chest wall (xiphoid or ribs) to
secure the closure. In case of a large defect, a suture of
the diaphragm without tension is impossible and
requires the use of a synthetic patch. The patch is
fixed to the edges of the diaphragm and on the chest
wall using non-absorbable interrupted sutures. The
prosthetic material used depends on the surgeon’s
habits and may be polytetrafluoroethylene (PTFE)
or various non-absorbable synthetic meshes[37]. The
most important aspect of these repairs of diaphrag-
matic defects is to obtain a suture without tension to
avoid recurrence. In fact, the important force applied
on the diaphragm during breathing, cough or in
effort requires strong sutures that can resist those
forces in any circumstances. The transthoracic
approach, via thoracoscopy, provides a wide exposure
and an easy repair of the hernia defect[38]. The repair
is performed as in the transabdominal approach.

Conclusion
Surgery of the diaphragm remains a rare procedure
and concerns either central dysfunctions or muscle
damage. Surgical indications for central or periph-
eral paralysis and for eventrations must be reserved
to symptomatic patients after complete electro-
physiological analysis. In these selected patients,
the surgical treatment using a minimally invasive
approach gives excellent long-term results. For
hernias, surgery is indicated as soon as the diagnosis
is determined to avoid the risk of incarceration of
digestive structures.
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Section VII

Chapter

23
Disorders of the esophagus

Benign esophageal disease
DonnH. Spight andMithran S. Sukumar

Introduction
Benign esophageal disease is widely prevalent and
often requires treatment, although the surgical man-
agement of the same is less commonly indicated.
Surgical treatment of these diseases requires consider-
able expertise and is best left to those who manage
these patients on a daily basis. However, a basic
understanding of the diseases and their management
is required by all cardiothoracic trainees and prac-
ticing thoracic surgeons, and this chapter is an
attempt to enable them to do so.

Antireflux surgery
Gastroesophageal reflux disease (GERD) is a very
common problem estimated to affect up to 35% of
Americans; however, the true prevalence is unknown
due to the widespread availability of over-the-counter
medications that are able to lessen symptoms without
any physician contact. Additionally, lack of con-
sensus on the true constellation of symptoms that
constitute the disease makes clinical diagnosis and
therapeutic management a challenge. Typical GERD
presents with classic symptoms of heartburn or
acid regurgitation or both. A broad array of atypical
symptoms can also be attributed to GERD, such as
vomiting, dysphagia, chest pain, cough, asthma, sore
throat, hoarseness, chronic aspiration, or idiopathic
pneumonias.

Basic physiology
Heartburn is generally defined as substernal burning
or discomfort that radiates upward from the epigas-
trium. Failure of the zone of high pressure located
at the gastroesophageal (GE) junction is the most
common etiology of GERD. This area, known as the

lower esophageal sphincter (LES), is responsible for
preventing retrograde flow of gastric material into the
esophageal body. The LES is a region of thickening
made up of the collar-sling musculature and clasp
fibers of the upper stomach that remain in tonic
opposition. Receptive relaxation triggered by the act
of swallowing allows passage of a bolus into the stom-
ach. The characteristics that maintain competency of
the LES are its resting pressure, the overall length, and
the intra-abdominal length subject to positive abdom-
inal pressure. Physiologic or pathologic processes that
affect these characteristics often result in GERD.

Median normal manometric values of the LES:

Pressure (mmHg): 13
Overall length (cm): 3.6
Abdominal length (cm): 2

Indications for surgery
A careful assessment of the patient’s symptoms is
essential before any therapeutic intervention should
be undertaken. Many GERD-like symptoms may be
associated with other disease processes and will not be
relieved by operative intervention. Presentations of
typical or atypical symptoms may be related to other
disease entities such as achalasia, diffuse esophageal
spasm, esophageal carcinoma, pyloric stenosis, peptic
ulcer disease, cholelithiasis, or coronary artery dis-
ease. Life-threatening entities such as unstable angina
must be excluded before proceeding with workup
for GERD.

When symptoms point toward GERD, an initial
trial of behavior and lifestyle modification is war-
ranted as first-line therapy. These include weight loss,
avoiding recumbent position within 2–3 hours after
meals, elevating the head of the bed, and smoking
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cessation. Patients should avoid acidic or reflux-causing
foods such as chocolate, coffee, fatty foods, citrus, and
alcohol. Anticholinergic drugs, estrogens, calcium-
channel blockers, nitroglycerine, and benzodiazepines
should also be avoided if possible.

In the era of proton pump inhibitors (PPIs),
patients often move quickly through behavior and
lifestyle modifications as well as traditional drug
therapy including antacid and histamine-2 recep-
tor antagonists. PPIs suppress acid secretion very
effectively. When taken 30 minutes before eating
in the morning, a single dose of PPI normalizes
esophageal acid exposure in 67% of patients. Adding
a second dose before the evening meal increases
efficacy to 90%.

In patients who fail medical therapy, have adverse
events related to PPIs, have large-volume regurgita-
tion, or do not wish to take PPIs for the rest of their
life, surgical alternatives should be considered.

Prior to operative intervention, further diagnostic
studies must be obtained to confirm the diagnosis
and facilitate operative planning. Esophageal mano-
metry is necessary to evaluate the propulsive force of
the esophageal body and identify LES characteristics
that may suggest other pathologies. An upper endo-
scopy is necessary to identify abnormalities such as
erosive or eosinophilic esophagitis, esophageal stric-
ture, Barrett’s esophagus, or esophageal cancer. An
upper GI (gastrointestinal) study is useful to identify
esophageal shortening or the presence of a large hiatal
hernia.

Operations
The most common antireflux procedure is the
360-degree fundoplication around the lower 4–5 cm
of esophagus as described by Nissen. Fundoplications
can be performed open or minimally invasively
through the abdomen or chest. Typically the minim-
ally invasive approach provides optimal visualization
for all but the most complex of reoperative abdomens.
Patients who have undergone open foregut operations
will often present a significant challenge reentering
the region due to dense adhesions to the undersurface
of the liver. Right-sided diaphragmatic hernias or
large paraesophageal hernias with abdominal con-
tents contained within the right chest are often better
approached thoracoscopically due to physical limita-
tions to reduction caused by the liver.

When performed with the patient in a steep
reverse Trendelenburg and split leg position, an

ergonomic advantage can be gained by the surgeon
standing between the legs. Typically a five-trocar
setup is employed in a diamond configuration. Util-
ization of an automatic camera holder and Nathanson
liver retractor secured with a bedside retractor system
facilitates the creation of a consistent and stable
operative field. The ability to work underneath the
liver and visualize the vagal nerves in high definition
are optimized in the laparoscopic approach.

For patients with severe motility dysfunction, a
partial fundoplication can be performed transabdom-
inally as a 270 degree posterior fundoplication
(Toupet) or as an anterior fundoplication (Dor).
Partial fundoplications can also be performed via
a left chest incision (Belsey Mark IV). Typically
a Nissen fundoplication is performed for all but
the most severe disorders of esophageal peristalsis
demonstrated by manometry. In the case of true
absence of peristalsis, caution must be taken to rule
out achalasia, for which a Heller myotomy would be
the indicated operation.

The principles of the transabdominal laparoscopic
Nissen fundoplication operation are

1. Crural dissection and identification of left and
right vagal nerves. The conduct of the operation
begins with division of the pars flaccida to the
level of the right diaphragmatic crus. Working
bluntly within the avascular plane between
the crura and the esophagus, this dissection
is carried up and over the esophagus to the
crus of the left diaphragm by carefully dividing
the phrenoesophageal ligament. The dissection
is then carried down the avascular plane
between the esophagus and left crus. Blunt
dissection can be utilized to mobilize the
esophagus anteriorly high into the mediastinum.
Care must be taken to identify and avoid
violation of the endothoracic fascia (parietal
pleura of the lung cavity). Anatomically,
the vagal nerves can be identified in the
mediastinum in their named positions relative
to the esophagus. At the GE junction the left
vagus nerve rotates to become an anterior
structure and the right a posterior structure.
The hepatic branch of the vagus nerve can often
be seen coursing toward the liver within the
gastrohepatic ligament. Failure to preserve this
vagal branch has been reported to cause minor
gallbladder emptying dysfunction, although
clinically this is rarely significant.
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2. Division of the short gastric vessels. This is best
accomplished utilizing an ultrasonic dissector or
other vessel sealing device. Careful coordination
of retraction between the surgeon and first
assistant is critical to avoid injury to the stomach
or spleen as the dissection approaches the angle
of His.

3. Circumferential mobilization of the esophagus
and establishment of at least 2.5 cm of
intra-abdominal length. This can be accomplished
by careful blunt dissection at the base of the
right crus outside the mediastinum working
toward the left crus, where the angle of His
has been previously dissected. Consideration
should be made to avoid working too deep
away from the esophagus as the celiac axis is
nearby. After creation of a posterior window,
a 0.25-inch Penrose drain cut 4 inches can
be placed around the esophagus and secured
with an endoloop. Manipulation of the endoloop
by the first assistant allows exposure for
mobilization of the entire esophagus high into
the mediastinum. If adequate esophageal length
cannot be attained after high dissection of the
esophagus into the mediastinum, a Collis-type
wedge gastroplasty can be performed to tubularize
the proximal stomach. This gastric tube is sized
with a 48 French (Fr) bougie.

4. Posterior crural closure. Braided permanent
suture such as 0-Ethibond or 0-Tycron cut
6–7 inches long provides the optimum strength
and handling characteristics to close the crura.
The first stitch re-approximates the base
of the crura, avoiding the aorta. Pledgets are
utilized to prevent shearing of the longitudinally
oriented muscle fibers. The highest crural stitch
(closest to the esophagus) should not include
pledgets to avoid esophageal erosion. Upon
closure of the crura, laparoscopic instruments
should still be able to enter the mediastinum
with minimal effort.

5. Creation of a floppy posterior fundoplication.
Various surgeons have reported formal systems by
which to construct the fundoplication. To prevent
dysphagia, the wrap should be constructed over
a 58 or 60Fr bougie. Despite the particular
methodology, in general, the wrap should utilize
only the fundus of the stomach, with care taken to
ensure that no redundancy is created. This is done
by a “shoe-shine” maneuver in which the open

wrap posterior to the stomach is moved back and
forth to show that there is a 1:1 relationship
between a pull on one side and a response on the
other. The wrap is then secured using a permanent
braided 2-0 suture. Rotation or slippage of the
wrap is prevented by incorporating a small
purchase of esophagus in each bite. The overall
length of the wrap should be approximately 3 cm.

Complications
Major complications after laparoscopic Nissen fundo-
plication are rare and are often related to surgeon
experience and technique. In high-volume centers,
conversion from laparoscopic to open procedures
occurs in less than 2.4% of patients. Death is rare
(0.07%). Perioperative complications include wound
infection (3%), perforation (4%), pneumothorax
(2%), and port-site hernia (0.2–9%). Most common
postoperative symptoms include inability to burp,
flatulence, bloating (5–34%), and dysphagia
(0–25%), which can impact quality of life.

Results
Long-term outcomes evaluating efficacy of Nissen
fundoplication demonstrate relief of typical symp-
toms in more that 90% of patients at 2 years and
80–90% at 5 years or more. Need for antisecretory
drugs of some type has been reported widely at
6–62%.

Recurrence of persistent symptoms, inability to
swallow, or postprandial discomfort suggests failure
of the procedure. Herniation of the wrap into the
chest is the most frequent cause of failure after
the laparoscopic repair. Creation of a “too tight”
or “too loose” fundoplication results in short-term
symptomatology. Partial or complete breakdown of
the fundoplication may appear later. Careful evalua-
tion of symptoms and a thorough diagnostic evalua-
tion are critical to determining who will benefit from
reoperation. Patients with recurrent typical symptoms
without dysphagia or evidence of a motility disorder
benefit most from a reoperative procedure.

Ingestion of caustics
The extent of esophageal and gastric damage resulting
from a caustic ingestion depend upon the properties
of the ingested substance (acid or alkali), amount,
concentration, physical form (solid or liquid), and
the duration of contact with the mucosa.
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Typically ingestion occurs in children by accident
and the remainder in adults who are psychotic, sui-
cidal, or alcoholic.

Common agents
1. Strong alkali (sodium or potassium hydroxide) in

drain cleaners, household cleaning products, or
disc batteries. The term “lye” implies substances
that contain sodium or potassium hydroxide.

2. Highly concentrated acids (hydrochloric, sulfuric,
and phosphoric acid) in toilet bowl cleanenss
swimming pool cleaners, and antirust compounds.

3. Liquid household bleach (5% sodium
hypochlorite) and dishwasher detergent (alkali).

Pathophysiology
Alkali causes a penetrating injury called “liquefactive
necrosis,” a process that involves saponification of
fats and solubilization of proteins. Cell death occurs
from emulsification and disruption of cellular mem-
branes. The injury extends rapidly (in seconds)
through the mucosa and wall of the esophagus toward
the mediastinum until tissue fluids buffer the alkali.
In the stomach, partial neutralization of the ingested
alkali occurs by gastric acid and may result in a less
severe injury.

Acid ingestion causes a superficial coagulation
necrosis that thromboses the underlying mucosal
blood vessels, which causes desiccation or denatur-
ation of superficial tissue proteins and forms a pro-
tective eschar. Because acid solutions cause pain on
ingestion, the amount of acid ingested tends to be
limited. The gastric injury is worse in case of acid
ingestion because the esophagus is naturally more
resistant to acid.

Clinical presentation
Patients may complain of oropharyngeal, retroster-
nal, or epigastric pain, dysphagia/odynophagia, or
drooling. Persistent severe retrosternal or back pain,
tachycardia, or crepitus over the neck and chest may
indicate esophageal perforation with mediastinitis.
These patients may be hemodynamically unstable
and in respiratory distress.

Vomiting, hematemesis, abdominal tenderness,
rebound, and rigidity suggest peritonitis.

Hoarseness and stridor suggest injury to the
larynx and trachea, and dyspnea suggests pulmonary
aspiration.

A grading system for esophageal injury to predict
clinical outcome has been developed:

Grade 0: Normal
Grade 1: Mucosal edema and hyperemia
Grade 2A: Superficial ulcers, bleeding, exudates
Grade 2B: Deep focal or circumferential ulcers
Grade 3A: Focal necrosis
Grade 3B: Extensive necrosis

Another system is similar to the classification
of burns:

First-degree injury: There is superficial mucosal
damage with focal or diffuse erythema, edema, and
hemorrhage. The mucosal lining subsequently
sloughs without scar formation.
Second-degree injury: There is mucosal and
submucosal damage, ulceration, vesicle formation,
and eventually granulation tissue and scar or stricture.
Third-degree injury: Transmural damage with deep
ulcers, black coloration, and perforation.

Initial management
The care of each patient has to be individualized, but
most patients will require admission and observation.
It is important to establish the type of agent ingested
and the amount.

The patient should be managed in a monitored
setting with intravenous fluids, supplemental oxygen,
PPIs, and adequate analgesics. The use of diluents
and induction of emesis are not useful. Blood counts,
electrolytes, BUN, and creatinine should be measured.
Arterial blood gas provides information on systemic
toxicity and gas exchange. Chest and abdominal
X-rays assess perforation. CT scan is able to detect
other signs of injury such as esophageal thickening,
micoperforation,mediastinitis, and intra-abdominal air.

If the patient is unstable (hemodynamic, respiratory,
or mental status), then intubation, fluid resuscitation,
and invasivemonitoringwith arterial and central venous
lines should be performed. Vasopressors can also be
used to maintain hemodynamic stability. The use of
steroids is not useful. In patients with perforation or
mediastinitis, antibiotics covering both gram-positive
and gram-negative organisms should be given.

Upper endoscopy should be performed as quickly
as possible to assess the extent and severity of injury.

Observation for 2–4 days may be needed because
airway obstruction, delayed perforation, and hema-
temesis can develop.
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In those with evidence of perforation, exploration
should be performed. For esophageal perforation,
drainage and debridement of the mediastinum via
thoracotomy (right or left) with diversion of the
esophagus by cervical esophagostomy and gastro-
stomy should be performed. A jejunostomy is placed
to allow for enteral feeding. The perforation should be
well drained, and whether repair can be perfomed
should be assessed at the time of operation. The use
of a covered stent is another option to contain the
amount of contamination of the mediastinum.

Rarely, esophagectomy will be needed when there
is extensive transmural necrosis of the esophagus.
This can be achieved transhiatally or via a thoracot-
omy; an end-cervical esophagostomy, gastrostomy,
and jejunostomy are also constructed. Reconstruction
is performed at a later time when the patient has
recovered completely from the injury. Depending on
the extent of gastric injury, the stomach may be
usable. Alternatively, a colon interposition will need
to be used. The conduit can be placed substernally
with a left neck anastomosis.

For gastric perforation, wide local debridement
with primary repair or resection of the damaged
tissue can be performed. Depending on the extent of
injury the resection can be performed via a simple
wedge resection or resection with duodenogastrost-
omy, gastrojejunostomy, or RY-gastrojejunostomy.
Placement of a nasogastric tube for decompression
and a feeding jejunostomy tube for enteral access are
useful adjuncts.

Long-term management
In patients who have grade 2–3 or second- or third-
degree injury, a stricture develops 6 to 8 weeks after the
injury. The patient will require endoscopy and dilata-
tion at periodic intervals to allow adequate swallowing.

Rarely, esophagectomy will become necessary.
Gastric outlet obstruction may develop and may

be managed with dilatation and ultimately surgical
drainage of the stomach by gastrojejunostomy.

Tracheoesophageal fistula may develop, which can
be temporized with stenting, but will likely need
esophageal resection and reconstruction and repair
of the airway with an interposition muscle flap.

Surveillance endoscopy will need to be performed
yearly in patients who have a stricture following
injury because there is an increased incidence of
adenocarcinoma 20 to 40 years after the injury.

Hiatal hernias
The herniation of abdominal contents into the chest
through the esophageal hiatus is an increasingly
common radiographic finding. Herniation may occur
as a result of a congenital defect, trauma, or after
antireflux or other hiatal operations. Typically an
asymptomatic person will be found to have an
air-filled structure behind the heart on plain films.
In most cases these abnormalities are asymptomatic
and discovered during workup of other problems.
The natural history of hiatal hernias is that the
pressure gradient between the chest and abdomen
results in the enlargement of the hernia over time.
Persistent negative intrathoracic pressure and the
natural shortening of the esophagus during swallowing
result in the thinning out of the phrenoesophageal
membrane over time. This stretching is most promin-
ent in anterior and posterior positions resulting in
hernia sacs filled with intra-abdominal fat in these
common locations.

Types
Hiatal hernias are classified by the relationship of
the GE junction and stomach to the diaphragm and
surrounding structures.

Type I: Sliding hernia. The GE junction is located
above the level of the diaphragm by upward
herniation of the cardia into the posterior
mediastinum. This is the most common type and
frequently associated with GERD.
Type II: The GE junction and cardia of the stomach
are located below the level of the diaphragm;
however, the fundus of the stomach has entered the
mediastinum adjacent to the GE junction. This is
a true paraesophageal hernia (PEH) and represents
the rarest type.
Type III: The GE junction, cardia, and fundus of
the stomach have all entered the mediastinum.
This is the most common type found when surgical
intervention is required.
Type IV: Similar to type III with the addition of
another structure herniated into the mediastinum,
such as colon, spleen, small bowel, liver, or
pancreas.

Clinical presentation
Patients with hiatal hernias are often asymptomatic;
however, symptoms of heartburn or epigastric or chest
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discomfort are most common. Depending on the size
of the hernia, associated symptoms of early satiety,
dysphagia, regurgitation, and respiratory complica-
tions can be present. These occur due to mass effect
of the cardia or fundus within the mediastinum or
torsion of the esophagus. Approximately one-third of
patients with PEHs are anemic. This is due to friction
or pressure-type gastric ulcers (Cameron’s lesions)
within the herniated portion of the stomach. These
patients are often diagnosed as having a PEH on
esophagogastroduodenoscopy (EGD). Rarely, cardiac
dysfunction can be seen due to compression of the
right atrium or ventricle.

Indication for surgery
Traditionally, the presence of a PEH warranted opera-
tive repair to mitigate the risk of acute gastric bleed-
ing, obstruction, or strangulation from mesoaxial or
organoaxial volvulus. An emergency operation to fix
an acute bleed, perforation, or infarction is associated
with a significant mortality rate versus less than 1% in
elective repairs. However, the incidence of these cata-
strophic events is relatively low, and gastric strangu-
lation is an exceedingly rare event. With or without
the use of mesh, the recurrence rate of hiatal hernias
is between 20 and 50% even in large-volume centers.
Therefore, the determination to repair a hiatal hernia
should be based on the degree of symptomatology
within the context of the patient’s overall fitness for
surgery. Acid reflux symptoms can often be con-
trolled with behavioral or lifestyle modification in
conjunction with medications; however, large-volume
reflux and mediastinal mass effects will require opera-
tive intervention.

Patients should undergo formal evaluation of the
hiatal hernia by endoscopy and esophagram prior to
surgery to look for ulceration and the presence of
strictures, webs, or other abnormalities. Type I hiatal
hernias may not be visible on esophagram due to their
variable position but will likely be apparent on EGD.
Manometry may be challenging in patients with large
PEHs due to difficulty in navigating a tortuous distal
esophagus or locating the lower esophageal sphincter.
pH probe studies are typically not helpful in patients
with large, readily apparent pathology.

Operations
PEH repairs can be performed via thoracic or abdom-
inal approaches. The latter is typically favored because

it affords quicker recovery due to less postoperative
pain and allows easier reduction of torsed GI con-
tents. Gastropexy by placement of a gastrostomy tube
can be a useful adjunct in poor operative candidates
or in emergency situations. Without dissection of the
hernia sac, the patient remains at high risk long term
for recurrence or seroma formation. There is no
consensus on the need to perform an antireflux oper-
ation after a successful PEH repair; however, most
experts feel that the requisite complete mobilization
of the esophagus to remove the posterior hernia sac
requires restoration of the antireflux mechanism
through fundoplication. Performance of a fundopli-
cation after the PEH repair also obviates the need to
perform a gastropexy or place a gastrostomy tube to
prevent reherniation of the stomach.

Principles of hernia repair include hernia reduc-
tion, removal of the hernia sac, crural repair, and
fundoplication. The ability to successfully reduce the
hernia sac depends upon proper camera and trocar
positioning. Placing the camera or instruments
greater than 15 cm from the xiphoid may make it
difficult to visualize or work high into the medias-
tinum in larger hernias. Abdominal contents herni-
ated into the mediastinum can be returned to the
abdomen by gentle grasping by the surgeon and
assistant. Typically it is not possible to completely
reduce all the contents.

Removal of the hernia sac requires a great degree
of skill and experience. This is due to the anatomic
complexity of the sac, which has an anterior and
posterior peritoneal component as well as lateral
elements that are often fused with the blood supply
to the stomach. The sac is dissected off the crura
initially from the base of the right crus and carried
anteriorly. As the sac is dissected, it can be inverted
into the abdomen by the assistant. Judicious use of an
energy source such as the hook cautery or ultrasonic
dissector in conjunction with meticulous dissection
is necessary to avoid entry into the pleural cavity
through the endothoracic fascia. Inadvertent holes
in the endothoracic fascia (parietal pleura) can be
closed with an endoloop or sutured. When a pneumo-
thorax becomes clinically significant, placement of
a chest tube or conversion to open may be necessary
although rare.

With the hernia sac removed, a high dissection of
the esophagus in the mediastinum is required to mobi-
lize the GE junction into the abdomen. In up to 5%
of cases the minimum of 2.5 cm of intra-abdominal
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esophageal length cannot be obtained even after an
extensive circumferential dissection, and a Collis pro-
cedure must be performed. Once an adequate esopha-
geal length is established, a posterior crural closure
can be initiated. Interrupted placement of pledgeted,
permanent sutures allows proper re-approximation.
The size of the defect will dictate the number of
sutures placed. The placement of sutures closer
together allows tension to be reduced as the closure
proceeds anteriorly. Rarely, relaxing incisions in the
diaphragm are necessary to bring the crura together.
When performed on the right side, this newly created
defect can be closed primarily or with permanent
mesh and covered by the liver. The use of both per-
manent and absorbable mesh products to reinforce
the primary crural closure has been studied exten-
sively with equivocal results regardless of the fixation
methods. Placement of reinforcement mesh therefore
is largely surgeon dependent.

After closure of the diaphragm a 58Fr soft
bougie dilator is passed down the esophagus to
assess the tightness of the closure and prevent over-
tightening of the subsequent fundoplication. Close
communication with the anesthesiologist during this
maneuver is necessary to prevent perforation of
the esophagus or stomach because the posterior
closure of the crura will project the esophagus steeply
anteriorly. Careful elevation of the stomach as the tip
of the bougie passes through the GE junction reduces
the traversal angle and thereby reduces the
perforation risk.

Performance of a floppy Nissen fundoplication
completes the PEH repair.

Complications
Due to the fact that the majority of patients with large
PEHs are older, perioperative morbidity relates in
large part to underlying medical condition. Major
intraoperative complications include pneumothorax,
bleeding, esophageal or gastric perforation, and vagal
injury. Postoperatively, the extensive mediastinal dis-
section may lead to significant subcutaneous crepi-
tance in chest, neck, and even head. This usually has
little physiologic significance and resolves spontan-
eously. Early postoperative complications include
wound infection, atrial fibrillation, and DVT. Long-
term complications include dysphagia, belching, gas
bloat, pulmonary symptoms, weight loss, slipped
Nissen, and recurrence of PEH.

Results
Despite symptomatic relief in greater than 80% of
patients, the recurrence rate of PEHs ranges from
20–40% in large studies. This is independent of the
use of mesh or concomitant gastropexy. Failure to
recognize a shortened esophagus or poor crural
closure with excessive tension has been implicated in
the high incidence of recurrence. Most recurrences
are asymptomatic. When symptomatic, most patients
present with a sliding herniation of their wrap,
leading to chest pain or dysphagia.

Diverticuli
These are localized dilatations of the esophagus
formed by the mucosa or the entire wall of the
esophagus.

Types
� Pharyngoesophageal or Zenker’s. An outpouching

of esophageal mucosa above the cricopharyngeal
spincter in the neck.

� Parabronchial or traction. Localized outpouching
of the entire esophageal wall occurring at the level
of the carina due to mediastinal scarring from a
granulomatous infection.

� Epiphrenic or pulsion. An outpouching of the
esophageal mucosa just above the
gastroesophageal sphincter in the chest.

� Diffuse intramural diverticulosis. Multiple small
(1–3 mm) outpouchings of the esophageal wall,
which may be segmental or diffuse.

Clinical presentation
The source of symptoms is usually the underlying
pathology that causes the diverticulum. Pharyngeoe-
sophageal diverticula usually cause regurgitation and
aspiration, and a left neck mass associated with swal-
lowing may be seen. Parabronchial diverticula are
often asymptomatic but may cause dysphagia. Rarely,
they may erode into an airway, blood vessel, or peri-
cardium. Epiphrenic diverticula are associated with
dysphagia, reflux, regurgitation, and occasionally
hematemesis.

Barium swallow establishes the diagnosis, and
endoscopy helps rule out other pathology and empty
the diverticulum of retained contents. CT scan of the
chest adds additional anatomic information regarding
location and relation to other structures within the
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mediastinum. Manometry identifies the underlying
esophageal motility disorder.

Nonsurgical management
Management of the underlying motility disorder or
mediastinal pathology must be undertaken, and
patients who are not symptomatic or are well con-
trolled with medical management of their reflux dis-
ease will require no surgical treatment. The isolated
presence of an esophageal diverticulum is not an
indication for surgery.

Indications for surgery
Patients who have symptoms or complications asso-
ciated with the diverticulum are to be considered
for surgery. Dysphagia, regurgitation, aspiration with
pulmonary infection, and reactive airway disease and
reflux not controlled with medical management are
all reasons to perform surgery. Bleeding, stricture
formation, infection, erosion into surrounding struc-
tures, perforation, and rarely malignancy are compli-
cations that will require surgery.

Operations
Surgery should remove or negate the reservoir effects
of the diverticulum, address the underlying motility
defect, and treat the resultant reflux.

Pharyngoesophageal: Cricopharyngeal myotomy
and diverticulectomy can be performed by open or
endoscopic technique. Endoscopic technique usually
uses a rigid esophagus and an endoscopic stapler that
is used to divide the bridge of tissue between the
diverticulum and the esophagus. The use of a flexible
endoscopic to coagulate and divide the bridge of
tissue between the diverticulum and esophagus is a
relatively new technique and is still being evaluated.

Thoracic: Diverticuli within the chest can be man-
aged with a minimally invasive or open approach
depending on the surgeon’s expertise.

Epiphrenic diverticulum: The open approach
is best performed via left thoracotomy through the
sixth space with single-lung ventilation and a No. 48
Maloney in the esophagus. The esophagus is circum-
ferentially dissected distal to the carina and then
inferiorly to the fundus of the stomach. The diverticu-
lum is dissected from the mediastinum and its neck
clearly defined. It is resected at its neck using a
stapling device with a staple height of 3.5 mm. The
muscular defect is reapproximated with interrupted

4-0 Vicryl. The phrenoesophageal membrane is
opened at the hiatus, the cardia is mobilized, and
two traction sutures of 2-0 silk are placed through
the muscular layer of the distal esophagus on its
anterolateral aspect, elevating it from the underlying
mucosa. The myotomy is started in between the
sutures using cautery set at 10 or sharply. Once most
of the muscle has been divided, the remaining fibers
can be bluntly separated from the mucosa using a
peanut dissector. The myotomy is extended onto the
stomach for a few centimeters to ensure destruction
of the lower esophageal sphincter. This is then
extended superiorly to the level of the aortic arch
using a combination of blunt, sharp, or cautery dis-
section. A vertical strip of muscle is removed from
the muscle layer and sent for pathology; this also
prevents the muscle from healing to form a circum-
ferential layer around the esophagus. An NG tube
is placed and its position confirmed just below the
GE junction.

An antireflux repair is performed by placing two
rows of vertical mattress sutures through the fundus
and muscle of the distal esophagus on each side of the
myotomy using 2-0 silk. The second layer of sutures
is passed through the diaphragm first to keep the GE
junction within the abdomen. The hiatus is recreated
by tying previously placed sutures of 0 silk in the
crus but allowing for two fingers to pass through
along the esophagus. The chest is drained with a
No. 28 chest tube.

A Barium swallow is performed on postoperative
day 2 (POD2) to assess for leak or obstruction due to
the fundoplication.

The minimally invasive approach is performed
by a right thoracoscopy and laparoscopy to complete
the antireflux procedure.

The camera is placed in the seventh or eighth
intercostal space in the line of the antero superior
iliac spine, an access incision is placed in the anterior
axillary line in the same space, and a working incision
is placed in the fifth space between the middle and
anterior axillary line. The inferior pulmonary liga-
ment is divided with harmonic scalpel as is the medi-
astinal pleura over the posterior hilum of the lung
until the level of the azygous vein. The pleura poster-
ior to the esophagus is then opened from the level of
the azygous vein to the hiatus. The esophagus is
circumferentially dissected using the harmonic scalpel
at the level of the carina and a 0.5-inch Penrose drain
placed around it to aid in traction. The esophagus is
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then dissected to the hiatus and the diverticulum
dissected from the mediastinum. The neck of the
diverticulum is clearly identified by sharp and blunt
dissection. Using an endoGIA stapler either 45 or 60
mm in length with a 3.5-mm staple height, the diver-
ticulum is divided at its neck. The muscular defect is
closed with interrupted sutures of 4-0 Vicryl.

Using stay sutures as described in the open tech-
nique, a myotomy is commenced at the distal esopha-
gus and extended superiorly to the level of the carina.
The site of the myotomy should be remote from the
neck of the diverticulum. Distally, the myotomy is
extended to the GE junction. The NG tube is then
placed and insufflated with air and the mucosa
checked for evidence of perforation. The chest is
drained with a No. 28 chest tube.

Next, the patient is placed supine, and laparoscopic
partial fundoplication is performed. After placement
in the supine split leg position, the esophageal hiatus is
mobilized by dividing the gastrohepatic and phrenoe-
sophageal ligament with an ultrasonic dissector. The
greater curvature of the stomach is mobilized by div-
iding the short gastric vessels. It is not necessary to
divide the posterior attachments of the esophageal
hiatus. The left vagus nerve is mobilized from its
anterior position as it comes through the hiatus. The
fat pad anterior to the GE junction is removed. The
myotomy started in the chest is then carried onto
the anterior surface of the stomach for at least 2 cm.

A 58Fr bougie is placed down the esophagus and
into the stomach. Creation of the Dor (180-degree
anterior) fundoplication begins by placing a perman-
ent 0 suture on the greater curvature fundus 3 cm
distal to the angle of His to the left crus of the
diaphragm. Sequential sutures are placed between
the fundus and left crus folding the stomach anteri-
orly over the esophagus. A second row of sutures
secures the fundus onto the right crus completely
covering the myotomy site.

Parabronchial: These diverticuli rarely require
surgery, but when performed for complications, they
will likely require thoracotomy, excision, and repair
of the esophagus with intercostal muscle buttress.

Complications
For pharyngeal diverticulum, mediastinitis, recurrent
laryngeal nerve injury, fistula formation, esophageal
stenosis, and recurrence or persistence of the diver-
ticulum can occur with an overall incidence of 10%.

Recurrent nerve injury can be managed by obser-
vation, aspiration precautions, or temporarily by
injection laryngoplasty and permanently by surgical
medialization by laryngoplasty or thyroplasty.

Perforation or leak can occur due to the myotomy
or at the neck of the diverticulum. If the patient is
asymptomatic, it can be managed with NG suction
and chest tube drainage with spontaneous healing.
For symptomatic patients, reoperation and repair of
the leak with intercostal muscle flap buttress should
be performed.

Results
Pharyngeal diverticula treated by surgery have good
long-term results, and those treated with a rigid endo-
scopic approach have a shorter hospital stay and
recovery. However, exposure fails in approximately
30% of the patients where a rigid endoscope is used.

The incidence of mortality, leak, perforation, and
major pulmonary morbidity is very low for oper-
ations on thoracic diverticula. Most patients are
relieved of their symptoms permanently. Occasional
dysphagia and reflux can occur, and the treatment of
patients must be individualized.

Motility disorders
Types
Esophageal motility abnormalities (Table 23.1) are
usually defined through testing with stationary mano-
metry performed during a series of 10 or more 5-ml
liquid swallows under standardized conditions that
permit comparison with the data obtained from
normal volunteers. Usually sensors are spaced at
5-cm intervals.

Achalasia
There is a loss of peristalsis in the distal esophagus
(whose musculature is comprised predominantly of
smooth muscle) and a failure of LES relaxation.
Although both of these abnormalities impair esopha-
geal emptying, the symptoms of achalasia (e.g. dys-
phagia and regurgitation) are due primarily to the
defect in LES relaxation.

Pathophysiology: degeneration of neurons in
the esophageal wall. Histologic examination reveals
decreased numbers of neurons (ganglion cells) in
the myenteric plexuses. This inflammatory degenera-
tion involves the nitric oxide–producing, inhibitory
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neurons that effect the relaxation of esophageal
smooth muscle; the cholinergic neurons that contrib-
ute to LES tone by causing smooth muscle contrac-
tion may be relatively spared. In the smooth muscle
portion of the esophageal body, the loss of inhibitory
neurons results in aperistalsis.

Etiology

� Primary: Unknown but possible autoimmune.
� Secondary: Chagas disease or infection with

Trypanosome cruzi, malignancy (gastric,
esophageal, lung, pancreatic cancer, and
lymphoma), amyloid, sarcoid, eosinophilic
esophagitis, MENIIB, Sjögren’s syndrome.

Clinical Presentation

� Dysphagia to solids and liquids and difficulty
belching occur in 80–90% of patients.

� Weight loss, regurgitation, chest pain, and
heartburn occur in approximately 40–60% of
patients.

Diagnosis

� Barium swallow. Diagnostic in 95%, shows a
dilated esophagus that ends in a beak-like
narrowing caused by the LES.

� Manometry. LES pressure higher than 45 mmHg
and absent LES relaxation after a swallow, no
peristalsis in the smooth muscle portion of the
esophagus.

� Endoscopy. To rule out malignancy. The
esophagus is usually dilated and contains debri.

Treatment

Calcium channel blockers and nitrates relax the LES
and are effective in 70% of patients. Botulinum toxin

Table 23.1 Criteria for normal esophageal function and primary motility disorders

Motility pattern LES resting
pressure
(10–45 mmHg)

LES
relaxation
residual
(≤8 mmHg)

Effective
peristaltic
waves
(�30 mmHg)

Ineffective
peristaltic
wavesa

(<30 mmHg)

Simultaneous
contractions
(>30 mmHg)
propagation
rate � 8 cm/s

Normal 10–45 mmHg ≤8 mmHg �7 waves ≤2 waves ≤1 contraction

Achalasia Normal
(≤45 mmHg)
Abnormal
(>45 mmHg)

>8 mmHg 0 0 10 contractions

Distal esophageal
spasm

Normal
(≤45 mmHg)
Abnormal
(>45 mmHg)

Normal
(≤8 mmHg)
Abnormal
(>8 mmHg)

1–8 ≤2 waves �2 contractions
≤9 contractions

Hypercontractile
motility
Hypertensive LES
Nutcracker
esophagus

>45 mmHg ≤8 mmHg 7–10 wavesb ≤2 waves ≤1 contraction

Hypocontractile
motility
Hypotensive LES
Ineffective
esophageal
motility

<10 mmHg ≤8 mmHg 0–7 waves 3–10 waves ≤1 contraction

a 3 and/or 8 cm above the lower esophageal sphincter.
b Average amplitude of 10 swallows (20 contractions 3 and 8 cm above the lower esophageal sphincter) greater than 180 mmHg.
LES, lower esophageal sphincter.
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injection into the LES works in 80%, but the effect
lasts for only 6 months. Pneumatic dilation of the LES
relieves the obstruction by tearing its fibers. It is
effective in 85%, and the effect lasts for up to 3 years.

Surgical: Heller’s myotomy of the LES with partial
fundoplication by Laparoscopic technique is currently
preferred, where the LES is divided and a partial
fundoplication performed. Position of the patient
and port placement is similar to that for fundoplica-
tion. A gastroscope is passed to clear the esophagus
and the GE junction and is left crossing the junction.
The left lobe of the liver is retracted, exposing the
hiatus, and the stomach is retracted inferiorly. This
exposes the GE junction, and the gastroheaptic liga-
ment and the peritoneum over the GE junction are
then divided. The left crus is completely dissected.
The retroesophageal space is then dissected and the
esophagus encircled with a vascular tape or penrose
drain. The phrenoesophageal ligament is divided, and
6 cm of the esophagus is mobilized. With the cautery
on low setting, a myotomy is then performed starting
6–8 cm proximal to the phrenoesophageal ligament
and carried through the GE junction and for at least
2 cm onto the stomach. The muscle is swept off the
mucosa bluntly with a peanut dissector or graspers
for approximately 180 degrees. Care is taken to avoid
the vagus nerves. The gastroscope is then used to
check for perforation and the GE junction for
patency. The left edge of the muscle is then sutured
to the left crus and the medial side of the fundus with
three 2-0 silk sutures. The tape or drain encircling the
esophagus is now removed and the fundus anchored
to the apex of the right crus. The rest of the fundus is
rolled over the lower esophagus and sutured to the
right crus including the right edge of the esophageal
myotomy with three sutures of 2-0 silk. The short
gastric vessels can be divided if the fundoplication is
under tension.

Perforation should be recognized intraoperatively
and repaired primarily and covered with the stomach.

Barium swallow is done on POD1 to rule out
perforation and assess patency of the GE junction.
Clear liquids are started, and the patient is discharged
on a liquid diet.

Success rates are higher than dilation, and the
recurrence rate is less. The 5-year probability of being
asymptomatic is 90%. Recurrence, when it occurs, is
usually within 12 months and can be treated by dila-
tation. Reflux can occur in 30% of patients and is
managed medically.

Both balloon dilatation and myotomy have
equivalent results over the long term, but younger
patients have a higher chance of failure with dilata-
tion. Dilatation has to be performed up to three times
over a period of 2 years to yield equivalent results to
surgery and has a 4% perforation rate.

Per oral endoscopic myotomy is a new treatment
where a myotomy of the LES is performed endo-
scopically with good initial results.

Patients are managed medically first and then
may need dilatation or surgery, with surgery being
preferable in patients younger than 40. Botulinum
injection is preferred for those who are at higher
risk, that is, the elderly or those with many
co-morbidities.

Diffuse esophageal spasm
Dysphagia is common in these patients. Chest pain is
also common and has to be differentiated from cor-
onary artery disease.

Testing

� Esophageal manometry.
� Endoscopy and barium swallow to rule out

other causes of dysphagia. In diffuse esophageal
spasm, segmentation of the esophagus may be
seen.

Nonsurgical management: Patients whose primary
symptom is chest pain – calcium channel blocker,
diltiazem 180–240 mg/day or a tricyclic antidepres-
sant, imipramine 25–50 mg at bedtime as the initial
treatment. For patients who do not respond to this
treatment, isosorbide 10 mg or sildenafil 50 mg
taken as needed for pain should be tried. Following
which, botulinum toxin injection at the Z-line (100
units given circumferentially in 20-units doses) can
be given with relief in 70% of patients and
a duration of effect of 7 months. Pneumatic dilata-
tion may also be effective. In patients whose pri-
mary symptom is dysphagia, treatment with a
calcium channel blocker (diltiazem 180–240 mg/
day) is tried initially, followed by botulinum injec-
tion or pneumatic dilation.

Indications for surgery: Patients with diffuse
esophageal spasm who continue to be symptomatic
after medical management, injection, or dilatation
with severe dysphagia or chest pain are candidates
for surgical treatment. Patient’s in whom manometry
reveals less than 30% of contractions are effective
benefit from surgery. Manometry identifies the
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proximal extent of the myotomy, which should be
high enough to include the entire length of the dis-
ordered motility. Surgery for Nutcracker esophagus
and hypertensive LES is not clearly beneficial and is
probably best avoided.

Operations: A left posterolateral thoracotomy is
performed through the sixth space. The inferior pul-
monary ligament is divided. The mediastinal pleura
is opened over the esophagus from the hiatus to the
arch of the aorta and, if needed (based on manome-
try), to the thoracic inlet. A long myotomy is per-
formed starting where it is easiest, dividing the
muscular wall of the esophagus sharply or with caut-
ery on a low setting until the mucosa is seen. The
mucosa can then be bluntly or sharply dissected
from the muscular layer, and division of the muscle
can proceed superiorly and inferiorly to the LES.
A strip of muscle can be removed to prevent
reapproximation of the muscle layer. The mucosal
integrity is tested by air insufflation or methylene
blue instillation via the nasogastric tube. A partial
fundoplication is then performed. The chest is
drained by a single chest tube. A barium swallow
can be performed on POD2 prior to allowing the
patient to resume oral intake.

A right-sided thoracoscopic approach is pre-
ferred because the entire esophagus is readily acces-
sable. A camera incision is placed in the line of the
anterosuperior iliac spine in the seventh space, an
access incision is placed in the same or sixth space
in the anterior axillary line, and the working inci-
sion is placed in the fifth space between the middle
and anterior axillary line. The inferior pulmonary
ligament is divided, and the mediastinal pleura over
the esophagus is opened. A myotomy is com-
menced below the carina dividing the muscle
sharply or with cautery on a low setting. The
muscle can be held with Hunter graspers or with
retraction sutures. The division of the muscle can
then be done sharply, bluntly, or with a harmonic
scalpel taking care to protect the mucosa. This is
carried superiorly to the inlet and distally to the
hiatus and the lower esophageal sphincter. A partial
fundoplication is then performed laparoscopically.

Complications: Mucosal perforation should be
recognized intraoperatively and repaired primarily
and buttressed with an intercostal muscle flap.

Results: Relief of symptoms occurs in 80–90% of
patients with the myotomy extending to the arch or
the thoracic inlet.
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Chapter

24
Esophageal cancer
Gail Darling

Surgical anatomy
The esophagus begins at the level of the cricophar-
yngeus or upper esophageal sphincter (UES) and
descends in the posterior mediastinum, through the
esophageal hiatus at the level of T10, to join the stom-
ach. In the absence of a hiatal hernia, the gastroeso-
phageal junction lies 2–4 cm below the esophageal
hiatus. Important relations of the esophagus anteriorly
are the trachea from the level of the UES to the tracheal
carina at T4, which is approximately 25 cm from the
incisor teeth endoscopically, the left main bronchus.
Below T4/5, the heart, specifically the left atrium, and
inferior pulmonary veins lie anterior to the esophagus.
Posteriorly lie the aorta and spine and laterally the
lungs, the azygous vein, and thoracic duct. Understand-
ing the anatomic relations is important in considering
treatment because these structures may be invaded by
an esophageal tumor or may be injured during
esophagectomy.

The esophagus consists of a mucosal layer, a circu-
lar muscle layer, and a longitudinal muscle layer. It
lacks a serosa. The lymphatics of the esophagus origin-
ate in the submucosal layer and have both indirect and
direct connections to longitudinal lymphatic channels
and the thoracic duct. The longitudinal lymphatic
channels allow for extensive proximal and distal spread
of cancer cells. This anatomic feature allows for exten-
sive intramural spread of cancer as well as early dis-
semination of esophageal cancer once the tumor
breaches the lamina propria and invades the submu-
cosa. Because of potential intramural spread, proximal
resection margins of 5–10 cm are required when
performing an esophagectomy in order to achieve an
R0 resection.

The esophagus is lined by squamous epithelium;
however, it may acquire a columnar lining in response

to chronic severe gastroesophageal reflux. This meta-
plastic epithelium, Barrett’s esophagus, may develop
dysplastic changes, which then progress to adenocarci-
noma. Thus there are two dominant histologies in
esophageal cancer: squamous cell carcinoma and ade-
nocarcinoma. However, other malignancies may also
occur as primary tumors in the esophagus, including
small cell carcinoma, melanoma, carcinosarcoma, leio-
myosarcoma, angiosarcoma, granular cell tumor, and
lymphoma.

Epidemiology/etiology
Esophageal cancer is the eighth most common cancer.
Although squamous cell carcinoma is the dominant
histology worldwide, adenocarcinoma has been
increasing in frequency since the 1980s and is now
the dominant histology in North America and West-
ern Europe. Risk factors for adenocarcinoma include
obesity, gastroesophageal reflux, smoking, and pos-
sibly dietary factors. Risk factors for squamous cell
carcinoma include smoking, alcohol, chronic inflam-
mation or irritation related to caustic ingestion,
achalasia, thermal injury (e.g. drinking very hot tea),
and chewing Betel nut. Certain geographic regions
(Iraq, Iran, India, China) have a higher incidence of
esophageal cancer, which may be related to genetic
factors because populations in these regions have
some common ancestry (Turkman and Mongolian)
or dietary factors.

Clinical presentation
Most patients with esophageal cancer present with
dysphagia. The term “progressive mechanical dyspha-
gia” is used to describe the progression of dysphagia
for solid foods, which progresses until the patient
cannot even swallow liquids, including their own
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saliva. Weight loss is common, while odynophagia is
less frequent. Constant pain located in the chest, back,
or epigastrium is an ominous symptom that suggests
invasion of local structures including splanchnic
nerves. Distant metastatic disease most often is sug-
gested by poor performance status.

Investigations
Initial investigations include esophagogastroscopy
with biopsy for diagnosis, and staging with endo-
scopic ultrasound (EUS), CT scan of the chest and
abdomen, and PET-CT. A contrast swallow may be
the initial diagnostic test but may be omitted if
prompt endoscopy is performed. Staging laparoscopy
is not commonly performed for esophageal tumors
but should be considered for tumors of the gastric
cardia that involve the gastroesophageal junction,
especially if the tumor is T3 or T4. Tumors that
appear to be T1 on EUS may be further evaluated by
endomucoscal resection (EMR) to differentiate T1a
versus T1b.

In addition to routine histology, tumor samples
should be evaluated by immunohistochemistry to
precisely determine the tumor type. Descriptions
such as undifferentiated carcinoma should prompt
further evaluation because these often turn out to be
unusual tumors such as small cell or sarcoma.

Testing for HER2 status is now standard for
esophageal adenocarcinomas because up to 33% of
these tumors overexpress HER2. In the setting of
advanced disease, trastuzumab has been shown to be
useful for such patients.

Staging
Staging evaluation includes CT scan, PET-CT, and
EUS (Table 24.1). PET-CT has been demonstrated
to be superior to CT alone for detection of distant
metastatic disease. The use of PET-CT in T1 cancers is
controversial and is considered by many to be unneces-
sary. Contrast-enhanced CT using an esophageal or
gastric protocol provides morphologic detail, which is
useful in considering resectability. Lymph nodesmay be
identified onCT, but the absence of visible lymph nodes
does not rule out lymph node involvement. While
PET-CTmay identifymetastatic lymph nodes regardless
of their location, it has a lower sensitivity for locoregio-
nal nodal disease because this may be overshadowed by
high uptake in the primary tumor ormay not be visible if
the burden of disease is limited.

Endoscopic ultrasound is used for determining
T and N stage. However, EUS is limited in its ability
to distinguish T1a versus T1b. This distinction is
becoming increasingly important because more
patients with T1a disease are being treated with EMR
rather than esophagectomy. When a T1 tumor is iden-
tified by EUS, EMR may be used to provide more
precise staging and distinguish T1a from T1b. EMR
may also be therapeutic if the tumor is T1a. Endoscopic
submucosal dissection (ESD) also has the ability to
resect mucosal lesions but permits larger resections.

Table 24.1 Union for International Cancer Control (UICC)
staging of cancer of the esophagus and esophagogastric
junction 7. (www. uicc.org)

Tumor

Tis: carcinoma in situ, high-grade dysplasia
T1a: tumor limited to mucosa, does not invade lamina
propria/muscularis mucosa
T1b: tumor invades beyond the lamina propria or
muscularis mucosa into submucosa
T2 : tumor invades muscularis propria
T3: tumor invades adventitia
T4a: tumor invades pleura, pericardium, peritoneum,
diaphragm
T4b: tumor invades other adjacent structures (aorta,
vertebra, trachea)

Nodes

N0: no regional lymph node metastases
N1: 1–2 nodes regional lymph nodes
N2: 3–6 nodes
N3: > 6 nodes

Metastases

M0: no distant metastases
M1: distant metastases

Stage groupings

IA T1 N0 M0
IB T2 N0 M0
IIA T3 N0 M0
IIB T1/T2 N1 M0
IIIA T4a N0 M0

T3 N1 M0
T1/T2 N2 M0

IIIB T3 N2 M0
IIIC T4a N1/N2 M0

T4b any N M0
any T N3 M0

IV any T any N M1
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Thus EMR and ESD are increasingly used as both a
staging and a therapeutic tool for early tumors.

Treatment
Treatment depends on the stage of the cancer and the
patient’s functional status. Esophagectomy has been
the mainstay of treatment except for stage IV disease.
However, recently, EMR has been used for patients
with T1a tumors and patients with high-grade dyspla-
sia. Standard therapy for these patients has been eso-
phagectomy, but less invasive therapies such as EMR
or ESD are now considered acceptable alternatives for
T1a cancers.

The primary goal of therapy for patients with
stage IV disease is relief of dysphagia. Options include
brachytherapy, esophageal stent, external beam radi-
ation, laser, or chemotherapy. The choice of treat-
ment depends further on the patient’s functional
status and estimated survival. For patients with stage
IV disease, estimated survival is measured in months,
so prompt palliation of dysphagia is important. How-
ever, minimizing the number of interventions
required to achieve relief of dysphagia is also desir-
able. For patients with limited survival, self-
expanding metal stents (SEMS) provide the most
immediate relief of dysphagia; however, these have
their own potential complications, such as perfor-
ation, hemorrhage, food impaction, tumor over-
growth, and erosion. Laser or cryotherapy provides
immediate but short duration of palliation.

External beam radiation is useful in providing
more durable palliation of dysphagia, but the onset
of dysphagia relief is not immediate and may take
several weeks. Depending on the patient’s duration
of survival, tumor regrowth may occur, leading to
recurrent dysphagia. External beam radiation may
be repeated depending on the total dose of radiation
given initially. Alternatively, brachytherapy may be
used either alone or in conjunction with external
beam radiation. Brachytherapy provides more imme-
diate relief of dysphagia than external beam, may be
repeated, and provides minimal radiation to sur-
rounding tissues; hence it may be used in a patient
who has had previous external beam radiation
(depending on total dose) and may be given in a single
fraction in one treatment or as two to three treatments
given 1 week apart. For patients with adequate func-
tional status, systemic chemotherapy may be appropri-
ate and can relieve dysphagia. Chemotherapy may be

repeated, treats systemic disease as well as local disease,
and does not preclude other treatments for dysphagia.

Although SEMS are probably used most often for
dysphagia relief, a randomized trial comparing SEMS
and brachytherapy reported more prompt relief of
dysphagia with esophageal stents but more prolonged
relief of dysphagia and better quality of life with
brachytherapy.

For stage I cancer, surgery alone is the standard of
care. However, recently EMR or ESD has been used
for patients with T1a disease. Although initially util-
ized in patients who were at high risk for surgery,
these techniques have been used increasingly even for
standard-risk patients, thus avoiding esophagectomy.
Chemoradiation and even radiation alone are alterna-
tives to surgery, particularly for squamous cell cancer.

The management of clinical T2N0M0 remains con-
troversial. True T2N0M0 tumors are rare. It has been
clearly demonstrated that clinical staging of T2N0M0
is inaccurate, and most patients are either up or down
staged. Based on T status alone, the likelihood of nodal
involvement for T2 is 50–60%, suggesting that such
patients may benefit from combined-modality therapy.
However, if the tumor is really T2N0 or T1N0, surgery
alone is appropriate. Similar to stage I, chemoradiation
would be an alternative to surgery. Ongoing research is
trying to address this controversy.

For patients with locally advanced disease, T3, T4a,
or N1-3M0, surgery alone may provide relief of
dysphagia, but combined-modality therapy including
preoperative chemoradiation offers improved survival
and improved locoregional control. Combined-modality
therapy has become the standard of care inmany centers
for locally advanced disease.

Although clinical staging is inherently inaccurate, it
is clear that the risk of lymph node metastases increases
with increasing T stage such that patients with T3
tumors have a 75–80% chance of having lymph node
metastases. Similarly, the more lymph nodes involved,
the higher is the chance of systemic disease. When
eight or more lymph nodes are involved, the likelihood
of systemic disease approaches 100%.

Because of the likelihood of systemic disease, it is
reasonable to add chemotherapy to the therapeutic
regimen. Whether radiation is also required is con-
sidered controversial by some, but the data are clear
that the use of radiation increases the likelihood of an
R0 resection. Given the anatomy of the esophagus in
that it lacks a serosa and lies in intimate association
with vital structures such as the tracheobronchial tree,
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the heart, the aorta, and the spine, it is difficult to
achieve an R0 resection with surgery alone for locally
advanced tumors. The role of chemotherapy is
twofold: to treat the systemic disease but also as a
radiosensitizer.

Many clinical trials and meta-analyses of
preoperative chemoradiation plus surgery for esopha-
geal cancer have been completed. Until recently, only
two trials were positive, but one was flawed by imbal-
ance of stage in the two treatment arms and the other
was very small. The meta-analyses have reported a
significant survival benefit with combined-modality
therapy, but the variability of the trials included
weakens the conclusions. However, in 2010, the Cross
group presented the results of the largest randomized
trial of surgery alone versus chemoradiation followed
by surgery. In this trial of 368 patients, 75% of whom
had adenocarcinoma, median survival was 49.4 months
in the trimodality arm compared to 24 months in the
surgery-alone arm (HR = 0.0657; 95% CI 0.495–0.871,
p = 0.003) (Figure 24.1). Although patients with squa-
mous cancer had the best results with 49% complete
pathological response, survival benefit was found for

both squamous cell cancers and adenocarcinoma
(Figure 24.2).

It is increasingly recognized that the quality of
surgery is important in achieving good outcomes.
Surgeons reporting single-center experience with
en bloc or modified en bloc esophagectomy report
5-year survivals similar to those achieved in the Cross
trial. Although some have argued that good surgery
obviates the need for preoperative chemoradiation,
the evidence doesn’t support this. Nonetheless, it is
incumbent on the surgeon to provide the highest-
quality resection possible. This mandates an adequate
lymphadenectomy, adequate margins, R0 resection,
and reliable and functional reconstruction performed
with the least morbidity and mortality.

Surgery has been the mainstay of treatment for
those with locoregional disease who are fit enough
from a cardiorespiratory perspective. There are a
number of surgical approaches. The principles of
cancer surgery should be considered when deciding
on the operative approach as well as the patient’s
comorbidities. The standard approaches by open
surgery include Ivor Lewis (laparotomy and right

Figure 24.1 Risk-adjusted survival for
adenocarcinoma according to the 7th
edition of the American Joint Committee
on Cancer (AJCC)/UICC staging system.

Chapter 24: Esophageal cancer

237

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.024
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:32:11, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.024
http:/www.cambridge.org/core


thoracotomy), McKeown (right thoracotomy, lapar-
otomy and left cervicotomy), transhiatal (laparotomy
and left cervicotomy), left thoracoabdominal with or
without left cervicotomy, and left transdiaphragmatic
with or without left cervicotomy. More recently, min-
imally invasive approaches have developed including
either hybrid or fully minimally invasive equivalents
of the Ivor Lewis or McKeown approaches.

The choice of operative approach depends on the
location of the tumor, patient comorbidities, and
surgeon experience. The best surgery is the one that
provides the best cancer operation with the lowest
morbidity and mortality.

An adequate cancer operation requires an R0 resec-
tion: microscopically negative margins. Distally, a
margin of 5 cm is appropriate, while the proximal
margin should be 7–10 cm in situ. Although a micro-
scopically negative radial margin is desirable, it may be
difficult to achieve because of the anatomic relations of
the esophagus. Preoperative radiation has been shown to
improve the likelihood of a negative radial margin.

An adequate lymph node dissection is essential
for both staging and prognosis. It appears that the

number of lymph nodes required depends on the
T stage. For T1 tumors, 10–16 nodes are required,
while for T3 or T4 tumors, 20 or more nodes must
be resected. These data are based on patients who
were not treated with neoadjuvant therapy. There is
no data regarding the number of nodes required for
an adequate resection after neoadjuvant therapy.

Tumors of the middle or upper esophagus are best
approached using the McKeown approach either open
or minimally invasive equivalent. Tumors of the distal
third of the esophagus are best approached using Ivor
Lewis, thoracoabdominal, McKeown, or minimally
invasive equivalent. Tumors of the gastroesophageal
junction may be approached by any of the aforemen-
tioned approaches as well as the transhiatal approach.

Minimally invasive esophagectomy or transhiatal
esophagectomy has both been shown to be associated
with reduced pulmonary morbidity. For patients with
limited pulmonary reserve, these operative approaches
should be considered. For patients with cardiac comor-
bidity, a transhiatal approach is less desirable.

Although there is some suggestion that trans-
thoracic approaches may offer a survival benefit over

Figure 24.2 Risk-adjusted survival for
squamous cell carcinoma according to
the 7th edition of the AJCC/UICC staging
system.
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transhiatal esophagectomy, both approaches are con-
sidered acceptable. Minimally invasive esophagect-
omy appears to be equivalent to open approaches at
least in terms of short-term outcomes and lymph
node harvest and is associated with reduced pulmon-
ary morbidity.

Finally, surgeon experience is important. Esopha-
gectomy is one of the complex operative procedures
wherein surgeon experience has been shown to have
an impact on outcome. The exact operative approach
is probably less important.

Outcomes
Esophageal cancer has the second highest case fatality
ratio of any solid tumor, second only to pancreas. This
is related to esophageal anatomy, wherein lymphatic
and systemic dissemination occur at an early stage, as
well as its silent nature until locally advanced.

Five-year survival is stage dependent, as for any other
tumor, but also depends on histology, grade, and
features such as lymphovascular invasion. Surgical
approach also contributes. For patients treated with
surgery alone, 5-year survival for transhiatal esophagect-
omy is approximately 25%; with en bloc esophagectomy,
5-year survival up to 54% is seen for stage III patients.

Operative mortality in high-volume centers with
high-volume surgeons ranges from 2–5%. Mortality
in low-volume centers is significantly higher, up to
20%. Morbidity of esophagectomy is high regardless
of approach or center volume, with 50% of patients

experiencing one or more postoperative complica-
tions. Pneumonia (10–20%) has been a major source
of morbidity, and 50% of operative mortality has been
attributed to pneumonia. Minimally invasive esopha-
gectomy and transhiatal esophagectomy have lower
rates of pneumonia compared to transthoracic open
esophagectomy. Atrial fibrillation is reported in
approximately 15% of patients. Importantly, atrial
fibrillation should be considered as a sign of other
complications, including pulmonary embolus, myo-
cardial infarction, pneumonia, anastomotic leak, and
gastric conduit necrosis. Gastric conduit necrosis is
rare (1%) but catastrophic, requiring immediate reo-
peration and resection of the conduit. Anastomotic
leak rates (<5–24%) vary depending on technique
and location. Cervical anastomoses have a higher rate
of leak. Stapled anastomoses have a lower rate of leak.

Functional outcomes depend on an adequate ana-
stomotic lumen, a straight, nonredundant, and not
twisted conduit. Use of a gastric emptying procedure
and feeding jejunostomy is generally recommended.

Essentials of postoperative care are careful fluid
balance avoiding volume overload, which contributes
to congestion of the conduit and ischemia; attention
to electrolytes, particularly phosphate, which may
drop when feeding is initiated if the patient had poor
nutrition preoperatively; supplementation with mag-
nesium to keep serum levels in the normal range;
pulmonary toilet; and nutrition. DVT prophylaxis in
hospital is essential, and some consider continuing
this after discharge for 4–8 weeks.

References
1 Li Z, Rice TW. Diagnosis

and staging of cancer of the
esophagus and esophagogastric
junction [review]. Surg Clin
North Am 2012 Oct;
92(5):1105–26.

2 Van Hagen P, Hulshof MCCM,
van Lanschot JJB, et al.
Preoperative chemoradiotherapy

for esophageal or junctional
cancer. N Engl J Med 2012;
366:2074–84.

3 Biere SS, van Berge Henegouwen
MI, Maas KW, et al. Minimally
invasive versus open
oesophagectomy for patients
with oesophageal cancer:
a multicentre, open-label,
randomized, controlled trial.
Lancet 2012; 379: 1887–92.

4 Rizk NP, Ishwaran H, Rice TW,
et al. Optimum lymphadenectomy
for esophageal cancer. Ann Surg
2010; 251:46–50.

5 Zehetner J, DeMeester SR, Hagen
JA, et al. Endoscopic resection and
ablation versus esophagectomy for
high-grade dysplasia and
intramucosal adenocarcinoma.
J Thorac Cardiovasc Surg 2011;
141:39–47.

Chapter 24: Esophageal cancer

239

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.024
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:32:11, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.024
http:/www.cambridge.org/core


Chapter

25
Esophageal perforation
Michael J. Shackcloth and George John

Introduction
Oesophageal perforation is a potentially life-
threatening condition that presents a diagnostic and
therapeutic challenge. It is a surgical emergency asso-
ciated with high mortality and morbidity, especially if
the diagnosis is delayed. Presentation is often ambigu-
ous or atypical, making diagnosis challenging, and
management remains controversial. Evidence for
treatment is mainly based on case series and fraught
with bias.

The first case of spontaneous perforation of the
oesophagus was described by Boerhaave in 1723[1].
The first successful repair of a spontaneous perfor-
ation of the oesophagus were reported by Barrett[2]

and Olsen[3] in 1947. Although spontaneous perfor-
ation of the oesophagus is a relatively uncommon
condition, the dramatic increase in the use of endos-
copy for the diagnosis and treatment of gastrointest-
inal diseases has led to a significant increase in
incidence of oesophageal perforation.

Etiology and pathophysiology
In order to understand the aetiology and pathophy-
siology better, one should have a good anatomical
knowledge of the oesophagus. The oesophagus is a
muscular tube approximately 25 cm in length,
starting from the lower border of the cricoid carti-
lage and ending at the gastro-oesophageal junc-
tion, where it joins the stomach. There are three
anatomical points of narrowing: the cricopharyngeus
muscle, broncho-aortic constriction and the gastro-
oesophageal junction. Perforation can occur anywhere
as the oesophagus lacks a serosal layer which provides
stability through elastin and collagen fibres, but these
anatomical narrowings are more prone to rupture.

Perforation of the oesophagus leads to leakage
of oesophageal and gastric contents, saliva, bile,
digestive enzymes and other substances into the
mediastinum, causing soiling and leading to media-
stinitis. The mediastinal collection often ruptures
into the pleural cavity leading to pleural effusion,
empyema or hydropneumothorax.

The degree of inflammation depends upon the
time interval between the actual perforation and the
clinical presentation and the amount of contamin-
ation. The presence of bacteria in saliva and the
digestive enzymes in the stomach lead to a mixed
necrotizing infection. Left untreated, it rapidly pro-
gresses to sepsis and multi-organ failure.

Etiology
Oesophageal perforations can broadly be divided into
intraluminal and extraluminal causes (Table 25.1).

Intraluminal causes
Iatrogenic/instrumental injuries
With the increased use of endoscopy and endolum-
inal therapies, this has become the leading cause of
oesophageal perforation. Up to 70% of oesophageal
injuries are caused by instrumentation[4–9]. In 1974,
the Society of American Gastrointestinal Endosco-
pic Survey looked at 211,410 endoscopic procedures
to reveal a perforation rate of 0.03% in all simple
upper endoscopies and 0.25% of procedures involving
bougienage[10].

The most vulnerable area for perforation is in the
region of Killian’s dehiscence. This is a triangular area
in the wall of the pharynx between the thyropharyn-
geus part of the inferior constrictor muscle, crico-
pharyngeus muscle and inferior constrictor muscle
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of the pharynx. It is situated at the level of C5 and C6
vertebrae. The posterior oesophageal mucosa is
covered only by fascia in this area, thus making the
risk of perforation high. The risk is further increased
with hyperextension of the neck. Jackson in
1957 named this area the ‘pass of Bal-el-mandeb’ or
the ‘gate of tears’[11].

Other causes of intraluminal oesophageal instru-
mentation injuries are during sclerotherapy and
banding for oesophageal varices (1–6%)[9], endo-
scopic stenting of advanced oesophageal cancers[12],
endoscopic laser therapy, photodynamic therapy and
during biopsies. Placement of intra-oesophageal tubes
such as nasogastric tube[13–15], Sengstaken-Blakemore
or Minnesota[16] may cause oesophageal perforation.
There are a few cases of oesophageal perforation after
traumatic endotracheal intubation[17;18], although the
risk is very low. It has also been reported after inser-
tion of mini-tracheostomy[19,20].

The use of trans-oesophageal echocardiography
is increasing, especially in evaluating patients with
valvular dysfunction intra-operatively, in ensuring
there is no paravalvular leak after valve repair or in
excluding tamponade after cardiac surgery. Kallmeyer
et al. in 2001 reported a case series looking
at 7,200 cardiac surgical patients to find a perfora-
tion rate of 0.01%[21]. Trans-oesophageal echocardio-
graphy may cause injury via direct tissue trauma or
by the thermal energy from the probe[22].

Foreign bodies
Foreign-body ingestion causes about 12% of all
oesophageal perforations[9]. Children below the age
of 5 years are most likely to swallow and lodge a
foreign body in their oesophagus. A study done by
Little et al. in 2006 looked at 500 paediatric patients
over a 16-year period and concluded that 88% of the
objects swallowed were coins and 73% were lodged in

Table 25.1 Atiology of oesophageal perforations

Intraluminal Extraluminal

A) Instrumentation/
iatrogenic

A) Trauma

1. Oesophagoscopy –
diagnostic or therapeutic

1. Penetrating – stab
or gunshot

2. Bougienage 2. Blunt – motor
vehicle accident

3. Pneumatic dilatation and
photodynamic therapy

4. Oesophageal varices,
banding and sclerotherapy

5. Placement of intra-
oesophageal tubes like
Sengstaken-Blakemore or
Minnesota tube for varices,
nasogastric or nasojejunal,
prostheses and others

6. Endotracheal intubations B) Operative
injuries

7. Trans-oesophageal
echocardiography

1. Mediastinoscopy

8. Mini-tracheostomy 2. Thyroid surgery

3. Anterior spinal
surgery

B) Foreign bodies 4. Laparoscopic
Nissen
fundoplication

Fish bones, coins, impacted
food or pills, dentures

5. Pneumonectomy

6. Vagotomy

C) Caustic agents like acid
and alkali

D) Spontaneous/barotrauma

1. Boerhaave’s syndrome

2. Heimlich maneuver

3. Mallory-Weiss tears

E) Severe reflux and Barrett’s
oesophagitis

F) Infections

1. Human immunodeficiency
virus (HIV)

2. Herpes simplex virus (HSV)

3. Candida species

4. Tuberculosis

5. Syphilis

G) Malignancy

1. Oesophageal

2. Lung

3. Other mediastinal structures
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the superior oesophagus. The mean age was 3.24
years[23]. Perforation is more likely to occur if the
foreign body has been lodged for greater than
4 hours[24]. Other objects swallowed include batteries,
buttons, pins and dentures in the elderly[25]. Fish
bones can get lodged into the oesophageal mucosa
causing delayed tissue necrosis, which ultimately
causes local perforation. Oesophageal perforation is
a potential occupational hazard for sword swallowers,
with two cases reported in the literature[26–28]. The
incidence may be higher than previously thought as
some cases are probably self-treated[29].

Spontaneous
Spontaneous perforation is becoming more frequent
as it is recognized earlier as compared to the past
when this condition was often missed altogether.
Evidence is limited, but a study from Iceland showed
an age-standardized incidence of 3.1/1,000,000 per
study year[30]. According to hospital episode statis-
tics, there were 340 admissions for oesophageal
rupture during 2005–6 in England[31]. Hermann
Boerhaave, a Dutch botanist, humanist and physi-
cian of European fame, first described this phenom-
enon in 1724 after the oesophageal rupture suffered
by the High Admiral of the Dutch Navy, Baron Van
Jon Wassenaer, who died after a gluttonous meal
with alcohol and subsequent vomiting. Post mortem
revealed an oesophageal rupture[1]. Spontaneous
perforation accounts for 33% of all causes of perfo-
rations[32]. They result from a sudden rapid increase
in intra-oesophageal pressure with incoordination of
the upper oesophageal sphincter. Perforation usually
occurs on the left posterolateral side of the lower
oesophagus, about 2–3 cm from the gastro-oesophageal
junction, and extends into the pleural cavity in 80%
of cases.

Caustic injuries, reflux oesophagitis and
Barrett’s oesophagus
Caustic injuries due to ingestion of insecticides and
pesticides are seen in developing countries like India
as a mean for suicide, whereas alkaline materials are
more common in developed countries. These are
more likely to cause perforation of the intrathoracic
oesophagus.

Reflux oesophagitis and Barrett’s oesophagus are
becoming less common now with the wide usage of
proton pump inhibitors; hence the incidence of per-
foration is also very low.

Infections and malignancy
Various infections, as mentioned in Table 25.1, are
also reported to cause perforations, but with appro-
priate treatment available in this current era, the risk
is much reduced. Oesophageal cancer in its advanced
stage can erode through the oesophageal wall, lead-
ing to perforation and sepsis. Other reported cases
are lung and mediastinal tumours with oesophageal
involvement, generally carrying a poor prognosis.

Extraluminal causes
Trauma
Perforations from either blunt or penetrating trauma
are usually in the cervical oesophagus. Penetrating
injuries to the chest only rarely cause oesophageal
perforation[33]. Blunt trauma to the oesophagus is
rare. It is most commonly seen after motor vehicle
accidents where the oesophagus is crushed between
sternum and the spine[34], although it has been
reported after a Heimlich maneuver[35].

Operative injuries
There are certain non-oesophageal surgeries that can
inadvertently cause trauma to the oesophagus leading
to perforation. The reported cases are during media-
stinoscopy[36], thyroid surgery[37,38], laparoscopic
Nissen fundoplication[26,39], spinal surgery[40,41]

and vagotomy[42,43]. Radiofrequency ablation of the
atrial appendage during cardiac surgery[44] and
pneumonectomy[45] are also at risk of oesophageal
perforation.

Clinical features
The clinical features of a patient with oesophageal
perforation will depend on the aetiology of the per-
foration, the site of the perforation, the degree of
contamination and the time from injury. Possible
signs and symptoms of oesophageal perforation are
listed in Table 25.2.

Perforation of the cervical oesophagus is usually
less severe and presents with a sore throat, odyno-
phagia, neck tenderness and surgical emphysema.
Perforation of the thoracic oesophagus will present
with chest pain, dysphagia and surgical emphysema.
Abdominal oesophageal perforation usually presents
with abdominal pain and signs of peritonitis.

Later manifestations are those of infection and
septic shock, which include pyrexia, sweating, tachyp-
noea, tachycardia, hypotension and oliguria.
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The differential diagnosis of oesophageal perfor-
ation is wide, often leading to delays in the diagnosis.
Possible differential diagnoses include pneumonia,
pulmonary embolism, gastroenteritis, myocardial
infarction, peptic ulcer disease, acute pancreatitis
and acute aortic dissection. In one study the initial
diagnosis was correct in only 17 of 51 cases[46].

Investigations
Chest X-ray
In the early stages of an oesophageal perforation
with minimal contamination, chest X-ray signs can
be very subtle. Chest X-ray abnormalities may include
surgical emphysema, pneumomediastinum, pleural
effusion, pneumothorax and hydropneumothorax
(Figure 25.1).

Contrast swallow
This remains the most accepted method for the diag-
nosis of a perforated oesophagus. A positive result
clearly indicates the level of perforation as well as
the site, side and extent of contamination of the
pleural space, enabling planning of any treatment.
A normal contrast study does not completely exclude
a small perforation. There is a false-negative rate of
between 10 and 20%[47]. Non-ionic contrast medium
such as gastrografin or gastromyelin is the agent of
choice as it is less harmful to the mediastinum. If
aspirated, gastrografin can cause a severe necrotizing
pneumonitis due to its hypertonicity[47]. It should
therefore be avoided in patients at risk of aspiration
or with a suspected trache-oesophageal fistula.
A contrast swallow has its limitations and is not
possible in a ventilated patient.

Computed tomography
This is the method of choice for assessing a perforated
oesophagus in the ventilated patient. Computed tom-
ography (CT) is good at assessing the degree of con-
tamination and localizing pleural and mediastinal
collections. It also identifies any underlying pathology
and eliminates any other serious conditions that may
have been in the differential diagnosis (Figures 25.2A,
25.2B, and 25.3).

Endoscopy
In experienced hands, flexible endoscopy provides
direct visualization of the perforation and provides
details to determine the aetiology of the perfora-
tion. Figure 25.4 shows the endoscopic finding in
a gentleman suspected of having a spontaneous
perforation of the oesophagus. In the emergency
setting of assessing a perforated oesophagus second-
ary to penetrating trauma, it is associated with 100%
sensitivity and a specificity of 83%[48]. The role of
endoscopy remains controversial due to the worry
of further damaging the oesophagus and causing an
increase in pneumomediastinum or pneumothorax.
Endoscopy does, however, allow for the assessment
of any associated pathology in the oesophagus or
stomach. It also allows for the assessment as to
whether any endoscopic treatment options would
be possible.

Figure 25.1 Chest x-ray of a man following a spontaneous
perforation of the oesophagus. The left hydropneumothorax has
been drained. Surgical emphysema is present and a slight
pneumomediastinum can be made out on the right heart border.

Table 25.2 Symptoms and signs of oesophageal perforation

Symptoms Signs

Chest pain Surgical emphysema

Dysphagia Tachypnoea

Odynodysphagia Tachycardia

Sore throat Hypotension

Abdominal pain Pyrexia

Neck pain Sweating

Oliguria

Peritonitis
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Treatment
Oesophageal perforations represent a heterogeneous
group, ranging from an iatrogenic perforation on a
normal oesophagus to spontaneous perforations.
The location, aetiology of the perforation, degree of
mediastinal contamination and time to diagnosis are
the most important factors on which to base
treatment[4,7,8,49,50].

Cervical oesophageal perforations, because of the
containment of the contents within the fascial planes
of the neck, tend to incite less of a systemic inflamma-
tory response than thoracic and abdominal perfor-
ations. Perforations occurring in these lower areas
are not as well contained and thus elicit more of both
a local and systemic inflammatory response leading to
a compromise in many organ systems, particularly
respiratory function, and lead to a higher mortality
and morbidity[51].

Perforation of the oesophagus into the thoracic
cavity is a potential life-threatening condition and still
remains a true surgical emergency.

Initial management
Patients presenting with a perforated oesophagus
are often in septic shock, and therefore, initial treat-
ment involves keeping the patient nil by mouth, intra-
venous antibiotics, anti-fungal agents, reduction of
gastric acid production with proton pump inhibitors
and fluid resuscitation. If there is a large pleural
collection or pneumothorax, then a large-bore chest

Figure 25.3 CT scan with oral contrast showing a large perforation
of the oesophagus into the left chest.

(a) (b)

Figure 25.2 CT scan following a perorated oesophagus. (A) surgical emphysema. (B) hydropneumothorax.

Figure 25.4 Endoscopy view showing a tear in the left lateral
wall of the oesophagus just above the gastro-oesophageal junction
following a spontaneous perforation.

Section VII: Disorders of the esophagus

244

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.025
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:33:24, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.025
http:/www.cambridge.org/core


drain should be inserted. Organ support may be
necessary in intensive care.

Non-operative
Most instrumental perforations are small and, if
identified early, respond to conservative measures
as described earlier. If a decision is made to treat a
patient non-operatively, then one has to monitor the
patient’s clinical condition closely and be prepared
to change the management strategy.

Strict criteria for the non-operative management of
oesophageal perforations have been proposed[4,52,53].
Even with these strict criteria for non-operative treat-
ment, 20–54% of patients will develop multiple com-
plications and require operative intervention[4,52].

Operative
Cervical perforations
Due to the reasons described earlier, these perfora-
tions are often small and well contained and can be
managed by drainage alone.

Intrathoracic and abdominal
The treatment of choice is primary closure. To
achieve this, the tissues of the oesophageal wall need
to be fairly healthy. The longer the time interval
before diagnosis, the less likely this is to be the case.
Where possible, the patient should undergo single
lung ventilation. A posterolateral thoracotomy is per-
formed. The side and level of the posterolateral thor-
acotomy will be determined by the information
gained from the contrast study. The lung is fully
mobilized, and any pleural debris and fluid are
removed. The mediastinal pleura is opened. The tear
in the oesophagus may not always be obvious. The
careful placement of a Maloney bougie pre-
operatively may help the identification of it. The
upper and lower limits of the tear are identified. The
mucosal tear is often longer than the tear in
the muscular layer; therefore, one has to open the
muscle layer to fully demarcate the upper and lower
margins. The mucosa is then approximated using
interrupted sutures such as 3-0 Monocryl. The muscle
layer is then closed in a similar fashion. Sometimes if
the edges of the tear are necrotic, excision is necessary.
Also, a single-layer closuremay sometimes be possible.

After primary closure, the repair should be but-
tressed using vascularized tissue. The author’s first
choice is a pedicled intercostal muscle flap, which

can be harvested at the beginning of the procedure.
Other options include diaphragm or pericardium.

An NG tube is passed into the stomach with careful
guidance past the repair. Two large-bore 32F drains
are inserted, one basal and one adjacent to the repair.

One then has to consider how the patient will be
fed; options include total parental nutrition (TPN)
or performing a mini-laparotomy and insertion of a
feeding jejunostomy.

Post-operative care includes intravenous anti-
biotics, free drainage and 4-hourly aspirations of
NG tube and proton pump inhibitors. Consideration
should be given to putting the patient on anti-fungal
agents such as fluconazole. The patient is kept nil by
mouth (NBM) for 5–7 days when a contrast swallow
is performed.

Oesophagectomy
Performing an oesophagectomy for an oesophageal
perforation is controversial[51]. If the perforation is
an instrumental perforation due to a benign or malig-
nant stricture, then resection may be the treatment of
choice. The approach and extent of resection will
depend on the site of the pathology.

Saarnio et al. have recently advocated a two-staged
repair of oesophageal perforations, with initial oeso-
phageal resection and cervical oesophagostomy and
gastrostomy in cases of severe mediastinal sepsis[54].
At a later date, continuity of the upper gastro-
intestinal tract is restored with a second operation.
Altorjay et al. have presented a series of 27 cases of
oesophageal resection with a mortality rate of 3.7%[5].
Proponents of performing an oesophagectomy argue
that it provides the best option for controlling the
sepsis as there will be no chance of a residual leak.
The disadvantages are the need for a second major
operation to restore continuity of the gastrointestinal
tract and the long-term complications of a stomach
tube or colonic interposition.

Thoracoscopy
The use of thoracoscopy in the management of oeso-
phageal perforations is limited[9]. Although its use in
the primary repair has been reported[55–58], it is more
widely used to drain pleural andmediastinal collections.

Endoscopic therapies
Over the last decade, developments in the minimally
invasive endoluminal approach in the management
of oesophageal perforations include closure of the
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perforation with clips or sutures, covering the leaks
with a covered stent and/or endoluminal drainage of
the mediastinal infection.

Endoscopic clips are either deployed through the
endoscope or over the scope (Over The Scope Clip
[OTSC], Ovesco, Tubingen, Germany). In a system-
atic review of endoclip closure for oesophageal per-
forations in 17 patients, through the scope clip was
used to close perforations from 3–25 mm. The OTSC
is a 12-mm Nitonol clip that fits on the tip of the
endoscope. It can be used to close perforations up to
30 mm in diameter. In a multicentre study, all five
oesophageal perforations were closed successfully[59].

Stents can be used to close oesophageal perfor-
ations. Stents may be plastic, covered metal or
covered biodegradable material[60]. Dai et al.[61]

reported a retrospective series of 41 oesophageal leaks
(6 of which were for perforations) treated with
covered stents. Complete healing was observed in six
leaks with one death. Figures 25.5a and 25.5b show a
large oesophageal perforation that was treated with a
covered stent.

Possible complications of covered stents include
stent migration or leakage around the stent. Patients
treated with oesophageal stents therefore require close
monitoring clinically for signs of sepsis and radiolo-
gically for signs of stent migration.

Vacuum-assisted closure is now routinely used to
treat many different wounds. The principles behind
it are the utilization of suction to remove bacterial
contamination, secretions and oedema, thereby pro-
motingthe development of granulation tissue and

(a) (b)

Figure 25.5 (A) Contrast swallow showing a large oesophageal perforation into the right chest. (B) Contrast swallow following placement
of a covered stent showed no leak.
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healing by secondary intention. Endoscopically placed
vacuum-assisted therapy has been used to treat
oesophageal perforations[62–64]. The device consists
of a nasogastric tube with a sponge attached, which is
placed endoscopically through the oesophageal defect
into the mediastinal cavity. Once the sponge is in the
desired position, suction of 75–125 mmHg is applied to
the NG tube. The sponge is changed at regular intervals.

Results
In a review of the literature between 1990 and 2003,
Brinster et al. found the overall mortality from
oesophageal perforation to be 18%[9]. Various factors
have been found to affect the mortality rate. These

include reason for perforation, underlying pathology,
time to diagnosis and method of treatment[4,50,65].

Brinster et al. reported a mortality rate of 36% for
spontaneous perforations (range 0–70%), 19% for
iatrogenic perforations (range 7–33%) and 7% for
traumatic perforations (range 0–33%)[9]. Spontan-
eous perforations probably have the highest mortality
rate due to the high degree of mediastinal contamin-
ation and frequent delay in diagnosis. Iatrogenic per-
forations usually occur following endoscopy and are
therefore more easily recognized. The patient usually
is starved prior to the procedure, leading to less con-
tamination. Traumatic perforations are often con-
fined to the cervical oesophagus with limited
contamination of the mediastinum.

(a) (b)

Figure 25.6
a) Contrast swallow showing a residual leak into the right chest following primary repair of a spontaneous oesophageal perforation into
the right chest with intercostal muscle flap.
b) The residual leak was treated with a covered stent. Contrast swallow following placement of the stent showed no residual leak.
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In the same study, cervical oesophageal perfor-
ations were associated with a 6% mortality (range
0–16%), thoracic perforations a 27% mortality (range
0 to 44%) and intra-abdominal perforations with a
21% mortality (range 0–43%)[9]. As mentioned previ-
ously, cervical leaks are often contained in the neck
with limited contamination.

The time interval between perforation and treat-
ment affects mortality and morbidity[7,49,50,66–68]. In
their review, Brinster et al. found that a delay in
treatment of more than 24 hours was associated with
a doubling of mortality[9]. In the past, the first
24 hours have been described as the ‘golden 24 hours’.
It was suggested that primary repair should only be
performed if less than 24 hours after presentation;
after 24 hours, treatment should be more conservative
with drainage of pleural collections. However, there
are many case series of primary repairs performed
after 24 hours with excellent results[7,66–73].

Factors shown to be associated with a poor
prognosis include pre-operative respiratory failure
requiring mechanical ventilation, malignant per-
foration, a Charlson co-morbidity index of 7.1 or
greater, the presence of a pulmonary co-morbidity
and sepsis[51].

The type of treatment of the oesophageal perfor-
ation seems to be an important determinant of
survival. In their review of the literature containing
726 patients, Brinster et al. found that primary repair

had a mortality rate of 12% (range 0–31%), compared
with 36% (range 0–40%) for drainage and 17% (range
0–33%) for non-operative management[9]. Careful
interpretation of these results is vital, as they are
based on case series where significant selection bias
would have occurred and the management strategy
was individualized for every patient.

After primary repair of intrathoracic perforations,
25–50% of patients have been reported to have a
residual leak[51,68,71,73,74]. The majority of these
can be managed conservatively, although the author
tends to consider placement of a covered stent at
2 weeks post-operatively if there is still a residual leak.
Patients treated late are at increased risk of having
residual leaks[68].

Although limited data are available on the
long-term follow-up of patients who have successfully
survived an oesophageal perforation, the outlook is
generally good. Three case series provide data on
medium- to long-term survival with an average of
3[67], 3.7[75] and 12.5[6] years with survival rates
of 90, 88 and 64%, respectively.

Summary
Oesophageal perforation is a surgical emergency that
carries a significant mortality and morbidity. Prompt
and accurate diagnosis is essential. The management
has to be tailored to the individual patient.
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Section VIII

Chapter

26
Other topics

Thoracic trauma
Gregor J. Kocher and Ralph A. Schmid

Introduction
Thoracic trauma, whether blunt or penetrating, is the
leading cause of death in trauma victims in Europe
and North America after injuries to the head and
spinal cord. The proportion of penetrating trauma
varies geographically. In Europe, the incidence of
penetrating trauma is generally lower (about 10%)
than in the United States (about 20%). While blunt
trauma frequently leads to respiratory compromise
with hypoxia, hypercarbia and acidosis, penetrating
forces often result in a certain degree of blood loss
and occasionally in life-threatening, exsanguinating
injuries to the heart and great vessels. The majority
of traumatic chest injuries can be managed by airway
control and placement of a chest tube.

After elucidating some general aspects of blunt
and penetrating injuries to the chest, the diagnosis
and management of specific injuries are discussed.

Blunt chest trauma
Blunt injury to the thorax directly accounts for
approximately 25% of trauma-related mortality and
is a major contributor in another more than 25% of
deaths, as it is often associated with trauma to the
abdomen and particularly the head. In-hospital mor-
tality rates for isolated blunt chest injuries are in the
range of 1–2%. The most important causes of blunt
chest trauma in Europe and Northern America
include traffic accidents, followed by violence. Fortu-
nately, approximately 90% of blunt chest injuries can
be managed non-operatively by appropriate analgesia,
tube thoracostomy and aggressive respiratory ther-
apy, eventually including endotracheal intubation
and mechanical ventilation. Emergency thoracotomy
is rarely required (in about 2%) in blunt thoracic

trauma victims and is generally only indicated in
patients suffering from cardiac arrest due to pericar-
dial tamponade and in situations of a witnessed car-
diac arrest in the emergency department.

Important details, which should be obtained in
the patient’s clinical history in order to raise suspicion
of specific injuries, are the mechanism (fall/car crash,
height/velocity) and time of injury as well as cardiopul-
monary co-morbidities. As direct impacts over the
thorax may lead to rib fractures (including flail chest),
pulmonary and cardiac contusions, high-velocity
impacts with simultaneous presence of a closed glottis
may even cause bronchial disruption. In addition,
impacts on the abdomen lead to associated injuries of
abdominal organs and may cause diaphragmatic rup-
ture due to a sudden rise in intra-abdominal pressure.
Rapid deceleration (fall from height, car crash) can lead
to aortic rupture aswell as tracheobronchial injuries as a
result of antero-posterior compression of the chest.

Penetrating chest trauma
In general, in-hospital mortality from isolated pene-
trating chest injury is higher, in the range of 8–14%,
compared to blunt thoracic trauma (1–2%) and often
related to shock as a result of vascular or cardiac
injury. Stab wounds and gunshot wounds comprise
the vast majority of penetrating injuries, whereas
industrial accidents or high-velocity motor vehicle
accidents can lead to open or penetrating chest injur-
ies. In patients who reach the hospital alive, rapid
assessment and interventions, such as tube thoracost-
omy and airway control, are of capital importance,
and detailed imaging studies are reserved for haemo-
dynamically stable patients. About 10–30% of pene-
trating trauma patients will require emergency or at
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least prompt thoracotomy. Especially concomitant
abdominal injuries as well as a low systolic blood
pressure on presentation in the emergency room are
risk factors for higher mortality rates.

Low-energy trauma (i.e. stab wound, impalement,
car accidents) can be separated from injuries caused
by low- (<250 m/s; i.e. small handguns), medium-
(250–750 m/s; i.e. most handguns and hunting rifles)
and high-velocity missiles (750–1,000 m/s; i.e. machine
guns, military rifles). This is important in the light that
the degree of injury is directly related to the kinetic
energy of the projectile, which grows proportionally to
its velocity squared (kinetic energy = 0.5 × mass ×
velocity2). Hence, among the worst injuries can be
caused by fragments with extremely high velocity
(>1,000 m/s) originating not only from military mines
and grenades but also from improvised explosive
devices. In addition to multiple penetrating wounds
with unpredicted fragment paths, they also produce
severe burn and blast injuries. While knifes and low-
energy missiles usually ‘only’ lacerate the tissues they
penetrate (i.e. they lead to a permanent cavity), higher
missile velocities result in even more collateral tissue
damage as tissue particles are driven away from the
bullet tract, causing an increasing effect of cavitation
(i.e. they cause an additional ‘temporary’ cavity). Fur-
thermore bullets often cause secondarymissiles, such as
rib fragments, when hitting the chest wall, at the same
time possibly leading to an altered trajectory of the
missile.

Initial assessment and management
Initial evaluation
After obtaining a clinical history and details about the
time and mechanism of injury, initial evaluation of
the patient should be performed according to the
Advanced Trauma Life Support (ATLS) Guidelines.
First of all, rapid recognition and treatment of imme-
diately life-threatening injuries is done during the
primary survey, including assessment of airway (A),
breathing (B) and circulation (C). After a rapid neu-
rologic evaluation (D – disability), the patient will be
shortly undressed and thoroughly examined (E –
exposure). Body temperature control (E – environ-
mental control) must not be underestimated, since
hypothermia aggravates coagulopathy and acidosis.

Subsequently, the secondary survey allows patient
evaluation for other potentially life-threatening injur-
ies in a systematic manner.

Imaging studies
The chest radiograph is an important adjunct to the
primary survey and can be helpful in evaluating
breathing difficulties (‘B-problems’), as well as the pos-
ition and effect of an inserted chest tube. It mainly
shows pneumothorax, hemothorax and mediastinal
abnormalities and severely displaced rib fractures
(Figure 26.1). Due to the limited sensitivity of the chest
radiograph, computed tomography is frequently per-
formed, during the secondary survey for further evalu-
ation of the hemodynamically stable trauma victim.

Focused assessment with sonography for
trauma (FAST) is another important adjunct to the
primary survey in the patient with a ‘C-problem’.
Besides the evaluation for associated abdominal injur-
ies, it is useful to detect pericardial effusion or tam-
ponade in the thoracic trauma patient. Furthermore,
thoracic ultrasound not only has the potential to
detect intrapericardial bleeding, but in the hands of
an experienced investigator it may also allow recogni-
tion of hemothoraces and assessment of the heart and
its function.

Airways
Consider that airway obstruction may be caused by
blood, secretions and foreign objects (e.g. tooth), as
well as by injuries of the airway itself or compression
from the outside.

Laryngotracheal injury
Despite its protected position between mandible
and sternum, the larynx and cervical trachea can be

Figure 26.1 Severe blunt chest trauma with mediastinal shift to
the right (arrows) due to left tension hemopneumothorax.
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injured by blunt trauma (e.g. hyperextended neck
against dashboard in unrestrained passengers, direct
blows, strangulation by seatbelt/rope/manually) as
well as by penetrating forces (e.g. knife, projectile).
Patients may present with stridor, hemoptysis,
hoarseness (due to vocal cord injury/displacement or
recurrent laryngeal nerve injury, often associated
with lesions to the cricotracheal junction) and neck
pain. Besides concomitant soft tissue injury (erosion,
haematoma), cervicomediastinal emphysema can be
present. In stable patients, thorough examination by
CT scan and flexible endoscopy allows systematic
assessment of the injury, including potentially associ-
ated lesions of the esophagus. In patients with severe
respiratory distress, oro- or nasotracheal intubation
past the area of trauma is advised. Wherever applic-
able, this is best performed by guidance of a flexible
bronchoscope, in order to avoid additional tissue
damage with the risk of complete airway disruption.
In cases of unsuccessful intubation due to severe
edema or concomitant maxillofacial injury, emer-
gency tracheostomy may be required.

Early surgical exploration with definitive recon-
struction through a collar incision is recommended.
In cases of laryngotracheal lesions with possible bilat-
eral vocal cord and/or recurrent laryngeal nerve
injury, consider the placement of a tracheostomy
cannula at the end of the procedure.

Tracheal compression by sternoclavicular
dislocation
Trauma to the upper chest can result in posterior
sternoclavicular joint dislocation or sternoclavicular
fracture dislocations, in which the medial end of the
clavicle may come to rest on the trachea and cause
upper airway obstruction. Amongst inspiratory stri-
dor and a palpable defect in the region of the sterno-
clavicular joint, patients may also present with signs
of vascular compression of the ipsilateral extremity.
Treatment consists of immediate reduction of the
medial end of the clavicula, best achieved by pulling
both shoulders backwards, eventually with the help of
a cushion positioned between the shoulder blades,
and by additionally pulling at the medial end of
the clavicula with a pointed clamp. Once reduction
is achieved it is usually stable, and if so, conservative
treatment (shoulder immobilization for 3 weeks) is
sufficient. In contrast, anterior sternoclavicular dis-
locations are more common, and reduction is easier,

but reduction is rarely stable, and operative fixation is
often necessary.

Intrathoracic trachea
Based on the firm constitution of the trachea, espe-
cially in its cartilaginous anterior part, rupture is a
very uncommon finding. However, if it does happen,
it usually occurs due to a sudden increase in intra-
tracheal pressure against the closed glottis, which
mainly leads to vertical tears in the posterior, mem-
branous part. These tracheal lesions can also result
from forceful intubations. Patients present with
haemoptysis, mediastinal emphysema and eventually
pneumothorax (uni- or bilaterally), which are gener-
ally characterized by large air leaks through an
indwelling chest tube. After establishing diagnosis by
bronchoscopy and securing the airway by orotracheal
intubation, prompt primary repair is advised. Access
to the trachea is gained either through a collar inci-
sion for cranial lesions with possible extension into an
upper partial sternal split or through a right thora-
cotomy, allowing better exposure of the lower and
especially dorsal part of the trachea.

Bronchial rupture
Most bronchial ruptures occur due to shearing forces
and forceful antero-posterior compression of the
chest, as seen in most car accidents, leading to dis-
tracting forces of the laterally displaced lungs at the
relatively fixed carina. Most tears occur within 2.5 cm
of the carina and are usually found on the right, due
to the shorter length and relatively unprotected pos-
ition of the right mainstem bronchus. Patients may
present with only subtle symptoms such as haemop-
tysis and discrete emphysema if the tear is covered.
In tears communicating with the pleural space,
pneumothorax with large air leaks through the chest
drains may occur and suction on the chest drain may
even worse dyspnea. The typical radiological sign is
that of a collapsed lung at the bottom of the hemi-
thorax (as opposed to a lung collapse around the
hilum seen in ‘conventional’ pneumothorax); there-
fore it is also referred to as ‘dropped lung’ sign. Again,
bronchoscopy establishes the diagnosis, and prompt
direct repair through thoracotomy under single-lumen
ventilation should be preferred to resectional proced-
ures. Asymptomatic, minor bronchial tears can be
managed conservatively in the presence of a fully
expanded lung with no air leak being present. In those
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patients, bronchoscopic examinations should be per-
formed on a regular basis for early recognition of
strictures or bronchiectasis, which may develop at a
later time in the course of recovery.

Lungs
Pneumothorax
The most common injury resulting from thoracic
trauma is a simple pneumothorax. It is either caused
by laceration of the visceral pleura by a sharp object
(e.g. fractured rib, knife, bullet) or due to rupture of
the visceral pleura caused by deceleration or baro-
trauma. While small pneumothoraces (up to 2 cm)
in stable blunt chest trauma victims can be managed
conservatively, all patients with pneumothorax and
penetrating injury, unstable respiratory situation or
otherwise intended intubation and mechanical venti-
lation need tube thoracostomy. Chest tubes may be
removed when the lung is fully expanded (no persist-
ent blood or air in the thoracic cavity), if the air leak
has completely resolved and if fluid drainage is less
than about 200 ml/24 hours.

The deadliest form of pneumothorax is tension
pneumothorax, which develops when a one-way
valve-like air leak occurs from the lung. The increas-
ing accumulation of air in the thoracic cavity leads to
a complete collapse of the affected lung and a medi-
astinal shift to the contralateral side with compression
of the contralateral lung and venae cavae. The result is
a rapidly increasing hemodynamic instability due to
decreased venous return, followed by rhythm disturb-
ances (tachyarrhythmia). Patients correspondingly
present with chest pain, respiratory distress, tachycar-
dia, hypotension, distended neck veins and a unilat-
eral absence of breath sounds with hyper-resonance
to percussion. Sometimes clinical diagnosis can be
difficult, since associated hemothorax, lung contu-
sions and hypovolaemia can mask the typical afore-
mentioned clinical signs (Figure 26.1). Radiological
confirmation of diagnosis is usually obsolete, and
immediate decompression is mandatory by inserting
a large-calibre needle through the second intercostal
space in the mid-clavicular line. Definitive manage-
ment consists of insertion of a chest tube in the fifth
intercostal space in the anterior axillary line.

Also open pneumothorax can lead to a certain
amount of tension in the thoracic cavity if there is
a one-way-valve-like tissue flap (or inappropriately
placed wound dressing!) that allows air to enter

through the opening in the chest with every breath.
Management includes coverage of the open chest
wound with a three-way occlusive dressing that allows
air to go out and at the same time prevents air from
entering the thoracic cavity. Then a tube thoracostomy
is performed remote from the wound until operative
debridement and closure of the defect are possible.
Local muscle or myocutaneous flaps should be
preferred over prosthetic material (e.g. polypropylene
mesh) in the reconstruction process, since wound
contamination usually has to be expected.

Hemothorax
Hemothorax can compromise respiration itself on
the one hand, and on the other hand, hypotension
due to blood loss contributes even more to poor
tissue oxygenation. Hemothorax can occur from
bleeding due to lung laceration, vessel laceration
(usually intercostal or internal mammary vessels) or
from fractured ribs, sternum or spine. Small bleeds
are self-limiting, and patients with major bleeds, for
example, due to hilar vessel injury, heart injury
(chamber rupture) or aortic dissection, rarely even
reach the hospital alive. Hemothoraces are evacuated
using a large-caliber chest tube and the application of
autologous blood salvage systems (e.g. Hemovac, Cell
Saver) can be helpful in cases of expected large
volumes. Operative exploration should be considered
if the initial amount of blood output is more than
1,500 ml and/or chest tube output is 200 ml or more
for 2–4 hours, also taking into account the patient’s
condition. In uncertain situations or if the bleeding
source is well localized (e.g. by CT angiography), a
videothoracoscopic approach (VATS) can be chosen
in hemodynamically stable patients. VATS also is
applicable in the post-primary evacuation of large,
clotted hemothoraces in order to allow lung
re-expansion and prevent the formation of empyema
and late fibrothorax.

Lung laceration
Pulmonary lacerations are seen in penetrating as well
as blunt thoracic trauma victims and usually result in
a combination of bleeding and air leak (i.e. hemop-
neumothorax). Minor lacerations can be treated by
simple insertion of a chest tube. For larger, more
centrally located lung injuries (Figure 26.2), charac-
terized by large air leak or persistent blood loss (con-
tinuous blood loss of >200 ml per hour), consider
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thoracotomy. Depending on the degree of injuries,
either resectional procedures or, more desirable if
applicable, parenchyma-saving techniques, such as
pulmonary tractotomy, may be used. This technique
initially was developed to avoid larger resectional
procedures (i.e. lobectomy, pneumonectomy) in gun-
shot victims. The basic idea is to open the wound
tract by dividing the healthy parenchymal bridge
above it between two clamps (or by means of a
stapling device), and subsequently bleeding vessels
and small, leaking bronchi at the base of the tract
can be ligated and oversewn, respectively.

Lung contusion
Direct lacerations of the lung, as well as the transmitted,
indirect forces associated with blunt thoracic trauma,
lead to diffuse bleeding and edema in the underlying
lung parenchyma (Figure 26.3), resulting in pulmonary
shunting (ventilation/perfusion mismatch).

The degree of respiratory impairment often varies
with concomitant injuries (e.g. flail chest, pneumo-
thorax, hemothorax) and pre-existing disabilities (lung
emphysema); patients should be closely observed
because the full impact on oxygen exchange emerges
only hours after the initial trauma. Generally, blood
gases deteriorate before radiological signs of lung
edema appear; furthermore, these radiological signs
might only be minimal if there is a short interval
between the triggering injury and radiographical stud-
ies, which leads to a high degree of under-estimation in
these patients. Therapy includes administration of
humidified oxygen, carefully controlled administration
of crystalloids (to prevent fluid overload) and close

patient observation in order to initiate, if necessary,
endotracheal intubation and mechanical ventilation.
Haematoma formation can be observed in 5–10% of
patients with pulmonary contusions. Symptoms of
haemoptysis and occasionally fever usually abate
within 1 week, but haematoma resolution on chest
radiographs takes about 1 month.

The most severe complication from lung contu-
sion is acute respiratory distress syndrome (ARDS),
whereas the risk for ARDS increases with the severity
of injuries. Not only the injury to the lung itself but
also its combination with associated injuries and the
eventual need for endotracheal intubation and venti-
lation with its risk of ventilator-associated pneumonia
finally may result in ARDS.

Chest wall
The thoracic wall protects the vital organs of the
chest, notably the heart and lungs, but it also covers
the well-perfused and fragile parenchymal abdominal
organs of the abdomen such as the liver, spleen and
kidneys. Every thoracic injury, whether blunt or pene-
trating, leaves certain damage to the chest wall. While
in children the ribs are more elastic, stronger forces
are needed to cause rib fractures, and thus, severe
intrathoracic injuries in blunt trauma can occur with-
out signs of broken ribs. Consider that rib fractures in
toddlers up to 3 years occasionally result from child
abuse. In contrast, in the elderly, simple coughing or a
fall from a standing position can result in multiply
fractured osteoporotic ribs without severe damage to
intrathoracic organs.

Figure 26.2 Blunt trauma victim with a large tear across the
whole lower lobe (arrows), dislocated rib fractures and
pneumothorax.

Figure 26.3 Lung contusion (white arrows) of the middle lobe
with small pneumatocele (black arrow).
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Rib fractures
Rib fractures are the main finding in blunt thoracic
trauma. Beside pain with the consequence of shallow
breathing and atelectasis of the lung, significant
respiratory impairment is mostly due to accompany-
ing lung contusions and/or associated head injuries
as well as pre-existing co-morbidities (i.e. poor pul-
monary reserve). The direct impact on respiratory
function as well as the pattern of associated injuries
depends on the location (upper/lower ribs, single
fracture/fracture in several places) and the number
of broken ribs. Since the upper ribs (1,2) are well
protected by the clavicles and the whole shoulder
girdle, fractures of these ribs result only from strong
forces, which should raise suspicion for particular
associated injuries such as aortic rupture or tracheo-
bronchial injury.

Fractures of the middle ribs (3–8) are the most
common andmay result from direct blows to the chest,
as well as from indirect lateral fractures following
forceful antero-posterior compression of the chest.
Furthermore, trauma to the upper extremity often
leads to a fracture of the clavicle first, then driving
the scapula into the nearby chest, typically causing
lateral and posterior fractures of the middle ribs.

Fractures of the lower ribs (9–12), like those of the
upper ones, rarely have major influence on respira-
tory mechanics, but injuries to the liver, spleen and

kidneys, as well as diaphragmatic rupture, are some-
times associated with these injuries (Figure 26.4).

The cornerstone of initial treatment is undoubt-
edly sufficient pain control to allow appropriate pul-
monary toilet. Shallow breathing and the avoidance to
cough due to poor pain control inevitably lead to
sputum retention, atelectasis and pneumonia. The
broad possibilities of pain control reach from oral
analgesics, including morphine and its derivatives,
over self-administered IV opioids, to epidural anal-
gesia and should be carefully adapted to the patient
situation. Operative stabilization of fractured ribs is
rarely indicated without the presence of a severe
instability of the chest wall due to a series (three or
more) of multiply broken ribs, which is called ‘flail
chest’.

One of the late sequelae after rib fractures, which
may need further treatment, is pseudarthrosis (pain-
ful instability at the fracture site 6 or more months
after trauma). If local infiltration with long-lasting
anaesthetics and corticosteroids does not lead to pain
relief and painful instability is one of the main clinical
findings, operative measures, such as simple resection
or debridement followed by plate osteosynthesis, have
to be considered. One of the most difficult and also
the most prevalent problems is chronic thoracic pain,
which occurs in approximately 30% of patients,
and therefore needs an interdisciplinary approach

Figure 26.4 Fracture of lower ribs
(black arrow) with associated
second-degree splenic laceration (white
arrows) and subcutaneus
emphysema (stars).
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between thoracic surgeons, anaesthetists and on occa-
sion the help of a psychiatrist in the treatment of a
post-traumatic stress disorder.

Flail chest
Flail chest is defined as a consecutive series of three or
more rib fractures, which are broken in at least two
different sites resulting in a free-floating chest wall
segment. These patients are in the majority of cases
referred after moderate to severe blunt trauma and
suffer from respiratory-dependent pain and dyspnoea.
In the spontaneously breathing patient, a paradoxical
movement of the free-moving chest wall segment can
be examined. But often, concomitant haematoma
and/or emphysema of the chest wall soft tissue conceal
these findings. The flail segment can be anterior,
associated with contralateral anterior rib fractures,
sternal fractures or separation of several ribs at their
costochondral junction (invisible by plain radiographs
and even difficult to detect by CT scan). In most cases,
the floating segment is localized laterally due to direct
impacts, antero-posterior compression or upper
extremity trauma (‘scapula against chest wall’ effect).
The least common variety lies posterior and often
goes clinically unrecognized, since the chest wall in
this region is well supported by the back muscles and
the scapula.

As flail chest often results in respiratory insuffi-
ciency due to a combination of pain, increased work
of breathing and, most important, associated pul-
monary contusion; endotracheal intubation and ven-
tilation sometimes are inevitable. As internal
pneumatic stabilization by mechanical ventilation

takes an average ventilation time of 10 days, the risk
of ventilator-associated pneumonia as well as the high
costs of ICU care are only some of the factors which
may raise the question for early rib stabilization.
Indications for rib stabilization include:

� Thoracotomy for another reason (e.g.
haemorrhage or lung laceration)

� Severe chest wall instability with increasing
respiratory insufficiency in patients with sufficient
pain control and without the presence of major
lung contusions

A relative indication for chest wall stabilization is an
insufficient bronchial toilet due to inefficient coughing
in flail chest patients. Roughly summarized, operative
stabilization should aim at preventing intubation and
prolonged mechanical ventilation. For rib stabilization,
contourable reconstruction plates or anatomically
precontoured titanium plates are available, which
allow anatomical and physiological fracture recon-
struction (Figure 26.5). Furthermore, intramedullary
splints can be used with smaller incisions to reduce
exposure and avoid further soft tissue damage. Implant
removal is usually not required.

Sternal fractures
Sternal fractures are commonly caused by motor
vehicle accidents, resulting from a direct impact on
the steering wheel (without restraint) or forceful decel-
eration caused by the seat belt itself. Therefore, they are
often associated with rib fractures and closed injuries
of the head. Operative fixation is rarely needed but
may be considered in patients with persisting painful
instability (for 6 weeks or more) or severe fracture

Figure 26.5 Result after stabilization
of flail chest with osteosynthesis plates
(lateral fracture line) and splints
(latero-posterior fracture line).
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dislocation with high risk for non-union. Stabilization
can be easily achieved by plate osteosynthesis, whereas
two parallel plates offer the best results (Figure 26.6). It
is important to be aware of associated cardiac injuries,
especially cardiac contusions, whichmay lead to poten-
tially life-threatening dysrhythmias.

Traumatic asphyxia
Severe crushing of the chest, for example, in passen-
gers trapped inside or underneath a crashed vehicle,
results, on the one hand, in immediate effects caused
by the initial blow and, on the other hand, in subse-
quent effects caused by prolonged compression of the
chest and thus increased venous pressure. The imme-
diate effect consists of disruptions of the airways, while
increased venous pressure levels eventually lead to
swelling, cyanosis and petechiae of the head and neck,
as well as subconjunctival hemorrhage. Furthermore,
not only oedema of the head and neck but also cerebral
oedema with subsequent loss of consciousness may
occur. As neurological symptoms and the effects

of an impaired venous return are usually transient
once the victim is rescued, associated injuries must
be excluded during the work-up.

Chest wall defects
Large chest wall defects require prompt debridement
and irrigation to avoid necrotizing wound infections.
Once the patient’s situation has stabilized and the
local wound situation is under control (i.e. no signs
of infection), reconstruction with or without pros-
thetic material (e.g. polypropylene mesh) is feasible,
depending on the depth, localization and size of the
defect. Especially in larger defects, myocutaneous
rotation flaps (either from the latissimus dorsi or
from the rectus abdominis muscle) have proven to
be quite helpful in wound closure.

Associated skeletal injuries
Clavicle fractures are common in thoracic trauma
patients and rarely need operative stabilization.

Figure 26.6 Instable sternal fracture
6 weeks after trauma, reduced and
stabilized with two parallel angle-stable
plates.
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Absolute indications include open fractures and neu-
rovascular injury requiring repair or exploration.
Severe displacement is a relative indication for opera-
tive stabilization, which may prevent a high mal- and
non-union rate in these patients.

Scapular fractures are associated with rib frac-
tures and only need operative fixation in severely
dislocated fractures of the coracoid, the acromion
or the glenoid and in fractures of the humerus
(mostly at its surgical neck), which are associated
with lesions of the suprascapular nerve (innervation
of the supraspinatus and infraspinatus muscles has
to be evaluated by electromyography).

Sternoclavicular joint dislocations/fractures – see
earlier section.

Esophagus
Esophageal injuries are uncommon in trauma, and
when they appear, they are most commonly the result
of a penetrating injury. On the other hand, severe
blows to the abdomen can lead to an expulsion of
gastric contents into the esophagus, which again can
lead to linear tears of the lower esophagus (as seen in
Boerhaave’s syndrome). A high index of suspicion is
needed for early diagnosis because symptoms often
do not become apparent until the patient presents
with signs of sepsis due to pleural empyema or sepsis.
On occasion, gastric contents may be evacuated
through an indwelling chest drain, which makes the
diagnosis obvious. Esophagoscopy is the diagnostic
tool of choice, followed by contrast (water-soluble)
esophagogram. When both studies are combined and
performed in sequence, over 95% of esophageal injur-
ies are identified.

Prompt, direct repair with the use of
well-vascularized reinforcement material (e.g. inter-
costal muscle, pleural or pericardial flap) is advised,
since any delay in treatment increases morbidity and
mortality (a delay of more than 24 hours has a 50%
mortality). Only small lesions, which are usually
attributable to mishaps of instrumentation (i.e. naso-
gastric tube insertion) rather than to the trauma itself,
may be managed conservatively or eventually by
esophageal stent placement. Tears of the lower third
of the esophagus, as mostly seen in blunt trauma, are
best approached through a left thoracotomy, while
injuries to the middle or upper third need right thor-
acotomy for optimal exposure. In patients who are
already in a septic state due to missed or delayed

diagnosis, a two-stage approach is often the only
option. The first step consists of initial stapling of
the distal esophageal end after insertion of a percutan-
eous catheter into the jejunum (feeding jejunostomy)
and the creation of a cervical mucus fistula within the
proximal esophageal end (cervical esophagostomy).
Later on, tension-free reconstruction can be per-
formed preferably using an autologous intestinal graft
(stomach, small intestine or colon). Due to the injury
mechanism in blunt trauma (forceful blow against
the upper abdomen), associated injuries such as dia-
phragmatic rupture are sometimes seen.

Diaphragm
Diaphragmatic injuries must be suspected in patients
who have sustained a forceful blow against the upper
abdomen as a result of a high-speed motor vehicle
accident or similar trauma. Patients may present with
dyspnoea but also may suffer from hypovolemic shock
due to associated injuries of the spleen or liver. Often
the injury goes unrecognized until detected either by
CT scan in haemodynamically stable patients or inci-
dentally at the time of laparotomy or thoracotomy for
hypovolemic shock. While blunt trauma causes dia-
phragmatic rupture in the range of 5% of cases and
usually results in tears of 5–10 cm or more in the
region of the tendinous part of the diaphragm,
penetrating gunshot wounds lead to diaphragmatic
injury in approximately 45% of cases, and injuries
are generally (in 85% of cases) no longer than 2 cm.
Large tears can immediately present by herniation of
abdominal organs into the chest cavity (Figure 26.7),
whereas smaller tears and those located on the right
side may go unrecognized until the patient presents
only months or sometimes years later (in 85% within
3 years) when visceral herniation occurs. Due to
the high potential of visceral herniation into the
chest, following the lower intrathoracic pressure,
and eventually resulting in gangrene, prompt repair
is warranted.

Large tears are best exposed through a low, lateral
thoracotomy, which allows direct repair. But due to
often-associated abdominal injuries, repair through a
laparotomy approach might be more suitable in most
cases. Peripheral injuries might require resuspension
of the thoracic wall by encircling the ribs. Confronted
with large defects, sometimes the additional use of
a prosthetic mesh is useful. In uncertain situations,
thoracoscopy or laparoscopy (depending on present
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or suspected associated injuries) may confirm a sus-
pected diagnosis and allow direct repair of small
lesions.

Missed lesions are best approached through thor-
acotomy since pulmonary adhesion formation is a
common finding in those cases. Also, postero-lateral,
right-sided tears are almost only accessible from the
chest, since the liver interferes with an abdominal
approach.

Thoracic duct/lymphatics
Injuries of the thoracic duct are rarely seen in trauma
patients. They may be associated with blunt thoracic
vertebral trauma, whereas the mechanism of injury
often is a forceful hyper-extension or translation.
Also, penetrating trauma can lead to thoracic duct
injury. In both situations, diagnosis is generally made

incidentally after a few days, when the blood has
cleared from the chest tubes, and the milky white
appearance of the draining liquid due to its high
triglyceride content actually confirms the diagnosis.
Initial management is always non-operative, keeping
the patient on total parenteral nutrition (nil by
mouth) for about 7 days. If the conservative attempt
fails, thoracic duct ligation can be achieved either
thoracoscopically (for the experienced) or through a
right-sided, low, lateral thoracotomy, ligating the
thoracic duct just as it has traversed the diaphragm
to enter the thoracic cavity. In selected cases (e.g.
necessity of left thoracotomy for the treatment of
associated injuries), an attempt to directly identify
the leakage and ligate the leaking vessel may be justi-
fied in order to avoid a contralateral operation. The
application of full-fat cream through a nasogastric
tube, just half an hour before the operative procedure,

Figure 26.7 Large left-sided
diaphragmatic tear with herniation of
colon (stars) and gut (crosses) into the left
hemithorax. The retracted diaphragm is
marked with arrows.
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may simplify direct visualization of the leak. A percu-
taneous cannulation of the cysterna chyli with embo-
lization of the thoracic duct has also been described
by several authors and may be a valuable treatment
option, if available, in these patients.

Thoracic great vessels
Over 90% of injuries of the thoracic great vessels are
caused by penetrating trauma. In blunt trauma
victims, aortic rupture is the second most common
cause of death after head injury.

Aorta
It is estimated that only 25% of patients who sustain
aortic injuries due to blunt thoracic trauma reach the
hospital alive. In over 30% of these initial survivors,
the aorta will rupture within 24 hours of trauma
without initiation of therapy. Rapid deceleration is
the main mechanism leading to aortic injury in blunt
trauma victims, with traffic accidents and falls from
heights the main underlying causes of trauma.
Sudden deceleration leads to traction at the relatively
immobile isthmus, where the ductus arteriosus forms
a ligamentous attachment between the descending
aorta and the pulmonary artery. Thus this region
represents the transition zone between the relatively
mobile arch and the relatively fixed descending aorta.
Therefore, rupture most often occurs just below the
isthmus (50–70%) followed by the ascending (18%)
and descending (14%) aorta. Given that open vessel
rupture leads to imminent death in the field, only
patients with a contained rupture (containment by
either adventitia or mediastinal pleura) may survive
to reach the hospital. In these patients, only early
diagnosis and rapid management may prevent cata-
strophic rupture. Radiological signs of contained
aortic rupture include a widened mediastinum (>8
cm), an indistinct (‘blurred’) aortic knob, depression
of the left mainstem bronchus and deviation of the
trachea and esophagus (nasogastric tube) to the right.
A first rib fracture and a small apical hemothorax
(‘apical cap’) may also be seen on occasion. Massive
left haemothorax and profound hypotension are
signs of an imminent rupture, thus calling for imme-
diate surgery. Often, definitive diagnosis is made
by contrast-enhanced CT scans in stable patients,
and aortography is reserved for uncertain situations
or if endovascular stenting is intended. Management
consists either of primary repair or resection of the

injured area with subsequent grafting. However, in
recent years, endovascular repair, also termed ‘thor-
acic aortic endografting for trauma’ (TAET), has
gained increasing importance in these patients, redu-
cing not only events of spinal cord ischemia but also
overall mortality compared to open approaches.
Minor intimal tears or small pseudo-aneurysms may
even be managed conservatively with close follow-up.

In these often polytrauma patients, bridging to
surgery or intervention, in order to allow treatment
of imminently threatening injuries, is occasionally
necessary. In this phase, besides cardiopulmonary
stabilization, the administration of short-acting
beta-blocking agents to control the heart rate and to
decrease the mean arterial pressure to approximately
60 mmHg is crucial.

Hilar vessels
Injuries to the hilar vessels may initially be controlled
by direct occlusion with a finger or hilar placement
of a soft vascular clamp proximal to the injury (on
occasion an intrapericardial access to the hilum must
be chosen). Optimal treatment consists of direct
repair since pneumonectomy is associated with poor
outcome in these patients. Peripheral pulmonary
artery lesions may be repaired or the affected lobe or
segment may be resected.

Major thoracic veins
Major thoracic venous injuries are very uncommon.
Caval lesions may result in hemothorax or pericardial
tamponade, which is associated with intrapericardial
injuries. If repair proves to be difficult or impossible,
injured subclavian or azygous veins can be ligated.
Injuries of the thoracic inferior or superior vena cava
and innominate vein may require shunt placement to
facilitate repair.

Systemic air embolism
Systemic air embolism is usually described following
central penetrating lung injury or severe central lung
laceration due to blunt trauma, followed by positive-
pressure ventilation, which then results in air being
forced into the low-pressure pulmonary venules
or even the great vessels (depending on the injury).
With the air gaining access to the aorta and the
coronary arteries, manifestations range from seizures
and arrhythmias to cardiac arrest. Resuscitation
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requires thoracotomy, immediate clamping of the
pulmonary hilum and aspiration of the air from the
left ventricle and ascending aorta. Experience with
hyperbaric oxygen therapy has generally been good
in patients with air embolism from other causes and
may be considered after successful closure of the
‘fistula’.

Missile embolization
Embolization to the pulmonary arteries is usually
treated with surgical removal or interventional tech-
niques. A chest radiograph taken immediately pre-
ceding incision or intraoperative fluoroscopy is
mandatory to detect more distal embolization that
may occur during positioning. Asymptomatic
patients with small distal fragments may be treated
expectantly. Occasionally, missile emboli may migrate
through a patent foramen ovale or from central par-
enchymal or vascular injury to gain access to the left
side of the heart and subsequently to the systemic
circulation.

Cardiac injuries
Blunt cardiac injuries are mostly seen in traffic acci-
dents, while other causes are falls, assaults or sporting
injuries. Injuries are highly variable and range from
mild contusions, which occasionally also may trigger
dysrhythmia, to severe tissue injuries such as valvular
or cardiac chamber rupture. Therefore, patients may
be asymptomatic, may show signs of pericardial tam-
ponade or possibly die in the field because of exsan-
guinating injuries. In penetrating cardiac injuries,
mortality is about 70 to 80% depending on the
location and severity of injury. Due to the size and
degree of exposure, ventricular injuries mostly
involve the right (43%) or left ventricle (34%). Right
(16%) or left atrial injuries (7%) are less common.
Patients who reach the hospital before suffering from
cardiac arrest have a high probability of survival.
Valvular injuries or injuries of the coronary arteries
usually lead to impaired cardiac function in long-term
follow-up.

Cardiac contusion
Cardiac contusions typically occur in forceful blunt
trauma of the anterior chest wall, with a prevalence
of around 20%. Electrocardiography is the diagnostic
tool of choice to detect any rhythm or conduction

disorders, which occur in around 1.5% of blunt
chest trauma victims. The role of serum troponin
and myocardial creatine kinase levels is still unclear,
since these parameters may express some sort of
myocardial injury, but they cannot predict cardiac
complications.

Commotio cordis
Commotio cordis, also called ‘sudden cardiac death’,
occurs during sporting or recreational activities in
usually otherwise healthy individuals and results from
a blow to the heart, presumably arriving just into the
ascending part of the T-wave (vulnerable period)
and thus leading to ventricular arrhythmia. Prompt
resuscitation and defibrillation are crucial; neverthe-
less, survival rates are generally relatively poor and in
the range of 15%.

Pericardial tamponade
Cardiac tamponade is more common due to penetrat-
ing rather than blunt thoracic trauma. Since the peri-
cardial sac is made of rather inelastic fibrotic tissue,
already small amounts of blood (100–400 ml) can
severely impair cardiac function. The typical clinical
signs of tamponade include arterial hypotension, ele-
vated venous pressure (resulting in distended neck
veins) and muffled heart tones. But these signs, also
referred to as ‘Beck’s triad’, are only clearly present in
about 10–30% of patients. It is not unusual that asso-
ciated injuries lead to hypovolemia and hypotension;
consequently neck veins are inconspicuous, and blood
pressure is low anyway. Low QRS voltage on electro-
cardiogram may be another hint to pericardial tam-
ponade. Since pericardial ultrasonography has become
an integral part of FAST, which is routinely performed
in most emergency departments, ultrasonographic
diagnosis is made with an accuracy of about 90% (in
the hands of an experienced operator). Subsequently,
performed subxiphoid pericardiocentesis may then
definitively confirm diagnosis and temporarily stabilize
the patient’s hemodynamic situation, until operative
exploration through left thoracotomy (alternatively
median sternotomy) in the operating theatre is pos-
sible. In patients who do not respond to the usual
measures of resuscitation for haemorrhagic shock
and in whom cardiac tamponade is strongly suspected,
direct pericardiocentesis may be justified. Be aware
that clotted pericardial blood may result in negative
(i.e. ‘dry’) pericardiocentesis.
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Myocardial laceration
Small wounds are controlled with direct finger pres-
sure, while larger ones may be controlled by inser-
tion of a balloon catheter (Foley). But care has to be
taken not to obstruct blood in- or outflow and not to
apply too much traction, resulting in extension of
the laceration. Atrial injuries may be controlled by
placing a Satinsky clamp across the wound. Injuries
to the atria and left ventricle can usually be directly
sutured using 0 (ventricle) or 3/0 (atrium) non-
absorbable monofilament suture material. When
suturing right ventricular injuries, Teflon pledgets
(or a piece of pericardium) are advisable to prevent
cut-through of the stitches. Small coronary arteries
(diameter < 1 mm) may be ligated, while larger
vessels should be re-anastomosed. Tears near a
coronary can be repaired by mattress suture
technique.

In penetrating cardiac injuries, luxation of the
heart is mandatory in order not to miss posterior
cardiac wounds; however, this manoeuvre has to be
carried out carefully and only for a short time, since it
leads to a decreased venous return, bradycardia and
eventually ventricular fibrillation.

Valvular lesions
Injuries of the cardiac valves are rather uncommon
findings in thoracic trauma patients. Depending on
the nature of the injury (papillary muscle or leaflet
disruption) and location, victims either die shortly
after the event or reach the emergency department
in a state of cardiogenic shock. If applicable, recon-
struction can be delayed until the patient has suffi-
ciently recovered.

Resuscitative thoracotomy
Emergency department thoracotomy may be life-
saving in selected patients only.

In blunt trauma victims, signs of life must be
present on admission to the emergency department;
otherwise immediate thoracotomy is of extremely
limited benefit.

Signs of life include detectable blood pressure,
respiratory motor effort, cardiac electrical activity or
pupillary response.

In contrast to penetrating thoracic trauma, blunt
trauma victims who present with pulseless electrical
activity (PEA) on arrival are not candidates for emer-
gency thoracotomy.

In penetrating injury, outcomes are generally
better when the aforementioned criteria are respected;
furthermore, indications may be extended to patients
with PEA. A relative indication for resuscitative
thoracotomy is given in patients who show signs of
life in the field, sustaining witnessed cardiac arrest
within ≤15 minutes of pre-hospital CPR.

The following manoeuvres can be accomplished
with emergency thoracotomy:

� Evacuation of pericardial tamponade and
treatment of underlying injury

� Control of exsanguinating intrathoracic
hemorrhage (i.e. initial blood loss 1,500 ml and/or
300 ml/h and hemodynamically unstable patient)

� Open cardiac massage (closed heart massage is
ineffective in hypovolemic patients with cardiac
arrest)

� Cross-clamping of descending aorta in order
to reduce infra-diaphragmatic blood loss and
redistribute blood to vital organs (i.e. brain, heart
and lungs).

Technique
Resuscitative thoracotomy is a left antero-lateral thor-
acotomy through the fifth intercostal space with the
patient in a supine position. Consider right antero-
lateral thoracotomy only in patients without cardiac
arrest who suffer from hypotension due to right-sided
injuries. Depending on the injuries which have to be
addressed, the approach can be extended either lat-
erally (injuries of the descending aorta or intended
supradiaphragmal cross-clamping), upwards through
the sternum (hemiclamshell approach), to reach the
vascular structures of the superior mediastinum or to
the contralateral side (clamshell approach) for full
exposure of the heart and the right hilum.
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Chapter

27
Thoracic sympathectomy in the treatment
of hyperhidrosis
John Agzarian and Yaron Shargall

Epidemiology and etiology
Despite patients’ reluctance to seek out medical atten-
tion, hyperhidrosis is not as rare a disorder as would
be perceived and has historic roots in the medical
literature. The condition is divided into primary and
secondary hyperhidrosis. Secondary hyperhidrosis is
a generalized sweating typically affecting the entire
body and is consequent to underlying metabolic, neo-
plastic, infectious or endocrine conditions[1]. Some
examples of these conditions include diabetes melli-
tus, hyperthyroidism, carcinoid syndrome, malig-
nancies such as lymphoma, tuberculosis, systemic
shock, heart failure, Parkinson’s disease and spinal
cord injuries[2]. In contrast, primary (idiopathic)
hyperhidrosis is typically focal and is defined as the
production of sweat by eccrine glands that is beyond
the body’s physiological parameters for thermo-
regulation[3]. Usually this is an exaggerated response
to a physiological stress or emotional/psychological
stimulus[4]. Moreover, primary hyperhidrosis is
subcategorized based on location (palmar, plantar,
axillary or craniofacial). For the purposes of this
chapter, the term ‘hyperhidrosis’ will be used to refer
more specifically to primary hyperhidrosis.

The incidence of hyperhidrosis varies in the litera-
ture. An earlier Israeli study reported incidence rates
of 0.6–1.0%[5]. More recent evidence suggests that the
prevalence of hyperhidrosis is higher, ranging from
2.8% in the United States to 4.6% in specific parts of
China[6,7]. An estimate suggests that the condition
affects roughly 7.8 million individuals in the United
States[6]. The variability in epidemiologic data reflects
two principles characteristic of hyperhidrosis. First,
the definition of hyperhidrosis is unclear, largely
leading to subjective reliance for diagnosis, as well as
the potential for over- or under-reporting. Second,

individuals suffering the condition often do not seek
medical care, either due to social discomfort or to a
lack of knowledge of possible treatment options[1,8].

Commonly, individuals are diagnosed early in
adulthood, considering the role of pubertal heightening
of the disorder. Gender distribution is equal, with the
greatest prevalence existing among working-age adults.
Moreover, a genetic predilection appears to exist, with
25–50%of cases demonstrating an autosomal dominant
pattern of inheritance of variable penetrance[1,10,11].
This familiar pattern of inheritance appears to be more
strongly correlated with individuals presenting prior to
the age of 20. Focally, the most common site for severe
disease appears to be palmoplantar hyperhidrosis of the
palms and soles[9]. Other common sites for severe dis-
ease include the combination of the palms and axillae
(15–20%), the axillae alone (5–10%) and craniofacial
region (5%)[3].

Pathophysiology
The human body contains an uneven distribution
of up to 4 million sweat glands throughout the
body. Palmar density (700 glands/cm2) is greater
than other less populated parts of the body (the back
with 64 glands/cm2, the forehead with 180 glands/
cm2). Interestingly, different body parts perspire sec-
ondary to different stimuli and with different pur-
poses. Sweating from the forehead, back and torso
primarily serves a thermoregulatory function.[12]

Palmoplantar sweating, in contrast, appears to be
triggered by cortical function, responding to various
emotional signals/stresses. Furthermore, there exist
three types of sweat glands: eccrine, apocrine and
apoeccrine–with the latter being only recently
described in the axilla and sharing morphological
and functional similarities to the other two.[1] Eccrine
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glands are more abundant (approximately 3 million) –
preferentially located in the palms, axillae and soles of
the feet – with only 5% being functional at any point
in time. These glands respond to sympathetic acti-
vation via the cholinergic neurotransmitter acetyl-
choline.[13] In comparison, apocrine glands are less
numerous, located strictly in the axillae and urogeni-
tal area, and are activated during puberty via adrener-
gic nerve fibres, secreting a more odorous and viscid
sweat directly into hair follicles.[14]

The exact pathophysiology of hyperhidrosis
remains largely unclear but does appear to be primar-
ily induced by autonomic (via the sympathetic chain)
over-stimulation of the eccrine glands. Sweating
appears to be a disproportionate response to emo-
tional stress but is often spontaneous and episodic.[15]

The sympathetic chain and eccrine glands are both
histologically and functionally normal, suggesting
that this is a central disease process, primarily
affecting the portion of the hypothalamic sweat center
controlling the palms and soles.[16] This cortical
involvement of the disease is supported by the notion
that patients typically do not experience emotional
sweating in states of sleeping or sedation.[17]

Thoracolumbar sympathetic nerve fibres arise
from the anterior column of the grey matter and
travel with the anterior nerve roots to the sympathetic
chain located vertically, parallel and adjacent to the
vertebral column on either side. Pre-ganglionic fibres
travel through the white rami communicantes to the
corresponding ganglia. The thoracic sympathetic
trunk contains 12 ganglia, which are located in front
of the heads of the ribs posteriorly, covered by a thin
layer of parietal pleura. Each ganglion is attached to
the other via nervous cords measuring 1–2 mm in
width – creating the sympathetic trunk. Aberrant
anatomy composed of collateral nerves, double chains
and Kuntz fibres (communicating sympathetic rami)
may exist and require careful attention in the opera-
tive setting[1]. This apparatus serves as the means by
which cortical thermoregulatory control is achieved
via the hypothalamic preoptic sweat center.

The most probable explanation for focal
hyper hidrosis is neurogenic over-activity of the reflex
circuits innervating the eccrine glands. The exact
nature and specifics linking this hyper-excitability
to primary hyperhidrosis is unclear.[2] Recent evi-
dence suggests generalized autonomic dysfunction
(affecting both the sympathetic and parasympathetic
nervous systems) as the key determinant in the

pathophysiology of hyperhidrosis[18]. Nonetheless, it
is clear that the thoracic sympathetic ganglia (particu-
larly at the levels of T2 and T3) is a centre-point in
the mechanism of primary hyperhidrosis – serving
as the passage way between the hypothalamus and
the end organ, that is the eccrine glands[19].

Clinical presentation
Hyperhidrosis affects men and women equally, with
the peak incidence being highest among younger
working-age adults and the disorder being rare prior
to the age of 12[20]. It is important to note that the
incidence does not correspond with the onset of
symptoms. Of note, women are more likely to seek
medical attention (47.5 vs 28.6%).[21] No standardized
definitions or quantitative measures exist for diagnos-
tic purposes. Nonetheless, normal quantities of sweat
have been determined to be <1 ml/m2/min in one
study. Hyperhidrotic patients can produce sweat in
the excess of 40 ml/m2/min[22]. Those quantitative
thresholds obviously differ between individuals, with
smaller individuals and women producing less sweat
overall. As such, the parameters provided are reserved
for research purposes and are difficult to apply in the
clinical setting. Accordingly, diagnosis of hyperhidro-
sis is most commonly based on subjective patient
reporting[2].

The majority of patients present due to the social
implications and associated limitations of the dis-
order, which are most pronounced in the upper limb,
particularly palmar hyperhidrosis[23,24]. Consequent
to their condition, up to 35% of patients report
decreased amounts of time spent pursuing leisure
activities, and 22% report occupational conse-
quences with decreased time spent at work[20]. In
terms of morbidity, hyperhidrosis does not have a
physiological bearing but nonetheless is significantly
debilitating to patients. The Hyperhidrosis Disease
Severity Scale is a simple four-point scale created to
distinguish the extent of the psychosocial morbidity
experienced by patients. A summary of the scale,
as proposed by Strutton et al., is provided in
Table 27.1[20].

Patient evaluation and indications
for treatment
As mentioned previously, hyperhidrosis is relatively
more common than patient presentation would indi-
cate, a fact best supported by patient reluctance to
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seek care secondary to a lack of knowledge of the
available treatment options[1]. Delineating the nature
and specific presentation of hyperhidrosis is essential
in providing patients with the most appropriate treat-
ment. Disease onset, pattern (volume, areas involved,
duration and nocturnal symptoms) and severity are
important initial determinants used to identify the
role for surgical intervention. Moreover, diligence
must be taken in order to rule out secondary systemic
causes of sweating[2].

Hornberger et al. suggested a set of diagnostic
criteria to be employed in the diagnosis of primary
hyperhidrosis. These include (1) focal, visible, exces-
sive sweating for at least 6 months in the absence of
secondary causes and (2) at least two of the following –
bilateral symmetrical sweating, frequency of at least
one episode per week, impairment of daily activities,
age at onset <25 years, positive family history and
cessation of sweating during sleep[25]. Essential to
establishing the diagnosis and stratifying patients to
optimal treatment options (surgical vs non-operative)
is the careful delineation of the burden of disease
on quality of life. Patients with more severe and
debilitating disease (usually those with palmoplantar
conditions) typically tend to be more satisfied with
surgical intervention and are more likely to tolerate
the associated side effects and possible complications
that can occur[26]. Four characteristics have been
associated with higher rates of satisfaction following
thoracic sympathectomy. These include profound
palmar sweating (with dripping), quantitatively
elevated level of palmar sweating, bimodal onset
(infancy or puberty) with symptoms worsening at
the time of puberty and increasing stimulation of
sweating with ordinary hand lotion or other tactile
stimuli (Table 27.2)[27]. The Society of Thoracic Sur-
geons expert consensus panel outlined in 2011 the
‘ideal candidate’ for sympathectomy to be relatively
young (<25), with early onset of disease, a BMI < 28,
a resting heart rate > 55 bpm and no evidence of
sweating during sleep[28].

The initial assessment of the patient should entail
a detailed history and physical examination aimed at
specifying risk factors, delineating the burden of dis-
ease on the patient quality of life and ruling out causes
of secondary hyperhidrosis. The diagnosis is typically
based on the presence of sweating that leads to func-
tional impairment. Investigations are typically limited
to ruling out secondary infections, metabolic or endo-
crine causes of hyperhidrosis. Diagnostic tests specific
to idiopathic hyperhidrosis are not commonly used,
but the most pertinent ones include gravimetric
testing, theMinor starch-iodine test and the ninhy drin
test. These are typically non-invasive and assess the
presence and severity of sweating production at skin
level. Essentially, once a patient’s condition
is deemed existent, and the extent clearly outlined,
treatment is sought out – with different therapeu-
tic options being offered based on the level of
severity[2,3,26].

Surgical vs non-surgical
treatment options
Treatment of hyperhidrosis is not solely surgical. In
fact, a variety of non-operative therapeutic options
exist, which are typically reserved for mild to moder-
ate forms of the condition. The majority of these
consist of topical agents that are applied directly to
the affected area. These include: aluminum chloride
hexahydrate (AlCl3�6H2O), which blocks the lumen of
eccrine glands, and anticholinergic agents, which
function to decrease the local cholinergic impulse at
the end organ of the eccrine gland[3]. Typically, top-
ical agents are used as first-line treatment due to their
ease of application and relative economic viability.
The main side effect is skin irritation[11]. Oral agents
in the form of anticholinergic muscarinic receptor

Table 27.1 Hyperhidrosis Disease Severity Scale

Points Severity

1 Never noticeable, never interfering

2 Tolerable, sometimes interfering

3 Barely tolerable, frequently interfering

4 Intolerable and always interfering

Table 27.2 Diagnostic criteria for primary hyperhidrosis

Major criteria Focal, visible, excessive sweating
�6 months in the absence of
secondary causes

Minor criteria
(at least two)

Bilateral and symmetrical
involvement
At least one episode per week
Impairment of daily activities
Onset at age ≤25
Positive family history
Cessation of sweating during sleep
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competitive blockers are not as commonly used due
to significant degree of side effects[3].

Iontophoresis (the passage of a galvanic current
through skin that is submerged in water) has been
used as first-line therapy for more severe cases. The
principal function of iontophoresis is that the passage
of current tends to disrupt and block the eccrine
ducts. Contraindications to treatment include pace-
makers, pregnancy and implanted metal devices[16,29].
Botulinum toxin intradermal injections can also be
used in the treatment of hyperhidrosis. The toxin
works to inhibit the release of the cholinergic
neuro transmitter acetylcholine at the synaptic junc-
tion. Botulinum toxin therapy (similar to iontophor-
esis) can be used in the setting of failed topical
therapy and is considered by many to be first-line
treatment in the setting of craniofacial hyperhidrosis.
Improved clinical outcomes occur within 2 weeks of
treatment and will last on average 6–8 months[3].
Contraindications to treatment include hypersensitiv-
ity to albumin and history of peripheral neuropathies
or neuromuscular junction disorders[15,30]. The main
limiting factor for the usage of botulinum toxin injec-
tions is the fact that the effect is temporary, and the
cost of treatment is substantial.

The Canadian Hyperhidrosis Advisory Commit-
tee recently used an evidence-based approach to out-
line a treatment of hyperhidrosis primarily based on
the location and severity of the disorder. Essentially,
for palmorplantar and axillary mild forms of the
disease, first-line therapy should consist of topical
aluminum chloride, with botulinum toxin and ionto-
phoresis therapy as second-line options in refractory
cases. The latter two options are reserved as first-line
treatment options for severe cases, as well as cranio-
facial hyperhidrosis. According to the expert consen-
sus panel, surgical intervention should be reserved for
refractory cases that do not respond to any of the
aforementioned treatment modalities[11]. It is import-
ant to note, however, that surgery is the only thera-
peutic option that offers permanent benefit, which
is likely why it is becoming more actively sought
out as compared to botulinum toxin intradermal
injections[31].

Surgery in the treatment of hyperhidrosis is
not a new phenomenon. However, with the emer-
gence of minimally invasive thoracoscopy, surgery
has emerged as a viable option in the treatment
of particularly palmar and plantar hyperhidrosis.
Thoracic sympathectomy has evolved with time from

an invasive and technically demanding procedure
to a simple minimally invasive, bilateral same-day
operation[1,26,27]. With this progression and increased
accessibility, the role of surgery in the treatment of
hyperhidrosis has significantly developed. Initially,
sympathectomy was performed via an open poste-
rior approach (using paramedian incision around
the vertebrae followed by resection of the proximal
3 cm of rib), as well as a supraclavicular approach
(via dissection of the scalene muscle insertion without
breaching of the pleura). More refined and potentially
less morbid techniques were later developed, includ-
ing the anterior transthoracic approach using a thor-
acotomy incision and the transaxillary approach
entering the second intercostal space for more direct
visualization of the sympathetic trunk in the superior
sulcus. The latter approach has generated widespread
acceptance, and is likely the next most feasible option
in the case of failed thoracoscopic sympathectomy[26].

Surgical principles of thoracic
sympathectomy
The first minimally invasive thoracic sympathectomy
was performed in the 1950s by Kux, who described an
endoscopic technique for the procedure[32]. Thoraco-
scopic sympathectomy for palmar hyperhidrosis
emerged as the most definitive treatment in the early
1990s, and since then, several facets of the procedure
have been under contention[33]. The procedure is
performed with single or double-lumen endotracheal
ventilation, with the patient in the supine position
and in deep reverse Trendelenburg. This allows the
non-ventilated lung to fall away from the superior
sulcus. Bilateral sympathectomies can be performed
during the same procedure, and patients may not
require a chest tube following lung re-expansion.
Insufflation of the hemithorax with carbon dioxide
(not exceeding 10 mmHg in order to avoid tension
pneumothorax) may be performed in order to
increase the working space and improve visualiza-
tion. Disruption of the sympathetic chain takes
place on the anterior surface of the corresponding
dorsal rib, with the level of thoracic chain disrup-
tion (T2, T3, T4, etc.) corresponding to the rib[26].
An important technical principle to consider is
the presence of a communicating sympathetic ramus
that crosses the second rib (Kuntz nerve). It may be
prudent to attempt to locate this communicating
nerve, if present, since incomplete disruption may
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lead to failure of the procedure with persistent trans-
mission of sympathetic stimuli down the thoracic
sympathetic chain[1,26]. However, it is unclear at the
moment if there is any definitive benefit in disrupting
the nerve of Kuntz, and some authors even doubt the
existence of the nerve as an anatomical entity.

Variation exists with regards to the method of
disruption as well as the level of disruption. The latter
two principles comprise the majority of the contro-
versy regarding thoracic sympathectomy in the treat-
ment of hyperhidrosis[1,26,28,34].

It is important to establish definition in the case of
such controversies. ‘Sympathectomy’ is defined as the
removal/excision of the entire ganglion (ganglionect-
omy). This contrasts with ‘sympathotomy’, which is a
mere disruption of the chain at the level of above the
ganglion[26]. The majority of sympathetic input to the
palms is derived at the level of T2. Transection of the
stellate ganglion (T1) is associated with higher rates of
Horner’s syndrome. Moreover, it appears as though
the higher the level of disruption, the greater is the
risk of post-operative compensatory sweating (the
most pertinent complication of thoracic sympathec-
tomy)[35]. Several studies have attempted to identify
the appropriate level and extent of disruption that
would lead to the optimal results while minimizing
compensatory sweating. Chang et al. compared dis-
ruption at T2 vs T3 vs T4 and reported comparable
rates of improvement of palmar hyperhidrosis but
greater incidence of compensatory sweating in the
higher levels (93, 92 and 80%, respectively). The
severity of the compensatory sweating was signifi-
cantly less in the T4 group, but gustatory sweating
was greater in that group (11.4% in T4, 23.1% in T3
and 5.8% in T2).[36] Moreover, it appears as though
the extent of disruption (single vs multiple levels) may
be a factor in compensatory sweating, with single-
level disruption being associated with decreased rates
of post-operative complications[37,38].

Several methods of sympathetic chain disruption
exist, each with varying benefits and risks. Resection
of the sympathetic ganglion (ganglionectomy) more
accurately defines a true sympathectomy[26]. While
more complete, this techniquemay potentiate increased
rates of post-operative compensatory sweating[35].
Transection of the chain is usually performed supe-
rior to the rib and is typically performed using
thermo-ablative methods via cautery. The advantage
to this approach is that it necessitates less dissection
and is relatively simple to perform[26]. Clipping over

the sympathetic trunk can be performed over the
level of the rib or both above and below the gang-
lion (corresponding to a functional ganglionectomy).
Although it requires more pleural dissection in order
to clearly delineate the sympathetic chain, the main
advantage of clipping is its reversibility, particularly
in the case of severe compensatory sweating. Reversal
(which entails simple removal of the clips) is not
perfect, with higher failure rates outside a 2-week
post-operative time window secondary to permanent
perineural damage[39]. However, a few reports have
shown acceptable results of up to 50% clinical revers-
ibility when reversal is performed less than 6 months
after the original sympathectomy[40].

The Society of Thoracic Surgeons Expert Consen-
sus for the Surgical Treatment of Hyperhidrosis
established the importance of a standardized nomen-
clature with regard to details of the operative
approach used to perform the sympathectomy.
This nomenclature is to include both the level and
method of interruption of the sympathetic trunk.
With regards to the anatomical level of interruption,
it was felt that a rib-oriented approach is perhaps
more appropriate than using the thoracic spine as
the point of reference. Accordingly, a disruption at
a specific level refers to interruption of the sympa-
thetic chain above the corresponding rib. This allows
for more clarity and transferability from patient to
patient and takes into consideration the probability of
anatomical variation that can cloud the accuracy of
reporting based on the thoracic spine[28].

The panel also further outlined specific surgical
guidelines based on disease site. For palmar hyper-
hidrosis, although having higher rates of compensa-
tory sweating, the recommendation was to perform
either a multi-level R3–R4 or single-level R4 interrup-
tions. The latter is associated with lower rates of
compensatory sweating, with the unfortunate poten-
tial for moister hands. In the case of palmoplantar
hyperhidrosis, an R4–R5 disruption is recommended.
The same holds true for patients who demonstrate
axillary form of hyperhidrosis (even if combined with
other sites of disease). In as much, craniofacial hyper-
hidrosis is to be treated with an R3 interruption,
which has the dual effect of treating the condition,
without the extra risk of Horner’s syndrome and
compensatory sweating that are associated with the
R2 disruption. With regards to the method of inter-
ruption, there appears to be no specific recommenda-
tion made – implying that all forms are adequate in
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ensuring that there is enough separation between the
ends of the chain to prevent regrowth.[28]

Complications and side effects
At the time of surgery, certain considerations must
be taken in order to avoid potentially dangerous and
life-threatening complications. The greatest compli-
cation of thoracic sympathectomy is failure of the
procedure. Overall, failure rates are low, ranging from
0.2–3.7% in the literature[41]. Technical aspects are
often the culprit, leading to failed thoracic sympath-
ectomies. These include anatomical variations (Kuntz
nerve, pleural adhesions and aberrant anatomy),
nerve regeneration and incomplete disruption of
the chain[41]. The latter is likely the greatest cause
of failed sympathectomies[42]. Intraoperative pulse
oxymetry can be used to monitor adequate disruption
during clipping and transection. The instantaneous
physiological response to sympathetic disruption
is peripheral vasodilation, which can be depicted
via change in the amplitude reading suggestive of
increased peripheral circulation[43]. Moreover, left-
sided sympathetic chain stimulation (particularly the
stellate ganglion) can trigger ventricular tachycardia,
and in some cases disruption of the sympathetic chain
can lead to significant bradycardia. The latter cardiac
complication can be a long-term side effect requiring
pacemaker insertion – essentially sympathectomy
leads to a beta-blockade effect, decreasing sympathetic
tone to the heart and, in turn, decreasing heart rate
and blood pressure. In fact, thoracic sympathectomy
can uncommonly be used in the treatment of pro-
longed QT syndrome that is refractory to medical
treatment[41,44].

The most significant and pertinent side effect
pertaining to thoracic sympathectomy is the phenom-
enon of compensatory sweating, where the hyper-
hidrosis is essentially transferred from previously
affected areas on the palms, feet and axillae to previ-
ously denervated areas[26,28,41]. Essentially, the body is
separated into an anhidrotic segment above the nipple
line and increased consequential sweating below the
nipple line. Both mild (14–90%) and severe (1.2–31%)
forms of compensatory sweating exist. The latter is
characterized as split-body syndrome, where a part of
the body previously suffering from excessive sweating
becomes dead to sympathetic input, while the hidrotic
segment of the body becomes hyperactive[41]. Con-
ceptually, the number of functional eccrine sweat

glands decreases by 40%, but the total amount of body
sweating does not change – implying that residual
sweat glands in previously unaffected parts com-
pensate with increased sweat production. The exact
mechanism by which this takes place is unclear but
could potentially be the result of defective negative-
feedback mechanisms that can no longer pass through
the disrupted sympathetic chain. It is these severe
forms of compensatory sweating that carry significant
morbidity and functional detriment to patients, often
leading to regret towards undergoing thoracic sym-
pathectomy to treat their primary disorder[41,45].

As mentioned previously, the rates and severity of
compensatory hyperhidrosis have been linked to two
main technical concepts relating to thoracic sympath-
ectomy: (1) the level of chain disruption and (2) the
extent of disruption (single vs multi-level)[1,24,26,28].
A variety of evidence supports the notion that limit-
ing the extent of resection decreases post-operative
compensatory sweating. The level of selective disrup-
tion has also been associated with differential com-
pensatory hyperhidrosis. T2 level disruption appears
to have the highest rate of compensatory sweating,
with lower levels having proportionately less. Accord-
ingly, certain recommendations suggest sympathec-
tomy at the T3–T4 level.[41] This is in relative
contradiction to the notion that T2 level disrup-
tion typically leads to optimal outcomes in treating
primary palmoplantar hyperhidrosis[28]. Treatment
options for compensatory hyperhidrosis are limited,
and the possibility of sympathectomy revision (mainly
via removal of clips) exists, but to a limited extent[39].
Overall, the effect of compensatory sweating in
consequence to idiopathic hyperhidrosis treatment
is relative and subjective – based on patient values,
tolerance and the initial morbidity associated with the
primary disease[28].

Other less common side effects of thoracic sym-
pathectomy include gustatory sweating, Horner’s syn-
drome and phantom sweating. Gustatory sweating
describes post-prandial facial sweating. The mechan-
ism is unclear, but rates of gustatory sweating are
lower than those of compensatory sweating (0–38%).
Phantom sweating, on the other hand, is a sensation
experienced by patients post-operatively, where sweat
appears to be ready to secrete out of sweat glands,
without its actual occurrence. Rates of phantom
sweating vary in the literature from 0–59%. Finally,
Horner’s syndrome (with an incidence of 0.7–3%) is
likely more of a concern in patients with craniofacial

Section VIII: Other topics

272

http:/www.cambridge.org/core/terms. http://dx.doi.org/10.1017/CBO9781139565905.027
Downloaded from http:/www.cambridge.org/core. New York University Libraries, on 17 Dec 2016 at 03:34:45, subject to the Cambridge Core terms of use, available at

http:/www.cambridge.org/core/terms
http://dx.doi.org/10.1017/CBO9781139565905.027
http:/www.cambridge.org/core


hyperhidrosis who may inadvertently receive an R2
interruption[28,41].

The aforementioned complications can occur rela-
tively early post-operatively but typically employ a
gradual and insidious course of onset, often develop-
ing over months. As such, expert consensus is that
patient follow-up should occur at 1 month, 6 months,
1 year and yearly thereafter for at least 5 years[28].
Follow-up invokes on the surgeon a responsibility to
adequately assess and address patient satisfaction and
quality of life. As clearly outlined, more severe cases
of hyperhidrosis tend to be more responsive and
appreciative of surgical intervention[26,28,41]. Patients
with facial blushing/sweating appear to have the least

satisfaction, with those with palmoplantar hyperhi-
drosis having the most. Essentially, the post-operative
complications of compensatory sweating (with its
significant prevalence) is better tolerated by patients
who had more severe primary disease. A study con-
ducted in 2007 comparing patients receiving thoracic
sympathectomy to counterparts who were refused
coverage by insurance companies (although having
the same indications) demonstrated that overall qual-
ity of life of the surgical arm (with regards to social,
professional and cosmetic outcomes) was greater than
in those not undergoing surgery. This is in the face of
the potential adverse consequences of compensatory
hyperhidrosis[46].
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AAH. See atypical adenomatous
hyperplasia

AAT. See α-1 antitrypsin deficiency
abdominal closure, 245
ACCP, 9
achalasia, 229–31
clinical presentation, 230
diagnosis, 230
etiology, 230
indications for surgery, 231–2
non-surgical management, 231
operations, 232
surgical results, 232
testing, 231
treatment, 230–1

acidic agents, 224
Actinomyces, 97
active drainage, 180–1
acute respiratory distress syndrome

(ARDS), 194
adenocarcinoma
clear cell, 130
growth patterns, 130
histological classification of, 131–2
lung cancer, 130–1
micropapillary, 130
minimally invasive, 130–1
risk-adjusted survival, 237
signet ring, 130

adenocarcinoma in situ (AIS), 130–1
adenoid cystic carcinoma
lung, 137
trachea, 51–2

adenosquamous carcinoma
histological classification of, 131–2
lung, 131

adjuvant chemotherapy
in elderly patients, 144
lung cancer and, 140
meta-analyses, 143
molecular prognostic and predictive

markers, 144–5
optimal regimen, 143
randomized phase III studies, 141
stage I treatment, 143–4

Adjuvant Navelbine International Trial
Association (ANITA) trial,
141–2

adjuvant radiotherapy, 145

AFB. See auto-fluorescence
bronchoscopy

airway bypass tract stent placement, 82
airway obstruction, 254
alcohol, 86
ALK gene rearrangements, 134
alkali agents, 224
α-1 antitrypsin deficiency (AAT), 76
alveolar hemorrhage, 111
anastomosis, 53
Ancona, 182
ANITA trial. See Adjuvant Navelbine

International Trial Association
trial

anterior approach, VATS, 31–2
advantages, 32

anterior mediastinal surgery, 161
anterior thoracotomies
indications for, 31
open approach in supine position,

30–1
pitfalls, 31

antibiotics
for bronchopleural fistula, 195–7
for empyema, 88–9
for lung abscess, 98

aorta, 263
APC. See argon plasma coagulation
ARDS. See acute respiratory distress

syndrome
argon plasma coagulation (APC)
complications, 42
equipment, 42
indications, 42
results, 42
therapeutic bronchoscopy, 41–2

aspergilloma, 96
aspergillosis
cavernostomy for, 100–2
complications, 97–101
diagnosis, 99–100
etiology, 99
indications for surgery, 100
invasive, 99
management, 100
microbiology, 99
myoplasty for, 100
operative approaches, 100–1
pathophysiology, 99

prognosis, 97–101
thoracoplasty for, 100–1
VATS for, 101

Aspergillus, 97
asthma, 48
atelectasis, 2, 19
atypical adenomatous hyperplasia

(AAH), 129
auto-fluorescence bronchoscopy

(AFB), 45
axillary thoracotomy
indications and advantages, 28
open approach in lateral decubitus,

28
pitfalls, 28

azygos vein, 17
azygous venous system, 151–2

Bacteroides, 87
BAE. See bronchial artery embolization
balloon dilatation, 231
barium swallow, 228, 231
Barrett’s esophagus, 242
benign tracheal tumors, 51–2
squamous papilloma, 51

Beta-hemolytic streptococci, 87
bilateral thoracosternotomy
clamshell incision, 30
indications, 30
open approach in supine position, 30
pitfalls, 30

biologic lung reduction, 81–2
Blastomyces, 97
bleach, 224
blunt chest trauma, 253
BMI. See body-mass index
Bochdalek hernias, 216–17
body-mass index (BMI), 78–84
body plethysmography, 6–10
botulinum toxin, 230–1
Boyle’s law, 6–10
brachytherapy (BT), 236
complications, 44
high dose rate, 43
indications and results, 43–4
low dose rate, 43
medium dose rate, 43
patient preparation, 43–4
therapeutic bronchoscopy, 43–4
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BRAF, 134
breast cancer, 174
bronchial artery embolization (BAE),

109–10
bronchial atresia, 59–60
bronchial lavage, 40
bronchial rupture, 255–6
bronchioalveolar carcinoma, 61, 130
bronchogenic cysts, 59
bronchopleural fistula, 45
antibiotics for, 195–7
bronchoscopy for, 196
clinical presentation, 194
definition, 193
empyema and, 196
etiology, 193
imaging, 194–5
large, 195–6
post-operative factors, 193–4
risk factors, 193–4
surgical avoidance, 195
treatment, 195–7

bronchopulmonary carcinoma, 64–5
bronchopulmonary neuroendocrine

tumors, 135
bronchopulmonary sequestrations,

59–63
bronchoscopic laser
classification, 42
complications, 43
indications for, 42–3
methods for, 42–3
results, 43
therapeutic bronchoscopy, 41–2

bronchoscopic thermal vapor ablation
(BTVA), 82

bronchoscopy, 48. See also therapeutic
bronchoscopy

for bronchopleural fistula, 196
clearing of airway, 40
diagnostic yield of, 118
hemoptysis, 107, 109
in lung abscess, 98

bronchospasm, 2
BT. See brachytherapy
BTS, 1–9
BTVA. See bronchoscopic thermal

vapor ablation

calcium channel blockers, 230
CALGB9633 trial, 142–3
cancer specific methods (CSM), 43
Cantrell’s pentalogy, 206
carbon monoxide, 4
carcinoid tumors, 131–2, 135–6
cardiac contusion, 264
cardiac injuries, 264
cardiac surgery, 203
cardiopulmonary bypass (CPBP), 153

cardiopulmonary exercise test (CPET),
1–8

caustic injuries, 242
caustics, ingestion of
clinical presentation, 224
common agents, 224
initial management, 224–5
long-term management, 225
pathophysiology, 224

cavernostomy, 100–2
CCAM. See congenital cystic

adenomatoid malformations
Centers for Medicare and Medicaid

(CMS), 70
central diaphragm paralysis, 214
cervical mediastinoscopy, 124
cervical perforations, 245
cervical stimulation tests, 210–11
cervicothoracic CT scan, 210
cervicothoracic MRI, 210
chemotherapy. See adjuvant

chemotherapy; neo-adjuvant
chemotherapy

chest cavity access
incision choice, 25
minimally invasive approaches, 31–3
hybrid approaches, 33–4

open approach in lateral decubitus
axillary thoracotomy, 28
muscle-sparing antero-lateral
thoracotomy, 27–8

open approach in supine position
bilateral thoracosternotomy, 30
median sternotomy, 28–30

open approaches in lateral decubitus,
25

muscle-sparing postero-lateral
thoracotomy, 26–7

postero-lateral thoracotomy, 25–6
patient positioning, 25

chest radiograph
empyema, 92–3
of eventration, 210–11

chest trauma
airway obstruction in, 254
aorta and, 263
blunt, 253
bronchial rupture and, 255–6
cardiac contusion and, 264
cardiac injuries and, 264
chest wall in, 257
commotio cordis, 264
diaphragm in, 261–6
esophageal injuries and, 261
flail chest, 259
hemothorax in, 256–7
hilar vessels in, 263
imaging studies, 254
initial evaluation, 254

intrathoracic trachea in, 255
laryngotracheal injury and, 254–5
lung contusion in, 257
lung laceration in, 256–8
missile embolization and, 264–6
penetrating, 253–4
pericardial tamponade and, 264
pneumothorax in, 256
from resuscitative thoracotomy, 265
rib fractures in, 258–9
sternoclavicular dislocation and, 255
systemic air embolism, 263–4
thoracic duct and, 262–6
tracheal compression and, 255
traumatic asphyxia, 260

chest tube drainage, 190–1
chest wall, 257
defects, 260

chest X-ray, 64
esophageal perforation, 243

chondroma, 51
chronic obstructive pulmonary disease

(COPD), 69
lung reduction in, 69–70
NETT and, 77

cisplatin, 142–3
clavicle fractures, 260–1
clear cell adenocarcinoma, 130
clindamycin, 98
closing volume (CV), 2
CMS. See Centers for Medicare and

Medicaid
CO2 laser, 42
Cobb angle, 200
Coccidioides, 97
colorectal cancer, 173
commotio cordis, 264
compensatory sweating, 272
computed tomography (CT)
cervicothoracic, 210
for empyema, 87–8, 95–6
esophageal perforation, 243
in hemoptysis, 107
in lung cancer staging, 123

congenital chest wall deformities, 199
incidence of, 199

congenital cystic adenomatoid
malformations (CCAM), 59–60

congenital diaphragmatic hernia, 216
congenital emphysema, 63–4
congenital pulmonary airway

malformation (CPAM)
with multiple cysts, 61
prenatal exam, 59

contrast swallow, 243
COPD. See chronic obstructive

pulmonary disease
CPAM. See congenital pulmonary

airway malformation
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CPBP. See cardiopulmonary bypass
CPET. See cardiopulmonary exercise

test
CR, 86
C-reactive protein (CRP), 86
Cross trial, 237
CRP. See C-reactive protein
cryotherapy
complications, 41
indications for, 41
instrumentation, 41
results, 41
therapeutic bronchoscopy, 41

Cryptococcus, 97
CSM. See cancer-specific methods
CT. See computed tomography
Cushing’s syndrome, 135–6
CV. See closing volume
cystic fibrosis, 111
cystic lesions, 59–60
cystic lung malformations, 58
post-natal diagnosis, 60–1

da Vinci, Leonardo, 199–200
da Vinci Surgical System, 158
DDR2, 135
diaphragm disorders, 209
chest trauma and, 261–6
ultrasound of, 210

diaphragmatic paralysis (DP), 209
central, 214
general considerations, 214
reconditioning, 216
results, 209–16
surgical technique, 215
technical aspects, 215
unilateral, 209

diffuse esophageal spasm, 231
diffuse idiopathic neuroendocrine cell

hyperplasia (DIPNECH), 129
diffusion constant, 4
Digivent, 182
DIPNECH. See diffuse idiopathic

neuroendocrine cell hyperplasia
diverticuli, 227
epiphrenic, 228
indications for surgery, 228
non-surgical management, 228
operations, 228–9
parabronchial, 229
presentation, 227–8
surgical complications, 229
surgical results, 229
thoracic, 228
types, 227

double-lumen tube, 19
DP. See diaphragmatic paralysis
drug use, 86
Dumon stents, 45

dysphasia, 110
dyspnea, 1

EASE. See Exhale Airway Stents for
emphysema trial

EBUS. See endobronchial ultrasound
EBV. See endobronchial one way

valves; Epstein-Barr virus
EELV. See end-expiratory lung volume
EGFR. See epidermal growth factor
elderly patients, 144
electrocautery, 41
electrodiathermy, 41
electronic drainage systems, 181–2
electrophysiological study, 210–11
emphysema, congenital, 63–4
empyema
alcohol and, 86
antibiotics for, 88–9
bacteriology of, 87
bronchopleural fistula and, 196
chest radiograph, 92–3
in children, 92–7
CT for, 87–8, 95–6
diagnosis, 87
drug use and, 86
etiology, 86
history of, 86
imaging, 87–8
indications for surgery, 89
intrapleural fibrinolytics for, 89
management, 88
microbiology, 86–7
open window thoracostomy for, 91
operative approaches
debridement, 90
decortication, 90
drainage, 89–90

pathophysiology, 86–7
pleural aspiration in, 88
pleural fluid drainage for, 88
post-pneumonectomy, 91–6
prognosis, 89
stages of, 86–7
thoracoplasty for, 90–1
time scale, 86–7
US for, 88

end-expiratory lung volume (EELV),
69–70

endobronchial one-way valves (EBV),
79–80

endobronchial ultrasound (EBUS), 11,
117

combined EUS, 13
patient selection, 13–14

complications, 14–15
linear probe, 11–12
in isolated mediastinal
lymphadenopathy diagnosis, 14

lung cancer staging, 124
mediastinoscopy and, 18–19
radial probe, 11
training, 15

Endobronchial Valve for Emphysema
Palliation Trial (VENT), 79–80

endoscopic ultrasound (EUS), 12,
235–6

combined EBUS, 13
patient selection, 13–14

endoscopy
esophageal perforation, 243, 245–7
tracheal masses, 52
tracheal stenosis, 52

EphA2, 134
epidermal growth factor (EGFR), 133
epinephrine, 109
epiphrenic diverticuli, 228
Epstein-Barr virus (EBV), 127–8
ERCC1. See excision repair cross-

complementation group 1
erlotinib, 133
ERS, 9
ERV. See expiratory reserve volume
esophageal cancer
clinical presentation, 234–5
epidemiology, 234
etiology, 234
investigations, 235
staging, 235–6
surgical anatomy, 234
surgical outcomes, 239
surgical treatment, 236
systemic, 236–7
treatment, 236–9

esophageal injury, 261
esophageal perforation, 240
abdominal closure, 245
caustic injuries, 242
cervical perforations, 245
chest X-ray, 243
clinical features, 242–3
contrast swallow, 243
CT, 243
endoscopy, 243, 245–7
esophagectomy, 245
etiology, 240–1
extra-luminal causes, 242
foreign-body injury, 241–2
iatrogenic injuries, 240–1
infections and, 242
initial management, 244–5
intraluminal causes, 240–1
intrathoracic closure, 245
malignancy and, 242
non-operative management, 245
operative injuries, 242
pathophysiology, 240
results, 247–8

Index

277

https:/www.cambridge.org/core/terms. https://doi.org/10.1017/CBO9781139565905
Downloaded from https:/www.cambridge.org/core. University College London, on 20 Mar 2017 at 17:43:19, subject to the Cambridge Core terms of use, available at

https:/www.cambridge.org/core/terms
https://doi.org/10.1017/CBO9781139565905
https:/www.cambridge.org/core


esophageal perforation (cont.)
symptoms and signs of, 242–3
thoracoscopy for, 245
traumatic, 242
treatment, 244

esophagectomy
for esophageal perforation, 245
minimally invasive, 238
robotic, 163

ESTS, 9
EUS. See endoscopic ultrasound
eventration, 209
chest radiograph of, 210–11
contraindications for surgery,

210–11
electrophysiologic study of, 210–11
full-night polysomnography, 210
indication for surgery, 210–11
open thoracic approach, 211
plication, 211
pulmonary function tests, 210
surgical objectives, 211
surgical results, 211

excision repair cross-complementation
group 1 (ERCC1), 144–5

exercise, 77–8
exercise testing
complex, 1–8
intermediate, 8
lung function assessment, 7–8
shuttle walk test, 8
simple, 8
six-minute walk test, 8
stair climbing, 8

Exhale Airway Stents for Emphysema
(EASE) trial, 82

expiratory airflow, 2
expiratory reserve volume (ERV), 1–2
external thoracic venous system, 152
extra-thoracic metastases, 168–9

FEV1. See forced expiratory volume in
one second

FFB. See flexible fiberoptic
bronchoscope

FGF. See fibroblast growth factor
FGFR1, 134
fibroblast growth factor (FGF), 58
Fick’s law, 4
58 Fr bougie, 229
fine-needle aspiration (FNA), 117
flail chest, 259
Fleischner Society, 117
flexible fiberoptic bronchoscope (FFB),

39
as diagnostic tool, 39
in therapeutic bronchoscopy, 39–40

floppy posterior fundoplication, 223
flow-volume loop, 2–6

FNA. See fine-needle aspiration
forced expiratory volume in one second

(FEV1), 2–4
ppo, 7
volume-time curve in, 3–6

forced vital capacity (FVC), 1–2
foreign bodies
injury, 241–2
retrieval, 40–1

FRC. See functional residual capacity
French Thoracic Cooperative Group,

145
full-night polysomnography, 210
functional residual capacity (FRC), 1–2
Fusobacterium, 87
FVC. See forced vital capacity

galactomannan antigen, 100
gas dilution, 4–6
gastroesophageal reflux disease

(GERD), 221
basic physiology, 221
indications for surgery, 221–2
operations, 222–3

Gastrografin, 53
gefitinib, 133, 142
GERD. See gastroesophageal reflux

disease
GGOs. See ground glass opacifications
Gianturco stents, 45
ground-glass opacifications (GGOs),

116
gustatory sweating, 272–3

Haemophilus influenzae, 87, 97
helium-neon aiming beam, 42
hemidiaphragm, 209
hemoptysis
bronchoscopy, 107, 109
causes, 105–6
CT in, 107
in cystic fibrosis, 111
definition, 105
epinephrine for, 109
examination, 106–10
investigations, 106–7
localizing, 109
management of, 107–8
massive, 105, 108–9
mortality rates, 105
Nd:YAG laser in, 109
patient history, 105–10
key aspects in, 107

stable patients, 109
surgery, 110–11
vasculitis and, 111

hemostasia, 26, 30
hemothorax, 256–7
heparin, 153

HER2 status, 235
hernia sac removal, 226–7
hiatal hernias, 225
clinical presentation, 225–6
complications, 227
indication for surgery, 226
surgical results, 227
type I, 225
type II, 225
type III, 225
type IV, 225

hilar vessels, 263
Histoplasma, 97
Horner’s syndrome, 272–3
HOXb-5, 58
human papilloma virus (HPV), 127–8
hydrops, 59–60
hypercalcemia, 128
hyperechogenic lesions, 59–60
prenatal treatment of, 60

hyperhidrosis
clinical presentation, 268–9
complications, 272–3
diagnostic criteria, 269
disease severity scale, 269
epidemiology, 267
etiology, 267
non-surgical treatment, 269–70
pathophysiology, 267–8
patient evaluation, 268–9
surgical side effects, 272–3
surgical treatment, 269–70
thoracic sympathectomy, 270–2

hypertensive lower esophageal
sphincter, 231

hypoxemia, 14–15

IALT. See International Adjuvant Lung
Cancer Trial

iatrogenic injuries, 240–1
iatrogenic tracheoesophageal fistula, 53
immunohistochemical (IHC) analysis,

144–5
induction chemotherapy, 146–7
infectious tracheoesophageal fistula, 53
inframammary skin, 30
infrastomal lesions, 49
inhalation injury, 50
innominate artery, 17
innominate vein, 30–3
intercostal spaces, 30
internal mammary artery injury, 203
internal thoracic venous system, 152
International Adjuvant Lung Cancer

Trial (IALT), 142
International Registry of Lung

Metastases, 167–8
intracystic mucinous cell clusters, 61
intraluminal obstruction, 50
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intrapleural fibrinolytics, 89
intrapleural pressure, 2
airflow, 183
tube thoracostomy, 181–5

intrathoracic closure, 245
intrathoracic trachea, 255
isolated mediastinal lymphadenopathy,

14

Jarcho-Levin syndrome, 207
JBR10 trial, 140–1
Jeune’s disease, 206–7

Kaplan-Meier estimates, 74–5
Kirsten rat sarcoma viral oncogene

homolog (KRAS), 133–4
Klebsiella pneumoniae, 87, 97
KRAS. See Kirsten rat sarcoma viral

oncogene homolog
K-ras mutations, 61

laparoscopic partial fundoplication,
229

laparoscopy
history, 214
results, 214
technical aspects, 214

large cell carcinoma
histological classification of, 131–2
lung, 131
neuroendocrine, 136

laryngeal stenosis, 49
laryngotracheal injury, 254–5
lateral decubitus, open approaches in,

25
muscle-sparing antero-lateral

thoracotomy, 27–8
muscle-sparing postero-lateral

thoracotomy, 26–7
postero-lateral thoracotomy, 25–6

lateral suture, 212
lateral thoracotomy, 171
left anterior mediastinoscopy, 124
left carotid artery, 17
left recurrent nerve, 17
lepidic predominant adenocarcinoma,

130
LES. See lower esophageal sphincter
LigaSure, 19
linear probe EBUS, 11–12
in isolated mediastinal

lymphadenopathy diagnosis, 14
lobectomy, 7
robotic surgical system, 161
VATS, 160–1
uniportal approach, 33

loculations, 19
lower esophageal sphincter (LES), 221
hypertensive, 231

LU22, 145–6
lung
biopsy, 31
contusion, 257
laceration, 256–8
morphogenesis, 58
small cell carcinoma, 136

lung abscess
anaerobic bacteria in, 97
antibiotics for, 98
bronchoscopy in, 98
clinical features, 97–8
complications, 98–9
diagnosis, 98
etiology, 97
indications for surgery, 98–9
investigation, 98
management, 98
microbiology, 97
pathophysiology, 97
percutaneous drainage, 98
prognosis, 99
risk factors, 99
segmental localization in, 97

lung cancer, 127
adenocarcinoma, 130–1
adenoid cystic carcinoma, 137
adenosquamous carcinoma, 131
adjuvant chemotherapy after surgical

resection, 140
ALK gene rearrangements in,

134
ANITA trial, 141–2
atypical adenomatous hyperplasia,

129
BRAF in, 134
CALGB9633 trial, 142
carcinoid tumors, 135–6
carcinoma in situ, 128–9
clinical effects, 128
DDR2 in, 135
diagnosis, 12–13
diffuse idiopathic neuroendocrine

cell hyperplasia, 129
EGFR in, 133
EphA2 in, 134
FGFR1 in, 134
field effect, 129
histological classification of, 131–2
IALT, 142
immunophenotypical characterization

of, 131–2
incidence, 127–8
JBR10 trial, 140–1
large cell carcinoma, 131
mediastinoscopy and, 17–18
meta-analyses, 142–3
molecular prognostic and predictive

markers, 144–5

mucoepidermoid carcinoma, 137
non-small cell, 133
p53 in, 134–5
PIK3CA in, 134
preinvasive lesions, 128
primary pulmonary lymphoma,

137–8
prognosis, 128
PTEN in, 134
radical surgery for, 9
risk factors, 127–8
robotic surgical systems for, 160–1
salivary gland tumors and, 136–7
sarcomatoid carcinoma, 131–3
squamous cell carcinoma, 129–30
squamous dysplasia, 128–9
staging, 12–13
cervical mediastinoscopy, 124
clinical presentation, 121
CT in, 123
EBUS, 124
groups, 121–2
invasive staging, 124
investigations, 123
left anterior mediastinoscopy,
124

migration, 124–5
MRI in, 123
multi-disciplinary team, 122–3
PET in, 123
radionuclide bone scans, 123–4
scalene biopsy, 124
supraclavicular node biopsy, 124
systems, 121
TNM, 17
trans-thoracic needle biopsy,
124

targeted agents, 142
UFT for, 142
VATS for staging, 19–22

lung congenital malformations, 58
post-natal treatment, 64–5
pre-natal diagnosis, 59–60
surgical procedures, 65

lung function assessment
common measurements, 2–4
examination, 1
exercise testing, 7–8
history, 1
lung volume in, 1–2
LVRS and, 77
in pre-operative assessment, 8–9
smoking history and, 1
spirometry in, 2
transfer factor in, 4

lung volume
biologic reduction, 81–2
BTVA for reduction of, 82
in lung function assessment, 1–2
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lung volume reduction surgery (LVRS),
69

air leak following, 75–6
α-1 antitrypsin deficiency in, 76
BMI and, 78–84
cardiopulmonary morbidity, 74–5
in COPD, 69–70
cost-effectiveness of, 78
data analysis, 71–2
effects of, 76
exercise and, 77–8
high risk for death subgroup, 73
history of, 70
lung function and, 77
MS, 76
non-surgical investigative

approaches to, 79
operative mortality, 74–5
outcome prediction, 77
outcome prediction in non-high-risk

NETT patients, 73
oxygenation and, 77
patient selection, 76–7
perfusion scintigraphy, 76–7
pulmonary hemodynamics and, 77
self-activating coils, 80–1
surgical and anesthetic procedures,

71
underperformance of, 78–9
underutilization of, 78–9
VATS, 76
uniportal approach, 32

lung volumes, 4–6
LUNGART study, 145
LVRS. See lung volume reduction

surgery
lymph nodes
dissection, 238
pulmonary metastasectomy and,

168–72

M1a, 19
macro-cystic malformations, 60
MAGE-A3 antigen, 142
magnetic resonance imaging (MRI)
cervicothoracic, 210
in lung cancer staging, 123

major complication composite
(MCC), 79–80

malignant tracheal tumors, 50–1
adenoid cystic carcinoma, 51–2
chondroma, 51
squamous cell carcinoma, 51

malignant tracheoesophageal fistula, 53
MALT. See mucosa-associated

lymphoid tissue
Mayo Clinic, 182
MCC. See major complication

composite

median sternotomy
advantages of, 29
following thymectomy, 30–3
LVRS, 76
for mediastinal mass excision,

30–3
open approach in supine position,

28–30
pitfalls, 29
SVC syndrome, 153

mediastinal mass, 30–3
mediastinal nodal disease, 19
mediastinal shift, 59–60
mediastinal staging, 13
re-staging after neo-adjuvant

chemotherapy, 14
mediastinoscopy, 13
EBUS and, 18–19
lung cancer and, 17–18
surgical anatomy video of, 17

Medical Research Council, 212
dyspnoea scale, 1

melanoma, 174
MIA. See minimally invasive

adenocarcinoma
micropapillary adenocarcinoma,

130
minimally invasive adenocarcinoma

(MIA), 130–1
minimally invasive approaches, chest

cavity access, 31–3
hybrid approaches, 33–4

minimally invasive esophagectomy,
238

minimally invasive repair (MIRPE)
pectus carinatum, 205
pectus excavatum, 201

minimally invasive thoracic surgery,
158

MIRPE. See minimally invasive repair
missile embolization, 264–6
MIST2. See Multi-Centre Intrapleural

Sepsis Trial 2
Montgomery type stents, 45
Morgagni-Larrey hernias, 217
VATS of, 216–17

motility disorders, 229
MRI. See magnetic resonance imaging
mucoepidermoid carcinoma, 137
mucosa-associated lymphoid tissue

(MALT), 137–8
Multi-Centre Intrapleural Sepsis Trial 2

(MIST2), 89
multicystic malformation, 60
multistation N2 disease, 19
multistation N3 disease, 19
muscle-sparing antero-lateral

thoracotomy
indications, 28

open approach in lateral decubitus,
27–8

pitfalls, 28
muscle-sparing postero-lateral

thoracotomy
indications and advantages, 27
open approaches in lateral decubitus,

26–7
operative view in, 26–7
pitfalls, 27

myasthenia gravis, 161–2
myoplasty, 100
myotomy, 229
robotic Heller, 163

National Cancer Institute of Canada
(NCIC), 140–1

National Emphysema Treatment Trial
(NETT), 70–1

COPD and, 77
cost-effectiveness in, 78
exclusion criteria, 71–2
inclusion criteria, 71
long-term follow-up, 73–4
LVRS outcomes in non-high-risk, 73
primary outcomes, 72–3

NCIC. See National Cancer Institute of
Canada

Nd:YAG laser, 42
in hemoptysis, 109

needle aspiration, 190
neo-adjuvant chemotherapy
mediastinal re-staging after, 14
randomized phase III trials, 146

NETT. See National Emphysema
Treatment Trial

neutrophil phagocytosis, 86–7
NICE guidelines, 107
nitrosaminoketone (NNK), 127–8
non-seminomatous testicular germcell

tumor, 174
non-small cell lung cancer, 133
NOTCH-1c, 58
nutcracker esophagus, 231

open approach in lateral decubitus
axillary thoracotomy, 28
muscle-sparing antero-lateral

thoracotomy, 27–8
open approach in supine position
anterior thoracotomies, 30–1
bilateral thoracosternotomy, 30
median sternotomy, 28–30

open approaches in lateral decubitus,
25

muscle-sparing postero-lateral
thoracotomy, 26–7

postero-lateral thoracotomy, 25–6
open window thoracostomy, 91
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operative injuries, 242
osteosarcoma, 173–4
oxygenation, 77

p53, 134–5
PAL. See prolonged air leak
parabronchial diverticuli, 229
paraneoplastic syndromes, 128
parietal pleura, 26
passive drainage, 180
PDT. See photodynamic therapy
pectus arcuatum, 204
pectus carinatum, 203–4
minimally invasive repair, 205
open repair, 204
self-adjustable bracing for, 205

pectus excavatum, 199–201
age of repair, 202–3
cardiac surgery and, 203
complications, 202
development of, 200
incision, 203
internal mammary artery injury,

203
multi-disciplinary approach, 203
prosthetic reconstruction, 201
psychological impact of, 200
resuscitation, 203
symmetry of deformity, 203
treatment, 200–1

penetrating chest trauma, 253–4
percutaneous drainage, 98
perfusion scintigraphy, 76–7
pericardial tamponade, 264
peripheral pulmonary nodule, 22
persistent mediastinal compressive

effect, 59–60
PET. See positron emission

tomography
PFS, 146–7
phantom sweating, 272–3
photodynamic therapy (PDT)
in early-stage disease, 45
in late-stage disease, 45
phases of, 44
results, 45
therapeutic bronchoscopy, 44–5
tissue destruction in, 44

PIK3CA, 134
platelet-derived growth factor-B, 58
pleural effusion, 19
pleural fluid drainage, 88
pleuropneumoblastoma, 61
plication
eventration, 211
history, 213
results, 213–14
technical aspects, 213

pneumatic dilation, 231

pneumothorax
in chest trauma, 256
chest tube drainage, 190–1
clinical classification of, 188
definition, 188–9
epidemiology, 188–9
follow-up, 191
needle aspiration for, 190
observation, 190
pathogenesis, 189
prevention, 191
spontaneous, 188
diagnostic approaches, 189–90
primary, 188
secondary, 188–9

treatment, 190–1
Poland’s syndrome, 205
sternal cleft, 205–6
sternal defects, 205
thoracic ectopia cordis, 206

polypoid endobronchial growth, 135
polytetrafluoroethylene (PTFE), 150
PORT. See post-operative radiotherapy
positron emission tomography (PET),

117
in lung cancer staging, 123

posterior approach, VATS, 31
advantages, 31
pitfalls, 31

posterior crural closure, 223
posterolateral thoracotomy, 171
indications and advantages, 26
muscle-sparing, 26–7
open approaches in lateral decubitus,

25–6
pitfalls, 26
skin marks of, 26–33

postintubation stenosis
infrastomal lesions, 49
laryngeal stenosis, 49
management, 49–50
points of occurrence, 49
stoma site obstruction, 49
tracheal intramural lesions, 50–6

post-operative radiotherapy (PORT),
145

post-pneumonectomy empyema, 91–6
post-therapeutic tracheal stenosis, 50
PPB. See pulmonary pleuroblastoma
predicted postoperative (ppo) lung

function, 6–7
confounding factors, 7–10
FEV1, 7
segment counting, 6–7
transfer factor, 7

preinvasive lesions, 128
histological classification of, 131–2

primary pulmonary lymphoma,
137–8

primary spontaneous pneumothorax
(PSP), 188

epidemiology, 188–9
prolonged air leak (PAL)
avoidance of, 179
tube thoracostomy for, 179–80

proton pump inhibitors, 222
Pseudomonas aeruginosa, 87
PSP. See primary spontaneous

pneumothorax
PTEN, 134
PTFE. See polytetrafluoroethylene
pulmonary angiography, 110
pulmonary blastoma, 132–3
pulmonary function tests, 210
pulmonary hemodynamics, 77
pulmonary metastasectomy, 167
ablative techniques, 173
breast cancer, 174
colorectal cancer, 173
for extra-thoracic metastases control,

168–9
five-year survival, 168
for identification, 169
indications for, 168
lymph node involvement, 168–72
melanoma, 174
non-seminomatous testicular

germcell tumor, 174
osteosarcoma, 173–4
pre-operative exam, 170
primary tumor control, 168
rationale for, 167–8
for recurrent metastases, 168–73
in soft tissue sarcoma, 173
surgical approach, 170–2
surgical resection, 169–70
technique, 170
VATS for, 171–2

pulmonary pleuroblastoma (PPB),
64–5

radial probe EBUS, 11
radiation therapy
tracheal masses, 52
tracheal stenosis, 52

radiofrequency ablation (RFA), 41–2
radionuclide bone scans, 123–4
Ravitch technique, 201, 203
RB. See rigid bronchoscope
recurrent metastases, 168–73
reflux esophagitis, 242
renal cell carcinoma, 174
RESET trial, 81
residual volume (RV), 1–2, 69–70
resuscitative thoracotomy, 265
reverse Trendelenburg, 222
RFA. See radiofrequency ablation
rhabdomyosarcoma, 61
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rib fractures, 258–9
right paratracheal nodal stations,

17
rigid bronchoscope (RB), 39
robotic surgical systems
advantages, 159–60
anterior mediastinal surgery, 161
development of, 158
disadvantages, 159–60
esophagectomy, 163
history of, 158
lobectomies, 161
for lung cancer, 160–1
for myasthenia gravis, 161–2
robotic Heller myotomy, 163
thymomas, 162–3

RV. See residual volume

Salamanca group, 182
salivary gland carcinoma, 131–2
salivary gland tumors, 136–7
sarcomatoid carcinoma
histological classification of, 131–2
lung, 131–3

scalene biopsy, 124
scapular fractures, 261
scoliosis, 200
SCTS, 1–9
secondary spontaneous pneumothorax

(SSP), 188
causes of, 189

SEER. See Surveillance, Epidemiology,
and End Results

segment counting, 6–7
self-activating coils for LVR, 80–1
self-adjustable bracing, 205
SGRQ. See St George’s Respiratory

Questionnaire
short gastric vessels, 223
short rib thoracic dysplasia (STRD),

206–7
shuttle walk test, 8
signet ring adenocarcinoma, 130
six-minute walk test, 8
small cell carcinoma
histological classification of, 131–2,

136
lung, 136

smoking history, 1
soft tissue sarcoma, 173
solid lung malformations, 61–3
solitary pulmonary nodule (SPN)
definition, 115
differential diagnosis, 115
frequency of, 115
further management of, 116
high-risk nodules, 118
initial evaluation, 115–16
intermediate-risk, 117–18

low-risk nodules, 117
risk stratification, 116

Southwest Oncology Group (SWOG),
146

SP. See spontaneous pneumothorax
spinal cord ischaemia, 110
spirometry
in lung function assessment, 2
morbidity and, 2–4
rationale for, 2

SPN. See solitary pulmonary nodule
spondylocostal dysostosis, 207
spondylothoracic dysplasia, 207
spontaneous pneumothorax (SP), 188
diagnostic approaches, 189–90
primary, 188
epidemiology, 188–9

secondary, 188
causes of, 189

squamous cell carcinoma
histological classification of, 131–2
lung cancer, 129–30
risk-adjusted survival, 237
trachea, 51

squamous dysplasia, 128–9
squamous papilloma, 51
SSP. See secondary spontaneous

pneumothorax
St George’s Respiratory Questionnaire

(SGRQ), 71–2
stair climbing, 8
Stanford Research Institute, 158–9
Staphylococcus aureus, 87, 97
stay sutures, 229
stenosis, 50. See also tracheal stenosis
stents
Dumon, 45
Gianturco, 45
indications for, 45
instrumentation, 45
methods, 45
Montgomery type, 45
therapeutic bronchoscopy, 45–6
types of, 45–6

sternal cleft, 205–6
sternal defects, 205–6
sternal fractures, 259–60
sternal retractor, 29
sternoclavicular dislocation, 255
sternoclavicular joint, 261
sternocleidomastoid muscle, 30
sternum, 29
stoma site obstruction, 49
STRD. See short rib thoracic dysplasia
Streptococcus milleri, 87
Streptococcus pneumonia, 87, 97
subglottic stenosis, 53
superior vena cava, 17
patch reconstruction of, 154

superior vena cava (SVC) syndrome
anatomy, 151–2
clinical presentation, 152
definition, 150
diagnosis, 152
etiology, 150–1
historical notes, 150
median sternotomy for, 153
pathophysiology, 152
treatment, 153–5

supine position, open approach in
anterior thoracotomies, 30–1
bilateral thoracosternotomy, 30
median sternotomy, 28–30

supraclavicular node biopsy, 124
Surveillance, Epidemiology, and End

Results (SEER), 144
SVC syndrome. See superior vena cava

syndrome
SWOG. See Southwest Oncology

Group
systemic air embolism, 263–4

T2N0M0, 236
TBNA. See transbronchial needle

aspiration
TEMLA. See transcervical extended

mediastinal lymphadenectomy
therapeutic bronchoscopy, 39
cancer-specific methods, 43
brachytherapy, 43–4
photodynamic therapy, 44–5

classification of, 40
FFB in, 39–40
mechanical methods, 40–1
bronchial lavage, 40
bronchoscopic clearing of airway,
40

foreign-body retrieval, 40–1
methods, 40
RB in, 39
stents, 45–6
thermal methods, 41–3
argon plasma coagulation, 41–2
bronchoscopic laser, 41–2
cryotherapy, 41
electrocautery, 41
electrodiathermy, 41
radiofrequency ablation, 41–2

thoracic diverticuli, 228
thoracic duct, 262–6
thoracic ectopia cordis, 206
thoracic great vessels, 263
thoracic sympathectomy, 270–2
thoracic trauma. See chest trauma
thoracoabdominal ectopia cordis,

206
thoracolumbar sympathetic nerve,

268
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thoracoplasty
for aspergillosis, 100–1
for empyema, 90–1

thoracoscopy, 245
thoracotomy, 2. See also specific types
thymectomy, 162
median sternotomy following, 30–3

thymomas, 162–3
tidal volume (TV), 1–2
tissue plasminogen activator (t-PA), 89
titanium implants, 201
TLC. See total lung capacity
TNF-α. See tumor necrosis alpha
TNM staging, 121
groups, 122
lung cancer, 17, 121–2
multi-disciplinary team, 122–3
seventh edition, 122

total lung capacity (TLC), 1–2, 69–70
t-PA. See tissue plasminogen activator
trachea
compression, 255
intramural lesions, 48–56
post-intubation stenosis, 50–6

obstructive lesions of, 48
tracheal masses
endoscopy, 52
operative treatment of, 52–3
radiation therapy, 52

tracheal resection, 52
tracheal stenosis
endoscopic treatment, 52
idiopathic, 50
infection due to, 50
operative treatment of, 52–3
post-therapeutic, 50
radiation therapy, 52

tracheoesophageal fistula, 53
anastomotic complication, 54
closure, 55
esophageal origin, 53–4
etiologies of, 53
extrinsic, 54
iatrogenic, 53–4
infectious, 53
malignant, 53–5
operative treatment of, 54–5
post-intubation, 54–6
resection, 55

stent-related, 54
tracheal origin, 53–4
traumatic, 54, 56

tracheomalacia, 48
transabdominal laparoscopic Nissen

fundoplication operation,
222–3

complications, 223
results, 223

transbronchial needle aspiration
(TBNA), 11–12

transcervical extended mediastinal
lymphadenectomy (TEMLA),
14, 18

transfer factor, 4
ppo, 7

trans-thoracic needle biopsy, 124
traumatic asphyxia, 260
traumatic esophageal perforation, 242
traumatic tracheal stenosis, 50
tube thoracostomy
active drainage in, 180–1
double, 185
electronic drainage systems, 181–2
intrapleural pressure, 181–5
non-suction, 180
passive drainage in, 180
for prolonged air leak, 179–80
randomized trials, 180, 185
single, 185
standardization of terminology,

180–1
suction, 180

tuberculosis, 99
tumor necrosis alpha (TNF-α), 87
TV. See tidal volume

UDP. See unilateral diaphragmatic
paralysis

UFT. See uracil/tegafur
Ultracision, 19
ultrasound (US). See also

endobronchial ultrasound;
endoscopic ultrasound

diaphragm, 210
for empyema, 88

unilateral diaphragmatic paralysis
(UDP), 209

clinical presentation, 210

uniportal approach, VATS, 32
advantages, 33
lobectomy, 33
lung volume reduction surgery, 32
pitfalls, 33

uracil/tegafur (UFT), 142
US. See ultrasound

vagal nerves, 222
VAMLA. See video-assisted

mediastinal lymphadenectomy
vasculitis, 111
VATS. See video-assisted thoracoscopic

surgery
VENT. See Endobronchial Valve for

Emphysema Palliation Trial
vertebral venous system, 152
video-assisted mediastinal

lymphadenectomy (VAMLA),
18

pericardial biopsy and window,
19–22

video-assisted thoracoscopic surgery
(VATS), 31–3

anterior approach, 31–2
advantages, 32

for aspergillosis, 101
camera position, 31
debridement, 90
decortication, 90
diagnostic procedures with, 31
history of, 158
lobectomy, 160–1
for lung cancer staging, 19–22
LVRS, 76
of Morgagni-Larrey hernias, 216–17
posterior approach, 31
advantages, 31
pitfalls, 31

for pulmonary metastasectomy,
171–2

uniportal approach, 32
advantages, 33
lobectomy, 32
LVRS, 32
pitfalls, 33

wedge resection, 22
whole lung lavage. See bronchial lavage
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