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Preface

For many years the aetiology and management of in-
flammatory bowel disease seemed to have reached
a steady state where only small but nonetheless
important steps were made in our understanding
of these potentially devastating diseases. Suddenly,
with the molecular biology revolution, there is re-
newed interest in the mechanisms of inflammation,
the genes that may determine them and the develop-
ment of new powerful designer drugs. As never be-
fore, gastroenterologists are having to redefine the
place of the established medical and surgical treat-
ments alongside these novel treatments. This has led
to unexpected problems in the diagnosis and defini-
tions of disease as histopathologists have struggled
with indeterminate colitis, pouchitis and perforating
and stenosing varieties of Crohn’s disease.

Although exacting and more robust epidemio-
logical tests are available, it is still not clear whether
the incidence of either ulcerative colitis or Crohn’s
disease is changing both within the western world
and developing countries. The importance of infec-
tive agents within the gut lumen would seem to be
intuitively relevant but their role remains undefined.
Claims for the importance of specific organisms in-
volved in the pathogenesis of either disease have had
their fashionable ‘rise and fall’ so that no organism
has been consistently implicated. Indeed, current ev-
idence would suggest that these diseases represent a
genetic susceptibility, mediated by many different
genes, to a variety of environmental factors. This
hypothesis allows for the very great heterogeneity
that is seen by clinicians.

Since the 1950s, aminosalicylates and corticos-
teroids have provided the only effective treatments,

but the final decade of the last millennium has seen
the introduction of many new therapies, princi-
pally immunosuppressant and immunomodulatory
drugs. It has been encouraging that their effective-
ness has been tested in clinical trials and subse-
quent meta-analyses, continuing the evidence-based
approach to these diseases which began with the
early trials of corticosteroids and sulphasalazine and
which has consistently underpinned the treatment
of ulcerative colitis and Crohn’s disease. Neverthe-
less, medical therapy is still imperfect: it may fail
to control active disease. Maintenance therapy, es-
pecially for Crohn’s disease, is very unsatisfactory
and drug therapy frequently contributes to long-
term morbidity; for example, corticosteroids may
contribute to growth failure in children and to re-
duced bone density in adults. The rapid expansion in
drug therapy has been matched with many surgical
innovations such as restorative proctocolectomy for
ulcerative colitis and the concept of minimal surgery
for Crohn’s disease. Thus, the number of surgical op-
tions now available to us inevitably raise questions
concerning the choice of operation to be performed,
when and by whom.

The purpose of this book is to address some of
the challenges in our understanding of ulcerative
colitis and Crohn’s disease, the challenges of new
diagnostic and therapeutic modalities and the clini-
cal challenges of maintaining good health and hence
quality of life for our patients. It is not intended to
provide a further text book of inflammatory bowel
disease, of which there are many, but rather to con-
sider specific issues. Many readers will want to fo-
cus on individual chapters and therefore the editors

x1
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make no apology for a degree of repetition which
will allow maximum exposure to new knowledge
and thought.

The editors are greatly appreciative of the time
the authors have given to allow this book to gestate

into a second edition. We are also most grate-
ful to Mrs Toria McNeile for her help in assem-
bling the manuscripts and to Ms Alison Brown
and her staff at Blackwell for their patience and
expertise.
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1:

Global changes in incidence

Richard FA. Logan and Emma L. Armitage

Introduction

Variation in disease occurrence is the essence of epi-
demiology. When this variation is between place or
person, and standardised measures are available,
measurement of such variation can be relatively
accurate, albeit often expensive and laborious, as
demonstrated by the European collaborative study
on inflammatory bowel disease (EC-IBD) [1]. In
contrast, measurement of variation over time is usu-
ally fraught with difficulty and any trends revealed,
unless substantial, are often surrounded by uncer-
tainty. With regard to inflammatory bowel disease
(IBD), more sensitive diagnostic techniques, widen-
ing case definitions, increasing availability of spe-
cialist investigation and greater public and profes-
sional awareness of both diseases will all serve to
increase the numbers of new diagnoses and have the
potential to contribute to an apparent rise in inci-
dence. In this chapter we will review recent data on
the incidence of IBD worldwide and, at the risk of
over generalising, assess what they imply as to the
aetiology of IBD.

The rise in incidences of ulcerative colitis and
later Crohn’s disease that was seen in many Western
countries during the past century, preceded the
growth of modern gastroenterology and was evi-
dent in both individual studies and routine morbid-
ity and mortality data [2—4]. Over the last few years,
however, there have been a number of conflicting re-
ports of the incidence of both diseases either contin-
uing to increase, or being stable or even declining.
For example, Bernstein et al., using health insurance
data for Manitoba, Canada, reported an overall

incidence of Crohn’s disease of 146/million/year, the
highest yet reported, whereas a few hundred miles
to the south in Olmsted County, Minnesota, Loftus
et al. found an incidence over a similar period of
69/million/year [5, 6]. An almost two-fold variation
has also been reported from the United Kingdom,
with Kyle finding the incidence of Crohn’s disease
continuing to rise in north-east Scotland at 98/
million/year in 1985-87, while in the Cardiff area
incidence was declining with the figure for 1986~
90 being 62/million/year and s6/million/year for
1991-95 [7, 8]. There have been fewer reports of
the time trends in incidences of ulcerative colitis,
which may reflect the additional challenge for epi-
demiological studies of distinguishing it from non-
recurrent, mainly infective forms of colitis. Even so,
in the (EC) IBD study the incidence of ulcerative
colitis in parts of Europe as far apart as Iceland and
Crete was higher than previously recorded [1].

Are these differences real or can the disparate
findings of these studies be explained by differences
in study design or imperfections of the methods
used? One possible explanation is that the differ-
ences reported reflect sampling and study size. For
many diseases, cancer in particular, this problem can
be overcome by examining mortality or morbidity
routinely collected at a national or regional level.

Evidence from trends in routinely
collected morbidity data

For IBD, mortality data are of little value in assessing
its incidence over time. Death from IBD is now rare,
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with fewer than 400 deaths per year now being certi-
fied as due to IBD in the United Kingdom [9]. In ad-
dition, over 75% of these deaths occur in those over
70 years, whereas the incidence of IBD is greatest
in those under age 40. Although mortality rates do
show a broad correlation with incidence figures be-
tween countries, the relationship breaks down when
comparing mortality and incidence within a country
over time [10]. Thus, the rapid rise in incidence of
Crohn’s disease during the 1950s and 1960s in the
United Kingdom and the United States was asso-
ciated with a less than doubling of mortality rates
[11]. At the same time, mortality from ulcerative col-
itis in these countries declined sharply when other
data suggested incidence was unchanged or possibly
increasing.

Routinely collected morbidity data has mainly
consisted of data on hospital admissions, which has
been collected over many years in several countries.
Another source of data is that collected by health in-
surance or health maintenance organisations, typi-
cally from North America, which has the advan-
tage of including data on outpatient (ambulatory)
care as well as that for inpatient care. Using either
source it is necessary to separate first admissions
or contacts from repeat contacts. Hospital admis-
sion data are also affected by changing patterns of
care, with patients being increasingly cared for as
outpatients. With these considerations in mind it is
notable that in Denmark the annual incidence of
Crohn’s disease, based on their national registry of
inpatients, increased from 46 to 62/million/year in
women between 1981-84 and 1989-92, and from
33 to 41/million/year in men over the same period
[12]. The figures were similar to the overall crude
incidence of 41/million/year reported elsewhere for
Copenhagen County in 1979-87. In contrast, the in-
cidence of ulcerative colitis over this period fell from
154 to 123/million/year in women and from 141 to
126/million/year in men.

Hospital admission data (now called hospi-
tal episode statistics) are collected in the United
Kingdom, but except in the Oxford region and
Scotland it is not possible to identify first admissions
from repeat admissions [13, 14]. In England, hospi-
tal admission rates for Crohn’s disease increased by
approximately 4% annually during the period from

1970 to 1985, but when admissions in the Oxford
region were linked to individuals, first admissions
for men declined by 0.5% annually and for women
rose by 0.1 %, neither being statistically significant
[13]. Over the same period hospital admission rates
for ulcerative colitis in England showed no change,
although first admission rates in the Oxford region
showed a 1% average annual increase, which was
not statistically significant [13].

Both these studies, like most studies on routinely
collected data, relied on accurate coding of the
discharge diagnosis. This is a particular problem
for inflammatory bowel disease where there is often
some uncertainty as to whether the diagnosis is
Crohn’s disease (CD) or ulcerative colitis (UC).
To overcome this problem Bernstein et al. in their
study using health insurance records for Manitoba,
validated the diagnoses according to questionnaire
responses obtained from a subset of patients directly
approached [5]. They also ignored all cases with a
first medical contact within the first 5 years of their
study period to try to ensure that only incident
cases were included. How successful they were
is difficult to judge. Inclusion of a proportion of
non-incident cases will disproportionately increase
incidence in the older age groups. Their figures
for the incidence of Crohn’s disease are some of
the highest reported at 169/million/year in women
and r123/million/year in men. Incidence rates for
ulcerative colitis were also high at 144/million/year
in women and 143/million/year in men.

Thus, the routinely collected data give a mixed
picture. The lack of increase in the figures from the
Oxford region could reflect an increased proportion
of patients having outpatient care only. The same re-
striction also applies to the Danish data, although
a validation study on a subset showed the diag-
nostic accuracy to be high, and overall incidence
was in keeping with a smaller hospital-based study
[12]. The Canadian data are particularly remark-
able, as generally the figures for IBD incidence re-
ported from North America have tended to be lower
than those from Europe. These three studies reflect
some of the important limitations of routinely col-
lected morbidity data — namely that it is usually dif-
ficult to make direct comparisons between data sets
on account of differences in the health-care systems
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Fig 1.1 Recent time trends in incidence of Crohn’s disease.

involved. Secondly, changes in how the data are col-
lected often restrict analyses to time periods of less
than 20 years. A third limitation is that it is usually
not possible to validate the accuracy of diagnosis,
which is of special importance when distinguishing
Crohn’s disease from ulcerative colitis.

Time trends in individual studies

The alternative to figures generated from routine
data is to use the results of individual ad hoc stud-
ies. In many European countries with centralised
state-funded health care, such studies appear de-
ceptively straightforward. Population catchment ar-
eas are often well defined and specialist care is pro-
vided by a small number of gastroenterologists, who
also usually provide whatever private care is avail-
able. However, IBD is relatively uncommon, and
prospective studies need to be prolonged to pro-
vide reliable figures on time trends. Other issues that
have not always been carefully addressed include the
criteria for diagnosis, residence criteria and clear
definitions for date of onset or diagnosis. In addi-
tion, as already mentioned, the effects of increasing

1977

1979 1981 1983 1985 1987 1989 1991 1993 1995 1997
Year

awareness, better case ascertainment, greater use of
more sensitive tests such as colonoscopy and evolv-
ing case definitions need to be considered.
Fortunately, in a few areas IBD incidence has
been monitored either prospectively or by repeated
retrospective studies over periods of more than 20
years, and these studies arguably provide the most
reliable evidence on incidence trends (Figs 1.1 and
1.2). Rates have been plotted according to the last
year of each time period reported and in most ar-
eas the rates have been age-standardised to correct
for changes in their population age structures over
time. Of the eight areas shown in Fig 1.1, only in
the Aberdeen area and most recently in Stockholm
has the incidence of Crohn’s disease shown more
than a small increase since 1980 [7, 25]. When the
Aberdeen data are age-standardised there is some
reduction in the rate of increase, although the fi-
nal figure remains high at 88/million [26]. It is
too soon to know whether this represents a sus-
tained increase; a similar peak in incidence was pre-
viously found in Cardiff. Otherwise the remark-
able feature is how little variation there is between
places as different as Cardiff in the United Kingdom,
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Fig 1.2 Recent time trends in incidence of ulcerative colitis.

Orebro in Sweden and Rochester in the United
States.

These studies were all performed in an era when
colonoscopy was not regarded as the standard in-
vestigation it has now become. For example, in
northern France in the 1990s 92% of patients with
Crohn’s disease and 99% of those with ulcerative
colitis had had a colonoscopy at diagnosis [17]. A
recent updating of data from Stockholm found that
70% of Crohn’s patients had a colonoscopy at di-
agnosis [25]. Equivalent figures for the 1980s and
earlier have not been reported and it is unclear what
proportion of IBD would have been labelled as ulcer-
ative colitis in the absence of evidence, either macro-
scopic or microscopic, obtained at colonoscopy.
Nevertheless, greater use of colonoscopy would
account for the increasing proportion of patients
found to have Crohn’s disease affecting the colon,
as reported in several recent studies [8, 17, 28].

There have been fewer studies of ulcerative coli-
tis incidence. In the countries where IBD is common

incidence rates for ulcerative colitis have tended to
show more variation than those for Crohn’s dis-
ease. Probably this reflects the additional problems
posed by variable ascertainment of mildly symp-
tomatic cases including those with proctitis only,
and distinguishing single or transient episodes of
colitis induced by infection or drugs. In Nottingham,
the prevalence of previously undiagnosed ulcerative
colitis in subjects offered faecal occult blood testing
for colorectal cancer screening was 7oo/million [29].
Most were mildly symptomatic but had not sought
medical advice. In the recent Norwegian study a di-
agnosis of ulcerative colitis could not be confirmed
in 12% of patients when reinvestigated one year
after diagnosis [30].

Given these considerations and the various
changes in health care already mentioned, the in-
creases in incidence over time (shown in Fig 1.2)
are perhaps less than might have been expected.
What does seem to have changed is the age-specific
pattern, with an increase in incidence of ulcerative
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colitis at older ages in men but not in women. Thus,
in the EC-IBD study and in the recent data from
northern France the expected peak in incidence in
the younger age groups was present for women but
not for men [1, 27].

Geographic trends in incidence

Over the past 30 years a large number of other ad
hoc studies have been reported from diverse loca-
tions worldwide. Table 1.1 shows the incidence rates
reported from recent European studies. The inci-
dence of both diseases appears to show around a
10-fold variation across Europe, but in general, the
incidence of both is highest in countries in north-
ern latitudes. The north-south gradient in IBD inci-
dence was first described in Europe and was based
on observations from these individual studies. How-
ever, the conclusions reached by comparison of these

studies are once again hampered by variations in
study design, notably case definition, methods of
case ascertainment and time period of investigation.
In addition, many studies reported only crude rather
than age-standardised or age-specific incidence rates
for their populations and in others, case ascertain-
ment in children and the elderly was less com-
plete than at other ages. The European collabora-
tive study on IBD incidence was set up to overcome
these problems by standardising methods through-
out all participating centres. It concluded that the
‘magnitude of the observed excess in north is less
than expected on the basis of previous studies. . . this
may reflect increases in incidence of IBD in Southern
Europe whilst north may have stabilised” [1]. Inci-
dence rates from centres participating in EC-IBD are
shown in Table 1.1 in bold.

In North America significant geographic varia-
tion also appears to exist, and generally populations

Table 1.1 European studies of inflammatory bowel disease incidence in the 1990s (Centres from EC- IBD in bold).

Rates/100,000/year

First author Year Area Time period UC (n) CD (n) Design
Shivananda 1996 8 Northern 1991-93 11.8 (869) 7.0 (477) Prospective
EC-IBD [1] European cities
Shivananda 1996 12 Southern 1991-93 8.7 (510) 3.9 (229) Prospective
EC-IBD [1] European cities
Bjornsson [28] 2000 Iceland 1990-94 16.5 (215) 5.5 (72) Prospective
Moum [31, 32] 1997 South-east 1990-93 12.8 (496) 6 (232) Prospective
Norway
Salupere [33] 2001 Tartu, Estonia 1993-98 1.7 (16) 1.4 (13) Prospective
Rubin [34] 2000 North Tees, UK 1990-94 13.9 (94) 8.3 (56) Retrospective
Yapp [8] 2000 Cardiff, UK 1991-95 5.6 (84) Retrospective
Russel [35] 1998 Netherlands 1991-95 10 (257) 6.9 (176) Prospective
Latour [36] 1998 Leige, Belgium 1993—96 3.6 (111) 4.5 (137) Prospective
Pagenault [37] 1997 Brittany, France 1994-95 2.9 (165) 2.8 (205) Prospective
Flamenboum [38] 1997 Puy de Dome, 1993—94 2.4 (29) 6.6 (79) Prospective
France

Lakatos [39] 2004 Western Hungary 1977-01 5.8 (560) 2.2 (212) Retrospective
Ranzi [40] 1996 Cremona, Italy 1990-93 7.0 (82) 3.4 (40) Prospective
Trallori [41] 1996 Florence 1990-92 9.6 3.4 Retrospective
Tragnone [42] 1996 Italy (8 cities) 1989—92 5.2 (509) 2.3 (222) Prospective
Manousos [43, 44] 1996 Crete 1990-94 11.3 (116) 3.5 (36) Prospective
Tsianos [45] 2003 N W Greece 1982—97 6.6 (357) 0.5 (43) Retrospective
Molinie [27] 2004 Northern France 1988-99 4.0 (2665) 6.0 (4013) Prospective

UC: ulcerative colitis; CD: Crohn’s disease.
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with the highest incidence and prevalence rates have
been located in northern latitudes [4, 5, 46, 47].
Once again, these findings are based on the results
of individual studies and are therefore difficult to
compare due to methodological differences. One
study that overcomes these problems is a study in
the United States of military veterans and Medi-
care beneficiaries, which shows that the incidence
of IBD is higher in the north compared to the south
(48, 49].

Further analysis of the large Scottish cohort of
juvenile-onset IBD between 1981 and 1995 [50] has
also found that northerly region of residence was an
independent risk factor for developing CD but not
UC [48]. The relative risk of CD in the south com-
pared with the north was 0.73 (95% Cl 0.58-0.92,
p < o.001), but UC did not show this north/south
variation. This pattern has not been examined in
other paediatric populations, but does support the
hypothesis that CD incidence exhibits a latitudi-
nal gradient with incidence increasing with more
northern latitudes.

Rest of the world

Until the 1980s reports of IBD occurrence from out-
side Europe and North America consisted essentially
of case reports or case series. The exception was
South Africa where Wright et al. found the inci-
dence of both diseases in the Cape Town area to
be greatest in the Whites but with incidence less
than half that found in equivalent European popu-
lations. Incidence of both diseases in the coloured
population was lower again and lowest of all in
the Blacks [51]. Recent well-researched studies from
Japan and Korea have shown IBD to be much less
common than in Europe with UC incidence being
1o—20/million/year and CD less than 5/million/year
[52-55].

In line with the data from Japan and the Far East,
UC has traditionally been regarded as rare in the
developing world. However, an impressive pair of
population surveys in northern India has revealed an
UC incidence of 6o/million/year and a prevalence of
symptomatic UC of 443/million - figures not much
lower than those reported from several European
countries [56]. It is unclear whether these figures

reflect an increasing UC incidence, as this is the first
formal study of IBD incidence from India.

Trends in incidence of juvenile-onset
Crohn'’s disease

Incidence patterns for whole populations may con-
ceal changes taking place in smaller subgroups of
that population, such as children. Although Crohn’s
disease incidence may be stable overall, several
groups have suggested that incidence in children
is particularly increasing. The epidemiology of this
subgroup is of particular importance because several
current hypotheses as to the causes of CD and UC
relate to events happening in infancy or childhood
[57-61].

In assessing any increase in incidence in children,
one needs to consider some additional factors that
could account for a spurious increase (Table 1.2).
Firstly, the steep increase in incidence at ages 15 and
16 coincides with the arbitrary division between
childhood and adulthood. Thus, any reduction in
the time between symptom onset and diagnosis
could have a disproportionate effect on incidence
in childhood. As Table 1.3 shows, researchers have
been divided in choosing age 14, 15 or 16 as the
upper limit of childhood. How this might affect
the figures is difficult to gauge, but it is notable
that in the study from Copenhagen where the low
incidence below age 15 is based on only six cases,
in a further 17 symptom onset was before age
15 but diagnosis occurred in adulthood. Secondly,
time from symptom onset to diagnosis of Crohn’s
disease in children has shortened; in the United
Kingdom this has gone from around 12 months
in the early 1980s to around 5 months in the
recent data collected [77]. Other factors include the
increased intensity of investigation and changing
criteria for diagnosis of Crohn’s disease.

As noted above, diagnosis for all hospital admis-
sions in Scotland are recorded in a linked fashion
for the whole country in the ‘Scottish Hospitals dis-
charges linked database’ [78]. The linkage of data
allows the whole series of that patient’s admissions
to be identified at any one time, allowing identifica-
tion of incident cases rather than just hospital ad-
mission episodes. Using this database Barton et al.
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Table 1.2 Possible factors
contributing to an increase in
incidence of Crohn’s disease in
children.

Greater case ascertainment
Quicker diagnosis — diagnosis at age 15, not 16
Diagnostic transfer, atypical UC — CD

Widening case definitions e.g. inclusion of orofacial granulomatosis
Earlier onset in predisposed individuals

Real increase in incidence

UC: ulcerative colitis; CD: Crohn’s disease.

looked at incidence rates for juvenile onset IBD from
1968 to 1983 [71]. They found a three-fold rise in
incidence for CD, and a marginal fall in UC. The
data for CD, after allowing for a short lag, would
seem to parallel the increase seen in adults over the
preceding few decades. Over the last decade with
increasing interest in the aetiological role of perina-
tal and early childhood factors, other groups have
now published comparable epidemiological studies
of the juvenile-onset subgroup (Table 1.3).

The figures from the Scandinavian countries
seem to show more variation, with the rates from
Denmark and Finland being a half to a third of
those from Sweden and Norway. In part, this reflects
the different age bands used (Table 1.3). Neverthe-
less, the situation within Sweden is as varied, be-
cause the recent data from northern Stockholm (Ta-
ble 1.4) suggests a doubling in incidence of Crohn’s
disease, predominantly accounted for by increasing
colonic disease, and a decline in ulcerative colitis

Table 1.3 Recent incidence data for Crohn’s disease (CD) and ulcerative colitis (UC) in childhood.

CD ucC
Duration Age Rates per Rates per
First author Area Period (years) group 100,000/year n 100,000/year n
Europe
Langholz [62] Copenhagen 1962-87 15 o-14 0.2 6 2.0 63
Olafsdottir [63] W Norway 1984-85 o-15 2.5 10 4.3 17
Bentsen [64] SE Norway 1990-94 o-15§ 2.0 14 2.2 15
Lindberg [65] SW Sweden 1984-86 3 o-15 1.9 2117 1.4 287t
1993-95 3 o-15 2.0 - 3.2 -
Hildebrand [66] N Stockholm 1990-01 12 o-15 4.9 102 2.4 50
Kolek [67] Czech republic 199001 12 o-15 1.0 19 1.1 22
Van der Netherlands 1999-01 2 o-17 2.1 1.6
Zaag-Loonen [68]
Tourtelier [69] NW France 1994-97 4 o-16 1.6 43 0.6 14
UK
Cosgrove [70] S Wales 1983-93 11 o-I5§ 2.2 21 0.7 7
Barton [71] Scotland 1968 1 o-16 0.7 10 1.9% 18
1983 1 o-16 2.3 28 1.6* 13
Armitage [72] Scotland 1981-95  I§ o-15 2.3 383 3.4 197
Hassan [73] Wales 1995-97 1 o-16 1.4 20 0.8 1T
Sawczenko [74] UK 1998 1 o-15 3.1 1.4
USA
Kugathasan [75] Wisconsin 2000-01 2 o-17 4.6 129 2.1 60
Australia
Phavichitr [76] Melbourne 1996—01 5 o-16 2.0 233 - -

*Rate for 6-16 years.
TNumbers for both periods.
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Table 1.4 Incidence of Crohn’s disease in children —
northern Stockholm [65].

Rate per 100,000/year for
ages o—1§ years (95% CI)

CD ucC

N =102 N =48
1990-92 1.7 (0.7-3.3) 3.3 (1.9-5.4)
1993-95 3.5 (2.1-5.5) 1.8 (0.8-3.3)
1996-98 5.6 (3.8-8.1) 1.9 (0.9-3.5)
1999—01 8.4 (6.2-11.3) 1.8 (0.9-3.4)
Overall 4.9 (4.0-6.0) 2.2 (1.6-2.9)

UC: ulcerative colitis; CD: Crohn’s disease.

in under 16-year-olds during the 1990s, while the
larger study covering just over half the childhood
population (< 16 years) of Sweden found no in-
crease in Crohn’s disease incidence but a two-fold
rise in incidence of ulcerative colitis [65, 66].

In the paediatric age group, further research
from Scotland has also shown a higher incidence of
CD in the more affluent areas of Scotland, as defined
by postcode sector [50]. This pattern was indepen-
dent of temporal, gender or regional trends and was
therefore not purely a reflection of the geographi-
cal distribution of deprivation. The relationship to
affluence was seen in CD, but not in UC, thus it
is unlikely that the association was simply due to
a higher reporting of symptoms to primary care in
affluent areas.

Conclusions

It would be a serious mistake to assume incidence

trends should be similar even in developed countries.

With these caveats, there is broad support for the

following:

¢ In Westernised countries, where Crohn’s disease is
already common, there is no consistent evidence
of a continuing rise with the most reliable data
showing stable incidence since the 198os.

e In areas reporting an increase in Crohn’s disease
(northern France and Stockholm) the increase has
been predominantly in colorectal Crohn’s disease.

¢ Overall incidence of ulcerative colitis in the same
countries is not rising.

e In areas of Europe where historically IBD has
been uncommon or rare the incidence of both
diseases is rising, although some of the rise may
reflect greater access to health care with the gen-
eral pattern being of an increase in UC followed
by Crohn’s disease, within a generation or less.

¢ Both diseases are now appearing in Japan and the
rest of Asia.

e The incidence of Crohn’s disease in children is
increasing but how much of the increase is ac-
counted for by earlier diagnosis, varying defini-
tions of childhood and changes in diagnostic cri-
teria is still not clear.

Overall, this pattern is in keeping with some en-
vironmental factors associated with economic devel-
opment or Westernised lifestyles. Focussing on the
emergence of IBD in the developing world is likely
to be a fruitful area for research.
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Introduction

In the last 20 years there has been an exponential
acceleration in our understanding of human molec-
ular genetics. Important technical advances, such
as the discovery of the polymerase chain reaction
in the mid-1980s [1], have substantially improved
both the precision and rapidity of processing DNA.
This, coupled with the recent completion of the hu-
man genome project, has heralded a new era for
molecular genetics and, in particular, has allowed
the study of complex polygenic diseases.

The successful identification of disease-causing
genes can follow a number of different pathways,
which lead to the isolation of a manageable num-
ber of candidate genes. A common strategy, since
the advent of micro-satellite marker maps [2], is to
perform genome-wide scans of families multiply af-
fected by a particular disease. Loci of interest can be
identified by genotyping these individuals for mark-
ers distributed evenly across the genome. Linkage
is achieved at a particular locus if the extent of
allelic sharing between individuals is greater than
would be expected by chance. However, these loci
are relatively large and fine mapping is required.
This can be achieved by using a higher density of
markers, usually single nucleotide polymorphisms
(SNPs), in the region of interest. Association studies
can then be undertaken and candidate genes tested
to identify differences in the disease population com-
pared to controls. Functional experiments are then
required to confirm a pathological role for the mu-
tant gene identified. New micro-array technology
has provided a method of simultaneously analysing
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the expression of many hundreds of selected genes or
indeed the entire genome. This new field of so-called
functional genomics promises to provide a more dy-
namic picture of gene expression in diseased tissue
and sets the stage for inflammatory bowel disease
(IBD) genetics in the new millennium.

Inflammatory bowel disease: a
genetically determined condition?

The observation of familial clustering of IBD was
first documented by Crohn et al. in the early 1930s.
This ultimately led to the hypothesis that there might
be a genetic component to the pathogenesis of IBD.
A large number of epidemiological studies based on
both hospital cohorts and unselected populations
have supported this finding. Studies of first-degree
relatives of patients with Crohn’s disease (CD) have
shown a relative risk of 10-35 for developing CD
and a relative risk of 3—6 for developing ulcerative
colitis (UC). The risk is lower in relatives of UC
patients with a relative risk of 2—15 for developing
UC and 2—3 for developing CD [3]. The risk of IBD
is greater if more than one first-degree relative has
the condition [3], and is of consistently increased
prevalence in the Jewish population [4]. The relative
risk of IBD is greatest for siblings [5], especially if
the proband has CD [6, 7].

Segregation studies were used in the 1980s to
model the mode of inheritance in IBD and were un-
able to support a simple Mendelian model [8-11].
This was confirmed by more recent genome-wide
linkage studies supporting a polygenic model of
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genetic susceptibility. Studies of twins have provided
further evidence of the involvement of genes in IBD,
with monozygotic twins showing greater concor-
dance for IBD than dizygotic twins [12-15].

Disease phenotype is also genetically influenced
with associations demonstrated for early disease on-
set, location and behaviour. It has become apparent
that CD and UC are a clinical continuum influenced
by an individual’s underlying array of disease sus-
ceptibility and disease modifying genes. It has been
proposed that these modifier genes, with no effect
on disease susceptibility themselves, influence dis-
ease phenotype by interacting with a limited num-
ber of susceptibility genes, acting either alone or in
combination [16]. It must be remembered that non-
genetic factors also play a role in modifying disease
phenotype, illustrated by the preferential CD phe-
notype in smokers from families susceptible to IBD
[x7].

These studies provide compelling evidence for
the involvement of genes in the pathogenesis of
IBD and also provide insight into the influence of
genes on phenotype. The overlap of the CD and
UC phenotypes within families challenges rigid con-
cepts of distinct diseases and suggests a less po-
larised inter-play of multiple genes resulting in a
given phenotype. This paves the way for a rather
more robust molecular classification of IBD.

IBD3

)

=) | DLG

IBD5

- Loci studied
O Other linkage

areas

The disease susceptibility loci

Genome-wide linkage studies of multiply affected
families have been a highly successful strategy in re-
vealing a multitude of potentially relevant disease
susceptibility loci, sometimes despite poor replica-
tion between studies. Since 1996 twelve genome-
wide scans from Europe and North America have
been published. These studies have resulted in the
identification of a total of nine disease loci desig-
nated IBD1-9 (Fig 2.1). Five loci (IBD1, 2, 4-6)
have met the stringent ‘genome-wide’ linkage cri-
teria necessary for definite linkage [18]. IBD3 and
IBD7 did not reach genome-wide significance ini-
tially, but after more focused studies there was suf-
ficient supportive evidence for these regions to be
designated as IBD loci [19, 20]. Interestingly, in a
recent meta-analysis of genome-wide scans IBDj3
was the only locus that met genome-wide signifi-
cance whereas IBD1, IBD2 and IBD6 only demon-
strated suggestive linkage [21]. There is growing
evidence from the stratification of both genome-
wide scans and association studies by CARD1j
status and also by transmission disequilibrium test-
ing (TDT) to support two further disease loci desig-
nated IBD8 (16p 25cMq telomeric to IBD1) [22,
23], and IBD9 (3p) [24], respectively. Two other
regions are noteworthy, although they are yet to
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be replicated and designated as IBD loci. At the
10q23 locus, variants in the DLGs gene that en-
codes an epithelial scaffolding protein, has been
associated with IBD [25]. More recently, strong
associations have been found on 7p14.3 between
haplotypes (a series of linked alleles at different
loci) in the terminal exons of NOD1 (nucleotide
oligomerisation domain 1) and IBD [26]. NOD1,
which is structurally similar to NODz2 (nucleotide
oligomerisation domain 2) detects a tripeptide motif
found in gram-negative bacterial peptidoglycan and
like NOD2 activates NFkB and enhances apoptosis

[27].

IBD1

In 1996 Hugot et al. identified the first IBD link-
age area, designated IBD1 on the pericentromeric
region of chromosome 16 [28]. This was subse-
quently replicated in seven further linkage stud-
ies prior to the identification of the causative gene
[29-35]. It was not until 2001 that three indepen-
dent groups, using rather different strategies, iso-
lated mutations in the NOD2 gene [36-38], later
renamed CARD15 (caspase-activation recruitment
domain), as being significantly associated with CD.
Nunez and Cho’s group initially cloned CARD15
and found that it subsequently mapped to the IBD1
locus. Sequencing of the gene in CD families re-
vealed a frameshift mutation caused by a cytosine in-
sertion (3020insC). A combination of transmission
disequilibrium testing and case-control studies were
then performed and showed significant association
with CD [37]. Hampe et al. [38] followed a simi-
lar strategy aided by the knowledge of the recently
cloned CARD15. In contrast, Hugot ez al. [36] used
pure linkage analysis methodology and found as-
sociations for the frame shift 3020insC mutation
as well as two non-synonymous (amino-acid alter-
ing) SNPs (Arg702Trp and Gly9o8Arg), resulting in
mis-sense variants of CARD15. Further, CARD15
variants have been identified but 82% of mutated
alleles are accounted for by these three mutations
[39].

In 2001 the IBD International Genetics Consor-
tium [40] pooled data sets from studies that did not
alone show significant linkage to IBD1 and found

highly significant association with CD (logarithm
of the odds (LOD) score 5.79). These apparently
conflicting results merely reflect the relative under-
powering of the individual studies. This is a common
problem of many IBD genetic studies and accounts
for much of the inter-study variability in results.

Other IBD linkage regions

A second genome-wide scan in 1996 identified
genome-wide linkage, spanning part of the p and
q arms on chromosome 12 (IBD2 locus) [41]. This
locus has been replicated in several [32, 42, 43], but
not all, studies [29, 44—46]. On current evidence,
the IBD2 locus seems to be associated more with
UC than with CD [40, 47]. Attempts to identify the
precise gene have so far been unsuccessful.

Immune dysregulation plays a central role in the
pathogenesis of IBD [48], which has resulted in con-
siderable interest in the human leukocyte antigen
complex (HLA) on chromosome 6p (IBD3). This
region is highly polymorphic and gene-dense and
includes the HLA class I, IT and III genes. Although
there have been numerous serological studies show-
ing associations between class [ and Il HLA antigens
and IBD, many of these early studies were under-
powered. In an early molecular study by Satsangi
and colleagues [49] linkage was demonstrated for
UC with the HLA class I DRB1 locus and the DRB1
DQB haplotype. This group then went on to show in
a case-control study significant associations for UC
and the DRB1* o103 and DRB1*12 alleles, a find-
ing replicated in several other studies [50, 51]. For
CD an American genome-wide scan provided sug-
gestive evidence of linkage to chromosome 6p [52].
However, perhaps the most compelling evidence for
linkage to this region comes from a collaborative
Northern European study. In an initial genome-wide
scan suggestive, but not significant, linkage to IBD3
was achieved [29]. In a subsequent follow-on study
by the same group, using a higher density of mark-
ers, highly significant linkage for both CD and UC
was demonstrated [20]. This finding was later inde-
pendently replicated [53].

A study from Pittsburgh showed genome-wide
significance to chromosome 14q (IBD4) for CD [43].
This supported previous data from two other North
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American studies: Ma et al. [52] who found sugges-
tive linkage to this locus for CD, and Cho et al. who
showed nominal linkage in mixed CD and UC fam-
ilies [42]. A European study also provided support
for the IBD4 locus [54].

In addition to the IBD4 linkage in the genome-
wide scan by Ma et al. [52], suggestive linkage to a
region on chromosome 5q (IBD§) was also found. A
Canadian study of 158 sib-pair families also found
suggestive linkage to this region [45]. High density
mapping of the 5q locus resulted in significant
linkage for CD [45] and subsequent linkage dise-
quilibrium mapping revealed a common haplotype
spanning 250 kb across the cytokine gene cluster
[55]. This haplotype imparts a CD relative risk of 2
for heterozygotes and 6 for homozygotes [55]. These
findings were then replicated by the same group in a
second cohort [56] and by other independent groups
[57, 58]. Giallourakis and colleagues [56] demon-
strated that the IBD 5 locus acts independently from
CARDr5 in conferring risk to CD, but epistatically
(interaction between different genes) with CARD15
for conferring risk to UC. This association with UC
was supported by a single-centre UK study that also
found epistasis between CARD1 5 and the IBD 5 risk
haplotype for this phenotype [59], although only
for the Arg7o2Trp mutation. Recently, variants
in two genes (SLC22A4 and SLC22A5) encoding
the organic cationic transporter proteins OCTN1
and OCTN2z have been identified as possibly being
the relevant genes within the IBDj5 linkage region.
A two-allele (SLC22A4/SLC22A5) risk haplotype
(SLC22A-TC) of these variants has been shown to
be significantly associated with CD [60]. No asso-
ciation has been seen for this haplotype with UC
even after stratification by CARD1§ variants [61].
However, there is marked linkage disequilibrium
within this region and these genes may therefore
be only linked to the causative gene as part of an
extended haplotype. Further replication and higher
density mapping of this region is required before
firm conclusions can be drawn.

Genome-wide significance to a region on 19p
(IBD6) has also been demonstrated for the com-
bined CD and UC phenotypes [45]. The IBD6
locus contains several gene candidates, but the
most replicated is the association between ICAM-1

variants and IBD [62-64]. A study by van Heel
and colleagues [22] stratified a genome-wide scan
of 137 CD affected relative pairs by the common
CARD15 mutations and the IBD5 haplotype. This
approach provides a method by which genetic het-
erogeneity can be reduced, thus increasing the power
of genome-wide scans to find minor susceptibility
loci. In addition, epistatic relationships can be de-
termined. Using this method, linkage to the chro-
mosome 19 (IBD 6) locus was only seen in CARD15
negative CD pairs. Further evidence for linkage to
this locus was seen for CD pairs stratified for one or
two copies of the IBDj5 risk haplotype, demonstrat-
ing epistasis between IBD 5 and 6 [22]. However, the
lack of linkage to IBD6 in an earlier genome-wide
scan by Hampe et al. [65] remained after stratifica-
tion by CARD1 5 variants.

A North American genome-wide scan of
Ashkenazi and non-Ashkenazi Jewish families
demonstrated suggestive linkage to the 1p (IBD7)
locus [34]. However, after stratification by ethnic-
ity, linkage to IBD7 was found to be exclusive to
non-Ashkenazi Caucasian families. The same group
performed both linkage and linkage disequilibrium
analysis on a genetically isolated population of un-
related American Chaldeans with IBD. They hy-
pothesised that the degree of linkage disequilib-
rium around disease-causing mutations should be
increased in this isolated population. Linkage and
linkage disequilibrium at the same 1p locus as that
found in the out bred population was subsequently
demonstrated providing sufficient evidence for a
major IBD susceptibility locus [19].

The IBD8 locus on 16p has, as previously men-
tioned, been identified by CARD1 5 stratification of
linkage studies. A study by Hampe et al. [23] per-
formed high-density micro-satellite marker mapping
to further define the broad IBD1 linkage region from
previous genome-wide scans. This strategy revealed
three linkage peaks within the IBD1 region with the
highest central peak located at the CARD15 po-
sition. Stratification by CARD15 variant negative
patients resulted in a diminished CARD15 peak,
but maintenance of the other flanking peaks. This
suggested the presence of two further IBD suscep-
tibility genes. Further association studies revealed a
common haplotype that was significantly associated
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with CD only in the CARD15 variant negative pa-
tients [23]. The more recent stratified genome-wide
scan of CD patients by van Heel and colleagues [22]
confirmed a second locus in CARD1 § variant nega-
tive patients 25¢M q telomeric to IBD1.

In Satsangi et al.’s [41] 1996 genome-wide scan
there was suggestive linkage for the combined IBD
phenotype to chromosome 3p21. This finding was
not significantly replicated in subsequent genome-
wide scans. However, in 2001 Hampe and col-
leagues performed fine mapping of the region and
replicated the earlier linkage to 3p21 as well as
demonstrating a second p telomeric linkage peak
[66]. A North American study further analysed this
region by first performing TDT analysis (a method
that circumvents the problem of population stratifi-
cation) of a previous genome-wide scan and then an
extended linkage analysis [24]. These data revealed
significant linkage to 3p26 in IBD patients, approx-
imately tocM, from the second linkage peak seen in
Hampe et al.’s study. These are likely to represent
the same locus and provide sufficient evidence for
this to be designated IBDg.

CARD135: ethnic heterogeneity

The international interest in CARD15 has resulted
in sufficient data to gain some insight into the contri-
bution of CARD1 § polymorphisms in different pop-
ulations. A recent large meta-analysis [67] looked
at 42 international study cohorts, 37 of which were
from Caucasian and 5 from Asian descent. No asso-
ciations were seen in the Asian populations. In the
Caucasian populations of non-Jewish descent, car-
riage of one high-risk CARD15 allele overall con-
ferred a 3.15 times greater risk of CD (Arg702Trp:
OR 2.20, Gly9o8Arg: OR 2.99 and 3020insC: OR
4.09). In the Jewish Caucasian population data was
sparser, but the common CARD1j5 variants con-
ferred a lower risk than in the non-Jewish popu-
lation (Arg702Trp: OR 1.74, Gly9o8Arg: OR 1.93
and 3020insC: OR 2.45). Those carrying two or
more risk alleles had an odds ratio of 17.1 for CD
compared to people without high-risk alleles. The
overall CD attributable fraction for the risk alleles
was 12.7%. After exclusion of patients of Jewish
descent this increased to 21.8% [67].

There is a trend towards higher rates of IBD
in Northern FEuropean compared to Southern
European populations, although the FEuropean
Collaborative study on IBD was unable to show a
clear delineation [68]. This delineation is similarly
unclear in relation to the common CARD15 vari-
ants with a reduced contribution to CD phenotype
demonstrated in Irish [69, 70], Scottish [70, 71]
and Finnish populations [72]. However, strong
associations between the CARDt5 variants and
CD have been seen in other Northern European
populations. In a collaborative study of German
and British cohorts (excluding Scottish) Hampe
et al. [38] estimated that the 3020insC frameshift
mutation accounted for approximately 18% of
genetic risk of CD. This was further supported by
a collaborative study in a similar cohort of British,
German and Dutch patients, which also showed
strong associations with the common CARD1j5
mutations and CD [73]. The authors estimated
that heterozygotes for CARD15 mutations have a
three-fold increased risk and that homozygotes and
compound heterozygotes have a 20-fold increased
risk of CD. In a single centre British cohort Ahmad
and colleagues confirmed the increased risk of the
three common CARD15 mutations and showed
a relative risk of 6.5 for the 3020insC frameshift
and a relative risk of 2.3 and 2.6 for the 9o8Arg
and 702Trp mis-sense mutations respectively [74].
Studies from Denmark [75], Belgium [76, 77],
Netherlands [78], Spain [79, 80c] and Italy [81-83]
have all confirmed the association of some but not
all of the common CARD1 5 variants with CD. The
most consistently replicated association is that of
the 3020insC mutation. However, a study from
Greece [84] was unable to demonstrate associations
with this mutation and CD indicating that genetic
heterogeneity of CARD15 mutations in Europe is
not solely limited to the Northern populations.

Positive associations for CD and CARD15 mu-
tations outside of Europe include studies from the
United States [37, 85-87], Canada [88], Israel [89]
and Australia [90]. The higher rates of CD in the
Jewish population, and in particular Ashkenazi ver-
sus non-Ashkenazi Jews, are well described [91, 92].
Fidder et al. [89] showed lower CARD1 5 mutations
in the Jewish Israeli population compared to the
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non-Jewish European studies. A North American
study [87] stratified their CD patients and controls
into Ashkenazi Jewish and white non-Jewish. They
showed that patients had similar allele frequencies
for the 3020insC frameshift mutation between the
two ethnic groups. Case-control analysis also re-
vealed significant associations for this mutation and
CD in both ethnic groups. Similarly, a positive asso-
ciation between the 9o8Arg mutation and CD was
found in both groups, but interestingly the allele fre-
quency of the 9o8Arg mutation was higher in the
Jewish compared to non-Jewish patients [87]. This
is perhaps not surprising for a risk allele in a popu-
lation with a high prevalence of CD [93]. However,
the converse was true for the 702Trp mutation with
no association seen with CD in the Jewish patients.
However, as with the 90o8Arg mutation, higher al-
lele frequencies were seen in this group [87]. Data
from two separate studies have suggested that the
increased prevalence of CD in the Jewish popula-
tion may be from CARD15 mutations other than
the three common ones [94, 95].

CARD1 5 mutations impart risk of CD primarily
to Caucasian populations. African Americans have
a significantly reduced allele frequency of the com-
mon mutations compared to their Caucasian coun-
terparts, although unique variants have been de-
tected [96]. The CARD15 mutations are absent in
Asian populations studied; specifically no mutations
have been found in Japanese [97, 98], Chinese [99]
and Korean [94] studies.

CARD15 and phenotype

The most comprehensive study of phenotype/
genotype associations have been in relation to
CARD15 mutations. Although all CD phenotypes
are represented in both CARD1 5 positive and neg-
ative patients, a consistent association is that of
CARD15 mutations and ileal disease [72-74, 88,
100-102]. Ahmad and colleagues [74] genotyped
244 meticulously phenotyped CD patients with a
median follow-up of 16 years and found that all
patients with the CARD1 5 3020insC frameshift mu-
tation and all compound heterozygotes and ho-
mozygotes of the other two common mutations had
ileal disease. Economou et al.’s 2004 meta-analysis

[67] gave an odds ratio of 2.53 for the development
of small bowel CD if at least one high-risk variant
was present. In the Jewish populations studied no
clear associations could be found.

Disease behaviour is less consistent across stud-
ies. This is in part a reflection of the problem of
accurate phenotyping as well as the changing pat-
tern of disease over time [16]. Ahmad et al.’s study
[74] showed that the CARD1 5 frameshift mutation
protected against fistulating disease but was asso-
ciated positively with stenotic disease. This associ-
ation with stenotic disease was also demonstrated
in Economou et al.’s meta-analysis [67]. However,
the association for stenotic disease is not indepen-
dent of ileal disease and perhaps is only a conse-
quence of inflammation at that site [74, 77]. In-
deed, Louis et al. [77] showed that in patients
with no stricturing or perforating disease at diag-
nosis, 11% developed stricturing and 22% pene-
trating disease at 5 years. This was independent
of CARD1j5 status [77]. Likewise, the reported
higher rate of surgery in patients with CARD15
variants may also just reflect the preponderance of
ileal disease [74]. However, there have been sev-
eral studies that have shown independent associa-
tions of CARD1 5, ileal disease and fibrostenotic dis-
ease behaviour [100, 102]. Familial disease [67] and
early age of disease onset has also been associated
with CARD15 variants [39, 74]. There have been
no consistent associations between the CARDr1j
variants and extra-intestinal manifestations of IBD

(39, 88].

CARD135: pathogenesis

CARDrt5 is a member of the Apaf-1 transcription
factors. It functions as an intra-cellular cytoplasmic
receptor for muramyl dipeptide (MDP) [103, 104],
which is a component of peptidoglycan found in the
walls of both gram-positive and gram-negative bac-
teria and results in the activation of the intra-cellular
signalling molecule nuclear factor-kB (NF-«B)
(Fig 2.2) [105]. The MDP combines with the
leucine-rich region (LRR) of the CARD15 protein
[t03, 104, 106], Which is the region where the
three common mutations associated with CD are
found [36]. How these mutations are involved in
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the pathogenesis of CD is not clear. The mutations
are able to influence the function of the CARD15
protein but the results are highly dependent on the
model system used. Data from experimental cell
lines have shown that the common CARD15 vari-
ants, in particular the 3020insC frameshift muta-
tion, result in reduced NFkB activation following
stimulation with MDP [87, 107]. This defective
NFkB activation seems to be at odds with the finding
of raised NF-«kB seen in IBD tissues [108]. CARD15
was initially thought to be solely expressed in mono-
cytes [105], but was subsequently also found to be
expressed in dendritic cells and intestinal epithelial
cells (IECs) [109, 110]. Hisamatsu and colleagues
demonstrated that in IECs CARD1§ was vital for
effective killing of S. typhimurium and that IECs
transfected with the CARD15 3020insC frameshift
variant lost the ability to affect this bacterial killing
[t10]. This abnormality of intra-cellular bacterial

clearance provides a potential mechanism by which
enteric bacteria may be involved in establishing
chronic intestinal inflammation in CD.

In CARD15 knockout mice models there is no
enhancement of either spontaneous or chemically
induced colitis [111, 112]. In contrast to the ear-
lier experimental cell line models, a recent study by
Maeda et al. [113] demonstrated that in mice har-
bouring the 3020insC frameshift mutation, treat-
ment of bone marrow derived macrophages with
MDP resulted in a greater rise in NFkB compared
to wild-type mice. Several NFkB target genes, in
particular IL-18 were also increased in the CARD1 5
variant macrophages compared to wild-type. A sim-
ilar effect of augmented NFkB activity and ex-
pression of pro-inflammatory cytokines was seen
in the colons of dextran sodium sulphate (DSS)
treated 3020insC mutated mice [113]. DSS disrupts
the epithelial barrier allowing bacterial exposure of
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resident lamina propria macrophages. Concurrent
DSS and antibiotic treatment of the mice negates any
differences between CARD1 § variant and wild-type
mice and overall inflammation is much attenuated
[t13]. Co-administration of DSS and IL-1 receptor
antagonist also resulted in attenuation of the inflam-
matory response [113]. This is consistent with the
finding of raised intestinal IL-1 in IBD and a relative
deficiency of the naturally occurring IL-1 receptor
antagonist, suggesting a potentially important role
of this cytokine in CD [114]. Kobayashi and col-
leagues [112], in the same edition of Science, gener-
ated CARD1 5 knockout mice and challenged them
consecutively with intravenous, intra-peritoneal and
intra-gastric Listeria monocytogenes. No differ-
ences were seen between the knockout and wild-type
mice for the intravenous and intraperitoneal routes.
However, intragastric L. monocytogenes resulted in
a significantly increased number of bacteria recov-
ered from the liver and spleens of the knockout mice
suggesting a central role for CARD15 in preventing
enteric bacterial infection [112]. It has recently been
demonstrated that in MDP-stimulated primary hu-
man peripheral blood mononuclear cells, CARD15
mutations result in defective CARD1 5/toll-like re-
ceptor pathways and CARD15/IL-8 neutrophil re-
cruitment [115], providing a putative mechanism
for this abnormal bacterial clearance.

A recent report in the haematology literature
demonstrated the involvement of CARD15 muta-
tions in graft-versus-host disease (GvHD) follow-
ing allogeneic bone marrow transplantation. Clin-
ically gastrointestinal GvHD is associated with a
poor prognosis [116]. Experimental data suggests
that the gastrointestinal tract is central to the patho-
genesis of GvHD and that translocated bacteria
through the damaged epithelial barrier result in
massive cytokine release from macrophages and
an augmentation of systemic disease [117]. Holler
et al. [116] showed that the cumulative incidence
of GvHD was greatest if both donor and recipient
harboured CARD1 5 mutations with the lowest in-
cidence if both were wild-type. If one or other of
the donor or recipient harboured the mutations then
the cumulative incidence was at a middle point be-
tween wild-type and combined donor and recipient
mutants.

CARD15 expression has been demonstrated in
Paneth cells [118], which are specialised intestinal
epithelial cells found throughout the small intestine
but most highly concentrated in the terminal ileum
[t19]. They secrete a variety of antibacterial prod-
ucts, including a-defensins, and play an important
role both in gut flora homeostasis as well as pro-
viding protection against enteric pathogens [119,
120]. In mice, CARD1y5 is also expressed in ter-
minal ileal Paneth cells [112]. In Kobayashi and
colleague’s mouse knockout model, gene expres-
sion using micro-array analysis was measured be-
fore and after intra-gastric Listeria infection. The
most striking finding was a constitutively low ex-
pression of a subgroup of cryptidins (a-defensins in
humans) in the knockout mice compared to wild-
type, which further reduced following Listeria in-
fection [112]. This supports human data demon-
strating that Paneth cells from NOD2 mutated CD
patients show decreased a-defensin 5 expression
[t21]. The role of the Paneth cell in the aetiopathol-
ogy of CD is becoming increasingly apparent and
provides a convincing explanation for the prepon-
derance of CD in the terminal ileum.

The exact mechanism by which CARD15 mu-
tations are involved in the pathogenesis of CD re-
mains to be elucidated. However, recent functional
data has significantly advanced our understanding.
These studies suggest that abnormal bacterial sens-
ing through impaired MDP/CARD1 5 interaction re-
sults in defective enteric bacterial clearance. This
increased susceptibility to enteric infection is me-
diated through abnormal innate immune responses
and subsequent defective adaptive immunity. This
abnormal immune response to pathogenic bacte-
ria may also hold true for non-pathogenic bacteria.
A breakdown in immune tolerance to the normal
enteric flora by defective bacterial sensing and ep-
ithelial invasion could result in the chronic inflam-
mation seen in CD.

IBD3: the HLA and IBD

There have been a large number of serological and
molecular association studies implicating the classi-
cal HLA class I and II molecules in the pathogen-
esis of IBD. A meta-analysis of a combination of
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29 serological and genetic HLA studies demon-
strated significant positive associations between
DRz (subtype DRB1*1502), DR9 and DRB1*0103
with UC and DRB3*0301, DR7 and DQ4 with CD.
Negative associations were demonstrated for CD
with DR2 and DR3 [122]. A later study by Ahmad
et al. [50] supported these findings and demon-
strated a protective effect of the HLA haplotype
DRB1*0401-DQB1*0301 for UC.

The HLA class III region harbours many genes
that are important in the immune response and in-
cludes several excellent IBD candidate genes. Rather
tantalisingly, in a linkage analysis of a Northern
European cohort the tumour necrosis factor-a
(TNF-a) gene was close to the peak of linkage [20].
Five functional SNPs in the TNF-a and the related
lymphotoxin-a (LTA) (important in the develop-
ment of oral tolerance [123]) genes were therefore
tested in an association analysis [20]. Disappoint-
ingly, no associations were found despite the good
evidence for the involvement of TNF-« in the patho-
genesis of IBD [124-127]. The authors speculated
that variations in TNF-a act as modulators in the
inflammatory response rather than predisposing to
IBD [20]. A variety of other studies have looked
for associations between TNF, LTA and the heat
shock proteins (known to be upregulated in IBD),
although results have generally been inconsistent. A
family based association study by van Heel et al.
[128] looked at the common TNF promoter poly-
morphisms TNF-1031T/C, -863C/A, -857C/T and
-308G/A. An association was found with the com-
mon TNF-857C allele and both UC and the com-
bined IBD phenotype but not with the other mu-
tations. Interestingly, after stratification there was
significant association between this mutation and
CD in patients who were CARD1§ negative [128].
This finding is rather contradicted by an Australian
study that found the strongest association of TNF-
857C and CD in patients with CARD1 5 risk alleles
[129]. Functional studies have shown that the TNF-
857C mutation reduces inhibitory OCT1 binding to
NFkB thereby providing a possible mechanism for
its role in IBD [128]. In contrast to van Heel and
colleagues’ study, others have shown significant as-
sociations between the TNF-1031T/C [130, 131],
-308G/A [132] mutations and CD.

Although the classical HLA regions have been
the most intensely studied, there is a growing body
of evidence of important IBD associations with the
non-classical HLA class I region. Of particular in-
terest in this region is the MIC gene family. MICA
and MICB encode stress inducible glycoproteins ex-
pressed on various epithelial cells and intestinal cells
and are important in the activation of both the in-
nate and adaptive immune system [133]. A small
Japanese study by Seki et al. [134] showed an as-
sociation between the MICA A6 variant and UC.
However, this finding was not replicated in a slightly
larger German study [135]. Although differences in
statistical power between the two studies might be
responsible for this lack of replication, ethnic dif-
ferences may play an important role. There is cer-
tainly significant ethnic variation in IBD associa-
tions across the HLA region. This is exemplified
by the classical DRBI*1502 allele, which is most
strongly associated with UC in Japanese populations
[136,137]. A study by Ahmad et al. [133] genotyped
UC, CD and ethnically matched controls for 46 of
the 54 MICA alleles, all 17 MICB alleles as well
as micro-satellite genotyping of the exon § variable
number of tandem repeats. No significant disease
associations were found [133].

Progress towards finding disease-associated
genes in this region is a challenge and is
hampered by the low genotype relative risk of IBD-
associated HLA alleles reducing statistical power
[138], the complex linkage disequilibrium in the re-
gion [139] and the fact that there may be more than
one susceptibility gene [140].

IBD3: HLA variants and phenotype

A variety of genotype/phenotype associations have
been described both for individual allelic vari-
ants and for haplotypes. The relatively rare HLA-
DRB1 *or103 allele is associated with pure colonic
disease in CD patients [74, 141] and extensive
and severe disease requiring colectomy in UC pa-
tients [50, 51, 142—-144]. However, its low allele
frequency in the population limits its usefulness
in disease prediction but does raise the interest-
ing idea of a common molecular mechanism for
colonic IBD. Ahmad and colleagues showed that
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a classical HLA autoimmune haplotype (A1-BS-
DR3), associated with immunopathology in other
diseases, was associated with colonic CD [74]. The
TNF-308A risk polymorphism found in this hap-
lotype was also associated with colonic CD in a
study from Belgium [145]. Homozygotes for a TNF
promoter polymorphism haplotype (TNF -1031T,
-863C, -380G, -238G) that results in reduced
gene transcription is associated with stable distal
UC [50]. The MICA*o1o and DRB*o103 alleles
have both been associated with perianal disease
[74].

There have been several associations between
HLA variants and extra-intestinal manifestations
(EIMs) of disease. Type I peripheral arthropa-
thy (migratory, pauciarticular, large joint arthri-
tis linked to IBD relapse and other EIMs) is as-
sociated with HLA-B*27 and the linked alleles
B*35 and DRB1*or103, whilst type II peripheral
arthropathy (chronic symmetric, small joint arthri-
tis unrelated to disease activity) is associated with
HLA-B*44 [146]. Positive associations have also
been found for HLA-B*27 and DRB1*o103 with
uveitis, and TNF-1031C with erythema nodosum
[147]. Many other genotype/phenotype associations
have been described, although all lack convinc-
ing replication reflecting the problem of identify-
ing genes in a region where there is marked linkage
disequilibrium.

IBDj3: ethnic heterogeneity and
phenotypic associations

A variety of studies from North America and
Europe have replicated the association between the
IBD5 risk haplotype and CD [55-58, 148]. How-
ever, there is evidence of ethnic heterogeneity at
this locus. The IBD-risk haplotype is extremely rare
in the Japanese [58] and Newman and colleagues
[61] recently showed that the SLC22A-TC haplo-
type was less associated with CD in Jewish com-
pared to non-Jewish patients.

There have been several studies that have shown
genotype/phenotype associations with the IBD 5 lo-
cus. Armuzzi and colleagues [57] looked for a
variety of associations between the IBDj5 risk hap-
lotype in both CD and UC cohorts. An association

was demonstrated between this haplotype and pe-
rianal CD with a three- fold increase seen in ho-
mozygotes. Homozygosity for this risk-haplotype
has also been associated with early onset of dis-
ease [148] although this was a finding not repli-
cated by Armuzzi et al. [57]. Newman et al. [61]
recently reported, in patients homozygous for the
SLC22A-TC haplotype, a significantly increased
risk of terminal ileal disease (OR 2.42). This effect
was lost in patients heterozygous for this haplotype.
The combination of the SLC22A-TC haplotype
and CARD1 5 mutations substantially increased the
risk of terminal ileal disease (OR 4.61) to a level
greater than each risk genotype alone. No associa-
tion was seen for perianal disease and this haplotype
[61].

IBD genetics: translation to
clinical practice

The rapidly moving field of IBD genetics has un-
doubtedly improved our understanding of a num-
ber of aspects of the pathogenesis of CD and UC,
although perhaps more questions have been raised
than answered. From a clinical standpoint the field
is still in its infancy with the impact of many of
these molecular discoveries unlikely to be felt in
mainstream practice for several years. It is intriguing
to speculate how the common CARD15 mutations
may play a role in disease prediction and outcome.
Apart from robustly predicting both early disease
onset and localisation to the ileum other associa-
tions such as disease behaviour, outcome of ther-
apy, need for surgery and occurrence of EIMs have
been inconsistent. Vermiere and colleagues [149]
looked at the usefulness of CARD15 mutations in
patients with indeterminate colitis and their ability
to predict final disease phenotype. Their data re-
vealed a disappointingly low specificity (77.6) and
positive predictive value (7.1%) for patients with
CARD15 variants eventually developing the CD
phenotype, although numbers were rather small to
draw definite conclusions [149]. Despite a variety
of genotype/phenotype associations within the HLA
region the lack of consistency and relatively low al-
lele frequencies of disease-associated mutations are
at present a barrier to any clinical application.
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Pharmacogenetics

A field that does show some promise in current clin-
ical practice is that of pharmacogenetics. The de-
velopment of new therapeutic targets as a result of
understanding the molecular mechanisms underpin-
ning IBD is the pharmacogenetic goal. However,
by far the greatest clinical impact at present and
for the foreseeable future is in predicting response
and side effects of current pharmacotherapies. This
is exemplified by thiopurine S-methyltransferase
(TPMT) polymorphisms and azathioprine (AZA)/
6-mercaptopurine (6-MP) toxicity. The therapeu-
tically active metabolites of these compounds are
the 6-thioguanine nucleotides (6-TGNs) whose pro-
duction is limited by xanthine oxidase and TPMT.
Xanthine oxidase is absent in haematological tis-
sue and therefore there is no secondary pathway
to prevent high levels of myelotoxic 6-TGNss if the
TPMT pathway is defective. Several TPMT vari-
ants that cause reduced enzymatic activity have been
identified of which TPMT*2 and TPMT*3A are
the most common [150-152]. Genotyping patients
for alleles that confer reduced TPMT activity pro-
vides a way of identifying homozygotes who are
likely to develop severe myelotoxicity on receiving
AZA/6-MP and heterozygotes who may require a re-
duced dose. However, the majority of patients who
develop myelotoxity do not have an enzyme altering
TPMT polymorphism, suggesting that other unre-
lated mechanism have a greater influence on haema-
tological side effects [153]. Because only 0.3%
of the general population are homozygotes, for
these polymorphisms it is questionable whether rou-
tine genotyping for these variants prior to starting
thiopurine therapy should become standard clinical
practice [154].

Methotrexate (MTX) provides an alternative
to AZA/6-MP in patients who have either not
been able to tolerate them or have shown poor
response. Although the therapeutic mechanism of
action of MTX is poorly understood, its metabolism
is better delineated. A variety of polymorphisms
have been identified in genes encoding components
of the metabolic pathway. A study by Laverdiere
et al. [155] showed that a polymorphism in the
reduced folate carrier gene (RFCr) was associated

with higher plasma MTX concentrations. Polymor-
phisms in the folypolyglutamase hydrolase (FPGH)
gene, an enzyme that is important in the cellular
efflux of MTX, has been associated with reduced
enzyme activity [156]. MTX may exert therapeutic
effect partly by diminishing reduced folate stores.
Methylenetetrahydrofolate reductase (MTHFR) is
vital in folate homeostasis and polymorphisms in the
MTHEFR are associated with MTX efficacy [157-
159] and toxicity [159, 160]. A recent association
study from Oxford looked at polymorphisms in the
RFC1, FPGH and MTHFR genes and their effect on
MTX efficacy and toxicity in IBD patients. A signif-
icant association was found between the MTHFR
1298C variant and MTX toxicity, particularly nau-
sea and vomiting, but no association between any
of these polymorphisms and efficacy was observed
(Herrlinger K., 2005. Unpublished data).

Remission of active IBD is often effectively
achieved with glucocorticoid therapy. However,
some patients either do not respond to steroids
or become dependent on them to prevent disease
re-activation. Several mechanisms have been impli-
cated in steroid responsiveness. There has been great
interest in the multi-drug resistance 1 (MDR1) and
the related transporter of antigenic peptide 2 (TAP2)
genes. MDR1 encodes a drug efflux pump found
on both lymphocytes and intestinal epithelial cells
that actively transports glucocorticoids and several
other drugs out of the cell [161]. Farrell and col-
leagues [162] found that increased MDR expres-
sion in peripheral blood lymphocytes was associ-
ated with the need for surgery in both CD and
UC. A variety of polymorphisms have been iden-
tified in the MDR 1 gene of which the C3435T vari-
ant has been the most thoroughly investigated and
has been associated with UC [163]. However, stud-
ies investigating both this and other polymorphisms
in the MDR1 gene have been disappointingly in-
consistent. An interesting study by Heresbach et al.
[164] showed that steroid unresponsiveness in CD
patients was associated with SNPs in the TAP2 gene.
Another important site of glucocorticoid resistance
is the glucocorticoid receptor. Steroid refractory
UC is associated with a splice variant of the re-
ceptor that results in reduced signal transduction
[165].
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s-Aminosalicylates (5-ASA) have an impor-
tant role in the maintenance of remission of UC.
The acetylation of §-ASA is catalysed by N-
acetyltransferase 1 (NAT1) in the intestinal mu-
cosa. Sulfapyridine is a toxic metabolite of sul-
phasalazine following breakdown by gut bacteria
and is metabolised by NAT2 in the liver. Several
polymorphisms have been identified in the genes of
both of these enzymes but to date no associations
have been found between these mutations and s-
ASA efficacy or sulfasalazine side effects [166].

The relatively novel anti-TNF monoclonal
antibody infliximab has become rapidly estab-
lished in the therapeutic armoury of CD with
the original study by Targan et al. [127] show-
ing a remission rate of 33% following a single
dose. Infliximab’s primary mechanism of action
may be the induction of apoptosis by binding to
transmembrane TNF on activated immune cells.
This apoptotic effect is not seen with etanercept
and perhaps explains its lack of efficacy in CD
[167]. Unsurprisingly, molecular studies of inflix-
imab efficacy have focused on the TNF gene and
closely approximated regions. A North American
study [168] found that the TNF micro-satellite hap-
lotype 11-4-1-3-3 showed a trend towards a reduced
response to infliximab. The same group then geno-
typed SNPs in the LTA and promoter of the TNF
gene and found that patients who were homozygous
for the Ncor-TNFc-aar3L-aa26 1-1-1-1 haplotype
did not respond to infliximab [168]. Despite the
attraction of TNF polymorphisms playing a pivotal
role in infliximab efficacy there have been very few
studies with positive associations. A large multi-
centre study looked at multiple SNPs in the TNF
promoter and TNF receptor genes and showed a
lack of association with infliximab response [T31].
The lack of association at the TNF-308 position
found in this study was replicated in a Belgian cohort
[169]. This failure to demonstrate an association
between clinical response and TNF polymorphisms
is perhaps not surprising due to infliximab’s pre-
dominately apoptotic effect on lymphocytes rather
than as an anti-TNF agent. There have been more
than 70 other biologic agents evaluated in IBD.
Recently, promise has been shown for the fully
humanised anti-TNFa monoclonal antibody, Adal-

imubab. Shen and colleagues demonstrated both
monocyte apoptosis and IL-to and IL-12 down-
regulation with this agent [170]. It appears that
there is a role for Adalimubab in CD patients who
either cannot tolerate or have had a loss of response
to infliximab [171]. It waits to be seen how genetic
polymorphisms influence these newer agents.

Conclusions

Molecular genetics is rapidly gaining centre stage in
many fields of medicine and IBD is no exception.
Since the first IBD genome-wide scan in 1996 and
the subsequent discovery of CARD15 there have
been numerous studies revealing a multitude of dis-
ease associations. The identification of many sus-
ceptibility loci has both confirmed the polygenic
nature of IBD and has provided broad regions
for further detailed studies. Despite the limitations
of case-control studies several important genotype/
phenotype associations have been discovered with
the promise of a more valid molecular rather than
clinical classification of disease. The ultimate goal
will be to individualise patient care based on a ge-
netic profile providing accurate information for di-
agnosis, prognosis and treatment. The unravelling
of this complex field is still in its formative years, but
at the current pace real clinical application should
not be far off.
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3: Microbial sensing in the intestine by pattern

recognition receptors

Robin G. Lorenz and Charles O. Elson

Introduction

The human intestine (small and large) is composed
not only of mammalian epithelial cells and leuko-
cytes, but also a complex community of microbiota.
These three components have developed complex
inter-relationships that are not well understood [1].
Recent studies on germ-free mice and zebrafish have
shown that the intestinal microbiota modulate a
wide range of gastrointestinal functions, such as
nutrient processing and absorption, maturation of
the intestine and stimulation of the mucosal im-
mune system [2—5]. However, until recently it has
been unclear how the host is able to sense the pres-
ence of these microbiota and trigger the many genes
required for intestinal development. The answer ap-
pears to lie in the recent discovery of several fam-
ilies of molecules known as pattern recognition re-
ceptors. Both intestinal epithelial cells, as well as
mucosal immune cells express a number of such
pattern recognition receptors (PRR) [6]. These re-
ceptors recognise conserved patterns of molecules
unique to microbes, termed microbe- (or pathogen)-
associated molecular patterns (MAMPs). There are
multiple types of PRRs, including the family of
transmembrane toll-like receptors (TLRs), the fam-
ily of cytosolic nucleotide-binding oligomerisation
domain proteins (NOD) and phagocytic receptors
(scavenger receptors, mannose receptors and beta-
glucan receptors). In animal models TLRs appear
to play a critical role in intestinal epithelial home-
ostasis and protect the intestine from epithelial in-
jury, although NODs appear to detect intracellular
bacterial products [7-11]. Stimulation of TLRs and

NODs by microbial components triggers signalling
via a number of adaptor molecules, resulting in the
activation of NF-kB, which in turn induces expres-
sion of inflammatory cytokines (Fig 3.1) [12]. This
chapter will focus on the expression and function
of TLRs and NODs in human and murine intestine
and discuss how these molecules may play a role in
the resistance or susceptibility to intestinal inflam-
mation.

TLR-intestinal expression and function

The intestinal epithelial cell not only presents a phys-
ical barrier to luminal microbiota, but also has the
ability to sense the presence of microbiota through
TLRs [13] (Table 3.1). Although the functional role
of TLRs on intestinal epithelial cells is not under-
stood, intestinal epithelial cells express several mi-
crobial sensors iz vivo and in vitro, such as TLRz2,
-4, -5 and -9, which may play a role in the ep-
ithelial response to intestinal microbiota [t7-21].
In the normal intestine, expression of these micro-
bial sensors appears to be restricted to niches where
exposure to microbiota would be controlled. TLR4
expression is restricted to epithelial cells at the bot-
tom of crypts and TLR § expression may be limited
to the basolateral surface of intestinal epithelia, al-
though that is disputed [21-23]. In addition, it has
been reported that human intestinal epithelial cells
are unresponsive to TLR2 ligands [24]. However,
this limited exposure to microbiological products
appears to be lost in the inflamed intestine. The lev-
els and pattern of expression of TLR4 have clearly
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Fig 3.1 Intestinal pattern recognition receptors and their probable pathways. Microbial products (small circles) traversing
the epithelium are detected by a variety of cell surface receptors for microbial products, such as the toll-like receptors
(TLR) and by intracellular microbial pattern recognition receptors (PRR) such as NOD1 and NOD2. Ligand binding to
PRR receptors induces a cascade via a variety of adaptor proteins, resulting in the activation of the nuclear factor-kappa B
(NF-kB) complex. Cytokines such as IL-13 and TNFa use a similar but distinct signalling pathway.

TNFq, tumour necrosis factor alpha; TNF-R, tumour necrosis factor alpha-receptor; IRAK, IL-1 receptor associated
kinase; TRAF6, TNF receptor associated factor 6; MyD88, myeloid differentiation factor 88; RIP2, receptor-interacting
protein 2; IKK, inhibitor of kappa B kinase kinase; IkB, inhibitor of kappa B; NF-«B, nuclear factor of kappa B; NOD2,
nuclear binding and oligomerisation domain protein 2 (reprinted with permission from Elson CO. New Engl | Med
2002;346:614—6).
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Table 3.1 Pattern recognition receptors and their ligands.

Expression in
primary colonic

PRR Ligand(s) [6, 14, 15] epithelial cells [16]
TLR1 Bacterial lipopeptides +
TLR2 Bacterial peptioglycans, zymosan and lipopeptides +
TLR3 Viral dsRNA +
TLR4 Bacterial lipopolysaccharide (LPS), heat shock protein 6o +
TLRs Flagellin +
TLRé6 Mycoplasma lipopeptide +
TLR7 (murine) Viral ssRNA +/—
TLRS8 (human) Viral ssRNA +
TLR9 Unmethylated CpG DNA (bacterial and viral) +
TLR10 ? -
TLR1t Uropathogenic bacteria ?
NOD1 GM-tripap +
NOD2 Muramyldipeptide (MDP) +

been demonstrated to change dramatically in the in-
flamed intestine, where TLR4 RNA levels are in-
creased and expression is no longer limited to crypt
cells [18, 21, 25]. In addition, the response to TLR 5
ligands is enhanced in multiple murine models of
IBD, as well as in human patients [26]. The mech-
anisms that drive these changes in the expression
and response of epithelial microbial sensors are not
clear. TLR4 clearly traffics to cytoplasmic compart-
ments in polarised intestinal epithelium and the im-
portance of internalised LPS has been recently recog-
nised in intestinal epithelial cells, because prevention
of LPS internalisation significantly impairs its recog-
nition by epithelial cells [20, 23]. In addition, the
recent identification of epithelial NODz2, an intra-
cellular protein that recognises muramyl dipeptide,
further implicates intracellular recognition of micro-
bial products by sensors in epithelial cells as critical
in IBD [27-31].

TLRs are also expressed on innate immune cells,
as human neutrophils express TLR1, TLR2 and
TLR4 through TLR10 [32]. In addition, TLRs have
distinct expression patterns on monocytes and den-
dritic cell (DC) subsets, with human monocytes pri-
marily expressing TLRs 1, 2, 4 and 5, while human
myeloid DCs express TLRs 1, 2, 3 and 5 [7]. Mouse
DCs express TLRs 1, 2, 4, 6, 8 and 9, but not
TLR3, a notable difference from the human system.

In addition, both mouse and human DCs are unre-
sponsive to LPS, suggesting that the immunoinflam-
matory properties of LPS are mediated by alterna-
tive cell populations [7]. Stimulation of DCs through
TLRs results in cytokine secretion and renders them
able to activate T cells.

TLR2. Several TLRs are constitutively expressed at
low levels on intestinal epithelial cells iz vivo, in-
cluding TLR2 in the proximal colon. However, ex-
pression does not directly translate into functional
recognition of bacterial products by intestinal ep-
ithelial cells. For example, intestinal epithelial cells
have been shown to be unresponsive to TLR2 lig-
ands, probably due to the low expression of the
TLR2 co-receptor TLR6 [24].

TLR4. TLRj4 is expressed in colonocytes in the dis-
tal colon and has previously been demonstrated on
the surface of macrophages and dendritic cells and
in crypt epithelial cells of the murine small intes-
tine [21, 33]. The latter anatomical site is relatively
protected from the luminal microbiota and such
sequestration might be one mechanism by which
the TLR4 ligand LPS does not continuously cause
activation in the intestine. However, it has now
been demonstrated that intestinal epithelial TLR4
is predominantly found in the Golgi apparatus, in
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contrast to cell surface expressed TLR4 in myeloid
cells [20]. LPS stimulation of the TLR4 in this in-
tracellular location is critical for the function of
TLR4 in intestinal epithelial cells, because preven-
tion of LPS internalisation prevents TLR4 signalling
[23]. Under inflammatory conditions, intestinal ep-
ithelial responses to LPS are enhanced. One mech-
anism of this enhanced sensitivity could be an in-
creased expression of TLR4 [18, 21, 25]. But studies
with human intestinal epithelial cells have demon-
strated a second mechanism, which is augmenta-
tion of LPS uptake and the subsequent increased
signalling through intracellular TLR4 [34].

TLRs5. TLRj recognises flagellin and is present in
the ileum and colon, but the expression pattern of
epithelial TLRs is currently debated in the litera-
ture. In human T-84 colonic epithelial cell monolay-
ers, TLR 5 expression is restricted to the basolateral
membrane, therefore implying that only microbes
that can cross the epithelial barrier can stimulate
TLRj5 [19]. However, this pattern appears to be dif-
ferent in the normal intestine, where TLR § has been
reported to also be expressed on the apical surface
of epithelial cells [35]. The reasons for this discrep-
ancy are not clear; however, there does appear to
be some mechanism for controlling immune reac-
tivity to the TLR 5 ligand flagellin. Normal mice do
not display T-cell or antibody reactivity to flagellin,
whereas three strains of colitic mice were found to
have elevated serological and Tht T-cell responses to
flagellin [26]. These models were strains having dif-
ferent MHC haplotypes and very different mecha-
nisms underlying the predisposition to develop IBD.
For example, the colitis in C3H/He]JBir mice is an
IL-12-driven, Thr-mediated inflammation that can
be transferred by CD4™ T cells [36]. This is in con-
trast to IL-to™/~ mice, which have a defect in reg-
ulatory T cells and FVB.mdrra=/~ mice, which are
believed to have epithelial barrier dysfunction. In-
triguingly, this same reactivity to flagellins was seen
in patients with Crohn’s disease, implicating the
TLRj5 ligand flagellin as an immunodominant anti-
gen in both human and animal models of IBD [26].

TLR9. TLR9 recognises a CpG oligodeoxynu-
cleotide motif (CpG ODN) unique to bacterial DNA

[17, 18, 20, 21]. In contrast to the diminished ca-
pacity of normal epithelial TLR2, TLR4 and TLR 5
to respond to luminal microbiota, there is growing
evidence that probiotic bacteria and DNA can signal
through TLR9 on intestinal epithelial cells and that
the latter can thereby mediate anti-inflammatory
immune functions [37, 38]. CpG ODN are best
known for their ability to induce the secretion of
pro-inflammatory cytokines (e.g. IL-12 and IFNs)
from haematopoietic cells [39]. However, it has
recently been demonstrated that CpG ODN can
also elicit the production of prostaglandins, such
as PGE, [40, 41]. This increase in prostaglandin
production occurs through transcriptional regula-
tion of COX-2 gene expression and is dependent
on the endosomal acidification/processing of CpG
DNA, the TLR9/MyD88 signalling pathway and
NFkB and p38 MAP kinase [42, 43]. The expression
of TLR9 mRNA differs between humans and mice.
It has been reported that functional TLR9 is only ex-
pressed on B-cells and plasmacytoid dendritic cells
(DC) in humans, although mRNA has been detected
in NK-, NKT-, T-cells and macrophages [39, 44]-
In mice, the expression pattern is similar, but func-
tional TLR9 has also been reported on monocytes
and myeloid DC [45]. TLR9 was originally iden-
tified in 2000 as a receptor that recognised bacte-
rial DNA [46]. The precise optimal sequence mo-
tifs are host-species specific and in humans it is
now clear that TLR9 can recognise at least three
distinct classes of unmethylated CpG ODN [47].
For example CpG ODN of the B-class can stim-
ulate strong B cell responses, while plasmacytoid
DC are strongly stimulated by A-class ODN. The
responses of epithelial TLRg to CpG ODN classes
have not been extensively studied; however, TLRg
stimulation in B-cells and DCs directly upregulates
a cytokine/chemokine cascade that directs the mat-
uration and differentiation of NK cells, T cells and
monocytes.

TLR9 mediated down-regulation of pro-inflam-
matory responses has now been demonstrated in
several animal models of colitis. The adminis-
tration of either CpG ODN or DNA isolated
from probiotic bacteria inhibited the production
of pro-inflammatory cytokines and ameliorated
clinical and histological colonic inflammation in



MICROBIAL SENSING IN THE INTESTINE 37

DSS-colitis, TNBS-colitis and in IL-10™/~ mice [37,
38, 48]. Signalling through TLRg is essential in me-
diating the anti-inflammatory effects of probiotic
DNA; however, it is unclear which TLR9-expressing
cell type is critical [38].

TLR mutations, infections and inflammatory bowel
disease. TLR4 mutations have been associated with
hypo-responsiveness to LPS in both humans and
in animal models [49-54]. The TLR4 Asp229Gly
polymorphism is associated with impaired LPS sig-
nalling and increased susceptibility to gram-negative
infections [ 55, 56]. This mutation is associated with
both Crohn’s disease and ulcerative colitis with a
relative risk of 2.6 [57]. In addition, a second poly-
morphism in TLR4, which results in impaired LPS
signalling, Thr3gglle, has also been found with in-
creased frequency in ulcerative colitis patients [58].
The importance of host recognition of microbial
products in the control of inflammation is also rein-
forced by the recent report of an increased frequency
of polymorphisms of the TLRg gene (-1237 C/T)
in patients with Crohn’s disease [59]. Conversely,
TLR2 polymorphisms predispose people to staphy-
lococcal infections, leprosy and tuberculosis and a
TLR§ polymorphism is associated with susceptibil-
ity to legionnaires’ disease, but no association with

inflammatory bowel disease has been reported for
either TLR2 or TLR§ [60—64].

NOD-intestinal expression and function

NOD1 and NOD2 represent a second group of pat-
tern recognition receptor molecules [65-67]. NOD1
and NODz2 share a common feature, namely the
presence of a nucleotide-binding oligomerisation
domain (NOD), which is also shared by a num-
ber of molecules of diverse function, the so-called
‘NOD family’. NOD1 and NODz resemble the R
factors in plants that confer resistance to infection
and thus are biologically ancient, although relatively
new to us. NOD2 has two copies of an amino termi-
nal CARD domain (caspase activation and recruit-
ment domain), whereas NOD1 has one CARD do-
main (Fig 3.2). CARD domains are found in some
proteins that mediate apoptosis, although it remains
to be seen whether NOD1 or NODz2 function in an
apoptotic pathway. The official nomenclature has
named NOD1 as CARD4 and NOD2 as CARD15
but the NOD designation is still commonly used.
Activation of either NOD1 or NOD2 causes them
to physically associate with an adapter protein RIP2
via CARD-CARD interactions. RIP2 then interacts
with IKKYy triggering the NF-«kB signalling pathway.

Molecule Domain structure Ligand
NODI/CARDS @by GMetripgy
CARD NOD LRR
MDP

NOD2/CARDIS5 Q@—_—'E}ENENE}BB?BEW

R702W  G908R 1007fs insC

Fig 3.2 Domain structure and ligands of NOD1 and NOD2. The major differences are that NODt has one CARD

domain whereas NOD2 has two. In addition NOD1 has 9 LRR regions whereas NOD2 has 10. The mutations in NOD2
resulting in enhanced susceptibility to Crohn’s disease are all in or adjacent to the LRR domain as shown; the most distal
mutation results in truncation of the tenth LRR region. Both NOD1 and NOD2 recognise similar but distinct
muropeptides, which are bacterial peptidoglycan degradation products. The ligand specificity of NOD1 is for GM-tripap
that is present in gram-negative bacteria plus some bacillus species, but not most gram-positives. The minimal ligand
recognised by NOD2 is muyramyl dipeptide or MDP, which is present in both gram-positive and gram-negative bacteria.
GM-tripap, N-acetylglucosaminyl- N-acetyl muramyl- L-alanine-y-D-Glu-meso- diaminopimelic acid; MDP, N-acetyl
muramyl- L-alanyl- D- isoglutamine.
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Thus, the end result of the bacterial ligand—-NOD in-
teraction is similar to that of the TLRs, albeit using
different adapter proteins (Fig 3.1). In fact, the NOD
and TLR pathways may interact via RIP2 in that
TLR ligands elicit lower responses in RIP2 knock-
out mice [68].

What is the function of NODs? The presence of a
leucine-rich repeat region in NOD1 and NOD sim-
ilar to that seen in the TLRs initially raised the sus-
picion that these molecules might serve as pattern
recognition receptors. NOD1 and NOD2 are ex-
pressed in the cytosol, rather than the cell surface
and thus are localised optimally to detect intracellu-
lar bacterial products. Indeed, the original descrip-
tion of NOD2 demonstrated that a crude prepara-
tion of lipopolysaccharide introduced into the cy-
tosol was detected by NODs, which then activated
NF-«kB [69]. Subsequent studies have shown con-
vincingly that the ligand is not lipopolysaccharide
but rather is bacterial peptidoglycan, another cell
wall constituent present in bacteria. The NODs ap-
pear to recognise small muropeptides that are break-
down products of peptidoglycan [9, 10]. The min-
imal ligand for NOD1 is GM-tripap that is present
in gram-negative bacteria plus some gram-positive
bacillus species. In contrast, the minimal ligand for
NODz: is muramyldipeptide, which is expressed in
both gram-positive and gram-negative bacteria (Fig
3.2). Both these ligands are known to have adju-
vant function for the induction of immune responses
and this action is presumably mediated by activa-
tion of NOD1 or NOD2 in antigen presenting cells.
NOD1 has been shown to play a key role in de-
tecting invasive gram-negative bacteria in epithelial
cell lines in vitro [11]. Interestingly, the expression
of NODz in intestinal epithelial cells confers re-
sistance to Salmonella infection of those cells [70];
the mechanisms by which NOD2 accomplishes this
remain to be defined. Although the NODs are ex-
pressed intracellularly and the TLRs on the cell sur-
face, NOD1 has been shown to be able to detect
extracellular bacteria such as H. pylori which can
inject bacterial products into cells via a type 4 se-
cretion apparatus [71]. In turn, TLRs can detect
bacterial ligand within endosomes or phagolyso-
somes within the cells [72]. Thus, this distinction

between extracellular and intracellular sensing is not
absolute.

Cellular distribution of NOD1 and NOD:z. In
addition to the differences in binding specificity,
NOD1 and NODz2 differ in their cellular distri-
bution. NOD1 is expressed in a wide variety of
cells, including intestinal epithelial cells and immune
cells. NOD1, NOD2 and a number of TLRs are ex-
pressed by intestinal myofibroblasts that sit just be-
low the epithelial layer; these cells may also partic-
ipate in innate defence of the intestine [73]. NOD2
expression is more restricted. NOD2 is expressed in
high amounts in blood monocytes and in intestinal
Paneth cells and in lower amounts in dendritic cells
and IEC. The importance of these different levels
of expression are not clear in that the amount of
NODz2 needed for bacterial sensing in a given cell
type is unknown. The expression of high amounts
of NODz2 in Paneth cells was unexpected and is in-
triguing [74]. Paneth cells are localised mainly in the
base of the crypts in the ileum and caecum and these
cells are known to produce and release bacteriocidal
peptides known as defensins.

NOD:2 mutations and Crobn’s disease. NOD2/
CARDr5 is of particular interest to gastroenterol-
ogy because mutations in its gene confer suscepti-
bility to the development of Crohn’s disease. Three
mutations are particularly important at conferring
susceptibility and all are in or near the leucine-rich
repeat domain (Fig 3.2). Individuals homozygous
for these mutations or individuals carrying any of
the three mutations on both NODz2 alleles, called
compound heterozygotes, have a 20-40-fold in-
crease in susceptibility to Crohn’s disease. The mech-
anisms by which mutations in NODz2 are able to in-
duce Crohn’s disease remain unknown. The major
working hypothesis is that the mechanism involves
a loss of bacterial sensing by the mutant NOD2. In-
deed, the three major mutations occur in or near
the leucine-rich repeat region and do appear to re-
sult in a loss of bacterial sensing. Why NODr or
the other TLRs would not compensate for such a
mutation has yet to be explained. It is quite pos-
sible that NOD2 has functions other than bacte-
rial sensing that have yet to be elucidated. Indeed, a
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recent report implicates NOD2 as a negative regula-
tor of the TLR2 pathway [75]. These studies utilised
cells from NOD2-deficient mice, which, interest-
ingly, have no reported intestinal pathology [76].
Macrophages from NOD2-deficient mice, however,
failed to respond to muramyldipeptide stimulation.
Yet a third possibility is that the NODs may turn out
to play some role in apoptosis that is not yet defined
[77]. Lastly, one possible interpretation of the local-
isation in Paneth cells is that NOD2 may play a role
in the release of defensins by Paneth cells and that
the mutant NOD2 may have an impaired release
leaving the ileocaecum more vulnerable to microbes
[31]. This idea is difficult to reconcile with the re-
port that there is a deficiency of Paneth cell alpha
defensins HD 5 and HD6 mRNA in the ileum of pa-
tients with Crohn’s disease and that this deficiency
was more pronounced in patients with mutations in

NODz:2 [78].

Is the NOD2 genotype of patients clinically helpful?
Studies on the phenotype of individuals with NOD2
mutations have shown that these mutations are as-
sociated with Crohn’s disease of the ileum, a younger
age at onset and perhaps the presence of stricturing
disease. There is controversy over whether the stric-
turing disease is an independent variable or whether
it is simply a concomitant of the ileal localisation.
There is no evidence that NOD2 mutations pre-
dict disease severity or the long-term course and
behaviour of Crohn’s disease. Patients with NOD2
mutations respond in the same way to infliximab as
do patients without NOD2 mutations. There are no
data as yet on NOD2 mutations and other thera-
pies, but there is no reason to suspect that the re-
sult would be different. Because NOD2 mutations
account for a minority of cases with Crohn’s dis-
ease and the absolute risk of developing Crohn’s dis-
ease if one is homozygote for NOD2 mutations is
only 3%, at the present time there is no clinical util-
ity for measuring NOD2 genotype in patients, pa-
tient families or persons suspected of having Crohn’s
disease [79].

The identification of NOD2 as a microbial pat-
tern recognition receptor and is coherent with a
large body of research in experimental animal mod-
els of inflammatory bowel disease [8o]. Many of

these models have been generated by experiments in
which a gene has either been deleted or transgeni-
cally inserted. A common feature is the observation
that the enteric bacterial flora drives intestinal in-
flammation in virtually all of these models. Many of
these models have features that mimic those of hu-
man Crohn’s disease and this infers that the bacterial
flora may also drive human IBD. The discovery that
immune reactivity to bacterial flagellins is present in
multiple experimental models and in about half of
patients with Crohn’s disease supports this notion
[26].

Summary

Host interactions with microbes at the intestinal sur-
face are complex and poorly understood. A concept
that is emerging from current research is that nor-
mal intestinal homeostasis depends on interactions
between microbes, the intestinal epithelium and in-
testinal immune cells. Each of these components ap-
pears to communicate with the other two and these
interactions may well form a self-reinforcing circuit.
It seems likely that the TLR and NOD pattern recog-
nition receptors participate in this dialogue between
the commensal flora, the intestinal epithelium and
immune cells. There will undoubtedly be much ad-
ditional research on this topic in the coming years.
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Introduction

The pathogenesis of Crohn’s disease (CD) and ul-
cerative colitis (UC), the two major forms of in-
flammatory bowel disease (IBD), involves a com-
plex interaction between genetic, environmental and
immunological factors, with luminal bacteria ap-
pearing to be a significant factor in the onset and
chronicity of inflammation in both diseases. There
is substantial evidence that luminal microbial fac-
tors play a critical role in the aetiology of these dis-
eases. IBD primarily occurs in areas of the intestine
with the highest bacterial concentration [1]. Patients
with Crohn’s disease respond to diversion of the fae-
cal stream and suffer relapsing injury when luminal
contents are re-introduced [2, 3]. Under normal con-
ditions, mucosal tolerance exists towards the high
numbers of bacteria found in the gut, that is, an im-
mune response is not mounted against these bacte-
ria. Patients with IBD exhibit a loss of tolerance to
commensal micro-flora, as evidenced by enhanced
T-cell and humoral immune responses [4, 5]. To sup-
port this concept of a breakdown of tolerance to gut
bacteria, van der Waalij et al. [6] have shown that in
healthy individuals, only a small fraction of luminal
bacteria are coated with IgA, IgG or IgM, whereas
IBD patients with active disease have an increased
percentage of immunoglobulin-coated faecal anaer-
obic bacteria. This loss of tolerance may occur as
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a result of several contributing factors, including
alterations in regulatory T-cell function, defects in
bacterial antigen recognition, a breakdown in gut
barrier function and/or dysbiosis in the balance be-
tween beneficial and inflammatory microbes within
the lumen of the gut.

It is becoming evident that genes regulating mu-
cosal immune responses and microbial recognition
and defence mechanisms define the host response to
enteric micro-flora and subsequent susceptibility to
developing inflammatory bowel disease. The recent
case report of a patient with Hodgkin’s lymphoma
developing Crohn’s disease following allogenic stem
cell transplantation when the donor exhibited no
signs of clinical disease [7], is evidence that devel-
opment of clinical disease requires both genetic sus-
ceptibility and a particular local environment within
the gut. The identification of NOD2 (CARD15) as
a susceptibility gene for Crohn’s disease [8] has led
to a new appreciation of the role of the innate im-
mune system in the pathogenesis of inflammatory
bowel disease. NOD2(CARD1 ) is an intra-cellular
protein that recognises and activates intra-cellular
signalling pathways in response to muramyl dipep-
tide (MDP), a basic component of the cell wall
of both gram-positive and gram-negative bacteria
[9]. NODz2 variants associated with Crohn’s disease
demonstrate altered NF-kB activation and defensin
expression, resulting in a defective clearance of in-
vasive bacteria [10, T1]. Recent studies showing an
association between IBD and polymorphisms in the
toll-like receptors responsible for recognising and
responding to bacterial lipopolysaccharide (TLR4)
[12] and bacterial DNA (TLR9) [13] further support
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Table 4.1 Pathogenic microbes associated with
inflammatory bowel disease.

Microbe Reference
Bacteroides [14-18]
Enterobacteria [19, 16]
Butyrivibrio, Rosburia, [20]

Thermotoga, Clostridium

Adherent/Invasive E. coli [15, 21, 22, 23, 24, 25]

Enterococcus faecalis [26]
Fusobacterium varium [27, 28]
Listeria monocytogenes [29, 30]
Helicobacter [31, 32]
Pseudomonas fluorescens [24, 25]
Clostridia [16]
Chlamydia pneumoniae [33]

the concept of a link between a defective innate im-
mune response to micro-flora and the development
of IBD. It has been hypothesised that these defective
responses by the innate immune system to luminal
micro-flora could result in a failure to clear microbes
from the mucosa and cause a subsequent chronic
inflammatory state characterised by heightened ac-
quired immune responses. However, the possible
presence of pathogenic microbial strains in patients
with inflammatory bowel disease still cannot fully
be discounted, especially considering 30—40% of the
colonic micro-flora still cannot be cultured and be-
longs to undefined phylogenic groups (Table 4.1)

[29, 33].

Commensal micro-flora

Bacteria are found throughout the entire intestine,
but are concentrated in the colon. The stomach
and small intestine have a sparse micro-flora of
approximately 105 colony-forming units (CFU)/mL
contents of primarily Lactobacilli sp. In the ileum,
micro-flora concentrations increase to 10%-107,
finally reaching ro**—10** CFU in the colon [34].
It is estimated that more than 400-500 bacterial
species are inhabitants of the human colon, with five
genera accounting for the majority of anaerobic bac-
teria: Bacteroides, Eubacterium, Bifidobacterium,
Peptostreptococcus and Fusobacterium [34]. How-
ever, the recent use of molecular techniques based

on nucleic acid sequence comparisons suggests that
these numbers, which are based on conventional
culture, could be significantly underestimating both
numbers and species diversity [35]. The typical in-
testinal flora in humans eating a western-style diet
consists of the following organisms, in decreasing
order of concentration: (1) Bacteroides, Eubacteria,
Peptostreptococci and Bifidobacteria (10"°-10'"
cfu/gm faeces; (2) Enterobacteria and Streptococci
(108-10? cfu/gm faeces), the former includes mainly
Escherichia coli, with some Klebsiella and Proteus
species; (3) Lactobacilli (105-10% cfu/gm) and (4)
Clostridia and Staphylococci. Various other facul-
tative and aerobic bacterial strains are also found
sporadically throughout the small and large intes-
tine. There exist several different habitats within the
gastrointestinal tract, which micro-organisms have
adapted to. The endogenous flora differs between
the small and large intestine and between right and
left colon and rectum. Micro-organisms within the
mucus layer of the colon are different from those in
the lumen and from those living in close proximity to
the surface of epithelial cells [1]. Each individual has
his or her own unique combination of micro-flora,
which remains stable over time. However, this large
physiological inter-individual variation in micro-
flora creates a challenge to the identification of or-
ganisms potentially involved in diseases processes.
Micro-organisms are critical for the proper de-
velopment of a competent immune system and exert
influence over the structural and functional devel-
opment of the gut. Bacteria colonise the intestine
within hours of birth, with the first organisms be-
ing Enterobacteria and Enterococci, followed by
colonisation with Bifidobacterium [36]. The in-
troduction of solid food causes a major shift in
bacterial strains colonising the colon, with a rise
of Enterobacteria and Enterococci, followed by
colonisation with Bacteroides spp, Clostridia and
anaerobic Streptococci. There is evidence that early
colonisation of the gut may be influenced by ge-
netic make-up of the host [37] and also that the
early colonisers can influence gene expression in the
host to generate a beneficial environment for them-
selves [38]. In weaned infants, children and adults,
the composition remains relatively stable, unless
disturbed by frequent use of antibiotics [39—41].
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Overall, evidence is accumulating that the compo-
sition and activity of the intestinal micro-flora has
a significant impact on the health of the host, due
to its influence on the mucosal immune system and
physiology of the intestinal tract [42, 43].

Factors affecting colonic micro-flora

Numerous environmental factors influence the in-
testinal micro-flora. Diet, infections and the use of
antibiotics and/or other drugs can significantly alter
the types and numbers of bacterial species present.
In addition, several bacteria, such as Bacteroides,
Enterobacter and Enterococcus, can release com-
pounds that act as growth stimulators, or, con-
versely, growth inhibitors, for other species [44].
Thus, the levels of particular bacterial strains in the
colon may be regulated, in part, by the presence or
absence of other bacterial species. Furthermore, fac-
tors such as gastric acidity, intestinal motility, re-
dox potential, immune status of the host and the
presence of adherence factors can alter colonisation.
Although ethnic origin and climate do not appear
to be major determinants of intestinal micro-flora
[45], geographical differences are seen in colonic
micro-flora, although it is thought that differences
are linked with the diets associated with the different
regions [46].

Evidence from animal models

Animal models were crucial in early experimenta-
tion on infectious diseases, where they demonstrated
fulfillment of Koch’s postulates for disease-causing
organisms. Although inflammatory bowel disease
cannot at this time be explained by a simple one-
agent-one-disease infectious model, the develop-
ment of genetically altered animal models and the
use of naturally occurring animal models of IBD
have demonstrated that the luminal flora is essen-
tial to disease expression. However, these studies
have also shown that the interaction between the
mucosal immune system and its often troublesome
guests is far more complex than a traditional infec-
tious model.

The first of Koch’s postulates states that an infec-
tious agent should be present in all individuals with

disease but not in healthy subjects. Micro-flora are
present in the intestinal lumen of all normal individ-
uals and studies in animal models of IBD demon-
strate that the absence of luminal micro-flora will
prevent disease expression. The absence of intestinal
inflammation in germ-free animals genetically pre-
disposed to inflammatory bowel disease has been
demonstrated in multiple animal models, including
the IL-1o and IL-2 deficient mouse models [47—49],
the inbred SAMP1/Yit mouse [50], the HLA-B27
rat transgenic model [14] and various chemically in-
duced models [1, 51]. In addition, some studies have
demonstrated a dose-response correlation between
the load of intestinal bacteria and the magnitude
of inflammatory bowel disease expression [52]. Al-
though luminal flora are necessary for disease onset
in these animal models, the severity and location of
lesions, as well as the rate of disease progression,
is influenced by the genetic background of the host
and by the composition of the micro-flora (53, 54].
It is clear that not all bacterial species are able to
induce inflammation [55] and, in fact, some bacte-
rial strains are immunosuppressive [56, 57]. Inter-
estingly, effects of bacteria also appear to be specific
to various regions of the gut [55, 58]. In IL-10-
deficient mice, Enterococcus faecalis [26] and some
Helicobacter species [31, 32] but not others [59],
induce colitis, while Lactobacillus reuteri [57], L.
plantarum [60), L. salivarius [61], Bifidobacterium
infantis [61] and VSL3 [62], a combination of eight
bacterial strains, exert beneficial effects. In the HLA-
B27 transgenic rat model, a mixture of six bacterial
strains induced colitis [14], but the same mixture
had relatively minimal effect in IL-ro-deficient mice
[47]. In a similar fashion, Bacteroides vulgatus in-
duced severe colitis in HLA-B27 rats [52], but only
very mild disease in IL-to-deficient mice [47]. In ad-
dition to variation between mouse and rat models
in response to defined micro-flora, there is also con-
siderable variation in the development of colitis in
different inbred mouse strains with the same genetic
variance, even to the same micro-flora, indicating a
major contribution from genetic background modi-
fiers [53, 54]. Thus, although the exact nature of the
interaction between the intestinal immune system
and its resident micro-flora is far from understood,
these and other experiments in animal models have
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suggested several conclusions. First, certain strains
of bacteria appear to be more likely to induce dis-
ease than others; second, no single bacterial strain
will consistently induce disease in all models and
third, the host genetic background significantly in-
fluences disease severity and progression even in the
presence of the same bacterial strains.

Koch’s second postulate requires that an infec-
tious organism be isolated and grown in pure cul-
ture. However, the enteric flora contains many dif-
ferent species of bacteria, an estimated 30-40% of
these species have not been cultured or identified,
and none have yet proven to be individual causative
agents in humans. In fact, it is not known yet if live
bacteria are necessary, or whether non-viable bac-
terial products may be sufficient to initiate and per-
petuate inflammatory bowel diseases. Recent work
has shown that naked bacterial DNA can both sup-
press [63—65] and exacerbate inflammation [66, 67],
depending upon which bacterial strain the DNA is
isolated from, suggesting that live organisms may
not even be necessary. Koch’s third and fourth pos-
tulates required that the inoculation of an isolated
organism into a healthy animal produce disease, and
that the organism must be re-isolated from the newly
diseased animal. Early animal experimentation in
Crohn’s disease once again suggested that inflamma-
tory bowel disease would be a more complex model,
when the inoculation of faecal flora from patients
suffering from Crohn’s disease into germ-free rats
failed to produce colitis or ileitis [68]. In addition,
in many rodent models, mucosal inflammation can
be transferred by injecting either isolated CD4+ T
cells or lamina propria lymphocytes derived from
diseased animals into immune-deficient mice, with-
out the presence of live micro-organisms [1].

Alterations in microbial flora in IBD

Although no specific microbe has been conclusively
linked with either Crohn’s disease or ulcerative col-
itis, numerous studies using both culture-dependent
and independent molecular techniques have shown
that significant differences exist in both diversity and
location of bacterial species in IBD patients com-
pared with healthy individuals [15, 19, 21, 27, 28,
69—72]. Earlier studies using immunohistochemical

methodology demonstrated the presence of anti-
gens of E. coli and Streptococci in lamina propria
macrophages under ulcers and fissures in Crohn’s
disease patients [24, 25]. In more recent studies, it
has been reported that certain invasive E. coli strains
with adhesive-like qualities are more likely to be
found associated with the ileal mucosal of Crohn’s
disease patients [22, 23]. In some studies, IBD pa-
tients demonstrated increased levels of Bacteroides
and Enterococci and decreased Lactobacillus and
Bifidobacterium sp., especially during periods of ac-
tive disease [19, 22, 71]. A common finding in both
human IBD patients [16, 73, 74] and animal mod-
els of IBD [57] is a higher number of bacteria found
closely associated with or adherent to the mucosa.
Studies using 16S rDNA-based single-strand con-
formation polymorphism and real-time PCR have
demonstrated a reduction in bacterial diversity in
both Crohn’s disease and ulcerative colitis patients
due primarily to the loss of anaerobic bacteria [69].
However, in that up to 30% of the micro-flora in
IBD patients has been shown to belong to undefined
phylogenic groups [19]; substantially more work
needs to be carried out in this area to conclusively
identify all IBD-associated micro-flora.

Systemic immune responses to micro-flora

Although CD4+ T cells play a central role in the
immune perturbations of IBD, human and animal
studies suggest that only a small number of bacte-
rial antigens appear to stimulate pathogenic T-cell
responses [75, 76]. Using molecular techniques, spe-
cific reactivity to an antigen (I2) from Pseudomonas
fluorescens (77, 78] and to the outer membrane
porin protein C of Escherichia coli (anti-OmpC)
have been described with a sero-prevalence for anti-
OmpC of §5% and anti-I2 of 50% in Crohn’s
disease [79]. Reactivity to specific bacterial flag-
ellins from the genera Butyrivibrio, Rosburia, Ther-
motoga and Clostridium have also been reported
in Crohn’s disease, but not ulcerative colitis [20].
These newly described sero-reactivities complement
and extend previous studies examining the preva-
lence of antibodies directed against the oligomannan
component of Saccharomyes cerevisiae (ASCA) and
the perinuclear component of neutrophils (PANCA)
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and their usefulness as diagnostic tools for in-
flammatory bowel disease [80]. It appears that
IBD patients display individual patterns of sero-
reactivity against these bacterial antigens and can
be grouped into subsets based upon microbial sero-
reactivity. Given the complexity of the intestinal
micro-flora and the heterogeneous nature of inflam-
matory bowel disease, it is not surprising that these
different patterns of sero-reactivity are appearing.
A strong relationship between phenotypic disease
expression and progression, and the presence and
magnitude of systemic immune responses to these
microbial antigens has been shown to exist in pa-
tients with Crohn’s disease [81, 82] and it will be in-
teresting to determine if response to treatment also
correlates with microbial reactivities.

Harnessing the bacteria: pre-, pro-
and antibiotics

The most practical proof of principle that inflam-
matory bowel disease represents a deranged rela-
tionship with the enteric flora lies in the obser-
vations that therapies aimed at modifying luminal
microflora are beneficial. Antibiotics have been in
widespread use for many years, so it is no surprise
that they were some of the earlier drugs to receive
attention as possible treatments for inflammatory
bowel disease. Indeed, because a luminal bacterial
flora must be present for IBD to be expressed, it is
intuitive that long-term complete bowel sterilisation
with antibiotics could result in clinical remission.
Although treatment of that intensity is probably
not realistic, selective reduction of colonic bacterial
loads with a variety of antibiotic agents, in a va-
riety of clinical settings, has been attempted. For
example, metronidazole, whose specificity is pre-
dominantly anaerobic, has demonstrated some ef-
ficacy as primary therapy for active Crohn’s disease
alone [83, 84], or in combination with ciprofloxacin
[85]. It has also been effective in the setting of post-
surgical prophylaxis for Crohn’s disease and pou-
chitis following ileoanal pouch anastomosis [86,
87]. Ciprofloxacin, whose specificity is predomi-
nantly aerobic, has also had promising results in
active Crohn’s disease [88] and pouchitis [89]. Un-
fortunately, research on antibiotics in inflammatory

bowel disease has often been of poor quality and
yielded inconclusive results, but, despite these weak-
nesses, antibiotics remain a part of the therapeu-
tic armamentarium for IBD [9o]. Selective antibi-
otics for IBD treatment might hold more promise
if they were able to selectively target relatively
pathogenic strains while sparing beneficial bacteria.
Such a strategy remains currently in the theoretical
realm.

Probiotic therapy seeks to improve the disease
course by replenishing or generating a protective
bacterial flora. Several mechanisms have been pro-
posed by which probiotic bacteria might exert a
beneficial influence. First, probiotics might success-
fully compete with more pathogenic bacteria for a
niche in the human bowel [91, 92]. This could oc-
cur by direct competition for a limited number of
surface receptors, by secretion of factors toxic to
pathogenic bacteria or by alteration of the chemical
environment — for example, the luminal pH [93].
Second, probiotics might exert a beneficial effect on
luminal immune regulation by decreasing produc-
tion of pro-inflammatory cytokines like TNFa and
IFNy and increasing production of cytokines with a
mediating effect, like IL-10 and TGFB [57, 94-98].
Third, probiotics may improve epithelial defences
against more pathogenic bacteria by enhancing ep-
ithelial barrier function and stimulating IgA secre-
tion [62] (Table 4.2).

The exact mechanism through which probiotics
exert their effects may vary depending on the organ-
ism being harnessed for therapy. This can compli-
cate understanding of the literature, because a wide
range of organisms are under study. Research using
various probiotic substances in diverse clinical set-
tings has had understandably variable conclusions,
but has been particularly promising in maintaining
antibiotic-induced remission of pouchitis [56, 137].
Probiotic therapies have often been inventive, as il-
lustrated by one study in which faecal enemas de-
rived from healthy donors were administered to
active UC patients [138]. Although the existing lit-
erature on probiotics remains too inconsistent for
routine use in clinical practice [139], positive expe-
riences leave little doubt that there are physiologic
benefits that can be gained through the use of faecal
flora modification.
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Table 4.2 Biologic effects of probiotic bacteria.

Mechanism of action Biologic effect References
Epithelial barrier Enhanced epithelial resistance [62]
Enhanced phosphorylation of actinin and [99]
occluding
Upregulation of MUC3 mRNA and [roo]
secretion
Maintenance of F-actin and transport and [to1]
enzymatic activity
Reduced colonic permeability [102]
Enhanced epithelial cell glycosylation [103]
Antibody production Enhanced Ab production [to4-116]
Cell mediated immunity Enhanced phagocytic activity
Antigen presentation Enhanced NK activity
Modulation of dendritic cell phenotype and
function
Cell signalling Modulation of NF-«kB pathway [63]
[t117, 118]
Apoptosis Prevention of apoptosis [r19]
Induction of apoptosis [120]
Anti-oxidative Enhanced survival in oxidative environment [r21]
Inhibited linoleic acid peroxidation
Scavenge DPPH-free radicals
Adhesive properties Prevention of pathogenic strains from adhering [92]
to epithelial cells
Disease-specific adhesion [o1]
Strain-specific adhesion [122-124]

Anti-microbial

Cytokine production

Production of organic acids
Hydrogen peroxide

Bacteriocins

Reduction of luminal pH
Increased pro-inflammatory and/or
Decreased pro-inflammatory

[t11, 125-130]

[57, 63,95, 96, 131-136]
[61, 98]

The newest, and perhaps most elegant experi-
mental therapy applying faecal flora modification
for the treatment of IBD involves prebiotics. Pre-
biotics are substances, generally undigested carbo-
hydrates, which selectively alter the faecal flora
in favour of beneficial organisms, most commonly
Lactobacillus and Bifidobacterium. They are theo-
retically tempting because they are relatively innocu-
ous, promote the growth of favourable colonic bac-
teria and provide that flora with the building blocks
required to produce beneficial substances such as
short-chain fatty acids [140, 141]. Human studies in
ulcerative colitis have been promising, demonstrat-
ing that germinated barley foodstuffs can alter the

faecal flora in a theoretically beneficial way, while
perhaps inducing clinical improvement, but the data
remain preliminary in nature [142-144].

In summary, although many therapies target-
ing the luminal flora remain experimental, adequate
evidence exists to conclude that the luminal flora
plays a crucial role in inflammatory bowel disease
expression. The continued use of molecular tools to
identify and characterise gut micro-flora will greatly
aid the quest to find the triggers for the develop-
ment of disease. Furthermore, investigations aimed
at determining the mechanisms underlying the al-
terations in the micro-biota associated with inflam-
matory bowel disease will likely yield new answers,
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and have the potential to open up new and exciting
avenues for therapy based on modifying the luminal

environment.
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Introduction

The cause of ulcerative colitis (UC) or Crohn’s dis-
ease (CD) is unknown. It is generally accepted that
the inflammatory disease is a result of a genetically
determined unbridled immune response to an en-
vironmental agent. The environmental agent may
well be components of the normal gut flora or a
‘pathogen’ that has been difficult to identify. On the
other hand, the exact nature of the abnormality in
the immune response also remains to be defined.
Recently a number of case control studies searching
for risk factors associated with the development of
IBD have identified a negative association between
previous appendectomy and ulcerative colitis. The
implications of these observations have received fur-
ther support from studies in mouse models of col-
itis. The normal function of the appendix is not
well understood, and is often considered a redun-
dant non-essential mammalian vestige of the Bursa
of Fabricius found in birds; yet the immune function
of the mammalian appendix is also not clear. Yet
the removal of the appendix early in life appears to
decrease the risk of developing UC. In this chapter
we will explore the epidemiological evidence sup-
porting an association between appendectomy and
the protection against ulcerative colitis, and then ex-
plore some of the work attempting to define the un-
derlying mechanism of such an association.

Epidemiological observations

Cohort studies suggesting a negative association
between appendectomy and ulcerative colitis

In order to determine if there is a possible as-
sociation between appendectomies and the future

development of UC, one would design a randomised
control trial. This not being possible, we are left
to consider data from cohort studies. Indeed, the
concept that a negative association exists between
appendectomies and UC was first suggested in co-
hort studies designed to identify risk factors for the
development of CD and UC. One of the first such
studies was an international case control study of
197 UC and 302 CD patients who were less than 20
years old at the time of diagnosis. This study showed
that only 3% of UC patients had a previous his-
tory of having had an appendectomy, although the
age-matched control patient population had a 10%
incidence of previous appendectomies and this was
statistically significant. Interestingly, this study also
showed that CD patients had a 16% incidence rate
of appendectomies suggesting either no association
or an increased risk (p < o.o15) [1].

This study was followed by a number of case
control studies such as the study of hygiene prac-
tices in British children where it was shown that
there was an association between ‘hot running
water’ and CD but not UC. This study also showed
that children who had a previous appendectomy
had a relative risk of developing UC of 0.3 (i.e.
a negative association) [2]. Other studies reported
odds ratio of 59.1 for the development of UC if
no previous appendectomy versus 2.95 if a non-
smoker [3].

Attempts were then made to distinguish be-
tween primary appendectomies (surgery for appen-
dicitis) versus incidental appendectomies (removal
of the appendix for other reasons). In a case con-
trol study where UC (# = 197) and CD (n = 117)
patients were compared to dermatology outpatients
(n=243) there was a reduced rate of primary
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appendectomy in the UC group (adjusted odds ratio
0.20, p < 0.0005) but not in the Crohn’s disease pa-
tients (adjusted odds ratio 0.93). These data suggest
that ‘appendicitis’ may occur less commonly than
would be expected in individuals who go on to de-
velop UC [4].

A repeat case control study using control pa-
tients undergoing elective surgery and aimed at eval-
uating suspected risk factors for IBD, showed that
4.5% of UC patients reported a previous appendec-
tomy compared with 19% of controls (OR o.20,
p < o.0001). This inverse association was stronger
for appendectomy performed before age 20 (OR
o.14) [5].

A formal meta-analysis of 13 studies published
between 1987 and 1999 was published in 2000.
The 13 case-control studies involved 2770 patients
with UC and 3352 controls. Combining the results
gave an overall odds ratio of 0.307 (95% Cl 0.249—
0.377) in favour of appendectomy (p < 0.00071).
This suggests that appendectomy gives a 69% re-
duction in the risk of developing UC [6]. This group
has recently updated their analysis to include four
new studies and reported an overall odds ratio of
0.312 (95% CI 0.261-0.373) in favour of appen-
dectomy (p < o.0001) [7].

Since these meta-analysis studies, Hallas et al.
published a large-scale cohort study that attempted
to define if the appendix itself has biologic effects
that promote the development of UC. Towards this
end, they examined a population-based cohort of
all 234,559 persons who had an appendectomy
performed in Denmark from 1977 to 1999. They
calculated the standardised incidence rate of UC
both before and after the appendectomy. If the hy-
pothesis of a constant, confounding factor were
true (e.g. a genetic factor), incidence rates of UC
would be equal before and after appendectomy. If
the incidence of ulcerative colitis were lower af-
ter appendectomy than before, it would support
the contention that there is a true protective ef-
fect of appendectomy on UC. Their results showed
that of 234,559 persons who had an appendec-
tomy, 559 developed UC during a mean follow-up of
17.5 years. The standardised incidence rate of ulcer-
ative colitis was lower in the post-appendectomy pe-
riod than in the pre-appendectomy period (incidence

rate ratio = 0.74). Their conclusion was that ap-
pendectomy might have a genuine protective effect
against the development of UC [8].

In an interesting and provocative study, the ef-
fect of appendectomy was studied in patients with
primary sclerosing cholangitis (PSC) and UC. The
phenotype of UC is different in patients with PSC.
In this study from the Brisbane IBD Research Group
database with controls from the Australian twin reg-
istry patients with PSC-inflammatory bowel disease
(PSC-IBD, n = 78) were studied alongside (12 pa-
tients with pure PSC, 294 UC patients without PSC
who were matched with 1466 controls). The re-
sults showed that appendectomy rates in the PSC
groups were not different from the control groups,
in sharp contrast with UC where the rate was four
times less (p = o.0o01). Prior appendectomy ap-
peared to be associated with an approximate 5-year
delay in the onset of intestinal (PSC-IBD or UC) or
hepatic (PSC) disease. Appendectomy did not inde-
pendently alter the extent or severity of disease in
PSC; but, prior appendectomy in UC was associ-
ated with more extensive disease, but with a lesser
requirement for immunosuppression or colectomy
for the treatment of colitis. There were trends for
high-grade dysplasia or colorectal cancer with ap-
pendectomy in both PSC-IBD and UC. Although,
these trends were not statistically significant, col-
orectal cancer appeared more frequent with appen-
dectomy in a meta-analysis of the available UC data
from this and another Australian study, raising a
possible concern if appendectomies were to be con-
sidered for treatment of prevention. Nonetheless,
appendectomy did not influence the prevalence of
the PSC groups, or the extent of colitis in PSC-
IBD, but as with UC, did appear to delay their
onset [9].

In spite of this impressive cumulative evidence
supporting a negative association between appen-
dectomies and the development of UC and possi-
bly even an influence on the natural history of the
disease, several authors have raised a number of
caveats. For example, in a Swedish study, the 1o-
year annual rate of appendectomy has decreased
from 13,000 to 10,000 [10] and yet there has been
no increase in the rate of UC during that time
period [11].
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Studies suggesting that appendicitis may
represent the risk protector

As discussed above, Smithson et al. showed that the
negative association between appendectomies per-
formed for appendicitis had a stronger negative as-
sociation with UC [4]. As a follow-up to this ob-
servation, Andersson et al. studied a large cohort of
212,963 patients who underwent appendectomy be-
fore the age of 50 (between 1964 and 1993). These
patients were identified from the Swedish Inpatient
Register and the nationwide census. The cohort was
followed until 1995. Patients who underwent ap-
pendectomy for appendicitis and mesenteric lym-
phadenitis had a low risk of UC (for patients with
perforated appendicitis, the adjusted hazard ratio
was 0.58; for those with non-perforated appendici-
tis it was 0.76; and for those with mesenteric lym-
phadenitis it was o.57). Interestingly, patients who
underwent appendectomy for non-specific abdom-
inal pain did not show a lowered rate of UC (ad-
justed hazard ratio, 1.06). For the patients who had
appendicitis, an inverse relation with the risk of UC
was found only for those who underwent surgery
before the age of 20 years [11]. These findings, al-
though supportive of the observations reported by
Smithson et al., further suggest that the age at which
appendicitis occurs may have a significant effect on
the likelihood of subsequently developing UC.

In an effort to determine if appendicitis was on
its own a marker of a more diffuse mucosal in-
flammatory disorder or specifically related to UC,
Scott et al. examined surgical pathology over the
period from 1980 to 1994. There was a 48% preva-
lence of appendiceal inflammation in ulcerative col-
itis. This was significantly more that the 8% inci-
dence found in controls, but similar to that found
in Crohn’s disease (52%). Of note was the find-
ing that the inflamed appendices from IBD patients
tended to show histological features typical of UC or
CD rather than acute appendicitis. Therefore, it was
concluded that in UC and in CD, appendiceal in-
flammation can occur as a skip lesion and histologi-
cally resembled the colonic disease rather than acute
appendicitis. How this serves to explain the lower
prevalence of appendectomies in UC patients is not
clear unless the appendiceal inflammation actually

reflects an infective process that once removed pre-
vents ‘spread’ to the remainder of the colon. This
would not explain why there is no such negative
association or protection with appendectomies and
the development of CD [12].

Appendectomies may influence the natural
history of ulcerative colitis

In addition to the observed negative association
more recent studies have begun to examine if ap-
pendectomies might influence the severity of UC in
those patients who go on to develop the disease.
One of the first such studies was an Australian study
of patients from the Brisbane Inflammatory Bowel
Disease database. This study first confirmed the neg-
ative association between appendectomy and UC
(OR 0.23). Interestingly, this study found a similar
result for CD once the bias of appendectomy at di-
agnosis was addressed (OR 0.34). Most interesting
was the finding that prior appendectomy also de-
layed the age of presentation for both UC and CD.
Furthermore, patients with UC and prior appen-
dectomy had clinically milder disease with reduced
requirement for immunosuppressants and procto-
colectomy [13].

In a second study, 638 UC patients were in-
terviewed between 1997 and 2000 to assess the
severity of their disease. The study showed that the
10-year risk of colectomy was 16% in previously
appendectomised patients (7 = 49) compared with
33% in non-appendectomised patients (7 = 589).
This difference was statistically significant and fur-
ther Cox regression analysis showed that pre-
vious appendectomy and current smoking were
independent factors protecting against colectomy
(adjusted hazard ratio o.40 and o.60, respectively).
The respective proportions of appendectomised and
non-appendectomised patients who required oral
steroids and immunosuppressive therapy were not
significantly different (67% vs 70% and 27% vs
19%, respectively). However, during the time pe-
riod examined, the UC was active for 48% of the
time in appendectomised patients and for 62% of
the time in non-appendectomised patients. There-
fore, previous appendectomy was associated with a
less severe course of UC [14].
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In a companion paper to the large-scale Danish
Cohort published by Hallas et al. the authors exam-
ined the cases of UC identified through the Danish
National Patient Registry during the period from
1981 to 1999. Of all patients with UC, 202 had
an appendectomy after their first admission with
UC. They compared the incidence rate of hospital-
isations for a primary diagnosis of UC during the
period between the onset of UC and appendectomy,
with the rate of such hospitalisations after appen-
dectomy. To adjust for the clinical course of UC
unrelated to appendectomy, they extracted a refer-
ence cohort (n = 808), matched to the index subjects
with respect to age, sex and year of first admission,
but with an intact appendix. Their results showed
that the rates of admission to hospital due to UC
decreased by 47% after appendectomy (RR 0.53).
However, the reference cohort showed a similar de-
cline in admission rate (RR o.51). Thus appendec-
tomy had no apparent beneficial effect on admission
rate after adjustment for the clinical course of dis-
ease unrelated to appendectomy (adjusted rate ratio
1.05). Their conclusion was that appendectomy had
no significant beneficial effect on rates of admission
to hospital in patients with UC [15]. Although this
study did not support an effect of appendectomies
on the rate of hospitalisations for UC, they did not
attempt to judge other measures of disease activity
such as surgery or the use of immunosuppressive
therapy.

In spite of this impressive cumulative evidence
supporting a negative association between appen-
dectomies and the development of UC and possibly
even an influence on the natural history of the dis-
ease, the issue that remains to be resolved is defining
the mechanism that might be involved in such an
effect.

Pathogenetic hypothesis

In attempting to explain the epidemiological obser-
vations pointing to a protective role for appendec-
tomies in preventing UC, we can consider several
possibilities. It is possible that appendectomies lead
to specific alterations in the mucosal immune re-
sponse that prevent or counteract those that are
involved in the pathogenesis of UC. Alternatively,

there may be alterations in the immune system of
UC patients that lead to protection against appen-
dicitis and therefore manifest as a lower incidence
of appendicitis and a less frequent need for surgi-
cal cure thereof. Lastly, we can consider the possi-
bility that UC is driven by an appendiceal-derived
immune response either due to abnormal immune
cells developing there or due to an infection-driven
appendiceal inflammation that spreads to the colon
if not excised. Excision of the appendix would
then have an immune-modulating effect protecting
against UC. The hypotheses presented are difficult
to address in humans or animal models of the dis-
ease, although some interesting data are available
for examination.

The appendix

The appendix was probably first noted during early
Egyptian civilization (3000 BC), as the mummifica-
tion process was one of the earliest practices that al-
lowed for direct observations of the internal human
anatomy. The practice was to remove abdominal
parts and place them in Coptic jars with inscriptions
describing the contents. Some of these jars carried
the inscriptions that referred to the ‘worm of the
intestine.” The jars containing the internal organs
often carried depictions of the sons of the God
Horus and in one example the jar containing the ap-
pendix displayed the falcon head of the God’s son,
Qebehsenuef.

In the year 30 CE, the Roman physician Aulus
Cornelius Celsus probably discovered the appendix
because he was allowed to dissect criminals ex-
ecuted by Caesar. Aristotle and Galen did not
identify the appendix because they both dissected
lower animals, which do not have appendices.
Andreas Vesalius survived death sentences under
the Inquisition for his dissections when he published
De corporis humani fabrica (1563), providing the
first accurate drawings of human anatomy showing
the appendix, although Leonardo da Vinci had
depicted the appendix in anatomic drawings in
1492. It was Phillipe Verheyen who coined the term
appendix vermiformis in 1710.

In Western countries, approximately 7% of in-
dividuals develop appendicitis at some time during
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their lives. Approximately 200,000 appendectomies
are performed annually in the United States. Acute
appendicitis is less common in Africa and parts of
Asia due in part to the high-residue diets of the in-
habitants of those regions. Appendicitis is thought
to be related to obstruction of the lumen of the ap-
pendix that may occur as a result of lymphoid hy-
perplasia (60%), a faecalith (35%), a foreign body
(4%) or an obstructing tumour (1%).

Function of the appendix

The structural similarities between the appendix and
the Peyer’s patches found on the anti-mesenteric side
of the small intestine raised the possibility that these
structures shared immune function, be it recogni-
tion of luminal Ag or sampling of enteric bacteria
flora. Alternatively, the anatomical location of the
appendix at the end of the small intestine conjures
up similar speculations of shared function. The mys-
tery of the function of the mammalian appendix has
intrigued scientists for centuries.

Another possible function for the appendix is
suggested by the finding that the Bursa of Fabricius,
an out pouching at the end of the intestine and found
only in birds, is responsible for B cell development.
Hieronymus Fabricius (1537-1619) was a distin-
guished Italian anatomist and surgeon, best known
as the teacher of William Harvey. His published
work on anatomy includes a comparative analysis
of the anatomy of the appendix, but he is immor-
talised in the naming of the out pouching or bursa
of the cloacae in birds, in which lymphocytes were
identified to undergo mitosis and maturation into
B-cells before migrating out into the general body
tissues. The Bursa is a blind sac that extends from
the dorsal side of the cloacae, wherein one finds a
columnar epidermis and connective tissue filled with
lymph nodules. Removal of the Bursa of Fabricius,
early in life prevents development of B cells and an-
tibody responses [16, 17]. In spite of a considerable
effort searching for the mammalian equivalent of
the Bursa of Fabricius, none has been found. The
possibility that the appendix might serve a similar
role in the development of the humoral immune re-
sponse has not been borne out and, in fact, it is
more likely that this role is served by the foetal

yolk sac and foetal liver and possibly bone marrow
[18—21]. Nonetheless, there have been a few recent
studies that showed that neonatal appendectomy in
rabbits could alter Ag- specific antibody levels in
response to intra-peritoneal and intra-duodenal im-
munisations with ovalbumin (OVA). More specif-
ically, appendectomy nearly ablated OVA-specific
IgA levels in the gut and severely depleted OVA-
specific IgG in the gut and serum. These results
would support a major role of the rabbit ap-
pendix in seeding the intestinal lamina propria with
plasma cell precursors, especially those producing
IgA [22].

Other studies of the appendix have identified
unique subsets of T cells expressing the CD4-CD8-
B220+ TCR «f phenotype seen in other intra-
epithelial sites of the intestine. These cells contained
forbidden T cell clones — T cells with the ability to
respond to self-Ag. These CD4-CD8-B220+ o3 T
cells seem to originate i situ from c-kit + stem cells
in the appendix, suggesting that the appendix may
be a site of primary T cell subset development and
may lead to the development of T cells that can
develop and express auto-reactivity. The possibil-
ity that this might contribute to an auto-immune
response or to the initiation of colitis remains spec-
ulative [23].

Role of the appendix in the pathogenesis of colitis

A full discussion of the pathogenesis of IBD is be-
yond the scope of this review. In brief, the focus of
much recent work, in particular studies of the an-
imal models of colitis, is that IBD probably repre-
sents a genetically determined defect in the interac-
tion of the host immune system and environmental
triggers or antigens [24-26]. The defect in the host
immune response may involve the innate as well as
the cognate immune system. Recent work has fo-
cused on the possibility that a defect in regulatory
elements of the immune system and in particular
regulatory T cells may allow for unopposed immune
activation in the intestinal mucosa [27-29]. In addi-
tion, studies have begun to identify non-T cells that
may function in a regulatory fashion in the intestine,
including IEL subsets and B cells [30-34]. It is from
these studies that we may have some further insight
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into how the appendix may influence the develop-
ment of colitis.

Among the original genetically manipulated
mouse models of colitis was the TCR « chain knock-
out (TCRa —/—) mouse, first published in 1993.
These mice developed spontaneous colitis that re-
sembled ulcerative colitis histologically [35]. The
inflammation observed in this model is associated
with an increase in IL-4 levels (i.e. a Th2 type of
inflammatory response). In addition, it appears that
although B cells were not required for the develop-
ment of colitis, B cells can suppress the development
of colitis [36]. This model was used to study the po-
tential role of the appendix in the development of
spontaneous colitis. Indeed, the authors showed that
when TCR-« knockout mice underwent appendec-
tomy at a young age (3—5 weeks) only 3.3 % of these
mice developed IBD in the 6—7-month period of ob-
servation. In contrast, approximately 80% of con-
trols, including the sham-operated TCR« knockout
mice developed colitis during this period. They con-
cluded that the lymphoid follicles contained within
the appendix are the priming site of cells involved in
the induction of development of IBD in TCRx —/—
mice [37].

In more recent work CDé62L cells were shown to
preferentially migrate into the appendix in mice with
experimental chronic colitis. The CD62L+CD4+
T cell represent effector T cells and suggest that
either the appendix is involved in activating these
T cells or represents a second site of T cell-induced
inflammation [38].

Few studies have attempted to examine the
human appendix in patients with IBD. One such
study reported on lymphocyte phenotype and pro-
liferation. Using surgical specimens of the appendix
obtained from 5 patients with colon cancer, 5 with
acute appendicitis, 12 with UC and 7 with CD,
showed that the number of Ki-67(+) proliferat-
ing cells, CD19, and CD138 cells was significantly
higher in the appendix of patients with UC than
in controls, patients with acute appendicitis, and
patients with CD. Lamina propria cells in the ap-
pendix of patients with UC also showed an in-
crease in proliferation with increased numbers of
CD19 and CD138 cells. An increased proportion of
Ki-67(+) cells in CD19 and CD138 cells represents

proliferation of immature plasma cells in the ap-
pendix of patients with UC, and proliferation of
such immature plasma cells was seen in both active-
and remission-stage UC. Proliferation of immature
plasma cells in the appendix of patients with UC sug-
gests a primary role of humeral immune responses
in the pathogenesis of UC [39].

Although the exact mechanisms by which ap-
pendectomy prevents or delays the onset of colitis
in a genetically susceptible host remains to be de-
fined, these results of the animal studies first sup-
port the epidemiological evidence of the negative
association between appendectomy and ulcerative
colitis and suggest that there is a real connection be-
tween the appendix and the mechanisms that lead
to the colonic inflammation. The question of which
immune cells are involved and how this leads to
colitis remains unanswered. Nonetheless, the pos-
sibility that emerges from this is that appendectomy
may serve as a preventive measure in high-risk sus-
ceptible individuals or may aid in the treatment of
patients with established UC. Confirmation of these
speculations will require carefully designed clinical
studies.

Clinical studies

The intriguing speculation that appendectomy is of
potential benefit to patients with either established
UC or who are at risk of developing UC, has al-
ready led to a few clinical case reports and small
case series. Several case reports have described pa-
tients with chronically active UC, usually refractory
to medical therapy, who have improved after under-
going an appendectomy. In one report a 21-year-old
man was shown to improve and remain in remission
for 3 years after an appendectomy. This patient had
moderate inflammation that appeared to have been
restricted to the rectum. Interestingly, this group
showed that increases in tissue interferon y were re-
duced after surgery suggesting that appendectomy
resulted in altered Th1/Th2 cytokine balance [40].
It is possible that the changes in the cytokine levels
were a result of the decrease in inflammation and
not necessarily a direct effect of the appendectomy.

A case series of laparoscopic appendectomy
in patients with refractory ulcerative colitis was
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described by Jarnerot et al. In this report appendec-
tomy was performed in six patients with UC refrac-
tory to standard treatment and in whom surgery was
considered. Unfortunately, five of the six patients
failed to respond in a 2—4 year follow-up [41].

In another study histological and immunological
characteristics of the appendix in UC were assessed
and correlated with the effect of appendectomy on
the disease. Nine subjects with mildly active UC
were treated by surgical appendectomy. In four
subjects, the histological findings of the appendix
were compatible with ulcerative appendicitis.
CD3+CD4+CD25+, CD3+CD4+CD4 5RO+ and
CD3+CD8+CD45RO+ appendiceal mononuclear
cells were significantly higher in UC than in acute
appendicitis and in the normal appendix. There
was a trend towards higher mRNA transcripts of
IFN-y in the appendix of UC. Clinical activity index
decreased significantly 4 weeks after the appendec-
tomy, but the effect did not persist. They concluded
that the appendix is a site of involvement in UC [42],
but they failed to show a significant beneficial clin-
ical effect. Therefore the significance of the changes
in inflammatory cells described remains unknown.

Conclusion

We have explored a significant body of work that
shows an intriguing negative association between
appendectomies and the development and natural
history of UC. This evidence is derived for the most
part from a number of large cohort studies. Most
intriguingly, these observations were further sup-
ported by elegant work in an animal model of spon-
taneous colitis where appendectomy prevented the
development of the colitis, hence recapitulating the
epidemiological data. This is the best scenario if we
are to define the mechanisms underlying this associ-
ation and perhaps at the same time increase our un-
derstanding of the basic pathogenetic mechanisms
underlying the development of UC. It is of some con-
cern that the data in the patients with PSC suggests
a possible increased risk of dysplasia or the develop-
ment of colo-rectal cancer at least in the small sub-
sets of patients with UC associated with PSC. This
again raises the intriguing question as to how the re-
moval of that mysterious organ of Qebehsenuef, the

appendix, can possibly influence the development of
neoplasia. The continued exploration of these and
other questions that arise from large-scale epidemi-
ological studies serve to help steer our basic science
questions and keep them on a relevant course.
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6: What are the controversies in
histopathological diagnosis?
Bryan F. Warren and Neil A. Shepherd

Controversy 1

Can we accurately distinguish acute self-limiting
colitis from chronic idiopathic inflammatory
bowel disease using routine histological
assessment of colorectal biopsies?

The differential diagnosis of an early acute ‘colitis’
may present considerable difficulties. There are,
however, several histological features that may
indicate a diagnosis of an acute self-limiting (i.e.
infective) colitis or alternatively chronic inflamma-
tory bowel disease (CIBD), even in the absence of
well-established diagnostic features of either condi-
tion [1]. Crypt architectural distortion takes about
6 weeks to develop in CIBD [2, 3]. Diffuse crypt
architectural distortion is a strong pointer towards
CIBD, particularly ulcerative colitis (Fig 6.1) as is
a villiform surface architecture: these architectural
changes are most unusual in infective colitis, being
effectively never seen in acute infective colitis and
only rarely seen in chronic colitides such as shigel-
losis and occasionally chronic amoebiasis [4]. The
presence of diffuse chronic inflammation is a useful
marker of CIBD, although this may occasionally be
seen in some infective diseases [5]. Basal lymphoid
aggregates are also a good histological pointer to
CIBD, in particular ulcerative colitis [4]. Mucin
depletion is a variable feature of chronic inflamma-
tory bowel disease: mucin preservation is seen more
in Crohn’s disease than ulcerative colitis, although
this is not an entirely consistent and reliable
sign [6, 7].

Acute inflammation is usually diffuse in nature
in ulcerative colitis and predominantly involves
the epithelium. However, in Crohn’s disease and
some infections, the polymorph infiltrate may be
distinctly patchy and is often more pronounced
in the lamina propria than in the epithelium (Fig
6.2) [8, 9]. Occasionally the classical histological
features of an acute self-limiting (infective) colitis
may be present: these include normal crypt archi-
tecture, gross lamina propria oedema and focal
collections of neutrophils within the lamina propria
with some ingress into the epithelium (Fig 6.3) [4].
Crypt abscesses may also be seen and are often
eccentric or demonstrate a classical pattern of crypt
beading [4]. However such features are not always
seen and some cases of infectious colitis are good
mimics of early CIBD. Campylobacter jejuni colitis
characteristically shows mimicry of CIBD histolog-
ically, especially if there is some chronicity to the
infection [3]. Amoebic colitis may also be a difficult
differential diagnosis. However, if the characteristic
haematoxyphilic necrotic slough on the surface of
an ulcer is found within the biopsy, it is a good indi-
cation for this diagnosis, although one may have to
search carefully to see amoebae that have a promi-
nent nuclear karyosome and that have incorporated
red blood cells into their cytoplasm (Fig 6.4) [10].
There may be difficulty in differentiating amoebae
from macrophages containing red blood cells but
here the nuclear detail and size of the cell are useful,
as are a periodic acid-Schiff (PAS) stain (which will
highlight the amoebae) and an immunohistochem-
ical stain for macrophages (such as CDé68).

67
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Controversy 2

Do the sequelae of infection include chronic
changes in patients who do not develop CIBD?

Most infective colitides resolve without leaving
residual histological stigmata. It is notable that
the chronic inflammation in Helicobacter pylori-
associated antral gastritis may persist for up to
1 year after successful eradication of the organ-

Fig 6.1 Biopsy appearances of
ulcerative colitis.

ism [11]. Occasional patients with pseudomembra-
nous colitis, due to Clostridium difficile toxin [12],
will, after resolution, have a degree of crypt architec-
tural distortion and hyperplastic change (personal
observations). Perhaps the best example of chronic
architectural changes after previous infective coli-
tis, mimicking CIBD, especially chronic ulcerative
colitis, is chronic shigellosis [4]. Such pathology is
effectively never seen in the Western world but is

Fig 6.2 Biopsy appearances of
Crohn’s disease. There is
chronic inflammation in the
lamina propria with modest
crypt architectural
disturbance. There is focal
active inflammation and
ulceration (both seen
centrally).
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Fig 6.3 Infective colitis. In this biopsy both oedema and
polymorph infiltrate are well seen but there is no increase
in chronic inflammatory cells.

relatively common in the tropics: in such a situation
even gross crypt architectural distortion should not
be taken as evidence for CIBD.

Controversy 3

Are there indeterminate colitides or merely
indeterminate pathologists?

Indeterminate colitis was the term originally intro-
duced to describe colectomy specimens in which the
macroscopic and microscopic features resembled
both Crohn’s disease and ulcerative colitis and
in which a firm diagnosis of neither was possible
[13]. The term has since been sometimes applied
to biopsy histopathology in which a diagnosis of
CIBD can be confidently made but the features are
equivocal for ulcerative colitis and Crohn’s disease.
We believe this is an inappropriate use of the term
indeterminate colitis. We believe that Price’s original
description of the concept of indeterminate colitis,
applied only to resection specimens, is a useful and
specific one, which is valuable in the management
of CIBD. We believe that the term should not be
applied to biopsy material. Cases equivocal for
ulcerative colitis and Crohn’s disease on biopsy
material are best designated as ‘CIBD unclassified’.
Resections of such cases usually provide definitive

Fig 6.4 Amoebic colitis. In this inflammatory debris from
the surface of an ulcerated colonic mucosal biopsy, there
are several well-defined amoebae (one arrowed).

evidence of one or other of the two major sub-
types of CIBD and do not often show changes
characteristic of indeterminate colitis.

So why is there uncertainty in the differential
diagnosis of CIBD, even in resection specimens?
The main reason is that neither disease displays di-
agnostic histological features that are universally
present in one disease and invariably absent in the
other. From a pathological diagnosis point of view,
the most difficult colorectal resection specimens are
those cases of acute fulminating colitis in which the
inflammatory and ulcerative changes are so severe
that distinction between the two major sub-types of
CIBD becomes very difficult. In most series a diag-
nosis of indeterminate colitis is made in 10-15% of
colectomy specimens performed for fulminant coli-
tis [13]. It is important to note that most cases of
indeterminate colitis, when diagnosed (appropri-
ately) at the time of colectomy, behave like ul-
cerative colitis, and restorative proctocolectomy is
generally successful, although patients who undergo
such pouch surgery do have a higher incidence of
pelvic sepsis but not of, for example, pouchitis [14,
15]. For instance, the prevalence of fistulae may
be higher in pouch patients who had indeterminate
colitis compared to those with classical ulcerative
colitis, although the long-term function may be just
as good [16]. In a small proportion, the diagnosis
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does turn out to be Crohn’s disease and these pa-
tients have a poorer outcome with pouch failure
rates of up to 40% [17].

Those who apply the term indeterminate coli-
tis to biopsy material have suggested that between
3 and 13% of cases of CIBD show such equivo-
cal features [14, 18]. Inevitably this area is con-
fused and complicated because there are so many
confounding factors, including the number of biop-
sies taken, their site and the number of procedures
undertaken over varying time periods. Neverthe-
less there are an appreciable number of cases, and
we would agree that the number is about 10%,
where standard biopsy protocols, performed dur-
ing multiple colonoscopic assessments, are unable
to positively differentiate between ulcerative colitis
and Crohn’s disease. It should be emphasised, how-
ever, that the pathological assessment must never
be performed in isolation, because further clinical,
radiological or endoscopic information will often
clarify the diagnosis of either Crohn’s disease or ul-
cerative colitis in the absence of definitive differen-
tiating histopathological features on biopsy.

In conclusion, despite the term ‘indeterminate
colitis’ suggesting that pathologists may be less than
definitive in their diagnostic opinion, it is in fact a
clinically useful, relatively specific, diagnosis that
has led to well-defined management strategies and
a relatively predictable natural history [19] but only
when applied to resection specimens. We believe
that much confusion has been caused by applying
this term to cases of unclassified or equivocal CIBD
and that other terminology should be used in these
circumstances.

Controversy 4

Which histopathological features are important
in the distinction of ulcerative colitis from
Crohn’s disease?

Skip lesions

Skip lesions have always been thought to be macro-
scopic indicators of Crohn’s disease. Initially it was
thought that they do not occur in ulcerative coli-
tis. It has, however, been recognised recently that

macroscopic skip lesions may occur in ulcerative
colitis in two distinct circumstances. One is in the
appendiceal skip lesion as described and titled by
Davison and Dixon [18]. The other is the caecal
patch lesion as described by D’Haens et al. [20]. The
appendix is involved as an extension of caecal dis-
ease in 62 % of cases of ulcerative colitis that come to
colectomy [21]. This appendiceal involvement may
be seen either in association with continuous in-
volvement [21] in total colitis or as a skip lesion [18].
The latter may manifest as appendiceal involvement
in the presence of a clearly defined proximal demar-
cation of active disease, which may be in the ascend-
ing colon but may be seen with very distal disease.
Such appendiceal involvement, with left-sided ulcer-
ative colitis, is not unusual and it is now recognised
that the disease activity in the peri-appendiceal skip
lesions of ulcerative colitis will mimic closely the dis-
ease activity in the left side of the colonic following
treatment [21]. Furthermore, the presence of peri-
appendiceal skip lesions may indicate a sub-type of
ulcerative colitis, which shows a particularly good
response to medical therapy [22].

Patients with both the appendiceal skip lesion
and with the caecal patch lesion have, in our ex-
perience, a natural history entirely typical of ul-
cerative colitis, unless there are other features to
suggest Crohn’s disease, and they have a success-
ful outcome following pouch surgery [23]. Histo-
logically, the caecal patch lesion shows the typical
histological changes of ulcerative colitis, as do the
appendiceal ‘skip lesions’ [18, 20, 23]. The latter
show quite different histological features from acute
appendicitis in that there are chronic changes of
crypt architectural distortion and chronic inflamma-
tion, in association with acute inflammation. The
inflammatory changes are restricted to the mucosa,
unlike acute appendicitis, in which there is ulcera-
tion and transmural acute inflammation.

Mucin depletion

Mucin depletion has often been quoted as a hall-
mark of ulcerative colitis when comparing histo-
logical appearances with Crohn’s disease. However,
mucin may be preserved in some cases of ulcera-
tive colitis. This is particularly the case in acute
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fulminant colitis associated with toxic megacolon in
which, mysteriously, the mucin complement seems
well preserved in between areas of ulceration. Mucin
depletion, in ulcerative colitis without such fulmi-
nant change, is usually regarded as proportionate to
the amount of acute inflammation and activity [2].
Consequently, in cases of inactive ulcerative colitis
there may be little or no mucin depletion. There-
fore this is a less valuable discriminator, between
Crohn’s disease and ulcerative colitis, than has been
suggested.

Focality of inflammatory infiltrate

This has been regarded as a hallmark of Crohn’s
disease rather than ulcerative colitis. It is regu-
larly quoted as an important criterion, although
there is little objective evidence for its usage as
a discriminator between the two major types of
CIBD [2]. It is, admittedly, a parameter with the
highest level of intra-observer concordance, of all
the regularly used criteria for the diagnosis of
CIBD in biopsy material [24]. However, it has been
recognised more recently that the evidence for the
utility of multiple colonoscopic biopsies in distin-
guishing ulcerative colitis from Crohn’s disease is
actually rather scanty [4, 9]. It has also been recog-
nised that some patchiness of inflammation in ulcer-
ative colitis may be apparent in the healing stage,

Fig 6.5 Cryptolytic
granuloma. Towards the top
of this deliberately transversely
orientated colonic mucosal
biopsy, there is a
granulomatous reaction to a
disruptive crypt abscess.

particularly after some modern therapies [9]. This
focality of disease in ulcerative colitis may require
further evaluation, based on study of cases after
treatment.

Mucosal granulomas and microgranulomas

When well-formed granulomas are seen away from
crypts within the mucosa, they provide a stronger
pointer towards a diagnosis of Crohn’s disease [2].
However, it is recognised that granulomas may also
be seen in other circumstances, particularly in di-
version colitis [25] and in the luminal mucosal
inflammatory disease that complicates diverticular
disease, usually known as diverticular colitis [26,
27]. The definition of the term microgranuloma has
caused some difficulty in the past: it is now ac-
cepted that this represents a collection of epithe-
lioid macrophages, greater than five in number [1].
As such, the microgranuloma is characteristic of
Crohn’s disease but, once again, may be seen in other
situations, such as infective colitis [4, 5].
Cryptolytic granulomas are those seen in rela-
tion to the rupture or destruction of a colorectal
crypt (Fig 6.5) [28]. In one study, a relatively
small series, these were shown to be relatively
specific for Crohn’s disease [28]. Furthermore, the
same authors have suggested that this feature is
pathognomonic of Crohn’s disease [28]. That is not
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our experience and we, and others, have seen such
lesions in ulcerative colitis, diverticular colitis, di-
version colitis, pouchitis and campylobacter colitis
[23, 27, 29]. Granulomas related to crypts might be
in response to a disrupted crypt abscess, in which
case mucin and neutrophils will be evident within
the granuloma. Alternatively the granuloma may be
seen in association with a largely intact crypt and
appears to be inflicting damage on the epithelium
itself [29].

It is important that the pathologist is confident
that the structure he or she has identified is truly a
granuloma, because, in histological sections, tan-
gential sectioning of crypts may mimic granulomas.
In this situation, there appear to be small clusters of
epithelioid cells, apparently separate from crypts,
with pronounced imitation of a well-formed granu-
loma. Only by close attention to the multiple levels,
which are standard parts of histological assessment
of colorectal mucosal biopsies, will these structures
be demonstrated to be crypt epithelium and not
granulomas.

Inflammatory cell type

Older textbooks, particularly non-pathology
textbooks, have often stated that the type of cell
in the lamina propria inflammatory infiltrate is
important in distinguishing Crohn’s disease from
ulcerative colitis. In particular, neutrophils have
been associated with ulcerative colitis. The truth
is that neutrophils are present when inflammatory
bowel disease is active and are a reflection of
activity rather than disease type. It is a truism that,
in Crohn’s disease, there will be more aggregates
of neutrophils in the lamina propria whereas in
ulcerative colitis many more of these will involve
the epithelium lining the crypts and surface result-
ing in crypt abscesses, epithelial destruction and
ulceration. However, such inflammatory features
are also seen in Crohn’s disease, although the
involvement of crypts is often patchier [1, 24].

Depth of inflammation

The inflammation in ulcerative colitis is usually
stated to be mucosal. However, when there is

extensive ulceration, it is inevitable that active in-
flammation will extend into the submucosa and even
deeper into the bowel wall. In fact extension of ac-
tive inflammation into the muscularis propria, often
with myocytolysis and gross telangiectasia, is the
characteristic feature of acute fulminant ulcerative
colitis and toxic megacolon. Such deep extension,
with muscle damage, is the reason for perforation in
toxic megacolon. Thus, it can be seen that extension
of inflammation, below the level of the mucosa, is
inevitable in acute fulminant ulcerative colitis. The
context in which deep extension of inflammation is
demonstrated in biopsies is therefore critical. If the
endoscopic features are relatively mild and there is
no evidence of deep ulceration, then the demonstra-
tion of extension of inflammation beyond the mus-
cularis mucosae may well be an important sign of
Crohn’s disease.

Some have suggested that specific histological
criteria will reproducibly enable Crohn’s colitis to
be differentiated from ulcerative colitis. However, in
most inter-observer studies of mucosal biopsies, in-
cluding some using very large datasets, pathologists
can accurately differentiate the histological features
of inflammatory bowel disease from those of normal
mucosa but the distinction of Crohn’s disease from
ulcerative colitis is poor.

Rupture of crypts into the submucosa

Disruptive crypt abscesses cause much consterna-
tion amongst pathologists, when attempting to dif-
ferentiate Crohn’s disease from ulcerative colitis.
When crypts rupture downwards, they inevitably
involve the muscularis mucosae and the superfi-
cial part of the submucosa. This is a further ex-
ample of extension of active inflammation into
the submucosa. Such a feature does not necessar-
ily favour a diagnosis of Crohn’s disease. Indeed
such crypt rupture is often associated with a his-
tiocytic infiltrate because the inflammatory debris
from the crypt, admixed with mucin, is often recog-
nised as ‘foreign material’ and incites such a reac-
tion. Even in this situation, the appearances may
yet represent ulcerative colitis rather than Crohn’s
disease.
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Controversy 5

Is it easy to distinguish backwash ileitis from
Crohn’s disease histologically?

Backwash ileitis is defined as the extension of the
inflammatory process of ulcerative colitis through
an incompetent ileocaecal valve to involve the distal
few centimetres of the terminal ileum [30]. In resec-
tion specimens the differentiation is straightforward
because the continuity of disease from the proximal
colon into the ileum, with an incompetent ileocaecal
valve, can be readily appreciated. In small mucosal
biopsies, it can be much more difficult. Backwash
ileitis can strongly mimic active Crohn’s disease of
the ileum. In this situation, accurate information
concerning the endoscopic features, notably the
extent of disease in the colon and the continuity
of disease between colon and ileum, together with
information about the ileocaecal valve, should be
imparted to the pathologist, to avoid an erroneous
diagnosis of Crohn’s disease.

Controversy 6

Are there any specific and diagnostic features of
Crohn’s disease?

Granulomas

Intra-mucosal and cryptolytic granulomas, and
microgranulomas, have already been considered
above. Granulomas below the level of the mucosa
have much more specificity for Crohn’s disease but
may be seen in several other situations. Compli-
cated diverticular disease is an important mimic of
Crohn’s disease and this condition is often associ-
ated with well-formed granulomas deep in the wall
of the bowel [26, 31—33]. The distribution of trans-
mural inflammation in the form of lymphoid ag-
gregates and of transmural granulomas is different
in that both will radiate out from around inflamed
diverticula and will not be truly transmural in the
way that Crohn’s granulomas and the associated
lymphoid aggregates are. Granulomas in sarcoido-
sis are, in our experience, indistinguishable from
those in Crohn’s disease. However, a diagnosis of
colorectal sarcoidosis should only be considered

if there is good clinical evidence of sarcoidosis
elsewhere.

Tuberculosis remains an important differential
diagnosis of Crohn’s disease, particularly in immi-
grants from parts of Southern Asia and Africa and in
those with poor nutritional status such as alcoholics
or vagrants [34]. The granulomas in tuberculosis
are usually coalescent (Fig 6.6) and are associated
with caseous necrosis. However, only about 40% of
ileocolonic tuberculosis will have demonstrable acid
and alcohol-fast bacilli [34]. In occasional cases, it
can be difficult to positively differentiate tubercu-
losis from Crohn’s disease. In this situation, other

Fig 6.6 The typical granulomatous appearance of
tuberculous ileocolitis. There are coalescent granulomas
with a very well-defined Langhans-type giant cell.
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clinical pointers, such as the results of a Heaf test,
the immigration status of the patient and evidence
of disease elsewhere, may be required before a diag-
nosis can be reached.

Granulomatous vasculitis is present when there
is destruction of vessel walls by granulomas. It is said
to be specific for Crohn’s disease [3 5]. Nevertheless,
once again, caution is appropriate. We have seen this
in very rare cases of gastrointestinal involvement in
Churg-Strauss syndrome, when it is accompanied by
an eosinophil infiltrate with peripheral eosinophilia
and asthma. Furthermore it has been described in
diversion proctitis, in ulcerative colitis [30] and also
in diverticulitis [31]. Outside these circumstances,
it is an extremely useful histological feature to aid
in the distinction of Crohn’s disease from ulcerative
colitis [36]. It is particularly important to remem-
ber that isolated giant cells and well-defined gran-
ulomas, away from areas of crypt rupture, do not,
as a rule, occur in ulcerative colitis. These do, in a
colonoscopic biopsy with features of inflammatory
bowel disease, provide a strong indication for a di-
agnosis of Crohn’s disease. However, crypt-related
giant cells and granulomas are not reliable discrim-
inatory features to distinguish Crohn’s colitis from
ulcerative colitis [37].

Fissuring ulcers

Fissuring ulcers may been seen in many forms of
colitis. Deep vertical fissuring is certainly charac-
teristic of Crohn’s disease. Nevertheless, any acute
fulminant colitis, with deep ulceration, may show
a degree of lateral fissuring and this is one of the
characteristic features of indeterminate colitis [13].
Fissuring ulcers may develop in the diverted rectum
in ulcerative colitis where they develop from the ba-
sis of ruptured crypts [38] and are also seen in the
pelvic ileal reservoir of patients with an unequivocal
diagnosis of ulcerative colitis [23].

Fat-wrapping

Crohn’s disease is characterised by relatively specific
connective tissue changes, which reflect its chronic
transmural nature. Thus, fat-wrapping is a highly
characteristic and almost pathognomonic feature of

Crohn’s disease: certainly we have never seen it ei-
ther in the colon in ulcerative colitis or in the ileum
affected by backwash ileitis [39]. It is more difficult
to appreciate fat-wrapping in the colon and rectum
compared with the small bowel. Its pathogenetic ba-
sis is a hyperplasia of the mesenteric and mesocolic
fat, with loss of the bowel to mesentery angle and
encroachment of fat around the circumference of the
bowel in segments of disease-effected bowel. This is
useful to the surgeon at laparotomy in identifying
areas of Crohn’s disease where multiple skip lesions
are present. Fat-wrapping correlates well with the
transmural inflammation that is such an important
part of the pathology of Crohn’s disease. However,
the exact mechanisms of formation of the connective
tissue changes in Crohn’s disease, particularly the
fat-wrapping, are far from being well understood

[39].

Transmural inflammation

Transmural inflammation is a highly characteristic
feature of Crohn’s disease. However, it should be
appreciated that transmural inflammation in the
form of lymphoid aggregates, a feature that is such
an important and commonplace accompaniment
of the plethora of pathological changes of Crohn’s
disease, may also be seen in other situations. It is
commonly seen in complicated diverticular disease
[26] but may be seen in any severe colitis, whatever
the cause, if there is deep inflammation, particularly
when extending into the muscularis propria [23].
Hence it is seen in acute fulminant colitis, whether
definitely due to ulcerative colitis or showing the
features of indeterminate colitis. If accompanied
by some of the other stigmata of Crohn’s disease,
then it may be impossible to define the type of
CIBD in these colectomy specimens. However, the
pattern seen in Crohn’s disease is quite distinctive,
although it may need an overall low-power view
to distinguish it from diverticular inflammation.
This pattern is the highly distinctive rosary where
lymphoid aggregates are sharply defined and often
confined to the subserosal tissues immediately
beneath the muscularis propria. In only one other
condition is this pattern of transmural inflamma-
tion so well seen and that is, curiously, colorectal
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cancer [40]. This ‘rosary’ is said to impart an
excellent prognosis to colorectal cancer suggest-
ing a pronounced host immune response to the
carcinoma [40].

Aphthous ulcers

Aphthous ulcers are very common in Crohn’s tissue
and some believe them to be relatively specific for
this type of inflammatory bowel disease, especially
when they are demonstrated on the surface of lym-
phoid follicles in the colorectum and terminal ileum
at the time of endoscopy. Nevertheless, they are also
seen in other situations: they are a common fea-
ture in diverticular disease-associated chronic col-
itis or diverticular colitis [26, 27]. They are also of-
ten seen in diversion colitis, from whatever cause

[30, 41].

Connective tissue changes

In Crohn’s disease important post-inflammatory
components of the disease are the effects on the
connective tissues of the bowel wall and the adja-
cent mesenteric tissues [39]. They characteristically
occur in segments of bowel that have been severely
diseased or are severely diseased. They affect all
layers of the bowel wall. There is thickening and
disruption of the muscularis mucosae, resulting in
apparent muscularisation of the submucosa. The
neural component shows hyperplasia of the nerves
of the submucosal and myenteric plexi. There are
often marked vascular changes with intimal hyper-
plasia and duplication of the muscular layer of both
arterial and venous components. The muscular
propria is often profoundly disordered and there
is the distinctive change in adipose tissue, which
is both hyperplastic and migratory, leading to the
macroscopic feature of fat-wrapping [39, 42]. Some
of these changes may be seen in other inflammatory
diseases of the small and large bowel, especially
pathology from non-steroidal anti-inflammatory
drugs (NSAIDs) and diverticular disease [26, 43].
However, of all these changes, fat-wrapping seems
to be the one that is most specific to Crohn’s disease

(39, 42].

Ulcer-associated cell lineage

Ulcer-associated cell lineage (UACL), previously
known as pyloric or pseudopyloric metaplasia, has
been stated to be pathognomonic of Crohn’s disease.
However, it is now clear that UACL occurs adjacent
to any area of ulceration in the gut: it represents
part of the gut healing and repair process [44]. The
lineage develops from crypts and undergoes a func-
tional change so that it can secrete epidermal growth
factor to help regenerate epithelium over the edges
of healing ulcers [42, 44].

Controversy 7

Do the histological appearances of CIBD remain
diagnosable irrespective of treatment?

We have already indicated that patchiness, or focal-
ity, of inflammation is a weaker discriminator for a
diagnosis of Crohn’s disease and against a diagno-
sis of ulcerative colitis than was previously thought.
This may be an effect of the effects of more contem-
porary drug therapy on ulcerative colitis. We are at
present profoundly ignorant of the specific effects
of such drugs in ulcerative colitis and Crohn’s dis-
ease. It is, therefore, important that such features are
catalogued to enable a revision of the currently ac-
cepted diagnostic criteria in differentiating Crohn’s
disease from ulcerative colitis. Apparent rectal spar-
ing in ulcerative colitis has long been associated with
rectal installation of anti-inflammatory drugs [23].
It has to be recognised, however, that a small sub-
set of ulcerative colitis patients has relative rectal
sparing in the absence of a history of local instil-
lation of anti-inflammatory agents [45]. Usually in
this situation there is evidence of chronic inflamma-
tory and architectural changes of ulcerative colitis
in the rectum even though there is little or none of
the active inflammation that is present more prox-
imally. A completely normal rectum should always
raise suspicions of Crohn’s disease [9].

Ciclosporin-induced ‘pseudodysplasia’

Villous regeneration and nuclear enlargement in ep-
ithelial cells are both seen in regeneration of the
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mucosa in ulcerative colitis after severe acute inflam-
mation. Both these changes are more pronounced
after treatment with ciclosporin and can lead to an
erroneous misdiagnosis of dysplasia on biopsy, be-
cause they may be very pronounced [46]. In older
textbooks, villous architecture has been a valuable
pointer towards dysplasia: in our experience villous
regeneration is actually more common than villous
areas of dysplasia in ulcerative colitis. Such regener-
ative villous change will be seen even more com-
monly if the use of ciclosporin therapy becomes
more widespread [46].

The effects of diversion: do they modify the
criteria for CIBD diagnosis?

It has been recognised for some time that divert-
ing the faecal stream away from Crohn’s disease
may have therapeutic benefits [47, 48] and that di-
verting the faecal stream in ulcerative colitis may
worsen the inflammation [36, 37]. Curiously, diver-
sion itself may actually be diagnostically useful for
the pathologist in some cases of indeterminate col-
itis as part of the three-stage pouch procedure. A
colectomy may be performed for colitis, which has
been previously difficult, on the basis of biopsies, to
distinguish between ulcerative colitis and Crohn’s
disease. Even the colectomy specimen may not al-
low the distinction between the two major forms of
CIBD because the changes of acute fulminant coli-
tis may not be specific as previously described. The
resultant changes seen in the de-functioned rectum
may well provide some insight into the underlying
pathology. If the active rectal inflammation amelio-
rates or resolves, then this is often a pointer towards
Crohn’s disease, whereas if the rectal inflammation
worsens, it will be a strong indicator that this is
ulcerative colitis [49]. It must be emphasised that
these assessments must be made in the wider con-
text of all other clinical, endoscopic and radiolog-
ical features. For instance, the presence or absence
of perianal disease and/or small-bowel disease will
provide further useful information concerning the fi-
nal diagnosis and suitability for pelvic ileal reservoir
surgery. In the past, it has been a source of consid-
erable distress when diversion of the faecal stream
from the rectum of an ulcerative colitis patient has

led to an erroneous diagnosis of Crohn’s disease be-
cause of the profound mimicry of Crohn’s disease
with transmural inflammation in the form of lym-
phoid aggregates, granulomatous inflammation, fis-
suring ulceration and granulomatous vasculitis 30,
37]. In a large study of rectal diversion in CIBD,
it has been shown that granulomas, in the diverted
rectum, are seen more commonly in patients with an
initial diagnosis of Crohn’s disease, whereas trans-
mural lymphoid aggregates in this study were found
in diverted inflammatory bowel disease, whatever its
type. Other histological features of diversion in in-
flammatory bowel disease develop independently of
the initial, pre-diversion, diagnosis or of the dura-
tion of diversion [50].

Controversy 8

Is there an established evidence base for the value
of colonoscopic biopsy series in IBD diagnosis?

There are histological features in current usage that
seem to be reliable for the histological distinction
between Crohn’s disease and ulcerative colitis in
colonoscopic biopsy series. Perhaps this is surpris-
ing in view of the fact that most of these criteria
were developed from the histological analysis of re-
section specimens and/or single rectal biopsies. In
fact, very few of the major publications on this sub-
ject have specifically looked at colonoscopic biopsy
series. There is clearly much more investigation re-
quired on the value of the colonoscopic biopsy series
in the differential diagnosis of CIBD, especially with
the application of the British Society of Gastroen-
terology (BSG) Guidelines for reporting the initial
biopsies in inflammatory bowel disease [1].

Controversy 9

Does the rectal mucosa ever return to normal in
ulcerative colitis?

It has been a long-held view amongst histopathol-
ogists that the rectal (and indeed the colonic) mu-
cosa always shows distinctive changes of crypt ar-
chitectural distortion and/or atrophy after an attack
of ulcerative colitis and that this is useful in the
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confirmation, and the refutation, of a diagnosis of
ulcerative colitis. Recent observations suggest that
the histological appearances of mucosal biopsies in
patients with undoubted evidence of previous ulcer-
ative colitis may return to normal [51]. In this situ-
ation, a potential previous infective colitis has to be
considered [4] and the reporting pathologist should
review all biopsy material. The wording of such a
report may present some difficulty and confusion.

Controversy 10

Is histological scoring worthwhile in routine
biopsies in ulcerative colitis or Crohn’s disease?

Many histological scoring systems for assessing ac-
tivity in inflammatory bowel disease have been de-
veloped [52, 53]. They rarely correlate with clinical
activity scoring systems, but they may be extremely
useful in animal models where history and exami-
nation may be unrevealing. In our experience such
scoring systems are also useful in assessing drug ther-
apy in that they provide a numerical score for assess-
ing amelioration and resolution of acute inflamma-
tion and/or ulceration with a variety of treatments.
Inter-observer reproducibility has not often been as-
sessed, although a more recent scoring system has
undergone rigorous evaluation [52]. In routine re-
porting, we would recommend that activity is best
expressed as mild, moderate or severe, as most cur-
rently available scoring systems require further eval-
uation before they can be recommended for routine
usage.

In Crohn’s disease, histological scoring is much
more difficult due to its patchy distribution [54]. The
only histological feature, which has evolved from
the development of scoring systems that is of any
value clinically, is the presence of small groups of
neutrophils within the lamina propria [53]. Such a
feature may be of value in predicting early relapse in
clinically resolved ulcerative colitis following treat-
ment. However, numerical scoring is, in our opin-
ion, of no value in the routine clinical management
of inflammatory bowel disease patients. We firmly
believe that the only indication for numerical scor-
ing, in routine diagnostic histopathological practice

and management of inflammatory bowel disease, is
in the assessment of pouchitis (as discussed below).

Controversy 11

Should we be using reporting algorithms,
guidelines and/or computer tick boxes? Do they
improve reproducibility in the histopathology of
inflammatory bowel disease or do they inhibit an
investigative mind by limiting the available
diagnostic categories?

It seems logical that algorithms would improve reli-
ability and reduce inter-observer and intra-observer
variations in the diagnosis of inflammatory bowel
disease. The ‘tick box’ system of the BSG guidelines
has attempted to do this in the initial biopsy diagno-
sis of IBD [1]. There are also other neural networks
and computer programs that have been shown to
improve diagnostic acumen [55]. Currently there
are no widely promulgated recommendations for
the routine use of such systems and, for the most
part, their use is largely based on personal prefer-
ence. However, we are aware that the use of pro-
forma reporting has had a markedly beneficial effect
on the quality of histopathological reporting of com-
mon cancer resection specimens [56]. They particu-
larly ensure that pathological reports document all-
important items for patient management. However,
it remains uncertain whether their use does anything
to improve pathological judgement and assessment
of histological features. This is an area ripe for fu-
ture development and research.

Controversy 12

Is the frozen section of any value in the
differential diagnosis of inflammatory
bowel disease?

The majority of pathologists would answer strongly
in the negative to this question. However, we be-
lieve that there is a limited but sometimes important
role for frozen section as an inter-operative proce-
dure in cases that have been, up until then, equivo-
cal for the two major types of inflammatory bowel



78 CHAPTER 6

disease, despite the availability of all previous clini-
cal, radiological and pathological data [23]. If there
is an apparent skip lesion in what was thought to be
ulcerative colitis, other than a caecal patch lesion,
frozen sections of the most severely affected piece
of colon, of the apparent skip lesion and of any en-
larged lymph node can provide useful diagnostic in-
formation. The purpose of sampling these three sites
is to establish whether any transmural inflammation
shows a pattern typical of Crohn’s disease in the dis-
ease segment [23]. The apparently normal segment
is sampled to assess the presence or absence of focal-
ity of disease. The largest lymph node is assessed to
confirm or refute the presence of well-formed epithe-
lioid cell granulomas, clearly a feature that would
strongly suggest Crohn’s disease.

Provided the surgeon and the pathologist are
both aware of the limitations of this technique, we
have found it extremely useful on a small number
of occasions. The presence of continuity of disease,
the lack of transmural inflammation in the form of
lymphoid aggregates, and the absence of granulo-
mas will be quite reassuring. However, it must be
emphasised that the pathologist is only examining
but a small part of a relatively extensive disease:
he or she can only really say there is no evidence
of Crohn’s disease in the tissues examined. Should
there be features that do suggest Crohn’s disease,
then the surgeon can resort to a three-stage pouch
procedure to allow full histopathological examina-
tion of the resection specimen. A considerable num-
ber of cases have undergone a change of diagno-
sis after one-stage pouch procedures from ulcerative
colitis to Crohn’s disease upon full histopathologi-
cal examination of the colectomy specimen [57]. It
is likely that intra-operative frozen section consul-
tation can considerably reduce the number of these
unfortunate cases [23].

Controversy 13

How should we grade dysplasia in inflammatory
bowel disease?

The time-honoured method for grading dysplasia in
the intestines, most notably in adenomas, has been
with three categories of mild, moderate and severe

dysplasia [58]. More recently it has been recognised
that inter-observer variation is marked when using
such categories and that the grading system has not
been clinically useful [59, 60]. In 1983, Riddell ez al.
[61] recommended the use of two definitive cate-
gories for dysplasia, low grade and high grade: this
provides much more useful management guidance
and is now universally recommended for routine
use [61]. Furthermore, Riddell’s classification intro-
duced the concept of ‘indefinite for dysplasia’ [61].
We believe this category to be an important one. It
accepts that the assessment of dysplasia is inevitably
subjective and it further implies that not all cases
are definitive, especially when there is associated
active inflammation. The term does not imply
(usually) that the reporting pathologist is indefinite
but rather that he or she is being realistic and is
fully accepting the often equivocal features seen on
routine histological assessment.

Controversy 14

Can we distinguish dysplasia-associated lesion or
mass from sporadic adenoma?

A patient with long-term chronic ulcerative colitis is
just as likely to develop sporadic adenomas as any
other patient. The differentiation of such sporadic
adenomas from polypoid dysplasia in ulcerative col-
itis is fraught with difficulties [62, 63 ]. Nevertheless,
the distinction is of critical importance because the
standard treatment of an adenoma is local excision
whereas the accepted management of dysplasia-
associated lesion or mass (DALM) has been total
colectomy. There have been attempts at establishing
criteria for distinguishing the histopathological
features of sporadic adenoma in ulcerative colitis
from polypoid dysplasia or DALM [62, 63]. In fact,
the distinction is often relatively straightforward,
especially if the adenoma is in a site, usually
the right colon, which has not been affected by
ulcerative colitis, especially if occurring in the
older patient with a higher propensity to adenoma
formation [63]. On the other hand, a flat or sessile
lesion in a young patient, especially if in the rectum
or distal colon, is much more likely to be a DALM.
The sessile lesion in an older patient presents more
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difficulty. If it is clearly outside the area of colitis,
then it is likely to be a sessile adenoma.

Despite the confidence that the literature es-
pouses in enabling a differentiation between spo-
radic adenoma, adenoma-like lesions and DALM on
microscopic criteria [62, 63], unfortunately, in some
patients, there is often a degree of overlap between
these conditions. Undoubtedly the most useful in-
vestigation is to biopsy not only the lesion (and ex-
tensive biopsy at that) but also to biopsy the adjacent
flat mucosa. The presence of dysplasia in flat mu-
cosa adjacent to the polypoid mucosa strongly aids
in the substantiation of a diagnosis of DALM. The
detection of dysplasia and its treatment by means
of colonoscopy are now in question following two
recent studies. Firstly, it has been demonstrated that
careful colonoscopy renders most dysplastic lesions
in ulcerative colitis visible [64]. Furthermore, one
study has shown that local excision of dysplastic le-
sions, in 34 ulcerative colitis patients, whatever the
subtype of the lesion, may be adequate treatment
with favourable long-term follow up [65].

Controversy 15

Should a specialist pathologist, or a generalist,
report dysplasia? Should dysplasia be confirmed
by a second observer?

In our view, double reporting is invaluable: the re-
cent adverse publicity surrounding the reporting of
histopathology has ensured that many departments
have introduced procedures for the double report-
ing of cancer specimens. This is certainly for the
protection of patients and also aids the clinician by
enhancing the level of confidence in a diagnosis that
might well imply major surgery. Furthermore, we
believe that such double reporting provides an in-
valuable educational and audit tool for pathologists.
We would thoroughly recommend that a diagnosis
such as high-grade dysplasia in chronic ulcerative
colitis that may well obligate major surgery, should
be confirmed by a second experienced observer. Such
double reporting has not been the subject of any for-
mal assessment, audit or trial, as far as we are aware.
Nevertheless, the alarming inter-observer and intra-
observer variation in the diagnosis of dysplasia in

inflammatory bowel disease [66, 67] clearly indi-
cates, to us at least, that such co-operation has to be
regarded as best practice. Currently, in the UK, we
do not have the resources to insist that all such diag-
noses be made by specialist pathologists. We believe
that the reporting of dysplasia in the gastrointesti-
nal tract is best performed by specialist pathologists,
but we accept that such a recommendation is not
achievable at present.

Controversy 16

How should we diagnose pouchitis? Is
histopathology the only criterion?

We firmly believe that the diagnosis of pouchitis
should have three phases: clinical, endoscopic and
histological [23]. The diagnosis should be based
on the presence of clinical symptoms and signs:
diarrhoea and/or discharge with associated systemic
symptoms [68]. There must be endoscopic evidence
of generalised inflammation within the pouch mu-
cosa, appearing similar to the features of CIBD else-
where in the intestines [68]. Finally, biopsies must
reveal evidence of severe acute inflammation and
ulceration (Fig 6.7) [69]. We do not believe that a di-
agnosis of pouchitis could, or should, be based solely
on histopathological features. This is because other
causes of inflammation within the pouch may cause
just as much inflammation and ulceration as pouch-
itis: we have seen biopsies from patients with reser-
voir inflammation caused by ischaemia, mucosal
prolapse, Crohn’s disease and even infective enteritis
that have all shown enough histopathological ab-
normality to justify a diagnosis of pouchitis accord-
ing to current criteria [70]. Furthermore, the little
recognised entity of secondary pouchitis, in which
an external mass (usually a pelvic abscess but occa-
sionally desmoid tumour or carcinoma) can cause
florid inflammatory changes in the pouch mucosa,
may show histopathological changes that strongly
mimic pouchitis. In many centres, scoring systems
have been used to grade the amount of histopatho-
logical abnormality [69, 71]. The amount of ulcer-
ation and acute inflammation required to correlate
with a clinical and endoscopic diagnosis of pouchitis
is usually dictated by the St Mark’s scoring system
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Fig 6.7 Pouchitis. There is surface pus indicating ulceration
elsewhere and there is villous atrophy, diffuse chronic
inflammation and a large erupting crypt abscess

(at right).

[71]: in this system an acute inflammatory score of
four or more usually implies pouchitis. It is only the
acute inflammatory score that correlates well with
the clinical and endoscopic features of pouchitis
[72]. A study of the Heidelberg pouchitis activity
index has highlighted that, whilst histological and
endoscopic scoring is reasonably reproducible, the
clinical scoring system is less reliable [73].

Controversy 17

Does dysplasia really occur in pouch mucosa?

We have not seen dysplasia in ileal mucosa of the
pelvic ileal reservoir in our own practices, although
a few reports do exist in the literature [72—74]. Al-
though there are theoretical reasons why dysplasia
could be a considerable problem in an ileal mucosa
subject to colonic phenotypic change and to inflam-
mation with associated hyperproliferation [75], we
now believe that concerns over potentially high rates

of neoplasia in the ileal mucosa itself may have been
over-called [23]. The operation has been established
for almost 30 years and it would seem unlikely to
us that the reservoir will suffer the same levels of
neoplastic change that the colon does in ulcerative
colitis patients. This is certainly supported by evi-
dence from Kock’s continent ileostomy operations,
in which there has been no notable increase in neo-
plastic change and, indeed, it would appear that the
mucosa could revert to normality after 20 years [76].
This does not make us complacent and there is con-
siderable concern about any remaining rectal or cuff
mucosa at the lower end of the pouch. This cuff mu-
cosa may well have considerable neoplastic poten-

tial [23, 77].

Controversy 18

Should we follow up pouch patients?

There are reports of dysplasia and carcinoma in
the pouch mucosa but recent data suggest that the
neoplastic risk is generally low [78, 79]. Never-
theless, we believe that ileal reservoirs should be
subject to some form of surveillance [23, 70]. It
has been recommended that patients undergo en-
doscopic surveillance every year [70]. Protocols rec-
ommend that biopsies be taken from several differ-
ent sites in the pouch, according to standardised
methodology, because the histological changes of
colonic phenotypic change and inflammation may
be patchy in the pouch mucosa [80, 81].

More recently, although not yet published, the
International Organisation for IBD has asked a
working group to study the whole question of
neoplastic risk in and around the pouch and to
make recommendations with regard to surveillance.
They maintain that all patients do require surveil-
lance but that only those with severe inflamma-
tory changes, those with so-called type C histol-
ogy, have a high risk of pouchitis and, at the same
time, presumably, a somewhat higher risk of devel-
oping dysplasia and cancer in the ileal mucosa of the
pouch. These patients as well as those with ‘cuffi-
tis’ and/or a substantial remaining anal transitional
zone (ATZ: cuff) should be kept under very close
surveillance.
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A small subset of patients with an apparently
clear diagnosis of ulcerative colitis may have pouch
surgery and, at a later date, develop Crohn’s disease.
In one series, this occurred in 32 patients out of 790
[82]. Crohn’s disease should not be diagnosed on
the basis of histological findings in the pouch alone.
In this study pre-operative clinical, endoscopic or
pathological features were not useful predictors of
either pouch failure or of patient outcome.

Controversy 19

What is the role and value of upper GI endoscopy
in the diagnosis, and differential diagnosis, of
chronic inflammatory bowel disease?

There is increasing interest in gastro-duodenal
involvement in Crohn’s disease, not least because
minor abnormalities, easily detectable in mucosal
biopsies at the time of upper gastro-intestinal
endoscopy, appear to be much more common
than previously thought. These abnormalities may
provide corroborative evidence for a diagnosis
of Crohn’s disease, especially when symptoms
and signs are caused by more distal occult small
intestinal disease, poorly accessible to conventional
diagnostic modalities. About 15% of patients with
Crohn’s disease will have duodenal histological ab-
normalities, although gross involvement only affects
about 2% of patients. On the other hand, focal ac-
tive gastritis, sometimes known as focally enhanced
gastritis, in the absence of H. pylori involvement, is
said to be characteristic of gastric Crohn’s disease.
However, we firmly believe that this association has
been over-called in the literature and there is support
for our views from a recent study that indicates that
such focally enhanced gastritis is neither a specific
nor sensitive marker for CD [83]. Even if these
upper gastrointestinal pathological changes occur
in a setting of known CIBD, then some caution is
appropriate as some clear-cut cases of ulcerative
colitis may also have upper gastrointestinal tract
lesions identical to those seen in Crohn’s disease
[84]. In paediatric disease, some authors have
found oesophagogastroduodenoscopy a helpful
investigation in cases of CIBD that are difficult to
classify [85].

Conclusions

In this revised chapter, for the second edition of this
book, we have, once again, deliberately raised more
questions than we have provided answers. We be-
lieve it is the histopathologist’s role to continually
question perceived dogma in the diagnosis of inflam-
matory bowel disease (as exemplified by the change
in attitude to the possible treatment of dysplastic le-
sions in ulcerative colitis). Histopathologists need to
be fully aware of changes in disease with time and
those introduced by newer drug therapies. There is
also a need for continuing reassessment of diagnos-
tic criteria of Crohn’s disease- and ulcerative coli-
tis. There is also an ongoing need for inter-observer
and intra-observer studies. Likewise we should be
required to review and, if necessary, modify our di-
agnostic criteria for dysplasia on a regular basis.
The full potential of the pathologist’s role in the
management of CIBD is only fully realised, we be-
lieve, when the inter-disciplinary management team
works together to benefit patient care. Pathologists
should not work in isolation and should be kept in-
formed, by being given all relevant clinical details on
the pathology request form and by means of regular
clinicopathological meetings, in which the patholo-
gist plays a full and active role. We hope this chap-
ter has raised enough items of interest to encourage
pathologists and clinicians alike to continue with
an active role in research and audit into improved
diagnosis and management of CIBD and its compli-
cations.
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Introduction

Inflammatory bowel disease (IBD) is a chronic in-
flammatory disorder consisting of two main enti-
ties: Crohn’s disease and ulcerative colitis. Estab-
lishing the correct diagnosis in patients with IBD is
extremely important because the natural history and
outcomes, medical management and surgical man-
agement of these two entities are quite different. De-
spite the advances in modern medical technology,
diagnosing IBD in patients with chronic abdomi-
nal symptoms and properly differentiating Crohn’s
from ulcerative colitis can sometimes still present
a challenge to gastroenterologists. Approximately
70% of patients with Crohn’s disease have involve-
ment of the small intestine, and in 30% the disease
is limited to the small intestine [1, 2].The diagnosis
of Crohn’s disease is usually established with con-
trast imaging techniques or direct visualisation on
endoscopy or at surgery. Laboratory data are only
used as adjunctive evidence. Histopathological find-
ings are preferred but not required [3]. Because the
disease pattern and behaviour are the only reliable
clues for Crohn’s disease, identification of active in-
testinal mucosal disease is the key to the diagnosis.

Traditional modalities in diagnosing
small intestinal Crohn’s disease
Small bowel radiography

Because the small intestine mucosa is traditionally
difficult to visualise, contrast small bowel radiogra-

phy has been the main diagnostic imaging modality
used to evaluate small intestinal Crohn’s disease [4].
A single contrast small bowel series is the most com-
monly ordered luminal radiographic study, although
enteroclysis is considered the diagnostic examina-
tion of choice because of the ability to distend the
intestinal lumen for a detailed double contrast ex-
amination [5, 6]. However, because there is not a
single pathognomonic radiographic feature that de-
fines Crohn’s disease, the radiological diagnosis is
based on subjective radiologist interpretations that
take into consideration a wide range of possible
findings. When the disease is mild and confined to
the mucosa, it is possible for small bowel radiogra-
phy to miss such lesions. This diagnostic modality
also exposes patients to significant radiation.

Traditional endoscopy

Most of the small intestine is beyond the reach
of standard endoscopes. Oesophagogastrodudeno-
scopic examination may identify Crohn’s lesions if
there is disease involvement in the upper gastroin-
testinal tract of the patient. Although retrograde
ileoscopy is perhaps the most useful and definitive
way of diagnosing small intestinal Crohn’s disease
via colonoscopy, some small intestinal Crohn’s dis-
ease lesions may not involve the terminal ileum or
are not possible to examine because of technical
difficulty in passing an endoscope through the ileo-
caecal valve, especially if there is significant degree
of inflammation due to Crohn’s disease around the
ileocaecal valve.
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Enteroscopy

Push enteroscopy was designed with the hope that
the longer endoscope would enter deeper inside the
small intestine. However, in practice, it can rarely
be passed 100 cm beyond the ligament of Treitz
[7]. Sonde enteroscopy reaches the ileum in approxi-
mately 75 % of the time, but this procedure typically
takes 8 h or longer to complete and is associated
with significant patient discomfort [7]. For these rea-
sons, it is seldom performed and only available at a
few centres worldwide [8]. Another diagnostic form
of enteroscopy is intra-operative push enteroscopy,
which is usually reserved for severe cases. Using
this approach the endoscope can usually examine
the entire small intestine. However, the downsides
of this procedure include the drawbacks associated
with exploratory surgery, general anaesthesia, pro-
longed post-operative ileus and costs of hospitali-
sation. The recently introduced double-balloon en-
teroscopy (Fujinon Corporation, Saitama, Japan),
which can be inserted from either an oral or anal
approach, has the capability to perform biopsy
and certain therapeutic measures. One series re-
ported that double-balloon enteroscopy achieved
total small bowel examination by combining both
the oral and anal approaches in 84% of the pa-
tients [9]. However, it is also a labour-intensive
procedure that may take more than 2 h to per-
form in each direction. Preliminary results from
a multi-centre study on 41 patients who under-
went 47 double-balloon enteroscopy procedures
showed that the average procedure time was 115
min and the mean distance reached by double-
balloon enteroscopy was 389 (40-665) cm (distal
jejunum) [10]. In addition, potentially serious com-
plications that are seen with intra-operative push
enteroscopy, such as serosal tears, haematoma, per-
foration, avulsion of mesenteric vasculature and
prolonged ileus can probably be encountered in
this procedure. Although the prospect of total en-
teroscopy with the possibility of performing biopsy
and therapy is intriguing, it is not certain that
double-balloon enteroscopy will become a routine
test used for examination of small intestinal Crohn’s
disease.

Inadequacy of the traditional
diagnostic modalities

As stated above, each of these diagnostic modalities
has its limitations. In reality, a majority of the bowel
is often not thoroughly examined in the work-up
of these patients. Delay in therapy, repetitive stud-
ies or improper treatment may occur as a result.
There are multiple case scenarios in which a more
sensitive diagnostic modality is desired. For exam-
ple, patients who have ulcerative colitis but still ex-
perience significant symptoms, such as unexplained
haematochezia or melaena, abdominal pain and/or
nutritional deficiency, should be screened for small
intestinal Crohn’s disease. Even in patients with es-
tablished Crohn’s disease, confirming the presence
or absence of suspected active disease activity in
the small intestine can be critical in determining the
best treatment options. Furthermore, patients with
chronic abdominal symptoms suggestive of Crohn’s
disease, but without definite proof of the disease,
deserve to be investigated further. From a finan-
cial standpoint, the inadequate small bowel exam-
ination may lead to excessive utilisation of health
care resources, decrease in work productivity and
increase in disability. A better diagnostic modality
for small intestinal Crohn’s disease is clearly needed.

Capsule endoscopy

Recent advances in medical technology have
led to the development of capsule endoscopy
(Figs 7.1—7.2), which was first described by Iddan
and Sturlesi’s team from Israel in 1997 [11]. Paul
Swain underwent the first capsule endoscopy in
August 1999 and stated that the capsule ‘was eas-
ily swallowed and caused no discomfort’ [12]. Cap-
sule endoscopy is a diagnostic procedure developed
for the complete examination of the small intestine
through video images transmitted from an ingestible
video camera. Originally named the M2A capsule,
the PillCam™ Capsule Endoscopy and Diagnostic
Imaging System (Given Imaging, Inc., Yogneam,
Israel) is a commercially available system consisting
of three major components: (1) a PillCam™ cap-
sule (measures 11 mm in diameter and 26 mm in
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Fig 7.1 The PillCam™ capsule endoscope.

length and weighs 3.7 g) that contains a miniature
complementary metal oxide silicon (CMOS) chip
video camera, six light-emitting (LED) illumination
sources, two silver oxide batteries, an UHF band
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Fig 7.2 Inside the PillCam™ capsule endoscope.

radio-frequency transmitter and an antenna; (2) sen-
sor array and data recorder that are attached to the
patient’s body to receive and record data transmitted
from the PillCam™ capsule; (3) a RAPID™ work-
station that is used to initialise the data recorder
and to download and process the raw data from
the data recorder [13, 14]. The PillCam™ capsule
captures images and transmits digital pictures at
the rate of 2 frames/s. The processed information,
composed of approximately 50,000 still images col-
lected over an 8-hour period, can be reviewed as
a continuous video stream at various speeds us-
ing the proprietary Rapid Reader software (Given
Imaging, Inc., Yogneam, Israel). Another form of
capsule endoscopy has recently been developed and
tested using animal models (Olympus Medical Sys-
tems Co., Tokyo, Japan) [15].

A number of studies have now demonstrated
the superior sensitivity and specificity of capsule en-
doscopy over traditional diagnostic studies of the
small intestine for the evaluation of gastrointestinal
bleeding [16-20]. The major advantages of capsule
endoscopy over traditional imaging and endoscopic
modalities include: (1) the ability to visualise the
entire small bowel; (2) the ability to detect small,
flat mucosal lesions; (3) it is a non-invasive pro-
cedure; and (4) it is an ambulatory procedure that
does not require sedation or hospitalisation and is
well accepted by patients. In other words, capsule
endoscopy is capable of providing detailed and ex-
tensive endoscopic images of the entire small bowel
and carries great promise in taking on many of the
imaging roles occupied by the existing but inade-
quate diagnostic modalities. For these reasons, cap-
sule endoscopy has recently been used as a new di-
agnostic modality for Crohn’s disease, after having
been primarily used in the evaluation of gastroin-
testinal bleeding.

Case examples of using capsule
endoscopy in IBD patients
Case 1

A middle-aged female patient with a history of
Crohn’s disease was evaluated for severe abdominal
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pain despite negative oesophagogastrodudenoscopy
(OGD), colonoscopy and small bowel follow
through (SBFT). It was previously thought that she
had chronic pain syndrome with possible secondary
gain. However, her capsule endoscopy study showed
extensive Crohn’s ulcerations throughout the small
intestine. Afterwards, she was treated accordingly
for Crohn’s disease.

Case 2

The first case of a retained capsule, in our experi-
ence, occurred incidentally in a female patient with
a long-standing history of right lower quadrant
abdominal pain, recurrent nausea and vomiting, as
well as abdominal bloating. Multiple endoscopic,
CT and small bowel radiography studies were
unremarkable. The patient suspected that she had
obstructive disease that could not be proven using
conventional means. When warned of potential
capsule retention in the setting of an obstructive
anatomical lesion, she informed the gastroenterol-
ogy staff that she would be delighted because
she would readily accept surgical intervention if
required. Indeed, the capsule held up in the distal
ileum, but the aetiology could not be identified
on capsule images because of a large amount
of food debris in the same region. The patient
then underwent an ileal resection and the tissue
specimen confirmed stenosing Crohn’s ileitis. She
remained asymptomatic for more than 1 year after
her surgery. This case exemplifies the possibility
of intestinal obstruction despite multiple negative
endoscopic and intestinal imaging studies. Her
long-standing symptoms might have eventually led
her to surgical resection even if Crohn’s disease had
been diagnosed and capsule endoscopy examination
never been performed. Nonetheless, our current rule
of practice is to investigate for possible obstructive
symptoms before proceeding with any capsule en-
doscopy examination. All patients with symptoms
suggestive of obstruction are required to have a
prior barium small bowel follow through study
with presumed non-obstructive results before they
can proceed to capsule endoscopy examination.

Current clinical experience in
adult patients

Following Fireman et al. ’s [21] paper published on
the utility of capsule endoscopy for Crohn’s disease
in 2003, a few other studies have also been pub-
lished in full manuscripts [21-28] and abstracts [29,
30-35] (Table 7.1). In addition, several other stud-
ies have included patients with Crohn’s disease or
with suspected Crohn’s disease among larger stud-
ies primarily aimed for the evaluation of patients
with obscure gastrointestinal bleeding [19, 37-39].
Virtually all the studies designed to detect Crohn’s
disease have reported on less than 6o patients, but
almost all showed evidence that capsule endoscopy
could be useful in the diagnosis and management of
small intestinal Crohn’s disease.

In a prospective study from Israel, Fireman et al.
performed capsule endoscopy on 17 highly selected
patients suspected of having Crohn’s disease with
symptoms including abdominal pain, diarrhoea,
iron deficiency anaemia and/or weight loss [21].
These patients all had negative results on OGD,
colonoscopy and barium small bowel radiography.
A large proportion of patients (71%) were found
to have intestinal lesions compatible with Crohn’s
disease by capsule endoscopy, with the majority of
the lesions found in the distal small bowel. How-
ever, only 6 of the 12 patients had their ileum in-
tubated with retrograde ileoscopy and had confir-
matory biopsy.These 12 patients were treated with
aminosalicylates and corticosteroid therapy and 10
patients had clinical improvement of their symp-
toms. This small study provided the first insight
into the inadequacy of traditional diagnostic modal-
ities in diagnosing Crohn’s disease and stimulated
more investigations into the usefulness of capsule
endoscopy for this condition.

Herrerias et al. [22] prospectively studied the
utility of capsule endoscopy in 21 patients in Spain
with suspected Crohn’s disease, after negative work-
ups with OGD, colonoscopy and barium small
bowel radiography. Capsule endoscopy was able
to identify 9 patients with findings consistent with
Crohn’s disease. The lesions detected included aph-
thous lesions, linear or irregular ulcers and fissures.
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Retrograde ileoscopy was successfully performed in
17 patients, with 6 patients found to have inflam-
matory changes on biopsy. The 9 patients with find-
ings of Crohn’s disease on capsule endoscopy all
went into clinical remission after they were subse-
quently treated with aminosalicylates and corticos-
teroid. However, no specific details on the treatment
courses of these patients were discussed.

Ge et al. [23] prospectively examined 20 patients
with suspected Crohn’s disease in China with cap-
sule endoscopy. All the patients had normal barium
small bowel radiography, OGD, colonoscopy (16
patients) and abdominal CT (14 patients) prior to
undergoing capsule endoscopic examinations. Thir-
teen patients had findings on capsule endoscopy
consistent with small intestinal Crohn’s disease. The
distribution of the lesions was mainly in the distal
part of the small bowel. The findings detected by
capsule endoscopy included mucosal erosions, aph-
thous ulcers, nodularity, large ulcers and ulcerated
stenosis. Of these 13 patients, Tt showed ‘good clin-
ical’ improvement after treatment with aminosalicy-
lates and short-term corticosteroid, while the other
two patients showed ‘some improvement’ in their
clinical symptoms only. Once again, the researchers
did not elaborate on the description of the treatment
courses. More importantly, because only 5 patients
had their terminal ileums intubated with ileoscopy
and not all of the patients had colonoscopy ex-
amination, one must be concerned that the find-
ings on capsule endoscopy were actually backwash
ileitis or intestinal tuberculosis rather than Crohn’s
disease, because ulcerative colitis and tuberculous
ileitis are more common than Crohn’s disease in
China [40—42].

Eliakim et al. [24] compared the diagnostic
yields of capsule endoscopy, SBFT and multi-planar
spiral entero-computed tomography (CT) in 35 pa-
tients suspected of having Crohn’s disease. The
symptoms of these Israeli patients were chronic di-
arrhoea, abdominal pain and/or weight loss. Cap-
sule endoscopy detected 77% of the patients with
Crohn’s disease, which was superior to SBFT (23 %)
and CT enterography (20%). Furthermore, capsule
endoscopy was able to detect all the lesions iden-
tified by the other two diagnostic modalities. The
findings identified by capsule endoscopy included

aphthous ulcers, erosions, ulcerations, erythema,
nodular lymphoid hyperplasia and blunted or ab-
sent mucosal villi. However, the diagnosis of Crohn’s
disease may have been inflated by the use of non-
specific findings such as erythema and absent mu-
cosal villi as diagnostic criteria, especially because
they did not perform confirmatory biopsy.

Mow et al. [25] performed capsule endoscopy in
another highly selected group of 50 patients with on-
going IBD symptoms. There were 22 patients with
only known colitis, 20 patients with Crohn’s dis-
ease and uncertain extent of small bowel disease
and 8 patients with suspected IBD. Patients with
significant obstructive signs or symptoms were ex-
cluded from the study. Forty of the 5o patients had
undergone barium SBFT within 1 year of the cap-
sule endoscopy examination and 68% of the SBFT
were reported as normal. Ileoscopy was performed
in 43 patients, with 41 patients having undergone
ileoscopy within 1 year of their capsule endoscopy
examinations. Overall, ileoscopy was unremarkable
in 18 patients, although the rest of the patients had
at least some degree of abnormality. In terms of cap-
sule endoscopy examinations, 20 (40%) were felt
to be diagnostic of Crohn’s disease while 1o pa-
tients (20%) were felt to be suspicious for small
intestinal Crohn’s disease. Capsule endoscopy find-
ings were diagnostic of Crohn’s disease in 3 of 8 pa-
tients who had suspicious symptoms, but without
having a prior established diagnosis of IBD. Eighty
per cent of the patients with diagnostic or suspicious
findings on the capsule improved clinically with in-
tensified medical treatment for IBD. Twelve patients
with a previous history of ulcerative colitis or inde-
terminate colitis were found to have lesions in the
small bowel and resulted in a change in diagnosis to
Crohn’s disease. Subsequent ileoscopy with biopsies
definitely confirmed the diagnosis of small intestinal
Crohn’s disease in 5 of these patients. In this clin-
ical setting, the findings on capsule endoscopy led
to more aggressive medical treatment rather than
performing colectomy [25].

Chong et al. prospectively compared the diag-
nostic yields of capsule endoscopy, small bowel en-
teroclysis and push enteroscopy in 22 patients with
known and 21 patients with suspected small in-
testinal Crohn’s disease [26]. Capsule endoscopy
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had findings consistent with small intestinal Crohn’s
disease in 17/22 patients with known Crohn’s dis-
ease and in 2/21 patients with suspected Crohn’s
disease. However, small bowel enteroclysis had find-
ings compatible with Crohn’s disease in 4/21 pa-
tients with established Crohn’s disease and none of
the patients with suspected Crohn’s disease. Lastly,
push enteroscopy only demonstrated findings con-
sistent with small intestinal Crohn’s disease in 3 of
the patients with known Crohn’s disease and none
of the patients with suspected Crohn’s disease. The
authors also surveyed their referring physicians and
found that the management of the patients in their
study was modified in 70% of the patients [26].

A Swedish group compared the diagnostic yields
of capsule endoscopy, barium small bowel radio-
graphy (89% enteroclysis, 11% SBFT), push en-
teroscopy and ileocolonoscopy in 47 patients with
suspected or active Crohn’s disease in a prospective,
controlled study published in abstract form [29].
All 47 patients completed all 4 diagnostic examina-
tions within 3 months, except for ileocolonoscopy,
in which only 44 patients had successful intuba-
tion of the ileum. Lesions compatible with small in-
testinal Crohn’s disease were identified by one or
more methods in 25 patients. Capsule endoscopy
had the highest diagnostic yield (88 %), although the
other modalities were less sensitive: ileocolonoscopy
(68%), barium small bowel radiography (24 %) and
push enteroscopy (16%) [29].

Voderholzer et al. prospectively compared the
diagnostic yield of capsule endoscopy with CT en-
teroclysis in 56 patients with Crohn’s disease [27].
The 56 patients first underwent CT enteroclysis and
15 were excluded for capsule endoscopy procedure
after strictures were detected on CT enteroclysis.
Of the remaining 41 patients, 25 were found to
have jejunal or ileal lesions by capsule endoscopy
compared with 12 by CT enteroclysis (p = 0.004).
Although these two diagnostic modalities did not
differ significantly in the detection of lesions in the
terminal ileum (capsule endoscopy detected 24/41,
while CT enteroclysis detected 20/41), the capsule
was able to detect more lesions proximally. Findings
on capsule endoscopy led to changes in treatment in
10 patients, all of whom responded clinically [27].
Likewise, a study comparing the diagnostic yield of

capsule endoscopy with MR enteroclysis in 1o pa-
tients with Crohn’s disease who have terminal ileum
involvement also showed capsule endoscopy to be
the superior test [30]. However, these abstracts do
not mention if confirmatory biopsy was performed.
Caution should be used before labelling patients
with Crohn’s disease on the basis of minor find-
ings such as villous denudation and fibrinous lesions
without biopsy or other confirmatory studies.

Legnani et al. [31] published, in abstract form,
a longer period of patient follow-up. In 32 patients
with either ‘abnormal’ (detailed definition not pro-
vided in the abstract) small bowel radiography or
abdominal pain, 30 had negative capsule endoscopy
examinations. After a mean follow-up of 19 months,
none of these 30 patients developed any evidence
of Crohn’s disease (criteria not provided in the ab-
stract), yielding a 100% negative predictive value
for capsule endoscopy. In another group of 33 pa-
tients with either known IBD with normal small
bowel radiography findings or patients with known
Crohn’s disease with persistent obscure bleeding, 18
had positive capsule endoscopy examinations. Over-
all, treatment decisions based on diagnostic findings
from capsule endoscopy examination in 20/21 pa-
tients led to clinical improvement [31]. However,
this abstract did not provide details of the treatment
course, nor was confirmatory biopsy performed on
the patients.

A published abstract by these authors reviewed
retrospectively 97 capsule endoscopy procedures
that were performed on 88 symptomatic patients
with documented Crohn’s disease over a 2-year pe-
riod [31]. Forty-eight of 96 (50%) patients had
findings diagnostic of active Crohn’s disease and
10 (10%) patients had findings suggestive of ac-
tive Crohn’s disease on capsule endoscopy, while
33 (34%) patients had normal findings on the cap-
sule. Twenty-two patients had colonoscopy data
within 9o days (mean = 30 days) of their capsule
endoscopy examinations for comparison. Although
55% patients had disease findings on capsule en-
doscopy, only one patient (5%) had a single aph-
thous ulcer on colonoscopy. Furthermore, SBFT
was performed within 9o days of the capsule en-
doscopy examination (mean = 30 days) in 32 cases,
capsule endoscopy was found to be superior to
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SBFT in detecting active Crohn’s lesions (Fisher’s Ex-
act Test p = o0.05). This published abstract, based
on selected patients, suggested that SBFT and
colonoscopy added little value in assessing active
disease in symptomatic Crohn’s patients. In clinical
practice, we feel that capsule endoscopy may be the
preferred modality in evaluating established small
intestinal Crohn’s disease patients who present with
active symptoms after the likelihood of stricture is
ruled out. Large-scale, well-controlled prospective
studies are needed to address this issue definitively.

In spite of the rapidly increasing number of stud-
ies on the utility of capsule endoscopy for diagnos-
ing Crohn’s disease and the apparent high diagnostic
yield of active disease in many of these studies, care
must be taken to not assume similar findings in a less
selected population. The mere discovery of mucosal
ulcers or erosions does not clinch the diagnosis and
responses to Crohn’s disease treatment have not
been reported in sufficient detail. Several questions
have also been raised about these studies: (1) the cri-
teria for clinical suspicion of Crohn’s disease were
not well-described or uniform; (2) diagnostic crite-
ria and terminology for capsule endoscopy findings
have not been fully established; (3) patient selec-
tion and exclusion were different in these studies;
(4) long term follow-up was generally lacking in
these studies; and (5) each study lacked detailed
description of treatment course. Large-scale, well-
controlled prospective studies are needed to confirm
these preliminary data.

Comparison of capsule endoscopy with
traditional diagnostic modalities

The preliminary results from these studies suggest
that capsule endoscopy has the potential to achieve
higher diagnostic yield than traditional modalities
for the detection of small intestinal Crohn’s dis-
ease. A meta-analysis of capsule endoscopy com-
pared to other modalities in patients with sus-
pected or known non-stricturing small intestinal
Crohn’s disease was published in abstract form [43].
This meta-analysis included 10 studies comparing
the diagnostic yields of capsule endoscopy and
small bowel radiography, which were 62 and 27%
(n = 226), respectively. The authors also analysed 4

studies that compared diagnostic yields of capsule
endoscopy and ileoscopy, which were 57 and 43%
(n = 117), respectively. They also examined 3 stud-
ies that compared the diagnostic yields of capsule
endoscopy and CT enterography, which were 73
and 41% (n = 70), respectively. Finally, they eval-
uated 2 studies that compared the diagnostic yields
of capsule endoscopy and push enteroscopy, which
were 47 and 7% (n=75), respectively [43]. The
low sensitivity and general lack of additional in-
formation to findings of capsule endoscopy from
the preliminary studies have raised substantial scep-
ticism in regards to the value of the small bowel
radiography. However, in the published paper by
Buchman et al. [28], 30 patients suspected of re-
current Crohn’s disease were evaluated with both
SBFT and capsule endoscopy within a single week,
and the results were quite different from those of all
other published studies. Capsule endoscopy found
21/30 patients with active Crohn’s disease, while
SBFT found 20/30 patients, and complete agreement
between these two modalities occurred in 13 pa-
tients [32]. In addition, despite the results of these
studies, standard practice still routinely uses small
bowel radiography as a screening measure for obvi-
ous small bowel lesions and to exclude obstructions
in patients who have symptoms and signs of possi-
ble obstructions. Capsule endoscopy is still reserved
for symptomatic patients without obvious obstruc-
tion. The shortcoming of both CT enterography and
MR enterography appears to be the fact that both
of these studies may be normal when Crohn’s dis-
ease is mild and inflammatory changes are confined
to the mucosa. Therefore, these two new diagnostic
tools might not add much to the existing small bowel
radiography, although more sophisticated technol-
ogy may yield improved results. Instead, the most
appropriate role for these two modalities is the de-
tection of extra-luminal complications of Crohn’s
disease. CT enterography is quite useful in identi-
fying abscesses, fistulas, bowel wall thickening and
extra-intestinal inflammation [5]. In addition, this
technique has the advantage of allowing the simul-
taneous study of the mucosa and bowel wall, which
makes it an ideal replacement of barium small bowel
studies. Likewise, MR enteroclysis is capable of de-
tecting Crohn’s disease lesions, such as thickening
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and distortion of the small intestinal folds, but the
resolution is insufficient for the depiction of more
subtle lesions such as aphthous ulcers [44]. Large-
scale, well-controlled prospective studies are needed
to confirm these preliminary results.

Push enteroscopy has not been in widespread use
for the diagnosis of Crohn’s disease because Crohn’s
disease tends to have distal ileum and/or colonic in-
volvement. Results from studies mentioned above
have echoed this perception [26, 29]. The yield of
positive biopsy results from the upper gastrointesti-
nal tract in symptomatic Crohn’s disease patients is
also not satisfactory. Hence, push enteroscopy is un-
likely to be useful in the diagnosis of Crohn’s disease.

Based on the number of studies thus far, it ap-
pears that capsule endoscopy is valuable in exam-
ining the terminal ileum, although it offers only
a slight advantage over retrograde ileoscopy via
colonoscopy. Capsule endoscopy seems more help-
ful for patients in whom it is not technically feasi-
ble to perform a retrograde ileoscopy, and when it
is clinically necessary to examine the other regions
of the small intestine. However, most of these data
were presented only in abstract form and specific
details on the study designs and descriptive findings
of these studies are lacking. Whether the capsule en-
doscopy findings from these studies truly represent
small intestinal Crohn’s disease, or lesions due to
other aetiologies, is unclear. Therefore, larger-scale,
well-controlled prospective studies are required to
confirm these preliminary conclusions. Until then,
capsule endoscopy should be performed after ileo-
colonoscopy in the diagnostic work-up for patients
with suspected Crohn’s disease.

Distribution of Crohn’s disease lesions
on capsule endoscopy

Traditionally, intestinal Crohn’s lesions are believed
to localise in the distal ileum. With the development
of capsule endoscopy, we are now able to directly
visualise the small bowel mucosa to gain insight as
to the localistion and distribution of Crohn’s dis-
ease. Tabibzadeh et al. [45] have reported on the
distribution of small bowel erosions or ulcerations
in patients presenting for capsule endoscopy. The
authors have evaluated the distribution of small

bowel lesions in 97 capsule endoscopy procedures
that were performed on 88 symptomatic patients
with documented Crohn’s. Forty-four of 96 (46%)
procedures showed lesions in more than one region
of the small bowel. The distribution of the lesions
in the small bowel were: 23% of the lesions were
found in the duodenum, 34% of the lesions were
found in the jejunum, 42 % of the lesions were found
in the proximal ileum, and 61% of the lesions were
found in the terminal ileum. Only § cases showed le-
sions in the duodenum, jejunum, or proximal ileum
without lesions in the distal ileum (Fisher’s Exact
Test p < 0.0001). Although this result confirmed
the theory that most of the Crohn’s disease lesions
are located in the distal ileum, the surprisingly high
number of lesions detected in the more proximal re-
gions suggested that perhaps Crohn’s disease is more
evenly distributed than once thought.

Appearance of Crohn’s disease lesions
on capsule endoscopy

Using capsule endoscopy to diagnose small intesti-
nal Crohn’s disease can be a challenging task sim-
ply for the reason that the small bowel mucosal lin-
ing has never been visualised in detail before. The
natural assumption is that the typical ulcers, ero-
sions and inflammation seen in the terminal ileum
and duodenum by conventional endoscopy would
appear the same in the other locations of the small
bowel on capsule endoscopy. Capsule endoscopy
has the ability to identify Crohn’s lesions between
the two ends of the small intestine. Indeed, the ap-
pearance of lesions on capsule endoscopy closely re-
sembles those captured with traditional endoscopy
(Fig 7.3).

However, as described in the studies above, nu-
merous terms describing lesions identified by cap-
sule endoscopy have appeared from various studies.
A standardised terminology system for capsule en-
doscopy findings is warranted in order to compare
findings, define diagnoses and determine the sever-
ity of the disease. This is of particular importance
in describing these findings because there is limited
ability in gauging the depth of many mucosal lesions
[46]. Gastroenterologists from a tertiary medical
centre in New York have designed a Crohn’s disease
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Fig 7.3 Sample of capsule endoscopy pictures of intestinal Crohn’s lesions, in patients with established Crohn’s disease,
captured with the PillCam™ capsule endoscope. (a) Small bowel ulcer with surrounding edema, which is commonly seen
but not exclusively in Crohn’s disease. (b) Jejunal Crohn’s stricture, which was subsequently confirmed in surgical resected
specimen. (c) Linear, serpiginous ulcer commonly seen in Crohn’s disease. (d) Aphthous lesion.

capsule endoscopic scoring index scale called the
‘Lewis scoring system’ for the description of small
intestinal lesions detected on capsule endoscopy
[47]. Whether this scoring index will be applicable
and useful is still to be determined. In addition, fu-
ture studies should address whether lesions in the

ileum detected by capsule endoscopy can be scored
with Crohn’s disease endoscopic index of severity
(CDEIS), which measures disease activity on the ba-
sis of colonoscopy findings [48].

A major concern with the findings on capsule
endoscopy is that patients with advanced Crohn’s
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disease may have typical endoscopic lesions, but
many of the less severe lesions can be difficult to dif-
ferentiate from lesions caused by non-steroidal anti-
inflammatory drugs (NSAIDS) [49]. Furthermore,
published abstracts suggested that small lesions in
the intestine could even occur in asymptomatic con-
trol subjects not taking NSAIDS [50, 51]. A few
scattered erosions, erythema or mucosal breaks are
insufficient to establish the diagnosis of Crohn’s dis-
ease, although large ulcers located in the small bowel
are perhaps more specific for Crohn’s disease [46].
Voderholzer et al. suggested that the finding of more
than 10 apthous ulcers on capsule endoscopy raises
high index of suspicion for Crohn’s disease [27].
However, Mehdizadeh et al. classified symptomatic
patients with more than three small bowel ulcers
on capsule endoscopy examination as having ac-
tive Crohn’s disease [32]. Therefore, extreme cau-
tion is warranted before diagnosing patients with
CD, which is a life-long disease, simply based on
a few small and scattered small bowel lesions de-
tected on capsule endoscopy. It is the opinion of
these authors that practicing physicians should cor-
relate capsule endoscopy findings with clinical find-
ings. Nonetheless, the possibility of ‘silent” Crohn’s
disease must always be kept in mind even in asymp-
tomatic patients.

Use of capsule endoscopy in the
pediatric patients with Crohn’s disease

Few studies have so far evaluated the utility of cap-
sule endoscopy in paediatric patients with Crohn’s
disease [52, 53]. Arguelles-Arias et al. [52] found
capsule endoscopy to be well tolerated and safe in
12 paediatric patients (age 12—16) suspected of hav-
ing Crohn’s disease. Seven of the 12 patients were
found to have lesions suggestive of small intestinal
Crohn’s disease on capsule endoscopy after nega-
tive findings with OGD, colonoscopy (5 patients
had ileoscopy) and SBFT. The children with find-
ings consistent with Crohn’s disease were treated
with corticosteroid and oral aminosalicylates, and
all went into either clinical remission or analyt-
ical remission (term not explained) with at least
3 months of follow-up [52]. The limited data sug-
gest that capsule endoscopy may be safe and well

tolerated in paediatric patients and may be effective
in diagnosing Crohn’s disease. Nonetheless, larger-
scale, prospective studies are needed to confirm cap-
sule endoscopy as a routine diagnostic modality in
detecting Crohn’s disease in the paediatric popula-
tion. It would be a welcome improvement if capsule
endoscopy could replace small bowel radiography
and reduce radiation exposure in children. More-
over, permanent trapping of a capsule proximal to
a Crohn’s lesion may be a more common event in
children who have a naturally smaller intestinal cali-
bre than in adults. Furthermore, future studies must
determine the smallest size or youngest age of pa-
tients who can undergo capsule endoscopy exam-
ination, as well as standardised approaches to in-
sert the capsule in paediatric patients who cannot or
refuse to swallow the capsule. Nevertheless, capsule
endoscopy in carefully chosen young patients may
lead to early treatment and restore proper growth
and development.

Experience of capsule endoscopy in
patients with ulcerative colitis

Studies on the utility of capsule endoscopy in the
IBD world have been mostly limited to the diag-
nosis of Crohn’s disease. Its role in patients with
established ulcerative colitis is unknown. The au-
thors have retrospectively examined the case records
at our centre and identified all patients with mod-
erate to severe ulcerative colitis who underwent
capsule endoscopy over a 3-year period. A single
experienced endoscopist reviewed all the capsule
endoscopy images (Simon K. Lo). The finding of
multiple ulcerations (>3) on capsule endoscopy was
classified as diagnostic of small intestinal Crohn’s
disease. Seventy-one patients with known moder-
ate to severe ulcerative colitis underwent 73 cap-
sule endoscopy procedures during the 3-year period.
Patients were grouped as follows: Group A, consist-
ing of 61 (86%) patients with moderate to severe
ulcerative colitis with either symptoms out of pro-
portion to colitis such as severe abdominal pain,
or non-bloody diarrhoea or steroid refractory dis-
ease and, Group B, consisting of 10 (14%) patients
with previous colectomy who continued to have,
or developed new onset of, symptoms including
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diarrhoea and/or abdominal pain and pouchitis re-
fractory to antibiotic therapy. Eleven of 61 (18%)
patients in Group A had findings consistent with
Crohn’s disease and 3 of 10 (30%) patients with pre-
vious colectomy (Group B) had findings consistent
with Crohn’s disease on capsule endoscopy. Among
the 14 patients with positive findings on capsule en-
doscopy, 9 had a SBFT within 32 days of the cap-
sule, but none showed evidence of Crohn’s disease.
Most of these 14 patients have been followed-up
after their capsule endoscopy examinations, with
clinical information that supported their change in
diagnosis to Crohn’s disease.

From these results, we conclude that a small
but significant number of patients with moderate
to severe ulcerative colitis have the potential to be
reclassified as Crohn’s disease when further evalu-
ated by capsule endoscopy. The sensitivity of SBFT
was found to be inferior to capsule endoscopy in
these patients. These preliminary findings suggest
that capsule endoscopy could be useful in evaluat-
ing ulcerative colitis patients who have persistent
symptoms. It is logical to assume that if capsule en-
doscopy is proven to be useful in reclassifying a sub-
set of ulcerative colitis patients to Crohn’s disease, it
may impact upon the choice of medical or surgical
therapy and may alter the course of illness in these
patients. A negative capsule endoscopy study may
be equally valuable as it may exclude Crohn’s dis-
ease in ulcerative colitis patients who have persistent
or extraordinary symptoms.

Experience of capsule endoscopy in
patients with indeterminate colitis

Indeterminate colitis is defined here as estab-
lished isolated colitis in which available endoscopic,
pathologic, laboratory and radiological studies are
inconclusive for ulcerative colitis or Crohn’s disease.
Up to 10% of patients with IBD are considered to
have indeterminate colitis [4]. The diagnosis of inde-
terminate colitis in these patients would be changed
to Crohn’s disease if lesions were identified in the
small intestine [54]. Forty-five patients with inde-
terminate colitis had capsule endoscopy examina-
tion at our institution. Twenty-two (49 %) had small
intestine lesions suggestive of active Crohn’s disease

and had therapeutic changes [3]. Whitaker et al. [55]
examined 7 indeterminate colitis patients (including
3 patients with history of procto-colectomy) with
capsule endoscopy. In 2 patients, lesions consistent
with small intestinal Crohn’s disease were detected
by capsule endoscopy, and 3 other patients had sub-
tle changes including isolated erosions and apht-
hous ulceration in the distal small bowel. In the 4th
International Conference on Capsule Endoscopy,
Mascarenhas-Saraiva of Portugal presented 27 pa-
tients with indeterminate colitis who had chronic
colonic inflammation that had capsule endoscopy
examinations [56]. In these 27 patients, 22% of
the patients had mucosal alterations in the small
bowel compatible with Crohn’s disease, while 7.4 %
of the patients had findings suspicious for Crohn’s
disease. These preliminary data suggest that capsule
endoscopy could be a useful modality in patients
with indeterminate colitis. However, clinical signifi-
cance of subtle small bowel lesions is unknown and
long-term follow up of these patients is certainly
warranted. Furthermore, whether a negative capsule
endoscopy study can fully exclude small intestinal
Crohn’s disease in patients with indeterminate coli-
tis remains to be investigated in future studies.

Challenges and concerns of using
capsule endoscopy in IBD patients

Capsule retention

Although a number of the studies on the utilisation
of capsule endoscopy for Crohn’s disease have been
promising, there are still concerns and questions
about performing capsule endoscopy in this setting
because intestinal obstruction may occur in 3 5-54%
of patients with Crohn’s disease [57]. Many physi-
cians and patients are concerned that the capsule
may stick proximal to the stricture and lead to in-
testinal obstruction. Even if a retained capsule does
not induce obstructive symptoms, it must be re-
moved before the capsule’s contents, come in contact
with the intestinal lining and cause injury. Therefore,
it is important to address the question of whether
capsule endoscopy is safe to perform on patients
with known or suspected small intestinal Crohn’s
disease.
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Out of the initial 26,500 patients undergoing
capsule endoscopy for various indications, only 2.8
failed to pass the capsule because of unsuspected ob-
structive lesions (0.1 %) [58]. Furthermore, in all 28
patients with retained capsules, capsule endoscopy
identified the cause of capsule retention and led to
proper treatment. Another study showed that the
capsule was retained in 7 of 272 patients (3.6%)
with § patients requiring surgical intervention and
2 patients requiring endoscopic removal of the cap-
sule [59]. Given the higher frequency of strictures
in patients with Crohn’s disease, it is likely that the
true incidence of capsule retention in Crohn’s dis-
ease is significantly higher than the reported o.1-
3.6% for all indications. One of the main reasons
that the capsule retention rate has not been as high
as expected in Crohn’s disease patients is that most
of the studies conducted had excluded patients with
symptoms suggestive of obstructive disease. Of the
first 97 capsule endoscopy cases that we retrospec-
tively reviewed, which were performed on 88 symp-
tomatic patients with documented Crohn’s disease,
3 capsules were retained. Two of the 3 patients re-
quired surgical removal while the other one passed
the capsule spontaneously after 3 weeks.

Another published abstract retrospectively re-
viewed 38 patients with known Crohn’s disease who
had undergone capsule endoscopy and found reten-
tion of the capsule proximal to a stricture in 5 of
6 patients with retained capsules [60]. Of the 6 pa-
tients with retained capsule, 3 patients had stric-
tures that were not detected by prior SBFT while
the other 3 patients were suspected of having stric-
tures prior to capsule endoscopy examination. In §
patients, the obstructing lesions were resected and
led to complete resolution of the patients’ underly-
ing symptoms. More importantly, acute small bowel
obstruction did not occur in any of these 6 patients.
As a result, the authors of the study proposed that
a retained capsule might be considered a ‘therapeu-
tic complication’ that can be of value in the evalu-
ation and management in patients with known or
suspected Crohn’s disease [60]. Whether or not it
is clinically advantageous to have a capsule stuck
proximal to a Crohn’s stricture or not, it is important
for gastroenterologists to clearly explain to the pa-
tients about the potential risk involved with capsule

endoscopy examination as well as the possible con-
sequences that might require surgical intervention.
Most experts feel that for patients that had cap-
sule endoscopy examinations but the capsule video
recordings do not show images of the colon and the
patients fail to notice the capsule endoscope in the
stool, an abdominal X-ray is warranted in 7 days to
check for capsule retention [61].

Standard practice favours performing SBFT
prior to capsule endoscopy to rule out strictures,
but this is surprisingly not a reliable way to ex-
clude short or moderate strictures. As a result, Given
Imaging (Yogneam, Israel) is investigating the pos-
sibility of screening patients with a potential silent
stricture using a dissolvable test capsule before sub-
jecting them to the real capsule studies. This Patency
capsule system consists of two components: (1) an
ingestible, dissolvable capsule that is has the exact
dimension as the PillCam™ capsule (11 x 27 mm)
with a tiny radio frequency ID (RFID) tag, and (2) a
hand-held scanner used to detect the RFID tag. The
Patency capsule can be identified by either the hand-
held scanner or fluoroscopy because it contains a
small amount of barium. This capsule is designed
to disintegrate into small components and pass
naturally after 40-100 h. If the capsule passes whole
in a timely fashion, then the regular PillCam™ cap-
sule can theoretically be safely administered to the
patient.

A multi-centre trial has been conducted to assess
the ability of the Patency capsule to verify functional
small bowel patency in 8 5 patients with suspected or
confirmed small bowel strictures (8o patients with
strictures confirmed by conventional radiology and
61% with Crohn’s disease) [62]. The Patency cap-
sule was excreted intact in 39 of 8o patients with ra-
diographically confirmed strictures and non-intact
in 41 patients. The Patency capsule was excreted
intact in all § patients with suspected strictures.
Twenty of the 85 patients experienced abdominal
pain that either resolved spontaneously or with
treatment (treatment method was not discussed in
the abstract). Thirty-three patients who had their
gastrointestinal tract patency verified then under-
went capsule endoscopy and the capsule passed nat-
urally in all cases [62]. The results of these stud-
ies raises some questions about adopting Patency
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capsules as part of clinical practice because it can
still lead to severe abdominal pain requiring treat-
ment in a significant number of patients. It has
been suggested that abdominal pain in these circum-
stances could be due to temporary intestinal occlu-
sion induced by the Patency capsule [63]. Further-
more, some Patency capsules disintegrate prema-
turely and therefore potentially lead to false negative
results. Therefore, the exact role of Patency capsule
is still to be determined. Till then, the Patency cap-
sule should be used cautiously in patients who are
at risk of having strictures.

Incomplete small bowel examination

Another consideration is that capsule endoscopy
cannot achieve complete small bowel examination
in many patients. Mergener et al. [59] found that
the capsule endoscope failed to complete examina-
tion of the small bowel in 59/197 patients. Hyun
et al. [64] retrospectively reviewed 197 capsule en-
doscopy cases and found that the capsule success-
fully examined the entire small bowel in 65% of
the cases. Another abstract retrospectively reviewed
282 capsule endoscopy cases in 266 patients and
found 64 cases had incomplete examination of the
small bowel [65]. In our experience, in 89 patients
with established Crohn’s disease presenting with
symptoms who underwent 96 capsule endoscopy
procedures, the capsule was able to reach the cae-
cum in 64 of 96 (67%) procedures.

Many of these patients who had incomplete ex-
amination of the small bowel by capsule endoscopy
have risk factors that may cause delayed capsule
transit time. A series, reported in abstract form,
reviewed 463 capsule endoscopy cases and factors
such as prior abdominal surgery, Crohn’s disease, di-
abetes, hypothyroidism and space-occupying intra-
luminal lesions were analysed [66]. The capsule
failed to pass the entire length of the small bowel in
145 cases. Prior abdominal surgery and diabetes had
the highest risks for delayed transit time [66]. Failure
to completely investigate the small bowel may lead
to a false negative examination or under-estimate
the extent of the patient’s disease because the ileum
is extremely important to evaluate in Crohn’s dis-
ease patients. Manufacturing a capsule with longer

battery life or smaller size could alleviate this prob-
lem. A smaller size capsule could, theoretically, be
safer in pediatric patients as well.

Bowel preparations and prokinetic agents have
also been investigated to alleviate this problem.
Fireman et al. [67] measured the gastric, small
bowel and colon transit times by capsule endoscopy,
with and without bowel preparation, in 62 pa-
tients with small bowel and colon pathologies. The
patients were divided into 3 groups: (1) prepared
with polyethylene glycol (7 = 9); (2) prepared with
sodium phosphate (z = 13); and (3) with no prepa-
ration (7 = 40). The results showed that, compared
to both sodium phosphate and no preparation,
oral polyethylene glycol significantly shortened the
transit time of the capsule through the stomach
and small bowel. Likewise, metoclopramide, ery-
thromycin and tegaserod have been found to en-
hance capsule transit time [68—70]. A published
study prospectively evaluated the small bowel tran-
sit in 1 50 patients undergoing capsule endoscopy, in
which metoclopramide was not administered to the
first 83 patients, but was given orally to the subse-
quent 67 patients, and found a much higher likeli-
hood that the capsule reached the colon in the latter
group of patients [68]. However, pro-kinetic agents
should not be administered intentionally when there
is a known stricture in the small intestine.

Image quality

Factors such as food debris, air bubble, faecal mat-
ter, mucous secretions, inadequate lighting and bile
may compromise the quality of video images. Most
gastroenterologists employ the standard practice,
which is to start the NPO period about 8-12 h
prior to capsule endoscopy examination. The ex-
tent to which pre-treatment with oral purging so-
lution optimises the quality of the examination is
still being debated. Niv et al. [71] retrospectively
evaluated 32 patients who underwent capsule en-
doscopy examination, with the first To patients pre-
pared with overnight fasting only, while the next 22
had oral sodium phosphate. An experienced endo-
scopist and endoscopy nurse, who were blinded to
the method used, graded the quality of the video
images and found 5 of 1o patients in the overnight
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fasting group had poor preparation rating in con-
trast to only 1 of the 22 patients given oral sodium
phosphate (p = o.o1). Another study also found
that bowel preparation improved the visualisation
of the small bowel in patients undergoing capsule
endoscopy [72].

Mucosal healing

Endoscopic examination is the most widely used
modality for the assessment of the extent and the
severity of Crohn’s disease in the small bowel and
the colon [73]. Hence, after confirming the diag-
nosis of Crohn’s disease, one needs to question
whether the lesions detected on capsule endoscopy
are correlated with clinical symptoms and if mu-
cosal healing represents remission of the disease. If
the answer to the question is yes, then capsule en-
doscopy may become a critically important tool in
the management of Crohn’s disease. Although ear-
lier studies have clearly shown that mucosal heal-
ing is not correlated with response to oral corticos-
teroids and that mucosal healing does not accom-
pany improvement of disease activity of Crohn’s dis-
ease [74—76], newer and more potent therapies for
Crohn’s disease have since been shown to induce
mucosal healing [73]. D’Haens et al. [77] observed
complete or partial healing of colonic lesions in
95% of their 20 patients in clinical remission treated
by azathioprine. Furthermore, treatment with in-
fliximab has also demonstrated mucosal healing as
early as 4 weeks after a single infusion [78]. De-
binski assessed mucosal healing by infliximab infu-
sion using the Crohn’s disease capsule endoscopic
scoring index (‘the Lewis scoring system’) in 13 pa-
tients with clinically active small intestinal Crohn’s
disease documented by capsule endoscopy [79]. In
this study, infliximab infusion was administered in
these 13 patients at weeks o and 6, and then at
weeks 8—10 the patients underwent a second cap-
sule endoscopy examination, which showed com-
plete mucosal healing in 46% of the patients. It is
conceivable that capsule endoscopy has the poten-
tial to be used in the future to document objectively
clinical improvement and remission. Therefore, it is
important for future studies to investigate this is-
sue further, as well as whether findings on capsule

endoscopy can predict response to a specific treat-
ment regimen.

Inability to perform biopsy

The inability to perform mucosal biopsy in order
to obtain histological specimens is one shortcoming
of capsule endoscopy. The mere detection of small
bowel ulcerations does not mean the patient would
have Crohn’s disease. Furthermore, established di-
agnostic criteria for IBD, such as those of Lennard-
Jones [80], are based on multi-modality work-up
and tend to rely on histological findings not obtain-
able with capsule endoscopy. Due to the inability
to obtain tissue specimens, the recently introduced
double-balloon enteroscopy (Fujinon Corporation,
Saitama, Japan), might be able to complement the
limitations of capsule endoscopy.

A recent multi-centre retrospective study in
the United States compared the diagnostic yields
of double-balloon enteroscopy with capsule en-
doscopy [10]. In this study, 13 patients with
gastrointestinal bleeding had concordant double-
balloon enteroscopy and capsule endoscopy test re-
sults; only 2 patients had a negative capsule study
but a positive double-balloon enteroscopy proce-
dure. All 9 capsule endoscopy studies for non-
gastrointestinal bleeding indications showed non-
specific findings, including submucosal nodules,
thickened edematous folds and blunted villi. On
the contrary, only 3 of these patients had posi-
tive findings on double-balloon enteroscopy, includ-
ing a large ileal carcinoid that was confirmed at
biopsy. The mean time for the double-balloon en-
teroscopy procedure was 115 min, whereas his-
torical data on capsule endoscopy reading time is
approximately 6o min. This study concluded that
these 2 modalities might have complementary roles
in the evaluation of unexplained gastrointestinal
blood loss. Both endoscopic techniques are reason-
ably sensitive (>50%) in identifying the source of
unexplained gastrointestinal bleeding. A distinct ad-
vantage of double-balloon enteroscopy over capsule
endoscopy is the ability to deliver therapy and per-
form biopsy, whereas capsule endoscopy seems to
have a much shorter procedure time and is less in-
vasive. Hence, the issue of correlating findings on
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capsule endoscopy to histology or conventional en-
doscopy in IBD patients may soon be clarified.

Inter-observer variability of capsule endoscopy
image analysis

The process of capsule endoscopy image interpre-
tation has not been standardised with respect to
the (1) selection and training of individual readers;
(2) determination of the gold standard to which find-
ings are compared to assess sensitivity and false pos-
itive rates; and (3) inadequate assessment on inter-
observer variability between readers. Survey from
the 2003 International Conference of Capsule En-
doscopy (ICCE) found that 82% of gastroenterol-
ogists reported that they were the first reader to
interpret the capsule endoscopy case recordings, al-
though 18% used a resident, physician assistant
and/or nurse to interpret the capsule endoscopy
case recordings first [81]. Preliminary studies of
inter-observer variability have mostly been limited
to comparison between 1 and 4 different read-
ers [82, 83]. Although most studies have shown
good concordance rates between physicians and
non-physicians/gastroenterology fellows, the con-
cordance rates from these studies were simply cor-
relations between identification of major lesions
[82, 83]. Chen et al. [84] found a sensitivity of
80% in detecting clinically significant lesions on
wireless capsule endoscopy, but a moderate rate
of inter-observer disagreement on minor findings
in a group of untrained capsule readers (7 = 10).
Therefore, whether physician extenders can serve
as the initial screeners to help save physicians’
time in interpreting capsule images is still wait-
ing to be seen. Because of the inter-observer vari-
ations on the minor findings, standardisations of
capsule endoscopy image interpretation and proper
reader training must be addressed in future stud-
ies. Another published abstract assessed the inter-
observer agreement between 2 experienced capsule
endoscopists (each has performed over 100 cap-
sule endoscopy cases) by using capsule endoscopy
recordings from 27 patients [85]. The 2 capsule en-
doscopists were found to have a high level of agree-
ment with respect to Crohn’s lesions in the duo-
denum and jejunum, but the agreement decreased

significantly in the proximal and terminal ileum
[85].

Transmural disease

Although capsule endoscopy has revolutionised the
examination of small bowel by transmitting high
quality images, it is unable to detect transmural
disease, which can be important in patients with
Crohn’s disease. The inability to assess fistulas and
abscesses could place capsule endoscopy at a disad-
vantage in patients with advanced Crohn’s disease.
New, modified CT and MRI can help the practicing
gastroenterologist to assess transmural disease.

Other concerns associated with
capsule endoscopy

There are other minor, but important, concerns that
need to be addressed as well. First, the safety of
capsule endoscopy in pregnant patients has not yet
been established [12, 13]. It is unlikely that there is
a direct health impact on pregnancy or the foetus.
Rather, the clinical circumstance related to capsule
retention could lead to an abdominal surgery, radi-
ological capsule localisation and potential obstruc-
tive symptoms. Second, the exact safety profile and
possibility of interference of data recording in pa-
tients with cardiac pacemaker or defibrillator have
not been fully established. Recently, a case was
reported of a patient with a cardiac pacemaker
implanted in the abdominal wall who underwent
capsule endoscopy examination [86]. After capsule
ingestion, cardiac monitoring showed no modifica-
tion of the pacemaker compartment, but the cap-
sule recording revealed more than 3 h of image
loss. Another study evaluated 5 patients with car-
diac pacemaker who underwent capsule endoscopy
examination, but did not find any interference or
adverse cardiac events [87]. It appears capsule en-
doscopy is safe in patients with cardiac pacemakers,
but, whether the cardiac pacers can lead to loss of
endoscopy images is not certain.

Economic decision model

Goldfarb et al. developed a decision tree model de-
signed to evaluate the economics of two diagnostic
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approaches in Crohn’s disease — colonoscopy and
SBFT or capsule endoscopy [88]. They estimated
that capsule endoscopy produces a cost saving of
$291 USD for each case presenting for diagnos-
tic work-up for Crohn’s disease. Sensitivity analy-
sis was performed using varying diagnostic yields of
colonoscopy and SBFT versus capsule endoscopy,
based upon data from the available literature. The
investigators found that capsule endoscopy is still
less costly than colonoscopy, even at the highest re-
ported diagnostic yields of SBFT and colonoscopy,
as long as the diagnostic yield of capsule endoscopy
is 64.1% or better [88]. Hence, the payers may find
capsule endoscopy as the first-line diagnostic proce-
dure to be more cost effective than the traditional
approach for diagnosing small intestinal Crohn’s
disease after obstructive symptoms are excluded.
However, data from larger- scale, well-controlled
prospective studies are needed in order to design a
definitive economic decision model.

Conclusion

IBD is a condition that affects at least the mucosal
lining and has remained a diagnostic challenge to
gastroenterologists since its initial description more
than 70 years ago [89]. After decades of diagnos-
tic refinements, direct visualisation of disease activ-
ity within the small intestine remains an important
component in disease confirmation. Conventional
imaging tests and surgical exploration are insensi-
tive, imprecise or impractical to rely upon for this
purpose. Capsule endoscopy may have finally ar-
rived as the diagnostic modality of choice. Prelimi-
nary studies have shown evidence that the capsule
study could be superior to traditional imaging
modalities to inspect the small intestine for ac-
tive Crohn’s disease. Anecdotal experiences mostly
based on abstract reports, have already suggested
that it is useful in diagnosing new Crohn’s disease,
monitoring disease activity, better defining indeter-
minate colitis and re-classifying ulcerative colitis.
Capsule endoscopy is also potentially capable of
altering disease management and improving clin-
ical outcomes, and perhaps providing physicians
with valuable information on the natural history of
inflammatory bowel disease. Although histological

proof is not necessary to confirm Crohn’s disease,
it is important for correlation with endoscopic find-
ings in order to establish uniformity in endoscopic
nomenclature and interpretation of findings at this
early stage of capsule endoscopy. Indeed, a dis-
advantage of capsule endoscopy compared with
conventional endoscopy is its inability to take tis-
sue samples. Large-scale, well-controlled prospec-
tive studies with long-term follow-ups are needed
to confirm the clinical relevance of this new tech-
nology in the field of inflammatory bowel disease.
Until then, the most appropriate role for capsule en-
doscopy in IBD patients appears to be for the eval-
uation of patients with suspected Crohn’s disease,
or Crohn’s disease patients with atypical symptoms
after retrograde ileoscopy evaluation. There is cur-
rently no indication for capsule endoscopy in pa-
tients with established ulcerative colitis except for
differential diagnosis purpose if the diagnosis is in
doubt. Our view is that it could become a useful di-
agnostic standard for diagnosing intestinal Crohn’s
disease.
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Introduction

After entering the twenty-first century, it has be-
come clear that imaging will remain pivotal for di-
agnosis and management of inflammatory bowel
disease (IBD). Although modern endoscopic tech-
niques allow unprecedented access to the gastroin-
testinal tract, many parts remain relatively inac-
cessible despite technological advances, notably the
small bowel and any areas upstream of tight stric-
tures. Furthermore, the bewildering array of extra-
luminal complications associated with IBD makes
it almost unique in non-neoplastic gastrointestinal
disease, and fuels the ongoing demand for imaging.

The modern radiologist has a vast armamentar-
ium of modalities and techniques available, but con-
ventional barium-based studies such as the small
bowel follow-through continue to be the work-
horses of day-to-day patient management. Flu-
oroscopic imaging provides both functional and
anatomical information, remains the gold standard
for radiological detection of mucosal disease, and
is well understood by referring physicians and sur-
geons alike. It is clear, however, that these stud-
ies have weaknesses, particularly for detection of
extra-luminal complications such as fistula and ab-
scess. Modern cross-sectional modalities such as
computed tomography (CT), magnetic resonance
imaging (MRI) and ultrasound (USS) allow unprece-
dented opportunity to characterise disease both in,
and particularly outside the bowel lumen. Such
techniques provide diagnostic information from the
whole bowel wall and not just the mucosal sur-
face, and are increasingly able to guide clinical

management decisions by providing an additional
assessment of disease activity. This chapter will out-
line the complementary relationship between cross-
sectional techniques and conventional barium radi-
ology, and will also detail some horizon scanning
for possible future applications.

CT scanning

CT scanning utilises ionising radiation and produces
sequential axial slices through the region of inter-
est. The recent introduction of multi-detector row
(multi-slice) technology permits very rapid acquisi-
tion of data with improved spatial resolution. For
example, the abdomen and pelvis can be scanned in
less than 10-15 seconds with individual slice thick-
ness of tmm or less. CT thus lends itself especially
well to imaging ill and/or immobile patients who
will not tolerate prolonged examination times.

Standard techniques

Patients routinely drink dilute barium- or iodine-
based contrast agents prior to abdomino-pelvic CT.
This opacifies and also distends the small bowel lu-
men, facilitating analysis of the bowel wall and im-
proving detection of extra-luminal complications.
Volumes up to 1500 ml are routine, usually admin-
istered over the 9o minutes prior to imaging. Poor
bowel distension, however, occasionally remains a
problem with oral administration, both reducing
sensitivity and mimicking wall thickening and stric-
turing. Some authors, therefore, advocate infusion
of contrast medium via a naso-jejunal tube [1, 2]
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so-called CT-enteroclysis. Careful control of infu-
sion rates can induce small bowel hypotonia and
achieve excellent distension. Naso-jejunal tube in-
sertion may, however, be difficult for both the pa-
tient and radiologist alike, and the technique essen-
tially negates one of the intrinsic advantages of CT,
which is rapid and non-invasive image acquisition.
Intravenous contrast is also routinely administered
during abdomino-pelvic CT. Normal bowel wall en-
hances avidly and abnormal enhancement patterns
are well described in patients with IBD, providing
additional diagnostic information (see CT scanning:
disease activity below) CT images are convention-
ally viewed as 2-D axial slices but acquisition of near
isotropic data with thin collimation (slice thickness)
multi-detector — row CT protocols allow excellent
multi-planar (coronal, sagittal) reconstructions [3].

It should always be borne in mind that CT
scanning conveys a significant radiation burden (7-
8mSV-13.3mSV [4]) and should always be used ju-
diciously, especially when so many IBD patients are
young and may need repetitive examination, over
time.

Diagnosis

Normal bowel is easily seen on CT and individual
wall thickness should not exceed 2—3 mm in the dis-
tended state [5].

Inflammatory bowel disease classically manifest
as bowel wall thickening on CT. The mean colonic
wall thickness is usually greater in Crohn’s dis-
ease (11-13 mm) compared to ulcerative colitis (7.8
mm) [6, 7] which may aid differentiation in those
with isolated colonic disease, although considerable
overlap exists. Eccentric thickening, small bowel in-
volvement and skip lesions favour Crohns’s over ul-
cerative colitis [8]. Experience of CT scanning for
primary diagnosis of IBD remains limited at present,
probably because subtle mucosal abnormalities such
as aphthoid ulceration are invisible with CT [9]. In-
deed, recent comparative studies have confirmed the
superiority of endoscopy and barium studies over
CT for diagnosis of early mucosal lesions in Crohn’s
disease [2, 9—11].

In patients with established IBD, CT may re-
veal additional sites of luminal disease missed by

conventional contrast studies [12], particularly in
the paediatric age group, who may be difficult to
examine using fluoroscopic techniques [9, 13]. At
present, however, CT remains a second-line investi-
gation for primary diagnosis of IBD, with endoscopy
and conventional barium studies preferred.

Extra-luminal complications

CT images the extra-luminal tissues in exquisite
detail because of its high contrast and spa-
tial resolution. Fistulae and abscesses are common
complications of Crohn’s disease and their detection
often precipitates more aggressive therapeutic inter-
vention [14]. CT is established as the radiological
reference standard for detection of intra-abdominal
abscesses complicating IBD (Fig 8.1), although ul-
trasound may have similar sensitivity in experienced
hands (see Ultrasound: extra-luminal complications
below). The literature series suggests the sensitivity
of CT for abscess detection is between 59-85%
[15, 16]. Furthermore, CT allows safe and effective
image guidance for percutaneous abscess drainage
[17, 18].

The ability of CT to reliably detect internal fis-
tulae is more controversial. Conventional barium
techniques are still considered the reference radio-
logical standard, although in reality these may miss
up to 50% of fistulae identified at laparotomy [19—
21]. A recent report suggests CT may be compara-
ble with conventional enteroclysis for the detection
of fistulae (around 70% sensitivity) [16], although
smaller older studies have reported inferior perfor-
mance when using CT [10].

CT scanning also has an important role for
the investigation of those IBD patients presenting
with acute bowel obstruction, allowing diagnosis
of extra-luminal complications such as abscesses,
detection of adhesions and providing information
about the bowel upstream, which is often inaccessi-
ble to an endoscope [22].

Studies suggest that detection of unsuspected
extra-luminal complications by CT changes the in-
tended management plan in up to 28% of patients
[7, 11], and it is clear that judicious use of CT
scanning adds considerable benefit to the diagnostic
work-up in those with suspected complications.
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Fig 8.1 Axial CT scan through the upper pelvis in a 20-year-old male with active Crohn’s disease. The superficial
collection (long black arrow) was identified with ultrasound, but the deeper gas filled abscess (arrow head) was only
identified on CT. Note the thickened small bowel loop (white arrow).

Disease activity

CT has conventionally been regarded as relatively
poor when predicting disease activity, and probably
inferior to other radiological techniques such as 99
mTc-white blood cell scintigraphy [23]. However,
it is increasingly clear that patterns of contrast
enhancement in affected bowel loops are correlated
with disease activity [24]. A recent retrospective
analysis reported that homogenous bowel wall
enhancement was associated with quiescent disease
whereas multi-layered mural stratification or a dou-
ble layer of mural enhancement separated by low
attenuation submucosa was associated with active
disease [25]. Such mural enhancement patterns
may help classify patients into those with active
or inactive disease, but probably lack the required
sensitivity and specificity for absolute disease
characterisation.

Fibrofatty proliferation, increased vascularity of
the vasa recta (comb sign) and mesenteric lym-
phadenopathy are all well described in IBD and
are easily demonstrated with CT [8, 22]. Although

adenopathy may be associated with active disease
(see MRI: disease activity below), recent data sug-
gests that increased pericolic or perienteric vascula-
ture is seen more commonly [26]. Again, although
not absolute, such a finding may be of use in helping
to guide patient classification.

Novel CT techniques

Virtual CT colonoscopy is becoming an established
method for detecting colonic neoplasia [27, 28], but
may potentially also have a role in IBD. Patients
undergo full purgation and the colon is distended
with air or carbon dioxide before a thin collima-
tion CT scan. The data can then be rendered to
create a 3-D endoluminal view — hence the name
‘virtual colonoscopy’. Data is relatively sparse, but
it is clear that with present technology subtle mu-
cosal changes such as superficial ulceration remain
well beyond the resolution of the technique [29].
Recent data suggests virtual colonoscopy is com-
parable to colonoscopy for detecting elevated le-
sions of Crohn’s colitis and may have a role in
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patients with impassible strictures [30]. However,
the relative insensitivity for flat and ulcerated lesions
sounds a strong note of caution for the use of vir-
tual colonoscopy for colonic surveillance in chronic
IBD.

Magnetic resonance imaging

As a method of enteric imaging, MRI has many in-
trinsic advantages. Soft tissue contrast is superior
to that of CT and multi-planar imaging is routine
and easily achieved. Significantly, there is no radi-
ation burden, which is a very major advantage in
the IBD population who are likely to be subjected
to repeated imaging due to the chronic nature of
their disease. Until relatively recently, enteric MRI
was severely hampered by prolonged image acquisi-
tion times, with the effect that physiological bowel
motion significantly detracted from image quality.
However, recent advances in MRI hard- and soft-
ware, particularly development of ultra-fast image
sequences, mean that high quality images of the
whole bowel can be acquired in less then 20 seconds
and MRI is currently challenging more established
imaging techniques in IBD.

Technique

The principles of MRI technique are comparable to
those of CT. Oral contrast medium is vital to out-
line and distend the bowel lumen, and ideally should
provide homogeneous opacification with minimal
intestinal absorption. Depending on their chemi-
cal composition, contrast agents can appear bright
(positive), dark (negative) or both bright and dark
(biphasic) according to the imaging sequence used
[31]. There is no consensus as to the best oral con-
trast agent, or indeed whether positive or negative
agents are superior. Various workers have advocated
methylcellulose [1], dilute barium [32], mannitol
[33], manganese [34] or even blueberry juice [35],
although ultimately the choice will be largely gov-
erned by local availability and costs.

Many workers strongly favour infusing the con-
trast agent through a naso-jejunal tube to opti-
mise bowel distension as it is clear that good lu-
minal distension, maximises detection of mucosal

abnormalities [31, 36]. In common with both CT
and conventional enteroclysis, insertion of the naso-
jejunal tube prior to MRI can be difficult and
time-consuming, often requiring fluoroscopic guid-
ance, and essentially negating the benefit of MRI’s
lack of ionising radiation. Although orally ingested
agents in themselves may not always produce reli-
able bowel distension [37], abnormal bowel is usu-
ally easily detected, and this may be sufficient to
plan patient management. Furthermore, consider-
able interest has been generated in various additives
to oral preparations that improve luminal disten-
sion, notably locust bean gum, which produces ex-
cellent bowel distension in normal volunteers [38].

Many sequences have been advocated to max-
imise diagnostic information from MRI. Both Tt-
and T2-weighted sequences in axial and coronal
planes are mandatory to provide adequate informa-
tion regarding the bowel lumen and wall, and extra-
luminal tissues. Most workers also advocate the use
of IV gadolinium to highlight abnormal bowel and
perhaps provide some assessment of disease activ-
ity (see MRI: disease activity below). Ultimately the
choice of sequences will depend on the available
hardware and manufacturer of software, but a pro-
tocol based around true fast imaging with a steady
precession (True FISP), half-Fourier acquired single-
shot fast spin-echo (HASTE), T2-weighted turbo
spin-echo, and gadolinium-enhanced fat-suppressed
spoiled gradient-echo sequences is increasingly pop-
ular [31, 36]. Although individual sequences have
relatively short acquisition times, the number em-
ployed prolongs examination times to several min-
utes and administration of an anti-spasmolytic is
routine to reduce peristaltic artifact.

Diagnosis

In common with CT scanning, IBD usually manifests
as bowel wall thickening on MRI. In comparison
to CT, however, MRI appears to provide improved
depiction of relatively early mucosal disease. Deep
ulceration and cobble-stoning are visible, especially
on True FISP sequences [31] but early and subtle
changes, such as aphthous ulceration, currently re-
main beyond the resolution of the technique. Recent
reports suggest MRI may have a role in the primary
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diagnosis of terminal ileal Crohn’s disease in a paedi-
atric population [39], but again, superficial erosions
were not depicted and sensitivity for endoscopically
confirmed ulcerative colitis was poor in this series.
An earlier, albeit smaller, study reported a relatively
poor sensitivity of just 50% for the primary diag-
nosis of Crohn’s disease in this patient population
[40].

In those with established IBD, several reports
suggest that MRI enteroclysis is comparable and
possibly superior to conventional enteroclysis for
the detection, localisation and length estimation of
involved small bowel segments, with excellent sen-
sitivity for small bowel obstruction [1, 36, 41]. The
multi-planar capabilities of MRI often reveal seg-
ments of diseased bowel not readily apparent on
conventional fluoroscopic images. There have been
few studies directly comparing CT with MRI, al-
though Low and colleagues reported improved sen-
sitivity for bowel wall thickening when using MRI
compared to single slice CT [42]. However, using
state-of-the-art multi-slice technology, Schmidt and
colleagues found CT was superior to MRI for de-
tection of abnormal small bowel, with greater inter-
observer agreement [43]. The authors did however
conclude that that further improvements in technol-
ogy would probably allow MRI to ‘catch’ up with
CT in the near future.

Extra-luminal complications

MRI provides detailed information regarding extra-
luminal tissues. Recent reports suggest it may
be equivalent to CT for the detection of intra-
abdominal abscesses, although comparative studies
with a surgical gold standard are lacking. In a se-
ries of 84 patients, Reiber reported a sensitivity of
77.8% for the detection of abscesses (none of which
were detected by conventional enteroclysis) [41].
Data on sensitivity for enteric fistula is also rela-
tively sparse. A sensitivity of 83% was reported by
Reiber [44] compared to a surgical gold standard,
although this fell to 70.6% in a larger study from
the same group [41]. In a series of 32 patients, Pras-
sopoulos and colleagues found MRI enteroclysis
depicted all fistulas shown at conventional entero-
clysis, but only half of the sinus tracts were visible

on MRI [36]. Although MRI is clearly promising
in its ability to detect extra-luminal complications,
further data is awaited.

Perianal disease

Over 25% of patients afflicted with Crohn’s disease
will suffer from perianal fistulae during the course
of their disease [45]. Fistulae complicating IBD tend
to be more complex compared to cryptoglandular
disease, and also are more refractory to treatment
[46]. The exquisite soft tissue contrast afforded by
MRI makes this the gold standard technique for pre-
operative imaging of perianal fistulae, the aim of
which is to determine the course of the fistula rela-
tive to the anal sphincter while also detecting areas
of sepsis that might be missed during examination
under anaesthetic (EUA) (Fig 8.2). Sepsis missed at
EUA is the major cause of treatment failure [47]
and recent work has shown that pre-operative MRI
can reduce fistulae recurrence by as much as 75%
[48]. Such is the accuracy of MRI that it is doubtful

Fig 8.2 Coronal short TI-inversion recovery (STIR) MRI
image through the anal canal in an 18-year-old male with
perianal Crohn’s disease. A fistula (arrow heads) ascends in
the inter-sphincteric plane. Note the thickened sigmoid
loop (white arrow) in keeping with associated Crohn’s
colitis.
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whether surgery for complex or recurrent disease
should be attempted without it, if available. MRI
has also proved useful in assessing pharmacological
treatments for active perianal Crohn’s disease, no-
tably assessing the response of fistulae to Infliximab
[49]. In particular, MRI can reveal extensive under-
lying disease even though the external opening has

healed.

Disease activity

Assessment of disease activity using MRI is based
both on anatomical observations such as wall thick-
ening and fibrofatty proliferation, and also on pat-
terns of contrast enhancement in an acutely inflamed
bowel.

Simple measurement of bowel wall thickness
may help indicate the level of disease activity in af-
fected bowel segments. Using a cut-off of 4 mm,
Koh et al. reported a sensitivity of 54% and a speci-
ficity of 98% for active disease [50]. Similarly, Mac-
cioni et al. found reasonable correlation between
wall thickness and disease activity, but did report
overlap with inactive disease [51]. However, both
groups observed high signal within bowel wall on
T2-weighted images in the most actively inflamed
bowel segments. The presence of fibrofatty prolifer-
ation is a poor discriminator between inactive and
active disease, but increased signal within fat sur-
rounding bowel loops on Tz-weighted images is a
good indicator of active inflammation (perhaps re-
flecting oedema) [33, 50, 51].

Several groups have described prominent lym-
phadenopathy in association with Crohn’s disease
[52, 53] and there is some evidence that nodes,
which enhance avidly after intravenous gadolinium,
may reflect regionally active disease [31]. In com-
mon with CT, the presence of increased mesenteric
vascularity (‘comb sign’) is a reasonable indicator
of active disease [36] with reported sensitivity and
specificity of 78% and 57 %, respectively [50].

Considerable interest has been generated by pat-
terns of intravenous gadolinium enhancement as in-
dicators of disease activity. As with CT, a layered or
stratified appearance to the bowel wall after con-
trast is very specific for active disease but lacks
sensitivity [50]. Using dynamic MRI (i.e. repeated

image acquisitions at a single level after an intra-
venous contrast bolus), a clear association can be
demonstrated between disease activity and the de-
gree of mural enhancement [52, 54, 55]. Correla-
tion with the Crohn’s disease activity index (CDAI)
is often only moderate (perhaps reflecting the in-
adequacy of this index), but interestingly a much
stronger correlation exists with serum-acute inflam-
matory markers such as C-reactive protein (CRP)
[52]. The mechanism for increased mural enhance-
ment in active disease is assumed to be increased
capillary permeability secondary to increased lo-
cal inflammatory mediators [54]. Although dynamic
MRI may provide greater quantification of mural
enhancement, the technique is technically challeng-
ing and not yet suited to routine practice outside
a research setting. Simple semi-quantitative assess-
ment of enhancement on routine post-contrast im-
ages is presently a more attractive proposition for
routine clinical application and such an approach
has already proved useful when assessing disease ac-
tivity [50, 51].

Overall, it is clear that assessment of disease ac-
tivity using MRI is highly promising and it is likely
that a combination of observations will produce the
best results. Relatively small series suggest a per pa-
tient sensitivity of around 90% for active disease
[50, 51], but larger prospective studies are required
before more widespread clinical implementation.

Ultrasound

As an imaging modality, ultrasound also has many
attractive properties. It is relatively cheap and quick,
and requires little patient preparation. There is no
radiation burden and it is well tolerated by patients.
It does, however, remain highly operator-dependent
and may be technically difficult, especially in obese
or immobile patients.

Technique

Most enteric ultrasound is performed without oral
or intravenous contrast agents, using standard
resolution probes (3—-5 MHz) supplemented with
higher resolution probes (7-12 MHz) for more de-
tailed assessment. The normal bowel wall thickness
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measures around 3 mm and is composed of multiple
layers (classically 5) of alternating echogenicity. The
ultra-sonographer uses graded compression [56] to
gently compress the underlying bowel and separate
loops for interrogation. Systematic analysis is per-
formed of both the small bowel and colon. Blood
flow can be readily assessed both in the bowel wall
and in the main superior and inferior mesenteric
arteries. Intravenous contrast is unnecessary when
using standard Doppler functions, which may help
document disease activity (see Ultrasound: disease
activity below).

Diagnosis

Inflammatory bowel disease produces bowel wall
thickening on USS. Depending on the stage of the
disease, this ranges from thickening of individual
layers (e.g. the submucosa) to thickening of the
whole bowel wall with loss of the normal layered
stratification. Such findings are however relatively
non-specific and are common to a variety of con-
ditions including both infections and neoplasia. Ab-
normalities in ulcerative colitis are often less marked
than Crohn’s disease although superficial ulceration
with submucosal oedema can be demonstrated us-
ing high resolution USS. Extra-luminal changes such
as fat hypertrophy are readily appreciated and fistu-
lation can also be detected [57, 58].

Several studies have examined the use of USS as
a primary diagnostic tool in suspected IBD. Quoted
sensitivities lie between 78-95% with specificity
around 90% [59-63]. Performance is operator-
dependent and a clear learning curve has been
demonstrated [60]. USS often cannot demonstrate
subtle mucosal abnormalities and as would be ex-
pected, sensitivity is much lower for early disease
[56, 64]. There is some evidence that sensitivity
is higher for Crohn’s disease than ulcerative colitis
[65], probably because the superficial nature of the
latter. Assessment of the extent of disease is less accu-
rate than that for detection, with accuracy around
80% [64, 66], although good correlation between
the length of small bowel involved has been reported
when using conventional barium studies for com-
parison [67, 68]. Sensitivity of USS for detection
of bowel stenosis is moderate (58-90%), and USS

remains inferior to both conventional enteroclysis
and MRI in this respect [56, 69, 70].

Extra-luminal complications

The reported ability of USS to detect extra-luminal
complications of IBD is variable, but it is clear that
the technique is a very useful tool in the right hands.
Maconi and colleagues initially reported an overall
sensitivity of 67% and 83 % for detection of fistu-
lae and intra-abdominal abscesses, respectively [71].
In a subsequent larger series, including 128 patients
undergoing surgery acting as reference standard, the
same group showed USS and conventional barium
studies to be complimentary for the diagnosis of in-
ternal fistulae, with sensitivities of around 70% [16].
The same study suggested USS and CT had com-
parable sensitivities for the diagnosis of abscesses
(around 90%), although CT was a little more spe-
cific. Gasche and colleagues reported a sensitivity
of 87% for internal fistulae in a small cohort of 30
patients undergoing surgery for IBD [72], although
Potthast found USS very poor in a study of 46 pa-
tients, with sensitivity of just 31% for fistula de-
tection compared to 87% for MRI [70]. However,
despite its inferiority to MRI, USS had a respectable
sensitivity of 89 % in detecting abscesses in this study
[70].

Although the precise role of USS in the primary
diagnosis and detection of extra-luminal complica-
tions in IBD remains unresolved, the test is safe,
quick and relatively cheap and it is clear that in ex-
perienced hands it has a significant role to play in
day-to-day patient management.

Disease activity

In common with other cross-sectional techniques,
assessment of disease activity with USS is dependent
on structural findings, including bowel wall thick-
ening, and functional parameters, notably Doppler
indices of blood flow.

Bowel wall thickening tends to be greater in ac-
tive compared to quiescent Crohn’s disease [73],
but there is considerable overlap, which limits the
measurement as a reliable indicator of disease ac-
tivity [67]. Some workers have suggested mild wall



112 CHAPTER 8

thickening with preservation of mural stratification
on USS reflects early disease, while loss of recognis-
able layers suggests more active disease [56]; again
significant overlap exists.

Vessel density within thickened bowel wall as
determined by Doppler techniques is however more
promising. Both Heyne et al. and Spalinger ef al.
reported a good correlation between active disease
(based on CDAI) and bowel wall vascularity using a
semi-quantitative score of vessel number per square
cm [73, 74]. Similar results were obtained by Este-
ban et al. who described obvious increased mural
vascularity in 44 patients with active Crohn’s dis-
ease compared to none of 35 patients with quies-
cent disease [75]. There are some data suggesting
that semi-quantatative assessment of mural vascu-
larity may also be useful in assessing response of
active disease to medication such as sulphasalazine
[76]. Increased vascularity around intestinal fistu-
lae has also been documented, again correlating
with more standard measurements of disease activ-
ity [77]. It must be stressed that all these methods
are only semi-quantative and are to a large extent re-
liant on technical parameters and subjective assess-
ment, which may limit widespread implementation,
although overall intra-observer agreement appears
to be good.

Several workers have concentrated on flow mea-
surement in the main arterial supply to the gut in an
attempt to assess disease activity, based on the well
documented increase in neo-vascularisation that oc-
curs in IBD. Using Doppler sonography, Van Oost-
ayen et al. described increased arterial volume flow
in the superior mesenteric artery (SMA) in 10 pa-
tients with active Crohn’s disease when compared
to 10 patients with quiescent disease and 10 healthy
controls [78]. Several other workers have since repli-
cated this finding, documenting increased portal
vein flow and decreased vascular resistance, over
and above the changes in SMA blood flow [79, 80].
Mirk et al. also found that similar results could be
obtained when applying the technique to the inferior
mesenteric artery (IMA) [81]. Changes in Doppler
flow parameters have also been shown in response to
treatment [82] raising the possibility of non-invasive
monitoring of treatment regimens.

Although definite strong associations exist be-
tween Doppler blood flow parameters and IBD, the
clinical utility of such measurements remain unde-
termined. Indeed, some workers have suggested that
changes in flow parameters merely reflect the extent
of disease rather than any actual disease activity
[83]. Furthermore, it is clear that there is consid-
erable normal overlap for various Doppler indices,
suggesting that absolute levels may not be clinically
useful when attempting to separate patients into
active or inactive groups [84]. Therefore, Doppler
studies, although providing a guide to disease activ-
ity, may actually prove more useful for follow-up of
individual patients, assessing their response to ther-
apy and perhaps predicting relapse [80].

Other techniques

Recent work suggests that 18F-flurodeoxyglucose
positron emission tomography (FDG-PET) may be
a useful tool for assessment of disease activity. The
technique is expensive, time-consuming and also
conveys a significant radiation dose, which ulti-
mately may limit its use. However, recent data sug-
gests it may be more sensitive than either MRI or
immunoscintigraphy in detecting active disease [85].
Further studies are awaited.

Conclusions

Cross-sectional techniques will have an increasing
role in the management of patients with IBD. Al-
though conventional barium studies remain the ra-
diological reference standard for the diagnosis of
early IBD, it is clear that CT, MRI and ultrasound,
either alone or in combination, are superior for the
detection of many extra-luminal complications and
possibly disease extent. Reliable assessment of dis-
ease activity is becoming increasingly possible with
newer techniques, and will ultimately play a signifi-
cant role both in individual patient management and
assessment of newer experimental treatment regi-
mens. Cross-sectional imaging may be able to pro-
vide a ‘one-stop’ assessment of IBD patients in the
not too distant future.
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Mesalazine for maintenance therapy in
ulcerative colitis - how much, how long?

Crohn’s disease (CD) and ulcerative colitis (UC),
which together comprise the idiopathic inflamma-
tory bowel diseases (IBD), are chronic, relaps-
ing and remitting conditions that require biphasic
pharmacologic therapy: first with induction agents
and then with maintenance agents. Aminosalicy-
lates or 5-aminosalicylic acid (5-ASA, mesalazine,
mesalamine) remain the mainstay of therapy for
both the induction and maintenance of remission
in UC, and with these agents annual relapse rates
can be reduced to 30-50%, as compared to 80% if
no maintenance agent is added [1].

Sulphasalazine, the prototype aminosalicylate
that combines sulphapyridine (an antibiotic) with
the anti-inflammatory 5-ASA was found to be effica-
cious for UC in the 1940s. It was not until the 1970s
that 5-ASA was recognised as the active moiety, with
the sulphapyridine component acting as an inert car-
rier molecule that delivers the 5-ASA to the site of
active mucosal inflammation in the colon [2]. This
discovery and the recognition that the ‘sulpha’ com-
ponent was responsible for most of the allergic and
dose-dependent side effects of sulphasalazine, led to
the development of various sulpha-free mesalazine
formulations that carry 5-ASA to the inflamed small
bowel and colonic mucosa.

Broadly speaking, the newer 5-ASA formu-
lations can be categorised as either sulpha-free
azo-bonded pro-drugs or sulpha-free coated j5-
ASAs. Pro-drugs (sulphasalazine, balsalazide and ol-
salazine) contain azo-bonds that conjugate different

carrier molecules to the 5-ASA moiety, which are
then released when the azo-bond is cleaved by
colonic bacterial azo-reductases. In balsalazide, the
inert carrier molecule is 4-aminobenzoyl-f alanine;
olsalazine consists of two 5-ASA molecules joined
by an azo-bond. The sulpha-free coated 5-ASA
preparations include pH-dependent delayed-release
(Asacol®) and time-dependent controlled-release
(Pentasa®) formulations. Delayed-release Asacol®
is a 5-ASA coated with Eudragit-S, an acrylic-based
resin, which dissolves at pH 7 or higher, beginning
in the terminal ileum or caecum. Controlled-release
Pentasa® incorporates 5-ASA into microgranules
of ethylcellulose, a semi-permeable membrane that
dissolves when hydrated, releasing mesalamine in a
time-dependent fashion throughout the small bowel
and colon. At the molecular level, aminosalicy-
lates are known to possess a wide array of anti-
inflammatory and immunomodulatory actions, but
the exact mechanism of action of 5-ASAs in IBD is
unknown; it is theorised that the 5-ASAs exert a top-
ical effect on the intestinal mucosa rather than a sys-
temic effect [3]. In the background of this brief intro-
duction to aminosalicylate formulations and their
delivery, the evidence regarding their use in UC, with
emphasis on their role as maintenance agents, will
now be reviewed. Mesalazine maintenance therapy
of UC: how much should be given? As an induction
agent in mild-moderate UC, mesalazine induces re-
mission in 40~74 % of patients at doses of 1.5-4.8 g
daily [4], with a dose-response demonstrated for
doses up to 3 g (olsalazine) [5], 4.8 g (Asacol®) [6]
and 6.75 g (balsalazide) [7]. Despite this knowledge,
the optimal 5-ASA dose for the treatment of active
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disease is yet to be determined; however, based on
trials with Asacol®), the current recommendation is
for dose-titration up to 4.8 g/day [6].

Once complete remission of UC has been in-
duced, maintenance therapy should be instituted;
but again, the optimal dose of 5-ASA therapy needed
to prevent relapse is unknown. Sulphasalazine main-
tains remission in 71-88% of patients when given
at doses of 1—4 g/day, with a dose response demon-
strated up to 4 g/day. However, at these higher
doses adverse effects attributable to the sulphapyri-
dine component become problematic in 30-40% of
patients; maintenance doses of 2 g/day are more
commonly employed [8]. In the only maintenance
dose-ranging studies for mesalazine, there was no
dose-response between 8oo mg and 1.6 g daily of
Asacol®) [9]. In another study comparing 1.5 g daily
and 3 g daily Pentasa®), there was a trend favour-
ing the higher dose that nearly reached statistical
significance (p = 0.057) [10]. However, neither of
these trials looked at the dose response in patients
who required higher doses of mesalazine to achieve
remission, and it is probable that a dose response
exists up to 4.8 g daily [11].

A recent Cochrane systematic review showed
that mesalazine at doses of 0.8—4 g daily was su-
perior to placebo at maintaining remission in UC,
with a pooled odds ratio (OR) for relapse of 0.47
(Cl0.36-0.62) and a number needed to treat (NNT)
of 6; however a dose-dependent trend was not
seen (p = 0.489). This same meta-analysis com-
pared the efficacy of sulphasalazine and mesalazine
formulations as maintenance agents, and the odds
ratio for maintenance of remission favoured sul-
phasalazine over mesalazine (OR 1.20; CI 1.05-
1.57), unlike for induction therapy where the odds
ratio favoured mesalazine (OR 0.87; Cl 0.63-1.21)
[x2].

Whereas it used to be common to reduce the
aminosalicylate dosage once remission had been at-
tained, the current standard of care is to maintain
the same dose of mesalazine for induction and main-
tenance therapy [13]. There is evidence to demon-
strate the long-term safety of mesalazine at doses
of up to 5 g daily [14]. Numerous gaps in the data
remain, such as confirmation of the dose response
for maintenance therapy, and dose-ranging studies

are needed to clarify whether oral mesalazine can
maintain corticosteroid-induced remissions.

With respect to choosing which formulation of
mesalazine should be used for maintaining remis-
sion in UG, there is currently insufficient evidence to
suggest that one formulation is superior to another,
and a recent systematic review found no difference
in the pharmacokinetic profile of the various oral 5-
ASA formulations [15]. Hence, the selection of oral
5-ASA formulation or 5-ASA pro-drug as a main-
tenance agent should be based on a combination of
efficacy data, the potential for adverse effects and
practical issues such as compliance and cost [16].

Patients with left-sided UC should be treated
with topical (rectal) 5-ASA for both the induction
and maintenance of remission. Given that 80% of
incident cases of UC have endoscopic disease dis-
tal to the splenic flexure, and 95% of incident cases
are mild or moderate in severity, the majority of pa-
tients with UC could benefit from rectal 5-ASA ther-
apy over the course of their disease. In practice, oral
aminosalicylates are used more commonly in this
setting due to patient preferences [17]. The delivery
formulations available as topical 5-ASA therapies
include suppositories, foams and liquid enemas; the
appropriate form for each patient depends on the
proximal extent of mucosal disease. Suppositories
reach the upper rectum, foams typically reach the
proximal sigmoid and enemas typically reach the
splenic flexure. As induction agents in left-sided dis-
ease, meta-analyses have shown topical mesalazine
to be superior to placebo, oral mesalazine and topi-
cal corticosteroids, although a dose response has not
been demonstrated for doses greater than 1 g/day
[18, 19]. In patients not responding to either topi-
cal mesalazine or topical corticosteroid, the combi-
nation of the two is superior to using either agent
alone [20], and similarly, the combination of oral
and topical mesalazine therapy is more efficacious
than using either agent alone [21].

As maintenance agents in left-sided UC, topical
mesalazine in doses as low as 1 g/day have been
shown to be as efficacious as oral mesalazine [22],
and efficacy can be maintained even if the dos-
ing interval is reduced to every other day or ev-
ery third day [19]. A combination of oral and topi-
cal mesalazine may prove to be the most effective



MESALAZINE FOR MAINTENANCE THERAPY 121

way to maintain remission. In a 1-year double-
blind study of 72 patients who had experienced
two or more relapses in the previous year, but were
currently in remission, relapse occurred in 64%
of patients taking oral therapy alone, but in only
36% of patients receiving the combination of oral
mesalazine 1.6 g/day and twice weekly mesalamine
enemas 4 g/too mL [23]. In patients with procti-
tis, suppositories of 5-ASA are effective in main-
taining remission. In a double-blind study compar-
ing 5-ASA suppositories 500 mg twice daily with
placebo, cumulative 1-year relapse rates were 47%
in the placebo group versus 10% in the treatment

group [24].

Mesalazine for maintenance therapy
in UC: how long should it be used?

Although aminosalicylates are effective mainte-
nance agents in quiescent UC [12], the duration of
therapy remains controversial. It is not clear if all pa-
tients should be treated indefinitely or whether there
exists a subgroup of patients whose treatment can
be discontinued. Foundational §-ASA maintenance
trials had follow-up durations of less than 2 years,
and ‘longer term’ maintenance efficacy rates com-
pared with placebo remain unexplored. Although a
recent prospective cohort study revealed that all pa-
tients with newly diagnosed UC relapsed within 10
years despite long-term 5-ASA maintenance therapy,
in particular those with extensive disease, with the
majority of patients doing so in the first 2—3 years,
the oral maintenance dose of 1.6 g daily may not
have been optimal [25]. Several randomised trials
that have attempted to answer these questions also
produced conflicting results. An early withdrawal
trial did not find a difference in relapse rates at
6 months, in patients who had been in remission for
at least 1 year with sulphasalazine, after randomi-
sation to either continuing maintenance treatment
with sulphasalazine or placebo, suggesting that per-
haps maintenance treatment may be discontinued in
this group of patients [26]. This finding was disputed
by a subsequent study that recommended indefinite
maintenance therapy. Sixty-four patients with pro-
longed clinical, endoscopic and histological remis-
sion while taking sulphasalazine were randomised

to continue treatment or placebo in a double-blind,
double-dummy trial; at 6 months, placebo-treated
patients had more than four times the relapse rate
of those receiving sulphasalazine [27]. However,
these early studies do suffer from methodological
flaws and failed to clearly define the baseline char-
acteristics of enrolled patients (duration and extent
of disease, length of remission and previous treat-
ment received). Therefore, these studies did not al-
low identification of patient subgroups with higher
relapse risks that would benefit from continuing
therapy.

In the latest placebo-controlled trial with
a longer duration of follow-up (12 months),
mesalazine maintenance therapy significantly re-
duced the relapse rates in UC patients who had been
in clinical, endoscopic and histological remission for
1—2 years with aminosalicylate therapy. This was
true in a subset of older patients who had been in
remission for more than 2 years, had a longer du-
ration of disease and a lower mean risk of relapse
per year [28]. However, the statistical power of this
study was compromised due to insufficient recruit-
ment and should be interpreted with caution. Un-
til more convincing data emerges, aminosalicylate
maintenance therapy should be continued on a long-
term basis to prevent disease relapse.

The recent flurry of data demonstrating the po-
tential for aminosalicylates to reduce cancer risk
provides yet another compelling reason to continue
long-term maintenance therapy. Although one study
did not find a significant difference in 5-ASA use
between colorectal cancer cases and controls, the
duration of 5-ASA therapy was less than 2 years
[29]. In contrast, data from retrospective case con-
trol and cohort studies supports a protective effect
for sulphasalazine in compliant patients [30] who
had taken doses of more than 2 g/day [31] for at
least 3 months [32]. Similarly, regular mesalazine
(in patients on it for less than 1 year, and with-
out medications in a 5—r1o-year period) also con-
ferred a protective effect, decreasing the risk of can-
cer by 81% at doses of more than 1.2 g/day [31].
These findings were corroborated in a similar study
that demonstrated a 76 % cancer risk reduction for
patients taking more than 1.2 g/day of mesalazine

[33]-
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Finally, patient adherence is crucial to the success
of long-term pharmacological maintenance therapy.
Single men, multiple concomitant medications [34]
and frequent dosing [35] are associated with non-
adherence and increasing the risk of relapse among
patients with quiescent ulcerative colitis [36]. Pa-
tient education, self-directed management strategies
[37] and single-dosing schedules [38] will help im-
prove patient compliance and eventual outcome.
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10: Refractory distal colitis

Simon Travis

Refractory distal colitis

Refractory distal colitis remains a common clinical
dilemma. The reasons for refractoriness and opti-
mum management are debated and the very defini-
tion of refractoriness is controversial. This reflects
the paucity of data. Consequently, the management
approach presented in this chapter is based as much
on opinion as on scientific evidence. Nevertheless, it
is essential to have a strategy for such patients, be-
cause there is otherwise a tendency for a haphazard
series of therapeutic trials during which both the pa-
tient and doctor become demoralised by persistent
symptoms.

Definition

What is meant by refractoriness?

Refractoriness implies an inadequate response to
conventional treatment. Both response and treat-
ment need to be specified. An adequate response
must mean a return to the patient’s normal bowel
function, which, for the sake of an objective crite-
rion, implies three or fewer stools/day without vis-
ible bleeding or urgency. All too frequently, clinical
improvement is considered an acceptable response,
leaving patients to put up with persistent symptoms
from inadequately treated disease. This is as true of
clinical trials as it is in practice, making therapeutic
comparisons difficult [1]. The three criteria for
evaluating response to treatment in therapeutic
trials must be clinical, endoscopic and histological
remission. Of these, clinical remission is the most
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important, because this is what matters to the
patient.

What constitutes conventional treatment is more
debatable. For some this means treatment with oral
aminosalicylates and topical steroids, with refrac-
toriness defined as an inadequate response after
6-8 weeks [2]. Others identify different compo-
nents of refractoriness, including inability to with-
draw steroids without a flare-up of activity, re-
lapse unresponsive to re-treatment, limited du-
ration of remission after steroid withdrawal or
proximal extension of disease on therapy [3].
Trials indicate that oral salicylates and topical
steroids are inadequate in comparison to systemic
steroids (see below). For the purposes of this chap-
ter, refractory distal colitis is defined as persis-
tent symptoms due to colonic inflammation con-
fined to the rectum or recto-sigmoid colon despite
treatment with oral and topical steroids for 6-
8 weeks.

What is the prevalence of refractoriness?

The prevalence of refractory distal colitis is around
20%, but is uncertain just because the management
of active distal colitis is so variable. When 40 con-
secutive patients with active distal colitis (24 proc-
titis, 16 proctosigmoiditis), median age 48 (23-86)
years were treated by a staged management protocol
(Fig 10.1), 22/40 (55%) achieved remission with
topical therapy [4]. Of the remaining, 8/40 (20%)
had active disease after oral steroids and met the
criteria of refractoriness. Of these 8, 3 responded
to further oral steroids and mesalazine enemas,
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[Relapse in a patient with distal colitis|
Oral aminosalicylates >4 g/day
with hydrocortisone foam enemas or mesalazine enemas

|Sympt0ms continue: evaluate severity and pattern of diseasel

Prednisolone 40 mg/day, tapering over 8 week (moderate)
20 mg, tapering over 6 week (mild), with steroid enema

Remission Symptoms continue|

Refractory distal colitis

Olsalazine 2 g/day

maintenance Consider differential diagnosis (Table 10.1)
Sigmoidoscopy, biopsy and stool culture
Start mesalazine foam enemas 1 g at night (distal colitis)
or mesalazine 1 g suppositories (proctitis)

4 weeks

Remission Symptoms continue]

Plain abdominal X-ray: treat proximal constipation

Olsalazine 2 g/day Repeat sigmoidoscopy

maintenance Prednisolone 40 mg daily

or Azathioprine 2 mg/kg/day

rectal mesalazine 1 g/day Use steroid enema in the morning, mesalazine enema at night

Change mesalazine enemas to suppositories if not tolerated

2—4 weeks |
Improvement [No change in symptoms|
Admit for intensive treatment
Continue Flexible sigmoidoscopy to re-evaluate disease extent

Discuss views on surgery; see stomatherapist

Remission Symptoms continue|

Consider
Azathioprine 2.5 mg/kg/day patient's views, pattern and duration of disease
with olsalazine 2 g/day cyclosporin (initial attack)
or alternative therapies (disease of short duration, Table 10.2)

rectal mesalazine 1 g/day
if azathioprine not tolerated

Colectomy and ileoanal pouch (chronic recurrent disease)

Fig 10.1 Management algorithm for refractory distal colitis.

1 entered remission after treatment of proximal .
L . o Pathophysiology
constipation and 3 after intensive intravenous treat-
ment. One came to colectomy. Numbers are small,
but they represent clinical practice and such patients
are over-represented in outpatient clinics because of  The extent of disease reflects differences between

frequent attendance. one part of the colon and another. There are

What defines distal disease?
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physiological differences between the proximal and
distal colon, including energy substrate, epithelial
permeability and electrolyte transport [5]. Toll-like
receptor [6] and Paneth cell distribution [7], cy-
tokine profiles [8] and stromal influences on cell
function [9]. The proximal colonic epithelium, for
instance, uses glutamine and glucose as well as
short-chain fatty acids for oxidative metabolism,
whereas the distal colonic epithelium is primarily
dependent on butyrate [1o]. This influences mucosal
integrity, leucocyte recruitment [11] and resistance
to injury, although it is a paradox that colitis starts
in the less permeable epithelium of the distal colon.
Mucosal blood flow [12], neuronal distribution [13]
and motility [14] also differ between proximal and
distal colon during inflammation, thereby influenc-
ing colonic epithelial function. A fuller discussion of
colonic heterogeneity and how host-bacterial inter-
actions might provoke pro-inflammatory responses
that lead to colitis is discussed in Chapter 4 [15].
The endoscopic limit of inflammation in distal
colitis can be very striking and none of the dif-
ferences between proximal and distal colon (other,
perhaps, than neuronal distribution) appear abrupt
enough to account for the sharp demarcation be-
tween inflamed and normal mucosa that is often ob-
served within a centimetre or two. Furthermore, the
extent of colonic involvement is clearly dynamic,
as illustrated by the proximal extension of procti-
tis or regression of more extensive disease over time
[16, 17]. This argues against the micro-vascular sup-
ply determining the proximal extent of disease [18],
so other explanations have to be sought. One is
a threshold phenomenon. Epithelial and mucosal
changes from normal to inflamed colon may in-
deed be gradual, but there may be a threshold
above which destructive inflammation is triggered.
A threshold phenomenon would explain the abrupt
line of demarcation, as well as the variable extent
of disease, and still be consistent with other biolog-
ical concepts, including that of controlled inflam-
mation as a physiological process in the colon [15].
Another explanation is neuroimmune. The limit of
inflammation may be controlled by interactions be-
tween enteric neurones, stromal myoepithelial cells
and fibroblasts, other constituents of the mucosal
matrix and immune cell apoptosis that have yet to
be fully defined [19]. Peripheral evidence to support

this view is provided by the increased cell density
and total cellularity in distal colitis compared to the
mucosa of patients with extensive disease [20], as
well as the increased numbers of mast cells at the
line of demarcation [21]. The leading edge of in-
flammation in distal colitis needs further attention.

Why does distal colitis become refractory?

The reasons that distal disease becomes refractory
can be divided into the environmental and physi-
ological. Environmental factors include patient ad-
herence with therapy, inadequate concentrations of
the active drug, the wrong drug, or co-existent in-
fection. Apart from adherence and the delivery sys-
tem, the choice of drug is clearly relevant. Topi-
cal corticosteroids, for instance, are less effective
than topical salicylates (below) and the possibility
that co-existing therapy (such as non-steroidal anti-
inflammatory drugs) or infection might be causing
refractory disease should always be considered.

Adberence

The issue of adherence (or compliance) with therapy
is shockingly simple. Note that adherence implies
choice, with the onus on the doctor to inform
and the patient to decide about taking treatment,
although compliance implies expectation and fault.
In a follow-up study of 99 patients, all those who
relapsed within 6 months took less than 80% of the
prescribed dose and at 12 months, 68% (13/19 who
relapsed) were non-adherent, compared to 26%
who took more than 80% of the prescribed dose
[22]. The risk of relapse in poorly adherent patients
was increased five-fold (OR 5.5, CI 2.3-13.2). The
prevalence of non-adherence with maintenance
therapy is high. Out of 98 Sheffield patients with
UC, 42% reported taking less than 80% of the
prescribed dose, but urine analysis of 5-ASA and
N-acetyl 5-ASA showed that self-reporting identi-
fied only 66% of those with poor adherence [23].
This is similar to the Chicago experience, where
the median dispensed dose of 5-ASA was 71%
of that prescribed (range 8-130%) [24]. Factors
associated with poor adherence include being male
(OR 2.1, CI 1.2-4.9), four or more prescriptions
(OR 2.5, CI 1.4-5.7), full time employment (OR
2.7, CI 1.1-6.9) and three times daily dosing (OR
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3.1, CI 1.8-8.4). Being married helped (OR for
poor adherence 0.46, CI 0.39-0.57). Adherence of
patients with refractory disease needing thiopurines
may be slightly better, but 4/82 patients (5%) on
azathioprine or mercaptopurine had no detectable
serum thioguanine, indicating that they were taking
none of the medication [25]. Although adherence
or compliance is typically more problematic in
maintenance therapy for asymptomatic individuals,
these studies underscore the relatively high rate of
non-adherence in this patient population. Explana-
tion and patient education regarding the principles
of disease management and techniques of drug ad-
ministration are required if outcome is to improve.

Tissue concentration of §ASA

Inadequate drug concentrations also affect relapse
and reflect the delivery system. The mucosal
concentration of 5-ASA is inversely proportional
to endoscopic and histological activity in ulcer-
ative colitis (r = 0.712, p < o.001) [26]. For
oral salicylates, azo-bonded compounds (such as
sulphasalazine, olsalazine, or balsalazide) deliver
a higher concentration of §-aminosalicylic acid to
the distal colon at equivalent doses than controlled-
release Pentasa or Asacol [27]. The mucosal
concentration of 5-ASA has been reported to be
higher with sulphasalazine than mesalazine in one
study [28], but not another [29, 30]. What is clear,
however, is that topical 5-ASA massively increases
the concentration of mucosal 5-ASA [28, 29]. Frieri
and colleagues have shown that increasing the tissue
concentration of §-ASA by up to roo-fold by dou-
bling the dose of oral and topical 5-ASA reduced the
relapse rate 1o-fold in patients with refractory dis-
ease over a 2-year period [31]. The aim should also
be to achieve a high concentration of 5-ASA in the
rectal mucosa of those with refractory distal colitis.

Pharmacokinetics of rectal therapy

A suppository, once dissolved, has greater viscos-
ity and mucosal adherence than liquid or foam en-
emas, but only coats the rectum and recto-sigmoid
junction [32]. The distribution of a foam or liquid
enema, however, depends on the volume and rec-
tal response to installation. In healthy volunteers, a
100 mL enema reached the splenic flexure in 7 out

of 8 subjects, whilst a 40 mL foam enema remained
in the sigmoid colon in 50% [33]. Reflex rectal con-
traction aids proximal distribution, but the greater
the contraction, the less medication contact time
there is in the rectum. In 31 patients with active
disease, less than 10% of 30, 60 or Too mL enemas
remained in the rectum as measured by scintigra-
phy, with most (66—99 %) in the sigmoid colon [34].
When gels were examined by scintigraphy, a low
volume (20 mL) had a similar distribution to 8o mL
(up to the descending colon), but the study rather
missed the point that length is not everything and
efficacy may depend on the amount remaining in the
rectum [35]. Gels are a logical formulation for top-
ical therapy and more variety (5-ASA, ropivacaine)
should become available. Given the anorectal in-
stability associated with active distal inflammation,
the pressure generated by rectal contraction after in-
stillation of an enema can overcome anal sphincter
tone and lead to immediate evacuation. This means
that suppositories may be better tolerated, achieve
a higher concentration of drug at the site of inflam-
mation and be effective where enemas have failed.
Suppositories may be a useful adjunct to treatment
with enemas for distal disease.

Physiological factors that may contribute to re-
fractory disease include cellular steroid receptor ex-
pression and poor rectal compliance. Steroid recep-
tors express either an active « chain, or a § chain
that is an intra-cellular antagonist of glucocorticoid
activity. B chain mRNA was detectable in 10 of 12
poor responders to corticosteroids, but in only 1
of 11 responders and 2 of 20 healthy subjects. All
expressed the « chain [36]. Steroid receptor sensi-
tivity has been examined by using the concentration
of dexamethasone necessary to inhibit Tcell prolif-
eration stimulated by phytohaemaglutinin. In severe
colitis treated with intravenous steroids, all 11 com-
plete responders had Tcells sensitive (>60% inhibi-
tion of proliferation) to less than 150 nM dexam-
ethasone, compared to 2 of 7 poor responders [37].
Such trials have not addressed response in distal col-
itis, but offer an intriguing insight into the mecha-
nisms of refractoriness. Poor rectal compliance as a
consequence of chronic inflammation, however, can
cause persistent symptoms even in the absence of
inflammation and, as indicated above, may dimin-
ish mucosal contact time for topical therapies. With
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diminished rectal compliance urgency and stool fre-
quency increase, because the desire to defecate is
triggered by low stool volume.

Management approach

Strategy

The importance of a management strategy to avoid
haphazard therapeutic trials of treatment in refrac-
tory distal colitis cannot be over emphasised. The
stages should be discussed with the patient, who
usually appreciates the sense of direction, even if
the response remains poor. My own approach when
symptoms persist after initial treatment is first to re-
view the diagnosis followed by a trial of mesalazine
enemas. Proximal constipation is then treated, be-
fore introducing azathioprine with further corticos-
teroids. If colitis remains active after this, the patient
is admitted for intensive treatment and the extent of
disease reassessed at colonoscopy. The opportunity
is taken during admission to discuss progress, the
impact of continuing symptoms on lifestyle, the pa-
tient’s own wishes and the possibility of surgery. As a
final stage, alternative therapies may be given a trial,
largely based on anecdotal evidence, before surgery
(Fig 10.1).

Conventional treatment of active distal colitis

Therapeutic trials in ulcerative colitis suffer from
many problems that make comparison difficult
[1, 38]. Lack of controlled data, insufficient statisti-
cal power, clinical heterogeneity, incomplete report-
ing of follow-up and ill-defined endpoints, are the
main problems. Meta-analyses have attempted to re-
solve these issues, although in one analysis of rectal
corticosteroids [39], 50 of 83 trials were rejected be-
cause of lack of randomisation, inclusion of patients
with extensive colitis or Crohn’s disease or duplicate
reporting of data. In one key area (that of comparing
oral salicylates with oral steroids) there are almost
no comparative data. This matters when consid-
ering the speed of response to treatment, which is
as much of concern to patients suffering miserable
symptoms, as potential side effects. For each patient
it is fundamental to assess both the severity of re-
lapse (mild, moderate or severe) and the clinical pat-
tern of disease (intermittent, frequently relapsing or

chronic continuous), according to well-established
criteria [1, 40, 41].

Oral aminosalicylates and rectal steroids

Oral aminosalicylates and rectal corticosteroids are
commonly used as initial treatment for active ul-
cerative colitis, but in controlled trials around half
of mild to moderate attacks of colitis do not re-
spond within 6 weeks. For example, in 158 patients
given Asacol 2.4 g, 1.6 g or placebo daily with rec-
tal steroids, the response (not remission) rate after
6 weeks was 49, 43 and 23%, respectively [42].
Clinical response characteristically occurs at twice
the remission rate. In a meta-analysis of oral 5-ASA
compounds for active disease [38], the outcome of
interest on an intention to treat principle was the
failure to induce remission. A pooled odds ratio of
less than 1.0 indicated one treatment to be more ef-
fective than another. Mesalazine was about twice
as effective as placebo (OR o.51, CI 0.35-0.76),
but not significantly better than sulphasalazine (OR
0.87, Cl 0.63-1.21). Meta-analyses, however, have
not addressed the speed of response. It is often the
speed of response that matters most to patients, who
want rapid resolution of symptoms that are inter-
fering with their life. Because aminosalicylates are
well tolerated, there is a vogue (especially in the
United States) for using very high doses (>4 g/day)
to treat active colitis. The most recent trial exam-
ined oral Asacol 4.8 g versus 2.4 g daily in 268 pa-
tients with moderate UC, 50% of who had distal
disease [43]. The treatment response at 6 weeks was
72% in the 4.8 g group and 59% in the 2.4 g group
(p = 0.036), regardless of the extent of disease, al-
though complete remission was achieved in only 20
and 17%, respectively. When the time to relief of
specific symptoms was examined, 80% given 4.8 g
and 70% given 2.4 g had cessation of rectal bleeding
within 1 month.

Combination treatment with oral and
rectal steroids

The modest response to oral aminosalicylates is in
contrast to two early studies on combination ther-
apy with oral and rectal corticosteroids. Oral pred-
nisolone (starting at 40 mg daily) with steroid ene-
mas induced remission in 77% of 118 patients with
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mild to moderate disease within 2 weeks, compared
to 48% treated with 8 g/day sulphasalazine and
steroid enemas [44]. Similar findings were reported
by Lennard-Jones [45], who found the combination
of oral and rectal steroids to be better than either
alone. An appropriate regimen for moderately active
disease (bloody stool frequency 5—6 times daily with
no systemic features) is prednisolone 40 mg/day for
1 week, 30 mg/day for 1 week, then 20 mg/day for
1 month before decreasing by 5 mg/day/week. Top-
ical steroids can be given twice daily whilst there
is visible bleeding, then once at night until oral
steroids cease. Shorter courses are associated with
early relapse and doses of prednisolone less than or
equal to 15 mg day are ineffective for active disease
[46]. Oral steroids with low systemic bioavailability
(prednisolone metasulphobenzoate) and a colonic
release mechanism are at a preliminary stage of de-
velopment [47].

Although it may seem odd to base therapeutic
recommendations on trials performed 40 years ago,
the evidence they provide on clinical efficacy and
speed of response has not been superseded. Side ef-
fects to systemic steroids remain a real concern, but
when the data on speed of remission are explained to
the patient, decisive treatment is usually appreciated
when there has been no response to oral salicylates
and topical therapy within a fortnight. Persisting
with treatment that is ineffective in 50% beyond this
period puts a considerable burden on patients when
symptoms are interfering with work and lifestyle.
Distal disease may respond rapidly to topical sali-
cylates (for example, 64 % clinical and 52% endo-
scopic remission after just 2 weeks on mesalazine
suppositories 1 g daily [48]), but distal colitis can
be as debilitating as more extensive disease. When
symptoms are debilitating, limited disease is better
treated as if it was more extensive. There is a clini-
cal suspicion, but as yet no objective evidence, that
refractory colitis is less common if a relapse is effec-
tively treated at an early stage.

Differential diagnosis

If symptoms persist after oral and topical steroids,
the disease can appropriately be called refractory
and the diagnosis needs to be reviewed (Table 10.1).
Commonly, a co-existent irritable bowel accounts

Table 10.1 Differential diagnosis of refractory distal colitis.

Condition

Irritable bowel syndrome with anal canal bleeding

Aminosalicylate-induced colitis

Solitary rectal ulcer (mucosal prolapse) syndrome

Crohn’s proctitis

Neoplasia (carcinoma, lymphoma)

Infection (Cytomegalovirus sp., Chlamydia spp., Herpes
simplex, opportunistic)

Quiescent colitis with poor rectal compliance

Radiation proctitis

for more symptoms than active disease. This should
be suspected if abdominal pain and bloating are
prominent, with only a granular mucosa visible on
sigmoidoscopy. If symptoms are disproportionate to
the objective evidence of disease, then they may re-
spond to additional fibre, antispasmodics or other
treatment for an irritable bowel. Care should, how-
ever, be taken to ensure that topical therapy has not
induced relative rectal sparing, leaving active inflam-
mation beyond the reach of a rigid sigmoidoscope.
Symptoms of pain and bloating can also be a feature
of proximal constipation. The possibility of dietary
intolerance or hypolactasia should be excluded.
Other conditions should be evident from a
careful review of the history and histology. Rectal
mucosal prolapse (solitary rectal ulcer syndrome)
classically mimics the symptoms of proctitis, but
erythema on the rectal wall is focal and the biopsy
shows characteristic interdigitating muscle fibres.
Crohn’s proctitis usually responds to similar treat-
ment to ulcerative proctitis, but when refractory
may indicate local infection that responds to
metronidazole. In the absence of granulomas, his-
tological features of discontinuous crypt distortion,
focal inflammation and limited goblet cell depletion
favour Crohn’s [49]. The possibility of secondary
colitis (from sepsis in the pelvis) should be consid-
ered. An elevated C-reactive protein (CRP), platelet
count, or weight loss in distal colitis or proctitis
justifies pelvic magnetic resonance imaging and
small bowel radiology. Radiation proctitis should
be identified by the history. Infective proctitis is
rarely chronic, but exceptions are amoebic colitis,
Cytomegalovirus in the immunocompromised, or
sexually transmitted infection (Chlamydia spp.,
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Herpes simplex). Very occasionally, salicylate
therapy may itself provoke colitis [50]. Patients
usually improve within 72 h of stopping treatment
and experience a rapid (<24 h) symptomatic and
endoscopic relapse if rechallenged with rectal
mesalazine [3]. Assuming none of these conditions
apply and inflammation remains active, then further
treatment of the distal colitis is appropriate, starting
with a change in topical therapy.

Topical salicylates

Topical mesalazine (5-ASA) induced remission in ac-
tive distal colitis in 31-80% (median 67%) com-
pared to 7—-11% given placebo in a meta-analysis of
11 trials in 778 patients [ 51]. The properties and dis-
tribution of topical preparations (suppository, foam,
liquid enema or gel) need to be taken into account
to ensure the maximum concentration of 5-ASA at
the site of disease activity (see above).

Advantages over rectal corticosteroids

There is clear evidence that topical mesalazine is
more effective than topical steroids. The pooled
odds ratio comparing the two in seven trials showed
rectal 5-ASA to be superior for disease remission,
whether for symptoms (OR 2.42, CI 1.72-3.41),
endoscopy (OR 1.89, CI 1.29-2.76), or histology
(OR 2.03, CI 1.28-3.20) [39]. In the largest trial of
295 patients treated for 4 weeks, 52% on Asacol
foam enemas entered remission compared to 31%
on Predfoam (p < o.001, intention to treat) [52].
The combination of high-dose oral and topical
mesalazine has also been compared with oral ther-
apy alone in the treatment of active extensive colitis
[53]. In 127 patients, 90% improved after combi-
nation treatment (Pentasa 4 g, Pentasa enema 1 g)
for 4 weeks, compared to 62% on Pentasa alone
(p = 0.0008) and 64 % were in remission by 8 weeks
compared to 43 % (p = 0.03) respectively. It begins
to approach the efficacy of oral steroids, although
the speed of response is slower. It is also consistent
with a much-quoted earlier study [54] and clearly
indicates that combination oral and topical 5-ASA
therapy is preferable to monotherapy.

Topical salicylates compared with steroids of low
systemic bioavailability

Two further advantages of topical salicylates over
conventional steroid enemas are the absence of
adrenal suppression during long-term use and the
ability to maintain remission. The potential systemic
effects of rectal hydrocortisone or prednisolone may
be clinically detectable after 8 weeks [55], but can
be exaggerated. Biochemical adrenal suppression is
detectable before 8 weeks, but is clinically unim-
portant. Nevertheless, steroids with low systemic
bioavailability have been developed (budesonide,
beclomethasone dipropionate, prednisolone meta-
sulphobenzoate, tixocortol pivalate) for topical use.
Such ‘newer’ steroids are still less effective than top-
ical salicylates. Clinical remission after 4 weeks on
budesonide enemas was 38% compared with 60%
on mesalazine foam enemas (p = 0.03) [56]. A dose-
ranging study of budesonide enemas in 23 3 patients
with left-sided colitis reported 19% clinical remis-
sion on 2.0 mg and 27% remission on 8.0 mg, com-
pared to 4% on placebo after 6 weeks [57]. This is
unimpressive, although clearly better than placebo.
Of greater interest is a study showing that the combi-
nation of beclomethasone dipropionate (3 mg) and
mesalazine (2 g) enemas produced significantly bet-
ter clinical, endoscopic and histological improve-
ment than either agent alone [58]. Consequently, a
combination of corticosteroid enemas in the morn-
ing and mesalazine enemas in the evening is a useful
practical approach for refractory distal disease.

Dose and delivery

All trials in active distal colitis have used at least 1 g
rectal 5-ASA daily, but there is no dose-response re-
lationship. In a study of 113 patients with active dis-
tal colitis, remission rates after 30 days on 1, 2 and
4g enemas were 63, 67 and 72%, respectively [51,
59]. Disease activity does not influence the distribu-
tion of enemas, but less than 10% of an aminosalicy-
late enema remains in the rectum over 4 h [34]. On
the other hand, the type of suppository and delivery
system may matter. In 5o patients with active proc-
titis, a single high-dose suppository (Pentasa 1 g)
was more rapidly effective than soo mg (Claver-
sal) suppositories twice daily [48]. Clinical (and



REFRACTORY DISTAL COLITIS 131

endoscopic) remission occurred in 64% (52%)
within 2 weeks on Pentasa, compared with 28%
(24%) on Claversal suppositories (p < o.01). Not
surprisingly, once daily therapy was more popular
with patients. Suppositories or foam salicylate ene-
mas are better tolerated than liquid enemas. In 233
patients with active distal colitis, 81% reported a
good acceptance of mesalazine foam enemas com-
pared to 49% given liquid enemas of the same dose
[60]. This is likely to affect adherence with therapy.
It will be apparent that most data relate to un-
complicated proctitis or distal colitis rather than
refractory disease. For patients with refractory left-
sided ulcerative colitis (unresponsive to, or intoler-
ant of, rectal or oral corticosteroids, or oral sali-
cylates), salicylate enemas have been shown to be
effective [61]. Remission was achieved in 54 % after
12 weeks and 80% after 34 weeks, allowing patients
to reduce or discontinue corticosteroids. A novel ap-
proach to improving outcome has been to add top-
ical butyrate to 5-ASA enemas. When 51 patients
with refractory disease received topical 5-ASA 2 g
and butyrate twice daily, remission occurred in 6/24
compared to 1/27 on 5-ASA and saline enemas (p <
0.05) [62]. When considered with the results of the
Italian study on refractory disease [31], topical sali-
cylates should be started at an early stage. The type
of application (enema, foam or suppository) should
be changed if one formulation cannot be tolerated
and combinations (suppository and enema) consid-
ered. There may, however, be other reasons for a
poor response, including proximal constipation.

Proximal constipation

Proximal colonic stasis is induced by abnormal in-
testinal motility in patients with distal ulcerative
colitis. The motility disorder is characterised by
delayed mouth to caecum transit time, prolonged
transit through uninvolved colon and rapid tran-
sit through inflamed distal colon [63]. This im-
plies physiological changes in the small bowel and
uninvolved colon, presumably through neuroen-
docrine or neuroimmune pathways. This may in-
fluence drug delivery to the distal colon. Scintigra-
phy has demonstrated that labelled, Eudragit-coated
resin remained in the healthy proximal colon (91 %,

CI 85-96) in 12 patients with active left-sided dis-
ease, so that only 9% (CI 4-15) was in the distal
colon compared to 31% (CI 24-37) in 22 healthy
controls (p < 0.001) [64]. This is a convincing ex-
planation to account for the common clinical expe-
rience that relief of proximal constipation leads to
resolution of refractory distal colitis. Consequently,
if sigmoidoscopic inflammation persists after treat-
ment with topical salicylates and oral steroids, a
plain abdominal radiograph is appropriate. If there
is visible faecal loading in the descending colon, a
vigorous laxative (1—2 sachets of Picolax™) is ap-
propriate, after explaining the paradox of proximal
constipation despite distal diarrhoea. Topical sali-
cylates should be continued, but if symptoms do
not resolve within another 2—4 weeks, then inten-
sive treatment is usually the best option.

Intensive treatment

Although more commonly a feature of extensive
colitis, distal disease can present with a severe re-
lapse (bloody stool frequency > 6 daily, with either a
pulse rate >90, temperature >37.8°C, haemoglobin
<10.5 g/dL, or ESR >30 mm/h). This should be
treated promptly by direct admission and intra-
venous steroids. In one study of 51 episodes of se-
vere colitis, 16% had distal disease and in a further
18% disease was left-sided [65]. The standard treat-
ment regime involves intravenous steroids (e.g. hy-
drocortisone 400 mg daily), rectal hydrocortisone
and correction of electrolyte imbalance, anaemia or
nutritional deficiency over § days. Antibiotics confer
no additional benefit.

Intravenous steroids and ciclosporin

The real dilemma, however, is how best to manage
patients with distal disease and continuing mild to
moderate activity in spite of a course of oral steroids,
topical salicylates and treatment of proximal consti-
pation. Some gastroenterologists opt for further tri-
als of topical therapy, often with alternative agents
(see below). Distal colitis in these circumstances is
best treated as if it was more extensive or severe. In
39 patients with distal disease refractory to outpa-
tient treatment with oral steroids and salicylates, re-
mission was achieved by intensive treatment within
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a week in 90% [66]. This is an impressive and rapid
response in otherwise refractory disease and is better
than that reported with alternative topical therapies.
Should the response be poor, the role of ciclosporin
is debatable. It certainly has a place in severe distal
colitis not responding to intravenous steroids, be-
cause colectomy may be avoided in a patient with
limited disease, which is especially valuable dur-
ing an initial attack [67]. The pattern of disease
must, however, be taken into account. Ciclosporin
should only be used for refractory distal colitis if
there is the potential to change the pattern of dis-
tal disease by using immunomodulators such as
azathioprine.

Reassessing the extent of disease

During admission for intensive treatment of refrac-
tory distal colitis, it is appropriate to perform a
colonoscopy (or flexible sigmoidoscopy if disease is
severe) to re-evaluate the extent of disease. The risk
of proximal extension of distal disease has been de-
bated. In a population-based study of 1161 patients
with ulcerative colitis, 48% had proctitis or distal
disease, 32% left-sided, 18% total colitis and 2%
undefined at presentation [68]. Subsequent proxi-
mal extension has conventionally been estimated at
around 15%, but appears to be higher. In a retro-
spective study of 145 patients with distal colitis at
presentation, disease extension proximal to the sig-
moid was recorded in 36% at a median of 6 years,
becoming extensive in 29% [16]. Using actuarial
analysis, disease extension was predicted for 16%
(CI 11-24%) at 5 years and 31% (CI 23—40%) 10
years after diagnosis. A similar proportion (27%)
had disease extension in a larger study of 273 pa-
tients with distal UC, but only a minority extended
beyond the splenic flexure (4 and 10% at 5 and 10
years, respectively) [69]. Interestingly, smoking ap-
peared protective against disease extension. In con-
trast, in 399 patients with UC, the extent regressed
in 22%, with 30% having a normal colonoscopy
14 months after diagnosis [17]. A ‘caecal patch’ le-
sion has been recognised in patients with typical
clinical, endoscopic and histological features of lim-
ited distal ulcerative colitis, who have an isolated
area of erythema and inflammation in the caecum
[70]. Whether disease extension or refractoriness is

more common in the presence of a caecal patch is
unknown, but it should not trap the unwary into
a diagnosis of Crohn’s colitis. Finally, colonoscopy
is helpful in excluding malignancy as a cause of re-
fractoriness. Although the risk of colorectal cancer
is not increased in distal colitis, sporadic cases may
still occur.

Maintaining remission

Assuming that intensive treatment has succeeded in
achieving remission, the next issue is how to main-
tain remission. It has long been established that nei-
ther topical nor systemic steroids are effective [71].
In spite of advocating systemic steroids at an early
stage to induce effective remission, the effect of long-
term (>10 weeks) or recurrent courses (>2/year) on
skin, soft tissues and bone should be considered clin-
ically unacceptable. The options are an appropriate
type and dose of oral salicylate, continued topical
salicylates, or immunosuppression.

Oral aminosalicylates

The main role for oral aminosalicylates is to main-
tain remission rather than treat active disease, but
pharmacokinetic considerations influence the choice
(see above, Fig 10.2). Azo-bonded drugs are theo-
retically preferable in distal colitis, because luminal
concentrations of 5-ASA, probably reflecting con-
centrations in the colonic epithelium, are higher
than with slow-release mesalazine [27]. This has
been confirmed by measurement of tissue 5-ASA
concentrations in some [28] but not all [30] stud-
ies and is supported by some clinical trials.

The most recent meta-analysis of maintenance
therapy [72] analysed 16 trials on 2341 patients.
Mesalazine was more effective than placebo (odds
ratio for failure to maintain remission 0.47, Cl 0.3 6—
0.62) with an NNT of 6, but sulphasalazine had
a small (but statistically significant OR 1.29, CI
1.05-1.57) benefit over mesalazine. In spite of this,
there was no difference between the trials using low
daily dosages (<2 g) and those using high dosages
of mesalazine. This is a little surprising, but may
be explained by differences in disease distribution
among the patient populations, variable duration of
follow-up (4—12 months) and definitions of relapse
or remission. Dose is likely to be most relevant in
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distal disease. When 198 patients were treated with
0.5, 1.0 or 2.0 g olsalazine for 12 months, the high-
est dose was most effective in proctitis (90% remis-
sion, p = 0.03) [73]. It was also most effective in
those who had recently relapsed (<12 months) prior
to the start of the trial. The tendency of olsalazine to
induce small intestinal secretion and cause diarrhoea
might be used to therapeutic advantage in the prox-
imal constipation associated with refractory distal
colitis. Why the choice and dose of salicylate does
not appear to matter for more extensive colitis is an
interesting question, but is likely to have something
to do with the pathobiology of events at the leading
edge of inflammation. Prevention of inflammation
may be a threshold phenomenon, dependent on the
concentration of 5-ASA at the proximal limit of in-
flammation and thus be largely independent of dose,
if 5-ASA is effectively delivered.

Otherwise there are very few comparative trials
between the new salicylates. Olsalazine appears to
be more effective than Asacol™ [74], consistent with
the relatively enhanced delivery to the distal colon
by olsalazine. Care must be taken in interpreting this
study of 100 patients with left-sided colitis, because
it finished early and had an unexpectedly high re-
lapse rate (46% on Asacol™ at 12 months vs 34%
on olsalazine). In another maintenance study of 99
patients, balsalazide 3 g/day was more effective than
Asacol™ for controlling nocturnal symptoms in re-
mission (90% vs 77% asymptomatic, p = 0.0011),
but the remission rate (58%) was identical at 12

Endoscopy scale Histology scale

months [75]. The difference is marginal and there
was an exceptionally high withdrawal rate (57%),
largely due to relapse. Caution is necessary in in-
terpreting the results of comparative trials between
5-ASA compounds and differences between aminos-
alicylates other than sulfasalazine appear too small
to be detected [76]. In practical terms, if olsalazine
2 g daily does not maintain remission in refractory
distal colitis once it has been achieved, then topi-
cal maintenance therapy or immunosuppression is
appropriate.

Topical salicylates

Topical 5-ASA as a liquid, foam, or suppository is
undoubtedly effective at maintaining remission, but
is less popular with patients. In 5 trials involving
182 patients given mesalazine suppositories or ene-
mas (0.8-2 g daily, or 4 g intermittently) for 6-24
months, remission was maintained in 54-80% com-
pared to 15-20% on placebo [51]. In two of the
trials (98 patients), rectal salicylates were more ef-
fective than oral therapy over 2 years (OR 2.41, CI
1.05-5.54). Compliance may be improved with in-
termittent therapy and mesalazine 1 g (Pentasa) sup-
positories three times a week maintained remission
in 52% over 1 year, compared to 38% on placebo
(p = 0.018) [77]. Increasing the dose to 1 g daily
in those who relapsed induced remission in 61%
within 30 days compared to 8% given placebo.
Consequently when oral salicylates alone fail,
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Pentasa™ 1 g suppositories daily are appropriate for
maintaining remission in refractory proctitis, or sali-
cylate (Asacol™) foam enemas for distal colitis. The
combination of oral and topical therapy in relatively
refractory colitis is better than either alone. This was
shown in 72 patients (63 with distal colitis) who
had relapsed recently (<3 months) or frequently
(>1 relapse/year) [122]. Patients were randomised
to mesalazine 1.6 g daily, with placebo or mesalazine
enemas twice weekly for r2 months. On combi-
nation therapy, 71% remained in remission, com-
pared to 31% on oral therapy alone (p = 0.036).
If aminosalicylates are ineffective or cannot be tol-
erated, however, immunosuppression is necessary,
which is often the case after intensive treatment for
refractory distal colitis.

Immunomodulators

Azathioprine and its metabolite 6-mercaptopurine
are effective for patients who have frequent relapses,
as well as those with chronically active disease that
flares up when oral corticosteroids are reduced [78].
The standard dose for azathioprine is 2 mg/kg/day
(r mg/kg/day for 6-mercaptopurine) and several
months of treatment is necessary for maximum
effect. Much of the information about azathioprine
has been transferred from trials on Crohn’s dis-
ease, but it is effective as a steroid-sparing agent
(NNT = 3) and should be considered for those who
relapse rapidly (<6 weeks) after oral steroids, or
who relapse at doses less than 15 mg/day. This is as
true for distal colitis as for those with more exten-
sive disease, although anecdotal experience from St
Mark’s on 52 patients who received immunomodu-
lators out of a total of 228 with distal UC, suggested
that efficacy may be lower in distal disease. Thiop-
urines had a clinically useful effect in 43 %, were
ineffective in 16% and caused toxicity in 34 % [79].
This does not, however, reflect our experience.

For the majority who tolerate azathioprine, the
question is how long it should be continued. In
67 patients in remission on azathioprine randomised
to continue the drug or to placebo, 64% remained
in remission on azathioprine at 1 year, compared to
41% on placebo (p = 0.04) [80]. A beneficial effect
was detected for at least 2 years and if the effect in
Crohn’s disease can be extrapolated, the benefit may

persist for 4—5 years or more [81]. It is customary to
continue oral salicylates with azathioprine. There is,
however, no evidence that the combination is better
than azathioprine alone.

Methotrexate has been disappointing in con-
trolled trials of refractory ulcerative colitis, unlike
Crohn’s disease, but doses have been low. A weekly
dose of 12.5 mg (half of that used in Crohn’s dis-
ease) was no better than placebo in induction or
maintenance of remission in steroid-dependent ul-
cerative colitis [82]. The potential advantage is that
patients who cannot tolerate azathioprine can often
tolerate methotrexate (and vice versa). A review of
the Oxford experience showed that oral methotrex-
ate at a mean dose of 20 mg/week achieved a good
response (steroid withdrawal) in 50% with refrac-
tory ulcerative colitis and a sustained remission off
steroids in 15/42 patients over a period of 72 weeks
[83]. Hence methotrexate can be considered for
thiopurine intolerant patients with refractory dis-
tal colitis, although the lack of controlled evidence
supporting its use should be recognised.

Alternative therapies

The choice of alternative therapies is large, but
whilst this reflects the potential refractoriness of
distal colitis and proctitis, it also indicates the reluc-
tance of gastroenterologists to treat limited disease
systemically. Using the approach outlined above, in-
cluding intensive treatment, very few patients re-
main refractory. Some may consider this approach
unnecessarily aggressive but it is, after all, much
easier for the gastroenterologist to put up with a
poor response to therapy than it is for the patient.
Nevertheless, there are some patients with limited
and troublesome disease rather than disabling symp-
toms, for whom colectomy might be avoided by
patiently persisting with topical therapy. The prob-
lem with these alternatives is that most are based
on open studies, or trials with insufficient power to
detect a difference. The options do, however, illus-
trate innovative approaches to treatment, with an
insight into proposed mechanisms of disease. Ta-
ble ro.2 summarises the evidence. The choice really
depends on local availability and personal prefer-
ence, because many have to be made up individu-
ally by pharmacy. Some novel approaches, such as
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antibiotics against Fusobacterium varium [117] or
leucocytapheresis [118] are appealing, not least be-
cause they differ so appreciably from previous ther-
apy. However, it is all the more important that such
approaches (and technology-dependent leucocyta-
pheresis in particular) are subjected to randomised
controlled trials.

Surgery

Patients with chronically active disease affecting
the quality of life or employment, who have not
responded to intensive treatment or cannot toler-
ate immunosuppression, are candidates for surgery.
Such a decision should never be precipitate, because
refractory distal colitis is a chronic condition that
rarely causes the systemic disturbance of more ex-
tensive colitis. The decision is quite appropriately
deferred until all medical options have been vigor-
ously applied, but a surgical option should be raised
when a patient is admitted for intensive treatment,
if only to gauge their response. The opportunity to
discuss stomas and pouches with an experienced
stomatherapist is often appreciated by the patient
and relatives, because it provides information, even
if this is subsequently unnecessary. Much depends
on the individual patient’s perception of disability
caused by the disease and their attitude to surgery,
but it also depends on the working relationship be-
tween gastroenterologist and colorectal surgeon. A
total colectomy has to be performed, usually with
ileoanal pouch formation, because segmental resec-
tion leaves that part of the colon most affected and
is almost invariably followed by relapse affecting
previously normal bowel.

Operation rates for refractory colitis vary widely,
whatever the extent of disease. The practice in
Copenhagen has a higher proportion of patients
coming to surgery than in many centres, but repre-
sents the best population-based data available. Out
of 498 patients with ulcerative colitis who had dis-
tal disease at presentation, 9% came to colectomy
in the first year of diagnosis, followed by 1% in
subsequent years [68]. This includes those patients
whose disease became extensive rather than remain-
ing distal, but at St Mark’s Hospital (United King-
dom), 8/52 patients with refractory distal colitis

treated with immunomodulators came to colectomy
[79]. This is a specialist practice, but for a general
population of 250,000, around 1 colectomy every
1—2 years would be performed for distal disease.

Another surgical approach that has been sug-
gested for the management of refractory ulcerative
colitis is appendicectomy. A negative association be-
tween appendicectomy and the onset of UC is well
recognised: about 2% of patients with UC have had
an appendicectomy, compared to 11 % of the general
population. What is less well recognised is that prior
appendicectomy influences the phenotype, with
later onset and less severe disease (OR 0.15, Cl 0.02—
1.15, p = 0.04) [119]. The idea that elective appen-
dicectomy may influence that pattern of refractory
UC is challenging, but may be sustainable [120].

The outcome of colectomy and pouch formation
for distal colitis is usually good. In 263 patients who
had a restorative proctocolectomy at one French
centre (1986-96), 27 had surgery for distal disease
[t21]. After surgery there was a significant decrease
in mean (SD) diurnal stool frequency 8.2 (4) vs
4.7 (2) stools/day, nocturnal stool frequency and ur-
gency in 26/27 vs 1/27 patients (p < o.001). Previ-
ously unknown severe dysplasia was identified in 2
patients. All but one patient were satisfied with the
results and 25/27 wished that they had had surgery
sooner.

Conclusions

There is a pressing need for data to allow objec-
tive decision-making in the management of refrac-
tory distal colitis. On the current evidence, the algo-
rithm (Fig 10.1) is a practical approach that should
help because it is staged. Combining oral and topi-
cal therapy, using salicylate suppositories as an ad-
junct to enemas, admission for intensive treatment
and maintaining remission with immunosuppres-
sion should be effective in the vast majority, without
resorting to alternative therapies or surgery.
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Introduction

Therapeutic manipulation of the enteric flora is
emerging as a plausible and realistic option for the
management of a diversity of clinical problems.
This has contributed to a resurgence of interest in
the role of the flora in the development and function
of the gastrointestinal tract. Such is the contribution
of the flora to mucosal homeostasis that it is no
longer acceptable to study intestinal pathophys-
iology outside the context of the activities of the
indigenous bacteria. Indigenous bacteria within
the gastrointestinal tract are primarily an asset,
conferring protection against pathogenic infections,
priming mucosal immunity and producing vitamins,
nutrients and other biologically active metabolites.
Occasionally, depending on host susceptibility, the
bacterial flora may become a liability and contribute
to disorders such as Crohn’s disease and ulcerative
colitis. It follows that any strategy that promotes
microbial assets and/or offsets liabilities represents
a therapeutic option. Therein lies the rationale for
pro-biotic/pre-biotics and other forms of therapeu-
tic manipulation of gut flora [1-3]. Although this
is often discussed in simplistic terms as replacing
‘bad’ bacteria with ‘good’ bacteria, the interaction
between the host and the enteric bacterial flora is a
dynamic one, underpinned by continual signalling
and engagement of pattern recognition receptors,
which maintains mucosal homeostasis. The impact
of pro-biotics or pre-biotics is not simply ecologic
(‘good’ for ‘bad’ bacteria) and almost certainly re-
flects a change in prokaryotic-eukaryotic signalling

[2, 4].
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Although the efficacy of pro-biotics in enteric
infections and post-antibiotic syndromes appears to
be established [5-7], and there is impressive support
for pro-biotic therapy in pouchitis [8, 9], convincing
evidence for efficacy in other forms of inflammatory
bowel disease is less compelling. More importantly,
there are several problems and pitfalls that need to
be resolved before guidelines for routine clinical use
of pro-biotics in Crohn’s disease or colitis can be for-
mulated. The clinical implications of host-flora in-
teractions in inflammatory bowel disease, with par-
ticular reference to the promise of pro-biotics, is the
subject of this overview; other aspects of the gut
flora and the scope and promise of pro-biotics have
been reviewed elsewhere [1-3, To-12].

Notes on definition and terminology

The definition of pro-biotics is continually under re-
view [13, 14]; they may be operationally and most
simply defined as commensal organisms that can be
harnessed for therapeutic benefit. The emphasis has
generally been on live micro-organisms, but with
clarification of mechanisms of action and identifi-
cation of therapeutic pro-biotic metabolites; a pro-
gramme of ‘bugs to drugs’ discovery may yield a new
generation of biologic control agents that will chal-
lenge current definitions. For this reason, the more
inclusive term pharmabiotics may be more appro-
priate.

The most commonly used pro-biotics are
lactobacilli and bifidobacteria, although other
bacteria, such as non-pathogenic E. coli and even
non-bacterial organisms, such as Saccharomyces
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boulardii have been used for pro-biotic effect. In
contrast, pre-biotics are non-digestible food ingre-
dients that beneficially affect the host by selec-
tively stimulating the growth of bacterial species
already established in the colon and thus improve
host health. These are usually of a poly- or oligo-
saccharide nature. The combination of pro-biotics
and pre-biotics is referred to as synbiotics [15]. It is
also noteworthy that the scope for harnessing mi-
crobes for therapeutic effect in inflammatory bowel
disease is not limited to targeting host-bacterial in-
teractions; helminths and helminthic antigens are
currently being investigated with encouraging re-
sults in animal models of inflammation and promis-
ing early results in humans [16, 17].

Pro-biotics represent one aspect of an emerging
class of functional foods at the interface of the food
and pharmaceutical industries. Although there is no
universally accepted definition of functional foods,
there is a consensus that some foods and/or food ad-
ditives have a distinct health benefit beyond their nu-
tritional content. Although the concept of functional
foods is not new, the application of rigorous scien-
tific scrutiny to the area is at an early stage. Clin-
icians and scientists are beginning to embrace the
concept with increasing enthusiasm, and the com-
mercial promise of functional foods is greater than
ever. It has been suggested by some economists that
future consumers will expect that all foods be func-
tional. Realising this promise will require careful sci-
entific underpinning of functional food claims in ad-
dition to effective communication across industry,
science and society, and clarification of current and
future regulatory constraints. The process for the
assessment of scientific support for claims on foods
(PASSCLAIM) for these problems has recently been
addressed [18].

Host-flora interactions in health and
disease

The normal enteric flora exerts positive and negative
regulatory effects on the development and function
of the intestine. This is evident from comparative
studies of germ-free and conventionally colonised
animals. In the absence of bacteria, there is reduced
mucosal cell turnover, digestive enzyme activity,

cytokine production, lymphoid tissue, lamina pro-
pria cellularity, vascularity, muscle wall thickness
and motility. In contrast, there is an increase in en-
terochromaffin cell area [19]. Modern techniques,
such as laser capture micro-dissection and gene
array analysis, are now being deployed to probe
the molecular events underpinning the regulatory
signalling from the lumen and promise to reveal
new molecular targets for the design of future
therapeutics [20, 21]. When applied to animals
colonised with only a single bacterial strain, Bac-
teroides thetaiotaomicron, these experimental tech-
niques have demonstrated the impact of bacterial-
derived signalling on the expression of host genes
controlling mucosal barrier function, nutrient ab-
sorption, angiogenesis and development of the en-
teric nervous system.

Incoming bacterial signals include secreted
chemo-attractants, such as the formylated pep-
tide f-met-leu-phe, cellular constituents such as
lipopolysaccharide (LPS) and peptidoglycans,
flagellin and bacterial nucleic acids (CpG DNA).
Discrimination of pathogens from commensals by
the host is mediated, in part, by pattern recognition
receptors such as Toll-like receptors (TLRs) that
are present on epithelial and immune (dendritic)
cells. Engagement of TLRs by ligands from the
commensal flora appears to be required for mucosal
homeostasis in health. Thus, not only are bacterial
signals required for optimal mucosal and immune
development, they are actually required to maintain
and condition the mucosa for responses to injury
[22, 23].

The immune system mediates the sense of micro-
bial danger and responses to injury. Like all senses,
immunosensory acuity requires continual educa-
tion and fine-tuning by environmental experiences
such as microbial colonisation and exposure to spo-
radic mucosal infections. Without the flora, mucosal
lymphoid tissue is rudimentary and induction of
mucosal immune responses and tolerance are sub-
optimal [2, 24]. The challenge for host immunosen-
sory performance within the gastrointestinal tract is
to maintain tolerance to commensal flora whilst re-
taining the capacity for rapid responses to episodic
challenge with pathogens. Immunologic sampling of
the microbial environment across the epithelium is
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mediated by M cells, which deliver particulate and
microbial antigens to underlying immune cells and
by mucosal dendritic cells, which appear to extend
processes into the lumen between the surface en-
terocytes without disrupting tight junctions [25].
Intestinal dendritic cells can ingest and retain intact
live bacteria, and transit to the mesenteric lymph
node where immune responses to commensals are
induced locally [26]. Thus, the mesenteric lymph
node acts as a gatekeeper, preventing access of com-
mensal bacteria to the internal milieu and protecting
the host from harmful systemic immune reactivity.
The immunosensory function of dendritic cells is re-
flected by their remarkable plasticity and versatility
of responses [27], depending on the type of organ-
ism they encounter. In addition to specific immune
responses to enteric bacteria, the surface epithelial
cells serve a sensory function for microbial danger
by production of chemokines that activate and re-
cruit the host immune response if there is a breach
in the mucosal barrier pathogenic infection [28].

Bacterial signals from the lumen are transduced
into host immune responses after engagement of
TLRs and may trigger more than one molecular
cascade. The transcription factor nuclear factor-
kB (NF-kB) is the pivotal regulator of epithelial
and immune responses to invasive pathogens, but
non-pathogenic bacteria can attenuate inflamma-
tory responses by delaying the degradation of IkB,
which is counter-regulatory to NF-kB [29]. Other
signal transduction pathways probably account for
the anti-inflammatory effects pro-biotics and other
commensal organisms, such as the anaerobe Bac-
teroides thetaiotaomicron. This can antagonise the
pro-inflammatory effects of NF-«kB within the ep-
ithelial cell by enhancing the nuclear export of its
transcriptionally active subunit (RelA), in a perox-
isome proliferator activated receptor-o-(PPAR-«)-
dependent manner [30].

There is compelling evidence implicating the
flora as a contributory factor in the pathogenesis
of inflammatory bowel disease (reviewed in [12]).
Indeed, many observations of immunological distur-
bances in these conditions may reflect immune reac-
tivity against components of the flora and this has
been exploited to identify the microbes contributing
to the pathogenesis of disease. Marker antibodies

generated by hybridoma or phage display technol-
ogy have been used as reagents to identify microbial
antigens. For example, anti-neutrophil cytoplasmic
antibody (pANCA) associated with ulcerative colitis
has been used to identify colonic bacteria express-
ing a pANCA-related epitope [31]. More recently,
serological expression cloning was used to identify
bacterial flagellin as a dominant antigen in Crohn’s
disease [32].

The multiplicity of different defects that may
lead to a similar chronic inflammatory outcome in
animal models probably also reflects the heterogene-
ity of these syndromes in humans. Indeed, genetic
studies of human inflammatory bowel disease (re-
viewed elsewhere in this text) underscore the like-
lihood of distinct subsets of disease. The subset of
Crohn’s disease linked with the NOD2 (CARD15)
polymorphism has highlighted the importance of
proteins involved in the regulation of host responses
to bacteria within the intestine [33, 34]. It seems
likely that additional subsets of disease may be due
to other defects at the level of pattern recognition
receptor polymorphisms or along the cascade of
events following engagement of TLRs by commen-
sal an pathogenic bacteria. Whether non-pathogenic
organisms including pro-biotics can be harnessed to
offset these defects remains to be seen.

Strain selection: not all pro-biotics are
the same

Discussion of pro-biotics in generic terms for
clinical medicine is no longer acceptable and far
too superficial. Clear distinctions between different
bacterial strains are evident and these may translate
into variability in efficacy in different clinical condi-
tions. Guidelines for pro-biotic strain identification
and functional characterisation have been generated
by the Joint Food and Agricultural Organisation
(FAO) of the United Nations and the World Health
Organisation (WHO) [35]. At present, there is no
biomarker from in vitro studies that reliably pre-
dicts function in vivo for putative pro-biotics in any
clinical condition. Furthermore, it is unlikely that a
single microbial agent or microbial product will be
effective in each of the diverse clinical conditions
for which pro-biotic efficacy has been claimed.
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Comprehensive comparisons of pro-biotic perfor-
mance using different strains need to be completed
in specific disease states. There is emerging evidence
in both inflammatory bowel diseases and irritable
bowel syndrome that pro-biotic efficacy is not uni-
form [12, 36]. Furthermore, in light of increasing
understanding of pharmacogenomics and nutrige-
nomics, individual variability in composition of the
enteric flora might have to be considered as a deter-
mining factor for optimal pro-biotic strain selection.
Without resolution of these pivotal issues, pro-biotic
therapy will struggle to become established in the
arena of evidence-based medicine. The consumer
would also benefit from greater regulation of un-
substantiated or exaggerated health claims for some
commercially available pro-biotic preparations.

Dosimetry: how much and how often?

There is currently no internationally recognised
standardised system for verification of pro-biotic
product quality in terms of stability and shelf life.
In addition, the dose range, frequency of adminis-
tration and optimal vehicle of delivery have received
limited research attention and may vary for different
pro-biotics. Like other biologic agents, pro-biotics
may not exhibit a clear dose-response profile like
that seen with conventional small molecule drugs.
Furthermore, the effective dose of pro-biotics will be
influenced by survival during gastric transit, expo-
sure to bile and possibly by the potential for coloni-
sation and multiplication within the colon.

In humans, the optimal dose for pro-biotics may
differ in different disease indications. It is, there-
fore, desirable that studies of pro-biotics include
some strategy for quantifying transit and survival of
ingested organisms either by conventional culture-
dependent methods on faeces or by using molecu-
lar probes. In the case of Lactobacillus salivarius
UCC118, a consistent profile of faecal excreted lev-
els of the pro-biotic after a 3-week feeding period
has been demonstrated [37, 38]. The profile of faecal
excrection of this lactobacillus and Bifidobacterium
infantis has also been examined in a murine model
of inflammatory bowel disease [39]. In addition, the
kinetics of arrival of the pro-biotic at the terminal
ileum and, therefore, the ability of the organism to

survive gastric acid and bile and small bowel transit
has been demonstrated [37].

Monitoring pro-biotic impact on the
intestinal ecosystem

One of the great technological limitations to the
study of the intestinal flora and the impact of pro-
biotics is the inadequacy of traditional culture-
dependent methods. Only about 50% of the in-
digenous gastrointestinal bacteria can be cultured at
present. Therefore, little is known of their metabolic
activity or variations in composition after inges-
tion of pro-biotics. This has led to increasing use
of culture-independent, molecular methods of ex-
amining the enteric flora, including 16S DNA am-
plification and denaturing gradient gel electrophore-
sis (DGGE), which have been used to examine the
diversity and stability of human intestinal bacteria.
Strain-specific primers and probes have refined the
technique and have been deployed in other tech-
niques such as fluorescence in situ hybridisation
(FISH) flow cytometery (FLOW-FISH) [40-43].

Another level of complexity in the gut is the
variability in the composition of the flora, both
quantitatively and qualitatively, over the long axis
and cross-sectional axis of the gastrointestinal tract.
Therefore, faecal samples may have limited value
in monitoring the enteric ecosystem. Evidence from
culture-independent methods suggests that mucosa-
associated bacteria differ from those recovered from
faeces and supports the idea that host-related factors
have a role in determining the enteric flora [44].

The variability in the composition of the flora
throughout the alimentary tract also undermines the
naive assumption that any given strategy for ther-
apeutic manipulation of the enteric flora will be
equally effective for diseases that variably affect dif-
ferent parts of either the small or large bowel. It
follows that depending on the topographic distribu-
tion of the lesions in Crohn’s disease, a single pro-
biotic may not be equally suited to different subsets
of patients.

Single strains or combinations

One strategy to accommodate different clinical in-
dications and individual variations in composition
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of enteric flora is the use of combinations of pro-
biotic strains. However, as with all combinations
of therapies, the activities of the individual compo-
nents require definition and optimisation before the
combination can be routinely recommended. It is
also difficult to see how pro-biotic mechanisms of
action will be defined if combinations of different
strains are used. In this respect, proponents of pro-
biotic therapy should not abandon traditional prin-
ciples of therapeutics and need to retain the same
scientific rigour that is applied to drug therapy. In
addition, the use of cocktails of bacteria assumes
that the constituents are not mutually antagonistic.
It appears that this is not a valid assumption [45 and
unpublished].

From theory to practice — the evidence for efficacy

Meta-analyses and a favourable Cochrane review
have confirmed the efficacy of pro-biotics in the set-
ting of enteric infections [5—7]. In patients with in-
flammatory bowel disease, pouchitis appears to be
the subset well suited to pro-biotic therapy [8, 9].
Whether other forms of the disease are equally re-
sponsive is much less certain. The outcome of the

PROGID-controlled trial of maintenance of remis-
sion with pro-biotics funded by the European com-
mission is pending. Results from completed small
studies to date are inconclusive, but there appear to
be subsets of patients who might benefit from this
from of therapy (Tables 11.1-11.3) [46—48, 50-60].

From bugs to drugs

The potential to substitute molecules for microbes
will become a reality once the mechanism of ac-
tion of pro-biotics is clarified. As alluded to earlier,
current knowledge of the molecular basis of host-
flora interactions and pro-biotic-host dialogue has
shown the need to move discussions of pro-biotic
mechanisms beyond simplistic concepts of replac-
ing ‘bad bugs’ with ‘good bugs’. Pro-biotic ther-
apy is more complex than manipulating the host
flora. Rather, it is a question of influencing host-
flora signalling. In this context, bacterial metabolites
such as anti-microbial peptides (bacteriocins), anti-
inflammatory or anti-cancer factors such as conju-
gated linoleic acid (CLA) and nucleic acids (bacterial
CpGDNA), may underpin certain pro-biotic actions
in different circumstances [12].

Table 11.1 Summary of human trials of pro-biotic therapy in ulcerative colitis. (N = number of subjects in trial).

Study type Organism used

Trial outcome Reference

E. coli strain (Nissle 1917)
N =120

Randomised controlled
trial

E. coli strain (Nissle 1917)
N=116
VSL# 3 N= 20

Randomised, controlled
trial
Open labelled trial

E. coli strain (Nissle 1917)
N=327

Randomised controlled
trial

Open labelled trial S. boulardii N= 25

Patients with active Kruis et al., 1997 [46]
colitis demonstrated
similar relapse rates
compared to patients
on mesalazine

Confirmed result from
Kruis et al., 1997

Maintenance of
remission in patients

Remission maintained
in patients receiving
pro-biotic

Treatment given in
combination with
mesalamine for
relapse of ulcerative
colitis. Remission
achieved in 17
patients

Rembacken et al., 1999
[47]

Venturi et al., 1999 [48]
Kruis et al., 2004 [49]

Guslandi et al., 2003
[50]
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Table 11.2 Summary of human trials of pro-biotic therapy in pouchitis.

Study type Organism used Trial outcome Reference
Open labelled trial Pre-biotic Effective in inducing remission in Friedman and
fructooligosaccharide combination with antibiotic George, 2000 [51]
and pro-biotic
N=10
Randomised VSL#3 N = 40 Maintenance of remission in chronic Gionchetti et al.,
controlled trial pouchitis after antibiotic-induced 2000 [52]
remission 15% relapse rate compared
with 100% in control group
Randomised VSL#3 N = 40 Prevention of acute pouchitis in patients Gionchetti et al.,

controlled trial

Randomised
controlled trial

VSL#3 (6 g) N= 36

after ileo-anal pouch surgery 10%
pouchitis rate in pro-biotic group
compared with 40% in control group

Maintenance of remission in recurrent or
refractory pouchitis after antibiotic
induced remission 85% remained in
remission at 1 year, compared with 6%
in placebo group

2003 [8]

Mimura et al., 2004

[9]

N = number of subjects in trial.

Table 11.3 Summary of human trials of pro-biotic therapy in Crohn’s disease.

Study type Organism used Trial outcome Reference
Randomised S. boulardii N = 20 Decrease in CDAI in pro-biotic group Plein and Holz, 1993
controlled trial [53]
Open labelled trial Lactobacillus GG Increase in gut IgA response Malin ez al., 1996
N=14 [54]
Randomised E. coli strain Nissle Remission achieved in patients on Malchow, 1997 [55]
controlled trial 1917 N=28 pro-biotics and steroids greater than

Open labelled trial
Randomised

controlled trial

Randomised
controlled trial

Open labelled trial

Randomised
controlled trial

Lactobacillus GG in
children N = 4

VSL#3 with antibiotic
N=40

S. boulardii N = 32

L. salivarius 118
N =25

L. rhamnosus GG
N=y4s

with steroids alone

Improved intestinal permeability and
CDAI

Patients with CD had 20% remission
when given antibiotic and VSL#3
compared to 40% in
mesalamine-treated group

Maintenance of remission in treatment
group superior as relapse observed in
6.25% of patients receiving pro-biotic
plus mesalasine compared to 37.5%
on mesalamine alone

Reduction of mean CDAI and induction
of IgA in patients with relapse

No difference seen in rate of recurrence 1
year after surgery between group given
pro-biotic or control

Gupta et al., 2000
[56]

Campieri et al., 2000
[57]

Guslandi et al.,
2000 [58]

McCarthy et al.,

2001 [59]
Prantrera et al.,

2002 [60]

N = number of subjects in trial, CDAI = Crohn’s disease activity index.
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Turbo pro-biotics

Even if naturally occurring organisms have insuf-
ficient efficacy in inflammatory bowel disease, the
use of engineered pro-biotics or food-grade bacteria
to deliver anti-inflammatory molecules to the site of
intestinal lesions is a realistic proposition [61]. Ad-
vantages of this strategy include avoidance of sys-
temic toxicity, lower production costs, convenience,
wider scope of indications and perhaps more con-
sistent efficacy. Proof of principle has been demon-
strated with a genetically modified (GM) strain of
Lactococcus lactis engineered to produce the anti-
inflammatory cytokine, interleukin-ro (IL-10) [62].
Remarkably, the GM organism was as effective as
corticosteroids in a murine model of inflammatory
bowel disease. Although the best choice of transgene
for treatment of inflammatory bowel disease in hu-
mans is uncertain, the delivery of trefoil factors by
this method is conceptually appealing because it fo-
cuses more on the healing phase of the disease rather
than the inflammatory phase [63].

The primary safety concern surrounding GM
organisms relates to the public health risk when
such organisms are excreted into the environment.
A clever strategy to address this has been to in-
sert the therapeutic transgene into the thymidylate
synthase (¢hy A) gene locus. Without this enzyme,
the organism is dependent on thymine or thymi-
dine in the local micro-environment, but these are
not readily available within the external environ-
ment, thereby limiting the viability of the excreted
GMO. In addition, the transgene would be elimi-
nated from the bacterial genome if the engineered
organism re-acquires the thy A gene from the wild-
type strain [64].

Conclusion

Pro-biotics promise much for clinical medicine. Al-
though they have a sound rationale in inflammatory
bowel disease, this therapeutic strategy is still devel-
opmental. There are substantial gaps in our under-
standing of host-bacterial interactions within the gut
and several potential pitfalls to the effective use of
pro-biotics. Resolution of these problems requires
better characterisation of individual strains, clarifi-
cation of mechanisms of action in different settings

and carefully controlled clinical trials. Responsive-
ness to different pro-biotics is likely to be as variable
as that with drug therapy. However, even if naturally
occurring pro-biotics lack sufficient efficacy for the
more aggressive forms of inflammatory disease, ge-
netically modified organisms may be used in the fu-
ture for delivery of anti-inflammatory drugs.

Acknowledgements

The author is supported in part by the Science
Foundation, Ireland, in the form of a centre grant
(Alimentary Pharmabiotic Centre), by the Health
Research Board (HRB) of Ireland, the Higher Edu-
cation Authority (HEA) of Ireland and the European
Union (PROGID QLK-2000-00563). The author
has been affiliated with a multi-departmental uni-
versity campus company (Alimentary Health Ltd),
which investigates host-flora interactions and the
therapeutic manipulation of these interactions in
various human and animal disorders. The content
of this article was neither influenced nor constrained
by this fact.

References

1 Shanahan F. Inflammatory bowel disease:
immunodiagnostics, immunotherapeutics and
ecotherapeutics. Gastroenterology 2001;120:622-35.

2 Shanahan F. Pathophysiological basis and prospects
for probiotic therapy in inflammatory bowel disease.
Am | Physiol Gastrointest Liver Physiol 2005;288(3):
Gg17-21.

3 Shanahan F. Probiotics in inflammatory bowel disease:
is there a scientific rationale? Inflamm Bowel Dis
2000;6:107-I115.

4 Ghosh S, van Heel D, Playford RJ. Probiotics in
inflammatory bowel disease: is it all gut flora
modulation? Gut 2004;53:620-2.

5 Dunne C, Shanahan F. Role of probiotics in the
treatment of intestinal infections and inflammation.
Curr Opin Gastroenterol 2002;18:40-5.

6 Allen SJ, Okoko B, Martinez E, Gregorio G, Dans LFE.
Probiotics for treating infectious diarrhoea. Cochrane
Database Syst Rev 2004;(2):CDo03048.

7 D’Souza AL, Rajkumar C, Cooke ], Bulpitt CJ.
Probiotics in prevention of antibiotic associated
diarrhoea: meta-analysis. BM] 2002;324:1361.



PHARMABIOTICS AND INFLAMMATORY BOWEL DISEASE

15T

I0

IT

I2

13

14

15

16

17

18

19

20

21

22

Gionchetti P, Rizzello F, Helwig U, et al. Prophylaxis
of pouchitis onset with probiotic therapy: a
double-blind, placebo-controlled trial.
Gastroenterology 2003;124(5):1202-9.

Mimura T, Rizzello F, Helwig U, et al. Once daily high
dose probiotic therapy (VSL#3) for maintaining
remission in recurrent or refractory pouchitis. Gut
2004;53:108-14.

Dunne C, O’Mahony L, Murphy L, et al. In vitro
selection criteria for probiotic bacteria of human
origin: correlation with i vivo findings. Am | Clin
Nutrition 2001;73(Suppl)(2, Pt 2):3865-92S.
Bengmark S. Ecological control of the gastrointestinal
tract: the role of probiotic flora. Gut 1998;42:2—7.
Shanahan F. Host-flora interactions in inflammatory
bowel disease. Inflamm Bowel Dis 200410(Suppl
1):S16-24.

Report of a Joint FAO/WHO Expert Consultation.
Health and nutritional properties of probiotics in
food including powder milk and live lactic acid
bacteria, 2001. http://www.fao.org/es/ESN/Probio/
report.Pdf

Shanahan E Probiotics in inflammatory bowel disease:
therapeutic rationale and role. Adv Drug Delivery Rev
2004;56:809-18.

Furrie E, Macfarlane S, Kennedy A, ez al. Synbiotic
therapy (Bifidobacterium longum/Synergy 1) initiates
resolution of inflammation in patients with active
ulcerative colitis: a randomised controlled pilot trial.
Gut 2005;54:242—9.

Elliott DE, Summers RW, Weinstock JV. Helminths
and the modulation of mucosal inflammation. Curr
Opin Gastroenterol 2005;21:51-8.

Summers RW, Elliott DE, Urban JF Jr, Thompson R,
Weinstock JV. Trichuris suis therapy in Crohn’s
disease. Gut 2005;54:87-90.

Cummings JH, Antoine J-M, Azpiroz F, et al.
Passclaim — gut health and immunity. Eur | Nutr
2004343(Suppl 2):1/118-173.

Midtvedt T. Microbial functional activities. In:
Hanson LA, Yolken RH, eds. Intestinal Microflora,
Nestle Nutrition Workshop Series. Philadelphia:
Lippincott-Raven; 1999;42:79-96.

Hooper LV, Wong MH, Thelin A, Hansson L, Falk
PG, Gordon JI. Molecular analysis of commensal
host-microbial relationships in the intestine. Science
2001;291:881—4.

Hooper LV, Midvedt T, Gordon JI. How
host-microbial interactions shape the nutrient
environment of the mammalian intestine. Annu Rev
Nutr 2002522:283-307.

Rakoff-Nahoum S, Paglino ], Eslami-Varzaneh F,
Edberg S, Medzhitov R. Recognition of commensal

23

24

25

26

27

28

29

30

31

32

33

34

35

36

microflora by toll-like receptors is required for
intestinal homeostasis. Cell 2004;118:229—41.
Madara J. Building an intestine-architectural
contributions of commensal bacteria. N Engl ] Med
2004;351:1685-6.

Shanahan E. Nutrient tasting and signaling
mechanisms in the gut V. Mechanisms of immunologic
sensation of intestinal contents. Am | Physiol
Gastrointest Liver Physiol 2000;278:G191-6.
Rescigno M, Urbano M, Valzasina B, et al. Dendritic
cells express tight junction proteins and penetrate gut
epithelial monolayers to sample bacteria. Nat
Immunology 2001;2:361—7.

Macpherson AJ, Uhr T. Induction of protective IgA by
intestinal dendritic cells carrying commensal bacteria.
Science 2004;303;1662—-5.

Huang Q, Liu D, Majewski P, et al. The plasticity of
dendritic cell responses to pathogens nd their
components. Science 2001;294:870-5.

Kagnoff MF, Eckmann L. Epithelial cells as sensors for
microbial infection. | Clin Invest 1997;100:

6-10.

Neish AS, Gewirtz AT, Zeng H, et al. Prokaryotic
regulation of epithelial responses by inhibition of
IkB-aubiquitination. Science 2000;289:1560-3.
Kelly D, Campbell JI, King TP, et al. Commensal
anaerobic gut bacteria attenuate inflammation by
regulating nuclear-cytoplasmic shuttling of
PPAR-gamma and RelA. Nat Immunol 2004;5:
104-12.

Dalwadi H, Wei B, Braun J. Defining new pathogens
and non-culturable infectious agents. Curr Opin
Gastroenterol 2000516:56-59.

Lodes MJ, Cong Y, Elson CO, et al. Bacterial flagellin
is a dominant antigen in Crohn disease. | Clin Invest
2004;113:1296—306.

Kobayashi KS, Chamaillard M, Ogura Y, et al.
Nodz2-dependent regulation of innate and adaptive
immunity in the intestinal tract. Science 2005;307:
731-4.

Maeda S, Hsu LC, Liu H, et al. Nod2 mutation in
Crohn’s disease potentiates NF-kB activity

and IL-tbeta processing. Science 2005;307:734-8.
Working Group Report. Guidelines for the evaluation
of probiotics in food. Joint Food and Agriculture
Organisation of the United Nations and The World
Health Organisation. http://www.fao.org/es/ESN/
Probio/probio.htm

O’Mahony L, McCarthy J, Kelly P, ez al. A
randomized, placebo-controlled, double blind
comparison of the probiotic bacteria Lactobacillus
and Bifidobacterium in irritable bowel syndrome.
Gastroenterology 2005; in press.



152 CHAPTER 11

37

38

39

40

41

42

43

44

45

46

47

Collins JK, Murphy L, Morrissey D, et al. A
randomised controlled trial of a probiotic
Lactobacillus strain in healthy adults: assessment of
its delivery, transit, and influence on microbial flora
and enteric immunity. Microb Ecol Health Dis
2002;14:81-9.

Murphy L, Dunne C, Kiely B, Shanahan F, O’Sullivan
GC, Collins JK. In vivo assessment of potential
probiotic lactobacillus salivarius strains: evaluation of
their establishment, persistence and localisation in the
murine gastrointestinal tract. Microb Ecol Health Dis
199951 T:149-57.

McCarthy J, O’Mahony L, O’Callaghan L, et al.
Double blind, placebo controlled trial of two
probiotic strains in interleukin To knockout mice and
mechanistic link with cytokine balance. Guz
2003;52:975-80.

Vaughan EE, Schut F, Heilig HGH], Zoetendal EG, de
Vos WM, Akkermans ADL. A molecular view of the
intestinal ecosystem. Curr Issues Intest Microbiol
2000;1:1-12.

Akkermans ADL, Zoetendal EG, Favier CF, Heilig
HGH]J, Akkermans-van Vliet WM, de Vos WM.
Temperature and denaturing gradient gel
electrophoresis analysis of 16S rRNA from human
faecal samples. Biosci Microflora 2000519:93-8.

Qiu X, Wu L, Huang L, et al. Evaluation of
PCR-generated chimeras, mutations, and
heteroduplexes with 16S rRNA gene based cloning.
Appl Environ Microbiol 2001;67:880—7.

Dalwadi H, Wei B, Braun J. Defining new pathogens
and non-culturable infectious agents. Curr Opin
Gastroenterol 2000316:56-9.

Zoetendal EG, Von Wright A, Vilpponen-Salmela T,
Ben-Amor K, Akkermans ADL, de Vos WM.
Mucosa-associated bacteria in the human
gastrointestinal tract are uniformly distributed along
the colon and differ from the community recovered
from the feces. Appl Environ Microbiol
2000;68:3401-7.

Murphy LM, Byrne FR, Collins JK, Shanahan E,
O’Sullivan GC. Evaluation and characterisation of
probiotic therapy in the CD45RH hi transfer model of
colitis. DDW/AGA Orlando Fl. Gastroenterology
1999;116:A780.

Kruis W, Schutz E, Fric P, Fixa B, Judmaier G, Stolte
M. Double blind comparison of an oral Escherichia
coli preparation and mesalazine in maintaining
remission of ulcerative colitis. Aliment Pharmacol
Ther 1997;11:853-8.

Rembacken BJ, Snelling AM, Hawkey PM, Axon
ATR. Non-pathogenic Escherichia coli versus

48

49

50

52

53

54

55

56

57

58

59

mesalazine for the treatment of ulcerative colitis: a
randomised trial. Lancet 199933 54:635-9.

Venturi A, Gionchetti P, Rizzello F, et al. Impact on
the composition of the faecal flora by a new probiotic
preparation: preliminary data on maintenance
treatment of patients with ulcerative colitis. Aliment
Pharmacol Ther 1999;13:1103-8.

Kruis W, Fric P, Pokrotnieks ], LuKas M, Fixa B,
Kascak M, Kamm MA, Weismueller ], Beglinger C,
Stolte M, Wolff C, Schulze J. Maintaining remission of
ulcerative colitis with the probiotic Escherichia coli
Nissle 1917 is as effective as with standard
mesalazine. Gut 2004;53:1617—23.

Guslandi M, Giollo P, Testoni PA. A pilot trial of
Saccharomyces boulardii in ulcerative colitis. Eur |
Gastroenterol Hepatol 2003;15:697-8.

Friedman G, George J. Treatment of refractory
‘pouchitis’ with probiotic and probiotic therapy.
Gastroenterology 2000;118:A4167.

Gionchetti P, Rizzello F, Venturi A, et al. Oral
bacteriotherapy as maintenance treatment in patients
with chronic pouchitis: a double-blind,
placebo-controlled trial. Gastroenterology 2000;119:
305-9.

Plein K, Holz J. Therapeutic effects of Saccharomyces
boulardii on mild residual symptoms in a stable phase
of Crohn’s disease with special respect to chronic
diarrhoea - a pilot study. Z Gastroenterol 1993;
31:129-34.

Malin M, Suomalainen H, Saxelin M, et al.
Promotion of IgA immune response in patients with
Crohn’s disease by oral bacteriotherapy with
Lactobacillus GG. Ann Nutr Metab 1996;40:
137-45.

Malchow HA. Crohn’s disease and Escherichia coli: a
new approach in therapy to maintain remission of
colonic Crohn’s disease? | Clin Gastroenterol
1997525:653-8.

Gupta P, Andrew H, Kirschner BS, et al. Is
Lactobacillus GG helpful in children with Crohn’s
disease? Results of a preliminary open-label study.

] Pediat Gastroenterol Nutr 2000;31:453-7.
Campieri M, Rizzello F, Venturi A, et al. Combination
of antibiotic probiotic treatment is efficacious in
prophylaxis of post-operative recurrence of Crohn’s
disease: a randomised controlled study vs mesalamine
[Abstract]. Gastroenterology 2000;118:A4179.
Guslandi M, Mezzi G, Sorghi M, Testoni PA.
Saccharomyces boulardii in the maintenance of
Crohn’s disease. Dig Dis Sci 200034 5:1462—4.
McCarthy J, O’Mahony L, Dunne C, et al. An open
trial of a novel probiotic as an alternative to steroids



PHARMABIOTICS AND INFLAMMATORY BOWEL DISEASE 153

in mild/moderately active Crohn’s disease [Abstract]. murine colitis by Lactococcus lactis secreting
Gut 20015 49(Suppl 3):2447. interleukin-ro. Science 2000;289:13 52—5.

60 Prantrera C, Scribano ML, Falasco G, Andreoli A, 63 Vandenbroucke K, Hans W, Van Huysse ], et al.
Luzi C. Ineffectiveness of probiotics in preventing Active delivery of trefoil factors by genetically
recurrence after curative resection for Crohn’s disease: modified Lactococcus lactis prevents and heals
a randomised controlled trial with Lactobacillus GG. acute colitis in mice. Gastroenterology 2004;127:
Gut 2002551:405-9. 502-13.

61 Shanahan F. Making microbes work for 64 Steidler L, Neirynck S, Huyghebaert N, ef al.
mankind-clever trick or a glimpse of the future for Biological containment of genetically modified
IBD treatment? Gastroenterology 2004;127:667-8. Lactococcus lactis for intestinal delivery of

62 Steidler L, Hans W, Schotte L, ef al. Treatment of human interleukin 1o. Nat Biotechnol 2003;21:785-9.



Challenges in Inflammatory Bowel Disease, Second Edition

Edited by Derek P. Jewell et el.
Copyright © 2001, 2006 by Blackwell Publishing Ltd

12: Current controversies in the surgical management

of ulcerative colitis

R. John Nicholls and Mark J. Cheetham

Introduction

Proctocolectomy with permanent ileostomy is cura-
tive for ulcerative colitis. Since its introduction 50
years ago [1—3] subsequent surgical developments
have been aimed at avoiding a permanent ileostomy.
Colectomy with ileorectal anastomosis and restora-
tive proctocolectomy is well accepted but controver-
sies remain on the relative indications for these pro-
cedures. In addition, there is some controversy on
the indications for surgery against continued medi-
cal treatment and questions relating to technical as-
pects of the procedures.

Emergency surgery

Fulminant colitis

There is no disagreement that surgery is indicated in
cases with perforation or megacolon. Most patients
in this clinical category have acute severe colitis.
Here new agents such as ciclosporin may induce re-
missions resulting in fewer operations. Patients may
not, however, be better served by postponing surgery
given the low operative mortality of colectomy with
ileostomy resulting in return to normal health with-
out medication. There is evidence that patients hav-
ing a response to ciclosporin have a high incidence
of early relapse [4]. While the results of surgery are
submitted to audit, there is no analagous assess-
ment of patients with extensive colitis being main-
tained on medical treatment. The indications for re-
ferral for surgery are at the moment dependent on
clinical judgement based upon experience, but they
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are not entirely objective owing to variation in the
approach of gastroenterologists. A new method of
quality of life assessment taking into consideration
the patient’s life end points would be beneficial in as-
sessing outcomes of those still under medical care.
For the patient, loss of employment with its finan-
cial consequences, the disintegration of social life
such as loss of partner or psychosocial dysfunction
of the children are important end points. A system to
identify these features during medical management
would be a clinical advance.

Colectomy with ileostomy

There is general agreement that colectomy with
ileostomy and preservation of the rectal stump is
the procedure of choice. It has a low mortality and
is effective in most cases. Rarely, persisting disease
in the rectum is so severe that improvement does
not occur, and subsequent rectal excision may be
necessary.

In cases with massive bleeding the operation
should be modified if bleeding is from ulceration
in the rectum. In this case it will be necessary to re-
move the rectum leaving the anal canal to give the
patient the chance of a subsequent restorative pro-
cedure.

Mucous fistula

Some debate exists as to whether the rectosigmoid
stump should be exteriorised as a mucous fistula
or whether it should be closed and returned to the
abdomen. There are no prospective clinical trials
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comparing these options. Retrospective reviews
have indicated that closure of the rectal stump is safe
[5]. These authors reported 147 consecutive acute
colectomies for ulcerative colitis with a mortality of
3%; none related to the rectal stump and only 2%
of the total had a pelvic abscess related to leakage
of the stump.

A mucous fistula is often troublesome to the
patient and can be more of a problem than the
ileostomy itself. On the other hand, it is safe espe-
cially in an ill patient with malnutrition on high-dose
steroid medication in whom the rectal wall may be
oedematous and fragile.

Although the matter remains a question of clin-
ical judgement with the emphasis on safety, a com-
promise has been proposed whereby the stump is
closed but brought to a position just under the ab-
dominal wound. If leakage occurs then this should
discharge through the wound [6].

Length of rectosigmoid stump

Some surgeons aim to remove as much of the rec-
tum as possible, dividing the stump at the level of
pelvic peritoneum. This should be avoided unless
it has been necessary to remove the rectum to stop
bleeding. It will prejudice the functional result of a
subsequent ileorectal anastomosis, and where a rec-
tal excision with or without ileoanal anastomosis is
to be undertaken, it can be difficult to find the rectal
stump. A long rectosigmoid stump whether exteri-
orised as a mucous fistula or not should be aimed for
routinely. On subsequent re-operation, the rectum is
easy to locate.

Elective surgery

The indications for surgery include failed medical
treatment, retardation of growth in children and
neoplastic transformation. Failed medical treatment
is difficult to define but the general indications can
be grouped as follows: chronic ill health, recur-
rent acute exacerbations, severe symptoms, steroid
dependence and extra-intestinal manifestations. In
many cases these overlap and, furthermore, there
is varying opinion as to when medical treatment
should be stopped and surgery undertaken.

There are no generally accepted guidelines but
the frequency of hospital admissions, loss of time
from work, family stresses, other social factors,
severity of symptoms, anaemia, poor energy level
and evidence of malnutrition must all be taken into
account. Bone densitometry allows an objective as-
sessment of the degree of osteoporosis. The recom-
mendation for surgery is also heavily influenced by
the patient’s wishes.

Most studies have shown an increasing cancer
incidence with time in patients with extensive ulcer-
ative colitis. Colonoscopic cancer surveillance with
multiple biopsies to identify patients before invasion
has occurred can sometimes fail. Carcinoma devel-
oped in 13 (7%) of 186 patients with extensive ul-
cerative colitis followed for over 1o years. Of the
16 carcinomas in the 13 patients, 11 were Dukes’
stage A, 3 stage B, 1 stage C, and 1 was inoperable
[7]. The presence of low-grade dysplasia is almost
as likely as high-grade dysplasia (54% vs 67%) to
be associated with the presence of an already es-
tablished malignancy [8]. There are difficulties in
defining dysplasia [9], but based on the application
of colectomy for low-grade dysplasia a cost-effective
surveillance programme can be devised [10].

Choice of operation

The operations available for elective surgery in-
clude proctocolectomy, colectomy with ileorectal
anastomosis, and restorative proctocolectomy with
ileoanal anastomosis. Each includes a total colec-
tomy, as it has been found that partial colectomy
results in a high incidence of recurrent colitis in the
remaining colon.

The introduction of restorative proctocolectomy
(RPC) has reduced the use of conventional proc-
tocolectomy. Of 422 patients with ulcerative coli-
tis operated on at one hospital between 1976 and
1990, 316 underwent elective surgery. During this
period conventional proctocolectomy fell from 60 to
21% and restorative proctocolectomy rose from 7 to
52%. The proportion of patients undergoing colec-
tomy with ileorectal anastomosis fell from 28% in
the first 5 years to 11% in the last 5-year period.
In 70 patients who had elective surgery after an
initial emergency colectomy, only 10 (14%) had a
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colectomy with ileorectal anastomosis with the ma-
jority undergoing restorative proctocolectomy [11].

Colectomy with ileorectal anastomosis

Colectomy with ileorectal anastomosis is a compro-
mise whereby persisting disease in the rectum is ac-
cepted in order to avoid a stoma. Poor function ow-
ing to continuing inflammation or the occurrence of
neoplastic transformation has resulted in a signif-
icant failure rate ranging from 10% to more than
30% [12—-14].

Suitability for ileorectal anastomosis depends
upon the rectum maintaining its function as a ca-
pacitance organ. Thus, there should be only mini-
mal or moderate disease and it should be expansile.
Contrast radiology and balloon volumetry may be
helpful in assessing capacitance. The anal sphincter
must be adequate and there must be no evidence
of dysplasia or carcinoma within the large bowel
unless the patient already has established distant
metastases in which case the operation may be the
best option provided adequate local clearance of
the carcinoma is possible. Colectomy with ileorec-
tal anastomosis has the great advantage of being a
low-morbidity procedure from which the patient is
likely to make a rapid recovery. In elective cases it is
not usual to defunction the anastomosis.

Suitable patients must, however, accept the need
for regular indefinite follow-up by endoscopy and
biopsy at least yearly. The long-term risk of can-
cer developing in the rectum has been shown to be
around 6% in 20 years and 15% in 30 years [15].

Except for patients with disseminated disease,
few patients now are suitable for this operation fol-
lowing the introduction of restorative proctocolec-
tomy (RPC). There is, however, a case for consider-
ing it in patients with indeterminate colitis in whom
it is not possible to distinguish between Crohn’s
disease and ulcerative colitis where the rectum is
not grossly inflamed. These will be candidates for
ileorectal anastomosis provided no anal disease is
present and the rectum has adequate capacitance.

Conventional or restorative proctocolectomy?

Restorative proctocolectomy is an alternative to
conventional proctocolectomy and not to colectomy

with ileorectal anastomosis. It has a higher com-
plication rate. Failure in the first year ranges from
5 to 10% [16-18] with an increasing failure rate
with time of around 1o-15% at To-15 years [19,
20]. In contrast, conventional proctocolectomy is
less liable to complications and is curative with
no pouchitis and no activity-related extra-intestinal
manifestations. Its disadvantages, however, include
the permanent ileostomy and the cumulative inci-
dence of ileostomy complications requiring subse-
quent surgery. Furthermore, perineal wound heal-
ing may be delayed in as many as 25% of cases at 6
months.

Avoidance of a permanent ileostomy is the only
indication for restorative proctocolectomy. Quality
of life comparisons of patients with a permanent
ileostomy and those after restorative proctocolec-
tomy are not strictly valid because different clinical
groups are being compared [21, 22], although they
give useful information on general satisfaction lev-
els. These and other assessments [23] demonstrate
that the over-riding view of patients is positive. Even
those who have experienced failure may feel that the
attempt was worthwhile, enabling them to accept a
permanent ileostomy more easily.

Age. Tt has been suggested that older patients
should not have a restorative proctocolectomy be-
cause of a perception of poor functional results and
changes seen in anal physiology [24]. Of 392 pa-
tients with ulcerative colitis undergoing restorative
proctocolectomy with mucosectomy and hand-sewn
ileoanal, 326 were aged 5—49 years and 66 were
aged 50-74 years. There was no difference in com-
plications, duration of hospital stay or function.
Continence rates were 81.6 and 80% and the mean
frequency of defaecation per 24 h was 6.3 £o.2
and 7.4 £ 0.5 [25]. Similar findings were recorded
by Lewis et al. [26] and Takao et al. [27]. Oth-
ers, however, have found the functional outcome
poorer and some complications higher in patients
older than 55 years [28] but these authors concluded
nevertheless that restorative proctocolectomy can
be safely performed in the older age group with
acceptable results. Age-related changes are not in-
evitable and the rate of deterioration of anorectal
function varies between individuals. It would seem
that with careful consideration of the whole patient
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(including such factors as mobility) it is reasonable
to perform restorative proctocolectomy in selected
patients over 50 years.

Contraindications to restorative
proctocolectomy

Crobn’s disease. Approximately 2—5% of patients
in reported surgical series of RPC have subsequently
been catergorised as having Crohn’s disease in the
mistaken belief that ulcerative colitis was the di-
agnosis. Their outcome has been poor with fail-
ure rates ranging from 30 to 100% [29, 30]. Pa-
nis et al. [31], however, have reported a series of
31 selected patients with Crohn’s disease deliber-
ately treated by restorative proctocolectomy. Over a
follow-up period of 9—72 months; only two required
removal of the pouch, three developed a pouch fis-
tula and two developed recurrent Crohn’s disease.
The intermediate-term outcome in the 29 patients
with an intact pouch at the time of assessment was
satisfactory. At 5-year follow-up there were no sig-
nificant functional differences between patients with
Crohn’s disease and ulcerative colitis. These results
have been updated by Regimbeau et al. [32] in
a larger series of 113 patients with a failure rate
of 7%.

In the series of Panis et al. and Regimbeau et al.,
the patients had small bowel and anal sparing with
rectal involvement [31, 32]. This distribution is in-
frequent in clinical practice and it is possible that
some of these cases had indeterminate colitis. It has
been argued that RPC and colectomy and ileorectal
anastomosis for Crohn’s disease are analogous [33],
but given the high failure rate after the former with
the resulting need to remove at least 40 cm of small
bowel, most surgeons would regard Crohn’s disease
as a contraindication.

Indeterminate colitis. The term indeterminate col-
itis was introduced by Price to describe operation
specimens from patients with inflammatory bowel
disease in which the histological appearances were
typical neither of ulcerative colitis nor Crohn’s dis-
ease [34]. Ten to fifteen per cent of resection speci-
mens fall into this category, and the dilemma usually
arises where the colon has been removed as an emer-
gency during an acute phase of the disease. Thus, of

the 30 operative specimens in Price’s series, 27 were
from patients with severe acute colitis often with
megacolon. In another study, histology alone made
the final diagnosis of Crohn’s disease or ulcerative
colitis in 58 (87%) of 67 acute cases [35].

Of 25 patients with indeterminate colitis under-
going restorative proctocolectomy, 8% failed at a
mean follow-up of 35 months following closure of
the ileostomy. The pelvic sepsis rate was 8%, and
occurrence of pouchitis 8% [36]. These rates did
not differ from the outcome in the 489 patients
with undisputed ulcerative colitis treated during the
same period. Thus, it appeared that in the short-
term at least indeterminate colitis did not confer
a worse prognosis than ulcerative colitis. More re-
cently, however, in a series of 175 patients including
158 with ulcerative colitis and 16 with indetermi-
nate colitis the respective failure rates, § and 19%
[37] and these rates are very similar to those re-
ported from the Mayo Clinic [38] and St Mark’s
Hospital [39] of 10 and 16.5%. Indeterminate col-
itis should not therefore be a contraindication to
the procedure but it is clearly important to iden-
tify those cases inclining towards ulcerative colitis
rather than Crohn’s disease. Thus the considera-
tion of clinical and radiological features should be
taken into account along with histopathology to as-
sess anal and small bowel involvement that may en-
able some patients to be categorised confidently as
Crohn’s disease or inclining towards that diagnosis
[40]. Patients with indeterminant colitis should be
offered RPC if they so wish with the understanding
that the failure rate is marginally but significantly
greater than for patients with unequivocal ulcerative
colitis.

Cancer. Patients with disseminated disease are not
candidates for restorative proctocolectomy owing
to the duration of the treatment and the possible
complications that are increased in the palliative
case. For those with non-disseminated carcinoma
the indication should be based on the same criteria
used for non-colitis-associated carcinoma particu-
larly of the rectum. In 27 patients there were 3 can-
cer deaths over a mean follow-up of 4.3 £ 2.6 years
indicating that the operation was justified if per-
formed with curative intent and adequate resection
margins [41].
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Sclerosing cholangitis. Penna et al. [42] followed
patients with and without sclerosing cholangitis af-
ter restorative proctocolectomy. Over a 5-year pe-
riod the respective incidences of pouchitis were 61
and 36%. Although pouchitis in this study was not
confirmed histologically in all cases, the same diag-
nostic criteria were applied to both groups and it is
reasonable to conclude that patients with sclerosing
cholangitis should be discouraged from having the
operation. There is some evidence that these patients
may be at a higher risk of developing dysplasia in
the pouch [43].

Female fertility

Olsen et al. [44] followed a cohort of female patients
with ulcerative colitis of child-bearing age from be-
fore the onset of the disease through to the develop-
ment of colitis and finally after surgery. They studied
fecundability, which is an index of fertility combined
with the individual’s desire or intention to have a
child. When compared to the normal population,
fecundibility in the cohort was no different before
and after the development of ulcerative colitis, but it
fell by over 50% after RPC. There was conversely an
increased rate of pregnancy resulting from in vitro
fertilisation in the pouch patients. Subsequent com-
parison with patients with familial adenomatous
polyposis (FAP) having colectomy with ileo-rectal
anastomosis and RPC [45] demonstrated that there
was no reduction in fecundability after colectomy
alone and also that the fall after RPC was greater in
the ulcerative colitis than in the FAP patients. There
appear therefore to be at least two factors reducing
fertility including pelvic dissection and the disease
itself. Others have also shown a similar effect on
female fertility after pouch surgery [46, 47].

This has important consequences not only for
the patient wishing to have children, but also po-
tentially for the health care provider for medico-
legal reasons. It is essential that all female patients
of child-bearing age are counselled about fertility
and that the consultation is recorded in the case
notes. The discussion should lead to two broad man-
agement options for the patient to decide upon be-
cause surgery is necessary owing to the severity of
the disease. A colectomy with ileostomy and preser-

vation of the rectal stump will restore the patient
to health enabling her to have children with no
diminution in fertility. A restorative operation can
then be deferred indefinitely to a convenient time
for the patient. Alternatively, the patient may pre-
fer to proceed directly to RPC (via an initial colec-
tomy if the disease is severe) accepting the lowered
fertility.

Technical aspects of surgery
Rectal dissection

This applies to patients having both conventional
and restorative proctocolectomy. There are two
technical options including a formal mobilisation
of the rectum in the anatomical plane between the
presacral fascia and the fascia propria of the rectum
and a perimuscular or close rectal dissection. In the
former case, the mesorectum is removed, in the latter
it is left behind. The important difference between
the two techniques lies in the relative potential for
damaging pelvic nerves. A perimuscular dissection
avoids this.

In patients with dysplasia or an already estab-
lished carcinoma in any part of the large bowel, a
mesorectal dissection should be carried out. The ac-
tual state of the rectal mucosa is only known on
histopathological examination of the resected spec-
imen. Thus, a patient with dysplasia in the colon
as identified by endoscopic biopsy pre-operatively
may well have dysplasia or even invasive carcinoma
in the rectum when the histopathologist comes to
examine the specimen.

Most patients undergoing surgery for ulcera-
tive colitis do not have dysplasia. There are no
prospective randomised trials in these cases compar-
ing mesorectal dissection with perimuscular dissec-
tion. Mesorectal dissection is easier but there is an
incidence of sexual dysfunction, although this is low,
for example below 2% [48]. Perimuscular dissection
technically is less easy because it does not follow an
anatomical plane posteriorly. The mesorectum is left
within the patient and thus the dead space in the
pelvis after rectal excision is minimised. Very low
rates of sexual dysfunction from zero to a few per
cent have been reported [49, 50].
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Whatever technique is adopted, there is little
controversy that the dissection should be kept close
to the rectal wall in the region of the lateral liga-
ments where the autonomic pelvic nerve plexus is
most at risk. Identification and preservation of the
presacral nerves should be made as they enter the
pelvis and Denonvilliers’ fascia should be divided in
its upper part to reduce the chance of damage to the
prostatic nerve plexus.

During conventional proctectomy there is gen-
eral agreement that removal of the anal canal should
be performed through the inter-sphincteric plane
whether or not a perimuscular or mesorectal dis-
section has been carried out.

Pouch design

The triplicated loop S-pouch described by Parks
et al. [51] resulted in a short distal ileal segment that
was joined to the anal canal. Early reports [51] indi-
cated that around 50% of patients could not evacu-
ate spontaneously needing to use a catheter to do so
although others reported lower rates [52]. Loss of
spontaneous evacuation was therefore a significant
disadvantage of the S-reservoir. Using evacuation
proctography, Pescatori et al. [53] showed this was
due to the distal ileal segment causing impedance to
evacuation. Using a distal ileal segment of 2 ¢cm or
less, catheterisation rates fell to about 10% [52, 54,
55]. Revision of the pouch with removal of the dis-
tal ileal segment restored spontaneous evacuation in
six out of eight patients [56].

The two-loop J-reservoir directly anastomosed
to the anal canal [57] resulted in spontaneous evac-
uation in almost all cases as does the four loop
W-reservoir [58]. The only present indication for
employing an ‘S’ reservoir is in the uncommon situ-
ation where mobility of the reservoir to descend to
the anal canal is only possible with this design.

Pouch volume is an important determinant of
frequency of defaecation. Heppell et al. [59] had
shown that there was an inverse relationship be-
tween frequency and capacitance of the neorectum
in patients having a straight ileoanal reconstruc-
tion. The same relationship was subsequently de-
scribed for the ileoanal reservoir [60] and also for
the coloanal reservoir [61]. A comparison of three

reservoir designs showed that frequency of defae-
cation was not significantly different for ‘S’ and
‘W’ reservoirs but was greater in patients having a
J-reservoir. Spontaneous evacuation was much more
likely with a J and W than with an S design and
the need for anti-diarrhoeal medication was signifi-
cantly higher for J (58%) than for S or W (20%)
[60]. The volume of pouch distension at which
large amplitude propulsive waves appeared corre-
lated closely with stool frequency [62]. In a ran-
domised study a larger ] pouch (limb length 20 cm)
had a similar frequency to the S reservoir again in-
dicating the importance of capacitance [63].

Capacitance increases with time [60, 64]. A ran-
domised comparison between J and a modified Kock
(K) pouch showed that the latter attained a greater
volume during the first year with a lower frequency
of defaecation [64, 65]. A manovolumetric study of
the J, K and S pouches at 1 year showed that the S
and K designs had greater capacitance [66].

The data indicate that a larger pouch should be
constructed for optimal long-term frequency. The
ease with which the | reservoir can be constructed
using linear stapling devices makes it the most popu-
lar design but the W reservoir has the greater capac-
itance. This and the J share the advantage over the
S of not having a distal ileal segment with the dis-
advantage of non-spontaneous evacuation in some
cases.

Mucosectomy

The original operation was based on the concept
that all disease-prone mucosa should be removed
including not only the colon and rectum but also the
columnar epithelium of the anal canal. This required
a manual ileoanal anastomosis after mucosectomy.
Subsequently stapling at the anorectal junction was
claimed to result in improved function [67] possibly
due to preservation of sensory receptors within the
anal canal. It was equally possible, however, that this
was due to internal sphincter damage during manual
anastomosis resulting from the anal dilatation.
Randomised prospective trials have shown,
however, no difference in functional outcome af-
ter stapled or manual ileoanal anastomosis with
mucosectomy [68, 69]. Complications were not
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significantly different, and frequency, urgency and
continence were similar. In another trial there was a
significant diminution in anal sensation after man-
ual anastomosis, although this was not reflected in
worse function [70]. Although resting anal tone was
reduced in most cases after manual anastomosis, it
was also reduced following stapled anastomosis in
about 50% of cases [68].

The disadvantage of stapled anastomosis is the
possibility of leaving diseased mucosa in the up-
per anal canal and in some cases the rectum. This
can result in persisting symptoms of proctitis [71]
as well as a continuing risk of carcinoma [72, 73].
The anal transitional zone is the area between the
squamous epithelium at the dentate line and the
columnar epithelium of the proximal large bowel
[74]. Thompson-Fawcett and Mortensen [75] have
shown that its longitudinal length is variable and it
may even be absent. It is difficult therefore to predict
the correct level of the anastomosis in the individual
case. In patients having a stapled anastomosis subse-
quent development of dysplasia in the anal mucosa
was reported to occur in 3% of patients over an av-
erage of 16 months of follow up [48], a rate which,
if continued, would be considerable over 20 years.

Unresected inflamed anorectal mucosa may re-
sult in persisting symptoms including bleeding,
burning and urgency. This occurred in 15-20% of
patients undergoing stapled anastomosis [71, 76].
Furthermore, some of these patients suffer from
inadequate emptying with the frequent passage of
small volumes of stool. Symptoms may be so severe
that major surgical revision is necessary involving
removal of the rectal stump with ileoanal anastomo-
sis after mucosectomy. Successful outcome of such
salvage surgery is about 70%, being lower than if
an adequate operation had been performed on the
first occasion [77, 78].

Adequate mobility of the pouch to descend to
the anus without tension is essential. If despite using
manoeuvres to maximise the length of the mesen-
tery there is still the possibility of tension, a stapled
anastomosis is preferable. Equally, there are cases
where a manual anastomosis is obligatory, for ex-
ample when the stapler fails or where the anorectal
stump is too short for stapling owing to previous
surgery.

The surgeon must be capable of using either tech-
nique but where stapling is used the anastomosis
should be at the correct level to avoid leaving in-
flamed mucosa behind. Mucosectomy with manual
anastomosis should be used in cases with carcinoma
or dysplasia elsewhere in the large bowel. There is
no evidence that function is different after either
method as judged from prospective randomised tri-
als [65, 68, 79].

The number of stages

Some patients will have had an initial colectomy and
others a restorative proctocolectomy as the first pro-
cedure. Because clinical factors in the individual pa-
tient determine the choice (see above), a prospective
trial to determine which of these approaches is bet-
ter is not possible. In a retrospective comparison of
patients after either approach there was no differ-
ence in the complication rate or function [80].

The need for a defunctioning ileostomy has been
questioned since the 1980s. Of 60 patients reported
by Everett and Pollard [81], 20 had no ileostomy,
of which a defunctioning ileostomy was required in
the immediate post-operative period in two cases. In
a similar experience, 3 out of 16 patients required a
subsequent ileostomy, which was permanent in one
[82]. In a randomised trial of 45 patients with (7 =
23) and without (7 = 22) an ileostomy there was
no difference in leak rate (one in each group) nor
any other complication. Overall hospital stay was
greater in patients with (23 days (range 13—75)) than
without (13 days (range 7-119)) [83]. In contrast in
71 patients having a one-stage and 87 a two-stage
operation, respective anastomotic leak rates were 7
and 18% [54]. Patients having a temporary defunc-
tioning ileostomy are at risk of complications due to
the stoma amounting to around 25% of cases.

As restorative proctocolectomy is an alternative
to conventional proctocolectomy with permanent
ileostomy and not to the normal state, it is very use-
ful for the patient to have experienced an ileostomy
at some stage during treatment. The surgeon has to
balance the advantage of a one-stage procedure re-
sulting in shorter recovery in 80-85% of patients
against the disadvantage of faecal peritonitis and
re-operation in the minority. A two-stage procedure
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has the disadvantage of longer treatment time with
complications due to the stoma set against the ad-
vantage of avoidance of severe faecal sepsis.

Laparoscopic surgery

In expert hands both laparoscopic colectomy and
restorative proctocolectomy are feasible [84-87].
Most published series have reported a laparoscopic-
assisted approach, with a small Pfannensteil incision
used for pevic dissection, transection of the anorec-
tal junction and specimen retrieval. An alternative
approach is performing both the colectomy and
the pelvic dissection laparoscopically with a small
midline incision used for specimen retrieval and
pouch construction. The midline incision is closed
and stapled pouch-anal anastomosis performed fol-
lowing reintroduction of pneumoperitoneum [87].
These procedures are technically demanding, requir-
ing laparoscopic access to all quadrants of the ab-
domen and there is a significant learning curve. For
these reasons surgeons have been slower to take
up laparoscopic surgery for colitis than segmental
colectomy for other indications. Operating times
of up to seven and three-quarter hours have been
reported [87]. There are technical difficulties with
cross-stapling the anorectal junction due to difficult
access. There are also some concerns that laparo-
scopic rectal dissection may result in a higher rate
of pelvic nerve injury than its open equivalent [88].
The only published randomised-controlled trial to
date compared hand-assisted laparoscopic restora-
tive proctocolectomy with open surgery in 6o pa-
tients. In this study there was no significant differ-
ence in length of stay (median stay of 1o and 11 days
respectively) or morbidity between the two groups

[89].

Salvage surgery for the failing pouch

Pouch failure (defined as pouch excision or indef-
inite proximal diversion) continues progressively
with time. At 10 years, approximately 10% of pa-
tients will have either had the pouch excised or in-
definitely defunctioned by an ileostomy [38, 39],
Quantification of the risk of failure based on pre-
operative and intra-operative variables is already

sufficiently refined to be useful in clinical practice
as a predictor of failure [90].

The causes of failure include sepsis accounting
for more than 50% of cases, poor function in 30%
and pouchitis in 10% [39]. In some patients failure
when imminent may be avoided by salvage surgery.
This can be either abdominal when remodelling or
advancement of the pouch is required or perineal
when trying to close a low pouch-vaginal fistula.

There is controversy on the effectiveness of
abdominal salvage for sepsis due to chronic ab-
scess formation in the pelvis. Fazio et al. [91] re-
ported success defined as avoidance of a permanent
ileostomy in 22 of 24 patients undergoing abdomi-
nal salvage for sepsis after RPC for ulcerative colitis.
Although some patients had poor function, the ma-
jority felt the procedure to have been worthwhile.
Cohen et al. [92] had had a similar good experi-
ence but others in contrast reported disappointing
results with success in between 40 and 50% [30,
78, 93, 94]. One factor for this difference is the
length of follow-up from the salvage procedure, be-
cause failure continues at a rate of about 30% over
5 years [30, 78, 94]. Furthermore the results of sal-
vage surgery for a septic indication are worse than
for a non-septic indication by about 20-30% [78,
94, 95]. Thus the evidence to date suggests that
abdominal salvage for sepsis should be used with
caution and applied to specific clinico-pathological
situations such as leakage from the stapled end of a
J-pouch or where pouch advancement to a level well
below the sepsis or fistula is possible in cases, for
example, with a long retained rectal stump. There
is less chance of success when the sepsis is low in
the pelvis such that it will be adjacent to the new
ileo-anal anastomosis. In these circumstances, sal-
vage has a prospect of success of around 70%. Pre-
operative counselling should be carried out with
care and the patient should know that complica-
tions are likely and that there is a 30-40% chance
of failure over a 5-year period.

Perineal salvage procedures are almost always
used to attempt closure of a pouch-vaginal fis-
tula. There is controversy whether an endo-anal or
trans-vaginal approach should be employed. Sur-
geon preference is clearly a major factor, because in
the United States the former is most commonly used,
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while the latter has been favoured in Europe. There
appears, however, to be little difference in outcome
with successful closure reported in about 60% of
patients using either approach [96, 97]. There have
been no randomised controlled trials owing to sur-
geon preference and low patient accrual rates. Nor
has there been any comparison of function following
either approach. This could be important, however,
because the endo-anal approach will result in some
degree of dilatation of the anal sphincter.

Follow-up after restorative proctocolectomy

There is general acceptance that patients should
be followed-up after RPC. The aims and proto-
cols of this are controversial, however. Aims include
the need for the surgeon to know the long-term
outcome, the necessity for the patient to remain
in contact with the medical team in the event
of late complications and functional difficulties,
the surveillance for possible haematological and
metabolic disturbance and surveillance for possi-
ble neoplastic transformation. This last has assumed
importance in recent years owing to reports of car-
cinoma of the ileal pouch itself and of the anorec-
tal mucosa below the ileal pouch anastomosis [98].
These authors reviewed 15 reports from the litera-
ture, although at least one [99] may not have been
a true development of carcinoma after pouch con-
struction as the tumour almost certainly was present
in the rectal stump before the original RPC.
Although the number of cancers is small con-
sidering the large number of patients operated on
world wide, it will certainly increase in the future.
The risk of cancer in the ileal pouch is low. Of 468
patients followed for periods ranging from 1 to more
than 21 years with a median of about 1o years, there
were four cases of dysplasia and one of carcinoma
[too-102]. Hulten et al. [103] reported a group of
patients followed for a median of 30 years after a
Kock ileostomy of who only three developed dyspla-
sia and none carcinoma. With regard to the risk in
the residual anorectal stump, follow-up of 178 pa-
tients beyond 1o years from RPC identified 8 with
dysplasia and none with carcinoma [104] and Coull
et al. [105] observed no case of dysplasia or carci-
noma in 135 patients followed for 1-12 years.

Dysplasia is associated with persisting chronic
inflammation (chronic unremitting pouchitis) in the
pouch [106] and also in patients with sclerosing
cholangitis [43]. The presence of these conditions
is therefore an indication of the need for cancer
follow-up. Of the patients reviewed by Borjesson
et al. [98], all had had either dysplasia or an estab-
lished carcinoma in the original specimen obtained
by colectomy or RPC. Thus these patients should be
followed. Although carcinoma has been reported at
as little as 2 years from RPC, the median interval
for the few cases of dysplasia to develop has been
of the order of 1o-15 years. A regime for cancer
follow-up should therefore involve infrequent ex-
amination in the early years in the high risk groups
identified above, becoming annual from 10 years on-
wards. Endoscopy with multiple biopsies from the
ileal reservoir and the anorectal zone below the dis-
tal ileal anastomosis is required. The most practical
protocol has not yet been agreed upon.
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13: What are the causes and treatment of ileoanal

pouch dysfunction?

Alan F. Horgan, William J. Sandborn and John H. Pemberton

Introduction

From the time Donald Peck and Alan Parks de-
scribed the original operation of restorative proc-
tocolectomy, ileal pouch anal anastomosis has be-
come a standard approach for patients requiring
proctocolectomy for chronic ulcerative colitis. Im-
portantly, long-term outcomes are good [1], and the
quality of life improved compared to the previous
standard operation of Brooke ileostomy [2]. Varia-
tions in pouch design have been described but ac-
tual functional differences between pouch designs
remain unproven. The ideal outcome following ileal
pouch-anal anastomosis (IPAA) consists of four to
six semi-formed bowel motions occurring during
daytime hours with no nocturnal stools, no incon-
tinence and no necessity for long-term medications.
Unfortunately, many patients fall short of this ideal,
and pouch dysfunction remains a major cause of
morbidity in a subset of patients following ileoanal
pouch construction. In this chapter we discuss the
aetiology and treatment of ileoanal pouch dysfunc-
tion and provide algorithms for approaching the
evaluation of pouch dysfunction based on present-
ing symptoms.

Pouch function is most commonly determined
by four major factors, i.e. stool frequency, conti-
nence, ability to defaecate spontaneously and abil-
ity to defer defaecation. Pouch dysfunction may re-
sult from increased stool frequency, incontinence
and fistula formation. Importantly, however, out-
comes often depend upon patients’ expectations and
what is perceived to be an excellent result for some
may be less than satisfactory for others. There are

limited techniques available for objective assessment
of pouch function but valuable quantifiable infor-
mation can be gained in some instances by the use of
anal canal manometry, pouch capacity and compli-
ance, static contrast pouchography and videopou-
chography, scintigraphy, pouch endoscopy with mu-
cosal biopsy and pelvic MR

Pouch dysfunction caused by increased
stool frequency

Wide variations in stool frequency are seen between
patients following restorative proctocolectomy. Al-
though some of these represent variations in normal
motility and evacuation, others represent disorders
of pouch construction, design or a pouch-specific
complication. The majority of patients will respond
to hypomotility agents, such as opioid analogues,
which have been shown to reduce bowel frequency
by reducing total stool weight [3]. However, it must
be kept in mind that there are a number of specific
pouch-related complications that present with in-
creased stool frequency, and a careful search must
be made for an underlying cause in patients who are
refractory to first-line therapy.

Stool frequency as a function of pouch
construction

It has long been debated if larger pouches are asso-
ciated with lower stool frequency. Hallgren et al. [4]
compared stool frequency between S and J pouches
and found the mean stool frequency of the J pouch
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group to be six motions per 24 h, compared with
eight stools per day in patients with S pouches.
In contrast, however, Tuckson and Fazio [5] found
that mean stool frequency per 24 h was six in pa-
tients who had a J pouch, compared with four in
patients who had an S pouch. Similarly, the four-
limbed W pouch has been shown in some stud-
ies to be associated with significantly lower stool
frequency compared with S pouches [6]. Similarly,
night evacuation has been shown to be higher in
patients with J pouches (mean nocturnal frequency
1.2) compared with patients with W pouches whose
average nocturnal frequency appears to be signifi-
cantly less [7, 8]. Whichever pouch design is used, it
appears certain that frequency decreases with time
as the pouch capacity increases.

Varying claims have been made comparing hand-
sewn and stapled pouch-anal anastomoses with
regard to stool frequency. However, in the four
prospective randomised studies that have been pub-
lished to date [9—12] there has been no significant
difference between hand-sewn and stapled pouch-
anal anastomoses with regard to either daytime or
nocturnal frequency of pouch evacuation.

Small-bowel motility disorders

Some patients with increased stool frequency, in
the absence of any other definable cause, are la-
belled as suffering from a variant of irritable bowel
syndrome (IBS). A final consideration in patients
with ileal pouch dysfunction is IBS, recently dubbed
the irritable pouch syndrome [13]. This protean
affliction may become unmasked after colectomy.
Indeed, patients may experience exactly the same
symptoms of IBS, as do their unoperated coun-
terparts. These symptoms include bloating, alter-
nating watery and formed stools, abdominal pain,
urgency, frequency and a sense of incomplete evac-
uation. Medications found to be helpful in patients
with IBS but without an IPAA, such as amitripty-
line (low dose) anticholinergics, and stool-bulking
agents will likewise be helpful to the IPAA pa-
tient as well. In some patients who have dilated
pouches and IBS, daily catheter drainage is quite
helpful.

A study of small-bowel motility in patients with
good pouch function, i.e. median bowel frequency
four per day, compared with patients with poor
pouch function, i.e. median bowel frequency of
12 per day, measured small-bowel motility over a
24-h period [14]. It was found that patients with
increased stool frequency had a significantly greater
number of migrating motor complexes in the small
bowel proximal to the pouch compared to those
patients with good pouch function. Twenty-four-
hour stool output appeared similar in both groups
but the median maximum tolerated volume on
reservoir distension was significantly lower for pa-
tients with poor function compared with those with
good function. Soper et al. [15] documented fur-
ther that compared to controls, proctocolectomy
slowed small-bowel transit, but not gastric empty-
ing. Moreover, compared to patients with Brooke
ileostomy, patients with an IPAA experienced even
slower small-bowel transit.

Specific infections

Specific infections such as bacterial infections with
Salmonella, Shigella, Escherichia coli or Campy-
lobacter are rare. Stool culture for these bacteria,
in addition to viral titres for specific viruses such as
cytomegalovirus and the search for Clostridium dif-
ficile toxins should be performed in the appropriate
clinical setting.

Crohn’s disease

Despite certain studies that advocate IPAA as an
alternative to Brooke ileostomy in selected pa-
tients with Crohn’s disease (without anoperineal
or small-bowel manifestations) [16], Crohn’s dis-
ease remains a contraindication to IPAA. How-
ever, as 