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Totally extraperitoneal repair using lightweight mesh and fixation
with fibrin adhesive has a low reoperation rate —a register based
cohort study
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Background: Totally extraperitoneal (TEP) endoscopic inguinal hernia repair has shorter recovery time
and less postoperative pain than open hernia surgery. The way in which the choice of mesh and method
of fixation affects risk for recurrence, however, is not sufficiently studied. The aim of this study was to
determine the reoperation rate of all TEP repairs performed using a standardised technique at Mora
Hospital, Sweden, over a 7-year period. The second aim was to report the 30-day complication rate.
Methods: Data were extracted from the Swedish Hernia Register (SHR) on all patients who had undergone
TEP repair at Mora Hospital between January 2012 and December 2018. Follow-up until December 2019,
included 30-day postoperative data and any reoperation performed in Sweden. TEP surgeons at Mora
Hospital consistently performed the repair using a flat macroporous lightweight mesh (LWM) fixated with
fibrin adhesive, regardless of hernia anatomy.

Results: During the study period, 1,457 TEP repairs were performed. Only six reoperations (0.4%)
for recurrence in men were registered between January 2012 and December 2019. All six were lateral
recurrences, the same as the original defect. The overall postoperative complication rate was seven percent
with few serious adverse events. The most frequent postoperative complication was urine retention in older
males.

Conclusions: In this series, TEP repair using a macroporous LWM with fibrin adhesive fixation was

effective and had a very low reoperation rate and few serious postoperative complications.
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Introduction

Minimally invasive inguinal hernia surgery with totally
extraperitoneal (TEP) repair is recognised as a safe and
cost-effective method. It has been shown to have shorter
recovery time and less postoperative pain than the open
anterior mesh approach (1). The recurrence rates have
dropped after 1999, due to improved technical performance
(2,3). TEP is still associated with a long learning curve and
the results are depending on the quality of the surgeon’s
technique and caseload per surgeon (1,4,5). Register based
studies have pointed out that the reoperation rate differed
significantly between the genders undergoing laparo-
endoscopic surgery for primary hernias with an advantage
for females (6-8).

It is not clear; however, which mesh is the best choice
in TEP repair. Regarding the type of mesh, not only large
direct hernia, one should consider if fixation is necessary, to
reduce the recurrence rate.

The use of macroporous lightweight mesh (LWM) in
open inguinal hernia surgery reduces postoperative pain,
increases patient comfort and provides better quality-
of-life compared to heavyweight mesh (HWM) (9). The
International Endohernia Society (IEHS) could not find
evidence suggesting better postoperative quality-of-life
using LWM in laparo-endoscopic hernia surgery (2,3). A
Swedish register based study has also shown an increased
risk of reoperations for recurrences with use of LWM in
TEP repair (10).

It is believed that mesh with reduced density of material
i.e., polypropylene carry an increased risk of displacement
and bulging due to their lesser foreign-body response and
decreasing collagen deposition, and may also contribute to
the increased risk for recurrence (1,10). An increase in mesh
size to cover all hernia orifices with adequate overlap and
enhanced the adhesion between the mesh and the abdominal
wall with an atraumatic fixation may aid in the prevention of
hernia recurrence when using macroporous LWM.

Hernia Surge Guidelines have recommended fixation of
large medial hernia (M3, EHS classification) only, preferably
using an atraumatic technique such as fibrin adhesive,
to minimise the risk for acute postoperative pain (1).
The benefit of atraumatic fixation is that it eliminates the
risk for any undue ‘harm’ that can occur with traumatic
fixation of the mesh, such as the use of ‘tacks’. Fixation with
clips or tacks increases the risk for neurovascular damage or
injury to surrounding structures, including the bladder (1).

The aim of this study was to analyse our reoperation
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rate after TEP as a proxy for recurrences. A secondary aim
was to investigate the 30-day postoperative complication
rate. We present the following article in accordance with
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/1s-20-120).

Methods

The Swedish Hernia Register (SHR) was founded in 1992.
All patients are recorded with a personal identity number
unique for each Swedish citizen. This means that regardless
of where in Sweden any reoperation is carried out, this
can be traced in SHR. Mora hospital has a caption area of
300,000 inhabitants concerning hernia repairs and was one
of the first eight units to participate in the register. Today,
the SHR has over 95 participating units covering more than
97% of all groin hernia repairs performed in Sweden (11).

Data were retrieved from SHR on all patients who had
undergone TEP at our unit between January 2012 and
December 2018. Informed consent was taken from all the
patients in connection with operation registrations in SHR.
Our tailored approach in inguinal hernia repair based on
the guidelines are reported in Figure 1. All patients were
followed up 30-day postoperatively by going through their
medical files.

Recurrent hernia was classified as an SHR-registered
reoperation on the ipsilateral side after TEP performed
between January 2012 and December 2019. A retrospective
review of reoperation cases was undertaken to identify any
possible contributing risk factors.

The study has been reviewed by the Swedish Ethics
Review Authority dnr 2020-02858. The study was
conducted in accordance with the Declaration of Helsinki
(revised 2013) (12).

Materials

A macroporous LWM (<50 g/m®) was used throughout
the study period. All mesh information are extracted
from the register. Repairs were initially performed using
polypropylene (PP) composite mesh Ultrapro™ (weight
>28 g/m’, pore size >3 mm). From January 2017 this was
changed to Ultrapro Advanced ™ (weight 39 g/m’, pore
size 2.7 mm) (Johnson & Johnson International, Belgium).
Approximately 10% of hernias were covered with a 100%
PP mesh; Soft mesh ™ (weight 43.7 g/m’, pore size 2.5 mm)
(Bard Limited, UK).

A mesh size of 15 cm x 15 cm was cut to 12 cm x 15 cm
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Male

Female

%

%

BMI < 35

TEP Upllateral <60 year

Bilateral no age limit
Recurrence | previous anterior repair

BMI < 35, no age limit

Unilateral

Bilateral

Recurrence - previous anterior repair

Acute repair

BMI > 35 BMI > 35, no age limit
Unilateral < 60 year Unilateral
TAPP Bilateral no age limit Bilateral
Recurrence | previous anterior (posterior) repair Recurrence - previous anterior (posterior) repair

Acute repair

Unilateral > 60 year

Not suitable for general anesthesia
Lichtenstein Large scrotal hernia
Acute repair

Local radiation therapy

Recurrence - previous posterior repair

Previous pelvic and lower abdominal surgery

Figure 1 Treatment recommendation for inguinal hernia repair at Mora surgical department.

3072 Hernia repairs
2012-2018

1 Excluded repairs
(n=1615)

6 Reoperations

2 Lichtenstein

1469 Lichtenstein

106 TAPP

29 Open posterior mesh
4 Shouldice

7 Unknown

4 TAPP

Figure 2 Flowchart hernia repairs, Mora 2012-2018. TEP, totally extraperitoneal repair; TAPP, transabdominal preperitoneal repair.

(breadth x length) and fixed with the stripes horizontally
using 2 mL Tisseel ™ (Baxter Medical AB, Kista, Sweden),
applied with a Duplospray MIS applicator® (Baxter,
Healthcare Corporation, Deerfield, USA).

The adhesive was applied by holding the applicator
1-2 c¢m from the tissue and the mesh, starting from the
lower lateral border to medial, then the lateral side of the
mesh and thereafter applying an evenly distributed layer at
the upper border and around the defects. (Video I).
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Results

A total of 1,457 TEP procedures were performed between
January 2012 and December 2018 (Figure 2). All repairs
during the period were performed by five hernia specialists
or surgical trainees under supervision. The majority of
repairs were elective primary hernias in men but 204
(14%) were operations for a recurrent hernia (Tables 1-3).

Three hundred and seventy-four patients (28%) were
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Table 1 Baseline patient characteristics
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Characteristics Male Female Total
No. of patients 795 315 1,110
No. of hernias 1,083 374 1,457
Age (years), median (range) 56 (17-89) 59 (16-92)
BMI 25 (16-36) 24 (16-37)
Elective 1071 365
Acute 12 9
Type of hernia

Unilateral 509 256 765

Bilateral 287 59 346
Table 2 Baseline hernia characteristics

Unilateral Bilateral left Bilateral right
No. of hernias 765 346 346
Op. time (min), median (range) 60 (22-167) 43 (16-124) 40 (13-143)
Table 3 Baseline repair characteristics
Primary hernia repairs Reoperation for recurrent hernia

No. of hernia 1,253 204 (140 unilat/25 bilat 1./39 bilat r.)
Op. time (min), median (range) 49 (13-167) 55 (19-143)
Type of defect

Indirect 673 70

Direct 344 86

Femoral 73 13

Combined 112 34

Other* 51 1

*, Lipoma of the cord or the round ligament, obturator hernia, type of hernia missing. op, operation; unilat, unilateral; bilat, bilateral; I, left; r,

right.

women in this cohort. Bilateral repairs accounted for 47%
of all repairs and 32% were performed on female hernias
(Tables 1-3). There was no difference in BMI between the
genders but the females were slightly older. A reoperation
has a longer operating time, but most repairs took just
under one hour (7ables 1-3). Median postoperative follow-
up time was 36 months, with a minimum of one year. Six
(0.4%) males underwent a reoperation for recurrence
after TEP, all had lateral hernias with defects more than 3
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centimetres, identical to the original location. One male
had a combined hernia (Tables 4,5). Five patients had risk
factors for recurrent inguinal hernia; two with sliding hernia
(patient 2 and 3), one with obesity (patient 1), patient 4 had
an anterior repair before TEP and patient 1 and 6 indicate
insufficient surgical technique because early recurrence and
long operation time during the TEP procedure (Tables 4,5).
The most common 30-day postoperative complication
was urinary retention in 39 males and 14 females. Mean age
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Table 4 Characteristics at the time of primary TEP repair of the six patients who later underwent a reoperation.

Characteristics Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6

Sex Male Male Male Male Male Male

ASA class 3 3 1 2 1 1

BMI 33 28 28 23 27 26

Comorbidity COPD, AF AF Prostate cancer HBP

Anticoagulant Anticoagulant HPB, T2D
therapy therapy

Previous hernia repair No No No Yes No No

Incarcerated hernia Yes No No No No No

Type of operation Bilateral Bilateral Bilateral Bilateral Unilateral Unilateral

Type of primary hernia Lat, Lat Lat, Med Lat, Lat Lat, Lat Lat Lat

Size of hernia (cm) >3 1.5-3 1.5-3 1.5-3 1.5-3 1.5-3

Cord lipoma Yes, bilaterally No Yes Yes No No

Type of mesh Bard Soft Ultrapro Ultrapro Ultrapro Ultrapro Ultrapro
Advanced Advanced

Total operation time 142 48 58 98 46 102

ASA class, American Society of Anesthesiologists classification; BMI, Body Mass Index; COPD, chronic obstructive pulmonary disease;
AF, atrial fibrillation; HBP, high blood pressure; T2D, Type 2 diabetes; Lat, lateral; Med, medial.

Table 5 Recurrence characteristics for the six patients who underwent reoperation.

Recurrence characteristics Patient 1 Patient 2 Patient 3 Patient 4* Patient 5 Patient 6
Time to recurrence (months) 4 22 20 9 12 2
Type of hernia during reoperation Combined Lateral Lateral Lateral Lateral Lateral
Sliding hernia No Yes Yes No No No
Size (cm) >3 >3 >3 >3 >3 >3
Cord lipoma Yes Yes Yes Yes No No

*, Patient 4 underwent a re-reoperation.

was higher for those who were affected by urine retention
(70 year for males and 76 for females) than the rest of the
cohort. Nine females needed catheter treatment all in
connection with an emergency hernia repair. None of the
patients with a deep haematoma needed reoperation, but
one got a drain peroperative. We had no mesh infections.
An 82-year-old man died of an acute myocardial infarction
21 days after a bilateral TEP repair (Table 6).

Discussion

The present register based cohort of patients operated
at Mora Hospital, clearly depicts a low incidence of
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reoperation (0.4%) for TEP using a macroporous
LWM with fibrin adhesive fixation. All our recurrences
were diagnosed within 24 months after surgery, which
is consistent with figures in the current literature (13).
Population-based registry studies have high external
validity, reflecting real-life data and the clinical routines as
they are practised in the community at large, but the validity
of the result will depend on the quality of data recorded.
Therefore, it is very important to have standardised routines
for registration. At our unit an assistant nurse together with
the surgeon are doing all the registrations online during the
hernia operations to reduce errors and missed data. One
limitation is that SHR only registered patients undergoing
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Table 6 30-day postoperative complications after primary TEP
registered in SHR

Complication n %
Pain 3 0.3
Infection 7 0.6
Superficial SSI 4 0.4
Deep SSI, sepsis 3 0.3
Seroma (needing drainage) 1 0.1
Urine retention 53 4.8
Catheter treatment 31 2.8
Intermittent catheterisation 22 2.0
Haematoma 13 1.2
Superficial 10 0.9
Deep 3 0.3
Death 1 0.1

TEP, totally extraperitoneal repair; SHR, Swedish Hernia
Register; SSI, surgical site infection.

hernia surgery and not everyone with a recurrence, another
issue is that no planned postoperative examinations are
performed.

According to the SHR Annual Report 2018 (11), the
overall reoperation rate after TEP repair in Sweden
between 1999 and 2018 was 3.6%. It should be noted,
however, that this figure does not consider mesh type,
fixation or re-do surgery.

A study performed by Melkemichel ez /. (10) based
on 13,839 TEP repairs in Sweden registered in the
SHR between 2005 and 2013, found a recurrence rate of
4.0% in the LWM group and 3.2% in the HWM group.
Furthermore, the reoperation rate in the fixated HWM
group and the fixated LMW group were comparable (3.6%
versus 3.8%). Our recurrence rate is lower and one reason
could be our standardised technique.

Female hernia repairs normally account for 9-11%
of all procedures, but in this TEP series, the percentage
was considerably higher (26%), partly due to referrals
from other hospitals outside the catchment area of Mora
Hospital. No one of these females got a reoperation under
the study period. In our unit 2018, 97% of female and
62% of male patients underwent TEP or transabdominal
preperitoneal repair (TAPP) compared to 75% women and
30% men in the rest of the country (14). This statement
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indicates that it takes time to implement recommendations
from the guidelines. Various studies have shown that
women have a significantly higher reoperation rate than
men, especially after an open anterior mesh repair due to
missed femoral hernias. This underlines the advantage of
minimal invasive posterior repair, which visualises all hernia
orifices (1,7,15).

Unfortunately, recurrent inguinal hernia repair has a
higher risk for further recurrence (16). However, in this
series only one male in the recurrent hernia repair group
(0.5%) needed a re-reoperation (Tables 1-4).

All the recurrences were found at reoperation to have
the same anatomical origin as the primary hernia, which is
consistent with the current literature (17,18). In general,
medial hernias are more prone to recur than lateral
hernias mainly due to collagen weakness, inadequate mesh
coverage and caudal mesh release (1,10,19). Nevertheless,
in this cohort no direct hernia recurrences were registered,
probably due to sufficient medial mesh overlap together
with fibrin adhesive fixation. It must be pointed out,
however, that adequate fixation does not compensate for
inadequate dissection and/or too small a meshes, regardless
of the method used.

A possible reason for the lateral recurrences in this
cohort may have been forgotten cord lipomas, sliding
hernias, insufficient dissection and/or overlap laterally
at the primary repair. It is possible that with large lateral
hernias such as sliding hernias, a tailored approach with a
mesh width greater than 15 cm is necessary to overcome
the impact of the abdominal wall pressure on the mesh with
subsequent risk for migration.

Leaving a cord lipoma at the primary repair may
lead to a persisting lump in the groin that is difficult to
distinguish from a true hernia. At worst, this could lead to
an unnecessary procedure for supposed recurrence (20).

A deep haematoma was only seen in three patients
(0.3%). This low figure was possibly the result of both
meticulous dissection and the haemostatic effect of
Tisseel™. Katkhouda et /. (21) concluded that fibrin
adhesive reduces bleeding and haematoma in the Retzius
space associated with blunt dissection, especially in patients
with a coagulopathy. In TEP surgery, Tisseel can be used
for haemostasis in places where you do not want to use
diathermy as in the “Triangle of pain”.

TEP has a long learning curve because of the anatomical
complexity and the narrow operation field, and it is estimated
that 50-100 procedures are required before self-sufficiency
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is achieved (1,4,5). Young surgeons today “grow up with a
laparoscope in their hand” which in the long round will affect
the learning curve. A logarithmic function model predicted
that 37-39 cases were needed to overcome the learning
curve for TEP (22). Nevertheless, in this cohort only one of
the repairs resulting in a re-reoperation was performed by a
trainee. This confirms that TEP is a safe surgical technique
at a unit using a standardised procedure where there is
a system for quality assurance that involves trainees and
specialists alike. The present data show that if dissection is
undertaken meticulously and a mesh of sufficient size fixated
with fibrin adhesive is used, any disadvantage of LWM can be
surmounted, giving recurrence rates equivalent or lower to
those using HWM in TEP.

Conclusions

In the setting of a teaching hospital, using a standardised
procedure where quality is assured, TEP using macroporous
LWM and fixation with fibrin adhesive has a very low
recurrence rate and few serious postoperative complications.
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