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Abstract

Background Glue mesh fixation is thought to cause less pain compared to tack mesh fixation during laparoscopic total
extraperitoneal inguinal hernia repair (TEP). However, the clinical benefits of glue mesh fixation are still controversial. This
study aimed to evaluate the acute pain, chronic pain, and recurrence rate between these two fixation methods.

Methods After reviewing all patients in our prospective hernia repair database from February 2008 to December 2017, we
identified 583 patients who underwent TEP with tack mesh fixation and 70 patients with glue fixation by a single surgeon.
Acute post-operative pain and activity level were evaluated using a Visual Analog Score (VAS) and the modified Medical
Outcome Study (MOS) score. The primary endpoint was chronic pain 6 months after TEP. The secondary endpoints were
acute pain, activity level, complications, and recurrence.

Results After adjustment for potential confounding factors, the glue mesh fixation had significant lower VAS at 2 h post
operation during rest and coughing and on the first day after surgery during coughing (p =0.005, p <0.001, and p=0.011).
The modified MOS on the first day was higher in the glue group (p <0.001). There were no reduced risk of chronic pain or
increased risk of recurrence for the glue group compared to the tack group [Odds ratio (OR)=0.237, p=0.169; OR =2.498,
p=0.299]. In the sub-group analysis for recurrent hernia repair, glue fixation is associated with better modified MOS
(»=0.031) on first day and lower VAS on the operative day and first day at rest (» =0.003 and p =0.024) after surgery.
Conclusions Glue fixation method was superior to tack fixation method in acute post-operative pain and early post-operative
activity level after laparoscopic TEP repair. However, both fixation methods had similar incidence of chronic pain-, recur-
rence-, and procedure-related complications after laparoscopic TEP repair.
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Inguinal hernia repair is one of the most common surgi-
cal procedures in the world. In comparison with the widely
adopted conventional Litchtenstein repair, laparoscopic
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inguinal hernia repair has the advantages of less acute
post-operative pain, quicker recovery, earlier return to nor-
mal daily activities, less chronic pain, and better cosmetic
appearances [1]. Although the incidence of chronic pain was
reduced in patients treated by laparoscopic approach [2],
severe long-lasting pain had been reported in up to 6% [3].

The chronic pain is thought to result from nerve dam-
age or chronic inflammation over tack fixation points in
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laparoscopic hernia repair [4]. To avoid this mechanical
injury, non-penetrating mesh fixation with adhesive mate-
rials has been advocated [5]. The glue mesh fixation may
reduce acute and chronic pain, but it may also increase the
risk of mesh migration and hernia recurrence. A recent
meta-analysis of randomized trials in laparoscopic inguinal
hernia repair concluded that the glue mesh fixation had a
lower incidence of chronic pain and did not increase morbid-
ity or recurrence compared to tack fixation [6]. However, a
Swedish nationwide register-based study showed no statisti-
cal difference in chronic pain and recurrence between tack or
glue fixation for laparoscopic total extraperitoneal inguinal
hernia repair (TEP) [7]. Therefore, the benefits of glue fixa-
tion are still undecided.

In this study, we retrospectively reviewed prospective
data from patients with laparoscopic TEP repair using either
tack or glue mesh fixation. The study aimed to evaluate the
acute pain, the incidence of chronic pain, morbidity, and
recurrence rate between these two fixation methods.

Materials and methods
Patients

This is a retrospective study using a prospective laparoscopic
hernia repair database of our institution. Between February
2008 and December 2017, 840 patients underwent lapa-
roscopic TEP hernia repair by a single surgeon who had
experience in laparoscopic TEP since 2003 with more than
200 laparoscopic TEP surgeries before collecting this pro-
spective database. According to our previous published data
between 2011 and 2016 [8—12], the main historical out-
comes of laparoscopic TEP repair are as follows: average
operative time is around 50-60 min, 1-2% hernia recurrence
rate, 7-8% post-operative seroma, and 4-5% chronic pain.
Although this study enrolled cases over 9 years, both fixation
techniques were continuously used throughout these 9 years.
Therefore, any change or evolving of the surgical techniques
was evenly distributed in both groups, and the risk of techni-
cal evolving induced study bias is low. The choice of tack or
glue fixation was according to patient’s preference.

The primary endpoint was chronic pain 6 months after
TEP. The secondary endpoints included acute pain, compli-
cations, and recurrence. The inclusion criteria in this study
were primary or recurrent symptomatic inguinal hernia
requiring surgical intervention. Our prospective laparoscopic
hernia repair database did not include previous major lower
abdominal surgery, concomitant surgical procedures, and
emergent surgery. Patients who had an unregistered fixation
method or lost follow-up before 6 months after their opera-
tion were excluded. Finally, we identified 583 patients who
underwent TEP with tack mesh fixation and 70 patients with

glue fixation. The flow diagram for the patient selection is
shown in Fig. 1. The data analysis were approved by the
ethics committee of our institution (IRB code: 08-X-040).

Operative technique

All patients underwent general anesthesia and received a
single dose of prophylactic antibiotics before surgery. Foley
catheter drainage was only reserved for patients with a his-
tory of low abdominal or low urinary tract surgery. A sub-
umbilical incision was made for the 12-mm camera port, and
the pre-peritoneal space was created by a balloon dissector.
Then, the other two 5-mm working ports were placed ver-
tically in the midline. After the hernia sac dissection and
ligation, a polypropylene monofilament mesh or a Surgisis
mesh (Cook Surgicl, Bloomington, IN) not smaller than
10X 15 cm was placed to cover the whole myopectineal
orifices. Most of the heavyweight meshes and lightweight
meshes we used were Bard Mesh (Bard/Davol Inc.) and
Optilene Mesh (B Braun), respectively.

In the tack group, the mesh was attached to the Cooper’s
ligament and the anterior-lateral abdominal wall lateral to
the iliopubic tract by laparoscopic tackers (Protack; Covi-
dien, Norwalk, CT, USA). In the glue group, n-butyl-2-cy-
anoacrylate glue (Histoacryl; B. Braum, AG, Melsungen,
Germany) was applied through a 5 Fr. catheter to fix the
mesh on the same area as in the tack group. The costs of
tackers and glue for each case were 600 USD and 100 USD,
respectively.

Post-operative care and follow-up assessment

After surgery, all patients were treated with standardized
post-operative care, including early oral intake, early ambu-
lation, and use of on-demand pain killers. Post-operative
pain during rest and coughing was evaluated using a Visual

Study subjects collected between February.
2008 and December. 2017 (n=840)

Excluded (n=163)
Unknown fixation method (n=16)
Lost follow-up beyond six months (n=147)

Analyzed patients (n=653)

A4

Glue mesh fixation
(0=70)

Tack mesh fixation
(n=583)

Fig. 1 Patient inclusion flow diagram
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Analog Score (VAS) on a 0-10 scale for pain at 2 h, 1 day,
and 1 week after operation by an independent clinic nurse.

All patients were also assessed in the outpatient clinic
at 1 week, 3 months, and 6 months for post-operative pain,
complications, and activity level. The post-operative activity
level was measured using the modified Medical Outcome
Study (MOS; item 3—-12/36 items) score at 1 day, 1 week,
and 3 months. Chronic pain was assessed during an inter-
view with the surgeon at the outpatient clinic or via phone
six months after the operation. Then, patients were followed
up annually at the outpatient clinic.

Statistical analysis

Differences between groups were compared using Pear-
son Chi square for categorical variables and two-sample
t test or Mann—Whitney U test for continuous variables.
Continuous variables were tested for normality using Kol-
mogorov—Smirnov test. The potential confounding variables
identified in our preliminary analysis, such as sex, age, body
mass index, mesh material, and intra-operative complica-
tions were adjusted with multivariable linear and logistic
regression models. All statistical assessments were two-
tailed and considered statistically significant as p <0.05.
Statistical analyses were carried out with IBM SPSS statis-
tical software version 22.

Results
Baseline characteristics

The baseline characteristics of the 583 patients in the
tack group and 70 patients in the glue group are shown
in Table 1. The mean ages were 54.3+15.5 years and
58.8 +12.7 years in the tack and glue groups, respectively
(p=0.015). The mean body mass index (BMI) of the tack
group was higher than that of the glue group (23.9+3.0
and 22.7+3.1, p=0.001). Patients in the glue group also
had higher proportion of diabetes mellitus than patients in
the tack group (15.7% and 5.7%, p=0.002). There were no
significant differences between groups for sex, risk factors,
other comorbidities, clinical symptoms, and previous recur-
rent hernia history.

Post-operative outcomes

The peri-operative parameters and outcomes are shown in
Table 2. There were more lightweight mesh repairs in the
glue group than in the tack (80% and 34.8%, p <0.003).
The median operative time was longer in the glue group.
(70 min and 60 min, p=0.001). The intra-operative peri-
toneal tear and post-operative urinary retention were both
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Table 1 Patient characteristics

Mesh fixation p value
Tack (N=583) Glue (N="70)
Sex, male 530 (90.9) 68 (97.1) 0.076
Age (years) 543+155 58.8+12.7 0.015*
BMI (kg/m?) 23.9+3.0 22.7+3.1 0.001*
Risk factors and comorbidi-
ties
COPD 9 (1.5) 2(2.9) 0.420
Constipation 76 (13.0) 6 (8.6) 0.287
BPO 131 (24.7) 12 (17.7) 0.198
Diabetes mellitus 33 (5.7) 11 (15.7) 0.002*
Hypertension 145 (24.9) 18 (25.7) 0.878
Clinical symptoms
Pain 191 (32.8) 31 (44.3) 0.054
Bulging 570 (97.8) 68 (97.1) 0.741
Bilateral 152 (26.1) 21 (30.0) 0.482
Recurrent hernia 143 (24.5) 12 (17.1) 0.170

Categorical variables are expressed as number (proportion %). Data
of age and BMI are expressed as mean + standard deviation

BMI Body Mass Index, BPO benign prostate obstruction, COPD
chronic obstructive pulmonary disease

#p<0.05

more common in the glue group (p <0.001 and p <0.017).
There were no significant differences between groups for
hernia type, hospital stay, the days to return normal daily
activity, and post-operative complications such as seroma,
wound infection, and urinary tract infection. The recurrence
rates were also comparable in the tack and glue groups (3.1%
and 2.9%, p=0.916). However, the median follow-up time
for recurrence was shorter in the glue group (6 months and
10 months, p <0.001).

Acute post-operative pain and Convalescence

In unadjusted analysis, the mean pain score at 2 h and 1 day
post-operatively during rest and coughing were significant
higher in the tack group (Table 3). Meanwhile, there was
no significant difference in the mean morphine equivalent
dose between groups. The mean MOS scores at 1 day and
1 week were lower in the tack group. After adjustment analy-
sis with all potential confounding factors such as sex, age,
BMI, mesh material, and intra-operative complications, the
fixation method still had significant impact on the VAS at2 h
during rest and coughing and on the first day during cough-
ing [VAS-rest-2 h, 95% Confidence interval(CI) (— 1.758,
—0.317), p=0.005; VAS-cough-2 h, 95% CI (—2.199,
—0.702), p<0.001; VAS -cough-1 day, 95% CI (—2.199,
—0.702), p=0.011] (Table 4). The MOS score on the first
day also revealed significant differences between groups
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Table 2 Peri-operative Mesh fixation p value
parameters and outcomes
Tack (N=583) Glue (N=70)
Hernia type 0.717
Indirect 295 (50.6) 34 (48.6)
Direct 156 (26.8) 16 (22.9)
Femoral 12 (2.1) 2(2.9)
Obturator 1(0.1) 0(0)
Mix 112 (19.2) 18 (25.7)
Unknown 7(1.2) 00
Mesh material < 0.003*
Lightweight 203 (34.8) 56 (80.0)
Heavyweight 369 (63.3) 13 (18.6)
Surgisis 11 (1.9) 1(1.4)
Operative time (mins) 60 (47-75) 70 (52-90) 0.001*
Morphine equivalent dose (mg/kg) 0.094 +0.759 0.021+0.095 0.414
Hospital stay (h) 21.2 (18.5-24.3) 21.7 (18.5-23.7) 0.572
Return to activity (days) 3(3-4) 3(2-4.3) 0.519
Intra-operative complications
No complications 552 (94.8) 42 (60.0) < 0.001*
Peritoneal tear without repair 10 (1.7) 15 (21.4)
Peritoneal tear with repair 18 (3.1) 13 (18.6)
Inferior epigastric vessel injury 2(0.3) 0(0)
Post-operative complications
Seroma or hematoma 81 (13.9) 9(12.9) 0.812
Acute urinary retention 22 (3.8) 7 (10.0) 0.017*
Wound infection 2(0.3) 1(1.4) 0.204
Urinary tract infection 5(0.9) 1(1.4) 0.636
Epididymitis 8(1.4) 0(0) 0.324
Chronic pain 51 (8.7) 1(1.4) 0.033*
Recurrence 18 (3.1) 2(2.9) 0.916
Follow-up (months) 10 (6-34) 6 (6-11) < 0.001*

Table 3 Comparisons of visual
analog scale (VAS) for pain
and modified medical outcome
study (MOS) score between
tack and glue mesh fixation

Categorical variables are expressed as number (proportion%). Continuous variables are expressed as
median (interquartile range) or mean + standard deviation

*p <0.05

Mesh fixation p value

Tack Glue

n Mean SD n Mean SD
VAS, rest, 2 h 540 3.484 2.628 67 2.443 2.688 0.001*
VAS, rest, 1 day 540 1.728 1.868 66 1.295 1.830 0.038*
VAS, rest, 1 week 525 0.291 0.966 68 0.118 0.587 0.081
VAS, cough, 2 h 540 5.507 2.701 67 3.931 3.091 < 0.001*
VAS, cough, 1 day 540 3.945 2.218 66 2.941 2.405 < 0.001*
VAS, cough, 1 week 525 1.181 1.701 68 1.074 1.787 0.409
MOS, 1 day 482 20.78 4.876 62 23.71 1.778 < 0.001*
MOS, 1 week 480 27.00 2.116 61 27.00 1.140 0.044*
MOS, 3 months 473 29.80 0.741 55 29.95 0.299 0.150

SD standard deviation
*p<0.05
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Table 4 Multivariable linear regression analysis of visual analog
scale (VAS) for pain and modified medical outcome study (MOS)
score

Mesh fixation
Glue versus Tack

B 95% Confidence interval p value
VAS, rest, 2 h —1.037 (- 1.758,-0.317) 0.005%*
VAS, rest, 1 day —0.242 (-0.760, 0.276) 0.360
VAS, rest, 1l week ~ —0.097 (—0.355, 0.162) 0.464
VAS, cough, 2 h —1.450 (—2.199, —0.702) < 0.001*
VAS, cough, 1day —0.794 (- 1.402, —0.185) 0.011*
VAS, cough, 1 week  0.048 (- 0.423,0.518) 0.842
MOS, 1 day 3.049 (1.701, 4.396) < 0.001*
MOS, 1 week 0.280 (—0.329, 0.889) 0.367
MOS, 3 months 0.108 (—0.112,0.328) 0.336

Adjusted for sex, age, body mass index, mesh material and intra-oper-
ative complications

#p<0.05

Table 5 Multivariable logistic regression analysis of seroma, acute
urinary retention, chronic pain, and recurrence

Mesh fixation
Glue versus tack

Odds ratio 95% Confidence p value
interval
Seroma or hematoma® 1.034 (0.463,2.311) 0.935
Acute urinary 1.112 (0.384, 3.217) 0.845
retention®
Chronic pain® 0.237 (0.031, 1.845) 0.169
Recurrence” 2.498 (0.444, 14.040) 0.299

#Adjusted for sex, age, body mass index, mesh material, and intra-
operative complications

bAdjusted for sex, age, body mass index, mesh material, intra-opera-
tive complications, and follow-up time

after adjustment analysis. [MOS, 95% CI (1.701, 4.396),
p<0.001].

Chronic pain and hernia recurrence

In unadjusted analysis, the tack group had more chronic pain
than the glue group (8.7% versus 1.4%, p=0.033). However,
after adjustment analysis with all potential confounding fac-
tors, such as sex, age, body mass index, mesh material, and
intra-operative complications, there was no reduced risk of
chronic pain for the glue group compared to the tack group
[Odds ratio (OR)=0.237,95% CI (0.031, 1.845), p=0.169]
(Table 5). Although the median follow-up is relatively short
(median 10 and 6 months in each group), the risk of her-
nia recurrence did not increase in the glue group when
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compared to the tack group [OR =2.498, 95% CI (0.444,
14.040), p=0.299].

Repair for recurrent hernia

In our sub-group analysis comparing the outcomes of the
tack and glue fixation in recurrent hernia repair, glue fixa-
tion is associated with better modified MOS (23.7 vs. 20.6;
p=0.031) on the first day and lower VAS at 2 h and on the
first day rest (5.21 vs. 2.87; p=0.003 and 3.83 vs. 2.25;
p=0.024) after surgery (Table 6). However, there was no
significant difference in the incidences of post-operative
complication, chronic pain, and hernia recurrence between
groups.

Discussion

Although laparoscopic inguinal hernia repair has greatly
improved the quality of life after inguinal hernia repair,
acute and chronic post-operative pain leading to short-term
and long-term disabilities are still common following even
the laparoscopic approach [13]. Both acute or chronic post-
operative pain after laparoscopic repair could be associated
with mechanical mesh fixation, and this is the main reason
that the non-mechanical mesh fixation (glue or non-fixation
method) has been developed [14]. Therefore, a compre-
hensive evaluation of the short- and long-term effects of
both mechanical and non-mechanical mesh fixation, which
remain scarce in the literature, is mandatory. Our study
was more valuable than other similar studies for its relative
larger sample size, including bilateral and recurrent hernia
repairs and a comprehensive short- and long-term effect
evaluation, including acute pain, activity level, morbidity,
chronic pain, and recurrence. In the current study, the non-
mechanical fixation method (the glue group) was superior
to the mechanical fixation method (the tack group) in acute
post-operative pain and early post-operative activity level
(modified MOS) after laparoscopic inguinal hernia repair.
However, both fixation methods had similar incidence of
chronic pain-, recurrence-, and procedure-related morbidity
after laparoscopic TEP repair.

There are four randomized control trials (RCT) compar-
ing tack and glue fixation during laparoscopic TEP in the
literature thus far. [15-18] In these early RCTs, acute post-
operative pain was either no different between groups or
lower in the glue group. However, these acute pain differ-
ences were less significant within the 1st post-operative day,
which was contrary to the current study and our past RCT
experiences. According to our previous experience in rand-
omized control trials, the acute pain was always most severe
immediately after the procedure, then the pain progressively
resolved with time [10]. Therefore, either the sample size
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Tab|e§ Subgroup analysi§ for Mesh fixation p value
operative outcomes of patients
with recurrent hernia Tack (N=143) Glue (N=12)
VAS, rest, 2 h 5.51+2.81 2.87+2.49 0.003*
VAS, rest, 1 day 3.83+2.34 235+1.64 0.024*
VAS, rest, 1 week 1.38+1.75 0.50+1.16 0.080
VAS, cough, 2 h 3.51+2.86 1.91+2.10 0.064
VAS, cough, 1 day 1.76 +£2.07 1.47+1.62 0.832
VAS, cough, 1 week 0.40+1.08 0.00+0.00 0.150
MOS, 1 day 20.6+4.78 23.7+1.84 0.031*
MOS, 1 week 26.8+2.39 26.9+1.44 0.726
MOS, 3 months 29.7+1.05 30.0+0.00 0.446
Morphine equivalent dose (mg/kg) 0.026 +0.045 0.016+0.042 0.330
Intra-operative complications
No complications 131 (92.3) 6 (50.0) < 0.001*
Peritoneal tear without repair 32.1) 3(25.0)
Peritoneal tear with repair 7(4.9) 3(25.0)
Inferior epigastric vessel injury 1(0.7) 0(0.0)
Post-operative complications
Seroma or hematoma 24 (16.8) 2(16.7) 0.992
Acute urinary retention 7(4.9) 1(8.3) 0.605
Chronic pain 12 (8.4) 1(8.3) 0.296
Recurrence 1(0.7) 0 (0.0) 0.771

Categorical variables are expressed as number (proportion %). Continuous variables are expressed as

mean =+ standard deviation

MOS modified medical outcome study score, VAS Visual Analog Scale

*p<0.05

should be large enough or the pain scale differences should
be big enough to result in statistical differences in a RCT.
For a small-scale RCT in the literature to gain a significant
difference in post-operative acute pain, the statistical dif-
ference is always presented in the first few hours or on the
first few days. Thus, these early RCT revealed confusing
results in acute post-operative pain for the following reasons:
no acute pain difference due to under-powered RCT, acute
pain benefit revealed only 24 h after procedure, or using an
uncommon instrument scale without a defined assessment
time. Although the current study is a retrospective review of
prospectively collected data, with the benefits of the relative
larger sample size and correction of all the potential inter-
group biases with a multivariable linear model, it resulted in
clear benefits for non-mechanical fixation in reducing acute
pain in the first few hours and on the first day.

The questionnaire for convalescence after TEP repair is
scarce for previous RCTs. There was only one trial which
compared quality of life (QOL) scores 4 weeks and 6 months
after the procedure, revealing no differences between
mechanical tacking and non-mechanical bio-glue fixation
[17]. According to the literature and our experiences, the
activity or QOL scores are usually contrary to the presenta-
tion timing of acute pain. These scores usually reach the

lowest point immediately after the procedure then progres-
sively return to pre-operative status with time. Therefore,
late evaluation (> 7 days) of activity or QOL scores for
a minor surgery, like laparoscopic TEP repair, logically
demonstrates a negative result. The early recovery period
after groin hernia repair is of the most importance to hernia
patients in predicting the duration of sick leave after the pro-
cedure. Our comprehensive time scale evaluation with the
modified MOS provided valuable clinical information that
the non-mechanical glue fixation is superior to the mechani-
cal stapling fixation early after the laparoscopic TEP repair
for groin hernias.

Chronic pain is an undesirable problem after hernia sur-
gery, and reducing chronic pain is also the main purpose of
using glue fixation. Many variables, such as the sex, age,
BMLI, pore size of the mesh, operative dissection method,
intra-operative complication, and fixation method, might
affect the results [4]. After correcting for these confounding
factors, no significant difference in chronic pain between
groups was observed in our study. Similar findings were
noted in the previous randomized control trials [15-18]. In
addition, a nationwide register-based study also revealed no
statistical difference in chronic pain between laparoscopic
TEP with tack or glue fixation [7]. Therefore, we conclude,
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glue fixation is not beneficial in reducing the incidence of
chronic pain in laparoscopic TEP repair.

Post-operative pain, one of the most important out-
come parameters after laparoscopic groin hernia repair,
had rarely been compared between primary and recurrent
hernia repairs. A Herniamed Registry study in 2016, which
compared the outcome differences between laparoscopic
repair for primary and recurrent inguinal hernias, revealed
significant differences in pain at rest (4.08 and 6.16%), pain
on exertion (8.03 and 11.44%), and chronic pain requir-
ing treatment (2.31 and 3.83%) [19]. Therefore, they con-
clude, post-operative pain is still more common in recurrent
inguinal hernia repair than that in primary repairs even in
the laparoscopic era. In our sub-group analysis, however,
glue fixation for recurrent hernia is associated with lower
acute post-operative pain, but it is not associated with more
chronic pain or further recurrence. This is the first study that
details the clinical benefits of non-mechanical (glue) fixation
in laparoscopic recurrent hernia repair, which improved the
functional activity and pain score in patients with recurrent
inguinal hernias.

Although the laparoscopic mesh repair technique has
the advantage of a tension free design, early or late mesh
migration, either due to patient’s activity or a large hernia
defect, is still a concern when using a non-mechanical or
no fixation method. Previous clinical trials and this study
showed no differences in recurrence rate between these non-
mechanical and mechanical fixation methods. [15-18] In a
retrospective single-arm study with 10-year follow-up, the
recurrence rate was only 1.1% from 703 patients undergoing
laparoscopic TEP with glue fixation [20]. Though this is not
a comparative study, the reported recurrence rate of glue
fixation seems comparable to tack fixation. Although the
current study also revealed no difference in the recurrence
rate between difference fixation methods, it was limited by
its relative short follow-up period and non-randomized trial.
Therefore, a RCT with long-term follow-up is still essential
to confirm this issue.

The median operative time in the glue group is longer
than the tack group. It might result from no commercial
device for laparoscopic glue fixation. It took more time when
we applied glue through a 5 Fr. catheter. We found more
peri-operative complications in the glue fixation group, such
as post-operative urinary retention and intra-operative peri-
toneal tear. We also found the patients in the glue group were
significantly older than those in the tack group. We proposed
that the older the patient the higher the possibility that there
was a benign prostate obstruction, which commonly leads
to urinary retention after groin surgery. In addition, older
patients are also associated with more connective tissue
weakness due to aging and thus face a higher possibility of
peritoneal tear during dissection.
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After we adjusted for age and other confounding factors,
we did not find significant differences in peri-operative com-
plications among groups. Beside these, there was only one
randomized trial that revealed a higher incidence of seroma
formation in patients with glue fixation [15]. However, other
randomized trials and our study all showed no significant
difference in seroma formation between different fixation
methods in laparoscopic TEP repair [16—18]. Therefore, we
propose that in the typical glue fixation method, the glue
fixation itself did not lead to seroma formation in the hernia
sac, but it may be related to some specific glue application
methods which might impair serous fluid absorption or seal
the serous fluid in the sac after the surgery. Further evalua-
tion of the association between glue fixation technique and
seroma formation is essential in the near future.

The choice of heavyweight or lightweight mesh was
according to patient’s preference randomly. Therefore, the
main drawback of this observational study is inter-group het-
erogeneity among some major confounding factors, such as
age, BMI, and mesh materials. To correct this heterogeneity
or to minimize the heterogeneity induced bias, data process-
ing and analysis through statistical methods are commonly
used in the literature. To account for differences in observed
confounders in the treatment groups, investigators must fre-
quently carry out analytic adjustments to control confound-
ing when estimating treatment effects. The most common
adjustment method is logistic regression of the outcome
on treatment and a subset of the pretreatment confounders.
The alternative popular methods for control of confounding
in observational studies are based on the propensity score
matching. In the current study, we used multivariable regres-
sion to adjust this variable (mesh material) in Tables 4 and 5.

In fact, we also tried to adjust our data by using propen-
sity matching analysis before our submission. The patients
were divided into tack mesh fixation and glue mesh fixation
groups. The 70 patients in the glue group were matched in
a case—control approach with the propensity score analysis
with 583 patients in the tack group. To increase comparabil-
ity between the two groups, propensity score matching on a
1:3 basis was performed using R version 3.6.1 by matching.
Patients were matched based on sex, age and mesh mate-
rial. Finally, 186 patients were extracted from 583 patients,
with no significant differences in the aforementioned vari-
ables between the two groups. (Supplement Tables 1 and
2) According to this propensity score-matching method, we
actually found similar outcomes as is the logistic regression
analysis. Based on these two statistical adjustment analyses,
we drew a solid conclusion that the glue fixation method
was superior to tack fixation method in acute post-operative
pain and early post-operative activity level after laparoscopic
TEP repair. However, both fixation methods had similar inci-
dence of chronic pain after laparoscopic TEP repair.
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There are still some other limitations of the current study.
First, although all data were prospectively collected in our
database, selection bias cannot be avoided due to its retro-
spective nature. Second, for recurrence, the follow-up time
should be longer to get more convincing results. Finally,
the study was derived from a single experienced surgeon
in a single institution. Therefore, these results may not be
applicable to other centers with different case loads and
experience.

In conclusion, the non-mechanical fixation method was
superior to the mechanical fixation method in acute post-
operative pain and early post-operative activity level after
laparoscopic TEP repair. However, both fixation methods
had similar incidence of chronic pain-, recurrence-, and
procedure-related complications after laparoscopic TEP
repair. In addition, our study also revealed that TEP with
glue fixation improved both the functional activity and pain
score in patients with recurrent inguinal hernias. However, a
large-scale RCT with long-term follow-up is vital to clarify
these unsolved issues in hernia recurrence.
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