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Summary
CHAPTER 1
Inguinal hernia repair (IHR) represents one of the most frequently performed operations
in general surgery worldwide. It was only in the second half of the 19th century that
surgical correction techniques were developed with acceptable outcome related to the
standards of that era. Since then the incidence of hernia recurrence as one of its foremost
complications has determined the success of the type of hernia operation for more
than hundred years. The introduction of synthetic mesh halfway the last century made
“tension free” IHR possible and eventually has reduced the percentage of recurrence to
such low numbers that it seized to be a big issue in hernia research. At the same time,
another complication surfaced and became obvious: chronic postoperative inguinal
pain (CPIP), which has attracted quite some attention and concern in the past decade.
Despite the large variety in literature as regards the incidence of CPIP (1-50%), there is
consensus that in IHS this complication represents a substantial problem. Apart from
all other potential reasons that may cause CPIP, the role of the three inguinal nerves
including anatomical knowledge and operative technique plays a crucial role.
This thesis has focused on several aspects of CPIP, including the special role of the
inguinal nerves. An important aim of this dissertation was to elucidate the following
questions:
•

What is the awareness of the general surgeon cornerning CPIP?

•

What should be the policy as regards inguinal nerve handling during IHR:
identify and subsequently divide, resect or preserve the nerves together or
separately during surgery?

•

Is it possible to define surgical anatomical zones facilitating efficient identification
of the three inguinal nerves during open herniorrhaphy?

•

Is ‘nerve minded’ hernia surgery feasible in daily practice with sufficient
knowledge of the local anatomy?

•

Is there a role for a new open correction technique that could possibly avoid
nerve damage to the minimum without compromising the recurrence risk?

•

Have dedicated hernia surgeons, so called “herniologists”, better results than
general surgeons as regards to occurrence of CPIP?
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•

Is there uniformity in collecting data and measuring parameters in current
CPIP studies?

•

How to manage CPIP when the damage has already occurred?

CHAPTER 2
The topic in Chapter 2 is that morbidity associated with open IHR mainly consists of
CPIP. The aim of this study was to identify possible disparities between state-of-the-art
Lichtenstein repair, and its application in general practice. To evaluate this a questionnaire
was mailed to all surgeons and surgical residents (n = 1,374) in The Netherlands in
February 2005. The objective was to determine the state of general practice with respect
to technical steps during the Lichtenstein repair that have been suggested to be responsible
for the development of CPIP, as recently updated by Lichtenstein’s successor: Amid. The
results revealed that more than half of the respondents did not act according to the
Lichtenstein guidelines with respect to surgical steps that are suggested to be involved
with the origin of CPIP of somatic origin. Compliance with Amid’s guidelines with
respect to the handling of the nerves was variable. Surgeons conducting high numbers
of IHR were more likely to operate according to the key principles of the state-of-the-art
Lichtenstein repair. It was concluded that there was a substantial disparity between the
state-of-the-art Lichtenstein repair and its application in general practice with respect to
steps that are suggested to play a role in the origin of CPIP.
CHAPTER 3
The objective of Chapter 3 is to determine if peroperative identification and subsequent
division or preservation of the inguinal nerves during open hernia repair may influence
the incidence of CPIP. Therefor a systematic literature review was performed to identify
studies investigating the influence of different types of nerve management. Based on
three randomized studies the pooled mean percentage of patients with CPIP after
identification and division of the ilioinguinal nerve was similar to that after identification
and preservation of the ilioinguinal nerve. Two cohort studies suggested that the incidence
of CPIP was significantly lower after identification of all inguinal nerves compared with
no identification of any nerve. Another cohort study reported a significant difference
in the incidence of CPIP in favour of identification and facultative pragmatic division
of the genital branch compared with no identification at all. This led to the conclusion
that the nerves should probably be identified during open hernia repair. Division of and
preservation of the ilioinguinal nerve showed similar results.
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CHAPTER 4
The focus of Chapter 4 is on the potential advantage of nerve-identification during open
hernia repair. This is suggested to be associated with less CPIP. The aim of this study was
to define clinically relevant surgical anatomical zones facilitating efficient identification
of the three inguinal nerves during open herniorrhaphy. Through dissection of 18
inguinal areas of embalmed and unembalmed human cadavers, identification zones
were developed for all three inguinal nerves (in particular for the genital branch of the
genitofemoral nerve).
The outcome was that the iliohypogastric nerve was identifiable running approximately
horizontally and ventrally to the internal oblique muscle perforating the external
oblique aponeurosis at a mean of 3.8 cm (range 2.5–5.5 cm) cranially from the external
ring. When present, the ilioinguinal nerve was identifiable running ventrally and parallel
to the spermatic cord, dorsally from the aponeurosis of the external oblique muscle.
Identification of the genital branch of the genitofemoral nerve was more comprehensive.
The course of the genital branch was laterocaudal at the level of the internal inguinal
ring.
Based on the newly defined identification zones, peroperative identification of all inguinal
nerves was possible. Further research is warranted to assess clinical feasibility of these
zones and to evaluate the influence of (facultative) division, preservation or omittance
of the identification of all three inguinal nerves on the incidence of CPIP.
CHAPTER 5
If inguinal nerve identification during open inguinal hernia repair is associated with
less CPIP it is remarkable that most Dutch surgeons do not identify all three inguinal
nerves when carrying out this procedure. However unvalid, fear for a difficult procedure
or substantial time loss may be arguments for them. The aim of Chapter 5 is to evaluate
the feasibility of a nerve-recognizing Lichtenstein hernia repair and to measure the extra
time required for surgery.
To investigate this, forty patients with primary inguinal hernia were operated on
following the nerve-recognizing Lichtenstein hernia repair by four experienced hernia
surgeons from four different Dutch teaching hospitals. The additional time needed to
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identify each individual nerve was recorded, and iatrogenic nerve injuries and anatomical
characteristics were registered.
The study showed that identification of the iliohypogastric and ilioinguinal nerve
was each performed within 1 min. Identification of the genital branch was notably
more difficult but could usually be performed within two minutes. Identification of
the cremasteric vein, running parallel to genital branch, was less comprehensive. The
incidence of major anatomical variations was low. Twenty-five per cent of ilioinguinal
nerves, however, could not be identified. In five patients inguinal nerves were damaged
iatrogenically during standard manoeuvres of the Lichtenstein hernia repair. The results
demonstrated that three-nerve-recognizing Lichtenstein hernia repair was feasible and
non-time-consuming if the surgeon had appropriate anatomical knowledge. In view
of the low incidence of major anatomical variations, knowledge of standard inguinal
nervous anatomy should be adequate. This procedure could enable the surgeon to
prevent or recognize iatrogenic nerve damage and offer an opportunity to perform
deliberate neurectomy as an alternative to accidental nerve injury.
CHAPTER 6
This chapter gets the reader acquainted with an innovative surgical procedure. After
the introduction of mesh in IHR, the focus to improve surgical technique has changed
from recurrence to CPIP. At present, the most common surgical techniques are the
Lichtenstein hernioplasty and total extraperitoneal procedure (TEP). Both techniques
have their own specific disadvantages, with regard to potential nerve damage and the
necessity of general anesthesia, respectively. The goal of this study was to evaluate the
results of a new technique in which the inguinal nerves are not at risk, and in which
general anesthesia is not needed: trans rectus sheath extraperitoneal procedure (TREPP).
Between 2006 and 2010, a total of 1,000 patients were treated for inguinal hernia with
TREPP. A questionnaire concerning pain, sensibility changes, patient satisfaction, and
recurrence was sent to all patients. The questionnaire was completed by 932 patients.
Almost 90 % of patients had not experienced any pain since the surgical procedure;
8 % of patients reported experiencing some pain, but less than preoperatively; and
2 % of patients reported an increase in pain postoperatively. Recurrence occurred in
1 and 3 % were unsure about this. Reduced sensibility of the scar, scrotum, and upper
leg was reported by 12.4, 1.4, and 1.5 %, respectively. Overall, 97.4 % of patients were
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satisfied with the results of the surgical procedure. The time period in which TREPP was
performed was not associated with any of the outcome measures.
On the basis of these results it can be stated that TREPP has proven to be a feasible
new technique for inguinal hernia repair, with excellent results, justifying a randomized
controlled trial in which TREPP should be compared with standard techniques.
CHAPTER 7
Chapter 7 gets in to the very present-day issue of centralization in the healthcare sector.
Recently case volume and specialization have been found correlated to significant
improvement of outcomes in other fields of surgery; to date these important factors
have not been reviewed extensively enough in the context of inguinal hernia surgery. The
aim of this study was to evaluate whether a relation exists between surgical expertise and
incidence of CPIP using the Lichtenstein procedure.
A systematic literature review was performed to identify studies reporting on the
incidence of CPIP after the Lichtenstein procedure and including the expertise of the
surgeon. Surgical expertise was subdivided in expert and non-expert. In a total of 19
studies 4286 Lichtenstein procedures were included, of which 2811 were performed in
randomized controlled trials. In the expert group the incidence of CPIP varied between
6.8% and 12.0% in the randomized controlled trials versus an incidence of 20.7 to 29.6%
in the non-expert group. This difference was not observed in the cohort studies. Due to
the heterogeneity between groups no statistical significance could be demonstrated.
The results of this evaluation suggest that an association between surgical expertise and
CPIP is highly likely warranting further analysis in a prospectively designed study.

10

CHAPTER 8
Over the last years various prospective studies have been undertaken to investigate
surgery related solutions to minimize the incidence of CPIP. Outcome measures used to
assess CPIP differ.
This chapter analyzes the methodology of the existing literature on CPIP to evaluate
if outcomes are reliable (reproducible), valid and comparable between trials. To do
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so a systematic literature review was performed to identify randomized clinical trials
investigating CPIP. Study designs were checked for the availability of a definition of
CPIP, the type of measurement tools used to quantify and qualify CPIP and a minimal
follow up of six months. Seventy-four studies were identified. In 61% formal criteria were
given to define CPIP of which half used the IASP definition. 58% (n=43) only made use
of validated assessment tools to assess the existence of CPIP. These 43 studies used 27
different assessment tools. 36% had a validated assessment of both pain intensity and
the effect of CPIP for daily functioning or Quality of Life (QOL), 43% only measured
pain intensity (PI), 4% only QOL. The VAS was most often used for measuring pain
intensity (77%) and the SF36 for QOL measurement (16%). In 16% it was not clear
how CPIP was assessed because no information (7%) or non-specified information (9%)
was given. 41% had a baseline score PI and/or QOL. 70% had a follow-up of at least 12
months. It is a pity to conclude that no definitive recommendations can be made due to
limitations with comparability in definitions, assessment methods and methodological
inconsistencies. To generate high-quality and comparable evidence to identify the best
methods to prevent or reduce CPIP, we need standard definitions and assessment
methods that have been validated for use in inguinal hernia repair patients.
CHAPTER 9
This chapter zooms in on the fact that no consensus guidelines exist for the management
of CPIP. It renders a study which goal is to design an expert-based algorithm for
diagnostic and therapeutic management of CPIP. To realize this a group of surgeons
considered experts on inguinal hernia surgery was solicited to develop the algorithm.
Consensus regarding each step of an algorithm proposed by the authors was sought by
means of the Delphi method leading to a revised expert-based algorithm.
With the input of 28 international experts, an algorithm for a stepwise approach for
management of CPIP was created. 26 participants accepted the final algorithm as a
consensus-model. Although one participant could not agree with the final concept and
one expert did not respond during the final phase, this algorithm can nevertheless serve
as a guide with regard to the diagnosis, management, and treatment of CPIP patients
and improve clinical outcomes. If an expectative phase of a few months has passed
without any amelioration of CPIP, a multidisciplinary approach is indicated and a pain
management team should be consulted. Pharmacologic, behavioral, and interventional

158

Summary, conclusions and future perspectives

modalities including nerve blocks are essential. If conservative measures fail and surgery
is considered, triple neurectomy, correction for recurrence with or without neurectomy,
and meshoma removal if indicated should be performed. Surgeons less experienced with
remedial operations for CPIP should not hesitate to refer their patients to dedicated
hernia surgeons.

Conclusions
According to the assessments and clinical studies performed in this thesis a number of
conclusions are drawn and recommendations suggested:
•

CPIP is considered the most important complication of IHR and should be
recognized and fundamentally understood among all performers of such
operations.

•

There is substantial disparity between the state-of-the-art Lichtenstein repair
and its application in general practice.

•

Inguinal hernia surgery should be performed “nerve minded” and the course
of all three nerves should be recognized during open inguinal hernia repair to
lower the risk of developing CPIP.

•

A three-nerve-recognizing Lichtenstein hernia repair is not only useful but also
feasible and non-time-consuming, if the surgeon has appropriate anatomical
knowledge.

•

TREPP is an excellent technique for open inguinal hernia surgery and has at
least anatomical advantages over the gold standard techniques Lichtenstein
and TEP regarding prevention of CPIP.

•

The statement that expert surgeons or so called “herniologists” generate less
often CPIP compared with general surgeons is highly suggestive.

•

There is need for consensus defining and evaluating CPIP in clinical trials; until
now with the heterogenity of measures applied and variety of data collected, it
is not possible to perform an adequate meta-analysis.

•

CPIP in daily clinical practice can be efficiently analyzed “algorithmwise” by a
general surgeon. For optimal treatment a multidisciplinary approach involving
a pain specialized center is highly recommended.

•

The surgical treatment of CPIP should be performed by a “herniologist”.
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Future perspectives
This thesis is to be considered as a piece of the CPIP puzzle and shall hopefully contribute
to the awareness of this problem among surgeons.
Still, awareness alone is not sufficient. This manuscript illustrates that there remain
many challenges to prevent and manage CPIP.
The presented studies offer several overtures to further research: a RCT in which TREPP
is compared to gold standard technique is obvious. As stated in one of the conclusions, for
contemplated future studies about CPIP in general it is important that there is attention
paid to uniformity in measuring, scoring and defining CPIP. In this respect it is essential
that the pre-eminently pain experts, anesthesiologists, are structurally involved. Actually,
an algorithm similar as described in Chapter 9, in which the focus will especially be put
on the anesthesiologic point of view, would not be redundant. The Achilles’ heel of the
surgical algorithm is represented by the fact that the intermediate step “PAIN TEAM”
is rather a black box and can be considered an algorithm on its own.
Also the theorem experts generating less CPIP than general surgeons and residents must
be further explored and substantiated. In this respect abdominal wall hernia registration
systems like that of the European Hernia Society (EuraHS) should be implemented
also in inguinal hernia surgery as a prerequisite. Also training modules for residents
by dedicated hernia surgeons in IHR-centers merit serious consideration. Whether
one day all inguinal hernia surgical care can be provided in focused factories only by
herniologists, might be doubted in view of the large quantity of operations.
The term ‘herniologist’ is used repeatedly in this thesis and symbolizes the expert, but
this concept is not further specified. In this context after a first version of the directive
‘Inguinal hernia’ of 2004 the taskforce ‘Abdominal wall surgery’ within the Dutch
Society of Gastrointestinal Surgery must again define new standards of inguinal hernia
surgical care, not only promoting optimal techniques but also including the abilities
of the inguinal hernia surgeon. In this respect abdominal wall surgery might also be
considered and developed as a parallel specialization to be certified with.
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Knowledge of anatomy and the ability to operate with nerve minded awareness is of
course reducible to a solid and structured “before the job training’’ in which the resident
is trained and tested, formalized before participating in clinical care. As anatomical
teaching is extensively reduced during medical studies the last few decades, this serious
deprivation of anatomical knowledge amongst residents should be corrected especially
during the first phase of their surgical training.
Finally, two important aspects have not specifically been addressed in this thesis: the role
of the mesh in CPIP and the typology of the CPIP patient.
Concerning the etiology of CPIP there has been zoomed in on the technical skills of
the surgeon: being (three) nerve minded en positioning the mesh in such a neat way
that the chance of meshoma formation is being minimized. The question can be raised
however if a perfectly performed mesh repair can still lead to CPIP. Based on clinical
experience the author considers this to be a rhetorical question: it is all but ruled out that
the mesh itself, finally still a piece of plastic implanted in an organic model, generates
pain. In this respect with the introduction of new devices experimental specifications on
inflammatory aspects of the compound especially with regard to nervous tissue should
be administered by the company. Since Lichtenstein the meshless techniques are out
of vogue because of their higher recurrence rates, but it is not certain if that is still a
valid argument nowadays when, in contrast to the time frames of the older publications,
expert inguinal hernia surgery being exceptional and watchfull waiting trials suggesting
that the ownership of an inguinal hernia is often not that big deal. A well designed RCT
evaluating the validated mesh techniques versus the meshless Shouldice hernioplasty
with expert surgeons and CPIP as primary endpoint might be the Holy Grail.
The controversial topic of the integral typology of the patient with CPIP has been
avoided in surgical research until now. Although this thesis is mapping the problem in a
pragmatic way presenting CPIP as a logic consequence of certain well known possible
causes, it would be interesting also to investigate the personality of this category of
patients.
In conclusion, maybe the title of this book has fooled the optimistic reader: CPIP still
is an actual problem in IHR and will remain it for a while. However, with this thesis
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hopefully has pulled its weight, the title symbolizes a clear ambition and a passionate
desire: GRIP ON CPIP!
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