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Abstract

Objectives To compare outcomes of laparoscopic repair to
open repair of umbilical and paraumbilical hernias.
Methods We performed a systematic review in accordance
with Preferred Reporting Items for Systematic Reviews and
Meta-Analyses statement standards. The review protocol was
registered with International Prospective Register of System-
atic Reviews (Registration Number: CRD42016052131). We
conducted a search of electronic information sources, includ-
ing MEDLINE; EMBASE; CINAHL,; the Cochrane Central
Register of Controlled Trials (CENTRAL); the World Health
Organization International Clinical Trials Registry; Clinical-
Trials.gov; and ISRCTN Register, and bibliographic refer-
ence lists to identify all randomised controlled trials (RCTs)
and observational studies comparing outcomes of laparo-
scopic repair to open repair of umbilical and paraumbilical
hernias. We used the Cochrane risk of bias tool and the New-
castle—Ottawa scale to assess the risk of bias of RCTs and
observational studies, respectively. Random effects models
were applied to calculate pooled outcome data.

Results We identified three RCTs and seven retrospec-
tive cohort studies, enrolling a total of 16,549 patients. Our
analyses indicated that open repair was associated with a
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higher risk of wound infection [Odds ratio (OR) 2.35, 95%
CI 1.23-4.48, P = 0.010], wound dehiscence (OR 4.99, 95%
CI 1.12-22.28, P = 0.04) and recurrence (OR 4.06, 95% CI
1.54-10.71, P = 0.005), longer length of hospital stay (MD
26.85, 95% CI 8.15-45.55, P = 0.005) and shorter opera-
tive time [Mean difference (MD) — 23.07, 95% CI — 36.78
to — 9.35, P = 0.0010] compared to laparoscopic repair.
There was no difference in the risk of haematoma (OR 2.03,
95% C10.22-18.73, P = 0.53) or seroma (OR 0.67, 95% CI
0.19-2.32, P = 0.53) between the two groups.

Conclusions The best available evidence (randomised and
non-randomised studies) suggests that laparoscopic repair of
umbilical or paraumbilical hernias may be associated with
a lower risk of wound infection, wound dehiscence and
recurrence rate, shorter length of stay but longer operative
time. Results from a limited number of RCTs showed no
difference in recurrence rates. The quality of the best avail-
able evidence is moderate, and selection bias is the major
concern due to non-randomised design in most of the avail-
able studies. Therefore, considering the level of available
evidence, the most reliable approach for repair of umbilical
or paraumbilical hernia should be based on surgeon’s expe-
rience, clinical setting, patient’s age and size, hernia defect
size and anatomical characteristics. High quality RCTs are
required.
Keywords Umbilical - Paraumbilical - Hernia -
Laparoscopy

Introduction
Umbilical and paraumbilical hernias account for 10-12% of

abdominal wall hernias [1]. The best surgical technique for
the repair of umbilical and paraumbilical hernias remains
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controversial. A simple primary suture repair can be used
for small defects. Umbilical and paraumbilical hernias have
historically been repaired without mesh. The technique of
overlapping abdominal wall fascia in a ‘‘vest-over-pants’’
manoeuvre was described by Mayo [2] and remained the
most renowned surgical technique for a long time. The Mayo
repair has been shown to be associated with high recurrence
rates of up to 28% [3]. On the other hand, suture hernioplasty
without double breasting of the fascia was commonly used
by surgeons. However, the relatively high recurrence rates
associated with these techniques increased the popularity of
mesh repair. The introduction of mesh repair has improved
the recurrence rates after umbilical and paraumbilical hernia
repairs [4, 5].

Laparoscopic umbilical hernia repair was first described
in the 1990s [3]. The use of laparoscopic repair of ventral
hernias has increased in recent years [6]. The literature sug-
gests that the laparoscopic approach has the advantages of
reduced recurrence rates, postoperative pain, shorter hos-
pital stay and a diminished morbidity rate, although it is
potentially associated with relatively prolonged operative
time [6-8]. Specifically, the laparoscopic and open repairs of
umbilical and paraumbilical hernias have been compared by
some authors. However, there is no comprehensive review
and meta-analysis in the current literature comparing out-
comes of both techniques.

We aimed to perform a comprehensive systematic review
and conduct a meta-analysis of outcomes to compare laparo-
scopic repair to open repair of umbilical and paraumbilical
hernias.

Methods

This systematic review was performed according to an
agreed predefined protocol which was registered with the
International Prospective Register of Systematic Reviews
(Registration Number: CRD42016052131). The review was
conducted and presented according to Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA)
statement standards [9].

Eligibility criteria

All observational studies and randomised controlled trials
(RCTs) investigating outcomes of open versus laparoscopic
repair of umbilical or paraumbilical hernia were included.
Laparoscopic mesh repair was considered as the interven-
tion of interest and open repair (mesh repair, suture repair
or Mayo repair) was considered as the comparator. Adults
over 18 years of age undergoing surgery for repair of pri-
mary umbilical or paraumbilical hernia were considered as
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participants of interest. We excluded studies including inci-
sional, recurrent or epigastric hernia.

Outcome measures

Wound complications including wound infection, wound
dehiscence, haematoma and seroma were considered as pri-
mary outcome measures. The secondary outcome measures
included visceral injury, bleeding, incisional hernia, port-
site hernia, recurrence, mortality, length of hospital stay (in
hours) and operative time (in minutes).

Literature search strategy

Two authors (AS, Shahin H) independently searched the
following electronic databases: MEDLINE, EMBASE,
CINAHL, and the Cochrane Central Register of Controlled
Trials (CENTRAL). The last search was run on 25 Decem-
ber 2016. Thesaurus headings, search operators and limits in
each of the above databases were adapted accordingly. The
literature search strategy is outlined in Appendix. In addi-
tion, World Health Organization International Clinical Tri-
als Registry (http://apps.who.int/trialsearch/), Clinical Trials.
gov (http://clinicaltrials.gov/) and ISRCTN Register (http://
www.isrctn.com/) were searched for details of ongoing and
unpublished studies. The bibliographic lists of relevant arti-
cles and reviews were interrogated for further potentially
eligible studies. No language restrictions were applied in
our search strategies.

Study selection

The title and abstract of articles identified from the literature
searches were assessed independently by two authors (AS,
Shahin H). The full texts of relevant reports were retrieved
and those articles that met the eligibility criteria of our
review were selected. Any discrepancies in study selection
were resolved by discussion between the authors. An inde-
pendent third author (Shahab H) was consulted in the event
of disagreement.

Data collection

We created an electronic data extraction spreadsheet
which was pilot tested in randomly selected articles and
was adjusted accordingly. Our data extraction spreadsheet
included: study-related data (first author, year of publication,
country of origin of the corresponding author, journal in
which the study was published, study design, study size and
clinical condition of the study participants), baseline demo-
graphic and clinical information of the study populations
[age, gender, body mass index (BMI), hernia defect size
and previous hernia] and primary and secondary outcome
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data. Data collection was performed independently by two
authors (AS, Shahin H), and disagreements were resolved by
discussion. If no agreement could be reached a third author
(Shahab H) was consulted.

Methodological quality and risk of bias assessment

Two authors (Shahin H and AK) independently assessed
the methodological quality and risk of bias of the included
articles using the Cochrane tool and the Newcastle—Ottawa
scale (NOS) [10] for assessing the risk of bias of randomised
trials and observational studies, respectively. The Cochrane
tool assesses domains including selection bias, performance
bias, detection bias, attrition bias, reporting bias and other
sources of bias, and for each individual domain, classifies
studies into low, unclear, and high risk of bias. The NOS
uses a star system with a maximum of nine stars to evaluate
a study in three domains (eight items): the selection of the
study groups, the comparability of the groups and the ascer-
tainment of outcome of interest. For each item of the scale,
we judged each study as low risk (one star awarded) or high
risk (no star awarded). We determined studies that received
a score of nine stars to be of low risk of bias, studies that
scored seven or eight stars to be of moderate risk, and those
that scored six or less to be of high risk of bias. Disagree-
ments were resolved by discussion between the reviewers.
If no agreement could be reached, a third author (Shahab H)
acted as an adjudicator. A risk of bias graph was constructed
to present the results.

Data synthesis and statistical analyses

For dichotomous outcome variables (wound infection,
wound dehiscence, haematoma, seroma, visceral injury,
bleeding, incisional hernia, port-site hernia, reoccurrence
and mortality), we calculated the odds ratio (OR) of open
versus laparoscopic repair as the summary measure. For
continuous parameters (length of stay and operation time),
we calculated the mean difference (MD) between the two
groups.

Individual patient was used as the unit of analysis. Infor-
mation about dropouts, withdrawals, and other missing data
were recorded, and if not reported, we contacted the study
authors where possible. We based our analysis on intention-
to-treat data from the individual clinical studies.

We used the Review Manager 5.3 software for data syn-
thesis [11]. Because of the anticipated clinical between-
study heterogeneity, we used the random effects model for
analysis, and the results were reported in a forest plot with
95% confidence intervals (CIs).

Heterogeneity among the studies was assessed using
the Cochran’s Q test (y°). We quantified inconsistency by
calculating /* and interpreted it using the following guide:

0-50% may represent low heterogeneity, 50-75% may rep-
resent moderate heterogeneity and 75-100% may represent
high heterogeneity. We planned to construct funnel plots and
evaluate their symmetry to visually assess publication bias
for outcomes reported by at least ten studies. To quantify
the bias captured by the funnel plot and to formally assess
reporting bias, we planned to calculate the Egger’s regres-
sion intercept for outcomes reported by at least ten studies
using the Comprehensive Meta-Analysis (CMA) software
(Biostat, Englewood, NJ). We also planned to calculate the
intercept from a linear regression of normalised effect esti-
mate (estimate divided by its standard error) against preci-
sion (reciprocal of the standard error of the estimate).

Sensitivity and subgroup analyses

To explore potential sources of heterogeneity and assess the
robustness of our results, additional analyses were conducted
for outcomes that were reported by at least four studies. For
each outcome, we repeated the primary analysis using the
random effects and fixed effect model. In addition, we cal-
culated the risk ratio (RR) and risk difference (RD) for each
dichotomous variable. We assessed the effect of each study
on the overall effect size and heterogeneity by repeating
the analysis after removing one study at a time. Also, we
planned to perform separate analyses for RCTs with low
risk of selection bias in terms of randomisation and alloca-
tion concealment, and for observational studies with low or
moderate risk of bias to assess the change in direction of the
effect size. Moreover, we performed separate analyses for
randomised trials and observational studies. Where possible,
we also planned to perform subgroup analyses based on type
of open repair: mesh repair, suture repair or Mayo repair.

Results
Results of the search

Searches of electronic databases identified 734 articles
of which ten studies were eligible for this review. These
included three RCTs [12—14] and seven retrospective cohort
studies [15-21], enrolling a total of 16,549 patients. Lapa-
roscopic mesh repair was compared with open mesh repair
in ten studies, [12—-21] with open suture repair in eight
studies, [14-21] and with Mayo repair in one study [19].
A total of 2264 patients underwent laparoscopic repair and
14,285 patients underwent open repair. The median follow-
up period was 24 months. The literature search flow chart,
baseline characteristics of the included studies and baseline
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Fig. 1 Study flow diagram

characteristics of the included population are demonstrated
in Fig. 1; Tables 1 and 2, respectively.
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Methodological quality and risk of bias

The summary and results of methodological quality
assessment of the seven observational studies [15-21] and
three RCTs [12-14] are demonstrated graphically in Fig. 2.

Outcome synthesis
Wound dehiscence

Wound dehiscence was reported in four studies, [13, 18,
19, 21] enrolling 1279 patients (Fig. 3). The risk of wound
dehiscence was higher in open repair group compared to
laparoscopic repair group (OR 4.99, 95% CI 1.12-22.28,
P = 0.04). A low level of heterogeneity among the studies
existed (I = 0%, P = 0.59).

Wound infection

Wound infection was reported in nine studies, [12—14,
16-21] enrolling 1897 patients (Fig. 3). The risk of wound
infection was higher in open repair group compared to the
laparoscopic repair group (OR 2.35, 95% CI 1.23-4.48,
P =0.010). A low level of heterogeneity among the studies
existed (1> = 14%, P = 0.32) (Table 2).

Haematoma

Haematoma was reported in six studies, [12, 17-21] enroll-
ing 1692 patients (Fig. 3). There was no significant differ-
ence in the risk of haematoma between the open repair and
laparoscopic repair groups (OR 2.03, 95% CI 0.22-18.73,
P =0.53). A high level of heterogeneity among the studies
existed (I> = 80%, P = 0.0006).

Seroma

Seroma was reported in eight studies, [12-14, 17-21]
enrolling 1774 patients (Fig. 3). There was no significant
difference in the risk of seroma between the open repair and
laparoscopic repair groups (OR 0.67, 95% CI 0.19-2.32,
P =0.53). A high level of heterogeneity among the studies
existed (I = 80%, P < 0.0001).

Recurrence

Recurrence was reported in nine studies, [12—-14, 16-21]
enrolling 1897 patients (Fig. 3). The risk of recurrence was
higher in open repair group compared to laparoscopic repair
group (OR 4.06, 95% CI 1.54-10.71, P = 0.005). A low
level of heterogeneity among the studies existed (I = 42%,
P =0.10).
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Table 1 Baseline characteristics of included studies
Author Country Journal Study design Groups Length of Clinical presen-  Sample size
follow-up tation
(month)
Purushotham India International Sur- RCT Open with mesh 3 Umbilical and 42 21
[12] gery Journal Laparoscopy paraumbilical 21
with mesh hernias
Malik [13] Pakistan J Pak Med Assoc RCT Open with mesh 24 Paraumbilical 337 171
Laparoscopy hernias 166
with mesh
Cassie [15] USA Surgical Endos-  Retrospective Open with suture 1 Umbilical hernia 14,652 13,109
copy cohort study or mesh
Laparoscopy 1543
with mesh
Colon [16] USA The American Retrospective Open with suture 20 Umbilical her- 123 83
Journal of cohort study or Mesh nias
Surgery Laparoscopy 15 40
with mesh
Shaikh [17] UK Hernia Retrospective Open suture or 12 Paraumbilical 337 252
cohort study mesh hernia
Laparoscopy 85
with mesh
Othman [14] Egypt  JEgypt Soc RCT Open with suture 36 Paraumbilical 40 20
Parasitol Laparoscopy hernia 20
with mesh
Solomon [18] UK Surgical Endos-  Retrospective Open with mesh 47 Umbilical and 724 277
copy cohort study Open with suture paral.lmbilical 146
Laparoscopy hernias 301
with mesh
Lau [19] China Surgical Endos-  Retrospective Open Mayo 24 Umbilical hernia 102 43
copy cohort study Open with suture 24
Open with mesh 9
Laparoscopy 26
with mesh
Gonzalez [20] USA JSLS Retrospective Open with suture 28 Umbilical hernia 76 24
cohortstudy  Open with mesh 25 20
Laparoscopy 22 32
with mesh
Wright [21] USA The American Retrospective Open with mesh 28 Umbilical hernia 116 20
Journal of cohort study Open with suture 30 66
Surgery Laparoscopy 23 30
with mesh

RCT randomised controlled trial

Length of stay

Length of stay was reported in eight studies, [12—16, 19-21]
enrolling 15,488 patients (Fig. 3). The length of stay was
longer in open repair group compared to laparoscopic repair
group (MD 26.85, 95% CI 8.15-45.55, P = 0.005). A high
level of heterogeneity among the studies existed (I = 99%,
P < 0.0001).

Operative time

Operative time was reported in seven studies, [12, 14-16,
19-21] enrolling 15,151 patients (Fig. 3). The operative
time was shorter in open repair group compared to lapa-
roscopic repair group (MD — 23.07, 95% CI — 36.78 to
—9.35, P =0.0010). A high level of heterogeneity among
the studies existed (1> = 99%, P < 0.0001).
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Table 2 Baseline characteristics of included population

2

Study Groups Number Mean age Male gender BMI  Previous Defect size cm Conver-
hernia repair sion to
open
Purushotham [12]  Open with mesh 21 47.81 10 NR NR NR NR
Laparoscopy with mesh 21 32.38 8 NR NR NR NR
Malik [13] Open with mesh 171 41.23 61 NR NR 2.54.5 NR
Laparoscopy with mesh 166 37.19 38 NR NR 11
Cassie [15] Open with suture or mesh 13,109 49.7 9059 31.7 NR NR NR
Laparoscopy with mesh 1543 499 1007 343 NR NR NR
Colon [16] Open with suture or mesh 83 52 53 35 2 NR NR
Laparoscopy with mesh 40 53 21 37 1 NR NR
Shaikh [17] Open suture or mesh 252 52.3 192 NR NR NR NR
Laparoscopy with mesh 85 53.1 67 NR NR NR NR
Othman [14] Open with suture 20 NR NR NR NR NR NR
Laparoscopy with mesh 20 NR NR NR NR NR 1
Solomon [18] Open with mesh 277 56 468 NR NR NR 0
Open with suture 146 54 NR NR NR 0
Laparoscopy with mesh 301 58.1 NR NR NR 0
Lau [19] Open Mayo 43 66 12 30 3 2 0
Open with suture 24 54 9 25 2 0
Open with mesh 9 66 4 31 4 1.8 0
Laparoscopy with mesh 26 58 14 27 2 2 0
Gonzalez [20] Open with suture 24 48 16 30 0 4 NR
Open with mesh 20 57 13 36 6 16 NR
Laparoscopy with mesh 32 49 18 32 9 19 NR
Wright [21] Open with mesh 20 51 8 NR 7 9 NR
Open with suture 66 42 23 NR 2 3 NR
Laparoscopy with mesh 30 46 8 NR 4 38 NR
NR not reported

The other outcomes (visceral injury, bleeding, inci-
sional hernia, port-site hernia, or mortality) were not
reported by the included studies.

Additional analyses
Sensitivity analyses

We conducted additional analyses for the outcomes that were
reported by at least four studies. Removing one study at a
time did not change the direction of the effect size and the
overall heterogeneity for any of the outcomes except wound
dehiscence. The use of random effects or fixed effect model
did not affect the direction of the effect size in any of the
outcomes. Moreover, the direction of the effect size for all
of the outcomes remained unchanged when ORs or RDs
were calculated. The separate analyses for studies with low
or moderate risk of bias did not affect the direction of the
effect sizes.
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Randomised controlled trials

Three RCTs, [12—-14] enrolling a total of 419 patients, were
included. Compared to laparoscopic repair, open repair
was associated with a higher risk of wound infection (OR
4.67,95% CI 1.55-14.09, P = 0.006), wound dehiscence
(OR 19.47, 95% CI 1.12-337.23, P = 0.04), haematoma
(OR 21.10, 95% CI 4.99-89.33, P < 0.0001) and seroma
(OR 2.69, 95% CI 1.14-6.35, P = 0.02). Open repair was
associated with longer length of stay (MD 43.68, 95% CI
2.66-84.70, P = 0.04) and shorter operative time (MD
—20.86, 95% CI — 28.52 to — 13.20, P < 0.00001). There
was no significant difference in the risk of recurrence
between the two groups (OR 1.52, 95% CI 0.70-3.30,
P =0.29).

Subgroup comparisons

The available data allowed synthesis for the following com-
parisons: (1) open mesh repair versus laparoscopic mesh
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repair, and (2) open suture repair versus laparoscopic mesh
repair.

Open mesh repair versus laparoscopic mesh repair Six
studies, [12, 13, 18-21] enrolling 1094 patients, compared
open mesh repair with laparoscopic mesh repair. Open
mesh repair was associated with a higher risk of wound
infection (OR 3.87, 95% CI 1.81-8.27, P = 0.0005),
longer length of stay (MD 50.61, 95% CI 24.54-76.68,
P =0.0001) and shorter operative time (MD — 35.03,95%
CI - 36.79to — 33.27, P < 0.00001). There was no signif-
icant difference in the risk of wound dehiscence (RD 0.02,
95% CI — 0.05 to 0.08, P = 0.65), haematoma (RD 0.04,
95% CI — 0.13, 0.21, P = 0.64), seroma (OR 1.56, 95%
CI 0.45-5.44, P = 0.48) and recurrence (OR 2.35,95% CI
0.82-6.72, P = 0.11) between the open mesh repair and
laparoscopic mesh repair groups.

Open suture repair versus laparoscopic meshrepair  Five
studies, [14, 18-21] enrolling 689 patients, compared
open suture repair with laparoscopic mesh repair. Open
suture repair was associated with a higher risk of wound
infection (OR 4.38, 95% CI 1.69-11.35, P = 0.002) and
recurrence (OR 20.64, 95% CI 6.86-62.14, P < 0.00001)

and shorter operative time (MD — 30.83, 95% CI — 58.77
to — 2.89, P = 0.03). There was no significant difference
in the risk of wound dehiscence (OR 4.60, 95% CI 0.76—
27.82, P = 0.10), haematoma (OR 3.83, 95% CI 0.61-
23.85, P = 0.15), seroma (OR 0.48, 95% CI 0.09-2.69,
P =0.40) and length of stay (MD — 3.16,95% CI — 11.19
to 4.87, P = 0.44) between the open suture repair and
laparoscopic mesh repair groups.

Discussion

We performed a systematic review of the literature and
meta-analysis of reported outcomes to compare laparo-
scopic repair with open repair of umbilical and paraum-
bilical hernias. We included three RCTs [12-14] and seven
retrospective cohort studies, [15-21] enrolling a total of
16,549 patients. The results of our analyses suggest that
laparoscopic repair is associated with lower risk of wound
infection, wound dehiscence and recurrence, shorter hospital
stay and longer operative time compared to open repair. We
did not find any difference in the risk of haematoma and
seroma between the two groups. The between-study hetero-
geneity was low for wound infection, wound dehiscence and
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Fig. 3 Forest plots of the comparisons: a wound infection, b wound dehiscence, ¢ haematoma, d seroma, e reoccurrence, f length of stay, and g

operative time

recurrence but a high level of between-study heterogeneity
existed for the other outcomes. The directions of the effect
sizes remained consistent throughout our sensitivity analyses
for all of the outcomes except for wound dehiscence, making
our results statistically robust for the rest of the outcomes
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included in sensitivity analyses. Our results remained con-
sistent when randomised trials were analysed separately.
Our study is the first systematic review in the current
literature comparing laparoscopic and open repair of umbili-
cal and paraumbilical hernias. Zhang et al. [22] compared
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Fig. 3 (continued)

the laparoscopic and open repairs of incisional and ventral
hernias in a systematic review of 11 studies, enrolling 1003
patients. Al Chalabi et al. [23] compared the laparoscopic
and open repairs of incisional hernias in a systematic review
of five studies, enrolling 611 patients. Consistent with our
findings, Zhang et al. [22] and Al Chalabi et al. [23] found
a lower risk of wound infection in laparoscopic repair. The
laparoscopic approach is associated with lesser surgical
trauma, uses smaller incisions than open surgery and elim-
inates the need for tissue undermining and wound drain-
age [24, 25]. Moreover, less pronounced proinflammatory
response caused by laparoscopic surgery results in a better
preservation of the systemic immune function postopera-
tively [26, 27]. All of these may explain the lower risk of
wound infection associated with laparoscopic repair.

The laparoscopic repair of umbilical and paraumbili-
cal hernias was associated with shorter length of stay but

(®

Favours [Open] Favours [Laparoscopy]

longer operation time in this study. Multiple additional
steps required for laparoscopic procedures such as position-
ing, set-up of laparoscopic equipment, insufflation of the
abdominal cavity and placement of multiple ports prior to
proceeding with repair may explain the longer operative time
compared to open repair [21]. Most patients who underwent
surgery for umbilical hernia repair, whether open or laparo-
scopic, are discharged on the same day. Therefore, although
we found shorter length of stay associated with laparoscopic
repair, this difference may not be significant in clinical set-
tings as long as most repairs are done as day case surgery.
The recurrence rate was lower in laparoscopic repair
group in our analysis. This may be due to tension-free nature
of the repair with a generous mesh overlap of the hernia
defect but perhaps more importantly the identification of
clinically undiagnosed satellite defects that can be repaired
at the same time. A low level of between-study heterogeneity
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for this outcome provides a relatively robust basis for defi-
nite conclusions for recurrence rate.

The laparoscopic repair of umbilical or paraumbilical her-
nia is associated with some disadvantages. It is associated
with the risk of intestinal or bladder injury intraoperatively
[28]. Moreover, adhesions to the abdominal scar can poten-
tially increase the risk of bowel injury around the neck of
the hernia during dissection [29]. An incidental enterotomy
may occur during initial trocar placement or may result from
adhesiolysis, requiring endoscopic suturing, conversion to
open surgery or sometimes postponing the mesh repair of
the ventral hernia in case of spillage of bowel contents [30].
The hernia sac is usually retained in place in the laparo-
scopic approach; this can potentially increase the risk of
postoperative seroma formation. Furthermore, in emergency
situations laparoscopic repair may be associated with some
disadvantages including need for high level of concentra-
tion and meticulous manoeuvres such as inserting and with-
drawing the instrument in and out of the working trocars,
working in limited operating space with distended bowel
loops, longer operative time, and hesitation in placing a large
underlay synthetic mesh inside the peritoneal cavity in acute
abdominal condition with distended bowel loops.

Unfortunately, none of the included studies in this review
reported cost-effectiveness as outcome; therefore, we cannot
make definitive conclusions about this outcome.

The reported outcomes of our review should be viewed
and interpreted in the context of inherent limitations. Most
of the included studies in this review were non-randomised
observational studies which are inevitably subject to selec-
tion bias. The available data was insufficient to make conclu-
sions about other outcomes such as visceral injury, bleeding,
incisional hernia, port-site hernia, and mortality. Some of
the included studies in our review included few participants,
and therefore occurrence of few outcome events in these
studies might have led to imprecise effects estimates. This
may subject our results to type 2 error due to not achiev-
ing the information size required to reject the null hypoth-
esis. The median follow-up period was 24 months in this
study; it can be argued that this is not sufficient for some
outcomes such as recurrence to occur, subjecting our results
to potential type 2 error again. Lack of data about hernia
defect size and anatomical characteristics of the included
population in the included studies did not allow assessing
the outcomes based on these parameters. Therefore, different
defect sizes and anatomical characteristics of the included
population can potentially subject our results to confound-
ing bias. Moreover, we could not control effect of different
laparoscopic techniques or surgeon experience on the out-
comes, subjecting our results to potential bias. A high level
of between-study heterogeneity existed for outcomes such
as haematoma, seroma, length of stay and operative time,
affecting the robustness of our results for these outcomes.
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The number of eligible studies for this review was less than
10, not allowing for formal assessment of publication bias as
planned in our protocol; therefore, the reporting bias cannot
be excluded in this study.

Conclusions

The best available evidence (randomised and non-ran-
domised studies) suggests that laparoscopic repair of umbili-
cal or paraumbilical hernia may be associated with a lower
risk of wound infection, wound dehiscence and recurrence
rate, shorter length of stay but longer operative time. Results
from a limited number of RCTs showed that laparoscopic
repair is associated with lower risks of wound infection,
wound dehiscence, haematoma and seroma; shorter length
of stay and longer operative time but showed no difference in
recurrence rates. The quality of the best available evidence
is moderate and selection bias is the major concern due to
non-randomised design in most of the available studies.
Therefore, considering the level of available evidence, the
most reliable approach for repair of umbilical or paraumbili-
cal hernia should be based on surgeon’s experience, clini-
cal setting, patient’s age and size, hernia defect size and
anatomical characteristics. Therefore, high quality RCTs,
which are adequately powered, are required to provide more
robust basis for definite conclusions. Future studies should
compare the outcomes of each technique in different hernia
defect sizes (small versus large) and different clinical set-
tings (emergency versus elective). Moreover, future stud-
ies should value outcomes such as severity of postoperative
pain, time to return to daily activities, quality of life and
cost-effectiveness of either technique.
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Appendix

See Table 3.

Table 3 The literature search strategy

Search No.  Search strategy?®

#1 MeSH descriptor: [umbilical hernia] explode all trees

#2 Paraumbilical: TLAB, KW

#3 Paraumbilical hernia: TLAB, KW

#4 Umbilical near 2 hernia: TLAB, KW

#5 Paraumbilical near 2 hernia: TL,AB,KW: T, AB, KW

#6 Paraumbilical near 2 hernia: TL,AB, KW

#7 #1 OR #2 OR #3 OR #4 OR #5 OR #6

#8 MeSH descriptor: [surgeries, laparoscopic] explode all
trees

#9 Laparoscop*: TLAB,KW

#10 #38 OR #9

#11 Open: TI,AB,KW

#12 Suture near 3 repair: TI,AB, KW

#13 Suture: T, AB, KW

#14 #11 OR #12 OR #13

#15 #7 AND #10 AND #14

This search strategy was adopted for the following databases: MED-
LINE, EMBASE, CINAHL and the Cochrane Central Register of
Controlled Trials (CENTRAL)
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