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CHAPTER 6

Trans Rectus Sheath Extra-Peritoneal Procedure (TREPP)
for Inguinal Hernia: The First 1,000 Patients

JFM Lange, MM Lange, DA Voropai, MWA van Tilburg,
JPEN Pierie, RJ Ploeg and WL Akkersdijk

World Journal of Surgery, August 2014 38: 1922-8

Abstract
Introduction
After the introduction of mesh in inguinal hernia repair, the focus to improve surgical
technique has changed from recurrence to chronic postoperative inguinal pain. At
present, the most common surgical techniques are the Lichtenstein hernioplasty and total
extraperitoneal procedure. Both techniques have their own specific disadvantages, with
regard to potential nerve damage and the necessity of general anesthesia, respectively.
Objective
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).
Material and methods
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.
Results
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 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.
Conclusion
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.

TREPP: the first 1000 patients

Introduction
Inguinal hernioplasty is one of the most frequently performed surgical procedures, with
a lifetime risk for inguinal hernia of 27 % in men and 3 % in women [1]. Tension-free
repair with mesh augmentation is the predominant treatment option, either achieved
by preperitoneal laparoscopic hernioplasty or Lichtenstein procedure (LP) [2–4]. As
the recurrence rate is reduced to less than 5 % after mesh repair, nowadays, long-term
morbidity associated with open inguinal hernia repair is mainly related to chronic
postoperative inguinal pain (CPIP). This has moved the focus of improvement of
surgical techniques from recurrence to CPIP [5, 6]. It is difficult to estimate the true
incidence of CPIP, as the type of pain assessment differs between studies. A review by
Poobalan et al. [7], discussing studies of inguinal hernia repair between 1987 and 2000,
reported an incidence of CPIP of up to 53 % (range 0–63). Recently, it has become
apparent that CPIP must be of either neuropathic or somatic (nociceptive) origin [7].
Despite many hypotheses about the possible causes for CPIP, there is now consensus that
involvement of inguinal nerves plays a major role [8]. This is probably best illustrated by
the fact that a favorable outcome can be obtained after neurectomy of the ilioinguinal,
iliohypogastric, genitofemoral (genital branch), or lateral femoral cutaneous nerves in
patients with CPIP [9].
Based on the thought that the inguinal nerves are involved in the development of CPIP,
preperitoneal placement of mesh is preferable as fixation of the mesh is not necessary
and the inguinal nerves do not transcend into the operative field, in contrast to LP.
The results of laparoscopic repair [predominantly total extraperitoneal procedure
(TEP)] have been demonstrated in a number of studies [3, 4, 10, 11]. Many authors have
shown that similar recurrence rates can be achieved laparoscopically, and some have
demonstrated a lower incidence of CPIP [12]. However, the important advantage of
LP is that general anesthesia is not necessary and LP is not associated with visceral and
major vascular injuries. The latter are rare but reported complications of TEP as are
port-site hernias that require surgical correction [13]. It has also been documented that
the learning curve for LP is shorter than for the laparoscopic approach [14, 15].
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In 2006, a novel technique was developed combining the advantages of both LP and
TEP: the trans rectus sheath extra-peritoneal procedure (TREPP). This technique
concerns an open procedure in which the mesh is placed preperitoneally. It differs from
other preperitoneal techniques such as those of Kugel [16], Ugahary and Simmermacher
[17], Wantz [18], and Pelissier [19] due to its medial approach avoiding the interference
with the course of all (three) inguinal nerves through the lateral abdominal wall.
This study evaluates the first 1,000 patients who were treated with TREPP. We
hypothesized that TREPP would have a short learning curve and that its results as
regards CPIP, sensibility changes, patient satisfaction, and recurrence rates would match
the standards of a valid inguinal hernia correction technique.

Material and methods
From August 2006 to October 2010, a total of 1,000 patients were treated for inguinal
hernia with TREPP by two surgeons in St. Jansdal Hospital, the Netherlands.
Surgical technique
The operation is performed under spinal or general anesthesia (Fig. 1). All operations
were performed as day surgery. An incision is made following Langer’s lines one finger
fold above the line between the pubic tubercle and the anterior superior iliac spine. The
incision starts about 1 cm laterally to the midline, with a total length of about 6 cm.
By blunt dissection, the preperitoneal cavity is easily opened, at first behind the pubic bone
where the connective tissue is very loose (Retzius’ space). Then, the preperitoneal space
is opened more laterally (Bogros’ space), while the following structures may be used as
anatomic landmarks: the abdominal wall ventrally, the psoas muscle dorsolaterally, and
the external iliac artery and vein medially. Between both created cavities, the following
structures are localized: deferential duct (female: round ligament), testicular vessels, and
the hernia sac in case of an indirect hernia.
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Figure 1. TREPP technique. Note that in 2–8 the incision is perpendicular to the body axis (head
to the left). 1 Incision following Langer lines. 2 Exposure of anterior rectus sheath. 3 Dividing
anterior rectus sheath parallel to skin incision. 4 Searching for spermatic cord by blunt dissection
in preperitoneal space. 5 Identification of spermatic cord and hernia. 6 Dissection of hernia
sack. 7 Repositioning hernia. 8 Positioning of mesh in preperitoneal space, anteriorly of
cord. 9 Mesh in situ, covering all three possible orifices of inguinal and femoral hernias.
After dividing the subcutaneous tissue and Scarpa’s fascia, the aponeurosis of the external oblique
muscle and the anterior rectus sheath are exposed and divided parallel to the incision.
The muscle fibers of the rectus abdominis muscle are swept away medially. The transversal fascia
is identified as a thin layer behind the rectus muscle and is divided. Special attention is given to
the identification of the inferior epigastric vessels, which are kept away medially, together with the
fibers of the rectus abdominis muscle.

Hernia reposition is achieved in a direct hernia by gently pulling (often already achieved
by the mere opening of the preperitoneal space). In an indirect or femoral hernia, gentle
pulling also suffices in most cases. In more adherent hernias, traction must be applied to
the hernia sac, using two dissecting forceps. This can be achieved under direct vision. The
deferential duct and the testicular vessels are easily identified. The duct runs dorsally to
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the peritoneum more medially, as it follows its course to the seminal vesicles. The vessels
run more laterally in front of the iliopsoas muscle.
At the abdominal wall, the hernia orifice can be palpated from inside, either as a defect
in the transversal fascia, a widened internal ring, or a femoral hernia orifice dorsally to
the inguinal ligament.
A polysoft, self-expanding mesh is pushed into the preperitoneal space, covering the
orifices of all possible hernias (as in TEP). As the spermatic cord and vessels all run
dorsally on the psoas muscle, the mesh is positioned anteriorly to the cord.
It is not necessary to use stitches to fix the mesh. Since it has a solid ring and a size that
overlaps the hernia orifice at all points, it is safely secured between the peritoneum and
the transversal fascia by intra-abdominal pressure only. After hemostasis, the fascial
layers and skin are closed.
Questionnaire
An elaborate, anonymous survey was sent to all patients, including questions on
general patient characteristics, pain, changes in sensibility, recurrence, and satisfaction.
Preoperative pain and pain at different time-points postoperatively were scored using a
visual analog scale (VAS). If patients still encountered pain at the time of completion of
the survey, they were asked to fill out the McGill Pain Questionnaire [20]. Furthermore,
the time point of surgery was registered for every patient.
Statistical analysis
Data were analyzed with SPSS® version 12.0 for Windows® (SPSS, Chicago, IL, USA).
The influence of gender, age, bilateral hernia, physically demanding occupation, time
period of surgery, and treatment of primary versus recurrent hernia on the different
outcome measures was evaluated using logistic regression analysis. In addition, the
influence of pre- and postoperative pain, changes in sensibility, and recurrence on the
patients’ overall satisfaction was analyzed. All factors associated with an outcome
measure with p < 0.1 in the univariate analysis were included in the subsequent
multivariate regression analysis. Two-sided pvalues ≤0.05 were considered statistically
significant.
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Results
Questionnaires were completed and returned by 932 of 1,000 patients (response rate
93.2 %). The response rate was established in two rounds. The survey was performed
anonymously. Patients and forms were not coded and not reducible. In this respect,
the second survey round was sent to all 1,000 patients again. On the front page of the
questionnaire it was stated that patients who already had responded should not respond
a second time. To pre-empt double responses despite this warning letter, we checked
the database for double data aided by the following information: age, sex, side of
inguinal hernia, profession, and period of operation. No double matches were found.
Patient characteristics are shown in Table 1. The patient group consisted mainly of male
patients (93.8 %) with a mean age of 61.4 years (range 18–99). The majority of patients
were treated for inguinal hernia between 1 and 3 years before the survey, in most cases
unilaterally (90.5 %) and for the first time (88.4 %). No adverse events occurred.

6

Table 1. Patient characteristics
Characteristic
Gender
Male
Female
Age (13 missing) (years)
<65
≥65
Physically demanding occupation (35 missing)
Time since surgery (15 missing) (years)
<1
1–3
≥3
Side of inguinal hernia repair (ten missing)
Left
Right
Both
Previous surgery for same side inguinal hernia (11 missing)

N (%)
874 (93.8)
58 (6.2)
530 (57.7)
389 (42.3)
78 (8.4)
281 (30.5)
451 (49.2)
185 (20.2)
370 (40.1)
464 (50.3)
88 (9.5)
97 (10.4)

Adverse events
Apart from recurrence and CPIP, patients did not report any adverse events via the
questionnaire. There was no peri-operative mortality or life-threatening morbidity.
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Morbidity (19/1,000: 1.9 %) concerned 15 patients with hematomas, which were treated
conservatively. Two patients had a wound abscess that had to be drained operatively. In
both cases, the mesh remained in situ. Two patients had an infected mesh, which had to
be removed.
Pain
Preoperatively, 28.5 % of patients experienced pain and 33.8 % reported discomfort
(seven missing). Postoperatively, 87.1 % of patients were symptom-free, and 8.8 %
reported improvement of preoperative complaints. Symptoms remained unchanged in
2.1 % of patients, and pain or discomfort worsened in another 2 % (11 missing). A
total of 49 patients reported experiencing CPIP (5.3 %; 4.8 % of patients treated for
unilateral hernia, with a mean McGill score of 11.3 (range 1–43). Four patients indicated
they used analgesics. Figure 2 shows the VAS scores over time. Patients who were pain
free preoperatively had significant better VAS scores after surgery than patients with
preoperative pain (3.8 vs. 7.1, respectively;p < 0.001). Patients who were treated for
bilateral inguinal hernia had similar preoperative VAS scores for pain, but slightly worse
postoperative scores with respect to patients treated for unilateral hernia (7.0 vs. 4.5,
respectively; p = 0.055). Gender, age, physically demanding occupation, time period
of surgery, and treatment of primary versus recurrent hernia were not associated with
postoperative VAS scores for pain (p = 0.660, 0.102, 0.218, 0.412, and 0.260, respectively).



Figure 2. VAS score over time. CI confidence interval, VAS visual analog scale score
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Recurrence
Of 915 patients, 11 (1.2 %) reported experiencing a recurrence after treatment, and 34
patients (3.7 %) reported being uncertain as to whether the hernia had reoccurred (17
missing). This was associated with bi- versus unilateral hernia repair (p < 0.001) and
treatment of recurrent versus primary hernia (p = 0.006), but was not related to gender,
age, physically demanding occupation, or time period of surgery (p = 0.562, 858, 0.990,
and 0.573, respectively).
Skin sensibility
With respect to sensibility of the skin surrounding the scar, 96 of 932 patients (10.3 %)
reported reduced sensibility and 20 patients (2.1 %) reported no sensibility at the scar
area at all. Numbness at the scrotum or upper leg was reported by 13 and 14 patients,
respectively (1.4 and 1.5 %). Symptoms of reduced sensibility were associated with age
<65 years [p = 0.007, relative risk (RR) 1.59], repair of recurrent hernia (p < 0.001, RR
1.32), and repair of bilateral hernias (p = 0.001, RR 1.96). The variables gender, time
period of surgery, and physically demanding occupation were not associated as risk
factors (p = 0.798, 0.206, 0.661, respectively).
Patient contentment
Overall, 97.4 % of patients who answered the question concerning contentment
regarding their hernia repair were satisfied (889 of 913; Fig. 3). Contentment was not
associated with age, gender, time period of surgery, uni- versus bilateral treatment,
and repair of primary versus recurrent hernia (p = 0.322, 0.670, 0.686, 0.780, 0.620,
and 0.091, respectively). Contentment was similar between patients who did and did
not report preoperative pain (p = 0.702). In multivariate analysis, only postoperative
impaired sensibility and recurrence were associated factors (Table 2). Postoperative pain
was not an independent risk factor for poor contentment (p = 0.699).

77

6

Chapter 6


Figure 3. Percentage of patients satisfied with the results of hernia repair, without recurrence and
without impaired sensibility
Table 2. Univariable and multivariable analysis of factors influencing postoperative patient
contentment
Factor
Repair of recurrent hernia (N = 910)
Postoperative pain VAS-score (N = 890)
Impaired sensibility (N = 913)
Recurrence (N = 903)
Possible
Certain

Univariable analysis
p value
RR
0.091
2.26
<0.001
1.04
<0.001
5.38
<0.001
<0.001
8.33
<0.001
90.9

Multivariable analysis
p value
RR
0.769
1.20
0.699
1.01
0.001
5.00
0.001
0.032
5.29
<0.001
55.6

RR relative risk

Discussion
Mesh application is considered paramount in inguinal hernia surgery to prevent
recurrence. However, the two current ‘standard’ varieties of mesh repair both have their
specific disadvantages: TEP has a long learning curve and requires general anesthesia
and the risk of LR due to the three inguinal nerves being exposed to iatrogenic damage
(dissection, coagulation, mesh fixation) or direct contact with the mesh, causing CPIP.
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In fact, TREPP is the ideal hybrid technique, avoiding all three inguinal nerves by its
medial approach and rendering general anesthesia unnecessary. TREPP represents a
variant of the preperitoneal approach. Other variants are represented by the Kugel and
Ugahary and Simmermacher techniques, both operations also inspired by the concept
of Nyhus and others like Stoppa and Wantz. An important difference between TREPP
and other preperitoneal approaches like TEP and Ugahary is that TREPP is a strictly
medial approach, avoiding the three inguinal nerves. Furthermore, specific laparoscopic
skills are required for TEP, and the Ugahary is a ‘blind’ technique for which exceptional
experience is required. The goal of this study was to estimate whether these theoretical
advantages would also be reflected in practice and if this new procedure would have any
potential additional clinical value by evaluating the results of the first 1,000 operated
patients.
The rate of CPIP in this study, with a mean follow-up of 25 months, is low. Especially
when compared with that in the review by Poobalan et al. [7] who reported incidences
of CPIP ranging from 0 to 63 % and a similar range confirmed later by Aasvang and
Kehlet [21] in an update. The overall incidence of moderate to severe CPIP is generally
considered to be approximately 12 % [22, 23]. From this perspective, the results of TREPP
are promising. This finding supports the assumed advantage of TREPP, i.e. avoiding
the inguinal nerves reduces postoperative pain [22–30]. This idea is not new: it has
previously been suggested that the high incidence of CPIP after LP could be improved
by a more meticulous nerve-sparing technique [8, 31, 32]. However, we found that most
patients with CPIP already suffered from pain preoperatively (p < 0.001), identifying
preoperative pain as an independent risk factor for CPIP. Moreover, bilateral surgery was
significantly associated with CPIP (p = 0.023). Therefore, it could be hypothesized that
direct nerve damage is not the only contributing factor to the development of CPIP [33].
This suggestion is confirmed by the fact that CPIP was not associated with sensibility
loss. In this respect, inflammatory changes around the mesh causing nociceptive pain
might be prominent. As a consequence, pain due to a fibrotic reaction around the mesh
cannot totally be prevented by TREPP or any other technique in which mesh is used.
In this respect, hyperfibrosis (‘meshoma’) might also occur in a minority of patients.
The advantage of the retroperitoneal position of the mesh prevents the mesh coming
in direct contact with the iliohypogastric and ilioinguinal nerves. CPIP as a result of
iatrogenic nervous damage during the approach and dissection will be lower in TREPP
due to the medial approach in contrast to all other open techniques.

79

6

Chapter 6

It should be noted that the current study used a retrospective questionnaire, which
could have as a drawback less relative validity, since accurate reflections on pain are
not to be expected. However, more than 900 patients participated, and the average
scores, which definitely favor TREPP, cannot be ignored. CPIP occurred more often in
bilateral hernia patients. This risk factor has not been described before. Ali et al. [34]
claim that bilateral dissection is not a predictor for CPIP in TEP. Consequently, it might
be suggested that TEP may be preferable to TREPP in cases of bilateral inguinal hernia,
based on the wound surface, if there is adequate laparoscopic expertise and there are no
contraindications for general anesthesia.
There was no postoperative mortality or serious morbidity. The incidence of adverse
events was low (1.9 %). With respect to the recurrence rate, the results of TREPP
seem to be comparable to those of LP and TEP, although data were only collected by
questionnaire and no morphologic evaluation was undertaken in the present study [35]. In
surgery, and for the patient, only symptomatic recurrences are relevant: a recurrence that
is not experienced by the patient, and that can only be identified by medical examination
or ultrasonography, is of no clinical importance. The only factor that was found to be
relevant in the development of recurrent hernia was bilateral surgery (p < 0.001).
The results of TREPP are consistent over time: there was no difference in postoperative
pain, recurrence, sensibility changes, and patient satisfaction between the different time
periods of intervention with regard to both surgeons performing TREPP. This could
possibly reflect a short learning curve in an indirect way.
Finally, it cannot be ignored that 98 % of patients reported satisfaction with the operation.
This finding seems to be in contradiction to the incidence of CPIP or recurrence rates
found in this study. This should be noted, as elective inguinal hernia repair is performed
for complaints expressed by the patients. Therefore, we especially focused on patientrelated outcomes in this study. This outcome demonstrates that patients simply seem to
accept adverse effects of surgery better than do surgeons. Nevertheless, this observation
may never lead to restraint in our search to optimize surgical techniques and to minimize
side effects noted as complications in surgery.
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Conclusion
TREPP seems to be a valid novel technique for unilateral inguinal hernia correction
and equal to LP and TEP whilst being probably the better technique in terms of CPIP.
To date, we are training colleagues in a number of centers in both TEP and TREPP
techniques to allow a prospective randomized clinical trial to evaluate the superiority of
TREPP in the near future.
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