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Abstract

Purpose Mesenteric resection in Crohn’s disease (CD) is still controversial and under discussion. We performed a meta-
analysis to assess recurrence rates and operative-related morbidity based on the extent of mesenteric resection.

Methods A comprehensive literature research was conducted until November 2024 using PubMed (Medline), the Cochrane
Central trials register, and Google Scholar databases. Studies before the biological era or with Kono-S anastomosis were
excluded. Data from comparative studies with reported patient characteristics and outcome results of extended and limited
mesenteric resections were extracted and subsequently entered into a pairwise meta-analysis model. Odds ratios (ORs) for
dichotomous variables and standardized mean differences (SMDs) for continuous outcomes with 95% confidence intervals
(CIs) were calculated. The risk of bias was rated according to ROBINS-I and Rob2 criteria, respectively.

Results Four non-randomized studies and one randomized trial with a total of 4358 patients (extended mesenteric resection:
n =993 versus mesenteric preservation: n=3365) met eligibility criteria and were included. Extended mesenteric resection
was significantly associated with reduced surgical recurrence rates compared to mesenteric preservation (OR=4.94; 95%
CI [2.22-10.97]; p<0.001, I*=0%). In terms of endoscopic recurrence, postoperative morbidity, and hospital stay, no sig-
nificant differences between both groups were noted within the short follow-up period.

Conclusion Extended mesenteric resection demonstrated a lower surgical recurrence rate in Crohn’s disease, while morbidity
rates were comparable to the mesenteric sparing approach, whether extended mesenteric excision should be recommended
requires further high-quality randomized trials with long-term follow-up data.

Keywords Crohn’s disease - Mesenteric resection - Recurrence rate - Complications

Introduction

Over the course of the last three decades, major break-
throughs have been made, unlocking novel therapeutic strat-
egies for patients with Crohn’s disease (CD). Despite of this,
the majority will have to undergo one or more surgeries over
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their lifetime [1, 2]. As a result, this raises the question of the
appropriateness of contemporary surgical methods which,
more or less, have not evolved at the same pace. Two distinct
stages of the surgical approach can be individually investi-
gated and modified in order to pursue a better outcome, with
the first one being the resectional and the second one the
reconstructive stage. With regard to the latter, the introduc-
tion of the Kono-S anastomotic technique offers a potential
option to reduce recurrence rates through the exclusion of
the mesentery from the anastomosis and thus the preven-
tion of anastomotic distortion [3, 4]. The resectional stage
has traditionally been based on the axiomatic approach of
“as much as necessary — as little as possible” referring more
to the extent of intestinal length excision rather than the
mesenteric radicality. The aspect of the excisional extent of
the intestinal mesentery is not new. Based on reports that
demonstrate the mesentery of the inflamed bowel as a dis-
crete functional entity that has been associated with disease
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activity [5], this organ has been targeted as its regulator [6,
71.

With the present work, we sought to meta-analyze all con-
temporary existing studies comparing limited to extended
mesenteric excision of the bowel with regard to its efficiency
and safety in patients with CD requiring surgical resection.

Materials and methods

This meta-analysis was conducted in accordance with the
current PRISMA (Preferred Reporting Items for System-
atic Reviews and Meta-Analyses) statement and the latest
version of the Cochrane Handbook for Systematic Reviews
of Interventions, to ensure transparency and adequate study
evidence [8, 9].

Literature search

Two authors (S.V. and A.A.) independently performed a
comprehensive research for relevant literature in the PubMed
(Medline), the Cochrane Central trials register, and Google
Scholar databases until November 9, 2024, through screen-
ing of article titles and abstracts. No language restriction was
applied. The following medical subject headings were com-
bined with the Boolean operators AND or OR: [(mesenter*
resection) AND Crohn’s]. After full-text review, the refer-
ence lists of all selected and eligible articles were compre-
hensively checked for further potentially relevant citations.
Disagreements were resolved by discussion and consensus
or consultation of a third author (D.P.) if necessary.

Inclusion and exclusion criteria

All comparative studies such as randomized controlled tri-
als (RCTs), and prospective or retrospective cohort studies
reporting clinical outcomes of extended mesenteric resection
as the intervention of interest (i.e. mesofascial separation
and vascular mesenteric pedicle division at various levels)
versus mesenteric preservation (mesenteric resection in
bowel proximity [10], comparator) during segmental bowel
resection for Crohn’s disease were included. The exclusion
criteria were as follows: case/technical reports, editorials or
narrative reviews, non-peer-reviewed articles, studies from
the pre-biological era, studies comparing Kono-S anasto-
mosis with conventional techniques, and studies that did not
report specific outcomes of interest. For data integrity, the
reported outcomes of interest in each included study should
enable the calculation of odds ratios (ORs) with 95% con-
fidence intervals (Cls). Only studies with adult participants
were considered. Discrepancies in study selection were
resolved either by consensus or by consultation with an
independent third author (D.P.).

@ Springer

Data extraction and outcomes of interest

Two authors (S.V. and A.A.) independently collected all
available and relevant data from studies meeting the inclu-
sion criteria. The extracted data contain the following infor-
mation: (a) study characteristics (authors, year and country
of publication, enrollment period, study design and protocol,
number of included patients), (b) patients baseline demo-
graphics, comorbidities, disease characteristics and medica-
tion, (c) surgical technique and intraoperative details, and (d)
postoperative short- and long-term outcomes. If the authors
were unable to achieve consistent results during data extrac-
tion, an independent third reviewer (D.P.) was consulted for
advice. The primary endpoint was the rate of surgical recur-
rence (defined as the need of reoperation for recurrent CD).
The secondary outcomes included endoscopic recurrence
(defined as Rutgeerts score from i2 to i4 [11], or modified
Rutgeerts’ score of i2b or higher [12] within 6—12 months
after index surgery), duration of surgery, protective ostomy,
anastomotic leak, transfusion, surgical site infection (SSI),
overall morbidity, major complications (according to Cla-
vien-Dino and ACS-NSQIP, respectively [13, 14]), mortal-
ity, and length of hospital stay.

Quality and certainty assessment

The risk of bias for the included non-randomized studies
was assessed using the ROBINS-I criteria as recommend
in the Cochrane Handbook for Systematic Reviews of
Interventions [15]. This tool categorizes the risk of bias in
non-randomized studies from low to critical based on seven
potential bias domains. In parallel, the risk of bias of in one
randomized study was evaluated using the RoB 2 criteria,
which categorizes randomized trials into low to high risk of
bias based on signaling questions derived from five potential
bias domains [16]. The revised AMSTAR 2 instrument was
used to critically appraise this meta-analysis [17]. The level
of evidence for the significant outcomes was classified into
four categories (high, moderate, low, and very low) accord-
ing to GRADE (The Grading of Recommendations, Assess-
ment, Development, and Evaluation) [18]. Study quality and
certainty judgement was performed independently by two
authors (S.V and A.A.). Disagreements during this step were
discussed and resolved by consensus or reassessment by a
third author (D.P.).

Statistical analyses

Data of interest was analyzed with pairwise meta-analyses.
For each primary and secondary outcome, summary treat-
ment effect estimates with 95% confidence intervals (CIs)
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were calculated. For dichotomous endpoints, the odds ratio
(OR) was chosen as the effect measure. Standardized mean
differences (SMD) were calculated to analyze continuous
outcomes. For continuous variables, the available data on
medians and IQRs (interquartile range) have been converted
into means and standard deviations applying the methods
proposed by Luo et al. and Wan et al. [19, 20]. Using the
Cochrane Q test (chi-squared test; chi?) and the measurement
of inconsistency (/?), the degree of heterogeneity among
the included studies was interpreted as follows: 0—40% low
heterogeneity and may not be important, 30-60% moder-
ate heterogeneity, 50-90% substantial heterogeneity, > 75%
considerable heterogeneity [8]. When heterogeneity was
low or moderate (I2 <50%), summary estimates were cal-
culated using a fixed-effects method. Where appropriate,
subgroup analysis was conducted to ensure the robustness
of the overall heterogeneity in the results. Leave-one-out
analysis investigated the effect of each study on the pooled

outcomes. Statistical significance was defined as p val-
ues < 0.05 of pooled data. Statistical analysis was performed
using RevMan software (version 5.3; Copenhagen: The Nor-
dic Cochrane Centre, The Cochrane Collaboration, 2014).

Results
Study and patient characteristics

The initial literature research resulted in 19,166 studies
for inclusion. After removing duplicates and non-contrib-
utory studies, 28 full-text manuscripts were screened, 23
of which were excluded taking into account the defined
inclusion and exclusion criteria. Finally, five eligible
studies involving 4550 patients remained that were subse-
quently included in the qualitative and quantitative meta-
analysis [21-25] (Fig. 1 PRISMA Flowchart). In four

Fig.1 PRISMA flowchart of
study identification and selec- [
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non-randomized studies [21-24] and one randomized trial
[25], a total of 4358 patients were analyzed (extended
mesenteric resection: n =993 versus mesenteric preserva-
tion: n=3365). The male to female ratio was 2072:2286.
The study enrollment period was from January 2004
to April 2023. Three studies originated from European
countries [21, 23, 25], while one study was conducted
in Canada [24] and one in China [22], respectively. The
study of van der Does de Willeboise et al. [25] was the
only included multicenter RCT from the Netherlands with
133 patients. Abdulkarim et al. [24] performed their study
as a retrospective ACS database query including 3709
patients. Two studies were conducted as single-center
studies [21, 22] and one as a bi-center study [23]. Patients
exclusively undergoing ileocolic resection were included
in three studies accounting for 12% of all performed pro-
cedures [21, 23, 25]. In contrast, two studies included
patients with a various extent and location of colectomy
(right colectomy 60.6%, transverse colectomy 0.2%, left
colectomy 0.8%, total colectomy 0.5%, proctectomy 0.1%,
and other non-defined segmental resections 25.9%) [22,
241]. The application of biologicals at index surgery was
mentioned in four studies with a total of 136 patients
which corresponds to 21% of all patients in these stud-
ies [21-23, 25]. Noteworthy, in two studies, follow-up
ranged from 30 days to 6 months [24, 25], in contrast to
long-term outcome data provided in three other studies
[21-23]. A full and detailed study and patient summary
is presented in Tables 1 and 2.

Study quality and risk of bias

The overall risk of bias of the four included non- rand-
omized studies was rated from serious to low based on
the proposed seven bias domains in the ROBINS-I tool.
The risk of bias in the domain of confounding was seri-
ous in one study [21], moderate in one study [24] and low
in two studies [22, 23]. The risk of bias in the domain
selection of study participants was judged as moderate
in all studies [21-24]. The risk of bias arising from clas-
sification of interventions, deviations from intended inter-
ventions, and measurement of outcomes was rated low in
all non-randomized studies [21-24]. Two studies were
observed to have moderate risk of bias in the domains
missing outcomes and selection of reported results [21,
24]. Furthermore, the only randomized study was analyzed
as having some risk of bias concerns especially in the cat-
egories missing outcome data and selection of the reported
results, respectively [25]. The methodological quality of
the pooled evidence in this meta-analysis was determined
as “high” using the AMSTAR 2 quality assessment tool.
The risk of bias evaluation is demonstrated in Fig. 2.
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Primary outcome
Surgical recurrence

Surgical recurrence as the primary outcome was reported
in three studies with a total of 416 patients [21-23]. Meta-
analysis of the pooled data revealed a significantly lower
rate of surgical recurrence associated with extended mesen-
teric resection compared to the control group (OR =4.94;
95%C1 [2.22-10.97]; p <0.0001). The rate of heterogeneity
was notably low (I*=0%, chi’ test: p=0.51) (Fig. 3). The
certainty of evidence was judged as high based on GRADE
criteria (Table suppl. 1).

Secondary outcomes

Non-significant differences between extended mesenteric
resection and mesenteric preservation were observed for all
secondary outcomes of interest, especially overall and severe
postoperative morbidity was not increased with extended
mesenteric resection. The results are presented in Table 3.

Discussion

Extended mesenteric excision is not a novel concept [26],
but is increasingly utilized, in conjunction with modern
medical treatment regimens and alternative anastomotic
approaches, as an efficient amendment to the classic tubu-
lar bowel resection. The mesentery-preserving strategy is
based on the hypothesis that the biological profile of CD
is mostly dependent on gut microbiome and the intestinal
barrier. Coffey et al. [27] revitalized the interest towards
the mesentery as a distinct anatomic and pathophysi-
ologic entity by underlining its role in metabolism and as
mediator of immune response. Increasing evidence shows
that structural abnormalities of the mesentery are closely
linked to disease progression and recurrence, rendering it
a key mediator of inflammatory activity due to interaction
between adipocytes, neuropeptides and lymphatic and vas-
cular endothelia, causing remodeling of the involved adipose
tissue [28-31]. Again, Coffey et al. [7, 27] were the first to
revive this concept and implement it into surgical practice
by conducting the first contemporary comparative study of
tubular versus extended resections for CD, with more studies
following. Here, it should be highlighted that the specimen
length was mentioned in only three included studies [21, 23,
25] and two authors provided data on the resection status
[22, 25]. In two studies [21, 23], there was a clear trend
towards a longer specimen length in the limited mesenteric
approach, while in the study by van der Does de Willeboise
et al. [25] only the ileal specimen was longer in the mes-
enteric sparing group. On the other hand, in the study by
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Zhu et al. [22], the CD affected resection margins did not
differ significantly between the two groups with limited and
extended resection, while van der Does de Willeboise et al.
[25] reported a higher inflammatory involvement of the
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distal colonic margin in the group with limited resection as
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correlate with margin status and specimen length based on
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Fig. 3 Forrest plot for primary outcome extended mesenteric resection versus control: surgical recurrence
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Table 3 Non-significant secondary outcomes

No. of included patients Heterogeneity

level

Outcomes No. of included studies ~ Mesenteric Mesenteric SMD/OR [95% CI] P-value P (%) P-value

preservation  excision
Endoscopic recurrence 2 (23, 25] 187 270 1.07 [0.73-1.56] 0.72 0 0.89
Surgery duration (min) 3 [23-25] 3274 892 —-0.04 [-0.12-0.03] 0.26 0 0.48
Protective ostomy 2 (22, 24] 3147 688 1.10 [0.80-1.52] 0.56 0 0.44
Anastomotic leak 322,24, 25] 2980 721 1.06 [0.35-3.24] 0.91 51 0.13
Transfusion 2 (22, 24] 3147 688 0.86 [0.63—1.18] 0.36 0 0.77
Surgical site infection 2 [22,24] 3147 688 1.00 [0.77-1.31] 0.99 0 0.60
Overall morbidity 3 [22-24] 3269 892 1.13 [0.94-1.37] 0.21 0 0.71
Major morbidity 3[23-25] 3274 892 1.01 [0.81-1.26] 0.90 0 0.48
Mortality 4 [22-25] 3334 958 1.96 [0.27-14.52] 0.51 0 0.89
Length of hospital stay (days) 4 [22-25] 3334 958 0.02 [-0.06-0.09] 0.69 28 0.24

CI, confidence interval; OR, odds ratio; SMD, standardized mean difference

the data of the included studies. This in turn is a contrast to
a recently published meta-analysis, demonstrating inflam-
matory margins to be associated with postoperative recur-
rence after ileocecal resection in CD [32]. At this point, it
must be noted that the term radical excision does not always
imply the exact same operative technique. Zhu et al. [22]
and Mineccia et al. [23] define it as full mesenteric mobili-
zation with division in close proximity to the major arterial
trunks, similar to oncologic colorectal resections, whereas
Coffey et al. [21] describe his technique as division of the
mesentery as close to the mesenteric root as deemed safe.
On the other hand, the mesenteric resections in the SPICY
study [25] were performed following the lower border of
the ileocolic artery, preserving its vascular trunk. The lack
of predefined mesenteric borders of the resection is most
prominent in the study of Abdulkarim et al. [24], in which
lymph node harvest alone was used as a surrogate for radi-
cality. This is the first meta-analysis of studies comparing
the above-mentioned procedures. Upon extensive literature
research, six comparative contemporary studies and one trial
from 1989 [26] were identified. In order to eliminate the
potential heterogeneity generated by the synergistic effects
of concomitant medications of different classes on treatment
response, we opted for exclusion of trials published in the
pre-biologic era [33]. This exclusion criterion becomes more
important when one considers that in Coffey’s study, 44.1%
of patients in the mesenteric excision group (recurrence rate
3%) had biologic therapy at index surgery compared to only
16.7% in the non-excision group which is further related to
the different time periods of surgery in both groups [34]. The
Kono-S anastomosis has been shown to have a positive effect
on reducing disease recurrence [35, 36], so we excluded one
study comparing the Kono-S, extended mesenteric resection
and the combination of Kono-S and extensive mesenteric

@ Springer

resection techniques to ensure homogeneity and compara-
bility [37]. Our meta-analysis demonstrated homogeneous
results in support of extended mesenteric resection with
regard to clinical recurrence requiring surgery (OR =4.94;
95% CI [2.22-10.97]; p<0.001, P= 0%). Endoscopic recur-
rences were reported in just two of the included studies [23,
25]. Despite the higher incidence in the non-excisional sub-
group, this effect did not manage to reach statistical sig-
nificance. One possible explanation of this finding would
be the relatively short follow-up period of six months in the
SPICY trial [25]. This becomes clear when one considers the
recurrence rates of up to 40% in patients with negative initial
postoperative surveillance endoscopy, after a median follow-
up period of 3.5 years [38]. Furthermore, in light of our
results regarding surgical recurrence, the fact that disease
progression is linear suggests that endoscopic recurrence
could be higher at longer surveillance. Long-time results
of the SPICY trial are yet to be published [39]. Another
important clue is the different endoscopic scoring system in
the two included studies in which endoscopic recurrence was
investigated. While Mineccia et al. [23] used the Rutgeerts
score for endoscopic recurrence evaluation, in the study of
van der Does de Willebois et al. [25], endoscopic recur-
rence was judged by the modified Rutgeerts classification.
An accurate diagnosis and classification of the endoscopic
recurrence is of the utmost importance, as it determines the
further disease course, the type of medical treatment, and the
quality of life [40]. In this context, a recent meta-analysis
of 76 studies showed a wide variation in endoscopic recur-
rence (5-93%) after surgical resection for CD, depending
on the endoscopic scoring system used [41]. Ultimately, the
identification of high-risk individuals with regard to recur-
rence and CD-related morbidity is the fundamental aim
of postoperative management. The guidelines published
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by the American Gastroenterological Association in 2017
have generally served as the guiding beacon for stratifying
and accordingly treating patients at risk, and have recently
been renewed by the new practice guideline published in
2024 [42]. Studies included in the present meta-analysis
demonstrate a rather inhomogeneous pattern with regard to
the above matter, reflecting the need for a more standard-
ized algorithmic approach of postoperative medical manage-
ment. There was no statistically significant difference noted,
concerning overall postoperative morbidity within the two
study groups. Even after investigating various postoperative
complications, still both approaches were found to deliver
comparable results. Nevertheless, most of those secondary
outcome assumptions derive from pooling of just two studies
and should be interpreted cautiously. The presented finding
could have a trend-setting impact on the current surgical
practice in CD. The latest European Crohn’s and Colitis
Organization (ECCO) guidelines state that there is insuf-
ficient evidence supporting extended mesenteric excision in
ileocecal CD [43]. Recent studies have shown that postoper-
ative disease recurrence is significantly lower depending on
the type of anastomotic technique and the extent of resection
margin involvement [44, 45], indicating that surgical proce-
dures for CD can be further improved and optimized [46].

Our meta-analysis has some limitations. Firstly, the num-
ber of studies that could be included was relatively low.
Surgical expertise of the operating surgeons was variable
and thus a potential source of bias. The heterogeneity of the
present meta-analysis with regard to inclusion of non-exclu-
sively ileocecal resections and the use of different operative
techniques may influence comparability of the presented
results. Postoperative surveillance strategies, medical treat-
ment regimens that change even within the same study period
and follow-up time vary significantly. In addition, positive
resection margins should be taken into consideration in future
comparative trials as a significant confounding factor for dis-
ease recurrence, perhaps by excluding selected cases and/or
matching between study arms as appropriate. Only one of
the included studies was a randomized controlled trial [25].
Long-time results of this trial, as well as preliminary results
of other ongoing RCTs are yet to be published [47—49].

Conclusion

Extended mesenteric resection was associated with a reduced
incidence of postoperative surgical recurrence of Crohn’s dis-
ease, without demonstrating any additional morbidity. Due
to the lack of high-quality trials, non-standardized operative
technique, varying postoperative endoscopic surveillance
classification, and heterogeneity of postoperative medical
treatment, the results should be interpreted with caution.
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