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Abstract

Background: Postoperative recurrence [POR] of Crohn's disease following ileocolonic resection is common. The impact of immediate
postoperative intra-abdominal septic complications [IASC] on endoscopic and surgical recurrence has not been elucidated.

Aims: To evaluate if IASC is associated with an increased risk for endoscopic and surgical POR.

Methods: This was a retrospective study of adult Crohn's disease patients undergoing ileocolonic resection with primary anastomosis between
2009 and 2020. IASC was defined as anastomotic leak or intra-abdominal abscess within 90 days of the date of surgery. Multivariable logistic
and Cox proportional hazard modelling were performed to assess the impact of IASC on endoscopic POR [modified Rutgeerts’ score > i2b] at
index postoperative ileocolonoscopy and long-term surgical recurrence.

Results: In 535 Crohn's disease patients [median age 35 years, 22.1% active smokers, 35.7% one or more prior resection] had an ileocolonic re-
section with primary anastomosis. A minority of patients [N = 47; 8.8%] developed postoperative IASC. In total, 422 [78.9%] patients had one or
more postoperative ileocolonoscopies, of whom 163 [38.6%] developed endoscopic POR. After adjusting for other risk factors for postoperative
recurrence, postoperative IASC was associated with significantly greater odds (adjusted odds ratio [aOR]: 2.45 [1.23-4.97]; p = 0.01) and de-
creased time (adjusted hazards ratio [aHR]: 1.60 [1.04-2.45]; p = 0.03] to endoscopic POR. Furthermore, IASC was associated with increased risk
(@OR: 2.3 [1.04-4.87] p = 0.03) and decreased survival-free time [aHR: 2.53 [1.31-4.87]; p = 0.006] for surgical recurrence.

Conclusion: IASC is associated with an increased risk for endoscopic and surgical POR of Crohn’s disease. Preoperative optimization to prevent
IASC, in addition to postoperative biological prophylaxis, may help reduce the risk for endoscopic and surgical POR.
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1. Introduction

In the post-biologic era, ~20-30% of Crohn’s disease [CD]
patients with stricturing or penetrating disease require
ileocecal resection [ICR] for CD management within 10 years
of diagnosis.'-* However, ICR is not curative, with 15-20%
of patients requiring surgical resection for postoperative re-
currence [POR] of CD affecting the neoterminal ileum within
5 years of index ICR.¢ Preceding both surgical and clinical re-
currence, endoscopic recurrence occurs in 70-90% of patients
within 1 year of index ICR.** Seminal trials have shown the
benefit of early endoscopic surveillance and medical prophy-
laxis, which are now recommended to guide postoperative
CD management.” !

Risk factors for POR may help guide endoscopic surveil-
lance and medical prophylaxis to prevent surgical recurrence.
Previous studies have shown that younger age [<30 years],
active smoking, two or more prior surgeries, and penetrating
or perianal disease behaviour correlate with ~50% clinical
and 80% endoscopic POR rates.'""'” These risk strata have
not been validated.

The pathogenesis of POR has not been elucidated and is
thought to be multifactorial, including immune activation.'$"
In the peri- and post-operative periods, intra-abdominal com-
plications such as leaks or abscesses may serve as a local and
systemic immune-activating event rather than a ‘mechanical’
surgical complication. However, few reports have assessed
the influence of immediate postoperative complications on
subsequent POR.2*?! Furthermore, such complications may
delay the initiation or interrupt continuation of postoperative
prophylactic therapy in high-risk patients and may play an
important role in the natural course of POR development.
Postoperative complications including postoperative infec-
tions and intra-abdominal septic complications [IASC] have
been found to be associated with early clinical POR in limited
series.?*?! To our knowledge, the impact of IASC on endo-
scopic or surgical recurrence has not previously been studied.
Here we aimed to assess the impact of postoperative IASC
on endoscopic recurrence as well the impact on surgical
recurrence.

2. Methods

2.1. Patient selection

We conducted a retrospective, observational cohort study
of adult CD patients who underwent ICR for CD manage-
ment between January 1, 2009 and January 1, 2020 at a
multi-hospital, single institution healthcare system. Patients
included in the study fulfilled the following inclusion cri-
teria: [1] age > 18 years; [2] CD diagnosis confirmed by two
or more ICD-9 and ICD-10 codes [K50.90] entered by a
gastroenterologist or colorectal surgeon; [3] ileocolonic re-
section with an indication for CD management [CPT codes:
44160, 44140, 44204, 44205] entered by a colorectal sur-
geon; and [4] primary ileocolonic anastomosis constructed
at the time of ICR. Patients were excluded if any of the fol-
lowing criteria were met: [1] ICR for an indication other
than CD [e.g. neoplasm, ischaemial; [2] diverting ileostomy
at the time of index ICR; and [3] absence of gastroenter-
ology follow up [defined by at least one outpatient clinic
visit postoperatively]. Eligible patients were consecutively
reviewed, and selection criteria were confirmed via manual
chart review [S.B., R.S.].
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2.2. Demographic and clinical characteristics

Patient  demographic, preoperative, operative  and
postoperative clinical characteristics were collected through
manual chart review by two independent reviewers [S.B.,
R.S.]. Demographic clinical variables collected included
gender, age at ICR, age at CD diagnosis, CD location and
behaviour by Montreal classification, tobacco use history
[never, former, active smoker], history of perianal disease in-
volvement, history of preoperative biologic use [adalimumab,
infliximab, certolizumab, vedolizumab, ustekinumab],
number of prior ICRs, and history of upper gastrointestinal
CD. Preoperative data included biologic use within 12 weeks
of the date of surgery, systemic steroid use within 4 weeks of
surgery, immunomodulator [azathioprine, mercaptopurine,
methotrexate] use within 4 weeks of surgery and blood lab
results (haemoglobin, white blood cell, platelet, albumin,
C-reactive protein [CRP]) within 4 weeks of ICR. Operative
data were obtained via the operative report and consisted
of anastomosis configuration [side-to-side, end-to-side, end-
to-end anastomosis] and technique [stapled or handsewn].
Postoperative data included development of TASC, defined
as the development of anastomotic leak [as per surgeon clin-
ical assessment and documentation], intra-abdominal ab-
scess or fistulization detected on cross-sectional imaging,
within 30 and 90 days of the date of surgery, postoperative
biologic prophylaxis, defined as initiation of biologic treat-
ment within 3 months of the date of surgery, all postoperative
ileocolonoscopies, postoperative biologic exposure and re-
peat ileocolonic resections for CD indication.

2.3. Postoperative ileocolonoscopy grading

All postoperative ileocolonoscopies performed >3 months
from the date of surgery were manually collected for review.
Postoperative endoscopies performed prior to 3 months after
ICR were excluded due to a likelihood these were related
to operative complication [e.g. anastomotic bleeding] ra-
ther than disease activity monitoring. The first postoperative
ileocolonoscopy after 3 months was designated as the index
ileocolonoscopy. Endoscopic severity was assessed utilizing
the modified Rutgeerts score. If the Rutgeerts score was not
prospectively recorded, ileocolonoscopy was graded using
a retrospective application of the modified Rutgeerts score
based on available endoscopic images and procedure re-
port. All retrospective Rutgeerts grading was performed by
a single, independent grader [S.B.] who was blinded to all
clinical data and outcomes. The grader was trained and valid-
ated [>90% accuracy] by an IBD gastroenterologist [B.H.C.]
on a sample dataset prior to data collection. Postoperative
ileocolonoscopies were excluded if the neoterminal ileum
was not intubated or there was insufficient data to apply the
Rutgeerts score. Endoscopic POR was defined as a modified
Rutgeerts score of i2b disease or greater.?>%

2.4. Outcomes

Patients were grouped based on the development of IASC
within 90 days of the date of ICR. The primary outcome of
the study was development of endoscopic POR at time of
index postoperative ileocolonoscopy. Secondary outcomes
included: endoscopic POR over the entire postoperative
follow-up, surgical POR within 1 year of ICR and over
the entire postoperative period, and progression to severe
endoscopic disease [Rutgeerts score of i3/i4]| at both time
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of index postoperative ileocolonoscopy and over the entire
postoperative follow-up period. Surgical recurrence was de-
fined as repeat ICR for CD indication > 3 months from the
index ICR. The time frame was chosen to omit surgical man-
agement of IASC complications. Additionally, surgical indica-
tions reported in the operative note for all repeat ICRs were
manually collected to ensure surgery was not indicated for
acute or chronic complications from IASC.

2.5. Statistical analyses

Data were described using counts and percentages for categor-
ical variables, means and standard deviation for normally dis-
tributed continuous variables, and medians and quartiles for
non-normally distributed continuous variables. Chi-square
and Fisher’s exact tests were used to compare categorical vari-
ables. The Shapiro—Wilk normality test was used to determine
normal distribution of continuous variables. Student’s #-test
and Kruskal-Wallis test were applied to compare normal and
non-normally distributed continuous variables, respectively.
For the primary outcome, a multivariable logistic regression
model controlling for independent variables of interest was
performed. The number of independent variables included in
the regression model was based on the rule of 10 to prevent
model overfitting. Model covariates were selected utilizing es-
tablished risk and protective factors for POR [two or more
ICRs, active smoking, penetrating disease behaviour, peri-
anal disease, postoperative biologic prophylaxis] in addition
to including covariates with a p-value < 0.20 on univariate
analysis. For secondary outcomes assessing an outcome over
time, a Kaplan—Meier survival analysis and multivariable
Cox proportional hazard regression model were conducted.
Modelling adhered to the same methods as logistic model de-
velopment. Sensitivity analyses were conducted on patients
whose index postoperative ileocolonoscopy was conducted
within 18 months of surgery to mitigate the effect of time
on disease progression. This time frame was chosen to cap-
ture patients whose ICR was conducted prior to current
postoperative surveillance recommendations. Additionally, to
control for study design bias, a strength of association ana-
lysis was conducted limiting IASC to 30 days from the date
of ICR.

2.6. Ethical considerations

The institutional review board approved the study at our
study centre. All ethical principles laid out in the Declaration
of Helsinki were followed.

3. Results

In total, 870 adult CD patients underwent ICR during the
study time period, of whom 535 [61.5%] had construction
of a primary anastomosis without diversion at the time of
ICR and formed the study population. A total of 47 patients
[8.8%] developed perioperative IASC (36 [6.7%] intra-
abdominal abscess, 11 [2.1%] anastomotic leak), with a me-
dian [interquartile range, IQR] time to IASC of 13.4 [9.2,
29.3] days from the date of ICR. Nearly one-third of pa-
tients with IASC [N = 15; 31.9%] were managed surgically
by drainage of abscess or fistula resection with construction
of a diverting- or end-ileostomy. The remaining patients were
treated non-surgically [N =28 radiological drainage and
antibiotics, N = 4 antibiotics only]. The median [IQR] age
at the time of CD diagnosis and ICR was 23 [17, 30] and
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35 (26, 49.5] years, respectively [Table 1]. Patients primarily
had ileocolonic CD [52.1%] with stricturing [47.0%], pene-
trating [14.6 %] or a combination of both disease behaviours
[30.1%]. Approximately one-fifth of patients were actively
smoking at the time of ICR and 35.7% had at least one prior
ICR. Roughly one-quarter [23.2%] of patients were on sys-
temic corticosteroids within 4 weeks of ICR [22.1% No
TASC vs 34.0% IASC; p = 0.09]. A third of patients were on
a biologic therapy within 12 weeks prior to ICR [33.2% No
IASC vs 38.3% IASC; p = 0.48] and 17.9% [18.6% No IASC
vs 10.6% IASC; p =0.23] were started on postoperative
biologic prophylaxis within 3 months of surgery, with a
median time of 39 days to initiation of prophylaxis. In pa-
tients started on prophylaxis, those who experienced IASC
had a median delay of 20 days compared to no IASC [58
vs 38 days; p = 0.28]. There was no association with TASC
development across all demographic and clinical variables
[Table 1].

Patients who received a diverting ileostomy at the time of
ICR and were excluded from the study were more likely to
have penetrating disease behaviour [p < 0.001], prior ICR
[p =0.006], hypoalbuminaemia prior to ICR [p <0.001],
were on biologic therapy within 12 weeks of ICR [p = 0.002],
and were on systemic corticosteroids within 4 weeks prior to
ICR [p = 0.02] [Supplementary Table 1].

Most patients [N =422; 78.9%] underwent at least one
postoperative ileocolonoscopy, a majority of whom under-
went at least two [N = 282; 66.8%]. The median [IQR] time to
index ileocolonoscopy was 391 [242.3, 787.5] days. Patients
with TASC had a median 50-day delay to index postoperative
ileocolonoscopy, though this was not significant [390 days No
IASC vs 440 days IASC; p = 0.24]. Patients who underwent
one or more postoperative ileocolonoscopies were more likely
to have a history of perianal disease [p = 0.008]. The median
postoperative follow-up time for the entire study population
was 4.7 years.

3.1. Development of endoscopic POR at the

time of index postoperative ileocolonoscopy and
follow-up period

In patients who underwent postoperative ileocolonoscopy,
163 [38.6%] developed endoscopic POR at the time of index
postoperative ileocolonoscopy [27.5% i0, 11.6% i1, 22.3%
i2a, 18.2% i2b, 12.1% i3, 8.3% i4]. Significantly more pa-
tients with IASC [7 = 23; 5§9.0%] developed endoscopic POR
at index postoperative ileocolonoscopy compared to those
who did not have IASC [n = 140; 36.6%, p = 0.01] [Figure 1].
On multivariable logistic regression controlling for risk fac-
tors of endoscopic POR, development of IASC within 90 days
of ICR was associated with an increased odds of endoscopic
POR at the time of index postoperative ileocolonoscopy com-
pared to no IASC (adjusted odds ratio [aOR]: 2.45; 95%
confidence interval [CI] [1.23-4.97]; p=0.01) [Table 2].
Additionally, postoperative biologic prophylaxis was pro-
tective against endoscopic POR (aOR: 0.46; 95% CI [0.28-
0.75]; p = 0.002). Recurrence rates by treatment were: 42.6 %
no prophylaxis [7=133/312], 28.6% anti-tumour necrosis
factor [anti-TNF] [n = 28/97], 22.2% ustekinumab [n = 2/9],
0% vedolizumab [7 = 0/4]. On sensitivity analysis modifying
IASC development to within 30 days from ICR, the associ-
ation with an increased risk of endoscopic POR at the time of
index ileocolonoscopy remained significant (aOR: 2.21; 95%
CI [1.01-4.99]; p = 0.049) [Table 2].
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Table 1. Demographic and clinical characteristics of the study population.
Overall, N =535 No IASC, N =488 90-day IASC, N = 47 p
Age at ICR, years (median [IQR]) 35.00 [26.00, 49.50] 35.00 [26.00, 50.00] 39.00 [28.50, 49.00] 0.36
Age at CD diagnosis, years (median 23.00 [17.00, 30.00] 23.00 [17.00, 30.00] 25.00 [17.00, 29.00] 0.62
[IQR])
CD location, 7 [%] 0.39
Colon 12 [2.2] 11 [2.3] 11[2.1]
Ileocolonic 279 [52.1] 250 [51.2] 29 [61.7]
TI 244 [45.6] 227 [46.5] 17 [36.2]
CD behaviour, 7 [ %] 0.21
Inflammatory 44 [8.2] 41 [8.4] 3[6.4]
Penetrating 78 [14.6] 67 [13.8] 11 [23.4]
Stricturing + Penetrating 161 [30.1] 145 [29.8] 16 [34.0]
Stricturing 251 [47.0] 234 [48.0] 17 [36.2]
Tobacco use history, 7 [%] 0.81
Never 324 [60.8] 296 [60.9] 28 [59.6]
Former 91 [17.1] 84 [17.3] 7 [14.9]
Active 118 [22.1] 106 [21.8] 12 [25.5]
Prior ICR, 7 [%)] 0.07
0 342 [64.3] 320 [66.0] 22 [46.8]
1 111 [20.9] 96 [19.8] 15 [31.9]
2 46 [8.6] 40 [8.2] 6 [12.8]
>3 33 [6.2] 29 [6.0] 418.5]
Upper GI CD, 7 [%] 86 [16.1] 78 [16.0] 8[17.0] 1
Gender [male], 72 [%] 241 [45.0] 217 [44.5] 24 [51.1] 0.48
History of perianal CD, 7 [% | 133 [25.0] 122 [25.2] 11 [23.4] 0.93
Exposure to biologic preoperatively, 266 [50.0] 239 [49.3] 27 [57.4] 0.36
n %]
Perioperative biologic use, 7 [within 180 [33.7] 162 [33.2] 18 [38.3] 0.48
12 weeks]
Anastomotic configuration, 7 [%] 0.35
End to End 99 [18.5] 94 [94.9] 5[5.1]
End to Side 148 [27.7] 134 [90.5] 14 [9.5]
Side to Side 288 [53.8] 260 [90.3] 28 19.7]
Postoperative biologic prophylaxis 96 [17.9] 91 [18.6] 5[10.6] 0.24
[3 months], n [%]
Time to index postoperative 391.0 [242.3,787.5] 390.0 [241.5, 786.0] 440.0 [275.5, 851.5] 0.24
ileocolonoscopy, days (median [IQR])
Postoperative follow-up time, days 1709.0 [766.0, 2641.0] 1699.0 [762.3,2632.0] 2022.0 [822.5,2834.0] 0.45

(median [IQR])

On sensitivity analysis in patients whose index postoperative
ileocolonoscopy was within 18 months of the date of sur-
gery, development of 90-day IASC remained associated with
an increased odds of endoscopic POR (aOR: 2.80; 95% CI
[1.09-7.60]; p =0.035) [Table 3]. Additionally, history of
prior ICR was associated with an increased odds of endo-
scopic POR (aOR: 2.10; 95% CI [1.19-7.60]; p = 0.01), while
postoperative biologic prophylaxis was protective (aOR: 0.44;
95% CI [0.23-0.82]; p = 0.01) [Table 3]. On subgroup ana-
lysis in patients who underwent their first ICR, IASC remained
associated with endoscopic POR at index ileocolonoscopy
when controlling for tobacco use, penetrating CD, perianal
disease, upper gastrointestinal CD, perioperative systemic cor-
ticosteroid use and postoperative biologic prophylaxis aOR:
2.90; 95% CI [1.11-7.89]; p = 0.03). However, on subgroup
analysis in patients who had a history of ICR, controlling for

risk factors, IASC was not associated with endoscopic POR at
index postoperative ileocolonoscopy [p = 0.30].

When assessing for development of endoscopic POR
during the first five postoperative years, 206 patients [48.8 %]
experienced endoscopic POR with a median time of 1.5 years
from ICR. Patients with IASC experienced endoscopic POR
at higher rates than those who did not develop IASC [65.8%
vs 47.9%; p = 0.05]. On Kaplan—-Meier survival analysis, we
found that 90-day IASC was associated with decreased time
to endoscopic POR detection [p =0.04] [Figure 2a]. This
association remained on multivariable Cox proportional
hazard modelling (adjusted hazard ratio [aHR]: 1.6; 95% CI
[1.04-2.45]; p = 0.03) [Table 4]. Additionally, postoperative
biologic prophylaxis was associated with delayed endoscopic
POR (aHR: 0.65; 95% CI [0.45-0.92; p =0.016). When
observing patients who did not have endoscopic POR at the



1700

S. P Bachour et al.

Endoscopic POR at index postoperative ileocolonoscopy
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Figure 1. Rates of endoscopic POR at index postoperative ileocolonoscopy stratified by IASC.

Table 2. Multivariable logistic regression assessing the risk of endoscopic POR at the time of index postoperative ileocolonoscopy.

Adjusted OR [95% CI] p value Adjusted OR [95% CI] p value

90-day IASC 2.45[1.23-4.97] 0.01 30-day IASC 2.21[1.01-4.99] 0.05
> 2 ICRs [index ICR in- 1.41[0.91-2.18] 0.12 > 2 ICR [index ICR in- 1.47[0.95-2.27] 0.08
cluded] cluded]
Tobacco use — — Tobacco use — —
[Reference: Never smoker] [Reference: Never smoker]

Former 1.51[0.86-2.65 0.15 Former 1.49 [0.85-2.61] 0.16

Active 1.22[0.73-2.02] 0.44 Active 1.23 [0.74-2.03] 0.42
Penetrating CD behaviour 0.95[0.61-1.47] 0.80 Penetrating CD behaviour 0.98 [0.63-1.52] 0.92
Postoperative biologic 0.46 [0.28-0.75] 0.002 Postoperative biologic 0.46 [0.28-0.75] 0.002
prophylaxis prophylaxis
History of perianal CD 1.26 [0.77-2.05] 0.35 History of perianal CD 1.23[0.75-1.99] 0.41
Upper GI CD involvement 0.93 [0.52-1.64] 0.81 Upper GI CD involvement 0.93 [0.52-1.64] 0.81
Time to index postoperative 1.0 [0.99-1.01] 0.64 Time to index postoperative 1.0 [0.99-1.01] 0.61

ileocolonoscopy

ileocolonoscopy

time of index endoscopy and at least one subsequent endos-
copy [N = 173; 163 no IASC and 10 IASC], 42.9% of patients
without IASC [N = 70] went on to develop endoscopic POR
compared to 30% [N = 3] of patients with IASC [p = 0.52].

Though TASC was associated with endoscopic POR, it
was not associated with severe endoscopic POR [i3/i4] at
the time of index postoperative ileocolonoscopy [p = 0.82]
or throughout the entire postoperative follow-up period
[p =0.89]. Additionally, 114 [27.0%] patients developed
any degree of anastomotic stricturing observed endoscopic-
ally that was not associated with IASC [27.3% No IASC vs
23.1% IASC; p = 0.71].

3.2. Surgical recurrence in first postoperative
year and entire postoperative follow-up

Surgical recurrence occurred in 64 [11.9%] of patients with
a median time of 4.4 years from index ICR. Repeat ICR
was indicated for severe endoscopic disease or penetrating

disease identified on imaging [N = 41; 64.1%], small bowel
obstruction secondary to anastomotic stricturing [31.3%],
or stricturing or active disease in the large bowel [4.7%]. A
quarter [25.5%] of patients with IASC [n = 12] experienced
surgical recurrence [indication: 50% POR, 33.3% pene-
trating disease, 16.7% anastomotic stricturing] compared
to 10.7% [n = 52] of those who did not develop IASC [in-
dication: 46.2% POR, 19.2% penetrating disease, 34.6%
anastomotic stricturing] [p = 0.007]. When controlling for
risk factors of POR, IASC (aOR: 2.31; 85% CI [1.04-4.87];
p = 0.03], history of ICR (aOR: 2.93; 95% CI [1.67-5.20];
p <0.001) and perianal disease (aOR: 2.38; 95% CI [1.29-
4.39]; p =0.005) were associated with an increased risk
for surgical recurrence. On Kaplan—-Meier survival ana-
lysis, IASC was associated with decrease time to surgical
recurrence [p < 0.001] [Figure 2b]. On multivariable Cox
proportional hazard regression, development of IASC was
associated with an increased hazard risk for repeat ICR



Intra-Abdominal Septic Complications After lleocolic Resection

1701

Table 3. Multivariable logistic regression assessing the risk of endoscopic POR at the time of index postoperative ileocolonoscopy [<18 months from

the date of surgery].

Adjusted OR [95% CI]  p value Adjusted OR [95% CI]  p value
90-day TIASC 2.80 [1.09-7.60] 0.04 30-day IASC 3.06 [0.98-10.65] 0.06
> 2 ICRs [index ICR included] 2.1 [1.19-7.60] 0.01  >2ICRs [index ICR included] 2.21[1.26-3.91] 0.006
Tobacco use — — Tobacco use — —
[Reference: Never smoker] [Reference: Never smoker]
Former 2.28 [1.13-4.65] 0.02 Former 2.28 [1.14-4.63] 0.02
Active 1.28 [0.66-2.46] 0.46 Active 1.33 [0.69-2.54] 0.39
Penetrating CD behaviour 0.94 [0.52-1.70] 0.85 Penetrating CD behaviour 0.98 [0.54-1.76] 0.94
Postoperative biologic prophylaxis ~ 0.44 [0.23-0.82] 0.01 Postoperative biologic prophylaxis  0.44 [0.23-0.82] 0.01
History of perianal CD disease 1.12 [0.58-2.15] 0.73 History of perianal CD disease 1.05 [0.54-2.00] 0.89
Upper GI CD involvement 0.69[0.28-1.57] 0.39 Upper GI CD involvement 0.66 [0.27-1.52] 0.35

compared to no IASC (aHR: 2.53; 95% CI [1.31-4.87];
p =0.006) [Table 5].

3.3. Sensitivity analysis: including patients with
diverting ileostomy created at the time of ICR

In patients who underwent ICR with primary anastomosis
or diverting ileostomy with subsequent ileostomy take-
down and bowel continuity restoration [N = 820; 89 IASC,
723 No IASC] and at least one subsequent postoperative
ileocolonoscopy [N = 597; 66 IASC, 531 No IASC], the de-
velopment of IASC was associated with an increased odds
for endoscopic POR at the time of index postoperative
ileocolonoscopy (aOR: 2.2; 95% CI [1.31, 3.79]; p = 0.003)
when controlling for risk factors of POR. Additionally,
IASC was associated with decreased time to surgical recur-
rence on Kaplan-Meier survival analysis [p <0.001] and
multivariable Cox proportional hazard regression (aHR:
2.37;95% CI [1.50-3.76]; p < 0.001) [Supplementary Figure
1; Supplementary Table 2].

4. Discussion

In this retrospective, observational study of adult CD patients
who underwent ICR with primary anastomosis, we found
that development of IASC within 90 days of ICR was asso-
ciated with an increased risk of and more rapid time to both
endoscopic and surgical POR. Initiation of post-operative
biologic prophylaxis was associated with decreased endo-
scopic POR, suggesting a potential mitigating strategy.
To our knowledge, this is the largest study demonstrating
post-operative IASC as a risk factor for endoscopic and sur-
gical POR.

In the current study, we observed that 90-day postoperative
IASC led to a significantly higher risk and decreased time to
endoscopic POR. This association was robust to sensitivity
analyses to control for study design bias, including reclassi-
fying TASC to the 30-day postoperative period, limiting to
those whose index postoperative ileocolonoscopy occurred
within 18 months of ICR or if diverting ileostomy was made
at the time of ICR. This study, to our knowledge, is the first to
evaluate and demonstrate the impact of IASC on endoscopic
POR of CD. The role of enteric and intra-abdominal infec-
tions and subsequent inflammatory response in inflammatory
bowel disease, and specifically CD, has not been fully eluci-
dated. Previous studies have suggested a relationship between

enteric infections and intestinal dysbiosis as a factor for the
subsequent development of IBD.?*?° Furthermore, in non-
operative IBD patients, enteric infections have been observed
at higher prevalence during IBD flares, suggesting a poten-
tial causative or at least associated interaction.’**> However,
the role of infection and the pathogenesis of POR is less well
described. Macrophages play a key role in response to in-
fections during the acute inflammatory process through the
production of pro-inflammatory cytokines and serving as an
antigen-presenting cell. A previous study showed that infil-
tration of macrophages into the neoterminal ileal mucosa in
patients in endoscopic remission may lead to the development
of endoscopic lesions.* Additionally, macrophages migrate
and traffic bacteria to mesenteric lymph nodes, which may
increase the risk for POR through decreased diversification
of intestinal microbiota and the activation of memory T cells
leading to high expression of TNF-a and subsequent induc-
tion of the Th1/Th17 inflammatory cascade.?*** Furthermore,
the systemic cytokine response to infection, including
upregulation of interleukin 6 [IL-6], CRP and interferon-
gamma, and the down-regulation of anti-inflammatory cyto-
kines such as IL-10, has also been observed in CD flares and
recurrence.’>*=# This may explain why the mesentery has
been implicated in the pathophysiology of luminal CD devel-
opment.*”*® When observing patients who did not have endo-
scopic POR at the time of index ileocolonoscopy, there was
no difference in subsequent development of endoscopic POR
between patients with or without IASC. Though this sample
size is small, this finding suggests that the increased risk that
TASC presents may be a short-term risk due to exacerbation
of the inflammatory cascade. Additionally, the significant pro-
tective effect of postoperative biologic prophylaxis, when ad-
justed for IASC development, observed in the current study
suggests that the increased risk with IASC is consistent with
the inflammatory cascade that increases the risk for POR. The
use of agents targeted at decreasing TNF-a levels, lymphocyte
trafficking, regulating innate immunity, and modulating Th1/
Th17 function through binding of IL-12 and IL-23 suggests
that treating the inflammation caused by intra-abdominal
infectious processes is vitally important in preventing endo-
scopic POR.#-!

Beyond endoscopic POR, the current study found an in-
creased risk and decreased survival-free time to repeat sur-
gical resection for CD management in patients who had ITASC
after index ICR. Furthermore, IASC was associated with an
increased risk for early surgical recurrence within the first
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Figure 2. [a] Time [years] to endoscopic POR stratified by IASC. [b] Time [years] to surgical POR stratified by IASC.

postoperative year, though this was a rare event and may have
been underpowered for significance. However, we did not find
an association with IASC and severe endoscopic disease. This
discrepancy may be due to repeat ICR indicated for pene-
trating disease complications detected on cross-sectional
imaging and not reported on endoscopy, though the latter
may be rare, with only five patients who did not have cor-
relating severe endoscopic disease in the current study. The

impact of postoperative IASC on subsequent surgical recur-
rence has been infrequently studied, but previous literature
has also shown this relationship in both adult and paediatric
patient populations.!®2*2152-% Tt can be theorized that pa-
tients with severe CD are at high risk for postoperative IASC
and POR, although in our study cohort there were no dif-
ferences in high-risk factors such as young age, penetrating
disease behaviour, active smoking, perianal disease and two
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Table 4. Multivariable Cox proportional hazard regression assessing the
risk of endoscopic POR in a 5-year postoperative follow-up.

Adjusted HR [95% CI]  p value

90-day TIASC 1.60 [1.04-2.45] 0.03
> 2 ICRs [index ICR included] 1.11 [0.82-1.52] 0.49
Tobacco use — —
[Reference: Never smoker]

Former 1.39 [0.94-2.03 0.10

Active 1.24 [0.88-1.74 0.21
Penetrating CD behaviour 0.84[0.92-1.14 0.27

|
]
|
Postoperative biologic prophylaxis  0.65 [0.45-0.92] 0.02
|
]
|

History of perianal CD disease 1.25[0.90-1.75 0.19
Upper GI CD involvement 0.78 [0.52-1.16 0.22
Age < 30 years at time of ICR 1.05 [0.75-1.48 0.76

Table 5. Multivariable Cox proportional hazard regression assessing the
risk of surgical recurrence across the entire postoperative period.

Adjusted HR [95% CI] p value

90-day IASC 2.53[1.31-4.87] 0.006
> 2 ICRs [index ICR in- 2.45 [1.47-4.07) <
cluded] 0.001
Tobacco use — —
[Reference: Never smoker]

Former 0.65 [0.29-1.44] 0.29

Active 1.38 [0.78-2.43] 0.26
Penetrating CD behaviour 1.17 [0.68-2.01] 0.57
Postoperative biologic or 0.80[0.45-1.43] 0.45
immunomodulator exposure
History of perianal CD 1.66 [0.98-2.83] 0.06

disease

or more ICRs between those who developed IASC and those
who did not. Additionally, these risk factors were incorpor-
ated into our multivariable modelling to reduce confounding.
Previously, our study group has shown an association with
hypoalbuminaemia [<3.5 g/dL] and postoperative IASC in
adult CD patients receiving ICR with or without diverting
ileostomy.’*%¢ This association remained in the current study,
with patients with hypoalbuminaemia having approximately
double the rate of TASC. However, hypoalbuminaemia was
not associated with endoscopic or surgical POR, pointing to-
wards IASC’s independent impact on POR.

Given the findings of this study, IASC should be considered
as an independent risk factor for endoscopic and surgical POR
of CD. Clinical management should focus on preoperative
and perioperative optimization prior to ICR, including im-
proved nutritional status [enteral preferred], albumin moni-
toring, smoking cessation within 3 months of ICR, weaning
and avoidance of perioperative systemic corticosteroids, and
optimizing elective surgical timing to avoid emergent ICR.%7%8
Perioperative biologic therapy should be continued to reduce
relapse of CD prior to ICR without major concern for in-
creased risk of IASC.55%-¢2 In patients who develop IASC, fur-
ther studies are required to determine the most appropriate
approach to reduction of POR. In the meantime, it is our
suggestion that timely initiation of postoperative biologics
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should be considered after treatment of IASC in collaboration
between gastroenterologists and surgical counterparts to
mitigate the risk of subsequent endoscopic and surgical POR.

This study is not without limitations. The retrospective
nature of the study introduces limitations to data col-
lection and inherent study design bias. Following index
ileocolonoscopy, all postoperative endoscopies were clinic-
ally indicated and not standardized, which may introduce
detection bias, in addition to residual confounding despite ro-
bust multivariable regression modelling and sensitivity ana-
lyses. We did not collect malnutrition data to correspond to
hypoalbuminaemia. The presence of anastomotic stricturing
was assessed, but the degree of stricturing or requirement
of intervention at the time of endoscopy was not included,
which limits the ability to assess progression to surgical re-
currence. Utilization of antibiotics in the postoperative course
was not collected. The study was conducted at a quaternary
referral centre, which may limit the generalizability and ex-
ternal validity of results.

5. Conclusion

Postoperative intra-abdominal septic complications are asso-
ciated with increased overall risk and decreased time to endo-
scopic and surgical POR of CD. Although this study cannot
determine a causative relationship, immune activation to en-
teric infection may play an independent role in the pathogen-
esis of POR. Optimization of pre- and perioperative medical
and surgical management, including nutritional status, avoid-
ance of perioperative steroids and continued biologic therapy,
may aid in preventing IASC. In patients who experience IASC,
initiation of postoperative biologics following treatment of
IASC may mitigate the increased risk of endoscopic and sur-
gical postoperative recurrence.
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