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The clinical effects of closure of the hernia gap

after laparoscopic ventral hernia repair:
protocol for a randomised controlled trial
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ABSTRACT

INTRODUCTION: Closure of the hernia gap in laparoscopic
ventral hernia repair before mesh reinforcement has gained
increasing acceptance among surgeons despite creating a
tension-based repair. Beneficial effects of this technique
have been reported sporadically, but no evidence is avail-
able from randomised controlled trials. The primary pur-
pose of this paper is to compare early post-operative activ-
ity-related pain in patients undergoing laparoscopic ventral
hernia repair with closure of the gap with patients undergo-
ing standard laparoscopic ventral hernia repair (non-closure
of the gap). Secondary outcomes are patient-rated cosmesis
and hernia-specific quality of life.

METHODS: A randomised, controlled, double-blinded study
is planned. Based on power calculation, we will include 40
patients in each arm. Patients undergoing elective laparo-
scopic umbilical, epigastric or umbilical trocar-site hernia
repair at Hvidovre Hospital and Herlev Hospital, Denmark,
are invited to participate.

CONCLUSION: The gap closure technique may induce more
post-operative pain than the non-closure repair, but it may
also be superior with regard to other important surgical
outcomes. No studies have previously investigated closure
of the gap in the setting of a randomised controlled trial.
FUNDING: The study is funded by The University of Copen-
hagen and private foundations.

TRIAL REGISTRATION: NCT01962480 (clinicaltrials.gov).

Laparoscopic umbilical or epigastric hernia repair is a
common surgical procedure. Compared with open re-
pair, laparoscopic repair may have potential advantages
in terms of less wound infections and shortened hospital
stay [1]. However, there are still clinical challenges after
this procedure in terms of severe post-operative pain,
wound-related problems, cosmetic complaints and high
rates of 30-day readmission [2-10]. Standard laparo-
scopic umbilical or epigastric hernia repair is performed
by fixating the mesh (intraperitoneal onlay mesh
(IPOM)) without closing the hernia gap. This is done to
create as little tension as possible. Despite the risk of
creating increased tension to the tissue, closing the gap
is gaining increasing acceptance among surgeons owing
to a possible prevention of mesh protrusion through the

gap (bulging), which provides a better cosmetic result,
possibly lowers the recurrence rate and improves ab-
dominal wall function [6, 11-13]. The technique may also
decrease seroma formation [2] and improve overall pa-
tient satisfaction [6, 14]. These beneficial effects are,
however, not supported by randomised controlled evi-
dence, and the effects of gap closure on post-operative
pain and recurrence have not been investigated.

However, closure of the gap may induce more in-
tense post-operative pain compared with a non-closure
technique. The primary purpose of the present study is
therefore to compare early post-operative pain levels in
patients undergoing closure of the gap and IPOM with
pain levels in patients undergoing non-closure of the gap
and IPOM in laparoscopic umbilical or epigastric hernia
repair. Secondary outcomes are patient-rated cosmetic
results, hernia-related quality of life (QoL), movement
limitations, fatigue, general well-being, and 30-day-read-
mission and morbidity.

METHODS

Study design

This will be a randomised, controlled, double-blinded
study which includes a total of 80 patients undergoing
elective laparoscopic umbilical or epigastric hernia
repair. Patients are randomised to an intracorporally
sutured closure technique of the hernia gap and IPOM
or to non-closure of the gap and IPOM (standard pro-
cedure). Patients are recruited from two university
hospitals.

Surgical technique
Intraperitoneal onlay mesh and closure of gap
(intervention group)
The hernia gap is sutured with non-absorbable suture
(Ethibond Excel 2-0, Ethicon, NJ, USA). The hernia sac is
incorporated into the sutures. The stitches are placed at
a distance of 0.5-1 cm from the fascial edges and with
0.5-1 cm between the stitches. Suturing is performed at
6-8 mmHg IPP.

We intend to incorporate all layers of the abdom-
inal wall except the skin and subcutis in the stitch. Each
stitch is tied with at least four knots.
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Stitching
into the gap

| Closed gap with stitches

Laparoscopic umbilical hernia repair with closure of the gap. A. Hernia gap with one stitch and the sec-
ond stitch incorporating the hernia sac. B. Grasping the second fascial edge. C. Knot is being tied with a
laparoscopic knot-pushing instrument. D. Sutured hernia gap.

Intraperitoneal onlay mesh and non-closure

of gap (control group)

The standard surgical technique is without closure of the
gap before IPOM fixation with the above described dou-
ble-crown technique.

Both surgical groups

Four experienced laparoscopic hernia surgeons will per-
form the operations. Before study start, each surgeon
has performed more than 30 intracorporally sutured re-
pairs. The abdominal cavity is insufflated to 12 mmHg by
Verres needle, and a 12-mm trocar is placed along the
left side laterally to the mid-clavicular line under the
lower left costa. Additionally, one 5-mm trocar and one
12-mm trocar are placed in a vertical line downward.
This regimen is chosen in order to meet local choice of
procedures. Adhesiolysis is performed as needed. The
gap area is cleared for fatty tissue, and the falciform liga-
ment is partially detached from the abdominal wall. The
maximum diameter of the gap is measured under a 6-8
mmHg intraperitoneal pressure (IPP) before fixation of
the mesh and/or suturing of the gap. A Physiomesh
(Ethicon, NJ, USA) is placed with at least a 5-cm overlap
(measured on the non-sutured gap) of the gap and fix-
ated with double-crown technique (Protack; Covidien,
CN, USA). The gap size before closure is used to deter-
mine the size of mesh. The hernia content is reduced,
without removal of the hernia sac. The mesh fixation is
performed under a 6-8-mmHg IPP with 1.5-2 cm dis-
tance between tacks. 10 ml bupivacaine 0.5% are admin-
istered into the trocar sites (4 ml in the two 12-mm tro-

car sites and 2 ml at the 5-mm trocar site) at the end of
the hernia repair. Furthermore, a surgeon-administered
transabdominal transverse abdominis plane (TAP) block
is applied under visual guidance [15] after the mesh fix-
ation before end of operation. Thirty ml of bupivacaine
0.5% is injected with an 18G needle at four points of the
abdomen (right and left side of the abdomen in the mid-
clavicular line on the insufflated abdomen, 3 cm caudally
and 3 cm cranially to the umbilicus).

Fascial trocar site defects > 5 mm are closed with
polydioxanone PDS interrupted sutures, and skin is
closed with nylon 3-0, single stitches. A fitted abdominal
binder is placed around the abdomen when the patient
is mobilised from the operating table to the post-opera-
tive care unit (PACU) bed. The patients are instructed to
wear the binder continuously for seven days (can be re-
moved when showering).

Standard anaesthesia and analgesic treatment

At the induction of anaesthesia, 16 mg methylpredniso-
lonsuccinat is administered intravenously (V) and 1,500
mg cefuroxime IV are injected. Patients are anaesthe-
tised using propofol 3-5 mg/kg/hour and remifentanil 1
microgram/kg/hour. If relaxation (rocuronium) is need-
ed, this is registered by the surgeon in the registration
form. At the end of the procedure, pain is controlled in-
traoperatively with sufentanil 0.15 microgram/kg IV and
toradole 30 mg IV. Post-operative pain is controlled with
morphine (0.1 mg/kg) administered until a 0-100 mm
visual analogue scale (VAS) < 20 is reached. Post-opera-
tive nausea and vomiting (PONV) is treated with ondan-
setrone 4 mg IV. One litre of isotonic saline is infused
during the surgical procedure independently of the pa-
tient’s weight.

The post-operative analgesic regimen after dis-
charge from the post-anaesthesia care unit is with par-
acetamol 1,000 mg, four times daily and ibuprofen 400
mg four times daily.

Patients are carefully instructed to take the tablets
four times daily for the first five days in their private
homes. All post-operative analgesic treatment is pro-
vided by project personnel at discharge.

Inclusion criteria

—  Elective repair (primary or recurrent, except for
previous IPOM technique, see exclusion criteria
below).

—  Laparoscopic umbilical or epigastric hernia repair.

—  Umbilical trocar-site hernia and epigastric trocar-
site hernia within 8 cm caudally to the processus
xiphoideus.

—  Defect gap 2-6 cm estimated preoperatively.

—  Not more than one defect.

— Patients aged 18-80 years.
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Exclusion criteria

—  Open hernia repair.

—  Previous IPOM technique.

—  Defects less than 2 cm or more than 6 cm
(measured preoperatively or intraoperatively).

—  Poor compliance (language problems, dementia
and drug or alcohol abuse (more than 60 g
alcohol/day)).

—  Emergency repair.

—  Chronic pain syndrome (chronic back pain, chronic
headache, severe dysmenorrhoea, fibromyalgia,
whiplash or other conditions requiring daily pain
medication).

—  Daily consumption of opioids (three weeks before
surgery).

—  Decompensated liver cirrhosis (Child-Pugh B-C).

—  If a patient withdraws his/her inclusion consent.

—  Epidural or spinal block administered.

Outcomes and measurements

Before the operation, patients are carefully instructed to
use the VAS and a verbal rating scale (VRS) and to regis-
ter at 6:00 pm every post-operative test-day.

Primary outcome

Pain during activity (mobilisation from supine to sitting)
on the first post-operative day (at 6:00 pm), approxi-
mately 24 hours after the hernia repair. For this pur-
pose, patients register using a VAS questionnaire (0 = no
pain, 100 = worst imaginable pain) supplemented with
registrations on a VRS regarding pain levels during activ-
ity (no pain, little pain, moderate pain, severe pain dur-
ing mobilisation from lying to sitting position).

Secondary outcomes

—  VAS pain and VRS pain are recorded preoperatively
and at days 2, 3, 7, and 30.

—  Movement limitations (0 = no movement limitation,
100 = maximum movement limitations), fatigue
(0 = no fatigue, 100 = maximum fatigue) and general
well-being (0 = no decreased general well-being, 100
= maximally decreased general well-being) are re-
corded preoperatively and at days 1, 2, 3, 7 and 30.

—  Degree of nausea and number of vomiting episodes
are recorded the first 24 hours after surgery.

—  Cosmesis satisfaction are measured at day 30
post-operatively using a numeric rating scale
supplemented with two verbal rating scales as
described in previous studies [16].

—  Hernia-specific quality of life (QoL) is measured
using the Carolina Comfort Scale (CCS) [17] at
post-operative day 30.

—  Morbidity (30-day follow-up by clinical visit, Green
System, etc. (inclusive visits at the family doctor).

30-day readmission rate (follow-up by clinical visit,
Green System, etc.)
Sample size calculation
A previous study from our group found that VAS pain
during activity the first post-operative day after laparo-
scopic umbilical or epigastric hernia repair with tack fix-
ation was (mean) 57 mm with a standard deviation (SD)
of 26 mm. Patients received an analgesic post-operative
regimen almost identical to that of the present study
(patients in the present study will have additional sur-
geon-administered TAP block, which was not performed
in the former procedures).

We considered a 30% increase in pain levels (that is
a VAS increase of 17 mm (= MIREDIF) from VAS = 57 to
74 mm) to be clinically relevant. With 80% power and a
0.05 significance level (alpha 2-sided), the number of pa-
tients needed to demonstrate a difference in pain levels
between the intervetion and the standard technique is
38 patients in each randomisation arm. To account for
the analgesic effects on the primary outcome using sur-
geon-administered TAP block, we chose to increase the
inclusion number to 40 patients in each arm. We have
briefly discussed an alternative sample size calculation
based on a non-inferiority design in the Discussion sec-
tion.

Statistical analysis plan

The data will be handled according to the principle of in-
tention-to-treat (ITT). Thus, patients stay in the originally
assigned groups. For continuous variables, we use the
non-parametric Mann-Whitney test to compare the sur-
gical groups. A x*-test is used to compare dichotomous
variables. The non-parametric analysis of variance
(Friedman’s test) is used to investigate the effect over
time of pain, movement limitation, fatigue and general
well-being during the study period within and between
study groups [18]. In addition, the area under the curves
comparing summed VAS scores is analysed using a
Mann-Whitney test. If continuous data are parametric,
we use Student’s t-tests to compare means between
groups and two-way ANOVA tests to investigate the ef-
fect over time of pain. When appropriate, 95% confi-
dence intervals are used. p < 0.05 is considered signifi-
cant.

Blinding and randomisation
Randomisation (in blocks of four) is performed centrally
using a computer generated randomisation list. An ex-
cluded patient is replaced by a block of four. A non-
transparent envelope is made for each patient. The en-
velope contains the code for closure of the gap or no
closure of the gap.

Randomisation is performed after the surgeon has
prepared the defect area for mesh fixation.
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Ethics and trial registration

The study was approved by the Danish Data Protection
Agency (ID no.: 2007-58-0015), the ethics committee (ID
no. H-3-2013-164), and was registered with clinicaltrials.
gov (ID no.: NCT01962480). The study is funded partly
by The University of Copenhagen and partly by private
funds.

DISCUSSION

Many patients will experience severe early post-opera-
tive pain after laparoscopic ventral hernia repair [4, 5],
the aetiology of which is multifactorial [19]. Tension-free
repair has been the surgical gold standard for decades.
Closure of the hernia gap may increase the risk of post-
operative pain due to increased tension on the abdom-
inal wall. On the other hand, closure of the gap may pro-
vide advantages, such as better abdominal wall function,
a better cosmetic result, reduced recurrence rates and a
lower risk of seroma formation [2, 10, 11], but findings
are not uniform [2, 11, 13, 14]. However, the present
planned study may be regarded as exploratory since dif-
ferences in pain levels between the two techniques have
not previously been investigated. Accordingly, a non-in-
feriority design with equal pain intensity in both study
groups (sample size calculation with a non-inferiority
margin of 15 mm) would call for 38 patients in each ran-
domisation arm). From our conventional sample size cal-
culation (see above), we chose to include 2 x 40 patients
in the present study. In this study, we chose to use sur-
geon-administered TAP block and not TAP block guided
by ultrasound. The literature has found beneficial effects
of TAP block for laparoscopic surgical procedures using
ultrasonographic guidance. The efficacy of surgeon-ad-
ministered TAP block without ultrasonographic guidance
has been sparsely investigated in six small, retrospective
case-control studies or case reports in patients undergo-
ing Caesarean section, liposuction, breast surgery with
abdominal flap reconstruction, or open hemicolectomy.
These studies found that surgeon-administered TAP
block had a significant pain-reducing effect during the
first 24 post-operative hours [15].

The present study is the first randomised, con-
trolled, double-blinded study comparing closure of the
hernia gap with non-closure of the gap. Our primary ob-
jective is early pain intensity. Secondarily, we test the ef-
fect of closing the gap on the cosmetic result, hernia-
specific QoL, movement limitations, fatigue, general
well-being, 30-days readmission and 30-day complica-
tions.
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