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Abstract
Patients with Crohn’s disease (CD) often require surgical resection due to complications, such as strictures and abscesses, 
or disease refractory to medical therapy. To understand the evolving management of patients with CD after surgery, we 
outline the risk factors for postoperative recurrence, advances in postoperative endoscopic evaluation and characterization 
of recurrence, noninvasive methods of assessing postoperative recurrence, use of postoperative prophylactic medical therapy 
including newer biologics, and novel surgical methods to reduce postoperative recurrence. The Rutgeerts score (RS) was 
developed to predict progression of disease based on endoscopic appearance postoperatively and to guide medical therapy. 
However, this scoring system groups ileal and anastomotic lesions into the same category. A modified RS was developed 
to separate lesions isolated to the anastomosis and those in the neo-terminal ileum to further understand the role of anasto-
motic lesions in CD progression. Additional scoring systems have also been evaluated to better understand these differences. 
In addition, noninvasive diagnostic methods, such as small bowel ultrasound, have high sensitivity and specificity for the 
detection of postoperative recurrence and are being evaluated as independent methods of assessment. Studies have also 
shown a reduction in endoscopic recurrence with postoperative anti-TNFα therapy. However, preoperative exposure to anti-
TNFα therapy may impact postoperative response to these medications, and therefore, determining optimal postoperative 
prophylaxis strategy for biologic-experienced patients requires further exploration. Lastly, new surgical modalities to reduce 
postoperative recurrence are currently being investigated with preliminary data suggesting that an antimesenteric functional 
end-to-end anastomosis (Kono-S) may decrease postoperative recurrence.
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Introduction

Crohn’s disease (CD) is a transmural inflammatory process 
that can involve any part of the digestive tract and affects 
roughly 1 in 300 people in the Western world with a rising 
incidence in newly industrialized countries [1, 2]. Patients 
with CD often require surgical resection due to complica-
tions such as strictures, fistulae, abscesses or disease refrac-
tory to medical therapy. The risk of surgery after diagnosis 
is 16.3% at 1 year, 33.3% at 5 years, and 46.6% at 10 years 
[3, 4]. Clinical or surgical relapse after initial surgery is 
frequently preceded by endoscopic recurrence at the neo-
terminal ileum and is triggered by intestinal luminal contents 

[5–7]. To understand the evolving management of patients 
with CD after surgery, we reviewed the risk factors for post-
operative recurrence, advances in postoperative endoscopic 
evaluation and characterization of recurrence, noninvasive 
methods of assessing postoperative recurrence, use of post-
operative prophylactic medical therapy including newer bio-
logics, and novel surgical methods to reduce postoperative 
recurrence.

Methods

For this review, we searched PubMed, EMBASE, Cochrane 
Central, Clinicaltrials.gov, Web of Science, and Google 
Scholar from 1990 through 2021, with a focus on studies 
published after 2015. We identified articles on postopera-
tive recurrence of CD pertaining to: (1) risk factors for 
recurrence; (2) postoperative endoscopic evaluation; (3) 
noninvasive methods of postoperative evaluation; (4) drug 
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trials of medical prophylaxis; and (5) surgical methods to 
reduce postoperative recurrence. We included cohort and 
randomized controlled studies that involved diagnostics, 
risk stratification and treatment of patients with CD post-
operatively. The search strategy employed a combination of 
Medical Subject (MeSH) headings and keywords as follows: 
“Crohn’s disease,” “inflammatory bowel disease,” “CD,” 
“postoperative care,” “postoperative complications,” “post-
operative period,” “surgery,” “operation,” “risk factors,” 
“disease duration,” “previous resection,” “prior resection,” 
“disease location,” “anastomosis,” “disease extent,” “risk 
factor,” “genetic,” “anastomotic configuration,” “laparo-
scopic,” “open,” “length of resection,” “resection length,” 
“microscopic disease,” “myenteric plexitis,” “diagnosis,” 
“microbiome,” “assessment,” “colonoscopy,” “endoscopy,” 
“ileocolonoscopy,” “noninvasive methods,” “Rutgeerts,” 
“fecal calprotectin,” “CRP,” “inflammatory markers,” “ultra-
sound,” “SICUS,” “small intestine contrast enhanced ultra-
sound,” “CEUS,” “contrast-enhanced ultrasound,” “MRI,” 
“magnetic resonance imaging,” “small bowel MRI,” “CT,” 
“computed tomography,” “enterography,” “enteroclysis,” 
“mucosal healing,” azathioprine,” “thiopurine,” “6-mercap-
topurine,” “biologics,” “infliximab,” “adalimumab,” “ved-
olizumab,” “ustekinumab,” “drug therapy,” “prophylaxis,” 
“Kono-S,” “mesentery.” Boolean operators (“not,” “and,” 
“or”) were also used to narrow or widen the search. Stud-
ies focusing on pediatric populations, those with less than 
6-month follow-up, and those not written in English and 
unable to be translated to English were excluded. If pub-
lications reported duplicate data on a population, only the 
publication with the longest follow-up period was included.

Risk Factors for Postoperative Recurrence

There are multiple well-known risk factors for postoperative 
recurrence such as current smoking, younger age at diagno-
sis, two or more prior surgeries related to CD and penetrat-
ing disease [8–12]. Additional clinical risk factors includ-
ing NOD2/CARD15 genetic variant, continuous ileocolonic 
disease, and perianal fistulae have also been implicated in 
postoperative recurrence [13, 14]. Histologic features at 
the time of resection, such as positive resection margins, 
myenteric and submucosal plexitis, and granulomas, are also 
predictive of postoperative CD recurrence in recent studies 
[15]. In addition, microbial factors, such as bacterial dys-
biosis and a low abundance of Faecalibacterium prausnitzii 
in both resected and postoperative ileal mucosa, have been 
associated with an increased risk of endoscopic recurrence. 
However, the utility of using gut microbiota in predicting 
recurrence may be limited by the use of antibiotics in the 
pre- and perioperative period [16–20].

Postoperative Endoscopic Evaluation

According to the American Gastroenterological Associa-
tion (AGA) guidelines published in 2017, postoperative 
endoscopic monitoring is recommended at 6–12 months 
after surgery in both patients on and off postoperative 
medical therapy for CD [3]. The Rutgeerts score (RS) has 
been traditionally used to grade the severity of endoscopic 
lesions in the neo-terminal ileum and ileocolonic anasto-
mosis and a score of i1–i4 is considered endoscopic recur-
rence, with escalation of medical therapy recommended 
for i2–i4 lesions (Table 1) [21]. However, recent studies 
have proposed separating aphthous lesions in the neo-
terminal ileum from those confined to the anastomosis, as 
questions remain whether anastomotic lesions are related 
to post-surgical ischemic changes instead of progression 
of CD. A modified Rutgeerts score (mRS) was developed 
with i2 sub-scores (i2a for those isolated to the anastomo-
sis and i2b for > 5 aphthous lesions in the neo-terminal 
ileum) and performed well as a reliable assessment. How-
ever, implementation of this score has yielded contradic-
tory results [22–26]. One retrospective study by Riviere 
et al. [23] using this modified score found no significant 
difference in clinical postoperative recurrence and need for 
surgical intervention between patients with both scores, 
indicating that anastomotic lesions can also lead to disease 
recurrence. Similarly, another recent retrospective study 
by Hirten et al. [26] determined that anastomotic ulcers 
occur in over half of patients with CD after ileocolic resec-
tion and are associated with CD recurrence. In contrast, 
a retrospective study concluded that endoscopic lesions 
limited to the ileocolonic anastomosis (i2a) in patients 
with CD undergoing colonoscopy within 1 year of their 
resection were not associated with disease progression, 
whereas those in the neo-terminal ileum (i2b) were [24].

Alternative scoring systems have been developed to bet-
ter compare disease progression in patients with anasto-
motic and neo-terminal ileal lesions. A recently published 
prospective multicenter study developed two separate 
endoscopic grading systems (REMIND score) for anas-
tomotic and ileal lesions after surgery for ileal or ileoco-
lonic CD [25]. Among 225 included patients, long-term 
follow-up was available in 193 with a median follow-up of 
3.82 years. Clinical recurrence-free survival after surgery, 
which was defined as CD-related clinical manifestations 
confirmed either by endoscopy, imaging or therapeutic 
intensification, CD-related complications, or CD-related 
subsequent surgery, was significantly shorter in patients 
with ileal lesions compared to those without, and patients 
with exclusively ileal lesions had poorer clinical long-
term outcomes than patients with exclusively anastomotic 
lesions. However, patients with anastomotic lesions had 
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poorer clinical long-term outcomes than those without any 
lesions at the anastomosis or neo-terminal ileum. These 
data suggest that patients with ileal lesions, including mild 
ones (RS i1), could benefit from escalation of treatment. In 
addition, separately characterizing anastomotic and ileal 
lesions using the REMIND score may provide further data 
to help predict postoperative long-term outcomes and 
identify which patients need escalation of medical therapy.

Noninvasive Methods of Evaluating 
Postoperative Recurrence

Although endoscopy is considered the gold standard for 
assessing postoperative recurrence in CD, it is costly, more 
invasive, and bears risks, such as bleeding and perforation 
[27]. Given these limitations, there is growing literature on 
the utility of noninvasive methods of identifying disease 
recurrence [27–29]. Systemic inflammatory markers, such 
as C-reactive protein (CRP) and erythrocyte sedimentation 

rate (ESR), can be helpful in monitoring response to therapy 
in acute flares. However, they are less correlated with post-
operative endoscopic recurrence [30]. Calprotectin is a Ca-
binding antimicrobial protein that is present in proportion to 
inflammation in body fluids and can be easily quantified in 
feces [31, 32]. In preoperative CD, fecal calprotectin (FC) 
levels have been shown to correlate with endoscopic disease 
activity and are useful surrogate markers for mucosal heal-
ing [33, 34].

Given these promising data, several studies have evalu-
ated the role of FC in postoperative CD. In a meta-analysis 
of 613 patients with postoperative CD, the pooled sensitiv-
ity and specificity values of FC for detecting endoscopic 
recurrence were high at 0.82 (95% confidence interval (CI) 
0.73–0.89, 8 studies, n = 391) and 0.61 (95% CI 0.51–0.71), 
respectively [35]. In an analysis of 135 participants from 
the randomized, multicenter Postoperative Crohn’s Endo-
scopic Recurrence (POCER) trial that evaluated the ability 
of endoscopic evaluations and step-up treatment to prevent 
CD recurrence after surgery, FC levels were measured before 

Table 1   Comparison between the Rutgeerts, Modified Rutgeerts, and REMIND scores

Adapted from Rutgeerts et al. [21], Ma et al. [22], and Hammoudi et al. [25]

Rutgeerts score

i0 No lesions in the distal ileum
i1  ≤ 5 aphthous lesions in the distal ileum
i2  > 5 aphthous lesions with normal mucosa between the lesions or skip area of large lesions or 

lesions confined to the ileocolonic anastomosis
i3 Diffuse aphthous ileitis with diffusely inflamed mucosa
i4 Large ulcers with diffuse mucosal inflammation or nodules or stenosis in the neo-terminal ileum

Modified Rutgeerts score

i0 No lesions in the distal ileum
i1  ≤ 5 aphthous lesions in the distal ileum
i2a Lesions confined to the ileocolonic anastomosis (including anastomotic stenosis)
i2b  > 5 aphthous ulcers or large lesions, with normal mucosa in-between, in the neo-terminal ileum 

(with or without anastomotic lesions)
i3 Diffuse aphthous ileitis with diffusely inflamed mucosa
i4 Large ulcers with diffuse mucosal inflammation or nodules or stenosis in the neo-terminal ileum

REMIND score

Anastomotic lesions (< 1 cm in length after the anastomosis)
A(0) No lesion
A(1) Ulcerations covering less than 50% of the anastomosis circumference
A(2) Ulcerations covering more than 50% of the anastomosis circumference
A(3) Anastomotic stenosis
Ileal lesions
I(0) No lesion
I(1)  ≤ 5 aphthous ulcers
I(2)  > 5 aphthous lesions with normal intervening mucosa or skip areas of larger lesions
I(3) Diffuse aphthous ileitis with diffusely inflamed mucosa
I(4) Diffuse inflammation with larger ulcers
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surgery and at 6, 12, and 18 months after resection [27]. The 
median FC level was higher in patients with disease recur-
rence (RS ≥ i2) than in patients with remission at 6 months 
after surgery (275 vs. 72 μg/g, respectively; P < 0.001) and 
levels of FC > 100 μg/g indicated endoscopic recurrence 
with 89% sensitivity and 58% specificity. In patients with 
endoscopic recurrence at 6 months who stepped-up treat-
ment, FC levels decreased over the 18-month period. This 
study elucidated the value of monitoring FC after surgery, 
especially with regard to predicting relapse and perform-
ing early endoscopic evaluation with step-up treatment, if 
indicated. Similarly, in a prospective cohort study of 99 
patients with CD who underwent ileocolonic resection, FC 
levels were higher in patients with endoscopic recurrence 
compared to those in remission (median FC 196.5 μg/g vs. 
42.1 μg/g; P < 0.001) [36]. Interestingly, the median FC for 
recurrent disease using RS ≥ i2 was lower than recurrence 
when using mRS ≥ i2b (excludes anastomotic lesions), sug-
gesting that FC has increased sensitivity and accuracy when 
endoscopic recurrence based only on anastomotic lesions is 
excluded.

In a more recent study of 61 patients who had under-
gone ileocolonic resection for CD, FC, acute phase reac-
tants [CRP, fibrinogen, white blood cell count (WBC), and 
platelet count], and plasma cytokines [interleukin (IL)-1β, 
IL-2, IL-6, IL-10, IL-12p70, IL-13, tumor necrosis factor 
(TNF)-α, interferon (IFN)-γ] were measured before surgery 
and at various time points during the postoperative follow-up 
[37]. Higher FC values were significantly associated with 
risk of postoperative endoscopic recurrence (mRS ≥ i2b) 
over time. Endoscopic recurrence was best predicted by 
FC ≥ 160 μg/g at 6 months after surgery (85% sensitivity, 
70% specificity, 26% predictive positive value, 98% nega-
tive predictive value) and combined values of FC, IL-6, and 
IFN-γ levels at 6 months postoperatively had a high pre-
dictive capacity to assess the risk of early recurrence [area 
under the curve (AUC) 0.90]. Therefore, FC in combination 
with other serologic markers can be beneficial in predict-
ing and monitoring postoperative recurrence and may better 
assist in identifying which patients need further endoscopic 
evaluation and escalation of medical therapy; however, fur-
ther studies are necessary to assess whether these markers 
can replace endoscopy as primary evaluation [29].

Other minimally invasive diagnostic methods, such as 
transabdominal ultrasound (TUS), small intestine contrast 
ultrasound (SICUS), contrast-enhanced ultrasound (CEUS), 
and CT or MR enterography (CTE/MRE), may be helpful in 
predicting and assessing postoperative recurrence. SICUS 
is performed after oral ingestion of contrast solution and 
can visualize both established CD lesions as well as minor 
changes in the small bowel wall [38]. CEUS uses intrave-
nous contrast which allows for evaluation of intestinal wall 
vasculature and can estimate inflammatory activity in CD 

[39]. In a recent systematic review with meta-analysis of 
10 studies with 536 patients with postoperative recurrence, 
accuracy of TUS, SICUS, and CEUS was evaluated [40]. US 
had high sensitivity (94%; 95% CI 86%–97%) and specificity 
(84%; 95% CI 62%–94%) in the diagnosis of postoperative 
recurrence in comparison with endoscopy as the reference 
standard, and sensitivity of SICUS was higher and specific-
ity was lower than that of TUS, possibly due to the pressure/
distension of the bowel wall produced by luminal contrast. 
Only one study of CEUS was included in the analysis and 
in combination with B-mode US (assessment of parietal 
thickness and presence of transmural complications), it 
had high sensitivity, specificity, and accuracy in the diag-
nosis of endoscopic recurrence at 98%, 100%, and 98.3%, 
respectively [41]. An additional study evaluating this method 
found that the presence of wall thickness (WT) ≥ 6 mm or 
WT between 5 and 6 mm with bowel wall contrast enhance-
ment ≥ 70% or extra-intestinal perforating complications had 
the best results for grading recurrence (sensitivity, specific-
ity, and accuracy of 90.3%, 87%, and 88.9%, respectively) 
[42]. These findings suggest that US has a high sensitivity 
and specificity for the diagnosis of postoperative recurrence. 
The European Crohn’s and Colitis Organization guidelines 
have defined it as an emerging assessment tool for iden-
tifying postoperative recurrence with strong inter-operator 
reliability [43]. However, small bowel ultrasound has yet to 
be established in the USA and specialized training will be 
required with validated activity scores [44, 45].

Cross-sectional imaging, such as CTE and MRE, has also 
been shown to predict postoperative recurrence in CD. In a 
prospective study of 30 patients with suspected CD recur-
rence after surgical resection, MR enteroclysis (similar to 
MRE, however, oral contrast is administered via nasojejunal 
tube) and endoscopy were performed and compared [46]. 
An MR score was developed characterizing severity of find-
ings related to CD and was shown to have high agreement 
with the RS. Similarly, in a meta-analysis of 76 patients 
from 3 studies assessing postoperative recurrence in CD, 
the pooled sensitivity and specificity for MRE were high at 
97% and 84%, respectively with excellent accuracy (AUC 
0.98), suggesting that MRE may provide an accurate assess-
ment of postoperative endoscopic recurrence in CD [47]. 
Similar findings have been shown with CTE. In a prospec-
tive analysis of 32 patients with CD with ileocolic resection, 
ileocolonoscopy and CTE were performed within 1 week of 
each other and there was a good correlation between endo-
scopic and CTE recurrence (r = 0.782, P < 0.0001) [48]. A 
more recent study analyzed a subgroup of 31 patients who 
underwent both ileocolonoscopy and CTE within 1 month 
of each other for surveillance of CD recurrence postopera-
tively and the sensitivity and specificity of CTE were 92.3% 
and 83.3%, respectively [49]. CT enteroclysis has also been 
shown to help differentiate between disease recurrence and 
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fibrostenosis at the anastomotic site after ileocolic resection 
for CD. The two most discriminating variables they discov-
ered in the differentiation between anastomotic recurrence 
and fibrostenosis was the comb sign (P = 0.026) and strati-
fication (P < 0.001) [50]. These noninvasive methods can 
both predict postoperative recurrence and provide additional 
information alongside endoscopy, especially with regard to 
stricturing behavior and evaluation of areas that are not visu-
alized on endoscopy. However, the utility of these methods 
needs to be further evaluated in larger studies.

Postoperative Prophylactic Medical Therapy

In addition to postoperative evaluation, initiation of medi-
cal therapy is crucial in preventing recurrence. The deci-
sion to start medical treatment post-surgery is based off 
of the strongest risk factors for recurrence, which include 
age < 30 years, active smoking, and at least 2 prior surgeries 
for penetrating and/or perianal disease and treatment is usu-
ally initiated around 2–4 weeks after surgery [2–4]. Nitro-
imidazole antibiotics have been shown to prevent early endo-
scopic recurrence and delay clinical recurrence. However, 
their long-term use is limited by drug effects and toxicity 
and therefore only recommended for 3 months [51–53]. In 
three randomized controlled trials, thiopurines reduced the 
risk of clinical relapse at 12–36 months [pooled relative risk 
(RR) 0.79; 95% CI 0.67–0.92; I2 = 0%; GRADE moderate 
certainty evidence], but did not prevent endoscopic relapse 
in two of these studies (pooled RR 0.85; 95% CI 0.64–1.13; 
I2 = 62%; GRADE low certainty evidence) [54–57]. Inter-
estingly, in the Mercaptopurine versus Placebo to Prevent 
Recurrence of Crohn's Disease after Surgical Resection 
(TOPPIC) trial, thiopurines were effective in preventing 
postoperative clinical recurrence in smokers only [55].

In terms of biologic therapy, the Prospective, Multi-
center, Randomized, Double-Blind, Placebo-Controlled 
Trial Comparing Remicade (infliximab) and Placebo in 
the Prevention of Recurrence in Crohn's Disease Patients 
Undergoing Surgical Resection Who Are at an Increased 
Risk of Recurrence (PREVENT) study was the first rand-
omized controlled trial to assess postoperative clinical and 
endoscopic recurrence after anti-TNFα therapy compared 
to placebo [58]. Patients were randomly assigned (1:1) 
to infliximab (5 mg/kg) or placebo every 8 weeks within 
45 days of surgical resection. The primary endpoint was 
a composite of clinical recurrence defined as CD Activity 
Index (CDAI) score > 200 and a ≥ 70-point increase above 
baseline AND endoscopic recurrence with RS of ≥ i2 or fis-
tula/abscess development before or at week 76. The major 
secondary endpoint was endoscopic recurrence of CD before 
or at week 76. Although treatment was planned for a maxi-
mum of 208 weeks, the study was terminated after week 

104 because the composite outcome was not met. Infliximab 
reduced endoscopic recurrence at 76 weeks (absolute risk 
reduction, 29.4%; P < 0.001). However, it was not signifi-
cantly superior to placebo in preventing clinical recurrence. 
These results further confirm the well-established concept 
that clinical and endoscopic disease activity in patients with 
CD do not correlate.

Although the PREVENT study showed the benefit of inf-
liximab in reducing postoperative endoscopic recurrence, 
the differing results with regard to clinical and endoscopic 
recurrence resulted in a failure to achieve the primary com-
posite endpoint, which in turn resulted in premature termi-
nation of the study and may not have provided enough time 
for clinical complications to develop [59]. In addition, this 
composite endpoint has not been validated in previous stud-
ies, and therefore, interpretation of these data is unclear. 
Lastly, this study used every 8-week dosing for infliximab 
without induction and did not evaluate the use of infliximab 
continuously through surgery or check drug levels, which 
may have compromised optimal dosing.

The POCER trial aimed to identify the optimal strategy 
to prevent disease recurrence and compared active manage-
ment based on risk of postoperative recurrence and adjust-
ment of therapy according to endoscopic findings to standard 
care [60]. In this trial, all patients with CD who underwent 
surgery were treated with 3 months of metronidazole therapy 
and those at high risk of recurrence (smoking, fistulizing dis-
ease, or prior resection) also received a thiopurine or adali-
mumab if they were intolerant to thiopurines. They were 
then randomized (2:1) to colonoscopy at 6 months (active 
care) or no colonoscopy (standard care). In the active care 
group, if patients were found to have endoscopic recur-
rence with RS ≥ i2 at 6 months, therapy was stepped-up to 
thiopurine, adalimumab every 2 weeks with thiopurine, or 
weekly adalimumab (after induction). The primary endpoint 
was endoscopic recurrence at 18 months. At 18 months, 
endoscopic recurrence occurred in 49% of patients in the 
colonoscopy (active care) arm and 67% in the no colonos-
copy (standard of care) arm (modified intention-to-treat, 
P = 0.03). Smokers had a significantly higher risk of endo-
scopic recurrence than nonsmokers. As expected, there was 
no correlation between clinical recurrence defined by CDAI 
score > 200 or CDAI score > 150 and endoscopic recurrence.

The POCER trial showed that treating according to risk 
of recurrence, with assessment with 6-month colonoscopy 
and treatment step-up for endoscopic recurrence, is sig-
nificantly better than optimum drug therapy alone for pre-
vention of postoperative recurrence of Crohn’s disease. In 
addition, this strategy of detecting and treating based on 
endoscopic recurrence is more effective than waiting for 
clinical recurrence [61]. Interestingly, more than 80% of 
patients across both the active and standard care groups were 
considered high risk. Further studies are needed to validate 
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risk stratification, especially as there are additional impor-
tant risk factors for postoperative recurrence as mentioned 
above. The PREVENT and POCER trials both show that 
proactive monitoring for endoscopic recurrence and active 
management is crucial in preventing postoperative recur-
rence. However, optimal medical treatment after surgery is 
still unclear, especially with regard to combination therapy, 
need for re-induction, and timing of when to start treatment 
postoperatively.

In order to determine whether preoperative treatment 
with anti-TNFα therapy influenced postoperative response, 
Shinagawa et al. [62] performed a sub-analysis within their 
large multicenter retrospective analysis of 1871 patients 
with CD who underwent intestinal resection before and 
after anti-TNFα therapy was introduced in Japan in 2002. 
In the overall multivariable analysis, the postoperative use 
of immunomodulators (IM) (hazard ratio (HR) 0.60; 95% 
CI 0.44–0.81) and anti-TNFα therapy (HR, 0.71; 95% CI, 
0.57–0.88) was associated with a lower reoperation rate. 
In addition, the reoperation rate was lowest in patients on 
combination therapy with IM and anti-TNFα therapy and 
highest in those who did not receive either of the drugs 
[(anti-TNFα + and IM +): 12.4% vs. (anti-TNFα + and IM −): 
19.0% vs. (anti-TNFα − and IM −): 26.3%; P = 0.002)]. After 
stratifying patients by anti-TNFα exposure prior to surgery, 
the postoperative administration of anti-TNFα was found to 
be effective in the biologic-naive group with lower reopera-
tion rates, but not in the group that failed biologic therapy 
before operation. Therefore, determining optimal postopera-
tive prophylaxis strategy for biologic-experienced patients 
requires further exploration.

Lastly, the role of other biologics such as ustekinumab 
and vedolizumab in postoperative maintenance remains 
unclear and these are generally reserved for patients who 
have failed anti-TNFα therapy or are restricted by specific 
contraindications to anti-TNFα agents that do not impact use 
of other biologic agents [29]. A single retrospective study of 
patients with CD who underwent surgery sought to investi-
gate the use of vedolizumab in the postoperative setting [63]. 
Of the patients who received vedolizumab postoperatively, 
91% had previous use of anti-TNFα agents. At 6–12 months 
of follow-up, rates of clinical (Harvey–Bradshaw index ≤ 4) 
and serological (CRP < 3 mg/L) remission were similar 
among patients receiving vedolizumab or anti-TNFα agents 
(52% vs. 63%, P = 0.50; 50% vs. 62%, P = 0.43, respec-
tively). However, the rate of endoscopic remission as defined 
by simple endoscopic score for CD (SES-CD) of 0 was sig-
nificantly lower in the vedolizumab group compared to the 
anti-TNFα group (25% vs. 66%, P = 0.01). In a small clini-
cal practice cohort of patients with CD from the ENEIDA 
registry who were prescribed vedolizumab or ustekinumab 
within the first 3 months after surgery, postoperative endo-
scopic recurrence (RS > i1) occurred in 40% of patients on 

vedolizumab and 58% of those on ustekinumab, similar to 
that reported with anti-TNFα agents [64, 65]. Interestingly, 
17% of patients on each of these medications were on con-
comitant immunosuppressants and no data were provided 
on preoperative anti-TNFα use. Further investigation with 
randomized controlled trials is required before determin-
ing the utility of other biologics in preventing postoperative 
recurrence of CD.

Surgical Methods and Postoperative 
Recurrence

As most of the disease activity after surgery occurs near 
the original surgical anastomosis, the type of anastomotic 
configuration and luminal diameter has also been implicated 
in the development of postoperative recurrence. Currently, a 
wide lumen configuration with a stapled side-to-side anas-
tomosis is favored as it may prevent early stenosis, colonic 
reflux, fecal stasis, and secondary ischemia and has been 
associated with reduced overall postoperative complica-
tions, especially anastomotic leaks [66–69]. However, the 
American Society of Colon and Rectal Surgeons (ASCRS) 
guidelines published in 2020 suggest that reconstruction fol-
lowing ileocecal resection using side-to-side, side-to-end, 
or end-to-end handsewn or stapled anastomosis should be 
based on surgeon preference and experience, as the data 
regarding anastomotic technique, leak, and recurrence are 
conflicting (strong recommendations based on low-quality 
evidence) [70].

The Kono-S anastomosis is a newer antimesenteric func-
tional end-to-end configuration that has been proposed 
to reduce postoperative recurrence [71]. This technique 
involves transecting the bowel with a linear cutter so that 
the mesentery side is located in the center (mesenteric pres-
ervation) and both stumps are then sutured to create a sup-
porting column to maintain the diameter and dimension of 
the anastomosis (Fig. 1). Longitudinal enterotomies are then 
made to the antimesenteric sides of the two segments, and 
the side-to-side antimesenteric anastomosis is performed in 
a transverse fashion. Creating a supporting column immedi-
ately behind the posterior wall of the anastomosis prevents 
distortion of the lumen of the anastomosis and alterations of 
the fecal stream, especially on the mesenteric side which is 
often the initial site of macroscopic recurrence [66, 72, 73].

In the first study evaluating this method, Kono et al. 
[71] performed a retrospective analysis of 69 patients who 
underwent Kono-S anastomosis between 2003 and 2009 
and compared this cohort to 72 patients who underwent a 
conventional side-to-side anastomosis. The median endo-
scopic recurrence score in the Kono-S group was signifi-
cantly lower than that in the conventional group (RS i2.6 vs. 
i3.4; P = 0.008), and surgical recurrence at 5 years was also 
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lower in Kono-S group (0% compared to 15%; P = 0.0013). 
Another retrospective study of 215 patients by the same 
authors compared the Kono-S anastomosis to end-to-end 
anastomosis over a 10 year period [74]. The 5-year surgery-
free survival rate at the anastomosis site with Kono-S anas-
tomosis was significantly higher than that with end-to-end 
anastomosis (95% vs. 81%; P < 0.001).

The surgical prevention of anastomotic recurrence by 
excluding mesentery in Crohn’s disease (SuPREMe-CD) study 
was the first to randomize 79 patients with ileocolic CD to 
Kono-S group anastomosis compared to a conventional stapled 
side-to-side anastomosis [75]. After 6 months postoperatively, 
endoscopic recurrence (RS ≥ i2) and severe (RS ≥ i3) were sig-
nificantly lower in the Kono-S compared to the conventional 
group. After 24 months, clinical recurrence was lower in the 
Kono-S group compared to the conventional group (18% vs. 
30%, P = 0.04, OR 3.47). Surgical recurrence was not sig-
nificantly different between the two groups (0% in Kono-S 

group vs. 4.6% in conventional group, P = 0.3). Although these 
results are promising, further studies should look at long-term 
follow-up and there is currently one ongoing multicenter trial 
comparing the Kono-S anastomosis and side-to-side functional 
end anastomosis with up to 60 months evaluation [76].

Another surgical method currently being explored is a 
radical resection of the mesentery given the concern that 
the mesentery may play a pathologic role in CD [77]. Cof-
fey et al. investigated this theory by comparing 30 patients 
who underwent conventional ileocolic resection where mes-
entery was divided flush with the intestine (Cohort A) to 34 
patients who underwent resection which included excision of 
the mesentery (Cohort B) [78]. Cumulative reoperation rates 
were significantly lower in Cohort B compared to A (2.9% vs. 
40%, P = 0.003). Based on these results, an international, mul-
ticenter, randomized controlled trial was developed to compare 
extensive mesenteric excision to limited mesenteric excision 
and currently undergoing recruitment [79, 80].

Conclusion

In patients with CD who have undergone intestinal surgery, 
early evaluation for endoscopic recurrence has been shown 
to improve outcomes. There is still controversy on how to 
best characterize these lesions in the neo-terminal ileum and 
anastomosis and the risk of progression. In addition, the rec-
ommendation for postoperative medical therapy continues to 
evolve with the addition of new biologic therapies. Lastly, new 
surgical modalities to reduce postoperative recurrence are cur-
rently being explored with preliminary data suggesting that an 
antimesenteric functional end-to-end anastomosis (Kono-S) 
can decrease postoperative recurrence.
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Fig. 1   Surgical Technique of Kono-S Anastomosis. a Bowel resec-
tion is accomplished using a linear staple cutter such that the mes-
entery side is located in the center of the stump. b Each bowel stump 
is reinforced with sutures. c Both stumps are sutured together to cre-
ate a supporting column to maintain the diameter and dimension of 
the anastomosis. Longitudinal enterotomies are made at the antimes-
enteric sides of the two segments of intestine, which is indicated by 
the dotted lines. d The side-to-side antimesenteric anastomosis is then 
performed in transverse fashion. e The supporting column is located 
between the anastomosis and the mesentery when the anastomosis is 
completed. Adapted from Fleshner [81] and Kono et al. [71]
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