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Preface

v

In a previous publication, the authors attempted to cover not only topical
issues but also difficult problems that might confront recently appointed
trainees in the decisions they make that confront these individuals in their
future practices.

Since that time, much of the thrust of coloproctology and government
directives have centred around various aspects of colorectal cancer. The
editors are thus of the opinion that they must not shy away from political
incentive and have dedicated just over half of the present book to the diag-
nosis, presentation, and management of colorectal carcinoma.

By contrast, the editors have also tried to draw attention to the fact that
many patients with benign disorders of the colorectum have symptoms
which are incompatible with a constructive and useful quality of life.
Crohn’s disease is paramount in this respect and continues to provide chal-
lenges in both medical and surgical management. Moreover, coloproctolo-
gists continue to be vexed by the problems presented by the diagnosis and
treatment of functional bowel disorders, and it is hoped that the chapters
in this book will help to demystify the investigation and treatment of incon-
tinence and constipation.

John Beynon, BSc, MS, FRCS
Nicholas D. Carr, MD, FRCS
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1
The Effective and Efficient
Management of Patients with 
Rectal Bleeding to Identify the 
Few with Cancer

Michael R. Thompson, Edwin T. Swarbrick, Brian G. Ellis,
Iona C. Heath, L. Faulds Wood, and Wendy S. Atkin

There are currently insufficient resources to fully investigate all patients
with rectal bleeding to exclude the small possibility of cancer, and this is
the dominant factor in developing strategies for the management of rectal
bleeding. However, even if there were unlimited resources it may not be
desirable to investigate all patients because the small risks associated with
the investigative procedure might outweigh the benefits, particularly in
groups at very low risk of having cancer.

The importance of efficient as well as effective delivery of healthcare was
the subject of the Rock Carling Lectures delivered by Archie Cochrane in
1972 [1], and continues to be an essential aspect of clinical medicine. In the
context of the management of rectal bleeding, effectiveness is achieved if
all patients with colorectal cancer are promptly diagnosed, and efficiency is
achieved by limiting the number of patients without cancer investigated. In
view of the high prevalence of rectal bleeding in the community and the
potential demand for its investigation, the efficient management of all
patients presenting with rectal bleeding will profoundly affect the prompt
diagnosis of those with cancer.

The management of rectal bleeding as a symptom of bowel cancer begins
with advice to the general public through disease awareness campaigns,
proceeds through referral guidelines to general practitioners (GPs), and 
finishes with the efficient use of resources for its investigation. The varying
prevalence and predictive value of rectal bleeding for cancer in different
cohorts of patients is important to all stages of its management.

Rectal bleeding is also important in the diagnosis of adenomatous polyps
[2–7] and colitis [7] as well as colorectal cancer [2,4–11]. Overall, 40% of all
colorectal cancers and 70%–80% of rectal and sigmoid cancers present with
overt rectal bleeding [9–11]. It may be a sign of an early-stage curable
cancer [12–15] and of large adenomatous polyps, which, with subsequent
colonoscopic surveillance, may be a valuable way of reducing the preva-
lence and overall mortality from colorectal cancer [16]. It is perhaps not
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surprising, therefore, that advice on the management of rectal bleeding
stresses the importance of its detection [17,18] and prompt investigation
[4,5,19].

This advice has been supported by reports that rectal bleeding has a high
predictive value for cancer in primary care [4,5,19], and that it is impossi-
ble to differentiate between rectal bleeding from benign and malignant
disease [4,5,19,20–24]. It is further supported by the unproven assumption
that early referral of all patients with rectal bleeding will improve the sur-
vival of those with cancer [25].

These ideas have formed the basis for the current paradigm governing
the approach to the management of rectal bleeding, which advises an
aggressive policy of full colonic examination in all patients over the age 
of 40 [4,5,19]. This is partly the reason for the serious mismatch between
demand and the resources for investigation—some cancer patients have
long waits to be seen due to the unnecessary investigation of patients at
very low risk of cancer.

We question these assumptions, and propose that it is possible to classify
patients on the basis of their cancer risk for different investigation 
strategies.

The British government has recently introduced the “Two-Week Stan-
dard” [26], which promises that all patients suspected by their GPs of having
bowel cancer will be seen within two weeks. This has focused attention on
the problem, which may be partly addressed by a reconfiguration of refer-
rals by identifying precisely which patients should qualify for urgent refer-
ral and investigation [27–30]. However, it is yet to be seen whether this will
cause a greater delay in patients who do not fulfil these criteria, which in
turn might exacerbate the problem with no overall benefit to all cancer
patients.The introduction of referral guidelines [27–29] must not deflect the
government from the long-term solution, which is for a substantial increase
in hospital resources for all patients requesting and needing investigation,
not just those patients at higher risk.

1. The High Prevalence of Rectal Bleeding in 
the Community

The high prevalence of all symptoms in the community, regardless of their
nature, was first described in the Peckham experiment in 1946 [31] and sub-
sequently by Wadsworth [32] and Hannay [33]. These studies demonstrated
that most people have various symptoms most of the time, which they either
self-treat or which resolve spontaneously without medical consultation.
Only a small proportion of patients who eventually consult their doctors
are referred to hospital for investigation [31–33]. This observation is also
true for rectal bleeding [34–36].

2 M.R. Thompson et al.



Several studies have shown that 17%–20% of patients in the community
have rectal bleeding each year [34–44]. Prevalence is inversely related to
age, with young women being most affected and the elderly being least
affected [34–36]. Two thirds of patients who bleed each year will have had
an episode in the past [36] (Figure 1.1, Figure 1.2). It has been calculated
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Figure 1.1. Incidence rates of rectal bleeding in men and women for a one year
period in 1996 as a percentage of the total population.
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that in a city with a population of 1 million people, 140000 will have rectal
bleeding each year [36].

It is fortunate that less than 15% of patients with rectal bleeding seek
medical help [35,36] and only 40%–50% of those patients are referred to
hospital [36]. Thus, patients seen in hospital represent the “tip of the
iceberg” [33] of all patients with these symptoms and we ignore this impor-
tant piece of clinical epidemiology at our peril [45]. Clearly, a great deal of
selection is already occurring before referral for investigation and this
needs to continue.

2. The Predictive Value of Rectal Bleeding for Cancer
in the Community, Primary Care, and Hospital

In view of the high prevalence of rectal bleeding and as a result of the con-
siderable selection process, the predictive value of rectal bleeding for cancer
varies from 1 :705 in the community [23] to 1 :17 in a surgical outpatient
department [46].

Two studies on the predictive value of rectal bleeding in primary care
have shown a 1 :10 prevalence of cancer [3,5], which is considerably higher
than that in the hospital study [46] and two others in primary care that
showed a 1 :29 and 1 :30 prevalence [6,36]. It is likely that the two studies
showing a higher prevalence [3,5] was the result of not all patients identi-
fied with rectal bleeding in primary care being referred for investigation.
About one half of all patients with rectal bleeding in the community have
an associated change in bowel habit. In two thirds of cases the change is to
a decreased frequency of defaecation with straining and/or harder stools
[36]. Dark red bleeding also occurs in up to 20% of patients [4,6,7,35,36]
and painless (implying non-haemorrhoid–associated) rectal bleeding occurs
in 80% of patients in the community and general practice [7,36].This means
that many patients with rectal bleeding from benign conditions in the com-
munity have what, at present, are considered higher risk symptoms.

3. The Basis of the Current Selection Process for
Referral of Patients for Investigation

It is likely that at least some patients and GPs decide whether to seek inves-
tigation in hospital by adopting watch-and-wait strategies [47] that are
based on the assumption that most benign conditions get better whereas
symptoms from cancer persist. In general practice, “treat, watch-and-wait”
strategies [47] in conjunction with “safety-netting” [48] are an integral and
safe part of the diagnostic process, and are the keystones of the GP’s gate-
keeper role (Figure 1.3).

4 M.R. Thompson et al.



The gate-keeper role saves the majority of patients with transient symp-
toms unnecessary investigations, which conserves hospital resources for
more rapid investigation and treatment of patients with serious disease.
It is crucial that the new paradigm for the management of rectal bleeding
supports the GP in this important role [27–29].

The question arises: Can the selection process between the patient/GP
interface and the GP/hospital interface be improved and will it improve sur-
vival from colorectal cancer?

4. Will Prompt Referral and Earlier Diagnosis 
Improve Survival?

The term “early,” used so often in discussions of cancer therapy, is generally ap-
plied inappropriately. Although “early” refers to a dimension in time, the usual 
evidence assessed in the designation of “early” comes mainly from anatomy not
chronometry.

Alvan F. Feinstein, Nature, 1966 [49]

The diagnosis of early-stage cancer results in better survival, but this should
not be confused with the assumption that diagnosis early after the onset of
symptoms also improves survival. This assumption is one of the reasons for
the drive to promptly investigate all patients with rectal bleeding [20] and
for the introduction of the “Two-Week Standard” [26], which could dis-
courage more pragmatic “treat, watch-and-wait” approaches [29,47,48].

The rationale for early referral of patients with rectal bleeding is based
on the following unproven assumptions:

• A significant number of patients currently die as a result of an avoidable
delay in diagnosis and treatment.

• Delays in referral are due to patients and GPs being poorly informed of
the significance of the symptoms of bowel cancer, and that this can be
corrected by public awareness campaigns and better referral guidelines
for GPs.

• Earlier diagnosis during the symptomatic phase of the natural history of
colorectal cancer will improve survival.

1. The Effective and Efficient Management of Patients 5
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Figure 1.3. Diagnosis in primary care:
the importance of “treat, watch-and-wait”
policies. Reproduced from Sackett DL,
Haynes RB, Guyatt GH, Tugwell P. Clinical
Epidemiology—A Basic Science for Clinical
Medicine. 2nd ed. Boston: Little Brown &
Co; 1991: 4.



There is little evidence for these assumptions, but what is certain is that
encouraging more patients to have investigation for rectal bleeding will
further strain already limited resources. It is therefore important to deter-
mine what proportion of patients have delay in treatment, whether it has
previously been possible to persuade appropriate patients to consult their
GPs earlier, and for GPs to recognise higher risk patients for referral and
to determine the size of the benefit that earlier symptomatic diagnosis
might achieve.

4.1. What Proportion of Patients Have Prolonged Delays
in Treatment?
The mean time between the onset of symptoms and treatment of bowel
cancer has remained constant at approximately 7 months for rectal cancers
in different countries over many years [50–56]. It is particularly disap-
pointing that up to 20% of patients with colorectal cancer have a delay in
referral and treatment of more than 1 year, and many of these patients have
rectal bleeding [9,54,55,57–66].

4.2. Are Delays Caused by Poorly Informed Patients and
GPs, and Can This Be Improved?
The causes of delay in referral include patient embarrassment and fear of
cancer [25,34,56,67] as well as a lack of knowledge of the symptoms of col-
orectal cancer [67].The delays in referral have not changed over many years
in spite of disease awareness campaigns and referral guidelines for doctors
in primary care. It has also been suggested that the speed of referral may
be affected by the biological nature of the cancer and its effect on the symp-
toms. If this is correct, it may be very difficult to modulate the speed of
patient consultation and primary-care doctor referral.

4.3. What Is the Evidence That Earlier Diagnosis of
Colorectal Cancer Improves Survival?
A few reports [68–73], mostly based on reviews of small numbers of cancer
patients, often with historical controls, have suggested an improvement in
survival with shorter delays in treatment. There are more reports of an
inverse relationship, with delay in treatment being associated with better
outcomes [50–55,58,64,65,74,75]. This paradoxical relationship is thought to
be due to biological predeterminism [49,76,77], which suggests that some
slow-growing cancers may produce low grade, nondisturbing symptoms
resulting in delay in referral but with good outcomes, whereas some aggres-
sive cancers may produce more severe, rapidly progressive, and worrying
symptoms resulting in rapid referral but poor survival [40,76,77]. This para-
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doxical effect makes it difficult to demonstrate the possible beneficial effect
of earlier symptomatic diagnosis [50–55,57–66,70,74,78–85]. It is clear,
however, that many patients die in spite of prompt treatment and substan-
tial numbers survive in spite of delay so that the total number of patients
that might benefit from earlier diagnosis could be small [50].

One study [86] determined the effect that delay in treatment had on sur-
vival after referral to hospital on the assumption that this would occur in a
random fashion and would not be dependent on the biological nature of
the cancer. However, this study still did not show that delay had an adverse
effect on outcome, even in patients having hospital delays in treatment of
over 5 months [86].

4.4. Conclusion on the Benefits of Earlier 
Symptomatic Diagnosis
Earlier symptomatic diagnosis may be difficult to achieve for many patients
with bowel cancer, and even if this could be achieved, the overall improve-
ment in survival is likely to be small [50,54–56,58,80,81,85]. This would
require a considerable increase in resources for investigating increasing
numbers of symptomatic patients.

5. When Does the Risk of Cancer Exceed the Risk 
of Investigation?

Most doctors are now accustomed to balancing the benefits of treatment
with its risks [87,88]. They are less familiar with this sort of analysis when
deciding whether to refer low-risk patients for investigation, even though

1. The Effective and Efficient Management of Patients 7

Table 1.1. The symptom iceberg.
Symptoms of rectal bleeding in the community

High prevalence: 17%–20% of the population each year
Only 15% visit their GP
Only 7% are at present investigated in hospital
More common in the younger age groups
Often associated with a change in bowel habit to decreased frequency and/or increased 

hardness of stool and straining
10%–20% have dark red bleeding

Table 1.2. Predictive value of rectal bleeding for cancer.
Community Hospital outpatients

Predictive value of rectal bleeding for cancer 1 :705 1 :17



it is now accepted that before introducing screening for colorectal cancer
there should be some evidence of significant overall benefit. It is possible
that younger patients with lower GI symptoms are at lower risk of cancer
than older asymptomatic screened patients, and similar rules to those devel-
oped for screening should be applied when deciding at what stage investi-
gating symptomatic patients will do more good than harm.

The various disadvantages that can occur during investigation are listed
in Table 1.3.

In patients at very low risk of cancer, the question must be asked: Is the
risk of having a cancer greater than the risk of investigation? Or, when is
the small potential benefit of earlier symptomatic diagnosis in the very few
with cancer outweighed by the disadvantage of investigation in the major-
ity without cancer (Figure 1.4).

5.1. Summary of the Basis for Changing the Current
Paradigm Governing the Management of Rectal Bleeding
• The high prevalence of rectal bleeding in the community establishes the

need for a selective policy for its investigation.
• There is no evidence that short time lags before referral reduce the

chances of survival from colorectal cancer.
• Investigations can harm people, and in patients at very low risk of cancer,

any benefit from earlier diagnosis to the few with cancer may be out-
weighed by the disadvantage of investigations to those without cancer.

8 M.R. Thompson et al.

Table 1.3. Disadvantages of investigation.
Disadvantages of investigation

Unnecessary worry of investigation and fear of cancer89,90

Labelling91

Physical harm
• Colonoscopy92,93

Risk of perforation
Risk of death 1 :17000

• Barium enema 1 :57000 deaths94

• False positives/unnecessary operations
• False negatives/delayed diagnosis

Costs of investigation
• Patient and caregiver costs

Time off work
Travel costs

Consuming scarce resources
• Delay in investigation of those with cancer
• Opportunity costs

Medico-legal costs



These three fundamental points establish the need, safety, and pragma-
tism for new strategies to manage rectal bleeding based on careful “treat,
watch-and-wait” policies [4] according to cancer risk. These are a natural
and integral part of clinical diagnosis in all situations, particularly in primary
care and are the keystones of the GP’s “gate-keeper” role [29]. Public
awareness campaigns for patients with rectal bleeding and referral guide-
lines for GPs must emphasise the value of these strategies, particularly for
those patients at very low risk of cancer, and to establish appropriate
periods of “wait” in “treat, watch-and-wait” policies according to cancer risk
[29].

The key to a new paradigm governing the management of rectal bleed-
ing therefore depends on the identification of patients at higher and low
risk of cancer on the basis a simple history and examination [27–30].

6. Can Symptoms and Signs Be Used to Determine
Cancer Risk in the Community and in Primary Care?

The challenge for providing advice for public awareness campaigns and the
new referral guidelines is to identify criteria determining cancer risk that
maintain high sensitivity for cancer, that is, include the majority of patients
with cancer, with as little loss of specificity as possible, which means includ-
ing a minority of patients with benign disease [27–30].

It is important to understand that “as sensitivity increases, a point is
reached at which very small increases in sensitivity are accompanied by very
large decreases in specificity, i.e., the number of false-positive results
increases.An increase in the number of false-positive tests increases patient
anxiety, the costs of ‘investigation’ and the risk associated with unnecessary
‘investigation’ ” [95].

1. The Effective and Efficient Management of Patients 9

management of patients at low risk of cancer
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harm

benefit 

  disutility of investigation

earlier diagnosis

Figure 1.4. Management of patients at low risk of cancer.



The implication of this is that there will be an exponential increase in the
number of patients needing to be investigated to capture the last few cancer
patients with less common symptom profiles.

6.1. The Common Age, Symptom, and Sign Profiles of
Rectal Bleeding in Patients with Established Cancer
It is likely that the common age, symptom, and sign profiles of rectal bleed-
ing in patients with established cancer will have higher predictive values
than those occurring less commonly.

It is clear from many previous articles [9–11,53,54,60–63,65] that col-
orectal cancer presents with more than one symptom or one sign. For
example, it is now clear that approximately 75% of cancer patients pre-
senting with rectal bleeding also have a change in bowel habit, and another
20% have bleeding without anal symptoms or with a palpable anorectal
mass [11,15,46]. This means that as little as 5% of cancer patients present
with rectal bleeding, anal symptoms, no persistent change in bowel habit,
and no palpable anorectal mass; the common symptom pattern in patients
bleeding from piles [11,46].

6.2. The Symptom Patterns with the Highest Predictive
and Diagnostic Values
6.2.1. Rectal Bleeding with a Change in Bowel Habit

Several studies in primary care [2,5–7] and in a surgical outpatient depart-
ment [46] have shown that patients presenting with both rectal bleeding and
a change in bowel habit have up to a 5 times greater risk of cancer as com-
pared with patients presenting with rectal bleeding as a single symptom
(Table 1.4).

6.2.2. Rectal Bleeding and No Perianal Symptoms

Two studies, one in primary care [7] and one in a surgical outpatient depart-
ment [46], have shown that patients presenting with rectal bleeding and no
anal symptoms have up to a 4 times greater risk of cancer compared with
those patients presenting with anal symptoms (Table 1.4). This occurs in
patients whether or not their rectal bleeding is associated with a change in
bowel habit.

6.3. The Diagnostic Value of the Other Characteristics of
Rectal Bleeding
6.3.1. Dark Red Bleeding

Three recent studies have shown dark red bleeding to have a predictive
value of 9%–13% compared with 4%–8% for bright red bleeding [5–7,19]
(Table 1.5).

10 M.R. Thompson et al.



6.3.2. The Manifestation of Rectal Bleeding

The way rectal bleeding is noticed and bleeding of recent onset are either
of no or little diagnostic value [7,19], although blood mixed with the stool
has been shown to be of value in 2 studies [5,6] and of no value in 2 others
[7,19]. Sudden, self-limiting, large-volume, fresh bleeding after defaecation
can be very frightening and is a common reason for referral to a surgical
outpatient clinic, but paradoxically is probably of diagnostic value in iden-
tifying patients at very low risk of cancer [7]. This is contrary to what many
patients and GPs understandably feel.

6.3.3. Palpable Rectal Mass

Forty to eighty percent of rectal cancers, most of which present with rectal
bleeding, have a palpable rectal mass [7,10,24,49,96]. This is a crucially
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Table 1.4. The predictive and diagnostic value of the symptom combinations of
rectal bleeding.
Symptom Study Sensitivity Specificity LR 95% CI PPV

change in 
bowel habit

With Without

Rectal bleeding Fijten6* 89% 78% 4.0 2.9–5.5 11% 0.4%
with a change in Ellis7* 100% 58% 2.4 1.6–2.7 9% 0%
bowel habit Dodds97** 75% 65% 2.13 2.0–2.3 13% 3%

Symptom Study Sensitivity Specificity LR 95% CI PPV anal
symptoms

With Without

Rectal bleeding Ellis7* 64% 78% 2.9 1.6–4.3 2% 11%
without anal Dodds97** 59% 73% 2.2 2.0–2.5 4% 13%
symptoms

*Primary-care population.
**Hospital population.
LR, likelihood ratio (sensitivity/1-specificity); PPV, positive predictive value.

Table 1.5. The diagnostic value of dark red bleeding.
Symptom Study Sensitivity Specificity LR 95% CI PPV color

Dark Bright

Dark red Ellis7* 27% 88% 2.3 0.8–5.3 9% 4%
Bleeding Metcalf5* 37% 70% 1.25 0.5–3.2 11% 8%

Chave98** 37% 83% 2.08 1.8–2.5 13% 5%

*Primary-care population.
**Hospital population.
LR, likelihood ratio (sensitivity/1-specificity); PPV, positive predictive value.



important physical sign for a small number of cancer patients presenting
with rectal bleeding who otherwise have a low-risk symptom pattern, that
is, rectal bleeding with anal symptoms without a change in bowel habit.

6.4. The Nature of the Change in Bowel Habit
The nature of the change in bowel habit in 80%–90% of patients with col-
orectal cancer is to increased frequency and/or looser stools [7,11,46]. It is
likely that this type of change in bowel habit will have higher diagnostic
value [97] than a change in bowel habit to decreased frequency and harder
stools, which is extremely common in patients with rectal bleeding from
benign disease in the community [32].

6.5. The Effect of Age on the Diagnostic Value of 
Rectal Bleeding
The prevalence of rectal bleeding in the community is highest in the 20–40
age group and decreases with age (Figure 1.1, Figure 1.2). In contrast, 85%
of patients with colorectal cancer are over the age of 60 with less than 1%
below the age of 40 [98]. This means that rectal bleeding is of much greater
significance in patients over the age of 60 years [4–8,46].

In patients presenting to a surgical outpatient department [42], the preva-
lence of cancer varied from 50% in patients over 80 with the highest risk
symptom profile (rectal bleeding with a change in bowel habit, no abdom-
inal pain, and no perianal symptoms) to 1 :888 in patients below the age of
50 with the lowest risk symptom profile (rectal bleeding without a change
in bowel habit, with perianal symptoms, and no other significant diagnostic
factors), a 444-fold difference in cancer prevalence [46] (Table 1.6).

7. New Management Strategies for Investigating 
Rectal Bleeding

These new data on the predictive values of age, symptom, and sign profiles
of rectal bleeding suggest it is now sensible to discard the idea that all
cancer patients presenting with rectal bleeding have nonspecific symptoms.
In the future, different management strategies with different speeds of
referral should be introduced on the basis of cancer risk assessment as
determined by a simple history and examination (Table 1.7, Table 1.8).

Fast-track referral is appropriate for patients with higher risk criteria, but
only after symptoms have persisted for 6 weeks [27–29]. For patients at low
risk of cancer, longer “treat, watch-and-wait” policies are appropriate, both
in the community, perhaps with help from a pharmacist, and also in primary
care [27–29]. If these patients do need referral, this should be to a routine
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Table 1.6. The effect of age on the prevalence of cancer in patients with rectal
bleeding and other symptoms.
Age Rectal Plus a Plus a change No change No

bleeding change in in bowel in bowel  change in
(all patients) bowel habit habit but no habit and bowel habit

abdominal no anal with anal
pain or anal symptoms symptoms*
symptoms

<39 1 :268 1 :73 1 :26 1 :148 0.633
40–49 1 :83 1 :32 1 :9 1 :122 1 :255
50–59 1 :26 1 :13 1 :6 1 :62 1 :178
60–69 1 :10 1 :6 1 :3 1 :13 1 :100
70–79 1 :8 1 :6 1 :3 1 :8 1 :47
≥80 1 :5 1 :4 1 :2 1 :6 1 :18
Total number 5442 2063 331 810 2544

of patients
Total number 347 261 97 49 16

of cancers
Overall 1 : 16 1 :8 1 :3 1 :17 1 :159

*Not including patients with a palpable rectal or abdominal mass and those with iron-
deficiency anaemia below 10g.
Personal data from a study of 8000 surgical outpatients (Thompson MR, Swarbrick ET, Ellis
BG, et al. In: Cunningham D, Topham C, Miles A, eds. The Effective Management of Colorec-
tal Cancer. 2nd ed. London: Aesculapius Medical Press; 2000: 173).

Table 1.7. Management of rectal bleeding.
Old paradigm New paradigm

Patients with colorectal cancer There are large differences in the predictive 
present with nonspecific rectal value of rectal bleeding for cancer according to its
bleeding, and therefore all patients association with other symptoms and signs and
with this symptom over a certain age the age of the patient. Different management
should have prompt and full colonic strategies with different speeds of referral should 
investigation. be adopted according to cancer risk so that

patients with transient low-risk symptoms from 
benign disease avoid investigation.

Table 1.8. Criteria determining the management strategy [29].

Higher-risk symptoms
• Rectal bleeding with a persistent change in bowel habit to looser stools and/or increased

frequency of defaecation for at least 6 weeks.
• Rectal bleeding persistently without anal symptoms in patients over the age of 60.

Low-risk symptoms
• Rectal bleeding with anal symptoms and without a change in bowel habit and no anal

mass (or with a transient change in bowel habit, particularly to decreased frequency of
defaecation, harder stools and straining).



clinic, where the waiting time will depend on the available resources and
the numbers of patients referred with low risk symptoms (Table 1.9).

7.1. Management of Recurrent Rectal Bleeding 
Over Prolonged Periods of Time Following 
Negative Investigations
Some patients have recurrent bleeding [32] over long periods of time and
may have had previous investigations in hospital. If patients have already
had a flexible sigmoidoscopy within the previous 3 years, they can be safely
managed by longer watch-and-wait strategies, but if these symptoms persist,
even if they remain low-risk symptoms, they need to be re-referred to a
routine clinic, and if flexible sigmoidoscopy is again normal, they may need
examination by colonoscopy.

8. “Treat, Watch-and-Wait” Strategies for Patients at
Low Risk of Cancer

Approximately 5%–10% of patients presenting with rectal bleeding from
a colorectal cancer will present with low-risk symptoms and these patients
will continue to be diagnosed in routine clinics. Careful “treat, watch-and-
wait” management strategies are therefore needed in primary care to avoid
excessive time lags before referral of these low-risk patients. This means
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Table 1.9. The three alternative methods for referral.

Higher risk symptoms

First alternative

Become
Higher risk

‘Two-Week Standard’
Fast-Track Clinic

Routine appointment
Normal Clinic

Urgent appointment
Normal Clinic

Remain
Low risk

Second alternative

Low-risk symptoms
“Treat, watch-and-wait” With other worrying factors

Third alternative

Symptoms persistent for
3 months

for 6 weeks

Reproduced with permission from Thompson MR, Heath I, Ellis BG, Swarbrick ET, Faultds
Wood L, Atkin WS. Identifying and managing patients at low risk of bowel cancer in general
practice. BMJ. 2003;327: 263–265.
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that all patients with persistent symptoms, even if low risk, must eventually
be investigated, and it is likely that the only long-term solution to the 
management of rectal bleeding is to develop more resources so that all
patients referred are investigated promptly, not just those with higher risk
symptoms.

“Treat, watch-and-wait” strategies must be with the agreement of the
patient, who will need to understand the overall benefit to the majority of
patients with transient symptoms of avoiding unnecessary investigations
[29]. Patients who are not happy with this arrangement can still be referred
routinely to a normal clinic, and others may be given written information
about what constitutes higher risk symptoms so they can self-refer back at
an earlier stage if these develop [48]. If patients are overly anxious with
low-risk symptoms or in younger age groups with persistent higher risk
symptoms (i.e., rectal bleeding without anal symptoms), there is a third
alternative route for referral, an urgent appointment in a routine clinic
[27–29]. This mode of referral must be kept to a minimum to ensure that
all patients referred in this way are seen promptly.

There are therefore three alternative routes or speeds of referral 
dependent on cancer risk and the concern of the patient and the GP 
(Table 1.9).

9. Conclusion

The current lack of resources for investigating rectal bleeding means that
the efficient management of patients without cancer is the key to the effec-
tive diagnosis of those with cancer.

The traditional assumption suggesting that all patients with rectal bleed-
ing over the age of 40 years seeking medical advice should have prompt
and full colonic investigation should now be reviewed. The high prevalence
of rectal bleeding in the community, especially in patients below the age of
60 years, means that selection of patients for investigation may always be
necessary, both because it is unlikely that at least in the near future there
will be sufficient resources to meet the demand for its investigation, and
because in younger patients at low risk the possible benefit to the very few
with cancer from earlier symptomatic diagnosis may be outweighed by the
harm of full colonic imaging for the great majority who do not have cancer.
The key to better selection of patients for investigation, and therefore effi-
cient as well as effective diagnosis of colorectal cancer in patients with rectal
bleeding, is a clear understanding of the diagnostic value of symptom and
sign profiles in determining cancer risk and how this is affected by age. This
will enable higher risk patients to be identified, who should be encouraged
to have prompt investigation and, just as important, those at very low risk
who can initially self-care [45] or be managed by their GPs in primary care
for more prolonged periods of time.
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Every patient at low risk of cancer successfully managed in the commu-
nity or in primary care will conserve the investigative resources for those
at higher risk, who can then be seen, investigated, and treated more quickly.
This strategy, even if it does not increase the overall survival of cancer
patients, will ensure a higher quality of care for all patients, not just those
with cancer. The greatest challenge for the new guidelines will be to con-
struct safe “treat, watch-and-wait” policies for those patients at low risk to
ensure that the few with cancer do not suffer excessive time lags before
referral.

Every patient with low-risk symptoms and signs successfully treated in
the community or in primary care may enable a patient with cancer to be
seen and treated more quickly.
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2
Screening for Colorectal Cancer

John H. Scholefield and Susan J. Ritchie

1. Introduction

Colorectal cancer is the third most-common malignancy in the United
Kingdom; there are approximately 32,000 new cases and 17,000 deaths in
the United Kingdom per annum. Colorectal cancer is equally prevalent in
men and women, usually occurring in later life (60–70 years of age). Prog-
nosis is dependant upon stage of disease at presentation. For the majority
of patients with lymph-node involvement at presentation, median survival
is around 40% [1]. Although the incidence and mortality of colorectal
cancer have remained static for the last 40 years, there is a recent trend
showing a slight decline in incidence and mortality in both the United
Kingdom and the United States. This decrease in mortality may reflect a
trend towards earlier diagnosis, perhaps as a result of increased public
awareness of the disease [1].

Surgery remains the mainstay of treatment for colorectal cancer, but
early diagnosis of the disease provides an opportunity to improve outcome.
Early diagnosis of colorectal cancer makes it more likely that the tumour
can be completely removed and thereby improves the chance of cure.

2. Why Screen for Colorectal Cancer?

The vast majority of colorectal cancers result from malignant change in
polyps (adenomas) occurring in the lining of the bowel. The best available
evidence suggests that only 10% of 1-cm adenomas undergo malignant
change after 10 years. The incidence of adenomatous polyps in the colon
increases with age, and although adenomatous polyps can be identified in
up to 20% of the population, most of these are small and unlikely to
undergo malignant change. The vast majority (90%) of adenomas can be
removed at colonoscopy. Other types of polyps occurring in the colon, such
as metaplastic (alternatively known as hyperplastic) polyps, are usually
small and have much lower malignant potential than adenomas.
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Colorectal cancer (Figure 2.1) is a common condition with a known pre-
malignant lesion (adenoma). There is a relatively long time course for
malignant transformation from adenoma to carcinoma and outcomes are
markedly improved by early detection of adenomas and early cancers.Thus,
there is great potential for reducing the mortality from this disease by
detecting adenomas and early cancers through screening asymptomatic
individuals.

The single greatest risk factor for the development of colorectal cancer
is old age. Over 90% of colorectal cancers occur in the over-60 age group.
Because it takes approximately 10 years for a 1-cm adenoma to become a
carcinoma, screening needs to begin 10 years before this peak incidence of
carcinomas; most experts agree that screening should target those over 50
years of age. There is agreement that there is little point in screening indi-
viduals over 75 years of age, as their life expectancy is limited and the poten-
tial gain from the screening process decreases. However, as average life
expectancy is increasing, this figure may need to be revised [2].

3. Which Test(s) for Population Screening?

Because bowels are a taboo subject for most people, public awareness of
the symptoms of bowel cancer is generally poor. A recent survey revealed
that only 30% of the British population were aware that cancer of the bowel
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Figure 2.1. A colonic carcinoma. (Reproduced from ABC of Colorectal Screening;
JH Scholefield, Br Med J. 2000;321:1004–1005, with permission from the BMJ 
Publishing Group.)



occurred. Such ignorance increases the difficulties of early detection. In
addition, the symptoms of bowel cancer may initially be similar to those of
more benign lesions, adding to the difficulty of early diagnosis.

In order for a screening test to be applicable to large populations it has
to be inexpensive, reliable, and acceptable. Ideally it should also be simple
to perform and amenable to rapid interpretation. Many different screening
tests have been evaluated in order to diagnose colorectal cancer at an early
stage. Perhaps the simplest and least expensive is the symptom question-
naire, but this has proved predictably insensitive and only becomes reliable
when the tumour is relatively advanced. Digital rectal examination will
detect only 10% of colorectal cancers (those within the reach of a gloved
finger) and rigid sigmoidoscopy will generally only detect those cancers
distal to the rectosigmoid junction (around 30% of colorectal cancers).
Both digital rectal examination and rigid sigmoidoscopy suffer from the
further limitation that they are unpleasant and invasive.

Flexible sigmoidoscopy has the capacity to detect 70% of colorectal
cancers, as it examines the whole of the left colon and rectum. A strategy
to provide a single flexible sigmoidoscopy for adults between 55 and 65
years of age aimed at detecting adenomas would probably be the most
likely option. Although flexible sigmoidoscopy is more expensive than rigid
sigmoidoscopy, it is generally more acceptable to patients because it is less
uncomfortable and has much higher yield than the rigid instrument. Many
nurses are now trained to perform flexible sigmoidoscopy, making poten-
tial screening programs using this modality more cost effective. A multi-
centre trial of this population-screening strategy has recently been
completed and the results have not yet been published.

In a population-screening program, the proportion of the population who
take up the offer of the screening test is crucial. It seems that compliance
with flexible sigmoidoscopy is likely to be around 45%, and of these 6%
will subsequently require full colonoscopy [3]. The effect this will have 
on the incidence and mortality from colorectal cancer is uncertain. The
outcome of this large multicentre trial will provide much needed informa-
tion, but mortality data will not be available until 2006.

Some enthusiasts in the United States have advocated colonoscopy as the
ideal screening test for colorectal cancer. While colonoscopy (Figure 2.2) is
the gold standard for examination of the colon and rectum, it is expensive
and very dependant on the expertise of the endoscopist. In addition, the
need for full bowel preparation, sedation, and the small risk of colonic per-
foration make it unacceptable for population screening. Colonoscopy is,
however, the investigation of choice for screening high-risk patients.

Barium enema, like colonoscopy, examines the whole colon and rectum.
Although barium enema is cheaper and has a lower complication rate than
colonoscopy, it is invasive, exposes the individual to a sizeable radiation
dose, and requires full bowel preparation. Whereas colonoscopy may be
therapeutic, barium enema does not allow removal or biopsy of lesions.
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Although there are pockets of enthusiasm for the use of double-contrast
barium enema as a screening tool (mainly in the United States), its disad-
vantages seem to preclude it from use in population screening. There are
no population-screening studies using barium enema and no trials in
progress.

Computed tomographic (CT) colography (a.k.a., virtual colonoscopy) is
a relatively new radiological technique that in the future may find a role 
in population screening for colorectal cancer. Although this technique
requires full bowel preparation, very expensive CT scanners, and comput-
ing facilities, it is minimally invasive and views of the whole colon can be
obtained within 5 minutes. Preliminary data suggest that this technique has
an acceptable sensitivity for large polyps and cancers. As yet there are no
published trials of CT colography in population screening but this is surely
only a matter of time. CT colography has the potential to be cost effective
and to reduce the need for colonoscopy in population screening. There is
concern about the dose of radiation each patient receives; each patient is
required to have one prone and one supine scan per investigation.The radi-
ation dose involved in this type of investigation may become less of a
problem as magnetic resonance (MR) colography is developed [2].
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Figure 2.2. A double-contrast barium enema showing a carcinoma in the sigmoid
colon. (Reproduced from ABC of Colorectal Cancer; JH Scholefield, Br Med J.
2000;321:1004–1005, with permission from the BMJ Publishing Group.)



Faecal occult blood (FOB) tests are the most extensively studied screen-
ing tests for colorectal cancer. These tests detect hematin from partially
digested blood in the stool. The overall sensitivity of FOB tests for col-
orectal neoplasia is only 50%–60%, though their specificity is high (around
95%) for polyps and cancers.A further drawback of this test is that ingested
animal hemoglobin and peroxidase-containing vegetables (parsnips, broc-
coli, and cauliflower) may cause false-positive results.

In screening studies using FOB tests, individuals are usually invited to
take 2 samples from each of 3 consecutive stools. Compliance tends to be
around 50%–60% but with population education this could be improved.
Individuals with more than 4 positives in 6 tests (around 2%) need
colonoscopy. While normal blood loss from the gut is around 1mL/d,
haemoccult will detect blood loss in excess of 10mL/d.

Several large randomised studies have shown that FOB screening is fea-
sible and three studies have shown that FOB screening reduces the mor-
tality from colorectal cancer [4–7]. In the Nottingham study, for every 100
haemoccult-positive individuals, 12 had cancer and 23 had adenomatous
polyps.The detected cancers tended to be at an earlier stage than those pre-
senting symptomatically (26% Dukes A screen detected vs. 11% Dukes A
in controls) [5]. The downside of FOB screening at present is its relatively
low sensitivity, which means that some cancers will be missed on each round
of screening.The Nottingham data suggest that screening every 2 years only
detects 72% of cancers. This could be improved by testing annually [8].
Future screening programs may use newer immunological FOB tests that
can reduce the number of false-positive results by detecting only human
hemoglobin. More specific stool-based tests looking for DNA mutations in
shed cells from the colonic lining may also prove to be a valuable screen-
ing tool, but this technology is still in its infancy and its full potential
remains uncertain.

4. Who Should Be Screened?

There is a broad spectrum of risk for colorectal cancer. Although 19% of
the population will develop adenomatous polyps (Figure 2.3), only 5% will
develop colorectal cancer. This equates to a 1 in 35 lifetime risk for col-
orectal cancer. Most of these cancers will occur in people between 65–75
years of age, but the peak incidence for adenomas is slightly earlier at 55–65
years of age. Thus, population screening for colorectal cancer should prob-
ably target the age group starting at 55 years of age and ending at 75 years
of age. In addition, there are some individuals in the population who will
have inherited a much higher susceptibility to colorectal cancer (Figure
2.4). Population screening for colorectal cancer is not adequate for those 
at highest risk. Those individuals who have inherited a well-recognised
single gene disorder such as familial adenomatous polyposis or hereditary
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Figure 2.3. Developing a Haemoccult test. (Reproduced from ABC of Colorectal
Cancer; JH Scholefield, Br Med J. 2000;321:1004–1005, with permission from the
BMJ Publishing Group.)

Figure 2.4. Colonoscopic view of an adenoma. (Reproduced from ABC of Col-
orectal Cancer; JH Scholefield, Br Med J. 2000;321:1004–1005, with permission from
the BMJ Publishing Group.)



non-polyposis colorectal cancer may well develop colorectal cancers before
the age of 50 and therefore screening for these high-risk individuals needs
to be tailored to their individual risk pattern. Such individuals may also be
at risk for cancers at other sites and screening for ovarian, breast, and
endometrial cancers may be appropriate in some of these cases [9,10]. Indi-
viduals and families with these conditions need careful risk assessment and
the optimal screening strategy may require multidisciplinary care, best
coordinated by clinical geneticists.

5. Cost Effectiveness of Screening

In order for screening for colorectal cancer to be acceptable to healthcare
providers it must be shown to be cost effective. Data from the Nottingham
study show that the cost per cancer detected was less than £2700 and that
FOB screening for colorectal cancer costs around £1000 per life year saved
[11–13]. This is similar to models for breast cancer screening. By compari-
son, screening by barium enema or colonoscopy at 5-year intervals would
cost £1500 and £3000, respectively, per life year saved. A single flexible sig-
moidoscopy would cost around £1500 per life year saved [14].

These models all suffer from a number of uncertainties. Of these, the one
which causes greatest concern to those considering funding screening pro-
grams is the cost of cancers missed by the screening process and the occur-
rence of complications following colonoscopy in asymptomatic individuals.

6. Ethical Dilemmas in Population Screening for
Colorectal Cancer

In any population-screening program there is a major concern that the vast
majority of the population have no symptoms and are at relatively low 
risk for the condition. By definition population screening exposes a large
number of individuals to the screening process. Therefore, the screening
process must be as simple as possible, have high sensitivity and specificity,
and be reliable and safe.

A major concern in the introduction of a screening program is the poten-
tial for harm to those who have positive test results but turn out not to have
colorectal cancer. The positivity rate in the Nottingham study was 2% using
haemoccult; using a more sensitive test would increase the proportion of
people needing colonoscopy. Thus, any screening program can be assumed
to need to colonoscope a minimum of 2% of the screened population [5].
The potential harm includes psychological stress related to having a posi-
tive test and having to undergo invasive investigations, waiting for results,
etc. While the evidence available suggests that this stress is transient, it may
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affect compliance with the program. The physical harm of the screening
process relates mainly to the complications of colonoscopy. Although per-
foration and haemorrhage are rare (around 1 in 1000 procedures for each),
these figures begin to assume worrying proportions when one considers that
a national screening program might generate 10,000 extra colonoscopies
per annum. A high standard of colonoscopy is crucial to minimising com-
plications and maximising yield from the screening process [8].

7. Population Screening—The Current Situation

7.1. National
A national pilot program for colorectal cancer screening began in War-
wickshire (England) and Grampian (Scotland) in 2000. These pilots are
using a FOB test similar to that used in the Nottingham study. The initial
data from these studies is very immature and all that can be said so far is
that people do seem to be willing to do the tests and that compliance
appears similar to the Nottingham study at around 50%. A flexible sigmoi-
doscopy study has been completed but mortality data are unlikely to be
available until 2006 [18].The pilot data from this study is available and show
that flexible sigmoidoscopy is an effective screening tool and that people
are prepared to have this invasive test. The yield of polyps and cancers is
higher than for FOB testing but the colonoscopy rate is also three times
higher and this is a concern. The introduction of any screening program
using FOB or flexible sigmoidoscopy will necessitate an improvement in
the resources available for colonoscopy.

7.2. International
No country has yet adopted a national screening program for colorectal
cancer. The United States has suggested yearly FOB tests for people over
50 and flexible sigmoidoscopy every 3 years. Many insured patients get
more frequent screening, but the uninsured get none! In Europe, Germany
has tried to introduce a screening program but has run into enormous dif-
ficulties with its administration.Australia is developing a screening program
and may be the first country with a national program in place.

8. Population Screening—The Future

Research into serum- and stool-based tests for colorectal cancer screening
is being undertaken. Sidransky and others have identified genetic mutations
in stool from patients with colorectal cancer, but translating these findings
into a screening test applicable to populations is proving difficult.The devel-
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opment of chip technology provides the capability to screen for many thou-
sands of gene mutations from a single sample of blood or stool and adds a
new dimension to screening for all types of cancer.

Noninvasive methods of imaging the colon such as MR colography may
also revolutionise the screening process by reducing the need for
colonoscopy. The development of stool labeling may allow computer soft-
ware to subtract stool from scans and thereby obviate the need for bowel
preparation prior to this type of imaging.

9. Genetic Risk Assessment for Colorectal Cancer:
Screening Based on Family History

Centers across the country have been designing protocols for efficient risk
assessment, for recommending appropriate DNA studies, and for
endoscopy and prophylactic surgery. A lack of consistency in some of these
areas has caused confusion and anxiety in families, general practitioners,
and hospital specialists.

It has been estimated that in 20% or more of individuals with colorectal
cancer, there may be a genetic predisposition. Among these, familial ade-
nomatous polyposis, caused by germline mutations in the APC gene,
accounts for less than 1% of cases and hereditary non-polyposis colorectal
cancer (previously called Lynch Syndrome) accounts for 2%–3%. These
individuals have inherited a high risk for colorectal cancer [15,16]. In the
remainder of colorectal cancers (>95%), the genetic predisposition is much
less clear-cut than in familial adenomatous polyposis or hereditary non-
polyposis colorectal cancer, and is likely to be due to gene mutation and
polymorphism of low penetrance (yet to be identified). These individuals
are in the moderate- and low-risk groups. The role of environmental trig-
gers and other modifier genes in these groups remains to be determined.

10. High-Risk Groups

10.1. Familial Adenomatous Polyposis (FAP)
Familial adenomatous polyposis was the first inherited bowel cancer syn-
drome to be described. It is autosomal dominant with almost full pene-
trance. Affected individuals usually have distinctive appearances of the
colon and rectum, with hundreds of adenomas. Left untreated, the risk of
colorectal cancer is thought to be 100%. However, this is not only a disease
of the large bowel; upper GI malignancies will develop in around 10% of
affected individuals. Desmoid tumours, as well as osteomas (particularly of
the jaw) and epidermoid cysts may also be a part of this condition (some-
times called Gardner’s syndrome).
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Annual screening by sigmoidoscopy should start in the early teens in 
an at-risk individual and those affected require discussion about options 
for prophylactic colectomy/proctocolectomy and continued endoscopic 
surveillance.

The gene for FAP was mapped to 5q in 1987 and cloned in 1991. Muta-
tions can be identified in the vast majority of families. This has also enabled
further elucidation of the phenotype, for example, there is an attenuated
form with fewer polyps in which the mutations tend to be in the 3¢ end of
the gene [17]. In this variant, there are usually fewer than 100 polyps and
the average age of onset of colorectal cancer is 10–20 years later. With
appropriate screening, reduction in mortality and morbidity in FAP 
families has been demonstrated. Depending on the family experience 
and wishes, prenatal diagnosis has become an option.

10.2. Hereditary Non-polyposis Colorectal 
Cancer (HNPCC)
Hereditary non-polyposis colorectal cancer is also dominantly inherited
(penetrance is around 85%–90%). Fewer polyps are present than in FAP
and the average age for developing colorectal cancer is the early 40s. Two
thirds of the cancers occur in the right side of the colon, distinctly different
from that seen in FAP and the general population. Adenocarcinomas can
occur elsewhere in the body; the endometrium is the most frequent site.
Several studies suggest that endometrial cancer is as likely as colorectal
cancer in HNPCC families. Other associated cancers include gastric, renal,
ovarian, ureteric, and brain.

The clinical diagnosis of HNPCC can be difficult and a set of diagnostic
criteria were drawn up in Amsterdam in 1991. It is now realised that these
criteria were too strict and excluded many cases, particularly those involv-
ing endometrial cancer. The criteria have now been modified (Table 2.1).

Screening for HNPCC requires examination of the entire colon by
colonoscopy or barium enema; the predominance of right-side tumours
makes it imperative that colonoscopy is complete in this condition. Colonic
surveillance should start at 25 years of age and be repeated every 2–3 years
until the age of 70 (Table 2.2).
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Table 2.1. Modified Amsterdam criteria.

At least 3 colorectal or HNPCC-associated cancers.
One of 3 affected relatives is a first-degree relative of the 

others.
The cancers affect 2 or more generations within a family.
At least one of the cancers diagnosed before 45 years of age.
FAP has been excluded.



It may be justifiable to colonoscope more frequently than every 2–3 years
in families in which interval cancers have occurred. Evidence from the
Dutch Registry has demonstrated that such screening reduces the incidence
of colorectal cancer in this group and is cost effective [9,10].

Female members of these families are advised to have gynaecological 
surveillance that may take the form of annual pipelle sampling of the
endometrium and ultrasound of the ovaries. If there are individuals in the
family with associated gastric or renal tumours, screening for these is also
required.

DNA mutation analysis can be fruitful in this condition; for example, if
a mutation in one of the mismatch repair genes (most commonly MLH1 &
MSH2) is identified, 50% of family members will test negative and can be
reassured that they do not need endoscopic screening. This greatly reduces
the need for endoscopic and gynaecological surveillance in these families.
Six mismatch repair genes have been identified so far with hundreds of
mutations in each gene possible. Nearly all the tumours from HNPCC fam-
ilies (vs 12%–16% of sporadic colorectal cancer) show microsatellite insta-
bility or replication error positivity on molecular testing. This measure of
genetic instability, suggesting that a mismatch repair gene mutation may be
present, can be a useful prelude to mutation testing in some families where
the history is borderline for HNPCC.

Other rare but related conditions should be considered in some fam-
ilies, for example, Muir-Torre syndrome with characteristic skin lesions
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Table 2.2. Inherited risk of colorectal cancer.
Risk group Family history Action

Low risk 1 FDR >45y No screening
2 FDR >70y No screening

Low-to- 2 FDR average Single colonoscopy at 55y
moderate risk 60–70y

Moderate risk 1 FDR <45y Colonoscopy every 5y from 5y prior to index
case

2 FDR average Colonoscopy every 5y beginning at 35y—refer
50–60y to genetic screening

High-to- 2 FDR average Colonoscopy every 3–5y beginning at 30–40y
moderate risk <50y (see family history)—refer to genetic screening

3 FDR (Amsterdam Colonoscopy every 3–5y beginning at 30y (see
negative) family history)—refer to genetic screening +

Gynecological screening for women
High risk 3 FDR (Amsterdam Colonoscopy every 2–3y beginning at 30–40y

positive) (see family history)—refer to genetic screening
FAP Annual sigmoidoscopy / genetic screening

FDR, first-degree relative.
Endoscopic screening should cease in most cases after 75 years of age, but depends on the
individual’s health and comorbidities.



(HNPCC variant) and Turcot’s Syndrome with cerebellar medulloblas-
tomas occurring in association with FAP, or glioblastomas in association
with HNPCC.

11. Moderate-Risk Group

This is a larger group than the high-risk group and consists of those who
have more than 1 affected relative (or one under 45 years of age) but do
not fulfil the Amsterdam criteria (Table 2.1). The recommendation for
screening depends on the number of affected relatives, how closely related
they are, and the age of onset (Table 2.2). Application of these criteria
depends on a detailed family history, which may often be incomplete. It is
often necessary to obtain consent and request the records of living relatives
or obtain confirmation from the relevant cancer registry about those who
are deceased. Indeed this is an essential part of the process because in
10%–15% of cases the diagnosis reported by the relative turns out to be
incorrect, thus compromising the risk assessment and recommendation for
lifelong screening.

Colonoscopy every 5 years is adequate for these individuals once a
normal colon has been demonstrated.Ages for commencing (5 years before
age of onset of the youngest family member) and ceasing (>75 years of age)
such surveillance are controversial, and should be discussed with the indi-
vidual after taking into account any comorbidities.

At present, no informative molecular genetic tests are helpful in this
group but there is probably some value in storing DNA from affected
members for future testing.

12. Low-Risk Group

Some slight variation can be found across the United Kingdom about the
exact definition of the low-risk group. In general, this includes those with
no family history, those with only 1 affected relative over 45 years of age
or 2 affected relatives over 70 years of age (Table 2.2). The risk would ex-
ceed the population risk in these last two groups (1 :17 as opposed to 1 :35),
but not enough to warrant regular screening by colonoscopy. Although
referral of low-risk individuals is a questionable use of resources, these
referrals can provide reassurance and can give advice about diet, lifestyle,
and bowel symptoms of which to be aware.

These worried-well relatives are generally referred via their general prac-
titioner for a surgical or genetic outpatient appointment. Over one third of
referrals to our own clinic are assessed as low risk according to their family
history and are therefore not suitable for regular endoscopic screening.
Ultimately, training should be provided for doctors or nurses in taking
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family history and doing risk assessment so that these low-risk individuals
need not be referred to hospital.

13. The Need for a Multidisciplinary Approach

Collaboration between colorectal surgeons, primary-care staff, and geneti-
cists is essential in order to agree on criteria for the different risk groups
outlined above. In order to keep track of all family members and ensure
their different screening needs are met, an efficient database with adminis-
trative support is required and is essential for the continuation and devel-
opment of the service.

The Clinical Genetics Service is ideally placed to coordinate such a
program and liase with other departments, especially when multisystem
screening is required. They can also counsel people in high-risk groups
about the possibility of genetic testing and the implications for them and
their families.

Presymptomatic (or predictive) mutation testing in FAP and HNPCC is
a relatively recent option, but this is an area in which geneticists have some
experience in counselling for other conditions. It should not be assumed 
that at-risk people will avail themselves of the test even if a mutation was
detected in an affected family member. Knowledge about the presence of
a particular genetic change may have implications for such things as insur-
ance, employment, or mortgage applications. This is covered as part of the
pretest counseling. While one could argue that those who have the screen-
ing tests are behaving responsibly and may be reducing their risk of devel-
oping a cancer, their prospective employers or insurers may not see it in
this way. Frequently, people do not want a numerical risk figure but just
want to know if they are at sufficiently increased risk to warrant regular
screening.The timing of predictive genetic testing must be chosen with care;
for example, a recent bereavement or an age much younger than screening
tests are applicable may be contraindications to predictive genetic testing.
Advice can be given to them and their general practitioner to activate such
tests again at the appropriate time.

14. Summary

Population screening for colorectal cancer using FOB tests is feasible and
there is increasingly compelling evidence to show that such programs can
save lives at a cost similar to that of the existing breast-cancer–screening
program.

A single flexible sigmoidoscopy presents a promising alternative to FOB
testing, but conclusive data will not be available for another 5 to 7 years.
In order to be able to undertake such a program in the United Kingdom
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there would need to be a considerable investment in colonoscopy facilities
and expertise.

Several countries, including the United States, have instituted screening
programs utilising one or both of these modalities. Whether the United
Kingdom follows will be determined by political decisions.

A more intensive screening approach for those with a strong family
history of colorectal cancer (high- and moderate-risk groups) is being
adopted in many centers, with colonoscopy being the most appropriate
examination.

A multidisciplinary approach to family-history–based screening is the
way to stratify individuals to appropriate risk groups and to provide the
best possible service with the limited resources available.
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3
Familial Colorectal Cancer

Sunil Dolwani and Julian R. Sampson

1. Introduction

Epidemiological studies suggest that at least 15% of colorectal cancers arise
in individuals with an inherited predisposition to the disease [1]. A much
smaller proportion of cases, fewer than 5%, can be accounted for by mutant
genes that are associated with a small number of well-defined mendelian
syndromes, notably familial adenomatous polyposis (FAP) and hereditary
non-polyposis colorectal cancer (HNPCC). In these settings colorectal
cancer risk is very high, but proactive management of the extended family
can substantially improve the prognosis for those at risk. This is best
achieved through a coordinated approach involving genetic counselling and
testing, surveillance, and prophylactic or early surgical intervention.

Often, a family history is reported that is consistent with an inherited pre-
disposition to colorectal cancer but this cannot be attributed to a specific
mendelian syndrome or to a specific gene or genes. Currently undefined
genetic variants that are associated with more modest increases in risk 
of colorectal cancer are likely to play a role in many of these families.
Although genetic testing is not possible in this setting, the family history of
cancers and the ages at which they were diagnosed can be assessed, enabling
an estimation of the future risk of colorectal cancer in currently unaffected
family members. Such risk estimates provide a rational basis for decisions
regarding surveillance.

The potential benefits of a systematic approach to risk assessment are
much clearer for colorectal cancer than for many other common cancers 
as the large bowel is readily accessible for direct endoscopic inspection,
the natural history usually involves a well-defined adenoma-carcinoma
sequence, and the prognosis is highly stage dependent. However, there is
still a paucity of high-quality data to inform the development of surveil-
lance protocols in all but the highest risk groups and considerable local 
variation in the availability of resources for surveillance. Consequently 
clinical management of those with a family history of colorectal cancer is
often inconsistent.
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2. Family History: Awareness and Models 
for Management

Recommendations for colorectal cancer screening that include risk stratifi-
cation according to family history criteria have been suggested in the
United Kingdom [2]. However, questionnaire surveys have revealed wide
variation in both awareness and clinical practice among healthcare profes-
sionals. For example, the majority of gastroenterologists report routinely
obtaining a family history of colorectal cancers and related conditions such
as polyps from their patients, but there is little consistency in the surveil-
lance that they recommend on the basis of this information [3,4]. Further-
more, even a recent survey found that less than half of specialists were clear
about the availability and role of mutation testing for FAP and HNPCC,
and 28% reported that they never discussed these issues with their patients
[4].

In the United Kingdom and many European countries, systems for
obtaining accurate family histories, categorising risk, and, where appro-
priate, coordinating genetic testing and surveillance have been devel-
oped through clinical genetics services. For the highest risk families these
processes are often formalised via genetic registers. Ideally, genetic regis-
ters should provide comprehensive cover for a geographically defined pop-
ulation and comprise (computerised) pedigree-based records that link
genetic testing to ongoing surveillance and management. This approach
minimises the danger of at-risk family members missing out on recruitment
into surveillance programmes when they reach an appropriate age or of
their being lost to follow-up. Conversely, other family members can be reas-
sured following normal results on genetic testing, avoiding the costs to both
patient and health services of unnecessarily increased surveillance. For 
families in which a specific genetic cause or syndrome cannot be identified,
risk assessment is based on collation of accurate family history data.
Although this is time consuming, it usually enables reassurance for the
worried well (when risks are low or only marginally elevated) and the offer
of appropriate advice or surveillance where risks are increased significantly.

3. Inherited Syndromes Predisposing to 
Colorectal Cancer

3.1. Familial Adenomatous Polyposis
Historically, the autosomal dominant disorder familial adenomatous 
polyposis (FAP) has accounted for less than 1% of all colorectal cancers.
Familial adenomatous polyposis has a prevalence of around 1 in 8000 [5].
However, colorectal cancer occurs at an early age in patients with FAP
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unless they are treated by prophylactic colectomy. Effective proactive 
management of the extended family is therefore extremely important. The
hallmark of the syndrome is the development of hundreds to thousands 
of colonic adenomas (Figure 3.1). These are visible endoscopically from 
a mean age of 16 years but may be identified in much younger children 
or may only appear in middle age [6]. By 35 years of age, approximately
95% of (mutant) gene carriers have multiple adenomas detectable at
colonoscopy. Without colectomy, colorectal cancer is virtually inevitable
and occurs at a mean age of 39 years in untreated patients.

3.1.1. Clinical Features and Diagnosis

Traditionally, FAP has been diagnosed in all individuals with over 100 
colorectal adenomas. The adenomas are typically tubular, sessile, and dis-
tributed throughout the large bowel. Polyps can also occur elsewhere, par-
ticularly in the gastric fundus (where they are usually hamartomatous and
occur in approximately 50% of cases) or gastric antrum (where they are
usually adenomatous and occur in approximately 10% of cases). However,
the risk of development of gastric cancer appears to be only slightly
increased [7]. The small bowel is also frequently involved, most commonly
in the second or third part of the duodenum (50%–90% of cases) and in
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Figure 3.1. Macroscopic appearance of the colon in classical familial adenomatous
polyposis. The specimen shows dense carpeting of the colonic mucosa with thou-
sands of adenomas.



the periampullary region. There is no clear association between the density
of colonic polyps and of upper gastrointestinal polyps. A classification
system for duodenal polyps based on their number, size, histology, and
degree of dysplasia has been developed [8]. A variety of other organs and
tissues can be involved, including the liver (hepatoblastoma), bone (osteo-
mas, particularly in the mandible), teeth (various abnormalities of denti-
tion including absent or supernumerary teeth, cysts, and odontomas) and
skin (epidermoid cysts and fibromas). Congenital hypertrophy of retinal
pigment epithelium (CHRPE) is found in some families and was used to
aid identification of gene carriers prior to the development of DNA testing
[9].These are flat, pigmented lesions of the retina that do not normally cause
visual problems. The presence of 2 or more CHRPEs is rare in the general
population and the presence of 4 or more is highly indicative of gene car-
riage in the context of a family history of FAP [10]. Approximately 10% of
children and adults with FAP develop desmoid tumours [11]. These are
clonal proliferations of myofibroblasts producing locally invasive fibrous
tumours that that do not metastasize. Desmoids form predominantly within
the abdomen, retroperitoneal tissues, or the abdominal wall, but they may
also occur extra-abdominally. They may compress vital organs or compli-
cate abdominal surgery, as they are very vascular. There is a marginal
increase in the incidence of tumours of the endocrine glands in FAP, par-
ticularly papillary carcinoma of the thyroid.

3.1.2. Genetics and Genotype–Phenotype Correlation

Familial adenomatous polyposis is transmitted as an autosomal dominant
trait with complete penetrance but striking variation in expression. A
parent with FAP has a 50% chance of passing the disorder to each of his
or her offspring. Familial adenomatous polyposis and its variants, attenu-
ated FAP (AFAP) and Gardner’s syndrome (FAP with florid extracolonic
manifestations), arise from mutations of the adenomatous polyposis coli
(APC) gene located on the long arm of chromosome 5 [12]. Approximately
70% of FAP families have unique or very infrequent mutations of this gene.
A small number of recurrent mutations (e.g. codons 1061 and 1309) account
for the remainder [12,13].Virtually all disease-causing mutations create pre-
mature stop codons resulting in truncation of the predicted protein product.
Studies of the large (311kDa) APC protein have revealed multiple func-
tional domains and roles in a variety of cellular functions linked to car-
cinogenesis. These include regulation of the Wnt signalling pathway, cell
adhesion, cell cycle control through interaction with hDLG, chromosome
segregation, and apoptosis [14–16]. The location of the inherited (germline)
mutation in the APC gene has considerable bearing on the clinical mani-
festations of the disease, including polyp number and the age at which poly-
posis is manifest, mean age at development of colorectal cancer, and the
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risk of various extracolonic features. Attenuated familial adenomatous
polyposis is associated with smaller numbers of macroscopic polyps (often
under 100) and later onset of polyps and cancer (Figure 3.2). It is caused
by mutations at the extreme 5¢ or 3¢ ends of the gene or by mutations in
the alternatively spliced region of exon 9 [17,18]. In classical FAP, the great-
est numbers of colorectal polyps are seen in patients with germline muta-
tions close to codon 1309 [19] (Figure 3.3). CHRPEs are almost always
absent when the mutation occurs 3¢ to exon 9 and present where the muta-
tion occurs more 5¢ [20]. Extracolonic features such as desmoids, osteomas,
and severe gastric and duodenal disease are more commonly associated
with mutations between codons 177 and 452 [21]. Intrafamilial variability
in FAP may be considerable [22] but disease severity appears to be more
similar between first-degree than second-degree relatives, suggesting that
modifying genes at other loci may play a role in determining the pheno-
type. It has also been suggested that functional polymorphisms of the
normal APC allele may play a role in determining disease severity.
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Figure 3.2. Macroscopic appearance of the colon in a case with multiple colorec-
tal adenomas. Multiple adenomas are visible, but do not carpet the colonic mucosa.
In all, the patient had some 50 adenomas. Similar findings may be seen in attenu-
ated familial adenomatous polyposis and in MYH polyposis, but the underlying
cause is often unclear. (Courtesy of Dr N.W. Williams.)



3.1.3. Management

The diagnosis of FAP in the first (index) case in a family should prompt
investigation of at-risk members of the extended family and mark the
beginning of an ongoing commitment to their proactive management. This
role is normally fulfilled by specific polyposis registries that are organised
at regional and sometimes national level and to which all affected families
should be offered referral. Predictive genetic testing by direct mutation
analysis or, when no mutation is identified, by genetic linkage analysis now
forms the cornerstone of proactive management for the extended family. It
is informative in the vast majority of cases. Diagnosis of FAP in the index
case is normally followed by genetic counseling and testing of adult family
members and subsequently by genetic testing of further family members
once they reach secondary (high) school age. Those who do not carry the
mutant APC gene can be reassured that neither they nor their offspring are
at risk and that no special surveillance will be required. Gene carriers are
offered information on the transmission and natural history of FAP, sur-
veillance by annual or biennial colonoscopy, and checks for extracolonic
manifestations of FAP (Table 3.1).

There are several reasons for offering genetic testing and counselling
between 11 and 14 years of age. First, although colorectal cancer is very rare
before 20 years of age in those with FAP, it has been reported occasionally
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Figure 3.3. Correlation of position of germline APC mutation with phenotypic
manifestations of FAP. Black boxes represent the exons of the APC gene (exons
1–14 are relatively small and exon 15 is extremely large). The scale refers to amino-
acid residue number in the full-length APC protein. The positions of boxes indicat-
ing specific aspects of the FAP phenotype (AFAP, CHRPE, profuse polyposis, and
desmoid disease) correspond to the positions of associated truncating mutations 
relative to the predicted APC protein.



in younger patients [23]. Second, by completing genetic testing at this age,
the initial surveillance colonoscopies can be undertaken in a paediatric
rather than an adult setting in adolescent gene carriers. Third, it is opera-
tionally much easier to see youngsters prior to their leaving the nuclear
family. Furthermore, psychological studies have shown that children of
early-secondary–school age understand and adapt well to their genetic
status and its implications for their subsequent clinical management [24].

Once adenomas develop, surgical options are discussed and definitive
elective surgery can be planned. The timing of prophylactic surgery for
patients with FAP entails liaison between gastroenterologists, pathologists,
and colorectal surgeons and sometimes requires coordination with the 
educational or career demands of the patient. Surgical options include 
proctocolectomy with ileoanal pouch formation, colectomy and ileorectal
anastomosis, and panproctocolectomy with permanent ileostomy. After
colectomy and ileorectal anastomosis, the rectum must be kept under 
surveillance for life because the risk of cancer in the retained rectum is
12%–29% [25,26]. After restorative proctocolectomy, the anorectal cuff
should also be kept under surveillance for life [2].

The risk of FAP-associated extracolonic cancers is of increasing impor-
tance as the risk of colorectal cancer is now largely avoided. In particular,
the overall lifetime risk of periampullary cancer is 3%–4%, and is likely 
to become higher [27]. Despite this, the place of upper gastrointestinal 
surveillance remains controversial. Endoscopic resection of duodenal 
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Table 3.1. Surveillance protocols for family history of colorectal cancer.
Diagnostic Gastrointestinal Age at Screening interval
group screening procedure initial screen

FAP and variants Genetic testing, Early teens; Annual, dependant
colonoscopy + OGD colonoscopy on findings

age 25 years
Juvenile polyposis and Genetic testing, Early teens Annual

Peutz-Jegher’s colonoscopy + OGD
syndrome

HNPCC gene carriers Genetic testing, Early 20s or 5 Colonoscopy and
or 50% risk in colonoscopy + OGD years prior to gastroscopy every
Amsterdam criteria earliest colorectal 2 years
families or >2 FDR cancer in family;
with colorectal gastroscopy age
cancer 50 or 5 years

prior to earliest
gastric cancer in
family

2 FDR with colorectal Colonoscopy At first If initial 
cancer consultation or colonoscopy

age 35–40 years, clear, repeat at
whichever is later 55 years

FDR, first-degree relative; OGD, oesophago-gastro-duodenoscopy.



adenomas is associated with recurrence within 1 year in most cases, while
definitive surgery is associated with significant morbidity and mortality.
Epigastric pain or obstructive jaundice may suggest periampullary 
carcinoma and should always be investigated promptly.

Nonsurgical treatments for FAP are currently under investigation.
Regression of colorectal and duodenal adenomas has been observed in
patients treated with nonsteroidal anti-inflammatory drugs and COX-2
inhibitors, probably though a pro-apoptotic mechanism [28–30]. The results
from a number of clinical trials investigating the impact of long-term use
of these drugs in FAP are awaited.

3.1.4. Nontruncating Variants of the APC Gene and Inherited Colorectal
Cancer Risk

Although the role of inherited truncating mutations of APC is well estab-
lished in FAP and AFAP, the possibility that more subtle variants (such as
missense mutations) might have functional consequences and predispose 
to colorectal adenoma and carcinoma has only been investigated more
recently.

3.1.4.1. I1307K (3920 T to A)

The point mutation T to A at position 3920 within the APC gene has been
demonstrated in 6% of all Ashkenazi Jews and about 28% of those with 
a personal and family history of colorectal cancer. The variant does not
appear at a significant frequency in other populations. Rather than alter-
ing the function of the APC protein, this mutation changes the local gene
sequence from the normal A3TA4 to an A8 tract and apparently leads to
hypermutability in the region between APC codons 1296 and 1317. Results
from a number of studies indicate that APC I1307K carriers have a mod-
estly elevated risk (relative risk 1.7) of developing colorectal cancer.

3.1.4.2. E1317Q (3949 G to C)

Lamlum et al. [31] screened 164 unrelated patients with multiple (3–100)
colorectal adenomas for germline variants of APC using the mutation
detection technique of fluorescent single-strand conformation polymor-
phism (SSCP) and identified the missense variant E1317Q in 7. By contrast,
only 2 of 503 controls showed the same change (P < .001, relative risk 11.17).
In an earlier study, the same variant was found in 4 out of 116 patients with
multiple colorectal adenomas or colorectal cancer and 0 out of 80 controls
(P < .001) [32]. However, we have also noted E1317Q as an apparently 
incidental finding in a family with a truncating mutation located more 5¢ in
APC and the variant has also been reported coincidentally in a family with
autosomal recessive MYH polyposis [33]; further studies are required to
confirm whether APC E1317Q represents a true colorectal adenoma-
carcinoma predisposition allele [34].
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3.2. Hereditary Non-polyposis Colorectal 
Cancer (HNPCC)
3.2.1. Genetics

Hereditary non-polyposis colorectal cancer is an autosomal dominant 
disorder that predisposes to colorectal and other cancers. Traditionally,
HNPCC has been defined on the basis of family-history criteria, initially the
Amsterdam criteria and more recently the revised criteria of the Interna-
tional Collaborative Group or ICG (Table 3.2). The disorder is now better
defined on the basis of the causative genetic defects. These are inherited
mutations in five DNA mismatch repair (MMR) genes, hMLH1, hMSH2,
hPMS1, hPMS2, GTBP/hMSH6, and possibly also in a sixth, MSH3. Muta-
tions in hMSH2 and hMLH1 account for the majority of reported HNPCC
cases [35]. Families with GTBP/hMSH6 mutations are being recognised
increasingly, while hPMS1 and hPMS2 appear to be involved only rarely
[36]. A wide variety of inherited mutations occur within the MMR genes
including both truncating and missense changes. Caution must be exercised
before assuming that rare variants are truly pathogenic and can be used 
for predictive genetic testing. The protein products of the MMR genes 
form complexes that are involved in repair of alterations in copy number
at microsatellite sequences (short repetitive sequences that are scattered
throughout the genome) and repair of DNA base mismatches [37,38].
Because of the role of the genes in repair of microsatellite copy number
mutations, HNPCC-associated tumours exhibit a distinct pattern of genetic
instability termed microsatellite instability (MSI; Figure 3.4). MSI becomes
manifest after a somatic mutation or epigenetic silencing has inactivated
the second allele of the MMR gene that is mutated in the germline. Muta-
tions within microsatellite sequences then accumulate rapidly with each
round of cell division. Although most of these mutations have no pheno-
typic effect, some arise within tumour suppressor genes and their secondary
inactivation is considered to be a key mechanism underlying tumour initi-
ation and progression in HNPCC.

Only a minority of families that fulfil the ICG family history criteria for
HNPCC actually harbour a demonstrable germline mutation in one of the
MMR genes. A larger proportion exhibit MSI, indicating that some muta-
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Table 3.2. Amsterdam criteria II [International Collaborative Group] for the 
diagnosis of HNPCC.

Three or more relatives with histologically verified HNPCC-associated cancer (colorectal,
endometrial, small bowel, ureter, or renal pelvis).

One of 3 affected relatives is a first-degree relative of the others.
FAP excluded.
Colorectal cancer involving at least 2 generations.
One or more cancer cases diagnosed before the age of 50.



tions remain undetected by current approaches or that further HNPCC-
determining loci exist. Different mechanisms of tumour predisposition are
likely to be operating in ICG criteria families in which the tumours are MSI
negative and assays for MSI can be helpful in distinguishing these groups
of families. In addition, some 15% of sporadic colorectal cancers and a 
proportion of many other cancers exhibit MSI. This is usually the result of
somatic biallelic inactivation of one of the MMR genes and this is often
mediated via promoter methylation [39].

3.2.2. Clinical Features and Diagnosis

Hereditary non-polyposis colorectal cancer is probably more prevalent
than FAP but is unlikely to account for more than a small percentage of 
all colorectal cancers [40,41]. It is characterised by colorectal cancers that
present at an early age (mean 42 years) [42], with significantly more right-
side cancers than is seen in sporadic cases and with significantly more syn-
chronous or metachronous cancers. Polyps (adenomas) may occur but are
not a prominent feature and the presence of more than 10 adenomas makes
the diagnosis of HNPCC very unlikely. Hereditary-non-polyposis-
colorectal-cancer–associated colorectal cancers are usually poorly differ-
entiated and mucinous. They often show signet-ring cell formation and a
heavy lymphocytic infiltrate. The prognosis for HNPCC-associated col-
orectal cancer appears to be significantly better than that for colorectal
cancer in general, and this may reflect, at least in part, a better response to
chemotherapy with 5-flourouracil [43].

Extracolonic cancers are also frequent in HNPCC and include those of
the endometrium, ovary, stomach, small bowel, hepatobiliary tract, ureter,
and renal pelvis (Table 3.3). Although the original Amsterdam family his-
tory criteria for HNPCC included only colorectal cancers, the revised ICG
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Figure 3.4. Microsatellite instability in DNA from an HNPCC-associated colorec-
tal cancer. The traces show genotypes for the markers ACTC (left) and BAT26
(right). Arrows link a constitutional allele for each marker to the novel derivative
alleles that are present only in the tumour material. The cancer was from a patient
with an inherited mutation in the hMLH1 gene. (Courtesy of Dr Ian Frayling.)



criteria that are now in common use make allowance for some of the other
cancers that constitute the HNPCC spectrum.

Males with MMR gene mutations are at greater risk (to the age of 70)
than females of developing any cancer (91% vs 69%) and their risk of
developing colorectal cancer is also greater than in females [44]. In females
the risk of endometrial cancer is particularly high and a family history 
fulfilling the ICG criteria and including both endometrial and colorectal
cancers is a very strong predictor of an inherited MMR gene mutation [45].
The Muir-Torre syndrome is a variant of HNPCC characterised by the com-
bination of HNPCC-associated cancers and cutaneous sebaceous tumours
(sebaceous adenomas and carcinomas and keratoacanthomas) [46]. Turcot
syndrome is characterised by colorectal cancer in association with primary
brain tumours, particularly glioblastoma multiforme [47] and can be asso-
ciated with inherited MMR gene mutations. However, some families
described as having Turcot syndrome have multiple colonic adenomas and
brain tumours and have been found to have germline APC mutations.

3.2.3. Management

In the clinical setting, the ICG criteria serve to select those families in which
a MMR mutation is likely to be found. However, inherited mutations in the
MMR genes may also be identified in patients with colorectal cancer who
have less suggestive family histories, including a small proportion of appar-
ently sporadic early-onset colorectal cancer cases. Screening of incident col-
orectal cancer cases using assays for MSI or immunohistochemical staining
for the protein products of the MMR genes in colorectal tumour specimens
may facilitate the identification of likely HNPCC cases from the majority
of non-HNPCC cases (Figure 3.5). However, these measures have been
implemented in only a small proportion of centres. The ICG has recom-
mended that at least 5 microsatellite markers (Bat25, Bat26, D2S123,
D5S346, and D17S250) should be assayed to assess MSI and that tumours
should be classified as high level (MSI-H), where over 30% of markers show
instability; low level (MSI-L), where some but less than 30% of markers
show instability; or microsatellite stable, where none show instability.
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Table 3.3. Cancer risk and age at diagnosis in HNPCC.
Cancer Lifetime risk for General Median age at

mutation carriers population risk diagnosis (y)

Colorectal 70%–82% 2%–4% 42
Endometrial 42%–60% 1.5% 49
Gastric 13% <1% 54
Hepatobiliary 2% <1% 54
Urinary tract 4% <1% 60
Ovarian 12% 1% 47
Small intestine 1%–4% <1% 49



hMLH1- and hMSH2-associated tumours are usually MSI-H while hMSH6
tumours are often MSI-L.

All families with definite or likely HNPCC should be offered registration
with clinical genetics services [48] so that family members can receive infor-
mation on risk, genetic testing, and surveillance for colorectal and other
cancers. Verification of pedigree information is an important function of
these services as self-reported family histories are often inaccurate [48].
Among families with identified MMR gene mutations, a proactive approach
to extended family management based on predictive genetic testing is pos-
sible, similar in principle to family management for FAP. Among families
fulfilling ICG criteria but without identified mutations, predictive genetic
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Figure 3.5. Immunohistochemical staining for the MSH2 and MLH1 proteins in a
mucinous HNPCC-associated colorectal cancer. MSH2 protein (upper- and lower-
left panels at low and high magnification, respectively) is abundant in tumour cells
and stains strongly. By contrast, MLH1 protein (right) is deficient in tumour cells.
Deficiency of protein staining does not, of itself, confirm HNPCC. In an HNPCC
patient these appearances would be the result of an inherited mutation affecting
one allele of MLH1 together with somatic inactivation of the second allele in the
tumour itself. In a sporadic case of colorectal cancer, these appearances would be
the result of two somatic events (mutational or epigenetic) leading to biallelic inac-
tivation of MLH1. Confirmation of HNPCC would therefore require the charac-
terisation of an inherited MLH1 mutation in the constitutional DNA of the patient.
(Courtesy of Dr Mark Arends.)



testing by linkage analysis is not usually possible because of locus hetero-
geneity and the availability of only a limited number of living affected rela-
tives. In this situation, colonoscopic surveillance should be offered to the
offspring and siblings of affected individuals and sometimes to a linking but
unaffected parent. We suggest biennial total colonic surveillance starting at
21 years of age and continuing to at least 75 years of age (Table 3.1). Incom-
plete colonoscopy in skilled hands should be followed by a completion
barium enema soon after the failed colonoscopy. Less frequent colonoscopy
has been associated with an increased risk of interval cancers [49], con-
sistent with an accelerated progression through the adenoma-carcinoma
sequence in HNPCC compared to sporadic colorectal tumours. Others have
suggested that colonoscopic surveillance only needs to be initiated at 
25 years of age [48]. However, because a small proportion of HNPCC-
associated colorectal cancers do occur earlier than this and the resource
implications of offering earlier surveillance to this group are small, we
believe that commencing surveillance at an earlier age is justified.

The efficacy of colonoscopic surveillance in HNPCC was supported by a
15-year follow-up study of 3-yearly colonoscopy in HNPCC gene carriers
[50]. Colorectal cancer was identified in 18% of screened cases compared
to 41% of unscreened control gene carriers and there were significantly less
deaths in the screened group (P = .003). It is important that those who stand
to benefit from surveillance are not discouraged from participating in
genetic testing to clarify their status for fear of genetic discrimination, for
example, by health or life insurance companies [51]. An informed debate 
is required to reach pragmatic solutions and avoid potential genetic 
discrimination in a range of settings, from employment to insurance and
migration. Policy in relation to these issues is still developing and shows
considerable international variation.

Surveillance colonoscopy will often identify premalignant adenomas in
HNPCC gene carriers and these can usually be dealt with colonoscopically.
However, colectomy and ileorectal anastomosis has been recommended for
HNPCC patients found to have proximally located cancers as 45% will
develop a metachronous second cancer after more limited resection [52].
The risk of cancer of the rectum (around 10%) persists after colectomy and
ileorectal anastomosis and continuing surveillance is required [53]. Pro-
phylactic colectomy is not normally considered in HNPCC.

Increasingly, surveillance for extracolonic tumours is being offered to
members of likely or proven HNPCC families, although the evidence for
this leading to a reduction in morbidity and mortality is poor. Biennial
upper gastrointestinal endoscopy commencing at 50 years of age, or 5 years
before the earliest gastric cancer case in the family has been suggested in
families with a high proportion of gastric cancers [54]. Screening for
HNPCC-associated gynaecological cancers in females carrying MMR gene
mutations (and those at risk in ICG criteria families without identified
mutations) is still under evaluation. Many centres now offer annual trans-
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vagninal ultrasound, CA125 measurement, and endometrial biopsy or 
hysteroscopy from 35 years of age. The effectiveness of these screening
strategies is unproven and existing data does not suggest that they 
provide significant protection from ovarian cancer. Many women in this 
situation therefore opt for prophylactic hysterectomy and bilateral 
salpingo-oophorectomy after completion of their families.

3.3. Hamartomatous Polyposis Syndromes
Although rare, the hamartomatous polyposis syndromes have been the
focus of considerable genetic research in recent years. This has yielded a
number of causative genes. The recognition of these syndromes is impor-
tant for the appropriate management of patients and their families as they
are transmitted as autosomal dominant traits characterised by high pene-
trance and significant colorectal cancer risk.

3.3.1. Peutz-Jeghers Syndrome

Peutz-Jeghers syndrome (PJS) is defined by the presence of hamartoma-
tous polyps of the small intestine, colon, and rectum that have distinctive
histomorphology, including smooth muscle arborisation within the stroma,
together with mucocutaneous melanin pigmentation. Polyp numbers vary
from 0 to less than 100. Although the distinctive hamartomas are the char-
acteristic lesion, other polyp types may be found, including hyperplastic
polyps and adenomas. The risk of colorectal cancer is thought to be
10%–20% [55]. In about one third of cases inactivating mutations can be
identified in the gene STK11 (LKB1) [56]. The condition is rare and prob-
ably accounts for less than .01% of all colorectal cancers [48].There appears
to be an increased risk of gastric malignancy in PJS, probably in the region
of 5%–10%, and of breast cancer in affected females [57]. The small-bowel
polyps may lead to paediatric presentation with acute obstruction, but
small-bowel cancer is rare. Surveillance protocols have been suggested,
based on what is known of the natural history of PJS [48]. These include
endoscopy of the upper and lower gastrointestinal tracts, small-bowel
imaging (every 3 years), and full blood count (annually) from the early
teenage years and annual breast, testicular, and pelvic examination and
ultrasound and biennial mammography from the early 20s. However, these
measures are of unproven benefit.

3.3.2. Juvenile Polyposis Syndrome

Juvenile polyposis syndrome (JPS) is an aetiologically heterogeneous auto-
somal dominant disorder characterised by the presence of multiple col-
orectal polyps with typical hamartomatous features on histopathological
examination. Polyps may also occur in the stomach or small intestine.
Isolated juvenile polyps are relatively common in youngsters (around 1%
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of the population) but JPS is rare (probably not more than 1 in 10000).
Juvenile polyposis syndrome is normally defined by the presence of at least
5 polyps with typical histology (dilated cystic glands, infiltration of the
lamina propria by inflammatory cells, and abundant stroma) or at least 1
typical polyp in the context of a positive family history. At least 50% of
cases are sporadic and are thought to represent new mutations at JPS loci.
There may be an excess of congenital malformations and dysmorphic fea-
tures among JPS cases. Patients may present with bleeding, anaemia, or
shedding of colonic polyps via the rectum during the first decades of life,
or they may present later with colorectal cancer. The risk of colorectal
cancer is probably 30%–50% [58]. Inherited mutations in either the Smad4
or BMPRa1 gene have been identified in patients and families with spo-
radic and dominantly transmitted JPS [59], but mutational and linkage
studies indicate the presence of other as yet undefined JPS genes.The prod-
ucts of the established JPS genes play roles in the transforming growth
factor b (TGF b) pathway. Where a causative mutation is identified, man-
agement of at-risk family members can be simplified by genetic testing.
Otherwise, the parents and siblings of children with JPS and the offspring
of adults with JPS should all be offered colonoscopic surveillance for polyps
and cancer every 2 to 3 years, with more frequent review if polyps are
detected.

3.3.3. Cowden Syndrome

Hamartomatous polyps of the gastrointestinal tract are also seen in Cowden
syndrome (CS), an autosomal dominant disorder characterised by muco-
cutaneous hamartomas (particularly trichilemmomas) and a high risk of
thyroid and breast cancer. Cowden syndrome is caused by inherited muta-
tions in the PTEN tumour suppressor gene. Although colorectal cancer has
been reported in CS, the risk does not appear to be greatly elevated [60].

3.4. MYH Polyposis
Very recently, mutations in the MYH gene on chromosome 1p have been
associated with an autosomal recessive trait characterised by multiple col-
orectal adenomas and a high risk of colorectal cancer. Most patients have
10 to several hundred of adenomas and have been considered previously
to have FAP or AFAP on clinical and pathological grounds [33,61]. The dis-
tinction of MYH polyposis from FAP/AFAP is important, as, until now,
these families have been managed on the assumption of genetic dominance
with an implied 50% risk for the offspring of affected cases. By contrast,
the risks in MYH polyposis are extremely low for the offspring of affected
patients, but 25% for their siblings. Genetic testing for MYH polyposis now
enables accurate genetic counselling and appropriate targeting of surveil-
lance for these families. The MYH gene is a homologue of the E. coli gene
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MutY that plays a key role in base excision repair (BER) of DNA damage
[62]. The BER pathway has a principal role in the repair of mutations
caused by reactive oxygen species that are generated during aerobic metab-
olism. The MYH protein excises adenine bases that are misincorporated
(instead of cytosine) opposite 8-oxo-7,8-dihydro2¢deoxyguanosine (8-oxo-
dG), a highly mutagenic product of oxidative damage to guanine [63]. Initial
reports suggest that the Y165C and G382D mutations account for most
Caucasian cases with MYH polyposis while the E466X mutation may be
particularly important in patients from the Indian subcontinent [33,61].
Diagnostic strategies based on allele-specific assays may therefore stream-
line testing for MYH polyposis. Gene carriers should be managed by
colonoscopic surveillance and most will require prophylactic surgery as for
FAP/AFAP.

4. Estimating and Managing Risk in the Absence 
of a Defined Genetic Cause

In the United Kingdom (and the United States), the population lifetime
risk of developing large-bowel malignancy is approximately 1 :25 [64]. The
risk is at least doubled for those with an affected first-degree relative. Risks
increase further when multiple family members are affected and when 
colorectal cancer is diagnosed at an early age (Table 3.4). The risk of col-
orectal cancer is also increased for siblings and parents of patients with 
adenomatous polyps (relative risk 1.78, increasing to 2.59 if the adenoma is
diagnosed before 60 years of age) [65]. The strong correlation between
family history and risk is now widely appreciated among both the public
and health professionals and this is leading to a rapid increase in use of
colonoscopic surveillance for the worried well.The resource implications of
ubiquitous screening in this group are immense. Recent recommendations
in the United Kingdom [2] have focused on targeting high-risk groups such
as those at increased familial risk, but advice to the worried well at lower
risk must be explained clearly. Colorectal cancer is so common that its
occurrence in some worried individuals who do not fall within screening
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Table 3.4. Familial colorectal cancer risk.
Risk factor Relative risk

One first-degree relative with colorectal cancer 2.25 (2.00–2.53)
Parent with colorectal cancer 2.26 (1.87–2.72)
Sibling with colorectal cancer 2.57 (2.19–3.02)
More than 1 first-degree relative with colorectal cancer 4.25 (3.01–6.08)
Relative diagnosed with colorectal cancer before age 45 1.87 (2.40–6.22)
One first-degree relative with colorectal adenoma 1.99 (1.55–2.55)

Adapted from Johns L, Houlston R. Am J Gastroenterol. 2001;96:2992–3003.



guidelines is inevitable. Referral to clinical genetic services for verification
of family history and risk assessment can help to ensure that resources for
colonoscopic surveillance are appropriately targeted. A more inclusive
approach to surveillance has been recommended in the United Sates [66],
where population level screening at or after age 50 with flexible sigmoi-
doscopy or colonoscopy has been advocated. Elsewhere recommendations
for screening vary considerably. As ever, the spectre of defensive practice
driven by medico-legal concerns lurks in the shadow of clinical uncertainty
[67].

5. Predisposition to Colorectal Cancer and Chronic
Ulcerative Colitis

The lifetime risk of colorectal cancer is markedly increased in individuals
with chronic ulcerative colitis (UC) with a reported incidence of between
5.5% and 21% after 20 years of disease, primarily in patients with pancol-
itis [68]. The presence of UC may increase the genetic risk for an individ-
ual based on family history of colorectal cancer. Risk factors that have been
implicated in the development of cancer in UC include extensive colonic
involvement, long disease duration, early age at disease onset, and presence
of primary sclerosing cholangitis.

6. Familial Colorectal Cancer—The Path Ahead

Almost all colorectal cancer susceptibility alleles identified so far are rare
but highly penetrant. They account for a significant proportion of colorec-
tal cancers that occur in the context of mendelian transmission, very early
age-at-onset, or association with additional phenotypic features. However,
most cases attributable to inherited factors do not occur in these settings,
but in the context of a limited family history and without additional phe-
notypic manifestations.The recent delineation of autosomal recessive MYH
polyposis confirms that recessive colorectal cancer predisposition genes
should not be overlooked. Most recessively determined colorectal cancers
would occur as apparently sporadic disease but, until recently, genetic
studies have focussed largely on families showing dominant transmission
and have assumed that the causative genes will behave as tumour suppres-
sors.The contribution to be made by subtle functional variants in genes that
have, until now, been considered mainly in the context of high penetrance
traits demands further investigation. Currently only the uncommon APC
missense variants I1307K and E1317Q have been investigated extensively
in this regard. The majority of colorectal cancers that are attributable to
inherited predisposition are likely to result from frequent alleles of low pen-
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etrance, acting either alone or in combination.These may include functional
polymorphisms in genes responsible for metabolism of carcinogens, the
antitumour immune response, or DNA repair, for example.

Determining the roles of such alleles at a population level represents a
major challenge for the future. Using this knowledge for individual risk
determination will not be simple. Different variants are likely to be of
importance in different populations and the validation of risks associated
with combinations of many variants will be a daunting task. Optimists look
forward to a time when simultaneous assay for numerous susceptibility
alleles (e.g., using DNA chip technology) will enable accurate computation
of individualised risks on which to base screening protocols. Pessimists
despair of the potential complexity of inherited predisposition to colorec-
tal cancer and the constraints that are imposed by limited resources for 
surveillance. Immediate priorities include the implementation of genetic
testing for mendelian colorectal cancer syndromes with appropriate 
evaluation and stratification of familial risk in the nonmendelian setting so
that surveillance resources can be allocated accordingly. Meanwhile, the
wealth of new knowledge provided by the human genome project will be
used to identify further colorectal cancer predisposition genes.This will lead
to progressive refinement of individualised risk estimation.
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4
Advances in the Medical Treatment
of Crohn’s Disease

Sara McCartney and Michael J.G. Farthing

1. Introduction

Crohn’s disease is a chronic inflammatory condition of the gastrointestinal
tract arising in genetically susceptible individuals as a result of either an
appropriate immunological response to a luminal antigen or an inappro-
priate or prolonged immunological response to the normal microflora of
the gut. Specific targeting of this response with immunomodulatory regi-
mens is likely to prove the way forward in the management of Crohn’s
disease, rather than relying on blanket immunosuppression with its associ-
ated side effects (Table 4.1).

There is little doubt that further development of treatment strategies is
necessary. The incidence of Crohn’s disease has risen steadily in most of the
regions where repeated studies have been carried out. Annual incidence
figures from both Europe and North America lie mostly between 2 and 6
per 100,000 [1–3]. Interestingly, over the last 2 decades the incidence figures
in the under-16 age group have shown a more dramatic increase, from 
a mean of 1.3 cases per 100,000 from 1983 to 1988, to a mean of 3.1 per 
100,000 between 1989 and 1993 [4]. As disease prevalence and chronicity
increase, so does the awareness of the inadequacy of current therapy. This
inadequacy drives forward the search for new approaches to treatment.This
is particularly important because standard therapies fail to induce remis-
sion in approximately 30% of patients and there is a lack of efficacious
maintenance regimens.

In this chapter we discuss both the current role and the new develop-
ments in the use of established treatments such as 5-aminosalicylate (5-
ASA) drugs and corticosteroids that remain the mainstay of management
of Crohn’s disease. In addition, we will explore when and how to use the
newer immunomodulatory drugs and biological therapies for steroid-
efractory or steroid-dependent disease or when surgery is inappropriate
(Table 4.2). Early trials, however, indicate spontaneous remission rates of
up to 30% in Crohn’s disease.
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Table 4.1. Targets for new therapy in Crohn’s disease.
Drug target Agent evaluated Efficacy to date Current position/

indication/comments

Differentiation of Anti–interferon-g antibody Efficacy in animal models, human trials Results awaited
CD4+ T-helper Anti–interleukin-12 antibody underway Results awaited
lymphocytes into Interleukin 10 Human dose-finding studies in Try alternative methods of administration
Th1 and Th2 progress

No benefit in placebo-controlled trials

Lymphocyte trafficking Anti-a4 integrin antibody Significant clinical response in RCT Phase III and maintenance trials underway
(natalizumab) Placebo-controlled dose-finding trials in Results awaited

Anti-a4b7 integrin antibody progress Trial ensuring high serum dose underway
Anti-sense ICAM-1 (Isis 2302) No benefit in 2 large RCTs

Tumour-necrosis- Chimeric anti–tumour necrosis- Efficacious,increasingly widely used, Refractory or fistulating disease
factor mediated factor antibody (infliximab) maintenance benefit Large placebo-controlled phase III studies

Humanised anti–tumour necrosis- Placebo-controlled trials show benefit underway
factor antibody (CDP571) RCT failed to show benefit Large placebo-controlled phase II study in

Tumour-necrosis-factor receptor Benefit shown in small dose-finding study progress
fusion protein (etanercept) Benefit in uncontrolled pilot study Larger RCT necessary

p55 tumour-necrosis-factor–binding Efficacious in uncontrolled pilot studies Significant fistula closure
protein (onercept) CNI-1493

Thalidomide

Miscellaneous Interferon b-1a Positive pilot study Phase-IIb trial planned
Granulocyte macrophage-colony– Positive pilot studies Suggest benefit in fistulating disease

stimulating factor Negative phase-IIa dose-response study Phase III trial halted after interim analysis
Interleukin 11

RCT, randomised controlled trial.



Table 4.2. Comparative features of efficacious drugs in Crohn’s disease.
Feature Corticosteroids Azathioprine/6-MP Methotrexate Infliximab

Indication Acute severe Crohn’s Steroid-sparing agent Steroid/azathioprine- Fistulating disease, bridge to
disease first-line treatment for refractory, Azathioprine methotrexate therapy in drug

repeat flares intolerant Crohn’s disease refractory patients
Speed of action 24–72h 8–12wk 8wk 2–4wK
Ease of administration Oral Oral Intramuscualr injection Intravenous infusion
Toxicity Well-documented short- Nausea, myelosuppression, Hepatic fibrosis, pulmonary HACA formation, anaphylaxis,

and long-term side effects pancreatitis fibrosis/pneumonitis, tuberculosis activation, potential
myelosuppression stricturing

Cost Inexpensive Inexpensive Inexpensive, but may be Expensive
expensive to administer

Use in pregnancy Yes, if essential; risk of Yes, if essential; good Contraindicated Very limited data, no guidelines at
adrenal suppression in safety profile but present.
high dose relatively limited data

Risk of malignancy No increase Probable small overall Low or absent, little data in Early reports of increased
increase in risk inflammatory bowel disease lymphomas, further data awaited

Use in maintenance No Yes Yes Yes, further results awaited
of remission

HACA, human anti-chimeric antibody.



2. Update on Established Treatment

2.1. The New Corticosteroids
Corticosteroids, in the form of intravenous hydrocortisone or oral pred-
nisolone, remain one of the traditional mainstays of treatment for acute
exacerbations of Crohn’s disease due to their efficacy and speed of action.
Prolonged use is limited by their adverse effects and there is an increasing
vogue to avoid them altogether. There appears to be no difference between
equivalent doses of methylprednisolone, prednisolone, and hydrocortisone,
although intravenous administration does offer benefit in refractory cases.
Most gastroenterologists treat moderate to severe Crohn’s disease with a
starting dose of 40mg/d prednisolone or 0.5–1mg/kg body weight. In severe
disease or when absorption is likely to be impaired, 50–100mg hydrocorti-
sone intravenously 4 times daily is an effective dose. These doses can be
tapered fairly rapidly depending on clinical response, although there are
limited data available on the optimal rate of reduction. As steroids have no
role in maintaining remission [5], they should be completely withdrawn or,
if necessary, used as a bridge while an immunomodulatory drug such as 
azathioprine is introduced.

The newer, orally administered corticosteroids are designed to increase
intraluminal drug concentrations but limit systemic availability either
through high-affinity receptor binding or by undergoing extensive hepatic
metabolism. Budesonide utilises an additional pH-dependent mechanism.
By coating the drug with acrylic resin (Eudragit®, Roehm), which dissolves
at pH 6 or 7, delivery to the terminal ileum and colon is enhanced. As a
result, only about 10% of the absorbed drug reaches the systemic 
circulation. Greenberg et al. assessed the efficacy of 3mg, 9mg, and 15mg
of budesonide in 258 patients with active ileal or ileocaecal Crohn’s disease
[6]. This identified 9mg as the optimal dose in terms of maximal efficacy
with minimal adrenal suppression. Fifty-one percent of patients entered
remission on 9mg of budesonide daily (defined as a fall in the CDAI to less
than 150), compared to 43% receiving 15mg and 33% receiving 3mg.When
an initial dose of 9mg of budesonide was compared directly to 40mg of
prednisolone in tapering dose in 176 patients, both drugs were efficacious
in inducing remission in 53% and 66% of patients, respectively. However,
the prednisolone group did have significantly reduced CDAI scores,
although this was accompanied by a significant reduction in the morning
plasma cortisol concentration, suggesting a higher level of systemic absorp-
tion, and, thus, steroid-related side effects [7].

There appears to be a good argument for switching patients with steroid-
dependent ileocecal Crohn’s disease to budesonide in view of the reduced
glucocorticoid side effects [8], although it remains of unproven benefit in
specific situations such as limiting growth impairment in paediatric Crohn’s
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disease [9]. It is clear, however, from recent meta-analyses that oral 
budesonide, like prednisolone, is not effective as maintenance therapy in
preventing relapses of Crohn’s disease and should not be prescribed as 
such [10].

More recent trials have focused on comparing budesonide 9mg daily 
to mesalamine 2g twice daily for treatment of mild-to-moderate Crohn’s
disease. The remission rates were significantly better in those receiving
budesonide than mesalamine, 69% versus 45% (P = .001) and although the
morning cortisol levels were reduced in one third of the patients on budes-
onide, this did not reach statistical significance [11]. The addition of antibi-
otics to budesonide failed to show any benefit for patients with ileal disease
although there is some possible benefit in the setting of colonic disease [12].

In current clinical practice budesonide is a useful, safe drug for treating
moderately active Crohn’s disease, but severe attacks are still probably best
managed with the traditional corticosteroids despite their higher incidence
of adverse effects. Drug development continues in this area of highly 
topically active but systemically inert preparations and it is likely further
preparations will become available.

2.2. Azathioprine and 6-Mercaptopurine
These drugs have been used for many years as steroid-sparing agents and
in refractory or recurrent disease. Azathioprine is metabolised almost com-
pletely to 6-methylmercaptopurine (6-MP) and subsequently by thiopurine
methyltransferase (TPMT) to 6-MP or to active 6-thioguanine nucleotides.
The main development in managing patients on these drugs is the mea-
surement of TPMT levels to ensure they can adequately metabolise the
drug. Myelosuppression is much more common in patients who are het-
erozygotes for TPMT deficiency and almost invariable for those homozy-
gotes. The therapeutic dose can therefore be pushed to higher levels in
nonresponders with high TPMT levels, but needs to be carefully monitored
or avoided in those with low and absent levels, respectively. Studies from
the 1980s confirm efficacy in induction of remission, reduction in steroid
requirement, benefit in maintenance of remission, and an increase in fistula
closure rate [13–15], and these findings have been endorsed by recent meta-
analyses [16,17]. A recent trial has shown that the addition of 6-MP to a
corticosteroid regimen at the start of therapy in children with moderate-to-
severe Crohn’s disease significantly reduces both the need for steroids and
improves maintenance of remission [18]. It remains unclear, however,
whether continued treatment with azathioprine rather than 5-ASA prepa-
rations after surgery is appropriate particularly when the disease is felt to
be cleared [19]. A pragmatic approach is to reassess the disease 6 months
postoperatively and to commence treatment if there is evidence of clinical
or endoscopic recurrence.
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2.3. Cyclosporin
Although of proven benefit in acute severe ulcerative colitis, the experience
of using cyclosporin has been less promising in refractory Crohn’s disease.
Of a series of randomised, double-blind placebo-controlled trials, only one
[20] shows a significant benefit (50% clinical improvement vs 32% in con-
trols, P = .032) while the others show no benefit or actual deterioration in
symptoms [21,22]. Questions have been raised regarding dosing regimens
and routes of administration. These variables could perhaps be optimised
but at present, in view of the toxicity and relapse rate, there is little clinical
indication to use cyclosporin outside of a formal trial setting.

2.4. 5-ASAs in Crohn’s Disease
As 5-ASA acts primarily on intestinal epithelial cells, it is likely to be more
efficacious in the treatment of mucosal inflammation such as in ulcerative
colitis rather than the transmural disease found in Crohn’s. Sulphasalazine
is the original and cheapest of the alternatives and shows comparable effi-
cicacy to the newer preparations. However, most of the alternatives are per-
ceived to have fewer side effects, although sulphasalazine does remain the
drug of choice in patients with significant associated arthropathy. Most of
the evidence shows that 5-ASA drugs are more useful in remission of ulcer-
ative colitis than Crohn’s disease. High-dose mesalazine in the form of
Pentasa® (Ferring A/S Corp) 4g/d has been shown to decrease the rate of
relapse after surgical resection for small-bowel Crohn’s disease [23]. The
effects were limited to small-bowel disease only and no benefit was noted
in ileocolonic disease. As the therapeutic effects are primarily achieved by
high intraluminal drug concentrations, formulations with less systemic
absorption are likely to offer benefit while minimising side effects. 5-
Aminosalicylate in a dose of 3g/d has also been compared to a fairly modest
50mg 6-MP [24] in the postoperative setting. However, while endoscopic
relapse was reduced in the group receiving 6-MP, clinical relapse was the
same in both groups though significantly lower with either drug than in the
placebo group.

One newly emerging benefit of all 5-ASA treatments is their role in 
colorectal cancer prophylaxis and although the case is better established 
in ulcerative colitis, patients with total Crohn’s colitis may also experience
significant risk reductions [25].

2.5. Antibiotics
While the immune defect in Crohn’s disease remains uncertain, a gene for
the disease was identified encoding NOD2/CARD 15, a protein involved 
in the recognition of microbes and the subsequent signalling that triggers
the immune response, thus linking enteric bacteria to the development of
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disease. Metronidazole is well established in the treatment of Crohn’s
disease, particularly in association with fistulating perianal disease [26,27].
Unfortunately, prolonged usage tends to be limited by the development of
peripheral neuropathy.

The combination of metronidazole and ciprofloxacin appears to have a
synergistic effect and is highly efficacious in patients with colonic disease
in particular [28]. In the postoperative setting, Rutgeerts et al. showed
modest benefit at 1 year when the equivalent of 400mg metronidazole was
taken 3 times daily for 3 months following surgical resection [29]. The same
group studied ornidazole postoperatively and again showed significantly
reduced clinical and endoscopic recurrence of disease (although with a high
incidence of peripheral neuropathy). These reductions were shown in both
endoscopic (at 3 months and 12 months) and clinical recurrence at 12
months, although significantly more patients dropped out in the treatment
group and the benefits were not sustained for more than 1 year [30].

Specific antituberculous regimens have been assessed following publica-
tion of data showing the presence of Mycobacterium paratuberculosis DNA
in surgical resection samples of 65% of patients with Crohn’s disease com-
pared with 12.5% of normal controls [31]. The results are equivocal; a 2-
year outcomes analysis of 46 patients treated with rifabutin in combination
with a macrolide antibiotic (clarithromycin or azithromycin) indicated a
response in terms of reduction in the steroid requirement, Harvey-Brad-
shaw CDAI, and improvement in inflammatory parameters particularily in
those with widespread disease [32]. A double-blind trial of 51 patients
showed improvements in those who had both streptomycin and rifabutin
compared to those receiving streptomycin alone, although it was of note
that treatment with conventional therapies continued throughout the trial
period. Contrary to this, a controlled trial assessing 111 patients who
received 2 years of treatment with antituberculous chemotherapy showed
no clinical benefit either immediately after completion of treatment or after
further follow up 3 years later [33]. The net result is that these regimens
have not been used extensively outside the trial setting, although within that
context do appear to be remarkably well tolerated. Thus, in view of the dis-
appointing results in the randomised controlled trials, there seems to be
little evidence to recommend the use of these multidrug regimens outside
the setting of a randomised controlled trial.

3. The New Therapies

3.1. Biological Therapies
These radical new therapies include monoclonal antibodies, therapeutic
peptides, nucleic-acid–based therapies such as antisense oligonucleotides
and cell- and gene-based therapies. They have developed as a result of an
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increased understanding of immunological mechanisms in inflammation.
The Th1 response seen in Crohn’s disease is characterised by initial
increased expression of IL-2, IL-12, and IL-18, followed by an increase in
the production of TNFa, IL-1b, and NF-KB. To a lesser extent, a simulta-
neous increase is seen in Th2-mediated anti-inflammatory cytokines such
as IL-10 and TGFb. Therefore, in Crohn’s disease the pro-inflammatory
cytokines represent suitable targets for therapy. However the biologicals
have several notable disadvantages including restricted administration via
nonoral routes, the potential for immunogenicity, and considerable expense.

Inhibition of TNFa by a variety of approaches is currently the most
proven clinically useful of these treatments for refractory Crohn’s disease.
TNFa has been measured in increased concentrations in both normal and
inflamed mucosa from patients with Crohn’s disease, suggesting an early
key role in the inflammatory cascade. In addition, transgenic animal models
engineered to overexpress TNFa develop a granulomatous enteropathy
and arthritis, and blockade of TNFa is efficacious in treating inflammation
in a number of animal models of inflammatory bowel disease [34,35]. Initial
antigen binding to receptors on lymphocytes triggers further lymphocyte
amplification and differentiation with resultant cytokine synthesis. As a
result, increasing levels of circulating TNFa bind to transmembrane TNFa
receptors and via NFkB activation initiate further pro-inflammatory
cytokine production. Subsequent activation of other inflammatory path-
ways results in stimulation of the arachidonic acid pathway including up-
regulation of cyclooxygenase 2 (COX-2) and inducible nitric oxide synthase
(iNOS), up-regulation of adhesion molecules, and ligation of the death
receptor TNFRI leading to increased apoptosis. TNFa is integral to the
control of lymphocyte trafficking, resulting in the recruitment of inflam-
matory cells from the systemic circulation to the site of inflammation.These
effects are largely via the increased expression of adhesion molecules
including intercellular adhesion molecule-1 (ICAM-1), vascular cell 
adhesionmolecule-1 (VCAM-1), and mucosal-addressin cellular adhesion
molecule-1 (Mad-CAM-1), along with integrins and selectins. Limitation of
the effects of these adhesion molecules may prove therapeutic by reducing
lymphocyte attraction and cell transmigration to the gut mucosa. Mono-
clonal antibodies in the form of infiximab and CDP571, the soluble TNFa
receptor fusion protein etanercept, soluble TNFa receptor onercept, the
MAPKinase inhibitor CNI-1493, and thalidomide all act to limit TNFa pro-
duction and secretion while inhibitors of lymphocyte trafficking limit the
subsequent inflammatory response. The efficacy and therapeutic potential
of these agents will be discussed in more detail.

3.1.1. Infliximab

Infliximab is a genetically engineered murine-human chimeric antibody
comprised of 75% human and 25% murine protein. It is thought to act by
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neutralising both soluble and transmembrane TNFa, in addition to causing
lysis of TNFa-producing cells by complement fixation, antibody-dependent
cytotoxicity, and apoptosis of T-lymphocytes.

Successful initial open-label studies led the way for a placebo-controlled
trial of infliximab at doses ranging from 5–20mg/kg [36]. By 4 weeks, 48%
of patients had responded to 5mg/kg of infliximab with higher doses being
less efficacious with a 25% response and only 4% of the placebo patients
achieving remission. Remission was defined as reduction in the Crohn’s
Disease Activity Index [37] to <150 points. Nonresponders were subse-
quently treated with 10mg/kg of infliximab in an open-label study. Finally,
responders from both studies were randomised at 12 weeks into a further
study involving re-treatment at 8 weekly intervals. Fifty-three percent of
these patients maintained remission to week 44 (compared with 20% on
placebo), however, many subsequently relapsed between weeks 44 and 48
suggesting that the benefit is sustained for approximately 8 weeks [38].
Results from a larger re-treatment study have recently been reported in 573
patients following an initial open dose of 5mg/kg of infliximab. Three
hundred and thirty-five patients (59%) responded to initial treatment and
were subsequently randomised to either placebo infusions, infliximab at 
5mg/kg for 2 induction doses (2 and 6 weeks) then 5mg/kg every 8 weeks
(group II), or infliximab with the same induction regimen but 10mg/kg
every 8 weeks (group III). The primary end-point was patients in remission
at week 30, again defined by a CDAI of less than 150. Twenty-two percent
of the placebo group versus 39% of group II and 46% of group III achieved
clinical remission. These results were highly statistically significant with P
values of .003 and .001, respectively. In addition, the study demonstrated
that the 3-dose induction regimen was superior at inducing remission than
a single induction dose (40% vs 28%) and that closure of Crohn’s disease
fistulas was maintained more effectively in re-treated patients [39]. In
summary, patients with Crohn’s disease initially responding to a 5mg/kg
dose of infliximab are more likely to be in remission at weeks 30 and 54, to
discontinue corticosteroids, and to maintain their response for a longer
period of time, if infliximab treatment is maintained every 8 weeks. A
number of other trials have also confirmed the efficacy of infliximab therapy
and in addition emphasised its usefulness in fistulating disease [40,41].
Several questions continue to remain unanswered such as the long-term
safety of infliximab as a steroid-sparing agent and its efficacy in ulcerative
colitis.

One of the major disadvantages of this treatment is the development of
human antichimeric antibodies (HACAs) which may lead to loss of efficacy
and an increase in the percentage of infusion reactions. The reported level
of antibody formation in clinical trials is relatively low at 13% [42], but this
seems highly dependent on the assay used as other studies report much
more significant levels with cumulative frequencies of 36%–68% [43,44].
Infusion reactions, usually consisting of urticaria, dyspnoea, and hypoten-
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sion, occurred in 17% of trial patients compared with 7% of placebo [42].
The frequency of HACA formation may be reduced in patients either on
immunomodulatory therapy or receiving corticosteroids [45]. More worry-
ingly, delayed hypersensitivity reactions with symptoms including myalgia,
arthralgia, fever, pruritis, oedema, urticaria, sore throat, and headache are
reported in 25% of re-treated patients after treatment free periods of
between 2 and 4 years [46]. In addition there is concern regarding increased
formation of antinuclear antibodies (ANAs) and anti–double-stranded
DNA antibodies with occasional development of the features of drug-
induced lupus [47]. Although most of this data is currently available in
abstract form, many units are now treating patients with a single intra-
venous dose of hydrocortisone prior to receiving their infliximab infusion.

Infection particularly with tuberculosis, and, to a lesser extent, listeriosis,
histoplasmosis, and aspergillosis remains a major concern following inflix-
imab therapy. There were 70 reported cases of tuberculosis following treat-
ment with infliximab, 48 of these occurring after 3 or less infusions, which
was much higher than the reported frequency of other opportunistic infec-
tions. Current recommendations include screening for latent tuberculosis
with tuberculin skin testing followed by chest X-ray in those with a posi-
tive skin test [48,49]. Patients with a history of tuberculosis must be re-
assessed and treated appropriately prior to starting infliximab therapy.

Long-term follow up of patients receiving infliximab is required before
the risk of increased malignancy can be fully ascertained. Currently the risk
appears relatively low, although recently a total 26 cases of lymphoma were
reported to the United States Food and Drug Administration of which 81%
were non-Hodgkin’s lymphoma [50]. The interval between initiation of
therapy with etanercept (18 cases) or infliximab (8 cases) and the develop-
ment of lymphoma was very short, with a median time of 8 weeks and in 2
instances withdrawal of the drug was sufficient to precipitate lymphoma
regression.

Infliximab is currently not recommended during pregnancy mainly due
to a lack of sufficient safety data. However, it has been used extensively in
paediatric Crohn’s disease including in maintenance regimens in the United
States without obvious complication, although again results of longer-term
studies in this patient group are awaited.

3.1.2. CDP571

CDP571 is a genetically engineered humanised IgG4 antibody specific for
human TNFa. It consists of approximately 95% human protein and only
5% murine protein and in theory less immunogenic than infliximab. The
mechanism of action is likely to be neutralisation of soluble and trans-
membrane TNFa. Stack et al. reported the first randomised controlled trial
of CDP571 showing that following a single dose of 5mg/kg there was a sig-
nificant decrease in Crohn’s disease activity at 2 weeks compared to placebo

68 S. McCartney and M.J.G. Farthing



in 1997 [51]. In a larger study of 169 patients with moderate-to-severe
Crohn’s disease, patients were randomised to receive a single dose of
CDP571 either at 10 or 20mg/kg; patients were then re-treated with 10
mg/kg at 8 weekly intervals. At 2 weeks, 54% of patients receiving 10mg/kg
had a clinical response (drop in CDAI of >70 points) compared to 37%
response in those receiving 20mg/kg, and a placebo response of 27%.There
was also a trend towards a greater rate of remission in treated patients at
24 weeks and an increased rate of fistula closure, but the only results to
reach statistical significance were in placebo-treated patients compared
with those receiving 10mg/kg of CDP571 [52].Another study on 71 patients
with steroid-dependent Crohn’s disease treated with 20mg/kg CDP571 at
baseline and 10mg/kg at 8 weeks found 44% of patients maintained remis-
sion and successfully discontinued steroids compared with 22% receiving
placebo [53]. Further studies are awaited to confirm efficacy in acute
disease, its use as a steroid-sparing agent, and the appropriateness of main-
tenance regimens.

Anti-idiotype antibody formation, infusion reactions, and the develop-
ment of anti–double-stranded DNA antibodies all occurred but to a lesser
degree than following infliximab use, as might be expected. Drug induced
lupus, non-Hodgkin’s lymphoma, and delayed hypersensitivity reactions
have not been reported but this may simply reflect the limited clinical use
of CDP571 to date.

3.1.3. Etanercept

Etanercept is a genetically engineered human soluble TNFa receptor fusion
protein that acts by neutralising soluble TNFa. As there is no murine
element, theoretically it should be less immunogenic than either infliximab
or CDP571. It has been used widely and successfully in rheumatoid arthri-
tis but the experience in Crohn’s disease is much more limited.A pilot study
on 10 patients with active Crohn’s disease receiving 25mg of etanercept 
by subcutaneous injection twice weekly for 12 weeks reported a clinical
response (decrease in CDAI of >70 points) in 6 of the 10 patients [54]. A
larger randomised placebo-controlled trial involving 43 patients subse-
quently failed to demonstrate any benefit and raised the question as to
whether higher or more frequent dosing than is currently used in the
rheumatoid population was required [55].

3.1.4. Onercept

Onercept is a recombinant human TNF-binding protein (TBP-1). Like 
etanercept it is wholly of human origin and therefore should have little
immunogenicity.The mechanism of action has not been fully elucidated but
is likely to relate to neutralisation of soluble TNFa.

Preliminary studies indicated that in 12 patients treated with 50mg of
TBP-1 subcutaneously 3 times a week for 2 weeks, 5 of 6 patients showed
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a clinical response and 4 of 6 patients achieved remission. The lower dose
tested (11.7mg) was not efficacious. The drug was well tolerated and no
antibodies were found at the end of follow up, confirming it to be nonim-
munogenic. Once more, larger, longer term studies are required [56].

3.1.5. Thalidomide

Thalidomide is not a biologic therapy per se but because of its anti-TNFa
action it is most appropriate to include it in this section.

The mechanism of action appears to be by selective reduction in TNFa
production by lipopolysaccharide- (LPS) stimulated monocytes [57] as a
result of enhanced degradation of TNFa mRNA. Thalidomide also has the
additional effect of inhibiting IL-12. Despite being a relatively weak TNFa
inhibitor (at high drug concentrations, total inhibition of TNFa production
by inflammatory cells is not achieved), efficacy has been reported in a wide
range of conditions including erythema nodosum leprosum, Behcet’s syn-
drome, aphthous stomatitis complicating HIV, and pyoderma gangrenosum.
Several small open-label pilot studies, including one in paediatric patients,
have shown benefit in steroid-dependent or refractory Crohn’s disease [58].
Vasiliauskas et al. report response rates of 67% and remission rates of 0%–
33% using 50–100mg daily in patients with active inflammatory Crohn’s
disease [59]. Ehrenpreis et al. used a higher dose of 200–300mg daily in
patients with active inflammatory and fistulising disease and reported 
fistula closure in 80% and a 50% clinical response rate [60].

The serious adverse effects of thalidomide are well publicised and
patients must practice either abstinence or strict birth control. It is recom-
mended that women undergo regular pregnancy testing and use 2 forms 
of contraception. Other side effects include sedation—present in nearly 
all patients—symptomatic neuropathy (present in around 20%), and skin
rashes. In the light of this and the fact that the results of controlled clinical
trials are not yet available, thalidomide is currently a therapy that should
be restricted to either severe refractory complications such as pyoderma
gangrenosum and resistant oral ulceration or a clinical trial setting.

3.1.6. CNI-1493

Like thalidomide, this drug is also not strictly a biologic but because of 
its action in inhibiting the production of TNFa has been included in this
section. The efficacy of monoclonal antibodies against TNFa has led to
interest in identifying other means of reducing TNFa activity. Mitogen-
activated protein kinases (MAPKs) are signal-transducing enzymes that
regulate cellular processes including gene expression and cell prolifera-
tion [57,61]. Animal studies suggest an anti-inflammatory role for MAPK
inhibition following work indicating LPS-induced TNFa production could
be limited by inhibition of the MAPK signalling cascade.
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CNI-1493 is a guanylhydrazone that inhibits the phosphorylation of p38
MAP kinase and c-Jun N-terminal kinase (JNK). CNI-1493 has been shown
to inhibit macrophage formation and the production of a number of 
pro-inflammatory cytokines including TNFa.

Previous studies in melanoma and renal cancer using IL-2 indicated the
drug was well tolerated and inhibited the IL-2–stimulated increase in
TNFa. Furthermore, in a pilot study in patients with moderate-to-severe
psoriasis there was a marked response to therapy.

Hommes et al. report successful results using CNI-1493 in patients 
with moderate-to-severe Crohn’s disease [62]. Twelve patients with severe
Crohn’s disease were randomised to receive either 8 or 25mg/m2 of CNI-
1493 daily for 12 days. The clinical endpoints included safety, the CDAI,
Inflammatory Bowel Disease Questionnaire (IBDQ), the Crohn’s Disease
Endoscopic Index of Severity (CDEIS), and C-reactive protein levels
(CRP). A clinical response was defined as a reduction in CDAI of >25%
and >70 points and remission defined as reduction in CDAI to below 150.
No serious adverse effects were noticed and by 4 weeks 67% of patients
had responded with 25% achieving remission. Four months following the
start of treatment one half of the patients were in remission and 58% had
shown a response. There was no difference noted in the response rates
between the treatment groups. In addition, closure of fistulas was noted in
4 out of 5 patients, steroid reduction was achieved in 89% of patients, and
arthropathy had resolved in the 5 patients who were symptomatic at the
outset.

Further study is required as this is an uncontrolled pilot study. It does,
however, indicate that inhibition of inflammatory MAPKs may result in 
significant clinical improvement. In addition the drugs are orally active,
relatively cheap, and small doses only are likely to be required so certainly
warrant further investigation.

3.1.7. Other Approaches Involving Cytokine Manipulation

3.1.7.1. IL-10

The genetically engineered IL-10 knock-out mouse develops progressive
patchy intestinal inflammation when reared in a normal environment.
Administration of IL-10 to these animals prior to the development of the
enterocolitis will prevent inflammatory bowel disease and attenuate already
established disease. These observations, along with evidence that IL-10
reduces production of IL-10 and IFN-g by T-helper type 1 cells and IL-12
production by macrophages, lead to interest in developing a therapeutic
recombinant IL-10. An initial dose-response study suggested benefit in 46
patients with medically refractory Crohn’s disease [63], but larger placebo-
controlled dose-response trials could not confirm these findings [64,65].
Alternative methods of administering IL-10 may result in higher levels
within the colonic mucosa such as the use of bacteria genetically engineered
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to produce IL-10 but it has yet to be seen if these are either efficacious or
appropriate for human use [66].

3.1.7.2. Anti–IL-12

IL-12 is both a pro-inflammatory and regulatory cytokine. It acts via the IL-
12 receptor on naive T cells to induce differentiation into Th1 cells stimu-
lating increased production of IFN-g. Antibodies to IL-12 have been shown
to abrogate experimental colitis induced by TNBS when administered
either early or late following disease induction [67,68]. Human phase II
dose-finding studies are currently underway.

3.1.7.3. IFN-g and Anti–IFN-g

Interferon-g is a pro-inflammatory cytokine produced by Th1 cells. In
theory, antibodies to IFN-g should be therapeutic but it has not been shown
to be particularly efficacious in ameliorating experimental colitis in animal
studies [69]. Human trials are currently underway. Interferon-g might be
predicted to exacerbate Crohn’s disease, however, in practice this does not
actually appear to be the case [70].

3.1.7.4. Anti–IL-18

Interleukin-18 is produced by intestinal epithelial cells and lamina propria
cells from patients with Crohn’s disease; its main action is to augment 
IFN-g production. Animal model studies suggest efficacy of both anti–
IL-18 antibodies and administration of an adenovirus expressing IL-18 anti-
sense mRNA [71].

3.1.7.5. Anti–IL-2 Receptor Antibodies

No controlled trials have been carried out but a small pilot study suggests
daclizumab, a humanised anti–IL-2 receptor (CD25) antibody is helpful in
refractory ulcerative colitis [72], but whether it will be useful in Crohn’s
disease remains unclear.

3.1.8. Inhibition of Lymphocyte Trafficking

To date, the main therapeutic targets identified to inhibit lymphocyte traf-
ficking include anti-sense to the intercellular adhesion molecule-1 (ICAM-
1) and monoclonal antibodies to either a4 integrin that is expressed on
lymphocytes or a4b7 integrin that acts in conjunction with other adhesion
molecules to facilitate leucocyte migration.

Anti-ICAM-1 antisense oligonucleotide (ISIS-2302) acts as a substrate
for nuclease Rnase-H with resultant reduction in ICAM-1 expression.
This limits the effects of ICAM-1 in promoting inflammation by reducing
leucocyte migration from the intravascular space. In addition, the role of
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ICAM-1 in facilitating cytotoxic T-cell, natural killer cell, and neutrophil-
mediated damage of target cells should in theory be attenuated.

An initial randomised controlled trial included 20 patients with active
steroid-refractory Crohn’s disease treated with either 13 intravenous infu-
sions of ISIS-2302 or placebo over 26 days. Seven of 15 patients treated with
ISIS-2302 achieved remission compared to only 1 of the 5 patients receiv-
ing placebo. In the majority of cases, the response appeared to last up to 6
months. [73].

Unfortunately these promising results have not been confirmed by
further trials. In one trial, 75 patients with steroid-refractory Crohn’s dis-
ease were randomised to receive 1 of 4 treatment courses of subcutaneous
ISIS-2302 (0.5mg/kg for 2 days, 1 week, 2 weeks, 4 weeks) or placebo. The
primary end-point of remission without steroids at week 13 was attained by
just 3.3% of the patients [74]. Similarly, a larger randomised controlled trial
involving 299 patients with active disease treated with intravenous ISIS-
2302 at 2mg/kg 3 days a week for either 2 or 4 weeks or placebo failed to
demonstrate efficacy [75].

The remission rate in treated patients at 20% was similar to that of the
placebo group at 18.8%. However patients who achieved high serum 
concentrations of ISIS-2302 (a small subgroup of obese females) showed
increased rates of remission.

A recent study [76] to evaluate safety, pharmacokinetics, and clinical effi-
cacy of ISIS-2302 at 250–350mg in 22 patients with active Crohn’s disease
has shown overall remission rates (defined as a CDAI <150) were 41% but
reached 53% in patients who received more than 3 of the intended 12 infu-
sions. There was a trend to more rapid remission in the cohort receiving 
350mg and the disease response was most durable in the 300-mg group.
Although results of this trial suggest that a dose of 300–350mg achieves
adequate drug exposure, there was no placebo cohort, limiting any accurate
assessment of efficacy.

Unfortunately, despite the studies reported to date further large-scale
trials with an adequate dosing regime still remain necessary to show con-
clusive benefit.

Natalizumab (Antegren®, Biogen Idec) is a recombinant IgG4 human-
ised anti-a4 integrin monoclonal antibody that is 95% human IgG4 and 5%
murine. Its mode of action is via high-affinity binding to a4 integrin, thus
inhibiting further interactions with VCAM-1 and Mad-CAM-1, resulting in
reduced leucocyte homing to inflamed gut mucosa. Initial studies involving
the cotton-top tamarin showed that the spontaneous development of colitis
could be prevented by blocking a4 integrin with monoclonal antibodies.

In the larger of the two reported placebo-controlled trials with natal-
izumab, 244 patients with moderate-to-severe Crohn’s disease were ran-
domised into 4 treatment groups [77]. These consisted of either a single 3
mg/kg dose, 2 3mg/kg doses at a 4-week interval, 2 6mg/kg doses at a 4-
week interval, or placebo. By 6 weeks, 29% of patients receiving the single
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dose 3mg/kg dose, 46% receiving 2 doses at 3mg/kg, and 31% receiving the
higher dose of 6mg/kg had a CDAI score of <150 points, indicating remis-
sion compared to 27% of patients receiving placebo. This was statistically
significant for the group receiving 2 doses of 3mg/kg at 6 weeks, but inter-
estingly not for the group receiving the higher dose (although significant
benefit was seen at the other time points). The numbers achieving a clini-
cal response (reduction in CDAI of at least 70 points) were higher at 71%
against 38% in the placebo group and significant clinical responses were
seen in all 3 groups who received the active drug. There were no serious
adverse events attributable to natalizumab and the short-term efficacy
appears comparable to that of infliximab.Antibody formation was reported
in 7% of patients but was only associated with an infusion reaction in one
case.

A smaller trial assessed 30 patients randomised to either a single intra-
venous infusion of natalizumab at a dose of 3mg/kg or placebo [78]. This
showed a benefit by week 2 in terms of a reduction in CDAI by 45 points
in the treatment group but not in those receiving placebo (P = .02). Clini-
cal remission (CDAI score of <150 points) occurred in a larger proportion
of patients receiving natalizumab than in placebo (39% vs 8%, respec-
tively), but this did not reach statistical significance.

In addition, a pilot study using natalizumab in patients with active ulcer-
ative colitis has recently reported positive results [79].

A recombinant IgG1 humanized monoclonal antibody comprising mouse
anti-human a4b7 integrin monoclonal antibody grafted to human IgG1
(LDP-02) has shown some promise in studies in both animal models and
in patients with active ulcerative colitis [80,81]. Currently, larger placebo-
controlled dose-finding trials are in progress in active Crohn’s disease.

In view of the positive findings in pilot and short-term studies, further
randomised placebo-controlled trials appear necessary to define longer-
term benefit and safety both of natalizumab and orally available a4-
integrin inhibitors.

3.1.9. Miscellaneous

Inhibitors of NF-kB may prove efficacious in treating Crohn’s disease by
limiting transcription of promoters of pro-inflammatory cytokines. Animal
studies appear promising but obviously human studies are required.

Interest in targeting T-helper cells has arisen as a result of case reports
of either complete remission of Crohn’s disease or stabilisation of 
symptoms in patients with HIV infection [82]. cM-T412, a murine-human
(25%:75%) chimeric monoclonal antibody to CD4 has been studied in 2
small phase-1 trials involving patients with either Crohn’s disease or ulcer-
ative colitis. Both studies have response rates of around 75% and CD4
counts decreased significantly compared to baseline. Although no oppor-
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tunistic infections were reported in either study, there were concerns relat-
ing to long-term side effects from prolonged CD4 lymphopenia. Both
MAX.16H5 and BF-5 monoclonal antibodies to CD4 have shown efficacy
in phase-1 trials in inflammatory bowel disease, although the numbers were
small in both studies [83,84].

A number of growth factors, including epidermal growth factor (EGF)
and keratinocyte growth factor-1 (KGF-1), are currently under investiga-
tion in pilot studies in ulcerative colitis but have not yet been trialed in
active Crohn’s disease.

Other biological therapies under investigation in small, often 
uncontrolled, pilot studies include IFN-a-2a, IFN-b, human growth
hormone, granulocyte colony stimulated factor (filgrastim), granulocyte-
macrophage–colony stimulating factor (sargramostim), and IL-11 [42]. The
available data regarding these treatments are insufficient and large ran-
domised placebo-controlled trials are required to establish efficacy, some 
of which are currently underway. The most interesting preliminary reports
are that filgrastim and sargramostim may be efficacious in fistulising Crohns
disease, although the numbers studied were only 18 and 11 patients,
respectively [85–87].

3.1.10. Conclusions

Of all the biological agents in development and at clinical trial, only inflix-
imab is widely accepted as providing unequivocal clinical benefit. The
success of the initial treatment regimen on both gut and extraintestinal
symptoms of Crohn’s disease combined with positive results from mainte-
nance regimes is likely to result in more widespread and long-term usage.
Some caution should remain, however, as this drug is expensive, antibody
development may limit efficacy, and the implications to the immune system
of repeated infusions over a number of years have not yet been fully 
evaluated.

Although a number of other pro-inflammatory cytokines have been tar-
geted as discussed above and many have shown a significant response rate
when compared to placebo, these have not in general exceeded 50%. In
addition there are often further issues in terms of administration and side-
effect profiles that make them unsuitable for general clinical use. It may
prove that the way forward is to target the transcription factor NFkB as
this plays a pivotal role in activating many of the genes involved in pro-
moting cytokine expression, inducible enzymes, growth factors, and adhe-
sion molecules. The activation of other transcription factors that act in
conjunction with NFkB may also be important. The actions of activator
protein-1 are controlled by MAP-kinase pathways. Blockade of these path-
ways in patients with active Crohn’s disease appears a promising way to
increase treatment specificity while limiting systemic side effects.
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3.2. Methotrexate
Patients with either steroid-refractory or steroid-dependent Crohn’s
disease unsuitable for surgery, who cannot tolerate or do not benefit from
azathioprine present a management problem. This group may comprise up
to 20% of patients requiring immunomodulatory therapy and for these
patients methotrexate has become second-line therapy.

Methotrexate has previously been shown to be efficacious in both psori-
asis and rheumatoid arthritis [88,89]. The antiproliferative and cytotoxic
effects of methotrexate are presumed to be due to reduction in DNA, RNA,
and protein synthesis via inhibition of dihydrofolate reductase. Further,
immunomodulatory properties at lower dosages may relate to inhibition of
other folate-dependent enzymes and an increase in adenosine levels. In
addition, increased regulation of pro-inflammatory cytokines and impair-
ment of neutrophil chemotaxis may enhance the anti-inflammatory effects.

3.2.1. Evidence for Efficacy

In 1989, Kozarek et al. [90] published a non-randomised, open-label pre-
liminary study of methotrexate in 21 patients with refractory inflammatory
bowel disease, 10 of whom had previously failed azathioprine or 6-MP.
Methotrexate was given as a 25mg intramuscular injection weekly for 12
weeks and then switched to a tapering oral dose if an objective improve-
ment was noted. Eleven of 14 patients with Crohn’s disease and 5 of 7 with
chronic ulcerative colitis responded as measured by the relevant disease
activity indices. In addition, prednisolone requirements decreased signifi-
cantly in both groups. Thirty-six percent of the patients with Crohn’s colitis
had colonoscopic evidence of healing, with normal histology in 28%. The
same was not true of the ulcerative-colitis patients who continued to have
macroscopic disease although histologic improvement was noted in 71%.
Since then a number of uncontrolled and 5 randomised controlled trials
have further clarified the role of methotrexate in inflammatory bowel
disease.

The largest studies in the use of methotrexate to both induce and main-
tain remission come from Feagan et al. In 1995, they published the results
of a double-blind, placebo-controlled study assessing the efficacy of weekly
intramuscular methotrexate versus placebo in patients with chronically
active steroid-refractory Crohn’s disease [91]. Ninety-four patients received
25mg of methotrexate for 16 weeks. When analysed, just under 40% of the
treated patients were in clinical remission compared to 19% of the placebo
group. The patients receiving methotrexate also required less prednisolone
than the placebo group and experienced a significant reduction in their
CDAI. However, 17% of patients in the methotrexate group had to with-
draw due to side effects, primarily elevation in serum aminotransferase and
nausea, as compared to only 2% of the placebo group. The same group of
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investigators subsequently addressed the issue of methotrexate in the main-
tenance of remission [92]. Seventy-six patients with Crohn’s disease who
had entered remission after a 16–24-week course of treatment with intra-
muscular methotrexate (25mg weekly) were subsequently randomised to
either placebo or 15mg of intramuscular methotrexate for a further 40
weeks. Sixty-five percent of the patients receiving methotrexate remained
in remission compared to 39% in the placebo group. Significantly less pred-
nisolone was required to treat relapse in the patients receiving methotrex-
ate. There were no serious adverse events and only 1 patient withdrew
because of nausea; there were no recorded episodes of leucopenia or abnor-
malities of liver function. It must be noted, however, that this patient cohort
represented a highly selected group in that they had all previously both
responded to and successfully tolerated the higher dose.

Other randomised studies are limited by small patient numbers. One trial
evaluated 28 patients with steroid-dependent Crohn’s disease, of whom 13
received 15mg of oral methotrexate weekly for up to 1 year and 15 placebo
[93]. Forty-six percent of the treated patients experienced disease flares
compared to 80% receiving placebo, but this was not statistically significant.
The side effects were increased in the methotrexate group. A further study
assessed dose response and included patients with both Crohn’s disease and
ulcerative colitis. Initial treatment with either 25mg or 15mg of methotrex-
ate administered weekly by subcutaneous injection was assessed after 16
weeks, these doses were noted to be equally efficacious but disappointingly
only 17% entered remission [94]. Comparing oral methotrexate (12.5mg)
to 6-MP (50mg daily) and placebo indicate that methotrexate is reasonably
efficacious at reducing abdominal pain, allowing a reduction in steroid dose
and improving general well being even when administered orally. However,
at a low dose it was no more effective at inducing remission than placebo
[95]. Open studies have shown remission rates as high as 72% [96] with a
significant reduction in steroid requirements in previously dependent
patients, but the lack of blinding and randomisation leaves these open to
criticism. Similar benefits are reported in paediatric patients [97].

3.2.2. Side-Effect Profile

Adverse events resulted in discontinuation of the drug at the 25mg weekly
dose in around 17% of patients. Weekly dosing rather than daily regimens
appears to reduce risk of toxicity. Gastrointestinal toxicity is the most
common side effect predominantly resulting in nausea diarrhea and 
stomatitis in approximately 5% of patients. Headache is also common but
is generally fairly mild and dose related. Pneumonitis fortunately appears
uncommon, affecting 1%–2% of patients, usually presenting with dyspnoea
and cough and responding to a combination of methotrexate withdrawal
and corticosteroids. A full blood count carried out initially weekly and then
every 2 months is required to detect any bone-marrow depression. In addi-
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tion, standard treatment regimens include regular folic acid administration
to minimize haematological toxicity. The more clinically worrying issue of
methotrexate-induced hepatotoxicity does not appear to be a problem 
at cumulative doses up to 5g [98]. Routine liver biopsy is not therefore 
recommended.

3.2.3. Future Questions

Issues continue to remain regarding the optimal dose and mode of 
administration. Although orally administered methotrexate appears well
absorbed in patients with inflammatory bowel disease, including those 
with small-bowel disease [99], the largest successful trial administered
methotrexate by intramuscular injection and many clinicians may feel
reluctant to deviate from this procedure, especially in the context of possi-
ble malabsorption. Other questions remain unanswered, such as how
rapidly the drug works, particularly in comparison with the purine ana-
logues and for how long patients can be safely maintained on treatment.
All long-term immunosuppression carries a theoretical risk of malignancy.
Finally, teratogenicity limits methotrexate use in young women, whereas
limited trial data indicate that azathioprine is relatively safe in pregnancy
and breast feeding.

3.3. Dietary Therapy
3.3.1. Nutritional Therapies

Although the aetiology of Crohn’s disease is not clearly elucidated, nutri-
tion remains a central issue in both the pathogenesis and management of
active disease. There are two important aspects of nutritional therapy to
address in Crohn’s disease. The first is to treat nutritionally related com-
plications resulting from malnutrition and malabsorption and the second is
the use of enteral nutrition as primary therapy for active intestinal inflam-
mation. In addition, nutritionally related treatments may be extended to
include the use of short-chain fatty acids, probiotics, and prebiotics.

Malnutrition is extremely common in patients with active Crohn’s dis-
ease, with up to 75% experiencing weight loss associated with disease exac-
erbation although obviously the extent depends on both the severity and
frequency of the symptoms. In children with Crohn’s disease, approxi-
mately 85% present with weight loss at the time of initial diagnosis. These
figures are a source of concern because of the consequences of protein-
energy malnutrition, namely, reduced tolerance to blood loss, poor healing
of wounds and fistulas, adverse surgical outcomes, and permanent linear
growth retardation in children [100,101]. The cause of malnutrition is mul-
tifactorial although reduced oral intake is the predominant factor. This may
occur as a result of anorexia, in part due to an increase in circulating levels
of pro-inflammatory cytokines such as TNFa and IL-1, because eating exac-
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erbates symptoms such as abdominal pain, vomiting, and diarrhoea, or as a
result of dietary restrictions limiting overall calorie intake. It is generally
accepted that although increased catabolic requirements and increased
losses may contribute to the overall poor nutritional state they are exacer-
bating factors rather than causal. Malabsorption secondary to extensive
inflammation or surgical resection (which may be complicated by bacterial
overgrowth) may lead to a variety of vitamin and mineral deficiencies
requiring specific identification and supplementation. Decreased bone
mineral density with resultant osteopenia or osteoporosis presents a 
particular problem in Crohn’s disease with up to 45% of patients being
affected. The use of corticosteroids, reduced absorption of fat-soluble vita-
mins including vitamin D, and low body weight are all contributing factors
and again need to be specifically addressed. There are premorbid differ-
ences in the dietary habits of patients with Crohn’s disease, notably that
they eat more carbohydrate, particularly in the form of sugar, than normal
controls and in addition may describe a greater degree of food intolerance
[102]. There certainly does not appear to be any clinical role for the use of
reduced sugar diets in Crohn’s disease [103].

3.3.2. Growth and Development

In children with Crohn’s disease, failure to thrive, growth retardation,
weight loss, and associated pubertal delay are common presenting symp-
toms. Once treatment is initiated (dietary, medical, or surgical) growth and
weight gain often occur although final height may be reduced in these
patients when compared to predicted end heights. The cause of growth
retardation is multifactorial but limited protein and/or calorie intake is
likely to be the most important. In addition, corticosteroids, although sup-
pressing inflammation, have a detrimental effect on bone growth partly by
promoting proteolysis and osteolysis; they should be avoided in growing
children but if required should be used used on an alternate-day basis.

3.3.3. Total Parenteral Nutrition as Treatment for Crohn’s Disease

Complete bowel rest and the use of exclusive total parenteral nutrition
(TPN) reduces intestinal inflammation and disease activity in 80%–95% of
patients with active Crohn’s disease. Patients with fistulating disease appear
to fare less well with a lower rate of both initial and maintained remission
(58%–61% in nonfistulous disease vs 36% in fistulous disease at 1 year)
[104]. In this trial TPN offered benefit even in steroid-refractory disease. In
a more recent study looking at the effects of TPN (in addition to corticos-
teroids) on short-term outcome in acute attacks of ulcerative colitis and
Crohn’s colitis, the ulcerative colitis group did not show any benefits in
terms of clinical remission or colectomy rate. In contrast, the patients with
Crohn’s disease receiving TPN showed marked improvement in both their
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inflammatory and nutritional parameters [105]. When TPN was compared
to both an elemental diet and a polymeric diet in 28 patients with active
Crohn’s disease, the reduction in inflammation and early symptomatic
improvement was most marked in those on TPN followed by those receiv-
ing the elemental diet. The polymeric diet performed less well although as
none of these differences reached statistical significance firm conclusions
cannot be drawn [106].

3.3.4. Enteral Nutrition as Primary Therapy for Crohn’s Disease

In view of the detrimental long-term side effects of corticosteroids and the
known or potential toxicities of the other available first- and second-line
therapies for Crohn’s disease, interest has focused on nutritional therapy as
a safe and efficacious treatment of active disease. In addition, in particular
circumstances such as pregnancy, an elemental diet provides a safe form of
treatment with no risk of teratogenesis [107]. A number of trials have
addressed the issue of elemental and semi-elemental formulas as treatment
for active Crohn’s disease comparing efficacy to that of steroid therapy. The
mechanism of action of these diets is not fully understood but may relate
to both decreased dietary antigens and bacterial load. Other pathways by
which enteral diets may reduce mucosal inflammation include inhibition of
the inflammatory response by reducing the number of cytokine producing
cells, boosting immunosuppressive pathways, and promoting epithelial
healing. As a result, the integrity of the intestinal barrier, as shown by a sig-
nificant decrease in gut permeability, is improved [108].

Since the 1980s interest has arisen in the use of elemental feeds as
primary therapy for active inflammatory bowel disease. Initial studies
showed distinct benefits but were either uncontrolled or compared re-
sponses to those occurring while on a normal diet [109,110]. A controlled
trial involving 21 acutely ill patients with exacerbations of Crohn’s disease
compared an elemental diet (Vivonex®, Novartis Nutritional) to pred-
nisolone 0.75mg/kg/day and assessment at 4 and 12 weeks showed equal
improvement in each group [111]. There was insufficient power to demon-
strate a difference in treatment efficacy. It is also difficult to achieve ade-
quate blinding due to the nature of the treatment. Similar studies have
yielded comparable results although the European Cooperative Study
involving 55 patients showed prednisolone to be more effective regardless
of initial disease activity or disease location [112].

A meta-analysis published in 1995 [113] specifically addressed the issue
of the efficacy of steroids in comparison to nutritional therapies (both 
elemental and nonelemental formulas were assessed). The results were
based on clinical remission in 413 patients with active Crohn’s disease on
an intention-to-treat basis. Almost 81% of patients treated with steroids
achieved clinical remission compared to 56.8% of those receiving nutri-
tional therapy (pooled odds ratio, 0.35; 95% CI, 0.23–0.53). Interestingly,
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once remission had been achieved the relapse rates at 12 months were
similar at 65% for those on steroids compared to 67% in those on dietary
treatment.

In spite of the findings of this meta-analysis there are many situations in
which treatment with enteral feeding remains first line. Patients may be
either unwilling to take corticosteroids or have steroid-refractory disease,
the newer therapies may be poorly tolerated or limited by toxicity. In addi-
tion, there may be evidence that certain subgroups such as those with exten-
sive small-bowel disease may fare better with dietary treatments, wheras
those with fistulating or perianal disease, who suffer early relapse [114],
should avoid it as therapy.

One of the factors that may adversely affect remission rates for nutri-
tional treatments when assessed on an intention-to-treat basis is the diffi-
culty involved in achieving patient compliance. Few studies have looked at
the practical aspects involved in maintaining compliance; elemental feeds
are often unpalatable and patients may find it difficult to abstain from their
normal diet. Despite this the majority of patients (85%) can manage to sip
feed with 15% requiring nasogastric feeding [115]. Nausea and postural
hypotension are commonly reported within the first week of treatment but
tend to abate. Vomiting was reported in 3 out of 89 patients and this
appeared to be due to sensitivity to a particular formula. In the same study
65% of patients reported that they would have treatment with an elemen-
tal diet again. A percutaneous endoscopic gastostomy tube can be used in
the absence of upper-gastrointestinal Crohn’s disease to allow direct
feeding and to overcome the problem of unpalatability.

Although from the data available it appears that in adult Crohn’s disease
steroid therapy is superior to exclusive enteral nutrition the same is not true
of children. On review of the results from 5 randomised clinical trials in
paediatric Crohn’s disease involving a total of 147 patients, exclusive enteral
nutrition was as efficacious as corticosteroids at inducing remission (rela-
tive risk for induction of remission, 95% CI, 0.67–1.34) [116]. The inclusion
of findings from 2 further nonrandomised studies did not significantly affect
this result. One caveat, however, is the limited power of the trials to demon-
strate a benefit of either treatment, and it has been estimated that a
minimum of 10 further studies comparable in size to the largest of the
reported paediatric trials would be required to show a treatment superior-
ity. This is logistically unlikely to happen and given the additional benefits
of enteral nutrition in terms of improved growth and pubertal development
without the deleterious side effects of steroids, enteral therapy is the most
appropriate first-line treatment in children with active Crohn’s disease.

The other major issue involves the composition of the diet. Initial studies
used true elemental feeds based on amino acids and glucose but these were
found to be unpalatable and patients preferred polymeric diets using whole
protein and complex carbohydrate. In 5 trials involving 134 patients
reviewed by Griffiths et al. there was no difference noted in the efficacy of
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elemental versus polymeric formulas (OR, 0.87; 95% CI, 0.41–1.83) [113].
Similarly, a more recent double-blind randomised trial comparing a poly-
meric diet to an elemental feed involving 21 patients found both diets to
be equally effective [117]. These figures would tend to mitigate against the
theory of reduced antigen exposure inducing remission but they were
analysed on an intention-to-treat basis and the increased tolerability and
therefore compliance with polymeric feeds may result in the similar levels
of efficacy.

Although no differences in remission rates are noted with amino acid,
peptide, or whole-protein–based diets, outcome may be altered by the fat
composition of the diet. Changes in dietary fat have been postulated to
modify ecoisanoid synthesis and other immunomodulatory processes. In
addition it has been suggested on the basis of a meta-analysis of published
studies that the beneficial effects of enteral nutrition are inversely related
to the quantity of dietary long-chain triglycerides [113].A double-blind trial
in active Crohn’s disease evaluated the effects of high versus low dietary
concentrations of long-chain triglycerides in active Crohn’s disease. These
polymeric diets contained whole protein, complex carbohydrate, and had
equal total fat content. Despite the low remission rates on an intention-to-
treat basis, the patients receiving a higher concentration of long-chain
triglycerides fared slightly better (33% vs 25%), although this result was
not significant [118]. More recently, Gassull et al. randomised 62 patients
with active Crohn’s to receive either a polymeric diet high in oleate (79%)
and low in linoleate (6.5%) (PEN1), an identical enteral diet except for the
fat content which comprised 45% linoleate and 28% oleate (PEN2), or oral
prednisolone at 1mg/kg/day [119]. On an intention-to-treat basis, the remis-
sion rates were 20%, 52%, and 79%, respectively. Excluding patients who
were noncompliant during the first week (per protocol analysis) remission
rates were 27% for PEN1, 63% for PEN2, and 79% for steroids. Even after
adjustment for confounding variables, PEN1 remained significantly associ-
ated with a poor response indicating that an excess of synthetic oleate in
the diet may prevent the induction of remission in active Crohn’s disease.
In this study, however, there was no difference in the amount of long-chain
triglycerides between diets suggesting that other properties of the pre-
dominant fat are also important. Interestingly, high concentrations of
linoleate had previously been avoided as it was felt as a precursor to arachi-
donic acid, linoleate may lead to enhanced production of pro-inflammatory
ecoisanoids such as leukotriene B4, thromboxane A2, and prostaglandin E2.
The quantities of medium-chain triglycerides in nutrient formulas does not
appear to exert a significant effect [120].

3.3.5. Fish Oils

Fish oil rich in n-3 polyunsaturated fatty acids (PUFAs) theoretically exert
anti-inflammatory properties by diverting eicosanoid metabolism towards
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the less inflammatory leucotriene B5 and prostaglandin E2. There are also
suggested benefits resulting from inhibition of cytokine production and
reductions in platelet adhesion.

Published data are limited on the treatment of active disease. The intro-
duction of a n-3 fatty-acid–rich diet combined with nutritional education
was not noted to alter levels of disease activity although as expected, nutri-
tional status improved [121]. An Italian study assessed the effects of an
enteric-coated fish-oil preparation in the maintenance of remission in 78
patients with Crohn’s disease deemed at high risk of relapse [122]. Patients
were randomised to receive either 9 fish-oil capsules containing a total of
2.7g of n-3 fatty acids or 9 placebo capsules daily. Compliance was good
and only 4 out of the 39 patients in the treatment arm dropped out (because
of diarrhoea). After 1 year of therapy, 59% of the patients receiving fish-
oil remained in remission, compared to only 26% in the placebo group 
(P = .003). Subsequent logistic-regression analysis indicated that the likeli-
hood of relapse was only affected by the fish-oil rather than confounding
factors of smoking, surgery, or duration of disease.

3.3.6. Probiotics

Evidence that probiotics are useful therapy for inflammatory bowel disease
is currently restricted to the treatment of pouchitis and potentially, ulcera-
tive colitis [123]. In-vitro studies indicate that probiotics interact with
immunocompetent cells at the mucosal interface and modulate local pro-
duction of pro-inflammatory cytokines [124]. In a pilot study of 4 children
with mild-to-moderate Crohn’s disease treated with enteric-coated Lacto-
bacillus GG for 6 months an improvement was noted in both clinical activ-
ity and in intestinal permeability [125]. However, a randomised, controlled
trial involving adults with Crohn’s disease assessed whether orally admin-
istered Lactobacillus could prevent or reduce the severity of postoperative
disease recurrence failed to show a benefit. Forty-five patients were ran-
domised to 12 billion colony-forming units of Lactobacillus GG, or identi-
cal placebo for 1 year. There were no significant differences in either the
rate of endoscopic recurrence or the disease severity at 1 year [126]. This
trial has however simply assessed 1 probiotic agent and it is not yet clear
whether a particular bacteria or combination of bacteria is necessary to
optimise the anti-inflammatory effect.

3.3.7. Exclusion and Microparticle Diets

Following remission achieved by an elemental diet those who return to
normal eating often relapse; however, in some studies, patients have had
prolonged remissions by taking exclusion diets. The foods excluded have
been not sugar, but generally involve cereals, dairy products, and yeast.
The nature of this treatment makes it difficult to assess in a double-blind
study and the reports are therefore highly susceptible to both patient and
observer bias.
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Recently Lomer et al. investigated the theory that ultrafine and fine 
particles are adjuvants in antigen-mediated immune responses and as a 
consequence may cause inflammation. Twenty patients with active 
corticosteroid-treated ileal or ileocolonic Crohn’s were randomised to
receive a low microparticle diet (n = 10) or a control diet (n = 10) for a 4-
month period.There was a significant and progressive decrease in the CDAI
in the treatment group, with 7 attaining remission (CDAI at entry 392 ± 25
vs 145 ± 47 at month 4) in comparison to the control group where at month
4 the CDAI had returned to baseline levels and none were in remission
[127].

This was a small study and larger numbers will be required to confirm a
beneficial role but the findings could help explain the efficacy of elemental
diets which are equally low in microparticles.

4. Conclusions

The last 10 years have proved to be a very exciting time for the develop-
ment of new medical therapies for Crohn’s disease. The traditional thera-
pies of corticosteroids, 5-ASA, and azathioprine have been updated and
hopefully are now safer with improved tolerability. Advances have been
made in the use and understanding of nutritional therapies that are highly
attractive as they treat active disease, have minimal side effects, and
improve the patient’s nutritional status. Early use of first-line immunosup-
presion in the form of azathioprine or 6-MP with TMPT preassessment 
continues to reduce the need for long-term steroids and minimises 
bone-marrow toxicity. The reliance on steroids should further be reduced
by the introduction of new treatments especially methotrexate and inflix-
imab. These have been fairly extensively evaluated and are currently being
used on a more widespread basis for refractory disease that may previously
have required surgery. Whether these new, more aggressive therapies
reduce the incidence of surgical complications such as the development of
short-bowel syndrome remain to be seen. Finally, there are a number of
therapies in pilot or phase-2 trials of which the nonbiological or small-
molecule–based treatments appear particularly exciting.
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5
The Management of Perianal
Crohn’s Disease

Arthur Allan and Philip E. Bearn

1. Introduction

“In patients with Crohn’s disease, perianal problems are common . . . but
when planning treatment for such lesions it must be against the background
of a strong tendency for spontaneous resolution and the risk of inconti-
nence by surgical intervention” [1]. This view was expressed 20 years ago,
based on a series of patients studied at the Birmingham General Hospital
and peer-review journals from 1964–1980. The intervening years have
brought with them a more selective approach based on more sophisticated
imaging and new medical and surgical therapies.

2. The Manifestations of Perianal Crohn’s Disease

Patients with perianal Crohn’s disease (PACD) develop a variety of lesions:
anal skin tags and fissures, abscess and fistula, and anal strictures. In the
long term, malignant change may supervene. Ironically, Crohn, Ginzburg,
and Oppenheimer initially reported that “none of the perianal fistulas,
condylomas or peri-rectal abscesses that characterise the complications 
of true colitis” were present in the patients in their first description of
“regional ileitis” [2].

Perianal Crohn’s disease is a common manifestation of Crohn’s disease.
In 5% of patients it will be the only manifestation but it will be found in at
least one third of patients with Crohn’s disease elsewhere. If asymptomatic
disease or tags are included, the frequency is higher [3–5].

Perianal Crohn’s disease in the absence of coexistent disease is more dif-
ficult to recognize and although the multiplicity of perianal lesions, eccen-
tricity of fissures, and the presence of rectal disease is helpful, this may only
be obvious after a positive biopsy [3,6]. Perianal Crohn’s disease should be
differentiated from the perianal dermatitis (excoriation, superficial abra-
sion, and maceration) associated with chronic diarrhoea [7].
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3. The Natural History of PACD

A few centres have recorded the natural history of PACD in Crohn’s
disease and many patients have an indolent course without surgery. In
Birmingham, 109 patients with perianal fissure or fistula in ano were iden-
tified and followed up. Ten patients had undergone proctectomy but only 5
for clinical reasons specifically related to PACD. After allowing for exclu-
sions, including 24 patients who were asymptomatic and declined examina-
tion, 61 patients first examined in 1968 were available for examination 10
years later. Almost 30% of those with fissure had no fissure on review. Fifty
percent with persistent fissures progressed to anal canal stenosis or indura-
tion but without breach of the mucosa in the majority of cases. Less than a
third of 7 patients without fissure initially developed anal stenosis or indura-
tion. In 21 patients with fistula in ano, 8 had no detectable fistula at 10 years.
Seven others underwent surgery but only 1 patient had residual disease 
10 years later [8–9].

In a subsequent review of medical treatment and limited surgical inter-
vention, laying open a low fistula achieved healing in only 1 out of 12
patients and 6 patients had impaired continence [1]. The realisation that
aggressive surgery and its complications could have a more devastating
effect on the patient than the Crohn’s disease has traditionally led to a con-
servative approach—encapsulated by the expression that “faecal inconti-
nence is the result of aggressive surgeons, and not progressive disease” [10].
In recent years, this stance has given ground to a greater use of surgical
techniques.

4. The Classification of PACD

Where there is a classification of a disease, there is the potential to compare
treatment and outcomes. For PACD, the simplest, proposed by Fielding,
recognised abscess formation, sinus and fistula, anal tags, and anal fissure [8].

In Birmingham. a further classification defined skin lesions (ulcers,
abscesses, and skin tags), anal canal lesions (fissure, ulcer, and stenosis), and
fistula that were subdivided in to low (anal canal to skin), high (rectum to
skin), or rectovaginal [11].

The most widely adopted classification is the Hughes’ classification, based
on the surgical pathology and clinical findings in 150 patients with clinically
significant PACD over a 20-year period [12]. This classification defines
primary (considered part of CD) and secondary lesions (arising from
mechanical and/or infective complications). Basic primary midline and the
less common lateral fissures may lead to low or intersphincteric fistulas.
These fissures correspond to superficial ulcers elsewhere in the intestine of
Crohn’s patients. The penetrating ulcers (corresponding to the intestinal
lesion that leads to intraabdominal abscess and fistulation) arise at or above
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the dentate line. They lead to high, complex fistula. In some cases a collar-
stud fistula through the levator plate may lead to a supralevator abscess.
Horseshoeing of this particular variant leads to extrarectal stricture while
more superficial intraluminal strictures result from superficial ulceration.

5. Initial Assessment of Perianal Disease

A good classification will enable the clinician to assess the stage and sever-
ity of PACD. Symptoms may be surprisingly minor, so before embarking on
medical or surgical therapy it is well to check how any PACD affects day-
to-day activity.A full physical examination should be carried out.The nutri-
tional status of the patient should be noted. Patients receive an anorectal
and vaginal examination and scars of previous sepsis or surgery noted. Proc-
toscopy and sigmoidoscopy are essential, the latter to exclude proctitis. A
rectal biopsy should be taken. Because PACD rarely presents as the soli-
tary focus of Crohn’s disease, careful assessment for disease elsewhere 
by conventional radiology or endoscopy should be undertaken. Routine
haematological and biochemical tests, including inflammatory markers,
should be part of the assessment of disease activity. In the emergency situ-
ation or where there is chronic sepsis or previous surgery, a full assessment
of PACD may only be possible under a general anesthetic and even then
may be difficult without specialised radiology.

5.1. The Use of Magnetic Resonance Imaging (MRI) 
and Endo–Anal Ultrasound (EAUS)
The recognition, classification, and treatment of PACD, and, in particular,
perianal fistula and abscess, depends on an understanding of the underly-
ing anatomy. Endo–anal ultrasound (EAUS) and magnetic resonance imag-
ing (MRI) are both helpful in defining the extent and direction of fistula
and abscess [13].

Endo–anal ultrasound is now more readily available because anorectal
physiology units are requirements for a full colorectal service. Scanners may
give linear or 360-degree scans but currently the latter is more commonly
used in anorectal physiology facilities. The results of EAUS are operator
dependent. Studies may identify previously undetectable pathology and, of
course, there may be a false-positive rate as is recognised in early studies
investigating anal sphincter damage. The interpretation of the anatomy in
PACD is made more difficult by scarring from recurrent sepsis or previous
surgery. It is our practice to scan at the time of potential surgical inter-
vention. Assessment in the presence of anal stenosis may be impossible 
and anal mucosal distortion may make acoustic contact difficult. The use of
hydrogen peroxide may make interpretation of scans easier and increase
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detection of fistula. The role of three dimensional EAUS in PACD is yet to
be established.

In one study of 41 patients with PACD, radial EAUS augmented by 3%
H2O2, defined 4 types of fistula.Twenty-two percent were low fistulas (single
track subsphincteric, intersphincteric, and transphincteric fistulas) and 78%
were high fistulas (suprasphincteric and extrasphincteric), ramified fistulas,
or anovaginal fistulas [14].A much higher incidence of low fistulas has been
reported in another study but this may be explained by selection bias of
patients for surgery, treatment, and complexity of disease [15].

Magnetic resonance imaging is helpful in assessing deep pelvic sepsis and
as an adjunct to EAUS [15]. Two recent studies have investigated the place
of EAUS and MRI.Thirty-two patients were studied to determine the accu-
racy of EAUS (radial and linear) and MRI (body coil and pelvic phased
array coil) and EUA (with methylene blue).The accuracy of all 3 was >85%.
but this was increased to 100% when any 2 tests were combined. Magnetic
resonance imaging tended to miss short or superficial tracks where EAUS
was superior [16]. In another study where the gold standard was the oper-
ative findings at EUA, EAUS using a linear probe gave an accuracy of 82%
compared with 50% with MRI [17].

In summary, pelvic MRI, EAUS, and EUA are all reasonably accurate
ways of classifying PACD, defining the anatomy of the pelvic floor, and dif-
ferentiating superficial from deep sepsis. It seems sensible to use two modal-
ities to optimise results but accuracy of interpretation still depends on local
expertise.

6. Treatment of PACD

The aim of both medical and surgical treatment of PACD is the resolution
of sepsis, closure of fistula, and symptomatic improvement. This should be
achieved with preservation of continence, avoidance of a stoma, and return
to normal activity. Indications for urgent local surgery include pain from an
abscess and obstructed defaecation with anal stenosis.

6.1. Management of Perianal Abscess
It is rare to see a Crohn’s abscess as the first manifestation of PACD.
Patients will often have had previous perianal surgery or be on systemic
treatment, such as infliximab, for PACD or CD elsewhere. Presenting fea-
tures include a painful swelling, painful defaecation, and incontinence for
stool. That the site of sepsis may be recurrent has been well recognised. A
typical experience has been reported from Tubingen, in a prospective series
of 126 patients with PACD, 61 of whom developed a perianal abscess. In all
there were 110 episodes of sepsis with 145 anatomically distinct sites over
a mean follow up of 32 months. Approximately one half of patients devel-
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oped recurrent sepsis and immunosuppressive agents had no effect on pre-
vention of recurrence. In only 3 patients was abscess the first manifestation
of CD. The site of sepsis was subcutaneous in 33%, intersphincteric in 21%,
ischiorectal in 43%, and supralevator in 12% [18].

Although the treatment of a superficial abscess is by incision and
drainage, it is more complex with deeper abscesses. Where CD has been
previously diagnosed, all patients should be warned that surgery is often
followed by the development of fistula. Indeed, a postoperative fistula may
be the first clue to a diagnosis of PACD. It is therefore better for a more
senior surgeon to drain perianal sepsis in this situation and at the same time
carry out a careful EUA, sigmoidoscopy, and rectal biopsy. A superficial
abscess cavity may need to be packed and any fistula tract treated by seton.
Rarely, a low fistula can be opened but this should be in the absence of
rectal disease. Recurrence rates of sepsis may be lower if a seton is placed
after partial sphincterotomy [19]. Deeper cavities (supralevator and
ischiorectal) can be drained with a 10 to 14 F mushroom catheter. Such a
catheter may prevent early recurrence and facilitate identification of any
internal opening and secondary placement of a seton [6,18,20]. Supraleva-
tor abscess without communication with the perianal skin, rectum, or
ischiorectal space can be drained transrectally by mushroom catheter. Some
patients may need defunctioning if sepsis is severe and these patients have
less recurrence of sepsis [18].

Healing rates following abscess surgery vary between 33% to 83% and
depend on the type of abscess. Study comparisons are limited because of
the absence of data including anatomic type of abscess, frequency of rectal
disease, and follow up data. Patients with supralevator abscesses are in the
long term at risk of proctectomy [4,18,21–23].

6.2. Management of Anal Fissures and Skin Tags
Most patients with isolated oedematous skin tags will avoid surgery if
PACD has been diagnosed because of the risk of chronic fissure and
because they are normally asymptomatic. In contrast, anal fissures, the 
commonest manifestation of PACD with an incidence of 5% to 43%, are
symptomatic in up to 85% of patients [24,25].

Acute fissures differ from chronic fissure by the absence of a sentinel tag,
hypertrophied anal papilla, scar tissue at the edge of the fissure, or any asso-
ciated fistula. Chronic fissure may be associated with anal stenosis. Acute
and chronic fissures may have similar symptoms. Forty-nine out of 56
patients (20 acute, 36 chronic fissure) did have symptoms: pain (70%),
bleeding (55%), discharge (9%), and pruritus (4%) [25].

Treatment of fissure is initially medical and includes topical ointments,
metronidazole, prednisolone, and sulfasalasine. Early uncontrolled studies
suggested healing rates of up to 81%, but 50% is more realistic. Acute and
painless fissures are more likely to heal. When fissures fail to respond to
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medical or surgical treatment there is often progression to more complex
PACD, but this is not necessarily associated with active rectal disease
[8,24,25].

Local surgical treatment of fissure in ano is little reported. Anal dilata-
tion has been reported to be helpful but has fallen out of general favor for
fear of faecal incontinence reported in one study [1,24,26]. Sphincterotomy
with and without fissurectomy may lead to healing. In the Lahey study,
lateral internal sphincterotomy and/or fissurectomy led to healing in 7 out
of 8 patients with isolated PACD [25]. Two other studies report similar data
[27,28]. Careful use of sphincterotomy may be appropriate in patients who
fail medical treatment.

6.3. The Treatment of Crohn’s Perianal Fistula
Anal fistulas are common manifestations of CD with an incidence ranging
between 11% and 28% [28]. Both low and high fistulas will be associated
with recurrent episodes of sepsis, but high fistulas are more likely to be
associated with other manifestations of PACD such as anal stenosis.

The object of surgical treatment of an anal fistula in cryptoglandular
disease is to eradicate it without disturbing anal continence. In PACD it is
control of symptoms without disturbing anal continence, rather than erad-
ication of disease. Patients with extensive and unsightly perianal fistulas
may be more troubled by CD at other sites where attention is better
directed. Many patients will have had previous fistulas. It is important to
establish the course and level of the fistula tract but this will not be easy in
a scarred, inflamed, and indurated perineum even with EAUS and MRI.
When comparing the outcome of various treatments reported in the liter-
ature, different proportions of high and low fistula, evolution of medical and
surgical therapies, imaging, and recruitment of patients with active CD else-
where create difficulties. Generally the higher and more complex the fistula,
the worse the outcome of aggressive surgery. Faecal incontinence occurs for
several reasons, including simple division of healthy sphincter muscle, divi-
sion of a scarred but continent sphincter, especially when challenged by
diarrhoea, and, finally, unmasking of previously unrecognised pudendal
neuropathy. Overlap sphincter repair can be carried out after iatrogenic
injury, but in a study of 6 patients it was suggested that a covering stoma
improved healing [30].

The following surgical procedures have been undertaken in fistula asso-
ciated with PACD: fistulotomy, seton placement, fistulectomy, advancement
flaps, stoma formation, and proctectomy.

6.3.1. Low Fistulas

Outcome results of surgery for low fistula in PACD compare favorably 
with non-Crohn’s disease, with primary healing occurring in 78%–100%
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[4,23,26,31–36]. Longer term follow up is less optimistic with healing down
to 40% [22,37,38]; five studies are helpful although they contain high and
low fistula. Makowiec prospectively studied 90 patients over a median
follow up period of 22 months. EAUS and MRI were available. Seventy-
seven percent had undergone previous surgery for PACD. Sixty-one percent
had rectal disease. Active treatment included both surgery and medical
treatment. Sepsis was initially controlled by mushroom catheter or simple
incision. Active fistulas were then treated by seton until inactive (when
purulent discharge or local pain disappeared). Healing was defined as
closure of the fistula for 4 weeks. Fourteen patients underwent faecal diver-
sion before or during the trial period. There were 12 ischiorectal or supras-
phincteric fistulae, 50 trans-sphincteric fistulae, and 28 subcutaneous or
intersphincteric fistulas. Seventy-one had active perianal fistulas/abscesses
and all became inactivated between 2 and 81 weeks. Recurrence rates were
48% at 1 year and 59% at 2 years. Healing was seen in 51 fistulas at 2 years
but 44% reoccurred within a further 18 months. Faecal diversion and rectal
sparing improved outcome. The lower the fistula, the better the outcome.
No patient became incontinent as a result of treatment in the non-defunc-
tioned group [15].

Williams reported the Mayo Clinic series of 33 patients with low fistulas
treated by conventional fistulotomy. There were 17 subcutaneous, 19 inter-
sphincteric, and 5 low transphincteric fistulas in this group. Of these, 30%
had rectal disease. Within 6 months 93% healed but there was worsening
of incontinence in 7 patients. By contrast, 22 patients with a high fistula (16
high transphincteric, 5 suprasphincteric, and 1 extrasphincteric) were
treated by laying open the superficial component and then introducing a
noncutting seton in to the residual tract. In this group only 3 fistulas healed
and 7 remained asymptomatic. Eight patients ultimately underwent proc-
tocolectomy for PACD or associated colonic disease and of these, 7 patients
underwent the procedure within 2 years [33].

As mentioned above, curettage and partial internal sphincterotomy led
to healing in 11 out of 15 patients with fistula and recurrent abscess and no
case of incontinence was reported [19].

Finally in the series of 35 patients with low and high fistula treated at the
Oschner Clinic, there were 29 low fistulas and 6 high fistulas. Fistulotomy
was performed in 19 patients, 8 patients underwent a partial fistulotomy and
seton insertion, 5 patients underwent faecal diversion and then fistulotomy,
and 3 patients went straight to proctectomy. Thirty out of 32 patients with
sphincter preservation had complete healing. Seven patients who healed
required more than one procedure. A further patient required a proctec-
tomy and another developed an asymptomatic fistula. Successful outcome
correlated with absence of rectal disease and quiescent disease elsewhere
[34].

Hellers reported poor long-term results. In a study with much longer fol-
low up, spontaneous fistula healing was reported in 47% of 184 patients over
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a median follow up of 9.4 years.The recurrence rate was 35% by 2 years and
the proctectomy rate over the study period reached 40%. Fistulas that
remained healed were characterised by rectal sparing in all but 4% [37].

Another surgical option is to core the fistula tract and close the internal
opening. In a series of 81 patients, 17 fistulas reoccurred and again rectal
disease increased the chance of this happening [39].

6.3.2. High Fistulas

6.3.2.1. Setons

Setons are the mainstay of the initial and sometimes long-term treatment
of high fistula. A correctly inserted seton marks the level in the anal canal
of the internal opening of a fistula and by stimulating fibrosis and settling
sepsis can make fistulotomy a safe second procedure. Nylon, silk, and silas-
tic vascular slings have all been used.

Loose drainage setons are used in patients with the more complex high
fistulas encountered in PACD and especially when the fistula involves 
more than one third of the sphincter. A long-term loose seton can drain the
perianal sepsis, prevent recurrence, and is well accepted by patient and
therefore by the clinician. Loose setons are placed at EUA preferably with
EAUS imaging to pick up secondary tracts. Patients should understand that
the seton is not a cure and indeed repeat insertion may be necessary.
Although, many patients with severe PACD will eventually undergo proc-
tectomy as the disease progresses, this technique may put off the moment
[35,40].

In a review of patients with high fistula treated at the Mayo Clinic,
Williams reported a series of 23 patients treated by seton. Patients were
complex: 18 patients had had previous abscess, 2 had anal strictures, and
only 3 had not undergone perianal surgery at all.

Details of medical treatment were not reported. A good result was
observed in 11 (48%) of 23 patients. The seton was removed from 3 out of
11 patients with the fistula tract remaining closed during the follow-up
period (18–36m). In the remaining 8 successes, the tract remained quies-
cent for between 6 months and 5 years but of these, 2 eventually underwent
proctocolectomy for colitis. Nine patients developed recurrent abscess
between 6 months and 3.5 years after initial treatment but importantly in
all of these the seton had been removed or fallen out. In 3 patients the seton
failed and proctectomy was performed without further treatment. Five
patients developed minor incontinence (of flatus or episodic loose stool)
and 3 reported a mucus discharge. The conclusion was that in high Crohn’s
fistula, setons preserved sphincter function but recurrence was common on
removal of the seton [40].

Tight cutting setons migrate through internal and external sphincter
muscle fibers, drawing the fistula tract with it and leaving fibrous tissue to
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re-establish the sphincter. In the absence of Crohn’s disease, the technique
can be applied when one third or less of the sphincter is involved. Unfor-
tunately that judgement is difficult and where recorded, cutting setons can
lead to faecal incontinence in over one third of patients [41,42].

A selective approach is necessary. In a series of 27 patients with high
complex fistula in ano, 4 patients with Crohn’s disease were treated with a
modified cutting seton in whom the internal sphincter was preserved. The
authors reported that all fistulas healed but in patients with PACD, 3 sub-
sequently underwent proctectomy for severe recurrent perianal disease and
proctitis [43].

An interesting therapeutic innovation has been laser ablation, but
because this has only been reported in combination with a laparoscopic
ileostomy and seton insertion [44], the laser may be best employed by col-
orectal surgeons as a pointer at meetings!

6.4. Defunctioning
The faecal stream plays a significant role in the pathogenesis of Crohn’s
disease [45]. A defunctioning procedure can induce remission of Crohn’s
colitis or PACD, at least in the short term. This may be appropriate for
patients who are too debilitated to undergo major surgery such as procto-
colectomy or segmental resection or for those in whom medical treatment
has not been given a fair chance. Newer medical therapies for Crohn’s
colitis have reduced the need for such procedures, but before this there was
healthy debate as to the short- and long-term benefits of temporary 
diversion. At the very least diversion may still provide relief from the 
discomfort of perianal pain from local sepsis after drainage.

In a series from Oxford, 29 patients with severe perianal disease under-
went a defunctioning ileostomy. In all, 16 out of 19 fistulas improved and 5
healed in the face of active rectal or intestinal disease [46]. In another study,
sepsis and discomfort were improved in 22 out of 23 patients by a loop
ileostomy [47]. Diversion in Crohn’s colitis is less satisfactory [48].

In Oxford, between 1970 and 1997, an average of 2.8 diversionary pro-
cedures were performed annually for Crohn’s colitis or PACD (out of a
total 70–80 operations performed annually for Crohn’s disease), 18 out of
73 patients with PACD underwent diversion and all had a combination of
complex fistulas and perianal sepsis. There were 6 anovaginal or rectovagi-
nal fistulas, 1 rectovesical fistula, and 1 anal stenosis. No patient had iso-
lated PACD. Early remission was achieved in 15 patients (83%). Stoma
closure, however, was only achieved in 4 out of 15 and only 2 of these had
good function and no subsequent relapse; 6 out of 11 underwent procto-
colectomy. The conclusion from this study is that because only 2 of 18
avoided a permanent stoma, patients will go in to remission but at the cost
of a permanent stoma or eventual proctocolectomy [49]. Defunctioning the
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colon and rectum may obscure the development of active colitis made
worse by anal stenosis [50].

Are there any factors that might predict complete remission in PACD?
The Birmingham group examined the records of 31 patients who under-
went faecal diversion between 1970 and 1997 for PACD. The group was
similar to those in Oxford: severe perianal sepsis (13), deep anal ulcer (3),
complex anorectal fistula (9), and rectovaginal fistula (6). Eighteen patients
had undergone either seton or abscess drainage. No rectovaginal fistula had
been subject to surgery. Twenty-five (81%) went in to early remission and
6 (19%) failed to respond. Early responders (17/25) failed at a median of
81 months. Eventually 22 patients underwent proctectomy at median 20
months. One patient required repeated drainage of perianal sepsis. Only 3
(10%) patients (2 perianal abscess and 1 anorectal fistula) have been able
to have the stoma reversed. All 6 patients with rectovaginal fistula under-
went proctectomy after failing to go in to complete remission. Age, gender,
disease duration, steroid use, smoking, coexisting Crohn’s disease, blood
indices, and CD activity index affected outcome [51].

6.5. The Influence of Proximal Resection and Disease
Activity on Healing of PACD
In the largest series of 826 patients followed from 1955 to 1974, 23% had
either high or low fistula. After definitive surgery for small-bowel or ileo-
colic disease, 60% healed. Patients with colonic CD did not heal. Of fistu-
las, 47% healed spontaneously after resection of active proximal disease
although in 35% of cases fistulas recurred in 2.5 years. However, in the 65
patients with rectal CD and anal fistula, 58 patients still underwent procto-
colectomy. At this time, however, medical therapy was less advanced [37].

Is there any evidence that medical or surgical treatment that leads to
reduction in disease activity benefits PACD? Reports are equivocal
[26,29,32,38]. In one series of 35 patients, 3 patients underwent early proc-
tectomy. Out of the remaining 32, 30 demonstrated healing even though 6
had high fistulas. Healing was less likely in the presence of active intestinal
disease particularly rectal involvement [34,52,53]. Other studies were less
certain that rectal disease was so important [35,54]. Surgery may also reduce
arthralgia [55].

6.6. Advancement Flaps in Anorectal PACD
In the absence of proctitis, high fistulas (trans-sphincteric, anovaginal) have
been treated by a variety of advancement flaps (endoanal, cutaneous,
endorectal, and sleeve) with excision of the fistula tract [52,53,56–58].
Extensive, circumferential ulceration, perianal stricture, and inflammation
in the anal canal up to anorectal ring preclude this operation as much on
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technical grounds as on the absence of a functioning anal canal [59]. Even
in centers of excellence the technique is not extensively performed so it is
surprising that the technique is much quoted for anorectal fistulas [58,60].
Failure often leads to proctectomy as it reflects aggressive Crohn’s disease.

In a small series of 5 patients with PACD, 3 patients with low anal fistu-
las were healed by the so-called house flap [61].

In the sleeve technique, a cylinder of diseased anal canal is resected and
the healthy low rectum is mobilised to form a full-thickness sleeve flap that
is then anastomozed to the dentate line. Thirteen patients with rectovagi-
nal or rectovaginal and perianal fistulas underwent the procedure. All but
2 patients were on some form of immunosuppression. Six were defunc-
tioned. A 60% healing rate over 36-month median follow up was seen,
although 2 patients required a transrectal advancement flap for persistent
sinus [59].

Advancement techniques for purely trans-sphincteric perianal fistulas in
CD have been associated with healing rates from 33% to 100% in small
series [23,52,62]. In the largest study (20 patients), a 75% healing rate was
reported at 2 years with healing less likely in patients with Crohn’s colitis.
This compares favourably with healing rates of 30% to 40% after seton
from the same group [15,57].

In summary, this is a complex technique, little carried out for trans-
sphinteric fistulas but with potential in the absence of proctitis.

6.7. The Treatment of Vaginal Fistula in PACD
Rectovaginal fistulas may occur in 10% of women with Crohn’s disease and
an intact distal colon [63]. Unpleasant though this symptom may be, treat-
ing coexistent Crohn’s disease elsewhere in the gastrointestinal tract may
be more of a priority. Medical treatment may alleviate symptoms but rarely
results in complete or sustained healing of this type of fistula. As with peri-
anal fistula, the aim of surgery is to alleviate symptoms and, by defining the
anatomy, consider the possibility of repair and eradication of the tract.
Surgery may improve symptoms by controlling sepsis by simple drainage
and placement of a loose seton. In some patients, it may be reasonable to
attempt secondary repair procedures. Where repair of a rectovaginal fistula
is undertaken, the level of the internal vaginal opening guides surgery.
Repairs that do not divide the sphincter should not compromise continence.
A diversionary procedure to prevent perineal contamination may improve
healing. In all cases, failure of treatment with recurrent fistulation points to
aggressive CD and likely rectal involvement. In this situation, proctectomy
may be optimum treatment, eradicating symptoms of rectal disease, faecal
incontinence, and vaginal discharge. Morbidity from delay in healing of the
perineum should not be ignored.

Rectovaginal fistulas are classified as follows: high (involves the vault),
medium (involves the vaginal wall above the level of the sphincter), and low
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(directly involve the anal sphincter). High vault fistulas are managed trans-
abdominally and will not be discussed further.

Repair of Crohn’s rectovaginal fistulas are carried out using a transvagi-
nal and transrectal approach. Anovaginal fistulas recur more frequently
after local repair than other trans-sphincteric procedures [52]. In severe
PACD, the approach utilised is an endoanal or endorectal advancement flap
for localised low or high disease and a circumferential sleeve advancement
flap for circumferential disease, both in the absence of active proctitis
[52,59]. Alternatively, a vaginal approach can be taken [64].

Twelve patients underwent rectal advancement flap repair for trans-
sphincteric anovaginal fistula using the technique described by Lewis and
Bartolo [62]. Healing at 1 year was 54% but had dropped to 28% by 2 years.
This was much worse than the 72% healing for the trans-sphinteric peri-
anal group also reported by this group [57].

The Bristol group reported a series of 10 patients, none of whom had
undergone previous fistula surgery, but they were less rigid in their surgi-
cal approach. Symptoms had been present for a mean of 4.8 years before
definitive repair. Sepsis was controlled by seton drainage and defunction-
ing in 8 patients. This was a mixed group (5 low trans-sphincteric; 3 high
trans-sphincteric; 2 supra-sphincteric). Six patients underwent transanal
advancement flap, 1 a low fistulotomy, 2 transperineal, and 1 transvaginal
repair. Two patients underwent 2 repairs and 1 patient 3 repairs. Eight out
of 10 fistulas remained healed with preservation of a functioning anus in
follow up between 6 and 66 months [65].

In a series of 14 patients treated by endoanal advancement flap, there
was healing in 10 patients but in mean follow up to 39 months the overall
rate dropped to 50% [66].

The transanal approach has also been reported by the Cleveland clinic.
In this series of 48 women, 9 patients with severe anorectal and/or colonic
CD, however, immediately underwent proctocolectomy.

Curvilinear advancement flaps (CARF) were carried out in patients with
mild or minimal anorectal disease. Thirteen out of 24 patients healed pri-
marily rising to 16 out 24 after additional repairs. Five out of 6 with a cov-
ering stoma had a successful stoma closure.

If the fistula was long or high or associated with an anal ulcer, a linear
advancement flap was chosen (LARF). In this vertical repair, the fistula is
excised and the rectal wall and mucosa closed but the vaginal defect left
open. Three out of 6 fistulas were healed. Two patients underwent a CARF
and one remained healed.

An advancement sleeve flap (ASF) is indicated in women with minimal
or mild rectal disease associated with severe anal ulceration. In this tech-
nique, a circumferential mucosectomy is performed, exposing the internal
sphincter. The rectum is advanced after carrying out an Altemeier-type dis-
section, and after the fistula tract has been cored out and sutured, the cuff
of normal rectum is sutured to the level of the internal sphincter. Again the
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vaginal side of the fistula tract is left open. In this small group of 5 patients,
3 were defunctioned. Three patients healed after the primary procedure, 1
healed after a second ASF, and 1 underwent a total proctocolectomy and
ileostomy [67].

In a study from Mt. Sinai Hospital, 13 patients with rectovaginal fistulas
associated with colitis were repaired transvaginally. All patients had
received metronidazole and immunosuppressant therapy before surgery.
All but 1 fistula measured less than 1cm and 3 patients had anorectal fistula
as well. In this technique, a vaginal flap was raised; the rectal fistula was
closed and firstly covered by approximated levator ani and then by the
advanced vaginal flap. Postoperatively patients remained on medical treat-
ment that was steroid sparing in all but 1 case. The results were excellent
with fistulas eradicated in 12 out of 13 patients followed up between 9 and
68 months and in 13 out of 14 in a follow-up study [64,68].

In summary, vaginal fistula associated with PACD are difficult to treat
and flap repair carried out transanally can achieve 60%, but in larger studies
this drops to 28% [52,57]. The results of the transvaginal repair appear to
be more encouraging [68].

6.8. Anorectal Stricture
Crohn’s disease is characterised by stricture formation so it is hardly sur-
prising that strictures can develop in the anal canal, anorectum, and rectum.
Distortion of the anatomy by PACD and stricture length may make it dif-
ficult to categorize the site of origin [12]. There will usually be coexistent
proctitis or sepsis. Presenting features are usually of the underlying sepsis
or proctitis (perineal pain, tenesmus, mucus PR, or bloody diarrhoea) rather
than obstruction or constipation. The diagnosis is may be made at EUA for
other manifestations of PACD such as fistula, fissure, or skin tag.

Quiescent strictures require no treatment in themselves but medical
therapy may help symptoms of proctitis. Local medication may be impos-
sible to deliver rectally, in which case stricture dilatation (digital, balloon,
or Hegar) may be helpful but is associated with local sepsis. Care should be
taken to prove the stricture to be benign and to exclude and treat an asso-
ciated fistula if there is recurrent sepsis. Many patients with anorectal stric-
ture will come to proctectomy.

The Birmingham group reported a series of 44 patients with rectal (22),
anal (15), and anorectal (11) strictures. Patients almost always had procti-
tis (98%) and severe PACD (93%). Six patients underwent immediate proc-
tocolectomy. Conversely, 5 needed no treatment at all. Thirty-three patients
underwent dilatation of the stricture. Fourteen patients required more inva-
sive surgery including defunctioning (2) and proctocolectomy (13). In the
remaining 19 patients, healing was delayed in 9 and failed to occur in 3
patients. Fourteen, however, became symptom free and 2 required repeated
dilatations [69].
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In summary, anal strictures should be managed conservatively once the
diagnosis is established because surgery is associated with complications
and the outlook is poor.

6.9. Proctocolectomy in PACD
Proctocolectomy with ileostomy is indicated for severe unremitting PACD,
proctitis, and malignancy. All patients need to be warned that delayed or
failure of perineal healing as well as recurrent Crohn’s disease are recog-
nised complications. This is not confined to this disease as a persistent per-
ineal sinus occurred in 14% of patients with carcinoma, 31% with ulcerative
colitis, and 36% with CD in one series [70].

In a series from Birmingham, perineal healing was defined as early within
12 weeks, delayed between 12 and 6 months, and as a persistent sinus if the
wound remained unhealed for over 6 months.A persistent sinus was present
in 33 out of 145 (23%) patients.

The unhealed perineum may be a source of pain and discharge and in
women involvement of the posterior wall of the vagina may prevent sexual
activity. Patients may be left with a large granulating cavity or a simple sinus.
For a simple sinus, simple curettage is rarely successful and radical excision
of the sinus with closure has achieved variable results. Studies report
healing rates from just under 30% to 100% [71,72].

6.10. PACD, Sexual Function, and the Mode of Delivery
Women with CD have significantly more sexual problems than controls.
Many are sexually inactive because of dyspareunia, abdominal pain,
diarrhoea, and fear of faecal incontinence during intercourse [73].

Mode of delivery did not appear to exacerbate inactive PACD although
patients are more likely to undergo delivery by Caesarean section [74].
Active PACD is an indication for Caesarean section [75].

6.11. Malignant Change and PACD
Crohn’s disease is associated with malignant change with reports citing any-
thing from 4- to 20-fold increase in relative risk. The risk is related to early
onset of disease and prolonged duration [76]. The risk of development of
carcinoma within Crohn’s anorectal fistula, rectovaginal fistula, and stric-
ture and defunctioned rectum are well described. Both adenocarcinoma
and squamous-cell carcinoma may occur. Pain and bleeding may be fea-
tures. Malignant transformation has been reported to be associated with
anal tags [77].

Malignancy has been reported in 2 patients: one with a defunctioned
rectal stump and the other in the perineum 13 years postproctocolectomy
but with the intervening chronic sepsis of enterocutaneous fistula [11]. Stric-
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ture formation may be significant with 10 (6.8%) malignancies in 175
colonic strictures in 980 patients with Crohn’s ileocolitis or colitis. The rel-
ative risk of developing cancer was 10-fold in patients with strictures. It is
recommended that all Crohn’s strictures should be brushed for cytology
and biopsied. This is applicable to anorectal strictures [78].

In a series from New York, there were 7 patients with carcinoma (3 ade-
nocarcinomas; 4 squamous-cell carcinomas) arising in anorectal fistulas in
a series of more than 1000 patients with anorectal CD treated between 1983
and 1997. All patients had suffered from CD for 8 years or more. In 4
patients the delay in diagnosis was substantial [79].

This data suggests that PACD should be biopsied on a regular basis espe-
cially after 10 years. Biopsy will often need to be undertaken under general
anaesthetic. A defunctioned rectum should be regarded as temporary and
proctectomy carried out in the medium term.

Dysplastic tissue should be re-biopsied on a regular basis but patients
counseled for early definitive surgery. Any fistula that does not respond to
conventional therapy or that occurs distal to a stricture site must arouse
suspicion and be brushed for cytology and biopsied for histological 
confirmation.

7. The Medical Management of PACD

Outcomes of medical management are more difficult to establish because
fistula mapping is rarely reported. Some, but not all, will use a Perianal
Disease Activity Index that records the presence or absence of discharge,
pain, or restriction of everyday activities, restriction of sexual activity, the
type of perianal disease, and the degree of induration.

7.1. Metronidazole and Ciprofloxacin
The mode of action of metronidazole in Crohn’s disease may be anti-inflam-
matory and immunosuppressive. Reducing antigenic stimulation by anaer-
obic bacteria such as bacteriodes may be significant [80]. Metronidazole
decreases perianal odor and discharge. In an early nonrandomised study 
by Bernstein, there was an early response in 21 out of 21 patients with 
complete healing in 10 out of 18 patients who continued on therapy [76].
Jacobovits and Schuster reported the results of 8 patients with a variety of
perineal fistula whom had received medical therapy and surgery. After
treatment of an average of 6.6 weeks, the number of fistulae decreased 20-
fold and 50% of the fistulous tracts closed completely. All patients experi-
enced side effects and 5 out of 8 stopped treatment because of them. All
patients noticed improvement in Crohn’s symptoms during 6 months follow
up off treatment [81]. Metronidazole use long term is limited by toxicity
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and side effects. There is no randomised trial looking specifically at PACD
and metronidazole.

Ciprofloxacin may be used in patients unable to tolerate metronidazole.
In a small series, ciprofloxacin improved well being and subjective symp-
toms in 8 patients, but all patients relapsed off treatment [82]. A 12-week
course of both ciprofloxacin and metronidazole led to healing of fistulas in
3 and improvement in 9 out of 14 patients but again symptoms returned on
cessation of treatment [83].

7.2. Azathioprine and 6-Mercaptopurine (6-MP)
The antimetabolite agents azathioprine and 6-MP are purine analogues that
interfere with nucleic-acid metabolism and cell proliferation and have
immunosuppressive properties. Azathioprine is rapidly converted in to 6-
MP in vivo. The use of these drugs is limited by a slow onset of action,
requiring up to 3 months to reach clinical efficiency tolerable in long-stand-
ing PACD disease. In a meta-analysis of 9 trials, fistula responses were
reported in 5 studies. Out of 41 patients, 22 (54%) responded compared
with 6 out of 29 (21%) patients receiving placebo. Most patients came from
one study from Mount Sinai Hospital and the authors expressed caution in
interpretation of this result because two other less detailed studies had
demonstrated no significant benefit in healing [84].

There have been encouraging reports using cyclosporin in PACD [85].

7.3. Infliximab
Infliximab is a genetically constructed IgG1 murine–human chimeric mon-
oclonal antibody that binds both the soluble subunit and the membrane-
bound precursor of tumour necrosis factor a. TNF-a is thought to have a
key role in the initiation and propagation of Crohn’s disease. It is the first
drug that may act with substantial efficacy and a durable response.

In a prospective, randomised, double-blind placebo-controlled multicen-
tre trial, 94 adults with perianal or abdominal wall fistula of 3 months 
duration were treated with infliximab infusions. Crohn’s strictures and
abscess were excluded. Patients could be on concomitant therapy, exclud-
ing cyclosporin-A. The primary end- point was defined as a reduction in the
number of fistula sites by greater or more than 50%. Infliximab was given
at weeks 0, 2 and 6. A seton, if present, was removed at 2 weeks. Patients
were assessed on weeks 10, 14, 18, 26, and 34. There was a significant reduc-
tion in the number of draining fistulas after 2 or 3 treatments. The effect 
of treatment was rapid (about 2 weeks) and with a median duration of 3
months. The primary end-point was achieved in 68 or 56% (depending on
dosage) versus 26% in the placebo group. A complete response occurred
in 46% compared with 13 %. Perianal sepsis developed in 11%. Closure of
all fistulas was seen overall in 46% versus 13%. Within the study period
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however fistulas reappeared in more than 50% of cases. This suggests that
the fistulous tract persists despite closure of the internal openings. Inter-
estingly, benefit was independent of concomitant steroids, 6-MP, or antibi-
otics [86].This has been confirmed in another study by endoanal ultrasound
[87].

A similar experience was reported from the Mayo Clinic. The first 100
patients treated included 39 patients with a total of 74 fistulas (50 perianal;
15 rectovaginal or pouch–vaginal; 6 enterocutaneous; 3 peristomal). Each
patient received between 1 and 3 doses of infliximab over 8 weeks as induc-
tion therapy. Eighteen (46.2%) patients had fistulas that healed and 9
(23.1%) patients had fistulas that improved. Two patients (5%) developed
abscesses during treatment. Six patients had had treatment with seton and
3 drainage of abscess at the time of treatment. This prophylactic surgery, as
well as antibiotic therapy, reduced the abscess rate in this study. Infusion-
related reactions were seen in 19 patients, of which 2 involved hypotensive
episodes. Interestingly 18 out of 19 were on concomitant immune modifier
treatment [88]. In another study, 23 (69%) of 33 patients with fistulous
disease demonstrated a response with a mean duration of response of 10.9
weeks and 78% maintained this response at 18 weeks [89].

The place of infliximab in PACD and CD generally is still to be decided.
The high cost of infliximab at £1350 per infusion (dose: 5mg/kg) has pre-
vented widespread clinical experience and confidence that comes with a
new treatment adoption. Perhaps this will come from its parallel use in
rheumatoid diseases. Current NICE recommendations are to be reviewed
in 2005. Current recommendations direct infliximab should not be used for
CD with any type of fistula unless the patient has severe active CD, treat-
ment with immunomodulators and corticosteroids have not worked (or
have caused intolerable side effects), and in patients whom surgery would
not be the right treatment because of patient condition (NICE April 2002).
Repeat infusions of infliximab could be used as a long-term maintenance
treatment or as bridge therapy while azathiaprine/6-MP takes affect. In
PACD, however, infliximab may be a useful adjunct to surgery by reducing
inflammation around the fistula so optimising corrective surgery.

In the future, gastroenterologists and colorectal surgeons will continue to
discuss the place of each modality on an individual bases. Perhaps medical
advances will make Crohn’s surgery generally less common. For the
moment the optimal timing, frequency, and duration of infliximab treat-
ment, long-term toxicity, best concomitant therapy, prevention of compli-
cations, and cost effectiveness will only be established if it is used in clinical
practice [90].
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6
Investigation and Management of
Malignant Anal-Canal Tumours

Najjia N. Mahmoud and Robert D. Madoff

1. Introduction

Tumours of the anal margin and canal are a rare but histologically diverse
group of neoplasms. In the United States, anal-canal carcinoma accounts
for 1.5% of digestive system cancers, with an estimated 3400 new cases 
diagnosed each year [1]. Despite its infrequency, insights into anal-cancer
biology over the past 30 years have radically altered its management. In the
past, chronic conditions such as haemorrhoids, fistulas, and fissures were
thought to cause anal cancer. This belief has been replaced with the knowl-
edge that human papilloma viruses and chronic immunosuppression play
critical roles.Thirty years ago, abdominoperineal resection was the standard
treatment for patients with anal cancer. Today, chemoradiation has rede-
fined therapy, allowing many patients to retain gastrointestinal continuity
with lower morbidity. This chapter overviews the causes, diagnosis, and
treatment of anal-canal carcinoma in the context of the rapid changes in
this field in the past 30 years.

2. Anatomic Features

Traditionally, the anus is divided into the mucosa-lined anal canal and the
more distal epidermis-covered anal margin. Confusion in the literature over
precise anatomic localisation of tumours has resulted from reporting errors
and differences of opinion among clinicians and researchers. These incon-
sistencies have made comparisons of studies difficult and may confound
outcomes. The World Health Organization (WHO) recently defined the
anal canal and margin in histologic and anatomic terms, in keeping with 
the American Joint Committee on Cancer (AJCC)/International Union
Against Cancer (UICC) staging system; it is this definition that most 
clinicians and researchers have now agreed on [2]. By this definition, the
anal canal extends from the rectum to the perianal skin and is lined by 
the mucosa overlying the internal sphincter. Importantly, this definition
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includes the anal transition zone (ATZ) epithelium and the non–hair-
bearing and non–sweat-gland bearing squamous mucosa extending distally
to its junction with skin. Anal margin refers to the junction of the skin and
the squamous mucosa of the anal canal. Anal-margin tumours are, for this
reason, staged according to the system used for skin cancers.

Histologically, the mucosa of the anal canal is divided into three zones.
The upper zone is located above the ATZ and comprises colorectal-type
mucosa. The ATZ extends variably above and below the dentate line for
about 1–2 centimeters vertically, in fingerlike projections that vary in length
both between subjects and within the same individual [3]. Fenger, in a classic
study of the anatomy and histology of the anal canal, defined the extent of
the ATZ and its relationship to the dentate line with alcian blue—a stain
that renders mucin-rich columnar epithelium dark blue, mucin-poor transi-
tional epithelium light blue, and squamous epithelium colorless. According
to Fenger, the dentate line ranged from 5 to 19mm above the lower end of
the anal canal. The ATZ was generally located above the dentate line, but in
a number of canals, the borders of this zone extended 3 to 6mm below it [4].

Tumours arising distal to the dentate line are usually keratinising squa-
mous-cell carcinomas, whereas those arising in the ATZ and above are 
typically nonkeratinising. Because of the complex gross and histologic
anatomy of this region, classification of anal neoplasms has been a source
of confusion and inconsistency. Most pathologists use the World Health
Organization (WHO) classification. According to the WHO classification,
anal canal lesions consist of squamous-cell (cloacogenic) variants, including
keratinising, nonkeratinising, and basaloid tumours [2]. Anal-canal lesions
may also include adenocarcinoma, and other more rare lesions such as 
carcinoid, anal lymphoma, and melanoma. Anal-margin tumours include
squamous-cell carcinoma, giant condyloma (verrucous carcinoma), basal-
cell carcinoma, and variants of anal intraepithelial neoplasia sometimes
termed Bowen’s disease. Paget’s disease refers to adenocarcinoma-in-situ.
For more detailed discussion of these subtypes, see the Histology section.

The dentate line provides an anatomic reference point for lymphatic
drainage of the anal canal and margin. Above the dentate line, drainage is
primarily via the superior rectal lymphatics to the inferior mesenteric nodes
and laterally along the middle and inferior rectal vessels [5,6]. Lesions distal
to the line drain to the inguinal and femoral lymphatics (Figure 6.1).
Tumours in the ATZ may follow both lymphatic routes. Patients with unex-
plained inguinal lymphadenopathy should undergo a careful examination
of the anal canal.

3. Presentation and Physical Findings

By far, the most common presenting symptom of anal cancer is rectal bleed-
ing, which occurs in 45% of patients. Another 30% have pain or the sensa-
tion of a rectal mass, whereas 20% have no symptoms at all [7,8]. Initially,
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many patients may have symptoms of persistent bleeding and itching. In
one series, more than 50% of the cases documented were diagnosed more
than 2 years after the onset of symptoms [9]. Prompt diagnosis and treat-
ment of anal-canal and -margin cancers can be difficult. Stearns and Quan
reported that one third of such cancers in their series were initially misdi-
agnosed as benign inflammatory disease [10]. More advanced cases involv-
ing the anal sphincter can cause tenesmus and incontinence. A common
problem arises when haemorrhoid specimens sent for routine histopathol-
ogy are found to contain areas of cellular atypia, high- or low-grade intra-
epithelial neoplasia, or invasive cancer; in such individuals, treatment and
follow up are controversial.

4. Risk Factors

In the past, the commonly held notion was that benign anorectal conditions,
such as haemorrhoids, fissures, and fistulas, predispose to the development
of squamous-cell carcinoma (SCC). The cause or common mechanism was
presumed to be prolonged exposure of the anal-canal epithelium and
margin to chronic inflammatory conditions. Similarly, patients with inflam-
matory bowel disease were believed, on this basis, to be at increased risk,
particularly when anal fistulas were present. In 1994, Frisch examined this
issue in a large population and did not find a causal relationship between
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benign anorectal conditions and anal cancer, up to 13 years after resolution
of the benign condition [11]. In a similar large population study, Frisch 
identified 9602 Danish patients with a diagnosis of either Crohn’s disease
or ulcerative colitis (mean follow up, 10 years). Only 2 patients developed
anal squamous-cell carcinoma in this time, both of whom had had Crohn’s
disease or ulcerative colitis more than 15 years. Frisch concluded that
although long-term sufferers of irritable bowel disorders may be at slightly
increased risk of anal SCC, short- and mid-term risk is not significantly dif-
ferent from that of the general population [12].

4.1. Lessons from Cervical Cancer
In contrast, striking evidence links human papilloma virus (HPV) infec-
tion with the development of anal SCC and anal intraepithelial neoplasia
(AIN). HPV is a double-stranded DNA tumour virus with a predilection
for mucoepithelial tissues. More than 100 types of HPV have been identi-
fied overall, but only 30 types have been found in conjunction with either
anal SCC or AIN. Furthermore, HPV 6 and 11 are nononcogenic—they are
associated with lesions such as low-grade anal squamous intraepithelial
lesions (LSIL) and condyloma acuminatum. Oncogenic or high-risk types
16 and 18 are associated with invasive anogenital cancers and lesions with
the potential to progress to invasive cancer, such as high-grade squamous
intraepithelial lesions (HSIL) [13].

In the general population, the incidence of anal cancer has been observed
to have a female predilection, occurring in women at almost twice the rate
as men. However, for more than 60 years, an increased risk of anal cancer
in homosexual men has been noted [14]. The identification of a high-risk
population with numerous sexual partners and other venereal diseases
made an infectious agent seem likely. This likelihood is strengthened by
recent studies demonstrating an increase in anal-canal cancer in hetero-
sexual men and in women with numerous partners of the opposite sex; both
these subgroups have a heavy burden of venereal disease. Current estimates
show that the risk of anal cancer in American homosexual men practicing
anal-receptive sex may be even higher than the risk of cervical cancer in
American women [15].The incidence of cervical cancer in the United States
is now about 8 per 100,000. The incidence of anal cancer, in both men 
and women in the general population, is about one tenth that figure. The
estimated incidence in men with a history of receptive anal intercourse is
about 35 per 100,000—a figure on par with the incidence of cervical cancer
in women before screening programs were instituted [13]. In the United
States, according to the Surveillance, Epidemiology, and End Results
(SEER) program, the relative risk of developing anal cancer is 4.6 in
women who had a prior diagnosis of cervical cancer [16].

Interest in the viral pathogenesis of anal intraepithelial lesions and inva-
sive anal cancer began with the investigation of the HIV epidemic. Most
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current studies focus on data collected before the advent of highly active
anti-retroviral therapy (HAART) in HIV-positive homosexual men.
Again, cervical cancer provides an excellent model for the study of anal 
cancer. Both types occupy anogenital mucoepithelium in an epithelial 
transformation zone, both are frequently associated with HPV, and both 
are recognized to have a noninvasive dysplastic precursor lesion. Most 
of the hypotheses about the natural history and pathogenesis of anal 
cancer are directly extrapolated from the well-documented example of 
cervical cancer. Prospective data on the biological ramifications of HPV
infection and on the HSIL and LSIL precursor lesions in the HIV-positive
as well as HIV-negative subpopulations are just now being gathered.
No published studies to date have documented the progression of HSIL 
to anal cancer; however, it seems likely that—with time and adequate 
follow up, in light of the cervical cancer literature—this connection can 
be established. Obviously, investigation is hampered by low case numbers
in the non-HIV subpopulation and by short follow-up times among 
study patients in the HIV-positive population (because of the morbidity of
their underlying disease). It is not known how HAART will affect the
natural history of HSIL and LSIL. Similarly, it is unclear how close follow-
up with concomitant clinical intervention might change outcome data
[13,17–19].

4.2. HIV Infection
Emerging data from ongoing studies show that 93% of HIV-positive 
homosexual men and 61% of HIV-negative homosexual men have HPV
DNA as detected by PCR sampling. HPV 16 was the most prevalent viral
serotype, but 73% of HIV-positive men had multiple types compared with
23% of HIV-negative men [20]. In one recent study, the relative risk of
developing ASIL increased with decreasing CD4 counts. Other investiga-
tors, following a San Francisco cohort of homosexual men, found that 49%
of the 277 HIV-positive men and 17% of the 221 HIV-negative men devel-
oped HSIL over a 4-year period [13]. Risk factors for progression to HSIL
include infection with multiple HPV types, high-level infection with onco-
genic HPV types, and chronic anal infection. A limited number of small
studies have documented the effects of HAART on the natural history of
anal-canal cancer. Evidence from these studies suggests that those patients
progressing to anal cancer had lower CD4 counts [13,17,21,22]. In these
same studies, those patients with high CD4 counts had the highest rate of
HSIL regression to LSIL. Clearly, it is still too early to make definitive state-
ments regarding the impact of HAART on the natural history and pro-
gression of ASIL to invasive cancer; however, trends suggest that patients
on chronic immunosuppression and HAART nonresponders may have a
greater risk of developing invasive precursors. Longer follow up is needed
to establish this definitively.
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4.3. Smoking
Several case-control studies have demonstrated that smoking increases the
risk of anal cancer by a factor of 2 to 5, independently of sexual practices
[16,23]. The antiestrogenic effect of smoking is speculated to potentiate the
neoplastic effects of oncogenic HPV serotypes [24]. Conversely, lung cancer
is more than twice as frequent in those with anal cancer as in the general
population.

4.4. Chronic Immunosuppression
An increased risk of persistent HPV infection is correlated with an
increased likelihood of anal cancer. Patients on long-term corticosteroid
immunosuppression do not have an increased risk of anal-canal cancer, but
they do harbor persistent HPV infection [29].

5. Diagnosis

The diagnosis of anal-margin and -canal tumours can be delayed when 
mistaken for benign conditions. Malignancy must be considered when 
treatment for anal dermatitis fails, or when pruritus ani proves refractory
to medical therapy. Obvious firm masses and bleeding, friable, ulcerated
lesions require prompt biopsy. A thorough physical examination includes
specific attention to the anogenital region and the inguinal lymph nodes.
Computed tomography (CT) of the abdomen and pelvis and a chest X-ray
are the standard extent-of-disease evaluation of anal cancer. Other imaging
studies that may help determine depth of invasion include magnetic reso-
nance imaging (MRI) and endoanal ultrasound (EAUS). There is currently
no specific EAUS protocol for the diagnosis or posttreatment follow up of
patients. However, at our institution, we use this technique for all newly
diagnosed anal-canal cancers to quantify the size of the lesion, to determine
the extent of sphincter involvement, and to detect the presence of regional
lymph nodes (although the significance of the latter finding remains uncer-
tain). EAUS is also used in the follow up of treated patients to detect early
recurrences (Figure 6.2) [25,26].

The role of total colonic evaluation for patients diagnosed with anal-
canal carcinoma has been debated. Current evidence seems to support the
view that squamous-cell carcinoma variants do not represent an increased
risk for synchronous colonic adenomas or adenocarcinomas [27]. However,
full colonoscopic evaluation remains a part of many clinicians’ practice.
Many patients evaluated for anal-cancer require colonic screening for
routine preventive reasons.
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6. Classification and Terminology

6.1. Location
Anal-canal tumours are defined by their location and histologic grade. The
most commonly accepted anatomic description of the anal canal has been
put forth by the WHO and agreed on by the AJCC/UICC. The canal
extends from the rectum to the perianal skin and is lined by the mucous
membrane overlying the internal sphincter (Figure 6.3). Therefore, the anal
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Figure 6.2. (A) Pre-chemoradiation therapy. (B) Eighteen months post-
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canal encompasses the ATZ epithelium and the non–hair-bearing and non–
sweat-gland-bearing squamous mucosa extending distally to its junction
with skin. Anal margin refers to the junction of the skin and the squamous
mucosa of the anal canal. Anal-margin tumours are, for this reason, staged
according to the TNM system used for skin cancers.

6.2. Histology
Before the WHO classification proposed by Jass and Sobin in 1989, anal-
canal tumour location and histologic information was highly variable and
confusing [28]. Terminology was nonstandard and even now makes mean-
ingful retrospective meta-analysis of the literature quite difficult. Although
the majority of anal-canal tumours are variants of squamous-cell carcinoma,
the anal canal and margin contain numerous examples of mixed histologic
cell types that have spawned various histologic designations. For example,
although the WHO classification designates all anal-canal squamous-
cell variants as cloacogenic, other systems regard only those variants 
with basaloid features (that is, containing small palisading cells that histo-
logically resemble basal-cell carcinoma) as cloacogenic. Other variants are
designated mucoepidermoid, referring to the histologic admixture of squa-
mous cells and mucus-producing cells. In the anal canal, about 50% of 
squamous-cell tumours show a degree of keratinisation; in the anal margin,
about 80%. All of these cell types are thought to arise from the transitional
epithelial tissue that constitutes the dentate line [6]. Fortunately, neither
treatment nor prognosis seems to depend on these rather arbitrary desig-
nations (Table 6.1).

7. Treatment

7.1. Background
Nearly 80% of anal-canal tumours are either SCC or histologic variants 
of SCC such as epidermoid, transitional cell, or basaloid [29]. All of these
variants arise in the anal transition zone. As mentioned before, variable 
terminology has led to confusion in the literature; however, there is no 
difference in treatment or outcome among these tumours [2].Another 10%
of anal-canal tumours are adenocarcinomas; the remaining 10% are mainly
melanomas, carcinoids, and leiomyosarcomas.

The treatment of anal-canal carcinoma has a dynamic recent history,
having undergone major changes within the past 3 decades. Before 1974,
the standard of care was either wide local excision (for tumours judged to
be superficial), or abdominoperineal resection (APR) (for tumours invad-
ing the external sphincter). Outcomes were poor, with overall survival rate
after APR ranging from 30% to 70% depending on tumour grade, stage,
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Table 6.1. WHO classification of carcinoma of the anus.

Histologic Classification
Anal Canal
Malignant epithelial tumours

Squamous-cell (cloacogenic) carcinoma
Large-cell keratinising
Large-cell nonkeratinising (transitional)
Basaloid

Adenocarcinoma
Rectal type
Of anal gland
Within anorectal fistula

Small-cell carcinoma (designated as histologic grade 3)
Undifferentiated (designated as histologic grade 4)

Anal Margin
Malignant epithelial tumours

Squamous-cell carcinoma
Giant condyloma (verrucous carcinoma)*
Basal-cell carcinoma*
Others
Bowen’s disease (squamous intraepithelial neoplasia)*
Paget’s disease (adeno intraepithelial neoplasia)

*These types are not usually graded, although Bowen’s disease corresponds to high-grade
squamous intraepithelial lesions (HSIL) and squamous carcinoma-in-situ (CIS).

Histologic Grade
Histologic grade for anal squamous-cell cancers are listed. In tumours with mixed grades,
the most poorly differentiated is recorded.
Grade X Grade cannot be assessed
Grade 1 Well differentiated
Grade 2 Moderately differentiated
Grade 3 Poorly differentiated
Grade 4 Undifferentiated

Regional Lymph Nodes
In the TNM system, regional lymph nodes in anal-canal or -margin cancer consist of the
perirectal, mesorectal, internal iliac (hypogastric), and superficial and deep inguinal nodes.
All other nodal groups are regarded as metastatic disease and given an M designation.

TNM Staging
TNM staging (AJCC/UICC designations) for anal-canal carcinoma is shown below.
Anal-margin tumours are staged according to skin cancer classifications, and melanomas are
grouped separately as well. T refers to primary tumour size and local extension. N
designates locoregional nodal involvement, and M implies distant spread.

Primary Tumour (T)
TX Primary tumour cannot be assessed
T0 No evidence of primary tumour
Tis Carcinoma in situ
T1 Tumour <2cm in greatest dimension
T2 Tumour >2cm but not >5cm in greatest dimension
T3 Tumour >5cm in greatest dimension
T4 Tumour of any size invades adjacent organ(s), e.g., vagina, urethra, bladder

(involvement of muscle alone is not classified as T4)



and size [30–32]. In a series from Singh et al. at Roswell Park Memorial
Institute, the local recurrence rate after wide resection or APR was 25% to
35% for all stages; for tumours invading through the submucosa, 100% [8].
Perineal or pelvic recurrence occurs in 50% to 70% of patients undergoing
APR; only 10% die of distant disseminated disease [9].

7.2. Local Excision
Although chemotherapy and radiation result in higher disease-free survival
rates, local excision still has a role in anal-canal carcinoma. Local resection
with curative intent should be restricted to small (less than 1cm), well-
differentiated tumours confined to the submucosa. A retrospective analy-
sis of local excision and survival rates at the University of Minnesota
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Table 6.1. Continued

The TNM system allows for the classification of nonsurgically treated tumours whether by
chemoradiation, chemotherapy, radiation alone, or polypectomy. The R designates residual
disease.

RX Presence of residual tumour cannot be assessed
R0 No residual tumour
R1 Microscopic residual tumour
R2 Macroscopic residual tumour

Regional Lymph Nodes (N)
NX Regional lymph nodes cannot be assessed
N0 No regional lymph node metastasis
N1 Metastasis in perirectal lymph nodes
N2 Metastasis in unilateral internal iliac and/or inguinal lymph nodes
N3 Metastasis in perirectal and inguinal lymph nodes and/or bilateral internal iliac 

and/or inguinal lymph nodes

Distant Metastasis (M)
MX Presence of distant metastasis cannot be assessed
M0 No distant metastasis
M1 Distant metastasis

Stage Groupings
Stage 0 Tis N0 M0
Stage I T1 N0 M0
Stage II T2 N0 M0

T3 N0 M0
Stage IIIA T1 N1 M0

T2 N1 M0
T3 N1 M0
T4 N0 M0

Stage IIIB T4 N1 M0
Any T N2 M0
Any T N3 M0

Stage IV Any T Any N M1



revealed a direct correlation between survival and tumour size. For tumours
greater than 2.5cm, 5-year survival rates were 60% [29]. For those that were
less than 1cm, survival rates were much higher. Corman and Haggitt
reported a similar experience: all tumours confined to the submucosa were
cured by local excision or APR; those that extended beyond the submucosa
eventually recurred [33]. Longo recorded a 62% failure rate in stage I–III
tumours that were treated solely by local excision: all stage II and III
tumours recurred [34]. Tumour accessibility, full-thickness excision, and 
1-cm margins seem imperative for local resection.

7.3. Preoperative Chemotherapy and Radiation
The treatment of anal-canal carcinoma has changed radically with the
advent of chemoradiation protocols in the late 1970s. In 1974, Norman
Nigro, working at Wayne State University School of Medicine, defined a
treatment protocol involving the administration of 5-FU, mitomycin-C, and
preoperative radiation to shrink the tumours. The radiation (30Gy total)
was given in 15 sessions over a 3-week period. The 5-FU was administered
at a dose of 1000mg/m2/d for 4 days, starting on the first day of radiation
therapy, as a continuous infusion; it was then repeated on days 29 through
32. Mitomycin-C (15mg/m2) was administered as a single dose on day 1 of
treatment [35]. Although the pretreatment tumour size averaged 5cm,
pathologic examination yielded residual tumour in only 7 of the 45 patients
studied. All 7 patients with residual tumour died of disseminated disease
[35]. Follow up was under 5 years for many of the patients, but their 89%
disease-free survival rate fueled intense interest in preoperative chemora-
diation and spawned a number of studies with similar multimodality regi-
mens. Some of these studies used radiation, alone or with other therapies,
followed by surgical excision to assess pathologic response.

A number of radiation delivery techniques have been described in the
literature.The 2-field anterior–posterior (AP–PA) technique and the 3-field
posterior–anterior technique are most commonly used. Typically, a dose 
of 1.8Gy/d 5 times per week results in a standard total dose of 45Gy in 
5 weeks. If N1 disease is detected, the fields can be flared to include the
inguinal nodes [4,7]. Enker at Memorial Sloan-Kettering Hospital reported
that 59% of patients treated with both chemotherapy and radiation were
downstaged to pT0 [36]. All of these patients had undergone APR or wide
local excision after radiation treatment.

Most multimodality studies since Nigro’s 1974 publication have used 
5-FU and mitomycin-C as the chemotherapeutic agents. However,
several have made dose and infusion modifications, and nearly all have
varied the radiation dose upward. Maximal doses have been in the range
of 50Gy. Because of such variability among similar therapies, meta-analy-
sis is difficult. However, direct comparison between studies is useful 
(Table 6.2).
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In 1996, the United Kingdom Coordinating Committee on Cancer
Research (UKCCCR) published the largest prospective randomised study
of chemotherapy and radiation versus radiation alone. The trial enrolled
585 patients, assigning them to either combined therapy or radiation alone,
and then assessed them at 6 weeks. Poor responders were then offered APR
and good responders were given a boost of radiotherapy and reassessed.
Those patients receiving radiation alone had a local failure rate of 59%,
whereas those on combined therapy had a 36% local failure rate (mean
follow up, 42 months) [37]. The early morbidity of combined therapy was
higher than with radiation alone; in fact, 2 patients died of sepsis. However,
the late morbidity rate was the same. With combined therapy, the local
failure rate was halved, as was the number of patients requiring salvage
surgery. In all, of 174 patients on combined therapy (with a boost of radio-
therapy), 29 required salvage APR; of 188 on radiation alone, 72 required
salvage APR.Although the local failure rate for radiation alone was higher,
overall survival between the groups was the same [37].

Also in 1996, Flam et al. further explored the role of 5-FU and mito-
mycin-C as radiation-sensitising agents in a phase III prospective ran-
domised RTOG/ECOG trial [38]. A total of 310 patients were randomised
to receive either radiation with 5-FU or radiation with both 5-FU and 
mitomycin-C. Flam concluded that, although the addition of mitomycin-C
produced slightly greater toxicity, at 4 years the disease-free survival was
higher (73% vs 51%, P = .0003). However, as in the UKCCCR trial,
improved overall survival rates could not be demonstrated [38].

In 1997, the third large randomised trial comparing combined therapy
with radiation alone for of anal-canal carcinoma was reported by the Euro-
pean Organisation for Research and Treatment of Cancer (EORTC); this
phase III trial involved 110 patients [39]. The addition of chemotherapy 
(5-FU and mitomycin-C) resulted in a complete response rate of 54% with
radiation alone and 80% with combined therapy. The actuarial 5-year
locoregional control rate improved by 18%; colostomy-free survival, by
32%. As in the UKCCCR study, however, no definite overall survival
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Table 6.2. Results of combined chemoradiation.
Author, Patients Type of Dose Complete Follow
Year (n) Chemotherapy (Gy) Regression (%) Up (m)

Cummings et al., 1984 16 5-FU MTC 50 94 48–84
Cummings et al., 1984 14 5-FU MTC 25 + 25 100 30–48
Sischy, 1985 33 5-FU MTC 55–65 91 12–108
Cummings, 1987 18 5-FU MTC 24 + 24 89 6–30
Meeker et al., 1986 19 5-FU MTC 30 87 30 (median)
Flam et al., 1987 30 5-FU MTC 41–50 87 9–76
Nigro, 1987 104 5-FU MTC 30 93 24–132

Table modified from Gordon PH, Nivatvongs S, eds. Principles and Practice of Surgery of the
Colon, Rectum, and Anus. St. Louis, MO: Quality Medical Publishing, Inc, 1992:412.



advantage could be demonstrated. Most patients whose cancer recurred did
not respond to local excision, yet the authors observed an advantage to
adding chemotherapy to radiation in larger tumours: the event-free survival
rate was lower, with similar toxicities [39] (Table 6.3).

7.4. Inguinal Lymphadenectomy
Before the advent of chemoradiation, radical inguinal lymphadenectomy
was advocated as a useful adjunct to primary resection. Recent evidence
reveals an extremely high morbidity associated with it, with little apparent
benefit in preventing local or distant recurrence [7,10,33]. Current recom-
mendations focus on the use of therapeutic inguinal lymphadenectomy to
reduce the complications and discomfort of rapidly growing groin tumours.
The inguinal area is frequently included in the radiation portal when deliv-
ering adjuvant therapy; however, this technique is not complication-
free. Fibrosis and inflammation can result in debilitating lymphedema that
can be permanent, thus requiring the judicious use of fitted graded-
compression garments, leg elevation, or both.

8. Recurrent Disease and Surgical Salvage

Anal-canal carcinoma metastasises rarely (in less than 10% of patients) 
and late. The most common sites of distant spread are the liver and lungs.
Patients with recurrence tend to die of locoregional complications, includ-
ing ureteral obstruction, perineal sepsis and necrosis, bowel obstruction, and
venous thrombosis. The goal of early detection of perineal posttreatment
recurrences is to prevent lymphatic disease spread. In a retrospective analy-
sis of salvage therapy for recurrent disease after chemoradiation, Allal et
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Table 6.3. Five-year local recurrence rates and disease-free survival rates in
prospective studies.
Author, Year Patients Radiation Median 5-year Local 5-year, Disease-

(n) Dose (rads) Follow Up Recurrence free Survival
(m) Rate (%) Rate (%)

UKCCCR, 1996a 290 45 42 59 60
UKCCCR, 1996 295 45 42 36 39
EORTC, 1997a 52 45 42 46 n/a
EORTC, 1997 51 45 42 20 n/a
Flam et al., 1996a 145 45–50.4 36 34 51b

(5-FU)
Flam et al., 1996a 146 45–50.4 36 16 73b

(5-FU + MMC)

aCombined chemotherapy with radiation administered. Flam et al. prospectively compared
radiation with 5-FU vs 5-FU+mitomycin C (MMC).
b4-year actuarial disease-free survival rates.



al. found that patients who underwent APR had a 53% actuarial 5-year sur-
vival rate; those who didn’t receive additional treatment, 28% [40]. Pocard’s
data from St. Antoine University Hospital examined salvage APR in 21
patients who had either residual disease after sphincter conservation or
recurrence [41]. The actuarial 5-year survival rate was 30%. Factors result-
ing in failure were lymphadenopathy, positive margins, and distant disease.
Recent studies documenting experience with salvage APR after sphincter-
sparing treatment are recorded below (Table 6.4).

Contraindications for salvage surgery include medical debilitation,
known distant metastases, invasion of the pelvic sidewalls, and obvious
inguinal lymphadenopathy. The preoperative assessment should include a
chest X-ray and an MRI or CT scan. Imaging of the abdomen and pelvis
should include fine cuts (2–3mm) through the pelvis, to help visualize prox-
imity to unresectable structures (such as the iliac arteries or the sciatic
nerve). A multidisciplinary approach is appropriate when local invasion of
resectable structures occurs (such as the urinary bladder, cervix, vagina, or
sacrum below the S2 level). The team should include a urologist, neurosur-
geon, orthopedic surgeon, and perhaps a plastic surgeon. Recurrences close
to the pelvic sidewall may be indistinguishable intraoperatively from fibro-
sis and scarring from prior radiation or surgery. An intraoperative frozen
section may be useful if after-loading brachytherapy catheters, iodine seeds,
or intraoperative radiation therapy (boost of 1740Gy) will be used.The role
and long-term outcomes of brachytherapy as an adjunct for salvage surgery
has not yet been validated.

The complications of salvage pelvic surgery are often difficult, for both
the patient and the surgeon. Perineal wound dehiscence and necrosis can
have debilitating consequences. Tissue coverage in previously radiated
fields provides a way to improve wound healing; many consider it essential
in postexenteration reconstruction. Pedicle flaps are routinely taken from
the gluteus, gracilis, or rectus abdominus muscles.
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Table 6.4. Abdominoperineal resection (APR) after failure of radiation (with or
without chemotherapy) for anal cancer.
Author Year No. Median Follow Alive 5-year Survival

of APRs Up (m) (%) Rate (%)

Zelnick et al. 1992 9 20 <10 —
Tanum 1993 9 36 67 —
Lasser 1993 14 36 50 —
Ellenhorn et al. 1994 38 47 — 44
Longo et al. 1994 11 25 18 —
Hill et al. 1996 11 25 18 —
Pocard et al. 1997 21 40 48 33

Table modified from Pocard M, Tiret E, Nugent K, Dehni N, Parc R. Results of salvage
abdominoperineal resection for anal cancer after radiotherapy. Dis Colon Rectum. 1998;
41:1488–1493.



9. Chemoradiation Salvage After Local Resection

Long-term follow-up data is lacking regarding radiation or chemoradiation
salvage after local excision. Patients who undergo primary excision for 
anal-canal carcinoma do so for a number of reasons, including polypectomy,
haemorrhoidectomy, excisional biopsy, as well as local excision with intent-
to-cure. It is unclear at this point whether further treatment for completely
excised, early-stage lesions is appropriate. Nonetheless, patients with posi-
tive margins, or with tumours harbouring vascular or lymphatic invasion
with poorly differentiated characteristics, are candidates for further therapy.
A retrospective analysis from Memorial Sloan-Kettering Hospital in 1999
involved 14 patients who underwent postoperative chemoradiation (either
30 or 45–50Gy) [42]. Actuarial 5-year local control rates were 93%, with no
differences in outcome with the higher versus lower doses [42].

Longo published the largest single retrospective analysis of outcomes in
1994 documenting his experience with chemoradiation after local excision.
The overall local control rate at 5 years was 79% in 109 patients (median
dose, 42Gy). Stratification of the data by stage revealed a 90% local control
rate for stage I; 54%, stage II; and 100%, stage III [34]. Current studies
suggest that incompletely excised tumours, those with poor histologic 
characteristics, and those that are stage II and above are candidates for
chemoradiation after excision. As with primary therapy, chemotherapy
(principally infusional 5-FU with mitomycin-C) seems to promote effective
local control at lower radiation doses [29,31,34,42].

10. Evaluation After Treatment

Close follow up is considered imperative, but the modalities and frequency
are matters of debate. After multimodality therapy, it is not known exactly
what time period is required before maximal tumour regression occurs.
After that time, any disease detected is residual and salvage therapy is war-
ranted. Most surgeons require follow up every 2 to 3 months. Tumours
regress rather slowly after treatment, so 2 to 3 months probably represents
a logical initial time period [44]. Biopsy of any residual mass may reveal
nonviable cancer cells and fibrosis. Because local failure is the rule in 80%
of cases that recur, some surgeons advocate interval biopsy every 3 months,
but there is no consensus on the duration of this practice. An alternative
strategy involves the use of ERUS inspection and physical examination. At
the University of Minnesota, the current protocol is ERUS inspection every
4 months for 3 years, then every 6 months for 2 years. Suspicious tissue or
lymph nodes can then be biopsied under ultrasound guidance.The presence
of inguinal lymphadenopathy after excision and multimodality therapy may
represent a normal response to ongoing inflammation. However, persistent
or new adenopathy must be biopsied to rule out lymphatic spread.
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11. Screening, Evaluation, Treatment, and 
Follow-Up of ASIL

Retrospective analysis of outcome for patients undergoing wide local exci-
sion of HSIL has reinforced the shortcomings of this technique. Total exci-
sion is difficult and recurrence frequent. Brown found that nearly one half
of 19 such patients had an incomplete excision with positive margins, and
that 12 of them had biopsy-proven recurrent HSIL within 1 year. No patient
developed invasive cancer, but 5 had complications (ranging from anal
stenosis to faecal incontinence postoperatively) [46]. Even so, when sur-
veyed, most colorectal surgeons opt for wide local excision for patients with
small lesions (<3cm); 87% also use wide local excision for larger lesions.
However, 74% treat patients with microscopic disease conservatively, at
widely varying follow-up intervals, but without further surgery; most
patients in that category have an incidental finding of HSIL in a haemor-
rhoidectomy specimen [17,47].

Prior to wide local excision, most surgeons advocate some sort of anal
mapping to delineate extent of disease, for example, serial punch biopsies
(with 2- to 4-mm corneal punch biopsy forceps at 1-cm intervals cir-
cumferentially). The use of 5% acetic acid solution with high-resolution
anoscopy is also common. The vinegar solution causes dysplastic mucosa
and skin to blanch. Biopsies are then taken from this area [17].

Wide local excision presents reconstruction issues in an area that is dif-
ficult to heal. Small defects can be primarily closed or left open to granu-
late and then secondarily close. Large defects merit advancement flap or
skin graft closure. Other techniques described to eradicate HSIL include
ablative therapies (such as cautery fulguration, CO2 laser ablation, photo-
dynamic therapy, and argon-beam destruction). None of these techniques
yield a pathologic specimen, and none have been studied prospectively.
Some retrospective series with very small patient numbers have indicated
that photodynamic therapy, in particular, may be promising, offering abla-
tion without severe morbidity. However, prospective trials must first be
done prior to recommending these treatments as primary therapy for HSIL
[17,48,49].

Medical treatments for HSIL have not been well-validated or pro-
spectively studied. Oral and topical retinoids, immune modifiers such as
imiquimod and intralesional interferon, and 5-FU cream have not proven
effective, although clinical trials are ongoing [13].

Palefsky’s group at the University of California, San Francisco, has the
most experience with the evaluation, treatment, and follow up of a large
high-risk population with ASIL, consisting of both HIV-positive and HIV-
negative men. Palefsky advocates a cost-effective prevention program in
high-risk populations that is very similar to cervical-cancer–screening
strategies. A complete history is taken, with specific questions asked con-
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cerning anal discharge, pain, or bleeding. An anal Pap smear with high-
resolution anoscopy is performed, followed by a digital rectal exam and
inguinal lymph node palpation. Further treatment is based on Pap smear
findings (Figure 6.4) [13,50].

Unfortunately, optimal follow-up for other, lower-risk groups (such as
heterosexual men and women with anal condyloma) are not defined. Pro-
spective studies in these groups are much more difficult, the numbers of
affected individuals are fewer, and medical follow up is less likely. Even so,
a number of possibly high-risk subgroups, including women diagnosed 
with cervical dysplasia and prostitutes, may benefit from this algorithm as
well.
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7
Difficult Intraoperative Problems 
in Pelvic Surgery

Finlay J.M. Curran and Nigel A. Scott

1. Introduction

Colorectal surgery in the pelvis is directed at removing a neoplastic or
inflammatory process from the confines of the pelvic cavity and/or recon-
structing intestinal continuity to the anal canal. Both types of pathological
processes, unrestrained by anatomical planes, can involve adjacent pelvic
viscera, the pelvic nerves, the musculature of the pelvic floor, pelvic vessels,
and the bony pelvis in an unpredictable fashion. Intraoperative problems
and dilemmas in the pelvis are posed by the complexity of the structures
that are involved by the pathology compounded by the narrow confines and
restricted access of the true pelvis. In addition, the restoration of rectal and
genitourinary function along with wound reconstruction presents a wide
range of technical intraoperative challenges [1].

The best approach to difficult intraoperative pelvic problems in colorec-
tal surgery is anticipation of the problem and its planned management 
to optimise patient outcomes. Preoperative planning involves meticulous
imaging and detailed patient discussion, assembly of an experienced 
multiprofessional team, and appropriate operating room and preoperative
resources.

2. Preoperative Planning

For the colorectal surgeon, difficulties in the pelvis are compounded by
unexpected tumour or inflammatory involvement of vascular structures,
genitourinary structures, and pelvic musculoskeletal components. Loss of
tissue planes due to previous pelvic surgery and/or radiotherapy exacer-
bates these surgical difficulties (Figure 7.1). Anticipation of anatomical
problems is based on a comprehensive preoperative imaging strategy might
include the processes in Table 7.1.

Having delineated the extent of the pelvic pathology and established the
feasibility of excision, detailed involvement of the patient and relatives in
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Table 7.1. Preoperative imaging strategy.
Inflammatory Process Neoplastic Process

Physical, including pelvic examination Physical, including pelvic examination
under anaesthetic under anaesthetic

Lower gastrointestinal endoscopy Lower gastrointestinal endoscopy
Cystoscopy Cystoscopy
Computed tomography of the pelvis Computed tomography of the pelvis
Magnetic resonance imaging of the Magnetic resonance imaging of the pelvis

pelvis
Gastrointestinal contrast series Transrectal ultrasound
Intravenous pyelogram Staging computed tomography chest and abdomen
Excretion renogram Positron emission tomography scan

Intravenous pyelogram
Excretion renogram

Figure 7.1. Magnetic resonance imaging of a rectal-cancer recurrence.

the operative strategy is essential. Excisional pelvic surgery has a range of
potentially devastating mental and physical consequences for the patient.
Addressing these concerns preoperatively considerably simplifies the man-
agement of problems encountered intraoperatively (Table 7.2).

The final aspect of preparedness for complex pelvic surgery and associ-
ated intraoperative problems is the identification of the resources and per-



sonnel required for the planned procedure and anticipated intraoperative
problems. Multidisciplinary team operating is a skill that is developed by
frequent practice. Consultants that commonly operate together develop
intraoperative patterns of working that are difficult to emulate in ad hoc
surgical teams summoned to the operating room on an urgent unplanned
basis. Although not all are applicable to the majority of cases, access to the
resources listed in Table 7.3 should be considered in the planning of a
complex colorectal pelvic case.

It is mandatory that a complex colorectal procedure be conducted with
the correct personnel and within the correct environment. Senior theater
nurses with an extensive colorectal experience are essential for difficult
pelvic surgery to both anticipate problems and manage the technical
requirements of a multidisciplinary surgical team. Junior surgical trainees
are not suitable sole assistants for complex pelvic surgery. Senior trainees,
colorectal specialist surgical assistants, and/or joint consultant operating are
more appropriate.

Exposure of the pelvic operative field can present a problem. While the
pelvis of a thin female allows easy, direct visualisation of the procedure, the
obese male pelvis is a much more difficult environment to operate within.
The majority of colorectal pelvic surgery is conducted in the Lloyd Davis
position (Figure 7.2). Careful attention has to be paid to the positioning of
the lower limbs to avoid compression of the lateral popliteal nerve and
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Table 7.2. Potential mental and physical consequences
of excisional pelvic surgery for the patient.

Loss of anorectal function and stoma formation
Loss of bladder function and stoma formation
Loss of sexual function
Postoperative morbidity including nonhealing perineum
Postoperative mortality

Adjuvant morbidity
Risk of noncurative procedure

Table 7.3. Identification of the resources and personnel that should be considered
in the planning of a complex colorectal pelvic case.
Consultant Surgical Operating Room Resource Perioperative Care
Personnel

Colorectal surgeon Three-session day MPT discussion
Urologist Three scrub teams Stoma care
Gynaecologist Two consultant anaesthetists Preoperative clinic
Neurosurgeon (spinal) Image intensifier, epidural placement Bowel preparation
Plastic surgeon Repositioning (Lloyd Davies, prone, Blood bank on site
Vascular surgeon supine) HDU bed provision

Cell Saver® access ITU bed provision



Figure 7.2. (A) Overall view: Lloyd Davis position with head down. (B) St. Mark’s
retractors.

A

B



lower-leg compartment syndrome. For removal of the anal canal, the coccyx
must be advanced beyond the edge of the operating table. When a muco-
sectomy or intersphincteric dissection is contemplated, it is helpful to
retract the buttocks of an obese patient with adhesive tape. A posterior
approach to the sacrum necessitates intraoperative repositioning of the
patient into the prone jackknife position.

The dissection techniques used for a malignant process differ funda-
mentally from those used for an inflammatory mass. An inflammatory
process is pinched off adjacent to the involved structures in the expectation
that removal of the inflammatory focus will be followed by resolution of
the inflammation. By contrast, a malignant process must never be trans-
gressed by the dissection—malignancy must be removed intact within a
block of normal structures for local cure to be effected.The pelvis is cleared
of small bowel loops by positioning the patient head down. Early in the
process of defining a malignant pelvic mass, loops of small bowel adherent
to the mass should be divided across with a 55-mm stapling gun. Similarly,
the sigmoid should be divided from the rectum and all the abdominal
viscera packed away from the pelvis into the upper abdomen.

Access and retraction is greatly assisted by using a mechanical retractor
such as the Omnitract. Two short blades are used to retract the abdominal
wall laterally and the large fence retractor placed over packs keeps the
small bowel out of the pelvis. Finally, the lipped retractors can be used to
retract the bladder or the vagina and uterus anteriorly away from the
rectum. Standard theater lighting can be adequate for illuminating the gen-
erality of the operative field, but detailed dissection on the pelvic floor
requires lighting directed into the pelvis. Headlamps offer a consistently
high standard of pelvic illumination. An alternative is a lighted retractor,
which is useful for dissection deep onto the pelvic floor.

Difficult intraoperative pelvic problems consist of (a) vascular or uro-
genital collateral damage, (b) specific excisional problems, and (c) pelvic
visceral and soft tissue reconstruction.

3. Collateral Damage

3.1. Intraoperative Pelvic Haemorrhage
Colorectal pelvic surgery can be complicated by difficult intraopera-
tive haemorrhage. Haemorrhage during surgery in the pelvis can be a life-
threatening event and usually arises from either the presacral venous plexus
or from branches of the internal iliac vessels on the pelvic sidewall.

3.1.1. Presacral Venous Haemorrhage

There are two separate systems of veins in the presacral space and each is
a potential source of bleeding [2]. The presacral venous plexus forms one
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system and this communicates with the internal sacral venous drainage by
a series of basivertebral veins. The adventitia of the valveless basivertebral
veins is continuous with the sacral periosteum as the vein enters the sacral
foramen. The damaged the veins can retract into the sacral foramina and
form a second potential source of major presacral bleeding.

Presacral bleeding in the majority of cases is due to performing the dis-
section of the mesorectum posterior to the rectum in the wrong plane [3].
The correct plane for mesorectal excision is through loose areolar tissue,
which is almost completely avascular. If this plane is not defined correctly
by sharp dissection, the surgeon can begin to remove the presacral fascia,
particularly if conducting a blunt dissection behind the rectum with the
hand or a swab on a stick. Such a blunt stripping disrupts the hypogastric
plexus and exposes the lumbosacral disc, the sacral periosteum, and the very
thin-walled veins of the presacral plexus. Continued blunt stripping of the
presacral fascia tears these veins and initiates torrential venous bleeding.

Haemorrhage from the presacral plexus will not improve by placing the
patient in a steep Trendelenburg position, as this increases the pressure
within the basivertebral veins, facilitating further bleeding. The best initial
manoeuvre is to stop operating and use the pressure of a pack accurately
placed over the bleeding point to stem the blood loss. Keep the pressure
applied with your hand to ensure that you have control while you consider
your options. Do not waste time and circulating blood volume by sucking
at a bleeding field that you cannot define due to the torrential loss of blood.
Do not take the pack in and out frequently to be greeted by severe blood
loss—be prepared to sustain the pressure with the help of an assistant for
30 minutes or so.

While gaining control of the bleeding by pressure, inform the anaesthetist
that you have a significant problem with pelvic bleeding. Give the anaes-
thetist time to consider the following while you maintain haemorrhage
control by pressure: (a) immediate blood and/or fluid infusion if clinically
appropriate, (b) arranging for cross-matched units to be brought to theatre,
(c) arranging for further cross-match units, or (d) arranging for a Cell
Saver® (Haemonetics), if available.

You should also consider the personnel, equipment, and manoeuvres you
may need to employ to stop the presacral bleeding. Do you have a suitable
assistant to help you visualise the bleed and deal with it? If not, consider
sending for more experienced help, including a fellow consultant, at this
stage. Is the lighting adequate? Would a lighted retractor or a headlight
improve the view? Do you need two suckers to clear the operative field for
a good view when the packs are removed?

What technique might arrest the haemorrhage?

• Pressure alone with haemostatic Surgicel (Johnson & Johnson)
• Diathermy with spray on
• Argon beam plasma coagulation
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• Suture
• Thumbtack with Surgicel
• Leave the pelvis packed postoperatively

Talk these options over with your assistants and the scrub staff and
assemble all the options in the theater while you continue to maintain
control with pressure on the haemorrhage site. Do not be tempted to begin
to move the pack and visualise the bleeding point until all the anaesthetic
preparations for torrential bleeding and all your requirements for person-
nel and equipment are assembled in the operating room.

3.1.2. Surgical Control of Presacral Haemorrhage

After 30 minutes of direct pressure on the haemorrhage site, with suitable
experienced assistance, suction, and lighting in place, the pack is removed.
It is not uncommon at this stage for pressure alone to be responsible for a
considerable reduction in the ferocity of the blood loss. If this is the case,
the application of haemostatic Surgicel with further pressure may arrest 
the bleeding entirely and allow mesorectal excision, in the right plane, to
continue.

Continued significant presacral bleeding requires intervention, and brief
direct visualisation of the bleeding point using brief suction before reap-
plying the packs allows a decision to be made about the best option. Is there
a length of visible vein on the sacrum that can be sutured or does the blood
loss emerge straight from a torn vein in the bony sacrum?

Diathermy is usually quite useless for presacral venous bleeding, often
making the situation worse by disrupting the delicate venous plexus further.
Argon beam plasma coagulation offers the theoretical advantage of non-
contact coagulation, preventing inadvertent removal of the eschar, but is
unlikely to be effective against the full force of a torrential bleed.

A visible length of disrupted vein (i.e., bleeding from a vein in the pre-
sacral plexus) allows an attempt at suture ligation using a 3-0 prolene vas-
cular suture. Suturing into the pelvis onto the sacral periosteum requires
experienced assistance to help pick up the needle without tearing the sacral
vein further. Under-running the vessel and tying the suture requires great
care and delicacy to prevent further venous damage. However, with care
and good assistance and exposure, haemorrhage from an exposed length of
presacral vein can be controlled by suture ligation.

Direct torrential haemorrhage from a venous source in the sacrum (i.e.,
bleeding from a basivertebral vein), if not controlled by pressure, cannot be
controlled by diathermy or suture ligation. Occlusion of the venous os by
a metallic thumbtack offers a means of controlling such bleeding. Although
various sterilised metallic tacks have been reported, titanium thumbtacks
are now commercially available [2,4–8]. The thumbtack is inserted directly
over the bleeding into the sacral bone to stop the haemorrhage from the
basivertebral vein in the sacral foramen. The thumbtack may also be
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inserted through a sheet of the synthetic coagulant Surgicel to produce
greater tamponade in addition to the procoagulant properties of the Sur-
gicel. In the elderly osteoporotic pelvis, the tack can be easily inserted by
direct digital pressure. By contrast, the sacrum of a young man can be so
dense that the occlusive tack requires considerably more force to place it
into the bone.

3.1.3. Surgical Control of Iliac Venous Bleeding

Dissection within the mesorectal plane does not involve any branches of
the iliac vessels. Iliac-vein injury is the result of dissection that accidentally
or deliberately strays out of this plane to deal with disease that involves 
the pelvic sidewall. Injury to the common and/or external iliac veins is un-
common but potentially devastating. Careful control and exposure of the
venous laceration is required before direct repair with a single ended 4–0
vascular prolene suture is attempted. Early involvement of a vascular
surgeon is essential if this injury is not rapidly brought under control.

More commonly, dissection taken out to the pelvic sidewalls disrupts
branches of the internal iliac arteries and or internal iliac veins. Careful and
knowledgeable dissection identifies and controls vascular pedicles with lig-
aclips before division. Suture ligation of arterial bleeding points is relatively
straightforward. Venous branches are more difficult, producing poorly
localised torrential venous loss. Direct pressure for several minutes allows
anaesthetic preparations and surgical assembly of personnel and options.
Venous loss is reduced by a period of pressure and the venous injury visu-
alised and controlled by suture ligation. Haemostasis in the operative field
should be re-established before the dissection is continued, but in some cir-
cumstances rapid removal of the pathology is required to gain access to a
bleeding point within the confines of the true pelvis.

3.1.4. Postoperative Pelvic Packing

If direct means of pelvic haemostasis are not successful, postoperative
packing of the pelvis may be required [9,10]. Application of haemostatic
gauze to the haemorrhaging point is maintained by the pressure of several
lengths of 6-inch ribbon gauze. The gauze may be used dry and the packs
are left in place for 48 to 72 hours while coagulation studies and the
patient’s haemoglobin are normalised. Care should be exercised when
removing the packs. Pulling adherent gauze from the sacral fascia may cause
further bleeding. This can be prevented by placing the gauze in an intesti-
nal bag prior to packing.

The patient should be returned to the operating room for removal of the
pack with the personnel and equipment available for a full laparotomy if
pelvic haemorrhage resumes on removal of the pack.

Leaving the ends of the gauze packs emerging from the lower end of the
laparotomy wound allows removal in some instances without laparotomy.
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Alternatively pack removal is carried out via a formal laparotomy when
pelvic haemostasis can be checked under direct vision as the packs are
removed.

3.2. Urogenital Collateral Damage
Surgery in the pelvis for colorectal cancer or inflammatory bowel disease
including diverticular disease places the ureters at risk of injury—division
and/or suture occlusion. In reoperative pelvic surgery, these risks are
increased by the ureters being pulled in towards the rectum.

3.2.1. Strategies for Protecting the Ureters

The possibility of ureteric injury is a concern in all pelvic colorectal surgery.
The incidence of ureteric injury during mobilisation or excision of the
rectum is reported as being up to 6% [11–14]. Protection is best afforded
by early and direct visualisation of both the left and the right ureter. The
surgeon must maintain a rigid policy of not dividing any vascular pedicle,
especially the inferior mesenteric pedicle, without checking the position of
each ureter. Simple identification can be augmented by gently slinging each
ureter with a rubber sling, as this reduces the time spent on re-establishing
the position of each ureter prior to continuing with the dissection.
Reoperative pelvic surgery in which normal tissue planes have been vio-
lated and surgery for inflammatory bowel disease, especially a diverticular
mass or a Crohn’s mass, can make ureteric identification difficult. If a ureter
is pulled on to an inflammatory mass it can be gently separated from the
mass by blunt finger dissection. The index finger is placed between the
ureter and the inflammatory mass with the nail towards the ureter and the
pulp of the fingertip towards the mass.The index finger is then pushed down
between the ureter and the inflammatory process to separate the ureter
away and laterally from the mass.

Ureteric stents can be of great help if ureteric identification is anticipated
to be difficult. Standard 4F stents placed at the beginning of the case allow
for the ureters to be easily identified by palpation in the majority of cases.
However, hard atheromatous plaques in the iliac vessels can make identi-
fication of the course of the stented ureter difficult by palpation alone. The
use of illuminated ureteric stents adds another dimension to ensuring
ureteric safety in complex cases by giving a direct visual guide to ureteric
position throughout the dissection (Figure 7.3).

3.2.2. Colorectal Cancer Involvement of the Urogenital Tract

Cure of a colorectal cancer that involves the urological tract mandates en
bloc resection of the involved structures. Trial dissections that cross tumour
planes condemn the patient to pelvic recurrence. It is imperative that before
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proceeding with this type of surgery that the following conditions are 
satisfied:

• Preoperative imaging excludes distant metastases so local cure is pos-
sible by radical excision.

• Consideration is given to adjuvant radical (50Gy) preoperative radio-
therapy (with or without chemotherapy).

• Relative bilateral renal function is established by isotope renogram.
• Joint review of the case with a consultant urologist is conducted.
• Preoperative counselling of the patient and family as to possible out-

comes, including impotence and ileal conduit.

Cancer invasion of the dome of the bladder can usually be handled by
entering the dome of the bladder away from the tumour (telling the anaes-
thetist that urine output via the catheter will temporarily cease) and visu-
alising both ureteric orifices to be clear of the planned resection. A disc of
bladder to include the invasion and a good circumferential margin is then
excised and the bladder repaired in 2 layers of vicryl. A urethral or supra-
pubic catheter is then left in place for 10 days. If this excision threatens to
considerably reduce bladder volume then an urologist should be involved

144 F.J.M. Curran and N.A. Scott

Figure 7.3. Illuminated stents.



in this simple excision to consider bladder augmentation with a length of
small bowel.

Cancer invasion of a ureter has to be handled by en bloc resection with
good margins of normal tissue around the tumour. In these circumstances
considerable ureteric length can be lost and reconstruction options that the
urologist might consider include reimplantation with Psoas hitch, uretero–
ureteric anastomosis to the normal ureter on the other side, Boari flap and
reimplantation, or interposition of a length of small bowel.

Locally advanced, low rectal cancers can directly invade the prostate
gland and/or seminal vesicles. Cystoscopy, digital examination under anaes-
thesia, and magnetic resonance imaging are all useful in preoperative ass-
essment of this possibility. If surgical cure is the therapeutic intention, total
pelvic clearance is required with an end sigmoid colostomy and an ileal (or
sigmoid) conduit. A possible alternative strategy to bladder excision if only
the prostate is involved is radical prostatectomy with vesico–urethral recon-
struction in the hands of an experienced urologist. Urinary continence is
likely to be impaired and prostatectomy will be likely be associated with
impotence.

Uterine involvement by a colorectal cancer being resected for cure
requires en bloc resection of the involved uterus and relevant adenexal
structures. This can be a modest partial excision of the uterus or a subtotal
hysterectomy with careful attention to the protection of the ureters. A low
rectal cancer that involves the lower vagina can be excised en bloc with the
posterior vaginal wall, with or without vaginal reconstruction. Involvement
of the vaginal fornices and the distal uterus requires a radical hysterectomy
with division of the uterine arteries and release of the ureters away from
the cervix and vaginal fornix.

4. Specific Excisional Problems

4.1. Benign Proctectomy
Proctectomy for inflammatory bowel disease can be carried out as part of
proctocolectomy or as a separate procedure some time following subtotal
colectomy and ileostomy. Intraoperative considerations and difficulties
include dissection of the rectal stump, ureteric protection, and autonomic
nerve protection.

4.1.1. Dissection of the Rectal Stump

After subtotal colectomy and ileostomy for inflammatory bowel disease, the
rectal stump is managed in two different ways. Either a long rectal stump
is left with a mucus fistula on the abdominal wall or closure just behind the
midline wound. Alternatively, the dissection is taken low into the pelvis and
the stump stapled off at or below the peritoneal reflection. When reoper-
ating to remove the rectal stump subsequently, it is much preferable to
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encounter a long rectum with undisturbed tissue planes in the pelvis. Rectal-
stump identification in these circumstances is easy and the pelvic dissection,
including identification of the ureters, is straightforward.

By contrast, low division of the rectal stump immediately presents prob-
lems of rectal identification as reperitonealisation of the pelvis can obliter-
ate any evidence of the stump as viewed by the abdominal operator (Figure
7.4). This difficulty can be overcome by running a blue 2-0 prolene suture
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over the staple line and leaving the ends of the suture 10–15-cm long. At
the subsequent proctectomy, the long prolene suture ends, marking the
rectal stump, are easily identified. Alternatively, rigid sigmoidoscopy with
palpation of the sigmoidoscope enables stump identification and allows the
abdominal operator to direct dissection.

Typically, if the rectal stump is inflamed the mesorectum is thickened and
edematous. Crohn’s ulceration and/or rectal-stump apical abscess forma-
tion can produce an extremely dense fibrous reaction.After establishing the
position and protection of the ureters, a very dense fibrotic response around
the rectal stump is best handled by knife dissection or diathermy.

4.1.2. Autonomic Injury

Proctectomy for inflammatory bowel disease and other benign conditions
should have an extremely low incidence [15] of autonomic nerve injury. Pre-
operatively, patient discussion should include questions defining preopera-
tive erectile and bladder function. A conventional mesorectal excision can
be practised above the peritoneal reflection with identification and protec-
tion of the hypogastric plexus and nerves at the sacral promontory and out
to the pelvic sidewalls. However, below the peritoneal reflection dissection
should be taken onto the rectal muscular wall and the mesorectum left
intact.

In contrast to dissection in the mesorectal plane, close rectal dissection
can be extremely bloody. Numerous small vessels (1–3mm) passing from
mesorectum into the rectal muscular wall have to be divided. This dissec-
tion may be performed by either diathermy or sharp dissection followed by
diathermy to the bleeding points. However, the lateral thermal effects of
diathermy, particularly at the pelvic floor, also pose a risk to autonomic
nerve integrity. The harmonic scalpel [16,17] seals and divides small vessels
using ultrasonic vibration with minimal lateral thermal effect. The short
handpiece is ideal for open pelvic dissection with traction being placed on
the rectum and the mesorectum to identify small vessels running to the
rectal wall. The blades of the scalpel are placed across the vessel and slow
coagulation with division is carried. Gradual progress along the rectal wall
allows a bloodless close rectal dissection with a reduced risk of pelvic
parasympathetic injury.

4.2. The Pouch of Douglas Mass
The colorectal surgeon must be involved in the surgery of the malignant
ovarian pelvic mass [18] if the rectum or colon is involved and radical
removal of the mass is appropriate for the patient (Figure 7.5). Preopera-
tive planning must include bowel preparation and discussion of stomas.
The ovarian malignant pelvic mass can initially appear unresectable due 
to extensive peritoneal involvement. Mobilisation should be commenced
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behind the rectum in the normal mesorectal plane and extended laterally
so the rectum is freed up from the pelvis in continuity with the pelvic mass.
The round ligaments and the ovarian pedicles are divided, as is the peri-
toneum over the bladder to enter the plane between the vagina and the
bladder. Division of the uterine arteries allows the ureters to be swept away
from the vaginal fornices. Having exposed the anterior vaginal wall, the
anterior aspect of the vagina is divided below the cervix and the lumen of
the vagina entered. Sharp division is then continued through the posterior
vaginal wall to expose the normal rectum below the pouch of Douglas
tumour mass. The exposed rectum is then cross stapled and divided. The
tumour mass is removed in continuity with the rectum, the uterus, and the
proximal vagina. A cross-stapled anastomosis is then fashioned between 
the colon and the rectum with a proximal loop ileostomy.

4.3. Sacral Excision
The successful management of a neoplastic process involving the sacrum is
best secured by preoperative diagnosis, assessment, and planning. Recur-
rent rectal cancer [19], along with presacral chordomas and teratomas, con-
stitute the majority of cases that require en-bloc sacral excision.The visceral
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Figure 7.5. Magnetic resonance imaging of a POD mass.
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component of the excision may encompass the rectum alone or may be
combined with total pelvic exenteration. An anterior approach with the
patient in the Lloyd Davies position is used to mobilise the involved pelvic
viscera and define the upper extent of the sacral division.The patient is then
turned into the prone jackknife position and an incision is placed over the
midline of the sacrum and continued to encompass any involved perineum
(Figure 7.6).

The neurosurgical member of the team clears the spinous processes of
the sacral vertebrae and the point of sacral division is confirmed. The sacral
laminas are removed to expose the epidural space and the dural sac. The
neural elements running to the specimen to be excised are divided and the
dural sac closed. The sacrotuberous and sacrospinous ligaments are divided
and the pelvic cavity entered. The body of the selected sacral vertebrae is
divided with an osteotome and the tumour mass, involved pelvic viscera,
and sacrum removed en bloc. After securing hemostasis and reconstructing
the perineum, the patient is repositioned supine, the midline wound is
reopened, and the appropriate stomas brought out through the anterior
abdominal wall.An alternative to this is that the stomas are created initially
prior to turning the patient for the sacral excision.

Figure 7.6. (A) Presacral chordoma. (B) Sacrectomy wound.

A
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Figure 7.6. Continued

5. Reconstructive Problems

5.1. Intestinal Reconstruction
If, at the end of the pelvic excision, the anal canal and its innervation are
both still intact, there is the prospect of re-establishing intestinal continu-
ity under control of the anal sphincter and so avoiding a permanent stoma.
A neorectal reservoir is desirable if the anastomosis is directly attached to
the anal canal by either cross-stapled anastomosis or by mucosectomy and
hand-sutured anastomosis to the dentate line [20].

In these circumstances, the gut is mobilised as a pedicled flap to reach
down to the pelvic floor. Obesity is a substantial impediment to the tension-
free movement of a gut pedicle to the anal canal. Not only does the fatty
bulk of the mesentery impede its reach, but in addition the mechanical
strength of a fatty mesentery is poor and excessive tension can tear the
mesenteric fat and the enclosed blood vessels with disastrous consequences.
For adequate reach in ileoanal pouch construction, the small bowel may
need to be mobilised over the duodenum and the head of the pancreas.
Elongation of the mesentery is assisted by incising the covering peritoneum
and selectively dividing ileocolic vessels. But despite these measures, it must
be accepted that in some cases an ileoanal pouch cannot be successfully
constructed due to technical difficulty [21].
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Figure 7.7 (A) Crohn’s gracilis. (B) Hamstring sacral defect.

A

Similarly, obesity and arteriopathy can make it impossible to bring a
viable length of left colon or transverse colon down the left paracolic gutter
to the pelvic floor. This is particularly the case if a high inferior mesenteric
tie devascularises the left colon. In many patients, the best option is to con-
sider a permanent colostomy. Alternative strategies include bringing the
transverse colon through the small-bowel mesentery or turning the right
colon down the right paracolic gutter to effect a coloanal anastomosis.

5.2. Perineal Myocutaneous Reconstruction
Formal myocutaneous reconstruction of the perineum is required if a large
perineal defect is left at the end of the surgical excision and/or there is
reason to anticipate wound-healing problems such as those following ex-
tensive preoperative radiotherapy. The rectus abdominis muscle can be to
provide a generous myocutaneous flap; based on the inferior epigastric
vessels such a flap will fill the pelvis and the perineal defect [22,23]. This
reconstruction is of value in excisional procedures for both recurrent rectal
cancer and extensive perianal Crohn’s disease removed as part of a proc-
tectomy. Combined abdominoperineal access makes this reconstruction
particularly appropriate.

In some patients, however, previous abdominal incisions and bilateral
stoma placement can render the rectus muscles unavailable for perineal
reconstruction. In these circumstances bilateral myocutaneous flaps based
on both gracilis muscles are available along with local rotational flaps to
bridge the perineal defect (Figure 7.7). In extreme cases, free flaps based



on the latissimus dorsi can be used in pelvic floor reconstruction. Involve-
ment of a plastic surgeon in perineal reconstruction can add several hours
to the procedure, but immediate myocutaneous closure of these wounds is
associated with the reduced need for reoperation and readmission [24].
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8
Functional Reconstruction of the
Perineum and Pelvic Floor

Alan D. McGregor

1. Introduction

The pelvis and perineum house closely related anatomical structures
belonging to the urinary, reproductive, and gastrointestinal systems. Dis-
eases, whether inflammatory or neoplastic, can spread readily from one
organ to another. As a consequence, removal of the structure in which a
disease has arisen may, under certain circumstances, entail concomitant
removal of part or all of other related organs. Thus, for example, it may be
necessary to remove a portion of vaginal wall as part of the abdominoper-
ineal resection of Crohn’s disease or rectal cancer.

All the structures in this part of the human body are highly specialised
and it is possible to dispense with some without the need for sophisticated
reconstruction. An end colostomy or an ileal conduit will replace rectum
and anus or bladder adequately. What the end result of each lacks in aes-
thetics, it makes up in technical simplicity and ease of management for the
patient. Of greater significance is the fact that each of these problems can
be resolved by the same surgeon who carries out the resection of the dis-
eased viscus.

The experience and technical range of individual surgeons varies, but
overall tends to be limited by the scope of the training syllabus and 
the boldness of the trainers. Even allowing for a degree of overlap between
specialties, neither gynaecologist, urologist, nor colorectal surgeon has 
the training or experience to reconstruct every defect he is likely to 
create in resecting the more complex diseases with which he is confronted.
Whatever his (or her) specialty, the surgeon working in this field who 
is involved in treating extensive diseases will inevitably have to co-
operate in the planning of surgery with colleagues in related surgical 
disciplines.

The need to reconstruct presupposes the existence of a defect. Some
defects can be repaired readily by the surgeon who created it. A good
example is the pelvic floor after an abdominoperineal resection for bowel
cancer. Other defects demand the expertise of a reconstructive surgeon
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trained in techniques of plastic surgery. While it is fair to say that most sur-
geons have experience of some reconstructive techniques, that exposure is
inevitably limited and is invariably restricted to a narrow range of tech-
niques. These may be appropriate for a significant proportion of recon-
structive problems, but not all. Every method has its limits and, with
experience, every operator learns what these are. As a result, situations will
arise when it is either necessary to push the technique of repair as far as or
beyond the limits of its tolerance or to compromise the resection in order
to permit reconstruction to take place. Whichever, the potential for disas-
ter is considerable.

The experienced surgeon can estimate with reasonable certainty which
resections are likely to create a defect requiring sophisticated repair. Col-
laboration with a reconstructive plastic surgeon has two distinct advantages
for the colorectal surgeon. The first is the importation of knowledge and
experience of all the possible reconstructive techniques that may be
required. The second is that the resection can be carried out without
concern for the defect that may result. This liberating effect means that 
the disease is treated properly with whatever margins of excision may be
required. Put bluntly, the norm is FIRST MAKE THE HOLE,THEN FILL
IT! This can be expanded to “the first team makes the hole and the second
team fills it.”

In this field of surgical practice, the macho individual who believes that
he can do it all himself is a self-deluding dinosaur. The multidisciplinary
team approach has everything to commend it. The ideal team contains a
gynaecologist, a urologist, a colorectal surgeon, a clinical oncologist, and a
reconstructive plastic surgeon. This blend works well in practice because,
individual personalities apart, there is little overlap but each complements
the others.

2. General Philosophy

The elements of reconstruction can be subdivided conveniently into those
that address the issue of function and those that restore appearance. On
occasions there is a degree of overlap. Some aspects of function are depen-
dent on the effects of the resection. For example, sexual function in the male
after pelvic surgery is dependent in large measure on preservation of auto-
nomic nerve supply—if this has to be sacrificed, it cannot be reconstructed.
Similarly, it may not be necessary to reconstruct bladder or bowel because
diversion via the anterior abdominal wall may be satisfactory. The uterus is
often sacrificed and cannot be replaced.

Reconstruction of pelvis and perineum is required only under certain cir-
cumstances.These are (a) (extended) skin loss, (b) partial (rarely complete)
vaginal removal, (c) perineal proctectomy, (d) pelvic floor loss, and (e) exci-
sion after radiotherapy.
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Each of these, singly or in combination, can be anticipated at the plan-
ning stage before surgery. No surgeon can be absolutely confident under all
circumstances about what the postexcisional defect will be. As a conse-
quence, the reconstructive surgeon is rarely able to counsel any patient with
confidence prior to surgery about what form reconstruction will take. Para-
doxically, this uncertainty, born of experience, has a reassuring effect upon
patients as a general rule. Patients in this position recognise that any
surgeon who is prepared to make such a statement is one who has both
knowledge of his subject and judgement.

3. Anatomy and Function

The pure and applied anatomy of the pelvic floor and the perineum are, rel-
atively speaking, minor considerations in the context of repairing the defect
resulting from abdominoperineal excision of the rectum in cases of rectal
carcinoma. The cutaneous perineal incision is made close to the anal
margin, dissection of the bowel is in a plane close to the wall of the viscus
and the pelvic diaphragm, pelvic floor and the cutaneous wound can be
repaired directly with sutures. The intervening space may be drained.
Although overall the management of the postexcisional defect barely
merits the description of reconstruction, that is precisely what has been per-
formed, albeit in its simplest form.

The colorectal surgeon, in closing his postexcisional defect in the stan-
dard manner, is recognising the implicit function and role of the pelvic
diaphragm and the skin. It is, consequently, appropriate to consider the rel-
evance and importance of each in relation to function and the need for
reconstruction. This needs to be considered both in the context of why
reconstruction is necessary, what form this may take, how the anatomy of
each helps, hinders, or obviates the need for reconstruction, and the conse-
quences of failure to undertake proper functional repair.

Put simply, the principal role of the pelvic diaphragm is to support the
abdominal and pelvic viscera and to prevent prolapse of these organs into
the perineum. Some organs pass through the pelvic diaphragm—removal
of any of these requires repair of the resultant defect to restore the integrity
of the pelvic floor and prevent prolapse or the feeling of dragging or “some-
thing coming down” of which patients with this problem complain. Because
the muscles and fascia are draped in a bowl-shaped configuration, repair by
direct suture is usually not a problem. Tension-free closure and a good
blood supply invariably lead to problem-free healing with a good functional
result.

The skin of the perineum has a considerable degree of inherent laxity
that allows a wide range of flexion/extension and abduction at the hip. In
the midline the skin is more closely adherent to underlying structures. The
skin lies immediately over the fat in the base of the ischiorectal fossa where
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it is extremely mobile. As a consequence skin will move medially without
excessive tension being placed on it. Advantage of this mobility is routinely
taken in obtaining tension-free closure after simple rectal incision. Even if
skin suture appears to be under tension with the hips in a position of abduc-
tion, the tightness is invariably relieved (or, at worst, reduced to an accept-
able level) when the thighs are brought into a position of adduction at the
end of the operation.

On occasion, however, direct skin closure becomes impossible due to the
need to extend the cutaneous excision margin further laterally. Such wider
excision is invariably required due to the need to resect diseased tissue, on
occasion aggravated by previous excisional surgery. As a general rule, a
wide skin excision margin is an intrinsic element in an extended resection
of the rectum and, more often than not, a wide resection of the pelvic floor.
Thus, the above-mentioned anatomical and functional areas, although 
separate in theory, tend to form part of a single reconstructive problem—
exceptions are procedures such as perineal proctectomy in which pelvic
floor reconstruction is not a problem.

The problem for the reconstructive surgeon (who invariably has no more
than a concept of what the eventual problem confronting him is likely to
be) is whether transfer of one or of more than one tissue is likely to be
required. He is, however, fortunate that the usual surgical positioning of the
patient in the modified Lloyd Davies position places at his disposal all 
the tissues he is likely to use without the need to prepare other parts of 
the body. In addition, it is possible to have two teams working simultane-
ously on the abdomen and the perineum, which results in a considerable
saving in total anaesthetic and operating time.

4. Tissues for Reconstruction

When contemplating repair and reconstruction the surgeon must remem-
ber what he is trying to achieve: (a) pelvic floor repair, (b) skin integrity,
and (c) obliteration of the intervening surgical dead space.

The tissues that have proved to be of value are those that are, at best,
similar to or, at worst, analogous to those that are undergoing reconstruc-
tion. Ideally, they can provide a rigid repair for the pelvic floor, fill space,
and provide skin. In practice, those that have been found to have a useful
role are the rectus abdominis flap, in either myofascial or myocutaneous
form, gracilis muscle, either as a muscle flap or myocutaneous flap,
omentum, and split skin graft.

Other sources of tissue have been used on occasion, in particular when
the more customary methods have been precluded. Consequently, the
above list should be regarded as a list of best options rather than an exclu-
sive list. Each of these tissues, furthermore, has an anatomical position and
blood supply which lie outside the pelvis and perineum. As a consequence,
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they are not at risk of exposure to therapeutic pelvic or perineal radiation.
Each is potentially available for reconstructive purposes whatever the posi-
tion at the end of resection may be.

4.1. Rectus Abdominis
Flap repair using rectus abdominis in one of its variant forms has been
described for pelvic floor and perineal repair [1,2] (See Figure 8.1). This is
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Figure 8.1. Illustration of the rectus abdominis muscles showing both the inferior
and superior pedicles and the site of the perforators (arrows) that supply the over-
lying abdominal skin. (Reproduced with permission from McGregor AD, McGre-
gor IA. Fundamental Techniques of Plastic Surgery. 10th ed. London: Churchill
Livingston; 2000:66.)



hardly surprising because it is an extremely versatile muscle to which access
is readily obtained in the routine course of intra-abdominal surgery.

The rectus abdominis muscles run vertically on each side of the midline
from the xiphisternum and adjoining costal cartilages to the pubic crest,
enclosed within the anterior and posterior layers of the rectus sheath
formed by the aponeuroses of the other anterior abdominal muscles. Along
its medial border, the two layers of the sheath fuse with one another and
with their fellows on the opposite side to form the linea alba, a largely avas-
cular structure. The formation of the sheath differs in the upper and lower
abdomen. In the upper two-thirds, the aponeurosis of internal oblique splits
to form its anterior and posterior layers, the anterior layer being reinforced
by the aponeurosis of the external oblique, the posterior layer by the
aponeurosis of transversus abdominis. In the lower third, the aponeurosis
of all 3 muscles passes superficial to the rectus muscle, forming the anterior
sheath. The posterior sheath is replaced by a filmy layer of fascia, the trans-
versalis fascia, and the junction line of the lower border of the posterior
sheath and the fascia is referred to as the arcuate line. The rectus muscle
has 3 tendinous intersections that are adherent to the anterior sheath; pos-
teriorly it lies free within the sheath.

Accompanying the segmental nerves that supply the rectus muscle, a
pattern of arteries and veins, running in the plane between internal oblique
and transversus abdominis, reaches the muscle by piercing the posterior
sheath. The muscle is supplied by the superior and inferior epigastric arter-
ies (and their accompanying veins). The inferior artery is usually the larger.
In approaching one another from the above and below, each set of vessels
runs vertically on the deep surface of rectus abdominis inside the rectus
sheath for several centimetres before entering the substance of the muscle,
anastomosing with its fellow at about the level of the umbilicus.

Branches are given off from the combined system that supply the muscle
and the overlying skin, the latter by a series of segmental perforating vessels
that reach the superficial fascia following their emergence from the ante-
rior rectus sheath.These perforators determine to a considerable extent the
shape of the skin islands that are designed to exploit them [2].

Based on the inferior epigastric vessels, which are branches of the exter-
nal iliac vessels, flaps of varying designs can take advantage of the rectus
abdominis anatomy to achieve repair of pelvic floor and perineum. The
most obvious and the easiest route is to place the flap retropubically. This
avoids the need to detach the pubic end of the rectus muscle which has a
protective value in limiting the tension placed on the vascular pedicle
during and at the completion of flap transfer.

Rectus flaps used in this way can be transferred as muscle, myofascial
(muscle with rectus sheath), or myocutaneous flaps according to the precise
needs of the individual case. Some features in the technique of raising the
flap are common to all 3 of these variants. First, the anterior rectus sheath
should be preserved below the arcuate line to prevent either subsequent
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incisional hernia or the need to use synthetic mesh to repair the anterior
abdominal musculature. The anterior sheath can be incised vertically at any
point and can be reflected from the rectus muscle by sharp dissection.
Above the arcuate line, the anterior sheath, with or without overlying skin,
can be raised with the muscle with impunity because the posterior rectus
sheath alone is strong enough to prevent development of incisional hernia.

Raising the rectus in this way results in division of its segmental nerve
supply and the lateral and superior sources of blood supply. Following trans-
fer, the muscle undergoes denervation atrophy with diffuse interstitial fibro-
sis. Consequently, it provides an excellent source of tissue for pelvic floor
reconstruction as it can be readily sutured to pubic rami anteriorly and to
the sacrum posteriorly. Harvesting of anterior rectus sheath provides a very
strong layer to suture to bone, and skin for perineal repair can be incorpo-
rated into the flap if required, though the amount of skin should not exceed
what can be closed by direct suture on the abdominal wall, otherwise
closure with a split skin graft becomes necessary.

Although it has all the attributes desirable in a readily accessible multi-
purpose flap, the applications for this reconstruction are extremely limited
in practice. It has no role in pelvic floor repair after total pelvic exentera-
tion because of the need to retain both rectus abdominis muscles in situ for
diversion of bowel and bladder. It has little use in repair of posterior pelvic
floor defects in which anterior pelvic structures (bladder and uterus) remain
because retropubic transfer of the rectus muscle is not easy, and pelvic floor
repair becomes extremely difficult.

The only practical application for the rectus flap in pelvic floor repair is
following anterior exenteration with preservation of rectum and anus such
that only one rectus muscle need be preserved for urinary diversion, and
the other can be used as a flap reconstruction in one of the above forms as
dictated by circumstances. These circumstances are rare indeed.

4.2. Gracilis
Although described as suitable for transfer as a muscle flap or, with over-
lying skin, as a myocutaneous flap [3], experience has shown that the skin
perfusion via the muscle is poor and unpredictable. As a consequence, gra-
cilis flap transfer is a reliable technique only when in its muscle form. If skin
is required in association with this, it is best provided by means of a split
skin graft. (See Figure 8.2–Figure 8.5.)

Gracilis lies on the posteromedial aspect of the thigh in the adductor
group of muscles. It has a segmental pattern of blood supply, usually with
3 pedicles spaced at even distances along the muscle at the junction of each
quarter. The proximal pedicle is the largest and beside it lies its solitary
nerve supply. Though broad and fairly flat proximally, it becomes thinner
and more rounded distally. A tendon arises in the lower thigh that crosses
the knee deep to the long saphenous vein and inserts into the tibia. The
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Figure 8.2. The pattern of incision on the thigh for harvest of the gracilis muscle
flap. The precise positioning of the incision is not critical.

Figure 8.3. The nerve to gracilis (small arrow) and the dominant vascular pedicle
(large arrow) are shown. The nerve always lies proximal to the vessels.
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Figure 8.4. The gracilis muscles have been raised and tunneled subcutaneously.
They have been brought out through the perineal wound.

tendon is readily palpable and is often covered in part distally by the muscle
fibres of vastus medialis. Proximally, the muscle arises from an aponeurosis
extending from the body of the pubis along the inferior ramus to reach the
ramus of the ischium. Its principal blood supply is from the profunda
femoris vessels [3]. Although it is technically possible to mobilise the 
dominant pedicle to increase the reach of a gracilis muscle flap, the gain
achieved in this way is surprisingly small and, once performed, tends to
ensure that the pedicle is under maximum tension, thereby enhancing the
likelihood of circulatory problems and subsequent complications. As a gen-
eral rule it is wiser to accept the anatomy as it is and to plan accordingly.



The dominant pedicle enters the muscle at a point one quarter of the
length of the muscle from its origin to its insertion. If the muscle is raised
throughout its length and all skin and soft tissue are mobilised from the
muscle as far as its origin, the muscle can be turned back and tunnelled sub-
cutaneously into the perineum and pelvic floor with ease.A length of muscle
equivalent to the second quarter of its length comes to lie between pedicle
and origin. This leaves the distal half of the muscle available for recon-
structive use. The fact that this part is thinner and tendinous becomes
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Figure 8.5. The appearance of the pelvic floor repair. Both gracilis muscles have
been sutured to the sacrum and around the margins of the pubic rami to occlude
the communication between the abdominal cavity and the perineum.



extremely useful because the tendon will reach as far as the symphysis pubis
anteriorly and the sacrum posteriorly. The precise alignment of muscle and
tendon can be decided according to the local anatomy and the exact defect
requiring repair. It is wise to anchor tendon to bone in any event.

It is customary to fashion a skin incision along the posteromedial aspect
of the thigh to obtain access to raise the gracilis muscle. The incision need
not extend as far as the knee. The tendon can be mobilised and divided
distal to the knee without difficulty. The quality of the resulting scar is this
flap’s greatest drawback. The scar tends to stretch and quality is poor.
Hypertrophy is not uncommon, especially in younger women.

It is exceptional for one gracilis flap to be sufficient for primary pelvic
floor or perineal repair. Both are usually necessary. Whether closure over
the muscles with perineal skin is possible can often only be determined at
the end of the procedure. As a routine, it is wise to divide the nerve supply
to gracilis prior to transfer because this prevents unwanted muscle con-
traction and minimises the risk of separation at the site of tendon and
muscle suture. If skin closure cannot be obtained, repair with a skin graft
is required. When necessary, this is best applied as a delayed graft, usually
48–72 hours later. Whether this is in the form of sheet or mesh graft is at
the discretion of the operator. The immobility resulting from denervation
provides the ideal bed for uncomplicated graft take—unfortunately, the rest
of the patient tends to be rather less immobile, consequently use of a bolus
tie-over dressing has much to commend it.

4.3. Omentum
Another vascularised tissue outside the field of previous pelvic radiother-
apy, with definite application and a useful role, either solely or in combi-
nation with other techniques, is omentum (Figure 8.6). While its usefulness
is undoubted, doubly so because the abdomen is usually opened in the
course of pelvic surgery resulting in the need for reconstruction, its general
applicability is limited by uncertainty about its size [4] and about the effects
upon it of previous surgery and previous abdominal disease.Another poten-
tial disadvantage is the concern about its reusability in the event of further
surgical treatment following its use for pelvic floor or perineal repair. How
best to use what omentum is available singly or in combination with other
tissues is a matter for judgement born of experience. It is not a subject for
which easy generalisations or guidelines can be given. As a general rule,
however, omentum is better used for reconstruction of small defects. Larger
defects are usually better repaired using omentum in combination with
other techniques, although the surgeon can, on occasion, strike it lucky in
finding an unusually generous omentum.

Omentum granulates rapidly and effectively, rapidly adhering to any
surface to which it is applied. In preparing the omentum for transfer, it is
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first freed from its avascular attachments to the transverse colon, leaving it
attached along the greater curvature of the stomach. It is vascularised from
branches of the gastro-epiploic vessels that form a series of loops in the
direction of its free border. To reach the pelvis, it is necessary to pedicle the
omentum on the right or left gastro-epiploic vessels [5,6] (although it is
technically easier to base the flap on the left gastro-epiploic pedicle [7]),
the branches to the stomach being divided to allow it to be mobilised and
thereby enhance its reach. Its looped vascular pattern allows it to be length-
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Figure 8.6. Illustration of the omental flap which has been pedicled on the right
gastroepiploic vessels. (Reproduced with permission from McGregor AD, McGre-
gor IA. Fundamental Techniques of Plastic Surgery. 10th ed. London: Churchill 
Livingston; 2000:111.)



ened without losing its vascularity. Depending on the degree of adiposity
of the patient, omentum can vary from a very substantial to a seemingly
insubstantial structure.Whichever, if too small to reach the pelvis (and some
are), the surgeon must accept the fact with good grace and select an alter-
native method of repair.

4.4. Split Skin Graft
Many colorectal surgeons have some experience of harvesting, applying,
managing, and assessing skin grafts. Few do so regularly and the specialty
as a whole could say little more than that they are occasional skin grafters.
Nurses on colorectal units have even less experience. The perineum is a dif-
ficult and problematic area for obtaining good skin-graft healing. Never-
theless, a few general principles can be expounded. Delayed grafting tends
to be more successful than primary grafting and mesh grafts tend to be more
successful than sheet grafts. Complete, 100% take is the exception rather
than the rule.

The perineum is moist and exposing the area to minimise maceration and
maximise aeration is difficult, even with a cooperative patient. Moisture
predisposes to bacterial growth and graft slippage, even when the graft
margins are sutured to the skin edges. The most successful approach has
been use of a bolus tie-over grafting technique [8] for 5 days, after which
the dressing is removed and the patient takes daily baths. With this regime
the perineum has been found to heal by a mixture of graft take, contrac-
tion of the wound, and epithelialisation, usually within 2–3 weeks.

5. Specific Repairs

5.1. Perineum After Extended Skin Loss or Removal
When confined to the perineum, removal of tissue is usually limited to skin
and subcutaneous fat. Such problems are most commonly encountered by
the colorectal surgeon in the context of treating inflammatory conditions
of bowel or skin, or in managing localised skin neoplasia. Provided tissue
removal does not encroach upon the anal margin, surgical repair need not
necessarily be undertaken. This is an area in which subcutaneous and
ischiorectal fat granulate well. As a consequence, areas of skin loss or
removal heal quickly with acceptable results.

This is fortunate because alternative forms of repair have considerable
drawbacks. Skin grafts require close immobile contact with a suitable bed
before take can be achieved. This is a difficult area to immobilise, contam-
ination with faecal organisms is virtually impossible to avoid, incomplete
take is the rule, and the grafts tend to contract thereafter. Grafting has little
advantage in the short term and the longer term appearance is often poorer.
Function is not noticeably better.
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Use of local skin flaps for repair of large wounds has been described,
especially in the form of fasciocutaneous flaps from the thigh [9]. The resul-
tant scarring is, however, extensive and usually poor in quality. These flaps
offer little advantage.

5.2. Partial Vaginal Repair
Total vaginal repair is beyond the remit of this review. Not infrequently,
however, whether as part of a resection for fistulating primary bowel disease
or as part of an extended resection for malignancy, it is necessary to resect
part of the vagina. Most commonly, this entails resection of the posterior
wall but can extend to one or both lateral walls, thereby converting partial
to subtotal vaginal excision. Whether vaginal reconstruction is undertaken
is not merely a function of whether the patient is, and wishes to remain,
sexually active—it is also of relevance to repair of an epithelial surface and
restoration of perineal integrity without the risk of fistula formation. Resec-
tions of this sort are invariably one element in complex, major excisions. In
the context of colorectal surgery, these invariably involve an abdominoper-
ineal excision of the rectum and anus with the creation of a pelvic floor
defect that cannot be repaired primarily. As a general rule the problem of
vaginal reconstruction can be solved as an integral part of the pelvic floor
repair by the importation of healthy vascularised tissue that can be sutured
to the margins of the retained vaginal remnant. The tissue selected should
possess 3 characteristics: it should granulate, heal to the vagina, and allow
migration of vaginal epithelium over the granulating surface. Such an
approach is preferable to use of skin grafts or flaps that provide a good
stratified squamous epithelial surface but one that continues to keratinise
and desquamate in contrast to the normal nonkeratising vaginal epithelium.
Experience, admittedly limited, has been that use of omentum brought
down anterior to gracilis muscles flaps (for pelvic floor repair) will tube 
and provide a close analogue to a neovaginal posterior wall, on occa-
sion sufficient to allow vaginal intercourse. In the absence of a suitable
omentum, gracilis muscle flaps can be raised and sutured to the residual
vaginal wall, this in combination with pelvic floor repair. Under these cir-
cumstances, in particular, if it is necessary to repair the perineum with a
skin graft, it is difficult to know how much of the exposed muscle to graft
and how much to leave to epithelialise. This is a matter for peroperative
judgement.

5.3. Perineal Proctectomy
Reconstruction after perineal proctectomy is most frequently required for
closure of the postexcisional presacral dead space following extensive exci-
sion of fistulating disease arising from a large-bowel remnant that was
retained (or not resected) because of surgical difficulties inherent in a pre-
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vious colectomy. Adequate removal of fistulating disease, when present,
requires that the excision margins be greater than otherwise might be
expected. The surgeon must ensure that every vestige of epithelialised
tracks and of disease is removed thoroughly. This inevitably creates a larger
defect, usually pyramidal in shape, with a wide base and a long narrow apex.
Surgical repair of the defect demands obliteration of the dead space at the
apex—failure to achieve this creates a cavity that cannot readily close by
fibrosis in the longer term and which is the ready focus for collection of
secretions in the early postoperative phase. Suction drainage cannot close
the space. At best, fluid drainage will persist unabated. This is a focus for
infection which, at worst, will lead to wound breakdown and persistent low-
grade discharge.

Because resection is confined below the pelvic floor, laparotomy is inap-
propriate. As a consequence, the omentum is not available for obliteration
of the cavity at the apex of the surgical field. In these circumstances, gra-
cilis muscle flaps are the repair of choice. The long narrow tendons hold
sutures well and can be anchored to rigid structures at the apex of the
pyramid.The bulkier central portion of the muscle provides volume to close
the lower or middle part of the wound, and the muscle as a whole readily
accepts a split skin graft for rapid restoration of skin continuity in the per-
ineum in the event that there is a postexcisional deficiency of skin.

5.4. Pelvic Floor Loss
Loss of pelvic floor that requires reconstruction can arise under 3 sets of
circumstances, all requiring extended colon resection at this level: invasive
extracolonic malignancy, extensive fibrosing or fistulating inflammatory
bowel disease, and after radiotherapy.

Reconstruction is required when the residual pelvic floor cannot be
approximated and sutured without tension. The defect in the pelvic floor
can be viewed as a problem in isolation or can be merely one element of a
composite reconstruction of pelvic floor and perineum.

The first tissue to consider for pelvic floor repair is the greater omentum.
It is the first choice because its use avoids the need for additional incisions
and it is often present in sufficient quantity to be used to repair any per-
ineal defect in addition. Its use for these purposes requires mobilisation on
a unilateral pedicle following which it will usually extend as far as may be
required to achieve the desired repair. On occasion, however, there is insuf-
ficient omentum to achieve satisfactory repair. Whether only part of the
repair can be completed with omentum or none, the deficiency can be made
good by using gracilis muscle flaps. Invariably both muscles are required.
This has the disadvantage of creating scarring on both thighs, but the advan-
tage that the repair is solid. Both techniques have the undoubted merit of
using tissue coming from nonirradiated fields, thereby minimising wound
healing problems in patients who have had previous radiotherapy. Either
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omentum or gracilis muscle will take a split skin graft if direct perineal
closure cannot be obtained.

5.5. Surgery After Radiotherapy
Surgical repair of the pelvic floor and perineum is influenced most by
whether the patient has been exposed to previous radiotherapy. The extent
and nature of the disease being treated is largely irrelevant inasmuch as the
surgically created defect is what remains after appropriate excision of dis-
eased tissue. Radiotherapy creates significant problems because of its influ-
ence on intrinsic wound healing mechanisms, because of its extended effect
on muscles and fasciae, and because of the changes seen in small and
medium-sized arteries in particular. The vascular effects and, one assumes,
the other effects, plateau at about 6 months after therapy is completed. Up
to that point, the effects are of a more inflammatory nature with a degree
of oedema and slightly greater difficulty in establishing tissue planes.
Sutures tend to hold less well. Consequently, surgery is best carried out as
soon after therapeutic radiation as possible. If radiotherapy is radical with
the aim of being curative, the 6-month period after completion of treatment
has invariably passed before persistence of disease becomes apparent. At
this point, the surgeon has to contend with all the unwanted side-effects of
radiation and must plan accordingly.

After radiotherapy, it is the general rule that formal reconstruction of
pelvic floor and perineal wounds is necessary because tissues tend not to
granulate, contract, or epithelialise in the normal way. In addition, the blood
vessels within the pelvis, especially those derived from the internal iliac
artery and its daughter branches, cannot be relied upon to support tissue
transfer due to the direct effects of radiation on the vessels and due to the
effects of fibrosis on tissue and vessel pliability and mobility. As a conse-
quence, tissues under consideration for use to reconstruct and the blood
vessels supplying those tissues must originate outside the irradiated field.
Failure to observe this will result in importation of tissues with reduced
healing capacity, reduced plasticity, a poorer blood supply, and an inherently
greater capacity for wound healing problems.

Although the underlying physiological problems may be different, the
approach to repair is the same as that outlined in Section 5.4 above, but
with one difference. It is the almost invariable rule that the pelvic floor
cannot be repaired directly after radiotherapy. Consequently, pelvic floor
reconstruction should be regarded as the norm rather than the exception.
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9
The Management of Inoperable
Rectal Cancer

Sarah T. O’Dwyer

1. Introduction

Rectal cancer accounts for more than 160,000 global cancer deaths per
annum with over 10,000 new cases diagnosed each year in the United
Kingom [1]. Over recent years an increased interest in the management of
rectal cancer has occurred as a consequence of the debate surrounding the
incidence of local recurrence following resection of primary rectal tumours
and the adoption of total mesorectal excision (TME) [2,3].The TME debate
has led to a heightened awareness of the variability of outcome following
treatment of rectal cancer but has also prompted greater interest in pre-
operative local staging of the disease. The recognition and assessment of
advanced tumours has been supported by major improvements in radio-
logical imaging, allowing more objective determinants of staging and better
planning for multimodality treatment [4]. Whether an advanced tumour is
deemed resectable is subject to many variables but the consequences of a
surgeon labeling a patient inoperable are profound. Living with a rectal
cancer in situ, especially in the absence of metastatic disease, inevitably
leads to a miserable state of uncontrollable pain, tenesmus, discharge, and
infection. The importance of careful preoperative assessment, awareness 
of therapies that may downstage the tumour, and an understanding of the
potential and pitfalls of radical surgical resection need to be explored.

2. Patient Assessment

Evaluation of the patient differs little whether one is dealing with an
advanced primary rectal tumour or a recurrence.A key difference, however,
is that there are likely to be less treatment options for recurrent disease as
patients may have already received chemoradiotherapy. It is important 
to establish an accurate record of previous treatments including doses,
methods, and timing of administration for drugs and radiation, in addition
to copies of previous surgical operative records. Increasingly, patients
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present with new primary rectal cancers following previous radiotherapy
for other pelvic tumours and this may preclude further radiation to the field.
It is useful to document accurately the patient’s symptoms including pelvic,
perineal, or sacroiliac pain, urinary symptoms, and discharge that may 
indicate an established or imminent fistula. Recurrent fevers may occur 
secondary to fistulae, tumour necrosis, pelvic collections, and abscesses. The
symptoms may indicate a need for urgent stoma formation or drainage pro-
cedures prior to future treatments aimed at downstaging the disease. Elim-
ination of sepsis is essential so that aggressive chemoradiotherapy can be
employed safely with minimal morbidity. As with any patient who is being
considered for intensive multimodality cancer treatment, it is important to
identify comorbid conditions and assess general performance status, includ-
ing psychological and social factors that can influence an individuals’ ability
to progress through the treatment plan.

Clinical assessment requires an examination under anaesthetic (EUA) by
a surgeon experienced in managing advanced disease. In the author’s prac-
tice, a pelvic surgical team comprising colorectal and urological specialists
undertake a joint evaluation. Fixity of the tumour to the sacrum, pelvic side
walls, and adjacent organs must be determined and differentiated from 
tethering. Palpation peranum, pervaginum, and inspection, including 
proctoscopy, vaginoscopy, and cystoscopy with biopsy of irregularities, are
mandatory for determining invasion. Frank invasion of soft tissues of the
pelvic floor and perineum needs to be mapped in order to plan for recon-
struction following excision in continuity with the tumour. In the author’s
experience, this detailed examination with intraoperative endo–anal ultra-
sound (EAUS) where appropriate, complements radiological assessment of
local invasion leading to the most accurate clinical evaluation of T staging
(Table 9.1) [4]. It must be remembered that an advanced rectal tumour may
in itself be operable particularly where invasion is limited to pelvic organs
and soft tissues rather than the bony pelvis or pelvic side walls. In such cir-
cumstances, resection may necessitate radical surgery with removal of adja-
cent organs and exentrative procedures that are beyond the scope of
individual surgeons who have limited experience in dealing with advanced
tumours. Seeking a second opinion on behalf of the patient reflects profes-
sional competence rather than defeat. Categorising a tumour as inoperable
following EUA should really be reserved for cases fixed to the sacrum or
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Table 9.1. Staging of rectal cancer.

TX Primary tumour cannot be assessed
T0 No evidence of primary tumour
T1 Tumour invades submucosa
T2 Tumour invades muscularis propria
T3 Tumour invades through muscularis propria into subserosa or perirectal tissues
T4 Tumour perforates the visceral peritoneum or directly invades other organs or 
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bulky tumours with lateral extension to the pelvic side walls and limited
mobility.

3. Radiological Imaging

Much has been written on the relative merits of different imaging modali-
ties for evaluating primary rectal tumours with EAUS, spiral computed
tomography (CT), and magnetic resonance imaging (MRI) all being sup-
ported [5–7]. For advanced T3 and T4 tumours, it may be necessary to use
all 3 modalities to gain the most accurate picture in an individual patient.
It is essential that the radiologist has experience in evaluating pelvic malig-
nancy and is familiar with changes that result from previous surgery and
radiotherapy. It is helpful if the radiologist is made aware of prior resec-
tions and treatments and given information of the findings at EUA [4]. The
radiologist is a crucial member of the multidisciplinary team managing the
patient. Although some radiologists claim that the newer CT scanners with
multiplanar image reconstruction are equivalent to MRI in determining
local extent and staging of rectal tumours, in the author’s experience MRI
remains superior for imaging advanced pelvic disease and is particularly
useful in evaluating recurrent tumours (Figure 9.1). It is essential, however,
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Figure 9.1. MRI showing recurrent rectal tumour (R) extending to the pelvic side
wall and involving the left ureter (U) and bladder (b).



to perform CT imaging of the abdomen, liver, and thorax to screen for 
and quantify metastatic disease. The presence of hydronephrosis and
hydroureter indicates the need for functional assessment with renography
and potential intervention including nephrostomy and positioning of
ureteric stents to protect renal function during therapy prior to surgery
(Figure 9.2). Positron emission tomography (PET) can be useful in identi-
fying occult metastatic disease and differentiating local recurrence from
postsurgical or radiotherapy changes in the pelvis [8], but access to this
imaging modality is at present seriously limited in the United Kingdom.

4. Therapeutic Strategies

Inoperable rectal tumours can be downstaged and rendered operable fol-
lowing treatment with radiotherapy alone or combined chemoradiotherapy
(CRT). The extent of surgery required may be reduced significantly, allow-
ing organ salvage or even reconstruction after tumour resection. Radical
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Figure 9.2. CT image showing a nephrostomy tube in the right renal pelvis and a
stent at the rectosgmoid, both inserted prior to preoperative chemoradiotherapy.



surgery, however, may still be necessary after CRT and it is essential that
the patient has confidence in the oncological team and appreciates the
concept of a treatment package that together offers best outcome.

4.1. Preoperative Radiotherapy
Different groups offer a variety of radiotherapy regimens, but treatment
generally consists of a total dose of 45–50Gy to include the tumour bed,
perirectal soft tissues, and pelvic side walls, but may not include all iliac
nodes. Fractionation of the dose varies in different institutions, but usually
consists of 20–30 fractions over 5–6 weeks (often described as long-course
radiotherapy, in contrast to the 4–5 fractions of adjuvant preoperative
radiotherapy used in less advanced disease).An early response to treatment
includes increased vascularity and tissue oedema, hence in a circumferen-
tial tumour there is a risk of precipitating obstruction. Joint management is
essential and if the tumour is in the upper rectum or at the rectosigmoid,
stent insertion may be possible. Lower tumours are more problematic as
positioning and retention of the stent is difficult; encroachment on the
dentate line leads to severe discomfort and often requires stent removal.
If at EUA a stenotic or obstructing tumour is recognised and stenting is
impractical, there should be a low threshold for fashioning a defunctioning
stoma to avoid the danger of tipping the patient into obstruction during
radiotherapy.

Many series have demonstrated that using radiotherapy alone, tumours
are downstaged [9], inoperable tumours can be rendered operable [10], and,
on occasion, no histological evidence of tumour remains in the resected
specimen. It has been noted, however, than even when the primary tumour
has had a complete response to radiotherapy, there may be positive nodes
in the resectate, hence excisional surgery is usually advised even when dra-
matic responses are noted on postradiotherapy treatment scans [11]. The
timing of surgery following long-course radiotherapy has never been sub-
jected to rigorous evaluation, but most groups leave an interval of at least
6 weeks to allow downsizing of the tumour. Re-evaluation with EUA and
MRI is helpful to assess the expected extent of surgical resection. Overall,
45%–65% of fixed rectal tumours can be downsized and resected follow-
ing radiotherapy alone, but almost half will develop local recurrence [12].
Failure to achieve local control and curative resection naturally led to the
adoption of additional treatment modalities in advanced tumours. Some
groups have had improved response using proton and neutron therapy
[13,14], but the use of combined chemotherapy and radiotherapy has
become the preferred approach.

4.2. Chemotherapy
In oncological practice it has been recognised for some time that
chemotherapeutic agents potentiate the effects of radiotherapy. The last
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decade has seen the introduction of new chemotherapy agents directed
toward metastatic colorectal cancer and current trials are evaluating the use
of combined chemoradiotherapy treatments in advanced and inoperable
rectal tumours [15–17]. Evidence of efficacy was initially generated from 
randomised studies of postoperative adjuvant CRT based on radiotherapy
with or without bolus 5-fluoruracil (5FU) at the start and end of treatment
[18,19]. A reduction in local recurrence by 34% and mortality by 29% was
evident in patients receiving the 5FU boost. A subsequent larger study of
660 patients demonstrated survival benefits of infusional versus bolus 5FU
in conjunction with postoperative radiotherapy [20]. Consequent to such
studies, a number of groups have investigated the potential of using com-
binations of 5FU, cisplatin, and mitomicin in addition to radiotherapy
before resection of the tumour. Although each study is relatively small
(range of 7–64 patients), the results indicated that the combined treatments
were feasible, and effective, particularly in locally advanced rectal tumours
where 90% were downstaged and more than one half had potentially cura-
tive resections [21].

Phase I studies using tomudex ran into difficulties due to a high mortal-
ity in patients receiving combined treatments and increased toxicity also
led to an unacceptable number of patients being unable to complete the
radiotherapy program. Subsequent analysis suggested that dose reduction
may have prevented a significant number of deaths and further evaluation
is now underway in MRI staged T3/4 node-positive tumours, with early
reports of 80% response and over 60% R0 resectability rates (Saunders,
personal communication). In addition, the European Organization for
Research and Treatment of Cancer (EORTC) 22921 study is evaluating the
independent effects of preoperative radiotherapy and chemotherapy, with
and without postoperative 5FU. Phase II studies are also underway using
oxaliplatin, irinotecan, raltitrexed, and capcitabine in combination with
radiotherapy.

Overall, the evidence suggests that for patients with good performance
status and limited comorbidity, CRT leads to shrinkage of T3/4 tumours,
offering the potential for less radical and more curative resections in lo-
cally advanced disease [22–25]. The course of CRT effects needs to be 
appreciated so as to gain maximal advantage of tumour response prior to
surgical intervention. Although it can be difficult for the patient and 
family to accept, it is best to delay surgery for at least 8 weeks following
treatment.

4.3. Intraoperative Radiotherapy
Despite full-dose preoperative CRT, some tumours extend to the surgical
boundaries at the time of excision. Leaving residual frank macroscopic
tumour or when the surgeon is concerned that microscopic resection
margins are likely to be positive, additional strategies need to be employed
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to optimise the chance of eliminating pelvic disease. A few centers have
facilities for intraoperative radiotherapy (IORT), where a radiation boost
can be applied directly to the site under question. In a study of patients with
fixed rectal tumours undergoing preoperative radiotherapy and radical
resection alone, versus additional IORT, local recurrence was reduced from
11% to 3% [26]. Although the hardware is relatively expensive, IORT
should be available in specialist centres where a significant caseload of
locally advanced and recurrent pelvic tumours are managed.

5. Surgical Approaches

Reassessment of the patient 8 weeks following CRT includes repeat EUA
and MRI of the pelvis. The extent to which the tumour has regressed can
be mapped and operability checked. Tumour bulk may have decreased and
sometimes this allows a better appreciation of fixity. Difficulties can arise,
however, due to radiation fibrosis, particularly when dealing with recurrent
disease where patients have had radiotherapy many months earlier. In such
cases careful scrutiny of the MRI may assist in defining tumour infiltration
from fibrosis. Unfortunately, there will be cases where doubt remains and
only surgical exploration will ultimately reveal whether resection is feasi-
ble. It is important in such cases that the patient understands that despite
undergoing surgery the tumour may not be resectable and it is useful to
consider whether palliative procedures could benefit the patient so that
they can be performed at this stage. The role of radical surgery as pallia-
tion, particularly where there is documented extrapelvic disease remains
controversial. In the author’s opinion, radical excisional surgery is justifi-
able particularly where the metastatic load is minimal and the patient is
physically well. It must be remembered that excision may be the best means
of achieving pain relief and eliminating sepsis, hence, providing the objec-
tives of surgery are agreed with the patient, palliative excision can be con-
sidered. For any team taking on this work, morbidity and mortality must be
carefully audited and minimised.A reasonable caseload is required in order
to achieve best outcomes and evaluate the effects of multimodality treat-
ments on recurrence, survival, and quality of life [27–29].

In the male, total pelvic exenteration (TPE) is usually required, particu-
larly in anterior or circumferential tumours where attempts at dissection in
the standard plane leaves tumour on the back of the seminal vesicles and
prostate and is associated with early recurrence (Figure 9.3). In selected
cases, it is possible to do a proctectomy or abdominoperineal rectal resec-
tion with an en-bloc radical prostatectomy achieving clearance without
breaching the oncological plane. Reconstruction of the urinary tract avoids
the need for an ileal conduit and second stoma. Female patients have the
advantage of the gynaecological barrier and posterior clearance is often 
feasible, particularly if the patient has not had a hysterectomy. It is usually
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possible to preserve the anterior vaginal wall, opening the vagina anteriorly
separating the mid- and posterior pelvic organs.

Reconstruction is usually necessary in such cases to aid perineal wound
healing and avoid future perineal hernia. Mobilisation and placement of 
the omentum in the pelvis and fashioning myocutaneous flaps should be
standard practice for the pelvic surgical team undertaking these procedures.
Both rectus abdominis (TRAM) flaps and gracilis flaps can be used, the
advantage of the latter being retention of the anterior abdominal-wall mus-
culature for support of stomas.

5.1. Intestinal Obstruction
The majority of patients with advanced unresectable rectal tumours will
require a stoma for relief or prevention of impending obstruction. Planning
which portion of bowel to use for a stoma is essential if there is a chance
that gastrointestinal continuity could be restored after future excision of
the tumour. Loop stomas are not favored by the author, as spillover remains
a problem even if the loop is fashioned trying to avoid this problem. Pro-
lapse is frequent in transverse loop stomas and the surgeon must recognise
that a significant percentage of patients may not proceed to further exci-
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Figure 9.3. Large rectal tumour fistulating anteriorly into the bladder in the male.
Despite the advanced nature of the disease, central tumours can be excised by TPE
with good results.



sional surgery. Generally, it is better to separate the bowel, fashioning a
working end stoma and a mucous fistula. Should imaging suggest that 
small bowel is adherent to the tumour, a defunctioning ileostomy may be
a satisfactory option. The same stoma can then be used in the future to
defunction a low coloanorectal anastomosis after resection. Trephine and
laparoscopically assisted stoma formation are acceptable and, on occasion,
useful techniques, although a minilaparotomy allows the surgeon to assess
fixity of the tumour should there be serious doubt that the patient may not
complete the preoperative CRT treatment to allow downstaging of the
disease.

The use of stents in tumours of the upper rectum and at the rectosigmoid
has proved increasingly useful, particularly in the presence of advanced
extrapelvic disease where disease progression is more likely to be deter-
mined by the systemic tumour than by local spread [30]. Mid- and low rectal
tumours are usually not suitable for stent insertion due to the proximity of
the anal canal and a tendency for the stent to migrate, causing pain and
tenesmus due to the presence of the stent rather than the tumour.

Patients with circumferential tumours need careful evaluation for poten-
tial obstruction prior to embarking on radiotherapy, as oedema and tissue
swelling during treatment can tip the patient into obstruction. Perfora-
tion and necrosis proximal to the tumour is uncommon during therapy, but
when this occurs it is disastrous, as most patients loose their chance of
downstaging and if they survive an emergency procedure few will go on to
resection.

5.2. Resection: Surgical Principles
The surgical procedure will vary depending on disease extent and whether
the tumour is confined to the posterior pelvis or involves the central and
anterior pelvic structures (Figure 9.4). Lateral extension is associated with
a poor prognosis and has a low resectability and cure rate [31].

Despite the radicality of the surgery often required, in experienced hands
outcomes are good. Careful selection and preoperative planning are the
cornerstones for success. Optimisation of respiratory and renal function and
involvement of an anaesthetist experienced in such procedures is crucial.
Antiembolic thromboprophylaxis in these high-risk patients should include
low-molecular-weight heparin in addition to on-table intermittent calf com-
pression. After surgery, calf compression continues on the critical care unit
for at least 24 hours, and unless there are specific contraindications such as
peripheral vascular disease, patients are encouraged to wear graduated-
compression thigh-length stockings until they are fully mobile (even after
discharge from hospital).

Protecting the patient from pressure or traction injuries on the operat-
ing table is the responsibility of the surgeon in charge, and with care
brachial, lateral popliteal, and femoral nerve injuries can be avoided. It is
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advisable to position the legs using supports with foot boots rather than
Lloyd Davis stirrups so as to prevent pressure on the calf and avoidance 
of lower-limb injuries. It is important in lengthy procedures to minimise
periods of head-down tilt with the feet elevated, as lower-limb perfusion
can be compromised. Rarely, compartment syndrome may develop in the
early postoperative period and, if not recognised, severe disability and even
loss of limb can result. Intermittent changes of the patient’s position by
altering the operating table will assist in avoiding such complications.

High-dose intravenous antibiotics (cephalosporin and metronidazole 
1.5g) are given at induction of anaesthesia with a second dose given intra-
operatively if the procedure is prolonged beyond 6 hours. Postoperative
antibiotics are necessary when the procedure includes the urinary tract with
diversion or bladder reconstruction. In such cases, gentamicin is also admin-
istered as introperative and postoperative boluses.

5.3. Surgical Techniques
Although the author recognizes that the pelvis can be accessed using a
variety of abdominal incisions, a long midline approach is preferred so as
to leave the rectus abdominal muscles undisturbed for stomal support
and/or transposition flaps. In cases of recurrent tumour, entering the
abdominal cavity may be difficult and time consuming. Dissection of the
bowel from the anterior abdominal wall is often best performed using sharp 
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dissection with a scalpel rather than scissors. Careful dissection, avoid-
ing enterotomies, requires patience but full mobilisation can usually be
achieved. Once the abdominal wall is free, palpation of the liver comple-
ments preoperative imaging in the accurate clinical staging of the disease.
In doubtful cases, and where radical resection would be contraindicated by
the presence of hepatic disease, the addition of intraoperative ultrasound
can be helpful. It should be recognised, however, that in young fit patients,
an aggressive approach to pelvic resection followed by delayed hepatic
resection can be justified. Inspection of the general peritoneal cavity is also
important as peritoneal surface deposits may also lead to an early decision
to avoid radical resection. If such decisions are being considered, frozen-
section positive biopsy is most helpful, but if not available, formal tissue
biopsy must be taken to support future treatment plans.

Following previous pelvic surgery, loops of small bowel often prolapse
into the pelvis and if the patient received postoperative radiotherapy, bowel
loops may be densely adherent to the pelvic organs and side walls. In some
cases, a dependant loop of mid small bowel or the terminal ileum is attached
to the tumour and can be isolated by dividing the mesentery and stapling
the efferent and afferent limbs to allow an en-bloc resection. Small-bowel
anastomosis should be deferred until a decision is taken regarding the
urinary tract, as the site may prove satisfactory for isolating an ileal conduit
for urinary diversion.

Once the small bowel has been mobilized from the pelvis, it is often useful
to perform a bimanual assessment of the tumour with one hand in the pelvis
and the other from the perineum.This maneuver allows the operator to best
assess fixity to the bony pelvis and aid in the definition of organ involve-
ment. Entry to the posterior pelvis should begin from the lateral abdomi-
nal wall in the left iliac fossa. Mobilisation of the sigmoid colon and
reflection of the colon to the midline and right-hand side will allow early
identification of the ureter. If the patient has had a previous anterior resec-
tion, the colon and its mesentery may be adherent to the posterior abdom-
inal wall and a higher approach may be necessary. Once identified, a loose
sling should be placed round the ureter as gentle traction on the sling often
aids further identification of the ureteric path through the pelvis. The use
of ureteric stents should be considered where the preoperative radiology
indicates close adherence of the ureter or dilatation, proximal to a pelvic
tumour or nodal mass on the pelvic side wall. If the ureter cannot be safely
identified and stents have not been inserted before laparotomy, the opera-
tor should abort the dissection until intraoperative placement of stents has
occurred. Rarely, if a stent cannot be advanced cystoscopically it may be
necessary to open the bladder.

Mobilisation of the colon to the pelvic brim allows separation of the
lateral peritoneal fold and identification of the presacral fascia and
mesorectal plane. It is important not to divide the blood supply to the bowel
until one is certain that resection is possible. The anatomical position of the

9. The Management of Inoperable Rectal Cancer 181



tumour may dictate the extent of resection required. Posterior and lateral
tumours can be resected following a TME dissection with some modifica-
tion. Rectal dissection proceeds along the mesorectal plane although the
areolar avascular plane is usually lost as a consequence of radiation therapy
and/or previous surgery.The tissues are usually thickened and fibrosed with
areas of fusion to the presacral fascia, pelvic side walls, and pelvic floor. In
addition, neovascularisation occurs following long-course radiotherapy and
aberrant vessels may be part of the advanced disease. Venous bleeding is a
major risk and care has to be taken to control vessels while the dissection
proceeds as large losses can occur rapidly. Venous drainage may involve
both internal and external iliac channels, and, if large veins are identified,
it is usually safer to dissect from the pelvic brim following a path lateral to
the ureter identifying the iliac vessels, allowing proximal formal ligation if
and when required. Haemodynamic control must be maintained and con-
stant interaction between anaesthetist and surgeon is essential. Access to
bleeding points may be limited until the tumour can be removed, hence,
packing and compression may be necessary while mobilisation continues.
The inferior limit of dissection will often be determined by the bulk of the
disease in addition to the actual anatomical position in the mid- or low
rectum. In male patients, it may not be possible to resect a bulky tumour
without resorting to an abdominoperineal approach. Where there has been
a marked response to CRT it may be possible to get below a tumour, apply
a staple, and preserve the anal canal. A coloanal or ultra-low colorectal
anastamosis must be defunctioned, preferably with a loop ileostomy.

5.4. Exenterative Procedures
The principles of surgery will be outlined, but for a more detailed de-
scription and illustrations refer to Rob and Smith’s Surgery of the Colon,
Rectum, and Anus [32]. In the male, bulky tumours may be difficult to assess
until mobilisation of the bladder with division of the superior and middle
pedicles on one side has been performed. Further bimanual assessment will
help in deciding operability and if the decision is to proceed division of the
rectosimoid, using a linear stapler isolates the pelvic organs when TPE is
deemed necessary for tumour clearance. This approach brings the operator
onto the vesical pedicals that are ligated. The endopelvic fascia is opened
anteriorly and the dorsal vein complex controlled and ligated.

In low tumours and in many cases of recurrence, there may be lateral
extension and involvement of the pelvic floor. To achieve tumour-free
margins dissection must proceed more laterally than in a standard anterior
resection/TME. A combined abdominoperineal approach is often neces-
sary to avoid breaching the oncological plane, with the abdominal opera-
tor guiding the perineal dissection posteriorly and laterally. With careful
dissection using both standard and argon diathermy, blood loss can be mini-
mised. Perineal dissection can be kept relatively dry using 1 :400000 
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adrenaline in saline infiltration. Once the tumour has been removed, further
hemostasis can be achieved. Occasionally, it is possible to avoid the formal
perineal dissection. Once the prostatic urethra has been divided, the
prostate and bladder can be reflected cranially and the anorectal plane
identified. With the tumour superior, it can be possible to apply a stapling
gun, preserving a short anorectal cuff. If gastrointestinal continuity is pos-
sible, complete mobilisation of the left colon and splenic flexure is required
to allow a safe low pelvic anastomosis that should be defunctioned.

More commonly an end stoma is necessary. Shortening of the mesentery
is another problem following long-course radiotherapy, hence, it often
requires mobilisation of the left colon and splenic flexure to fashion a sat-
isfactory stoma. Following mobilisation of the colon, however, an isolated
vascularised colonic loop can be used as an alternative to small bowel for
the urinary conduit bladder replacement. Using the colon has the advan-
tage of limiting the number of anastomotic suture lines. If, however, small
bowel has already been divided as described earlier, a standard ileal conduit
is fashioned. Ureteric stents are left in situ for 10 days and the pelvic drain
remains until the stents have been removed.

If performing a posterior clearance in the female, it is necessary to open
the peritoneum anteriorly and mobilise the posterior wall of the bladder
from the vagina. If the patient has had a hysterectomy, the vaginal vault is
often fused either to the bladder or to the anterior rectal wall. Introduction
of a swab into the vagina from the perineum can aid in the identification
of the vaginal vault and once mobilisation has started, further elevation of
the vagina using this maneuver assists dissection along the vaginal wall
anteriorly. Care must be taken to identify the position of the ureters, par-
ticularly when the uterus is absent, as they may be injured at the lateral
edge of the dissection at the angle of the vaginal vault. As indicated earlier,
a liberal use of ureteric stents aids identification and protects against occult
injury. The vagina is opened anteriorly below the level of the cervix and the
vaginal wall is divided, taking a sleeve of the posterior vaginal wall in con-
tinuity with the uterus and rectum. It may be possible to identify a plane
between the vagina and low rectum, preserving the anal canal.

Following formal exenteration, perineal reconstruction is usually neces-
sary to aid wound healing and avoid future perineal hernias. Mobilisation
and placement of the omentum in the pelvis and fashioning myocutaneous
flaps should be standard practice for the pelvic surgical team undertaking
these procedures. Both TRAM and gracilis flaps can be used, the advantage
of the latter being retention of the anterior abdominal-wall musculature for
support of stomas.

5.5. Abdominosacrectomy
When preoperative assessment has indicated involvement of the sacrum, in
selected patients sacral excision can be performed en bloc. If proceeding
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with this radical resection, the operators must be sure there is no evidence
of extrapelvic disease. It is generally accepted that involvement above S2
renders a patient inoperable as the morbidity, including lower-limb paraly-
sis, is unacceptable.Although some have described anterior sacrectomy, that
is, removing the anterior sacral cortex in continuity with the tumour, few
consider such an approach practicable for the majority of cases.

The pelvic dissection proceeds as for standard exentrative surgery, divid-
ing the blood supply to the organs in continuity with the tumour. Ligation
of the middle rectal artery is performed after identification during the
anterolateral dissection. Meticulous haemostasis is required and the sur-
geons must be satisfied that a dry pelvis has been achieved before proceed-
ing with sacrectomy. Stomas can be fashioned at this stage or be deferred
until the tumour has been removed.

The patient is turned into the jackknife position and the perineal incision
is extended onto the sacral area between the buttocks. The skin flaps are
elevated laterally to the sacraliliac joint. The parasacral muscles are divided
with diathermy. The sacrum is divided bellow the S2 level in order to avoid
opening the dural sac. The caudal limit of the sac is variable and if the sac
is opened it must be formally ligated. The sciatic nerve is avoided laterally,
the nerve roots are identified, and the sacral bone elevated. Anterior sacral
vessels may need formal ligation at this stage, although full control may 
not be possible until the tumour and sacral bone have been removed in con-
tinuity. Closure of the wound is best performed using myocutanous flap
reconstructions.

5.6. Additional Procedures
Even with preoperative CRT and the extended nature of the surgery
described some patients will have tumours that remain unresectable. The
use of isolated pelvic perfusion for a variety of advanced pelvic malignan-
cies has been modified using balloon occlusion catheters positioned under
fluoroscopic control. Using these techniques, 9 of 16 patients with unre-
sectable rectal tumours had significant tumour regression and the tumours
were excised [33]. While not without complications, such treatment may be
useful for patients with extensive disease confined to the pelvis and may be
helpful in palliation of pain associated with unresectable tumours.

6. Outcome of Chemoradiotherapy and Surgery

When considering the results of aggressive management of fixed or inop-
erable rectal tumours, there is a notable variation in the published litera-
ture. For locally advanced primary tumours, 5-year survival is reported as
40%–80%, morbidity as 30%, and operative mortality less than 10%
[34–38]. Outcomes will clearly vary when considering primary rather than
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recurrent disease and more accurate and objective pretreatment staging
will hopefully allow better comparison in future [39,40]. In a large series of
83 cases of recurrent cancer recently reported by Yamada, of the 60 patients
that had resection, 5-year survival was dependant on the pattern of pelvic
invasion [41]. Where the disease was confined to the central pelvis, there
was a 38% 5-year survival, compared with 10% where there was sacral
involvement and with no survivors at 5 years where the disease extended
to the lateral pelvis. Similar conclusions have been drawn from other expe-
rience which reveals significant morbidity and short survival in laterally
advanced recurrent disease [42,43]. The psychological effects of extensive
and exentrative surgery must always be recognized by groups that under-
take this work and ongoing support and counselling must be offered to
patients and their families to achieve the best outcome [44].

7. Palliative Treatments and Procedures

For some patients tumour removal will prove impossible despite attempts
at downstaging advanced disease using the methods described. Others have
advanced metastatic disease or have significant comorbidity that limits an
aggressive approach with CRT and excisional surgery. There is much to
offer such patients as treatment will be customised to individual needs and
structured around palliation of symptoms. The main problem for patients
with an unresectable pelvic tumour is pain and discharge, while obstruction,
external fistulae, bleeding, and chronic infection may require intervention.
Close working relationships between surgeons, oncologists, and palliative
care teams allows a care plan to be developed that responds to the ever-
changing needs of these patients.

7.1. Pain Management
Severe and relentless pain in the sacroiliac region, across the buttocks, and
in the perineum is often a consequence of a tumour growing along the sacral
nerve routes or infiltration into the sacral bone. The patient is distressed,
cannot sit, and may not sleep. Everything must be done to relieve such 
pain and combinations of oral, transdermal, and infusional agents may 
be required [45]. Older patients have a fear of opiate drugs that must be
addressed early in the management to allow them access to the full range
of pharmacological options. Combined therapy using opiates and anti-
inflammatory preparations are generally associated with best responses.

A sudden increase in pain may indicate additional complications such as
pathological fracture. Radiological confirmation is important as additional
palliative radiotherapy to the site may be possible, particularly if it is out-
side the original radiotherapy field. Alteration in the pattern of pain may
also indicate additional complications such as local infection or abscess 
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formation following perforation or tumour necrosis. Magnetic resonance
imaging may identify a collection worthy of drainage either radiologically
or surgically.

In a small number of patients with persistent local disease and minimal
metastaic cancer, increasing sedative effects may be an unacceptable com-
plication and consideration of epidural analgesia may be necessary. In the
United Kingdom, the majority of such patients are managed in a hospice
setting although improved community services increasingly allows home
support in individual cases.

7.2. Discharge
The presence of a rectal tumour usually results in recurrent discharge, ini-
tially from the anal canal but as the tumour progresses free discharge may
occur through the vagina or from the bladder. Most patients will require a
stoma to divert the faecal contents and decrease the incidence of infection.
It is important, however, that the patient does not misunderstand and
believe that fashioning a stoma will relieve them of all discharge. Once the
faecal stream has been diverted, other methods of trying to locally control
the tumour discharge can be applied.

Radiotherapy not only reduces the tumour volume but can limit the 
discharge, albeit temporarily. Application of varying energy sources to
ablate the tumour are all successful. Common treatments include simple
diathermy, laser and argon ablation, or attempts at more radical endoanal
resection of mucosal tumour [46,47]. Each can be offered where most
appropriate for relief of symptoms.

7.3. Bleeding and Infection
Some blood loss is almost inevitable from tumours that remain in situ, and
although patients worry about the presence of blood in the toilet rarely is
the bleeding significant. It is important to reassure patients and to check
blood counts from time to time. Should there be a significant bleed, usually
with loss of clots, endoscopic inspection may reveal an area suitable for
argon or laser treatment that can successfully control local bleeding points.
If the patient has not received radiotherapy, it can be useful after immedi-
ate control of the acute bleed has been established. Some have advocated
application of adrenaline-soaked gauze in these circumstances and found it
helpful particularly if there is a general bleed from the tumour. The ma-
jority of patients can be supported with hematinics and transfusion as
required.

Pelvic infection may result from local perforation of the tumour or necro-
sis. Occasionally a small-bowel or urinary fistula may contribute to the gen-
eration of a pelvic collection and in such cases careful clinical evaluation
and MRI will help to define the anatomy. In the majority of cases, the col-
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lection is walled off but may track from the pelvis along tissue planes into
the perineum, buttocks, thigh, or even the knee, presenting as an inflam-
matory fluctuant soft-tissue swelling. In order to prevent systemic sepsis,
local infection needs to be drained and eradicated. Chronic pelvic sep-
sis may contribute significantly to increasing pelvic pain, intermittent 
discharge, or a deterioration disproportionate to the progression of the
disease. Wherever possible, collections should be drained and systems
defunctioned, following which the patient’s general state will improve.
Radiological drainage may be possible, but when patients have had previ-
ous surgery, the standard approaches may be impossible and a joint
approach under general anaesthesia with on-table imaging can be success-
ful. When a urinary fistula is present, both nephrostomy and direct catheter
drainage may be required.

8. Conclusions

The miserable outcome for patients whose rectal tumours cannot be
resected drives the pelvic cancer team to strive wherever possible to down-
stage tumours and resect even when this may be with palliative intent.
Careful clinical assessment and radiological imaging allows a treatment
plan to be formulated using combined chemoradiotherapy and subsequent
surgery. Radical resections such as total pelvic exenteration and sacrectomy
can be successfully performed in appropriately selected patients. Experi-
enced teams can obtain reasonable outcomes with acceptable levels of mor-
bidity and low operative mortality. For patients who have to live with a
tumour in situ, palliative approaches can offer incremental improvements
with control of pain and discharge being a key component in improving and
maintaining quality of life.
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10
The Role of the Oncologist in the
Treatment of Colorectal Cancer

Shibani Nicum, Rachel Midgley, and David J. Kerr

1. Introduction

It is becoming increasingly clear that modern cancer care will be delivered
by a multidisciplinary team that includes surgeons, clinical and medical
oncologists, radiologists, pathologists, and specialist nurses. Implicit in this
is the notion that each of the specialists has some contribution to make to
the patient’s management. Chemotherapy and radiotherapy have estab-
lished roles in the treatment of colorectal cancer and can contribute to cure
rate, prolongation of survival, reduction of local rates of recurrence, and
enhanced quality of life in patients with advanced disease. The pool of
patients eligible for either of these treatment modalities is increasing as new
trial data become available, for example, it has been estimated that up to
as many as 80% of primary rectal-cancer patients would benefit from radio-
therapy, 35% of colon-cancer patients from chemotherapy in the adjuvant
setting, and 75% of patients who relapse or present with metastatic disease.
The purpose of this chapter is to provide the evidence base for chemother-
apy and radiotherapy and discuss the potential therapeutic advances that
may be offered by functional genomics.

2. Chemotherapy

Meta-analysis of 13 phase III randomised trials, including a total of 1365
patients, compared chemotherapy with best supportive care in patients with
advanced colorectal cancer has demonstrated that palliative 5-fluorouracil–
based therapy was associated with a 35% reduction in the risk of death
(95% CI, 24%–44%). This translates into an absolute improvement in sur-
vival of 16% at 6 and 12 months and an improvement in median survival
of 3.7 months [1] (Figure 10.1).
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2.1. 5-Fluoruracil (5FU)
5-Fluoruracil is a prodrug whose active metabolites, after intracellular con-
version, inhibit thymidylate synthase.This agent impairs DNA synthesis and
is largely S-phase (replication) specific. However, metabolites of 5FU can
also be falsely incorporated into DNA and RNA and interfere with cell
protein production and growth. Meta-analysis demonstrated that overall
response rates to 5FU alone in advanced disease were about 11% with a
median survival of only 11 months [2]. The toxicities of 5FU-based regi-
mens include nausea, vomiting, diarrhoea, mucositis, myelosuppression,
and, more rarely, cardiac and neurological effects.

In an attempt to augment the efficacy of 5FU, various drugs have been
coadministered, such as methotrexate, levamisole, and, to greatest effect,
folinic acid (FA).
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Figure 10.1. Pooled analysis of individual patient data for survival. Data grouped
by systemic and regional administration of chemotherapy.



2.1.1. Biomodulation of 5FU with Other agents

2.1.1.1. 5FU with Folinic Acid (FA)

The cytotoxic effect of 5FU is due to the inhibition of DNA and RNA syn-
thesis. 5-fluoro-2¢-deoxyuridylate (FdUMP) is one of the active metabolites
of 5FU, and thymidylate synthase (TS) is the target enzyme of FdUMP.
Folinic acid, a precursor of 5,10-methylenetetrahydrofolate, a reduced
folate, increases the degree of thymidylate synthase inhibition, preventing
DNA synthesis, and thus inducing apoptosis (Figure 10.2). Meta-analysis
has indicated that, in advanced colorectal cancer, 5FU/FA combinations led
to improved response rates of 23% compared with 11% for 5FU alone.This
means that 23% of patients had at least a 50% reduction in the volume of
their disease as defined by a product of bidimensional perpendicular mea-
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surements on computed tomography (CT) or ultrasound scan. There was
also a trend towards better overall survival (not statistically significant) [3].

Although there has been a tradition of use of high-dose folinic acid, results
from the QUASAR (Quick and Simple and Reliable) trial suggest that in 
the adjuvant bolus 5FU setting, low-dose FA (20mg/m2) is just as efficacious
as high-dose FA (200mg/m2) with a concomitant reduction in toxicity [4,5].

2.1.2. Modulation of 5FU by Regimen and Route of Administration

2.1.2.1. Continuous IV Infusion Versus Bolus IV 5FU

As 5FU has a half-life of 8–14 minutes, the rationale for infusional therapy
is that a higher proportion of susceptible cells will enter the S phase of the
cell cycle during the window of therapeutic plasma concentration with infu-
sion compared to bolus administration. In practice, for tumours such as 
colorectal carcinomas, with a relatively slow doubling time, extending the
period of infusion appears to be beneficial in terms of increased tumour
response [6,7]. It has also been demonstrated that bolus administration of
5FU inhibits RNA synthesis, whereas continuous infusional (CI) therapy
inhibits thymidylate synthase, the latter being more cytotoxic. Mechanisms
of resistance may therefore be dependant on mode of administration [8].

Continuous infusional therapy permits increased total delivery of 5FU
with lower peak bone-marrow concentrations. This alters the dose-limiting
toxicity from myelosuppression and stomatitis to hand–foot syndrome.

A meta-analysis of 6 randomised trials included data from 1219 patients
demonstrated that tumour response rates were significantly higher in
patients assigned to 5FU CI than to 5FU bolus (22% vs 14%, P = .0002).
Overall survival was also significantly higher in patients receiving 5FU CI
(P = .04), although median survival times were not significantly different,
(12.1 vs 11.3 months). All the trials confirmed that desquamation of palms
and soles (hand–foot syndrome) was more frequent in the 5FU CI group
(34% vs 13%, P < 10-7), while grade 3 to 4 haematologic toxicity was more
a feature of bolus 5FU (31% vs 4%). Performance status was the most
important independent prognostic factor for response, followed by primary
tumour site, rectal being more sensitive than colonic primaries [9]. However
infusional patients require indwelling central catheters and the benefits may
be offset by factors such as increased risks of infection and thrombosis.

2.1.2.2. Oral 5FU Analogues

There is growing interest in oral agents such as UFT (uracil/tegafur) and
capecitabine (5FU prodrug) as the enteral route is more acceptable to
patients and reduces costs in terms of staffing and admission rates. Four
multicentre trials in patients with advanced colorectal cancer compared
oral UFT plus FA or capecitabine with intravenous 5FU and demonstrated
roughly equal efficacy and similar median survival times. There was less
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mucositis, neutropenia, and alopecia, but more hand–foot syndrome in the
oral treatment group reflecting the prolonged plasma concentrations with
oral agent administration that mirror those seen with infusional 5FU regi-
mens [10–13].

2.1.2.3. Regional Administration of 5FU

Approximately 20% of patients who relapse after potentially curative
surgery will have disease macroscopically confined to the liver. Resection
of these metastases is only sensibly attempted in 10%–15% of these
patients and only 25% of those undergoing resection are alive at 5 years.
Hepatic arterial chemotherapy maybe a reasonable alternative to resection.
Regional chemotherapy depends on the premise that most cytotoxic agents
have steep dose-response curves and that high drug concentrations can be
generated in target organs such as the liver because of differential drug
clearance. Both 5FU and its derivative, fluorodeoxyuridine, have significant
rates of hepatic arterial extraction, thus achieving high regional dose inten-
sity with low systemic toxicity.

A meta-analysis of 6 randomised trials of hepatic arterial infusion de-
monstrated improved response rates of 41% compared with 14% for sys-
temic therapy or supportive care, but the survival advantage was minimal
[14]. At present, a large multicentre phase III trial performed in the United
Kingdom is undergoing analysis. This randomised patients with advanced
colorectal cancer confined to the liver to either hepatic arterial 5FU/FA or
the intravenous de Gramont regimen.The doses were adjusted to give com-
parable systemic levels of 5FU and the trial is powered to detect a doubling
in survival.

Technical complications of this particular modality include infection of
the hepatic arterial catheter, thrombosis of the hepatic artery, and backflow
of cytotoxic agents into the gastroduodenal artery, resulting in duodenitis.
Patients are therefore treated prophylactically with warfarin and ranitidine.

2.3. Mechanistically Novel Cytotoxics
Recently, several new drugs such as irinotecan (IR) and oxaliplatin have
been introduced that have a mechanistically novel mode of action, distinct
from that of 5FU. However, the optimal way of integrating these com-
pounds into therapy still needs to be determined. The situation may be
clearer once the results of a trial comparing various combinations of
5FU/FA, irinotecan, and oxaliplatin for the first- and second-line treatment
of metastatic colorectal cancer are available (Figure 10.3).

2.3.1. Irinotecan

Irinotecan, a camptothecin analogue, inhibits DNA topoisomerase I and
induces single-stranded DNA breaks and replication arrest [15]. In phase
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II studies of patients with metastatic colorectal cancer, irinotecan had
response rates of 11%–23% [16–19]. A further 40% of patients achieved
disease stabilisation for a median period of 5 months [19]. Side effects
include an early cholinergic syndrome consisting of bradycardia, diarrhoea,
hypotension, and abdominal cramps, which can be prevented by intra-
venous or subcutaneous atropine; delayed effects including diarrhoea
(22%), neutropenia (14%), vomiting (14%), and alopecia can occur about
5 days after treatment.

Two randomised trials have demonstrated the efficacy of irinotecan in
patients with advanced colorectal cancer who have progressed despite
treatment with bolus 5FU, eliciting improved survival, tumour-related
symptoms, and quality of life (QOL).The first trial randomised 133 patients
to irinotecan (350mg/m2 every 3 weeks) and 134 patients to continuous
infusional 5FU. Patients treated with irinotecan lived significantly longer
than the 5FU group (P = .035) with median survival of 10.8 and 8.5 months,
respectively. Survival at 1 year was increased from 32% (5FU) to 42% in
the irinotecan group. Median progression-free survival was also signifi-
cantly longer with irinotecan (4.2 vs 2.9m, P = .030) [20]. The second trial
assigned 189 patients to receive irinotecan and 90 patients to supportive
care alone. Overall survival was significantly better in the group receiving
irinotecan (P = .0001), with median survival of 9.2 months in the irinotecan
group and 6.5 months in the supportive care group. Survival at 1 year was
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36.2% in those receiving irinotecan and 13.8% in the supportive care cohort
[21]. These results clearly indicate that in the setting of metastatic colorec-
tal cancer, those patients with reasonable performance status and liver 
function, who have progressed with standard 5FU/FA should be offered
treatment with irinotecan.

Two recent trials have also confirmed the efficacy of irinotecan in the
first-line treatment of advanced colorectal cancer, either in combination
with 5FU/FA or alone.The first study randomised 387 chemo-naive patients
with metastatic colorectal cancer to receive either a combination of irinote-
can (IR, 180mg/m2) plus infusional 5FU/FA (de Gramont) or infusional
5FU/FA alone [22]. This trial demonstrated a significant advantage for the
combination regimen of 5FU/FA and irinotecan, in terms of tumour regres-
sion (41% vs 23%), median time to tumour progression (7m vs 4m), and
median overall survival (17m vs 14m, P = .0031).

These findings were confirmed by another large multicentre trial that
randomly assigned 683 patients with previously untreated metastatic col-
orectal cancer to receive either irinotecan plus 5FU/FA weekly for 4 weeks
every 6 weeks; 5FU/FA for 5 consecutive days every 4 weeks (Mayo
regimen); or irinotecan alone weekly for 4 weeks every 6 weeks [23].
Patients treated with the first-line combination of 5FU/FA and irinotecan
had a significantly higher probability of overall response compared to the
groups receiving 5FU/FA or irinotecan alone (39% vs 21% vs 18%, respec-
tively, P < .001), a significantly longer time to tumour progression (7m vs 
4m vs 4m, P = .004), and a better median survival (15m vs 13m vs 12m, P
= .04). The most prominent side effects were diarrhoea (22% for the com-
bination of IR/5FU/FA vs 13.2% for 5FU/FA vs 31% for IR alone) and
neutropenia (24% for IR/5FU/FA vs 42% for 5FU/FA vs 12% for IR
alone), but 75% of the prescribed doses of irinotecan and 5FU could still
be administered. Furthermore, the addition of irinotecan to the regimen of
5FU/FA did not compromise quality of life. The study concluded that
weekly treatment with irinotecan and 5FU/FA was superior to the widely
used Mayo regimen of 5FU/FA as first-line therapy for metastatic colorec-
tal cancer in terms of overall and progression-free survival.

Both studies demonstrated a superiority of the 3-drug combination and
worldwide this is now accepted as the new gold standard of care. The 
exact dosing and scheduling to maximise efficacy and minimise toxicity, for
example, by administering drugs sequentially rather than concomitantly,
still needs to be determined.The effect of irinotecan on survival is currently
being evaluated in the adjuvant setting in patients with Dukes C colorec-
tal cancer. The trial is comparing weekly 5FU/FA with weekly 5FU/FA and
irinotecan as adjuvant therapy following curative resection of stage III 
colorectal cancer and will hopefully clarify whether the increased cost
(financially and in terms of toxicity) can be justified in this setting. Finally,
QUASAR II will assess the role of irinotecan/capecitabine in combination
in the adjuvant treatment of colorectal cancer.
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2.3.2. Oxaliplatin

Oxaliplatin is a third-generation platinum analogue that induces DNA
cross-linkages and thus apoptotic cell death. It has been shown in vitro 
to have activity against human cancer cell lines and to act synergistically
with 5FU [24]. Phase II studies with single-agent oxaliplatin in patients 
with advanced colorectal cancer demonstrated response rates of 10% in
those with 5FU-resistant disease and 25% in chemotherapy naive patients.
However, with intensive 5FU/FA/oxaliplatin combination regimens, re-
sponse rates could be increased to 46%, even in patients previously treated
with 5FU [25]. Two randomised trials have shown that combinations of
oxaliplatin/5FU/FA used first line in the treatment of metastatic colorectal
cancer increased the probability of tumour regression and slightly pro-
longed the time to tumour progression without significant effects on sur-
vival compared to 5FU/FA [26,27].

In the first study, 420 patients were randomised to receive a 2-weekly
regimen of either infusional 5FU/FA alone or infusional 5FU/FA plus 
85mg/m2 of oxaliplatin on day 1. The median progression-free survival was
better in the oxaliplatin arm (39.6wk vs 27.8wk, P < .001), with response
rates of 57% versus 26% respectively when interim analysis was performed
on 200 patients [26]. The second study assessed the role of oxaliplatin plus
chronomodulated 5FU/FA. In 200 patients receiving chronomodulated
bolus 5FU/FA with peaks at 4:00 am with or without oxaliplatin (125mg/m2

on day 1), the median progression-free survival was 7.9 months in the oxali-
platin arm and 4.3 months in the control arm (P = .5). There was no signif-
icant difference in the median overall survival between the two groups 
(17.6m vs 19.4m, respectively, P = .82) [27]. However, an analysis of the 
use of second-line chemotherapy and metastectomies in the two arms
demonstrated that there was a higher incidence of both in the group 
treated with 5FU/FA alone, and this may account for the lack of significant
survival benefit in the oxaliplatin arm. Oxaliplatin is currently being
assessed in the adjuvant setting, comparing a weekly regimen of oxali-
platin/5FU/FA with 5FU/FA in patients with resected Dukes B and C 
colorectal cancer.

The predominant side effect of oxaliplatin is peripheral neuropathy
which can take two forms—an acute, sometimes painful, neuropathy exac-
erbated by cold, also manifesting as laryngeal dysaesthesia and a chronic
cumulative stocking-and-glove peripheral neuropathy. The acute neuropa-
thy can be reversed by stopping or reducing the rate of the infusion;
however, the cumulative neuropathy may not be fully reversible.

2.4. Adjuvant Chemotherapy
Despite improvements in surgical technique and postoperative care, col-
orectal cancer continues to kill 95,000 people in Europe alone each year.
Eighty percent of patients will undergo potentially curative resection, but
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more than one half will subsequently develop recurrence and die of their
disease [28]. This is thought to be due to the presence of micrometastases
at the time of surgery and adjuvant therapy aims to eradicate these cells.

It has also been observed that the presence of a primary tumour inhibits
the growth of metastases and its removal may therefore stimulate residual
cell proliferation. This rise in the growth fraction may increase their sus-
ceptibility to the effects of chemotherapy in the immediate postoperative
period and early adjuvant chemotherapy may confer greater benefit,
although this has not been formally tested in randomised trials [29].

The route and form of adjuvant chemotherapy is based on the natural
history of colorectal cancer.The tumour may spread to distant sites sequen-
tially via the portal vein and portal venous infusional treatment maybe of
value in the adjuvant setting. However, tumours may disseminate simulta-
neously via the blood and lymph to various organs and systemically admin-
istered cytotoxic therapy may therefore be more appropriate. For locally
recurring tumours, such as rectal carcinoma, local agents such as radio-
therapy maybe more beneficial (Figure 10.4).

Moertel et al. evaluated adjuvant chemotherapy after surgery in 318
patients with stage B colorectal cancer comparing surgery alone with
surgery followed by fluorouracil and levamisole, 929 stage-C patients
received surgery alone, surgery plus levamisole, or surgery plus fluorouracil
and levamisole. This study demonstrated that only patients with Dukes C
colorectal cancer who received surgery/5FU/levamisole had a 33% lower
odds of death and 41% reduced recurrence risk than those treated with sur-
gery alone [30]. Three large phase III trials have also shown improved
disease-free and overall survival after adjuvant treatment with 5FU and
folinic acid regimens. There is a decrease in the odds of dying from colon
cancer by 25%–30% and an absolute survival benefit of 5%–6% compared
to controls [31–33].

A prospective trial of treatment duration has shown that 4 years after
adjuvant chemotherapy there was no significant difference at 6 months or
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12 months for 5FU, folinic acid, or levamisole in terms of disease-free sur-
vival or overall survival [34]. Preliminary results of the QUASAR trial
suggest that low-dose FA (20mg/m2) is as efficacious as high-dose FA 
(200mg/m2) and better tolerated [35]. This has significant cost implications
for adjuvant chemotherapy. This study has also demonstrated that that the
addition of levamisole does not delay recurrence or improve survival.

The majority of the trials to date have demonstrated a significant benefit
for adjuvant chemotherapy in Dukes C colon cancer. However, for Dukes
B colon cancer the indication remains uncertain and such patients should
continue to be randomised into trials such as QUASAR 1 (Figure 10.5).
Results of such trials are awaited to clarify the situation for patients with
Dukes B colon cancer and Dukes B/C rectal cancer.

The gold-standard route of administration of chemotherapy in the adju-
vant setting is intravenous. However, micrometastases (less than 3mm) in
the liver are thought to derive their blood supply from the portal vein, as
opposed to macroscopic liver metastases that are dependant on the hepatic
artery. Administration of chemotherapy directly into the portal vein should
locally produce greater concentrations with fewer systemic side effects
because of substantial first-pass metabolism. Meta-analysis from ten trials,
including data from 4000 patients and 1557 deaths of portal vein infusion
(PVI) 5–7 days after surgery compared with surgery alone, demonstrated a
4.7% survival benefit at 5 years (P = .006) [36]. However, the confidence
intervals were wide and there was no definite evidence of a decrease in the
number of patients who developed liver metastases. Furthermore, prelimi-
nary results from the largest study to date of PVI, the AXIS trial, which
randomised 4000 patients after surgery to either PVI or observation alone
suggest no significant differences in overall survival to date.
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3. Rectal Carcinoma and the Role of Radiotherapy

Data from Europe indicates that the 5-year survival rate for rectal cancer
improved from 40% to 48% during the period from 1977–1989. This was
mainly due to increased curative resections, fewer advanced cases, and
decreased postoperative mortality. Despite potentially curative surgery, the
5-year survival rates are approximately 60%, varying from about 80% in
patients with stage I disease to 30% in those with stage III disease, thus
indicating that resection alone is adequate treatment only for patients with
early disease [37]. Recurrence will occur locally within the pelvis in 50% of
cases and radiotherapy has therefore formed the mainstay of treatment.
Radiotherapy is also important in the symptomatic treatment of advanced
rectal cancer, and can improve pain, haemorrhage, and tenesmus. In addi-
tion, one large study has demonstrated that radiotherapy can convert
35%–75% of locally advanced inoperable tumours to resectability [38].

Four randomised trials have assessed the role of adjuvant radiotherapy
preoperatively. The largest trial administered 25Gy in 5 fractions and
demonstrated a significant improvement in overall survival (58% vs 48%)
by a relative reduction in local recurrence rate of 61% [39]. The other 3
trials have also revealed significant decreases in the local recurrence rates
of between 50%–63% [40–42]. The main disadvantage of preoperative
radiotherapy compared to postoperative treatment is that there is possibly
a group of patients, usually those patients with stage T1/2, N0, M0 disease
who do not require any adjuvant treatment and who are therefore being
overtreated. However, advantages of preoperative treatment include
decreased tumour seeding at the time of surgery, increased radiosensitivity
compared to postoperative fibrous wound areas, and improved rates of
sphincter-sparing surgery. Currently, preoperative radiotherapy is recom-
mended for patients with T3 or resectable T4 rectal cancer.

Postoperative radiotherapy even at higher doses has been shown to be
less effective than preoperative treatment, possibly due to rapid tumour-
cell repopulation after surgery and wound hypoxia reducing radiosensitiv-
ity. However, 3 trials have demonstrated that 40–50Gy postoperatively 
significantly reduced rates of local failure compared to surgery alone
[43–45]. The dose of radiation is important as dose response in radiation
therapy follows a sigmoidal distribution and therefore a small decrease in
dose can result in a large difference in local control. Of the 3 randomised
trials, the National Surgical Adjuvant Bowel and Breast Project (NSABP)
is the only trial to confirm that postoperative radiation therapy decreases
local failure and it is the only trial which administered continuous course,
full-dose therapy with modern techniques. A MRC study has also shown
lower recurrence rates for radiotherapy after surgery than for surgery only
(hazard ratio 0.54 [95% CI, 0.38–0.66], P = .001) [46].

There has only been one randomised trial comparing preoperative versus
postoperative radiotherapy in patients with rectal cancer. The dose of radi-
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ation postoperatively was significantly higher, 60Gy compared to 25Gy
presurgery, and despite this the study demonstrated a significantly lower
rate of recurrence in patients treated preoperatively (12% vs 21%, P < .02)
[47]. However, the results of this trial must be interpreted with caution as
the local failure rates with surgery alone were higher than accepted rates
in the United Kingdom and the United States.

In an attempt to reduce the frequency of inappropriate radiotherapy
administration to patients with early stage disease, the CRO7 trial is ran-
domising rectal cancer patients to either preoperative radiotherapy (25Gy)
or selective postoperative radiotherapy (45Gy) if the circumferential resec-
tion margins are involved on histological inspection. Postoperative patients
will receive chemoradiotherapy (Figure 10.6).

Animal studies have suggested that 5FU has the capacity to prime rectal-
cancer cells and sensitise them to subsequent radiation. Indeed, one study
has demonstrated a significant benefit for patients treated with a combina-
tion of 5FU chemotherapy and radiation compared with the cohort treated
with radiotherapy alone [48]. However, only results of CRO7 and other
trials will demonstrate whether or not a combination of chemotherapy and
radiotherapy is both effective and safe in this setting and this combination
can not be condoned as standard therapy at present.

4. New Approaches to the Treatment of 
Colorectal Cancer

4.1. Immunotherapy
Several immunotherapeutic techniques have been suggested for use in col-
orectal cancer. These include antibody-mediated therapies and immune-
cellular–mediated therapies such as peptide vaccination with mutated ras
peptides and dendritic-cell vaccination.

Over the past 10 years several clinical trials have assessed monoclonal
antibodies as therapeutic agents for advanced solid tumours, and demon-
strated no significant benefits. Explanations for the failures have included
antigenic heterogeneity and poor accessibility of cells in advanced tumours.
However, there seems to be more promise in the adjuvant setting. In a ran-
domised trial, 189 patients with Dukes C colorectal cancer were assigned
to receive either a monoclonal antibody, 17-1A, that binds a tumour-
specific cell surface glycoprotein (17-1A) or observation only. Survival was
significantly lengthened in the antibody treated group, with 5-year survival
rates of 51% vs 36% (P = .025). Side effects included mild constitutional
and gastrointestinal symptoms [49]. This antibody is currently being tested
as a single agent in patients with Dukes B colorectal cancer and also in com-
bination with 5FU/FA in Dukes C colorectal cancer following curative
resection.
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4.1.2. Recombinant Virus Vaccines

CEA is a 180kd cell-surface glycoprotein that appears to be involved in cel-
lular adhesion, cell-to-cell interactions, and possibly glandular differentia-
tion. It is a member of a family of glycoproteins that are expressed in the
tumour cells of 85% of patients with colorectal cancer. A direct immuno-
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logic approach to carcinoembryonic-antigen (CEA)–bearing tumours has
been developed using inoculation with a recombinant vaccinia virus which
expresses the human CEA gene. Vaccinia virus is a member of the DNA
containing Poxviridae family of viruses. These viruses replicate within the
host cell’s cytoplasm and can elicit both humoral and cell-mediated immune
responses, therefore copresentation of human protein products with vac-
cinia may enhance immunogenicity to the protein and thus start or augment
tumour rejection [50].

In a phase I study, 26 patients with advanced gastrointestinal, breast, and
lung adenocarcinoma were administered with escalating doses of recombi-
nant vaccinia–CEA vaccine. There was no serious toxicity and although a
therapeutic immune response was not demonstrated, these patients gener-
ated cytotoxic T lymphocytes specific for CEA which would be expected to
have a significant role in rejection of tumour cells positive for CEA [50].

4.2. Gene Therapy
Gene therapy encompasses various techniques in which viral and nonviral
vectors are used to deliver to tumour cells, genes that encode cytokines,
tumour-suppressor proteins, and proteins that sensitise cells to chemother-
apy (such as p53). Following successful completion of phase I trials of ade-
novirus delivered p53 tumour-suppressor genes via the hepatic artery, phase
II studies combining the virus with 5FU are now in progress [51].

Phase I trials of virus-directed enzyme prodrug therapy (VDEPT) are
currently in progress. This novel technique involves insertion of genes into
cells that transcribe enzymes capable of metabolising prodrugs into potent
cytotoxic species. Adenoviral vectors that link the carcinoembryonic
antigen (CEA) promoter to the structural gene for the bacterial enzyme
cytosine deaminase have been developed [52]. Cytosine deaminase meta-
bolises the prodrug 5-fluorocytosine to 5FU.Transduction of the gene hybrid
should theoretically only occur in cells expressing CEA thus conferring
tumour selectivity on the cytotoxic agent. This permits a 1000-fold higher
concentration of 5FU in the tumour and the neighbouring cells (the
bystander effect) than in the systemic circulation. This technique is cur-
rently being assessed in patients with advanced colorectal cancer, and if
found to be efficacious it will be tried in the adjuvant setting.
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11
Investigation of Functional 
Bowel Disorders

Ponnandai J. Arumugam, John Beynon, and Bharat Patel

1. Introduction

Functional bowel disorders present a management challenge to coloproc-
tologists, therefore, careful history taking, recording of symptomatology,
and clinical assessment are essential in the evaluation of these patients
(Table 11.1).

Patients may present with symptoms of rectal bleeding and tenesmus 
and it is vitally important that colorectal malignancy is excluded before
attributing the patient’s symptoms to functional disorders. This will entail
an endoscopic or a contrast study of the colorectum before proceeding to
comprehensive assessment of the clinical problem.

As patients with functional bowel disorders present with a variety of
symptoms, it is important to be as objective as possible in documenting the
symptoms that may be complemented by the use of specifically modified
and validated quality-of-life questionnaires, in addition to those used to
assess specific problems such as continence (e.g., Cleveland continence
score). This role can be performed by a specialist colorectal nurse who is
able to document the presenting complaints and has contact with patients
following surgery or biofeedback.

Assessment is completed by a thorough clinical examination of the
abdomen and anorectum. Anal tone and squeeze should be evaluated and
gluteal recruitment, if present, is recorded as is the presence of rectocoele,
external prolapse, and solitary rectal ulcer.

Pelvic-floor dysfunction is assessed routinely by evacuatory proctogra-
phy, anal manometry, and endo–anal ultrasound (EAUS) [1,2]. Other com-
plementary investigations such as magnetic resonance imaging (MRI) of
the pelvic floor, electromyography (EMG), pudendal nerve terminal motor
latency (PNTML), and colonic transit studies are useful. Although careful
and thorough clinical examination can detect the majority of defects, the
above investigations play an important role in determining the appropriate
management for symptomatic patients.
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2. Evacuatory Proctography

Evacuatory proctography was first described by Burhenne in 1964 but was
not widely used clinically for nearly 20 years [3]. This is a dynamic assess-
ment of defaecation and can provide information on function of the pelvic-
floor muscles and the rectum. A wide overlap exists in normal findings in
asymptomatic subjects and different groups of symptomatic patients [4].
Further, it is difficult to differentiate controls from symptomatic patients
based on proctographic findings alone [5,6]. Abnormalities demonstrated
on the proctogram correlate poorly with symptomatology and manometric
assessment, and the majority of radiologists rely on time taken to evacuate
and completeness of evacuation [6,7]. Evacuatory proctography does,
however, provide an understanding of pelvic-floor pathophysiology but this
must be interpreted cautiously. A decision to proceed with surgery rather
than conservative management must not be based on radiographic diagno-
sis alone but must include consideration of patient symptoms, clinical find-
ings, and the results of other appropriate complementary investigations.

Karasick et al., in their study on the role of parity and hysterectomy,
believed evacuatory proctography to be a useful tool in assessing pelvic-
floor disorders, while Klauser et al. showed a good interobserver agreement
in assessing rectocoele on proctography [8,9]. Mahieu et al. described vari-
ations in the technique while Bernier et al. and Ginai et al. contributed
towards designing the commode used in this investigation [10–12].

Indications for evacuatory proctography for the assessment of functional
disorders include (a) obstructed defaecation/incomplete evacuation, (b)
constipation, (c) solitary rectal ulcer, (d) rectal prolapse or intussusception,
and (e) anal incontinence.

The barium paste used is readily available commercially but can also be
prepared from barium powder and potato/corn starch. This paste is usually
delivered into the rectum by a commercially available gun. Most centers
now use liquid barium to coat the lining of the rectum prior to injection of
the thick viscous barium paste, which simulates stools. This examination
does not provide the ideal natural environment to assess an individual’s
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Table 11.1. History and record of symptomatology.

Inquire about
• Presence of rectal bleeding, mucous discharge, or perineal pressure
• Type of incontinence: solid, liquid, or flatus
• Impact of symptoms: need for a pad, restriction of daily or sexual function
• Awareness of need to defaecate
• Presence/absence of obstructed defaecation/incomplete evacuation
• Need for digitation vaginally or rectally to evacuate
• Previous anal surgery: haemorrhoidectomy, sphincterotomy, or fistula surgery
• Anoreceptive Intercourse
• Urinary and sexual history



defaecation, but it is probably the closest method of simulating the real
process. The vagina can be outlined using a water-soluble, contrast-soaked
tampon, while some centers also use oral contrast medium to opacify the
small bowel to aid in the diagnosis of enterocoele.

Radiation exposure can be of concern, especially in women of child-
bearing age. The somatic dose index is in the order of 210 mrad for men
and 100 mrad for women [4]. Videoproctography results in increased expo-
sure time, however, newer subtraction and digital fluoroscopy techniques
have been introduced to reduce the dose [13].

A radiolucent commode that can be safely attached to a fluoroscopic
table is available commercially or can be designed by individual hospitals
(Figure 11.1). Disposable plastic bags or trays are used to collect the evac-
uated barium paste.

Various techniques are available to record the defaecatory activity, with
video proctography and digital fluoroscopy being increasingly used [14–17].

Balloon proctography has been used with a deflated balloon being intro-
duced into the rectum and filled with barium. Lateral films are taken of the
anorectum at rest and on straining [16]. A commercially available balloon
can be used and can measure anal-sphincter pressures. Balloon proctogra-
phy cannot, however, accurately demonstrate intussusception and there are
discrepancies in the measurement of anorectal angle.
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Figure 11.1. Radiolucent commode used for proctographic assessment can be
safely attached to a fluoroscopic table and is available commercially or can be
designed by individual hospitals.



In order to quantify rectal evacuation, patients are asked to evacuate 100
mL of barium paste into a disposable plastic bag lying on a weight trans-
ducer. The embarrassing nature of this form of assessment necessitates that
studies should be performed in a quiet private environment with minimum
personnel to reassure the patient. Several aspects of defaecation, such as
maximum emptying and the proportion of barium evacuated, can be mea-
sured and can be used to monitor treatment [18].

No bowel preparation is required for the investigation. Liquid barium 
(30mL) is introduced initially to coat the rectum; it is followed by the
viscous barium paste introduced using a disposable enema tip and a caulk-
ing gun. Up to 250mL barium paste is injected, until the patient has a sen-
sation of rectal fullness. Continuous injection of the paste on the withdrawal
of the enema tip will outline the anal canal to the anal verge, allowing
assessment of the anal-canal length.

Lateral spot films and video recording are then obtained with the patient
sitting upright on the commode at rest (Figure 11.2), squeezing (Figure
11.3), and straining without evacuation (Figure 11.4). Patients are also
asked to cough to demonstrate potential incontinence. The patient is then
instructed to evacuate with several spot films being obtained with a com-
pletion film on full straining (Figure 11.5, Figure 11.6).
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Figure 11.2. Lateral spot films with the patient sitting upright on the commode at
rest.
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Figure 11.3. Squeeze assessment during proctography.

Figure 11.4. Straining without evacuation. Patients are also asked to cough to
demonstrate potential incontinence.
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Figure 11.5. The patient evacuating with a completion film on full straining.

Figure 11.6. The patient evacuating with a completion film on full straining.



2.1. Normal Appearances
Bartram et al., Goei et al., and Shorvon et al. have contributed extensively
in the understanding of the defaecatory process in normal individuals and
have shown that pelvic-floor function deteriorates with age [4,15,19]. The
majority of the patients studied were asymptomatic volunteers and despite
this a variety of abnormalities were demonstrated. It is possible that these
findings may be associated with pelvic-floor dysfunction, which may lead to
symptoms in later life. The radiological findings must therefore be inter-
preted with caution and in association with the patient’s symptomatology
and clinical findings.

2.1.1. Anal Canal

The anal canal is usually closed at rest; however, it can be open in normal
volunteers and this may be associated with cough incontinence [4]. The
length of the canal is measured by the distance between the anal orifice and
the point where the anal canal meets the cone-shaped walls of the distal
rectum. The mean length in men is 2.2cm and in women it is 1.6cm [4]. The
accuracy of this assessment must be questioned as there is a discrepancy
between anal-canal length measured by anal manometry and evacuatory
proctography, the former averaging around 4cm [20].

The anorectal junction is usually related to the pubococcygeal line but in
evacuatory proctography the inferior margin of the ischial tuberosity is
used. Shorvon et al. [4] has shown a variation of the position of anorectal
junction above the ischial tuberosity in men and women, and in elderly
people.

2.1.2. Anorectal Angle

The anorectal angle is measured between the axis of the anal canal and a
line drawn along the rectal floor, and is referred to as the posterior anorec-
tal angle.A central anorectal angle has also been described; this is the angle
between a line drawn through the center of the rectum and the axis of the
anal canal. This angle is approximately 20° greater than the posterior
anorectal angle [15].

The posterior anorectal angle varies from 65°–125° in men and 70°–135°
in women, with some interobserver variation being observed [9].

Contraction of the pelvic-floor muscles due to squeezing will make the
angle more acute, the mean decrease being approximately 20°. Elevation
of the anorectal junction is seen almost in all normal subjects and is brought
about by both pelvic-floor contraction and lengthening of the anal canal.
Absence of elevation and failure of anorectal angle to become more acute
indicates the likelihood of a pelvic-floor abnormality.

On straining without defaecating, the muscles should relax, increasing the
anorectal angle and causing descent of the anorectal junction. However, it
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Figure 11.7. A moderate rectocoele.

has been demonstrated that this may cause a paradoxical decrease in the
anorectal angle in 30% of patients due to inappropriate contraction of 
puborectalis.

2.1.3. Pelvic-floor Descent

Pelvic-floor descent is defined as the distance the anorectal junction
descends from its resting position. The normal range of pelvic floor descent
is 2–3cm while it can occasionally elevate from 1–2cm [15,19]. Consider-
able variation in descent was observed in one series from 1.8cm to 5.4cm
in men and from 0.7cm to 5.9cm in women [4].

2.1.4. Changes in the Rectal Wall

Rectocoeles are quite common in normal asymptomatic women and may
also be seen in men [4,15]. They appear as a bulge of the rectal wall beyond
the extrapolated line of the normal wall.When small (<2cm) and when they
do not retain barium, they should be considered a normal variant [4]. A
depth of 2–4cm is considered a moderate rectocoele (Figure 11.7) and
greater than 5cm, a large rectocoele. A 2-cm or more widening of the rec-
tovaginal space signifies the presence of an enterocoele. Opacification of
the small bowel will demonstrate an enterocoele in such cases. Herniation
of the rectum, small bowel, or omentum into the space posterior to the



rectum is rare with the normal space between the rectal wall and sacrum
at S3 level being around 10mm. Any widening beyond this is regarded as
abnormal and indicates posterior herniation.

Anterior mucosal rectal-wall prolapse is commonly seen in 50% of
asymptomatic female volunteers and should be interpreted with caution [4].

Intrarectal intussusception is invagination of the rectal wall, which
migrates distally towards the anal canal. Grade 1 and 2 represent infoldings
in the wall of the rectum of less than 3cm, and grade 3 is greater than 3cm,
but not circumferential. Grade 4 is circumferential intussusception and
grade 5 is similar to grade 4 but abutting onto the internal anal orifice [4].
Prolapse of the intussusception into the anal canal is known as intra-anal
intussusception and may be responsible for the solitary rectal ulcer syn-
drome. Prolapse of the intussusception beyond the anal verge results in
frank external prolapse (Figure 11.8). Any degree of intussusception
ranging from intrarectal to frank external prolapse may occur with or
without the presence of a rectocoele. Frequently, intussusception and rec-
tocoele coexist (Figure 11.9) and their recognition is of importance in the
surgical management of these patients.

2.1.5. Perineometry

Perineometry is a valuable investigation in view of its simplicity and lack
of radiation exposure, but is an indirect, external measure of actual pelvic
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Figure 11.8. Prolapse of the intussusception resulting in frank external prolapse.
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Figure 11.9. Coexisting rectocoele and intussception.

diaphragm descent. Since perineometry cannot be performed without being
affected by normal shortening of the anal canal during straining or the 
variability in subcutaneous fat over the ischial tuberosities, it can often
underestimate perineal descent by as much as 60% [20].

3. Anal Manometry

Manometric assessment of the anorectum is mandatory in the assessment
of the patient with functional problems such as faecal incontinence, rectal
prolapse, and constipation. It is also indicated in the assessment of patients
with a variety of other clinical conditions including chronic anal fissures,
especially in females [21], prior to complex fistula surgery, assessment of
sphincter function before low anterior resection in the in the elderly, before
pouch surgery to assess quality of sphincters (especially in middle-aged
multiparous women).

A variety of tests are available to assess the anal sphincter and rectal sen-
sation in clinical practice and those most commonly used are:

1. Resting anal pressure, reflecting internal anal sphincter activity (IAS).
2. Maximal squeeze pressure, reflecting external anal sphincter function

and innervation (EAS).
3. Anal-canal length.



4. Anal-canal pressure in response to cough.
5. Rectoanal inhibitory reflex.
6. Sensory thresholds: first sensation, urge to defaecate, and maximal tol-

erated volume.
7. Rectal compliance and capacity.
8. Electromyography.
9. Pudendal nerve terminal motor latency (PNTML).

Various systems have been used recording single or multiple channels of
data and utilising microballoons filled with water, water-perfused catheters,
and microtransducers [22]. Unfortunately these differing techniques have
lead to a variety of normal ranges, making comparison between studies 
difficult if not impossible. Azpiroz et al. in a review concluded anorectal
manometry is useful but is limited by the absence of standardisation and
normal data from healthy individuals [23]. Further interpretation of the
data is complicated due to the patient’s ability to compensate for their
defects. The introduction of the more expensive microtransducers allowing
multichannel recording has allowed a more comprehensive accurate repro-
ducible assessment to be made. The data can be recorded both in the 
static position and with the patient ambulatory. When downloaded onto 
a personal computer, detailed analysis is possible. Synchronous assess-
ment of mass electromyography (EMG) and multifibre EMG can also be
performed.

Catheters or microtransducers can be connected to an automated with-
drawal system or hand-held device. In a station pull-through the catheter is
withdrawn in a stepwise fashion after insertion into the rectum, recordings
are taken at 0.5–1-cm intervals. This allows an assessment to be made of
anal-canal length, which varies according to gender. The length varies from
2–5.5cm with the mean in women being 3.7cm and men 4.6cm.

There may be inaccuracies when radial pressure asymmetry is present.
Studies have shown men have higher mean resting and squeeze pressures
than women though they decline as age advances in both genders [24,25].
Normal mean resting pressure in adults is between 70–110cm H2O and is
contributed to by both the internal and external sphincters though the exact
contribution made by each is not certain. It is thought the internal sphinc-
ter is responsible for about 85% of resting tone. The resting tone gradually
increases from cranial to caudal along the canal and the high-pressure zone
is from 1–2cm from the anal verge [26]. This zone is longer in men than
women. In addition, resting pressure varies circumferentially in the anal
canal: highest posteriorly at the top of the anal canal and lowest near the
anal verge, while the reverse is the case for resting pressure anteriorly.
The anal cushions also contribute to the resting pressure and these close
the anal canal at rest. There is also a dynamic component of resting pres-
sure observed by the presence of slow waves and ultra-slow waves which
are observed on pressure recordings. Slow waves occur with a frequency of
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10–20/min and with amplitude of 5–25cm H2O, while ultra-slow waves have
frequency <3/min and amplitude of 30–100cm H2O.

The combined contraction of the EAS and puborectalis produces the
squeeze pressure. The maximal squeeze pressure is 50%–100% above the
resting pressure, ranging from 135–250cm H2O [26] (Figure 11.10, Figure
11.11). Squeeze pressure declines over time due to fatigue with the
maximum pressure lasting <1 minute.The distribution of the squeezes pres-
sure also varies due to the position of the muscles as follows:

Upper third—pressure highest posteriorly and lowest anteriorly.
Middle third—pressure equal radially.
Lower third—pressure highest anteriorly and lowest posteriorly.

Pressures are lower in incontinent patients compared to age- and sex-
matched controls (Figure 11.12). However, there is extensive crossover
between pressures recorded in patients and controls, with McHugh et al.
finding 39% of women and 44% of men had normal resting pressures within
the range of the matched controls [25–29]. Hallan et al. compared the 
accuracy of assessment between a well-trained finger and anal manometry
[30].
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Figure 11.10. Resting anal pressure demonstrated on manometric assessment.
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Figure 11.11. Maximal squeeze pressure.

Figure 11.12. Low pressures in an incontinent patient.
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3.1. Rectoanal Inhibitory Reflex
Rectal distension causes a reflex inhibition of internal anal sphincter (IAS)
and contraction of the external anal sphincter (EAS). The mechanism of
this reflex is as follows: as stool fills the rectum it eventually reaches the
anorectal junction, as there is relaxation of the proximal anal canal. A
spinal-cord reflex is initiated resulting in the relaxation of the IAS and the
sensation of a call to stool. If there is a morphological damage to the EAS
or it is denervated as in pudendal neuropathy, then incontinence occurs.The
reflex, which is present in all healthy people, was first described by Gowers
and is believed to be mediated by myentric plexus and stretch receptors in
the pelvic floor [31]. The test is easily conducted by placing a manometry
catheter in the high-pressure zone of the anal canal and a balloon within
the rectum. The volume in the balloon is increased and then there is a rapid
and profound decrease in resting pressure. It is initiated by a volume of 
10mL or less. It is absent in Hirschprung’s disease, systemic sclerosis, and
Chagas disease [32]. It has been shown to recover after a coloanal anasto-
mosis [33].This reflex allows the contents to be sampled by the transitional-
zone mucosa to discriminate between solid, liquid, and air [34].

Saigusa et al. analysed 100 patients who underwent double stapled-pouch
anal anastomosis and found presence of rectoanal inhibitory reflex in only
53% following surgery. There was no difference in the continence scores in
patients with or without the reflex [35]. However, they noted a decreased
incidence of nocturnal soiling if the reflex was present.

3.2. Vector Volume Manometry
Vector volume manometry allows a 3-dimensional reconstruction of the
anal canal and has the ability to assess radial asymmetry. Sphincter defects
are associated with indices of 0.6 or less and normal is a vector symmetry
index (VSI) of 1.

Vector volume manometry is performed by a radially arranged 8-channel
catheter, which records the pressure as the catheter is withdrawn and the
software constructs the image. It is very useful in demonstrating a traumatic
cause for faecal incontinence such as an isolated defect compared with
global weakness of the external sphincter, which may denote a nerve-
conduction defect [36]. However, the correlation with anal endosonogra-
phy and EMG is not good with 11% and 13% of sphincter defects being
detected, respectively [37].

3.3. Rectal Sensation
Rectal sensation is assessed using a water-filled balloon, which is gradually
inflated. Rectal filling and sensation can be variable in individuals with a
wide normal range with patients with obstructed defaecation having a very



high rectal threshold volume [38]. Normal first perception starts between
10–30mL while the urge to defaecate starts from 60–100mL and the
maximal tolerated volume ranges from 220–270mL [39,40].

3.4. Rectal Compliance
From the change in volume and the associated pressure change, compliance
can be calculated:

This gives an indication of the distensibility of the rectum. Mean rectal com-
pliance is between 4–14mL/cm H20 and is measured by a rectal balloon
filled with water [40]. Rectal compliance is reduced in Behcet’s disease,
Crohn’s disease and after radiotherapy. However, rectal compliance is
found to be normal in incontinent patients.

3.5. Electromyography
Electromyography of the anal sphincter or levator ani can be used to show
that a muscle has been denervated and that this is part of the clinical
problem. Electromyography was used to map external-sphincter defects
before surgery by either concentric-needle studies or single fiber studies but
has been replaced by endo–anal ultrasound. Puborectalis EMG has been
shown to demonstrate paradoxical contraction in obstructed defaecation
but has been shown to be present in normal individuals [41].

Internal-anal-sphincter hypertonia has been shown to be associated with
nonhealing fissures and can be demonstrated by EMG [42].

3.6. Pudendal Nerve Terminal Motor Latency
Pudendal nerve terminal motor latency is a simple nerve-conduction study
used in the assessment of the pelvic floor. It is performed using a specially
designed finger cot with a stimulating electrode at the fingertip and a
recording electrode at the base of the finger. The latter electrode sits in the
anal canal while the other is applied to the pudendal nerve as its passes
around the iliac spine.The stimulus is applied at the iliac spine and the anal-
canal electrode records the response. The nerve latency is measured from
the stimulus to the motor response in the external sphincter and normal
values range from 1.5–2.5ms. Sato et al. have shown that there is physio-
logic variation in PNTML related to where it is recorded in the anal canal
[43]. It is delayed with increasing age and is prolonged in 24% of patients
with faecal incontinence. It is also prolonged in patients with rectal pro-
lapse, solitary rectal ulcer syndrome, and severe constipation [44].

A prolonged PNTML is associated with a bad prognosis after an ante-
rior anal sphincter repair for external sphincter defects [45].

Compliance V P= d d
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Thomas et al. compared PNTML and EMG in 80 patients with faecal
incontinence secondary to obstetric surgical trauma and found both
PNTML and EMG were useful in providing additional information about
the neurogenic basis of incontinence [46].

4. Magnetic Resonance Imaging of the Pelvis

Magnetic resonance imaging allows a multiplanar assessment which is non-
invasive, quick, avoids ionising radiation, requires no preparation or con-
trast medium, and it is relatively non-operator–dependent. However, it is
expensive, time consuming, and does not provide good mucosal images as
seen on evacuatory proctography.

It is increasingly being used in obstructed defaecation (pelvic surface
coil) and faecal incontinence (endo–anal MRI coil).

Healy et al., in a controlled study comparing obstructed defaecation pa-
tients with asymptomatic controls, showed MRI is useful in demonstrating
more pelvic pathology compared to evacuatory proctography such as pelvic
visceral descent, levator muscle, and plate descent [47]. They recommended
MRI in symptomatic patients who were reported as normal following 
proctography.

Endo–anal coil MRI was compared with endo–anal ultrasound in assess-
ing the sphincters in incontinent patients by Fletcher et al., who demon-
strated the superiority of MRI in evaluating the thickness of the
puborectalis and external sphincter [48]. MRI is also able to demonstrate
degeneration of external anal sphincter with age. Both procedures were
equally effective in identifying defects of the sphincters.

By comparing dynamic MRI with videoproctography, Matsuoka et al.
have showed MRI is unable to detect rectocoeles and intussusception 
effectively [49]. Further, there were differences in the measurement 
of the anorectal angle and perineal descent compared with proctography.
However, Lamb et al. believe dynamic MRI proctography to be a 
useful alternative to conventional proctography in a small study of 40
patients [50].

The evidence thus far supports the role of MRI in evaluation of faecal
incontinence, either on its own or as an adjunct to endo–anal ultrasound;
however, its role in assessing obstructed defaecation patients is still 
evolving.

5. Endo–anal Ultrasound

Endo–anal ultrasound (EAUS) is a minimally invasive easily accessible
technique that provides detailed anatomy of the anal canal. It complements
anal manometry and evacuatory proctography and is mandatory in the
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investigation of faecal incontinence. It also has a role in the management
of obstructed defaecation and other functional bowel disorders.

Indications for EAUS assessment in the functional bowel disease patient
include faecal incontinence, constipation and obstructed defaecation, post-
surgical assessment, anal pain, and solitary rectal ulcer syndrome.

5.1. Technique and Instrumentation
Ideally, a 360-degree cross-sectional image is required, and this is obtained
by using a mechanically rotating transducer. The most commonly used
scanner is manufactured by Bruel and Kjaer (Figure 11.13), and uses an
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Figure 11.13. An endoanal ultrasound scanner by Bruel and Kjaer.



1850 endoprobe with a 10MHz transducer. The transducer is protected 
by a plastic cone with an outside diameter of 17mm (Figure 11.14) and 
filled with degassed water to prevent artifacts caused by air bubbles.
The assembly is covered by a large condom with gel both inside and 
outside to provide acoustic coupling. Patients are examined in the prone
position to avoid perineal asymmetry and the images are orientated such
that anterior is uppermost and viewed from the feet of the patient. The 
anal canal is examined as a dynamic process and images are convention-
ally obtained at superficial, mid, and deep levels (Figure 11.15–
Figure 11.17).

The various layers of the anal canal as depicted on EAUS examination
are as illustrated in Table 11.2.

Variation in the anatomy of the anal canal is apparent between males and
females, particularly in the external anal sphincter (Figure 11.18), and
changes in the appearances of the sphincters with age are important in
interpretation of the endosonic anatomy of the anal canal.

The thickness of the internal sphincter shows a positive correlation with
age in the high- and middle-anal canal in the female asymptomatic 
nulliparous women [52]. However, the external sphincter shows a negative
correlation with age at high-, mid-, and low-anal levels. There is no 
significant correlation between thickness of longitudinal muscle or 
puborectalis.
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Figure 11.14. The transducer protected by a plastic cone.



Figure 11.15. Endo–anal scan showing superficial level.

Figure 11.16. Endo–anal scan showing mid level.



In patients less than 55 years of age, the internal sphincter is between
2.4–2.7-mm thick, while above 55 years it is from 2.8–3.4-mm thick (Figure
11.19, Figure 11.20).

The conjoint longitudinal muscle coat surrounding the internal sphincter
is continuation of the outer longitudinal muscle coat of the rectum. It forms
a prominent hyperechoic layer between the internal and external sphinc-
ters. This layer is not sonographically uniform and thin short hypoechoic
areas within it may be due to segments of smooth muscle devoid of con-
nective tissue.

The external sphincter is complex and a trilaminar arrangement is
accepted with deep, superficial, and subcutaneous parts. As the probe is
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Figure 11.17. Endo–anal scan showing deep level.

Table 11.2. Endosonographic layers of the anal canal.

1. Mucosa/cone interface, hyperechoeic layer
2. (Mucosa)–(hypoechoeic layer) not always seen
3. Subepithelial layer, hyperechoic layer
4. Internal anal sphincter, hypoechoiec layer
5. Longitudinal muscle, hyperechoic layer
6. External sphincter, mixed echogenicity layer



Figure 11.18. Diagrammatic representation of the variation in the anatomy of the
anal canal in males and females.

Figure 11.19. Variation in the thickness in the internal sphincter with age.



withdrawn, the hyperechoic U-shaped sling of puborectalis comes in view.
The external sphincter is identified as converging fibres anteriorly as the
probe comes down and they converge to form an annular ring [53]. In
females, the external sphincter may be very thin anteriorly. In males, the
external sphincter is more symmetrical and annular at all levels with an
outer hypoechoic ring. In females, the echogenicity is identical and the
layers are difficult to delineate and there is a natural deficiency anteriorly
in the deep part of the anal canal.

Recently, 3-dimensional ultrasonography has been introduced [54]. Con-
ventional axial imaging may not give the accurate length of a sphincter tear
but 3-dimensional imaging allows visualisation of the sphincter complex in
multiple planes (Figure 11.21).

5.2. Faecal Incontinence
Endo–anal ultrasound has been shown in various studies to be a useful tool
in mapping sphincter defects. It distinguishes patients with sphincter defects
from idiopathic faecal incontinence and allows the surgeon to manage this
complex condition appropriately. Endo–anal ultrasound also has a role in
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Figure 11.20. Variation in the thickness in the internal sphincter with age.



assessing the sphincters after primary or secondary repair of sphincter
defects.

Awareness of the physiological variation in the thickness of the internal
anal sphincter and the sexual differences is important in radiological assess-
ment of patients with faecal incontinence. The posterolateral aspect of the
external sphincter should be intact at all levels in both sexes, but there is a
natural deficiency anteriorly in females at a deep level [53]. Causes of faecal
incontinence include obstetrics-related trauma, postsurgical (anal dilata-
tion, lateral anal sphincterotomy, posthaemorrhoidectomy, multiple fistula
operations), trauma (accidental and intentional injury, anal rape), and 
idiopathic.

Childbirth is the most common cause of damage to the anal sphincters.
Endo–anal ultrasound has shown a significantly higher incidence of sphinc-
ter damage than previously recognised clinically (Figure 11.22, Figure
11.23). Thirty-five percent of women undergoing their first normal vaginal
delivery were shown to have endosonographic evidence of sphincter dis-
ruption at 6 weeks that persisted at 6 months. One-third had symptoms of
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Figure 11.21. Three-dimensional imaging of the anal canal.
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Figure 11.22. Endo–anal ultrasound demonstration of external sphincter defect.

Figure 11.23. Endo–anal ultrasound demonstration of combined internal and
external sphincter defect.
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anal incontinence. Significantly higher incidences of defects were found fol-
lowing forceps delivery (8 out of 10) and those undergoing vacuum extrac-
tion were spared [59]. Gold et al. assessed the 3-dimensional EAUS and
emphasised the role of EAUS in showing longitudinal and radial extent of
the tear, which may have a role in determining the success of surgical repair
of sphincter defects [54].

Overzealous manual dilatation of the anus produces varying degrees of
tear at multiple points compared with the precise defect of an internal
sphincterotomy and both can be delineated by EAUS. Remnants of the
sphincter will appear hyperechoic, suggesting fibrotic replacement after
manual dilatation (Figure 11.24), while lateral sphincterotomy produces a
clean break in the sphincter with well-defined edges (Figure 11.25) [53]. Sur-
gical damage to the internal sphincter can also be recognised after fistula
surgery and formation of ileo–anal pouch.

Figure 11.24. Internal sphincter disruption following manual anal dilatation.



Speakman et al. studied 12 patients with faecal incontinence who had
manual dilatation for anal fissure and EAUS showed extensive disruption
of internal anal sphincter in 10 of these patients [55]. Sixty-five percent of
patients undergoing anal dilatation had sphincter defects in a study by
Nielsen et al., with 12.5 % of these patients having some degree of faecal
incontinence [56]. Bartram et al. have emphasised that EAUS has an impor-
tant role in making surgeons aware of procedures associated with sphinc-
ter injuries [57].

Sultan et al. assessed the effect of internal anal sphincterotomy for anal
fissures and showed that women, with their shorter anal canal, are more
susceptible to inadvertent extensive sphincterotomy with 9 out of 10 women
in his study having the entire length of the internal sphincter divided [58].
Ho et al. showed the usefulness of EAUS in picking up sphincter defects
iatrogenically caused by stapling instruments [60]. Other causes of faecal
incontinence include trauma (Figure 11.26) and idiopathic faecal inconti-
nence. Idiopathic faecal incontinence is essentially a result of age-related
neuropathy, atrophy, fibrosis, and possibly ischemia. Endo–anal ultrasound
is required to rule out other cause of faecal incontinence. More recently,
MRI using endo–anal coil has proven to be useful in demonstrating these
degenerate changes in the sphincters.
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Figure 11.25. Internal anal sphincterotomy demonstrated on an anal scan.



5.3. Solitary Rectal Ulcer Syndrome
Halligan et al. showed marked thickness of internal and external anal
sphincter in patients with solitary rectal ulcer (SRUS) when compared 
to asymptomatic controls (Figure 11.27) [61]. The precise aetiology is
unknown; however, it has been proposed a combination of mucosal rectal
prolapse and increased rectal pressure due to internal anal sphincter thick-
ness could be responsible for SRUS.

Marshall et al., in a further small study, demonstrated the predictive value
of internal anal sphincter thickness for diagnosis of rectal intussusception
in patients with SRUS [62]. They concluded EAUS has a 91% positive pre-
dictive value in detecting internal anal sphincter thickness in SRUS patients
having rectal intussusception; however, the negative predictive value was
only 57%. It may have a role in patients who failed to evacuate on evacu-
atory proctography and in pregnant women where radiation exposure is
undesirable.

More recently dynamic transperineal ultrasound has been used to de-
monstrate intussusception, rectocoeles, and enterocoeles, which correlate
well with evacuatory proctography [63].
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Figure 11.26. Sphincter disruption following anal trauma.



6. Colonic Transit Studies

A colonic transit study is part of the routine assessment in patients with
constipation but is also beneficial in assessing obstructed defaecation. It 
also has a place in assessing patients with evacuatory difficulties following
formation of ileo–anal pouch and in assessing drugs altering colonic 
motility.

Hinton et al. used 20 radioopaque pellets of barium-impregnated poly-
thene and validated his study by comparing the findings with 25 normal 
subjects [64]. He showed all normal subjects passed the first marker 
within 66 hours and all except 1 passed 80% of the markers in 5 days.
Markers used must not be absorbed, but measurable and must travel 
at a similar rate to the normal contents and must not alter the activity of
the gut. Martelli et al. showed that retention of more than 20% of 
markers on day 5 is regarded as abnormal, and this is generally accepted 
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Figure 11.27. Increased thickness of internal and external anal sphincter in patient
with solitary rectal ulcer (SRUS).
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Figure 11.28. Shapes colonic transit study.

as the current criteria for an abnormal study (Figure 11.28, Figure 11.29)
[65].

Metcalf et al. used 3 different markers and a single film to assess 
total and segmental colonic transit time and found age or a modest dietary
fiber intake did not affect the transit time [66]. They further showed transit
varied in different segments of the bowel. Oral scintigraphic segmental
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Figure 11.29. Shapes colonis transit study.

transit studies have gained importance with oral In-111–labelled DTPA
being used to assess segmental transit (Figure 11.30). Lundin et al., in their
study of 28 patients, showed patients undergoing segmental colectomy
based on scintigraphy had better results and functional outcome [67].

Recently Technetium 99m tin–colloid has been used to image liquid
stools and I-131 microcapsules to image solids in a study to assess pouch
function using scintigraphy [68]. The beneficial effects of scintigraphy have
also been shown in a technique using In-111–labelled polystyrene particles
in assessing incontinent and constipated patients after a retrograde colonic
washout [69].

Nam et al. assessed reproducibility in colonic transit and showed a colonic
transit study has better correlation coefficient in patients with idiopathic
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constipation than patients with colonic inertia [70]. They suggested repeat-
ing the colonic transit study in patients with colonic inertia.

Colonic transit studies are a part of the investigative algorithm in evalu-
ating functional bowel disorders and play an important role in selecting
patients for surgery and in subsequent follow-up care.

7. Summary

The assessment of the patient with a functional bowel disorder is not easy
and requires patience and understanding particularly because there may 
be coexistent problems urologically or gynaecologically. Careful history
taking, clinical examination, and use of appropriate investigations are the
keys to dealing with these problems. Full assessment should be followed by 
a careful consideration of the therapeutic options available. Appropriate
management of patients with these difficult problems requires a multidis-
ciplinary approach between clinicians with an interest in pelvic floor prob-
lems including coloproctologists, urologists, gynaecologists, radiologists, and
specialist nurses.

Figure 11.30. Oral scintigraphic segmental transit study.
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12
Innovations in the Treatment of
Faecal Incontinence

Susan C. Parker and Amy Thorsen

1. Introduction

The medical condition of faecal incontinence is characterised by two pre-
dominant factors: its surprisingly high prevalence and the reluctance of
patients to seek treatment or discuss the condition with their physician
despite severe limitations in their lifestyle. Community studies using 
postal or telephone surveys report prevalence rates of 1.4%–4.4% [1–3].
Even higher rates are associated with factors such as age, parity, chronic
medical conditions, anorectal surgical procedures, and acute medical 
problems.

Patients with faecal incontinence are more frequently older and female.
A US telephone survey that found an overall prevalence of 2.2% also found
that 30% of those who reported symptoms were over 65, and 63% were
women. A postal survey focused on older patients (age 65–93) found an
overall prevalence of 3.7% [4]. One recent study, which surveyed 10,000
adults over age 40, found a similar prevalence between men and women,
but in that same study faecal incontinence was associated with a great
impact on the quality of life [2].

The association of faecal incontinence with female gender and, more
specifically, with obstetric injuries, has received intense scrutiny since 1993,
when Sultan et al. reported a high incidence of sphincter injuries after
vaginal delivery [5]. In a subsequent review of 11 studies of obstetric
patients, Sultan found that 20%–50% of women with sphincter injuries had
symptoms of faecal incontinence within the first year postpartum [6].
Karoui et al. reported that, in a series of 335 incontinent patients, 65% had
sphincter defects; this percentage increased to 88% in patients who had a
history of childbirth or proctologic surgery. In a series of 115 continent
patients, Karoui et al. also found that 43% had sphincter defects, so they
caution that sphincter defects alone do not lead to faecal incontinence in
all patients [7]. A large number of studies have sought to define delivery
risk factors, among them parity, maternal age, birth weight, instrumented
delivery, and episiotomy [8–10]. Efforts continue to diminish this significant
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risk factor for women. The controversy regarding the possible protective
effect of Caesarean section has even reached the lay press [11].

The rates of faecal incontinence increase dramatically with increasing
numbers of other medical problems. Ambulatory patients reported faecal
incontinence at rates of 5.6%–15.9% in Switzerland, and 13.4%–26% in the
United States [1,12]. However, higher rates have been reported by patients
seeing gastroenterologists, colon and rectal surgeons, and urogynaecolo-
gists. Persons with diabetes mellitus, multiple sclerosis, or congenital abnor-
malities constitute additional high-risk groups. Those with diabetes mellitus
have reported frequent upper and lower gastrointestinal symptoms that are
possibly related to poor glycemic control; faecal incontinence can occur in
up to 20% of such patients.

The influence of duration of an underlying disease on the development
of faecal incontinence is debated [13,14]. In a series of 280 patients with
multiple sclerosis, 51% experienced faecal incontinence at least once a
week.This high frequency was true even of the mildly disabled patients [15].

Despite these alarmingly high rates, even greater numbers of patients are
not reporting their symptoms because of embarrassment or low expecta-
tions regarding available treatment options. In the United States, only one
third of symptomatic patients discuss their incontinence symptoms with
their physician. In the United Arab Emirates, 60% of multiparous women
with faecal incontinence are similarly reticent to seek medical advice [16].
In a postal survey evaluating defaecation disorders in older US patients,
only 23% had seen a physician for their symptoms in the past year [4].

The highest rates of faecal incontinence are found in hospitalised or insti-
tutionalised patients. A Canadian study of long-term hospital patients 
found a prevalence of 46% [17]. Similar results were obtained in a US
survey of patients in skilled nursing homes: 47% had faecal incontinence,
and the rates rose with lengthening time spent in a nursing home [18,19].
In a survey of 152 patients in acute or critical-care units at a Veterans Affairs
Medical Center who were assessed for faecal incontinence, stool frequency,
tube feedings, and severity of illness, 50 of them (33%) had faecal inconti-
nence. A greater percentage who had diarrhoea also had faecal inconti-
nence (43% with diarrhoea vs 27% without diarrhoea), but faecal
incontinence was not associated with any particular cause of diarrhoea,
including Clostridium difficile colitis [20].

Thus, it is obvious that faecal incontinence has a high prevalence, that
patients are reluctant to seek therapy, and that most physicians—whatever
patient population they treat—are likely to encounter untreated patients
with faecal incontinence. Patients and physicians alike may be poorly
informed regarding the available methods of treatment and the exciting
advances in this area of coloproctology. Medical management and biofeed-
back remain the mainstay of clinical treatment of the incontinent patient,
the treatment of this condition now includes new methods of pharmaco-
logic modification, injectable materials, implantable devices, neuromodula-
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tion, and muscle transposition. Creation of a stoma—the fear of many
incontinent patients—remains appropriate for some patients, but hopefully
a decreasing number. For some patients who had a stoma created years 
ago, bowel continuity can now be restored thanks to a successful innova-
tive procedure.

2. Improvements in Old Techniques

2.1. Medical Management and Pharmacology
Medical management, consisting of dietary changes, bulking agents, and
bowel-habit training, is effective for mild faecal incontinence. Antidiar-
rhoeal medications, such as loperamide, diphenoxylate, and bile acid
binders, are widely used for patients with altered bowel consistency and
faecal incontinence. Even for surgical patients, research continues into new
oral and topical medications. Novel medical approaches include estrogen
replacement therapy in postmenopausal women, oral amitriptyline, and
topical phenylephrine.

In 1996, Franz et al., using immunohistochemical assessment, found estro-
gen and progesterone receptors in the smooth muscle fibres and stroma of
the anal canal in both men and women [21]. According to a 1997 obser-
vational study of 20 postmenopausal women with faecal incontinence,
hormone replacement therapy resulted in significant physiologic and clini-
cal changes: After 6 months of treatment, the women’s resting pressures,
squeeze pressures, and maximum tolerated rectal volume significantly
increased, and 5 of them were asymptomatic [22]. The authors of both the
1996 and the 1997 studies concluded that hormone replacement therapy
might be of benefit for treating faecal incontinence.

Amitriptyline, a tricyclic antidepressant, has anticholinergic and seroton-
ergic properties. Anticholinergic drugs can alter bowel motility, diminishing
symptoms of urgency, evacuation frequency, and nocturnal incontinence in
pelvic-pouch patients [23,24]. In an open study of low-dose amitriptyline
(20mg daily, as compared with daily antidepressant doses of 75–200mg),
anal pressures and incontinence scores improved; the number of bowel
movements per day and the frequency and amplitude of rectal motor com-
plexes decreased [25]. Given the above 3 studies, clinicians have already
adopted its use, although no randomised, controlled trials of amitriptyline
for faecal incontinence have been conducted.

The internal anal sphincter receives stimulatory a adrenergic innerva-
tion. This observation has prompted investigators to evaluate topical
phenylephrine, an a-adrenergic agonist, for treating idiopathic faecal incon-
tinence. An open study of topical phenylephrine, comparing concentrations
of 10%–40%, found that all concentrations increased patients’ resting pres-
sures; the effect was sustained for 2 hours [26]. But in one randomised, con-
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trolled trial, 10% topical phenylephrine was not effective [27]. In another
randomised, controlled trial, involving ileoanal pouch patients with faecal
incontinence, topical phenylephrine eliminated nocturnal events in some
patients [28].

A topical cream or oral medication that would effectively treat faecal
incontinence would have clear advantages. Thus, new formulations are
likely to be tested and introduced in the future.

2.2. Biofeedback
Biofeedback therapy, a behavioural treatment, is noninvasive and cost-
effective, with no morbidity. One large series found that it improved clini-
cal symptoms in 50%–90% of patients—a range comparable to other
medical and surgical treatments [29–35]. The goal of biofeedback therapy
is to enable the patient to contract the pelvic floor and external sphincter
muscles in response to rectal distention. Biofeedback requires a co-
operative, motivated patient who can respond to audio or visual cues 
representing physiologic activity.

Biofeedback protocols may incorporate muscular strength training with
anal-canal pressure or EMG (electromyography) feedback, rectal sensory
training with balloon-pressure feedback, or a combination of both.A recent
meta-analysis comparing the combination technique versus strength train-
ing demonstrated no significant advantage to either. The same meta-
analysis, however, revealed a significant difference in strength training 
using EMG feedback (74% mean improvement) versus anal-pressure 
feedback (64% mean improvement) [36]. Other investigators [37,38] stress
the importance of sensory training, despite the high success rates of proto-
cols lacking this component. One of the few randomised trials evaluating
biofeedback therapy for faecal incontinence compared EMG strength
training versus treatment that added sensory training, a home trainer, or
both to the strength program. Although all groups improved substantially,
no significant difference between treatment groups was found [39]. Fynes
et al. found that pure sensory biofeedback was inferior to augmented
biofeedback for treating faecal incontinence after obstetric trauma [40].

Even though diverse patient populations have been treated with biofeed-
back therapy, no obvious clinical or physiologic predictors of success have
been identified. Patient age, cause of incontinence, and duration and sever-
ity of symptoms do not appear to affect the likelihood of success [35]. Van
Tets et al. found no improvement in faecal control in 12 patients with 
neurogenic incontinence treated with EMG–strength biofeedback [41], yet
some benefit has been observed in patients with mild-to-moderate multi-
ple sclerosis [42]. Pretreatment manometric parameters failed to predict
response to biofeedback [34]. The presence of an external sphincter defect
or pudendal neuropathy may predict poor manometric results after therapy,
but appeared not to affect the clinical results of biofeedback [43]. Biofeed-
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back has also been successful in patients for whom other treatments have
failed. Jensen et al. found a significant improvement in 89% of patients who
had poor functional outcome after sphincteroplasty for obstetric injury [33].

Some investigators have noted deterioration in the effects of biofeedback
over time [44–46]. Such deterioration may be dependent on the treatment
protocol, on patient compliance, or on the biofeedback clinician. Gilliand
et al. identified the number of treatment sessions—5 or greater—as being
the one predictor of success for treating incontinent patients with biofeed-
back [35]. Paget et al. reported the results of long-term follow up of 120
patients treated with 5 monthly sessions of manometric, ultrasound, or
digital-exam–guided biofeedback for faecal incontinence. At a mean follow
up of 42 months, 14 patients (17%) had gone on to have surgery for faecal
incontinence; 6 of these patients ended up with a stoma (7%). Of the
patients in that study who responded to a telephone interview (69%
response rate), 75% reported symptomatic improvement and 83% reported
improvement in quality of life, as compared with pretreatment. Many
patients also experienced further improvement in control after they 
completed biofeedback. Paget et al. concluded that improvement may be
secondary to a strong emphasis on continuing pelvic exercises and that
“more treatment was better.”

2.3. Sphincter Repair
Described initially by Parks et al. in 1971 [47], overlapping sphincteroplasty
has become the preferred surgical treatment of faecal incontinence caused
by traumatic sphincter injury.The procedure involves mobilising the sphinc-
ter muscles sufficiently to allow them to overlap while the defect is repaired.
Scar tissue is not excised, but instead preserved to aid in suture fixation.
Modifications of the technique include separate plication of the internal
anal sphincter [48] and addition of an anterior levatoroplasty to lengthen
the anal canal. Tan et al. noted a decrease, from 44% to 11%, in the 
incidence of wound infections by using a posterior fourchette incision 
for sphincter repair [49].

Faecal continence improves in 70%–90% of patients after sphinctero-
plasty [50–53]. Patients with poor preoperative continence, that is, inconti-
nence to solid stool, may have less satisfactory results [54]. Rasmussen et
al. [55] reported poor continence after sphincter repair in patients over age
40. But others found that patient age was not a factor in predicting suc-
cessful outcome [52,53].After repeat sphincteroplasty, over 50% of patients
may significantly improve [56,57]. The routine use of faecal diversion in
sphincter repair adds no benefit in functional outcome or wound healing
[53,58,59].

Studies have investigated the ability of anorectal physiology testing to (a)
preoperatively predict successful sphincter repair and (b) postoperatively
correlate findings with functional outcome. Patients with unilateral or bilat-
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eral pudendal neuropathy may be less likely to achieve perfect continence
after overlapping sphincteroplasty [60,61]; however, continence may still
improve significantly, with minimum morbidity [54,62]. Good functional
outcome after sphincter repair may correlate with increases in squeeze
pressure [63], anal-canal length [64], or high-pressure–zone length [65].
Residual defects visualised on postoperative anal ultrasound are associated
with poor clinical outcome; such patients may benefit from an attempt at
repeat repair [66,67].

The use of endo–anal ultrasound to evaluate faecal incontinence has 
identified a small population of patients with isolated internal anal sphinc-
ter defects. Most such injuries are attributed to haemorrhoidectomy, lateral
internal sphincterotomy, or fistulotomy. Small series have previously
showed poor outcome after isolated internal sphincter repair [68,69].
Recently, however, Abou-Zeid described internal anal sphincter repair by
direct apposition in a series of 8 patients. At a median follow up of 15
months, all 8 patients improved and 2 achieved full continence [70]. The
long-term results, though, are unknown.

The long-term success of overlapping sphincteroplasty has also been
questioned. Functional results appear to deteriorate over time. Success
rates decrease to 26%–57% after 3 to 4 years of follow up [71–73]. In a tele-
phone survey, Halverson et al. assessed the long-term functional outcomes
in 49 (69%) of 71 patients who underwent overlapping sphincteroplasty at
the Cleveland Clinic (1989–1996).At a median follow up of 69 months, 54%
of the patients were incontinent to liquid or solid stool, and only 14% were
completely continent [74]. Despite these poor long-term results, over-
lapping sphincteroplasty is probably still the best initial treatment of 
faecal incontinence secondary to traumatic sphincter injury. As anal conti-
nence deteriorates with time, however, other medical and surgical methods
may need to be employed.

3. New Techniques

Restoring continence to patients when traditional treatment fails, or when
traumatic or neurogenic injuries are extensive, remains a challenge. New
techniques for intractable faecal incontinence include the artificial anal
sphincter, dynamic graciloplasty, and sacral stimulation. For lesser degrees
of incontinence, new options such as the injection of bulking agents or the
application of radiofrequency to the proximal anal canal are being tested.

3.1. Encirclement Procedures
The earliest and simplest version of anal encirclement was the use of silver
wire, described by Thiersch.The dynamic graciloplasty and the artificial anal
sphincter are both advanced variations of anal encirclement. A patient may
be a candidate for either procedure. Fundamental surgical differences
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between the 2 techniques and their complication rates, continence rates, and
availability will affect which is chosen for a particular patient.

Dynamic graciloplasty combines transposition of the gracilis muscle with
electrical stimulation via an implantable pulse generator. The gracilis
muscle is preferred because it has a proximal neurovascular bundle and it
can be tunneled under the skin in the proximal thigh and wrapped around
the anal canal. Applying electrical stimulation to the gracilis muscle allows
conversion of the fast-twitch, fatigable leg muscle to a slow-twitch, fatigue-
resistant muscle that more closely resembles an anal sphincter.

Baeten et al. first reported the use of electrical stimulation with a gracilis
muscle wrap for faecal incontinence in 1988 and subsequently reported a
72% continence rate [75,76]. In a multicentre trial, the success rate was 63%
(defined as a greater than 50% improvement in incontinent events).
Adverse events were frequent and often required reoperation. The most
common complications were infections, problems with device performance
and use, gracilis muscle problems, pain, and thromboembolic events. Only
major infectious complications had an adverse effect on function. Experi-
enced surgeons have the lowest complication rates and the highest success
rates—the learning curve is steep [77,78]. Despite these limitations, once
success is achieved, it can be maintained in most patients (56%) at 24
months [79]. Paediatric patients have also undergone successful dynamic
graciloplasty [80]. Use of dynamic graciloplasty is limited to Canada and
Europe, because Food and Drug Administration approval was not sought
in the United States.

Dynamic graciloplasty can also be adapted for total anorectal recon-
struction after abdominal perineal resection. Rullier et al. reported the
results of 15 patients who underwent reconstruction with a double gracilo-
plasty wrap.All 15 patients received preoperative radiation and chemother-
apy. Reconstruction was done in 3 stages: (1) abdominal perineal resection,
coloperineal anastomosis, and graciloplasty; (2) insertion of the pulse gen-
erator; and (3) reversal of the ileostomy. The main complication was steno-
sis of the neosphincter, which Rullier et al. attributed to asymmetrical
traction from the double gracilis wrap. After 3–48 months of follow up, no
local recurrences had occurred, but 2 patients had distant metastases.
Functionally, 7 patients were continent; 2 were incontinent; and 3 had
stomas. Rullier et al. recommended a single graciloplasty wrap [81].

Rouanet et al. reported success in 5 patients who were continent to solid
and liquid stool after a mean follow up of 32 months, but only 1 patient was
able to evacuate spontaneously; the others required enemas to evacuate
[82]. Delayed anorectal reconstruction, at a mean of 8 years after abdomi-
nal perineal resection, was reported by Rongen et al. but with an even
higher morbidity, so they subsequently abandoned the procedure [83].

Thus, while feasible and oncologically safe, total anorectal reconstruction
remains problematic. It is probably best done only in select sites by expe-
rienced surgeons.
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3.2. Artificial Bowel Sphincter

In the United States, the limited availability of dynamic graciloplasty con-
tributes to a greater enthusiasm for the artificial anal sphincter (ActiconTM

bowel sphincter, American Medical Systems, Minnetonka, MN). The 2 pro-
cedures are applicable to many of the same patients, unless perineal soft
tissue is inadequate, in which case the artificial anal sphincter is a poor
choice. Several features of the artificial bowel sphincter make it a more
attractive option than the complex dynamic graciloplasty procedure: it is
placed in a single operation, it is operational 6 weeks after placement
without the need for muscle conditioning, and it avoids a painful muscle
transposition.

The artificial anal sphincter currently in use is a modification of an arti-
ficial urinary sphincter (AMS 800). An implantable device, it is composed
of a silicone elastomer that maintains continence via a fluid-filled cuff sur-
rounding and compressing the anal canal. The patient controls the device
via a pump placed in the scrotum or labia. Squeezing the pump 9–12 times
forces the fluid from the cuff into a reservoir balloon, which is implanted
in the space of Retzius. Squeezing deflates the cuff and opens the anal canal,
allowing the passage of stool. The cuff then automatically and slowly rein-
flates and occludes the anal canal, providing continence until defaecation
is again desired.

Christiansen and Lorentzen first reported implantation of an artificial
anal sphincter for faecal incontinence in 1987 [84]. Since then, several
groups have reported their experience with the AMS 800 and with later
modifications [85–90]. In those reports, infections occurred in 15%–25% of
the patients and device explantation was necessary in 20%.The final success
rates were often over 70%. Complications could be successfully treated,
without major morbidity.

A multicentre clinical trial of the artificial anal sphincter consisting of 19
sites in the United Statea, Canada, and Europe was completed in 2000 [91].
In that trial, 112 patients underwent implantation (86 females). The
common protocol consisted of a quality-of-life questionnaire, incontinence
scoring, and physiology testing at 6 months and at 1 year. At 1 year after
implantation, 75 (67%) patients had a functioning device and 3 were lost
to follow up. The infection rate was 25%; 51 patients (46%) had revisional
surgery. A total of 41 patients (37%) had their devices explanted; 7 under-
went successful reimplantation. Quality of life significantly improved for
successfully implanted or reimplanted patients. In the trial, as in other
studies, patients with functioning devices had a significant increase in
resting anal-canal pressures, as compared with their preoperative status
[90,92].

In the trial, a successful clinical result was defined as a decrease in the
faecal incontinence score (FISS) of at least 24 points (score range, 0–120),
indicating a drop of at least 2 levels. For example, a patient incontinent to
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liquid and solid stool daily before surgery could report several incontinent
events a month, but not weekly, for the procedure to be judged clinically
successful. To qualify for the trial, patients needed an FISS of at least 88 or
a stoma. After 1 year of follow up, the mean FISS score for trial partici-
pants had dropped from 105 (incontinent to liquid and solid stool daily) to
48 (incontinent to seepage). A valid criticism of the trial is the use of a
scoring system (instead of diary data) that may not be as accurate, yet
patients whose procedure was a success saw a dramatic drop in their scores.

At the University of Minnesota, we recently reported our long-term
experience with the artificial anal sphincter [93]. Beginning in 1989, 45 con-
secutive patients underwent artificial bowel sphincter placement (Group I,
1989–1992, n = 10; Group II, 1997–2001, n = 35). Of the 10 Group I patients,
7 currently have a functioning device (mean follow up, 91m; range, 29–143
m). Of the 35 Group II patients, 17 (49%) have a functioning artificial bowel
sphincter (mean follow up, 39m; range, 12–60m). The criterion of at least a
24-point FISS drop (used for the trial to define functional success) was
easily met by our patients: their average drop was 54 points at 1 year and
90 points at 24 months or more after implantation. The increase seen after
1 year reflects improvement after successful revisions. Such patients may
very well experience unaltered long-term function, as evidenced by Group
I patients whose devices have functioned for over 10 years.

Patients who lack sufficient perineal soft tissue pose a particular chal-
lenge when insertion of an artificial sphincter is contemplated. We have
employed a modified technique for such patients. It consists of initial 
perineal reconstruction with a gluteal rotational skin advancement flap,
followed by delayed insertion of an artificial sphincter. Subsequently, the
artificial bowel sphincter is placed with the patient in a prone position,
which facilitates creation of the perianal tunnels and placement of the cuff
higher than usual within the levator ani muscle. The patient is then reposi-
tioned in a lithotomy position, and the implantation of the pump and reser-
voir balloon completed in the usual manner. Of 3 patients in the above
Minnesota series who underwent this modified technique, 2 had a 
successful outcome.

3.3. Dynamic Graciloplasty Versus 
Artificial Anal Sphincter
No randomised trials have compared the dynamic graciloplasty versus the
artificial anal sphincter. It is unlikely that one could be conducted, given the
limited number of surgeons experienced in both procedures. In a 2000 con-
sensus paper on standards for anal-sphincter replacement, leading experts
in the treatment of faecal incontinence gave these guidelines for the choice
of procedure:

Implantation of the artificial anal sphincter is indicated in patients with anal incon-
tinence caused by neurologic disease that affects the muscles of the lower extrem-
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ities, or trauma. The gracilis wrap may be preferable to the artificial anal sphincter
in patients with very thin or scarred perineums caused by previous obstetric trauma,
perianal infections, surgery, or radiation. [94]

This 2000 consensus statement reflected the state of the art in 1998, so it
already may be somewhat outdated. As Madoff et al. pointed out, sphinc-
ter replacement is still in its infancy. At the time of that statement, promis-
ing new techniques, such as sacral stimulation, were untested. The
evaluation of such techniques requires objective evidence of improvement
in continence and in quality of life. The consensus team preferred daily
diary data to continence scores. The suggested quality-of-life instrument
was the form introduced by the American Society of Colon and Rectal 
Surgeons [95].

Patients with intractable faecal incontinence who undergo successful
dynamic graciloplasty or artificial anal sphincter placement can expect long-
term improvement in continence and in quality of life. But both procedures
are associated with high morbidity and high infection rates.Any differences
in the degree of continence improvement remain unknown, because dif-
ferent measurement tools (scores vs diaries) have been used for the 2 pro-
cedures. Their varied availability (i.e., dynamic graciloplasty and artificial
anal sphincter in Europe and Canada, but only artificial anal sphincter in
the United States) will influence future studies.

3.4. Sacral Nerve Stimulation
Sacral nerve stimulation, like the artificial anal sphincter, was initially
devised for urinary incontinence. In 1995, Matzel et al. introduced the use
of sacral stimulation to treat patients with functional, but not anatomic,
deficits of the anal sphincter muscle [96]. The procedure entails placing an
electrode in a sacral foramen (S2, S3, or S4) to stimulate the nerve roots.
The desired effect is maximum contraction of pelvic muscles with minimal
stimulation of the fibres to the lower extremity. Once the optimal site is
selected, the lead is connected to a temporary external pulse generator for
a test period of stimulation, currently 3 weeks. If function improves 
adequately at the end of the test period, a permanent pulse generator 
is implanted. Both the initial operation for lead placement and subsequent
pulse generator placement are well-tolerated procedures done under light
sedation.

Since the initial description by Matzel et al. of neuromodulation for faecal
incontinence, other investigators have reported their experience with sacral
nerve stimulation. Many have used temporary percutaneous leads or per-
manent sacral leads, placed via a closed technique or an open laminectomy.
Whether used for short-term stimulation (usually under 2 weeks) or for
chronic stimulation (for up to 5 years), sacral neuromodulation produces
consistently significant results: it decreases incontinent episodes and alters
anal and rectal physiologic measurements. But all published reports involve
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small numbers of patients, and no randomised trials have been done
[97–100].

The indications for sacral stimulation are quickly being expanded, given
its low morbidity, its promising results in a wide variety of urology patients,
and the finding that the stimulation effect is not confined to the striated
muscle [101]. Stimulation of the efferent motor nerves does seem to
increase anal canal pressures because of contraction of the anal-sphincter
muscles. Conversion of muscle fibres may also occur, as with dynamic
graciloplasty [96]. Some, but not all, studies have reported an increase in
resting anal canal pressures [97–99,101]. Sacral stimulation may modulate
sacral reflexes and sacral parasympathetic nerves, thereby altering rectal
contractile activity and rectal sensitivity [101]. The initial assumption that a
patient needs an intact sphincter and pudendal nerve is already being 
challenged: sacral stimulation has been successful in patients with sphinc-
ter disruption [100]. It has also been successful in patients with constipa-
tion, chronic pelvic pain, and complete spinal cord injuries. It modulates
bowel and bladder control and decreases care-related costs [97,102–104].
An international multicentre trial evaluating sacral stimulation for faecal
incontinence will help define the best patients for this promising treatment.

3.5. Anal-Canal Bulking Agents
Unfortunately, few options remain if standard therapy fails for a patient
who is not a candidate for an encirclement procedure or for sacral stimu-
lation (whether because of the degree of incontinence or comorbid condi-
tions). This problematic group also includes patients with minor amounts
of stool leakage: the so-called seepers. Adding a bulking agent to the anal
canal to augment resting tone has obvious appeal; bulking agents are 
routinely used for treating urinary incontinence caused by intrinsic urinary
sphincter deficiency. Implantable microballoons, autologous fat, and colla-
gen have all been successful in small series, with low morbidity [105–108].
Success may require repeated injections, and migration of the injected
material has been reported. Manometric pressures are not significantly
altered.

An alternative method under investigation for altering anal-canal resting
tone is radiofrequency. A device is inserted into the anal canal with elec-
trodes that, when deployed, pierce the mucosa to apply radiofrequency
energy to the muscle. Thermal lesions are created in the muscle to alter col-
lagen contractility and to achieve a tissue-tightening effect, while preserv-
ing mucosal integrity [109]. Takahashi et al. reported on a small series of 10
patients whose continence scores decreased by 12 months, but they did not
experience a significant change in their quality of life. Bleeding occurred in
4 of the 10 patients. After application of radiofrequency, all 10 patients had
a reduction in their initial rectal sensation volume and in their maximum
tolerable rectal volume. A multicentre trial is currently underway.
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4. Summary

The initial treatment of a patient with faecal incontinence still consists of
medical management, biofeedback, or surgical repair. Innovations in 
standard therapies include the introduction of new pharmacologic options,
refinements in surgical and biofeedback techniques, and a better apprecia-
tion of the long-term limitations of sphincter reconstruction. Anal sphinc-
ter replacement is possible with dynamic graciloplasty or with the artificial
anal sphincter; optimal patient selection for each procedure is still being
defined. Sacral stimulation does not preclude the later use of either of the
2 anal sphincter replacement techniques; thus, it may eventually be
accorded an earlier position in the treatment sequence. Other therapies
such as anal-canal bulking agents and radiofrequency have low morbidity,
but are largely untested.
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13
Surgical Management 
of Constipation

Ian G. Finlay and Andrew A. Renwick

1. Introduction

Many patients complain of constipation but few require surgery. While
symptoms may be improved when surgery is performed, injudicious inter-
vention may make symptoms worse, causing patient discontentment and,
all too frequently, litigation. Consequently, a carefully planned strategy is
required for the identification of those patients who will benefit from
surgery and for the selection of an appropriate operation. In this chapter
the authors describe the protocol used in the Department of Coloproctol-
ogy, Glasgow Royal Infirmary, for the investigation and management of
patients with severe constipation referred for a surgical opinion.

Constipation is a generic term that may imply a number of different
symptoms [1] and at the outset the clinician requires to elicit which of these
symptoms is predominant. In the first instance, it is important to determine
the duration of symptoms. Are they life-long, dating to childhood (as in 
idiopathic slow-transit constipation, Hirchsprung’s disease, or megarectum)
or do they have a clear precipitating factor (postchildbirth, postpelvic
surgery, or after severe gastroenteritis)? What does the patient mean by
constipation? Is it the complete absence of the call to stool with bloating
and nausea (as in slow transit) or is it a sensation of weight and fullness in
the perineum with a sensation of incomplete evacuation (as in perineal
descent syndrome and rectal intussusception/prolapse)? Does the patient
digitally aid defaecation by supporting the posterior vaginal wall, the classic
symptom of rectocoele, or do they attempt to provide support behind the
anus, a feature of generalised weakness of the pelvic floor with perineal
descent? Finally, it is important to identify whether the most troublesome
symptom is pain. Patients who benefit most from surgery for constipation
do not report pain as a prominent symptom.The presence of severe abdom-
inal pain should raise the suspicion of underlying irritable bowel syndrome,
an absolute contraindication to surgical intervention.

When patients are referred for a surgical opinion for constipation they
have usually already had a full range of laxatives and basic investigations.
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It is important, however, to be aware of any medications that may con-
stipate such as analgesics, psychotropics, or the use/over use of over-
the-counter medicines. All patients should have thyroid function tests and
a radiological examination of the large bowel. Every year we identify 2 or
3 patients with previously undiagnosed myxoedema in whom symptoms
resolve when thyroxine is prescribed. It should also be noted that myx-
oedema is associated with rectal prolapse/intussusception. A contrast study
is preferred to colonoscopy because in addition to excluding a carcinoma,
contrast study gives an indication of the diameter of the hindgut and allows
a major distinction to be made between patients. Individuals can be classi-
fied as having constipation with a normal caliber colon/rectum or consti-
pation with a megabowel.

A contrast study also gives an impression of the redundancy of the bowel
and may identify the presence of colonic volvulus.

2. Severe Constipation and 
Normal Caliber Colon/Rectum

2.1. Investigations
Having identified that the patient has a normal diameter colon and rectum,
the two most useful and easily performed investigations are evacuation
proctography and a colonic transit study [2]. The colonic transit study cru-
cially confirms that the patient has objective evidence of severe constipa-
tion. The test does not need to be complicated and can be performed in any
hospital with X-ray facilities. Patients are given 20 inert markers (Sims
Portex®) to swallow and advised to avoid using laxatives or enemata. The
presence of 5 markers at 5 days after ingestion on a straight abdominal X-
ray indicates constipation, more than 5 markers indicates severe constipa-
tion. This is an important initial test because many patients referred with
constipation, who consider their symptoms to be severe, will have a normal
transit study. Although more complicated scintigraphic and differential
transit studies have been described and can be useful, it is not the authors’
practice to use these at this screening stage. The value and role of proctog-
raphy is more controversial and less well defined because it is less objec-
tive. It will, however, identify gross anatomical abnormalities and those
patients with obstructed defaecation or anismus who are unable to empty
even liquid from the rectum due to pelvic-floor spasm. On the basis of these
investigations there are 4 possible combinations of results (Figure 13.1) that
are used to determine the need for further investigations and the devel-
opment of a treatment plan. These are: (a) delayed transit and a normal
proctogram, (b) normal transit and an abnormal proctogram, (c) delayed
transit and an abnormal proctogram, and (d) normal transit and a normal
proctogram.
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2.1.1. Delayed Colonic Transit and a Normal Proctogram 
(Slow-transit Constipation)

The combination of delayed colonic transit and a normal proctogram 
typically identifies those patients who have slow-transit constipation, that
is, patients who have objective evidence of delayed transit and normal evac-
uation. The symptoms may be either idiopathic or attributed to a specific
event such as childbirth, hysterectomy, or, occasionally, severe gastroen-
teritis. These 2 distinct clinical patterns probably have a different patho-
physiology although they are frequently reported together as a single entity.
Classical idiopathic slow-transit constipation (ISTC) is a disorder of young
females, in whom the symptoms are life-long, dating to childhood. Patients
with ISTC have an absence of the call to stool with symptoms of nausea
and abdominal distension. Bowel movements may be as infrequent as once
every 2–3 weeks and then only with the use of laxatives. Although these
patients may complain of abdominal discomfort (especially prior to evacu-
ation), pain is not a prominent symptom and if present should raise the 
suspicion that the underlying diagnosis is one of irritable bowel syndrome.
Surgery should be avoided in patients in whom pain is the predominant
symptom because it is rarely successful [3].

The exact aetiology of idiopathic slow-transit constipation is unknown
but it may have a genetic basis because there is frequently a positive family
history [4]. Several studies have shown an abnormality of colonic motility
characterised by a reduction in the frequency, amplitude, and duration of
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Figure 13.1. Flow chart demonstrating the investigative pathway in constipated
patients.
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propulsive contractions in the large bowel [5]. There is a similar abnormal-
ity in the small bowel where spontaneous mechanical activity arises from
electrical activity of lower intensity and of shorter duration [6] than in con-
trols. It has been suggested that these features may be related to a colonic
smooth-muscle myopathy that in turn leads to the inability of the surface
membrane to initiate and maintain periods of high-frequency spike 
activity [5,7].

At the biochemical level, abnormalities have been identified in both nitric
oxide synthetase and vasoactive intestinal peptide-containing neurons [8,9],
which may explain the observation that there is a myenteric nerve abnor-
mality with a functional cholinergic deficit in response to electrical stimu-
lation [10,11]. Quantitative tests suggest the presence of a small-fibre
neuropathy [4]. In addition, it has recently been reported that the intersti-
tial cells of Cajal that are required for normal intestinal motility are reduced
throughout the colon and rectum [12,13], suggesting that this is an ab-
normality of the entire lower gastrointestinal tract. It may also extend to
the upper gastrointestinal tract because it has been shown that patients who
fulfil the clinical criteria given above for ISTC have evidence of delayed
gastric [14,15] and gallbladder [16] (Figure 13.2) emptying with prolonged

Figure 13.2. Cholecystokinin provacation test
demonstrating delayed gallbladder emptying.



small-bowel transit [17,18]. It is unknown, however, whether this a mani-
festation of a pan-gastrointestinal disorder or whether upper gastrointesti-
nal delay is secondary to colonic inertia because it has been shown that
inflation of a balloon in the rectum of humans and animals inhibits the
entire gastrointestinal tract [19,20]. In an attempt to answer this question,
gastric emptying has been measured before and at 1 year after total colec-
tomy and ileorectal anastomosis for ISTC [21]. Although gastric emptying
improved in the majority of patients, it returned to normal in only one half
of those studied, suggesting that the extent of the abnormality is variable
[10]. Unfortunately, the severity of the gastric-emptying abnormality prior
to surgery did not predict the functional outcome afterwards.

It should be noted that idiopathic slow-transit constipation as described
above is an uncommon condition occurring in <5% of patients referred to
Glasgow Royal Infirmary for consideration of surgery for constipation. In
reports from the Cleveland Clinic and Sweden the corresponding figures
for patients fulfilling the criteria of delayed colonic markers and normal
evacuation as assessed by cinedefaecography or electromyography [22]
were 13% and 7%, respectively.The authors have not found anorectal man-
ometry, electrophysiology, or balloon evacuation studies helpful in this
group of patients when making a decision as to whether these patients
should have surgery.

2.1.1.1. Surgery

The most effective operation for idiopathic slow-transit constipation is
colectomy and ileo–rectal or ileo–sigmoid anastomosis. The outcome after
surgery, however, is unpredictable with reported success rates varying from
30%–100%, reflecting the clinical and physiological heterogeneity of the
patients included in these reports. Despite this, some firm conclusions can
be made. Fewer than 50% of patients who have a colectomy performed on
the basis of clinical criteria alone, without the use of investigations, have a
satisfactory outcome [3,23]. Further, failure after surgery often results in an
ileostomy. Consequently, patients should never be subjected to surgery
without investigation. In contrast, there have been several reports of the
outcome after surgery based upon the selection criteria of a delay in colonic
markers and a normal proctogram. These show consistently high success
rates for the operation of over 90% [22,24–26]. Patients must be clearly con-
sented prior to surgery that there is a risk of either continuing constipation
or intractable diarrhoea that may in turn lead to the need for a permanent
stoma. When performing the colectomy in these patients it is the authors’
practice to leave a short segment of sigmoid colon, preferring to risk a
degree of residual constipation rather than incapacitating diarrhoea.

In an attempt to overcome the risk of intractable diarrhoea, segmental
colonic resection has been advocated [27,28] and when it is based on 
scintigraphic transit studies then the outcome may be comparable to total
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colectomy [29]. Crucially, scintigraphic transit studies have suggested that
there may be different patterns of segmental slow-transit constipation with
the abnormality restricted to either the right colon or the distal large bowel
[30] (Figure 13.3). This later abnormality has been especially identified in
those patients who clearly attribute the onset of symptoms to childbirth or
hysterectomy. Patients complaining of posthysterectomy constipation have
been shown to have abnormal colonic motility with mass inaction extend-
ing from the splenic flexure to the rectum [31], leading to the suggestion
that this abnormality is related to an iatrogenic autonomic-nerve injury
during pelvic dissection. A similar abnormality has been shown in patients
with postchildbirth constipation [14,32,33] both on colonic manometry 
and bisacodyl-stimulated intraluminal scintigraphy [34]. The difference in
the pathophysiology between idiopathic slow-transit and postchildbirth/
hysterectomy constipation is further emphasized by the observation that
gastric emptying is normal in postchildbirth/hysterectomy constipation and
abnormal in patients with idiopathic constipation [35]. This raises the pos-
sibility that hindgut resection could remove their constipation by removing
all colon from splenic flexure to the anal canal. The disadvantage to such a
management plan were it to fail is that the patient has lost the option of
having an ileal pouch.

In 1990, Malone introduced the alternative surgical approach of ante-
grade colonic irrigation using an appendicostomy [36]. The Malone ante-
grade continent enema (MACE) has since proved to be safe and effective
in children suffering from constipation secondary to spina bifida or ano–
rectal malformations [37]. More recently, it has been used to treat a small
number of adult patients with neurogenic colorectal dysfunction and
chronic idiopathic constipation [38,39]. Further, using a novel scintigraphic

Figure 13.3. Radiolabeled scintigraphy scan demonstrating delay at splenic flexure
after 24 hours. In normal subjects this would be in the rectum.



technique it has been shown to be effective [40] in clearing the bowel. This
technique may have an increasingly important role in the future.

2.1.2. Normal Colonic Transit Study and an Abnormal Proctogram

Videoproctography is the best readily available investigation for identify-
ing abnormalities of evacuation [41]. Newer techniques include dynamic
magnetic resonance proctography [42], dynamic anal endosonography [43],
and scintigraphic proctography but these have either been studied in only
small numbers of patients or remain research tools. Approximately 20%–
30% of patients presenting to a specialist clinic with constipation will have
the combination of an abnormal proctogram and a normal colonic transit
study. Consequently, this is a relatively common clinical problem that
requires a clear management strategy. Proctographic abnormalities may be
broadly defined as anatomical or functional. The former include evidence
of rectocoele, internal prolapse, perineal descent, and atypical herniations
including enterocoele and levator ani defects [44]. The principle functional
defect is that of anismus or puborectalis paradox.

Anatomical abnormalities of the anorectum are predominantly, although
not exclusively, found in female patients in middle and later life. Symptoms
include difficulty in evacuation, a sensation of incomplete evacuation, or a
sensation of weight in the perineum that initially may be described as pain.
Patients may digitally aid defaecation by supporting the posterior wall of
the vaginal or by pushing against the buttock behind the anus. Some may 
digitally evacuate the bowel. Patients also often respond positively to the
suggestion that the energy they produce in pushing to achieve evacuation
is strangely lost, resulting in a feeling of exhaustion. On occasions patients
may be aware of prolapse of either the bowel or the vagina. Frequently
patients have already had urological and gynaecological operations includ-
ing hysterectomy or vaginal-wall and bladder-neck repairs. It is wise to
involve these specialists [45] at an early stage and several centres now have
joint pelvic-floor clinics involving all 3 disciplines. It is of note that in some
countries there is emerging the entity of the pelvic-floor specialist.

In broad terms, these anatomical abnormalities are due to wear and tear
and are predominantly secondary to childbirth. It has been shown that even
an apparently normal vaginal delivery results in neuropathy of the puden-
dal nerve with reduced tone in both the external anal sphincter and pub-
orectalis muscles [46,47]. Multiple pregnancies and complicated deliveries
involving the use of forceps or other interventions produce an even greater
degree of injury.The levator ani muscle may be similarly damaged by either
a traction or ischaemic injury to the nerves arising from S2,S3 which course
over the ventral surface of the posterior aspect of the muscle, although 
it should be noted that the exact nerve supply to the levator muscle 
remains uncertain. It is widely accepted that this is the mechanism that leads
to the development of the appearances of perineal descent syndrome
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(Figure 13.4) and eventually those of idiopathic faecal incontinence. Many
of these features are also present in patients with rectal prolapse although
the sequence of events that leads to the development of a prolapse is uncer-
tain. Neuropathy can certainly rapidly lead to a rectal prolapse as evidenced
by reports of a rectal prolapse developing within days of spinal surgery that
involved transection of the cord. With regard to the present discussion, it is
unknown whether a rectal prolapse always begins as an intussusception and

Figure 13.4. Combined proctogram and cystogram that demonstrates perineal
descent, rectocele, and posterior rotation of the urinary bladder.



if it does, then over what time scale. This has important implications with
regard to the selection of patients for surgery who have intussusception 
on proctography. The management of the common abnormalities found on
proctography are discussed below.

2.1.2.1. Intussusception/Internal Prolapse

Patients with symptoms of obstructed defaecation frequently have evidence
of infolding of the rectum on videoproctography [48,49] (Figure 13.5). This
appearance is known as internal prolapse or midrectal intussusception.
Over quarter of a century ago it was recognised that some patients with 
this feature respond to surgery while others are either unhelped or made
worse [50]. For example, in 1975, Ihre and Seligson observed that patients
with symptoms of prolapse and incontinence had a good result after rec-
topexy but the outcome was poor if patients complained of obstructed
symptoms or had a solitary rectal ulcer. Several surgical groups have since
reported similar results leading to a reappraisal of the indications for
surgery in this condition [51–53]. Indeed, in a recent comparative study it
has been suggested that biofeedback should be used as the initial treatment
for most patients with a rectal intussusception [54]. The reason for this
change in opinion with regard to management is directly related to a better
understanding of the range of normal appearances on videoproctograms.
When infolding of the rectum was initially identified it was assumed to be
the principal cause of symptoms in patients with obstructed defaecation. It
is now recognized that a small degree of rectal infolding may be present in
normal subjects. Further, when it occurs in patients with symptoms of
obstructed defaecation it is probably secondary to recurrent straining
rather than the primary abnormality. The situation is further complicated
by the fact that the infolding may involve only mucosa or include the full
thickness of the bowel wall. In either case, the size of the intussusception
may vary from <1 cm to a prolapse protruding at the anus. It is also now
recognised that very small intussusceptions rarely proceed to overt pro-
lapses, at least over a 10-year observation period [54]. Despite this, an overt
rectal prolapse must have a stage when it is a midrectal prolapse/intussus-
ception which does not reach the anal verge. The clinical picture is further
complicated by the fact that even overt prolapses may be evident only when
the patient strains and can be difficult to diagnose. In conclusion, there are
probably 2 distinct entities: mucosal infolding and small full-thickness intus-
susceptions that are secondary to obssesive straining, and large intussus-
ceptions, which are early prolapses secondary to a pelvic-floor neuropathy.

In order to distinguish these 2 entities, the authors use the following 
strategy: all patients in whom the proctogram suggests an intussuscep-
tion proceed to examination under anaesthesia (EUA). An eissenhammer
retractor is inserted into the anal canal and the midrectum is drawn down-
wards using a sponge-holding forcep. When the full thickness of rectum is
easily drawn to the anal margin without tension, the patient is considered
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to have a true intussusception/prolapse. If the patients symptoms correlate
with this finding (i.e., sensation of weight, feeling of prolapse) then they are
offered a resection rectopexy. Examination under anaesthesia is also 
performed in those patients who have classical symptoms of prolapse but
in whom an intussusception has not been identified on proctography. This

Figure 13.5. Defaecating proctogram identifying a midrectal intusussecption.
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excludes or confirms the presence of a midrectal intussusception. Patients
selected in this way have a similar outcome to those who have rectopexy
for overt rectal prolapse, further confirming that the 2 conditions are inter-
related [55]. Those patients who have lesser degrees of intussusception or
only mucosal prolapse are treated by biofeedback.This later group includes
most patients with solitary a rectal ulcer unless there is evidence of a gross
prolapse at EUA.

2.1.2.3. Rectocoele

Rectocoele arises from laxity of the rectovaginal septum. It should be noted
that all female patients have a small physiological rectocoele on proctog-
raphy. Consequently, the rectocoele should have a diameter of at least 5 cm
before it is considered to be of clinical significance. In determining whether
to offer a patient an operation for rectocoele, the single most important pre-
dictive factor is to obtain from the history that the patient is able to achieve
evacuation by digitally supporting the posterior vaginal wall. This symptom
has been shown to correlates with both the size of the defect on X-ray [56]
and outcome after surgery. Proctography alone, however, has no prognos-
tic significance regarding the outcome of surgery [57] (Figure 13.6).

Figure 13.6. Defaecating protogram demonstrating a large rectocele.



Rectoceles may be repaired by the transanal, transperineal [58], or trans-
vaginal routes. They can also be repaired using both a transanal and trans-
vaginal approach [64] or by the using circular stapling devices [60]. There
are advocates for each technique. The authors favor a modified transanal
repair first described in 1968 by Sullivan et al. [61]. The patient is placed in
the prone position and using an anal speculum a transverse incision is made
in the rectal mucosa.The rectal-wall muscle is then plicated obliterating the
rectocele.Although there are few reports of functional assessment after this
type of surgery, the operation is considered to be successful in over 80% of
cases [62,58]. Ho et al., however, have suggested repair be avoided in those
with weak anal sphincters [63]. There are relatively few complications but
care must be taken to avoid damage to the vagina, which may lead to a rec-
tovaginal fistula. Similar results have been reported using other techniques
including mesh repairs by the perineal route. Prospective randomised trials
are notably lacking. Irrespective of the technique used, infrequent stool 
frequency has been shown to lead a poor outcome [59]. There is variable
evidence regarding outcome if the patient also has anismus but this should
not be considered a contraindication to surgery [64].

Rectocoele has been observed in men who have had radical prostatec-
tomy [65], but is unknown whether transanal repair helps these patients.

2.1.2.4. Anismus

Anismus is a functional abnormality of the anorectum in which anal-canal
pressure rises during attempted evacuation with closure of the sphincter
mechanism and failure of evacuation. The condition is variously referred to
as obstructed defaecation or pubrectalis paradox. It may be difficult to be
certain of the diagnosis because voluntary contraction of the pelvic floor
with closure of the anorectum is the normal response to avert the call to
stool. It is not surprising for normal subjects to show evidence of puborec-
talis contraction during straining in the artificial and embarrassing envi-
ronment of the anorectal physiology laboratory. As a result, anorectal
manometry, electromyography, and balloon expulsion tests are of minimal
diagnostic value due to the high false-positive rate, but these tests may be
useful in monitoring treatment after the diagnosis has been made.The most
reliable method for diagnosing anismus is proctography [66]. Although a
delay in evacuation of 30 seconds is considered to be important [18], in the
authors’ experience proctography also has a high risk of producing false-
positive results, especially in anxious patients who will voluntarily contract
the pelvic floor and sphincter due to embarrassment. Fortunately, in these
patients the true diagnosis can be easily confirmed. Those patients with vol-
untary anismus will empty without difficulty if given the opportunity to do
so in privacy. In comparison, patients with anismus will not empty contrast
material for at least 24 hours and in severe cases for several days (Figure
13.7).
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The aetiology of anismus is unknown but it is usually attributed to inap-
propriate contraction of the puborectalis muscle despite the fact that there
is relatively little evidence to support this as the primary abnormality [67].
Further, the mechanism whereby this could occur is unknown although it
has been suggested that it may result from a failure of coordination between
the hindgut and the anorectum [68,69]. Alternatively, it may simply be a
learned event as a component of an obsessive neurotic behavioral disorder.
Evidence to support a psychological aetiology may be found in the obser-
vation that anismus diagnosed by manometry was found in 97% of indi-
viduals who had been subjected to sexual abuse and in only 30% of controls
subjects [70].

Surgical treatments for anismus (e.g., puborectalis muscle division) have
been abandoned because they are ineffective and have a of risk inconti-

Figure 13.7. Defaecating proctogram that demonstrates anismus or obstructed 
defaecation.
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nence. For the past decade it has been widely accepted that biofeedback is
the treatment of choice for anismus [71,72] although the mode of action is
uncertain. It has been suggested that biofeedback may actually modify
higher centre control of defaecation [73]. Several studies have shown that
the patients who gain most benefit are those who have no abnormality of
the anorectum on physiology studies [74,75].This suggests that biofeedback
is probably simply a form of behavioural or relaxation therapy. Although
manometry and balloon expulsion tests are of limited value in making the
diagnosis, they are frequently used to monitor treatment and form the basis
of biofeedback.

Recently there have been reports of attempts to produce pharmacologi-
cal puborectalis paralysis using botulinin toxin [76], but the results are 
variable and often temporary. Prospective randomised trials are required
to determine the efficacy of the technique.

2.1.2.5. Solitary Rectal Ulcer Syndrome

Solitary rectal ulcer is an uncommon condition predominantly affecting
young adults who complain of tenesmus and recurrent straining. Many also
digitally aid defaecation. Fiberoptic examination reveals a spectrum of
macroscopic changes, usually of the anterior rectal wall, that range from
reddening to ulceration. Microscopic examination from the ulcer reveals
collagenous replacement of the lamina propria and thickened circular
muscle. Evacuation proctography shows an obvious internal intussuscep-
tion in 75%–94% of these patients [77,78]. Over one half of the patients
will also have incoordination of the pelvic floor with evidence of anismus
[66]. Recently, it has been shown that there is a close correlation between
high-grade rectal intussusception and a thickened internal anal sphincter
on anal endosonography in patients with solitary rectal ulcer syndrome [79].
It is unclear whether this thickening is a primary abnormality or secondary
to the mechanical strain of the prolapsing rectum. The aetiology of solitary
rectal intussusception remains uncertain; consequently the management is
difficult. Patients with evidence of anismus should be treated with biofeed-
back in the first instance. Rectopexy may be offered to patients with gross
intussusception but the results are variable [80], this may also be performed
laparoscopically [81].

2.1.3. Delayed Colonic Transit Study and Abnormal Proctogram

The combination of delayed colonic transit with an abnormal proctogram
is fortunately uncommon because these patients are especially difficult to
assess. It is necessary to determine whether the delay in transit or the outlet
obstruction is the predominant cause of the patients symptoms because it
has been shown that outlet obstruction may produce secondary transit
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delay [82]. In animal studies the entire gastrointestinal tract was inhibited
when a balloon was inflated in the rectum. It is important not to proceed
directly to colectomy in these patients without first correcting the outlet
abnormality.Although there are reports of a successful outcome after colec-
tomy in the presence of anismus, the results are unpredictable perhaps
because the anismus was diagnosed by balloon expulsion, which is notori-
ously inaccurate. It is the authors’ practice to treat all these patients with
biofeedback. In the event that this is successful then the transit study is
repeated and if delay persists then a colectomy would be considered. The
few patients who fail to respond to biofeedback and continue to have severe
symptoms are offered a diagnostic temporary defunctioning colostomy.

2.1.4. Normal Colonic Transit Study and Normal Proctogram 
(Functional Bowel Disorder)

A surprisingly large number of patients referred for a surgical opinion have
no objective evidence of constipation on colonic transit studies and have
normal emptying on proctography. These patients should not be offered
surgery despite the fact that they often complain of severe symptoms and
may be reluctant to accept the objective evidence that gastrointestinal
transit is normal. In the authors’ experience, it is sometimes necessary to
repeat the transit study to convince the patient that the transit is within
normal limits. Patients identified in this way typically have symptoms of
severe abdominal pain, urgency, and a compelling sensation of incomplete
evacuation. Anorectal physiology studies show normal sphincter pressures
but there is intolerance of intrarectal balloon distension with a hypersensi-
tive rectum. In brief, these patients have a functional gastrointestinal 
disorder [83].

Patients with such symptoms are difficult to treat predominantly because
there is a poorly understood psychological component to their illness. Anti-
depressants have been shown to be moderately effective [84]. In a meta-
analysis of 12 randomised controlled trials of the use of antidepressants, it
has been shown that it necessary to treat on average 3.2 patients to obtain
symptomatic improvement in 1 [85]. Psychological treatments including
cognitive and behavioural therapies and hypnosis [86] may also be helpful
but they are rarely available. Although most trials suggest a positive
outcome for psychological treatments, they are often methodologically
flawed and as yet firm conclusions regarding efficacy cannot be made.

There is increasing interest in the complex interaction between the brain
and the gastrointestinal tract in patients with irritable bowel syndrome.
In experimental studies using positron emission tomography, it has been
shown that cerebral blood flow is increased in response to inflation of 
a balloon in the rectum [87]. Of more interest however, the site of this
increase within the brain differs in patients with irritable syndrome when
compared with controls. Whether this difference arises from an abnormal-



ity of the sensory pathways from the gut or a primary abnormality 
of the brain remains unknown, but it is modified by 5-hydroxytryptamine
receptor antagonists [88,89], which may in the future have therapeutic
value.

3. Constipation and Megabowel

Megabowel (Figure 13.8) is an uncommon clinical condition that predom-
inantly presents as intractable constipation in childhood or adolescence
[90,91]. It may involve only the rectum or include the sigmoid and more
proximal colon [92]. Occassionally the condition may be caused by ultra-
short–segment Hirchsprung’s disease, although this is unusual in the West,
where most cases are identified in infancy. Nevertheless routine work up
should include anorectal physiology studies with measurement of the
anorectal inhibitory reflex which is absent in Hirchsprung’s disease. Unfor-
tunately, the reflex is also often absent in patients with idiopathic megarec-
tum due to the failure of the rectal balloon to stimulate the receptors in 
the dilated rectum. Consequently, it is the authors’ practice to perform a
full-thickness biopsy (myotomy of the anorectal junction) in all patients
presenting for consideration of surgery for megarectum/colon. Although
megabowel may also be caused by Chagas disease and chronic intestinal
pseudo-obstruction, more than 50% of cases are idiopathic with an intact
anorectal inhibitory reflex and evidence of ganglia on full-thickness biopsy.
Because the pathophysiology of these idiopathic cases is poorly understood,
surgery should only be offered to the most refractory cases and then only
after careful consideration.

All cases should be treated conservatively using laxatives and enemata
for at least 6 months. Approximately 50% of patients will respond to this
regimen, although the degree of improvement is dependent upon the extent
of the disease [93]. Patients with megarectum alone do better than those
with megacolon. Anorectal physiology studies in isolation have not been
shown to be helpful in either selecting those patients who require surgery
or the type of surgery to be performed Anal-canal resting pressures are
invariably low and the anorectal inhibitory reflex is often absent even when
subsequent histological examination reveals ganglia. In addition, few
patients with megarectum are able to expel a balloon but known of these
findings correlates with surgical outcome.

Many surgical procedures have been used to treat megarectum and
megacolon including colectomy and ileorectal/ileosigmoid anastomosis
[94,95], proctectomy and coloanal anastomosis [96], pull-through proce-
dures, Duhamel operation [97], anal myomectomy, and, more recently,
restorative proctectomy. The outcome after these operations is variable,
with poor function leading to a high reoperation rates because of continu-
ing severe constipation. This array of operations reflects the lack of under-
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Figure 13.8. Faecal loading within a megacolon/megarectum.

standing of the pathophysiology of this condition. For example, it is
unknown whether the abnormality is limited to the dilated segment of
bowel or extends to involve the nondilated segment. In this respect clinical
experience has produced contradictory results.While it has been shown that
a stoma fashioned above the dilated segment of bowel works well and a
stoma fashioned from dilated bowel usually fails, it is also recognised that



megacolon may reoccur despite resection of the entire macroscopically
dilated bowel. Despite this caveat, and in the absence of more sophisticated
research tests, the author has found the formation of a stoma above the
dilated segment to be a most useful way of identifying proximal bowel that
has normal function (Figure 13.9).

There is increasing interest in the use of restorative proctectomy for 
both patients with megarectum and megacolon. The success rate has been
reported to be as high as 85% although the largest series has only 14
patients. Surprisingly, despite the fact that these patients all have low anal-
canal pressures prior to surgery, there are no reports of postoperative
failure due to incontinence. This suggests that any sphincter weakness is a
secondary rather than a primary abnormality and recovers rapidly.A review
of surgical outcomes suggests that unlike patients with slow-transit consti-
pation and a normal caliber colorectum who respond to colectomy and ile-
orectal anastomosis, patients with idiopathic megabowel require at least
removal of the rectum. An alternative to restorative proctectomy is resec-
tion of the dilated bowel with formation of a coloanal anastomosis.
Although success rates of 75% have been reported reoperation, for subse-
quent dilation of the proximal bowel was required in many patients sug-
gesting that the extent of the colonic abnormality is variable. To date there
is no foolproof method for identifying those patients who will respond to
proctectomy and coloanal anastomosis and therefore avoid a restorative
proctocolectomy. Colonic physiology studies have been used as a research
tools in an attempt to identify the extent of the colonic motility abnormal-
ity, thereby identifying those patients who require restorative proctocolec-
tomy but the number of patients studied are too small to draw firm
conclusions.

An algorithm is given for those patients who require surgery for
megabowel in Figure 13.9. The principal surgical options are restorative
proctocolectmy or proctectomy and coloanal anastomosis. In the absence
of sophisticated research tests, it is the authors’ practice to offer a pouch
procedure to patients with any degree of megacolon. Those patients with
only megarectum are offered proctectomy and coloanal anastomosis if a
preliminary defunctioning colostomy above the dilated segment works well.
Other groups have advocated the use of vertical reduction rectoplasty and
sigmoid colectomy with a resultant improvements in clinical and physio-
logical function of patients, but the numbers are small and the work remains
to be fully evaluated [98].
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Anorectal junction muscle biopsy
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Myomectomy
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Stoma formation/colonic physiology

Functioning proximal
large bowel

Non-functioning
proximal large bowel

Proctectomy and coloanal anastomosis Restorative proctocolectomy

Figure 13.9. Strategy for the management of the megarectum and megacolon.
(Suilleabhain CB, Anderson JH, McKee RF, Finlay IG. Strategy for the surgical 
management of patients with idiopathic megarectum and megacolon. Br J Surg.
2001;88:1392–1396. ©British Journal of Surgery Society Ltd. Reproduced with 
permission.)
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surgical control
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202–204. See also under specific
immunotherapeutic agent
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palliative treatments, 185–187
patient assessment, 171–173
radiological imaging, 173–174
surgical approaches, 177–185
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collateral damage, 139–145
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gastrointestinal contrast series, 136
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neoplastic process, 136
neurosurgeon, 137
pelvic examination under

anaesthetic, 136
perineal myocutaneous
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116–117
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rectal compliance, 223
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in Crohn’s disease, 63, 108

Mechanistically novel cytotoxics, in
colorectal cancer, 195–198

Megabowel, constipation and
surgical management, 277–280

Megacolon, management of, 280
Megarectum, management of, 280
Mental, physical consequences,

excisional pelvic surgery, 137
Mercaptopurine, in Crohn’s disease, 63,
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Pain management, inoperable rectal

cancer, 185–186
Palliative treatments, inoperable rectal

cancer, 185–187
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film, full straining, 214
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Pelvic surgery
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collateral damage, 139–145
colorectal surgeon, 137
computed tomography, 136
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reconstruction, 151–152
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urogenital collateral damage,
143–145
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Perianal Crohn’s disease, 93–114. See
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manifestations of, 93
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metronidazole, 107–108

natural history of, 94
proctocolectomy in, 106
proximal resection, 102
setons, 100–101
sexual function, 106
treatment, 96–107
vaginal fistula, 103–105
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and, 10

Perineal myocutaneous reconstruction,
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Presacral haemorrhage, 139–142
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Prevalence of rectal bleeding, 2–4
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Proctectomy
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Proctocolectomy, Crohn’s disease, 106
Proctogram

cystogram, urinary bladder, 269
normal, with rectal bleeding, 5–7
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Proctography, squeeze assessment
during, 213

Proximal resection, Crohn’s disease,
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Pudendal nerve terminal motor
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intraoperative, inoperable rectal
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incidence rates, 3
with low risk of cancer, 14–15
management, 12–14
manifestation of, 11
normal colonic transit study, normal

proctogram, 5–7
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intestinal obstruction, 178–179
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surgical techniques, 180–182

therapeutic strategies, 174–177
chemotherapy, 175–176
intraoperative radiotherapy,

176–177
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Rectal type adenocarcinoma, anal

canal, 123
Rectal wall, changes in, 216–217
Rectoanal inhibitory reflex, 222
Rectocele, 216

defaecating protogram
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Recurrent rectal bleeding, 14
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Referral, alternative methods for, 14
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cost effectiveness of, 28
ethical dilemmas in population

screening, 28–29
familial adenomatous polyposis,

30–31
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low-risk group, 33–34
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Solitary rectal ulcer syndrome, 235–236
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Split skin graft, 166
Squamous-cell carcinoma, 123

anal canal, 123
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maximal pressure, 221
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Surgery. See Pelvic surgery
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43

T
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CNI-1493, 60

U
Ulcerative colitis, chronic,

predisposition to, 53
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solitary rectal ulcer syndrome,
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technique, instrumentation, 225–230
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Urinary bladder, proctogram,
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Urinary tract, hereditary non-polyposis
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protecting ureters, 143
Urologist, in pelvic surgery, 137

V
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