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Abstract

Background and Aims: The outcome of Crohn's Disease (CD) patients with entero-enteric anastomosis (EEA) after small bowel resection is
undefined. The primary aim of the present case-control study was to compare the clinical recurrence rate within the first 5years after surgery in
CD patients with small bowel EEA (Cases) versus age-matched patients with ileo-colonic anastomosis (ICA, Controls).

Methods: All CD patients with EEA were matched for age at diagnosis (+5years) and smoking habits with two Controls with ICA. Inclusion criteria
were: (1) age >18years; (2) EEA or ICA for CD; (3) >byears of follow-up after surgery. Exclusion criteria were: (1) missing data; (2) ostomy; (3)
stricturoplasty.

Results: The study population included 51 CD patients with EEA and 102 matched Controls with ICA. During the first Syears after surgery, clinical
recurrence and CD-related hospitalizations were more frequent in Cases (34 [66.7 %] vs 43 [42.2%], P=.007; 25[49%] vs 23 [22.5%], P=.001). During
the same period, use of corticosteroids, immunosuppressors, and biologics were also more frequent in Cases (26 [50.9%] vs 18 [176%], P<.0001;
21 [41.2%] vs 24 [23.5%], P=.03; 23 [45.1%] vs 15 [14.7 %], P=.03). Survival time from clinical recurrence and hospitalization were shorter in Cases
(2.36 [1.29-4.35], P=.003; 1.71 [1.06-2.77], P=0.02). EEA and use of immunosuppressors before surgery were risk factors for clinical recurrence and
CD-related hospitalization at 5years (2.68 [1.11-6.45], P=.02; 2.61 [1.21-5.6], P=.01; 2.63 [1.05-6.09], P=.03; 2.44 [1.18-5], P=.01).

Conclusions: The clinical outcome is more severe in CD patients with EEA than in those with ICA, being associated with a higher rate of clinical
recurrence and hospitalization after surgery.
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Graphical Abstract

1. Introduction

Crohn’s disease (CD) is a chronic-relapsing disease,' requiring
surgery in up to 75% of patients.>®* Approximately 35% of
patients will require additional surgery within the subsequent
10years.>>” Ileo-colonic resection with ileo-colonic anastomo-
sis (ICA) is the most frequent surgical procedure in CD. In these
patients, indication for surgery mainly includes obstruction,
perforation, abdominal abscess, refractory CD, steroid-depen-
dence, complicated perforating disease, and, less frequently,
colonic adenocarcinoma.®’

Postoperative recurrence (POR) after ileo-colonic resection
is evaluated according to both ileocolonoscopy and clinical
assessment.’®!° Tleo-colonoscopy is the gold standard for
assessing POR after ICA.!"! The severity of endoscopic recur-
rence within the first year after ICA has been identified as a
significant risk factor for early clinical recurrence.!®!! Cross-sec-
tional imaging, including intestinal ultrasound, and, more
recently, histological activity at the peri-anastomotic level are
also useful for better defining CD recurrence after ICA.!2

Smoking is among the most significant risk factors for POR."3
Other predictors of early POR after ICA include prior intestinal
surgery, small bowel CD, young age at diagnosis, no prophylactic
treatments after surgery, and penetrating and perianal CD."

In CD patients at higher risk of early POR, immunomodu-
latory treatments are recommended.'>'* In these patients,
tumor necrosis factor-a inhibitors (TNFi), immunosuppressors
(ISS), or other biologics may be used.'>'* Overall, TNFi repre-
sent the most effective treatment for preventing POR in selected
subgroups of patients.!””> More recently, a multicenter place-
bo-controlled trial reported that vedolizumab treatment within
4weeks from ileo-colonic resection was more likely to prevent
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endoscopic CD recurrence when compared to placebo.!® The
same has been suggested for ustekinumab.!” However, these
lines of evidence refer to therapies for preventing POR after
ileo-colonic resection with ICA.

The most common localization of CD is the ileocecal area.
However, almost 10%-30% of CD patients show isolated small
bowel involvement,'®!” which may require surgical treatment.
Surgery mostly includes small bowel resection, although stric-
turoplasty may be used in subgroups of patients with fibro-
stricturing CD.?

While the clinical course after surgery with ICA in CD is well
known, fewer data are available regarding CD course after
isolated small bowel resection with entero-enteric anastomosis
(EEA). In a previous retrospective study,?! we reported a lower
frequency of symptomatic recurrence in CD patients with ICA
when compared to those with other intestinal resections (37%
vs 100%, P<.001).

Nevertheless, the clinical outcome of CD patients after small
bowel EEA is currently undefined. This issue may be relevant
in terms of appropriate assessment and early treatment of POR
in these patients, in order to improve the clinical course of CD
after small bowel EEA.

On the basis of these observations, the primary aim of the
present case-control study was to compare CD patients with EEA
after small bowel resection (Cases) versus age-matched CD
patients with ICA (Controls) in terms of clinical recurrence rate
within the first Syears after surgery. A secondary aim was to
compare Cases and Controls in terms of clinical characteristics
and history of CD before surgery. The rates of CD-related hos-
pitalization, CD-related surgery, and use of corticosteroids within
Syears after index surgery were also compared between groups.
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2. Materials and methods
2.1. Study protocol

In a retrospective case-control study, all CD patients with EEA
for a disease-related isolated small bowel resection were
enrolled (Cases). Each CD patient with EEA was retrospec-
tively matched with two CD patients with ICA (Controls) for
a disease-related ileo-colonic resection. Cases and Controls
were matched for age at diagnosis of CD (=5 years) and for
smoking habits before index surgery.

All patients were in regular follow-up at our tertiary referral
IBD center from January 2002 to December 2019.

CD was diagnosed and classified according to standard
criteria,' including the Montreal classification.?? Data regard-
ing the clinical course of each patient during the first 5 years
after index surgery were recorded. For each Case and Control,
all data considered were already prospectively reported in
clinical records. Major clinical outcomes were considered for
both Cases and Controls at 1, 3, and 5 years after index sur-
gery. These included: clinical recurrence (primary endpoint),
CD-related surgery, CD-related hospitalization, and need of
corticosteroids.

2.2. Study population

Inclusion criteria for all CD patients were: (1) age >18 years at
follow-up; (2) well-defined diagnosis of CD;! (3) history of intes-
tinal resection for CDj; (4) regular follow-up at our referral
center; and (5) clinical records including data detailing the clin-
ical course of CD during >5 years after index surgery. Additional
inclusion criteria were CD-related resection with either small
bowel EEA (Cases) or ICA (Controls). Exclusion criteria for all
patients were: (1) missing data; (2) ostomy; (3) stricturoplasty;
and (4) intestinal anastomosis different from EEA (for Cases)
or ICA (for Controls).

The demographic and clinical characteristics of all CD
patients (Cases and Controls) were recorded in a database
including: age, gender, age at CD diagnosis, age at index sur-
gery, time interval from the diagnosis of CD to index surgery
(months), smoking habits before and after index surgery (yes
vs no/ex), CD duration (years), CD site (ileum, L1; colon, L2;
ileum—colon, L3; upper gastrointestinal [GI], L4),?> CD behav-
ior (non-stricturing non-penetrating, B1; fibrostricturing, B2;
penetrating, B3),?> perianal disease (yes/no), prior CD-related
surgery (yes/no), extraintestinal manifestations (EIMs) (yes/no,
type), treatment with aminosalycilates, corticosteroids, thiopu-
rines, methotrexate, or biologics (yes/no, type, duration), and,
when available, ileocolonoscopic or imaging assessment of CD
(including intestinal ultrasound, entero-computed tomography
[CT] or magnetic resonance imaging [MRI], small bowel fol-
low-through) within Syears from index surgery. For ileocolo-
noscopy, recurrence was considered for a Rutgeerts score >1.%
Medical treatments were separately considered both before
index surgery (at any time from the diagnosis of CD to surgery)
and after index surgery (within the first 5years after surgery).
The occurrence of clinical recurrence, need of hospitalization,
and additional CD-related surgery within the first 5years after
surgery was also recorded. Clinical recurrence was defined
according to the Crohn’s Disease Activity Index?* (CDAL, activ-
ity: >150) and/or Harvey—Bradshaw Index?* (activity: HBI>4),
associated with the need of either CD-related hospitalization,
surgery, or corticosteroids. Complications after EEA or ICA

were defined as early or late (<30 or >30days after index sur-
gery) and according to the Clavien-Dindo classification.?®

2.3. Ethical considerations

The study protocol was approved by the local Independent
Ethics Committee of the Policlinico “Tor Vergata” of Rome,
Italy (Protocol No. 38.23). Patient consent was waived as data
were retrospectively collected, the investigation did not add
risk for participants, and all data were de-identified.

2.4. Statistical analysis

Data were expressed as median [range]. The normal distribution
of parametric continuous variables was assessed by using the
Kolmogorov—Smirnov test and defined by a P>.05. Differences
between qualitative and quantitative variables were assessed by
the Pearson y? test, Student’s #-test, or Mann—Whitney U-test,
as appropriate. Univariate and multivariate logistic regression
models were used for assessing risk factors for major clinical
outcomes (odds ratio, OR [95% CIJ). Factors potentially asso-
ciated with major clinical outcomes after CD-related surgery
were considered for the analysis and only statistically significant
variables at univariate analysis were included in the multivariate
analysis. Survival from major clinical outcomes was assessed
by using Kaplan—-Meier curves and the log-rank test (hazard
ratio, HR [95% CI]). Statistical significance was considered for
all variables in the case of P<.05. Statistical analysis was per-
formed using the IBM SPSS statistical software v.26.0.

3. Results

3.1. Patients with entero-enteric anastomosis for CD

Demographic and clinical characteristics of CD patients with
small bowel EEA are summarized in Table 1. Overall, 51 CD
patients with EEA were enrolled (13 [25.4%] females). Overall,
seven CD patients with EEA did not fulfill the inclusion criteria
and they were therefore excluded from the analysis, although
showing characteristics comparable to the tested population.
In Cases, the median age at diagnosis of CD was 23 [12-80]
years, and the median age at surgery was 33 [15-80] years
(median time interval from the diagnosis of CD to index sur-
gery 84 [1-360] months). CD localization included the ileum
(L1) in 33 (64.7%) patients, and ileum—colon (L3) in 18
(35.3%), while no cases of Crohn’s colitis were observed.
Upper GI lesions (L4) were observed in 17 (33.3%) patients.
CD phenotype was non-penetrating non-stricturing in one
(1.9%) patient, fibrostricturing in 35 (68.6 %), and perforating
in 15 (29.5%) patients. Perianal disease was observed in five
(9.8%) patients before and in 12 (23.5%) patients after small
bowel EEA. Active smokers numbered 24 (47%) before index
surgery and 22 (43.1%) within the 5years following small
bowel EEA. Before small bowel EEA, 12 (23.5%) patients had
a history of 21 CD-related surgery.

Small bowel EEA was ileo-ileal in 39 (76.5%) patients,
jejuno-ileal in six (11.8%), jejuno-jejunal in five (9.8%) and
duodeno-jejunal in one (1.9%) patient. EEA was performed
before the year 2000 in 10 (19.6%) patients.

Surgical indications for small bowel EEA included abdominal
abscess or symptomatic fistulae in 11 (21.6%) patients, obstruc-
tion in 35 (68.6%) patients, and perforation in five (9.8%)
patients. Early postoperative complications after surgery
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Table 1. Demographic and clinical characteristics of Crohn's disease (CD) patients with entero-enteric anastomosis (EEA) or ileo-colonic (ICA)

anastomosis.

EEA (n=51) ICA (n=102) P
Age, years, median [range] 52 [29-85] 54 [23-90] 42
Age at index surgery, years, median [range] 33 [15-80] 29.5 [15-85] .39
Age at CD, years, median [range] 23 [12-80] 25 [9-81] .62
Gender (F), n (%) 13 (25.4%) 43 (42.2%) .06
CD duration at enrollment, median [range] 26 [5-54] 24.5 [5-50] .5
Time interval from CD diagnosis to index surgery, median [range] 84 [1-360] 21 [1-408] .01
CD characteristics
Al 8 (15.7%) 13 (12.7%) 8
A2 35 (68.6%) 74 (72.6%) 75
A3 8 (15.7%) 15 (14.7%) 93
L1 33 (64.7%) 70 (68.7%) 76
12 0 (0%) 2 (1.9%) 53
L3 18 (35.3%) 30 (29.4%) 57
L4 17 (33.3%) 1(0.9%) <0001
B1 1(1.9%) 9 (8.8%) 2
B2 35 (68.6%) 54 (52.9%) .09
3 15 (29.5%) 39 (38.3%) 36
Perianal disease at CD diagnosis, 7 (%) 5(9.8%) 7 (6.9%) .74
Perianal disease, from the diagnosis of CD to the end of the study, 7 (%) 12 (23.5%) 17 (16.7%) 42
Smoking status before surgery (yes), 7 (%) 24 (47%) 46 (45.1%) 95
Smoking status after surgery (yes), 7 (%) 22 (43.1%) 37 (36.3%) 51
Extraintestinal manifestations, 7 (%) 9 (17.6%) 24 (23.5%) .53
Indication for index surgery, 7 (%)
Fistula/abscess 11 (21.6%) 21 (20.6%) 94
Obstructive symptoms 35 (68.6%) 69 (67.6%) 95
Perforation 5(9.8%) 5(4.9%) 41
Bleeding 0(0%) 1(0.9%) .8
Refractory disease 0(0%) 6 (5.9%) 49
Intestinal resection before index surgery, (yes), 7 (%) 12 (23.5%) 5(4.9%) .001
Entero-enteric anastomosis, 7 (%)
Tleo-ileal 39 (76.5%) NA NA
Jejuno-ileal 6 (11.8%) NA NA
Duodeno-jejunal 1(1.9%) NA NA
Jejuno-jejunal 5(9.8%) NA NA
Index surgery, year
Before 2000 10 (19.6%) 37 (36.3%) 052
After 2000 41 (80.4%) 65 (65.7%)
Surgical complications
Early 3(5.9%) 5(4.9%) .89
Late 7 (13.7%) 9 (8.8%) .74
None 41 (80.4%) 88 (86.3%) 47
Corticosteroids at time of index surgery (yes), 7 (%) 3(5.9%) 16 (15.7%) .14
Corticosteroids within the 1st year before index surgery, (yes), 7 (%) 21 (41.1%) 29 (28.4%) .16
Conventional immunosuppressors before index surgery, 7 (%) 16 (31.4%) 15 (14.7%) .02
Conventional immunosuppressors at time of index surgery, 7 (%) 9 (17.6%) 5(4.9%) .02
Biologics at time of index surgery (yes), 7 (%) 3(5.9%) 5(4.9%) .89
Biologics before index surgery (yes), 7 (%) 8 (15.7%) 13 (12.7%) .8

Abbreviation: NA, not applicable. Bold formatting indicates statistically significant P values < .0S.

occurred in three (5.9%) patients (one anastomotic bleeding,
two abdominal abscesses, not requiring additional surgery),
while seven (13.7) late complications were observed (five
abdominal pain with spontaneous resolution, one anastomotic
bleeding, one abdominal abscess). Overall, among the 10
patients with small bowel EEA developing postoperative com-
plications (Table 1), severity according to the Clavien-Dindo
classification?® was of grade I in six (60%), grade II in two

(20%), and grade III in two (20%) patients. Before EEA, 21
(41.1%) patients were treated with systemic corticosteroids, 16
(31.4%) with ISS, and eight (15.7%) with biologics. During the
last 3months before EEA, systemic corticosteroids, ISS, and/or
biologics were ongoing in three (5.9%), nine (17.6 %), and three
(5.9%) patients, respectively. No patients were treated with
small molecules during the study period. Additional data of CD
patients with small bowel EEA are summarized in Table 1.
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3.2. Patients with ileo-colonic anastomosis for CD

For each Case with small bowel EEA, two Controls with ICA
matched for age at diagnosis of CD (=5 years) and for smoking
habits before index surgery were included. Overall, among
the 102 Controls (43 [42.2%] females), the median age at
diagnosis of CD was 25 [9-81] years and the median age at
time of ICA was 29.5 [15-85] years. Active smokers numbered
46 (45.1%) before index surgery and 37 (36.3%) within the
Syears after ICA (Table 1). In Controls, the median time
interval between the diagnosis of CD and index surgery was
21 [1-408] months. Surgery was performed before the year
2000 in 37 (36.3%) patients. Surgical indications included
abdominal abscess or symptomatic abdominal fistulae in 21
(20.6%) patients, obstruction in 69 (67.6%), perforation in
five (4.9%), refractory CD in six (5.9%), and bleeding in one
(0.9%) patient. Postoperative complications occurred in 14
(13.7%) patients: early in five (one dehiscence requiring tem-
porary ileostomy, one abscess, one wound infection, one deep
vein thrombosis, one severe abdominal pain), and delayed in
nine (four abdominal abscesses [one requiring temporary ile-
ostomy], three abdominal pain, two anastomotic bleeding).
In the Control group, severity of postoperative complica-
tions?¢ occurring in 14 patients was of grade I in nine (64.3%),
grade II in three (21.4%), and grade III in two (13.3%)
patients.

Before surgery with ICA, systemic corticosteroids were used
in 29 (28.4%) patients, ISS in 15 (14.7%), and biologics in 13
(12.7%). Within the 3 months before surgery with ICA, sys-
temic corticosteroids, ISS, or biologics were ongoing in 16
(15.7%), five (4.9%), and five (4.9%) patients, respectively.
No patients with ICA were treated with small molecules during
the study period. Other characteristics of CD patients with ICA
are summarized in Table 1.

3.3. Clinical characteristics of CD: comparison
between patients with EEA versus patients with ICA

When comparing clinical characteristics between patients with
small bowel EEA versus patients with ICA, Cases showed a
longer time interval from the diagnosis of CD to index surgery
(84 [1-360] vs 21 [1-408] months; P=.01). A higher frequency
of upper CD lesions was also detected in Cases versus Controls
(17 [33.3%] vs 1 [0.9%]; P<.0001). The proportion of active
smokers was comparable between Cases and Controls (24
[47%] vs 46 [45.1%], P=.95 before index surgery and 22
(43.1%) vs 37 [36.3%], P=.51 within 5 years after index sur-
gery) (Table 1). A history of any CD-related surgery before
index surgery was more frequent in Cases than in Controls (12
[23.5%] vs 5 [4.9%], P=.001). ISS use before index surgery
was also more frequently observed in Cases versus Controls
(at any time: 16 [31.4%] vs 15 [14.7%], P=.02; within
3 months from surgery: 9 [17.6%] vs 5 [4.9%], P=0.02).

Rates of early and late postoperative complications were
comparable between Cases and Controls (early: 3 [5.9%] vs 5
[4.9%], P=0.89; late: 7 [13.7%] vs 9 [8.9%], P=.74,
respectively).

According to the study protocol, findings from all Cases and
Controls refer to a 5-year follow-up after EEA or ICA. Never-
theless, when considering the entire median follow-up duration
after index surgery to the last visit, a shorter follow-up was
observed in Cases versus Controls (12 [5-52] vs 15 [5-50] years,
P=.015).

Additional demographic and clinical characteristics were
comparable between Cases and Controls (Table 1).

3.4. Clinical outcome within the first byears after
index surgery: comparison between CD patients
with EEA versus patients with ICA

At 3 and Syears after index surgery, clinical recurrence was
significantly more frequent in Cases than in Controls (28
[54.9%] vs 37 [36.3%], P=.04 and 34 [66.7%] vs 43 [42.2%],
P=.007, respectively) (Table 2). Accordingly, a higher fre-
quency of CD-related hospitalization within the first Syears
after small bowel EEA or ICA was observed in Cases than in
Controls (25 [49%] vs 23 [22.5%], P=.001). By contrast, a
comparable proportion of Cases and Controls required addi-
tional CD-related surgery at 1, 3, and 5 years after index sur-
gery (1 [1.9%] vs 8 [7.8%], P=.27; 4 [7.8%] vs 9 [8.8%],
P=.91;9[17.6%] vs 11 [10.8%], P=.335, respectively). POR
of the lesions <5 years was detected in 89.2% (1n=33) of the 37
(72.5%) tested Cases, according to ileocolonoscopy (POR in
1/1), small bowel contrast ultrasonography (SICUS) (POR in
20/21 [95.2%]), entero-CT/MRI (POR in 10/13 [76.9%]), or
small bowel follow-through (POR in 2/2 [100%]). Among the
102 Controls, POR was detected in 84% (n=63) of the 75
(73.5%) patients assessed by ileocolonoscopy (POR in 59/69
[84.1%]) or by SICUS (POR in 5/6 [83.3%]).

Systemic corticosteroids at 1, 3, and Syears after surgery
were more frequently required in Cases than in Controls (14
[27.5%] vs 8 [7.8%], P=.002; 21 [41.2%] vs 15 [14.7%],
P=.0006;26 [50.9%] vs 18 [17.6%], P<.0001, respectively).

Table 2. Clinical outcome at 1, 3, and byears after index surgery: comparison
between Crohn'’s disease (CD) patients with entero-enteric anastomosis
(EEA) versus patients with ileo-colonic anastomosis (ICA).

EEA (n=51) 1ICA (n=102) P
CD-related surgery after
index surgery, 7 (%)
At 1year 1(1.9%) 6(5.9%) 49
At 3years 4(7.8%) 7 (6.9%) 91
At Syears 9(17.6%) 9 (8.8%) .18
Clinical recurrence
At 1year 17 (33.3%) 23 (22.5%) 21
At 3years 28 (54.9%) 37 (36.3%) .04
At Syears 34 (66.7%) 43 (42.2%) .007
Hospitalization, 7 (%)
At lyear 7 (13.7%) 13 (12.7%) .93
At 3years 15(29.5%) 17 (16.7%) 1
At Syears 25 (49%) 23 (22.5%) .001
Corticosteroids
At 1year 14 (27.5%) 8 (7.8%) .002
At 3years 19 (37.3%) 15 (14.7%) .003
At Syears 26 (51%) 18 (17.6%) <.0001
Conventional
immunosuppressors
At 1year 12 (23.5%) 16 (15.7%) .33
At 3years 20 (39.2%) 20 (19.6%) .01
At Syears 21 (41.2%) 24 (23.5%) .03
Biologics
At 1year 10 (19.6%) 9 (8.8%) .09
At 3years 15(29.4%) 13 (12.7%) .02
At Syears 23 (45.1%) 15 (14.7%) .03

Bold formatting indicates statistically significant P values < .05.



At both 3 and Syears after index surgery, ISS use was more
frequent in Cases versus Controls (20 [39.2%] vs 20 [19.6%],
P=.01;21[41.2%] vs 24 [23.5%], P=.03, respectively). Bio-
logics were also more frequently required in Cases (15 [29.4%]
vs 13 [12.7%], P=.02 and 23 [45.1%] vs 15 [14.7%], P=.03
respectively). No other differences were observed between the
two groups as summarized in Table 2.

3.5. Clinical recurrence and CD-related
hospitalization after index surgery in Cases versus
Controls

Within the first 5years after index surgery, the survival time
from CD-related surgery was comparable in Cases versus Con-
trols (HR 1.63 [0.64-4.14]; P=.31) (Figure 1A). By contrast,
the survival time from clinical recurrence and CD-related hos-
pitalization was shorter in patients with small bowel EEA than
in those with ICA (HR 2.36 [1.29-4.35], P=.003 and HR 1.71
[1.06-2.77], P=.02, respectively) (Figure 1B and 1C).
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The frequency of clinical recurrence, CD-related hospitaliza-
tion, surgery, and need of corticosteroids within the first S years
after surgery was comparable between patients undergoing
EEA before (7=10) versus after (n=41) the year 2000 (7 [70%]
vs 27 [65.8%]; P=.9; 4 [40%] vs 21 [51.2%; P=.7]; 2 [20%]
vs 7 [17.1%; P=.8]; 5 [50%] vs 21 [51.2%; P=0.9], respec-
tively). No differences were also observed between patients
undergoing ICA (Controls) before (12=38) versus after (1=64)
the year 2000 in terms of clinical recurrence, CD-related hos-
pitalization, surgery, and need of corticosteroids <5 years after
surgery (12 [31.6%] vs 31 [40.4%], P=.09; 8 [21.1%] vs 15
[23.4%], P=.8; 3 [7.9%] vs 6 [9.4%], P=.9; 6 [15.8%] vs 12
[18.7%], P=.7, respectively).

3.6. Risk factors for clinical recurrence, CD-related
hospitalization, and surgery

Among the tested variables, no significant risk factors were iden-
tified for CD-related surgery within the first 5years after index

Figure 1. Kaplan-Meier curves showing the survival time from CD-related surgery (A), clinical recurrence (B), and CD-related hospitalization (C) in
patients with small bowel entero-enteric anastomosis (EEA) versus patients with ileo-colonic anastomosis (ICA). (A) The survival time from CD-related
surgery within the first 5years after surgery was comparable between patients with EEA and ICA (HR 2.32 [0.75-5.39], P=.15). (B) By contrast, a
shorter time to survival time from clinical CD recurrence was observed in patients with EEA versus patients with ICA (HR 1.71 [1.06-2.77], P=.02). (C)
A shorter survival time from CD-related hospitalization was also observed in patients with EEA versus patients with ICA (HR 1.71 [1.06-2.77],

P=0.023). Abbreviations: CD, Crohn's disease; HR, hazard ratio.
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Table 3. Risk factors for additional Crohn’s disease (CD)-related surgery
within the first byears after index surgery in patients with entero-enteric
anastomosis (EEA) or ileo-colonic anastomosis (ICA).

Univariate analysis

Variable HR [95% CI] P

Female gender
Indication for surgery

1.03 [8.15-7.96] .2

Fistula/abscess 0.63[0.17-2.31] 48
Obstructive symptoms 1.11 [0.4-3.1] .83
Perforation 3.1710.74-13.46] .11
Bleeding NA NA
Refractory disease NA NA
Surgery before the year 2000 1.2 [0.44-3.25] 7
CD characteristics
Al 2.43[0.78-7.61] .12
A2 0.93[0.33-2.61] .89
A3 0.26 [0.03-2] 2
B1 1.7 [0.34-8.82] )
B2 0.86 [0.33-2.22] 75
B3 0.98 [0.36-2.63] .97
L1 1.15[0.41-32] .78
L2 NA NA
L3 0.92[0.33-2.58] .88
L4 2121[0.62-7.25] .22

Perianal disease

Smoking before index surgery

Smoking after index surgery
Corticosteroids before index surgery
Immunosuppressors before index surgery
Biologics before index surgery
Entero-enteric anastomosis

Prior CD-related resection before index
surgery

1.36 [0.27-6.74] .7
0.34[0.12-1.01]  .053
0.64[0.23-1.78] .4
0.86[0.31-2.41] .78
2.44[0.88-6.77] .08
1.12 [0.3-4.23] 85
1.77 [0.68-4.6] 23
0.87[0.18-4.14] .86

Abbreviations: HR, hazard ratio; NA, not applicable.

surgery (Table 3). By contrast, at multivariate analysis, prior ISS
treatment before surgery and EEA were identified as significant
risk factors for CD-related hospitalization within the first 5 years
after index surgery (HR 2.68 [1.11-6.45]; P=.02 and 2.61 [1.21-
5.6]; P=.01, respectively) (Table 4). Similarly, ISS use before
index surgery and EEA were also significant risk factors for
clinical recurrence within the first 5years after surgery at both
uni- and multivariate analysis (HR 2.53 [1.05-6.09]; P=.03;
2.44 [1.18-5]; P=.01, respectively) (Table 5).

4. Discussion

The growing knowledge regarding the pathogenesis of CD gave
rise to the development of highly effective treatments for the
disease.?” However, primary or secondary failures to biologics,
CD-related complications, and/or steroid-dependence still
require surgery in subgroups of patients.!?

The natural history of CD after ileo-colonic resection has
been extensively investigated.?® The role of luminal antigens
in the development of POR is strongly supported by “in vivo”
evidence showing the efficacy of fecal stream diversion in
preventing the POR.?® Proven risk factors for POR after
ileo-colonic resection include tobacco smoking, prior CD-
related surgery, male gender, perforating disease, and
myenteric plexitis.?’ Whether Kono-S-anastomosis may
reduce the rate of POR is under investigation.?’

Severe endoscopic recurrence after ileo-colonic resection has
been shown to predict the clinical outcome of CD.* To prevent
complication, ISS or biologics are therefore indicated in this
subgroup of patients with early severe endoscopic POR.!* Over-
all, since the introduction of biologics and small molecules for
treating CD, a decline of surgery rates has been suggested,
although not confirmed.*!

In contrast to the natural history of CD after ICA, the long-
term outcome of CD patients after EEA for isolated small
bowel resection is still undefined.>** This relates to the less
frequent type of anastomosis in CD and to a more difficult and
invasive evaluation of the enteric peri-anastomotic area.
Accordingly, there is less evidence to indicate the appropriate
management and treatment of CD patients with EEA aimed to
prevent the POR. The role of endoscopy, which is pivotal in
determining the therapeutic strategies in patients with ICA, is
only marginal in patients with EEA. Endoscopic assessments
of the POR after EEA in CD indeed show technical difficulties
also depending on the site of the enteric anastomosis. Small
bowel capsule endoscopy (SBCE) is able to visualize the entire
small bowel mucosa.'** However, in CD patients this technique
is burdened by a significant impact risk, thus not representing
a diagnostic tool in this setting.! According to current European
guidelines,! indication for SBCE in CD is currently represented
by patients with symptoms highly compatible with the disease,
but no evidence of lesions by using ileocolonoscopy and small
bowel imaging.?’ Indeed, small bowel imaging including intes-
tinal ultrasound may not detect minor postoperative lesions in
CD (ie, aphtoid or scattered ulcers), thus limiting the use of
these techniques for assessing the early POR after entero-enteric
anastomosis. Therefore, whether the detection of early endo-
scopic recurrence after small bowel EEA may represent a pre-
dictor of CD course after surgery is currently undefined. Upper
small bowel involvement and other characteristics of CD have
been identified as risk factors for a severe disease course after
ICA.” However, predictors of a worse outcome after small
bowel EEA for CD are currently undefined, preventing optimal
treatment strategies after surgery. This is also related to the
limited evidence in this regard.

In the present case-control study, we compared clinical char-
acteristics and major outcomes of CD patients with small
bowel EEA versus patients with ICA. Cases and Controls were
matched for relevant risk factors for a severe CD course after
surgery (ie, age at diagnosis of CD and tobacco use). Cases and
Controls were not matched for number of surgeries as this
parameter was considered among markers of CD severity
included in univariate analysis for comparing the two groups.
Patients were not compared for number of resections or fol-
lowing first surgeries as the primary aim was to compare the
frequency of clinical recurrence within the first Syears after
either EEA or ICA and not after any surgery for CD. The study
aimed to assess whether patients with EEA at any time during
CD course are at a higher risk of clinical recurrence than
patients with ICA.

When compared to Controls, patients with small bowel EEA
showed a higher frequency of clinical recurrence and need of
CD-related hospitalization, corticosteroids, ISS, and biologics
within the first 5 years after surgery. These outcomes appeared
not to be related to known risk factors for severe CD course
after surgery, including CD phenotype. Smoking was not iden-
tified as a significant risk factor for additional CD-related sur-
gery within the first 5 years after index surgery in patients with
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Table 4. Risk factors for Crohn’s disease (CD)-related hospitalization within the first 5years after index surgery.

Univariate analysis

Multivariate analysis

Variable HR [95% CI] P HR [95% CI] P
Female gender 1.36 [0.67-2.76] .38 NA NA
Indication for surgery
Penetrating CD 0.67[0.27-1.63] .38 NA NA
Obstructive symptoms 0.89 [0.5-2.19] .88 NA NA
Perforation 2.32 [0.64-8.44] 2 NA NA
Bleeding NA NA NA NA
Refractory disease 1.09 [0.19-6.21] 91 NA NA
Index surgery before the year 2000 0.63[0.29-1.37] 25 NA NA
CD characteristics
Al 2.78 [0.69-4.58] 22 NA NA
A2 0.72 [0.34-1.52] .39 NA NA
A3 0.95 [0.36-2.48] 91 NA NA
B1 0.52[0.11-2.58] 43 NA NA
B2 1.01 [0.5-2.01] 97 NA NA
B3 1.15[0.56-2.33] 7 NA NA
L1 1.1[0.52-2.89] .79 NA NA
L2 NA NA NA NA
L3 0.99 [0.47-2.07] .82 NA NA
L4 2.46 [0.90-6.66] .07 NA NA
Perianal disease 1.62 [0.48-5.41] 42 NA NA
Smoking before index surgery 1[0.5-1.99] .98 NA NA
Smoking after index surgery 0.93 [0.46-1.89 .85 NA NA
Corticosterids before index surgery 1.19 [0.58-2.46 .62 NA NA
Immunosuppressors before index surgery 3.56 [1.57-8.06 .002 2.68 [1.11-6.45] .02
Biologics before index surgery 1.11[0.41-2.95 .83 NA NA
Entero-enteric anastomosis 3.03 [1.61-6.78 .001 2.61[1.21-5.6] .01
Prior CD-related surgery before index surgery 3.68[1.3-10.38 .01 1.91 [0.59-6.15] 28

Abbreviations: HR, hazard ratio; NA, not applicable. Bold formatting indicates statistically significant P values < .05.

EEA or ICA. However, smoking before index surgery was at
the limit of the statistical significance as a risk factor for addi-
tional surgery in both groups (P=.053).

The indication for surgery, rate of postoperative complica-
tions, and use of biologics before index surgery were compa-
rable between the two groups. Accordingly, in a previous study
including young CD patients with extensive and fibrostrictur-
ing small bowel disease, a high recurrence risk after small
bowel surgery was reported.’ However, to our knowledge, no
direct comparison between CD patients with EEA and matched
patients with ICA in terms of clinical long-term outcome has
been reported. The higher rate of both clinical relapse and
CD-related hospitalization within the first 5years after EEA
strongly suggests a more severe outcome after surgery in this
subgroup of CD patients when compared to patients with ICA.
This is further supported by the observation that even before
EEA, Cases showed a higher frequency of prior intestinal
resection and ISS use than Controls. These data are in agree-
ment with evidence from cohort studies identifying ileal or
jejunal CD and the early need of thiopurines as independent
risk factors for surgery.’>¥ In our study, logistic regression
analysis identified EEA and prior ISS use as risk factors for
both CD-related hospitalization and clinical recurrence. This
further supports that, at least in the tested population, EEA is
associated with a more severe postoperative course of CD. The
year at time of index surgery showed a wide range in both
Cases and Controls, thus leading to possible differences in
approach to the management of CD patients after intestinal

resection. Therefore, the need of biologics or ISS was not con-
sidered as a marker of severe disease postoperatively. Accord-
ingly, the POR of the lesions was searched according to both
the type of anastomosis and the different management modal-
ities at time of surgery, thus showing wide interindividual
variations. Nevertheless, this information was available for a
large majority of the tested population, and the observed rate
of POR was in agreement with current evidence in this
regard.!>2

The reported findings refer to a maximum follow-up of
Syears after intestinal resection with either EEA (Cases) or ICA
(Controls) for CD, as for most of the studies regarding CD
recurrence.??3%3%40 The observed longer median follow-up
duration from index surgery to the last visit in the tested Con-
trols is also in agreement with our reported observation of a
longer median time from the diagnosis of CD to index surgery
in Cases versus Controls.

Even though small bowel CD is known to be associated with
a high frequency of repeat surgery and fibrostricturing behav-
ior,’® in the present study these two parameters were compa-
rable between Cases and Controls. A non-statistically significant
trend for a higher need of additional surgery within the first
Syears after surgery was observed in patients with EEA vs ICA.
Whether the more frequent use of immunomodulators after
EEA may have reduced the need for additional surgery in this
subgroup of patients may be only hypothesized. Most of the
observed differences in terms of clinical outcome in Cases ver-
sus Controls were observed after the first 3 years after index
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Table 5. Risk factors for clinical recurrence of Crohn’s disease (CD) within the first 5years after surgery with entero-enteric or ileo-colonic anastomosis.

Univariate analysis

Multivariate analysis

Variable HR [95% CI] P HR [95% CI] P
Female gender 1.54 [0.79-2.98] 2 NA NA
Indication for surgery
Penetrating CD 0.7110.32-1.56] 4 NA NA
Obstructive symptoms 0.96 [0.48-1.89] 91 NA NA
Perforation 2.45 [0.6-9.86] 21 NA NA
Bleeding NA NA NA NA
Refractory disease 0.98 [0.19-5.04] 98 NA NA
Surgery before the year 2000 0.52[0.26-1.06] .07 NA NA
CD characteristics
Al 1.1[0.43-2.76] .83 NA NA
A2 0.53[0.26-1.09] .08 NA NA
A3 2.5810.99-6.7] .051 NA NA
B1 0.98 [0.27-3.55] 98 NA NA
B2 1.41 [0.74-2.69] 29 NA NA
B3 0.69[0.35-1.35] 28 NA NA
L1 1.64 [0.83-3.25] 15 NA NA
L2 NA NA NA NA
L3 0.68 [0.34-1.35] 27 NA NA
L4 2.15[0.76-6.07] .14 NA NA
Perianal disease 0.98 [0.3-3.2] .98 NA NA
Smoking before index surgery 1.65[0.87-3.14] 12 NA NA
Smoking after index surgery 1.44 [0.75-2.77] 27 NA NA
Corticosteroids before index surgery 1.4 [0.71-2.76] 32 NA NA
Immunosuppressors before index surgery 2.97 [1.26-6.99 .01 2.53[1.05-6.09] .03
Biologics before index surgery 1.37[0.54-3.48 5 NA NA
Entero-enteric anastomosis 2.74 [1.35-5.54 .005 2.44 [1.18-5] .01
Prior CD-related surgery before index surgery 1.47 [0.52-4.09 45 NA NA

Abbreviations: HR, hazard ratio; NA, not applicable. Bold formatting indicates statistically significant P values < .05.

surgery. Therefore, it is conceivable that a longer follow-up
may detect a greater need for additional surgery.

Among limitations of the study is the availability of data
regarding the endoscopic or imaging assessment of the POR of
CD lesions only in subgroups of patients with EEA and ICA.
Heterogeneity of the site and type of anastomosis in this sub-
group of patients may also give rise to differences in terms of
CD outcome after EEA. Moreover, in the tested population,
the year at time of surgery showed wide interindividual varia-
tions, including the pre-biologic era in more than one-fifth of
patients. The current therapeutic algorithm for managing the
POR was therefore not feasible in a relevant proportion of
patients. However, this limitation was observed for both Cases
and Controls. In terms of surgical technique, the type of EEA
(ie, jejuno-jejunal, jejuno-ileal, ileo-ileal, etc) differed among
patients also in terms of extent and site of the resected bowel
(proximal vs distal jejunum or ileum). Whether these variables
may affect the severity of CD course after EEA could not be
assessed in the tested population and, to our knowledge, data
at this regard are limited.

The main strengths of the present study include the case-con-
trol study design and the tested sample size, when compared
with previous studies. Clinical features of the enrolled patients,
all in regular follow-up at a referral IBD center, were defined
according to the same current standard criteria.»*? This char-
acteristic of the tested patients should avoid misinterpretations
regarding features and risk factors for POR. The observed

characteristics of the tested IBD population were comparable
to those expected in the general CD population, thus avoiding
the risk of bias related to the unintentional selection of sub-
groups of patients. An additional strength of the study is rep-
resented by the study protocol, including Cases and Controls
matched (1:2) for major risk factors for severe CD course after
surgery.

Overall, the present case-control study provides new “real
life” data regarding the long-term outcome of CD patients with
EEA. In this subgroup of patients, the present findings support
a more severe course after surgery when compared to CD
patients with ICA matched for clinical variables. The lack of
standard protocols defining the timing and modality for a
proper early assessment of POR after EEA may contribute to
the observed worse outcome in this subgroup of CD patients
after surgery. Knowledge of the natural history of the POR
after EAA for CD is required for proper treatment in this sub-
group of patients, and this study may shed a light on this.
Overall, the present findings suggest that a careful and tight
assessment of CD patients is required early after EEA, in order
to achieve a timely and appropriate treatment aimed to prevent
complications.
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