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Abstract

Purpose From the current evidence, non-fixation of the
mesh (NMF) in laparoscopic total extraperitoneal (TEP)
repair appears to be a safe alternative for inguinal hernia
patients in the short term. This study aims to demonstrate
that NMF is as effective in the long term by following up a
large number of patients with a mean follow-up of 6 years.
The primary outcomes are chronic pain and recurrence
rate.

Methods A thorough review of medical records was con-
ducted from a prospectively maintained database of 538
patients who underwent a laparoscopic TEP inguinal hernia
repair by a single surgeon working in Sydney from the year
2005 to 2010. Patient demographics, perioperative out-
comes, and postoperative complications were extracted
from this database. All these patients were then interviewed
using a modified questionnaire based on Franneby et al.
[10].

Result 538 patients had TEP repair between 2005 and
2010. Out of this 11 were excluded as tacks were used for
fixation of mesh. Out of the 649 repairs done on 527
patients during this period, 463 hernia repairs in 387
patients could be followed up with a mean follow-up of
6 years and 4 months. The mean age of patients was
63 years. Overall, there were seven (1.5%) recurrences,
and the incidence of chronic pain was 1%, however 2.9%
patients in total complained of pain.
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Conclusion This is the only study in literature having a
long-term follow-up of more than 5 years for the patients
having inguinal hernia repair by TEP technique without
mesh fixation. It demonstrates that fixation of mesh with
tacks or glue is unnecessary for TEP repair of inguinal
hernia.
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Introduction

Inguinal hernia is one of the most common surgical pro-
cedures performed worldwide [1]. Since the introduction of
laparoscopic repair of inguinal hernia in 1990, it has
evolved significantly. The two common methods that are
used for laparoscopic inguinal hernia repair are transab-
dominal preperitoneal (TAPP) repair and total extraperi-
toneal (TEP) repair.

Laparoscopic TEP of inguinal hernia has been associ-
ated with less postoperative pain, decrease in recurrence
rates, a faster recovery and earlier return to work, com-
pared to the conventional open hernia repair [2].

One of the biggest controversies in laparoscopic TEP
inguinal hernia repair is about fixation of mesh. The initial
concern in laparoscopic inguinal hernia repair was recur-
rence; hence all the meshes were fixed with tacks. Soon it
was realised that tacks could cause nerve entrapment and
be a cause of chronic pain [3, 4]. With decreasing recur-
rence rate, the emphasis has shifted from recurrence to
incidence of chronic pain. To decrease this incidence of
chronic pain, alternative methods were used like different
meshes and fibrin glue. While fibrin glue is reported to
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have good results in some studies, most of these studies had
small sample size, shorter period of follow-up, and mainly
done with TAPP technique [5-7].

From the current evidence, the non-fixation of mesh
(NMF) in TEP appears to be a safe alternative for the
selected inguinal hernia patients. It will not increase the
risk of early hernia recurrence and has shown to have
advantages with respect to costs, hospital stay, and opera-
tive time [1, 8].

Similar to mesh fixation by fibrin glue, the criticism of
NMF has been the absence of long-term follow-up and
smaller sample size [8, 9]. Additionally, very few studies
doing long-term follow-up for chronic pain have used a
standard questionnaire. In this study, we aim to follow a
large number of patients with a mean follow-up of more
than 6 years to see if NMF of inguinal hernia when done
through a laparoscopic route is comparable to mesh fixa-
tion in terms of incidence of chronic pain and recurrence.

Materials and methods

The co-author (PM) in this article has been doing laparo-
scopic inguinal hernias since 1994. A thorough review of
the database that was maintained prospectively was done to
extract demographic and perioperative variables that
included age, gender, diagnosis, unilateral or bilateral
hernias, smoking habits, occupation, duration of stay,
operative time, perioperative complications (intraoperative
and postoperative), preoperative groin pain, recurrent her-
nia, on all patients who underwent a elective laparoscopic
TEP inguinal hernia repair by the co-author (PM) from the
year 2005 to 2010.

Hernias that were initiated laparoscopically but had to
be converted to open were excluded from the final study
group. This database of hernias also included the follow-up
data of all the patients with the hospital clinic at 2 weeks
and with the consultant after 6 weeks. In the follow-up,
patients were interviewed for presence of any symptoms
and were examined for any recurrence. All the patients in
the database were then contacted and interviewed through
telephone using a standard questionnaire. Inguinal Pain
Questionnaire (IPQ) devised by Franneby et al. was used to
evaluate chronic pain. The first part focuses on the fre-
quency, severity, and type of pain. The second part of the
questionnaire focuses on interference with daily activities,
in line with a proposal by Kehlet et al. [10]. The ques-
tionnaire was modified to suit the lifestyle of the older
demographic within the study, thus, the breadth of ques-
tions on occurrence of pain was tailored to activities that
the study participants were likely to experience. Addi-
tionally, the questionnaire queried the history of swelling
or discomfort noticed by the patient in the groin—
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especially when straining, lifting, coughing, or exercis-
ing—that improves when resting.

Questions about feelings, such as weakness, heaviness,
burning, or aching in the groin or having noticed an
enlarged scrotum in men or boys were also asked.

Those who complained of swelling or discomfort were
then invited for physical examination and ultrasound
examination to check for recurrence.

The operative technique was standardised and repeated
in all the operations. Further, the operations were com-
pleted either by the consultant himself or by a registrar
under the supervision of the consultant. Patients were
advised to empty their bladder before the procedure. Under
general anaesthesia, an infra-umbilical vertical incision is
made, the anterior rectus sheath incised transversely, the
rectus muscle retracted, and the extraperitoneal space
developed with an extraview oval shaped balloon, followed
by a structural balloon (Autosuture, Covidien, USA)
insufflator. Two midline ports are used. For insertion of the
first port, the umbilical port was pulled towards patient’s
head, and the port was inserted as close as possible to this
umbilical port. The second port was inserted few cen-
timetres below this port. After identification of the epi-
gastric vessels and pubic symphysis, dissection of the
preperitoneal space was begun laterally. The hernia sac was
then identified, skeletonised of the surrounding vessels and
cord. Dissection was carried out between vessels and cord
to ensure that all the peritoneum had been stripped off the
cord. Either a Bard 3D mesh or Parietex mesh with pre-
formed overlapping slit (14 x 10 cm) (Covidien, USA)
with a slit was used in most cases to cover the myopecti-
neal orifice of Fruchaud. Local anaesthesia is then put in,
and the space deflated under vision to ensure that the
peritoneum was behind the mesh.

Results

A total of 538 patients had laparoscopic inguinal hernia
repair done by the surgeon from 2005 to 2010. Eleven were
excluded from the study as tacks were used to fix the mesh
because of unusually large size of the hernia [Type
3 = >3 cm (more than two fingers), P/R, L/M-EHS clas-
sification]. These hernias were generally large direct her-
nias with almost complete absence of posterior wall of the
inguinal canal.

There were in total 649 TEP repairs done on 527
patients during that time. 607 hernias were primary repairs
(did not have any previous repair done on that hernia), and
42 were secondary repairs (patients who had a previous
repair done and had recurrence on the same side). None of
these recurrent hernias had a preperitoneal mesh in place.
They all were recurrences after open repair. All of these
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patients were included in the study group. The median age
of the study sample was 63 years. There were 466 (88%)
male patients and 61 (12%) female patients in this study
group. Out of 527 patients, 405 (77%) were operated for
unilateral hernia and 122 (23%) were operated for bilateral
hernia. 271 (41.8%) were direct, 321 (49.5%) were indi-
rect, and 57 (8.8%) were pantaloons hernias (Table 1). 101
(19%) out of total 527 patients were smokers and only one
(14%) out of the seven recurrences was a smoker. Large
Bard 3D mesh, Medium Bard 3D mesh and Parietex mesh
with a slit was used in 351 (54%), 14 (2%), 284 (44%)
hernias, respectively. Currently, the author favours parietex
mesh with a slit in all his cases.

There was one major intraoperative complication which
was a bladder perforation in a patient who had previous
radical prostatectomy. This was detected intra-operatively
and clipped laparoscopically. The urinary catheter was left
in for a week and patient did not require any further
intervention. There was no in-patient mortality. There were
19 incidental femoral hernias. The average operating time
was 29.78 + 9.66 min for wunilateral hernias and
40.45 + 12.04 min for bilateral hernias.

There were 16 seromas that were significant and caused
symptoms to the patient. Other complications included six
urinary retentions, seven rectus sheath haematomas, and
twelve cases of wound infection. Major complications
included two pelvic haematomas out of which one required
laparotomy for evacuation. Non-surgical complications
included one patient having seizure postoperatively and
one having anaphylactic reaction to a drug postoperatively
(Table 2).

26 (4.9%) patients had pain in the early follow-up after
2 weeks. 19 (3.6%) patients in this group did not have any

Table 1 Patient demographics

Age (years) 63 (21-94)
Male:female 466:61
Mechanical:non-mechanical:unknown occupation 117:299:111
Smoker:non smoker 101:426
Primary:recurrent 607:42
Bilateral:unilateral 122:405
Type of hernia

Direct:indirect 271:321

Pantaloon 57

Femoral 19
Length of stay 1 (1-2) days
Duration of procedure for bilateral 40.4 min
Duration of procedure for unilateral 29.7 min

The mean time includes all the cases done by trainee registrars as
well. The mean operating time of the consultant surgeon for unilateral
hernia was 20 min

39
Table 2 Postoperative complications
Wound infection 12
Urinary retention 6
Seromas (symptomatic) 16
Rectus sheath haematoma 7
Early postoperative pain 26
Bladder perforation® 1
Angioedema 1
Major preperitoneal/pelvic haematoma 2
Seizures 1
Numbness in anterior thigh (genitofemoral nerve) 4

* The bladder perforation was in a patient who had a prior radical
prostatectomy. This was detected intra-operatively and clipped. The
urinary catheter was left in for 1 week

pain prior to the operation. Most of them needed a second
follow-up few weeks later with regular analgesia, with pain
resolving for all of them within 3 months. Only one patient
required steroid injection with good effect. None of these
19 patients complained of pain in long-term follow-up.
Pain persisted in the remaining seven patients. These were
the patients who had hernia repair for a recurrent hernia
(secondary hernia) and had pain pre-operatively. These
patients were happy to follow-up with their general
practitioner.

Attempts were made to contact all these patients with
73% (387) success rate, which included 71% (463) hernias
out of the 649 done during this time period. Out of them,
431 were primary repairs and 32 were secondary repairs.

The average duration of follow-up was 6 years and
4 months. The earliest was 3 years and 1 month, and the
longest being 14.4 years. All these patients were inter-
viewed using the described standardised questionnaire
(Table 3).

There were seven (1.5%) recurrences in total (Table 4).
All of them were unilateral; four recurrences were in
patients in whom parietex mesh had been used, and the
remaining three patients had Bard 3dMax mesh used in
their hernia repairs. The earliest recurrence was 2 weeks
post-surgery and latest was 41 months post-surgery.
Notably, early recurrences in the group included one
patient that suffered a seizure postoperatively and another
patient who had angioedema postoperatively, the signifi-
cance of which was difficult to ascertain.

14 (2.9%) patients reported pain through the telephone
interview on long-term follow-up. Eight of these patients
had parietex mesh used and the remaining six had Bard
3dMax mesh used in the repair of their hernias. No patient
reported any swelling in the telephone interview. All 14
patients had a unilateral repair and were invited for a
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Table 3 Inguinal pain questionnaire results

Pain before operation, treated groin 7 (1.5)
Pain in treated groin right now 5 (1.0)
Frequency of pain, treated groin—once a week 5 (1.0)
Frequency of pain, treated groin—once every few months 9 (1.9)
Character of pain

Dull ache/sensation of mesh 10 2.2)

Burning in character 2 (0.4)

Stabbing in character 2(0.4)
Difficulty in standing up 0 (0)
Difficulty in climbing stairs 2 (0.4)
Duration of pain episode (hours) 10 (2.2)
Duration of pain episodes 1-2 days 4(0.4)
Pain on standing for a long time 4 (0.4)
Pain on lifting weight 30.7)
Use of painkillers 0 (0)
Testicular pain 2(0.4)
Table 4 Incidence of recurrences 6 years post-surgery
Hernia repair Primary Secondary Total
Recurrences 6 (1.3) 1(0.2) 7 (L.5)
No recurrences 425 (91.8) 31 (6.7) 456 (98.5)
Total 431 (93.1) 32 (6.9) 463 (100)

All the patients presenting with swelling in inguinal region were
investigated with ultrasound and where doubt persisted laparoscopy
was done

clinical examination, which was followed by ultrasound in
all of them. No recurrences were detected. Seven out of the
fourteen patients had recurrent hernia repaired and had pain
prior to the operation on the same side (Table 5). This pain
persisted in all of them with five of them reporting it
occurred frequently 4-5 times a week, although none of
them required regular painkillers or time off work
(Table 3). Four out of five in this group described pain as
stabbing or burning.

The rest of the seven patients described a mild pain that
was often brought on after lifting heavy weight or standing
for a long time. In all these seven patients, pain had
developed 12—18 months after the operation. This could be
the result of scarring around the mesh.

Discussion
Previous studies have already shown that non-mesh fixa-

tion of inguinal hernia is safe, cost-effective with compa-
rable recurrence rate and decreased incidence of chronic
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pain [1, 11, 12]. Apart from validating those findings, this
study attempts to demonstrate that non-mesh fixation is as
effective in the long term.

Recurrence

It is well known that the recurrence rates are influenced not
only by surgical expertise and method of repair, but also by
the length and method of follow-up evaluation [13].

In a study by Messenger et al., recurrence rate of TEP
repair of inguinal hernia with mesh fixation was noted to be
1.1% at 5 years and incidence of chronic pain around 7.6%
[14]. Eklund et al. in their randomised multi-centred trial
with mesh fixation showed a cumulative recurrence rate of
3.5% at 5 years [15]. During a 10-year follow-up period,
M. Staarink found a recurrence rate of 4%. [13].

In their meta-analysis Sajid et al. noted a recurrence
rate of 1.4% with glue fixation in a follow-up ranging
from 1 to 27 months [16]. Most of these studies in this
meta-analysis did TAPP repair with glue fixation. The
study with longest follow-up (40 months) had nine
patients included in it [9]. Most of other studies have
reported a follow-up of around 6 months and recurrence
rate of 0-1.6% [17, 18].

The follow-up of studies for NMF in TEP ranged from 6
to 24 months with an average recurrence rate ranging from
none to 2% [12, 19-23]. Most of the studies published for
TEP repair with glue fixation or NMF have only short-term
follow-up. In our study with an average follow-up of
6 years and 4 months, we have shown recurrence rate of
1.5%, which is comparable to previous studies (Table 4).

Chronic pain

To assess chronic groin pain and inguinal pain, question-
naire developed by Franneby et al. was used [10]. The IPQ
is a modification of the questionnaire of Kehlet et al.
Chronic groin pain had a significant correlation with pre-
operative pain and early postoperative pain [24]. The
incidence of chronic pain was found to be varying from 0
to 63% when all the studies for hernia repair were included
(laparoscopic/open, with mesh/without mesh) [4].

The incidence of chronic pain varies in literature from 6
to 16% for laparoscopic repair with around 11% being
reported by Eklund et al. [25]. Among the very few studies
that have used a standardised questionnaire to assess
chronic pain, Farley et al. from Mayo clinic found 2% of
patients to have severe pain and 21% to have mild symp-
toms at an average of 5.7 years follow-up [26].

In our study, the incidence of chronic pain (as defined in
Table 5) was 1.0%, and an additional 1.9% of patients
complained of mild niggling pain. In the group of people
with chronic pain, the severity was low and did not require
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Table 5 Incidence of pain Hernia repair Primary Secondary Total
6 years post-surgery
Prior pain New onset pain Prior pain New onset pain
Chronic pain® 0 (0) 0 (0) 5 (1.0) 0 (0) 5 (1.0)
Occasional pain® 0 (0) 7 (1.5) 2 (0.4) 0 (0) 9 (1.9)
No pain 424 (91.6) 25 (5.4) 449 (97.0)
Total 431 (93.7) 32 (6.9) 463 (100)

* Chronic pain was defined as pain which was present at the time of interview, occurring more frequently
and each episode lasting for more than a day

® Occasional pain group included people with pain occurring once every few months with episodes lasting
for only few hours and pain being described as dull or aching in character. None of these patients required

regular painkillers

them to take time off work or take regular painkillers.
Studies reporting chronic pain after TEP repair using fibrin
glue have reported chronic pain rate of from <1 to 13.2%
[17, 18]. None of these studies have reported long-term
follow-up or used a detailed questionnaire. Nerve injury
rate varies from 0.5 to 14% in literature from staples used
for fixation of mesh in inguinal hernia repair [27]. Four
patients did describe burning or stabbing pain in this study,
which would suggest nerve involvement. All of these four
patients had previous hernia repair but they had exactly the
same pain before the operation suggesting possible nerve
involvement in the first operation.

Long-term follow-up

It is demonstrated that hernia recurrence occurred mostly
within 2 years postoperatively [28]. In our study, the mean
follow-up was 6 years and 4 months. The earliest recur-
rence was at 2 weeks and latest was 41 months. This is
comparable to previous studies dealing with long-term
follow-up, and this ranges from 58 to 94% [13, 14, 25].

Although it has been assumed that mesh will migrate in
the immediate postoperative period if not fixed, one of the
few studies done in humans to see if mesh migrates after
movement showed that mesh stayed in place in spite of
movements of hip [29]. We strongly believe that putting an
adequate size mesh with satisfactory coverage around the
hernia after adequate dissection holds the key to successful
repair.

In this study, the mean operating time was 29 min for
unilateral hernias and 40 min for bilateral hernias. Teng
et al. in their meta-analysis found a significantly shorter
operative time for the non-fixation group [1]. Studies have
consistently showed that NMF is more cost-effective
compared to MF by either staples or fibrin glue
[1, 12, 19, 20]. The average length of stay in our study was
1 (I1-2) day, which is comparable to the published
literature.

Strengths of studies

The strength of this study has been the long-term follow-up
using a standardised questionnaire in a large sample of
population. The mean length of follow-up in this study was
6 years and 4 months, which is the longest for NMF in
TEP repair. Chronic pain was evaluated using a validated
questionnaire. High percentage of follow-up is another
positive point for this study and this is comparable to the
best follow-up achieved in published literature for long-
term follow-up of laparoscopic inguinal hernia repair
[13, 14, 30].

Drawbacks

As the size of the hernias was not initially recorded in all
the cases, subgroup analysis based on size was not possible.
This could be of importance in the case of recurrences. 11
out of 538 hernias were excluded because tacks were used
considering their large size, which shows selection bias.
Although these patients were not followed up in the long-
term, but early data showed recurrence in two out of these
eleven patients suggesting the difficulty associated with
repairing the large hernias laparoscopically. Only 73%
follow-up could be achieved. Although this is comparable
to other published studies, it always raises the possibility of
missing hernia recurrences and can be considered a mea-
surement bias.

Conclusion

This study demonstrates that fixation of mesh with tacks or
glue is unnecessary in cases of TEP repair of inguinal
hernia. Not only does it increase the cost of repair but also
it increases the operative time. Non-fixation of the mesh
has good long-term outcomes both in terms of recurrence
and incidence of chronic groin pain.
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