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Abstract

Purpose Incisional hernia (IH) post renal transplant (RT) is relatively uncommon and can be challenging to manage clini-
cally due to the presence of the kidney graft and patient immunosuppression. This systematic review and meta-analysis
synthesises the current literature in relation to IH rates, risk factors and outcomes post RT.

Methods PubMed, EMBASE, and Cochrane Central Registry of Controlled Trials (CENTRAL) were searched up to July
2023. The most up to date Preferred Reporting Items for Systematic Reviews and Meta Analyses guidelines were followed.
Pertinent clinical information was synthesised. A meta-analysis of the pooled proportions of IH rates, the rates of patients
requiring surgical repair and the rates of recurrence post RT are reported.

Results Twenty studies comprising 16,018 patients were included in this analysis. The pooled rate of IH occurrence post
RT was 4% (CI 3-5%). The pooled rate of IH repair post RT was 61% (CI 14-100%). The pooled rate of IH recurrence after
repair was 16% (CI 9-23%). Risk factors identified for IH development post RT are BMI, immunosuppression, age, smoking,
incision type, reoperation, concurrent abdominal wall hernia, lymphocele formation and pulmonary disease.

Conclusions IH post RT is uncommon and the majority of IH post RT are repaired surgically on an elective basis.

Keywords Incisional hernia - Renal transplant - Kidney transplant - Urology

Introduction

The occurrence of incisional hernia (IH) after abdominal
surgery via midline laparotomy remains one of the most
common postoperative complications. Existing data sug-
gests an incidence ranging between 8 and 20% [1-6]. Renal
transplant (RT) recipients, due to their immunosuppressive
regimen, extended dialysis periods, and complex comor-
bidities, are believed to face an elevated risk of developing
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wound complications after surgery [7-9]. Compared to mid-
line abdominal procedures, the rates of IH in renal transplant
recipients are documented as being lower, between 1 and 7%
compared to rates between 8 and 20% for midline incisions
[9]. Single-centre studies have estimated the incidence of TH
after RT surgery to range from 3.28 to 7% [10, 11]. Further-
more, [H secondary to RT are considered complex hernias as
they are lateral to the sheath of the rectus abdominis muscle
[12]. To enhance our understanding of abdominal wall TH
rates amongst hernia surgeons, it is essential to ascertain the
precise IH rate following RT surgery and it’s associated risk
factors through an extensive examination of the available
primary literature.

A prior review has examined the literature in relation to
IH and RT up to 2016, however this previous study excluded
robotic and laparoscopic cases. It excluded studies in which
there were less than 200 patients included and there was also
no meta-analysis performed [9]. Pancreas transplant and RT
IH rates were analysed in combination prior to this review,
however, RT was never meta-analysed in unison, to the best
of the author’s knowledge [13]. We believe this systematic
review which incorporates additional studies pre and post
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2016 coupled with a meta-analysis of the rates of IH makes
this review an informative comprehensive resource.

Methods
Registration and search strategy

Our search was conducted in line with the most recent Pre-
ferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA) recommendations [14]. Our study pro-
tocol was prospectively registered on PROSPERO under the
following registration number: CRD42023441024. A search
was conducted of PubMed, EMBASE and Cochrane Central
Register of Controlled Trials using the search algorithms
provided in the below up to the 1st July 2023.

(incision* hernia* OR herniorrhaphy OR hernio-
plasty) AND (renal OR kidney) AND (transplant*)

The complete breakdown of analysed studies can be
viewed in the PRISMA diagram in Fig. 1. The bibliogra-
phies of included publications were also searched for any
relevant studies.

Inclusion criteria

e Patients aged 17 years old and above, due to differing
rates of IH observed in a paediatric population [15].

¢ Study detailing rates of all IH post RT, plus or minus
rates of repair.

e Open / robotic kidney transplants with any incision or
method of closure.

Fig.1 PRISMA Statement . i i .
for incisional hernias in rental [ Identification of studies via databases and registers ]
transplantation R
c
'g Records identified from: Records removed before screening:
3 EMBASE, PubMed, Cochrane Duplicate records removed (n 2-253)
= Library > P
g (n=1027)
—
l Records excluded:
— Non-kidney
Records screened transplant/incisional hernia (n=454)
(n =774) —p Wrong publication type (n=260)
Animal study (n=2)
Vaginal approach (n=3)
Immunosuppression/medical
paper (n=13)
i Paediatric transplants included
(n=7)
£
3 .
g aefggt)s sought for retrieval —> Reports not retrieved
(7] (n =0)
Reports assessed for eligibility
(n =35) Reports excluded:
Conference paper (n = 1)
__J No English translation (n = 3)
Paediatric transplants included (n =
3)
Reports hernia repair only (n = 3)
Technique comparison (n=2)
Dehiscence and IH together (n = 1)
Studies included in review Same dataset (n=2)
(n=20)
Reports of included studies
(n=20)
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Prospective or retrospective studies.

English language or translation available.

Primary closure of transplant site.

IH repair with and without mesh devices were included.
Primary or subsequent renal transplant.

First / second RT (primary-first incision) or 3rd/4th RT
(repeat previous incision)

e Follow up of at least 6 months after RT.

Exclusion criteria

e Rates of IH reported with no surgery type detailed in the
context of publication primarily examining novel immu-
nosuppression regimes rather than surgery effect.

e Simultaneous or previous nephrectomy or simultaneous
transplant or auto transplant.

e Case reports or small case series (defined as < 10
patients) or conference abstracts or conference papers or
consensus statements.

e Trans-vaginal transplantation.

¢ Studies published prior to 2000, due to a large improve-
ment in graft rejection outcomes after this point [16].

Identification of studies and outcomes of interest

Studies that meet the inclusion criteria were included. The
following PICO elements were used as the basis for select-
ing studies [17]:

Population: patients undergoing RT.

Intervention: RT under open or robotic assisted means.
Comparison: patients whom also underwent RT but did
not develop an IH.

Outcome: development of IH post-RT.

Studies were independently reviewed by two separate
authors (BMC, WQ) using Rayyan [18]. If there was any
disagreement between authors a third author (ZQN) was
used to mediate the discussion and consensus was reached.

Our primary outcome of interest was to identify the inci-
dence of IH after RT.

Secondary outcomes of interest were to analyse risk fac-
tors and the rate for surgical repair and patient and graft
survival outcomes.

Data extraction

Relevant metrics and information were extracted using a
template on Google Sheets (Mountain View, California,
United States). Three independent authors (WQ, AOM,
and BMC) were involved in the data extraction. The tem-
plate used allowed for data to be extracted in a consistent
and uniform manner and was updated in real time, which

enabled all authors to track progress and verify consolidated
information.

Study selection

Prospective and retrospective studies were included in this
systematic review and meta-analysis. No randomised trials
have been completed on the topic to the best of the author’s
knowledge.

Both mesh and non-mesh IH repairs were reported and
analysed separately in the meta-analysis where applicable.
If studies did not specifically report using a robotic assisted
method, an open approach was assumed. The robotic assisted
rates of [H were meta-analysed separately. Contrary to pre-
vious systematic reviews on the topic, we did not exclude
studies containing less than 200 patients, as study sample
numbers may or may not correlate to transplant centre’s
experience. Phillips et al. analysed two differing approaches
to open RT, these were meta-analysed separately due to a
statistical difference being detected in IH between tech-
niques (p=0.04) [19].

Risk of bias assessment

Assessment of potential biases for non-randomised studies
was assessed using a modified Newcastle—Ottawa scale risk
of bias tool [20], with the results tabulated as in Table 1.
This assessment tool grades each study as being ‘satis-
factory’ or ‘unsatisfactory’ across various categories. We
assigned stars to evaluate study quality: 7 stars—‘very
good”, 5-6 stars “good”, 3—4 stars “satisfactory” and 0-2
stars “unsatisfactory”. The critical appraisal was completed
by two reviewers independently (HT and BMC), where once
again a third reviewer (WQ) was asked to arbitrate in cases
of discrepancies in opinion.

Statistical analysis

We performed a proportional meta-analysis as part of this
review [21]. Statistical analysis was run using Stata 17
(StataCorp. 2021. Stata Statistical Software: Release 17.
College Station, TX: StataCorp LLC). The proportion of
patients developing IH after RT and undergoing repair after
IH was pooled using the “metaprop” function within Stata
[22]. A p value <= 0.05 was considered statistically signifi-
cant and 95% confidence intervals were employed. Heter-
ogeny was reported using I* [22]. It has been put forward
that 1% values of 25%, 50%, 75% can be used to assess the
degree of heterogeneity [23]. We considered there to be a
notable degree of heterogeny if /> was greater than 50%.
A random effects model was used due to evidence of sig-
nificant statistical heterogeneity as well evidence of study
design heterogeneity [24].
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Table 1 Newcastle Ottawa risk of bias assessment for non-randomised studies for included studies

Author Selection Comparabil-  Outcome Quality
ity

Representa-  Sample size  Open Ascertain- The subjects  Assessment Less than Average

tiveness of (<25=no cases only ment of the  in different  of outcome 10% missing Follow up

the exposed  star) included exposure outcome data? period (> 12

cohort groups are months)

comparable
Tzvetanov * % % % % ® /
Reyna- ® ® # * / # ® ® 7
Sepilveda

Gusukuma % % % % % / % % 7
Harbell # % % * % % # % 8
Kapoor # # i % # S / # 7
Costa % % % % « % / 7
Cassese % % % * / « % % 7
Alhassan % % % % % / % % 7
Heng # # % % # #* / # 7
Territo ® ® % * % % ® ® 8
Yildiz ® / % i« / * ® * 6
Phillips # # % % # # # # 8
Aratjo # # i % # # # # 8
Ooms #* % % * # # # / 7
Smith * * % % % % * #* 8
Brockschmidt / % * % % / * 6
Varga # # B % # # # # 8
Nanni # # % B # # # 8
Singh # * # B / # # # 7
Birolini % % % % % % # / 7

Funnel plots were not generated as previously recom-
mended for proportional meta-analysis [25]. Qualitative bias
assessment was also conducted as proposed by Barker et al.,
as this is a proportional meta-analysis [21]. If missing data
or conflicting data was found upon review of included papers
authors were contacted for clarification.

Results
Primary outcome
Rates of IH

Twenty studies (n=16,018) were included in this meta-anal-
ysis and systematic review. We report demographical details
in Table 2. Seventeen studies were retrospective and three
were prospective. Year of publication ranges from 2001
to 2023. Five studies were conducted in the United States,
three in Brazil and two Italy, one in Canada, Mexico, India,
Switzerland, Saudi Arabia, Spain, Turkey, Netherlands, Ger-
many, and Czech Republic, respectively.

@ Springer

A pooled rate of IH post RT was 3% (CI 2-4%) for open
and 4% (CI 3-5%) including robotic. ?=93% (p <0.001)
indicating high heterogeneity between studies. Individual
rates of IH observed post-transplant can be observed in
Table 3. There were too few studies present to formally
statistically analyse robotic assisted cases in unison, in the
context of IH (Fig. 2).

Secondary outcomes
Risk factors

Nine studies reported risk factors for IH development. On
multivariate analysis Costa et al. found BMI (OR, 1.080;
95% CI, 1.012-1.152; p=0.020, pulmonary diseases (OR,
2.415;95% CI, 1.218-4.790; p=0.012), lymphoceles (OR,
2.362;95% CI, 1.157-4.882; p=0.018), and length of stay
(LOS) (OR, 1.013; 95% CI, 1.000-1.025; p=0.044) to be
associated with IH development [26].

Cassese et al. found previous abdominal surgery to be
a risk factor for IH on univariate analysis (p =0.002) [27].
It was also found by Alhassan et al. that IH after RT are
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less common than IH after liver transplant (OR 0.24 CI
= 0.08-0.73, p=0.013) [28]. Heng et al. found that BMI > 30
:Ei was also associated with IH development after RT (p <0.01)
g § [29]. An anterior rectus sheath approach was found to reduce
&= IH after RT (p=0.04) [19].
& g 20 s On multivariate analysis BMI>30 (HR 2.9, CI 1.6-5.2,
ag_“é & = § p <0.001), female sex (HR 2.6, CI 1.4-4.7, p=0.002),
— % 3 é % é 5/ concurrent abdominal wall hernia (HR 2.3, CI 1.2-4.3,
2 | gnEes o p=0.009), smoking status (HR 2.2, CI 1.1-4.1, p=0.019),
multiple operative explorations (HR 2, CI 1.1-3.7, p=0.26)
%‘ g };:f & and duration of surgery (HR 1.007, CI 1.001-1.012,
k3 o S8 S p=0.014) were linked to IH formation [10]. Smith et al.
g o T2 5 =L reported surgical site infection (HR 28.8, CI 15.59-53.03,
N o BMI>25 (HR 1.8, CI 1.12-2.81), withholding calcineurin
52 2 2 25 2 inhibitor (HR 2.3; CI 1.37-3.94) and withholding MMF
EDL\ g 4<|3 o Y g E (mycophenolate mofetil) (HR 2.5, CI 1.43-4.27) were linked
2 é % g é gﬁ % 2 5 with IH after RT [11]. The use of a “hockey stick™ incision
< © ~ increased risk for IH in comparison with an oblique inci-
2 ‘5 sion (p <0.05) [30]. Varga et al. reported BMI > 30, age > 50
S 5 g‘) 5 3 years old, re-operation and the use of MMF associated with
ENEE tH 31
25| 2F z° Management and outcomes of IH
EN 0 5 8 X
23 = E‘_‘% }; 2 - *qé: = o Eight studies (n=9140) were included in this meta-analysis.
A g :%;D " 88 R E E %%§ 5 53 The pooled rate of IH repair post RT was 61% (CI 14—100%).
% AR ‘gi € E E g E ; 222552 £z There was significant heterogeneity observed between stud-
ES|g” %5 ° ge7eeres ies with I=99.5% (p <0.001). In two studies, all patients
(n=23) whom were found to develop an IH were repaired
HE . [32, 33]. Costa et al. reported 2 patients required emergency
—q'é § a repair, with 38 being repaired electively [26]. Ooms et al.
Z& |8 = reported 26 total repairs with 9 done as an emergency case
o D) [10]. Pooled rates of IH repair in included studies can be
2 3138 3 seen below in Fig. 3. Birolini reported 5 patients were lost
g z| 2 z to follow up who developed an IH and as such these patients
E é E § were left out of the meta-analysis [34].
- Four studies reported mesh repair anatomical posi-
2. 2 “E § L= tion metrics. Cassese et al reported 30% of patient meshes
E g 3 PR Eg g were placed intraperitoneal, 53.8% retromuscularly and
5 §82 EB8s82%3 (Fig. 4) 25% in a pre-peritoneal location [27]. Further stud-
- a = ies reported the use of sublay mesh repair in 85 and 100%
of cases [31, 34]. A bridging technique was used in 55% of
o = _ cases by Ooms et al. [10].
§ g § Five studies (n=6599) reported one or more recurrences
© © = of IH post RT after repair. A pooled rate of 16% (CI 9-23%)
is observed.
S Out of 37 repairs using a mesh, 16 patients experienced
B . o . o .
252 § 3 medical cor.nphcatlon.s, 3 §urg1ca1 s.1te infections, 2 haema-
E(m=| 9 Q tomas requiring surgical intervention and 3 hernia recur-
g _ ¥ rences [26]. Cassese et al. also reported 14 (14%) patients
~ 7 = experiencing 1 hernia recurrence with 2 patients experienc-
% £ S % ing 2 recurrences out of a total of 83 repairs using a mix of
e |2 & & mesh and non-mesh techniques, while 4 patients developed
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Fig.2 Forest plot displaying the %

pooled proportion of patients Study ES (95%Cl)  Weight

post renal transplant developing ‘

an incisional hernia over their Robotic !

. . . Tzvetanov (2019) | —— 0.09 (0.06, 0.13)3.94

respective follow up periods, Territo (2018) : (Excluded)

ES =0dds ratio '
Open |
Reyna-Sepalveda (2017)  —#— 0.04 (0.00, 0.13)2.69
Gusukuma (2014) —_ 0.02 (0.01, 0.02)7.96
Harbell (2012) P 0.01 (0.00, 0.05)6.34
Kapoor (2012) * 0.01 (0.00, 0.01)7.97
Costa (2023) | 0.06 (0.05, 0.08)6.44
Cassese (2022) ! - 0.06 (0.05, 0.07)7.25
Alhassan (2021) - 0.02 (0.01, 0.04)6.81
Heng (2018) - 0.02 (0.01, 0.03)7.64
Phillips (ARS) (2017) B 0.03 (0.00, 0.13)2.78
Phillips (CON) (2017) | + 0.19 (0.07, 0.37)0.48
Araijo (2016) ———— 0.04 (0.02, 0.09)4.40
Ooms (2016) - 0.03 (0.02, 0.04)7.61
Smith (2014) L (== 0.07 (0.06, 0.08)7.41
Varga (2012) - 0.03 (0.02, 0.04)7.52
Nanni (2005)  —— 0.10 (0.05, 0.18)2.11
Singh (2005) —— 0.04 (0.01, 0.12)2.74
Birolini (2001) * 0.01 (0.01, 0.02)7.92
Yidiz (2017) . (Excluded)
Brockschmidt (2014) ! (Excluded) .
Subtotal (12 = 92.94%, p = ogh 0.03 (0.02, 0.04)96.06
Heterogeneity between groups: p = 0.004
Overall (1*2 =92.93%, p=0.0 ! 0.04 (0.03, 0.05)100.00

M T T T )
-2 2 4 6

surgical site infection and 3 developed chronic pain [27].
Varga et al. reported a recurrence rate of 20%, or 4 patients
in total [31]. Birolini et al. reported no recurrence in patients
repaired using mesh repair [34]. No graft loss was reported
with the occurrence of an IH.

Discussion

The incision used for RT may vary between surgeons, with a
Gibson incision most common [35]. The Gibson incision is
a curvilinear incision in the lower quadrant of the abdomen
2-3 cm medial to the anterior superior iliac spine, extending
inferiorly and medially, ending 1 cm above the pubic sym-
physis. The external oblique muscle and external oblique
aponeurosis is incised. Then, the internal oblique muscle,
transversus abdominis and transversalis fascia are subse-
quently divided to the confluence where the rectus sheath
and obliques meet. Inferiorly, the rectus muscle is preserved
and retracted, medially. The peritoneum is mobilised and
iliac vessels are exposed for RT [36]. In contrast, the hockey-
stick incision is made along the para-rectus line, extending
cranially towards the subcostal margin and caudally towards
the midline ending superior to the pubic symphysis. This
incision is often used for small paediatric recipients. The
kidney graft is usually placed extraperitoneally. The incised

abdominal wall layers are usually closed in layers, namely
the transversus abdominus and internal obliques as one layer
and the external oblique as the other [35].

From this systematic review and meta-analysis, the inci-
dence of IH after RT was relatively low at 4%. However, it
can cause catastrophic results if it occurs, and has previously
been reported to lead to kidney incarceration and loss of
graft [12]. As such, it is of paramount importance to have
a strategy for prevention, prompt diagnosis and adequate
management of IH after RT.

Previous studies have shown that hockey-stick incisions
may be associated with a higher rates of IH [13, 30, 37].
However the method of closure and type of incision was
not found to be statistically significant in renal and pancreas
transplant cohorts when meta-analysed [13]. Of note, there is
a large discrepancy between our 2 reported robotic assisted
cases with one reporting an IH rate of 0% and the other
reporting an IH rate of 9%, which is at the higher range
observed in this review [32, 38]. This may be potentially
explained by a median difference in BMI of 16.1.

Within this meta-analysis we reported mixed results
detailing BMI as associated with IH formation after RT,
which has also been linked with further adverse outcomes
after RT [39]. Additional modifiable risk factors such as
incision type, surgical approach, surgical site infection,
smoking status and pulmonary disease were reported. These
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%

Study ES (95% Cl) Weight
Reobotic
Tzvetanov (2019) (Excluded) 0.00
Sublotal (I'2=.%,p=.) . | 0.00
Open
Costa (2023) —— 0.81 (0.67, 0.91) 20.08
Cassese (2022) — 0.89 (0.81, 0.95) 2022
Ooms (2016) s 0.52 (0.37, 0.66) 19.95
Smith (2014) * 0.07 (0.06, 0.08) 20.29
Birolini (2001) + 0.79 (0.48, 0.96) 18.48
Reyna-Sepdiveda (2017) (Excluded)
Varga (2012) (Excluded)
Sublotal (1*2 = 89.54%, p = 0.00) 0.61 (0.14, 1.09) 100.00
Heterogeneity between groups: p = .
Overall (I"2 = 99.54%, p = 0.00); 0.81 (0.14, 1.09) 100.00
| I 1 I |

-5 0o 5 1 1.5

Fig. 3 Forest plot displaying rates of repaired incisional hernia post renal transplant, ES: Odds ratio

factors should be considered by treating teams when try-
ing to ensure optimal long term patient outcomes. Perhaps
in patients whom many risk factors are present, the surgi-
cal approach or prehabilitation should be tailored to reduce
exposure to known IH risk factors.

Non-modifiable risk factors such as female gender, previ-
ous reoperation and reoperation were also reported. Patients
with additional risk factors within this patient cohort may
benefit from additional monitoring for I[H occurrence.

The use of MMF has been observed as a risk factor of IH
formation after RT [31, 40], whilst withholding calcineurin
inhibitors was found as a risk factor for IH in one study [11],
suggesting a possible differing effect of immunosuppression
on IH formation. Different calcineurin inhibitors also have
differing effects on wound healing [41]. Other risk factors
may have also contributed to this finding [42]. Calcineu-
rin inhibitors have been previously shown to be associated
with an increased risk of IH after RT when compared with
MMF [43]. Only one included study mentioned the use of
everolimus in patients with IH after RT, however, no further

@ Springer

analysis was reported [31]. This is a possible modifiable risk
factor for IH formation that may warrant further study.

The treatment of IH after RT is complex with the renal
graft in-situ. In our reported studies details regarding the
exact presenting complaint of patients with an IH after
RT are lacking. IH repair using mesh in RT patients has
been cautioned due to the concerns of infection and the
lack of consensus regarding the technique for IH repair
and management [44]. However, it should be noted, the
use of mesh repair has been reported as safe and effec-
tive in this cohort [8]. Various approaches by open, or lap-
aroscopic surgery, with or without mesh placement have
been described, with satisfactory outcomes [45-49]. Costa
et al. report using an intraperitoneal, sublay or onlay mesh
repair, however, the outcomes following each method of
repair are not reported separately [26]. Cassese et al. report
a mix of herniorrhaphy, intraperitoneal, pre-peritoneal and
retro muscular approaches to repair utilised [27]. Further
included studies also report varied approaches to repair
indicating the lack of consensus in regard to IH repair after
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%

Study ES (95% Cl) Weight
1
1
Open 1
1
1
Costa (2023) X - 0.08 (0.02, 0.21) 34.97
1
1
Cassese (2022) — 0.19 (0.1, 0.29) 35.30
1
1
Varga (2012) ; > 0.20 (0.06, 0.44) 13.95
1
1
Ooms (2016) . > 0.23 (0.09, 0.44) 15.78
1
1
1
Birolini (2001) I (Excluded)
1
Subtotal (12 = 38.42%, p = 0.18) <> 0.16 (0.09, 0.23) 100.00
1
1
1
1
1
Heterogeneity between groups: p = . 1
1
Overall ("2 = 38.42%, p = 0.18); <> 0.16 (0.09, 0.23) 100.00
1
1
1
1
1
L
T T T T T
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Fig.4 Forest plot displayed rates of IH recurrence post repair after RT, ES: Odds ratio

RT [10, 34]. The use of closed suction drains as part of the
IH repair was also reported [31].

Our pooled IH repair rate after RT of 61% (CI 14-100%)
and recurrence rate of 16% (CI 9-23%) is similar to a pre-
viously published review [44]. One patient (7%) in a series
of repairs was noted to require mesh explanation due to
infection [27]. Two (5%) re-operations after repair were
required for haematoma evacuation [26]. No graft loss was
reported as a result of an IH in the included studies.

There are a number of limitations to this review. The
inherent issues with retrospective studies are valid [50].
As well as this the potential differing effect of incision
type was not accounted for in this study which may have
skewed results, however, as previously mentioned this has
been analysed in a prior publication and was not shown
to be statistically significant. This study was also under-
powered to detect any difference between IH outcomes
in robotic versus open RT. As well as this, the differing
follow up times will have had an impact on the rates of
IH in each study [5] as is demonstrated by Ooms et al.
whom recorded the cumulative incidence of IH over time
[10]. However, with prospective and retrospective studies
included it was not possible to standardise follow up time.

To conclude, the pooled rate of IH post RT was 4%,
the pooled rate of repair was 61% and the pooled rate of
recurrence was 16%. A mix of mesh and non-mesh repairs
in RT have been successfully employed, however, further
randomised controlled trials are likely required in order to
inform consensus regarding method of repair in relation
to IH after RT.
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