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1. Introduction

The staged total proctocolectomy (TPC) with ileal pouch anal anasto-
mosis (IPAA) is the gold standard surgical treatment for ulcerative colitis
(UC) complicated by treatment refractory disease or dysplasia. Acute
pouchitis is the most common post-IPAA inflammatory condition of the
pouch with reported cumulative incidence rates of 50% (Barnes et al.,
2020; Ferrante et al., 2008; Kayal et al., 2019). Symptoms of acute pou-
chitis include increased stool frequency, urgency, pelvic pain, and hema-
tochezia. Antibiotics are the mainstay of treatment and induce remission in
80% of patients, however approximately 20% will progress to chronic
pouch inflammation, often requiring continuous antibiotic use or escala-
tion to biologic or small molecule therapy (Fazio et al., 1995; Shen, 2012).

Chronic pouch inflammation is categorized as antibiotic dependent,
antibiotic refractory or Crohn's disease like. Chronic antibiotic dependent
pouchitis (CADP) involves persistent (> 4 weeks) or recurrent symptoms
of pouchitis (> 4 episodes per year) that are responsive to long-term,
continuous antibiotic use (Zezos and Saibil, 2015; Quinn and Raffals,
2020). In contrast, chronic antibiotic refractory pouchitis (CARP) in-
volves persistent or recurrent symptoms of pouchitis that are unrespon-
sive to a 4-week course of antibiotics and require escalation of therapy
(Zezos and Saibil, 2015; Quinn and Raffals, 2020; Shen et al., 2012;
Tulchinsky et al., 2003). Crohn's disease like pouch inflammation
(CDLPI) presents similarly to traditional CD with severe inflammation of
the pouch body and pre-pouch ileum, strictures of the pre-pouch ileum or
proximal small bowel, and/or fistulae involving the perineum or prox-
imal small bowel (Barnes et al., 2019). Refractory cuffitis involves
inflammation of the residual rectal mucosa and may also be a feature of
CDLPI (Wu et al., 2013).

The etiology of chronic pouch inflammation remains largely unknown,
however is theorized to be multifactorial and involve a complex interaction
between the pouch mucosal immune system and microbiome in geneti-
cally susceptible patients, not dissimilar to the etiopathogenesis of in-
flammatory bowel disease (IBD) (Dalal et al., 2018; Yanai et al., 2015). The
pouch undergoes a pro-inflammatory transcriptional shift after ostomy
closure consistent with colonic metaplasia, changes in the extracellular
matrix and enhanced immune activation (Huang et al., 2017; Luukkonen
et al.,, 1988; Hinata et al., 2012). In this context, chronic pouch inflam-
mation is triggered by microbial dysbiosis secondary to fecal stasis in pa-
tients with genetic predisposition (Tyler et al., 2013; Reshef et al., 2015;
Turpin et al., 2019). Risk factors for acute and chronic pouchitis include
genetic polymorphisms of interleukin-1-receptor antagonist and NOD2/-
CARD 15, history of extensive UC, extra-intestinal manifestations such as
primary sclerosing cholangitis (PSC) and the presence of perinuclear
anti-neutrophil cytoplasmic antibodies (PANCA). (Aisenberg et al., 2004;
Meier et al., 2005; Schmidt et al., 1998; Fleshner et al., 2001).

There are no currently approved medications for acute or chronic
pouchitis, and drug development has partly been limited by the lack of a
fully validated instrument that measures pouchitis disease activity or
response to therapy. The Pouchitis Disease Activity Index (PDAI) involves
a composite of clinical, endoscopic and histologic scores to define pou-
chitis and is the most commonly used pouchitis classification measure
(Fig. 1), yet it is limited by reliability and the lack of established treat-
ment targets (Sandborn et al., 1994). Furthermore, there are no large,
randomized controlled trials and evidence for currently used therapies is
limited. As a result, the treatment of chronic pouch inflammation may be
challenging. In this review, we aim to discuss the medical management of
chronic pouch inflammation and its supporting evidence.
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Criteria Score
Stool frequency
e Usual postoperative stool frequency 0
e 1-2 stool/day >postoperative usual 1
e 2 3 stool/day >postoperative usual 2
Rectal bleeding
e None or rate 0
e Present daily 1
Fecal urgency or abdominal cramps
e None 0
e Occasional 1
e Usual 2
Fever (temperate = 37.8 C)
e Absent 0
e Present 1
Endoscopic inflammation
e Edema 1
e Granularity 1
e Friability 1
e Loss of vascular pattern 1
e Mucous exudate 1
e Ulceration 1
Acute Histological Inflammation
e Polymorphonuclear leukocyte infiltration
e Mild 1
o Moderate + crypt abscess 2
e Severe + crypt abscess 3
Ulceration per low power field (mean)
o <25% 1
e 25% -50% 2
e >50% 3
Fig. 1. Pouchitis disease activity index.
2. Antibiotics
Table 1
Summary of available evidence. In patients with CADP, maintenance antibiotic therapy is used to
Therapy Chronic Chronic Crohn's Disease mitigate symptoms and prevent recurrent episodes of pouchitis. Cipro-
Antibiotic Antibiotic Lﬂf‘le Pouch floxacin and/or metronidazole at the lowest effective dose are the most
PDeP endent Refractory [nflammation commonly prescribed antibiotics in CADP, however the supporting evi-
ouchitis Pouchitis
— dence is limited. In a cohort study of 44 patients with CADP who received
Qﬂ?ﬁf L_ - N combination ciprofloxacin and metronidazole for 28 days, 36 (82%)
Mesalamine _ . _ achieved clinical and endoscopic remission after antibiotic therapy
Corticosteroids - n - (Mimura et al., 2002). Median PDAI and IBD questionnaire (IBDQ) scores
Adalimumab, - ++ improved significantly even in the eight patients who did not achieve
Infliximab remission at 28 days (Mimura et al., 2002). The risks of chronic cipro-
Ustekinumab - + + fl . d id le th include tendinitis/tend t
Vedolizumab N i 4 oxacin an metronidazole erapy include tendini is/tendon rupture
Tofacitinib _ 4 _ and peripheral neuropathy, respectively.
Tacrolimus - + - In addition to these adverse effects, long-term maintenance therapy
Fecal Miclmbi"ta - ++ - with ciprofloxacin and metronidazole CADP may promote resistance. In
Transplant

+ Indicates supportive evidence is based on cohort studies, ++ indicates sup-
portive evidence is based on randomized controlled trials.
- Indicates no supportive evidence.

an observational study of 39 patients with CADP and continuous anti-
biotic use for at least one year, 78% had evidence of antibiotic resistance
on stool coliform testing (Segal et al., 2018). In a prospective study of 49
patients, 27 of whom had chronic pouch inflammation, antibiotics
reduced virulent disease associated bacteria such as Clostridium
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Symptoms
Increased stool frequency, urgency, incontinence, hematochezia, abdominal discomfort

Evaluation - labs, stool studies, pouchoscopy, imaging

Cuffitis

Acute Pouchitis

Crohn’s Disease Like
Pouch Inflammation

Persistent or recurrent symptoms

Mesalamine suppositories

Chronic Pouchitis

Infliximab, adalimumab

T vs
Response to antibiotics Vedolizumab
I
No Yes ve
Ustekinumab
Chronic Chronic
Antibiotic Antibiotic
Refractory Dependent
Pouchitis Pouchitis

Response to budesonide

Continue antibiotics at
lowest effective dose

Vs

Cycle antibiotics

No Yes
Infliximab, adalimumab Continue budesonide at
lowest effective dose
vs
Vedolizumab vs
vs Infliximab, adalimumab
Ustekinumab vs
vs Vedolizumab
Tofacitinib vs
Ustekinumab
VS
Tofacitinib

Fig. 2. Approach to symptoms in patients after total proctocolectomy with ileal pouch anal anastomosis.

perfringens, Ruminocooccus gnavus, Klebsiella penumoniae, in addition
to beneficial bacteria such as Faecalibacterium prausnitzii (Dubinsky
et al., 2020). Furthermore, antibiotic therapy resulted in multiple
ciprofloxacin-resistance mutations in drug target genes and confirmed
drug resistance. Reassuringly, microbiome composition recovered after
cessation of antibiotic therapy in these patients, with resurgence of
baseline pre-therapy bacteria. Alternating antibiotic regimens at the
lowest effective dose may decrease the risk of antibiotic resistance,
however there is insufficient data to recommend this practice in CADP.

Rifaximin is a non-absorbable alternative to ciprofloxacin and
metronidazole for CADP in patients who have developed resistance or
adverse effects. In an open-label study of 51 patients with CADP who
received a two-week course of ciprofloxacin or metronidazole for

induction of remission followed by rifaximin for maintenance, 33 (65%)
were in clinical and endoscopic remission at 3 months as determined by
the modified Pouchitis Disease Activity Index (mPDAI) (Shen et al,,
2008). Of these patients, the majority (23, 70%) received 200 mg/day of
rifaximin during the maintenance period, and the remainder required
rifaximin dose escalation to a maximum of 1200 mg/day. A high per-
centage (58%) of responsive patients remained on maintenance therapy
at one year, suggesting rifaximin is effective at sustained, long-term
remission.

Alternative antibiotics to consider in patients with CADP refractory or
intolerant to those discussed above include tinidazole, amoxicillin-
clavulanate, or vancomycin, particularly in patients with Primary Scle-
rosing Cholangitis, though data is limited (Shen et al., 2007, 2022;
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Ardalan and Sparrow, 2019). Antibiotics have been used as adjunct in-
duction therapy in patients with an inflammatory phenotype of CDLPI,
however outcomes are unknown (Shen et al., 2022; Jarchin et al., 2019).

3. Probiotics

Probiotics may be used as maintenance therapy and secondary pro-
phylaxis in patients with CADP, however data is limited. In a randomized
controlled trial of 40 patients with CADP in clinical and endoscopic
remission, only 15% of patients randomized to daily VSL#3 had disease
relapse within nine months, compared to 100% of patients randomized to
placebo (Gionchetti et al., 2000). In a subsequent randomized controlled
trial of 36 patients with CADP in whom remission was induced via four
weeks of combination ciprofloxacin and metronidazole, 85% randomized
to daily VSL#3 maintained remission at 12 months compared to 6%
randomized to placebo (p < 0.0001) (Mimura et al., 2004). However,
real-world data has not replicated these positive results. In an observa-
tional study of 31 patients with CADP prescribed VSL#3, 81% dis-
continued the therapy at 8 months due to symptom relapse or adverse
effects such as bloating and flatulence (Shen et al., 2005). There is no
data to support the use of probiotics in patients with CARP.

4. Mesalamine

There is no data regarding mesalamine in CADP and the evidence to
support their use in CARP is limited to a single case series (Shen et al.,
2007). In a study of 16 patients with CARP comparing combination
ciprofloxacin and tinidazole to mesalamine (oral 4 g/day, enema 8
g/day, or suppository 1 g/day formulation), there was a significant
reduction in total PDAI scores in the mesalamine group and the rates of
clinical remission and response were 50% and 50%, respectively. This
small case series included both oral and topical mesalamine formulations
and did not delineate which formulation was superior. As a result, there
is no data to support the choice of oral vs topical mesalamine formulation
for patients with CARP.

Importantly, cuffitis and pouchitis often co-exist with overlapping
symptoms (Hashimoto et al., 2014). Mesalamine suppositories are
considered first line therapy for patients with cuffitis, however data is
limited to a single study. In an open label trial of 14 patients with cuffitis
treated with mesalamine suppositories (500 mg twice a day), there was
significant improvement in symptomatic, endoscopic, and histologic
endpoints with 92% of patients with hematochezia noting improvement
(Shen et al., 2004). There are no other therapies that have been inves-
tigated for the management of cuffitis.

5. Corticosteroids

Budesonide is an oral synthetic steroid that provides luminal control
of inflammation with minimal systemic absorption and may be used as
induction therapy in CARP. There are few studies that support the use of
budesonide in CARP, and they are limited by small sample sizes. In a case
series of 13 patients with CARP, 60% reported a favorable clinical
response with budesonide (Chopra et al., 2006). In a subsequent pro-
spective study of 20 patients with CARP treated with budesonide 9
mg/day for eight weeks, 75% achieved remission and the median total
PDAI scores significantly decreased from 14 to 3 (p < 0.001) (Gionchetti
et al., 2007). There is no data to guide subsequent therapy in patients
who respond to budesonide after eight weeks, however consideration
should be given to maintenance at the lowest effective dose or escalation
to biologic.

There is limited data to support the use of beclomethasone in CARP.
In an open-label study of 10 patients with CARP treated with oral
beclomethasone 10 mg per day for eight weeks, 80% of patients achieved
clinical remission and the median number of bowel movements
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decreased significantly from 10 to 6, p < 0.001 (Gionchetti et al., 2014).
There are no studies that have evaluated the efficacy of other oral (ie
prednisone) or topical steroids in CARP.

6. Biologics

Biologics such as anti-tumor necrosis factor (TNF), anti-integrin and
anti-interleukin agents should be considered in patients with CARP or
CDLPI. Multiple case reports and retrospective studies have demon-
strated the efficacy of biologics in CARP and CDLPI, however there is
insufficient evidence to recommend one biologic agent over the other. In
a meta-analysis of 311 patients with CARP treated with biologics, the
pooled rate of clinical remission was 65.7%, 31%, 47.4% with infliximab,
adalimumab, and vedolizumab, respectively (Chandan et al., 2021). Se-
lection of a biologic should take into account previous pre-colectomy
biologic class exposure, as patients exposed to anti-TNF therapy pre-
and post-IPAA may be less likely to experience clinical remission and
more likely to have pouch failure (Kayal et al., 2020).

6.1. Anti-tumor necrosis factor (TNF) therapy — infliximab and
adalimumab

In a retrospective, multicenter study of 33 patients with CARP treated
with infliximab, 21% of patients achieved clinical remission at week
eight, 33% at week 26, and 27% at week 52 (Barreiro-de Acosta et al.,
2012a). In a separate analysis of only the patients who continued therapy
beyond week eight, 44% achieved clinical remission at week 26 and 56%
at week 52 (Barreiro-de Acosta et al., 2012a). In a subsequent retro-
spective study of eight patients with CARP previously treated with
infliximab, rescue adalimumab therapy achieved clinical remission in
13% at week eight, 13% at week 26, and 25% at week 52 (Barreiro-de
Acosta et al., 2012b).

There is only one randomized, placebo-controlled trial that evaluated
the efficacy of adalimumab in CARP (Kjar et al., 2019). The primary
outcome was reduction in PDAI > 2 at any time and the secondary out-
comes were clinical remission, endoscopic and histologic response, and
quality of life. In the small number of patients (n = 13) included, six
received adalimumab and seven received placebo. There was no signif-
icant difference in the primary or secondary outcomes among the two
groups however no conclusions can be drawn from this highly under-
powered study.

Two small, single center open-label studies have investigated adali-
mumab for the management of CDLPL. In the first, 17 patients with in-
flammatory (n = 10), fibrostenotic (n = 2) or fistulizing (n = 5) CDLPI
treated with adalimumab were included (Shen et al., 2009). At week
four, seven (41.2%) patients reported clinical remission and six (35.3%)
reported clinical response. There was a significant improvement in the
mean PDAI endoscopic sub-score at week 4 from a score of 3
pre-treatment to a score of O post-treatment, p < 0.001. However, three
(17.7%) patients ultimately required pouch excision. In the second study,
48 patients with CDLPI were treated with adalimumab. Among these, 24
(50%) patients achieved clinical remission, 10 (21%) achieved partial
remission, and 14 (29%) had no response at eight weeks (Li et al., 2012).
At the end of follow-up, 13 (27%) patients achieved mucosal remission
and nine (19%) required pouch excision.

In a meta-analysis of 313 patients treated with infliximab or adali-
mumab for CARP or CDLP], the overall rates of short-term and long-term
clinical remission were 50% and 52%, respectively (Huguet et al., 2018).
In further analysis, rates of remission after induction and after mainte-
nance were 10% and 37% in patients with CARP and 64% and 57% in
patients with CDLPIL, respectively, suggesting anti-TNF agents may be
more efficacious for CDLDPI than CARP. There was no significant dif-
ference in remission rates among patients treated with infliximab or
adalimumab.
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Thiopurine use in chronic pouch inflammation as monotherapy or
combination therapy with anti-TNF agents has not been comprehensively
studied. In a retrospective review of 22 patients with CDLPI who were
treated with azathiopurine/6-mercaptopurine and infliximab, six (29%)
patients with fistulizing disease had no clinical response and required a
permanent ileostomy (Haveran et al., 2011). In the subset group of eight
patients with stricturing disease or inflammation limited to the pouch
body, all were treated successfully with azathiopurine/6-mercaptopurine
(7/8) or infliximab (1/8).

6.2. Anti-interleukin therapy - ustekinumab

Ustekinumab has demonstrated efficacy in CARP and CDLPI with
improvement in endoscopic and clinical outcomes. In a retrospective,
multicenter study of 56 patients (47 with CDLPI and 9 with CARP), 83%
demonstrated clinical response six months after induction with uste-
kinumab, although none were in clinical remission (Weaver et al.,
2019). Among the responders, 60% were able to completely stop anti-
biotics within the initial six months of therapy (Weaver et al., 2019).
Higher mean body mass index at induction (26.3 vs 23.7, p = 0.033)
and male sex (83% vs 30%, p = 0.014) were predictors of non-response
in patients with CDLPI. In a subsequent, retrospective single-center
study of 24 patients with CARP treated with ustekinumab, 12 (50%)
patients had a clinical response with a decrease in the median number
of bowel movements per 24 h from 8 to 6, p = 0.002 (Ollech et al.,
2019). In the subset of patients who had pouchoscopy data available
after ustekinumab treatment, the median endoscopic PDAI score
decreased by only one point, from 5 to 4, yet met statistical significance
(p = 0.016).

Ustekinumab dose escalation and optimization may be necessary to
achieve remission in patients with chronic pouch inflammation. In a
recent retrospective study of 46 patients (six with CARP, four with
cuffitis, and 36 with CDLPI), 80.4% of patients had clinical response
8-16 weeks after ustekinumab induction. (Dalal et al., 2021). Dose
intensification was required in 50% of patients after a median of 223
days due to breakthrough symptoms before eight weeks. After dose
intensification, 70% of patients had endoscopic improvement in pouch
inflammation.

6.3. Anti-integrin therapy - vedolizumab

Multiple small, retrospective observational studies have reported on
the efficacy on vedolizumab in chronic pouch inflammation. In a retro-
spective, multicenter study of 20 patients with CADP and CARP treated
with vedolizumab, 64% achieved clinical remission and there was no
difference in efficacy among anti-TNF naive and anti-TNF experienced
patients (Bar et al., 2018). In a subsequent retrospective, multicenter
study of 83 patients (54 with CDLPI and 29 with CARP) treated with
vedolizumab, 71.1% of patients had a clinical response and 19.3% ach-
ieved clinical remission (Gregory et al., 2019). Separate analysis of only
the CARP patients was unavailable, however there was no difference in
efficacy in patients with CDLPI or CARP. Patients who developed
symptoms of pouch inflammation within one year of IPAA were less
likely to have clinical response to vedolizumab (Gregory et al., 2019). In
a case series of 15 patients with CARP treated with vedolizumab, clinical
remission was achieved in 60% of patients, and significantly more pa-
tients continued vedolizumab compared to anti-TNF therapy due to less
adverse effects (Verstockt et al., 2019).

The first randomized, double-blind, placebo-controlled multicenter
study of vedolizumab for the management of CARP was recently
completed. In this study of 102 patients, 51 were randomized to vedo-
lizumab and 51 to placebo (Efficacy and safety of in, 2790). Clinical
remission rates at weeks 14 and 34 in the vedolizumab vs placebo group
were 31.4% vs 9.8% (p = 0.013), and 35.2% vs 17.6% (p = 0.043),
respectively. Analysis of secondary outcomes is forthcoming.
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7. Small molecules

The data regarding tofacitinib in chronic pouch inflammation is
limited and conflicting. In a case report of a 20-year-old woman with
CARP refractory to anti-TNF therapy, tofacitinib resulted in clinical and
endoscopic remission within six months (Okano et al., 2020). In a
separate case report of a 68-year-old man with CDLPI, tofacitinib simi-
larly resulted in clinical and endoscopic remission within six months
(Bauer et al., 2020). In a single center, retrospective study of 426 patients
who underwent TPC with IPAA, seven (1.6%) were treated with tofaci-
tinib for chronic pouchitis. Only one (14.2%) patient had clinical
improvement and four (57.1%) discontinued tofacitinib due to lack of
improvement, worsening of symptoms, or severe anemia (Akiyama et al.,
2020). There is an ongoing study to evaluate the effectiveness of tofaci-
tinib in patients with CARP (Melmed, 2020). Additional data is needed
before tofacitinib can be routinely recommended for the management of
chronic pouch inflammation.

8. Tacrolimus

Topical tacrolimus administered via enema has demonstrated efficacy
and safety in CARP. In an open-label study of 10 patients with CARP
treated with once daily tacrolimus enema for eight weeks, 70% of pa-
tients achieved clinical remission (Uchino et al., 2013). The mean PDAI
score decreased significantly from 15.9 to 7.8 after eight weeks of ther-
apy (p < 0.01). No serious adverse events were reported.

9. Fecal microbiota transplant

Bacterial dysbiosis has been implicated in the pathogenesis of chronic
pouch inflammation, and there is evidence that increased proportions of
certain microbial groups correlate with increased clinical pouchitis dis-
ease activity and inflammatory markers (Tyler et al., 2013; Reshef et al.,
2015; Turpin et al., 2019; Dubinsky et al., 2020). Given this, manipula-
tion of the pouch microbiome via fecal microbiota transplantation (FMT)
has been theorized to be a promising therapeutic approach for patients
with chronic pouch inflammation. Unfortunately, studies thus far using
donor stool obtained from healthy patients with intact colons have not
shown FMT to be efficacious for CARP and donor microbiota engraftment
has been poor (Kayal ML et al., 2020).

In a pilot study of eight patients with CARP treated with FMT via
nasogastric infusion, no patient achieved clinical remission (Landy et al.,
2015). Two patients had a reduction of composite PDAI score >3 at four
weeks post-FMT however both still had a composite PDAI score >7. No
major adverse events following FMT were observed (Landy et al., 2015).
In a subsequent pilot study of 19 patients with CARP treated with FMT
via pouchoscopy, bowel movement frequency significantly decreased
from 9.25 movements per day pre-FMT to 7.25 post-FMT, p = 0.03
(Selvig et al., 2020). Despite this, there was no significant change in PDAI
and seven patients required additional therapy during follow-up.

In a recent double-blind, randomized controlled trial comparing FMT
with placebo in 26 patients with CARP, nine patients in the FMT group
and eight patients in the placebo group relapsed during follow-up (p =
0.18) (Karjalainen et al., 2021). Furthermore, five patients in the FMT
group relapsed within the first four weeks following FMT, while no pa-
tient in the placebo group relapsed during this time period. Additional
prospective studies are needed to investigate the benefit of FMT in CARP,
with particular consideration to protocol issues such as use of fresh or
frozen stool from pooled or non-pooled multi-donors, frequency and in-
terval of FMT, and concomitant use of antibiotics and probiotics.

10. Hyperbaric oxygen therapy
Hyperbaric oxygen therapy for the management of CARP has been

investigated in a single case series. In this retrospective case series of 46
patients with CARP treated with repeated sessions of hyperbaric oxygen
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therapy (range 10-60), there was a significant reduction in the mean
PDAI symptom sub-score (3.19-1.19, p < 0.05) and endoscopic PDAI
sub-scores in the afferent limb (2.31 tot 0.85, p = 0.006), pouch body
(2.34-1.29, p < 0.001), and cuff (1.93-0.63, p < 0.001) (Hasan et al.,
2021). Transient adverse effects included ear barotrauma and hyperbaric
myopic changes.

11. Conclusion

Approximately 20% of patients with acute pouchitis will develop
chronic pouch inflammation and require continuous antibiotic use or
escalation to immunomodulatory therapy (Fazio et al., 1995; Shen,
2012). Appropriate assessment and treatment is imperative for patients
with chronic pouch inflammation to decrease symptoms, improve quality
of life, and mitigate the risk of pouch failure. A summary of the available
data discussed in this review is presented in Table 1 and a recommended
approach is offered in Fig. 2 with the consideration that choice of therapy
should be tailored to each patient and prior medication exposure.
Additional studies are needed to develop evidenced based treatment al-
gorithms for patients with chronic pouch inflammation.
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