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If you can’t explain it simply, you don’t understand it well enough 
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Introduction
Inguinal hernia repair is the most frequently performed operative procedure in gen-

eral surgery. Annually, approximately 20 million inguinal hernia operations are per-

formed worldwide, with an estimated 31,000 procedures in the Netherlands.[1] 

In the past decades surgical treatment of inguinal hernias has evolved considerably. 

Until the late 1980s, the standard methods of inguinal hernia repair, such as Bassini 

[2] and Shouldice [3] comprised the suturing of fascial structures bordering the hernia 

defect. In 1984, Lichtenstein et al. advanced the concept of a tension-free open ante-

rior approach, [4] introducing the use of a synthetic mesh to cover the defect instead 

of suturing under tension, which rapidly became established as the golden standard 

repair technique.[5-7] This development was mainly driven by the search to reduce 

the high rate of recurrences associated with conventional hernia repair.[5,8,9] 

The introduction of the tension-free hernia repair resulted in a decline in hernia 

recurrences, with current incidences of approximately 2-4%.[8-11] Principally there 

are two major ways to apply a tension-free repair with a mesh in hernia repair, either 

an open approach or an endoscopic assisted one. The open anterior repair using a 

mesh did however not decrease the other complications of inguinal hernia repair, 

such as chronic pain and the feeling of a foreign body in the groin. Unfortunately, 

these adverse ‘side-effects’ infl uence quality of life in patients undergoing hernia 

repair. As a result, the surgeons’ attention has shifted from avoiding recurrences to 

minimalizing (chronic) postoperative pain and other pain-related complications of 

inguinal hernia repair.

Chronic pain affects daily life in 5-12% of patients, while pain related sexual 

dysfunction, including dysejaculation, occurs in about 2% of patients. [10,12-16] 

The exact pathophysiology of persisting postoperative pain remains unsolved, 

but intraoperative nerve injury and the mesh induced infl ammatory reaction with 

formation of fi broblastic scar tissue appear to play an important role.[12,13,15-17] The 

foreign body reaction of the mesh may also cause changes in the spermatic cord, 

possibly associated with a higher risk of infertility.[18-20] 

Identifi cation and - if possible - preservation of the inguinal nerves in open inguinal 

hernia repair is associated with a 2-5% lower risk of chronic pain than negligence 

of the nerves.[21,22] Therefore the use of a preperitoneal (or posterior) approach is 

advocated, since injury to the inguinal nerves during hernia repair is easily avoided, 
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which is the most likely explanation for the lower risk of chronic pain. In addition, a 

preperitoneal mesh insertion “seals off the entire myopectineal orifi ce of Fruchaud 

from the inside, so the same forces, that allegedly cause the hernia, keep the mesh 

in place in accordance to Pascal’s law.” The European Hernia Society (EHS) guidelines 

state in their theoretical considerations that “an anterior mesh placement is acting 

on the wrong side of the hernia defect. Supposedly, if a preperitoneal inguinal hernia 

repair takes place by means of a minimally invasive (endoscopic) method, the ideal 

operation would seem to be a reality.”[10]

Minimal invasive surgery as a conceivable means to reduce postoperative discom-

fort has proven its value in other fi elds.[23,24] Endoscopic hernia repair has gained 

popularity in the Netherlands since 1991. It offers patients a low risk of wound infection

and a fast and less painful recovery compared to conventional hernia surgery.[10,25-

27] When comparing the various endoscopic techniques with each other, the TEP 

(totally extraperitoneal) is slightly favoured over TAPP (transabdominal preperitoneal)

repair, since TAPP is associated with higher rates of port-site hernias and visceral 

injuries, although others report a somewhat higher risk of conversions in TEP.[10,28]

Widely accepted indications for endoscopic inguinal hernia repair are hernia 

recurrence, particularly following an initially performed open anterior repair, and 

bilateral hernias. Endoscopic techniques are increasingly done for primary inguinal 

hernias too.[10,29,30] 

In female patients, representing only 4-5% of the total population of patients oper-

ated for an inguinal hernia, debate remains as to what is the best approach. The use 

of an endoscopic preperitoneal technique is advocated, offering the ability to detect 

femoral hernias intra-operatively, since women have a high risk of femoral hernias 

and recurrence after an open anterior hernia repair.[10] 

Based on the above mentioned considerations, endoscopic TEP hernia repair seems 

appealing and offers important advantages over the gold-standard ‘conventional’ 

Lichtenstein technique. Endoscopic TEP hernia repair however is challenging, as a 

considerable learning curve is to be expected.[10,25,31] Apart from the skills required 

for endoscopic surgery, it also requires knowledge of the preperitoneal anatomy. In 

fact, the preperitoneal approach to an inguinal hernia is quite different from the 

anatomical landmarks viewed during anterior hernia repair. This learning curve seems

signifi cant, the EHS guidelines suggesting that the fi rst 50-100 procedures are ‘critical’, 

although the overall duration is yet unknown. In inexperienced hands, the TEP tech-

nique is associated with long operative times and a substantial risk of complications.
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[10,32,33] Endoscopic hernia repair is therefore advocated as an alternative to open 

mesh repair “provided that it is performed by an experienced team”.[10] 

A question that emerges is whether endoscopic hernia repair should be performed 

preferably in dedicated centers by specialist hernia surgeons, in order to create a 

higher caseload, and therefore increase surgeon expertise; While an effect of case-

load has been studied extensively in other surgical fi elds, in particular in low volume 

highly complex operative procedures, [34,35] it is less well studied in high volume, 

assumedly low complex procedures. Then again, improved clinical outcomes have 

been achieved in inguinal hernia surgery, for example in the Lichtenstein and Shoul-

dice clinics.[36-39]

The setting of this thesis is a high-volume dedicated TEP center in the Netherlands 

established as such in 2005. Since then four specialized (TEP) hernia surgeons per-

form TEP hernia surgery as the preferred treatment for inguinal hernia during oper-

ative sessions exclusively allocated to inguinal hernia surgery. The hospital caseload 

has gradually increased from 500 inguinal hernia procedures per year in 2005 to 1100 

procedures in 2011. Patient and procedure related data are prospectively gathered in 

a hospital database. 

Aim and Outline of this Thesis
This thesis comprises a number of questions, on the one hand focusing on the 

learning curve of, and expertise with, performing endoscopic TEP repair and on the 

other hand on longterm outcomes such as chronic pain, sexual function and the 

effect of inguinal hernia repair on fertility. 

The exact duration of the learning curve for TEP repair remains unknown. In Chapter 

2 the hypothesized effect of (surgeon) expertise on perioperative complications 

and operative time is addressed in the prospective cohort of patients treated by TEP 

hernia repair. Apart from surgical expertise, patient- and hernia related factors may 

also affect the ease by which the operative technique is performed. Chapter 3 aims to 

defi ne selection criteria for “easy” patients suitable to be operated upon during the 

learning curve of the surgeon performing an endoscopic TEP hernia repair in order to 

avoid complications that may arise due to the learning curve. 

Chapter 4 describes the experience of TEP hernia repair in the subset of female 

patients. The rationale for doing TEP hernia repair in women is the observation that 

1
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femoral hernias are more common in women and a preperitoneal (endoscopic) mesh 

placement allows for an easy discrimination and subsequent treatment of all hernia 

types (direct, indirect and femoral) intraoperatively. 

Longterm outcome following TEP hernia repair is studied in the second part of this 

thesis. Chapter 5 evaluated the incidence of pain in the fi rst year postoperatively 

in a cohort of male patients operated for a primary unilateral hernia. In Chapter 6 

and 7 several aspects of postoperative pain in relation to preperative pain, sexual 

activity and fertility are studied. Chapter 6 evaluates the incidence of impairment 

of sexual activity before and after endoscopic TEP hernia repair. The objective of the 

review described in Chapter 7 was to appraise the available literature regarding the 

mechanism, assessment and incidence of male infertility after inguinal hernia 

surgery and – where available – after TEP surgery. 
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Abstract
Background An important challenge of Totally Extraperitoneal (TEP) hernia repair is 

the learning curve. The European guidelines suggest that the learning curve ranges 

between 50 and 100 procedures, with the fi rst 30 to 50 being critical. Others suggest 

that optimal outcomes are achieved after 200 or more TEP procedures. 

Methods All TEP repairs performed between 2005 and 2009 were included in this 

study. The effect of (surgeon) expertise on perioperative complications, conversion to 

open anterior repair and operative time was assessed, in order to evaluate the extent 

of the learning curve of TEP repair. 

Results Intraoperative complications occurred in < 1% of the 3432 patients and post-

operative complications were observed in 243 (7%) patients. With a median follow-up 

of 2 years after TEP, 19 patients (0.55%) had a recurrence. During the study period, at 

the end of which all four surgeons had treated 900-1000 patients, intraoperative com-

plications and recurrences did not decline. On the other hand, the median operative 

time decreased from 30 to 20 minutes (p< 0.001). The conversion rate (1.6% to 0.2%, 

p= 0.018) and postoperative complication rate (11.6% to 4.2%, p< 0.001) declined also. 

The decline was observed for all four surgeons, irrespective of their initial expertise 

with TEP. The largest decrease in the conversion rate was seen after at least 250 TEP 

procedures; the postoperative complication rate and operative time showed a linear 

and signifi cant decline throughout the study period. A more or less ‘steady state’ was 

observed after approximately 450 procedures per surgeon. 

Conclusion Even after more than 400 individually performed TEP procedures there is 

progress in reducing the conversion rate, the incidence of short term postoperative 

complications and operative time, indicating a rather long learning curve. 

2
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Introduction
According to the European hernia society (EHS) guidelines, endoscopic totally extra-

peritoneal (TEP) hernia repair is an accepted alternative to open mesh repair in men 

and women, ‘‘provided that it is performed by an experienced team’’.[1] The important 

challenge of TEP is its alleged diffi cult technique, with a considerable learning curve.

[1,2]

A ‘‘learning curve’’ is typically defi ned as the number of cases needed to perform a 

particular surgical procedure to achieve acceptable operative times, good clinical out-

comes, and for the surgeon to reach a ‘‘comfort zone’’.[3]

It is generally believed that the learning curve for performing endoscopic inguinal 

hernia repair is longer than for conventional open (Lichtenstein) repair, due to the 

limited working space and different appreciation of the anatomical landmarks.[1,4] 

The learning curve for endoscopic hernia repair is mainly defi ned by the conversion 

rate and the number of perioperative complications [1], but also by operative times, 

because longer operative times are associated with a higher risk of complications.[5]

Very limited data are available on the exact duration of the learning curve of TEP 

hernia repair.[1,2,6,7] The EHS guidelines suggest that it ranges between 50 and 100 

procedures, with the fi rst 30–50 being critical. [1] Nevertheless, others suggest that 

more than 200 procedures are needed to achieve the low(est) recurrence rates.[7,8] 

Since 2005, our hospital delivers a special groin hernia service where patients with 

groin hernias are treated by four surgeons, while TEP is the procedure of choice. 

Before starting this service, all surgeons had performed more than the above-men-

tioned critical number of 30–50 TEP repairs, but the acquired individual expertise 

ranged from 50 to 250 TEP repairs. 

In the present cohort study, the relationship between (surgeon) expertise and opera-

tive time, perioperative complications, and conversion and recurrence rates was as-

sessed to learn whether an end of the learning curve of endoscopic TEP hernia repair 

can be defi ned.

Methods
In 2005, a special groin hernia service was developed. The hospital infrastructure 

was optimized by increasing the annual hospital volume and by concentration of 

operations logistically, in terms of one team performing only TEP procedures at 

assigned days.[3,9] From that moment, 5–7 repairs are scheduled successively during 
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a session. As part of the reorganization of our hospital, an institutional hernia register 

was established and patient characteristics and data regarding the hernia repair and

short-term follow-up (postoperative morbidity until 6 weeks postoperatively) are 

documented prospectively. The hernia register also is used to document all recurrent 

hernias that are seen at the outpatient clinic. All consecutive adult (≥ 18 years) 

patients who underwent TEP hernia repair between January 1, 2005 and December 

31, 2009 were included in this study. TEP was the preferred operative technique. 

Patients declared unfi t for general anesthesia due to relevant (often pulmonary or 

cardiac) comorbidity, patients who previously underwent a prostatectomy, and 

patients who did not wish to undergo a TEP procedure, were scheduled for an open 

hernia repair and were excluded from the study. Patients were operated exclusively 

by one of four surgeons, and operative procedures were performed under general 

anesthesia. Before the start of the hernia service in 2005, two surgeons (A and B) 

had performed approximately 250 TEP procedures, whereas the third and fourth 

surgeons (C and D) had performed 50 and 100 TEP repairs, respectively. The operative 

technique has been described previously.[10,11] Through a subumbilical incision, the 

preperitoneal space is entered using balloon dissection. A second trocar is placed 

halfway the umbilicus and pubic bone. The space of Bogros is expanded, and the 

spermatic cord is isolated. A third trocar is placed medial to the anterior superior iliac 

spine. A 10 x 15cm polypropylene (Prolene®) mesh is placed over the myopectineal 

orifi ce of Fruchaud. Fixation of the mesh is not done routinely.[12,13]

Patients were discharged on the day of surgery unless complications arose. All patients 

received a phone call 1 day postoperatively and were questioned about their recovery 

and use of pain medication. Six weeks postoperatively, patients were seen at the 

outpatient clinic. Patients were then advised to return to the hernia clinic only in case 

of complications and/or complaints suggestive for recurrence. The learning curve was 

evaluated by measuring the conversion rate and intra-operative and postoperative 

complications. Operative times and the recurrence rate also were assessed. Intra-

operative complications were defi ned as adverse events occurring during surgery, 

such as visceral injury (bladder or bowel perforation), injury to (one of) the epigastric 

vessels, or injury to the testicular vessels or vas deferens. Postoperative complications 

were defi ned as adverse events that occur during the period following the closure 

of the skin until the visit at the outpatient clinic, 6 weeks postoperatively. These are 

short-term postoperative morbidity (including wound infections, urinary retention, 

hemorrhage requiring a reoperation or blood transfusion) occurring during the fi rst 30 

days after surgery, early recurrences, painful hematomas/seromas, and postoperative 

2
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pain in the groin region for other reasons than mentioned and persisting until 6 weeks 

postoperatively. 

Statistical analysis
Statistical analysis was performed by using SPSS®. Operative times are described as 

median and (range) and age and body mass index (BMI) as mean ± SD. The Mann-

Whitney U test was used to compare operative times, and the difference in median 

operative time between the individual surgeons was analyzed by Kruskal–Wallis 

analysis. Fisher exact or Pearson chi-square analysis was used to evaluate the effect 

of hospital volume and individual surgeon experience on conversion rate, number of 

intra- and postoperative complications and recurrences (assessed as the difference 

in the incidence of these parameters between 2005 and 2009, for the total number 

of TEP repairs performed and for each individual surgeon). Signifi cance was set at a 

level of 0.05 (two-sided).

Results
Since the institutional reorganization in 2005, the total number of inguinal hernia 

repairs has increased from 250 to 300 procedures annually (before 2005) to 500 in 

2005 and to 1,000 inguinal hernia operations in 2009. During the study period, a total 

of 3,432 patients underwent TEP hernia repair. The male to female ratio was 96 : 4 

and the mean age was 53 ± 14.6 years. Nineteen percent of the patients (n = 649) had 

bilateral hernias and 13% (n = 435) presented with a recurrent hernia (Table 1). Patient 

characteristics (age, sex, and BMI) and the proportion of patients with recurrent and 

bilateral hernias did not differ signifi cantly over the years (2005–2009).
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Table 1. Patient characteristics and presentation of groin hernias

Patients who underwent TEP repair between (n = 3432)  %

2005-2009

Gender (male: female)  3,292: 140  96.9: 4.1

  Mean age (±SD) 3.0 ± 14.6

  Mean BMI (±SD)  4.8 ± 6.4

ASA classifi cation

  I 874  83.7

  II  488  14.2

  III  70  2.1

Abdominal surgery in history  881  25.7

  Median laparotomy  138  4.0

  Right lower quadranta  477  13.9

 Left lower quadranta 234  6.8

 Othera  32  0.9

Hernia presentation (total number of patients 3,432)

Primary unilateral  2,436  71.0

Primary bilateral  561  16.3

Recurrent unilateralb  347  10.1

Recurrent bilateralb 88  2.6

Hernia type (total number of hernias 4,081)

Inguinal 3,913  95.9

Direct  1,496  36.6

Indirect  2,417  59.2

Femoral  141  3.5

Scrotal  27  0.7

a In patients with a right sided hernia, only incisions in the right lower quadrant (predominantly after 

an appendectomy or open hernia repair) were considered relevant. In case of a left sided hernia, only 

incisions in the left lower quadrant (mainly after open hernia repair) were considered relevant

b Patients operated for a recurrent hernia after previous open (predominantly anterior mesh) hernia 

repair elsewhere

2
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Clinical outcomes after TEP repair
The median duration of the operative procedure was 22 (range 7–70) min for patients 

with unilateral hernias and 31 (range 10–85) min for patients with bilateral hernias 

(p< 0.001). There was no signifi cant difference in median operative time between 

patients with primary hernias and patients operated for a recurrent hernia (p= 0.484). 

TEP was converted to an anterior mesh (Lichtenstein) repair in 26 patients (0.8%). The 

presence of adhesions after previous abdominal surgery was the most frequent reason 

to convert to a Lichtenstein hernia repair (n = 20). In 2 of these 20 patients, endoscopic 

exploration was complicated by a bladder laceration. In the other 6 patients, TEP was 

converted because of an irreducible (scrotal) hernia (n = 4), an intraoperative laceration 

of the bladder that was extending into the hernia sac (n = 1) and obesity prohibiting 

a proper anatomical overview (n = 1). Intraoperative complications occurred in <1% 

(0.79%) of the patients and are listed in Table 2. Ninety percent of the patients were 

discharged on the day of surgery. Short-term postoperative complications, including 

persisting postoperative pain in the groin region and/or a painful hematoma/seroma 

still present at the outpatient visit (6 weeks postoperatively) were observed in 243 

(7.1%) patients (Table 2). Seven patients (0.2%) were readmitted within 2 weeks 

following surgery, due to hemorrhage (n = 5), urinary retention (n = 1), or a wound 

infection (n = 1). 

The average time to return to work or daily activities was 7 (range, 1–42) days. Follow-

ing a median follow-up of 24 (range, 3–59) months after TEP hernia repair, a total of 19 

recurrences (0.55%) were observed in 3,432 patients who underwent TEP hernia repair 

at our institution. Reoperation was performed for 17 patients using the anterior mesh 

(Lichtenstein) technique; a ‘‘watchful waiting’’ policy was applied in the other two 

patients, because they had no (pain) symptoms.
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Table 2. Incidence of perioperative complications

Complication  n  %

Intraoperative complications

 Bladder laceration  6  0.17

  Bowel perforationa  1  0.03

  Inf. epigastric vessel injuryb  17  0.50

  Spermatic cord/testicular vessel injury 3  0.09

  Total  27  0.79

Postoperative complications

  Hemorrhage, requiring reoperation  3  0.09

  Hemorrhage, requiring blood transfusion  2  0.06

  Urinary retention  1  0.03

  Wound infection (requiring antibiotics) 5  0.17

  Painful, persistent hematoma/seromac  21  0.61

  Postoperative paind  209  6.09

  Moderate pain (VAS 4–7)  159  4.63

  Severe pain (VAS 7–10) 50  1.46

  Early recurrencec  2  0.06

  Total  243  7.08

Total  270  7.87

a  This patient also had a manifest diverticulitis, which was a possible explanation for the perforation

b  Epigastric vessel injuries were managed intraoperatively (mostly by clipping)

c  Present at physical examination during the visit to the outpatient clinic, 6 weeks postoperatively

d Pain, other than due to an evident hematoma/seroma or wound infection, still present at 6 weeks post-

operatively

Effect of (surgeon) expertise
Between 2005 and 2009, the overall median operative time of TEP hernia repair (for 

both uni- and bilateral hernias) decreased signifi cantly from 30 (range 11–85) min 

in 2005 to 20 (range 7–69) min in 2009 (p< 0.001; Fig. 1a). Although the individual 

median operative time varied from 20 to 26 min (p< 0.001), the decline was observed 

for all four surgeons, irrespective of their initial expertise with TEP repair (range 50 

to ≥ 250 TEP repairs, before 2005). The conversion rate (1.6–0.2%, p= 0.018; Fig. 1b) and 

frequency of postoperative complications (11.6–4.2%, p< 0.001; Fig. 1c) also declined 

signifi cantly irrespective of the operating surgeon. There was no individual difference 

2
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in the overall frequency of postoperative complications (range 6.5–7.9% per surgeon, 

p= 0.582) and the overall conversion rate (range 0.3–1.0%, p= 0.262). The individual 

frequency of intraoperative complications and the recurrence rate did not differ 

between the four surgeons (p= 0.322 and p= 0.16 respectively), and neither was there 

a decline in the rate of intraoperative complications (0.61–0.55%, p= 0.337) and the 

recurrence rate (0.61–0.11%, p= 0.135) during the study period.

Figure 1. Outcomes 2005-2009
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Discussion
The present study indicates a rather long learning curve of endoscopic TEP hernia 

repair; even after more than 400 individually performed TEP procedures, there is 

still progress in reducing the conversion rate, incidence of short-term postoperative 

complications, and operative time. On the other hand, the rate of intraoperative 

complications and the recurrence rate did not decline. 

According to the literature, TEP hernia repair is —in experienced hands— associated 

with low complication and recurrence rates, less (chronic) postoperative pain, and 

an earlier return to normal activities compared with conventional open anterior

(Lichtenstein) hernia repair.[7,10,14] The present study supports this. Recurrences 

were observed in 0.55% of the patients, which is in line with reported rates (0.3–1.6% 

after TEP) from other specialized centers.[15–17] Severe perioperative complications, 

i.e. bowel perforation, bladder laceration, postoperative bleeding, and wound infec-

tions occurred in respectively 0.03, 0.17, 0.15, and 0.15% of the patients. Moderate 

to severe postoperative pain (VAS score ≥ 4) was reported by 6.09% of the patients 

6 weeks postoperatively; these rates also compare favorably to previously reported 

rates.[1,4,14–17]

An important reason that surgeons are hesitant to fully accept TEP hernia repair is 

its long(er) learning curve. Limited data are published regarding the exact duration 

of the learning curve of TEP hernia repair and a clear defi nition of an expert TEP 

surgeon is lacking.[2,6,7] In a large study by Neumayer et al. [7], surgeons who had 

performed more than 250 endoscopic repairs were considered ‘‘experienced,’’ and a 

higher recurrence rate was observed when less than 250 repairs had been performed 

(5.1 vs. 12.3% for primary hernia repairs). In another study by Dulucq et al. [15], the 

recurrence rate was 2.5% for the fi rst 200 hernia repairs, but it decreased to 0.47% for 

the subsequent 1,254 hernia repairs. Other studies with large patient populations also 

suggest that more than 100 repairs are needed to achieve optimal outcomes defi ned 

by operative time, conversion rate, and perioperative complications.[15–18]

In the present study, the recurrence rate and number of intraoperative complications 

did not differ signifi cantly during the study period, whereas the operative time 

decreased from 30 min in 2005 (at least 50–100 TEP procedures per surgeon) to 20 min 

in 2009 (over 900–1,000 procedures per surgeon), irrespective of the initial expertise 

of the four TEP surgeons. During the same period, the conversion rate and incidence 

of postoperative complications also decreased signifi cantly. The largest decline in the 

conversion rate was observed after 2006, when all surgeons had performed ≥ 250 TEP 

procedures; a (more or less) steady state was reached in 2008, after approximately 

2
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450 procedures per surgeon. The postoperative complication rate and the operative 

time showed a linear decline throughout the study period, at the end of which all four 

surgeons had treated 900–1,000 patients. 

The largest decline in the median operative time and postoperative complications 

was observed after 2007 (≥ 450 procedures per surgeon). The aforementioned 

signifi cantly lower rate of recurrences and intraoperative complications after the fi rst 

200–250 TEP procedures, were not observed in this study.[7,8,15] Because all surgeons 

had performed at least 50–100 TEP repairs before the institutional reorganization in 

2005, we believe that the learning curve regarding recurrences and intraoperative 

complications is most likely overcome earlier, i.e. in the fi rst 50–100 TEP procedures. 

This is in line with previously published fi ndings by Haidenberg et al.[19]

The effect of caseload has frequently been studied and is indeed associated with 

outcome in studies involving major surgical procedures, e.g., (cardio)thoracic or 

pancreatic surgery. A similar association is less well studied for ‘‘minor’’ surgical 

procedures, such as hernia surgery, although it has been reported that better 

outcomes can be achieved in high-volume clinics.[3,9,15,16] The above-mentioned 

fi ndings suggest that the learning curve is extensive and that the individual expertise 

increases with the number of procedures performed well beyond the fi rst 30–100 

procedures, which is reportedly considered a critical ‘‘threshold’’.[1] This is in line with 

the opinion of the four surgeons in our institution who feel that the TEP technique 

can be performed safely after 50 procedures. Yet, a ‘‘comfort zone’’ with optimal 

outcomes and operative times is not reached before approximately 250 procedures 

have been done. Then again, it is important to realize that the observed effect that 

is now attributed to the individual surgeon also coincides with optimized care—in 

terms of having one team doing only TEP procedures on assigned days and delivering 

their team effort to ever increasing numbers of patients. This latter aspect also may 

have contributed to reduced operative times but is an unlikely explanation for the 

decreased conversion rate. 

The main strength of the present study is the large cohort of patients retrieved from 

a prospectively compiled database of patients who underwent TEP hernia repair from 

2005 until 2009. A limitation of the study is the fact that the results derive from a 

single-center hernia clinic focusing on one surgical technique. Moreover, the fact 

that all surgeons already had previous experience with the TEP technique precludes 

analysis of the fi rst part of the learning curve. 

In conclusion, the present study demonstrates a decline in the conversion rate, 

incidence of short-term postoperative complications, and the operative time even 
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after more than 400 individually performed TEP procedures, indicating a rather long 

learning curve. When it comes to intraoperative complications and recurrences, 

however, the learning curve period of TEP hernia repair seems relatively short and is 

expected to be overcome in the fi rst 50–100 TEP repairs. In addition, the fi ndings of this 

study are suggestive of the relevance of case volume in optimizing clinical outcomes, 

but ‘‘concentration of care’’ might improve performances as well.

2
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3

Abstract
Background Totally Extraperitoneal (TEP) hernia surgery is associated with little post-

operative pain and a fast recovery, but is a technically demanding operative procedure.

Apart from the surgeon’s expertise, patient characteristics and hernia related varia-

tions may also affect the operative time and outcome.

Methods Patient related factors predictive of perioperative complications, conversion 

to open anterior repair, and operative time were studied in a cohort of consecutive 

patients undergoing TEP hernia repair from 2005 to 2009.

Results A total of 3,432 patients underwent TEP. The mean operative time was 26 min 

(SD ± 10.9), TEP was converted into an open anterior approach in 26 patients (0.8%), 

and perioperative complications were observed in 55 (1.6%) patients. Multivariable 

regression analysis showed that a history of abdominal surgery (OR 1.76, 95 per cent 

confi dence interval 1.01 – 3.06; p= 0.05), and the presence of a scrotal (OR 5.31, 1.20 – 

23.43; p= 0.03) or bilateral hernia (OR 2.25, 1.25 – 4.06; p= 0.01) were independent pre-

dictive factors of perioperative complications. Female gender (OR 5.30. 1.52 – 18.45; p= 

0.01), a history of abdominal surgery (OR 3.96, 1.72 – 9.12; p= 0.001), and the presence 

of a scrotal hernia (OR 34.84, 10.42 – 116.51, p< 0.001) were predictive factors for con-

version. A BMI ≥ 25 (effect size (ES) 1.78, 95% confi dence interval 1.09 – 2.47; p< 0.001) 

and the presence of a scrotal (ES 5.81, 1.93 – 9.68; p= 0.003), indirect (ES 2.78, 2.05 – 3.50, 

p< 0.001) or bilateral hernia (ES 10.19, 9.20 – 11.08; p< 0.001) were associated with a 

longer operative time.

Conclusion Certain patient characteristics are, even in experienced TEP surgeons, as-

sociated with an increased risk of conversion and complications and a longer oper-

ative time. For the surgeon gaining experience with TEP, it seems advisable to select 

relatively young and slender male patients with a unilateral (non-scrotal) hernia and 

no previous abdominal surgery to enhance patient safety and ‘surgeon comfort’.

Selecting patients during the “learning curve”



38

Introduction
Current guidelines of the European Hernia Society (EHS) recommend both open 

Lichtenstein and endoscopic inguinal hernia techniques for the repair of groin her-

nias. [1–6] The endoscopic approach is associated with less pain, resulting in a more 

rapid recovery and less chronic pain.[1] 

A disadvantage of the endoscopic Totally Extraperitoneal (TEP) approach is that it is 

a technically demanding procedure with an assumed long learning curve. A common 

defi nition of a learning curve is the number of procedures a surgeon needs to perform 

in order to achieve acceptable operative times, reasonable outcomes and reach a ‘com-

fort zone’.[7] The EHS guidelines suggest that the learning curve for TEP hernia repair 

ranges between 50 and 100 procedures per surgeon.[6, 8–11] In accordance with others 

[12, 13] and based on a previously conducted cohort study, we believe that even more 

procedures (i.e. over 250) are needed to achieve optimal results, especially regarding 

the operative time, conversion rate, and (short term) postoperative complications.[14]

Perioperative diffi culties during this relatively extensive learning curve of endoscopic 

(TEP) hernia repair may simply be hazardous for the patient or reason to abandon this 

operative technique. After all, a common condition asks for a technique that can be 

performed easily. Apart from surgical expertise, patient- and hernia related factors 

may also affect the ease by which the operative technique is performed. It is interest-

ing to know these factors to recommend which patients would best be avoided during 

the learning curve to optimize patient safety and surgeon comfort.

In order to identify these patients, we conducted a cohort study in a high volume 

hernia clinic, where TEP is the preferred operative technique. The aim of the present 

study was to identify patient- and hernia related characteristics associated with the 

occurrence of serious perioperative complications, conversion to open anterior hernia 

repair, and a longer operative time in endoscopic TEP hernia repair.

Methods
Since 2005, our hospital delivers a special groin hernia service with earmarked theater 

programs. Endoscopic Totally Extraperitoneal (TEP) repair is the procedure of fi rst 

choice, and patients are exclusively operated by four surgeons, whose initial expertise 

with TEP repair varied between 50 and ≥ 250 procedures per surgeon before 2005. As 

per 2009, over 1,000 patients are treated annually. 



39

Preoperative work-up of a groin hernia was performed in accordance with the guide-

lines of the European Hernia Society (EHS).[6] From January 1, 2005 until December 

31, 2009, all consecutive patients presenting with a groin hernia and eligible for TEP 

hernia repair were included in this study. General anesthesia was applied in all 

patients. The operative details of the TEP technique have been described previously.

[1,2,15] The mesh graft was not fi xated routinely.[16,17] Patients who were deemed 

unfi t for general anesthesia (a prerequisite for the TEP technique in our hospital) 

and patients with recurrent hernias after previous (endoscopic) preperitoneal hernia 

repair underwent open anterior (Lichtenstein) hernia repair following hospital 

protocol and were excluded from the analysis.

Patients who underwent open hernia repair for other reasons (e.g., resection of the 

hernia sac in patients ≤ 20 years old) and patients with an irreducible scrotal hernia 

preoperatively were also excluded.

For all patients, demographic characteristics (age, sex, body mass index (BMI) and 

previous abdominal surgery) and hernia-specifi c characteristics (primary or recurrent 

hernia, uni- or bilateral hernia, and hernia type (inguinal, femoral or scrotal) were 

documented prospectively. The diagnosis of a femoral hernia is a clinical one, based 

on fi nding the neck of the swelling appearing lateral and below the pubic tubercle.[18] 

Inguinal hernias are considered to represent a ‘scrotal’ hernia if a distinct swelling is 

found in the scrotum. Irreducible scrotal hernias are considered a contraindication for 

TEP repair. If doubt exists regarding the reducibility of a scrotal hernia during phys-

ical examination, patients are — based on the clinical assessment of the surgeon —

sometimes still scheduled for a TEP repair, aiming to try to reduce the hernia 

intraoperatively (when patients are under general anesthesia). If this proves to be 

impossible, TEP is converted to a Lichtenstein approach. 

Previous abdominal operations are only included in the analysis if it represents an 

operation with an expected ‘infl uence’ on the current operation, that is, a median 

laparotomy, Pfannenstiel incision, or an incision of a previous ipsilateral operation.

Operative time, (reasons for) conversion to the open anterior (Lichtenstein) mesh repair, 

and the occurrence of serious perioperative complications, including early recurrences, 

were recorded prospectively. The operative time was recorded as the period from the 

skin incision until closure of the skin was achieved. The following perioperative com-

plications were categorized as serious and included in the analysis: (1) bleeding com-

plications (i.e. intraoperative injury to the epigastric vessels, postoperative hemorrhage 

necessitating readmittance and/or a painful persistent hematoma until 6 weeks after 

surgery), (2) visceral injury (bladder or bowel), (3) injury to the vas deferens or testicular 

vessels, and (4) early recurrence (occurring in the fi rst six weeks after hernia repair).

3
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In the present study, the effect of patient related factors (age, gender, BMI, a history 

of previous abdominal surgery (an incision at the side of the hernia or a median 

laparotomy) and hernia related characteristics (primary vs. recurrent hernia, 

unilateral vs. bilateral hernia, inguinal vs. femoral or scrotal hernia) on operative 

time, conversion to open anterior repair, and serious perioperative complications 

was assessed. Based on a previously conducted cohort study, individual surgeon 

expertise is no longer considered to affect outcomes after inguinal hernia surgery in 

our hospital.[14]

Statistical analysis
Statistical analyses were performed using SPSS version 17.0 (SPSS, Chicago, Illinois, 

USA®). Continuous data are presented as means with standard deviations and 

categorical data as counts with percentages. Risk factors for the occurrence of 

perioperative complications in total, conversion to open anterior repair, and longer 

operative time were assessed by means of univariable and multivariable linear or 

logistic regression analysis. Patient- and hernia related factors were assessed as 

categorical data; categories were based on their clinical relevance. Age and BMI were 

assessed as age as < 60 versus ≥ 60 years of age and BMI < 25 versus ≥ 25 (based on 

the clinical observation that overweight patients are more diffi cult to operate on). In 

the regression analysis for operative time, a correction is made for the presence of 

serious intra-operative complications, conversion to open anterior repair and bilateral 

hernias, as these factors are known confounders for the operative time. Variables with 

a p-value ≤ 0.20 in the univariable analysis and variables of which an effect on the 

endpoint (complications, conversion, or operative time) was expected were included 

in the multivariable analysis following a stepwise selection model. Signifi cance was 

set at a level of 0.05.

Results
A total of 3,432 patients underwent endoscopic TEP hernia repair. The vast majority 

(96.9%) of the patients was of the male gender. The mean age was 53.0 (SD ± 14.6) 

years. Bilateral hernias were found in 649 patients (19%), and 435 patients (12.7%) were 

operated for a recurrent hernia after previous open (anterior) hernia repair. Scrotal 

and femoral hernias were diagnosed in 27 patients (0.8%) and 110 patients (3.2%), 

respectively (Table 1).
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Complications 
Perioperative complications were observed in 55 patients (1.6%). Bleeding 

complications were observed in 43 patients, in 17 patients an epigastric vessel injury 

occurred, 5 patients were readmitted for hemorrhage, requiring a reoperation or 

blood transfusion, and 21 patients had a persistent painful hematoma until 6 weeks 

postoperatively. Visceral injuries occurred in 7 patients (six bladder and 1 bowel 

laceration), injury to the vas deferens and/or testicular artery in 3 patients, and early 

recurrences (until 6 weeks postoperatively) in another 2 patients. As described in 

Table 2, complications were more frequent in patients over 60 years of age compared 

with younger patients (2.2 vs. 1.3 %, OR 1.75). An advanced age was particularly 

associated with bleeding complications. Complications were also higher in female 

patients (3.6 vs. 1.6%, OR 2.52) and overweight patients (1.7 vs. 1.5%, OR 1.27). In 

obese patients (BMI ≥ 30), the risk of complications even doubled (3.6 vs. 1.5%, OR 

2.20). However, in the multivariable logistic regression model, a history of abdominal 

surgery (OR 1.76, 95% confi dence interval 1.01– 3.06; p = 0.05) and the presence of a 

scrotal (OR 5.31, 1.20– 23.43; p = 0.03) or bilateral hernia (OR 2.25, 1.25 – 4.06; p = 0.01) 

were independently associated with an increased risk of perioperative complications 

(Table 2).

3
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Table 1. Patient- and hernia related characteristics

Number of patients  3,432

Gender (Male (%); Female (%)  3,292 (96.9); 140 (4.1)

Age (mean ± SD)  53.0 ± 14.6

BMI (mean ± SD)  24.8 ± 6.4

BMI< 25: BMI ≥ 25  1,889:1,543

BMI< 30: BMI ≥ 30  3,320:112

Hernia presentation

  Primary  2,997 (87.3%)

  Recurrent  435 (12.7%)

Hernia laterality

  Unilateral  2,783 (81.1%)

  Bilateral  649 (18.9%)

Abdominal surgery in history  881 (25.7%)

  Median laparotomy  138 (4.0%)

  Right lower quadranta  477 (13.9%)

  Left lower quadranta  234 (6.8%)

  Othera  32 (0.9%)

Hernia type (intraoperative diagnosis)

  Unilateral (n = 2,783)b

 Direct  860 (30.9%)

  Indirect  1,834 (65.9%)

  Femoral  67 (2.4%)

  Scrotal  22 (0.79%)

  Bilateral (n = 1,298)b

  Direct  636 (49.0%)

  Indirect  583 (44.9%)

  Femoral  74 (5.7%)

  Scrotal  5 (0.4%)

a  Previous abdominal surgery was only included as a (study) variable if it was an operation with 

 an expected ‘infl uence’ on the current operation (see ‘‘Methods’’ section of the manuscript)

b  The total number of hernias diagnosed intraoperatively, n = 4,081
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Conversion rate
TEP hernia repair was converted to an open anterior approach in 26 (0.8%) patients. 

The presence of adhesions after previous abdominal surgery (in two patients resulting 

in a bladder laceration) was reason to convert to open anterior repair in 20 patients. 

In the other 6 patients, TEP was converted because of the presence of an irreducible 

scrotal hernia (n = 4, in these patients, the preoperative assumption was that these 

hernias could be reduced intraoperatively) and the presence of the bladder in the in-

guinal sac resulting in a bladder injury (n = 1) or obesity (n = 1). The risk of conversion 

was higher in patients ≥ 60 years of age (1.1 vs. 0.6%, OR 1.67), but the female gender 

(OR 5.30, 95% confi dence interval 1.52 –18.45; p= 0.01), a history of abdominal surgery 

(OR 3.96, 1.72 – 9.12; p = 0.001), and the presence of a scrotal hernia (OR 34.84, 10.42 – 

116.51; p< 0.001) were independent predictive factors for a conversion to open anterior 

repair (Table 3).

Operative time 
The overall mean operative time was 26 min (SD ± 10.9). The mean operative time was 

longer for a complicated TEP procedure (28.7 ± 12.2 vs. 25.9 ± 10.7 min, p= 0.001).

Mean operative time for a procedure resulting in conversion was 61.3 ± 29.0 min com-

pared with 25.8 ± 10.2 min for a conventional TEP repair (p< 0.001). After adjusting for 

intraoperative complications, conversion rate, and the presence of a bilateral hernia 

as confounders of the operative time, multivariable linear regression analysis showed 

that a BMI ≥ 25 (effect size (ES) 1.78, 95% confi dence interval 1.09 - 2.47; p< 0.001), 

and the presence of a scrotal (ES 5.81, 1.93 – 9.68; p = 0.003) or indirect (ES 2.78, 2.05 – 

3.50, p< 0.001) or bilateral hernia (ES 10.19, 9.20 – 11.08; p< 0.001) were independently 

associated with a longer operative time (Table 4).
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Discussion
This cohort study shows that the risk of perioperative complications and conversion 

of TEP to an open anterior approach is higher in women, patients with a previous his-

tory of abdominal surgery, and patients with scrotal or bilateral hernias. In addition, 

the operative time of TEP is signifi cantly longer in patients with a BMI ≥ 25. To our 

knowledge, this is the fi rst study that addresses patient- and hernia-related factors 

predictive of the occurrence of a longer operative time, conversion to open anterior 

repair, and perioperative complications in patients who underwent TEP hernia repair. 

A weakness is the assumption that surgeon related factors were of no infl uence, al-

though all participating surgeons at least had performed more than 50 TEP procedures 

before the start of the study and the selection of the patients was at random.

The overall complication and conversion rates were low. This raises the question as to 

whether the absolute frequencies should be reason not to perform TEP in any circum-

stance. It must, however, be reminded that these rates were ‘observed’ in the hands 

of experienced surgeons, having performed at least 50-250 TEP procedures before the 

study period. We observed no statistically signifi cant difference in the operative time, 

conversion rate, and the incidence of perioperative complications between patients 

with primary and recurrent inguinal hernias. Recurrent hernias seem, therefore, 

eligible for the early learning curve, as supported by others.[10] However, the expertise 

of our surgeons has learned that a TEP repair for a recurrent hernia can often be more 

complex — due to adhesions — than a TEP for a primary groin hernia, especially in 

case of a non-mesh repair (e.g. Shouldice). 

Whether endoscopic bilateral hernia repair is associated with worse outcomes than 

unilateral hernia repair continues to be a matter of debate. In accordance with other 

studies, a higher risk of complications was observed in patients with bilateral hernias 

compared to patients with unilateral hernias. Although the absolute difference in 

complications was minor and, therefore, not of major clinical relevance, a possible 

explanation for the higher likelihood of complications (especially bleeding) might 

be the greater degree of peripelvic tissue manipulation and/or additional dissection 

of the preperitoneal space.[19,20] In addition, it is our personal experience that 

dissection of the contra-lateral side might be associated with a longer operative time 

and a higher risk of (minor) bleeding complications in case of a (small) peritoneal 

laceration. As supported by Liem et al. [9], scrotal (or large indirect) hernias were in the 

present study associated with a longer operative time, a higher risk of perioperative 

complications, and conversion to open anterior repair. Since the hernial sac is large 

3
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and often adherent to the cord and scrotal structures, these hernias are the most 

diffi cult to perform. In dissecting the (larger) hernial sac, the surgeon may more easily 

produce peritoneal tears, resulting in pneumoperitoneum and a diminished surgical 

overview.[9]

The observed higher incidence of perioperative complications and conversion to open 

anterior repair after a lower abdominal operation at the side of the inguinal hernia 

or a median laparotomy in the past are inherent to the presence of scar tissue; re-

entering the preperitoneal space after previous abdominal surgery may complicate 

dissection during TEP repair. Although several studies have shown that a TEP repair 

can be safely performed after previous lower abdominal surgery, they also support the 

fi nding of a higher conversion and perioperative complication rate.[12,21,22]

In addition, elderly patients (≥ 60 years) had a higher risk of perioperative 

complications in this study. This was only observed in the univariable analysis, 

which argues for other factors — such as a previous abdominal operation — to be 

involved. An advanced age was mainly associated with bleeding complications, 

probably related to frailty or the (more frequent) use of anticoagulants in this age 

group. A disadvantage of this study is that the relation between an older age and 

the use of anticoagulants cannot be analyzed properly, since it was not a standard 

procedure in our hospital EPD to assess the use of anticoagulants during the study 

period.

Female patients had a signifi cantly higher risk of conversion to open anterior repair in 

the present study. A possible explanation is that a relatively large proportion of women 

underwent an abdominal — mostly gynecological — operation in the past, which was 

still a common reason to convert TEP to an anterior approach in 2005 and 2006 (shortly 

after the hospital reorganization). In addition, women more often present with 

femoral hernias, with a greater risk of incarceration compared to other hernia types.

[23] This might be another explanation for the increased risk of conversion in women.

Operative times were increased in overweight patients (BMI ≥ 25). In the present 

study, we also observed a higher frequency of complications in overweight patients, 

although this only reached the level of signifi cance in patients with a BMI > 30. This is 

in accordance with our ‘clinical point of view’ that complications are closely associated 

with an increasing weight (starting at a BMI of 25) and that slender patients are ‘easier’ 

to operate on when gaining experience with TEP repair. In addition, Rosemar et al. and 

others observed an increased risk of postoperative complications in obese patients 

after groin hernia surgery, regardless of gender.[24,25]
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In conclusion, certain patient characteristics and hernia-related factors infl uenced 

the ease by which TEP hernia repair was performed, even for experienced surgeons. 

For the surgeon gaining experience with TEP repair, it may be advisable to select 

relatively young (< 60 years of age) and slender male patients with a unilateral 

inguinal hernia and no previous abdominal surgery, to minimize operative times and 

the risk of perioperative complications and conversion to an open anterior approach. 

This will enhance patient safety and help the starting TEP surgeon to avoid frustration 

and overcome the learning curve period in a safe and feasible way.

3
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Abstract
Background About 30% of all female ‘groin’ hernias are femoral hernias, although often 

only diagnosed during surgery. A Lichtenstein repair though, as preferred treatment 

modality according to the guidelines, would not diagnose and treat femoral hernias. 

Totally extraperitoneal (TEP) hernia repair, however, offers the advantage of being an 

appropriate modality for the diagnosis and subsequent treatment of both inguinal 

and femoral hernias. TEP therefore seems an appealing surgical technique for women 

with groin hernias.

Methods This study included all female patients ≥ 18 years operated for a groin hernia 

between 2005 and 2009.

Results A total of 183 groin hernias were repaired in 164 women. TEP was performed 

in 85% of women; the other 24 women underwent an open anterior (mesh) repair. 

Peroperatively, femoral hernias were observed in 23% of patients with primary hernias 

and 35% of patients with recurrent hernias. There were 30 cases (18.3%) of an incorrect 

preoperative diagnosis. 

Peroperatively, femoral hernias were observed in 17.3% of women who were diagnosed 

with an inguinal hernia before surgery. In addition, inguinal hernias were found in 

24.0% of women who were diagnosed with a femoral hernia preoperatively. After 

a follow-up of 25 months, moderate to severe (VAS 4-10) postoperative pain was 

reported by 8 of 125 patients (6.4%) after TEP and 5 of 23 patients (21.7%) after open 

hernia repair (P= 0.03). Five patients had a recurrent hernia, two following TEP (1.4%) 

and three following open anterior repair (12.5%, P= 0.02). Two of these three patients 

presented with a femoral recurrence after a previous repair of an inguinal hernia.

Conclusion Femoral hernias are common in women with groin hernias, but not al-

ways detected preoperatively; this argues for the use of a preperitoneal approach. TEP 

hernia repair combines the advantage of a peroperative diagnosis and subsequent 

appropriate treatment with the known good clinical outcomes.
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Introduction
Groin hernias, which include inguinal and femoral hernias, are rare in women com-

pared to men, with an incidence of 0.3% in women and 2–5% in men. Femoral hernias, 

however, occur only in 2.4% of men, while in women, they account for 34% of all groin 

hernias. [1–6]

According to the European Hernia Society (EHS) guidelines, an endoscopic approach is 

advocated for female patients with primary groin hernias (grade D recommendation), 

if expertise is available. This is based on the high frequency of femoral recurrence 

after conventional inguinal hernia repair in women, which argues for the use of a 

preperitoneal (endoscopic) approach.[2] Clinical examination mostly suffi ces to 

determine the preoperative diagnosis in case of an evident groin hernia, although it 

might not be completely clear whether it concerns an inguinal or a femoral hernia. 

Ultrasonography may be a useful noninvasive adjunct to physical examination in case 

of clinical occult groin hernia and/or obscure groin pain.[2] It is, however, unreliable 

to ensure accurate classifi cation of the different hernia types (i.e., direct/indirect/

femoral).[7]

Whereas a TEP approach essentially allows for a repair of either an inguinal or a 

femoral hernia, the original Lichtenstein approach does not diagnose and treat the 

latter entity. A recurrence of the ‘groin’ hernia after a Lichtenstein repair, therefore, 

might in fact often be a previously undiagnosed and subsequently untreated original 

femoral hernia.[3]

So far, there is little evidence regarding the optimal treatment for groin hernias in 

female patients.[4,8] It is questionable whether a Lichtenstein repair should be the 

preferred operative treatment in women.[2] Mesh placement through a preperitoneal 

approach offers the advantage of being an appropriate modality for peroperative 

diagnosis and subsequent treatment of both inguinal and femoral hernias.

In addition, endoscopic hernia repair is associated with less postoperative pain and 

earlier return to normal activities.[9–11] Therefore, totally extraperitoneal (TEP) repair 

seems an appealing surgical technique for women with groin hernias.

The aim of the present study was to evaluate the abovementioned aspects of groin 

hernia surgery in a cohort of female patients treated in a single institution having 

experience with the TEP repair. We hypothesize that femoral hernias are under 

diagnosed in women and that TEP should be the preferred operative treatment 

modality to avoid unnecessary operations for recurrent (femoral) hernias.
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Methods
Since 2005, our hospital delivers a special groin hernia service with earmarked theater 

programs, principally providing a TEP repair by four experienced surgeons.

Simultaneously, an institutional hernia register was established, prospectively 

collecting demographic data, hernia type, method of repair, operative times, com-

plications and information regarding short-term outcome (6 weeks postoperatively).

The TEP technique has been described in detail previously, allowing patients to be 

discharged the same day.[10] The mesh is not fi xated, since it reduces operative time, 

saves costs and avoids possible entrapment neuralgia.[12,13]

Patients who are deemed unfi t for TEP repair are operated by an open (mostly 

anterior, that is, Lichtenstein) approach. In the present study, the most important 

reasons to exclude patients for TEP repair were relevant comorbidity preventing 

general anesthesia and (before 2007) previous abdominal operations.[14,15] If an 

open anterior repair was performed in patients with a preoperatively diagnosed 

or preoperatively suspected femoral hernia, the fascia transversalis was opened 

to explore the femoral canal, followed by a preperitoneal mesh placement and a 

subsequent repair of the fascia transversalis.

Preoperative work-up of a groin hernia is done in accordance with the EHS guidelines. 

In case of an evident groin hernia, clinical examination suffi ces. The clinical diagnosis 

of a femoral hernia is based on the neck of the swelling appearing lateral and below 

the pubic tubercle.[16] Cases of obscure pain and/or a doubtful swelling in the groin 

require radiological evaluation; ultrasound was used in case of a doubtful swelling, 

when necessary a subsequent MRI was the preferred technique.[2]

Demographic characteristics, hernia occurrence (primary or recurrent) and hernia 

type (inguinal or femoral) are recorded preoperatively. Operative time, hernia type and 

perioperative complications are registered on a standard form in the operating room. 

Up until now, the classifi cation according to Nyhus is used to describe hernia types. 

Postoperatively, hospital stay, postoperative complications, time to return to daily ac-

tivities and short term recurrences are registered by fi lling out forms by the patients 

at the 6 week follow-up visit.

Between November 2009 and February 2010, all female patients, who had been 

operated for a groin hernia in an elective setting, received questionnaires asking for 

symptoms suggestive of a recurrent hernia and the presence of chronic postoperative 
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pain. Nonresponders received a new questionnaire after 8 weeks. The questionnaire 

was similar to the one previously described by Fränneby et al.[17], and integrated visual 

analog scales (VAS) were used to assess the presence of chronic postoperative pain. 

Patients with moderate to severe persistent postoperative pain (VAS ≥ 4; pain scores 

implied: 0 = no pain, 1–3 = mild pain, 4–6 = moderate pain and 7–10 = severe pain) [18] 

or complaints suggestive of hernia recurrence were invited for an examination at the 

outpatient clinic; 100% of the patients with complaints completed the visit. Patients 

with symptoms suggestive of a recurrent hernia underwent radiological evaluation 

(ultrasound and/or CT). VAS scores were used to assess the severity of pain (VAS ≥ 

4 was considered to represent moderate to severe pain), and the Inguinal Pain Form 

(Dutch: Liespijnformulier) was used to classify postoperative pain.[17]

Statistical analysis
Statistical analyses were performed using SPSS version 17.0 (SPSS, Chicago, Illi-

nois, USA®). The Mann–Whitney U test was used to compare groups with regard to 

non-normal distributed continuous variables, whereas the t test was used for normal 

distributed continuous variables. The Fisher exact test was used for analysis of 

categorical data. Signifi cance was set at a level of 0.05 (two-sided). The occurrence 

of groin hernia recurrences and the interval between the primary repair and the 

recurrence were used to calculate the cumulative recurrence rate. Kaplan–Meier 

statistics were used and differences in recurrence rates in relation to the operative 

technique were explored univariably by a log-rank test.

Results
Between January 2005 and December 2009, 3,543 male and 167 female consecutive 

patients were operated for a groin hernia. Only female patients ≥ 18 years of age were 

included in this study (n = 164). Their median age was 52.3 (range, 18–91) years. Nine-

teen patients (11.6%) had bilateral hernias, and 17 patients (10.4%) were operated for 

a recurrent hernia after an open anterior hernia repair. 

In addition to the clinical examination, radiological evaluation was performed in forty 

patients (24.4%): ultrasound in 36, subsequent MRI in three and CT in one patient (in 

the latter, an MRI could not be done due to claustrophobia).

A TEP hernia repair was done in 85.4% of the patients. The remaining patients were 

treated by an open anterior (mesh) repair (n = 24) for several reasons, including patient 

or anesthesiological preference for epidural anesthesia (Table 1). 
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Table 1. Indications for an open hernia repair

Reasons to perform an open hernia repair  Number of patients (n)

Previous abdominal surgery (laparotomy and/or 

cesarean in combination with appendectomy) 7

Patient preference for epidural anesthesia  6

Anesthesiological preference for epidural anesthesia

(Relevant comorbidity in patients > 80 years of age) 4

Age under 20 (herniotomy)  3

Recurrence after previous preperitoneal open repair 3

Morbid obesity  1

Total  24 

Three patients < 20 years of age underwent a herniotomy, and in the other patients, 

a Lichtenstein repair was done. A total of 183 hernias were repaired. Indirect inguinal 

hernias occurred most often (62.3%), followed by femoral (24.6%) and direct inguinal 

hernias (13.1%). 

In patients who were operated for a recurrent hernia after an open anterior (mesh) 

repair in the past, femoral hernias were more common (35.3%), compared to patients 

with primary hernias (23.5%), albeit this was not statistically signifi cant (P= 0.373).

Preoperatively, 139 (84.8%) women were diagnosed with an inguinal hernia and 25 

(15.2%) with a femoral hernia. During surgery, however, there were 30 cases (18.3%) 

of an incorrect preoperative diagnosis. In 24 of the 139 patients (17.3%) who were di-

agnosed with an inguinal hernia, a femoral hernia was found, while in eight of these 

patients (33.3%), ultrasonography had ‘confi rmed’ the preoperative diagnosis. In addi-

tion, in six of the 25 patients (24.0%) who were diagnosed with a femoral hernia preop-

eratively, inguinal hernias were found during hernia repair. In three patients (50%), an 

ultrasonography was done preoperatively.

In two patients who underwent TEP, a bladder laceration occurred, which was treated 

with a urinary catheter during 5 days. Further postoperative course was uneventful 

in these two patients. The mean time to return to normal daily activities was 9 days 

(SD ± 7.1) for women who underwent TEP repair and 12 days (SD ± 8.2) for women who 

underwent an open repair (P= 0.09). 

Questionnaires regarding the longterm follow-up were returned by 148 (90%) of 

the patients (164 hernias). The median interval since the operation was 25 (range, 
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4–61) months, with no signifi cant difference in response rate and follow-up interval 

between patients who underwent TEP and open hernia repair. Twenty-fi ve patients 

reported moderate to severe pain (VAS 4-10) or had complaints suggestive of a recur-

rent hernia and were examined in the outpatient clinic. Five recurrent hernias were 

observed (3.0% of the 164 hernia repairs, Figure 1), two following a primary TEP repair 

(1.4%) and three following a primary open anterior mesh repair (12.5%; P= 0.02). 

Figure 1. Recurrences after TEP and open hernia repair

All patients with a recurrent hernia were reoperated; the patients with a recurrent 

hernia after TEP underwent an inguinal approach, with exploration of the femoral canal 

through the transversal fascia, and the patients with a recurrent hernia after open 

anterior repair underwent a TEP. During the operation, one of the two patients with a 

recurrent hernia following TEP repair had an inguinal recurrence; the other patient had 

a femoral recurrence (after TEP for a femoral hernia). On the other hand, two of the three 

patients with a recurrent hernia following open anterior mesh repair had a femoral 

recurrence. Both patients were diagnosed with an inguinal hernia preoperatively (before 

the primary operation), without further radiological evaluation. The third patient had 

an inguinal recurrence (after anterior mesh repair for an inguinal hernia). 

Persisting postoperative pain, scored as moderate to severe (VAS 4-10), was reported 

by eight of 125 patients (6.4%) who underwent TEP hernia repair (with only one patient 
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reporting severe pain (VAS 7-10) and by fi ve of 23 patients (21.7%) who underwent open 

hernia repair (P= 0.03). There was no difference in the incidence of persisting postop-

erative pain between patients operated for a primary or a recurrent hernia (P= 0.25).

Discussion
This study supports the hypothesis that a preperitoneal TEP repair seems the most 

appropriate approach for female patients with groin hernias in order to correct 

preoperative diagnostic errors and avoid subsequent mistreatment.

The high frequency of femoral hernias observed in this cohort is in accordance with 

the literature. We found femoral hernias in 23% of women with primary hernias, and

Kark et al.[16] reported femoral hernias in 21% of women with primary hernias. As 

in the literature, femoral hernias were also more often observed in patients with 

recurrences after previous open anterior hernia repair. In our study, femoral hernias 

were observed in 35% of patients, while others found femoral hernias in up to 41% of 

the women treated for a recurrence.[4]

The observed recurrence rate was 1.4% after TEP, which compares favorably to the 

recurrence rate following our open hernia repair (12.5%).[3,4,19] Bay-Nielsen et al.[4] 

reported a reoperation for recurrence rate of 4.3% in a population based study in more 

than 3,600 women after (predominantly open anterior) hernia. They also observed a 

lower risk of reoperation for a recurrent hernia when endoscopic preperitoneal repair 

was performed (1.8%).

The reported high frequency of femoral hernias in women and the even higher proportion 

of femoral hernias in women with recurrent hernias suggest that high recurrence rates 

in women may be attributable to a preoperative diagnostic problem in groin hernias 

in women. Being unaware of the high prevalence, femoral hernias may be overlooked 

during the primary operation, as hypothesized by others as well.[3,19] In addition, in 

the registry study of Bay-Nielsen, which excluded primary femoral hernias, 41.5% of the 

(female) patients with primary inguinal hernias, repaired by an open approach, recurred 

with femoral hernias.[4] Together with the observation in the large population based 

study by Koch (> 6,000 female hernia repairs) that Lichtenstein and Shouldice repair 

in women are associated with a twofold higher risk of recurrence in comparison with 

preperitoneal mesh repair,[3] it is conceivable that a primary open anterior inguinal 

hernia repair might contribute to the development of a subsequent femoral hernia.
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The good results of endoscopic TEP hernia repair in women (regarding recurrences) 

are explained by advantages that are inherent to a preperitoneal approach. 

Preoperative discrimination between hernia types may be diffi cult, particularly so in 

obese patients.[16] In the present study, there were 30 cases (18.3%) of a ‘mistaken’ 

preoperative clinical diagnosis; six groin lumps were diagnosed as femoral hernias 

and proved to be inguinal at the operation; 24 were diagnosed as inguinal and proved 

to be femoral. Preoperatively, an ultrasound (in addition to the clinical examination) 

was done in respectively 50 and 33% of these patients. As confi rmed in studies with 

(predominantly) male patients, a correct preoperative diagnosis is not only diffi cult 

in women, but also in men. Crawford et al.[20] observed an erroneous preoperative 

diagnosis in 17.8% of the patients (243 men and 10 women) with unilateral hernias, 

whereof 8.2% consisted of ‘unsuspected’ femoral hernias. In another study by 

Renzulli et al.,[7] the sensitivity of a correct preoperative clinical diagnosis varied 

between 61% (correct Nyhus classifi cation) and 71% (discrimination between a 

direct and indirect hernia). In addition, they found a sensitivity and specifi city of, 

respectively, 54 and 43% for diagnosing the correct hernia type (according to Nyhus) 

with ultrasonography, which corroborates our fi ndings that ultrasonography does 

not ensure accurate discrimination between the different hernia types (i.e., direct/

indirect/femoral hernia).

A preperitoneal (endoscopic) approach allows for easy discrimination between the 

three hernia types (direct, indirect and femoral) intraoperatively, which makes a 

correct preoperative diagnosis less needed. Subsequently, a preperitoneal approach 

will enable a proper treatment of all of these hernia types, by covering the complete 

myopectineal orifi ce with a mesh. Finally, endoscopic hernia repair is associated 

with less postoperative pain and earlier return to normal activities compared to 

open hernia repair,[9–11] which was confi rmed in this study as well. Conceptually, 

the transabdominal preperitoneal (TAPP) approach offers similar advantages as the 

TEP technique. TAPP is frequently used and also advocated for complicated (sliding 

or incarcerated) inguinal hernias and hernias following previous abdominal or pelvic 

surgery (prostatectomy). Then again, TAPP has in general been criticized for exposing 

the abdominal organs to potential complications and is associated with higher rates 

of port-site hernias compared to TEP.[2]

Admittedly, the present study has the limitations of a cohort study, and data regarding 

recurrences and chronic pain were collected by means of questionnaires. Although 

all patients with complaints visited the outpatient clinic, a questionnaire can never 

replace clinical examination. In addition, a minimum of 4 months follow-up may be 
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insuffi cient to discover recurrent hernias. Furthermore, endoscopic hernia repair is 

an operative technique with a long learning curve,[9,10,11] making it an unappealing 

operative technique for a common disorder. However, groin hernias in women have 

a high risk of strangulation and the already discussed higher risk of recurrence 

than in men. This may be a reason to refer female hernia patients to centers where 

endoscopic inguinal hernia repair is routinely done.

In accordance with the literature, this study showed that the incidence of moderate 

to severe pain after TEP repair (6.4%) compared favorably to the incidence (21.7%) after 

open anterior repair.[2] Still, the incidence of chronic pain was higher than reported 

by others (i.e., 2–5% after endoscopic repair [9,17] and 10–12% after open repair.[2])

This may be explained by the fact that this study comprised a cohort of female 

patients, who have a documented higher risk of developing chronic pain compared 

to men.[2,21]

In conclusion, a preperitoneal approach allows for a ‘one-step repair’ of all groin 

hernias in women, where a preoperative diagnosis might be diffi cult or incorrect. TEP 

endoscopic hernia repair combines the advantages of a preperitoneal approach with 

good clinical outcomes and it is therefore, in our hospital, the treatment of choice in 

women with (primary) groin hernias.
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5

Postoperative pain

Abstract 
Background Incidences of chronic pain after endoscopic hernia repair vary between 

2-5%. The time course of pain after conventional open hernia repair is relatively well 

described, but studies regarding the time course of pain after endoscopic repair are 

limited. 

Methods Two hundred male patients ≥ 18 years of age, scheduled for endoscopic 

totally extraperitoneal (TEP) hernia repair between March and September 2010 were 

requested to record pain symptoms pre- and postoperatively and visit the outpatient 

department 3 months and 1 year postoperatively for a standardized interview and 

physical examination. 

Results Preoperatively, 25.5% (n = 51) of the patients had moderate to severe pain (NRS 

4-10). Six weeks postoperatively, only 5.5% (n = 11) of the patients still experienced 

moderate to severe pain. Three months after TEP, only one patient (0.5%) had 

moderate pain and 42 (21.0%) still experienced mild pain. Patients with severe pain 

preoperatively had a higher risk of pain persisting until 3 months postoperatively 

(P= 0.06). One year after TEP, 1.0% (n = 2) of the patients had moderate (NRS 6) pain. 

In most patients who had pain 3 months postoperatively and were pain free 1 year 

after TEP, pain ‘faded out’ at 6 or 7 months postoperatively. Dysejaculation occurred in 

4.7% (3 months) and 7.7% (1 year) of patients. Two patients had a not painful recurrent 

hernia, in one patient diagnosed 3 months, in the other patient one year after TEP 

repair.

Conclusion Moderate to severe chronic pain  after TEP hernia repair is selfl imiting, 

with only 1% of the patients reporting moderate to severe pain 1 year postoperatively. 

Following this selfl imiting time course of pain and the low risk of hernia recurrence in 

patients with pain, (surgical) reintervention or diagnostic examination should not be 

considered too early in the follow-up of these patients.
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Introduction
In recent years it has become clear that morbidity associated with inguinal hernia 

repair mainly consists of chronic inguinal and genital pain, which can be very 

debilitating and lead to costly multidisciplinary medical consultations.[1] 

According to the International Association for the Study of Pain (IASP), chronic pain is 

defi ned as pain or discomfort lasting for more than 3 months after the injury [2], although 

some authors defi ne chronic pain after inguinal hernia repair as “persisting for a 6 

months [3] or even a year postoperatively”.[4-6] In an attempt to unify the terminology, 

a working group of experts decided on the following defi nition: “a pain arising as a 

direct consequence of a nerve lesion or a disease affecting the somatosensory system, 

in patients who did not have groin pain before their original hernia operation, or, if they 

did, the postoperative pain differs from the preoperative pain.”[7]

The development of chronic pain after inguinal hernia repair may be infl uenced by 

both surgical (nerve damage, infl ammation, mechanical irritation of the mesh) and 

individual (genetics, sensory, psychosocial) factors.[8-10] Basically, two pain syn-

dromes after inguinal hernia repair are described; neuropathic, which is defi ned as 

pain caused by (direct) nerve injury [11] en nociceptive pain, due to tissue injury or an 

infl ammatory reaction.[12] 

Reported incidences of chronic pain after conventional open hernia repair vary 

between 10 to 53%, with up to 21% of patients being functionally impaired in work 

or leisure activities [13-17] and 1% of patients suffering from pain eventually being 

referred to a specialized pain clinic.[18] Endoscopic inguinal hernia repair is a well-

accepted alternative to open surgery and has advantages as a faster postoperative 

recovery and lower incidences of postoperative pain than after open repair.[8,13,17] 

Nonetheless, still 2-5% of patients suffer from persistent pain infl uencing everyday 

activities and about 0.4% is referred to a pain clinic.[8,18] The heterogeneity in the 

incidence of chronic pain after inguinal hernia repair is due to different defi nitions 

of chronic pain and different methods and moments of measurement. A specialist 

working group by Alfi eri et al. [7] therefore reviewed the literature and agreed on a 

prevalence of 0.5-6% debilitating pain affecting normal daily activities or work after 

open or endoscopic hernia repair. 

Persistent pain after inguinal hernia repair may increasingly be recognized; much 

controversy still exists regarding its incidence, terminology, pathogenesis and 
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treatment strategies. This information is however important to present patients with 

a prognosis and to design protocols for tailored treatment regimens. 

Following this, the aim of the present study is to describe the incidence and time 

course of pain following endoscopic Totally Extraperitoneal (TEP) hernia repair. 

Methods
The study was conducted in a high volume hernia clinic in the Netherlands; endo-

scopic Totally Extraperitoneal (TEP) hernia repair is the preferred operative technique 

for hernia repair in adult patients with groin hernias. TEP is preferred over TAPP, since 

TEP is associated with a lower risk of trocar site hernias, small bowel injury and ob-

struction and intraperitoneal lesions to the mesh. [19,20]

All patients are exclusively operated by four surgeons and procedures are performed 

under general anesthesia. The TEP operative technique was introduced in our hospital 

in 1993 (in the form of a dedicated hernia clinic in 2005) and was described in detail 

previously.[21,22] Through a subumbilical incision the preperitoneal space is entered 

using balloon dissection. A second trocar is placed halfway the umbilicus and pubic 

bone. The space of Bogros is expanded and the spermatic cord isolated. A third trocar 

is placed medial to the anterior superior iliac spine. A 10x15 cm polypropylene mesh® 

(Ethicon, a Johnson & Johnson company, Amersfoort, The Netherlands) is placed over 

the myopectineal orifi ce of Fruchaud. Fixation of the mesh is not performed routinely, 

since this reduces operative time, saves costs and avoids possible entrapment 

neuralgia.[23,24] Skin closure is achieved using subcutaneous monocryl.

Patients are discharged on the day of surgery unless complications arise. At discharge, 

patients are advised to avoid strenuous physical activity (lifting, sports) during 

the fi rst postoperative week. All hernia repairs are registered in a database, where 

demographic data, hernia type, method of repair, and information regarding short 

term outcome (six weeks postoperatively) are collected prospectively.

Male patients 18 years of age and older with primary, unilateral inguinal hernias who 

were scheduled for a TEP repair between March and September 2010 were eligible for 

inclusion in this study. Preoperatively, informed consent was obtained. The study was 

approved by the local medical ethical committee (VCMO, Nieuwegein, the Nether-

lands). 
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Patients were requested to record pain symptoms preoperatively, in the fi rst 

postoperative week and at six weeks, 3 months and 1 year postoperatively. Pain and 

feelings of discomfort were assessed on a numerical rating scale (NRS, 0= no pain, 

10= worst pain imaginable) and the Inguinal Pain Questionnaire [IPQ, 25]. Pain scores 

were categorized into no (0), mild (1-3), moderate (4-7) and severe (8-10) pain; Moderate 

and severe pain were combined to represent substantial pain (NRS 4-10).[15]

All patients visited the outpatient department at 3 months and 1 year after surgery for 

a standardized interview and physical examination, evaluating current pain intensity, 

character and location. In patients with groin pain and/or complaints suggestive of a 

recurrent hernia, the physical examination was supplemented with an Ultrasound or 

MRI scan. 

Statistical analysis
Statistical analyses were performed using SPSS version 17.0 (SPSS, Chicago, Illinois, 

USA®). Baseline characteristics were described in numbers and percentages. The Fish-

er’s Exact Test was used for analysis of categorical data. Signifi cance was set at a level 

of 0.05 (two-sided). 

Results
As described in Figure 1, a total of 200 patients completed the 1 year follow-up. Patient 

and hernia characteristics are summarized in Table 1. 

Figure 1. Flowchart of included patients between March-September 2010

Reasons for loss to follow- up:

-  Lack of interest (n = 2)

-  Co- morbidity (CVA, 

 pancreas cancer, n = 2)

-   Not satisfi ed with 

 treatment (n = 1)

Informed consent after screening eligibility 

criteria for study participation (n = 205)

Loss to follow- up, no physical examination 

(n = 5)

Included in the study (n = 200)
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Table 1. Clinical characteristics of patients (n = 200)

  n (%)

Mean age, years (range) 54 (22-88)

Previous lower abdominal surgery 71 (35.5)

Previous correction of an contra-lateral inguinal hernia 31 (15.5)

Hernia Type

 Direct  44 (22.0)

 Indirect  150 (75.0)

 Pantaloon 5 (2.5)

 Indirect + Femoral  1 (0.5)

Intraoperative complications

 Injury to the epigastric vessels 11 (5.5)

 Bladder injury 1 (0.5)

Day surgery 196 (98.0)*

*  Four patients stayed overnight, due to ‘patients’ own wish’ (n= 2), bleeding complications (n= 1)

 and age (n= 1)

The pain history of the study population is given in Figure 2 and Table 2a,b. 

Almost 70% of the patients reported pain preoperatively; 87 patients (43.5%) had mild 

pain (NRS 1-3) and 51 (25.5%) patients had moderate to severe pain. Fifteen patients 

with moderate to severe pain (5.0% of the total patient population) described their 

pain as “debilitating and affecting normal daily activities”. Sixty-two patients (31.0%) 

had no pain before the corrective TEP repair, but were still operated since they were 

young (< 60 years of age), had an ‘uncomfortable’ sensation in the groin or for cos-

metic reasons. Most patients localized their pain in the inguinal/pubic region (96.7%), 

whereas 31.8% of the patients also experienced scrotal pain.

 

One week postoperatively, 69 patients (34.5%) were pain free, while 116 patients 

(58.0%) complained of mild pain and 15 patients (7.5%) had moderate to severe pain. 

Six weeks postoperatively, ‘any’ pain was experienced by 111 patients (55.5%), but only 

11 (5.5%) of the patients had moderate to severe pain. The mean time to return to work 

(for patients with a job) was 7 (SD ± 5) days.

 

Three months after TEP repair, this was further reduced to 43 patients (21.5%) re-

porting ‘any’ pain symptoms. Only one of the patients had moderate pain, while 42 

(21.0%) patients experienced only mild pain. Four patients described that their pain 

symptoms started one month after TEP repair, 39 patients experienced pain since the 
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operation. Patients with severe pain preoperatively (n = 16), had a higher risk of pain 

3 months postoperatively (4 patients with mild and 1 patient with moderate pain, P= 

0.06). On the other hand, 4 patients with mild pain 3 months after TEP hernia repair, 

had no pain preoperatively (6.5% of the 62 patients without pain preoperatively). 

One year after TEP the majority of patients (n= 187) had no pain. Most patients who 

did experience pain 3 months after TEP repair, mentioned that pain ‘faded out’ ap-

proximately 6 or 7 months postoperatively. Thirteen patients (6.5%) still experienced 

‘any’ pain, only 2 patients (1.0%) had moderate (NRS 6) pain; One patient had groin 

pain after a secondary Lichtenstein procedure for an early recurrence. The other pa-

tient experienced scrotal pain since 1 month after TEP repair. Both patients described 

pain as “debilitating and affecting normal daily activities” (sports in one patient and 

work in the other patient). 

Figure 2. Percentage of patients with and without pain

Patients often localized pain in two or more regions. While patients experienced in-

guinal pain preoperatively, the scrotal or genital region was most commonly used to 

localize postoperative pain, with dysejaculation occurring in 4.7% (3 months) and 7.7% 

(1 year) of patients. Sensory disturbances were observed in 39.5% of the patients 3 

months postoperatively. One year after TEP, 23.1% of the patients still experienced 

sensory dysfunction. Two patients had a not painful recurrent hernia, in one patient 

diagnosed 3 months, in the other patient one year after TEP repair (Table 2b).

no pain

mild pain

moderate pain

severe pain
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Table 2a. Characteristics of preoperative and postoperative pain 

(patients with pain) 

  Preoperatively 3 months 1 year P-value

Localization of pain1 (n, %)

 Inguinal/pubic region 143 (96.7) 29 (67.4) 8 (61.5) <0.001

 Scrotum 47 (31.8) 32 (74.7) 7 (53.8) < 0.001

 Medial thigh 2 (1.4) 2 (4.7) - 0.33

 Penis 2 (1.4) - 1 (7.7) 0.33

 Lower abdomen 2 (1.4) 1 (2.3) - 0.33

 Surgical incision -

 Umbilical - 1 (2.3) - -

Pain triggers1 (n, %) 

 Sexual activity (touching) 48 (32.4) 11 (25.6) 6 (46.2) <0.001

 Ejaculation 1 (0.7) 2 (4.7) 1 (7.7) 0.83

 Erection 2 (1.4) 1 (2.3) 1 (7.7)  0.83

 Micturition - 2 (4.7) 1 (7.7)  0.33

 Sports activity 30 (20.3) 10 (23.3) 9 (69.2) <0.001

1 Patients often reported more than one pain trigger and often located pain in more than 1 region

Table 2b. Findings on physical examination 3 months and 1 year postoperatively 

(patients with pain)

  3 months 1 year

Symptom

 Bulge 3  2 

 Recurrence 1  (confi rmed by  1  (confi rmed by

     ultrasound)  ultrasound)

 Contralateral hernia -  1

 Pain pressing pubic tubercle 23  4

 Trigger point 9  (scrotum n = 6;  2  (scrotum)

    pubic triangle n = 3) 

 Neurophysiology

 Hypoesthesia 15 (scrotum, n=10; pubis,  2  (scrotum, n=1; 

    n=2; medial thigh, n=3)  medial thigh, n=1)

 Hyperesthesia 2  (scrotum) 1 (scrotum)
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Discussion
This study supports the hypothesis that in the majority of patients, postoperative 

pain after endoscopic TEP hernia repair is selfl imiting within the fi rst postoperative 

year and that the overall incidence of moderate to severe (i.e. substantial) chronic pain 

lasting until one year postoperatively is low. 

In the present study, two patients had a recurrent hernia; one occurred within 

three months after TEP, suggesting a technical failure, the other occurred 1 year 

postoperatively. In both patients the recurrence was not painful. This confi rms the 

idea that, although a recurrent hernia is often the only diagnosis that surgeons 

consider and rule out when a patient presents with pain following inguinal hernia 

repair, the origin of (chronic) postoperative pain should be often found elsewhere.[14]

A relatively high percentage of patients had ‘any’ pain symptoms in the fi rst 6 weeks 

after TEP repair (55.5%). Three months and one year after TEP, respectively 21.5% and 

6.5% of patients still experienced ‘any’ pain. Detailed and well-designed data assess-

ing the time course of pain after endoscopic TEP or TAPP inguinal hernia repair are 

limited, but previous studies describing pain after (mainly) conventional mesh or non-

mesh techniques, suggest a similar ‘burn out’ effect’ of pain.[14,26,27] In a nation-

wide questionnaire study by Bay-Nielsen et al, a decrease in the incidence of pain

infl uencing daily activities by about 50% was described at 6 years compared to 1 year 

postoperatively.[26] That a similar effect is observed in the fi rst postoperative year 

has not been well described previously for both conventional open and endoscopic 

inguinal hernia repair. 

Reviewing the current literature, Alfi eri et al. agreed to an incidence of 0.5-6.0% of 

debilitating chronic pain affecting normal daily activities or work after any form of 

open or endoscopic hernia repair, [7] although Bay-Nielsen et al. observed an one year 

incidence of chronic pain of 29% after (mainly) open hernia repair, with 11% of the 

patients reporting pain to interfere with work or daily life activities.[14] In the present 

study, the incidence of moderate to severe pain (as defi ned by a NRS 4-10) 1 year 

after TEP hernia repair, was low (1.0%), suggesting a benefi cial effect of both the TEP 

procedure and the fact that this is performed in a high volume center.[17,32] This is 

in accordance to other studies, describing an incidence of chronic postoperative pain 

after inguinal hernia repair of 0% to 2% in dedicated hernia institutions, while the 

incidence of chronic pain ranges from 0% to 37% or even higher in public hospitals 

and university institutions.[28-31]



77

5

Postoperative pain

The development of chronic pain after inguinal hernia repair may be infl uenced by 

both surgical (nerve damage, infl ammation, mechanical irritation of the mesh) and 

individual (genetics, sensory, psychosocial) factors.[8-10] As described by Amid et 

al.[3] and others [15] post hernia repair pain can be classifi ed in neuropathic and 

non-neuropathic causes, and are not infrequently a combination of both. Neuropathic

pain is caused by compression of one or more nerves by ‘perineural fi brosis’, suture 

(including staples or tacks) or prosthetic material or is the result of actual nerve injury 

caused by partial or complete transection of nerves. The latter category can be either 

lesions incontinuity, including neuropraxia, or complete transection injuries. Pain re-

lated to neuropraxia or perineural fi brosis may last up to 6 months postoperatively, 

but is basically a selfl imiting condition.[3] It seems therefore advisable to modify the 

IASP defi nition of chronic pain to include only chronic pain that is present from 3 

months postoperatively and lasts beyond 6 months postoperatively, which is in line 

with the recommendation of the working group of Alfi eri et al.[7] Non-neuropathic or 

nociceptive causes of pain include mechanical pressure of the mesh on the adjacent 

tissue including the vas deferens and nerves, a periosteal reaction due to staples or 

tacks into the pubic tubercle, or scar-tissue formation.[15,33] 

Persistent pain after endoscopic hernia repair can be severe and may have a profound 

effect on daily activities and quality of life [8], but in the present study only two 

patients (1.0%) experienced moderate pain affecting daily activities one year after TEP 

repair. Although pain impaired working activities in one patient, this did not have a 

major socio-economic impact, since he was still able to perform his work conform 

preoperatively. This might again suggest a benefi cial effect of hernia repair being 

performed in a high volume center, although a larger group of patients might be 

needed to evaluate the socioeconomic impact of pain after endoscopic TEP repair. 

Postoperative pain was often localized in the scrotal or genital region, with inguinal 

pain being less common. Sensory disturbances were observed in respectively 39.5% 

and 23.1% of the patients 3 months and 1 year postoperatively and most often local-

ized at the scrotum or pubic triangle, suggesting at least a partial neuropathic origin 

of pain. Ejaculatory pain was observed in 4.0% (after 3 months) and 7.7% (after 1 year) 

of the patients with persisting pain, while Aasvang et al. described ejaculatory pain to 

be present in about 4% of patients who underwent open (conventional) hernia repair.

[34] In the study by Linderoth et al. an incidence of 2% ejaculatory pain after endo-

scopic inguinal hernia repair is described (unpublished fi ndings, follow-up not men-

tioned,[8]), but further data regarding this important issue is lacking. 

Genital or scrotal pain might be caused by injury to the genital branch of the 

genitofemoral nerve.[31,35,36] On the other hand, Amid et al.[3,31] hypothesized 
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that orchalgia might be related to injury to nerve fi bers within the lamina propria of 

the vas deferens, originating from the hypogastric plexus, rather than being related 

to injury of the (genital branch) of the genitofemoral nerve.[36] Using preperitoneal 

(endoscopic) hernia repair techniques, the handling and contact with the ductus 

deferens are different compared to the open anterior approach. It is suggested that, 

during the preperitoneal approach, the nerves within the lamina propria of the vas 

and the genitofemoral nerve are more vulnerable to neuropathy from direct contact 

with the mesh related to the lack of an ‘investing fascia’: within the inguinal canal, 

this fascia covers inguinal nerves and acts as a barrier between the nerves and the 

mesh, while in the preperitoneal space there is no investing fascia and therefore 

no protection of nerve fi bers from direct contact with the mesh.[31] Dysejaculation 

or ejaculatory pain has previously been described after vasectomy. Although the 

mechanism of dysejaculation is not entirely clear, it is suggested to be related to 

trauma to the vas deferens,[37] possibly also implying injury to the nerves within the 

lamina propria of the vas deferens. On the other hand, dysejaculation might also be a 

‘logical’ consequence of pain in the genital region.

Although we did not look into detail to the risk factors for moderate to severe 

postoperative pain after TEP repair, severe preoperative pain was associated with (mild 

and moderate) pain at three months postoperatively; 4 of the 16 patients with severe 

pain preoperatively had mild postoperatively, 1 patient had moderate pain (p= 0.06). 

This is in accordance to several other studies [38] observing that patients with severe 

pain at presentation or with a past history of chronic pain conditions are at increased 

risk of developing chronic pain after inguinal hernia repair. Powell et al. suggested this 

to be associated to a lower preoperative optimism.[39] 

To avoid (chronic) pain after preperitoneal hernia repair, a thorough knowledge of 

the preperitoneal anatomy is important.[31] In this context, Stark et al. described an 

increasing surgeon expertise to be responsible for a lower risk of iatrogenic nerve 

injury and, therefore, postoperative pain. The number of tacks or staples should be 

minimized or entirely avoided, since the use of tacks is associated with a higher risk 

of postoperative pain. Nerves commonly being injured by stapling in endoscopic 

preperitoneal (TEP and TAPP) hernia repair are the genitofemoral and lateral cutaneous 

nerve of the thigh (LCNT).[35] It is our personal experience that direct (iatrogenic) 

injury to the nerves in endoscopic preperitoneal hernia repair is uncommon if the 

mesh is not fi xated.[23,24] Although the spermatic cord should be handled with 

caution, identifi cation of the nerves seems therefore less important than in open 

anterior repair.
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To our knowledge, this is the fi rst study that addresses the incidence and time course 

of pain in TEP hernia repair until one year postoperatively. Admittedly, this study has 

the weakness of a cohort study describing results in a rather specifi c group of patients 

operated in a high volume dedicated TEP center, prohibiting an easy extrapolation to 

university institutions and public hospitals. Further studies are needed to describe 

pain in patients after (endoscopic TEP) inguinal hernia repair and should focus on a 

detailed description of the characterization and underlying pathogenesis of pain. It is 

also necessary to describe the diagnostic steps in discriminating between neuropathic 

and non neuropathic pain syndromes. Only by such careful studies and assessment 

of persistent postoperative pain can effi cient prevention and management techniques 

be developed.

In conclusion, the incidence of moderate to severe (i.e. substantial) pain until one year 

after endoscopic TEP hernia repair in a high-volume clinic is low, although a relatively 

high percentage of patients experience ‘any’ pain symptoms in the fi rst six weeks to 

three months after TEP repair. Following this selfl imiting time course of pain and the 

low risk of hernia recurrence in patients with pain, (surgical) reintervention or diag-

nostic re-examination should not be considered too early in the follow-up of these 

patients. 
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6

Impairment of sexual activity

Abstract
Background In patients with inguinal hernias, sexual activity may be impaired due 

to hernia-related pain. Surgical repair may improve these complaints but can also 

lead to similar symptoms as a long term complication of the operation. Endoscopic 

hernia repair is associated with less postoperative pain and earlier return to normal 

activities, but its effect on pain related sexual function is unknown. In this study, the 

incidence and effect of pain related to sexual activity are evaluated before and after 

endoscopic totally extraperitoneal (TEP) hernia repair.

Methods A hospital based questionnaire study of pain related sexual dysfunction was 

conducted in November 2009 in 500 male patients ≥ 18 years, who underwent TEP re-

pair of a primary hernia between March 2006 and December 2008. The response rate 

was 77.2%. 

Results Pain of any severity during sexual activity was reported by 124 patients (32.1%) 

preoperatively and 35 patients (9.1%) postoperatively. Only 2.3% of the 262 patients 

with no history of preoperative pain experienced moderate to severe (VAS 4–10) pain 

postoperatively. Pain impaired sexual function in 63 patients (16.3%) preoperatively 

and in 18 patients (4.7%) postoperatively. The majority of patients who reported pain 

during sexual activity preoperatively (n = 102, 82.3%) had no pain postoperatively. 

The frequency of moderate to severe painful sexual activity decreased from 21.2% 

(preoperatively) to 3.4% after TEP repair (P< 0.001), and the frequency of moderate 

to severely impaired sexual function decreased from 6.0 to 1.0% (P< 0.001). The 

preoperative presence of pain during sexual activity and chronic non hernia-related 

pain syndromes were predictive for the occurrence of postoperative pain.

Conclusion Painful sexual activity, present in one third of patients with inguinal her-

nias, improved in the majority of patients following TEP hernia repair. Postoperatively, 

moderate to severe painful sexual activity occurred in 2.3% of the patients with no 

history of preoperative complaints.



88

Introduction
The risk of hernia recurrence has been the primary endpoint in inguinal hernia 

studies for many years, but more recently attention is being paid to several quality of 

life (QoL) aspects. In particular, time to full recovery and chronic postoperative pain 

has been addressed.[1,2]

Recent reports indicate that improvement of QoL related issues is the main reason 

why patients undergo elective inguinal hernia repair.[3]

While chronic pain has been the subject of several studies, little is known about sex-

ual function in patients with inguinal hernias. Symptoms associated with an inguinal 

hernia can affect sexual function and surgical repair may improve quality of (sexual) 

life.[4,5] On the other hand, genital pain and dysejaculation following inguinal hernia 

repair have been described too.[2,6–8]

The studies regarding quality of sexual function after inguinal hernia repair are scarce 

and were conducted on patients who underwent open hernia repair.[2, 6, 9] A rela-

tionship between the presence of pain and an adverse effect on sexual function is 

conceivable. 

Endoscopic repair techniques are associated with less postoperative pain and earlier 

return to normal activities.[10,11] This may suggest a potential benefi cial effect of 

endoscopic hernia repair on sexual function as well.

In the present study the incidence of pain during sexual activity and the effect on 

sexual function before and after endoscopic totally extraperitoneal (TEP) hernia repair 

was assessed.

Methods
Since 2005, the endoscopic TEP hernia repair is the preferred operative technique for 

hernia repair in our hospital, and all elective operations are done by four surgeons. 

The operative technique has been described previously.[10,11]

The mesh graft is not fi xated, with no exception for bilateral hernias.[12,13] Further-

more, patients are discharged on the day of surgery without restrictions regarding any 

physical activity. All hernia repairs are registered prospectively.



89

Demographic data, hernia type, method of repair, and information regarding short-

term outcome (six weeks postoperatively) are collected in a database.

In November 2009, a questionnaire survey was sent to selected patients registered 

in the institutional database. Inclusion criteria were male gender, age ≥ 18 years, a 

primary unilateral inguinal hernia, and an endoscopic TEP hernia repair performed 

between March 1, 2006, and December 31, 2008. Patients with incarcerated inguinal 

hernias, diseases of the testicles (orchitis or tumors), and recurrent hernias during the 

observation period were excluded.

Between March 1, 2006, and December 29, 2008, 1,505 male patients 18 years of age 

or older underwent TEP hernia repair for a unilateral primary inguinal hernia. With a 

median observation period of 27 (range 18–50) months, questionnaires were mailed to 

500 randomly selected male patients who fulfi lled the inclusion criteria (Fig. 1). 

Nonresponders were sent a new questionnaire after 8 weeks. The questionnaire was 

similar to the one previously described by Aasvang et al.[6] and was based on the 

International Index of Erectile Function (IIEF).[14] Its goal was to assess the presence, 

frequency, intensity, and location of pain during sexual activity and the effect of pain 

on sexual function. A 10-point VAS scale, ranging from 0 (no pain) to 10 (worst pain), 

was used for pain assessment. VAS scores were categorized into no pain (VAS 0), mild 

pain (VAS 1–3), moderate pain (VAS 4–7), and severe pain (VAS 8–10).[15] The location 

of pain during sexual activity and the presence of chronic non hernia-related pain 

(i.e., back pain, frequent headaches, or other non-specifi ed chronic pain complaints) 

were also documented. Impairment of sexual function was classifi ed as ‘‘no,’’ ‘‘minor,’’ 

moderate,’’ or ‘‘severe.’’

The main endpoints of this study were the preoperative and postoperative presence 

of any pain during sexual activity and pain related impairment of sexual activity.

Moderate and severe pain were combined to represent substantial pain when explor-

ing the relationship between pain and other factors; similarly, moderate and severe 

impact on sexual functioning were grouped as ‘‘substantial’’ impairment. In addition, 

the relationship between the presence of pre- and postoperative substantial pain and 

sexual impairment and the association with other factors was evaluated.

6
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Data analysis
Statistical analyses were performed using SPSS ver. 17.0 (SPSS, Chicago, IL, USA®). 

Two-sided p-values were calculated from Fischer’s exact test and Pearson’s χ2-test 

where appropriate. McNemar analysis was used to assess the correlation between 

the presence of preoperative pain, chronic non hernia related pain, or postoperative 

complications as predictors of postoperative pain (for the total study population, 

n = 386). The signifi cance level was defi ned as p< 0.05.

Figure 1. Study fl owchart

Excluded:

-  Age < 18 years (n = 1)

-  Bilateral hernias (n = 341)

-   Conversion to open anterior

hernia repair (n = 13)

-   Recurrent hernias (n = 11)

TEP endoscopic hernia repair in male 

patients, (n = 1871)

TEP endoscopic hernia repair in male 

patients ≥ 18 years with primary unilateral 

hernias, no recurrences (n = 1505)

Questionnaire sent to a random selection 

(n = 500)
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Results
Questionnaires were returned by 386 patients a median of 27 (range = 18–50) months 

after TEP hernia repair (response rate 77.2%). Mean age at operation was 54 years 

(SD ± 12.9). Baseline characteristics of the patients are listed in Table 1. Perioperative

complications occurred in 14 patients (3.6%) and all complications receded with 

conservative measures.

Table 1. Baseline characteristics

  n %

Total no. of patients  386  100

Age (mean ± SD) (years)  54 ± 12.9

Hernia type

  Indirect  254  65.8

  Direct  114  29.5

  Combined (direct and indirect)  11  2.9

  Femoral  4  1.0

  Combined (femoral and medial)  3  0.8

Chronic non-hernia-related pain  123  31.9

Back pain 58  15.0

Headache  17  4.4

Pain elsewhere  48  12.4

Perioperative complications

  Bladder injury  1  0.3

  Hematoma/seroma  9  2.3

  Wound infection  4  1.0

Preoperatively, 124 patients (32.1%) reported pain during sexual activity, categorized 

as moderate to severe in 82 patients (21.2% of all patients). As shown in Table 2, the 

groin (n = 108) and the testis (n = 25) were the most common locations of preopera-

tive pain during sexual activity. Sixty-three patients reported pain-related impaired 

sexual function (16.3%), classifi ed as moderate to severe in 23 patients (6.0%). Seven 

patients (1.8%) reported ejaculatory pain and fi ve patients (1.3%) mentioned erection 

disorders in relation to the groin hernia. The majority (94.4%) of the 124 patients with 

pain during sexual activity preoperatively mentioned hernia-associated pain during 

other activities and/or rest also. Non hernia-related chronic pain was reported by 123 
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patients (31.9%): back pain (n = 58), frequent headaches (n = 17), and pain elsewhere

(Hip, knee, shoulder, abdomen; n = 48).

Table 2. Incidence of painful sexual activity, localization of pain and impairment of 

sexual function (n = 386)

  Preoperative (%) Postoperative (%) P value

Pain during sexual activity  124 (32.1)  35 (9.1)  0.001

Substantial paina  82 (21.2)  13 (3.4)  < 0.001

Impairment during sexual

activity 63 (16.3)  18 (4.7)  < 0.001

Substantial impairmentb  23 (6.0)  4 (1.0)  < 0.001

Location of painc

  Area of (previous) hernia  108 (28.0)  24 (6.2)

  Testis  25 (6.5)  16 (4.2)

  Ejaculatory  7 (1.8)  3 (0.8)

  Suprapubic  30 (7.8)  5 (1.3)

a Substantial pain: VAS 4–10, see ‘‘Methods’’ section

b  Substantial impairment of sexual function: moderate to severe impairment of sexual function, see 

‘‘Methods’’ section

c Since some patients indicated more than one region (e.g., inguinal and testis), the sum of n is higher 

than the number of patients with pain during sexual activity preoperatively (n = 124) or postoperatively 

(n = 35). Percentage calculations are based on the total number of pain locations divided by the total 

number of patients included in this study (n = 386).

After TEP repair, the incidence of painful sexual activity of any severity was 

signifi cantly reduced (Table 2: n = 35; 9.1% vs. 32.1% preoperatively, P = 0.001).

Moderate to severe pain during sexual activity decreased from 21.2% (82 patients) 

to 3.4% (13 patients, P< 0.001). Twenty-two of the 35 patients with painful sexual ac-

tivity postoperatively also experienced pain preoperatively, while 13 patients had no 

history of preoperative pain (5.0% of 262 patients without pain preoperatively). Post-

operatively, apart from the decrease in the proportion of patients with pain during 

sexual activity, pain was experienced less frequently, was less severe, and was more 

commonly located in the testis (Table 3). In addition, only 2.3% of patients who had no 

preoperative complaints experienced moderate to severe pain during sexual activity 

postoperatively.
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Postoperatively, 18 patients (4.7%) reported impairment of their sexual function [vs. 63 

patients (16.3%) preoperatively P< 0.001], and the postoperative incidence of moderate 

to severe sexual impairment was also signifi cantly lower than preoperatively (1.0% 

vs. 6.0%, P< 0.001, Table 2). Three patients reported pain-related ejaculatory disor-

ders (0.8%) and another three erection disorders (0.8%).Twenty-four of the 35 patients 

(68.6%) with postoperative painful sexual activity also experienced pain during other 

activities and/or rest.

Although the majority of patients who had pain during sexual activity preoperatively 

had no pain postoperatively (n = 102, 82.3%), the preoperative presence of moderate 

to severe painful sexual activity was associated with a risk of having substantial pain 

during sexual activity postoperatively (12.9% vs. 2.3%; P< 0.001). Patients who had a 

history of chronic non hernia-related pain also had a higher probability of having sub-

stantial painful sexual activity postoperatively (8.1% vs. 1.1%; P< 0.001). On the other 

hand, there was no signifi cant correlation between postoperative complications and 

postoperative painful sexual activity.

6
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Table 3. Severity of painful sexual activity, localization of pain, and impairment of 

sexual function before and after TEP hernia repair

  Preoperative Postoperative P value*

  (n = 124) (n = 35)

Pain severity    0.007

  VAS 1–3  42 (33.9)  22 (62.9)

  VAS 4–6  56 (45.1)  10 (28.5)

  VAS 7–10  26 (21.0) 3 (8.6)

Frequency of pain    0.016

  Seldom 60 (48.4)  26 (74.3)

  Often  48 (38.7)  5 (14.3)

  Always  16 (12.9)  4 (11.4)

Location of paina

  Groin  108 (87.0)  24 (68.6) 0.019

  Testis  25 (20.2)  16 (45.7)  0.004

  Ejaculatory  7 (5.6)  3 (8.6)  0.406

 Suprapubic  30 (24.2)  5 (14.3) 0.254

Impairment of sexual function   0.726

  None  61 (49.2)  17 (48.6)

  Minor  40 (32.3)  14 (40.0)

  Moderate  18 (14.5)  3 (8.6)

  Severe  5 (4.0)  1 (2.9)

* Statistics calculations are based on the total number of patients with pain during sexual activity (n = 

124 preoperatively and n = 35 postoperatively)

a Since some patients indicated more than one region (e.g., inguinal and testis), the sum of n is higher 

than the number of patients with pain during sexual activity. Percentage calculations are based on the 

total number of pain locations divided by the total number of patients with pain (n = 124 preoperatively 

and n = 35 postoperatively)
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Discussion
In the present questionnaire study, pain during sexual activity and impaired sexual 

function were observed in a substantial proportion of patients before TEP hernia re-

pair and the operation had a signifi cant benefi cial infl uence. 

Both pain and sexual impairment were less common postoperatively, and in those 

who did experience postoperative pain during sexual activity, it was less severe. The 

preoperative presence of painful sexual activity or other chronic pain was predictive 

of postoperative complaints.

Few studies have dealt with sexual function after inguinal hernia repair, merely fo-

cusing on general sexual function (such as erectile disorders) [2,5,9] and not so much 

on pain during sexual activity and pain-related impairment of sexual function.[6,7] 

To our knowledge, this is the fi rst study that evaluates the incidence of painful sexual 

activity and impairment of sexual function before and after endoscopic totally extra-

peritoneal (TEP) hernia repair.

The observed incidence of painful sexual activity and impaired sexual function in 

patients with inguinal hernias was substantial. One third of patients had painful sex-

ual activity, scored as moderate to severe by one fi fth of the patients. Furthermore, 

this pain had a substantial adverse effect on sexual function in 6% of the patients. 

The observed incidences are higher than those recently reported by Aasvang et al. 

[16], who found that 12% of the patients who had painful sex preoperatively, with 

a substantial associated impairment of sexual function in 2.3% of the patients. In 

another study, Zieren et al.[2] observed sexual disorders (erectile dysfunction and/or 

orgasm problems) in 23% of patients with inguinal hernias. Thus, sexual activity, as a 

quality-of-life parameter, appears to be greatly affected by the presence of an inguinal 

hernia.

Even more important was the signifi cant improvement following surgery, refl ecting a 

benefi cial effect of the operative procedure. The incidence of pain and impaired sex-

ual function were signifi cantly less postoperatively. In addition, in patients who did 

report painful sexual activity postoperatively, the severity and frequency of the pain 

was signifi cantly less than preoperatively.

The observed improvement in postoperative sexual functioning in this study appears 

promising in comparison to the scarce literature. The decrease of moderate to severe

painful sexual activity following TEP hernia repair (21.2 vs. 3.4%) and decrease in sub-

stantial impairment of sexual function (6.0 vs. 1.0%) compare favorably with the re-
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sults reported by Aasvang et al.[16] In their study, moderate to severe pain-related 

impaired sexual function was present in 2.3% of patients preoperatively and in 1.2% 

of patients 6 months after open anterior mesh or endoscopic TAPP hernia repair. How-

ever, the incidence of pain-related impairment was not evaluated separately for endo-

scopic TAPP repair compared to open anterior mesh repair.[16]

Improved sexual function (although not studied in relation to pain) has been observed 

by others too. Ertan et al.[4] and El-Awady and Elkholy [5] reported a signifi cant recovery 

of sexual function 3 months after open anterior mesh repair, with 85% of patients 

improving their IIEF scores [4], while Zieren et al.[2] observed a decline of ‘‘potency or 

orgasm disorders’’ after Plug and Patch repair from 23.2 to 16.1% postoperatively.

It is well documented that TEP hernia repair, in experienced hands, is associated with 

less (chronic) postoperative pain [10, 11], and it is conceivable that this should also 

refl ect on painful sexual activity and sexual function. As such, it is illustrative that 

in the subset of patients who had no complaints of painful sexual activity and/or 

pain associated sexual impairment preoperatively, the postoperative frequency of 

moderate to severe painful sexual activity was only 2.3%, quantitatively refl ecting 

the limited adverse effect of hernia repair. Another adverse effect of operative 

treatment is hidden in the observed higher frequency of testicular and ejaculatory 

pain postoperatively than preoperatively, which is in accordance with another study 

by Aasvang et al.[6]

It is suggested that trauma to the vas deferens and nerves due to scarring is involved 

in the mechanism underlying genital (such as testicular or ejaculatory) pain and sub-

sequent sexual dysfunction.[6, 17,18] Therefore, it is suggested that in hernia repair, 

overzealous dissection of the (distal part of the) spermatic cord should be avoided.

[19–21] In TEP hernia repair, extensive dissection of the spermatic cord is not required, 

which likely explains the comparatively favorable and absolute limited incidence of 

postoperative painful sexual activity and sexual impairment.

Therefore, it may be the most appropriate technique for preventing postoperative 

genital pain and sexual dysfunction.[20,22]

Apart from the operation as a causative for painful sex postoperatively, other factors 

were also important. The preoperative presence of pain in the genital area and the 

preoperative presence of pain irrespective of the anatomical location were predictive 

of painful sex and impaired sexual function postoperatively. As such, the effect of 

these factors appeared larger than the effect of the hernia repair.[23]
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In conclusion, symptoms specifi cally associated with inguinal hernias, such as groin 

bulge or pain, can lead to limitations of a patient’s sexual function. This study demon-

strates the recovery of sexual function in the majority of patients following endoscop-

ic TEP hernia repair in male patients with primary unilateral hernias.

6

Impairment of sexual activity



98

References
1.  Callesen T, Bech K, Nielsen R, Andersen J, Hesselfeldt P, Rojkjaer O, Kehlet H (1998) Pain after groin 

hernia repair. Br J Surg 85:1412–1414

2.  Zieren J, Menenakos C, Paul M, Mu¨ller JM (2005) Sexual function before and after mesh repair of 

inguinal hernia. Int J Urol 12:35–38

3.  Pokorny H, Klinger A, Scheyer M, Függer R, Bischof G (2006) Postoperative pain and quality of life after 

laparoscopic and open inguinal hernia repair: results of a prospective randomized trial. Hernia 10: 

331–337

4.  Ertan T, Keskek M, Kilic M, Dizen H, Koc M, Tez M (2007) Recovery of sexual function after scrotal 

hernia repair. Am J Surg 194:299–303

5.  El-Awady SE, Elkholy AAM (2009) Benefi cial effect of inguinal hernioplasty on testicular perfusion 

and sexual function. Hernia 13:251–258

6.  Aasvang EK, Møhl B, Bay-Nielsen M, Kehlet H (2006) Pain related sexual dysfunction after inguinal 

herniorrhaphy. Pain 122:258–263

7.  Aasvang EK, Møhl B, Kehlet H (2007) Ejaculatory pain: a specifi c postherniotomy pain syndrome? 

Anesthesiology 107:298–304

8.  Bendavid R (1995) Dysejaculation. Probl Gen Surg 12:237–238

9.  Zieren J, Beyersdorff D, Beier KM, Müller JM (2001) Sexual function and testicular perfusion after 

inguinal hernia repair with mesh. Am J Surg 181:204–206

10.  Lau H, Patil NG, Yuen WK (2006) Day-case endoscopic totally extraperitoneal inguinal hernioplasty 

versus open Lichtenstein hernioplasty for unilateral primary inguinal hernia in males: a random-

ized trial. Surg Endosc 20:76–81

11.  Langeveld HR, Van‘t Riet M, Weidema WF, Stassen LP, Steyerberg EW, Lange J, Bonjer HJ, Jeekel J (2010) 

total extraperitoneal inguinal hernia repair compared with Lichtenstein (the LEVEL-Trial): a ran-

domized controlled trial. Ann Surg 251:819–824

12.  Spitz JD, Arregui ME (2000) Sutureless laparoscopic extraperitoneal inguinal herniorrhaphy using re-

usable instruments: two hundred three repairs without recurrence. Surg Laparosc Endosc Percutan 

Tech 10:24–29

13.  Koch CA, Greenlee SM, Larson DR, Harrington JR, Farley DR (2006) Randomized prospective study of 

totally extraperitoneal inguinal hernia repair: fi xation versus no fi xation of mesh. JSLS 10: 457–460

14.  Rosen RC, Riley A, Wagner G, Osterloh IH, Kirkpatrick J, Mishra A (1997) The International Index of 

Erectile Function (IIEF): a multidimensional scale for assessment of erectile dysfunction. Urology 

49:822–830

15.  Loos MJ, Roumen RM, Scheltinga MR (2007) Classifying postherniorrhaphy

 pain syndromes following elective inguinal hernia repair. World J Surg 31(9):1760–1765

16.  Aasvang EK, Gmaehle E, Hansen JB, Gmaehle B, Forman JL, Schwarz J, Bittner R, Kehlet H (2010) Pre-

dictive risk factors for persistent postherniotomy pain. Anesthesiology 112:957–969



99

17.  Christiansen CG, Sandlow JL (2003) Testicular pain following vasectomy: a review of post vasectomy 

pain syndrome. J Androl 24:293–298

18.  Uzzo RG, Lemack GE, Morrissey KP, Goldstein M (1999) The effects of mesh bioprosthesis on the sper-

matic cord structures: a preliminary report in a canine model. J Urol 161:1344–1349

19.  Wantz GE (1986) Testicular atrophy as a sequela of inguinal hernioplasty. Int Surg 71:159–163

20.  Reid I, Devlin HB (1994) Testicular atrophy as a consequence of inguinal hernia repair. Br J Surg 

81:91–93

21.  Koontz AR (1965) Atrophy of the testicle as a surgical risk. Surg Gynecol Obstet 120:511–513

22.  Ersin S, Aydin U, Makay O, Icoz G, Tamsel S, Sozbilen M, Killi R (2006) Is testicular perfusion infl u-

enced during laparoscopic inguinal hernia surgery? Surg Endosc 20:685–689

23.  Courtney CA, Duffy K, Serpell MG, O’Dwyer PJ (2002) Outcome of patients with severe chronic pain 

following repair of groin hernia. Br J Surg 89:1310–1314





Chapter 7
Mechanism, assessment, and incidence of male infertility 
after inguinal hernia surgery: A review of the preclinical 
and clinical literature

H Tekatli

N Schouten

T van Dalen

JPJ Burgmans

N Smakman

The American Journal of Surgery 2012; 204: 503-509 





103

7

Review: Male fertility

Abstract
Background The treatment of inguinal hernia has changed considerably over the past 

15 years. We reviewed the preclinical and clinical literature to fi nd out the effect of 

inguinal hernia surgery on male fertility because it has been suggested that hernia 

surgery may impair testicular function and male fertility.

Data sources A search on Embase, MEDLINE, and the Cochrane Library was performed 

to fi nd related articles.

Conclusions Animal models show substantial effects of hernia repair on the struc-

tures in the spermatic cord, which is more pronounced in mesh repairs. Although the 

number of studies and the included numbers of patients were limited, clinical studies 

indicate that these potential adverse effects do not seem to have a clinical impact on 

male fertility in humans with inguinal hernias. Future clinical studies, preferably with 

bilateral patients, are necessary to investigate the clinical relevance of the effects of 

inguinal hernia and hernia surgery on male fertility.
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Introduction
Inguinal herniorrhaphy is the most commonly performed general surgical procedure 

in the Western world. Worldwide, over 20 million inguinal hernia repairs are 

performed each year.[1] Treatment has changed considerably over the past 15 years. 

Surgical techniques have evolved from simple tissue-based repairs to the modern 

“tension-free” mesh repairs that are performed by a conventional open anterior or 

a laparoscopic/endoscopic approach. Although recurrence rates have decreased 

with the introduction of mesh hernia repairs, more interest is now directed to other 

consequences of hernia surgery, such as persistent postoperative pain and the time 

needed to resume normal activities. 

Hernia surgery may impair testicular function too, and, ultimately, it may affect male 

fertility. Although it is presumed to be rare, in a retrospective study, the incidence 

of unilateral vas deferens obstruction in subfertile men with a history of pediatric 

inguinal hernia repair was reported to be as high as 27.8%.[2] This suggests a non 

negligible effect of pediatric hernia surgery on fertility. 

The objective of this review was to appraise the literature regarding the frequency, 

mechanisms, and assessment of impaired gonadal function and vas deferens patency 

after inguinal hernia and hernia surgery.

Methods
A literature search was performed in Embase, MEDLINE, and the Cochrane Library. 

Search terms were “inguinal hernia” OR “herniorrhaphy” OR “hernia surgery” OR “her-

nia repair” AND “perfusion” OR “volume” OR “infertility” OR “fertility” OR “atrophy” OR 

“ischemia” OR “ischemia” OR “semen analysis” OR “spermogram” OR “vas obstruction” 

OR “vas deferens” OR “vasal obstruction” OR gonadotrophins” OR “gonadotropins” OR 

“azoospermia” OR “oligospermia” OR “testicular” OR “testis” OR “testes.” All titles and 

abstracts of studies identifi ed by the initial search were screened to select relevant 

studies in English. All cross-references were screened for potentially relevant studies 

not identifi ed by the initial literature search.
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Mechanisms of Injury to the Testis or Vas 
Deferens Associated With Hernia Surgery
Within the inguinal canal, the spermatic cord contains the vas deferens, the testicular 

vessels, the pampiniform plexus, the lymphatic vessels, and three nerves (i.e., the 

genital branch of the genitofemoral nerve, the ilioinguinal nerve, and sympathic 

nerves of the testicular plexus).[3] Although vascular injury during surgery may result 

in ischemic orchitis, testicular atrophy, and hormonal dysfunction, iatrogenic damage 

or scarring may obstruct the vas deferens. Both vascular and mechanical injury to the 

spermatic cord may compromise fertility.

Vascular injury
The testicle has a rich blood supply. Its main arterial supply is the internal spermatic 

artery (also called the testicular artery) that arises from the aorta.[4] This artery 

branches at the posterosuperior aspect of the testis where capsular arteries perforate 

the tunica albuginea continuing as centripetal arteries that enter the testicular 

parenchyma.[5] A network of collateral arteries within the testes makes it so that 

disruption of the testicular artery does not always result in testicular ischemia. The 

veins draining the testicle form the pampiniform plexus. These veins coalesce and 

form the spermatic vein at the internal inguinal ring. The venous drainage has many 

collaterals such as the superfi cial and deep epigastric veins and scrotal veins.[4] 

Damage to the vascular structures in the spermatic cord leads to ischemic orchitis. 

The reported frequency of ischemic orchitis and testicular atrophy is less than 1% 

after routine inguinal hernia repair, but this is increased after recurrent hernia repair.

[6] Most patients with scrotal swelling and testicular pain after hernia repair will 

have a combination of both arterial and venous occlusion.[4] According to Wantz 

[7], the principal cause of ischemic orchitis is venous congestion by thrombosis of 

the pampiniform plexus caused by surgical trauma. Apart from the direct surgical 

trauma, the implantation of mesh causes an infl ammatory reaction and the 

subsequent development of scar tissue surrounding the mesh. This may also result in 

the compression of the testicular arteries or obstruction of the veins. This is supposed 

to be another important cause of ischemic orchitis after tension-free mesh repair.[8]

Postoperative orchitis usually subsides completely without permanent damage to the 

testicle. Only rarely does the testicle become atrophic. The seminiferous tubules, which 

produce spermatozoa, are usually absent in atrophic testicles.[9] The testosterone-

producing Leydig cells and the supporting Sertoli cells usually remain preserved. 

Atrophic testes measuring less than two cm in size may secrete quite normal amounts 
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of testosterone. Only in very severe testicular atrophy is Leydig cell function lost. It has 

been suggested that unilateral herniorrhaphy could not produce androgen defi ciency 

in cases of unilateral atrophy caused by a normal contralateral testis. Nevertheless, 

Yavetz et al.[10] showed in infertile men with a history of unilateral herniorrhaphy 

that the highest follicle-stimulating hormone (FSH) levels were found in the group 

with postoperative atrophy of only one testis.

Mechanical injury to the vas deferens
The vas deferens may be damaged by intraoperative iatrogenic transection or com-

pression. Twenty-fi ve percent of iatrogenic vasal injuries are caused by transection 

related injuries.[8] The compression type injury can be caused by intraoperative 

handling of the vas, by encroachment in the postoperative scar tissue, and by tight 

placement of the mesh around the cord.[8] 

Both the transaction- and compression type injuries can lead to oligo- or azoosper-

mia. The reported incidence of injury to the vas deferens varies between 0.3% and 

7.2%.[11] Furthermore, in subfertile men with a history of pediatric inguinal hernia 

repair, the incidence of unilateral vas deferens obstruction was as high as 27.8%, im-

plying a substantial effect of hernia surgery on vas deferens patency.[2]

Assessing Testicular Function and Vas 
Deferens Patency
Testicular perfusion and volume analysis
Testicular volume, morphology, and perfusion can be assessed with ultrasound 

techniques. The vascular resistance or the resistive index (RI) represents testicular 

perfusion and can be measured by color Doppler, power Doppler, and spectral Doppler 

ultrasound. Using the pulsed wave Doppler ultrasound, the peak systolic velocity (PSV) 

and the end-diastolic velocity (EDV) can be measured, and the RI can be calculated as 

follows: RI = PSV - EDV ÷ PSV. Inguinal hernia and inguinal hernia repair may cause a 

mechanical obstruction of the blood vessels in the spermatic cord and may lead to an 

increased RI in the ipsilateral testicle. Moreover, Pinggera et al.[5] found a relationship 

between the RI and the sperm count. In patients with a low sperm count, the RI was 

signifi cantly increased (> 0.6) compared with patients with normal sperm counts. This 

relationship suggests that the intratesticular RI can be used as a means to quantify 

testicular perfusion and, indirectly, assess gonadal function. Hence, testicular 

perfusion is related to testicular function.
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Gonadal function analysis
Endocrine markers of testicular function include serum testosterone, the luteinizing 

hormone, and the FSH. These hormones show alterations in various types of primary 

and secondary infertility and are useful for general screening.[12] These hormonal 

function analyses provide indirect information about testicular function.

Semen analysis
Semen analysis can be used as a parameter for seminal tract patency or obstruction. 

Bilateral obstruction causes azoospermia, and unilateral or subtotal bilateral 

obstructions can cause oligozoospermia. Obstruction of the male reproductive tract 

is frequently observed in men with severe oligozoospermia but normal testis volume 

and normal FSH levels.[13]

Experimental Animal Models
The effects of hernia surgery on the adjacent spermatic cord structures, epididium, 

testes, and their function have been studied in several animal models. In particular, 

after mesh repairs, an (chronic) infl ammatory reaction that incorporates the spermatic 

cord and mesh appears 1 week to 12 weeks after surgery. This has been observed in 

different animal models, and this infl ammatory reaction is observed both after anterior 

and posterior (preperitoneal) hernia repairs.[14-18] The extent of the infl ammatory 

reaction around the implanted mesh depends on the amount and structure of the 

incorporated material. Biocompatibility studies showed that mesh types with greater 

pore sizes and a reduced amount of polypropylene (i.e., low-weight mesh types) result 

in less infl ammation and fi brosis after implantation compared with the heavyweight 

mesh types, such as the frequently used Prolene® mesh (Ethicon, Somerville, NJ).

[19,20] The low-weight mesh types were also accompanied by decreased rates of 

apoptotic and proliferating cells.[19] Polypropylene meshes show more adhesions 

to the spermatic cord than expanded polytetrafl uoroethylene meshes.[21] Moreover, 

venous congestion in the testicular blood fl ow was only seen after polypropylene 

(Prolene® and Marlex® [Davol Inc, Cranston, RI]) mesh implantation.[18,21] This typical 

infl ammatory reaction is not seen after Shouldice (non mesh) herniorrhaphy.

In a dog model, no differences between mesh and non mesh repair were found in the 

testicular arterial blood fl ow.[14] However, postoperative arterial perfusion of the testis 

was reduced in rabbits after hernia surgery, and a more profound decrease was observed 

after mesh repair than after Shouldice repair. In addition, a decreased spermatogenesis 

was seen after mesh repair in these rabbits and not after Shouldice repair.[15,16]
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Several animal studies investigated the effects of mesh and non mesh repairs on the 

patency of the vas deferens and the cross-sectional vasal luminal diameter. Most 

studies show a reduction of the vasal diameter after herniorrhaphy; this reduction is 

more pronounced after mesh repair.[14,18,22] Again, the effect of a heavyweight mesh 

seems to be more severe than the effect of a lightweight mesh.[22] Other studies did 

not fi nd an effect of herniorrhaphy on the vasal diameter although Kolbe and Lechner 

[23] did fi nd an accumulation of spermatozoids in the vas deferens proximal to the 

mesh because of a functional obstruction caused by the scarifi cation process.[15-17]

Few studies examined the testicular volume and testicular weight after hernior-

rhaphy, and these studies showed contradicting results. A study in dogs showed a non 

signifi cant decrease in the testicular volume after mesh repair, whereas in rabbits a 

10% increase in the testicular volume was seen after both Shouldice and mesh repairs.

[14-16,24] 

Two studies examined serum testosterone levels from the testicular vein and 

peripheral veins after herniorrhaphy. Uzzo et al.[14] found signifi cantly higher 

contralateral (control) testicular vein testosterone levels 6 and 12 months after mesh 

repair compared with Shouldice repair in dogs. Berndsen et al.[24] did not fi nd any 

difference in hormone levels between the operated and the control side of rats in the 

suture repair or the Prolene mesh group 90 days after surgery. In the latter study, the 

lightweight mesh group showed signifi cantly lower values of serum testosterone of 

the testicular vein on the operated side compared with the nonoperated contralateral 

side, showing a possible effect of mesh type.[24]

Impaired Testicular Function and Vas 
Deferens Patency: Clinical Studies in 
Patients With an Inguinal Hernia 
In the last decades, several clinical studies into the effects of inguinal hernia and 

herniorrhaphy on spermatic cord structures and fertility have been conducted. Most 

of these studies examined the effects of the various repairs, but a few studies also 

investigated the (preoperative) effect of the hernia itself.

Effect of the presence of an inguinal hernia
The inguinal hernia itself could exert an effect by compression of the spermatic cord 

structures (Table 1). A number of studies examining the difference between the hernia 
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side and the “healthy” contralateral side showed an increased RI of the intratesticular 

blood fl ow on the hernia side.[12,25,26] This increased RI returned to normal 6 months 

after herniorrhaphy.[12] In contrast, others were not able to detect an effect of the 

ipsilateral hernia on testicular blood fl ow or function.[27–31] The testicular volume 

was not affected by the ipsilateral inguinal hernia.[12,25,27,28,30,31]

Table 1. Clinical studies concerning the effect of an inguinal hernia

Study N Outcomes Results

Turgut [26], 2007  26  Perfusion, volume  Signifi cantly higher RI and 

    testicular volume on the 

    hernia side

Beddy [12], 2006  37 Perfusion, volume,  Signifi cantly higher RI on 

   gonadal function the hernia side 

El-Awady [25], 2009  40  Perfusion, volume  Signifi cantly higher RI on

    the hernia side

Zieren [31], 2000  73  Perfusion, volume  N.S.

Akbulut [27], 2003  26  Volume, gonadal  N.S.

   function 

Lima Neto [28], 2007  39  Perfusion, volume  N.S.

Ramadan [30], 2008  48  Perfusion  N.S.

Peeters [29] 2010 59  Perfusion, volume N.S.

Perfusion refers to testicular perfusion and volume to the testicular volume

N.S. = not signifi cant.

Effect of hernia surgery
Recently, Hallén et al. [32,33] conducted both a prospective and retrospective 

questionnaire study to assess the prevalence of male infertility after hernia repair 

(Table 2). In the prospective study, they did not fi nd signifi cant differences in male 

fertility after bilateral hernia repair (mesh repair or suture repair) compared with 

the general population.[32] In contrast, subgroup analysis in the retrospective study 

revealed a signifi cantly higher risk of infertility after bilateral mesh repair compared 

with bilateral tissue-based suture repair.[33]

Testicular perfusion The studies investigating the effects of herniorrhaphy on 

testicular perfusion all involve patients with mesh repairs (Table 2). Varying changes 
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in both intratesticular and supratesticular blood fl ow have been reported. Beddy et al. 

[12] found signifi cantly lower mean RI values for intratesticular blood fl ow 6 months 

after totally extraperitoneal (TEP) repair and Lichtenstein repair. This decrease in 

the RI after TEP repair was confi rmed by Ersin et al. [34] in both the capsular and 

intratesticular arteries. This was accompanied by a signifi cant increase in PSV and 

EDV in these arteries. In contrast, others showed a signifi cant increase in the RI 

and a decrease in the PSV and EDV after Lichtenstein [35] or open preperitoneal [36] 

repair that returned to normal levels at the long-term follow-up.[25,36] Several other 

studies did not show signifi cant differences in both intratesticular and supratesticular 

blood fl ow after plug and patch repair [31], Lichtenstein repair [28,30,37–40], TEP 

repair [37,38,40,41] or transabdominal preperitoneal repair (TAPP).[42] Leibl et al. [42] 

investigated the effect on testicular perfusion of mesh fi xation in transabdominal 

preperitoneal repair by clips or sutures but did not fi nd an adverse effect.

Testicular volume The study of Akbulut et al.[27] investigated the testicular volume 

preoperatively and 3 months after Lichtenstein and TEP repair; they observed 

signifi cant differences in testicular volume. After TEP repair, the testicular volume was 

signifi cantly lower than after Lichtenstein repair. The observed testicular volumes 

were within normal limits and not accepted as testicular atrophy. Various other 

studies concerning the effects of plug and patch repair, Lichtenstein repair, and TEP 

repair on testicular volume did not fi nd any signifi cant changes between pre- and 

postoperative values.[12,25,28,31,35,41] Two of these studies had a long-term follow-

up of 9 months postoperatively for the Lichtenstein repair.[25,39]

Gonadal function Hormonal (dys)function after herniorrhaphy has been investigated 

in 3 studies.[12,27,41] Akbulut et al. [27] and Beddy et al. [12] measured the serum 

luteinizing hormone, FSH, and testosterone levels preoperatively and 3 and 6 months, 

respectively, after Lichtenstein repair and TEP repair. Postoperatively, the luteinizing 

hormone, FSH, and testosterone levels did not change signifi cantly. Skawran et al. [41] 

included only bilateral TEP patients between 18 years and 60 years old. They analyzed 

the luteinizing hormone, FSH, and testosterone levels prospectively in a lightweight 

mesh group (n = 21) and retrospectively in a heavyweight mesh group (n = 38) with a 

follow-up of at least 3 months after surgery. They did not fi nd any differences in both 

groups.

 

Semen analysis Four studies investigated spermiograms after hernia repair. 

[29,35,36,41] Aydede et al. and Sucullu et al. included patients with a unilateral hernia. 

Aydede et al. [36] examined semen in 30 posterior preperitoneal mesh repairs and 
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30 anterior tension-free repair patients with spermiograms preoperatively and on 

the 75th postoperative day. There was no statistically signifi cant difference between 

pre- and postoperative spermiogram results (density and motility) in both groups. 

Sucullu et al. [35] confi rmed these fi ndings in young patients who underwent 

unilateral Lichtenstein (n = 32) or plug and patch repair (n = 32). No differences in 

sperm concentration and the rate of progressive motility were measured. Peeters 

et al. [29] compared standard polypropylene mesh (n = 20) with lightweight mesh 

(n = 39) for TEP repair. Preoperatively and 1 year after repair, they performed semen 

analyses. In patients operated on with a lightweight mesh, signifi cantly decreased 

sperm motility was seen (vs. preoperative values) compared with the standard mesh. 

When the results after uni- (n = 39) and bilateral (n = 20) hernia repair were analyzed 

separately, the difference remained signifi cant in the bilateral hernia subgroup. They 

did not fi nd a difference in other parameters (i.e., sperm concentration, morphology, 

and α-glucosidase level). Skawran et al. [41] studied patients below 60 years of age who 

underwent bilateral TEP hernia repair. They determined the ejaculate volume and the 

number of spermatic cells before lightweight mesh TEP repair and at least 3 months 

after and did not fi nd signifi cant differences. They also investigated a retrospective 

group of bilateral patients with heavyweight mesh TEP repair. After a follow-up of at 

least 3 months, they did not fi nd any signifi cant differences in semen parameters.
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Comments
We reviewed the literature regarding the effects of inguinal hernia and hernia surgery 

on testicular function and male fertility, hypothesizing that damage to the testicular 

blood vessels or to the vas deferens may result in ischemic orchitis, testicular atrophy, 

hormonal dysfunction, or vas deferens obstruction and can ultimately impair male 

fertility. In the available literature, many indirect parameters are used to assess gonadal 

function and evaluate the effect of hernia surgery on male fertility. Most studies focus 

on testicular perfusion using endosonography. Others assess the testicular volume or 

hormonal function analysis. 

In our opinion, the most relevant parameter is semen analysis. Particularly in patients 

with a bilateral inguinal hernia (repair), semen analyses can be used to assess 

vasal damage and the effects on spermatogenesis. Unfortunately, this parameter is 

investigated only incidentally, possibly because of its relatively incriminating nature.

When tissue based hernia repair was the procedure of choice, little attention was 

paid to the possible adverse effects on male fertility. Since the introduction of mesh 

hernia repairs, concerns about the risk of obstructive azoospermia were raised based 

on observations in experimental model studies in animals. These studies showed a 

typical chronic infl ammatory reaction and fi brosis that was present after anterior 

and posterior mesh repairs, [14–18,21] but this was not seen after Shouldice repair.

[18,21] Lightweight mesh types resulted in decreased infl ammation and fi brosis 

compared with heavyweight mesh types.[19–21,43] A reduction of the vas deferens 

diameter was seen after mesh and non mesh repair but was more pronounced after 

heavyweight mesh repair.[14,18,22] Most animal studies also showed that mesh 

repair was associated with reduced testicular perfusion.[14–16] Lastly, decreased 

spermatogenesis was seen after mesh repair and not after Shouldice repair.[15,16] 

Although varying results were seen in different models, most preclinical studies 

in animals showed adverse effects of hernia surgery on gonadal function, with the 

effect being more profound after mesh repairs and the type of mesh also having an 

infl uence. 

A number of clinical studies investigated the effects of hernia surgery, commonly 

using testicular volume or blood supply as an endpoint. Despite the limitations of 

these studies (i.e., nonuniform measurements), the studies did not consistently fi nd 

a signifi cant difference between pre- and postoperative testicular perfusion. The 

testicular volume did not change signifi cantly after hernia repair either. The only 
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study that did show a signifi cant difference between Lichtenstein and TEP repair 

included few patients, and the testicular volumes were within normal limits.[27] 

Hernia repair does not appear to alter endocrine function although it was examined 

by only 3 studies.[12,27,41] Only 4 studies used spermiograms to assess the effect of 

hernia surgery.[29,35,36,41] Two studies included patients treated by unilateral hernia 

surgery. No signifi cant changes in semen parameters were detected postoperatively. 

[35,36] Contradicting results were reported by the two studies in patients who 

underwent bilateral TEP surgery. Peeters et al.[29] found a signifi cant decrease in 

sperm motility, whereas Skawran et al.[41] did not fi nd signifi cant differences in the 

ejaculate volume or the spermatic cell count. Unfortunately, both studies included a 

small amount of patients. In their infertility questionnaire studies, Hallén et al.[32,33] 

showed a signifi cantly higher risk of infertility after bilateral mesh repair in the 

retrospective study, whereas this fi nding could not be confi rmed in their prospective 

study. Although the number of patients in the prospective study was relatively small, 

it suggested that the effect of bilateral mesh repair on male fertility is probably of 

limited clinical importance.[32] 

At present, we are conducting a prospective study in patients with bilateral inguinal 

hernia who are operated on by means of an endoscopic totally extraperitoneal mesh 

repair (MAIN trial, NTR2208). Gonadal function tests, semen analyses, testicular 

perfusion, and volume analyses will be performed preoperatively and 6 months 

postoperatively to examine any effect of this operative procedure on male fertility. 

Results of this study will be reported in due course.

Conclusions
In conclusion, although animal models show substantial effects of hernia surgery 

on the structures in the spermatic cord, the effect being more pronounced in mesh 

repairs, clinical studies indicate that these potential adverse effects do not seem to 

have a clinical impact on male fertility in humans with inguinal hernias. Then again, 

the number of studies and the included number of patients were limited, making it 

hard to draw fi rm conclusions regarding the effect of mesh hernia repair on male 

fertility. Future studies with greater amounts of bilateral inguinal hernia patients are 

necessary to further investigate the clinical relevance of the effects of inguinal hernia 

repair on male fertility.
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Summarizing Discussion
The endoscopic TEP technique is an appealing hernia repair technique. The time to 

resume work- or sports activity and the frequency of chronic postoperative pain are 

low in comparison with the Lichtenstein repair, while patient satisfaction is high. TEP, 

offering an adequate intra-operative diagnosis and subsequent treatment of all hernia 

subtypes is, in experienced hands, associated with low hernia recurrence rates too.[1] 

The supposedly substantial learning curve remains its most important disadvantage, 

emphasizing the need to have TEP performed by experienced surgeons.[2]

A learning curve period is typically defi ned as the time a surgeon needs to gain 

experience with a particular procedure, in order to achieve good clinical outcomes, 

acceptable operative times and to reach a ‘comfort zone’.[3] This learning curve can 

be evaluated by means of operative times, but maybe more importantly by the rate of 

conversions and complications. Since an endoscopic TEP procedure requires special 

skills and a sound knowledge of the preperitoneal anatomy, as such being quite 

different than the anatomical view during an anterior approach, it is believed that the 

learning curve of TEP is longer than for Lichtenstein repair.[2,4] Some surgeons even 

claim that TEP is more diffi cult to learn than TAPP, due to the limitation of the working 

space and different appreciation of the anatomical landmarks.[5] 

Limited and confl icting data are available on the extent of the learning curve of TEP 

hernia repair. The EHS guidelines suggest that it ranges between 50 and 100 procedures, 

the fi rst 30 to 50 being critical [2,6-8]. Choi et al. suggest the fi rst 60 procedures to be 

critical, [9] while Lovisetto observed a learning curve period of at least 75 for TAPP [10] 

and others suggest that even more than 200 procedures are needed to achieve optimal 

results.[8,11] In Chapter 2, we studied the relationship between (surgeon) expertise 

and operative time, perioperative complications, conversion rate and recurrences, 

in order to learn whether an end of the learning curve of endoscopic TEP hernia 

repair can be defi ned. During the fi rst 50-100 TEP repairs results optimized in terms 

of intraoperative complications and recurrences, while a decline in the conversion 

rate, incidence of short-term postoperative complications and operative time was 

still observed after more than 400 individually performed TEP procedures. In addition, 

the overall perioperative complication rates and the incidence of chronic pain in the 

present cohort compared favorably to these outcomes reported by others.[2,12-14] 

Since the setting of this study was a high volume TEP clinic, it implies relevance of 

case volume and “concentration of care”. This is in accordance with other studies 

where a higher caseload has been associated with better outcomes. Although this is 



122

studied in particular in major surgical procedures, such as cardiothoracic, pulmonary 

or pancreatic surgery, it is less well studied for inguinal hernia surgery.[15,16] Then 

again, it is known that very good clinical outcomes are achieved in so called high 

volume hernia clinics.[12,13,17-20]

During the learning curve period of TEP, the risk of serious complications is higher 

and operative times are longer. Perioperative diffi culties encountered during this 

period may be reason for the surgeon to abandon this operative technique. Adequate 

surgical training should minimize these risks, but patient- and hernia related factors 

may also affect the ease by which the operative technique is performed. If so, it would 

be possible to select a category of patients in order to optimize surgeon comfort during 

the learning curve and to ensure patient safety. In Chapter 3 patient- and hernia 

related characteristics associated with perioperative complications, conversion 

to open anterior repair, and operative time were studied. A history of abdominal 

surgery, bilateral hernias and scrotal (or large indirect) hernias were associated with a 

higher risk of perioperative complications and conversion to an open anterior repair, 

while TEP in female patients was associated with a higher conversion rate. Others 

have observed a higher risk of complications in patients with bilateral hernias too. 

A possible explanation for this higher likelihood of complications in patients with 

bilateral hernias is the more extensive peripelvic tissue manipulation and dissection 

of the preperitoneal space.[21,22] In line with this explanation is the frequency 

of intraoperative bleeding in the present cohort. A higher risk of perioperative 

complications, conversion and a longer operative time was also observed by others 

in patients with large indirect, or scrotal hernias.[14] Conceivably, dissecting the large 

hernia sac adherent to the cord and scrotal structures may not only be diffi cult in itself, 

but may result in peritoneal tears, leading to pneumoperitoneum and subsequent 

diminished surgical overview. 

TEP hernia repair can be performed safely after previous lower abdominal surgery, 

but is accompanied by a higher conversion and perioperative complication rate. 

[8,23,24] Lastly, Rosemar et al. and others observed an increased risk of postoperative 

complications in obese patients after groin hernia surgery, regardless of gender. [25,26] 

Hence we concluded that a category of “low-risk” patients can be selected preoperatively. 

In particular, the slender male younger than 60 years of age who has a unilateral hernia 

and no history of abdominal surgery seems to be the ‘easiest’ patient to operate on. 

The fi nding that female patients had a higher risk of conversion to an open hernia 

repair in the cohort study mentioned in Chapter 3 might be explained by a relatively 
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large proportion of women having had an abdominal operation in the past.[23,24] An 

alternative explanation might be that female patients more often present with femoral 

hernias, with a greater risk of strangulation compared to other hernia types.[27]

As the hospital reorganization 2005 led to an increased caseload of patients, the 

group of female patients operated for an inguinal hernia grew steadily. In Chapter 

4, we studied the frequency of different hernia subtypes in women and compared 

outcome following TEP hernia repair to outcome in a selection of female patients who 

underwent Lichtenstein repair. The study not only showed that femoral hernias were 

very common in women, but that diagnosis of the correct hernia type preoperatively 

was diffi cult. An endoscopic hernia repair offers the opportunity to diagnose all 

hernia subtypes intra-operatively and treat them appropriately, while femoral hernias 

are easily overlooked during a Lichtenstein approach and require opening of the 

transverse fascia in order to detect and repair the femoral defect.[28] TEP repair was 

indeed associated with a lower recurrence rate than after Lichtenstein repair and the 

risk of chronic postoperative pain was lower too. This corroborates the EHS guidelines, 

that state that an endoscopic preperitoneal repair is a preferable technique for women 

with groin hernias, in order to prevent the high percentage of femoral recurrences 

after conventional anterior hernia repair.[2] 

The second part of this thesis focuses on pain, sexual function and fertility as long-

term outcomes after (endoscopic) TEP hernia repair. Patient reported morbidity 

associated with inguinal hernia repair mainly consists of chronic inguinal or 

genital pain, which can be debilitating and may lead to repeated multidisciplinary 

medical consultations.[29] Chronic postoperative pain is defi ned by the International 

Association for the Study of pain (IASP) [30] as pain or discomfort lasting for more 

than 3 months. Others regard postoperative pain chronic when it is persisting for 

at least 6 months [31] or a year postoperatively.[32-34] The occurrence of chronic 

pain after inguinal hernia repair is infl uenced by both surgical (nerve damage, 

infl ammation, mechanical irritation of the mesh) and individual (genetics, sensory, 

psychosocial) factors.[35-37] 

Reported incidences of debilitating chronic pain, infl uencing everyday activities after 

endoscopic hernia repair vary between 2-5%, hence signifi cantly lower compared to 

debilitating pain rates of 11-21% after conventional open hernia repair.[2,38-41]

A higher hospital volume and concentration of care prove to be important in this area; 

in dedicated hernia institutions overall chronic postoperative pain rates of 0-2% are 

described, while the incidence of chronic pain ranges from 0% to 37% or even higher 

in public hospitals and university institutions.[2,12,42] 
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Knowledge of the incidence and prognosis of (chronic) postoperative pain after 

endoscopic hernia repair is limited.[29,36,39,43,44] In Chapter 5, the incidence and 

time course of pain after TEP was evaluated in a cohort of patients operated for a 

unilateral inguinal hernia. The incidence of moderate to severe pain was 5.5% and 

0.5% after 6 weeks and 3 months respectively. One year after TEP, 1.0% (n = 2) of the 

patients had moderate (NRS 6) pain. In most patients who did experience pain 3 

months after TEP repair pain ‘faded out’ 6 to 7 months postoperatively, which is also 

observed by others. This suggests neuropraxia or perineural fi brosis as the underlying 

cause, a condition which may last until 6 months postoperatively, but is usually self 

limiting.[31,38,42,44-47]

Postoperatively, patients localized pain in the scrotal or genital region, while inguinal 

pain was most common preoperatively. Patients with severe pain preoperatively had 

a higher risk of pain persisting 3 months postoperatively. Sensory dysfunction was ob-

served in respectively 39% and 21% of the patients with pain 3 months and 1 year after 

surgery, implying that chronic postoperative pain after TEP inguinal hernia repair can 

either be non-neuropatic (or nociceptive) or neuropathic of origin.[35,45] 

The study supported the hypothesis that in the majority of patients, postoperative 

pain after endoscopic TEP hernia repair is self limiting within the fi rst postoperative 

year. In order to avoid (chronic) pain after preperitoneal hernia repair, some consider 

it benefi cial to minimize the number of tacks used for fi xation of the mesh or – if 

possible – to avoid fi xation at all.[48,49] In the present cohort, the mesh was not 

fi xated in any patient. Recent literature furthermore indicates that the risk of chronic 

pain may be reduced by increasing surgeon experience and by the use of lightweight 

meshes, but this remains to be examined in more detail.[50-52]

Today, pain is no longer exclusively addressed at rest; attention has shifted to pain 

in relation to other daily activities, including sexual acitivity. Dysejaculation and 

(genital) pain during sexual activity following inguinal hernia repair are complications 

that can have consequences for patients’ sexual function and their quality of life. 

In a nationwide questionnaire study of patients who had undergone (mainly open) 

inguinal hernia repair, 2-3% had moderate to severe pain related impairment of sexual 

activity and 4% of the patients experienced dysejaculation.[53] Dysejaculation and 

pain during sexual activity have also been reported after endoscopic hernia repair, 

[39,54] but the prevalence and clinical relevance have not been addressed thoroughly. 

In a nationwide questionnaire study in patients who underwent (predominantly TAPP) 

endoscopic hernia repair between 1998 and 2009, dysejaculation was reported by 3.1% 

of the patients, while 2.4% had pain related impairment of sexual activity.[54] The 
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primary objective of the study described in Chapter 6 was to quantify pain during 

sexual activity before and after TEP. In a cohort study with a median follow-up of 27 

months after hernia repair, the incidence of painful sexual activity decreased from 

21.2% preoperatively to 3.4% after TEP repair and the incidence of impaired sexual 

function decreased from 6.0% to 1.0%. In addition, almost 1% of the patients also 

experienced dysejaculation. 

Vascular injury during inguinal hernia surgery may result in ischemic orchitis, 

testicular atrophy and hormonal dysfunction. In addition, iatrogenic damage or 

scarring (due to prosthetic material) may interrupt continuity of the vas deferens. 

Both vascular and mechanical injury to the spermatic cord may compromise fertility. 

In several animal models, substantial effects of hernia surgery on the structures in 

the spermatic cord are shown, the effect being more pronounced in mesh repairs. The 

effect of a heavyweight mesh seems to be more severe than the effect of a lightweight 

mesh, since the latter resulted in decreased infl ammation and fi brosis compared to 

heavyweight mesh types.[55-61] Clinical studies are limited, but indicate that these 

potential adverse effects do not seem to have a major impact on male fertility in 

patients undergoing inguinal hernia repair.[62-75] Whether fertility may be more 

at risk in mesh repairs compared to non mesh repairs and what the effect is of an 

(endoscopic) preperitoneal mesh repair in human patients, is not clarifi ed. Future 

studies are therefore needed to further investigate the clinical relevance of the effects 

of the different surgical hernia repair techniques. 
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Conclusions
The following conclusions may be drawn from the studies in this thesis. 

- The learning curve of endoscopic TEP hernia repair is longer than currently expected 

and optimal outcomes are achieved after 400 or even more surgical procedures per 

surgeon, although the frequency of intraoperative complications stabilizes after 50-

100 TEP repairs (Chapter 2).

- The surgeon gaining experience with TEP repair is advised to select young (< 60 years 

of age) and slender male patients with a unilateral inguinal hernia and no previous 

abdominal surgery in order to best overcome the learning curve. (Chapter 3).

- An (endoscopic TEP) preperitoneal repair is an appealing surgical technique for 

female patients with groin hernias in order to recognize and treat femoral hernias 

appropriately (Chapter 4).

- The overall incidence of moderate to severe pain one year after TEP is low and dis-

sipates over time. (Chapter 5).

- The presence of an inguinal hernia may limit a patient’s sexual function, and 

a benefi cial effect of TEP hernia repair is observed in the majority of patients 

(Chapter 6).

- Although the number of clinical studies is very limited, male fertility seems not 

to be affected by inguinal (mesh) hernia repair, but future studies are necessary 

to further investigate the clinical relevance of the effects of (endoscopic) inguinal 

hernia repair on male fertility (Chapter 7).

Future perspectives
As long as inguinal hernias occur, the quest for an optimal operative technique and 

optimization of existing repair techniques will continue. The primary aim of the search 

has shifted from prevention of recurrences, to minimizing chronic postoperative pain 

and the effects on other quality of life parameters, such as sexual function, sports 

and other daily activities. The exact pathophysiology of chronic postoperative pain 

and the other pain-related complications following endoscopic (TEP) hernia repair 

is not completely understood, but nerve injury and mesh-induced scarring are 

generally considered as causative factors. The risk of chronic pain may be infl uenced 

by altering the surgical technique, avoidance of (invasive) mesh fi xation and the use of 

lightweight meshes, preventing the formation of extensive scar tissue. [50-52] Further 

studies are needed to defi ne and quantify pain in patients after inguinal hernia repair 

to validate this increasingly important parameter. It is also necessary to improve 



127

8

Discussion and conclusion

discrimination between neuropathic and non neuropathic pain syndromes in order 

to develop strategies to prevent and manage postoperative chronic pain. Results of 

studies, including our own (the TULP trial), examining the long term effect of different 

meshes on outcomes after inguinal endoscopic TEP hernia repair are expected to 

follow shortly. An issue in this matter is whether the price of successful pain reduction 

might be an increased risk of hernia recurrences by favoring one mesh over another. 

A relatively unexplored area is that of potentially impaired fertility after inguinal 

hernia repair. Although a relationship between hernia repair and a possible negative 

infl uence on fertility is conceivable, there are very few clinical studies on this issue 

and future studies are needed. Outcome of the MAIN trial, evaluating male fertility 

before and 6 months after bilateral TEP repair is expected to follow in a few months. 

Since endoscopic TEP is a hernia repair method with good clinical outcomes, a 

preference for TEP as the optimal repair technique in patients with inguinal hernias 

exists, given that it is performed in experienced hands.[1] Others argue against 

this, considering its long learning curve, the additional costs and the necessity to 

use general anesthesia major dawbacks. These alleged diffi culties of the TEP have 

led to the development of several new open, preperitoneal techniques, such as the 

TREPP (transrectus sheath preperitoneal mesh repair), [76] and TIPP (transinguinal 

preperitoneal technique). [77,78] Although these techniques still need to be evaluated 

in detail, potential advantages are a relatively short learning curve, and the possibility 

to perform a preperitoneal repair under spinal or local anesthesia. Especially older 

patients would possibly benefi t from these procedures, since they have a lower risk of 

developing chronic postoperative pain and lower demands on time to resume work 

(and sports) activities. On the other hand, the alleged diffi culties of TEP and the fact 

that optimal clinical outcomes can be achieved in high-volume centers, form a plea 

to advocate for concentration of care by performing hernia surgery in high volume 

dedicated clinics by specialist hernia surgeons. As such, this would herald the end of 

inguinal hernia repair as the most commonly perfomed procedure in ‘general surgery’.
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Addendum 1: TULP

Abstract
Background The purpose of this study was to describe the rationale and design of 

a randomized controlled trial analyzing the effects of mesh type (Ultrapro® versus 

Prolene® mesh) on postoperative pain and well-being following an endoscopic Totally 

Extraperitoneal (TEP) repair for inguinal hernias (short: TULP trial).

Methods and design The TULP trial is a prospective, two arm, double blind, random-

ized controlled trial to assess chronic postoperative pain and quality of life following 

implantation of a lightweight (Ultrapro®) and heavyweight (Prolene®) mesh in endo-

scopic TEP hernia repair. The setting is a high volume single center hospital, special-

izing in TEP hernia repair. All patients are operated on by one of four surgeons. Adult 

male patients (≥ 18 years of age) with primary, reducible, unilateral inguinal hernias 

and no contraindications for TEP repair are eligible for inclusion in the study. The 

primary outcome is substantial chronic postoperative pain, defi ned as moderate to 

severe pain persisting ≥ 3 months postoperatively (Numerical Rating Scale, NRS 4–10). 

Secondary endpoints are the individual development of pain until three years after 

the TEP procedure, the quality of life (QoL), recurrence rate, patient satisfaction and 

complications.

Discussion Large prospective randomized controlled studies with a long follow-up 

evaluating the incidence of chronic postoperative pain following implantation of 

lightweight and heavyweight mesh in endoscopic (TEP) hernia repair are limited. By 

studying the presence of pain and quality of life, but also complications and recur-

rences in a large patient population, a complete effi ciency and feasibility assessment 

of both mesh types in TEP hernia repair will be performed.

Trial registration The TULP study is registered in the Dutch Trial Register (NTR2131)
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Introduction
Inguinal hernia repair is one of the most common surgical procedures worldwide. 

In the Netherlands, approximately 30,000 hernia repairs are performed annually. The 

lifetime risk of undergoing a hernia operation is 27% for men and 3% for women.[1] 

The incidence of hernia recurrence has been the primary endpoint in inguinal hernia 

studies for many years, but with the introduction of the tension-free mesh repair, 

recurrence rates have dropped signifi cantly to 2 to 3%.[2] More recently, attention 

is being paid to several quality of life (QoL) aspects, with time to full recovery and 

chronic postoperative pain being addressed in particular.[1,3]

Chronic pain after inguinal hernia surgery is a common complication. The incidence 

of chronic postoperative pain after inguinal hernia repair, as described in the 

literature, varies signifi cantly (10 to 30%), which is partially explained by the lack of a 

clear defi nition.[1-4] The effect of pain on quality of life is signifi cant, since functional 

limitations of pain in daily life activities are experienced by 2 to 20% of the patients.[5]

In experienced hands, endoscopic hernia repair techniques are associated with sig-

nifi cantly less postoperative pain and an earlier return to normal activities compared 

to conventional (Lichtenstein) hernia repair.[4,6,7] 

Totally Extraperitoneal (TEP) is preferred over Transabdominal Preperitoneal (TAPP) 

hernia repair, since it is less invasive and associated with fewer visceral injuries.[2,8] 

In addition, recent studies, in patients treated with a Lichtenstein or TEP procedure, 

suggest that lightweight meshes may be associated with less chronic postoperative 

pain compared to heavyweight meshes.[9-12] The latter create maximum mechanical 

stability and promote the formation of scar tissue, while the properties of the 

lightweight mesh aim to improve integration in the abdominal wall and prevent 

the formation of scar tissue.[13,14] There seems to be no (signifi cant) difference in 

the risk of a recurrent groin hernia between a lightweight and heavyweight mesh.

[9,12,15]

In addition, since TEP is associated with less chronic postoperative pain compared to a 

conventional repair (Lichtenstein), an endoscopic TEP hernia repair with implantation 

of a lightweight mesh could, therefore, be an appealing technique in the prevention of 

chronic postoperative pain after groin hernia surgery.

The aim of this manuscript is to describe the rationale and design of a large, 

prospective, double blind, randomized clinical study comparing the results of chronic 
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postoperative pain and quality of life following endoscopic TEP hernia repair with a 

heavyweight (Prolene®) and a lightweight mesh (Ultrapro®).

Methods and Design
Study design
This is a prospective, double blind randomized clinical trial involving a high volume 

hospital in The Netherlands specialized in the TEP technique for inguinal hernia 

repair (Diakonessenhuis, Utrecht/Zeist, The Netherlands). All hernia operations are 

performed by four experienced TEP surgeons. Adult (≥ 18 years) male patients with 

primary, unilateral inguinal hernias, eligible for TEP hernia repair, are allocated to either 

lightweight mesh (Ultrapro, Ethicon, a Johnson & Johnson company, Amersfoort, The 

Netherlands) or heavyweight mesh (Prolene, Ethicon, a Johnson & Johnson company, 

Amersfoort, The Netherlands) by randomization. The total follow-up of patients 

is three years. A fl owchart of the study with the estimated recruitment targets is 

shown in Figure 1. The design, conduct and reporting of this study will adhere to the 

Consolidated Standards of Reporting Trials (CONSORT) guidelines.[16]

Patient population
A total number of 950 patients will be included in the trial (see “Sample size 

considerations”). Patients are recruited during their fi rst visit at the outpatient clinic 

and screened for eligibility according to the criteria listed in Table 1. Male patients 

≥ 18 years of age with primary, reducible, unilateral inguinal hernias and without 

any contraindications for endoscopic TEP repair are eligible for inclusion in the study. 

Based on a previously conducted cohort study, the estimated mean age of patients is 

53 (SD ± 14) years, the proportion of patients with a job is approximately 85% and over 

90% of the patients have an American Society of Anesthesiologists (ASA) 1 or 2 score.

9
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Figure 1. CONSORT fl ow-diagram, estimated recruitment targets

Excluded (n = 1600)

- Not meeting inclusion

 criteria (n= 840)

- Declined to participate 

 (n= 637) 

-  Other reasons (n= 123) 

Randomized (n = 950) 

Male patients assessed for eligibility (n = 2550) 

(March 2010 – July 2012)

Allocated to Ultrapro (n = 475)

Loss to follow- up (n = 45) 

- Patients’ request (n = 30)

- Other causes 

 (e.g. death, illness, n = 15)

Included for analysis (n = 430) 

Allocated to Prolene (n = 475 )

Loss to follow-up (n = 45)

-  Patients’ request (n = 30)

-  Other causes 

 (e.g. death, illness, n =15)

Included for analysis (n = 430)

Intake
The study information is sent to patients after an appointment is made for an initial 

consultation. The appointment with one of four surgeons specialized in TEP hernia 

repair is scheduled within one week. After screening for eligibility criteria, informed 

consent is obtained and the patient is included in the study. Preoperative patient data 

are obtained by the coordinating investigator (Table 2).
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Table 1. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

-  Male gender -  Female gender

-  Age ≥ 18 years -  Bilateral hernia

-  Primary, unilateral, reducible -  Scrotal hernia

  inguinal hernia -  Recurrent hernia

-  Eligible for TEP (and therefore for  -  Strangulated hernias (necessitating 

 general anesthesia)  emergency hernia repair)

  -  Collagen or connective tissue disorders, 

   such as Marfan’s syndrome

  - Likely problems, in the judgement of

   the investigators, with maintaining

   follow-up (e.g. patients with no fi xed

    address or insuffi cient comprehension

   of Dutch language

Table 2. Preoperative data

-  Age -  Pain:*

-  ASA classifi cation  • NRS score

-  Comorbidity (e.g. other pain syndromes  • Inguinal Pain Questionnaire (IPQ)

-  Smoking  • Carolinas Comfort Scale (CCS)

-  Body Mass Index (BMI)  • Pain-related sexual function 

-  Education and occupation    Questionnaire (PSF)

-  Health-related Quality of life:*

 • SF-36 Questionnaire

 • EQ-5D Questionnaire

* see section “Follow-up” of the manuscript (pages 143–144)

Randomization
Patients are randomly assigned to either Ultrapro or Prolene mesh in the operating 

room (after patients are under general anesthesia) by computerized block randomiza-

tion. Follow-up of patients will take place according to the intention to treat principle. 

The patient, coordinating investigator and the surgeon involved in the follow-up of 

9
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enrolled patients are blinded for the allocated mesh. Obviously, the operating sur-

geon cannot be blinded to the study because of the characteristic composition of the 

two meshes. To avoid bias, the mesh type is not mentioned in the operating chart. In 

addition, the follow-up is not by the operating surgeon, but by one of the other three 

surgeons specialized in hernia repair.

Intervention
The perioperative care and surgical technique do not differ between the study groups 

and are not different from the standard procedure. There are no other interventions 

than the implantation of a lightweight mesh (Ultrapro®) or a heavyweight mesh 

(Prolene®) during the endoscopic TEP procedure. General anesthesia is applied in all 

patients. The operative details of the TEP technique have been described previously.

[7,17] The mesh graft is not fi xated; it reduces operative time, saves costs and avoids 

possible entrapment neuralgia. Hernia types are classifi ed during TEP repair according 

to the Nyhus classifi cation. Intraoperative complications and operative time are regis-

tered in the Electronic Patient Chart (Dutch: EPD).

Prolene®
Prolene is a nonsoluble, so-called heavyweight mesh.[14] It is the mesh commonly 

used in endoscopic TEP hernia repair in our hospital. The mesh characteristics are:

  Structure: Monofi lament with small pores

  Polymer: Polypropylene

  Weight: 80 to 85 g/m2

  Dimensions: 10 x 15 cm

Ultrapro®
Ultrapro is a lightweight mesh.[14] The monocryl (poliglecapron) is absorbed within 90 

to 120 days due to hydrolysis, leaving a lightweight mesh with a pore size of 3 to 4 mm. 

The mesh characteristics are:

 Structure: Monofi lament with large pores (3 to 4 mm) 

  Polymer: Polypropylene (PP) and Monocryl (Poliglecapron)

  Weight: 28 g/m2 (part of the polypropylene that is not absorbed) 

  Dimensions: 10 x 15 cm

Postoperative management
Patients are discharged on the day of surgery, unless complications occur. The du-

ration of hospital stay and postoperative complications are registered in the EPD. 

At discharge, patients are advised to take analgesics (Paracetamol and, if necessary, 
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Diclofenac), when necessary and avoid strenuous physical activity (lifting, sports) during 

the fi rst postoperative week. There are no other (physical) restrictions. The type and 

amount of analgesics used during the fi rst postoperative week are kept in a pain diary.

Follow-up
Several questionnaires are used for the assessment of pain and quality of life (also 

to evaluate which questionnaire can best be used to evaluate pain and its effect on 

quality of life in this patient population).

1) To assess the presence of postoperative pain, the following validated questionnaires 

are used: 

-  Inguinal Pain Questionnaire (IPQ, Dutch version) [18]

-  Brief Pain Inventory, Short Form (BP-SF, Dutch version) [19,20]

-  Carolinas Comfort Scale (CCS, Dutch version) [21] 

-  Numerical Rating Scale (NRS, 0 = no pain, 10 = extremely painful, Dutch version)

2) To measure the health related Quality of Life (QoL) the following validated question-

naires are used: 

-  Short Form (36) Health Survey (SF-36, Dutch version) [22]

-  EuroQol 5D (EQ-5D, Dutch version) [23]

3) Finally, to assess the presence of pain related to sexual function, the PSF (pain related 

to sexual function) questionnaire is used, which is a Dutch translation of the question-

naire similar to the one previously described by Aasvang et al.[24] and based on the In-

ternational Index of Erectile Function (IIEF) [25] to assess the presence, frequency, inten-

sity and location of pain during sexual activity and the effect of pain on sexual function.

The patient is requested to record – on a daily basis during the fi rst week immediately 

following surgery – the pain experienced, as well as the type and amount of analgesics 

used. The NRS is used to assess the amount of experienced pain, where 0 = no pain 

and 10 = extremely painful. BPI and SF-36 questionnaires are fi lled in at Day 1 and Day 

7 following surgery, to determine the effect of pain on daily activities.

After 6 weeks and 3, 12, 24 and 36 months, the IPQ, BPI, CCS, NRS, PSF, SF-36 and EQ-

5D questionnaires are completed by the patients. To prevent bias, the questionnaires 

will be completed at home or at the visit to the outpatient clinic at three months and 

one year postoperatively, in the absence of the surgeon or coordinating investigator, 

before the clinical assessment at the outpatient clinic. Patient satisfaction with the 

operative procedure is assessed at one week and three months after surgery on a 

0 (= very unsatisfactory) to 10 (= very satisfactory) Likert scale.

9
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All patients are examined in the outpatient department by one of the four surgeons 

(different from the operating surgeon) and the coordinating investigator at three 

months and one year after surgery. The physical examination is, if necessary, supple-

mented with an Ultrasound or MRI scan in patients with groin pain and/or complaints 

suggestive of a recurrent hernia.

All visits include standardized clinical evaluation (according to the validated ‘Inguinal 

Pain Form (Dutch ‘Liespijnformulier’) by Loos [26]) and registration of possible 

complications. Parameters assessed at the outpatient evaluation are:

-  Complications after surgery

 • Short term (for example: seroma, hematoma, wound infection, urinary retention, 

  constipation)

 • Long term (for example: testicular atrophy, mesh infection)

-  The presence of a recurrent hernia

-  The presence of a contralateral hernia

-  Other non-hernia related problems in the groin region (for example, hydrocele, 

 varicocele and prostate problems/hidradenitis)

-  Postoperative pain

-  Characteristics of pain

-  The relation of pain to daily activities, physical activity and/or sexual activity

-  Possible treatment of pain

-  Mesh feeling

-  Sensibility disorders in the inguinal/scrotal/thigh/umbilical region or elsewhere

Endpoints
The primary endpoint is the presence of moderate to severe chronic pain three 

months after an endoscopic preperitoneal (TEP) hernia correction, as measured by 

the NRS. The defi nition of the International Association for the Study of PAIN (IASP) is 

used with chronic postoperative pain being defi ned as pain still present at the site of 

the operation three months after the primary surgery and different from the pain be-

fore the operation. Pain is measured on a 0 (= no pain) to 10 (extremely painful) scale. 

In accordance with the literature, the following cut-off values for pain are used:[26]

 Mild pain: NRS 1 to 3

 Moderate pain: NRS 4 to 6

 Severe pain: NRS 7 to 10

Moderate to severe pain is considered as clinically relevant [26]. Only moderate to se-

vere pain (NRS 4 to 10) will, therefore, represent ‘chronic pain’ in this study. 
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Secondary endpoints are:

-  Duration of hospital stay

-  Complications: intra-operative, short term postoperative period (until three months 

after surgery), longterm postoperative period (until three years after surgery, for 

example, testicular atrophy)

-  Time to resume daily activities and return to work

-  Recurrent hernia

-  Contralateral hernia

-  Development of pain over time as measured by the NRS score at the fi rst week 

following TEP repair and 6 weeks, 12, 24 and 36 months postoperatively

-  Development of pain over time as measured by the BPI, IPQ and CCS questionnaires: 

the presence of pain in the fi rst week postoperatively and after 6 weeks, 3 months, 

12, 24 and 36 months

-  Development of pain, sensitivity disorders (anesthesia, hypoesthesia, hyperesthesia, 

allodynia) and or discomfort (including ‘mesh feeling’) at the outpatient visit at 

three months and one year postoperatively

-  Health related quality of life as measured by the SF-36 and EQ-5D questionnaires

-  Pain related sexual function as measured by the PSF questionnaire

-  Patient satisfaction with the procedure and perioperative care

Safety measures
Surgeons operating on patients for this study have extensive experience with TEP re-

pair (over 500 procedures per surgeon). Before the start of this study, every surgeon 

had performed over 20 procedures with an Ultrapro mesh, to prevent the occurrence 

of a ‘learning curve’ effect with a new mesh in the study period. Serious adverse 

events (SAE), other than SAE’s that might eventually occur following endoscopic TEP 

repair (hemolytic shock, bladder or bowel injury) are not expected to occur in this trial.

Sample size and power
The most common defi nition of chronic postoperative pain is from the International 

Association for the study of pain (IASP), where chronic pain is defi ned as pain lasting 

longer than three months following the primary operation, and other than the pain 

that was experienced preoperatively. The hypothesis is that the incidence of chronic 

pain is lower after implantation of a lightweight mesh (Ultrapro®) than after implan-

tation of a heavyweight mesh (Prolene®). Based on a pilot study in our hospital the 

assumption is that 23% of the patients with a Prolene mesh will experience pain three 

months after TEP repair. In the Ultrapro group a reduction of 7.5% in the incidence 

of pain is expected. With a two-sided alpha of 0.05 and a power of 0.80, a total of 429 
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patients is to be included in each allocation group. Based on previous experience, a 

loss to follow-up of 10% is expected. Therefore, a total of 950 patients will be included 

in the TULP trial.

Statistical methods
Data will be analyzed according to the intention-to-treat principle. SPSS software 

(SPSS, Chicago, IL, USA) ® will be used for statistical analysis. Descriptive statistics 

are used for baseline data. The incidence of the primary endpoint (moderate to se-

vere chronic pain three months after endoscopic TEP repair as based on a NRS 4 to 

10) will be compared between the Ultrapro® and Prolene® mesh group by means of 

Chi-square analysis. The comparisons of pain will be adjusted for analgesics used as 

a secondary supporting analysis. The number needed to treat to prevent one case of 

chronic pain will be calculated. In an additional multiple logistic regression model, the 

effect of treatment on the primary endpoint will be assessed in relation to important 

risk factors for pain (younger age, severe pain in the postoperative period and severe 

preoperative pain [27]). Secondary endpoints will be analyzed by using a Student’s 

t-test (normally distributed continuous), Mann-Whitney analysis (not normally dis-

tributed continuous) or Chi-square analysis (categorical variables). The individual de-

velopment of pain over time will be analyzed with repeated measurement strategies. 

Effect estimators are described with 95% confi dence intervals. Signifi cance is set at a 

level of p ≤ 0.05.

Discussion
The TULP trial is a prospective, randomized controlled (RCT) clinical trial of a light-

weight mesh (Ultrapro®) and a heavyweight mesh (Prolene®) in endoscopic TEP her-

nia repair designed to analyze the outcomes regarding chronic postoperative pain and 

quality of life.

Although a limited number of randomized studies assessing the outcomes after 

implantation of a lightweight and heavyweight mesh in endoscopic TEP hernia 

repair has been published previously, the TULP trial is, to our knowledge, the fi rst 

randomized controlled trial with a large patient population and a long term follow-up 

assessing pain as a primary endpoint and the effect of pain on quality of life. The main 

challenges that we anticipate are the recruitment and follow-up of trial participants 

(following the fi ndings of a previous pilot study, patients who visit our hernia clinic 

are ‘busy’ male patients in the ‘prime of their lives’, who do not always feel like it to 

fi ll in and return questionnaires). We aim to maximize participant follow-up by face 
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to face contact (at three months and one year after TEP repair) and telephone contact 

as a reminder to return the questionnaires.

There are some limitations of this study. Due to the different characteristics of the 

meshes, blinding of the operating surgeon is not possible. Nevertheless, the investi-

gator related bias for the (primary) endpoints is expected to be negligible, since both 

the coordinating investigator as well as the surgeon involved in the follow-up of the 

patients, are blinded for the type of mesh. In this study, the same investigator will be 

present during all patient visits at the outpatient clinic in order to improve consisten-

cy of the results and reduce the loss-to-follow-up rates.

In addition, the setting of this study is a high volume center, specialized in endoscopic 

TEP hernia repair. Despite an inclusive set of patients, a criticism might be that the 

fi ndings may not be easily generalized to other, less experienced, TEP surgeon set-

tings. On the other hand, the TEP technique has a long(er) learning curve. Expertise is, 

therefore, a prerequisite in performing TEP and most centers deliver TEP in the hands 

of expert surgeons, which enables extrapolation of the results of this study.

This prospective, double-blind, randomized clinical trial is designed to compare the 

incidence of chronic postoperative pain following the implantation of heavyweight 

(Prolene®) and lightweight (Ultrapro®) mesh in endoscopic TEP hernia repair. As the 

presence of pain in the groin region, quality of life, return to daily activities and work, 

patient satisfaction, complications and recurrences are assessed in a large cohort of 

patients with a suffi cient long follow-up period, this study will provide a complete 

effi ciency and feasibility assessment of both meshes in endoscopic TEP hernia repair.

Trial status
This study has been approved by the regional Medical Ethics Committee (VCMO, Nieu-

wegein, the Netherlands) and the local Ethics Board of the Diakonessenhuis Utrecht, 

the Netherlands. This study is performed in accordance with the ethical standards of 

the Declaration of Helsinki. Recruitment of patients started on 12 March 2010. To date 

(1 July 2011), 569 patients have been included in the study. Depending on the number 

of patients needed to be included in the trial (see sample size considerations), re-

cruitment of the 950th patient is expected to end in June 2012. Analysis and reporting 

of data are subsequently expected eight months (outcomes three months after TEP 

repair) and three and one half years (outcomes three years after TEP repair) later to be 

complete (October 2012 and October 2015 respectively). The TULP study is registered 

in the Dutch Trial Register (NTR2131).
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Abstract
Background To describe the rationale and design of an observational cohort study 

analyzing the effects of endoscopic Totally Extraperitoneal (TEP) hernia repair on male 

fertility (MAIN study).

Methods and design The MAIN study is an observational cohort study designed 

to assess fertility after endoscopic TEP hernia repair. The setting is a high volume 

single center hospital, specialized in TEP hernia repair. Male patients of 18-60 years 

of age, with primary, reducible, bilateral inguinal hernias and no contra-indications 

for endoscopic TEP repair are eligible for inclusion in this study. Patients with an ASA 

classifi cation ≥ III and patients with recurrent and/or scrotal hernias, and/or a medical 

history of pelvic surgery, and/or radiotherapy, known fertility problems, diabetes and/

or other diseases associated with a risk of fertility problems, will be excluded. The 

primary outcome is the testicular perfusion before and 6 months after TEP hernia 

repair (assessed by means of a scrotal ultrasonography). Secondary endpoints are the 

testicular volume (ultrasound), semen quality and quantity and the endocrinological 

status, based on serum levels of the sexual hormones follicle-stimulating hormone 

(FSH), luteinizing hormone (LSH), testosterone and inhibin B before and 6 months 

after TEP hernia repair.

Discussion The use of polypropylene mesh is associated with a strong foreign body 

reaction which could play a role in chronic groin pain development. Since the mesh 

in (endoscopic) inguinal hernia repair is placed in close contact to the vas deferens 

and spermatic vessels, the mesh-induced infl ammatory reaction could lead to a 

dysfunction of these structures. Relevant large and prospective clinical studies on 

the problem are limited. This study will provide a complete assessment of fertility 

in male patients who undergo simultaneous bilateral endoscopic TEP hernia repair, 

by analyzing testicular perfusion and volume, semen quantity and quality and 

endocrinological status before and 6 months after TEP repair.

Trial registration The MAIN study is registered in the Dutch Trial Register (NTR2208)
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Introduction
Inguinal hernia repair is one of the most common interventions in general surgery in 

the Western world. Worldwide over 20 million inguinal hernia repairs are performed 

annually.[1] The treatment of an inguinal hernia has changed considerably over the 

past 15 years. Tension-free repair has become the standard surgical technique in in-

guinal hernia surgery and has led to a considerable reduction in the recurrence rate.[2] 

Endoscopic Totally Extraperitoneal (TEP) repair is a safe and cost effective tension-free 

technique, if expertise is available.[3] Advantages of this method are its low recur-

rence rate, fast postoperative recovery, low incidence of chronic postoperative pain 

and high level of patient satisfaction.[4-6]

The use of alloplastic material is a complicated issue. The biomaterial most commonly 

used in hernia repair is polypropylene, which has good mechanical stability and induces 

an acute infl ammatory reaction followed by a chronic foreign body fi broblastic reaction 

essential for optimal fi xation and incorporation of the biomaterial in the abdominal 

wall.[7] However, the foreign body reaction could also - together with other factors - play 

a role in chronic pain development. Moreover, as the mesh is placed in close contact 

with the vas deferens and the spermatic vessels during (endoscopic preperitoneal) 

TEP repair, the changes following the mesh induced fi brotic reaction could lead to a 

dysfunction of these structures, which might result in fertility problems.[8,9]

In 2005, Shin et al. reported on 14 patients with postoperative obstructive azoösper-

mia after hernia repair with implantation of polypropylene meshes.[8] Their report 

was soon followed by other case reports and studies focusing on this specifi c problem.

[10-12] Patients considered to be at the greatest risk are fertile men (18-60 years of 

age) undergoing bilateral mesh repair for inguinal hernias and those who undergo an 

unilateral repair with impairment of the contralateral testis.[8]

However, a closer look at the existing literature reveals that most studies on obstructive 

azoöspermia are based on animal experiments and incidental case reports. Relevant clin-

ical – and especially large and prospective - studies on the subject are limited; up until 

now, only two studies addressed the problem of fertility after endoscopic TEP hernia repair.

[13,14] The importance of well-designed clinical trials to study the risk of mesh associated 

fertility was therefore emphasized in the guidelines of the European Hernia Society.[3]

The aim of this manuscript is to describe the rationale and design of a prospective, 

observational cohort study evaluating fertility 6 months after endoscopic TEP hernia 

repair in male patients with bilateral hernias.
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Methods and Design
Study design
The study design is an observational, prospective cohort study involving a high-

volume hospital in the Netherlands specialized in the TEP technique for inguinal 

hernia repair (Diakonessenhuis Utrecht/Zeist). The follow-up of patients is 6 months; 

parameters of fertility (semen analysis, scrotal ultrasonography and endocrinological 

status) will be assessed before and 6 months after surgery. A fl owchart of the study 

and the preliminary results (updated until August 15, 2011) is shown in Figure 1. The 

design, conduct and reporting of this study will adhere to the STROBE guidelines for 

observational studies.[15]

Patient population
All male patients of fertile age (i.e. 18-60 years old), with primary, bilateral inguinal 

hernias, who are scheduled for an elective endoscopic Totally Extraperitoneal (TEP) 

hernia repair are eligible for inclusion in this observational study. A total number of 

76 patients will be included in the study. Patients will be recruited during their fi rst 

visit at the outpatient clinic of the participating hospital. Patients are screened for 

eligibility according to the criteria listed in Table 1.
10
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Figure 1. Flowchart of the study design and preliminary results

Excluded due to:

 Vasectomy

 History of urologic surgery and/or

 radiotherapy

 Reoperation

 (n = 41)

Fulfi lled study criteria (n = 35)

Assessed for eligibility:

Male patients, 18- 60 years, 

simultaneous bilateral

TEP hernia repair,

March 2010- August 2011 

(n = 76)

Patients included in the study (n = 21)

Patients not wishing to participate

(n = 14)

Loss to follow- up 

(n = 2)
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Table 1. Inclusion and exclusion criteria

Inclusion criteria Exclusion criteria

- Male gender - Female gender

- Age ≥ 18 and ≤ 60 years  - Age ≥ 60 years

- Primary, reducible inguinal hernias -  Period of high fever prior to semen

- Bilateral hernias  analysis

- Eligible for TEP  - Recurrent inguinal hernias

 (and therefore for general anesthesia) - Unilateral hernias

  -  Hydrocele and/or varicocele

  -  Femoral or scrotal hernias

  -  Incarcerated hernias

  -  ASA classifi cation ≥ III

  -  Previous medical history of:

     • Testicular infection(s)

     • Testicular torsion

      • Cryptorchidism

   • Inguinal, scrotal, testicular 

    or prostate surgery 

     • Vasectomy

     • Radiotherapy of pelvic region 

     • Diabetes Mellitus

     • Cystic Fibrosis

   • Fertility problems and/or treatment,

    erection disorders or (other) problems 

    in sexual function

      • Use of gonadotrofi ne medication

     • Use of anabolic steroids

Intake
The study information is sent to all patients with bilateral hernias after an appoint-

ment is made for an initial consultation. The appointment will, ultimately within one 

week, take place with one of the four surgeons and the investigator at the outpatient 

clinic. After screening for eligibility criteria, informed consent is obtained and the 

patient is included in the study. Preoperative patient data are obtained by the inves-

tigator (Table 2) and are – as standard procedure - recorded in the patient Electronic 

Patient Chart (Dutch: EPD).

10
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Table 2. Preoperative data

-  Age

-  ASA classifi cation

-  Comorbidity

-  Medication

-  Smoking habit

-  Body Mass Index (BMI)

-  Numerical Rating Scale (NRS) to evaluate pain associatedwith the inguinal hernia

-  Duration of (hernia associated) symptoms in months

Interventions
The perioperative care and surgical technique are not different for patients 

participating in this trial, compared to patients who are not. The applied surgical 

method is the simultaneous bilateral endoscopic TEP inguinal hernia repair, using 

a “double-mesh” implantation technique, performed under general anesthesia. Two 

identical polypropylene meshes (Prolene®, 12x15 cm) are positioned in a tension-free 

manner in the preperitoneal space, as described previously.[5] The mesh graft is not 

fi xed, since it reduces operative time, saves costs and avoids possible entrapment 

neuralgia. Hernia types are classifi ed during TEP repair according to the Nyhus 

classifi cation. Intra-operative complications and operative time are registered in the 

Electronic Patient Chart (Dutch: EPD).

Fertility aspects are evaluated by means of scrotal ultrasonography, semen analysis 

and assessment of the endocrinological status, based on serum levels of the sexual 

hormones follicle-stimulating hormone (FSH), luteinizing hormone (LSH), testoster-

one and inhibin B. A scrotal ultrasonography is performed to investigate bilateral tes-

ticular volume and to detect possible signs of distension of the epididymis and/or vas 

deferens.[16]

The fl ow in the testicular artery is measured by Doppler ultrasonography, measuring 

the blood fl ow velocity (cm/s) in the testicular, capsular and intratesticular arteries. 

The parameters that are to be evaluated are described in Addendum A. Scrotal ultra-

sound is performed by one experienced radiologist.

Semen analysis is done in a standardized manner. Classic parameters, such as seminal 

volume (mL), sperm concentration (106 cells/mL), motility (percentage progression) 

and morphology (percentage normal) are analyzed. Patients receive instructions about 
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minimal (2 days) and maximal (7 days) abstinence so that reliable semen samples 

can be obtained. Fertility aspects are evaluated preoperatively (day of surgery) and 6 

months postoperatively.

Postoperative management and follow-up
Patients are discharged on the day of surgery, unless complications occur. Duration 

of hospital stay and postoperative complications are registered in the EPD. At 

discharge, patients are advised to take pain medication (Paracetamol and if necessary 

Diclofenac) when necessary and avoid strenuous physical activity (lifting, sports) 

during the fi rst postoperative week. There are no other (physical) restrictions. Patients 

undergo a (physical) examination 6 weeks and 6 months after surgery. Surgery related 

complications, the time that it takes to restart normal activities, pain status, evaluated 

by the Numerical Rating Scale (NRS) and the presence of recurrent hernias are evaluated 

by an experienced surgeon. The visit to the outpatient clinic, 6 months postoperatively 

is combined with the assessment of fertility aspects (see “Interventions”).

Endpoints
The primary endpoint is the testicular perfusion before and 6 months after endoscopic 

TEP hernia repair, as measured by Doppler ultrasonography. Secondary endpoints 

are the testicular volume, semen quality and quantity and serum levels of sexual 

hormones (FSH, LH, testosterone and inhibin B), evaluated before and 6 months after 

endoscopic TEP hernia repair.

Safety measures
All four surgeons have extensive experience with TEP repair (over 500 procedures 

per surgeon). Standard safety measures are applied at all times. The operation and 

perioperative care are not different for patients participating in this study compared 

to patients who do not participate. Therefore, serious adverse events (SAE), other than 

SAE’s that might eventually occur following endoscopic TEP repair (hemolytic shock, 

bladder or bowel laceration) are not expected to occur in this study.

Sample size and power
Since insuffi cient human data are available in the current literature regarding fertility 

aspects (scrotal ultrasound data, semen characteristics) after inguinal hernia repair 

in men, no adequate power analysis, and consequently no adequate sample size cal-

culation can be performed. However, in two studies regarding testicular perfusion af-

ter endoscopic TEP hernia repair, a difference was found in the end diastolic velocity 

(EDV) of the a. testicularis (as a parameter of testicular perfusion). The follow-up was 
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respectively 7 days and 3 months after TEP hernia repair; mean differences (δ) of re-

spectively 0.1 cm/s and 1.1 cm/s were observed in the EDV of the a. testicularis. [17,18] 

Based on these fi ndings, the assumption is that 76 patients have to be included in this 

study with a two sided alpha of 0.05 and a power of 0.90, if the testicular perfusion 6 

months after TEP repair is compared with the perfusion preoperatively and a δ of 0.4 

cm/s is detected in the EDV of the a. testicularis. In this calculation, a loss to follow-up 

of 15% is expected.

Statistical methods
SPSS software (SPSS, Chicago, Illinois, USA)® will be used for statistical analysis. 

Normality of continuous data will be evaluated with the Shapiro Wilk test. Homogeneity 

of variances will be checked by means of Levene’s analysis. Differences in preoperative 

and postoperative fertility parameters will be analyzed by means of a paired sample 

t-test (parametric data) or a Wilcoxon signed-ranked test (non parametric data). Data 

will be compared to the age-adjusted reference values in the literature. Testicular 

volume and perfusion will be evaluated for both testes separately. Signifi cance is set 

at a level of p≤ 0.05 (two-sided).

Discussion
Although animal models show (substantial) effects of hernia surgery on the struc-

tures in the spermatic cord, the effect being more pronounced in mesh hernia repair, 

clinical studies indicate that these potential adverse effects do not seem to have a 

clinical impact on male fertility in humans with inguinal hernias. Then again, the 

number of studies as well as the included number of patients is limited, making it 

diffi cult to draw fi rm conclusions regarding the effect of mesh hernia repair on male 

fertility. Future studies are therefore needed to further investigate the clinical rele-

vance of the effects of inguinal hernia repair on male fertility.

The MAIN study is a prospective, observational, cohort study designed to provide a 

complete assessment of fertility in 76 male patients who undergo endoscopic TEP her-

nia repair for a bilateral hernia, by analyzing testicular perfusion and volume, semen 

quantity and quality and endocrinological status before and 6 months after TEP repair.

In our hospital, the TEP technique is the preferred operative technique, since endo-

scopic hernia repair techniques are associated with signifi cantly less postoperative 

pain and an earlier return to normal activities compared to conventional (open ante-
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rior) hernia repair; TEP is preferred over Transabdominal Preperitoneal (TAPP) hernia 

repair, since it is less invasive and associated with fewer visceral injuries.[3] The main 

challenge that we anticipate is the recruitment of trial participants, since we expect 

that patients with inguinal hernias do not always ‘feel like it’ to participate in a study 

monitoring fertility parameters. Furthermore, only 20% of patients have bilateral her-

nias and male patients ≥ 45 years are often sterilized. We aim to maximize participant 

recruitment and retention by a detailed informed consent and information folders.

Current status
This study has been approved by the regional Medical Ethics Committee (VCMO, Nieu-

wegein, the Netherlands) and the local Ethics Board of the Diakonessenhuis Utrecht/

Zeist, the Netherlands. This study is performed in accordance with the ethical stan-

dards of the Declaration of Helsinki. Recruitment of patients started on 15 March 2010. 

To date (August 15th, 2011) 21 patients have been included in the study. Two patients 

were lost to follow-up (9.5%). Depending on the number of patients needed to be in-

cluded in the trial (see “Sample size considerations”), recruitment of the 76th patient 

is expected in August 2014. Analysis and reporting of data is subsequently expected 6 

months later to be complete (March 2015). 

The MAIN study is registered in the Dutch Trial Register (NTR2208).
10
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Addendum A: Scrotal Ultrasound

Testicular volume: 

__________________________________ ml

Thrombus plexus pampiniformis: 

- Yes 

- No

Testicular perfusion:

a. testicularis
Peak systolic 

velocity (cm/s)

End diastolic 

velocity (cm/s)

Resistance 

index

Pulsatility 

index

Acceleration 

time

Inguinal canal

Extratesticular – 

intrascrotal level

a. capsularis
Peak systolic 

velocity (cm/s)

End diastolic 

velocity (cm/s)

Resistance 

index

Pulsatility 

index

Acceleration 

time

a. intratesticularis
Peak systolic 

velocity (cm/s)

End diastolic 

velocity (cm/s)

Resistance 

index

Pulsatility 

index

Acceleration 

time
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Nederlandse Samenvatting
De liesbreukoperatie is de meest uitgevoerde operatie binnen de algemene chirurgie. 

Wereldwijd worden jaarlijks ongeveer 20 miljoen liesbreukoperaties verricht, waarvan 

31.000 procedures in Nederland.

In de geschiedenis van de liesbreukchirurgie is altijd gezocht naar de beste behande-

ling, waarbij deze zoektocht zich aanvankelijk richtte op het verlagen van de kans op 

een recidief. Sinds de introductie van de ‘tension-free’ mesh repair in 1984 door Lich-

tenstein, waarbij een matje gebruikt wordt om een spanningsloze plastiek te bewerk-

stelligen, is het aantal recidieven drastisch gereduceerd en worden mesh technieken 

beschouwd als superieur ten opzichte van de zogeheten conventionele (non mesh) 

technieken. Om de kwaliteit van de liesbreukchirurgie verder te verbeteren, wordt de 

laatste jaren vooral onderzoek gedaan naar het voorkomen van chronische pijn en 

matgevoel, als veelvoorkomende complicaties na een liesbreukcorrectie.

Incidentiecijfers van invaliderende chronische pijn na liesbreukchirurgie variëren van 

2-21% tot zelfs 50%. Uit onderzoek is gebleken dat zowel zenuwletsel als een door het 

matje geïnduceerde ontstekingsreactie een rol kunnen spelen bij de ontwikkeling van 

chronische pijn en pijn gerelateerd aan het seksueel functioneren. Mogelijk heeft dit 

ook een negatief effect op de fertiliteit. Om chronische pijn te voorkomen is identifi -

catie van de inguinale zenuwen belangrijk. Implantatie van lichtgewicht matjes kan 

gepaard gaan met een minder heftige ontstekingsreactie en kan daarom eveneens 

een rol spelen in de preventie van pijnklachten.

De endoscopische TEP liesbreukcorrectie (totaal extraperitoneale plastiek) lijkt een 

ideale techniek omdat het matje niet anterieur, maar preperitoneaal geplaatst wordt, 

waarbij de kans op recidieven kleiner is, het matje alle mogelijke defecten afdekt en er 

minder kans bestaat op chronische pijn, doordat de drie inguinale zenuwen niet ‘ge-

zien’ worden en dus gespaard kunnen blijven. Daarnaast is het herstel na de operatie 

korter en hebben patiënten minder kans op een wondinfectie.

De lange leercurve wordt beschouwd als het belangrijkste nadeel van de TEP, waar-

door het de aanbeveling verdient een TEP alleen te laten verrichten door ‘ervaren’ 

chirurgen. De defi nitie van een leercurve is de periode die een chirurg nodig heeft om 

ervaring te krijgen met een bepaalde procedure, om zo optimale uitkomsten en ac-

ceptabele operatietijden te bereiken. Verondersteld wordt dat de leercurve van de TEP 

langer is dan voor de Lichtenstein, omdat de TEP vraagt om specifi eke (endoscopische) 

vaardigheden en een gedegen kennis van de preperitoneale anatomie.
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Het is onduidelijk hoe lang deze leercurve precies is en wanneer een chirurg als erva-

ren beschouwd kan worden. De EHS richtlijnen suggereren dat de leercurve varieert 

van 50 tot 100 procedures, waarbij de eerste 30-50 procedures als de ‘kritieke fase’ 

wordt beschreven. Anderen veronderstellen dat meer dan 200 procedures nodig zijn 

om optimale resultaten te bereiken.

In Hoofdstuk 2 werd de relatie tussen chirurgische expertise met de endoscopische 

TEP en de operatieduur, kans op perioperatieve complicaties en recidieven onder-

zocht, om zo de lengte van de leercurve te kunnen defi niëren. Uit deze studie bleek 

dat de leercurve lang is en dat zelfs na 400 procedures nog een afname kan worden ge-

zien in de operatieduur, het aantal (korte termijn) postoperatieve complicaties, en het 

aantal conversies. Voor peroperatieve complicaties en de kans op recidieven werd de 

leercurve reeds eerder overkomen, dat wil zeggen na ongeveer 50-100 procedures. De 

totale hoeveelheid patiënten met perioperatieve complicaties en chronische pijn was 

laag ten opzichte van andere studies. Gezien de setting van het onderzoek een hoog 

volume, gespecialiseerd TEP centrum betreft, lijken de goede resultaten suggestief 

voor de relevantie van de “centralisatie” van de liesbreukchirurgie.

Dit komt overeen met de resultaten van andere studies, waar centralisatie van de zorg 

gepaard gaat met betere resultaten. Hoewel dit uitgebreid bestudeerd is bij bepaalde 

laag volume, hoog complexe ingrepen, zoals cardiothoracale, pulmonale of pancre-

aschirurgie en niet zozeer bij de liesbreukchirurgie, is wel bekend dat optimale resul-

taten vaker bereikt worden in zogeheten hoog volume klinieken, zoals bijvoorbeeld de 

Lichtenstein- en Shouldice kliniek.

Tijdens de leercurve van de TEP is de operatieduur langer en de kans op complicaties 

groter. Dit kan niet alleen nadelig zijn voor de patiënt, maar ook frustrerend voor de 

beginnend chirurg. Verondersteld wordt dat adequate chirurgische training dit risico 

verminderd, maar dat ook patiënt- en liesbreuk gerelateerde factoren een bijdrage 

leveren aan het gemak waarmee de operatie uitgevoerd wordt. Als deze factoren be-

kend zijn, is het mogelijk een aanbeveling te doen welke patiënten het beste geope-

reerd kunnen worden tijdens de leercurve van de TEP, om zo de veiligheid voor de 

patiënt en het comfort van de chirurg te waarborgen. In Hoofdstuk 3 werden deze 

patiënt- en liesbreuk gerelateerde factoren geëvalueerd aan de hand van de operatie-

duur, conversiekans en het aantal perioperatieve complicaties. De resultaten toonden 

aan dat een abdominale operatie in het verleden de kans op perioperatieve compli-

caties en conversie vergrootte. Patiënten met een bilaterale of scrotaalbreuk hadden 

eveneens een hogere kans op complicaties, terwijl bij vrouwen met een liesbreuk va-

ker geconverteerd werd naar een Lichtenstein. Geconcludeerd werd dat de chirurg 

tijdens de leercurve van de TEP het beste kan kiezen om slanke mannen van 60 jaar 
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of jonger, met een enkelzijdige liesbreuk en een blanco abdominale voorgeschiedenis 

te opereren.

Tot op heden zijn geen vergelijkbare onderzoeken bekend. Wel is eerder geconclu-

deerd dat patiënten met een bilaterale liesbreuk een grotere kans hebben op perope-

ratieve complicaties (vooral bloedingen); de grotere mate van weefseldissectie van de 

preperitoneale ruimte kan een mogelijke verklaring zijn. 

Grote laterale breuken (of scrotaalbreuken) zijn vaak lastiger te corrigeren, omdat 

de breukzak groter is en deze een nauwe relatie heeft met het vas deferens. Ook kan 

dissectie resulteren in letsel van het peritoneum, waardoor het zicht minder wordt 

en de kans op perioperatieve complicaties, conversie en een langere operatieduur 

toeneemt.

Verschillende studies hebben aangetoond dat abdominale chirurgie in het verleden 

geen contra-indicatie vormt voor het ondergaan van een TEP. Wel bleek het risico op 

conversie en perioperatieve complicaties hoger te zijn dan bij patiënten zonder abdo-

minale chirurgie in het verleden. Dit is inherent aan de aanwezigheid van litteken-

weefsel, waardoor de kans op een lastigere dissectie van de preperitoneale ruimte 

toeneemt. Tot slot concludeerde Rosemar et al. dat de kans op complicaties bij obese 

patiënten hoger is, ongeacht de leeftijd van de patiënt. Dit komt overeen met de be-

vindingen uit de studie beschreven in hoofdstuk 3.

In Hoofdstuk 3 werd eveneens beschreven dat bij vrouwen vaker geconverteerd werd 

naar een Lichtenstein. Dit kan verklaard worden doordat een relatief groot deel van 

de vrouwen in het verleden een abdominale operatie had ondergaan, wat vooral kort 

na de reorganisatie van het liesbreukcentrum in 2005 en 2006 een reden was voor 

conversie. Een andere reden kan zijn dat vrouwen zich vaker presenteren met een 

femoraalbreuk, met een wat hogere kans op strangulatie.

In Hoofdstuk 4 werden de verschillende aspecten van liesbreukchirurgie bij vrouwen 

bestudeerd. Sinds de eerder genoemde reorganisatie in 2005 nam het aantal vrouwen 

dat geopereerd werd vanwege een liesbreuk gestaag toe. Dit bood de mogelijkheid om 

te evalueren welke operatietechniek bij vrouwen de voorkeur geniet. Vrouwen hebben 

namelijk vaker een femoraalbreuk. Daarnaast is bekend dat het risico op een recidief 

na een open anterieure benadering, zoals de Lichtenstein, relatief hoog is. Mogelijk 

komt dit doordat femoraalbreuken gemist worden tijdens de eerste ingreep. De resul-

taten van het onderzoek beschreven in hoofdstuk 4 toonden aan dat femoraalbreuken 

vaak voorkomen bij vrouwen, maar dat het vaak lastig is om deze diagnose preopera-

tief te stellen. Een preperitoneale TEP biedt de mogelijkheid alle mogelijke defecten te 

diagnosticeren en behandelen, terwijl femoraalbreuken bij een Lichtenstein plastiek 

gemist kunnen worden. 
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Op grond van de resultaten van de beschreven studie bleek de TEP inderdaad gepaard 

te gaan met een kleinere kans op een (femoraal) recidief. Daarnaast was de kans op 

chronische postoperatieve pijn lager dan bij patiënten die een Lichtenstein ondergin-

gen. Dit komt overeen met de richtlijnen van de Europese Hernia Society (EHS), die bij 

vrouwen met een liesbreuk een endoscopische preperitoneale techniek aanbevelen, 

mits deze uitgevoerd wordt in ervaren handen.

In het tweede gedeelte van dit proefschrift werden diverse lange termijn uitkomsten 

na TEP geëvalueerd, te weten pijn, pijn gerelateerd aan het seksueel functioneren en 

de fertiliteit.

De morbiditeit na liesbreukchirurgie bestaat vooral uit chronische lies- of genitale 

pijn, wat invaliderend kan zijn en soms leidt tot dure multidisciplinaire behandelin-

gen. Chronische pijn wordt door de International Association for the Study of Pain 

(IASP) gedefi nieerd als pijn of ongemak dat langer dan 3 maanden na een ingreep aan-

houdt. Anderen houden voor chronische pijn na liesbreukchirurgie een periode van 

6 maanden of zelfs een jaar aan. Het ontstaan van chronische pijn wordt beïnvloedt 

door chirurgische factoren enerzijds (zenuwletsel, een door het matje geïnduceerde 

ontstekingsreactie of mechanische irritatie ten gevolge van het matje) en individuele 

factoren (genetisch, psychosociaal) anderzijds.

De incidentie van invaliderende chronische pijn na endoscopische liesbreukchirurgie 

varieert van 2-5%, wat signifi cant lager is ten opzichte van de gerapporteerde percen-

tages van 11-21% na conventionele, open liesbreukchirurgie. Ook hierbij lijkt centrali-

satie van de liesbreukzorg van belang; in gespecialiseerde centra worden percentages 

van 0-2% chronische pijn beschreven, terwijl deze percentages variëren van 0-37% of 

zelfs hoger in algemene ziekenhuizen of academische centra.

Kennis van en inzicht in de incidentie en het tijdsbeloop van (chronische) postope-

ratieve pijn na de TEP is echter beperkt. In Hoofdstuk 5 wordt deze incidentie en het 

beloop van pijn tot een jaar na de TEP geëvalueerd. Duidelijk werd dat relatief veel pa-

tiënten matig tot ernstige pijn (NRS 4-10) hadden in de eerste 6 weken na de operatie 

(5.5%), maar dat slechts 1.0% matig tot ernstige pijn ervoer 1 jaar na de TEP.

Bij 39% en 21% van de patiënten met pijn werd hypo- of hyperesthesie vastgesteld, 

respectievelijk 3 maanden en 1 jaar na de TEP. Dit suggereert dat pijn na TEP neuropa-

thisch of niet neuropathisch (nociceptief) van karakter is, waarbij er niet zelden spra-

ke is van een mengbeeld van beide. Bij de meeste patiënten was de pijn zelfl imiterend, 

wat neuropraxie of perineurale fi brose als onderliggende oorzaak voor de klachten 

aannemelijk maakt. Hierbij kan de pijn tot 6 maanden na de operatie aanhouden, 

maar uiteindelijk dooft het uit.
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Om (chronische) pijn na (endoscopische preperitoneale) liesbreukchirurgie te voorko-

men is een gedegen kennis van de preperitoneale anatomie van belang. De recente 

literatuur wijst uit dat de kans op chronische pijn kleiner wordt naarmate de ervaring 

van de chirurg toeneemt. Ook verdient het de aanbeveling om fi xatie van de mat (zo-

veel mogelijk) te vermijden. In het in hoofdstuk 5 beschreven cohort werd de mat niet 

gefi xeerd. Lichtgewicht matjes kunnen eveneens een rol kan spelen in de preventie 

van chronische pijn, hoewel hier meer onderzoek naar zal moeten worden verricht.

Pijn heeft vaak nadelige effecten op het dagelijks leven, en kan gepaard gaan met 

een negatief effect op het seksueel functioneren. Genitale pijn tijdens de seks of een 

pijnlijke of zelfs falende ejaculatie zijn complicaties met vervelende gevolgen voor 

de patiënt. In de literatuur wordt beschreven dat de kans op ejaculatieproblemen 4%, 

en de kans op matig tot ernstige pijn tijdens de seks 2-3% bedraagt na (voornamelijk) 

conventionele, open liesbreukchirurgie.

Prevalentiecijfers van pijn gerelateerd aan het seksueel functioneren na TEP worden 

beschreven in Hoofdstuk 6. Ruim 2 jaar na een TEP bedroeg de prevalentie van matig 

tot ernstige pijn na TEP nog 3.4%, ten opzichte van 21.2% voor de operatie. Bij 1.0% van 

de patiënten had deze pijn een matig tot ernstig negatief effect op het seksleven, ten 

opzichte van 6.0% preoperatief. Ongeveer 1% van de patiënten beschreef 2 jaar na de 

TEP nog last te hebben van een pijnlijke ejaculatie.

De laatste tijd wordt toenemend aandacht besteed aan onvruchtbaarheid als theo-

retische mogelijkheid na liesbreukchirurgie. Letsel van de (testiculaire) vaten kan re-

sulteren in ischemische orchitis, atrofi e van de testis en een hormonale disbalans. 

Daarnaast kan iatrogeen letsel of het door het matje geïnduceerde littekenweefsel 

leiden tot obstructie van het vas deferens. 

Zowel vasculair letsel als mechanische letsel aan het vas deferens kan leiden tot on-

vruchtbaarheid. In verschillende dierexperimentele studies werd een aanzienlijk na-

delig effect van liesbreukchirurgie op het vas deferens beschreven, waarbij dit effect 

groter was bij de zogeheten ‘tension-free’ mesh technieken ten opzichte van de non 

mesh technieken. Daarbij leek een zwaarder matje een nadeligere invloed te hebben 

dan een lichter matje, omdat lichtgewicht matjes resulteerden in een minder heftige 

ontstekingsreactie en minder fi brose. Omdat het aantal klinische studies tot op heden 

zeer beperkt is, is onduidelijk of bovengenoemde effecten ook bij mensen terugge-

vonden worden en of er een verschil bestaat tussen de non mesh en mesh technieken 

en endoscopische of open liesbreukchirurgie. Dit verdient dan ook meer aandacht in 

toekomstige studies.
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Conclusies
Uit de studies van dit proefschrift kunnen de volgende conclusies getrokken worden. 

-  De TEP heeft een lange leercurve. Optimale resultaten lijken pas bereikt te worden 

na ongeveer 400 procedures per chirurg, hoewel de frequentie van het aantal per-

operatieve complicaties afvlakt na 50-100 ingrepen. (Hoofdstuk 2).

-  Een chirurg, die zich in de leercurve van de TEP bevindt, wordt geadviseerd slanke 

mannen onder de 60 jaar met een unilaterale liesbreuk en een blanco abdominale 

voorgeschiedenis te opereren, om de kans op perioperatieve complicaties zo klein 

mogelijk te houden en de leercurve veilig en effi ciënt door te komen (Hoofdstuk 3).

-  Bij vrouwen met een liesbreuk geniet een preperitoneale (TEP) benadering de voor-

keur om femoraalbreuken adequaat te diagnosticeren en te behandelen (Hoofdstuk 4).

-  Pijn na TEP is zelfl imiterend van karakter en de incidentie van matig tot ernstige pijn 

na een jaar is laag. (Chirurgisch) ingrijpen of vergaande diagnostiek moet dan ook 

niet te snel in de follow-up van patiënten met pijn overwogen worden (Hoofdstuk 5).

-  Pijn ten gevolge van een liesbreuk kan leiden tot een belemmering in het seksueel 

functioneren, maar bij de meerderheid van de patiënten heeft de TEP een gunstig 

effect op deze klachten (Hoofdstuk 6).

-  Klinische studies naar het effect van een liesbreukoperatie op de fertiliteit zijn be-

perkt. Vooralsnog lijkt het risico op infertiliteit laag te zijn. In de toekomst is meer 

onderzoek nodig om het effect van (endoscopische) liesbreukchirurgie op de fertili-

teit te bestuderen (Hoofdstuk 7).

Toekomstperspectieven
Zo lang als er liesbreuken bestaan, zal de zoektocht naar de perfecte operatietech-

niek zich voortzetten en gezocht worden de bestaande technieken te verbeteren. Het 

primaire doel van deze zoektocht richt zich echter niet meer op het voorkomen van 

recidieven, maar op de preventie en behandeling van chronische pijn en de nadelige 

effecten die pijn heeft op het dagelijks functioneren.

Vooralsnog blijft de exacte pathofysiologie van het ontstaan van chronische pijn en 

andere pijn gerelateerde complicaties na (endoscopische TEP) liesbreukchirurgie on-

duidelijk, wel is bekend dat zenuwletsel en een door het matje geïnduceerde ontste-

kingsreactie oorzaken zijn. Factoren die een rol kunnen spelen bij de preventie van 

postoperatieve pijn zijn een toenemende chirurgische expertise, het minimaliseren 

of zelfs achterwege laten van het aantal nietjes om de mat te fi xeren en het gebruik 
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van lichtgewicht matjes. Het belang van een adequate training van de chirurg en een 

gedegen kennis van de inguinale (preperitoneale) anatomie worden benadrukt.

Hoewel het gebruik van lichtgewicht matjes veelbelovend lijkt in het voorkomen van 

pijn, zal verder onderzoek uit moeten wijzen wat het precieze effect hiervan is. Een 

specifi eke vraag hierbij is of de prijs voor een afname in het pijnpercentage betaald 

wordt in een grotere kans op recidieven. Resultaten van studies, inclusief die van de 

TULP studie (zie hoofdstuk 9), waarin gekeken wordt naar het lange termijn effect 

van zwaardere ten opzichte van lichtere matjes na (endoscopische) liesbreukchirurgie 

worden op korte termijn verwacht.

Eveneens zal aandacht besteedt moeten worden aan de verschillende soorten pijn en 

het beloop van pijn in de tijd, om zo een betere prognose te kunnen geven en doelge-

richte behandelingen op te kunnen stellen.

Infertiliteit, als potentieel nadeel van liesbreukchirurgie verdient meer aandacht in 

toekomstige studies. Resultaten van verschillende studies, waaronder de MAIN studie 

(zie hoofdstuk 10), waarin de fertiliteit geëvalueerd wordt voor en 6 maanden na een 

TEP bij mannen met een bilaterale liesbreuk, volgen.

Omdat de TEP een veelbelovende techniek is, met goede resultaten in ervaren han-

den, wordt deze meer en meer toegepast bij de behandeling van patiënten met een 

liesbreuk. De langere leercurve, kosten en de noodzaak patiënten te opereren onder 

algehele narcose zijn voor anderen echter een doorslaggevend nadeel van deze tech-

niek. De vermeende nadelen van de TEP hebben ertoe geleid dat er een aantal nieuwe, 

open preperitoneale technieken zijn ontwikkeld, zoals de TREPP (transrectus sheath 

preperitoneal mesh repair) en TIPP (transinguinal preperitoneal technique). Hoewel de 

klinische resultaten van deze technieken nog niet in detail zijn beschreven, worden 

een relatief korte leercurve en de mogelijkheid om een preperitoneale benadering 

onder lokale of spinale anesthesie uit te voeren, als belangrijkste voordelen genoemd. 

In het bijzonder oudere mensen zouden hier voordeel van kunnen ondervinden, om-

dat zij een kleinere kans hebben op postoperatieve pijn en minder gebaat zijn bij een 

snellere hervatting van werk en andere dagelijkse bezigheden. Aan de andere kant 

kan vanwege de nadelen van de TEP, in combinatie met het gegeven dat uitstekende 

resultaten behaald worden in gespecialiseerde, hoog volume klinieken, gepleit wor-

den voor centralisatie van de liesbreukzorg in een aantal gespecialiseerde centra, wat 

een einde zou betekenen van de liesbreukcorrectie als belangrijkste procedure binnen 

de “algemene” chirurgie.
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Alle goede gave, elk volmaakt geschenk komt van boven vandaan

Jakobus



Dankwoord
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In de loop van de tijd zijn er aardig wat mensen bij de verschillende aspecten van mijn 

onderzoek betrokken geraakt. Al deze mensen wil ik graag bedanken, maar enkele 

toch wel in het bijzonder.

Beste Prof. Dr. I.H.M. Borel Rinkes, dank dat u mijn promotor wilt zijn. Ik vind het nog 

altijd bijzonder dat u, zonder aanvankelijk betrokken geweest te zijn bij mijn onder-

zoek, in een half uur een solide ‘raamwerk’ voor dit proefschrift wist neer te zetten. 

Drs. J.P.J. Burgmans, beste Ine, ondanks dat ik begon met (bijna) 1.5 uur te laat komen 

op het eerste sollicitatiegesprek, werd ik toch aangenomen. Hopelijk heb je er geen 

spijt van gekregen. Ik in ieder geval niet. Door jouw betrokkenheid en enthousiasme 

vanaf het allereerste begin, stimulerende adviezen, tips & tricks, kennis van zaken, 

leuke reisjes naar het buitenland en gezelligheid, heb ik niet alleen een leerzame, 

maar ook ontzettend leuke tijd gehad met als ‘klap op de vuurpijl’ dit boekje. Onder 

jouw begeleiding hebben we er iets keigaafs (ik ben al aan het integreren in het zui-

den) van gemaakt. Ontzettend bedankt voor alles!

Dr. Th van Dalen, beste Thijs, ook jij bent vanaf het moment dat ik in 2009 bij ‘het Diak’ 

binnenkwam, bij alles betrokken geweest. In alle drukte die het werk van chirurg met 

zich mee brengt, wist je ook nog ruimschoots tijd vrij te maken voor mij en alle on-

derzoek- en carrière ‘beslommeringen’. Het klinkt vast wat cliché, maar zonder jouw 

wetenschappelijk inzicht, kritische blik, enthousiasme en hulp bij het ‘schaven’ aan 

de verschillende papers, was dit proefschrift niet tot stand gekomen, waarvoor heel 

veel dank!

Dr. R.K.J. Simmermacher, bedankt voor uw hulp, betrokkenheid en alle (niet per se 

werk-gerelateerde) adviezen. Uw toewijding aan dit onderwerp en uw heldere en snel-

le manier van denken tilden onze artikelen naar een hoger niveau. 

Prof. dr. R.L.A.W. Bleys, Prof. dr. L.P.H. Leenen, Prof. dr. A.W. Hoes, Prof. dr. J.F. Lange, 

Prof. dr. M. Miserez, leden van de leescommissie, hartelijk dank voor uw tijd en inte-

resse in mijn proefschrift. 

Dr. G.J. Clevers, dr. E.J.M.M. Verleisdonk en dr. P.H.P. Davids, hartelijk dank voor de gele-

genheid om me twee jaar volledig aan het onderzoek te kunnen wijden en voor jullie 

wetenschappelijke bijdrage aan (de vele data uit) dit proefschrift. 
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Dr. N. Smakman, beste Niels, bedankt voor je ideeën, adviezen en alle hulp bij het 

opzetten van de verschillende studies & dit promotie project! 

Dr. S.G. Elias, beste Sjoerd, statistiek is (nog steeds) niet mijn beste kant. Bedankt voor 

je ondersteuning hierbij.

Alle collega’s uit het Diakonessenhuis, dank voor het includeren & terugzien van pa-

tiënten, de leuke werksfeer en leerzame momenten.

Atie, Piema, Angela, Yvonne en Jantine en alle andere dames van de poli & het se-

cretariaat, ondanks dat het af en toe behoorlijk veel werk was, hebben jullie het toch 

maar mooi gedaan; brieven versturen, patiënten bellen, drukke polidokters aan hun 

jas trekken als er te weinig geïncludeerd werd en ga zo maar door! Het resultaat mag 

er zijn. Bedankt voor jullie inzet en alle gezelligheid. Janna Elke, jammer dat je niet 

tot het einde betrokken bent gebleven. Je hebt echt bergen verzet, mij vele computer 

handigheidjes aangeleerd en dan was het buiten werktijd om ook nog eens gezellig. 

Dank je wel! Arianne, fi jn dat jij het wilde overnemen.

Harke en Esther; bedankt voor alle tijd die jullie besteed hebben aan de vele (broodno-

dige) mails naar met name de ICT, alle andere praktische ondersteuning en natuurlijk 

de PR!

Frans Jasper, dank voor je hulp bij het invoeren van die eindeloze hoeveelheid patiën-

ten data. Veel succes met het afronden van je eigen boekje en de rest van je carrière. 

Charlotte, niet iedereen zag er de ‘lol’ van in om het onderzoek naar de liesbreuken 

over te nemen.. Jij gelukkig wel. Bedankt voor de gezelligheid in Zeist. We moeten snel 

maar n keer sushi gaan eten in Maastricht!

Als laatste natuurlijk mijn familie en vrienden;

Lieve pap & mam, ik bedank jullie voor alles wat jullie me hebben gegeven. Een slijm 

verhaal in een dankwoord van een proefschrift is niet echt aan jullie (en mij) besteed, 

maar: door jullie ben ik geworden wie ik ben. Dank voor jullie onvoorwaardelijke 

steun, liefde en vertrouwen!

Lieve opa en oma, lieve tante Bep. Bijzonder en fi jn dat jullie hierbij kunnen zijn!
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Maria, Han (en Coba als 3e offi cieuze paranimf), ik vind het fi jn dat jullie naast me 

staan op 25 april!

Miran, super leuk dat we na al die jaren weer roomies zijn! Hoop dat je het nog even 

met me uithoudt… :D

Tot slot; al mijn lieve vriendinnetjes en vrienden, dank voor alle gezelligheid, rela-

tiveringsvermogen en ontspanningsmomenten. Het vergt vanaf nu zeker wat meer 

inspanning & reistijd, maar laten we onze tradities in ere proberen te houden!
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Nelleke Schouten werd op 1 november 1983 geboren te Driebruggen. Na het behalen 

van haar Gymnasium diploma in 2001 werd in datzelfde jaar gestart met de studie 

geneeskunde aan de Universiteit van Leiden. Tijdens de studie gaf zij met veel 

plezier anatomielessen aan medestudenten. In 2008 behaalde zij haar Artsexamen 

en vertrok voor 4 maanden naar Pretoria, Zuid-Afrika voor een eerste klinische stage 

op de SEH en chirurgische afdeling. De reeds aanwezige interesse in de Heelkunde 

werd versterkt tijdens het jaar dat zij ANIOS Heelkunde was in het Reinier de Graaf 

Gasthuis te Delft. Zodoende werd na dat jaar gestart met onderzoek naar de resultaten 

en complicaties van de endoscopische TEP liesbreukcorrectie in het Diakonessenhuis 

te Utrecht/Zeist. Na twee jaar fulltime onderzoek gedaan te hebben, startte zij in 

2012 als ANIOS in het Antonius ziekenhuis te Nieuwegein. Ondertussen ging het 

onderzoek gestaag door, wat uiteindelijk geresulteerd heeft in dit proefschrift.

Sinds 1 januari 2013 is zij via opleidingsregio Maastricht in opleiding tot algemeen 

chirurg in het ORBIS Medisch centrum (Sittard), opleider dr. A.G.M. Hoofwijk.
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