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Abstract: Restorative proctocolectomy with ileal pouch-anal anastomosis is a treatment
option for patients with refractory ulcerative colitis. Pouchitis is the most common
complication, representing a spectrum of diseases ranging from acute antibiotic-responsive
type to chronic antibiotic-refractory. Early accurate diagnosis using a combined assessment
of symptoms, endoscopy and histology is important for both treatment and prognostication.
Most patients respond well to antibiotic therapy; however, management of chronic antibiotic-
refractory pouchitis remains a challenge, and treatment options are based on small studies.
Pouchitis is thought to be driven by the interaction between genetics, the immune system and
the environment but as yet a causal relationship has yet to be identified. Further longitudinal
assessment of the pouch integrating new technologies may help us understand the factors
driving pouchitis. This review outlines the currently understood risk factors and aetiology of

pouchitis.
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Introduction

Restorative proctocolectomy with ileal pouch-
anal anastomosis (IPAA) is offered to patients
with refractory ulcerative colitis (UC) as well as
for some patients with familial adenomatous
polyposis (FAP). Restorative proctocolectomy is
typically associated with good functional out-
comes; however, complications may arise in a
proportion of patients. The most common com-
plication of IPAA is pouchitis, which is inflamma-
tion of the pouch reservoir. Pouchitis can present
with pelvic pain, increased stool frequency,
urgency and hematochezia.

Currently, the diagnosis of acute pouchitis
requires a combination of clinical, endoscopic
and histological markers. The heterogeneous dis-
ease spectrum as well as the lack of classic
pathognomonic features has made it difficult to
develop a validated scoring system for pouchitis.
Furthermore, the aetiology of pouchitis is poorly
understood; though it is likely to be multifactorial
in nature and involves a complex interplay

between the host immune system and the gut
microbiome.

Although no validated scoring system exists, the
pouch disease activity index is currently the most
widely adopted. It consists of three domains (clin-
ical, endoscopic and histologic) corresponding to
the findings of active inflammation of the pouch
in a patient with compatible clinical presenta-
tion.! The diagnosis is further supported by non-
invasive biomarkers such as faecal calprotectin
and imaging studies such as magnetic resonance
imaging, computed tomography (CT) and intes-
tinal ultrasound.?

Pouchitis can be classified based on the dura-
tion of symptoms. Acute pouchitis occurs when
clinical symptoms last for 4weeks or less,
whereas chronic pouchitis is usually defined by
symptoms that last for more than 4weeks.!
Chronic pouchitis is further classified as either
antibiotic-responsive or antibiotic-dependent,
requiring ongoing antibiotic therapy to maintain
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Acute Pouchitis

2 weeks of antibiotics usually ciprofloxacin or

metronidazole

Other options
Consider exploration

of diet

Other options
Rifaximin
Less evidence for
other antibiotics

Not resolved

Consider 4 weeks of antibiotics
Ciprofloxacin and metronidazole
Ciprofloxacin and Tinidazole

Not resolved

Chronic Pouchitis
Consider early surgical review

Other options
Consider probiotics

once in remission

Cyclical antibiotics using lowest dose to treat

symptoms

Budesonide or beclomethasone (oral or rectal)

Not resolved

Vedolizumab (strongest evidence)

Infliximab/adalimumab
Ustekinumab
Tofacitinib
Tacrolimus(oral/rectal)

Alicaforsen(weakest evidence)

Figure 1. A stepwise approach to the management of both acute and chronic pouchitis. Acute pouchitis is
typically managed with antibiotics. A prolonged course of symptoms despite antibiotics suggests chronic
pouchitis, which may require treatment with steroids or a biological agent.

remission.? Antibiotic-refractory refers to cases
not responding to =4 weeks of therapy.> Most
patients with acute pouchitis have an initial
symptomatic resolution with a course of antibi-
otics. However, approximately 50-90% of
patients will have at least one recurrence, of
which 10-30% will eventually progress to
chronic pouchitis.*

The risk of pouchitis development increases with
time, with cumulative incidence rates of 25% at
lyear, 35% at 3years and 45% at 5years.>® In a
recent meta-analysis, the prevalence of pouchitis
was found to be higher in patients with UC (32%)
than patients with FAP (6%) with an odds ratio
of 4.95 (p<0.0001).7

This review will explore the current under-
standing of pouchitis aetiology as well as the
risk factors associated with its development.
Treatment of pouchitis has been explored pre-
viously and as such will not be covered in this
review.8 A figure summarizing a basic treatment
algorithm for pouchitis is attached for reference
(see Figure 1).

Pre-pouch risk factors for pouchitis

In understanding the aetiology of pouchitis, it is
important to recognize factors associated with
pouchitis prior to pouch formation. These include
the type and severity of pre-existing bowel pathol-
ogy, genetics, environmental and surgical factors.
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The following sections will explore these factors
individually.

Pre-existing bowel pathology

This is exemplified by the differences observed
between pouches with FAP wersus UC.
Specifically, whilst pouchitis occurs in about 58%
of patients with UG, it is only seen in about 5% of
patients with FAP.° Given both UC and FAP
pouch patients undergo the same surgical proce-
dure, this suggests that the underlying pathology
of UC may contribute to the development of
pouchitis.!® However, the fact that pouchitis does
occur (albeit much less frequently) in FAP
patients suggests that it is not simply a recurrence
of the UC disease within the pouch, but rather a
distinct process. Ultimately, the reason for this
difference is not well understood, with both
genetic susceptibility and pro-inflammatory
cytokines thought to be key factors involved.

A recent hypothesis suggests an association
between peripouch fat and a higher incidence of
pouchitis. This is based on prior data that
abdominal fat secretes cytokines and adipokines
involved in the intestinal immune response. Gao
et al. studied this in a sample of 277 UC patients
and 40 FAP patients who had undergone pouch
formation. CT imaging taken prior to pouch fail-
ure was used to compare the two groups in terms
of peripouch fat. It was found that patients with
UC had higher total peripouch fat (p=0.030) as
well as a higher incidence of pouchitis (58.5%
versus 15.0%, p<<0.001).° Despite the observa-
tional nature of the data as well as the unbal-
anced sample size, this study suggests an
association between pre-existing peri-pouch fat
and the risk of developing pouchitis, which may
be related to the proinflammatory effects of the
former.

Furthermore, the extent or severity of colitis may
serve to predict the risk of subsequently develop-
ing pouchitis after surgery. This has been assessed
prospectively, where patients who had acute
severe UC, as well as pancolitis, were more likely
to develop both acute and chronic pouchitis on
follow-up.11:12 As alluded to above, these findings
suggest that a pre-existing severe inflammatory
state can increase the risk of developing pouchi-
tis. This may serve as a predictive tool to deter-
mine which patients may be at higher risk
post-surgery.

Going a step further, histology from the colec-
tomy specimen at the time of surgery has the
potential to inform the risk profile of the patient
with regard to pouchitis. Multiple studies have
undertaken a retrospective assessment of colec-
tomy specimens from patients who underwent
pouch surgery, with mixed results. For example,
Araki et al.13 found that histological features such
as mononuclear cells and eosinophil infiltration
had a utility in predicting the development of
chronic pouchitis. On the contrary, a similar
study by Nasseri ez al.1* found no single atypical
histopathological feature of UC, or combination
of features, was associated with any adverse pouch
outcome. Note should be made regarding the vast
differences in histological and anatomical criteria
used between these studies, which may account
for the differences in outcomes. Although the cur-
rent research is equivocal, a better understanding
of the pathophysiology of pouchitis may help to
delineate which histological features are most
sensitive in predicting the future risk of
pouchitis.

The presence of extraintestinal manifestations
(EIMs) of UC may be an additional risk factor for
the development of pouchitis in this patient pop-
ulation. These include EIMs that correlate with
the level of UC activity (such as uveitis) as well as
those not clearly related to disease activity such as
primary sclerosing cholangitis.!> While their
pathophysiology is poorly understood, it is
thought to be an autoimmune response at
extraintestinal sites due to shared epitopes with
the affected colonic mucosa. A 2019 meta-analy-
sis by Hata erall5> assessed the correlation
between EIMs and pouchitis. Assessing data from
22 observational studies, it was found that the
presence of any EIMs in UC was significantly
associated with the development of both acute
and chronic pouchitis. It is unclear from this data
if more severe EIMs, such as Primary Sclerosing
Cholangitis (PSC), are more strongly correlated
with pouchitis than comparatively less severe
ones, such as arthralgias. What it does suggest,
however, is that pouchitis may be a manifestation
of the underlying immune dysregulation present
in UC.

Surgical factors

Surgical factors that influence the risk of pouch-
itis include the type of anastomosis (hand-
sewn), the proximity of the anastomosis to the
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dentate line (<0.5 cm) and the method of pouch
construction.!%17 Additionally, a two-stage opera-
tion for the formation of IPAA is associated with
a higher risk of pouchitis than a three-stage sur-
gery (p<0.05).1° However, these findings remain
observational at this stage and an encompassing
pathological reason for the increased incidence of
pouchitis in these patients remains to be found.

The use of anti-inflammatory medication Non-
steroidal anti-inflammatory medications (NSAIDs),
the presence of iron deficiency anaemia, throm-
bocytosis and a longer duration of follow-up
after pouch construction are associated with an
increased risk of the development of pouchi-
tis.17-20 The preoperative use of steroids has been
shown to increase the risk of developing acute
pouchitis almost four-fold but was not associated
with the development of chronic pouchitis.!?

Patient modifiable risk factors for pouchitis

Smoking

Although smoking is a predisposing factor for
Crohn’s disease, it is protective for the develop-
ment of UC.21:22 The association between pouchi-
tis and smoking history appears to be conflicting.
In a prospective multivariate analysis of clinical
factors associated with pouchitis, Fleshner ez al.?3
found that smokers had an almost two-fold
increased risk of developing acute pouchitis but a
reduced risk for chronic pouchitis (antibiotic
dependent and antibiotic refractory). Similar stud-
ies have demonstrated a higher risk for pouchitis
associated with smoking; however, the same theory
has not been confirmed in other studies.?+27

Dietary factors

Research on the impact of diet on the develop-
ment of pouchitis has gained momentum over the
last decade as dietary intake has been shown to
change the composition of the gut microbiome.28
Ianco er al.?° investigated the effect of dietary
intake of 80 patients compared to healthy con-
trols. Amongst the pouch patients, those who had
no evidence of pouchitis were found to consume
twice as many servings of fruits (3.6 = 4.1 versus
1.8 = 1.7 servings/day, respectively, p<<0.05). In
the same study, patients who had pouchitis were
found to have less intake of lipid-soluble anti-
oxidants, vitamin A and vitamin C19. The
authors of this study suggested that decreased

consumption of antioxidants resulted in increased
oxidative stress, thereby resulting in the manifes-
tations of pouchitis.

Croagh ez al. evaluated the effect of low FODMAP
(fermentable oligo-, di- and monosaccharides
and polyols) diets on bowel function in pouch
patients. These molecules are poorly absorbed in
the small intestine, and thus produce an increased
osmotic load on the pouch, resulting in increased
frequency of loose stools. The small retrospective
study evaluated the effect of a low FODMAP diet
on seven patients with ileal pouch or ileo-rectal
anastomosis, two of whom had been previously
diagnosed with chronic pouchitis. Whilst the five
non-pouchitis patients had significant improve-
ment in self-reported stool frequency and consist-
ency, the two patients with chronic pouchitis did
not show a response to dietary change.3? The
authors posit that the increased irritability and
secretory state associated with pouchitis may pre-
clude the potential benefits of a low FODMAP
diet.

Inulin is a long-chain fructan thought to reduce
gut inflammation by enhancing the growth of
indigenous gut flora. Zella ez al. studied the effect
of inulin on reducing subclinical inflammation in
a group of UC and FAP patients with an IPAA.3!
In this double-blinded crossover design study,
patients with an IPAA, without clinical pouchitis,
were randomized to an inulin supplemental diet
(24 g/day) or placebo over a 3-week period. Both
groups of patients underwent endoscopy as well
as faecal analysis at the end of the 3-week period.
Histologic and endoscopic inflammation was
judged using the corresponding criteria from the
Pouchitis Disease Activity Index (PDAI) scoring
system. Compared to placebo, the patients rand-
omized to supplementary inulin were found to
have an increased luminal content of short-chain
fatty acids (SCFA) butyrate (fermentation prod-
uct of inulin) with a lower PDAI histological and
endoscopic scores and reduction in Bacteroides
fragilis. Thus, inulin supplementation results in a
reduction in pouch inflammation and may reduce
the risk of developing pouchitis.32

Gut microbiome as a risk factor for pouchitis

The gut microbiome, consisting of a vast array of
microorganisms, plays an important role in both
metabolic and immune processes within the small
and large bowel. Variations in its make-up and
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function have thus been implicated as risk factors
for pouchitis development. These risk factors will
be touched on here and then elaborated further
later in the review.

Microbiome as a predictor of pouchitis

The mucosal and faecal microbiota of UC patients
with pouchitis compared to patients with FAP and
healthy UC pouches is distinctly different.31,33-35
The presence of specific bacterial species (i.e.
Ruminococcus gnavus, Bacteroides wvulgatus and
Clostridium perfringens, and the absence of Blautia
and Roseburia) in faecal samples was reported to
predict a higher risk of pouchitis in UC patients
prior to IPAA formation.3% Higher bacterial diver-
sity was also found to be a predictive factor and
was detected up to 1year prior to inflammation.3%
In a 2021 study, Dubinsky ez al. aimed to develop
a model that can distinguish between patients
with a normal pouch and those with pouchitis
based on faecal samples. While no single bacterial
species or function was found to be highly dis-
criminative, models based on top-ranking species
(71.4% accuracy) and top-ranking bacterial
enzymes (71.4% accuracy) performed better than
a metabolic pathway-based model.3”

Bile acids

The role of bile acids in the development of
pouchitis has gained considerable interest over
the past decade. To simplify, lithocholic acid and
deoxycholic acid are normally the most abundant
gut secondary bile acids (SBAs) and are thought
to be an important modulator of intestinal inflam-
mation. They are derived from primary bile acids
in a process dependent on intestinal microbes
found primarily in the colon (see Figure 2). Thus,
any procedure that disrupts the colonic microbi-
ome (such as IPAA surgery) would result in a
decreased level of SBAs. Moreover, Hakala et al.38
found that patients with an IPAA also had
impaired cholesterol absorption, which can fur-
ther explain the deficiency in SBA. It follows then
that this intestinal inflammation can potentially
be ameliorated by SBA restoration.3®

Historical context regarding aetiology
Bacterial theories

Some of the earliest longitudinal studies found
that the ileal pouch flora shifts significantly over

time, with colon-predominant and anaerobic spe-
cies increasing and ileum-predominant species
decreasing after stoma closure.3%40 While no spe-
cific species has been identified as a sole culprit,
overall decreased bacterial diversity has been
demonstrated in cases of pouchitis compared to
healthy pouches.41-43

Several different theories exist pertaining to the
microbiological aetiology underlying pouchitis.
Studies have pointed to changes in the microbiome
being associated with pouchitis, specifically a
reduction in the ratio of anaerobic to aerobic bac-
terial counts.** Some studies have identified ele-
vated counts of C. perfringens and reduced counts
of Lactobacilli and Bifidobacteria in pouchitis.*> C.
perfringens is a mucin-degrading bacteria, whereas
Lactobacilli and Bifidobacteria are known to inhibit
the growth of potentially pathogenic bacteria,
which may explain the role changes in their respec-
tive population numbers plays in the aetiology of
pouchitis. 46

Furthermore, sulphate-reducing bacteria (SRB),
such as Desuflovibrio and Bilophila, have been
found to occur more abundantly in UC pouches
compared to FAP.%¢ It has therefore been sug-
gested that SRBs may be implicated in the aetiol-
ogy of pouchitis, given it occurs most commonly
in pouches of patients with a background of UC.47
It should be noted however that this correlation is
not linear, with SRBs existing in approximately
80% of pouches, while the incidence of pouchitis
is lower.#* Other patterns of bacterial colonization
associated with pouchitis include a greater anaer-
obe-to-aerobe ratio and increased facultative
anaerobe counts.4’ In another study, species sig-
nificantly enriched in pouchitis compared to nor-
mal pouch samples included Escherichia coli, an
unclassified Providencia species, Yersinia species
and an unclassified Acinetobacter species.*8

The early observations that there are bacterial
shifts in the pouch may have provided the ration-
ale to explore antibiotics as a treatment for pouch-
itis. Since these observations, antibiotics have
demonstrated both clinical improvements in the
treatment of pouchitis as well as changes in the
microbiome. Combination antibiotic therapy for
patients with chronic, treatment-resistant pouchi-
tis resulted in clinical improvement with an asso-
ciated significant decrease in total anaerobes,
aerobes, Enterococci, Lactobacilli, Bifidobacteria
and bacteroides.*® Gosselink et al. examined the
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Figure 2. Summary of genetic, immune and microbiome factors involved in the aetiology of pouchitis.

The altered pouch microbiome leads to increased activity of sulphate-reducing bacteria; which convert
sulphomucin to hydrogen sulphide within the pouch. This, along with reduced levels of anti-inflammatory
substances such as short-chain fatty acids and secondary bile acids, causes oxidative damage as well as
increased epithelial permeability, leading to an increased immune response with subsequent inflammatory
change. Processed foods rich in sulphite preservatives may contribute to this process by increasing the
amount of sulphomucin substrate. Also illustrated is the effect of inflammatory bowel disease-related
genetic polymorphisms as well as altered gene expression within the colonic mucosa, which may resultin a

proinflammatory state that then contributes to pouchitis development.

faecal flora of 13 UC patients with pouchitis,
before and during treatment with either cipro-
floxacin or metronidazole, as well as during
pouchitis-free periods. These participants were
noted to have faecal flora resembling normal
colonic flora during pouchitis-free periods, with
increased anaerobes and no or low numbers of
pathogens. During pouchitis episodes, anaerobe
counts decreased and aerobic bacterial counts
increased, with increased numbers of pathogens
such as C. perfringens and haemolytic strains
of E. coli. Metronidazole treatment eradicated
C. perfringens and reduced the overall number
of anaerobes. Ciprofloxacin was found to eradi-
cate both C. perfringens and haemolytic strains of
E. coli, while overall anaerobe counts were
maintained.>?

Since pouchitis may respond to antibiotics, toxic
bacterial products have been proposed as likely
candidates in the aetiology of this condition. In a
2009 review, Coffey er al. provide a multi-factor
theory of the pathogenesis of pouchitis. Increased
production of sulphomucin, a metabolic substrate
for SRB, occurs due to colonic metaplasia in the
pouch. This then leads to colonization by SRBs,
which produce hydrogen sulphide (H,S).>! This
molecule has been observed to be increased in
cases of active pouchitis and reduced with anti-
biotic therapy.>?> H,S may have toxic effects in
the gut by increasing epithelial permeability,
reducing barrier function and contributing to
cellular oxidative stress causing DNA damage
(see Figure 2).53:5% Sulphomucin expression is
increased in UC pouches compared to FAP,
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raising the possibility that baseline inflammation
may be an important driver for colonic metaplasia
and the subsequent downstream effects described
above.?> As well, this has led to theories that reduc-
ing dietary intake of foods rich in sulphate preserva-
tives can reduce levels of sulphomucin, which would
then reduce the risk of developing pouchitis.46

More recently, specific metabolic by-products of
the pouch bacteria have been explored as contrib-
utors to the pathogenesis of pouchitis. Specifically,
SCFA, which is a fermentation by-product of
anaerobic bacteria, has been theorized to play an
important role in colonocyte metabolism, barrier
function and the suppression of pathogenic bacte-
rial species.37-47 Patients with pouchitis have pre-
viously been shown to have reduced faecal levels
of SCFA compared to patients with a normal
pouch.?%57 Dubinsky ez al. examined the metage-
nomes derived from faecal samples of patients
with pouches. They found that pathways and spe-
cies that produce butyrate, a SCFA known to
have anti-inflammatory properties and the pre-
ferred energy source for colonocytes, were
decreased in pouchitis.?”

Interplay between genetics, immunology

and microbiome on the impact on pouchitis
The fact that pouchitis seems to occur almost
exclusively in patients with underlying inflamma-
tory bowel disease (IBD) suggests a contribution
of genetics as a risk factor. More specifically,
studies have demonstrated the presence of genetic
polymorphisms in immunoregulatory cytokines
and antigen receptors in patients with pouchi-
tis.>8:5% As with IBD, this may be related to a loss
of tolerance to bacterial as well as autoantigens,
which then raises the risk for the development of
pouchitis. This will be explored in further detail
in this section.

Interleukins

Interleukin (IL)-1B pro-inflammatory cytokine is
produced by monocytes and is thought to have a
role in autoimmunity with studies demonstrating
that IL-1B expression is increased in active
UC.58:%0 A single-centre Japanese study analysing
IL-1B association with the development of
pouchitis showed that the T allele (rs1143627)
was associated with the development of pouchi-
tis.®! This finding remained significant even after
the study adjusted for confounding factors.

However, it must be noted that like many other
similar studies analysing genetic association with
pouchitis, it was limited by ethnic homogeneity.
Interestingly, the IL-1B gene is next to the inter-
leukin receptor antagonist (ILRA1) gene and the
two demonstrate a strong linkage disequilibrium,
suggesting that an interplay between these two
genes may be implicated in the development of
pouchitis. 62

The IL-1 receptor antagonist (IL1RA) competi-
tively binds to the IL-1 receptor, impeding the
binding of IL-1 and subsequently preventing
downstream pro-inflammatory signalling. There
has been some evidence suggesting that an intes-
tinal mucosal imbalance of these two factors, IL-1
and IL1RA, may contribute to the chronic inflam-
matory state in UC (see Figure 2).93:%4 The asso-
ciated variable number tandem repeat allele 2 of
IL-RA (ILRA%*2) is associated with UC.%2 While
Aisenberg er al.%> demonstrated an inverse rela-
tionship between ILR*2 and pouchitis in UC
patients. Two other studies have demonstrated a
positive association. The first by Brett er al.%®
demonstrated that among UC IPAA patients,
there were higher carriage rates of ILRA*2 com-
pared to patients with FAP IPAA patients, par-
ticularly among UC IPAA patients with pouchitis.
A subsequent study by Carter ez al.2 assessed UC
patients undergoing colectomy and demonstrated
that 57% of these patients carried at least one
copy of the IL-RN*2. Like the Brett ez al. study,
this study also showed that patients who devel-
oped pouchitis had higher rates of carriage of
ILRA*2 compared to those without pouchitis, an
association that remained significant even after
adjusting for confounding factors. These studies
provide supporting evidence for the ILR*2 muta-
tions as a genetic risk factor for the development
of pouchitis.

Toll-like receptors

Toll-like receptors (TLR) are a group of 10 pat-
tern recognition receptors that are expressed on a
variety of effector cells, including macrophages
and dendritic cells. They are vital to the innate
immune system’s recognition of microbial anti-
gens, including lipopolysaccharides of gram-neg-
ative bacteria. Given their role in the innate
immune system and the hypothesis that immune
imbalance may lead to pouchitis, investigations
into TLR expression patterns and mutations have
been undertaken. TLR is expressed in normal
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ileal mucosa (see Figure 2)%7 and, additionally, it
has been demonstrated that compared to normal
ileum, there is differential expression of TLR
within pouch tissue.68-70

Yuji et. al. analysed the expression of TLR 2, 3, 4
and 5 in a small number of healthy ileal biopsies
from colon cancer patients and compared them to
patients with UC undergoing IPAA. They demon-
strated that patients with normal ileal tissue (colon
cancer group) expressed TLR3 and TLRS5.
However, TLR3 and TLR5 were not detectable
within pouch mucosa from UC IPAA patients.
Additionally, while patients with a healthy pouch
demonstrated expression of TLLR4, among patients
with pouchitis TLR2 and 4 were very strongly up-
regulated.®® Of note, previous studies have shown
that TRI4 is up-regulated in the intestinal epithe-
lial cells in UC patients.®8 In a later study by
Heuschen ez al., of UC patients undergoing IPAA,
TLR from ileal biopsy upstream of the pouch was
compared to pouch biopsies of the same patient on
routine follow-up. This study demonstrated that
within active pouchitis mucosa, there was a
decrease in TLR3 expression and an increase in
TLR5 expression, compared to upstream ileal
biopsies and healthy pouch mucosa.”®

Subsequent studies have gone on to analyse the
genetic polymorphism within TLR among
patients with pouchitis. An Italian study, by
Lammers ez al., analysed various single nucleo-
tide polymorphisms (SNPs) within TLR4, TLRO,
CD14 among UC patients with IPAA compared
to health controls. They demonstrated an
increased frequency of TLR9-1237C allele in
patients with chronic relapsing pouchitis com-
pared to those with infrequent pouchitis.”!
Ferrante et al.%7 evaluated 50 SNPs within TLR1—
10, among 144 UC patients post-IPAA (80 of
whom had pouchitis), and found that one inde-
pendent risk factor for the development of pouch-
itis was the GT/TT genotype at TLR1 S871.
These studies highlight the importance of the
innate immune system in the pathophysiology of
pouchitis and contribute evidence that immune
dysregulation may be a causative factor in its
development.

NOD2/CARD15

The NOD2 gene (also known as CARD15) tran-
scribes the NOD?2 protein, an intracellular pat-
tern recognition protein, that is integral to the

innate immune system. It is involved in activating
the pro-inflammatory NF-kB pathway upon rec-
ognition of muramyl dipeptide (MDP) found on
the cell wall of some bacteria (see Figure 2). One
of the most significant genetic risk factors for
Crohn’s disease identified to date has been sev-
eral SNPs within the NOD2/CARD15.7%73

Given this association, several studies have been
conducted analysing various NOD2 gene poly-
morphisms associated with pouchitis, yielding
heterogeneous results. Roughly half of these stud-
ies have failed to find any association with a vari-
ety of NOD2 polymorphism and pouchitis.67-71,74
However, it may be argued that these negative
studies were underpowered to demonstrate a sig-
nificant association.

Three studies to date have found a positive asso-
ciation between the development of pouchitis and
CARD15 mutations.”>77 The largest of these was
a multicentre study that demonstrated that
NOD2 polymorphism, particularly the
NOD2insC (rs2066847, also known as CARD15
L1007fsinsC) was associated with severe or fre-
quent episodes of pouchitis.”” This polymor-
phism, which is the most consistently associated
with Crohn’s disease, impairs the ability of the
NOD?2 protein to bind bacterial MDP.78:7° A sim-
ilar study by Meier ez al. also demonstrated that
the NOD2insC polymorphism was found in a
higher frequency of patients with severe pouchitis
compared to those without. However, this study
was unable to show a difference in NOD?2 poly-
morphism between patients with mild pouchitis
compared with healthy controls, both of whom
had a frequency of NOD2 mutations.”®

Schieffer et al. reported one small case study of a
single family with FAP, with two siblings who
both had ileoanal anastomosis (IPAA) at a similar
age, one of whom subsequently developed pouch-
itis. Pouchitis among FAP patients undergoing
IPAA is rare. Interestingly, the sibling who went
on to develop pouchitis was a carrier for NOD2
polymorphism (rs17221417 and rs2076756).80
This provides further support for the role of
NOD?2 as a predisposing factor for the develop-
ment of pouchitis.

Serological markers
The two major serological markers representing a
spectrum of IBD include anti-Saccharomyces
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cerevisiae antibodies (ASCA) and antineutrophil
cytoplasmic antibodies (ANCA).8! Mitsuyama
et al.8? completed a meta-analysis on the relation-
ship between ANCA status and pouchitis, patients
who were ANCA positive had an OR of 1.76 of
developing chronic pouchitis (but not acute
pouchitis). In the same study, ASCA positivity
was not associated with acute or chronic pouchi-
tis. Other serological markers associated with
pouchitis include high serum IgG4, autoantibod-
ies to bacterial antigens as well as the host’s self-
tissue (anti-CBirl flagellin antibody).!1:83-87

Perinuclear antineutrophil cytoplasmic

antibodies

Perinuclear antineutrophil cytoplasmic antibod-
ies (p-ANCA) is positive in approximately 40—
80% of patients with UC and tends to be
associated with a more aggressive phenotype.88-90
While there have been a considerable number of
studies into the relationship between p-ANCA
and pouchitis, the results of these studies are con-
tradictory. These contradictions may be due to
the incongruous definition of pouchitis used in
each study, with differing clinical definitions of
disease state and variable use of histology, making
the overall message relating to p-ANCA difficult
to interpret.

Several of the studies failed to demonstrate an
association between p-ANCA and pouchitis.
Aisenberg ez al.%! compared patients with refrac-
tory pouchitis (including IPAA patients and
patients with Kock pouch ileostomy) to matched
controls without pouchitis, with no difference
found. While Yasuda er al.*2 showed that patients
with UC demonstrated higher p-ANCA levels
than non-UC patients, they were unable to show
any significant difference in p-ANCA levels
between UC IPAA patients with or without
pouchitis. Additionally, several other papers
failed to demonstrate any association between
these groups, including among a paediatric
population.65:66,93,94

Conversely, other studies have demonstrated a
positive correlation between pouchitis and
p-ANCA. Yang et. al. analysed post-operative
p-ANCA in a group of UC IPAA, demonstrating
higher p-ANCA levels among patients who had
more frequent relapses of pouchitis. This study
also demonstrated higher p-ANCA levels among
active or recent attacks when compared to those

for whom it had been a year or more since suffer-
ing an episode of pouchitis.?> Sandborn ez al. ana-
lysed the extremes of the spectrum by comparing
chronic pouchitis patients to UC IPAA without
pouchitis, and a healthy patient control group. In
doing so, they were able to demonstrate a positive
correlation between p-ANCA and chronic pouch-
itis.? Vecchi ez al.®7 also found a similar result in
a smaller study, showing a higher frequency of
p-ANCA among all pouchitis patients compared
to patients with a healthy pouch.

All of these studies have been retrospective with
p-ANCA levels taken post-operatively. However,
more recently, a study by Fleshner er al. per-
formed a prospective study using preoperative
p-ANCA levels. This study concluded that, while
pre-operative p-ANCA expression alone does
not predict the subsequent occurrence of pouchi-
tis, higher levels of preoperative p-ANCA
(100EU/mL) appeared to be predictive of the
development of chronic pouchitis. The relative
risk of developing chronic pouchitis among
patients with a higher p-ANCA level was more
than eightfold (hazard ratio 8.47; 95% confidence
interval 1.67-16/95) compared to those with low
or medium levels of p-ANCA.87 So, while there
may be conflicting evidence regarding the associ-
ation of pouchitis with p-ANCA, this study high-
lights the potential use of the p-ANCA level as a
pre-operative tool to risk-stratify patients who
may develop pouchitis. Further evidence may be
needed to validate this finding.

Gene expression post pouch formation

Whereas the presence of gene and gene muta-
tions, such as NOD2, is a risk factor for pouchi-
tis, it has also been demonstrated that how genes
are expressed may have a role in the develop-
ment of pouchitis. Variations in gene expression
may play a role in the heterogeneous presenta-
tions of pouchitis, resulting in several different
phenotypes. A 2022 study by Akiyama ez al.®8
proposed the ‘Chicago classification’ for pouchi-
tis based on endoscopic findings and anatomical
location of disease; resulting in seven distinct
phenotypes: (1) normal, (2) afferent limb
involvement, (3) inlet involvement, (4) diffuse,
(5) focal inflammation of the pouch body, (6)
cuffitis and (7) pouch with fistulas noted
6 months after ileostomy takedown. Of these,
the diffuse phenotype was associated with the
poorest long-term outcomes.
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There is evidence that the transcriptome of the
pouch mucosa compared to the mucosa of the
pre-pouch ileal sample is significantly differ-
ent.?9-101 With studies demonstrating that
pouch mucosa evolves physiologically and
functionally to resemble colonic mucosa
post-operatively.102

The interplay between changes in the whole tran-
scriptome, pouchitis and the microbiome has been
studied by Morgan et al., who demonstrated that
while the transcriptome differed significantly
between pre-pouch ileal samples and pouch sam-
ples, there was no significant variation reflected in
the microbiome. The most substantial impact on
the microbiome appeared to stem from antibiotic
use, while the presence of pouchitis or the tissue
location (pre-pouch wversus pouch) had minimal
effect.?®

Ben-Shachar er al. demonstrated that changes
in the gene expression within pouch mucosa
among patients with UC were more substantial
than those of FAP patients undergoing IPAA.
Additionally, it was demonstrated that the mag-
nitude of changes in gene expression was largest
amongst patients with Crohn’s-like disease of
the pouch, with smaller changes demonstrated
among chronic pouchitis patients and even less
in the healthy pouch mucosa of UC patients.103
However, it was noted that there was a signifi-
cant overlap of the observed gene expression
changes between these three different groups,
indicating a spectrum of disease rather than dis-
tinct disease states. Studies of specific genes,
rather than the whole transcriptome, have dem-
onstrated an increase in particular gene expres-
sion, including IL-1B, IL-6, IL-8, Tumor
necrosis factor (TNF) alpha, Mucous membrane
pemphigoid (MMP-1), MMP-2 and TLR2 in
active pouchitis compared to normal pouch
mucosa‘58,70,104

While these studies provide some insight into the
pathogenesis of pouchitis, the observed differ-
ences in gene expression are limited, as they do
not indicate whether the changes observed are
causative of pouchitis or a consequence of the
disease state. Further genomic analysis based on
classifications, such as the aforementioned
Chicago system, may provide a clue as to the
relationship between host/microbiome transcrip-
tome and expressed pouchitis phenotype.

Conclusion

The aetiology of pouchitis remains poorly under-
stood but evidence supports the interaction between
genetics, the immune system and the environment
as possible drivers of pouchitis. Integrating some of
the newer technologies may help us understand
how all these individual risk factors impact on the
pouch which ultimately may help guide treatment
and management of pouchitis.

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable. Both Figures 1 and 2 are designed
and illustrated by JPS, who approves of them for
use in this publication.

Author contributions

Maram Alenzi: Conceptualization; Data cura-
tion; Formal analysis; Investigation; Methodology;
Project administration; Writing — original draft;
Writing — review & editing.

Tamar Schildkraut: Data curation;
Investigation; Writing — original draft; Writing —
review & editing.

Imogen Hartley: Writing — original draft;
Writing — review & editing.

Sarit Badiani: Writing — original draft; Writing
— review & editing.

Nik Sheng Ding: Writing — original draft;
Writing — review & editing.

Vikram Rao: Conceptualization; Data curation;
Investigation; Methodology; Project administra-
tion; Writing — original draft; Writing — review &
editing.

Jonathan P. Segal: Conceptualization; Data
curation; Methodology; Project administration;
Validation; Visualization; Writing — original draft;
Writing — review & editing.

Acknowledgements
None.

Funding

The authors received no financial support for the
research, authorship, and/or publication of this
article.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

M Alenzi, T Schildkraut et al.

Competing interests
The authors declare that there is no conflict of
interest.

Availability of data and materials
Auvailable on request. Please address enquiries to
the corresponding author.

Guarantor of the article

Associate  Professor Jonathan P.  Segal,
Department  of  Gastroenterology,  Royal
Melbourne Hospital, Victoria, Australia. Email:
segaljonathan0@gmail.com

ORCID iDs
Sarit Badiani
9255-6572

Vikram Rao
2946-826X

https://orcid.org/0000-0001-

https://orcid.org/0009-0001-

Jonathan P Segal “* https://orcid.org/0000-0002-

9668-0316

References
1. Shen B, Kochhar GS, Kariv R, ez al. Diagnosis
and classification of ileal pouch disorders:
consensus guidelines from the International Ileal
Pouch Consortium. Lancet Gastroenterol Hepatol
2021; 6: 826-849.

2. Yamamoto T, Shimoyama T, Bamba T, ez al.
Consecutive monitoring of fecal calprotectin and
lactoferrin for the early diagnosis and prediction
of pouchitis after restorative proctocolectomy for
ulcerative colitis. Am F Gastroenterol 2015; 110:
881-887.

3. Ardalan ZS and Sparrow MP. A personalized
approach to managing patients with an ileal
pouch-anal anastomosis. Front Med (Lausanne)
2020; 6: 337.

4. Dubinsky V, Reshef L, Bar N, ez al.
Predominantly antibiotic-resistant intestinal
microbiome persists in patients with
pouchitis who respond to antibiotic therapy.
Gastroenterology 2020; 158: 610.e13—624.e13.

5. Kayal M, Plietz M, Rizvi A, et al. Inflammatory
pouch conditions are common after ileal pouch
anal anastomosis in ulcerative colitis patients.
Inflamm Bowel Dis 2020; 26: 1079-1086.

6. Ferrante M, Declerck S, De Hertogh G, ez al.
Outcome after proctocolectomy with ileal pouch-
anal anastomosis for ulcerative colitis. Inflamm
Bowel Dis 2008; 14: 20-28.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Sriranganathan D, Kilic Y, Nabil Quraishi M,
et al. Prevalence of pouchitis in both ulcerative
colitis and familial adenomatous polyposis: a
systematic review and meta-analysis. Colorectal
Dis 2022; 24: 27-39.

Shen B, Kochhar GS, Rubin DT, et al.
Treatment of pouchitis, Crohn’s disease, cuffitis,
and other inflammatory disorders of the pouch:
consensus guidelines from the International Ileal
Pouch Consortium. Lancet Gastroenterol Hepatol
2022; 7: 69-95.

. Gao XH, LiJQ, Khan F, ez al. Difference in

the frequency of pouchitis between ulcerative
colitis and familial adenomatous polyposis: is the
explanation in peripouch fat?. Colorectal Dis 2019;
21: 1032-1044.

Zezos P and Saibil F. Inflammatory pouch
disease: the spectrum of pouchitis. World ¥
Gastroenterol 2015; 21: 8739.

Hashavia E, Dotan I, Rabau M, et al. Risk
factors for chronic pouchitis after ileal pouch—
anal anastomosis: a prospective cohort study.
Colorectal Dis 2012; 14: 1365-1371.

Kayal M, Posner H, Milwidsky HM, ez al. Acute
severe ulcerative colitis is associated with an
increased risk of acute pouchitis. Inflamm Bowel
Dis 20235 29: 1907-1911.

Araki T, Hashimoto K, Okita Y, et al. Colonic
histological criteria predict development of
pouchitis after ileal pouch: anal anastomosis for
patients with ulcerative colitis. Dzg Surg 2018; 35:
138-143.

Nasseri Y, Melmed G, Wang HL, ez al. Rigorous
histopathological assessment of the colectomy
specimen in patients with inflammatory bowel
disease unclassified does not predict outcome
after ileal pouch—anal anastomosis. Am ¥
Gastroenterol 2010; 105: 155-161.

Hata K, Okada S, Shinagawa T, er al. Meta-
analysis of the association of extraintestinal
manifestations with the development of pouchitis
in patients with ulcerative colitis. B¥S Open 2019;
3:436-444.

Lipman JM, Kiran RP, Shen B, er al.
Perioperative factors during ileal pouch-anal
anastomosis predict pouchitis. Dis Colon Rectum
20115 54: 311-317.

Gozzetti G, Poggioli G, Marchetti F, ez al.
Functional outcome in handsewn versus stapled
ileal pouch-anal anastomosis. Am ¥ Surg 1994;
168: 325-329.

Bernstein CN, Blanchard JF, Rawsthorne P,
et al. The prevalence of extraintestinal diseases in

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
mailto:segaljonathan0@gmail.com
https://orcid.org/0000-0001-9255-6572
https://orcid.org/0000-0001-9255-6572
https://orcid.org/0009-0001-2946-826X
https://orcid.org/0009-0001-2946-826X
https://orcid.org/0000-0002-9668-0316
https://orcid.org/0000-0002-9668-0316

THERAPEUTIC ADVANCES in

Gastroenterology Volume 17
inflammatory bowel disease: a population-based pouches in ulcerative colitis and familial
study. Am ¥ Gastroenterol 2001; 96: 1116-1122. adenomatous polyposis. Inflamm Bowel Dis 2011;

19. Pastrana R], Torres EA, Arroyo JM, et al. Iron- 17:1092-1100.
deficiency anemia as presentation of pouchitis. ¥ 32. Welters CF, Heineman E, Thunnissen FB,

Clin Gastroenterol 2007; 41: 41-44. et al. Effect of dietary inulin supplementation on

20. Hisabe T, Matsui T, Miyaoka M, et al. Diagnosis :fﬁgﬁ?g?;f;ﬁig;:ﬁiﬁzz;lr;)i)'fz‘zrlj; VRgtetcltlum
and clinical course of ulcerative gastroduodenal 2002: 45: 621-627 ’
lesion associated with ulcerative colitis: possible > ’
relationship with pouchitis. Dig Endosc 2010; 22: 33. Palmieri O, Castellana S, Biscaglia G, er al.
268-274. Microbiome analysis of mucosal ileoanal pouch in

21. Calkins BM. A meta-analysis of the role of ulcerative co%itis patients revegled impairment of
smoking in inflammatory bowel disease. Dig Dis the pouches immunometabolites. Cells 2021; 10:
Sci 1989; 34: 1841-1854. 3243.

22. Bastida G and Beltran B. Ulcerative colitis in 34. McLaughlin SD.’ Walker AW, (?}.mrcher G,
smokers, non-smokers and ex-smokers. World ¥ et al. The bgctenol({gy o_f pouchitis: a molecular
Gastroenterol 2011; 17: 2740-2747. phylogenetic analysis using 16S rRNA gene

> cloning and sequencing. Ann Surg 2010; 252:

23. Fleshner P, Ippoliti A, Dubinsky M, ez al. A 90-98.
prospective multivariate analysis of clinical factors ) .
associated with pouchitis after ileal pouch-anal 35. Macl.nels K, Sabino J, Vandermqsten L, et al.
anastomosis. Clin Gastroenterol Hepatrol 2007; 5: SP ec:1ﬁ(.: membe%"s of the p{edommgnt gut
952-958; quiz 887. mlcroblota'predlct pouchitis following colectomy

and IPAA in UC. Gut 2017; 66: 79-88.

24. Stahlberg D, Gullberg K, Liljeqvist L, ez al.

Pouchitis following pelvic pouch operation for 36. Mahars.,hak N, Cohgn N’ Re§hef L’ et ql. .
ulcerative colitis. Incidence, cumulative risk, and Alteratlon.s of enteric mlcrob{ota} In patients .W,lth
risk factors. Dis Colon Rectum 1996; 39: 1012— a normal ileal pouch are predictive of pouchitis. ¥
1018. Crohns Colitis 2017; 11: 314-320.

25. Merrett MN, Mortensen N, Kettlewell M, ez al. 317. DUbiTlSk'y Y’ Reshef Iﬁ’ Rabinowitz K, et al.
Smoking may prevent pouchitis in patients with DYSbIO?IS n metab911c genes of the gut
restorative proctocolectomy for ulcerative colitis. microbiomes of patients Wlth an Ileo—?nal pouch
Guz 1996; 38: 362-364. resembles that observed in Crohn’s disease.

mSystems 2021; 6: ¢00984-20.

26. Achkar JP, Al-Haddad M, Lashner B, er al.

Differentiating risk factors for acute and chronic 38. Hakala K, Vuoristo M, Luukkonen P, ez al.

pouchitis. Clin Gastroenterol Hepatol 2005; 3: Impaired absorption of cholesterol and bile acids

60-66. in patients with an ileoanal anastomosis. Gut
1997 41: 771-777.

27. Joelsson M, Benoni C and Oresland T. Does
smoking influence the risk of pouchitis following 39. Sinha SR, Haileselassie Y, Nguyen LP, ez al.
ileal pouch anal anastomosis for ulcerative colitis? Dysbiosis-induced secondary bile acid deficiency
Scand ¥ Gastroenterol 2006; 41: 929-933. promotes intestinal inflammation. Cell Host

Microbe 2020; 27: 659.e5-670.e5.

28. Graf D, Di Cagno R, Fak F, er al. Contribution
of diet to the composition of the human gut 40. Gabbiadini R, Dal Buono A, Correale C, et al.
microbiota. Microb Ecol Health Dis 2015; 26: Ileal pouch-anal anastomosis and pouchitis: the
26164. role of the microbiota in the pathogenesis and

therapy. Nutrients 2022; 14: 2610.

29. Ianco O, Tulchinsky H, Lusthaus M, ez al. Diet
of patients after pouch surgery may affect pouch 41. LiKY, Wang JL, Wei JP, ez al. Fecal microbiota
inflammation. World ¥ Gastroenterol 20135 19: in pouchitis and ulcerative colitis. World ¥
6458—6464. Gastroenterol 20165 22: 8929-8939.

30. Croagh C, Shepherd SJ, Berryman M, ez al. Pilot 42. O’Connell PR, Rankin DR, Weiland LH, ez al.
study on the effect of reducing dietary FODMAP Enteric bacteriology, absorption, morphology and
intake on bowel function in patients without a emptying after ileal pouch-anal anastomosis. Br §
colon. Inflamm Bowel Dis 2007; 13: 1522—-1528. Surg 19865 73: 909-914.

31. Zella GC, Hait EJ, Glavan T, ez al. Distinct 43. Kmiot WA, Youngs D, Tudor R, er al. Mucosal

microbiome in pouchitis compared to healthy

morphology, cell proliferation and faecal

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

M Alenzi, T Schildkraut et al.

bacteriology in acute pouchitis. Br ¥ Surg 1993;
80: 1445-1449.

44. Ruseler-van Embden JG, Schouten WR and
van Lieshout LM. Pouchitis: result of microbial
imbalance?. Guz 1994; 35: 658-664.

45. Dufty M, O’Mahony L, Coffey JC, et al. Sulfate-
reducing bacteria colonize pouches formed for
ulcerative colitis but not for familial adenomatous
polyposis. Dis Colon Rectum 2002; 45: 384-388.

46. Ardalan ZS, Yao CK, Sparrow MP, et al. Review
article: the impact of diet on ileoanal pouch
function and on the pathogenesis of pouchitis.
Aliment Pharmacol Ther 2020; 52: 1323-1340.

47. Onderdonk AB, Dvorak AM, Cisneros RL,
et al. Microbiologic assessment of tissue biopsy
samples from ileal pouch patients. ¥ Clin Microbiol
1992; 30: 312-317.

48. Hinata M, Kohyama A, Ogawa H, ez al. A shift
from colon- to ileum-predominant bacteria in
ileal-pouch feces following total proctocolectomy.
Dig Dis Sci 20125 57: 2965-2974.

49. Gionchetti P, Rizzello F, Venturi A, et al.
Antibiotic combination therapy in patients with
chronic, treatment-resistant pouchitis. Aliment
Pharmacol Ther 1999; 13: 713-718.

50. Gosselink MP, Schouten WR, van Lieshout LM,
et al. Eradication of pathogenic bacteria and
restoration of normal pouch flora: comparison of
metronidazole and ciprofloxacin in the treatment
of pouchitis. Dis Colon Rectum 2004; 47: 1519—
1525.

51. Coffey JC, Rowan F, Burke ], er al. Pathogenesis
of and unifying hypothesis for idiopathic
pouchitis [published correction appears in Am
J Gastroenterol. 2009 Jun;104:1613. Dochery,
Neil [corrected to Dochery, Neil G]]. Am ¥
Gastroenterol 2009; 104: 1013-1023.

52. Pitcher MC and Cummings JH. Hydrogen
sulphide: a bacterial toxin in ulcerative colitis?.
Gut 1996; 39: 1-4.

53. Rowan FE, Docherty NG, Coffey JC, er al.
Sulphate-reducing bacteria and hydrogen
sulphide in the aetiology of ulcerative colitis. Br ¥
Surg 2009; 96: 151-158.

54. Komanduri S, Gillevet PM, Sikaroodi M, ez al.
Dysbiosis in pouchitis: evidence of unique
microfloral patterns in pouch inflammation. Clin
Gastroenterol Hepatol 2007; 5: 352-360.

55. Bambury N, Coffey JC, Burke J, ez al.
Sulphomucin expression in ileal pouches:
emerging differences between ulcerative colitis

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

and familial adenomatous polyposis pouches. Dis
Colon Rectum 2008; 51: 561-567.

Sagar PM, Taylor BA, Godwin P, ez al. Acute
pouchitis and deficiencies of fuel. Dis Colon
Rectum 1995; 38: 488-493.

Ohge H, Furne J, Springfield J, ez al. Association
between fecal hydrogen sulfide production and
pouchitis. Dis Colon Rectum 2005; 48: 469-475.

Patel RT, Bain I, Youngs D, ez al. Cytokine
production in pouchitis is similar to that in
ulcerative colitis. Dis Colon Rectum 1995; 38:
831-837.

Leal RF, Ayrizono ML, Milanski M, et al.
Activation of signal transducer and activator

of transcription-1 (STAT-1) and differential
expression of interferon-gamma and anti-
inflammatory proteins in pelvic ileal pouches

for ulcerative colitis and familial adenomatous
polyposis. Clin Exp Immunol 2010; 160: 380-385.

Sutton CE, Lalor SJ, Sweeney CM, ez al.
Interleukin-1 and IL-23 induce innate IL-17
production from gammadelta T cells, amplifying
Th17 responses and autoimmunity. Immunity
2009; 31: 331-341.

Okada S, Hata K, Shinagawa T, ez al.
Polymorphism in interleukin-1f gene is
associated with the development of pouchitis in
Japanese patients with ulcerative colitis. Digestion
20215 102: 489-498.

Carter M]J, Di Giovine FS, Cox A, et al.
Interleukin 1 receptor antagonist gene allele 2 as
a predictor of pouchitis following colectomy and
ipaa in ulcerative colitis. Gastroenterology 2001;
121: 805-811.

Casini-Raggi V, Kam L, Chong Y]JT, ez al.
Mucosal imbalance of IL-1 and IL-1 receptor
antagonist in inflammatory bowel disease: a novel
mechanism of chronic intestinal inflammation. ¥
Immunol 1995; 154: 2434-2440.

Ferretti M, Casini-Raggi V, Pizarro TT,

et al. Neutralization of endogenous IL-1
receptor antagonist exacerbates and prolongs
inflammation in rabbit immune colitis. ¥ Clin
Invest 1994; 94: 449-445.

Aisenberg J, Legnani PE, Nilubol N, ez al. Are
pANCA, ASCA, or cytokine gene polymorphisms
associated with pouchitis? Long-term follow-up in
102 ulcerative colitis patients. Am F Gastroenterol
2004; 99: 432-441.

Brett PM, Yasuda N, Yiannakou JY, ez al.
Genetic and immunological markers in pouchitis.
Eur ¥ Gastroenterol Hepatol 1996; 8: 951-955.

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

THERAPEUTIC ADVANCES in

Gastroenterology Volume 17
67. Ferrante M, Declerck S, Coopmans T, er al. a metaanalysis. Am J Gastroenterol 2004; 99:
Development of pouchitis following ileal pouch- 2393-2404.
anal anastomosils (IPAA) for ulcer?mve .COIIUSZ a 79. Bonen DK, Ogura Y, Nicolae DL, et al. Crohn’s
role for serological markers and microbial pattern di iated NOD2 iants sh
recognition receptor genes. § Crohns Colitis 2008; |seasemassociate variants share a .
2: 142-151 signaling defect in response to lipopolysaccharide
’ ’ and peptidoglycan. Gastroenterology 2003; 124:
68. Cario E, Rosenberg IM, Brandwein PLB, ez al. 140-146.
Li )\ haride activates distinct signali . . .
POPO ysgcc? art .e ac W.a ©s . 1stine .s1gna ng 80. Schieffer KM, Wright JR, Harris LR, ez al.
pathways in intestinal epithelial cell lines . . .
: . NOD2 genetic variants predispose one of two
expressing Toll-like receptors. ¥ Immunol 2000; .. N
164: 966-972 familial adenomatous polyposis siblings to
’ ’ pouchitis through microbiome dysbiosis. § Crohns
69. Toiyama Y, Araki T, Yoshiyama S, ez al. The Colitis 20175 11: 1393-1397.
i f Toll-lik in th
CXPression patterns of L of-ike receptors In the gy - yy,00 K, Ishihara S, Nozawa H, er al. Pouchitis
ileal pouch mucosa of postoperative ulcerative . .. .
colitis patients. Surg Today 2006; 36: 287-290 after ileal pouch-anal anastomosis in ulcerative
’ T ’ colitis: diagnosis, management, risk factors, and
70. Heuschen G, Leowardi C, Hinz U, ez al. incidence. Dig Endosc 2017; 29: 26-34.
lefere.nt.lal expression of Toll-like regeptor 3 . 82. Mitsuyama K, Niwa M, Takedatsu H,
and 5 in ileal pouch mucosa of ulcerative colitis + al. Antibod Kers in the di s of
patients. Int ¥ Colorectal Dis 2007; 22: 293-301. or af. FAHDOCy MAreers M fae TIagnass o
inflammatory bowel disease. World ¥ Gastroenterol
71. Lammers KM, Ouburg S, Morre SA, ez al. 2016; 22: 1304-1310.
Combined iership of TLR9-1237C and . ..
CODHII 432 O,;a;ﬁgess lel;ﬁances the risk o fan 83. Shen B, Remzi FH, Nutter B, ez al. Association
. . . .. between immune-associated disorders
developing chronic relapsing pouchitis. World ¥ .
Gastroenterol 2005: 11: 7323-7329 and adverse outcomes of ileal pouch-anal
> ’ anastomosis. Am § Gastroenterol 2009; 104:
72. Hugot JP, Chamaillard M, Zouali H, ez al. 655-664.
A.SSOCIatlon (.)f.I\.TODZ leucufe_n.Ch repeat variants 84. Navaneethan U, Venkatesh PG, Kapoor S, er al.
with susceptibility to Crohn’s disease. Nature . . . .
2001: 411: 599-603 Elevated serum IgG4 is associated with chronic
? ’ ’ antibiotic-refractory pouchitis. ¥ Gastrointest Surg
73. Ogura Y, Bonen DK, Inohara N, ez al. A 20115 15: 1556-1561.
framesblfF m utation in ,N QDZ associated with 85. Shen B, Bennett AE and Navaneethan U. IgG4-
susceptibility to Crohn’s disease. Nature 2001; . .. . -
411: 603-606 associated pouchitis. Inflamm Bowel Dis 2011; 17:
’ : 1247-1248.
74. Achkar J-P, Brzgzinski A, Shen B,.et al. NODZ/ 86. Fleshner P, Ippoliti A, Dubinsky M, et al.
CARD15 mutations are not associated with - . - .
; - > Both preoperative perinuclear antineutrophil
chronic pouchitis or Crohn’s disease of the cytoplasmic antibody and anti-CBirl
pouch. Am J Gastroenzerol 2005; 100: p 8317. expression in ulcerative colitis patients
75. Sehgal R, Berg A, Hegarty JP, er al. NOD2/ influence pouchitis development after ileal
CARD15 mutations correlate with severe pouch-anal anastomosis. Clin Gastroenterol
pouchitis after ileal pouch-anal anastomosis. Dis Hepatol 2008; 6: 561-568.
Colon Rectum 2010; 53: 1487-1494. 87. Fleshner PR, Vasiliauskas EA, Kam LY, et al.
76. Meier CB, Hegazi RA, Aisenberg J, ez al. Innate High level perinuclear antineutrophil cytoplasmic
immune receptor genetic polymorphisms in antibody (pANCA) in ulcerative colitis patients
pouchitis: is CARD15 a susceptibility factor? before colectomy predicts the development
Inflamm Bowel Dis 2005; 11: 965-971. of chronic pouchitis after ileal pouch-anal
anastomosis. Gut 2001; 49: 671-677.
77. Tyler AD, Milgrom R, Stempak JM, ez al. )
The NOD2insC polymorphismis associated 88. Oudkerk Pool M, Ell.erbroek P_M’ Rldwan.
with worse outcome following ileal pouch-anal BU, e f’l' Se.rur.n a.ntlneutrophll cytoplas.mlc
anastomosis for ulcerative colitis. Gur 2013; 62: autoantibodies in inflammatory bowel dls?ase
1433. are mainly associated with ulcerative colitis.
A correlation study between perinuclear
78. Economou M, Trikalinos TA, Loizou KT, ez al. antineutrophil cytoplasmic autoantibodies
Differential effects of NOD?2 variants on Crohn’s and clinical parameters, medical, and surgical
disease risk and phenotype in diverse populations: treatment. Guz 1993; 34: 46-50.
14 journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag

M Alenzi, T Schildkraut et al.

89.

90.

91.

92.

93.

94.

95.

96.

Saxon A, Shanahan F, Landers C, er al. A
distinct subset of antineutrophil cytoplasmic
antibodies is associated with inflammatory
bowel disease. ¥ Allergy Clin Immunol 1990; 86:
202-210.

Aitola P, Miettinen A, Mattila A, ez al. Effect
of proctocolectomy on serum antineutrophil
cytoplasmic antibodies in patients with chronic
ulcerative colitis. ¥ Clin Pathol 1995; 48:
645-647.

Aisenberg J, Wagreich J, Shim J, ez al. Perinuclear
anti-neutrophil cytoplasmic antibody and
refractory pouchitis. Dig Dis Sci 1995; 40:
1866-1872.

Yasuda N, Thomas P, Ellis H, ez al. Perinuclear
anti-neutrophil cytoplasmic antibodies in
ulcerative colitis after restorative proctocolectomy
do not correlate with the presence of pouchitis.
Scand F Gastroenterol 1998; 33: 509-513.

Esteve M, Mallolas ], Klaassen ], ez al. Anti-
neutrophil cytoplasmic antibodies insera from
colectomised ulcerative colitis patients and its
relation to the presence of pouchitis. Guz 1996;
38: 894-898.

Kaditis AG, Perrault J, Sandborn W7, ez al.
Antineutrophil cytoplasmic antibody subtypes
in children and adolescents after ileal pouch-
anal anastomosis for ulcerative colitis. ¥ Pediatr
Gastroenterol Nutr 1998; 26: 386—392.

Yang P, Oresland T, Jarnerot G, et al. Perinuclear
antineutrophil cytoplasmic antibody in pouchitis
afterp roctocolectomy with ileal pouch-anal
anastomosis forulcerative colitis. Scand ¥
Gastroenterol 19965 31: 594-598.

Sandborn W], Landers CJ, Tremaine WJ, ez al.
Antineutrophil cytoplasmic antibody correlates
with chronic pouchitis after ileal pouch-anal
anastomosis. Am J Gastroenterol 1995; 90:
740-746.

97.

98.

99.

100.

101.

102.

103.

104.

Vecchi M, Gionchetti P, Bianchi MB, ez al.
p-ANCA and development of pouchitis in
ulcerative colitis patients after proctocolectomy
and ileoanal pouch anastomosis. Lancer 1994;
344: 886-887.

Akiyama S, Ollech JE, Rai V, ez al. Endoscopic
phenotype of the J pouch in patients with
inflammatory bowel disease: a new classification
for pouch outcomes. Clin Gastroenterol Hepatol
2022; 20: 293-302.

Morgan XC, Kabakchiev B, Waldron L, ez al.
Associations between host gene expression, the
mucosal microbiome, and clinical outcome in
the pelvic pouch of patients with inflammatory
bowel disease. Genome Biol 2015; 16: 67.

Kabakchiev B, Tyler A, Stempak JM, ez al.
Downregulation of expression of xenobiotic
efflux genes is associated with pelvic pouch
inflammation inulcerative colitis. Inflamm Bowel
Dis 2014; 20: 1157-1164.

Huang Y, Dalal S, Antonopoulos D, ez al.

Early transcriptomic changes in the ileal pouch
provide insight into the molecular pathogenesis
of pouchitis and ulcerative colitis. Inflamm Bowel
Dis 2017; 23: 366-378.

Kawaguchi AL, Dunn JC, Saing MS, et al.
Functional and morphologic changes of the ileal
mucosa after ileoanal pouch procedure. ¥ Am
Coll Surg 2000; 190: 310-314.

Ben-Shachar S, Yanai H, Baram L, ez al.

Gene expression profiles of ileal inflammatory
bowel disease correlate with disease

phenotype and advance understanding of its
immunopathogenesis. Inflamm Bowel Dis 2013;
19: 2509-2521.

Stallmach A, Chan CC, Ecker K,

et al. Comparable expression of matrix
metalloproteinases 1 and 2 in pouchitis and
ulcerative colitis. Guz 2000; 47: 415-422.

Visit Sage journals online
journals.sagepub.com/
home/tag

S Sage journals

journals.sagepub.com/home/tag


https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag
https://journals.sagepub.com/home/tag

