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ORIGINAL PAPER

Laparoscopic ventral hernia repair using a composite mesh with
polypropylene and expanded polytetrafluoroethylene: a prospective,
multicentre registry
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ABSTRACT

Background: Abdominal wall hernias are a common problem. Composite meshes placed
intraperitoneally for abdominal wall hernia repair are widely used. This registry evaluated the
safety and efficacy of one specific composite mesh with polypropylene and expanded poly-
tetrafluoroethylene (Intramesh® T1) in laparoscopic ventral hernia repair.

Methods: A prospective multicentre registry with data from seven centres was collected
between January 2013 and September 2014. Primary endpoint was recurrence rate at 12
months determined by clinical examination. Secondary outcome measures included intrao-
perative complications, complications during hospitalisation and at 1-month and 12-months
follow-up.

Results: The registry included 90 patients (30 female and 60 male). Fifty-five patients (61.1%)
presented with primary ventral hernias and 35 patients (38.9%) with incisional ventral her-
nias. Median hernia size was 4cm? Intraoperative complications were reported in two
patients (2.2%). Complications during hospitalisation were reported in four (4.4%) patients. At
1-month follow-up, 17 (18.9%) patients had postoperative complications, of which 5 compli-
cations were major and 19 were minor. Late complications at 12-months were observed in
10 patients (11.1%), of which 2 were major and 8 minor complications.

Conclusion: Intramesh® T1 is a safe and effective composite mesh with favourable short and
midterm outcome and morbidity. (NCT01816867)
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Introduction expanded polytetrafluoroethylene (ePTFE) are bio-
logically inert, with less in-growth of host tissues
and limited adhesion formation. This mesh can be
used intraperitoneally, but infection and mesh
shrinkage are the major problems [7,8]. The

commonly-used, so-called composite meshes are

Abdominal wall hernias still remain a challenging
problem for physicians and patients. Often, high
recurrence rates are associated with high costs and
increased morbidity [1].

Different techniques of ventral hernia repair have
been described [2]. The traditional open suture
technique results in unacceptably high recurrence
rates of up to 63%. The open mesh technique has
lowered the recurrence rate to 10-32% [3-5].

Currently, there are more than 250 meshes avail-
able in the market for hernia repair. These meshes
can be classified into different categories according
to the type of material, composition, weight and
pore size. The most commonly used mesh is made
of polypropylene (PPL), which cannot be used
intraperitoneally because of significant adhesions
and fistula formation [6]. Meshes made of

dual-sided meshes. These meshes are designed to
supplement the shortcomings of the single-sides
meshes. One surface, mostly made of polypropyl-
ene or polyester, is in contact with the abdominal
wall to promote tissue in-growth. The other surface
acts as a long-term anti-adhesive barrier for the
viscera. Since 2000, many experimental and clinical
studies have been done on composite meshes
which demonstrated that these meshes are effect-
ive and safe [9].

The aim of this prospective multicentre registry
is to evaluate the safety and efficacy of one spe-
cific composite mesh, the Intramesh® T1, for
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intraperitoneal use in both primary and incisional
ventral hernia repair.

Materials and methods
Patients

A total of 90 patients from seven centres were
included in a prospective multicentre registry
between January 2013 and September 2013
(NCT01816867). Ethics committee approval was
obtained at all investigational sites. Only patients
with a minimal age of 18 years were included. For
older or high-risk patients, watchful waiting was
defendable if asymptomatic. Indication for surgery
was symptomatic ventral hernias. Both primary
and incisional abdominal wall hernias were
included. Inguinal hernias and recurrent abdominal
wall hernias were excluded.

The following patient demographics at baseline
were documented in the medical records: age,
gender, body mass index (BMI), American Society
of Anaesthesiology (ASA), diabetes status, smoking
status, and use of corticosteroids. The ASA classifi-
cation was used for operative risk stratification
[10].

Mesh type

The composite mesh (Intramesh® T1, Cousin
Biotech, France) was used in all cases. This dual-
sided mesh has a pore size of >75um and is avail-
able in different sizes. One side is knitted and
made of polypropylene (PPL) monofilament, which
integrates into the peritoneum. The other side is
smooth and made of expanded polytetrafluoro-
ethylene (ePTFE), which prevents and limits adhe-
sions to the viscera during intraperitoneal use.

Surgical technique

The laparoscopic repair technique was used. The
mesh was placed intraperitoneally in all patients.
Choice of fixation was left at the discretion of the
operating surgeon. Several types of fixation were
used: tacks, sutures or surgical tissue glue. The sur-
geon chose the appropriate size of the Intramesh®
T1 after evaluation of the hernia diameter. In all
cases there was a minimal overlap of 3 cm with the
size of the hernia port.

Follow-up

Patients returned to hospital for a clinical examin-
ation after 1 month and after 12 months.

Indications for further technical investigations
depended on the result of the clinical examination.
Time window for the first follow-up visit at 1 month
was 21 days. Time window for the 12-month fol-
low-up was 30 days.

Efficacy and safety assessment

The primary objective of the study was to evaluate
the efficacy of the Intramesh® T1 in terms of the
recurrence rate at 12 months determined by clin-
ical examination. Secondary outcome measures
included intraoperative complications, defined as
complications occurring during index-procedure
from ‘skin-into-skin’; postoperative complications
occurring during hospitalisation; complications
occurring between discharge and 30 days
(assessed at 1-month follow-up after index-proced-
ure) and late complications occurring between 1-
month and 12-month follow-up after index-
procedure.

The severity of complications was divided into
minor and major complications. Minor complica-
tions consisted of those not requiring further treat-
ment and being without further consequences for
the patient, or requiring minor therapy including
unplanned extension of hospital admission (<24h).
Major complications consisted of those requiring
surgical or radiological re-intervention, an
unplanned increase in the level of care with pro-
longed hospitalization (>48h), return to the ICU, or
death.

Statistics

R software version 3.1.1 (Vienna, Austria) was used
to conduct statistical analyses. Descriptive statistics
of all study parameters were provided. Continuous
data were summarized by their mean, standard
deviation, median,
Categorical data were summarized by their fre-
quency and proportion.

minimum and maximum.

Results
Patient characteristics

The data of 90 patients were included in the
efficacy and safety analysis. Follow-up data were
collected from 88 patients at 1 month and from
86 patients at 12 months. Of note, 18 of the
86 patients did not undergo a clinical examination
after 12 months but were questioned by tele-
phone. The mean age of patients was 56.4 years



ranging in age from 25 to 80 years, with 30
(33.3%) females and 60 (66.7%) males. Mean BMI
was 29.8 (SD 5.5) and 42 patients (46.7%) were
obese (BMI >30kg/m?), 20 patients (22.2%) were
current smokers, and 14 patients (15.6%) had dia-
betes. Only two patients (2.2%) used corticoste-
roids. Fifty-five patients (61.1%) had a primary
ventral hernia and 35 patients (38.9%) had an inci-
sional ventral hernia. According to the ASA classifi-
cation, used for operative risk stratification, 36
patients (40.0%) were healthy and 54 patients
(60.0%) had coexisting medical problems (53.3%
mild and 6.7% severe systemic disease).

Surgery

Ninety patients had a laparoscopic repair. There
were no complications during laparoscopic repair
necessitating conversion to open surgery. The her-
nia sac was resected in 40 patients (44.4%).
Seventy-four patients (82.2%) received prophylactic
antibiotics.

Median operating time was 45 minutes (range
20-105 minutes). Median hernia size was 4cm?
(range 0.4-195cm?). In order to repair the defect,
different sizes of Intramesh® T1 (15x 15cm,
20x20cm, 30x30cm, 30x50cm, 10x 15cm,
15 x 20cm, 20 x 25cm, diameter of 12cm) were
used. The mesh size most frequently used was a
square (15x15cm, n=49), followed by circle
(12cm diameter, n=19), and by a large rectangle
(15 x 20cm, n=10). In the majority of the patients,
the meshes were fixed with tacks only (4cm?
median hernia size). Furthermore, only surgical tis-
sue glue for the smaller defects (1.5cm? median
hernia size) or for the larger defects tacks in
combination with sutures (24cm? median hernia
size), trans-umbilical stich (3.5cm? median hernia
size) or surgical tissue glue (4 cm? median hernia size)
was used (Table 1). Intraoperative complications
were reported in two patients (Table 2). The first
patient had a serosa tear on transverse colon,
which was resolved by placing one suture. The
second patient had a skin breach at the umbilicus
while dissecting the hernia sac. Both complications
were minor and both were resolved.

Table 1. Type of mesh fixation used in 90 patients and
median hernia size.

Fixation type n (%) Median hernia size (cm?)
Tacks only 41 (45.5) 4

Surgical tissue glue only 19 (21.1) 15

Tacks and sutures 15 (16.7) 24

Tacks and surgical tissue glue 1(1.1) 4

Tacks and transumbilical stich 14 (15.6) 35
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Hospitalisation

Median length of stay was 2 days, with a range of
0 and 10 days. Four patients had five postoperative
complications before discharge (Table 2). The first
patient needed a nasogastric tube for ileus and
analgesic medication use. The second patient
developed pneumonia. Intravenous antibiotics and
physiotherapy were necessary. The third patient
also suffered from a paralytic ileus, which
responded to nil per os and intravenous fluids. The
fourth patient reported pain due to fixation with
tacks before discharge. The severity was consid-
ered major for the first three patients, and minor
for the fourth patient.

1-Month follow-up

Between discharge and 1-month follow-up, 17
patients reported 24 postoperative complications
(Table 2). The most frequent complication was
seroma formation, followed by local numbness,
pain, wound infection, hematoma, small bowel
obstruction and ileus due to faecal impaction con-
firmed with a CT-scan. There were five major com-
plications, all were resolved. One patient suffered
from local numbness, which required two days of
hospitalization and analgesic medication use. One
patient needed a resection of the umbilical hernia
sac with refixation of the umbilicus, because of an
esthetical problem due to seroma formation.
Another patient had a small bowel obstruction
with need of a nasogastric tube and rehydration.
The same patient also had an umbilical wound
dehiscence with drainage of serous fluid. This was
surgical drained and secondary closed. Then, this
patient developed a wound infection (minor com-
plication) at the umbilicus, which was resolved
with daily wound care. The other complications
were minor in severity. There were 3 patients who
reported pain at the fixation site. Fixation method
was surgical tissue glue for one patient and tacks
only for the other two.

12-Months follow-up

The median follow-up period was 408.5 days
(range 262-615 days). Of note, 68 patients were
clinically evaluated, 33 of them were evaluated
outside the given time window (more than 395
days after the index procedure). Between 1-month
and 12-month follow-up, 10 patients reported 10
late complications (Table 2). There were two major
complications, both were resolved. One patient
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Table 2. Intraoperative and postoperative complications.

Variable

Intraoperative (n =90)

Hospitalisation® (n = 90)

1-month® (n = 88)

12-month® (n = 86)

Major Complications, n (%)
Serosa tear -
Opening umbilicus -
Seroma -
Local numbness -
Hematoma -
Wound infection -
Pain -
Bowel obstruction -
lleus
Swelling -
Pneumonia -
Re-laparoscopy

Minor complications, n (%)
Serosa tear
Opening umbilicus
Seroma -
Local numbness -
Hematoma -
Wound infection -
Pain -
lleus -
Swelling -
Pneumonia -

o s
ey
= o R

4 (4.4) 5 (5.7) 2 (2.3)
- 1(1.1) -
- 1(1.) -
- 1(1.1) -

1 (; 1) 1 (;.1) :

1(1.0) 1(1.2)

222 - _

1(1.1) - _

1(1.2)

1(1.1) 19 (21.6) 8(9.3)
- 8 (9.1) 223
- 3 (34) 223
- 1(1.1) -
- 3(34) -

1(1.1) 3(34) 335
- 1(1.1) -

1(1.2)

Major complications consisted of those requiring surgical or radiological re-intervention, an unplanned increase in the level of care

with prolonged hospitalization (>48 h), return to the ICU, or death.

Minor complications consisted of those not requiring further treatment and being without further consequences for the patient, or
requiring minor therapy including unplanned extend of hospital admission (<24 h).

“Between index-procedure and date of discharge.
PBetween discharge and 30 days.

‘Between 1-month and 12-month follow-up.
9Prolonged pain for more than 8 weeks.

had a pseudo-obstruction of the small bowel with
need of a nasogastric tube and rehydration. There
was presumably one recurrence suspect on ultra-
sonography. This patient was contacted for re-
laparoscopy, which showed no recurrence.
Recurrence rate was 0.0%. Three patients had pro-
longed pain at 12 months, tacks were used in one
patient and the other two patients had the com-
bination of tacks and trans-umbilical stitch.

Discussion

In the literature, recurrence rates are comparable
for the laparoscopic (2.9-15%, mean 4.8%) and the
open (1-10%, mean 4.5%) approach. In most trials
the median follow-up is one year, which is too
short. In the first-year follow-up, recurrences are
often the result of technical errors, such as the use
of small meshes with inadequate overlap of the
defect, inadequate fixation or unnoticed parietal
defects. Moreno-Egea et al. found for the laparo-
scopic approach a recurrence rate of 6.2%, with a
median follow-up of 6 years [11]. Burger et al. [5]
did a prospective long-term follow-up study of
incisional hernia repair. Although mesh repair is
superior to suture repair, the recurrence rate of
incisional hernias even with mesh repair is still as
high as approximately 32% over a 10-year follow-
up period. According to the Danish Hernia
Database, the real recurrence rate is 5 times higher

than the reoperation rate. That is because true
recurrences are not always symptomatic [12].
Longer follow-up is necessary to appreciate the
true rate of hernia recurrence. Le Blanc et al. [13]
suggest a follow-up period of at least 3 vyears.
Table 3 compares results of our trial with 4 other
larger trials with longer follow-up periods
[11,13-15]. Beside the technical errors, there are
also other factors that influence the recurrence
rate. A significant relationship is found between
recurrence and obesity, hernia size and multiple
Swiss-cheese defects [16]. Also, previous repair and
postoperative complications are factors related to
recurrence [14]. Given the limited number of
patients in our study and the short follow-up
period of 12 months, the recurrence rate (0.0%)
of our study is probably underestimated.
Furthermore, in 20.9% (18/86) of the patients, only
a telephone conversation took place without a
clinical examination. An asymptomatic recurrence
could be missed. However, Eisenberg et al. [17]
recently published a study examining the feasibility
and outcomes of implementation of a telephone
follow-up program for laparoscopic inguinal hernia
repair. A trained certified physician assistant called
the patients ~2 weeks postoperatively to assess
the need for a clinic visit. Hwa et al. [18] did the
same for elective open hernia repair and laparo-
scopic cholecystectomy. There were no complica-
tions that resulted from the substitution of a
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Table 3. Comparison of this study with other large studies with long follow-up periods.

Study Heniford et al. [14] Franklin et al. [15] LeBlanc et al. [13] Moreno-Egea et al. [11] This study
No.of patients 819 348 100 200 90
Incisional hernia 278 114 90 200 35
Centres 4 1 1 1 7
Follow-up (month) 20 47 51 60 12
Examination Physical Physical Physical Physical Physical
Lost patients 75 (9%) 23 (6%) 12 (12%) 24 (12%) 4 (4.4%)
Operation
Mesh ePTFE PPL ePTFE Parietex Intramesh T1
Overlap (cm) 3-4 3-5 - >5 >3
Fixation Suture Tacks Suture Tacks Varied Tacks only Varied
Results
Operating time (min) 120 68 86 51 45
Converted to open surgery 3.80% 4.70% 4.0% 2.50% 0%
Hospital stay (days) 23 29 1 2.6 2
Intestinal injury n (%) 14 (1.8) 5(1.4) 1(1) 5(2.5) 1(1.1)
lleus/obstruction n (%) 25 (3) 5(1.3) 5(5) 2(1) 5 (5.8)
Prolonged pain n (%) 13 (1.6) 12 (5) 7 (7) 0 (0) 6 (7.0)
Mesh infection n (%) 6 (0.7) 1(0.3) 2(2) 0 (0) 0 (0)
Seroma early n (%) - 15-20% - 6 (3) 9 (10.2)
Seroma late n (%) 21 (2.6) 12 (3.1) 7 (7) 0 (0) 2 (2.3)
Recurrence n (%) 35 (4.7) 11 (3.2) 9 (9) 11 (6.2) 0 (0)?

PPL: polypropylene; ePTFE: expanded polytetrafluoroethylene; Parietex: composite mesh with resorbable collagen barrier on one side to limit visceral
attachments, and a three-dimensional polyester knit structure on the other site to promote differentiated tissue ingrowth.

68 patients with clinical examination.

telephone call for a ‘gold standard’ clinic visit.
Implementation of telephone follow-up seemed
not to compromise patient care in these studies,
but the follow-up call was only 2 weeks after sur-
gery. No conclusions can be made for the efficacy
of telephone calls for longer follow-up periods.
Seroma formation is one of the most common
reported problems in hernia surgery, especially in
laparoscopic repair. The real incidence is difficult to
find in the literature, since it has been described
following different parameters. It varies between
0.7 and 93%, which is primarily due to heteroge-
neous definitions, different methods of measuring
seromas and the different time of measurement
after the operation. Almost every patient has
seroma formation after hernia repair in radiological
examinations [19,20]. Most of these patients do
not have any or very few symptoms. Seroma for-
mation could lead to potential complications,
which include pain, discomfort, cellulites and infec-
tion. There are several methods proposed to avoid
seroma formation, such as resection of the hernia
sac, closing the fascia defect and using antibiotics
to prevent infection [19]. But, it is difficult to evalu-
ate the effectiveness of these techniques because
of the different definitions. Morales-Conde et al.
[20] published a classification in order to establish
the real incidence of seromas. The intention is to
distinguish the incidents from the complications.
This classification can be useful to compare trials
on the real seroma rate based on similar criteria. In
our study, the seroma rate at 1-month and 12-
months follow-up was 10.2%, and 2.3%, with an
overall seroma rate of 12.2%. After using the classi-
fication of Morales-Conde et al. [20] there were

5 (4.5%) incidents, which include type | (0.9%) and
type Il (3.8%) seroma, and 6 (5.6%) complications,
which include type Il (2.8%) and type IV (2.8%)
seroma. The real seroma rate of our study would
be 5.6% based on this classification. Only one
patient had a seroma related infection. Table 3
gives an overview of the seroma rate in other trials.
A higher seroma rate is generally found with the
use of ePTFE meshes, which is also associated with
higher infection rates.

Infection is considered one of the most chal-
lenging complications since it might lead to mesh
removal and recurrence. Although widely used,
there is no evidence about the prophylactic use of
antibiotics. There is some evidence about impreg-
nating meshes with antiseptics [21]. A recent study
found that steroid or immunosuppressive drugs
use, urgent repair, and development of a postoper-
ative surgical site infection are predictive of mesh
infection. Risk factors of mesh removal are ePTFE
mesh, onlay mesh position and associated entero-
tomy in the same procedure [22]. Microporous
meshes, such as ePTFE, have the highest risk of
infection. Macrophages and neutrophils are unable
to penetrate the small pores (<10um), which
allows the bacteria (<1 um) to survive within the
pores and formation of a bacterial biofilm.

Acute postoperative pain is usually due to nerve
damage at the time of operation, there is little dif-
ference in the type of mesh used. In contrast, pain
due to foreign body reaction typically presents
after 1 year. Chronic pain following hernia repair
has a quoted risk of over 50%. Prolonged postop-
erative pain is often described as a result of mesh
fixation with transabdominal sutures, metal
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fixation devices (tacks) or both together. A recent
prospective study investigated the outcome
between three different fixation methods: non-
absorbable sutures, absorbable sutures, and dou-
ble crown technique. Postoperative pain was not
significantly different between these groups [23].
Also Wassenaar et al. [24] and Nguyen et al. [25]
found no difference in postoperative pain and
quality of life. Beldi et al. [26] compared tacks and
sutures, and found more postoperative pain for
sutures: after 6 weeks (28% vs 61%) and after 6
months (38% vs 50%). Surgical glue was used in
21.1% of our patients, but the median hernia size
was only 1.5cm? No conclusions could be made
in our study, because of lack of protocol in fixation
methods and heterogeneous data. However, this
might not be relevant, as the literature states no
consensus.

Mesh shrinkage has been related to hernia
recurrence rate. Substantial decrease in mesh size
is a known consequence after intraperitoneal
implantation. There is a general consensus that a
mesh should overlap the hernia defect by 3-5cm
[27]. Transabdominal sutures seem to have the
best results because the tensile strength of suture
fixation is significantly higher compared with tack
fixation. van't Riet et al. found a 2.5 times greater
tensile strength for transabdominal sutures [28].
Beldi et al. [26] found an equal effect for tacks and
sutures in preventing mesh shrinkage following
repair for hernia smaller than 8 cm. For bigger her-
nias, there is lower mesh shrinkage after suture fix-
ation compared with tack fixation. But, an
increased infection rate is found after suture fix-
ation according to Brill et al. [29]. The degree of
shrinkage varies also between different mesh
materials. Higher rates of hernia recurrence were
observed at the interface of ePTFE and the fascia.
This has been attributed to the decreased inflam-
matory response elicited by ePTFE. The tendency
towards most shrinkage occurs after ePTFE
implantation. A bigger overlap is recommended
when using only ePTFE meshes [19,27].

In the management of ventral hernias, the use
of intraperitoneal meshes is generally accepted.
Direct contact between mesh material and abdom-
inal organs forms a major problem. Composite
meshes are developed to prevent adhesion forma-
tion and at the same time to enhance mesh
incorporation. Both the chemical composition and
the morphology of these meshes have been
studied in several experimental and clinical trials.
Burger et al. [30] compared 8 different meshes,
placed intraperitoneally and in direct contact with

abdominal viscera of 200 rats: polypropylene
(Prolene®), e-PTFE (DualMesh®), polypropylene—po-
lyglecaprone composite (Ultrapro®), titanium-poly-
propylene composite (Timesh®), polypropylene
with carboxymethylcellulose-sodium hyaluronate
coating (Sepramesh®), polyester with collagen-
polyethylene glycol-glycerol coating (Parietex
Composite®), polypropylene—polydioxanone com-
posite with oxidized cellulose coating (Proceed®),
and bovine pericardium (Tutomesh®). They found
the best results in Parietex Composite® and
Sepramesh®, because they have the combination
of minimal adhesion formation with maximum
mesh  incorporation and tensile  strength.
Composite meshes may be classified into two cate-
gories: coated mesh with a temporary barrier coat-
ing, or dual-sided mesh with a permanent barrier
layer. Examples of coated mesh are Proceed®
(degenerates over 28 days), Sepramesh® (degener-
ates over 7 days), Physiomesh® (degrades over 240
days). Dual-sided meshes are Composix® (PPL-
ePTFE), and DualMesh® (double-sided ePTFE), and
Timesh® (PPL-titanium). The Intramesh® T1, used in
our study, belongs to the group of dual-sided
meshes with a non-absorbable barrier. The phys-
ical presence of a layered coating between the
intraperitoneal content and the abdominal wall
seems to be more important than the chemical
properties of the coating [30]. Schreinemacher
et al. found that absorbable coatings only reduce
adhesions in short term, but the effect diminishes
and phagocytosis of absorbable coatings may con-
tribute to adhesion formation [31]. Proceed®
mesh, in particular, demonstrated a prolonged
active inflammatory response and fibroblast influx,
thereby promoting adhesion formation; several
studies have shown that this mesh is more likely
to generate adhesions than are other types of
composite mesh [32].

There are no general recommendations for the
choice of mesh based on randomized controlled
trials. No difference seems to exist in relevant
outcome parameters from clinical series between
different mesh materials. The final choice of
mesh will be based on surgeons’ preference and
cost [11].

The purpose of this trial was to evaluate the
practical use of Intramesh® T1 in a wide spectrum
of patients with different risk factors and ASA-
scores, with different surgeons and their own sur-
gical techniques and different fixation techniques.
In conclusion, Intramesh® T1 is a safe and effective
composite mesh with favourable short and mid-
term outcome and morbidity.
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