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Abstract

Internal hernias are a worrying complication from laparoscopic Roux-en-Y gastric bypass (LRGB), with potential small
bowel necrosis and obstruction. An electronic database search of Medline, Embase, and Pubmed was performed. All studies
investigating the internal hernia rates in patients whose mesenteric defects were closed vs. not closed during LRGB were
analysed. Odds ratios were calculated to assess the difference in internal hernia rate. A total of 14 studies totalling 20,553
patients undergoing LRGB were included. Internal hernia rate (220/12,445 (2%) closure vs. 509/8108 (6%) non-closure)
and re-operation for small bowel obstruction (86/5437 (2%) closed vs. 300/3132 (10%) non-closure) were reduced when
defects were closed. There was no difference observed when sutures were used to close the defects compared to clips/staples.
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Introduction

The prevalence of obesity is increasing, and the latest esti-
mated figures from the World Health Organisation shows that
over 650 million adults worldwide are classified as living with
obesity [1]. Bariatric surgery remains an increasingly popular
method for weight-loss in morbid obesity, with encouraging
results alongside improved quality of life and reduced mortal-
ity [2]. Within bariatric procedures, laparoscopic Roux-en-Y
gastric bypass (LRGB) remains one of the most commonly
performed procedures [3], being the second most performed
procedure over the last decade [4]. However despite this, prac-
tice of LRGB varies between centres within particular aspects
of the operation, such as the position of the roux limb as well

Key Points

o Closure of mesenteric defects is associated with lower internal
hernia rates post LRGB.

o No significant difference in internal hernia rates between sutures
or staples for defect closure.

e Closure of mesenteric defects resulted in fewer reoperations for
suspected small bowel obstruction post LRGB.

< Duncan Muir
duncan.muir @nhs.net

' Ashford and St Peter’s Hospitals NHS Foundation Trust,
Chertsey, UK

as the closure of mesenteric defects [5]. The latter technique
has been increasingly performed in recent times in an effort to
reduce internal hernias, a complication of LRGB occurring in
over 10% of cases [6]. Due to the varying nature of internal her-
nia presentation, diagnosis can be challenging non-invasively,
resulting in delayed treatment and high levels of morbidity [7].
In severe circumstances, internal hernias can present with small
bowel obstruction requiring urgent surgical intervention, com-
monly occurring 1-2 years after the initial LRGB when mes-
enteric fat loss increases [8]. The debate of whether closure of
the defects formed at LRGB (Petersen’s and jejunojejunostomy
(J-J) site) reduces internal hernia rate has been long-standing,
and the first randomised trials investigating closure vs. no clo-
sure of mesenteric defects reported a reduced internal hernia
rate in the closed cohort [8, 9]. Consequently, the closure of
mesenteric defects has been increasingly performed [5, 10].

A recent international survey was conducted investigating
practice regarding mesenteric defect closure within bariatric
units worldwide [11]. This large multicentre survey demon-
strated a large majority of surgeons who responded (91.8%)
opted to always close the mesenteric defects in LRGB,
normally using non-absorbable sutures. Despite this, there
remained a significant number of responders who opted to
either not close, or to selectively close the mesenteric defects.
Furthermore, a large amount of heterogeneity was observed in
reasoning for not closing the defects, including believing the
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internal hernia rate would not be affected, or that the benefits
of closing did not outweigh the risks [11]. This survey also
demonstrated conflicted opinion over the optimum method for
closing mesenteric defects, with no conclusions made.

Thus, the findings of this survey [11] have demonstrated a
requirement for an understanding of the literature on whether
closure of mesenteric defects is associated with a reduced
internal hernia rate. Within the literature, the most recent
reviews [12, 13] suggested a reduced internal hernia rate
where mesenteric defects were closed as well as a reduced
rate of small bowel obstruction; however, these studies were
limited by few studies (both less than 10) and only two ran-
domised controlled-trials. Furthermore, there was uncertainty
over the finding of an increased rate of small bowel obstruc-
tion not due to an internal hernia in the closure group.

This up-to-date systematic review and meta-analysis aims
to confirm the association between internal hernia rate and
mesenteric defect closure, as well as note any other morbidi-
ties associated between closure and non-closure techniques.

Methods

Search Strategy

Electronic searches were performed using Ovid Medline,
EMBASE and the Web of science from inception until
10/12/2022. This was performed by two authors (DM

and BC), using the terms: (‘Roux-en-Y gastric bypass’ or
‘RYGB’) and (‘mesenteric defects’ or ‘mesenteric defect
closure’ or ‘Petersen’s’ or ‘jejunojejunostomy’) and (‘inter-
nal hernia’ or ‘hernia’ or ‘small bowel obstruction). A sub-
sequent manual review of references identified other studies.

Study Selection

Inclusion criteria were the following:

e All patients undergoing a LRGB for obesity.

e A comparison of cases where one cohort’s mesenteric
defects were closed, and the other had at least one mes-
enteric defect left open at surgery.

o Randomised controlled trials (RCTs) and observational studies

Exclusion criteria were the following:

Any study not in English
e No full-text available
e Abstracts, case reports, and non-peer review submissions

Data Extraction and Statistical Analysis
DM and BC independently extracted relevant outcome

data from included studies. The data included the fol-
lowing: internal hernia rate, Petersen’s hernia rate, J-J
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hernia rate and reoperation for suspected small bowel
obstruction.

The primary outcome was the rate of internal hernia in
patients who underwent mesenteric defect closure vs. non-
closure. Secondary outcomes included the specific loca-
tion of the internal hernia (Petersen’s vs. J-J) and reopera-
tion for suspected small bowel obstruction.

For each categorical complication, the odds ratio (OR)
and 95% confidence interval (CI) were calculated from
reported events in included studies. Both fixed-effect and
random-effect models (Mantel-Haenszel statistical method)
were used where appropriate. Review Manager 5.4 (Rev.
Man ver 5.4.1, Copenhagen: The Nordic Cochrane Centre,
The Cochrane Collaboration, 2020) was used for analysis
and figure production. An outcome shifted towards the left
of a figure suggested the frequency was higher in the non-
closure group. Heterogeneity was assessed using the I* sta-
tistic. A score of 0-50% was categorised as low heterogene-
ity, 50-75% as medium, and over 75% as high. Studies were
removed individually, and the effect this had on heterogeneity
noted. Furthermore, studies were categorised into subgroups
of RCTs alone, observational studies alone, suture/stapler
method of closure, and antecolic/retrocolic position of the
roux limb to note any additional effect this had on heteroge-
neity (Fig. 1, 2, 3,4, 5).

Publication bias was assessed using visualisation of
funnel plot asymmetry [14].

Risk of Bias and Quality Assessment

DM and BC independently calculated risk of bias and qual-
ity assessment for included studies. Where disagreement
was encountered, a third reviewer (CC) was consulted. For
randomised trials, the risk of bias was assessed using the
Cochrane tool that categorises studies into low, unclear
and high risk of bias. For observational studies, the New-
castle-Ottawa score was used [15]. This assessment tool
rates studies out of a maximum nine stars for methodologi-
cal quality. The quality of evidence provided by studies was
assessed using the grade working group [16] system rating
the evidence as very low, low, moderate and high (Fig. 6).

Results

The initial search yielded 349 citations, and the process
of study selection is summarised in Fig. 1. Screening for
inclusion and exclusion criteria resulted in 14 studies that
were included in this meta-analysis resulting in 20,553
patients being assessed. There were no disagreements on
included studies between the two independent reviewers.
Of these, three were randomised-controlled trials [8, 9,
17] with the remaining being observational cohort studies
[18-28]. Basic study demographics and study findings
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Fig.4 Forest plot in the comparison of closure vs. non-closure in mesenteric defects in LRGB for internal hernia rates: A at Petersen’s defect, B

at J-J defect

can be visualised in Table 1. All studies compared a group
where all defects were closed, to a group where at least
one mesenteric defect was not closed. All included studies
suspected an internal hernia clinically or radiologically,
and confirmed this at operation. Both antecolic and ret-
rocolic roux limb outcomes were assessed in two studies
[20, 25], whilst the remaining studies used solely an ante-
colic roux limb [8, 17, 19, 21-24, 26, 28]. A non-absorb-
able running suture was used in 10 studies [8, 18-21,
23-26, 28], two used non-absorbable interrupted sutures

[9, 27], and the final two studies used a stapler [22] and
clips [17]. Overall methodological quality of cohort stud-
ies can be seen in Table 1, with the quality assessment of
the RCTs being visualised in Table 2.

Internal Hernia Rate

The overall rate of internal hernia in the closure group was
1.78%, compared to an internal hernia rate of 6.28% in the
non-closure group (p=0.003). Further analysis confirmed
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Fig.6 Risk of bias assessed
via Cochrane tool for studies
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the reduction of internal hernia rate in the closure group com-
pared to non-closure by an odds ratio calculation of 0.33 (95%
CI 0.29-0.39, p<0.01). Calculated =83% (p<0.01), which
indicated severe heterogeneity between the studies (Fig. 2).
There was no difference visualised when individual studies
were removed from this analysis to account for the significant
heterogeneity present. A sensitivity analysis was performed
investigating observational studies alone compared to RCTs.
Within cohort studies alone (n=11), overall internal hernia
rate was lower in closure cohorts (OR 0.34, 95% CI 0.29-0.41,
p=<0.01), ’=87%, p<0.01. This was comparable to
RCTs alone, also showing a lower internal hernia rate in clo-
sure cohorts (OR 0.31, 95% CI1 0.21-0.44, p<0.01), P=0%,
p=0.79). A funnel plot displaying all studies showed the major-
ity of studies to fall within the 95% CI of the funnel as well as
being symmetrical, indicating a low level of publication bias
(Fig. 3A).

Internal Hernia Site

Studies were further analysed by calculating the rates of
internal hernia at specific sites—notably Petersen’s defect
and the J-J defect. With respect to Petersen’s defect, this was
reported by 12 studies [8, 9, 17-19, 21-23, 25-28], totalling
18,173 patients, 3 RCTs and 9 cohort studies. The rate of
internal hernia was significantly lower in the closure cohort
(OR 0.26, 95% CI 0.20-0.34, p<0.01) with a calculated
P=29%, p=0.17 (Fig. 4A).

J-J specific internal hernias were reported in eleven studies
[8,9, 17-19, 21-23, 25, 26, 28], 3 RCTs and 8 cohort studies
(17,608 patients). A reduced rate of internal hernias was found
in the closure group (OR 0.21, 95% CI 0.17-0.27) with medium
calculated heterogeneity (P=53%, p=0.02) (Fig. 4B).

Reoperation for Small Bowel Obstruction

Reoperation for suspected small bowel obstruction was reported
in three studies [21, 22, 26]. This included 6294 patients. There

was found to be a significantly lower rate of reoperation for small
bowel obstruction in the closure group compared to the non-clo-
sure group (OR 0.14, 95% CI 0.11-0.19, p <0.01). Calculated
heterogeneity was medium (> =74%, p=0.02) (Fig. 5A). There
was no difference in heterogeneity when individual studies were
removed. Examining the funnel plot data for this outcome shows
some asymmetry, which is likely due to the small number of
studies specifically reporting this outcome (Fig. 3B).

Method of Repair

A further subgroup analysis was performed investigating the
mode of mesenteric defect closure. Sutures were used in
12 studies [8, 9, 18-21, 23-28], normally non-absorbable
running sutures. This included 16,142 patients. The overall
internal hernia rate favoured the closure group (OR 0.37,
95% C10.31-0.45, p <0.01). Calculated heterogeneity was
high (> =83%, p <0.01). For reoperation for small bowel
obstruction, two of the reporting studies used a suture clo-
sure [18, 23]. This showed there to be no difference between
the two cohorts (OR 0.54, 95% CI1 0.21-1.44, p=0.22) and
heterogeneity was low (I=0%, p=0.93).

One remaining study used clips for closure [17], and the
other used staples [22]. For the purposes of this subgroup analy-
sis, they were analysed together. This included 4411 patients.
The overall rate of internal hernia was significantly less in the
closure group (OR 0.25,95% CI10.18-0.34, p= <0.01) with a
low level of heterogeneity (> =45%, p=0.18). Due to only one
of these reporting studies reporting reoperation for small bowel
obstruction [22], no analyses could be performed.

A Mann—Whitney U test was performed comparing the rates
of internal hernia in sutures vs. other techniques, with p=0.23.

Discussion
This meta-analysis presents the most up-to-date review of

studies comparing closure to non-closure of mesenteric
defects in LRGB. We have included 8000 more patients
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(total included patient number =20,553) than when this sub-
ject was previously reviewed [12, 13], allowing this review
to further understanding on this debated topic. All included
studies recorded the rate of internal hernia, suspected clini-
cally/radiologically, and proven at operation. Our analysis
has shown that when compared to non-closure, the closure
of mesenteric defects is associated with a lower rate of
internal hernia. All of our included studies had a maximum
follow-up time of between 2 and 5.5 years (Table 1). The
most likely time for an internal hernia to present is 1-2 years
post-LRGB (due to mesenteric fat loss being greatest in this
time); thus, all included studies can be said to present ade-
quate follow-up time to investigate internal hernia rate.

Our findings of an association between mesenteric defect
closure and reduced internal hernia rate (OR 0.33, 95% CI
0.29-0.39) was shown to be the case for hernias occurring at
both Petersen’s and the J-J defect. Furthermore, we found a
lower rate of reoperation for suspected small bowel obstruc-
tion in patients with closed mesenteric defects.

The findings of this review are in keeping with older
reviews on the topic [12, 13], who also found a lower inter-
nal hernia rate in the closure cohort. It is reassuring that
our more recent review which contains 6 further studies,
including a RCT, shows similar results to previous work on
the subject, as this strengthens the findings and the sugges-
tion that all mesenteric defects should be closed at LRGB.
Previous work has described limitations of small numbers of
studies included, which our paper has overcome by having
an increased number of papers (and thus patients) included.
By including a larger number of new patients in this review,
the likelihood of the associations demonstrated between

closure of mesenteric defects and the rate of internal hernia
are strengthened.

Internal hernias are a genuine concern to all when a
LRGB is performed [2], with a risk of small bowel obstruc-
tion, as well as ischaemia and eventual necrosis. This review
has shown an internal hernia rate of 2% in the closure
group, compared to 6% in non-closure. Despite this over-
all rate being lower than that reported by individual stud-
ies, it remains a relatively common complication, requiring
reoperation with an associated high morbidity [29]. With
the associations demonstrated in this review, the number
of patients presenting with a clinically significant internal
hernia can be reduced to 1/3 if the mesenteric defects are
closed. Furthermore, our results have shown that there is a
significantly less chance of patients undergoing a reopera-
tion for suspected small bowel obstruction if the mesenteric
defects have been closed. The reasons for this are likely
twofold, the first being that the likelihood of an internal
hernia actually being present is reduced if the defects are
closed (as highlighted by this review as well as previous
work). The second involves influencing the individual sur-
geon’s opinion on whether the patient undergoes a reopera-
tion. If the patient is known to have closed defects, then the
individual surgeon may decide to delay a reoperation for
small bowel obstruction, thus potentially giving the patient’s
symptoms time to settle. As internal hernias can present
with varied symptoms, the decision to reoperate is surgeon
specific and will vary greatly between centres. As demon-
strated recently [11], there remains large variety in clinical
practice surrounding LRGB globally, with a proportion of
surgeons not routinely closing mesenteric defects, and no

Table 1 List of studies included in this meta-analysis including study outcomes and basic findings including follow up periods per study. Inter-
nal hernia (IH), jejunojejunostomy (J-J), Petersen’s defect (PD), laparoscopic Roux-en-Y gastric bypass (LRGB), small bowel obstruction (SBO)

Year of Patients (n)

Authors Country Study Ty, Outcome Description Findings Follow up
Publication v ¥ Y€ Closure Non-closure # 4 NOS period
Schneider 2021 Swizerland Cohort 292 493 H rate Closure vs non-closure of J-J defect Reduction of IH rate in closed group 7 2 years
delaCruz 2011 USA  Cohort 1729 350 H rate Closure vs non-closure of J-J defect Reduction of IH rate in closed group N S years
Amor 2019 France ~ Cohort 1672 421 H rate Closure vs non-closure of PD + J-J defect and IH rate Reduction of IH rate in closed group 7 2 years
Obeid 2013 USA  Cohont 663 251 H rate Closure vs non-closure of all mesenteric defects on [H ate  ©10*108 defects resuled in lower 1H rat, as did antecolic roux . G yosis
Chowbey 2016 India  Cobort 976 600 H rate Closure vs non-closure of all mesenteric defects on IH rate Reduction of IH rate in closed group
8 5 years
Closure or non-closure of the
Rosas 2015 UsA RCT sS4 48 H rate Closure vs non-closure of J-J on IH rate jejunal mesenteric defect following LRGB appears to
result in equivalent internal hernia and complication rates 3 years
. - T L, e  Closure vs non-closure with clips of all mesenteric defects on IH  Routine closure of the mesenteric defects in LRGB with clips is
associated with a lower rate of internal herniation S years
R o MW o M8 150 — Closure vs non-closure with staplers of all mesenteric defects on  Primary closure with a hernia-stapling device is safe and
H rate significantly reduces the risk of internal hernia 8 5 years
Petersen’s space closure immediately after a LRGB with an
alimentary loop in
) the anterior colic position (prophylactic herniorhaphy) with non-
Lopera 2018 Colombia Cohort 346 321 Hrate Closure vs non-clasure of PD on IH rate o sorior calic position (peophtyiactic henvioethapty) with no
interrupted non-absorbable suture is a useful, safe, and
effective technique to prevent the development of Petersen’s IH
during the post-operative period following LRGB. 6 3 years
Surgical details such as leaving the jejunal
Rodriguez 2010 Mexico  Cohort 172 187  Postoperative SBO Closure vs non-closure of all mesentery defects mesentery intact and closing all created defects significantly
decreased the incidence of SBO " p—
at Findings s : ic defects i
Stenberg 2016 Sweden  RCT 1259 1248 Rw";;’(;"" for Closure vs non-closure of all mesentery defects Phadlogs sopgon e sowsies closis of fis messstectc: defocti i % veary
Although closure of the mesenteric defects is associated with a
lower incidence of SBO due to intemal herniation, this effect is
: " 5 " . § ’
Nuyetens 2019 Belgium  Cohort 640 724 SBO rate Closure vs non-closure of all mesentery defects Counterod by » higher incidence of SBO duc to pestoperative
adhesions. 7 2 years
Blockhuys 2019 Belgium  Cohort 1538 1586 IH rate Clomcs v sou-closors of ail mesiiy. dolects Reduction of IH rate in closed group
and IH rate 8 35 years
A significant lower gastrojejunal stricture rate was observed in the
Riblero 2015 France  Cohort 462 110 IH rate Antecolic vs retrocolic on stricture rate and IH rate feteocollc group,
Parenti with no increased risk of internal hernia, when mesenteric defects
were closed 7 5.5 years
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Table 2 Quality assessment of RCTs included in this meta-analysis

Other bias

Kristensen 2021

Rosas 2015
Stenberg 2016

@ @ | @ |Binding of participants and personnel (performance bias)
@ | ~ | @ |Blinding of outcome assessment (detection bias)

® | ® | @ | Incomplete outcome data (attrition bias)
® | ® | @ | selective reporting (reporting bias)

® | @ | ® | Rindom sequence generation (selection bias)
® [ @ | ® | Alocation concealment (selection bias)

consensus on which material should be used for closure.
Thus, it is likely that the decision for reoperation for sus-
pected internal hernia, and the timing of reoperation, will
vary greatly internationally. However, we have demonstrated
an association between reduced internal hernia rate and clo-
sure of mesenteric defects; therefore, closure of mesenteric
defects is associated with a reduced number of operations
performed. This has huge benefits for patients who do not
have to undergo a further operation, aiding them both from
a morbidity perspective as well as not experiencing the men-
tal burden of reoperation. Furthermore, there are significant
financial benefits from reducing total operation number. In
a pressured health system, a reduced number of unplanned
reoperations can have a significant impact on its longevity.
Despite these positive findings, the quality of evidence on
reoperation for suspected small bowel obstruction number
in this review remains low. This is due to only three studies
reporting this outcome, and all three studies analysing their
data retrospectively.

One of the review’s subgroups investigated the different
methods of closing the mesenteric defects. As referenced
previously, there is currently no agreed consensus on the
optimal technique to close mesenteric defects during LRGB
[11]. The majority of studies included used non-absorbable
sutures (16,142 patients) to close both defects, with only two
studies using other methods. Both methods had a satisfactory
outcome, with there being no difference in the overall internal

hernia rate of the closed groups (p=0.23). In previous lit-
erature, there have been suggestions to further investigate
the method of mesenteric closure, and it is reassuring to see
that despite being the preferred option in the literature, clips
and staplers are demonstrating positive results with no dif-
ference when compared to sutures. One study [17] which
used clips for closure was one of the three RCTs included
in this meta-analysis. This demonstrates a high quality of
evidence for the use of this technique in mesenteric defect
closure, and that it is being utilised in LRGB, alongside the
more common reported technique of suture closure. Due to
the lack of studies describing other techniques, the quality
of evidence on this point remains low, and should be investi-
gated in further studies. This would ideally take the form of a
randomised controlled trial, with patients randomised to one
arm of suture closure, to the other of clips/stapler closure.

Despite the findings of a reduced internal hernia rate
at both Petersen’s and the jejunojejunostomy defects and
a lower reoperation rate in the closure group found in this
review, there are some limitations. The first of these is a high
reported level of heterogeneity in our primary outcome. This
did not resolve by removing individual studies or by analys-
ing RCTs vs. cohort studies. It is likely that this is due to the
varying number of participants in individual studies. How-
ever, the lower level of heterogeneity observed when studies
reported internal hernias at individual sites strengthens the
argument that closing mesenteric defects is in fact associated
with a reduced internal hernia rate. A further limitation is
analysing the position of the roux limb. In our study, all stud-
ies except two [20, 25] solely reported on an antecolic roux
limb position, and this position is becoming more popular
compared to retrocolic over time. Of the remaining two stud-
ies, they reported a combination of antecolic and retrocolic
roux limbs, thus retrocolic cases alone could not be ana-
lysed. It cannot be said that the position of the roux limb in
these studies is affecting the outcomes, nor can this review
comment on the benefit of roux limb position in terms to
internal hernia rate. However, as the trend towards antec-
olic roux limbs increases as time progresses, it is likely that
studies will continue to report on this preferred technique
compared to the retrocolic limb technique, thus there is no
clear solution to this potential limitation.

Conclusions

This systematic review and meta-analysis presents the most
recent review of the topic of mesenteric defect closure in
LRGB, with more than 8000 new patients. Despite varying
opinions on closure globally and the absence of specified
guidelines, we have demonstrated a reduced internal hernia
rate at both Petersen’s and the J-J defect, as well as a reduced
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rate of reoperation for suspected small bowel obstruction
when defects are closed.
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