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Abstract

Background: Following ileal pouch-anal anastomosis [IPAA] for ulcerative colitis [UC], up to 16% of patients develop Crohn's disease of the
pouch [CDPI, which is a major cause of pouch failure. This systematic review and meta-analysis aimed to identify preoperative characteristics
and risk factors for CDP development following IPAA.

Methods: A literature search of the MEDLINE, EMBASE, EMCare and CINAHL databases was performed for studies that reported data on
predictive characteristics and outcomes of CDP development in patients who underwent IPAA for UC between January 1990 and August 2022.
Meta-analysis was performed using random-effect models and between-study heterogeneity was assessed.

Results: Seven studies with 1274 patients were included: 767 patients with a normal pouch and 507 patients with CDP. Age at UC diagnosis
(weighted mean difference [WMD] -2.85; 95% confidence interval [CI] =4.39 to —1.31; p=0.0003; P 54%) and age at pouch surgery [WMD
-3.17;95% CIl -5.27 to —1.07; p = 0.003; P 20%) were significantly lower in patients who developed CDP compared to a normal pouch. Family
history of IBD was significantly associated with CDP (odds ratio [OR] 2.43; 95% CI 1.41-4.19; p = 0.001; P 31%], along with a history of smoking
[OR 1.80; 95% CI 1.35-2.39; p < 0.0001; # 0%]. Other factors such as sex and primary sclerosing cholangitis were found not to increase the
risk of CDP

Conclusions: Age at UC diagnosis and pouch surgery, family history of IBD and previous smoking have been identified as potential risk
factors for CDP post-IPAA. This has important implications towards preoperative counselling, planning surgical management and evaluating
prognosis.
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CONCLUSIONS

Age at UC diagnosis and pouch
surgery, family history of IBD and
previous smoking identified as
potential risk factors for CDP
post-IPAA

Important implications on
preoperative counselling, surgical
management and prognosis to
reduce the risk of pouch failure
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1. Introduction

Inflammatory bowel disease [IBD], consisting of Crohn’s
disease [CD] and ulcerative colitis [UC], is a group of
chronic relapsing/remitting immunologically mediated intes-
tinal disorders. They are thought to be triggered by complex
interactions between genetics, environment and the gut
microbiome.! Endoscopic and pathological features of both
CD and UC can be identified in 7-10% of patients with IBD.?
Diagnosis in these group of patients can be challenging and
is often reported as indeterminate colitis or IBD-unclassified
in the literature. The initial diagnosis of UC may change to
CD over time in patients with IBD colitis.>* In a retrospective
Swedish study with 44 302 IBD patients, 18% of patients
had a change in their initial diagnosis and among them 39%
changed diagnosis from UC to CD.*

Despite advances in the medical treatment of UC, up to
35% of patients with UC will ultimately require colectomy.?
It has been reported that 5-16% of UC patients under-
going total proctocolectomy and ileal pouch—anal anasto-
mosis [IPAA] subsequently develop clinical, radiological,
endoscopic or histopathological findings of CD described as
Crohn’s disease of the pouch [CDP] or Crohn’s-like disease of
the pouch.’” However, the diagnostic criteria of CDP remain
poorly defined. The discrepancy in the diagnostic criteria and
duration of follow-up between studies explains the consider-
able variation in the reported frequency of CDP.'*!3 CDP can
be classified into inflammatory, fibrostenotic [or stricturing]
and fistulizing [or penetrating] phenotypes adopted from
the Montreal classification for CD'*'” and it can affect any
extra-pouch segments of the gastrointestinal tract synchron-
ously or metachronously."® CDP is usually characterized by
[1] the presence of fistula 1 year after ileostomy closure in
the absence of surgical complication; [2] stricture involving
the pouch, pouch inlet or pre-pouch ileum; and [3] presence
of pre-pouch ileitis [five or more aphthous ulcers or ulcer

in the afferent limb, excluding the effect of non-steroidal
anti-inflammatory drugs]| or pouch ulceration away from the
anastomosis.>!""?

The development of CDP after IPAA is associated with a
significantly lower quality of life and higher risk of septic
complications and pouch failure, resulting in pouch resec-
tion or permanent diversion.?>* Therefore, the identifica-
tion of risk factors for CDP is becoming an increasingly
important component of preoperative surgical planning,
evaluation of prognosis and postoperative management.
Early research has shown discordant results regarding the
role of risk factors for CDP.2*?° As a result, preoperative
clinical characteristics associated with the development of
CDP in patients have not yet been fully defined or estab-
lished. The primary outcome of this systematic review and
meta-analysis is to investigate potential clinical predictors
and risk factors associated with CDP in patients undergoing
IPAA for UC.

2. Materials and Methods

2.1. Search strategy

A literature search of the MEDLINE, EMBASE, EMCare
and CINAHL databases was performed [Supplementary
Table S1]. Specific research equations were formulated for
each database using the following Medical Subject Headings
[MesH] terms: ulcerative colitis, colitis, inflammatory bowel
disease, total colectomy, proctocolectomy, ileoanal pouch,
ileal pouch-anal anastomosis, de novo, Crobn’s disease, treat-
ment, outcome and sequelae. We retrieved articles published
in the English language between January 1990 and August
2022 that reported predictive characteristics and outcomes
on the development of CDP in patients with UC who under-
went [PAA. The reference lists from the selected studies were
reviewed to identify any additional relevant studies.
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The systematic review and meta-analysis were conducted
according to the Preferred Reporting Items for Systematic
Reviews and Meta-Analysis [PRISMA] guidelines®® and the
Cochrane Handbook for Systematic Reviews of interven-
tions.?! The study was registered in the PROSPERO database
for systematic reviews in April 2022 [CRD42022326317].

2.2. Study selection and data extraction

The studies chosen had to specifically report risk factors or
outcomes in patients who developed CDP after IPAA for UC.
Study types included randomized controlled trials, and pro-
spective and retrospective studies. The exclusion criteria were
the following: [1] articles published in a non-English language
or in a book, [2] letters to the editor, case reports or confer-
ence abstracts, and [3] animal studies or non-available full-
text articles. Patients who had a preoperative diagnosis or
developed intermediate colitis following IPAA were ruled out
in this systematic review.

Two authors [MGF and GG] conducted the search and
identification independently against the inclusion and exclu-
sion criteria, arriving at a final list of articles. Any disagree-
ment was resolved by a third independent reviewer [CK]. Each
included manuscript was read to determine ultimate inclusion
in the final analysis. From the manuscripts, the following in-
formation was extracted and summarized: first author, year of
publication, country, study period and design, type of pouch,
surgical approach, duration of follow-up, number of patients
with a normal pouch or CDP, criteria for CDP diagnosis,
and information on CDP features and presentation including
endoscopic and histopathological findings and complications.
The following information was extracted and presented as
forest plots analysing data from the normal pouch group
and CDP group: age at UC diagnosis and at IPAA surgery,
duration of UC before IPAA surgery, Ashkenazi population,
gender, primary sclerosing cholangitis [PSC], family history
of IBD, smoking history and indication for IPAA surgery
[including pancolitis, fulminant colitis and dysplasia/cancer].

2.3. Risk of bias assessment

The risk of bias of each study was assessed using the Risk Of
Bias In Non-randomized Studies of Interventions [ROBINS-I]
tool.’> This tool examines seven domains as a possible
source of bias: [i] confounding, [ii] selection of participants,
[iii] classification of interventions, [iv] deviations from in-
tended interventions, [v] missing data, [vi] measurement of
outcomes and [vii] selection of reported results across the
three different levels [pre-intervention, at intervention and
post-intervention]. For each domain, multiple standardized
signalling questions are answered with ‘yes’, ‘probably yes’,
‘probably no’, ‘no’ and ‘no information’. Based on these an-
swers, a domain-level judgement of bias is formulated and the
risk of bias for each domain can be characterized as ‘low risk’,
‘moderate risk’, ‘high risk’, ‘critical risk’ or ‘no information’.
Based on the domain-level judgements, an overall risk of bias
assessment is made using the same terms. Two authors [MGF
and GG] independently assessed the risk of bias of each study
and any disagreement was resolved by re-examining the rele-
vant article until consensus was achieved.

2.4. Statistical analysis

Available data were handled according to the principles
stated in the Cochrane Handbook 13.3! Data on outcomes
of interest were summarized and analysed cumulatively.
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Categorical variables were reported as number of events
among the total cases. Based on the extracted data, the odds
ratio [OR] and 95% confidence interval [CI] were calcu-
lated by means of 2 x 2 tables for each categorical event; an
OR > 1 indicated that the trait was more frequently present
in the CDP group. Where continuous data were presented as
a median and range or median and interquartile range, we
applied the methods described by Hozo et al.>* and Wan et
al’* respectively, to estimate the mean and standard devi-
ation [SD]. Weighted mean differences [WMDs] and 95% Cls
were estimated for each continuous outcome; a WMD > 0
corresponded to larger values in the normal pouch group.
This is depicted in the forest plots for each separate variable.
Between-study heterogeneity was assessed by estimating the
I? statistic. High heterogeneity was confirmed with I* > 50%
and p values of < 0.05 were taken to indicate statistical sig-
nificance. The random-effects model was used to calculate the
pooled effect when heterogeneity was high, while the fixed-
effects model was used when low heterogeneity was encoun-
tered. All statistical analyses including the forest plots were
performed with Reviewer Manager 5.4.1 software (Review
Manager [RevMan]| [computer program]).

3. Results

3.1. Study selection and study characteristics

A total of 969 published articles were identified from the ini-
tial search. In total, 939 publications were excluded after title
and abstract review and removal of duplicates. Thirty articles
were fully reviewed, and seven studies®**! met the inclusion
criteria [Figure 1]. A total of 1274 patients, comprising 767
patients with a normal pouch and 507 patients with CDP,
were included in the final analysis. All studies were retro-
spective and all were single-centre studies other than Barnes et
al.* Six out of the seven studies were from the USA, with one
study?® from an Israeli group. IPAA as a two-stage procedure,
with a J-pouch reconstruction, was the most common sur-
gical approach recorded.’>7-#! None of the studies reported
whether an open or laparoscopic approach was performed.
The mean or median follow-up ranged from 12 months to
20 years across the studies. The baseline study characteristics
including study period, type of pouch, number of stages of
the procedure, number of patients who developed CDP, diag-
nostic criteria of CDP and associated presentation are sum-
marized in Table 1.

The overall risk of bias in the seven studies was deemed to
be low using the ROBINS-I tool [Figure 2]. None of the studies
were found to be at critical risk of bias. A moderate risk of
patient selection bias was identified in three studies.’** Li et
al.*! included patients with UC and a staged IPAA procedure
and/or removal of ileoanal J-pouch, while Yanai ef al.’* simi-
larly restricted the inclusion criteria to patients who under-
went total proctocolectomy and IPAA with construction of
a J-pouch. On the other hand, Barnes ez al.** did not specify
the diagnostic criteria for CDP. The remaining studies pro-
vided detailed criteria on identifying included patients with
UC having underwent the IPAA procedure or a description of
the clinical and radiological criteria for CDP.

3.2. Baseline patient characteristics

The mean or median time to CDP diagnosis following IPAA
ranged from 10.5 to 72 months.?**#" The most frequent
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Figure 1. Flowchart showing the literature search and study selection process according to PRISMA guidelines.

CDP features described were [1] pouch-related fistula or ab-
scess occurring more than 1 year after ileostomy closure, [2]
development of a stricture in the pouch and [3] inflammation
of the afferent limb proximal to the pouch. Initial signs of
CDP reported by Li et al.*' were most commonly endoscopic
ileal inflammation, severe pouchitis, fistula, perineal/pelvic
abscess, stricture and small bowel obstruction. Histology
was consistent with pyloric gland metaplasia in four cases
reported by Shen et al.3’ and granulomas that were not asso-
ciated with ruptured cysts in six cases reported by Li et al.*!
The mean or median age of UC diagnosis was 20.5-28.0
years in the CDP group vs 26.0-30.0 years in the normal
pouch group, whereas the mean or median age at pouch sur-
gery was 26.0-36.0 vs 36.0-40.0 years. The mean or median
duration of UC before pouch surgery was 48-96 months in
the CDP group compared to 72-109 months in the normal
pouch group. Age at UC diagnosis [WMD -2.85; 95% CI
-4.39 to -1.31;p = 0.0003; I* 54 %] and age at pouch surgery
[WMD -3.17; 95% CI -5.27 to ~1.07; p = 0.003; I* 20%]

were statistically significantly lower amongst patients who
developed CDP, as was the duration of UC [WMD -50.32;
95% CI -101.10 to 0.46; p = 0.05; I> 55%] [Figure 3]. With
regard to other baseline patient characteristics, Ashkenazi
population [OR 1.02; 95% CI 0.63-1.64; p = 0.95; I> 7%]
and female gender [OR 1.26; 95% CI 0.98-1.63; p = 0.07;
2 0%] did not demonstrate statistically significant differ-
ences between the two groups. Similarly, there were no differ-
ences between extraintestinal manifestations [PSC] amongst
patients with CDP and a normal pouch [OR 1.02; 95% CI
0.24-4.24; p = 0.98; I* 67%] [Figure 4].

3.3. Family history of IBD and smoking

Family history of IBD and CD was reported in three
and two studies®**! respectively. Family history of IBD was a
statistically higher trait among patients with CDP [OR 2.43;
95% CI 1.41-4.19; p = 0.001; I* 31%], but family history
of CD alone was not found to be associated with a higher

35,39,41



1541

Crohn’s Disease of Pouch Risk Factors

‘spryonod sruoayd Y syuaned sapnpouy,
SOI[02 2ATIBIIDM ‘D) ‘SnIp AT0JBWWR[UI-NIUE [EPIOIAIS-UOU ‘QIYSN ‘SIsowolseue eue-yonod o[t “yyJJ 9seasip [pmoq A1orewrwreur ‘qqy fgonod ay3 Jo aseasip s,uyorD) g aseasip suyoid) ‘qd

~WN\W_ mEOCNquﬁENE ﬁmﬁdumuuﬁmm-ﬁ—xw
1910 pue [97/9] sewonueas [9g/¢]

aamssy [9g/1 1] e[misy [97/.] samadtns [zee-0t
(92 1] smep yonod-axd [9g/, 1] uonew a8ues] [%00T]
-WIBJUI [9M0( [[eWS [97/f,] uonewwey syjuow 78/TS
-ut [euaponp 9/ 1] uonerdm yanog —  TCruey - ‘gonod-[ [%05] 97 (%081 9T 4 8T0T-9661  1T0T w1742 11
uemnisAyd Sunean oyl 8107 1990100 020T
— Jo uonaxdsip ayy 1ad st gqO jo ssouSerpy - syauow 7] - —  [%69] 61 [%T1€] 98 8LT 03 TIOC Arenue[ v 12 soureq
yonod ay3 JO ISEISIP d130UANSOIqY
10 ‘[amoq [ews [ewrxoid arow 10 quuiy
JUDI9J§€ 9} JO UOHBUIWE[JUL “9INSO[d s1eak [9%001]
Aw03s0a]r 19338 T8IA T UBYI dT0W FULLINII0 bLF YT 8871/881 £10T
- e[nasy pajejai-yanod :jo auo 3sed] 3y U - ‘yonod-[ [%7T9l «LT1 (%8¢l 1£ 881 €10T-1861 '[P 32 TRUBL
(%]
gl jo s1jIew [e2130[019s Fuisn 0£4/6T “98e1s-2a1y ],
10 SuiBewr orydeidoiper eia aanpadord [9%96] [%¢€¢] TL/vT
[ea181ms e urmp sajdwes [e2130[03SIY 1M [87-S1 0L/6€ 98e1s-om] ‘yonod-g
£doossopus :s3urpuy [edor3ojoyied 1o/pue  dfued] sreak [%el  [%29] TL/8% 910T
[0z/eT] yonod oy jo aseasip Surzimasty [e21u1]> SULMO[[0] 93 JO UOLBUIqWOd Y (T UEIPIN 0L/ 93e1s-2u0 yonod-[ [%87] 07 (%Ll T§ [ L661-T86L  g'[¥ 12 UOUUEYS
91ns0[> AW03s0a1 Juanbasqns pue
uonewoy yonod 193je SYIUOW ¢ ISLI[ 3 95N
AIVSN 10 suonedrdwod paje[a-[edrsins jo
[07/8] [omoOq [[ews [eIsip  ddudsqe Ay Ul [19ppe[q ‘[eurdea ‘snodueind [%¢ST1]
pue wnuaponp ‘YorwoIs ur suoisy|  ‘Jeueriad] e[nisy e Jo 90ULIN20 [d] ‘yonod 6€/9 98eIs-291y ],
uEOUmOﬁEu pue [07/6] seamionas yuaoel JO [9MO(] [BWS UT S9INIOLIS PAjeId[n Tz [%6S]
-pe yam epnasy ‘[og/s] wmayt feutwial - [sniafi ysemdeq guipnpoxs] yonod 03 [ewr 6€/€T “98e1s-om ]
03 uonEWWERUI JO UoISuUNXY [07/07] -X0Id quII| JUSIGFFE JO [9MO( [[EWS UI SUONE [%97] 1107 2un[ +10T
yonod ur $193]n 10/pUE UOLBWWE[U] -I90[N JO UOLBWWEJUI [EB] :JO JUO ISB3[ Iy — 6€/01 “98e1s-auQ — [%1S] 0T [%6t] 61 6€  01800C Arenue[ L¢P 12 eanay,
Adoossopua 1addn 10 £dossoyonod
uo [amoq [ews [ewrxod arow 10 wnajt
yonod-axd/quiny 3uaiagye ut [Liqerty
‘ewdYIAI9 ‘uoneIadn| uonewweul [d]
‘BuiSewn [pmoq [ews 10 £Adodsopua £q
ﬁmOﬁ\hi uonewiwrejur pue e[nisy pawiguod pue EO_HNUS&ECU —Nudwuﬂw e 0l
4309 ‘[601/0%] quuiif 3usaagye 03 Surpuay  pajejaa Jou yonod 03 [ewrxoid aunidus [q]
-X3 uonewwejul ‘A1981ns 193je 1894 [ £9InSO[d AWO0ISOI]T 193y Jeak [< B[nisy [eue €107
ueyy arow padopadp [601/79] emsty  -112d € jo Juawdoaadp [e] :jo auo 3sed] Iy — — —  [%s81l601 [%T8] L8¥ 96$ 0T10T-L00T 01D 12 TIKT,
[17/1] snggno
pue [gz/1] sniyonod [¢z/p] eisejderow  £30[o3siy uo sewonuerd 10 asn QIYSN Jo
pue[3 orrofAd yirm Juaisisuod A30[0ISIH  JUISAE Y3 U [9MO( [[EWS 1O qUII| JUIIJJE
‘uonednsuod ‘GUNTWOA ‘BISNEU Y I8 SUOTIBIID[N JO UONBWWEJUT ‘SB[NISY [%78] [%06] 6¥/¥t 007 Arenue[ S00T
se yons swoidw4s 9A13ONISqo [mog [eueniad paje[ai-£1931ns-uou Jo 90U — 61/0F 98e1s-om] ‘yonod-[ [%/¥] €T [9%€s] 9T 6 017007 AN o[V 12 UdYS
u ‘qan 1o
vvdl [%] yonod [eutiou
1933e porrad [%] # ‘yoeoadde u ‘yonod [%] # ‘gonod  yum syuoned
[#] uoneyudssad pue samiedy gaD ddD jo e donsouderq dn-mofjoq [ea131ns yydl Jo od4T, o] # 4dD [eurioN JO B_quInN pouad Apmig 1eak Toyany

S111|00 BAI1RIBO|N 10} SISOWOISeUR [eue-yonod 08| BUIMO||04 Yonod Byl JO 8SBBSIP S,Uyoi) JO [BLIOU B YlIM Siuaiied Jo soisueloeleyo Apnis *L ajqeL



1542

M. G. Fadel et al.

Risk of bias domains

Judgement

D1: Bias due to confounding.
D2: Bias due to selection of participants.
D3: Bias in classification of interventions.

D4: Bias due to deviations from intended interventions.

DS: Bias due missing data.
Dé6: Bias in measurement of outcomes.
D7: Bias in selection of the reported result.

A

Mean difference
1V, fixed, 95% CI

Crohn’s pouch  Normal pouch
Study or subgroup Mean  SD Total Mean SD Total Weight

— Moderate

. Low

Figure 2. Risk of bias by domain of the included studies using the Risk Of Bias In Non-randomized Studies of Interventions [ROBINS-I] tool.®

Mean difference
1V, fixed, 95% CI

Barnes 2021 30.3 142 192 33 1§ 86 31.3% -2.70[-6.45, 1.05] —
Li2021 29.7 122 26 34.5 13.5 26 9.0% -4.80[-11.79,2.19] —
Truta 2014 31.5 12 20 40 13 19 7.1% -8.50 [-16.36,-0.64]
Tyler 2013 36 16 109 37 17 487 39.0% -1.00[-4.36,2.36] — .
Yanai 2017 31.6 184 117 38.2 19.9 71 13.5% -6.60 [-12.30, -0.90] e —
Total (95% CI) 464 689 100.0% -3.17 [-5.27, -1.07] >
Tty 2 - - L2 = o, + t t +
Heterogeneity: Chi2 = 5.02,df =4 (P = 0.28); 2= 20% =0 10 0 " 20

Test for overall effect: Z = 2.96 (P = 0.003)
B

Crohn’s pouch  Normal pouch Mean difference
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Favours [crohn’s pouch] Favours [normal pouch]

Mean difference
1V, fixed, 95% CI

Truta 2014 22 10 20 30 11 19 5.4% -8.00[-14.61,-1.39]
Tyler 2013 28 7.12 109 30 13 487 75.9% -2.00[-3.77,-0.23]
Yanai 2017 23 114 117 27.8 12.5 71 18.6% -4.80[-8.37,-1.23]

Total (95% CI) 246 577 100.0%
Heterogeneity: Chi2 = 4.37,df =2 (P =0.11); I = 54%
Test for overall effect: Z = 3.63 (P = 0.0003)

C

-2.85 [-4.39, -1.31]

Mean difference
1V, random, 95% CI

Crohn’s pouch  Normal pouch
Study or subgroup Mean SD Total Mean SD Total Weight

—

>

-0 -5 0 5 10
Favours [crohn’s pouch] Favours [normal pouch]

Mean difference
1V, random, 95% CI

Li 2021 5§72 327 26 126 60 26 66.3% -68.80[-95.07,-42.53]
Truta 2014 118 86.9 20 132121.7 19 33.7% -14.00[-80.67, 52.67]
Total (95% CI) 46 45100.0% -50.32[-101.10, 0.46]

Heterogeneity: Tau? = 833.18, Chi2=2.25df =1 (P = 0.13); 12 = 55%
Test for overall effect: Z = 1.94 (P = 0.05)

——
L]
o
-100 50 0 50 100

Favours [crohn’s pouch] Favours [normal pouch]

Figure 3. Meta-analysis and forest plot of studies assessing [A] age at pouch surgery, [B] age at ulcerative colitis diagnosis and [C] ulcerative colitis

duration. Cl, confidence interval; SD, standard deviation.

incidence of CDP [OR 1.18; 95% CI 0.10-13.62; p = 0.90;
I? 84%] [Figure 5]. Previous history of smoking and current
smoking were reported in three®*%3? and five studies®®37:3-#
respectively. Previous smoking was statistically significant

among patients who developed CDP [OR 1.80; 95% CI
1.35-2.39; p <0.0001; > 0%], whereas this was not the
case with current smoking [OR 1.68; 95% CI 0.92-3.06;
p=0.09; I> 0%].
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Crohn’s pouch  Normal pouch Odds ratio Odds ratio
Study or subgroup Events  Total Events  Total Weight M-H, fixed, 95% CI M-H, fixed, 95% CI
Tyler 2013 9 109 29 487 29.3% 1.42 [0.65, 3.10]
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Figure 4. Meta-analysis and forest plot of studies assessing [A] Ashkenazi population, [B] female gender and [C] primary sclerosing cholangitis. Cl,

confidence interval; SD, standard deviation.

3.4. Indication for pouch surgery

The specific indication for pouch surgery was reported in
four studies.?*374%#* Pancolitis [OR 2.18; 95% CI 0.65-7.31;
p=0.21; > 0%] and fulminant colitis [OR 1.49; 95% CI
0.57-3.87;p = 0.42, > 0%] as an indication for pouch surgery
did not demonstrate any statistical differences between the
two groups. However, dysplasia or cancer of the colon as an
indication for pouch surgery led to an increased risk of CDP
development [OR 1.115 95% CI 0.05-0.23; p < 0.00001; I?
12%] [Figure 6]. Li et al.*' reported the frequency of back-
wash ileitis to be the same in both groups, 5/19 [26%] pa-
tients vs 3/23 [13%] patients [p > 0.05].

4. Discussion

To our knowledge, this study provides the first systematic re-
view and meta-analysis of the clinical predictors, risk factors
and outcomes associated with the development of CDP in
patients undergoing IPAA for UC. Seven studies with a com-
bined population of 1274 patients met the inclusion criteria
and were included in the final meta-analysis. Amongst the
studies, patients with CDP were found to have non-specific
symptoms such as nausea, vomiting and constipation, which
are also seen in other inflammatory pouch-related condi-
tions. There was a variation in the definition of CDP observed

across the studies. Nevertheless, the presence of inflammation
or a fistula arising from the pouch/afferent limb or the devel-
opment of a stricture more than 1 year after IPAA surgery
were consistently described as features of CDP identified on
endoscopy. Four studies’*3$3%4! reported on the type of pouch
and three studies’7*% on the number of IPAA stages, and a
J-pouch reconstruction in the form of a two-stage procedure
was the most performed.

This study found that a younger age of UC diagnosis [20.5-
28.0 vs 26.0-30.0 years] and pouch surgery [26-36 vs 36-40
years] and shorter duration of UC [48-96 vs 72-109 months]
are potentially preoperative risk factors for the development
of CDP. This highlights the importance of the timing of diag-
nosis and surgery. A family history of IBD and a history of
smoking were also risk factors for CDP. Dysplasia or cancer
of the colon as an indication for pouch surgery was found
to be a protective factor against CDP. The other characteris-
tics assessed, including Ashkenazi population, female gender,
extraintestinal manifestations [PSC] and family history of
CD were not deemed to alter the risk of CDP. In addition,
pancolitis and fulminant colitis as indications for pouch sur-
gery were not associated with CDP.

Previous studies have shown other potential factors that
might help predict the subsequent development of CDP in
IPAA patients, including preoperative diagnosis of indeter-
minate colitis,*>* mouth ulcers, colorectal stricture and anal
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Figure 5. Meta-analysis and forest plot of studies assessing [A] family history of inflammatory bowel disease, [B] family history of Crohn’s disease, [C]
current smoking and [D] previous history of smoking. Cl, confidence interval; SD, standard deviation.

fissure.*** It has been suggested that a three-stage IPAA pro-
cedure is associated with a delayed presentation of CDP.#
Although it has been reported that pouchitis was associated
with S-pouch reconstruction and two-stage instead of three-
stage procedure,* there is limited evidence in the literature
regarding the impact the surgical approach specifically has on
CDP development. It should be noted that Lee et al.*” found
no differences in perioperative outcomes, including pouchitis,
in patients who underwent the two or three-stage procedure.

Serological positivity for anti-Saccharomyces cerevisiae
antibodies [ASCAs] and Cbirl antibodies following IPAA is
also associated with CDP.#-° For example, anti-Cbir1 anti-
body has been shown to react with the flagellin of Clostridium
species, which are important molecular components on bac-
terial surfaces involved in both adhesion and motility prop-
erties.’! Cbirl flagellin interacts with its Toll-like receptor
[TLRS] leading to activation of nuclear factor kappa-beta and
the subsequent transcriptional induction of proinflammatory

cytokines.’>*> NOD2insC polymorphism, which is important
in innate immune recognition of microbial muramyl dipep-
tide, has also been shown to be associated with CDP and
chronic inflammatory pouch outcomes.*

The diagnosis of CDP is clearly challenging, with signifi-
cant variation in the definition in the literature as evident
in this systematic review and meta-analysis. The consensus
guidelines from the International Ileal Pouch Consortium em-
phasized the importance of reaching an agreement on the ter-
minology and diagnostic criteria of CDP as this would lead to
subsequent benefits to its management and prognosis.'* They
suggested that CDP develops from variable settings such as
those with a preoperative diagnosis of CD and development
of de novo disease after colectomy. The most commonly re-
ported diagnostic criteria in a meta-analysis were the pres-
ence of fistula, stricture of the pouch or pre-pouch ileum, or
pre-pouch ileitis."” The consensus guidelines also stated that
the presence of non-caseating, non-crypt rupture-associated
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Figure 6. Meta-analysis and forest plot of studies assessing indication of pouch surgery [A] pancolitis, [B] fulminant colitis, and [C] dysplasia or colonic

cancer. Cl, confidence interval; SD, standard deviation.

granulomas in the afferent limb, pouch body or cuff biopsy is
highly suggestive, but not required, for the diagnosis of CDP.
In addition, the presence of transmural inflammation in the
pouch is not sufficient to make a diagnosis of CDP, as this can
also be seen in chronic pouchitis.**

Furthermore, the precise mechanism of CDP following
IPAA for UC is still uncertain. It has been suggested that it may
be related to changes in bacterial flora following pouch cre-
ation and underlying genetic susceptibility.*>*® Some studies
propose that the formation of an anastomosis with the poten-
tial for faecal stasis above it creates an environment for CDP
development.***” Others postulate that the non-physiological
environment created in the terminal ileum causes UC to be-
have differently immunologically in the pouch compared to
within the colonic mucosa, thereby becoming phenotypically
similar to CD.%

The development of CDP following IPAA adversely af-
fects patient outcomes and prognosis. Patients can often have
pouchitis, cuffitis, strictures, deep ulcers or fistulae formation
leading to sepsis, incontinence or anastomotic leaks.’®%%-62
There may also be an increased risk of malignancy.® CDP is
one of the leading risks of pouch failure.*®¢* Shannon et al.’
reported eight out of ten patients [80%] had pouch failure
related to CDP. Shen et al.* described the development of
pouch failure in 23 out of 137 patients [16 %] with CDP after
a median of 6 years after ileostomy reversal. Patients who
develop CDP may require aggressive therapy, including bio-
logical and immunosuppressive agents and potentially exci-
sion of pouch with formation of a permanent end ileostomy.?”

CDP is likely to be clinically overdiagnosed due to the ab-
sence of distinctive features. In a study by Lightner et al.,**
only a proportion of patients who were labelled as CDP
eventually demonstrated histopathological features of CD
at pouch excision. Seven out of 35 patients [20%] had sur-
gical pathology consistent with CDP at pouch excision. There
were no distinct preoperative features on cross-sectional im-
aging or pouchoscopy in these patients. This also raises con-
cerns over post-surgical septic or mechanical complications
being described and treated inappropriately as CDP. Nearly
all the patients in this study without pathological confirm-
ation of CDP had experienced a post-IPAA complication
and had symptoms of pouch dysfunction within 6 months
of IPAA and underwent medical treatment with corticoster-
oids, immunomodulators and biological agents. Similarly,
outcomes of well-selected patients with an established diag-
nosis of CD preoperatively, who had an ileoanal pouch, can
be as satisfactory as for patients with UC, as demonstrated by
Regimbeau.®

4.1. Strengths and limitations

This systematic review and meta-analysis included an ad-
equate sample size of patients with CDP after IPAA to pro-
vide recommendations in preoperative and postoperative
management. Attempts were made by the current authors to
account for any differences and heterogeneity by random-
effects model analysis, and the overall risk of bias was also
deemed low in the seven studies.
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However, this study was subject to important limitations
which must be addressed. A limited number of studies that
met the inclusion criteria were identified. The majority of the
retrospective studies were single-centre with no randomized
controlled trials identified, and not all the studies assessed
every aspect reviewed by this meta-analysis. For example,
only three studies included data on family history of IBD.
There was also variability and differences in the patient se-
lection process as well as precise definitions of CDP. Some
authors use postoperative sepsis with abscess and/or fistula
and stricture as a criteria for CDP rather than definitive histo-
pathological evidence of CDP. The causes of postoperative
sepsis and stricture are often multifactorial and may not be
strictly related to CDP. The impact of an open or laparoscopic
approach on CDP development had also not been assessed in
any of the studies. Follow-up ranged from 12 months to 20
years, with only one study reporting® on pouch failure out-
comes and therefore this could not be directly assessed in this
meta-analysis. In addition, it should be noted that patients
with a preoperative diagnosis of intermediate colitis were ex-
cluded to reduce the heterogeneity across studies.

4.2. Implications of identified clinical predictors
on management and surveillance strategy

Based on the available evidence, clinical predictors of CDP
following IPAA have been identified including age at UC
diagnosis and pouch surgery, duration of UC, family history
of IBD and previous smoking. This will allow patients to be
advised on the risk of CDP and potentially prevent its devel-
opment or minimize the impact of its occurrence, reducing
associated morbidity and pouch failure. The identification
of preoperative characteristics and risk factors for CDP de-
velopment are also important for decision-making regarding
surgery. IPAA should be recommended in those patients who
are low risk of postoperative CDP and subsequent aggres-
sive therapy and pouch excision. Other surgical procedures,
such as total proctocolectomy with permanent ileostomy,
may be considered in selected high-risk cases to reduce the
risk of CDP-related pouch failure. Pouch surgery should be
performed in specialist referral centres with the required
expertise to perform salvage pouch surgery, either as a cor-
rective procedure or as pouch reconstruction.

The need and frequency of surveillance pouchoscopy should
depend on the risk as recommended by the International Ileal
Pouch Consortium. Surveillance endoscopy [every 1-3 years]
is suggested for patients with risk factors such as the pres-
ence of PSC, chronic pouchitis, chronic cuffitis, CDP, long-
duration of UC [>8 years] or the presence of a family history
of colorectal cancer in first-degree relatives. In surveillance
pouchoscopy, endoscopically evident lesions should be sam-
pled with at least three biopsies taken from the cuff or anal
transition zone along with biopsies from the afferent limb and
pouch body.'*!

At least yearly pouchoscopy with a regular clinical
follow-up protocol and close monitoring of disease activity
should therefore be considered in patients with the iden-
tified risk factors in order to distinguish between CDP and
possibly other pouch inflammatory conditions. Computed
tomography imaging should be performed early in the con-
text of symptomatic patients with pouch dysfunction, and
patients with a higher risk of CDP may also benefit from
preventative measures such as early use of probiotics or anti-
biotics, or in specific cases biological or immunomodulatory
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agents.” Biological therapy is the main treatment modality
for CDP with additional endoscopic therapy and surgery for
fibrostenotic, fistulizing and perianal diseases.'* However,
there is currently no evidence for routine postoperative
prophylaxis with biological therapy. A more tailored surveil-
lance programme according to identified risk factors may pre-
vent unnecessary treatments and allow for consideration of
pouch reconstruction rather than excision.

4.3. Conclusions

This systematic review and meta-analysis identified risk factors
of CDP following IPAA, including age at UC diagnosis and at
pouch surgery, family history of IBD and previous smoking.
These factors need to be taken into consideration with preopera-
tive counselling, planning surgical management and monitoring
patients postoperatively to reduce the risk of pouch failure.
Patients should be counselled that if they develop a stricture or
stenosis then their pouches may fail as a result, which may be
secondary to CDP. Future prospective studies are required to
identify potential further risk factors for CDP and also under-
stand the mechanisms under which they increase the risk of CDP.
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