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Abstract
The reported incidence of trocar site hernias in bariatric surgery ranges between 0.5 and 3%. The best available evidence derives
from retrospective studies analysing prospective databases, thus including only patients who presented with symptoms or
received surgical treatment due to trocar site hernias after a laparoscopic bariatric procedure. A systematic literature research
was conducted up until September 2017. Search strategies included proper combinations of the MeSH terms ‘laparoscopy’ and
‘bariatric surgery’, ‘trocar/port’ and ‘hernia’. Searches were not limited by publication type or language. The review was
registered in PROSPERO (ID 85102) and performed according to the PRISMA guidelines. Sixty-eight publications were
included. Pooled hernia incidence was 3.22 (range 0–39.3%). Thirteen trials reported systematic closure of the fascia; 12 trials
reported no closure. Data availability did not allow for pooling to calculate relative risk. Higher BMI and specific hernia
examination using imaging modalities were associated with a significantly higher incidence of trocar site hernias. Studies
dedicated to detection of TsH reported a pooled incidence of 24.5%. Trocar site hernias are an underestimated complication of
minimally invasive multiportal bariatric surgery. While high-quality trials are not available allowing for a precise calculation of
the incidence, existing data are indicative of very high incidence rates. Risk factors for developing a trocar site hernia in bariatric
surgery have not yet been systematically analysed. Prospective studies in this field are necessary.
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Introduction

Obesity has become the new pandemic withmore than 37% of
the American population affected, according to the United
States Ministry of Health [1]. Since the introduction of

surgical treatment, bariatric procedures have become one of
the most popular types of surgery, with more than 47.000
procedures performed in the UK between 2013 and 2015 [2].

With consideration for the standardisation and reproduc-
ibility of bariatric procedures, efforts are being made to reduce
surgical morbidities. Apart from the classic complications of
bariatric surgery, trocar site hernias (TsH) are clearly an un-
derrepresented problem, particularly as they usually develop
months or years after surgery and are often at first asymptom-
atic. Most of the studies that report long-term results after
bariatric surgery present various emergency cases of strangu-
lated trocar site hernias while the actual prevalence remains
unknown [3, 4] and asymptomatic or oligosymptomatic pa-
tients rarely present.

A further concern is the closure of the fascia and its poten-
tial effect on the development of trocar site hernias. Evidence
in non-bariatric populations supports the approach of closing
the fascia in incisions larger than 10 mm [5]; however, there
are case presentations describing incisional hernia risk even
with trocars smaller than 5 mm [6].
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Clinical examination of trocar wounds has proven to be
unreliable for the evaluation of trocar site hernias in obese
patients [7]. Recent prospective trials assessed sonography
and CT scans for the detection of abdominal wall defects after
surgery in obese patients [7, 8]. The results considering the
incidence of incisional hernias are concerning and highlight
the urgency of further investigations.

We conducted a systematic review and pooled analysis to
evaluate the actual incidence of trocar site hernias after bariat-
ric procedures and in order to understand the role of fascia
closure in the development of trocar site hernias.

Materials and Methods

The systematic review and pooled analysis was conducted in
accordance with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines. The ob-
jective of the analysis was to estimate the prevalence of trocar
site hernias (TsH) in the bariatric population and assess the
role of fascia closure and its possible impact on the develop-
ment of TsH.

All studies reporting on the incidence of TsH in bariatric
patients were included. Since the actual prevalence of the TsH
in the bariatric population remains unknown, studies were
included regardless of the number of patients. Case reports,
reviews and technical trials, studies in paediatric patients and
conference abstracts of unpublished data were excluded.
Studies evaluating uniportal surgical approaches, single-
incision laparoscopies and natural orifice techniques were also
not included.

Systematic Literature Research

The following databases were searched by a specialised clin-
ical librarian (MG) up through 22 September 2017: Current
Contents Medicine, The Cochrane Library, Cinahl,
ClinicalTrial.gov, WHO ICTRP and the Web of Science
Core Collection Index. Search strategies included proper
combinations of the MeSH terms and text words related to
three aspects: ‘laparoscopy’ and ‘bariatric surgery’ and
‘trocar/port’ and ‘hernia’. The search was not limited by
publication type and there were no restrictions on language.
The exact search terms can be provided on reasonable request.
The review was registered in the PROSPERO registry for
systematic reviews and meta-analyses (ID 85102).

The database search provided 2718 references. After re-
moving duplicates, 1669 references were available for
reviewing. Two independent reviewers (authors 1 and 2)
hand-searched the references to assess the publications for
eligibility. The citations of the initially included references
were hand-screened as well in order to further identify rele-
vant publications, through which 83 additional references

were found. One hundred ninety-five full-text articles were
assessed for eligibility, and 68 articles were ultimately includ-
ed in the qualitative analysis (Fig. 1). The abstracts of articles
in languages other than English were translated accordingly
and assessed for eligibility. The table of the included refer-
ences can be found in the appendix (Table 1).

The same reviewers independently performed the extrac-
tion of the data from the included studies. The findings of the
two independent reviewers were controlled for concordance.
Disagreements were resolved with discussion and intense
analysis of the trials and the data. In order to provide and
analyse as much data as possible, original authors were
contacted via e-mail. In case no valid e-mail address was
available, a thorough web-based search and contact through
social media was attempted.

The incidence of TsH was estimated as the proportion of
patients who developed a trocar site hernia relative to the total
number of patients included in the trial. We did not perform a
quality assessment of the data, since all the included studies
are of low or very low quality.

Statistics

The weighting of the various trials was based on four factors:
study design, targeted hernia examination during the follow-
up, mean follow-up and number of patients included in the
trial. The scoring and allocation of points for the study design
was as follows: four for randomised controlled trials, three for
prospective, non-randomised studies, two for retrospective
studies with prospective database and one for retrospective
studies. Considering the routine performance of a targeted
hernia examination during the follow-up visits, studies in
which patients were routinely examined for hernia-
associated symptoms with the use of an imaging modality
(CT, MRI or ultrasound scans) were given three points.
Studies where only a targeted clinical examination was per-
formed were scored two points, and studies where no specific
hernia examination was performed with one point. In case no
data was available, the study was rated with a score of zero.
Relative frequency was calculated for each factor. The relative
frequencies were additionally weighted with percentages of
40, 30, 20 or 10. The study design was weighted with 40%,
targeted hernia examination with 30%, follow-up with 20%
and number of patients with 10%.

Usual validated weighting algorithms could not be used
because of the notable heterogeneity of the included trials
and the numerous parameters that were included in the
weighting process. An additional factor restricting the imple-
mentation of validated weighting tools was the retrospective
character of most trials included in the present analysis. The
abovementioned algorithm was developed at the Institute of
Medical Statistic and Biomathematics of our University in
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order to allow for the analysis of multiple weighted factors
using the SAS software and to minimise the risk of bias.

All statistical calculations were performed using SAS soft-
ware, version 9.3 (SAS Institute Inc., Cary, NC, USA).
Quantitative, approximately normally distributed parameters
are presented using mean values and standard deviations; for
skewed data, median and range are provided. The median
values of two subgroups were compared using the Mann-
Whitney U test. Statistical significance has been assumed for
p values less than 0.05.

Results

Sixty-eight studies were included in the qualitative analysis.
One study was a randomised control trial, nine studies were
prospective, 21 studies retrospectively analysed prospectively
collected data and 37 studies were retrospective series. Study
exclusion was performed according to the aforementioned
criteria.

The final analysis included 31.516 patients. The mean
follow-up was 18.56 months (range 0–96 months). The

pooled hernia incidence was 3.22% (range 0–39.3%, SD
8.19). In order to better assess the influence of fascia closure
on the development of trocar site hernias, all corresponding
authors were contacted by e-mail. The response rate leading to
additional data was 25% (17/68).

The role of the body mass index (BMI) in the development
of TsH was available for analysis. Studies with a mean patient
BMI > 45 kg/m2 reported significantly higher pooled inci-
dence of TsH compared to studies with a mean patient BMI
< 45 kg/m2 (5.26 vs 0.50%, p = 0.015, Fig. 2).

Furthermore, we performed an analysis of methods for tro-
car site hernias diagnosis and how various studies approached
the follow-up for trocar site hernias. In 42 studies, data
concerning how follow-up was performed were not available.
In 10 studies, no specific follow-up concerning trocar site
hernias was performed. In 11 studies, patients were clinically
examined for the presence of TsH and 5 studies systematically
used imaging modalities (CT or sonography scans) during
follow-up evaluation for trocar site hernias.

Studies where clinical examination was used to detect TsH
did not demonstrate a higher pooled TsH incidence compared
to studies where no examination was performed. However, the
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use of an imaging modality was associated with a significantly
higher pooled incidence of TsH compared to no examination
at all (16.22 vs 1.28%, p = 0.04). A comparison of studies that
used imaging and studies that used only clinical examination
revealed a higher pooled incidence in the imaging group,
without reaching statistical significance (16.22 vs 1.37%,
p = 0.06, Fig. 3).

We also evaluated the aspect of the follow-up interval. The
included studies were divided into two groups: a group where
mean follow-up was longer than 12 months and a second
group where follow-up was shorter than 12months (34 studies
were included in each group). Studies with a follow-up inter-
val after 12 months had significantly higher pooled TsH inci-
dence compared to studies reporting a follow-up of less than
12 months (4.59 vs 0.8%, p = 0.023, Fig. 4).

Fascia Closure

In the present analysis, we considered the role of fascia closure
in the development of trocar site hernias. The primary

hypothesis was that a lack of fascia closure would be associ-
ated with a higher incidence of trocar site hernias.

Before weighting the studies, we compared TsH incidence
in trials that reported not closing the fascia and trials where the
fascia was routinely closed. Interestingly, trials reporting sys-
tematic closure of the fascia were associated with a signifi-
cantly higher incidence of TsH compared to studies where the
fascia was not closed (1.26 vs 0.76%, p = 0.02). After
weighting of the included studies, the trend of higher inci-
dence rates associated with fascia closure persisted, but this
difference was no longer significant (fascia closure 1.13%
versus no fascia closure 0.77%, Figs. 5 and 6).

Furthermore, we evaluated specific trocar characteristics in
order to identify particular risk factors for the development of
trocar site hernias. The only factor where sufficient data for
analysis were available was the size of the trocar. Data from 25
trocar hernias could be analysed. No hernias could be detected
in the 5-mm trocars, one hernia developed in a 10-mm trocar,
14 hernias in the 11- or 12-mm trocars, one hernia in a 13-mm
trocar and nine hernias in the 15-mm extraction trocars after
sleeve gastrectomies. As for the hernia associated with the 10-
mm trocar, the fascia had not been closed during the operation.

Fig. 3 Incidence of trocar site hernias (%) correlated with the way patient
examination was performed

Fig. 4 Incidence of trocar site hernias (%) correlated with study follow-
up

Fig. 2 Incidence of trocar site hernias (%) correlated with the BMI

Fig. 5 Incidence of trocar site hernias (%) in the listed studies where
fascia closure was routinely performed
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In 12 of 14 cases of TsH in the 11-/12-mm trocars, the fascia
had not been sutured and in two cases, closure had been per-
formed. Fascia suturing was also performed during the case
associated with the 13-mm TsH. As for the hernias reported
following the use of the 15-mm trocars, in four cases, fascia
closure had been performed and in three cases, the fascia was
not closed. In two cases, data concerning the fascia closure
were not available. Data regarding the placement of the trocar
and the anatomical position (transrectal vs. lateral pararectal
placement, cutting vs. non-cutting trocars) were not available
for analysis.

Discussion

We performed a systematic literature research in order to iden-
tify the actual incidence of trocar site hernias after laparoscop-
ic multiportal bariatric procedures. The literature research pro-
vided 1752 references, of which 68 were included based on
the aforementioned inclusion and exclusion criteria.

One of the main objectives of this analysis was to clarify
the role of fascia closure in the bariatric patient and its possible
influence on the development of TsH. Before weighting the
studies, we found—contrary to our expectations—a higher
incidence of TsH in studies where the fascia had been routine-
ly closed. After weighting and sorting the trials based on qual-
ity, the tendency for a higher incidence in trials where the
fascia was closed persisted; however, it was no longer
significant.

Furthermore, we considered hernia development and fascia
closure with regard to trocar size. Data from 25 hernias were
available. No hernias were detected with the 5-mm trocars and
only one hernia arose when using a 10-mm trocar, so no rec-
ommendations can be provided for the 5-mm and 10-mm
trocars concerning fascia closure. Analysis of larger trocar
sites indicated 14 hernias associated with the use of the 11-/
12-mm trocars, with 12 cases where the fascia was not closed.
Consequently, fascia closure when using the 11-/12-mm

trocars can be considered. This finding contradicts the initial
frequency distribution, which pointed to a higher incidence of
hernias in cases where the fascia had been closed. Data for
trocars larger than 12 mm remain controversial and therefore
do not allow for any recommendations concerning intraoper-
ative fascia closure.

After implementing the aforementioned scoring for the in-
cluded studies, we calculated a pooled incidence of 3.2%. A
particularly interesting factor we further assessed was the in-
tention to detect trocar site hernias. Unfortunately, data regard-
ing how the follow-up was performed could only be acquired
in 26 studies, so the present analysis clearly underestimates
the actual incidence of trocar site hernias. In 10 of the remain-
ing 26 studies, no specific hernia examination during the
follow-up period was performed, resulting in a pooled hernia
incidence of 6.9% in the studies where the authors ‘searched
for a hernia’. Taking our results as well as earlier evidence into
account [7], it can be safely postulated that clinical examina-
tion is not suitable for detecting an asymptomatic or
oligosymptomatic trocar hernia in the obese patient.
Furthermore, a careful analysis of the five included studies
where an imaging modality was primarily used for hernia
detection proved to be frustrating [7, 8, 64, 71, 72]. Arru
et al. analysed the incidence of TsH in a prospective feasibility
three-port sleeve gastrectomy study in 25 patients without
finding any cases of TsH [71]. However, imaging was per-
formed only 3 months after surgery. In another study, Rossi
et al. reviewed all patients after laparoscopic Roux-en-Y gas-
tric bypass (LRYGB) who received a CT scan for any reason
and reported an incidence of 0.81% [64].

In contrast, there are three studies where the authors inten-
tionally looked for TsH using imaging. Rebibo et al. reviewed
228 patients who received a CT scan in order to evaluate for
TsH after sleeve gastrectomy, with a mean follow-up of
27 months. The authors reported an incidence of 18.8%
[72]. Ahlqvist et al. examined the trocar insertion sites in 26
asymptomatic patients after LRYGB using CT scans and
found hernias in 15.4% of cases after a mean follow-up of
33 months [7]. In a further study, Scozzari et al. used sonog-
raphy scans to examine 150 patients after LRYGB with a
mean follow-up of 30 months and described a TsH incidence
of 39.3%, which is also the highest rate reported thus far [8]. A
calculation of TsH incidence in the only three studies where a
hernia was the primary outcome results in a rate of 24.5%.

Conclusion

Long-term follow-up data from non-bariatric population de-
fine obesity as a major risk factor for developing trocar site
hernias [73]. The results of the current analysis clearly indicate
that trocar site hernias are a massively underestimated prob-
lem in bariatric surgery. The pooled incidence was 3.2%;

Fig. 6 Incidence of trocar site hernias (%) in the listed studies where
fascia closure was not routinely performed
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however, the actual rate probably lies closer to the 24.5%
calculated above. Patients with a higher BMI seem to be at
greater risk for developing a hernia. Coexisting morbidities
and operation-associated factors cannot be adequately
analysed in a multivariate setting because of insufficient data.
The role of fascia closure remains complicated, but closure
when using trocars larger than 10 mm can be considered.

A major limiting factor in this analysis is that the majority
of the trials included are heterogeneous, retrospective studies
reporting either short- or long-term results of bariatric surgery
that focus primarily on weight loss or other surgical compli-
cations. Trocar hernias are mostly reported as emergency op-
erations during the follow-up period that occurred in the same
setting where the bariatric procedure was performed.
Therefore, the incidence provided in the vast majority of the
included studies heavily underestimates the actual numbers.
Prospective studies are urgently needed. Our group is current-
ly planning a prospective randomised trials hoping to clarify
the role of fascia closure in the development of trocar site
hernias.

Limitations

As previously noted, most studies included in this analysis
were not dedicated to detecting hernias after bariatric proce-
dures and only three included studies have TsH as their pri-
mary outcome. The reason for including all studies was more-
over to highlight the underrepresentation of this major issue in
the bariatric literature. A further limitation is the implementa-
tion of a self-made scoring system in the present review, pos-
sibly increasing the risk of bias in this study. The reason for its
use was the lack (to the best of our knowledge) of an alterna-
tive validated scoring system that could incorporate all
assessed parameters.
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Appendix

Table 1 Table of included references

Author/year N Weight Follow-up (months) Mean BMI (kg/m2) Design FC TsH

Mendoza 1996 [9] 125 0.40 0 35.1 1 n.a. 1
Maietta 2016 [10] 155 0.41 0 n.a. 1 Yes 0
Weiner 1999 [11] 184 0.42 0 47.8 1 n.a. 0
Corcelles 2016 [12] 45 0.45 5 47.6 1 Yes 0
Ternamian 1999 [13] 234 0.46 1.5 n.a. 1 n.a. 0
Chakhtoura 2008 [14] 100 0.49 6 46.9 1 n.a. 3
Bonatti 2004 [15] 415 0.49 0 44 1 n.a. 3
Scopinaro 2002 [16] 26 0.49 8 43 1 n.a. 0
Susmallian 2002 [17] 459 0.50 0 n.a. 1 n.a. 3
Shoar 2017 [18] 193 0.61 12 47.28 1 n.a. 3
DeMaria 2002 [19] 281 0.64 12 48.1 1 n.a. 5
Mizrahi 2014 [20] 52 0.64 17 42.6 1 Yes 2
Chevallier 2004 [21] 1000 0.68 0 44.3 1 n.a. 4
Zinzind 2003 [22] 500 0.72 13 44.3 1 n.a. 3
Triantaf 2011 [23] 85 0.75 0 43 2 n.a. 1
Antanavicius 2013 [24] 107 0.76 0 50 2 n.a. 1
Loy 2014 [25] 55 0.83 6 45 2 n.a. 1
Rubin 2001 [26] 109 0.87 7 44 2 n.a. 1
Wang 2005 [27] 423 0.87 24 44.2 1 n.a. 1
Marema 2005 [28] 1077 0.89 12 47.9 1 n.a. n.a.
Wiesner 2000 [29] 98 0.94 12 47.1 2 n.a. 0
Derici 2016 [30] 137 0.96 12 45.9 2 Yes 0
Schauer 2000 [31] 275 0.96 9.4 48.32 2 n.a. 2
Casella 2010 [32] 160 0.98 36 45.9 1 Yes 0
Regan 2003 [33] 7 1.00 0 63 1 Yes 1
Gibson 2015 [34] 300 1.04 14 45 2 No 3
Chiu 2006 [35] 752 1.06 29 39.4 1 Yes 2
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