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ARTICLE INFO ABSTRACT

Keywords: Objectives: To evaluate comparative outcomes of laparoscopic repair of groin hernia with and without mesh
Mesh fixation fixation.

No mesh fixation Methods: MEDLINE; EMBASE; CINAHL; CENTRAL; the World Health Organization International Clinical Trials

Laparoscopic groin hernia repair Registry; ClinicalTrials.gov; ISRCTN Register, and bibliographic reference lists were systematically checked.

Combination of free text and controlled vocabulary search adapted were applied to thesaurus headings, search
operators and limits in each of the above databases. Post-operative pain, procedure time, conversion rate, length
of hospital stay, time taken to normal activities, overall complications, seroma formation, cost and recurrence
were the outcome parameters. Combined overall effect sizes were calculated using fixed-effect or random-effects
models. The work has been reported in line with PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) and AMSTAR (Assessing the methodological quality of systematic reviews) Guidelines. This
protocol was registered at the International Prospective Register of Systematic Reviews (registration number:
CRD42019139564).

Results: We identified 13 randomized controlled trials reporting a total of 1731 patients (2021 groin hernia)
evaluating outcomes of laparoscopic hernia repair with mesh fixation using stapler or tacker (n = 853 patients,
999 hernia) and without mesh fixation (n = 878 patients, 1022 hernia). Mesh Fixation was associated with
significantly higher post-operative pain assessed by visual analogue scale (VAS) (MD: 0.59; 95% CI, 0.05-1.13,
P = 0.03) and longer procedure time (MD: 2.00; 95% CI, 0.98-3.02, P = 0.0001), compared to no fixation
technique. However, there was no significant difference in length of hospital stay (MD:0.09; 95% CI, —0.05-
0.23, P = 0.19), time to normal activities, (MD: 0.12; 95% CI, —0.37-0.61, P = 0.69), overall complications
(OR: 1.05; 95% CI, 0.77-1.43, P = 0.76), seroma formation (OR: 0.63; 95% CI, 0.39-1.00, P = 0.05) and re-
currence rate (RD: 0.00; 95% CI, —0.01-0.01, P = 0.84) between two groups.

Conclusions: Avoiding mesh fixation with a stapler or tacker during laparoscopic groin hernia repair may reduce
postoperative pain and procedure time. Future studies are encouraged to evaluate cost effectiveness of each

approach.
1. Introduction postoperative period [2-4]. However, it has a longer learning curve and
higher costs [5,6].

Inguinal hernia repair is one of the most frequently performed Laparoscopic groin hernia repair can be carried out via two ap-
general surgical procedures [1]. Laparoscopic groin hernia repair has proaches: Total extraperitoneal (TEP) repair or transabdominal pre-
been shown to be an efficient alternative for open surgery with pro- peritoneal (TAPP) repair. TEP repair avoids entering the peritoneal
mising outcomes related to postoperative pain, earlier return to work cavity and peritoneal closure, but may be more challenging technically
and normal activities, and an improved quality of life in the than TAPP repair and has a longer learning curve [7-9].
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Regardless of the type of laparoscopic hernia repair, fixation of
mesh, using staples or tacks, is an effort to prevent its migration and
consequent recurrence with a potential to increase groin pain.
However, a meta-analysis of randomized trials in 2012 found no dif-
ference in clinical outcomes, including postoperative pain and recur-
rence, of laparoscopic hernia repair with or without mesh fixation [10].
Several more randomized trials have been carried out since 2012
making conduction of a new meta-analysis worthwhile.

Aim of this study was to conduct a comprehensive systematic review
and meta-analysis of reported outcomes to compare laparoscopic hernia
repair with and without mesh fixation.

2. Methods
2.1. Design and study selection

Our eligibility criteria, methods, and evaluated outcomes were
highlighted in a review protocol. The current study was reported in line
with Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) statement standards [11] and AMSTAR (Assessing
the methodological quality of systematic reviews) Guidelines. This
protocol was registered at the International Prospective Register of
Systematic Reviews (registration number:CRD42019139564).

All randomized controlled trials (RCTs) evaluating the outcomes of
laparoscopic groin hernia repair with and without mesh fixation were
included. Participants aged 18 years or older and of any gender who
underwent laparoscopic groin hernia repair were considered.

The intervention of interest was laparoscopic groin hernia repair
with mesh fixation using any type of stapler or tacker. The primary
intervention was compared with laparoscopic groin hernia repair
without mesh fixation which was defined as leaving the mesh in the
correct anatomical position and closing the hernia defect(s) with no
attempt to fix the mesh. Transabdominal preperitoneal (TAPP) repair or
total extraperitoneal (TEP) repair of groin hernia, direct or indirect
inguinal hernia, pantaloon hernia and femoral hernia as described in
Nyhus Classification of groin hernias were considered [12].

Primary outcome measures were defined as the post-operative pain
intensity assessed on a 10 mm visual analogue scale (VAS) on the day of
surgery and within 24h following surgery. The pain intensity data
described by other means than a 10 mm VAS were standardised to such
a scale. Procedure time, conversion to an open procedure, length of
hospital stay, time taken to normal activities, overall perioperative (in
hospital or 30 day) complications, seroma formation, recurrence, and
cost effectiveness were the secondary outcome parameters.

2.2. Literature search strategy

Three authors independently searched the following electronic da-
tabases: MEDLINE, EMBASE, CINAHL, and the Cochrane Central
Register of Controlled Trials (CENTRAL). The literature search was
conducted on 18 December 2018. The search strategy was adapted
according to thesaurus headings, search operators and limits in the
aforementioned databases (Appendix 1). Furthermore, World Health
Organization International Clinical Trials Registry http://apps.who.int/
trialsearch/, ClinicalTrials.gov http://clinicaltrials.gov/, and ISRCTN
Register http://www.isrctn.com/were searched to identify ongoing and
unpublished studies. Moreover, the bibliographic lists of relevant arti-
cles and reviews were screened for further potentially eligible trials.

2.3. Selection of studies

The title and abstract of identified articles were evaluated by two
independent authors. Subsequently, if relevant, the full-texts of identi-
fied articles were retrieved and evaluated against the eligibility criteria
of our study. Those studies that met our eligibility criteria were in-
cluded. Discrepancies in this process were resolved by discussion
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between the authors. However, if the disagreement still existed, an
independent author was consulted.

2.4. Data extraction and management

An electronic data extraction spreadsheet according to the
Cochrane's recommendations for intervention reviews was created. The
data extraction spreadsheet was pilot-tested in randomly selected arti-
cles and adjusted accordingly. The following information were ex-
tracted from the included studies by two independent authors:

o Study-related data (first author, publication year, country of origin
of the corresponding author, journal in which the study was pub-
lished, study design, and study size)

® Baseline demographic and clinical information of the study popu-
lations (age, gender, weight or body mass index (BMI), type of the
hernia as per Nyhus Classification, and laterality)

® Procedural related data (type of procedure, type of anaesthesia,
surgeon expertise, type and size of mesh used, method of fixation if
any, use of antibiotic and drain)

e Primary and secondary outcome data

Disagreements during data extraction and management were re-
solved following consultation with a third independent author.

2.5. Assessment of risk of bias

The methodological quality and risk of bias assessment were carried
out by two authors using the Cochrane's tool [13] for RCTs. The Co-
chrane's tool classifies studies into low, unclear and high risk of bias
following evaluating and determining the risk of selection bias, per-
formance bias, detection bias, attrition bias, reporting bias, and other
sources of bias. We resolved discrepancies in risk of bias assessment by
discussion between the assessing authors. Nevertheless, if no agreement
could be reached, a third reviewer was involved as an adjudicator.

2.6. Summary measures and synthesis

For dichotomous outcome variables (overall perioperative compli-
cations, seroma, recurrence and conversion to an open procedure), the
risk ratio (RR) or risk difference (RD) (when more than three studies
had zero events in both mesh fixation and no mesh fixation groups)
were calculated as the summary measures. The RR is the risk of an
adverse event in the mesh fixation group compared to the no mesh
fixation group. The RD is the difference in risk of an adverse event in
the mesh fixation group compared to the no mesh fixation group. A RR
of less than one would favour the mesh fixation group. For continuous
parameters (operative time, postoperative pain, length of hospital stay,
time to normal activity), the mean difference (MD) between the two
groups was calculated.

The number of hernias was used as the unit of analysis for all out-
come parameters of this study except for length of hospital stay and
time to normal activity where individual patient was used as unit of
analysis. Information with regards to dropouts, withdrawals and any
other missing data were recorded. It was planned to contact authors of
the included studies where information about outcomes of interest were
not reported. The final analysis respected the intention-to-treat concept.

One independent review author entered the extracted data into
Review Manager 5.3 software for data synthesis [13]. The entered data
were subsequently checked by a second independent review author.
Random-effects or fixed-effect modelling were used, as appropriate, for
analysis. Only when significant between-study heterogeneity existed,
random-effects models were applied. This has previously been defined
by Higgins et al. [13]. The results of analysis for each outcome para-
meter was reported in a forest plot with 95% confidence intervals (CIs).

Heterogeneity among the studies was assessed using the Cochran Q
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Fig. 2. Risk of bias summary and graph showing authors' judgments about each
risk of bias item.

of comparable age and gender in all of the included studies with the
male gender to be dominant. The weight or BMI of the included patients
were poorly reported by the included studies. The details of types and
laterality of the hernias in each study are outlined in Table 2. Fur-
thermore, Table 3 presents the technique adopted by each study in
doing the laparoscopic hernia repair, the type of mesh, method of
fixation if fixed, number of surgeons involved and their expertise, the
type of anaesthesia used, use of prophylactic antibiotics or drains
Twelve studies reported outcomes of TEP repair and one study reported
outcomes of TAPP repair. The included studies reported follow-up
period ranging from 3 to 60 months. There was no significant difference
between the two groups in terms of follow-up period (P = 0.75).

3.1. Methodological appraisal

Fig. 2 presents the risk of bias assessment of the included 13 RCTs.
There were low risk of attrition and reporting bias in a 12 and 11 RCTs,
respectively. Selection bias were low in 10 studies and unclear in 3
studies. Performance bias were high in 10 and low in 3 studies. More-
over, detection bias were high in all studies, except the study of Taylor
et al. [20].

3.2. Data synthesis

Outcomes are summarised in Figs. 3 and 4. Only two studies eval-
uated all outcome variables.
Post-operative pain. Nine studies reported post-operative pain as an
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outcome. The pooled analysis of 825 hernias demonstrated that the
mesh fixation was associated with significantly higher postoperative
pain assessed by VAS compared to no fixation technique (MD: 0.59;
95% CI, 0.05-1.13, P = 0.03). Between-study heterogeneity was sig-
nificant (I%: 94%, 95% CI, 89.7-98.3, P = 0.00001).

Procedure time. Seven studies (742 hernias) reported their mean
procedure time as an outcome. Our analysis showed that the no mesh
fixation technique was associated with a significantly shorter procedure
time than the mesh fixation (53.3 min vs 50.04 min MD: 2.00; 95% CI,
0.98-3.02, P = 0.0001). Heterogeneity among the studies was low
(12 = 22%, 95% CI 12.3-31.7P < 0.0001).

Seroma. Five studies reported post-operative seroma as an outcome.
Post-operative seroma occurred in 32 (7.26%) and 50 (10.7%) patients
in the mesh fixation and the no mesh fixation groups, respectively. The
pooled analysis of 907 hernias demonstrated that the incidence of post-
operative seroma was similar in both groups (RR: 0.66; 95% CI,
0.43-1.00, P = 0.05). Low heterogeneity existed among the included
studies (I% 0%, 95% CI 0-0, P = 0.89). Number needed to treat for
seroma was 29.

Overall perioperative morbidity. A total of 186 perioperative
complications were reported by 11 studies (1476 hernias), 95 (13.05%)
in the mesh fixation group and 91 (12.17%) in the no fixation group. No
significant difference was found in the complication rate between the
two groups (RR: 1.04; 95% CI, 0.80-1.36, P = 0.76). There was low
heterogeneity among the included studies (I% 9%, 95% CI 5.86-12.1,
P = 0.36). The likelihood of publication bias was low (Fig. 4). Number
needed to treat for overall morbidity was —113.

Length of hospital stay. Five studies reported the length of hospital
stay as an outcome. The pooled analysis, which included 372 patients,
demonstrated that there was no significant difference in length of
hospital stay between the two groups (1.79 days vs 1.58 days MD: 0.07;
95% CI, —0.01-0.16, P = 0.10). Moderate heterogeneity among the
included studies was detected (I2 = 46%, 95% CI 28.5-63.5,
P < 0.11).

Time to normal activity. Time to normal activity was reported by
four studies (790 patients). There was no significant difference in the
time taken to normal activity between the two groups (9.05 days vs
8.21 days MD: 0.12; 95% CI, —0.37-0.61, P = 0.69). There was mod-
erate heterogeneity among the studies (I>: 52%, 95% CI 46.2-57.8,
P =0.10).

Recurrence. Ten studies (1831 hernias) reported recurrence rate as
an outcome. Recurrence rate in the mesh fixation and the no mesh
fixation groups were 0.005% and 0.004%, respectively. The pooled
analysis did not demonstrate any significant difference in recurrence
rate between the two groups (RD: 0.00; 95% CI, —0.01-0.01, P = 0.84).
Heterogeneity among the included studies was low (I 0%, 95% CI
7.09-18.9, P = 0.76). The likelihood of publication bias was low
(Fig. 4). Number needed to treat for recurrence was —998.

The available data did not allow us to conduct appropriate analysis
on cost or conversion to open procedure.

3.3. Sub-group analysis

3.3.1. TEP repair

Post-operative pain. Mesh fixation was associated with significantly
higher postoperative pain assessed by VAS compared to no fixation
technique (MD: 0.59; 95% CI, 0.05-1.13, P = 0.03). Between-study
heterogeneity was significant (I% 94%, P = 0.00001).

Procedure time. Mesh fixation technique was associated with a
significantly longer procedure time than the mesh fixation (53.3 min vs
50.04 min MD: 2.00; 95% CI, 0.98-3.02, P = 0.0001). Heterogeneity
among the studies was low (1% = 22%, P < 0.0001).

Seroma. Incidence of post-operative seroma was similar in both
groups (OR: 0.63; 95% CI, 0.39-1.00, P = 0.05). Low heterogeneity
existed among the included studies (I12: 0%, P = 0.89).

Length of hospital stay. There was no significant difference in
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mesh fixation no mesh fixation Mean Difference Mean Difference
Study or Subgroup  Mean [VAS] SD [VAS] Total Mean [VAS] SD[VAS] Total Weight IV,R: 95% CI[VAS] Year IV, Rand 95% CI [VAS]
Mareno-Egea2004 1.78 1.4 85 1.65 1.3 85 11.8% 0.13[0.28, 0.54] 2004 -
Parshad 2005 292 238 25 2.28 1.81 25 7.9% 0.64 [[0.53,1.81] 2005 —
Koch 2006 1.8 16 26 1.4 1.2 27 101% 0.40[-0.36,1.16] 2006 —
Li 2007 37 1230 35 1.2 30 10.9% 0.20-0.41,0.81] 2007 I e
Garg 2011 1.31 0.4 98 1.42 0.5 96 12.6% -0.11 [-0.24, 0.02] 2011 -
Ayyaz 2015 4.7 0.683 32 41 0.86 3 11.9% 0.60[0.22,0.98] 2015 e
Redd 2017 39 06 15 186 0.6 15 11.7% 2.30[1.87,2.73 2017 —=F
Buyukasik 2017 1.9 16 70 1.3 1.2 68 11.6% 0.60[0.13,1.07] 2017 —
Abd-Rahoh 2018 3.48 1.23 35 2.89 0.93 32 11.4% 0.59[0.07,1.11] 2018 —
Total (95% Cl) 416 409 100.0% 0.59 [0.05, 1.13] iR
Heterogeneity: Tau?= 0.60; Chi*= 124.49, df= 8 (P < 0.00001); F= 94% 2 1 : 1 2

Test for overall effect Z=2.15 (P =0.03) mesh fixation no mesh fixation

(a) Postoperative pain asssessed by VAS

mesh fixation no mesh fixation Mean Difference Mean Difference
Study or Subgroup  Mean SD [mi Total Mean [mil SD [mi Total Weight IV, Fixed, 95% CI Year IV, Fixed, 95% CI [mi
Moreno-Egea 2004 45.67 179 85 391 153 85 42% 6.57 [1.56,11.58] 2004 —_—
Koch 2006 66.3 26.1 26 60.9 20 27 0.7% 5.40[-7.15,17.95] 2006 >
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Garg 2011 ar7 43 88 359 36 95 840% 1.80[0.68,2.92] 2011 E o
Claus 2016 43 98 10 387 88 50 24% 4.30[-2.25,10.85] 2016 —_—
Buyukasik 2017 72 181 70 66.3 221 68 2.3% 5.70 [-1.05,12.45] 2017 I e —
Abd-Raboh 2018 67.43 1452 35 66.41 1327 32 24% 1.02 [5.63,7.67] 2018
Total (95% Cl) 354 388 100.0% 2.00[0.98, 3.02] ’
Heterogeneity: Chi*= 7.72, df= 6 (P = 0.26); I*= 22% e £ ; %
Test for overall effect: Z= 3.83 (P = 0.0001) ) mesh fixation no mesh fixation
(b) Procedure time
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(c) Seroma
mesh fixation no mesh fixation Risk Ratio Risk Ratio
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Kach 2006 3 20 5 18 58% 0.54[0.15,1.95] 2006 1

Li 2007 1 30 1 30 1.1% 1.00[0.07,15.26] 2007
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Claus 2016 0 10 3 50 1.4% 0.66[0.04,11.93] 2016

Buyukasik 2017 17 70 5 68 5E6% 3.30[1.29, 845 2017 ——

Ahd-Rahoh 2018 3 35 3 32 35% 0.91[0.20,4.21] 2018 e
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(d) Overall morbidity

Fig. 3. Forest plots of comparison of (a) postoperative pain assessed by VAS, (b) procedure time, (c) seroma, (d) overall morbidity, (e) length of hospital stay, (f) time
to normal activity, and (g) Recurrence. The solid squares denote the risk ratios (RRs) or mean difference (MD). The horizontal lines represent the 95% confidence
intervals (CIs), and the diamond denotes the pooled effect size. M — H, Mantel Haenszel test.

length of hospital stay between the two groups (1.79 days vs 1.58 days
MD: 0.07; 95% CI, —0.01-0.16, P = 0.10). Moderate heterogeneity
among the included studies was detected (12 = 46%, P < 0.11).
Overall perioperative morbidity. There was no significant differ-
ence in perioperative morbidity between the two groups (OR: 1.25;

95% CI, 0.83-1.89, P = 0.28). Between-study heterogeneity was low
(I:10%, P = 0.35).

Time to normal activity. No significant difference was found in the
time taken to normal activity between the two groups (MD: 0.00; 95%
CIL, —0.31-0.30, P = 0.98). There was low heterogeneity between-study
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mesh fixation no mesh fixation Mean Difference Mean Difference
Study or Subgroup  Mean [days] SD [days] Total Mean [days] SD [days] Total Weight IV, Fixed, 95% Cl[days] Year IV, Fixed, 95% CI [days]
Parshad 2005 1.64 0.95 25 112 0.6 25 37% 0.52[0.08, 0.96] 2005
Li 2007 37 1:5 30 3.3 1.6 30 1.2% 0.40[-0.38,1.18] 2007 +
Garg 2011 112 0.3 52 115 0.4 52 39.0% -0.03[0.17,011] 2011 ——
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Total (95% CI) 188 184 100.0% 0.07 [-0.01, 0.16] o
Heterogeneity: Chi*=7.44, df= 4 (P = 0.11); = 46% f 5 B o5 1
Test for overall effect Z=1.67 (P=0.10) n1ésh fixation no mesh ﬂkation
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(f) Time to normal activity
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mesh fixation no mesh fixation

(g) Recurrence

Fig. 3. (continued)

groups (12:9%, P = 0.33).

Recurrence. There was no significant difference in the recurrence
rate between mesh and no mesh fixation groups (RD: 0.00; 95% CI,
—0.01-0.01, P = 0.59). There was low heterogeneity between-study
groups (1%:0%, P = 0.77).

3.3.2. Unilateral hernia

Post-operative pain. Mesh fixation was associated with significantly
higher postoperative pain assessed by VAS compared to no fixation
technique (MD: 0.75; 95% CI, 0.02-1.49, P = 0.04). Between-study
heterogeneity was significant (1% 92%, P < 0.00001).

Procedure time. There was no significant difference between two
groups in procedure time (MD: 2.88; 95% CI, —2.54-8.30, P = 0.30).
Heterogeneity among the studies was moderate (I = 66%, P = 0.05).

Seroma. There was no significant difference between two groups in
seroma (OR: 0.60; 95% CI, 0.36-1.02, P = 0.06). Low heterogeneity
existed among the included studies (I2: 0%, P = 0.84).

Length of hospital stay. Mesh fixation was associated with sig-
nificantly longer length of hospital stay compared to no fixation tech-
nique (MD: 0.49; 95% CI, 0.11-0.88, P = 0.01). Between-study het-
erogeneity was low (1% 0%, P = 0.79).

Overall perioperative morbidity. There was no significant differ-
ence in perioperative morbidity between the two groups (OR: 0.97;
95% CI, 0.71-1.32, P = 0.85). Between-study heterogeneity was low

(:0%, P = 0.19).

Time to normal activity. No significant difference was found in the
time taken to normal activity between the two groups (MD: 0.44; 95%
CI, —0.43-1.32, P = 0.32). There was moderate heterogeneity be-
tween-study groups (I%:60%, P = 0.08).

Recurrence. There was no significant difference in the recurrence
rate between mesh and no mesh fixation groups (RD: 0.00; 95% CI,
—0.02-0.01, P = 0.75). There was moderate heterogeneity between-
study groups (12:33%, P = 0.20).

3.4. Sensitivity analysis

Using random-effects or fixed-effect models did not affect the
pooled effect size in any of the outcomes. The direction of pooled effect
size remained unchanged when the OR, RR, or RD was calculated.
Removal of study of Abd-Raboh [26] in the analysis of seroma, made
the results statistically significant in favour of mesh fixation (p = 0.04).
Removal of study by Ayyaz et al. [22] changed the direction of the
effect size towards non-significance for postoperative pain. Also, re-
moval of studies by Ferzli et al. [14], Parshad et al. [17], and Garg et al.
[21] changed the direction of the effect size towards non-significance
for procedure time (Supplementary Table 1).
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Fig. 4. Funnel plots of comparison of (a) Overall perioperative morbidity and
(b) recurrence.

4. Discussion

To fix or not to fix the mesh? This has been a controversial question
in laparoscopic approach for groin hernia repair. A comprehensive
systematic review and meta-analysis was of randomized studies was
conducted to evaluate comparative outcomes of mesh fixation and no
mesh fixation in patients undergoing laparoscopic groin hernia repair.
The literature review identified 13 RCTs [14-26] reporting a total of
1731 patients (2021 groin hernias) of whom 853 patient (999 hernias)
underwent laparoscopic groin hernia repair using the mesh fixation
technique and the remaining 878 (1022 hernias) had laparoscopic groin
hernia repair without mesh fixation.

The meta-analyses of outcomes demonstrated that mesh fixation
technique was associated with significantly higher post-operative pain
and longer procedure time compared to no mesh fixation technique.
However, there was no significant difference in length of hospital stay,
time taken to normal activities, overall complications, seroma forma-
tion and recurrence rate between two groups. The between-study het-
erogeneity in the analyses of procedure time, seroma, overall compli-
cations and recurrence rate was low indicating that the findings about
these outcomes may be robust. Moreover, the heterogeneity among the
included studies in the analysis of hospital stay and time to return to
normal activities was moderate. High between-study heterogeneity in
the analyses of post-operative pain indicates that the findings about this
outcome may be less robust. The sub-group analysis demonstrated
consistent results to our main analysis when only TEP repair was
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considered.

Our findings with regards to length of hospital stay, overall com-
plications, and recurrence rate are consistent with finding of a meta-
analysis conducted by Sajid et al. [10] in 2012. However, our findings
are not in agreement with those of Sajid et al. [10] on operative time
and postoperative pain. Sajid et al. [10] found no significant difference
between the two groups in terms of operative time and postoperative
pain whereas we found significantly lower postoperative pain and
shorter procedure time in favour of laparoscopic groin hernia repair
without mesh fixation. Our pooled analysis included data from 13 RCTs
compared to 8 RCTs in the study of Sajid et al. [10]. The additional 5
RCTs (studies details are presented in Tables 1-3) increased the number
of pooled patients and hernias by 311 patients and 358 hernias, re-
spectively, which may suggest our findings may be more robust and less
subject to type 2 error considering the larger size of our pooled popu-
lation. We found some discrepancies in our forest plot of procedure
time and that of Sajid et al. [10]. While we included 3 new RCTs
[23,24,26] in the analysis of procedure time, we believe 3 studies
[14,15,20] should have been excluded from the analysis of procedure
time by Sajid et al. [10] Following a careful check, we noticed that Sajid
et al. [10] have included inappropriate data from aforementioned 3
studies [14,15,20]. Neither of the aforementioned studies reported their
standard deviation (SD) of the mean which is vital for analysis of pro-
cedure time as a continuous outcome parameter. The authors calculated
the standard deviation of the mean using non-conventional methods
(from p-value or mean and range) which, undoubtedly subject their
findings to major bias. Calculating mean and standard deviation from
median and range using the method described by Hozo et al. [27] has
been widely accepted while calculating the SD from range and p value
not. With regards to postoperative pain, we included 4 more RCTs
[22,24-26] than Sajid et al. [10] which made the results significant in
favour no fixation group.

Although the comparative clinical outcomes of laparoscopic groin
hernia repair with or without mesh fixation have been extensively
evaluated by randomized studies, the cost effectiveness as an important
outcome has not been investigated sufficiently. Six of the included
studies in this meta-analysis have reported the cost of their interven-
tions. However, the reported costs by the included studies were in
different currencies which made pooling of the available data im-
possible. Nevertheless, all 6 studies were in agreement that mesh fixa-
tion technique was more expensive considering use of staples/tackers.
The economics of surgery is an important issue of its own regardless of
the clinical efficacy. The cost effectiveness of hernia operation should
be evaluated on its own merit and future studies should concentrate on
cost-effectiveness as an independent outcome.

This meta-analysis demonstrated that mesh fixation prolongs the
procedure time of laparoscopic groin hernia repair. Clearly, mesh
fixation is an additional step which prolongs the procedure time. In the
existence of comparable outcomes, reduced procedure time in favour of
laparoscopic groin hernia repair without mesh fixation may indicate
reduced general anaesthetic exposure, reduced cost, and, considering
the elective nature of the procedure, more efficient and productive
theatre list.

The current meta-analysis did not show any difference in recurrence
rate between mesh fixation and no mesh fixation groups and actual
number of events were too low in each group. It has to be taken into
account that the follow up period in most of the included studies has
not been long enough to appropriately assess this recurrence. It has
been argued that even median follow-up period of 24 months is not
sufficient to appropriately assess occurrence of recurrent abdominal
wall hernia [28].

This study has some limitations which should be taken into account
when interpreting our findings. The performance and detection bias
were high in most of the included RCTs mainly due to lack of blinding.
Although blinding can be challenging in most RCTs involving surgical
interventions, the participants in the included studies could have easily
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blinded to the intervention they received considering the nature of the
intervention. Moreover, some of the included studies reported their
continuous data as median and interquartile range. Although their
mean and standard deviation were calculated using a widely acceptable
method described by Hozo et al. [27], this might have subjected the
findings to some degree of bias. Finally, the included studies did not
provide appropriate data for analysis of cost or conversion to open
procedure which were two of the secondary outcome parameters.

5. Conclusions
This meta-analysis demonstrated that avoiding mesh fixation with a
stapler or tacker during laparoscopic groin hernia repair may reduce
postoperative pain and procedure time. Moreover, it does not increase
risk of recurrence, time to normal activity or perioperative morbidities.
Future studies with adequate follow up period are encouraged to
evaluate cost effectiveness of each approach.
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