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With the introduction of general anaesthesia in 1846 abdominal surgery became possible1.
One and a half centuries later, techniques and outcomes in abdominal surgery have improved
tremendously. Yet still up to 32-52% of surgical patients experience one or more
complications in the early days after their operation2-4. The most common of these are wound,
bladder and pulmonary infections that occur typically within 30 days after the operation.
Though emphasis is generally put on short-term complications, less interest has been paid to
the complications of abdominal surgery occurring months or even years after the operation.
The most common of these, unrelated to specific procedures, are pain, adhesion related bowel
obstruction and abdominal wall hernia5-10.
This thesis investigates intraperitoneal mesh placement and adhesion formation in the repair
of abdominal wall hernias.
Abdominal wall hernias
The abdomen is walled mostly by muscles enclosed in aponeuroses, fibrous sheets, that
together provide strength and flexibility as a harness for the intraperitoneal organs. An
abdominal wall hernia consists of a defect in all layers of the abdominal wall through which
intraperitoneal content, most frequently parts of omentum or bowel may protrude (Figure 1,
A). As a result, a bulge may be visible on the outside of the abdomen. The presence of an
abdominal wall hernia may also give rise to physical complaints and negatively influence the
quality of life and body image11-13.
In some cases, especially when the defect itself is rather small in diameter, a loop of bowel
may become stuck in the hernia and blood supply to that part of the bowel can become cut
off. Such condition is called strangulation and requires direct surgical intervention to prevent
bowel necrosis.
Incisional hernias
In abdominal surgery, the surgical armamentarium offers a wide variety of incisions with the
midline incision being one of the most commonly used. The midline incision provides access
over the entire craniocaudal length of the abdomen. The incision goes through an avascular
plane, the linea alba, which is the fusion of the aponeuroses of the left and right rectus
muscles. At the end of the procedure, the defect is suture closed so that a close approximation
of both wound edges is obtained and wound healing may start. Even though this principle
seems utterly simple, still up to almost a quarter of these abdominal wall closures fail to heal
over the full length of the incision14. Over the years, incisional hernia rates have remained as
high as 22% and continue to develop up to 10 years after the operation10,15. Incisional hernia
rates might be reduced by using paramedian, transverse or pfannenstiel incisions9,16.
Special types of incisional hernias involve trocar site hernias after laparoscopic procedures
and acute wound failures resulting in a burst abdomen.
Primary abdominal wall hernias
In addition to the incisional hernias discussed above, abdominal wall hernias may already be
present at birth or develop spontaneously throughout the course of life. These hernias are
named after their location relative to structures of the abdominal wall. Epigastric, umbilical,
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and paraumbilical occur most frequently with a prevalence of up to 10% in the general
population17.
Abdominal wall hernia repair
Pain, functional and aesthetic complaints, or strangulation are the main reasons for
performing an operative repair of abdominal wall hernias12,18. Factors like the size, content
and location of the hernia defect, as well as patient comorbidity define the risks of surgery
and the chances of success. In general, hernias up to 2 cm large might be considered for
suture repair. This way, recurrence rates of up to 4% have been reported, at least in the
absence of risk factors for recurrence such as obesity, smoking, heavy lifting or known
collagen disorders15,19. However, suture repair of larger defects results in unacceptably high
recurrence rates of up to 63%20. For these cases, surgical meshes have shown to reduce the
recurrence rates by 50% and more and are therefore regarded the standard of surgical care20.
Mesh positioning
Within the abdominal wall multiple layers can be distinguished between which the mesh can
be positioned. For this thesis we will focus on the position relative to the peritoneum, i.e.
extraperitoneally or intraperitoneally.
For the extraperitoneal position, the mesh is commonly placed in a retromuscular plane
(Figure 1, B). This position entails an anterior approach with reopening of the skin incision
and developing the plane between the muscle and the posterior aponeurosis. By closing the
defect in the aponeurosis, the mesh is in no direct contact with the intraperitoneal organs.
For the intraperitoneal position, the mesh is placed against the peritoneum and facing the
viscera (Figure 1, C). For this position, a posterior approach by using laparoscopy or an
anterior approach with reopening of the skin incision are both available. The laparoscopic
approach offers shorter hospital stays, fewer wound infections and better recognition of
multiple hernias21,22. However, in the case of a laparoscopic repair the procedure may take
more time to perform and complications can be more serious23. Recurrence rates and
postoperative pain seem to differ only minimally between an open or laparoscopic approach.
Mesh materials
Surgical meshes were first introduced around 1900 in the form of metal based prosthetics24.
These materials were far from ideal because of their stiffness and fragility after repeated
bending. During the Second World War, the plastics industry flourished and some surgeons
adopted meshes made out of woven plastic strands. The plastics used in those days (i.e.
polypropylene, polyester and expanded polytetrafluoroethylene (ePTFE)) are still the basis of
many of the currently used meshes. However, there have been many modifications in order to
optimize biocompatibility and handling of the meshes.
Some of the properties for the ideal mesh are to provide sufficient strength without
compromising physiological function of the abdominal wall, to be non-carcinogenic, to not
induce any pain and to resist infection25. Most of the aforementioned properties are likely to
be related to the amount of implanted material and the extent of the inflammatory reaction.
Therefore, enlarging pore size and incorporating absorble strands in the mesh design have
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been important steps in reducing the extent of mesh-tissue interaction (Figure 2). In order to
further enhance biocompatibility of meshes under specific circumstances, the addition of
coatings and replacement of prosthetic materials by biological materials has been tried with
different degrees of success.
Postoperative adhesion formation
Together with incisional hernias, intraperitoneal adhesions are the most common
postoperative complications. Postoperative adhesions occur in about 90% of all patients
undergoing abdominal surgery and may lead to at least one readmission for a third of these
patients in the following 10 years6,26.
Adhesions develop as scar tissue that connects formerly unconnected serosal surfaces. This
way organs can become adhesive to each other or the abdominal wall and hollow organs may
become obstructed (Figure 3). Clinically, these events can translate to infertility, bowel
obstruction, chronic pain and a high risk for inadvertent bowel injuries at future operations7.
Endometriosis, radiotherapy or foreign bodies may trigger adhesion formation, but the
majority is caused by surgically inflicted peritoneal damage. In the ensuing cascade of
peritoneal inflammation the balance between fibrinogenesis and fibrinolysis has been
confirmed to be of crucial importance27.
It is important to note that the surgical treatment of adhesions induces reformation of the
adhesions together with the formation of even new adhesions28,29. Therefore, the prevention of
adhesions is of paramount importance.
In abdominal wall hernia repair, adhesions between bowel and the hernia sac are frequently
encountered together with intraperitoneal adhesions in case of earlier operations.
Intraperitoneal mesh and adhesions
In case of abdominal wall hernia repair, solid incorporation of the mesh in the abdominal wall
is desired in order to prevent mesh shrinkage, migration or enlarging of the hernia defect
which may lead to hernia recurrence. Importantly, this reaction should be limited to the
abdominal wall since mesh ingrowth into bowel is highly undesirable. For instance, partial
bowel resections were required in up to 21% of patients when unmodified meshes were used
for intraperitoneal use30. This process of ingrowth is considered to be the worst form of
adhesion formation31.
As foreign bodies like meshes are a specific lead point for adhesion formation, the prevention
of adhesions is of concern when meshes are placed intraperitoneally32. This has been achieved
both experimentally and clinically by interposition of omentum or degradable compounds
such as polyglactin, hyaluronate and cellulose among others33-35. Most commonly, the design
includes the addition of a sheet-like barrier shielding the mesh structure from the viscera.
These barriers are available both in absorbable and permanent forms. Apart from these
composite meshes, other designs have focused on constructing more chemically inert
materials such as titanium coated plastics or new polymers. Today, several hundreds of
different meshes are available for clinical use36. Nevertheless, even with meshes designed
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specifically for intraperitoneal use, adhesions are still encountered in differing degrees of
extent and intensity37.
Outline of the thesis
This thesis is divided into three chapters. The first chapter explores adhesion related
complications in abdominal wall surgery, together with adhesion awareness among surgeons.
The second chapter contains a set of experimental findings on adhesion reduction with
intraperitoneal meshes. The final chapter establishes a human model that allows for future
translation of our experimental results.
Part 1: Clinical problem and awareness
In abdominal wall hernia repair, adhesiolysis is an expected part of the hernia repair,
especially if the hernia is a result of a former abdominal intervention. Due to adhesions and
the close proximity of skin and peritoneum in the hernia sac, the bowel is believed to be at a
higher risk for surgically inflicted injury38,39. So far, only studies were available that lacked an
in-depth appreciation of the incidence, risk factors and outcomes of inadvertent enterotomies
in abdominal wall hernia repair. Therefore, a prospective study in abdominal wall hernia
repair was initiated focusing on these outcomes. The results are presented in Chapter 2.
In contrast to most surgical complications, adhesion-related morbidity accumulates steadily
over many years. In addition, signs and symptoms vary and a fully effective remedy has not
yet been discovered. However, knowledge about the incidence and impact of postoperative
adhesions is important to establish awareness about the problem and to improve shared
decision making. In Chapter 3 we present the results of a national survey among surgeons
that investigated knowledge, attitudes and behaviour towards postoperative adhesion
formation.
Part 2: Experimental findings on intraperitoneal mesh related adhesions
A considerable part of meshes are placed intraperitoneally because the laparoscopic repair
seems to hold some benefits over an open repair. In addition, sometimes meshes can not be
placed completely extraperitoneally. When the mesh is in direct contact with the viscera it is a
specific lead point for adhesion formation. For this, meshes were constructed that should be
able to withstand adhesion formation and in the meantime incorporate firmly into the
abdominal wall. Although these meshes are commercially available, most have not been
thoroughly tested in an experimental or clinical setting. Moreover, a solid understanding of
the mechanisms leading to adhesion formation with meshes is still lacking. In Chapters 4
and 5 several commercially available meshes were evaluated in a rat model on both short and
long term follow up. Since we observed a tendency for adhesions to form at the site of the
mesh fixation point, we also compared adhesiogenic properties of a set of commercially
available fixation devices in Chapter 6.
An important finding was the correlation between inflammation caused by absorption of
coatings and adhesion formation. Consequently, in Chapter 7 we prepared a new, non
absorbable coating and showed the beneficial results in terms of adhesion reduction. Finally,
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we reviewed some of the recent breakthroughs in the pathogenesis of intraperitoneal
adhesions and the immune response against biomaterials. Two of these concepts have been
shown to be applicable to humans as well were selected for further investigation40,41. In
Chapter 8 a series of experiments is presented that shows a systemic, preoperative treatment
with cromolyn, a supposed mast stabiliser, to significantly reduce adhesion formation with
meshes.
Part 3: A human model for the evaluation of adhesions to meshes
The findings from the second part of this thesis seem to be of clinical value but were only
performed in an experimental setting. Unfortunately, no clinical model for inserting
biomaterials intraperitoneally and evaluating adhesions at a later time point was available.
The most important reason for this is the lack of any accurate, validated and non-invasive
technique for adhesion quantification. Direct visualization by reoperation is therefore
necessary.
In Chapters 9 and 10 we developed a clinical model for adhesion assessment. In Chapter 9
we established the need for mesh placement in the event of temporary stoma reversal.
Consequently, meshes were placed prophylactically at the time of temporary stoma creation
in Chapter 10. After a fixed time interval, stoma reversal allowed us to assess the extent of
adhesion formation to the intraperitoneal meshes. In the future, this model might be used to
perform clinical studies on intraperitoneal mesh and related adhesions.
In Chapter 11 the combined results from this thesis are discussed, together with future
perspectives on the matter of intraperitoneal mesh and adhesions in abdominal wall hernia
repair.
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Figure legends chapter 1
Figure 1
In A, a transverse section of an abdominal wall hernia through the midline is depicted. A loop
of small bowel passes through a defect in the midline. Together with the bowel, the
peritoneum (green) bulges out, covering the bowel loop. In B, hernia repair has been
performed with a mesh (blue) placed between the posterior aponeurosis (grey) and the
muscles (red). This is an extraperitoneal repair where the mesh is not in direct contact with
the bowel. In C, hernia repair has been performed with a mesh placed between the peritoneum
and the bowel. This is an intraperitoneal repair where the mesh is in direct contact with the
bowel.
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Figure 2
Scanning electron microscopy images of several commercially available meshes for hernia
repair. Different weaves result in different pore sizes.
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Figure 3
Intraperitoneal adhesions are scar tissues that connect formerly unconnected serosal surfaces
(A, white strands between bowel loops). Small bowel obstruction is commonly caused by
postoperative adhesions. In such case the lumen of the bowel becomes obstructed due to
adhesions that fixate a bowel loop which may lead to twisting and kinking of the loop (B and
C). In D, adhesions between the omentum and the abdominal wall in a patient are shown. (On
5 November 2014, A was retrieved from http://www.biodigitalhuman.com, B and C were
retrieved from http://www.clearpassage.com. Images are used with permission of their
respective authors.)
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Figure 4
Intraperitoneal positioning of the mesh results in direct contact between the mesh and bowel.
This may induce the formation of adhesions (A, white strands between mesh and bowel). In
B, adhesions between the mesh (top) and bowel (bottom) in a patient are shown.
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Abstract
Objectives
To establish the incidence and predictive factors of enterotomy made during adhesiolysis in
abdominal wall repair and to assess the impact of enterotomies and long-lasting adhesiolysis
on postoperative morbidity such as sepsis, wound infection, abdominal complications and
pneumonia, and socioeconomic costs.
Background
Adhesions frequently complicate surgical repair of abdominal wall hernia. Enterotomies made
during adhesiolysis specifically have a large impact on morbidity of patients, especially
surgical site infections. Little is known on the incidence and burden of enterotomies and longlasting adhesiolysis in abdominal wall repair.
Methods
Between June 2008 and June 2010 demographics, disease characteristics and perioperative
data of all patients undergoing elective abdominal wall repair were included in a prospective
cohort study that was focused on adhesiolysis-related problems. A trained researcher observed
all surgeries and collected data on adhesion location, tenacity, adhesiolysis time, and
inadvertent organ damage such as enterotomies. Primary outcome was the incidence of
enterotomy, and predictive factors for enterotomy were assessed through univariate and
multivariate analyses. In addition, we evaluated the impact of adhesiolysis and enterotomy on
morbidity.
Results
A cohort of 133 abdominal wall repairs was analysed. Adhesiolysis was required in 124
(93.2%), with a mean adhesiolysis time of 35.7 ± 29.8 minutes. Thirty-three enterotomies
were made in 17 patients (12.8%). Two patients had a delayed diagnosed bowel perforation.
Adhesiolysis time, hernia size greater than 10 cm, and fistula were significant predictive
factors in univariate analysis. In multivariate analysis, only adhesiolysis time was a significant
and independent predictive factor for enterotomy (P = 0.004). Trends toward an increased risk
were seen for patients with mesh in situ and hernia size greater than 10 cm. Patients with
enterotomy had significantly more urgent reoperations (P = 0.029), and they more often
required parenteral feeding (P = 0.037). Moreover, patients with extensive adhesiolysis
(adhesiolysis time, >30 minutes) more often suffered from wound infection (9/63 vs 2/70; P =
0.025), abdominal complications (5/63 vs 0/70; P = 0.022), and sepsis (4/63 vs 0/70; P =
0.048).
Conclusions
One in 8 patients undergoing abdominal wall repair suffer inadvertent enterotomy following
adhesiolysis. Adhesiolysis time predicts enterotomy. Morbidity in patients with extensive
adhesiolysis and adhesiolysis complicated by enterotomy is high, inducing longer hospital
stay and increased health care utilization.
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Introduction
Abdominal wall defect is a common indication for surgery and poses a significant health
problem. Incisional ventral hernia is the most frequent abdominal wall defect and occurs in
about 10% to 20% of patients undergoing open surgery1,2. The incidence might even by
higher in obese patients and after recurrent abdominal surgeries1-3. Symptoms of incisional
ventral hernia include pain and discomfort at the hernia site, limitations in daily activities, and
intestinal obstruction. A complex incisional ventral wall hernia may present with
enterocutaneous fistula–associated problems such as skin infection, wound care difficulties,
and malnutrition4.
About one third of patients with ventral hernia undergo surgical repair by synthetic mesh,
autologous tissue repair, or a combination of both5-7. Short-term complications of repairs are
frequent and include postoperative haemorrhage, seroma formation, surgical site infection,
and mesh infection7-11.
A largely neglected intraoperative complication of both open and laparoscopic abdominal
wall repair is an inadvertent enterotomy following adhesiolysis12. Enterotomy increases the
risk for unplanned enterectomy, wound infection, reoperations, and fistula formation and
jeopardizes reconstruction with mesh. In a retrospective study of repeat laparotomy after all
types of abdominal surgery, inadvertent enterotomy was correlated with a high number of
complications, urgent reoperations, intensive care unit (ICU) admissions, and need for
parenteral feeding13. The mortality rate of patients with inadvertent enterotomies varies
between 8% and 50%, depending on whether the enterotomy is recognized immediately
during surgery or with delay in the postoperative phase9.
With a reported incidence of 90% adhesions after intraperitoneal surgery, adhesiolysis is an
expected part of incisional ventral hernia repair14,15. The close proximity of the scarred skin,
peritoneum, and bowel in patients with ventral hernia poses the bowel at risk to be injured at
open abdominal entry or trocar insertion for laparoscopic repair. Inadvertent enterotomy has
been reported in about 2% to 7% of patients with elective hernia repair, but in case of
recurrent and complicated hernia surgery, this percentage seemed even higher9,10,16,17.
Little is known about the clinical and socioeconomic burden of adhesiolysis and inadvertent
enterotomy in ventral hernia repair. One review reported the combined incidence of
enterotomies from a multitude of mostly smaller series of ventral hernia repair9. Two studies
specifically reviewed the incidence in larger cohorts of patients on the basis of operation
codes and notes of mortality and morbidity rounds10,18. However, bias due to self-reporting
and the retrospective nature of these studies might have led to an underestimation of the
problem.
Knowing the impact of adhesiolysis and the incidence and morbidity of inadvertent
enterotomy is important to make decisions in abdominal wall repair and to increase the
awareness of adhesions, inducing complications during peritoneal surgery. In addition, the
patient consent process requires surgeons to adequately inform patients undergoing incisional
ventral hernia repair of risks associated with adhesiolysis.
We aimed to prospectively assess the incidence of inadvertent enterotomy in a large group of
consecutive patients undergoing abdominal wall repair and to identify possible predictive
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factors. We analysed the impact of adhesiolysis and inadvertent enterotomy on morbidity and
mortality, and health care utilization.
Methods and Materials
Study design
This was a prospective observational study as part of the LAParotomy or LAParoscopy and
ADhesions (LAPAD) study (clinicaltrials.gov registration number NCT01236625). The
LAPAD study was designed to assess the incidence and impact of adhesiolysis on operative
and postoperative complications, quality of life, and socioeconomic costs. All adult competent
patients undergoing elective laparotomy or laparoscopy admitted to the surgical ward between
June 1, 2008, and June 2, 2010, at the Department of Surgery of the Radboud University
Nijmegen Medical Centre, Nijmegen, the Netherlands, were eligible for participation in the
LAPAD study. Surgical patients treated in day care were not screened for eligibility because
early postoperative follow-up for complications was not adequate. During the operation,
detailed information of adhesions, adhesiolysis, and inadvertent organ damage was collected
through direct observation by a trained researcher (R.B.) not taking part in the surgery.
Relevant data related to patients and to surgical and medical procedures were prospectively
assessed during hospital stay and at the outpatient clinic until 6 months after discharge.
Operative and treatment decisions were taken according to department guidelines or at the
discretion of the surgical staff. In all cases, both sharp dissection and electrocautery were used
for adhesiolysis. As a rule, however, electrocautery was avoided in dense adhesions (Zühlke
score 3 and 4) to prevent bowel injury from thermal injury and necrosis19,20. The study was
approved by the local medical ethical committee and conducted according to the revised
version of the Declaration of Helsinki (October 2008, Seoul).
Cohort selection
For each patient participating in the LAPAD study, the planned and actual operative
procedures were noted using the hospitals operation coding system. The indications for the
procedure were defined following the International Statistical Classification of Diseases and
Related Health Problems, version 10 (ICD-10). The current study group was selected by
actual operative procedure codes related to the ventral abdominal wall. Consecutive patients
with the diagnosis ventral hernia or abdominal wall defect, who consented, were included.
The last repair in patients who underwent more than 1 ventral abdominal wall repair in the
study period was analysed and the other repairs were regarded previous operations.
Our department is a tertiary referral centre for patients with abdominal wall defects
complicated by infection, enterocutaneous fistula, loss of domain, and severe comorbidity.
Therefore, overall results might overestimate those obtained in an average population of
ventral hernia repair. To address this potential bias, we separately analysed all primary and
secondary outcomes in a subgroup of patients who underwent repair of an uncomplicated
midline incisional hernia. Uncomplicated was defined as no wound infection, no
enterocutaneous fistula, and no further surgical procedure at repair.
Outcome measures
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Primary outcome was the incidence of inadvertent enterotomy.
Inadvertent enterotomy was defined as every iatrogenic unintended full-thickness bowel
defect detected during operation. Bowel defects from pre-existing fistulas or created while
dissecting the bowel loop that harboured the fistula were not scored as inadvertent
enterotomy.
Secondary outcomes were a delayed diagnosed perforation (DDP), the occurrence of serious
adverse events (SAEs), and health care utilization. DDP was defined as a bowel defect with
spill of gastrointestinal content that was diagnosed postoperatively by imaging, at reoperation
or at autopsy, and which was not explained by anastomotic leakage or bowel ischemia.
SAEs were scored for their presence and number. Postoperative complications scored as a
SAE were death, wound infection, urinary tract infection, pneumonia, sepsis, anastomotic
leakage, bleeding, fistula, and abscess. SAEs were diagnosed according to the criteria of the
ICD-10, the National Nosocomial Infections Surveillance System, the Center for Disease
Control and Prevention, or according to the opinion of the senior medical staff of the
department.
Health care utilization data included the number of patients requiring urgent surgical
reintervention, parental feeding and admission to the ICU, total hospital stay, and ICU stay.
Medication costs were calculated according to the standardized price list by the Dutch College
of Health Insurance Companies updated for June 2008. Health care utilization outcomes were
analysed for the subgroups of patients with and without enterotomy and patients with an
adhesiolysis time shorter or longer than 30 minutes.
Possible risk variables
Demographic characteristics were gender (male, female), age (years), body mass index (BMI,
kg/m2), smoking habit (smoker, ex-smoker, non-smoker), and the Physiologic and Operative
Severity Score for the enumeration of Mortality and Morbidity (P-POSSUM) (0%–100%).
Preoperative variables included use of corticosteroids, a history of peritonitis, presence of
intestinal fistula, the number of previous abdominal operations, and the anatomical site of the
last operation before the first hernia repair (lower abdominal, upper abdominal,
gynaecological, urological, and none) according to the classification used by the Surgical and
Clinical Adhesions Research group16,21. Hernia characteristics were obtained from the patient
records and operation notes and the patient history including the number of previous repairs,
the type of hernia (midline, not midline), the largest diameter of the hernia (≤10 cm or >10
cm), and the type (coated, non-coated) and location (intraperitoneal, extraperitoneal) of mesh
used in previous repairs. Intraoperative variables included adhesiolysis time and adhesion
score according to Zühlke et al: 0, no adhesions; 1, filmy adhesions; 2, stronger adhesions
requiring some sharp dissection; 3, dense vascularized adhesions requiring sharp dissection; 4,
extreme dense adhesions with high risk for organ damage during dissection22. Patients with a
Zühlke score of 3 and 4 were compared with those with a score of 0, 1, or 2.
Statistical analysis
Univariate and multivariate regression analyses were performed to identify risk factors for all
patients suffering from one or more inadvertent enterotomies and separately for the subgroup
of patients with an uncomplicated midline incisional hernia. Risk factors with P ≤ 0.300 in
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univariate were selected as candidate risk factors for multivariate analysis. In multivariate
analysis, a stepwise forward selection procedure was used with a P-entry ≤ 0.300 and P-stay ≤
0.100. Discriminative value of the regression model was assessed by determining receiver
operative characteristic (ROC) curve. We calculated the incidence of enterotomies per total
adhesiolysis time, expressed as the time needed to harm. Characteristics of a continuous
nature were reduced to a dichotomous nature with the median as cut-off. Health care
utilization and SAE data were analysed with Kruskal-Wallis and Fisher’s exact tests for
continuous and dichotomous characteristics, respectively. SAEs and health care data were
compared between patients with and without an enterotomy and between patients with and
without extensive adhesiolysis. Extensive adhesiolysis was defined by adhesiolysis time,
using the methods to determine the optimal cut point for research purposes described by
Magder et al23. This method was applied on the odds ratio (OR) for incidence of SAE with cut
points rounded at 5 minutes. We used SPSS for Windows version 17.0 software (SPSS Inc.,
Chicago, IL) for statistical analysis. P < 0.050 was considered significant.
®

Results
Patient characteristics
A total of 844 planned operations were eligible for inclusion in the LAPAD study. One
hundred forty-three operations met the inclusion criteria repair of ventral hernia or abdominal
wall defect. Eight patients were excluded because informed consent could not be obtained.
Two patients had incisional hernia repair twice in the study period, resulting in 133 patients
for analysis.
Five experienced surgeons performed all abdominal wall repairs either as primary surgeon or
as assisting surgeon supervising a resident. No data were missing. Fourteen (10.5%) patients
underwent hernia repair by primary closure, 29 (21.8%) by component separation technique,
66 (49.6%) by mesh repair, and 24 (18.0%) by a combination of component separation
technique and mesh repair. Nine patients (6.7%) underwent laparoscopic ventral hernia repair.
Laparoscopy was converted in 2 (22.2%) patients, for complicated adhesiolysis in one and
difficulty with fixation of the mesh in the other.
One hundred twenty-nine patients (97.0%) had a ventral incisional hernia, in 107 (82.9%) in
the midline. Three patients (2.3%) had a parastomal hernia and one patient (0.8%) had a
primary umbilical hernia. In 20 patients (15.0%), the hernia was complicated by
enterocutaneous fistula. The hernia was larger than 10 cm in length or width in 69 (51.8%)
patients.
Additional surgical procedures were done in 12 (9.0%) patients, a bowel resection in 3, a
pancreas resection in 3, a liver resection in 3, an oesophageal resection in 1, and a
cholecystectomy and placement of a feeding jejunostomy each in 1 patient. Seventy-eight
(58.6%) patients had an uncomplicated incisional midline hernia and formed the subgroup.
Sixty-six (47.5%) patients underwent repair of a recurrent hernia, 35 patients had one and 31
patients had multiple previous repairs. Forty-four (66.7%) patients with recurrent hernia had a
mesh in situ from a previous hernia repair, 18 (40.9%) in an intraperitoneal and 26 (59.1%) in
an extraperitoneal position. Most intraperitoneal meshes contained an absorbable (50.0%) or
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non-absorbable (27.8%) antiadhesive layer. Fully absorbable mesh and mesh without
antiadhesive properties were used in 11.1% of intraperitoneal mesh repair.
The anatomical area of the initial operation was lower abdominal in 74 (55.6%), upper
abdominal in 36 (27.1%), gynaecological in 13 (9.8%), and urological in 9 (6.8%) patients.
One patient with umbilical hernia (0.8%) had no prior surgery (Table 1).
Inadvertent enterotomy, DDP, and adhesiolysis time
A median number of 1 (range 1–9) enterotomies occurred in 17 of 133 patients (12.8%).
Eleven patients had small bowel enterotomies, 4 had large bowel enterotomies, and 2 patients
had enterotomies in both small and large bowel. DDP occurred in 2 patients, one in whom
also an enterotomy was detected during surgery. There were no enterotomies or DDPs in the
laparoscopic group.
Surgical history was comparable between patients with and without an enterotomy. Nine
(52.9%) patients with enterotomy had a previous abdominal wall defect repair compared with
47 (49.1%) patients without enterotomy; the number of patients with multiple repairs were 5
and 26, respectively (P = 0.814).
Enterotomies were made during the opening of the abdominal cavity in 4 patients. Two
patients suffered enterotomies both during opening of the abdominal cavity and during
subsequent adhesiolysis deeper in the abdominal cavity or along the peritoneal sidewalls. The
remaining 11 patients had enterotomies after opening of the abdominal cavity, in 6 of them
following resection of a previously placed mesh.
Adhesiolysis was done in 124 patients (93.2%). Mean (± SD) adhesiolysis time was 66.9 ±
32.4 minutes in patients with enterotomy versus 31 ± 26.6 minutes in patients without
enterotomy (P < 0.001). Thirty-three inadvertent enterotomies were caused in 4750 minutes
of adhesiolysis, corresponding with a cumulative incidence of 1 enterotomy after every 144
minutes of adhesiolysis. Adhesiolysis times were comparable for patients with intraperitoneal
mesh, extraperitoneal mesh, or no mesh in situ (35.1 ± 26.8 minutes, 39.4 ± 32.0 minutes, and
34.8 ± 30 minutes, respectively; P = 0.747).
Tenacity of adhesions was high with 85 (63.9%) patients having Zühlke scores more than 2
under the scar and 75 (56.4%) further away. Extreme dense adhesions (Zühlke score 4) were
found under the scar in 27 (20.3%) patients and at the operative areas in 26 (19.5%) patients.
Fifty (37.6%) patients had dense adhesions both under the scar and distant of the scar.
Adhesiolysis time, the presence of a fistula, and hernia size greater than 10 cm were
significant risk factors in the univariate analysis (Table 1). These and the factors age, BMI,
the number of previous abdominal operations, a midline hernia, and the presence of mesh,
with a P < 0.300, were included in the multivariate analysis. Subdivision of the location of
the mesh (ie, intraperitoneal or extraperitoneal) was not presented in the final multivariate
analysis because it did not result in any significant changes and did not improve the model
(intraperitoneal vs extraperitoneal mesh, OR 0.84; 95% Confidence Interval [CI] 0.17-4.0-7;
P = 0.828).
Multivariate stepwise regression analysis revealed adhesiolysis time as independent and
significant risk factor for incidence of inadvertent enterotomy [OR (95% CI): 1.03 (1.01–
1.05) for each minute increase in adhesiolysis time]. There was a trend toward a higher
incidence of enterotomy in patients with mesh in situ and a hernia size greater than 10 cm. A
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trend toward a lower incidence was found in patients with higher BMI (Table 2). The area
under the ROC curve of the multivariate model was 0.87 (95% CI 0.79–0.96).
Eight (10.3%) patients had a median of one enterotomy (range 1–9) in the subgroup of
patients with uncomplicated midline incisional hernia. Again, adhesiolysis time was a
significant risk factor in univariate analysis with an OR 1.04 (95% CI 1.02–1.07; P = 0.002)
for each minute increase in adhesiolysis time. There was a trend toward increased enterotomy
incidence in patients with mesh present [mesh 5/25 (20%) vs no mesh 3/53 (5.7%); OR 4.2;
95% CI 0.9–19.1; P = 0.066]. In multivariate analysis, adhesiolysis time and mesh presence
were significant risk factors (OR 1.05; 95% CI 1.02–1.09; P = 0.004 and OR 7.4; 95% CI
1.0–53.0; P = 0.047, respectively). The area under the ROC curve was 0.90 (95% CI 0.81–
0.98).
Impact of enterotomy
Eight (47.1%) patients with an enterotomy underwent enterectomy. Bowel resection in
patients without enterotomy was mostly done as part of resection of an enterocutaneous
fistula. There were no anastomotic leakages related to bowel resection for enterotomy. Two
patients (1.5%) died during hospital admission; one of these patients had experienced an
enterotomy and a DDP. Cause of death was haemorrhage after a long and complicated ICU
stay. The other patient died from pneumonia.
Patients with an inadvertent enterotomy experienced significantly higher rates of
complications requiring urgent surgical reintervention and parenteral feeding (38.9% vs
12.9%; P = 0.029 and 35.6% vs 13.8%; P = 0.037, respectively) than patients without an
enterotomy (Table 3). Total hospital stay of patients with enterotomy was significantly longer
(20.8 ± 35.0 vs 8.6 ± 10.6 days, P = 0.002) and costs of in-hospital prescribed medication
were higher (€ 1178 ± 3207 vs € 250 ± 475, P < 0.001). The increase in medication costs was
mainly due to increased use of intravenous antibiotics.
In 6 (35%) patients with an enterotomy but no gross spillage of intestinal content, an
extraperitoneal mesh was placed during hernia repair. In one of the patients, the mesh was
removed 2 days after surgery in an acute setting because of a DDP. In another patient, the
mesh was removed after 3 months because of fistula formation. One patient presented at the
emergency department 2 weeks postoperatively with wound infection, but no excision of
mesh was required. The other 3 patients did not suffer from any complications.
Optimal cut point for extensive adhesiolysis was 30 minutes. Sixty-three (47.4%) patients had
an adhesiolysis time longer than 30 minutes, and these patients had significantly more
complications than those with adhesiolysis time shorter than 30 minutes (38.1% vs 21.4%; P
= 0.038). Patients with adhesiolysis more than 30 minutes experienced a significantly higher
rate of sepsis (6.3% vs 0%; P = 0.048), wound infection (14.3% vs 2.9%; P = 0.025), and
abdominal complications (fistula, abdominal abscess, and anastomotic leakage; 7.9% vs 0%;
P = 0.022) than those with an adhesiolysis less than 30 minutes (Table 4). Excluding patients
with an enterotomy or DDP, adhesiolysis of 30 minutes or longer still was associated with a
higher number of ICU admissions (25.0% vs 7.4%; P = 0.015), a greater need for parenteral
feeding (29.2% vs 2.9%; P < 0.001), a longer total hospital stay (12.8 ± 14.7 vs 5.6 ± 4.5
days; P = 0.001) and ICU stay (2.1 ± 5.9 vs 0.2 ± 1.2 days; P = 0.006) and higher costs from
in-hospital prescribed medication (€ 421 ± 644 vs € 129 ± 248; P < 0.001).
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In the subgroup of 78 patients with an uncomplicated incisional hernia, no significant
differences in the incidence of SAEs could be found between enterotomy and no enterotomy
(Table 5). The 8 patients with enterotomy had a longer hospital stay (26.0 ± 51.4 vs 17.4 ±
10.7 days; P = 0.030) and higher medication costs (€ 1887 ± 4690 vs € 215 ± 395; P = 0.030)
compared with those without enterotomy. Patients with adhesiolysis time longer than 30
minutes were admitted more frequently to the ICU (22.9% vs 4.7%; P = 0.037), had longer
ICU stay (5.8 ± 25.5 vs 0.2 ± 1.1 days; P<0.001), a longer total hospital stay (14.7 ± 28.0 vs
4.9 ± 2.9 days; P<0.001), and higher medication cost (€ 720 ± 228 vs € 114 ± 176; P <
0.001).
Discussion
Open abdominal wall hernia repair is associated with extensive adhesiolysis leading to
inadvertent organ damage in about 1 of 8 patients. Adhesiolysis time, most likely reflecting
the difficulty of the repair procedure, was a significant and independent risk factor for
enterotomy both in the whole group and in patients with uncomplicated midline incisional
hernia. Adhesiolysis complicated by enterotomy and a long during adhesiolysis adversely
affected important clinical and socioeconomic aspects of patient convalescence.
The incidence of enterotomy was unexpectedly high. Jenkins et al evaluated laparoscopic
repairs of 69 recurrent hernias and found only 3% patients with an enterotomy24. In a recent
study, Wara et al25 found a 4% incidence of enterotomy during laparoscopic repair of 72
parastomal hernias. In a large cohort of 114 laparoscopic hernia and 1009 open hernia repairs,
8% and 7% enterotomies, respectively, were reported10. The higher rate in the present study
most likely reflects a more difficult patient population as may be concluded from the small
proportion of laparoscopic repairs and the high proportion of patients with complex hernia
and comorbidity. One in 6 patients had a fistula at the time of hernia repair and almost all
surgeries were (clean-)contaminated. More complexity, however, does not fully explain the
high incidence because uncomplicated midline incisional hernia repair still had a 10%
enterotomy rate. Perhaps the lower incidence of enterotomies reported in laparoscopic hernia
repair is an underestimate because delayed bowel perforation was not included in those
series12,20,26. Delayed detection of operative bowel injury seems to occur more frequently in
laparoscopic than in open repair and is associated with marked morbidity and mortality12.
The prospective nature of the study enabled us to accurately evaluate adhesiolysis-related
factors predicting an enterotomy. Adhesiolysis time was found to be a strong predictor for
enterotomy in both complicated and uncomplicated hernia repair; a large defect and mesh
presence were weak predictors. Obviously, adhesiolysis time cannot be accurately predicted
before operation. The finding of enterotomy associated with adhesiolysis time, however, is of
value during patient counselling for informed consent.
Highly dense adhesions are prone for inadvertent injury when lysed. Yet, the impact of
tenacity on enterotomy risk was not significant in our study. The scoring of adhesion tenacity
was an estimate because adhesion tenacity varied between adhesions in the abdomen and
adhesion quantity was not assessed. This likely explains the lack of significance of the single
variable tenacity. Adhesiolysis time encompasses tenacity and quantity of adhesions and
better reflects the complexity of adhesiolysis.
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In a previous retrospective study from our group that predominantly included repeat
colorectal surgeries and revealed a risk for enterotomy of 19%, one third of enterotomies
occurred at abdominal entry13. In that series, lower pelvis adhesiolysis had the highest risk for
enterotomy, which is an area not commonly dissected in ventral hernia repair. The number of
previous laparotomies predicted the risk of enterotomy, a finding not reproduced in the
present series. Most likely, the percentage of multiple recurrent hernia repairs (<25%) was
too low to allow appropriate analysis.
The attendance of an observer in the operating room might have raised vigilance of surgeons
to meticulously do adhesiolysis and avoid bowel opening. This would imply that the
enterotomy incidence would be higher when unobserved. We noticed, however, that the
operating team became rapidly habituated to the presence of an observer during the study
period of 2 years. So, the observer effect seems limited.
We introduced the “adhesiolysis time needed to harm” in this analysis. This outcome measure
does not provide a better understanding of the patient’s individual risk but gives a qualitative
assessment of the difficulty surgeons face while cutting adhesions in a homogeneous group of
patients. Calculation of the “time needed to harm” might facilitate comparison between
studies of factors that influence the difficulty of adhesiolysis and has value for health
economists involved in cost price calculation of surgical interventions.
Halm et al reported a significant difference in bowel resection between patients with
intraperitoneal mesh (21%) and those with extraperitoneal mesh (0%) and related this
observation to bowel injury cutting adhesions between bowel and mesh17. We found a higher
incidence of enterotomy with mesh regardless of intraperitoneal or extraperitoneal mesh
position. Notably, antiadhesive coatings were used in 4 of 5 patients with intraperitoneal mesh
in our series, and the majority of meshes in Halm’s study were made of non-absorbable
polypropylene. One should also be cautious to take bowel resection as a measure of adhesion
severity and injury after adhesiolysis as Halm et al did. Only half of our patients with
enterotomy required bowel resection. In a recent large retrospective study of 1444 patients in
16 Veterans Affairs hospitals examining the effect of repair type and technique on the
difficulty and complications of subsequent surgery (two third re-repair of ventral hernia), no
significant effect of repair type, mesh type, or position on risk of inadvertent enterotomy was
demonstrated27. These results correspond with our findings indicating that extraperitoneal
mesh position does not prevent adhesiolysis induced injury. We have regularly encountered a
peritoneal protrusion of an extraperitoneal mesh with adhesive attachments giving similar
operative difficulty as an intraperitoneal mesh at re-repair. One might speculate to use
antiadhesive meshes when placed in the extraperitoneal space after open abdominal wall
repair on the basis of the assumption that the peritoneal layer takes part in the inflammatory
response elicited by the surgery and the foreign body implanted and becomes adhesiogenic.
Placing a mesh in a contaminated environment is known to increase the risk of mesh infection
and fistula formation28. In a retrospective cohort of 42 mesh infections, early infection
correlated with DDP29. Half of the patients in our study who received a mesh after an
inadvertent enterotomy was repaired suffered from complications, even though there was no
gross spillage from the enterotomy and meshes were not placed in the intraperitoneal cavity.
The difficult and long adhesiolysis rather than the enterotomy probably accounts for the mesh
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related complications. Our limited data of patients with enterotomy and mesh placement
suggest avoiding mesh repair after long during complicated adhesiolysis.
Patients with adhesiolysis complicated by enterotomy had a significantly higher incidence of
unplanned bowel resection, sepsis, urgent reoperation, parenteral feeding, and prolonged
hospital stay underlining the huge impact of inadvertent enterotomy on postoperative
complications. The results accord with those of a previous retrospective study of all types of
reoperations from our department13. A new finding is the higher incidence of postoperative
surgical complications, the longer hospital stay, and increased medication costs after more
than half an hour of adhesiolysis. This finding was independent of enterotomy occurrence or
complexity of the abdominal wall defect. In a large prospective randomized study of 1701
patients undergoing colorectal resection for benign causes, every 30 minutes of adhesiolysis
was correlated with an increase of postoperative stay by one day30. This and our results
demonstrated the large adverse effect of adhesiolysis time alone on morbidity and health care
utilization.
Prolonged adhesiolysis and adhesiolysis complicated by bowel injury introduced high direct
hospital costs given the twofold increase in hospital stay, the higher number of patients
needing ICU treatment, the higher number of reoperations, and the almost fivefold increase in
medication costs. Available literature on the socioeconomic burden of adhesions has focused
only on direct hospital costs caused by adhesive small bowel obstruction. In a recent study,
Wilson et al estimated the cumulative costs of readmission for adhesive small bowel
obstruction after abdominal surgery at € 960 per patient31. Comparison has not been done, but
we speculate that the costs of adhesiolysis and subsequent inadvertent organ damage are
higher than those of adhesive small bowel obstruction.
Although adhesiolysis-related organ damage is common during repeat surgery and accounts
for a huge burden of morbidity, it is one of the most neglected and poorly investigated
complications of abdominal surgery. This is the first large prospective cohort study giving
detailed information on the morbidity of adhesions in open abdominal wall repair. Although
our series encompass patients with complex abdominal wall defects, most findings were
similar for relatively simple midline ventral incisional hernias. Therefore, the results are
representative for open ventral hernia repair.
This study provides the first important epidemiological data on incidence, predictive factors,
and impact of adhesiolysis in surgical repair of abdominal wall defects. The high incidence
and large impact of adhesions emphasizes the need for adhesion prevention in all abdominal
surgeries potentially complicated by a hernia. Unfortunately, only a minority of surgeons
routinely use antiadhesion barriers32. Use of antiadhesive coating on meshes is recommended
when repairing a ventral wall hernia to reduce bowel adherence to the mesh with fistula
formation and troublesome separation of viscera from the intraperitoneal mesh at recurrent
hernia repair17,33,34.
Having established in a prospective way the incidence and intra- and postoperative burden of
adhesions in ventral hernia repair, surgeons can properly inform their patients before consent.
In addition, hospitals, health care economists, insurances companies, and manufacturers of
hernia meshes may use these findings for organizational and economic purposes and cost
benefit analyses.
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Tables chapter 1
Table 1
Patients with enterotomy and crude odds ratios from univariate logistic regression of risk
factors for inadvertent enterotomy in the total group.
Inadvertent Enterotomy
Yes
No

Univariate Analysis
OR
95% CI

11 (14.3%)
6 (18.2%)

77 (85.7%)
33 (87.2%)

Ref.
1.00

0.34-2.90

0.998

62 ± 11.9

58.5 ± 12.1

1.03

0.98-1.08

0.267

25.8 ± 3.3

27.9 ± 5.1

0.90

0.79-1.02

0.098

5 (11.1%)
10 (16.7%)
2 (7.4%)

40 (88.9%)
50 (83.3%)
25 (92.6%)

Ref.
1.60
0.64

0.51-5.06
0.12-3.55

0.424
0.610

8 (11.9%)
4 (11.4%)
5 (16.1%)

59 (88.1%)
31 (88.6%)
26 (83.9%)

Ref.
0.95
1.42

0.27-3.41
0.42-4.75

0.940
0.570

4 (2 - 7)

3 (0 - 14)

1.15

0.93-1.41

0.193

11 (13.6%)
6 (11.5%)

70 (86.4%)
46 (88.5%)

Ref.
0.83

0.29-2.40

0.731

4.0 ± 5.3

3.4 ± 6.9

1.01

0.95-1.10

0.704

17 (13.4%)
0 (0%)

110 (86.6%)
6 (100%)

Ref.
0.00

0.00-NA

>0.999

12 (11.7%)
5 (16.7%)

91 (88.3%)
25 (83.3%)

Ref.
1.52

0.49-4.71

0.471

10 (13.5%)
4 (11.1%)
2 (15.4%)
1 (11.1%)
0 (0%)

64 (86.5%)
32 (88.9%)
11 (84.6%)
8 (88.9%)
1 (12.8%)

Ref.
0.80
1.16
0.84
0.00

0.23-2.75
0.22-6.04
0.09-7.10
0.00-NA

0.800
0.857
0.800
>0.999

2 (6.5%)
15 (14.7%)

29 (93.5%)
87 (85.3%)

Ref.
2.50

0.54-11.59

0.242

66.9 ± 32.4

31.1 ± 26.6

1.03

1.02-1.05

<0.001

8 (9.6%)
9 (18.0%)

75 (90.4%)
41 (82.0%)

Ref.
2.06

0.73-5.73

0.168

9 (10.1%)
8 (18.2%)

80 (89.9%)
36 (81.8%)

Ref.
1.95

0.70-5.47

0.204

10 (8.8%)
7 (35.0%)

103 (91.2%)
13 (65%)

Ref.
5.55

1.80-17.08

0.003

2 (3.1%)

62 (96.9%)

Ref.

P

Demographics
Gender (female vs male)
•
Male
•
Female
Age* (each year increase)
Body Mass Index* (kg/m2,
each point increase)
Smoking
•
Non-smoker
•
ex-smoker
•
smoker

Patient history
Previous hernia corrections
•
None
•
Single
•
Multiple
Number of previous operations†
(each n increase)
Surgical experience
• Surgeon
• Resident
P-Possum score* (% increase)
Corticosteroid use
• No
• Yes
Peritonitis in history
• No
• Yes

Index operation
Lower abdominal
• Upper abdominal
• Gynaecological
• Urological
• None

Operative characteristics
Type of hernia
• Other
• Median
Adhesiolysis time*
(each minute increase)
Zühlke score**
• ≤2
• >2
Mesh in situ
• no
• yes
Fistula
• No
• Yes
Size
• ≤10 cm
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•

>10 cm

15 (21.7%)

54 (78.3%)

8.61

1.88-39.37

0.005

* Values are mean (SD) or ** median (range). Ref.: Reference.
Table 2: Adjusted odds ratios from stepwise multivariate logistic regression of risk factors for
inadvertent enterotomy in the total group and subgroup.
Total group

Subgroup

OR

95% CI

P

OR

95% CI

NS

NS

0.86

0.72-1.02

NS

Type of hernia (median vs other)

P

NS

NA

NA

NA

0.076

NA

NA

NA

NS

NS

NS

NS

NS

NS

NS

NS

NA

NA

NA

Adhesiolysis time
(each minute increase)

1.03

1.01-1.05

1.04

1.02-1.07

Zühlke score (>2 vs ≤2)

NS

NS

NS

NS

Mesh in situ (yes vs no)

3.28

0.93-11.61

7.371

1.03- 53.0

Fistula (yes vs no)

NS

NS

NS

NA

NA

NA

Size (>10 cm vs ≤10 cm)

5.19

0.97-27.68

0.054

NS

NS

NS

Demographics
Age (each year increase)
2

BMI (kg/m , each point increase)

Patient history
Number of previous operations
(each n increase)

Operative characteristics
0.004
NS
0.066

0.002
NS
0.047

OR: Odds Ratio. CI: Confidence Interval. NS: not selected for model in stepwise multivariate
analysis. NA: not applicable as candidate risk factor in the subgroup analysis (P > 0.300 in
univariate).
Table 3: Impact of adhesiolysis complicated by enterotomy on clinical outcomes and costs.
Enterotomy
(n = 17)

No enterotomy
(n = 116)

P

7 (41.2%)
2 (11.8%)
2 (11.8%)
2 (11.8%)
1 (5,6%)
3 (17.6%)
1 (5.9%)
1 (5.9%)
5 (29.4%)
6 (35.3%)
6 (35.3%)

32 (27.6%)
2 (1.7%)
9 (7.8%)
3 (2.6%)
5 (4.3%)
15 (12.9%)
10 (8.6%)
1 (0.9%)
17 (14.7%)
15 (12.9%)
16 (13.8%)

0.264
0.079
0.632
0.122
0.567
0.702
>0.999
0.240
0.159
0.029
0.037

Hospital stay (days)

20.8 ± 35.0

8.6 ± 10.6

0.002

ICU stay (days)
Medication costs (€)

10.7 ± 36.2
1178 ± 3207

1.0 ± 4.0
250 ± 475

0.096
<0.001

Outcome
Patients with
SAE (n)
Sepsis
Wound infection
Abscess/ fistula/ leakage
Urinary tract infection
Pneumonia
Haemorrhage
Death
ICU admissions (n)
Reinterventions (n)
Parenteral feeding (n)

Means ± SD.
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Table 4: Impact of adhesiolysis (≥30 min) on clinical outcomes and costs in the total group.
Adhesiolysis
<30 min
(n = 70)

Adhesiolysis
≥30 min
(n = 63)

P

Adhesiolysis ≥30 min,
without enterotomy or DDP
(n = 48)

P

15 (21.4%)
0 (0%)
2 (2.9%)
0 (0%)
1 (1.4%)
7 (10%)
6 (8.6%)
1 (1.4%)
5 (7.1%)
5 (7.1%)
2 (2.9%)

24 (38.1%)
4 (6.3%)
9 (14.3%)
5 (7.9%)
5 (7.9%)
11 (17.5%)
5 (7.9%)
1 (1.6%)
17 (27.0%)
16 (25.4%)
20 (31.7%)

0.038
0.048
0.025
0.022
0.101
0.310
>0.999
>0.999
0.002
0.004
0.001

17 (35.4%)
2 (4.2%)
7 (14.6%)
3 (6.2%)
4 (8.3%)
8 (16.7%)
4 (8.3%)
0 (0.0%)
12 (25.0%)
10 (20.8%)
14 (29.2%)

0.141
0.169
0.032
0.068
0.158
0.402
>0.999
>0.999
0.015
0.048
<0.001

Hospital stay (days)

5.6 ± 4.5

15.2 ± 22.2

<0.001

12.8 ± 14.7

<0.001

ICU stay (days)

0.2 ± 1.2

4.5 ± 22.2

0.002

2.1 ± 5.9

0.006

128 ± 244

636 ± 1754

<0.001

421 ± 644

<0.001

Outcome
Patients with
SAE (n)
Sepsis
Wound infection
Abscess/ fistula/ leakage
Urinary tract infection
Pneumonia
Haemorrhage
Death
ICU admissions (n)
Reinterventions (n)
Parenteral feeding (n)

Medication costs (€)

Means ± SD. DDP: delayed diagnosed perforation.
Table 5: Impact of adhesiolysis complicated by enterotomy and of adhesiolysis (≥30 min) on
clinical outcomes and costs in the subgroup.
Outcome
Patients with SAE (n)
Sepsis
Wound infection
Abscess/ fistula/ leakage
Urinary tract infection
Pneumonia
Haemorrhage
Death
ICU admissions (n)
Reinterventions (n)
Parenteral feeding (n)
Hospital stay (days)

Adhesiolysi Adhesioly
s <30 min sis ≥30 min
(n = 43)
(n = 35)

P

No
enterotomy
(n = 70)

enterotomy
(n = 8)

P

11 (25.6%)
0 (0.0%)
1 (2.3%)
0 (0.0%)
1 (2.3%)
6 (14.0%)
3 (7.0%)
1 (2.3%)
1 (2.3%)
3 (7.0%)
1 (2.3%)

9 (25.7%)
2 (5.7%)
2 (5.7%)
1 (2.9%)
1 (2.3%)
5 (14.3%)
2 (5.7%)
1 (2.9%)
5 (14.3%)
6 (17.1%)
5 (14.3%)

>0.999
0.198
0.585
0.449
0.585
>0.999
>0.999
>0.999
0.037
0.285
0.084

17 (24.3%)
1 (1.4%)
2 (2.9%)
0 (0%)
3 (4.3%)
9 (12.9%)
4 (5.7%)
1 (1.4%)
8 (11.4%)
7 (10.0%)
5 (7.1%)

3 (37.5%)
1 (12.5%)
1 (12.5%)
1 (12.5%)
0 (0%)
2 (25.0%)
1 (12.5%)
1 (12.5%)
2 (25.0%)
2 (25.0%)
1 (12.5%)

0.416
0.196
0.280
0.103
>0.999
0.314
0.427
0.196
0.271
0.229
0.496

4.9 ± 2.9

14.7 ± 28.0

<0.001

17.4 ± 10.7

26.0 ± 51.4

0.212

ICU stay (days)

0.20 ± 1.1

5.8 ± 25.5

<0.001

0.73 ± 3.0

20.1 ± 52.6

0.030

Medication costs (€)

114 ± 176

720 ± 228

<0.001

215 ± 395

1887 ± 4690

0.030

Means ± SD.
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Supplemental tables
Table 1: Overview of intraperitoneal meshes used.
Intraperitoneal meshes
n
Uncoated polypropylene
2 (11.1%)
Non-absorbable coating and ePTFE
5 (27.8%)
2
Bard Composix
1
Timesh
2
Dualmesh
Absorbable coating
9 (50.0%)
4
Parietex Composite
3
Proceed
1
Sepramesh
1
Ultrapro
Absorbable mesh
2 (11.1%)
®

®

®

®

®

®

®

Table 2: Comparison of key variables between intraperitoneal and extraperitoneal mesh.
No mesh (n =
Intraperitoneal Extraperitoneal
89)
mesh (n = 18)
mesh (n = 26)
Adhesion scores (median, IQR)
Within operating field
3 (2.5-4)
4 (3-4)
4 (3-5)
Outside operating field
3 (1-4)
3 (3-4)
3 (1-4)
Time for adhesiolysis (mean,
33 min
36 min
41 min
95% CI)
(26-35)
(20-39)
(25-44)
Time needed to harm (mean,
280 min
78 min*
80 min*
95% CI)
(157-562)
(41-170)
(47-149)
Total operative time (mean,
171 min
170 min
178 min
95% CI)
(150-192)
(130-209)
(148-207)
IQR: interquartile range. CI: confidence interval; min: minutes. * P <.010 compared to “No
mesh”. No other significant differences were observed between intraperitoneal or
extraperitoneal mesh position, nor between mesh in situ or not.
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Abstract
Background
Postoperative adhesions are the most frequent complication of abdominal surgery, leading to
high morbidity, mortality, and costs. However, the problem seems to be neglected by
surgeons for largely unknown reasons.
Methods
A survey assessing knowledge and personal opinion about the extent and impact of adhesions
was sent to all Dutch surgeons and surgical trainees. The informed consent process and
application of antiadhesive agents were questioned in addition.
Results
The response rate was 34.4%. Two thirds of all respondents (67.7%) agreed that adhesions
exert a clinically relevant, negative effect. A negative perception of adhesions correlated with
a positive attitude regarding adhesion prevention (ρ = 0.182, P < 0.001). However,
underestimation of the extent and impact of adhesions resulted in low knowledge scores
(mean test score 37.6%). Lower scores correlated with more uncertainty about indications for
antiadhesive agents which, in turn, correlated with never having used any of these agents (ρ =
0.140, P = 0.002; ρ = 0.095, P = 0.035; respectively). Four in 10 respondents (40.9%)
indicated that they never inform patients on adhesions and only 9.8% informed patients
routinely. A majority of surgeons (55.9%) used antiadhesive agents in the past, but only a
minority (13.4%) did in the previous year. Of trainees, 82.1% foresaw an increase in the use
of antiadhesive agents compared to 64.5% of surgeons (P < 0.001).
Conclusions
The magnitude of the problem of postoperative adhesions is underestimated and informed
consent is provided inadequately by Dutch surgeons. Exerting adhesion prevention is related
to the perception of and knowledge about adhesions.
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Introduction
Postoperative adhesions occur in about 90% of all patients undergoing abdominal surgery and
lead to at least one readmission for a third of these patients in the following 10 years1,2.
Adhesions become clinically apparent in the form of chronic abdominal pain, female
infertility, and small bowel obstruction3,4. Furthermore, adhesions can seriously complicate
subsequent surgery5,6. Therefore, postoperative adhesions should not merely be regarded as a
side effect of abdominal surgery but as the most common complication caused by abdominal
surgery.
Regardless of an open or a laparoscopic approach, the surgical treatment of adhesions induces
the reformation as well as new formation of adhesions7,8. Hence, adhesion prevention is of
key importance. For obvious reasons, reducing surgical trauma by meticulous surgical
technique is the primary step that needs to be exerted at all times. However, performing
surgery implies surgical trauma to some extent but it can be further reduced by other means,
e.g., using powder-free gloves, wetting tissues, and reducing operative time9. The use of
adhesion barriers seems inevitable to obtain further adhesion prevention. A local barrier
composed of hyaluronic acid and carboxymethylcellulose (Seprafilm ,Genzyme, Cambridge,
MA, USA) has proven effective in reducing adhesions in various open general surgery
studies10. Previous reviews have also shown significant benefit with the use of Interceed
membrane (Ethicon, Johnson & Johnson, New Brunswick, NJ, USA), composed of oxidized
regenerated cellulose, in open gynaecologic surgery11. Administration of an icodextrin
solution (Adept , Baxter Healthcare Corp., Deerfield, IL, USA) that spreads throughout the
peritoneal cavity has shown adhesion reductive capacity in benign laparoscopic gynaecologic
surgery12.
In contrast to most surgical complications, the risk of adhesion related morbidity remains for
many years and complications are often not followed up by the primary surgeon. In addition,
symptoms of adhesion related complications vary and a fully effective remedy has not yet
been discovered. All these factors have probably resulted in an undervaluation of
postoperative adhesions by surgeons. This in turn explains why adhesions are mentioned only
sporadically during the informed consent process13,14. Nevertheless, failure to do so can be
regarded as an omission of the doctor’s duty of care and has already resulted in successful
negligence claims15.
In spite of the extent and impact of postoperative adhesions, we are under the impression that
surgeons lack sufficient awareness about this most common complication. Moreover, they
seem to provide inadequate informed consent on and take insufficient preventive actions
against adhesions. However, until now, no data has been available to substantiate these
assumptions. Therefore, we conducted a nationwide survey assessing the awareness of and
behaviour toward adhesions among Dutch surgeons and surgical trainees.
®

®

®

Methods and Materials
Design of the survey
A steering group of 11 general and gynaecologic surgeons with a special interest in adhesions
and its associated morbidity (Dutch Adhesion Group) conceived a first set of survey
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questions. These questions were edited by two independent researchers, both experts in
survey and multiple-choice test construction. Subsequently, five surgeons and three surgical
trainees tested the survey for indistinctness and leading questions. After making adjustments,
the survey was reviewed again and consecutively approved by the steering group, the
independent researchers, and the test group of surgeons and trainees. The survey consisted of
55 multiple choice questions, four open-ended questions, and four optional questions with a
total word count of 716. In its final layout, both an electronic online version (six web pages)
and a printed version (three pages) were available in Dutch (see the Appendix for a translated
version).
Knowledge test
Eight multiple-choice questions concerning the prevalence and morbidity of adhesions were
formulated based on up-to-date and best-available evidence. The following statements were
considered correct:
• Approximately 70% of small bowel obstructions are due to postoperative adhesions16-18.
• The 5-year readmission rate after operative procedures of the colon or rectum directly
related to postoperative adhesions is approximately 5%19-21.
• The 10-year readmission rate after any abdominal surgery probably or directly related to
postoperative adhesions is approximately 30%1,2.
• Inadvertent enterotomy during adhesiolysis occurs in 20% of patients with a history of
abdominal surgery5,6.
• A total colonic resection has the highest risk of adhesion related morbidity compared with a
partial small bowel resection, an appendectomy, or a resection of the rectum2,21.
• Age above 60 years is associated with fewer adhesions, a history of abdominal surgery with
more adhesions, and a history of Crohn’s disease with no difference in adhesion formation2,21.
Survey distribution
We aimed to distribute the survey among all officially registered Dutch surgeons and trainees
(n = 1,282 and 432, respectively). Contact details were retrieved from the 2008 annual report
of the Dutch Association for Surgery from the section of regular members (n = 1,009) and
members of the association of surgical trainees (n = 446). We approached the surgeons and
trainees by electronic mail (e-mail) or by postal mail when no or no valid e-mail address was
available. A personalized mail was sent on Tuesday (at 6:00 a.m. in case of e-mail) and a
reminder sent the next Tuesday (at 7:00 p.m. in case of e-mail) when no response was
recorded yet. As an incentive, five portable audio players and 40 pens with inbuilt laser
pointer and USB stick were raffled among all respondents. The survey closed 3 weeks after
the first mailing.
Data analysis
Only surveys more than 80% complete, excluding optional questions, were included. We
defined subgroups of respondents as trainees, general surgeons, gastrointestinal surgeons, or
other surgeons. Proportions were compared using Chi square tests. Comparisons between
groups were performed using the Mann-Whitney U test, the Wilcoxon signed-rank test, or the
Kruskal-Wallis test with post-hoc Bonferroni correction. Knowledge test scores were
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compared with Student’s t-tests and ANOVA with post-hoc Bonferroni correction.
Correlations were calculated using Spearman’s rank correlation and a P < 0.050 was
considered significant. Statistics were performed using SPSS version 15.0 (SPSS Inc.,
Chicago, IL, USA).
®

Results
A total of 1455 surgeons and trainees were contacted by email (83.8%) or postal mail
(16.2%). Twenty-three physicians indicated not to participate. After 1 week, 352 surveys were
collected, and there were 523 surveys at close of the survey. Of these, 22 incomplete surveys
(4.2%) were rejected, resulting in a response rate of 34.4% (501 surveys, 98% complete)
representing 90.7% of all Dutch surgical departments (98.3% of all teaching and 81.3% of all
non-teaching departments). Response rates were comparable for e-mail and postal mail (35.3
vs. 29.8%, respectively, P = 0.102), but higher for surgeons than for trainees (Table 1). The
survey was completed by a comparable number of trainees (n = 131), general surgeons (n =
130), gastrointestinal surgeons (n = 116), and other surgeons (n = 124) (P = 0.767).
Opinion on adhesions
About two thirds (67.7%) of all respondents agreed that adhesions exert a clinically relevant
and predominantly negative effect. The proportion was significantly higher for trainees than
for surgeons (75.6 vs. 64.9%, respectively, P = 0.025). A small group (6.0%) indicated that
adhesions exert a clinically relevant and predominantly positive effect. Half of all respondents
(50.6%) considered adhesiolysis for treating pain not effective, whereas 26.2% considered it
effective.
Awareness of adhesions and their associated morbidity
Respondents scored a mean of 37.6% correct answers on the knowledge test, with trainees
scoring slightly but significantly higher than general surgeons (39.9 vs. 34.6%, P = 0.032).
Only 6.9% of respondents reported a correct 10-year readmission rate after abdominal surgery
probably or directly related to adhesions (30%), whereas 69.0% thought it was 10% or lower.
Also, 62.9% underestimated the percentage of small bowel obstructions caused by adhesions,
reporting a percentage of 50% or lower. On the other hand, a vast majority of respondents
(87.6%) correctly indicated that a history of abdominal operations is associated with increased
adhesion related morbidity. The knowledge test score did not correlate with respondents’
opinion on adhesions (ρ = 0.010, P = 0.830).
Informed consent
One in 10 respondents (9.8%) reported that they routinely include adhesions or related
morbidity in the informed consent information for both laparotomies and laparoscopies. Yet,
40.9% of all respondents reported that they never mention it at all (Figure 1). No correlation
was observed with opinion on adhesions or knowledge test score (ρ = 0.031, P = 0.497; ρ =
0.016, P = 0.730; respectively). Trainees and non-academic surgeons provided adhesion
information during informed consent less often than surgeons and academic surgeons,
respectively (both P = 0.002). Furthermore, providing information on adhesions before a
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laparoscopic procedure was done less often in comparison with laparotomy (P < 0.001).
Informing fewer patients before a laparoscopy correlated with a greater belief that
laparoscopy is a means to limit adhesion formation (ρ = 0.186, P < 0.001).
Adhesion prevention
Four in 10 respondents (39.1%) expressed a positive opinion on adhesion prevention, 22.4%
expressed a negative one. In addition, a positive opinion correlated with a negative view of
adhesions (ρ = 0.182, P < 0.001). All respondents, except gastrointestinal surgeons, believed
more strongly in adhesion prevention for specific indications than for all abdominal surgery
(P < 0.001). Significantly more surgeons than trainees believed that a meticulous surgical
technique minimizes adhesions (83.5 vs. 65.6%, P < 0.001). Similarly, significantly more
gastrointestinal than non-gastrointestinal surgeons believed that laparoscopy reduces adhesion
formation (90.5 vs. 72.0%, P < 0.001) (Figure 2, A).
Antiadhesive agents
Of all respondents, 26.5% expressed a positive attitude toward antiadhesive agents and 29.1%
expressed a negative one (Figure 2, B). Although a majority of surgeons (55.9%) had used at
least one of these agents, only a minority did in the previous year (13.4%). Significantly
higher proportions of gastrointestinal and academic surgeons used an antiadhesive agent in
the previous year compared to general and non-academic surgeons, respectively (23.0 vs.
9.0%, P = 0.001; 23.9 vs. 10.5%, P < 0.0001; respectively). Not using antiadhesive agents any
longer showed no significant associations with knowledge test score, opinion on adhesions,
adhesion prevention, or antiadhesive agents (P = 0.622, P = 0.431, P = 0.283, P = 0.209,
respectively). Most surgeons used Adept (8.9% ever, 8.5% last year) and Seprafilm (33.7%
ever, 5.4% last year). In the group of surgeons who used antiadhesive agents, 78.8% did so in
adhesion related laparotomies, 29.2% in abdominal wall surgery, and 21.8% in (sub)total
colectomies. In general, use of products for high-risk operations regarding adhesion formation
was higher than for low-risk operations (P < 0.001). Uncertainty about when to use these
products correlated with never having used any products (ρ = 0.095, P = 0.035) and lower
knowledge test scores (ρ = 0.140, P = 0.002).
Of all trainees, 82.1% predicted that the use of antiadhesive agents will increase compared
with 64.5% of all surgeons (P < 0.001). Such opinion correlated with a negative view of
adhesions (ρ = 0.141, P = 0.002) and with a more positive view in terms of cost benefits (ρ =
0.148, P = 0.001). Most respondents anticipated that new antiadhesive agents would come to
the market and that the evidence either for or against adhesion prevention would increase.
®

®

Discussion
Adhesions and related complications lead to substantial morbidity and mortality, with
increased medical costs22,23. This nationwide survey shows that two of three Dutch surgeons
recognize adhesions as a clinically relevant and negative entity. However, readmission rates
and small bowel obstructions caused by adhesions are heavily underestimated. Moreover, the
informed consent process and application of antiadhesive agents are not in line with the extent
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and impact of postoperative adhesions. Therefore, it can be concluded that the knowledge and
awareness of and the behaviour toward adhesions is limited among Dutch surgeons and
surgical trainees.
At least 40% of respondents did not inform any patients about postoperative adhesions or
related morbidity and only very few informed patients routinely. This corresponds with the
recent finding that more than 90% of consent forms lack this information13. In contrast, the
risks for haemorrhage and infection after abdominal surgery are almost invariably discussed
during the informed consent process. Adhesion related complications share nearly all features
of these complications, including the risk of death, but may occur many years after the
operation. Thus, it is essential to discuss adhesions as a possible complication during the
informed consent process. In addition, in case of any reoperation, a high risk of inadvertent
organ damage exists and should be discussed prior to surgery as well. These
recommendations apply also for laparoscopic procedures since laparoscopy has not been
proven to reduce adhesion related morbidity compared with laparotomy, though definite
studies are lacking24.
Current surgical trainees consider adhesions a negative drawback of surgery more often, have
a slightly better understanding of the extent of the problem, rely less on surgical technique to
reduce adhesions, and have a higher belief in an increasing use of antiadhesive agents,
compared to surgeons. In contrast, they seem to inform fewer patients about adhesions or
adhesion related morbidity compared to current surgeons. The reason for this is unclear, but
this behavior may change when they have more responsibilities and follow-up their own
patients more closely. The finding is of interest for the future and might mandate
(educational) interventions with this group of young surgeons before they face legal claims.
The significantly lower response rate of surgical trainees compared to surgeons can be
explained by the higher number of trainees’ contact details than the number of officially
registered trainees for general surgery. This is probably due to the fact that plastic and
orthopaedic surgery trainees share the first 2 years of training.
The current study is the first to evaluate awareness and behaviour of surgeons regarding
adhesions. Recently, two similar studies reported on adhesion awareness among gynaecologic
surgeons in the United Kingdom and Germany14,25. Little over half of those respondents
agreed that adhesions are the most common complication after abdominal surgery. This is in
line with our finding that the impact of adhesions is underestimated. Yet, around three in four
gynaecologic surgeons indicated that they inform patients routinely about adhesions and about
half of the respondents stated that they use antiadhesive agents regularly. This clearly
surpasses the current behaviour of Dutch surgeons and reflects a higher awareness of
adhesions among gynaecologic surgeons. Nevertheless, the 8.8% response rate of the British
gynaecologists and the 33.5% response rate of German gynaecologic departments might
reflect a selection bias.
Approximately 80% of respondents agreed that an extraperitoneal mesh, meticulous surgical
technique, and laparoscopy reduce adhesions. Only a quarter of surgeons expressed a positive
opinion toward antiadhesive agents. In addition, only one in 10 surgeons used an agent in the
past year, with Adept taking a small lead over Seprafilm . Adept is a liquid acting
throughout the whole abdomen; Seprafilm is a site-specific barrier film. The efficacy of
Seprafilm has already been evidenced in general surgery, whereas for Adept efficacy has
®
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been shown in laparoscopic gynaecologic surgery and results in general surgery are
awaited12,25. Both agents have been shown to be safe in general abdominal surgery, though
application of Seprafilm on bowel anastomoses should be avoided12,25-27. Although current
agents do not provide complete prevention of postoperative adhesions, it is worth considering
their use in high-risk surgery such as colorectal procedures. Even a relative decrease in
adhesions might entail benefits for the patient and the surgeon. Interestingly, uncertainty
about indications for antiadhesive agents was correlated with never having used any agents
and with lower knowledge scores.
This study demonstrates that a change in behaviour is needed among surgeons and trainees.
Patients have to be informed of the risks of adhesions routinely and the application of
clinically available antiadhesive agents should at least be considered in specific abdominal
surgery28. However, to obtain changes in behaviour, both knowledge and attitudes have to be
addressed29. Barriers for improving knowledge include accessibility and volume of
information; attitudes can be affected by a lack of agreement or poor methodology in
evidence, but also by personal beliefs and experiences. Therefore, attempts to obtain
sustainable changes in behaviour have to target multiple aspects. Moreover, breakthrough
results from basic research should be translated to clinically applicable agents30.
Some limitations of this study should be noted. First of all, the 34.4% response rate might
reflect a selection bias, possibly providing more positive results. Furthermore, no elaborate
nonresponse analysis could be performed due to the lack of any central database comprising
detailed information on Dutch surgeons. On the other hand, responses were recorded from
90.7% of all Dutch surgical departments. In addition, response rates were markedly higher
than in the recent survey among gynaecologic surgeons in the UK and a survey in the USA on
work, stress, and research among academic surgeons (8.8 and 22.7%, respectively)14,31. Our
relatively high response rate might be due to the raffle, which is known to increase response
rates without affecting response quality32,33.
The knowledge test was based on up-to-date and best available evidence selected by the
steering group of general and gynaecologic surgeons. Several rounds of pilot testing were
conducted to ensure comprehensibility and face and content validity of the survey. However,
although most of the knowledge questions were based on very large cohort studies, some still
consider the consistently found high morbidity controversial. Yet, even if the true morbidity
would be lower, many of the respondents would still underestimate the magnitude of the
problem.
Finally, this study surveyed only Dutch surgeons and surgical trainees, but results are likely to
be generalizable to surgeons worldwide; adhesions are encountered after all abdominal
surgeries and the associated morbidity, mortality, and costs are comparably high in different
countries23,34,35.
As for the future, action must be taken to improve knowledge, attitude, and behaviour
concerning adhesions among Dutch surgeons and surgical trainees. Specialty courses could be
developed and rewarded credits; compulsory classes on adhesions and antiadhesive agents
should be embedded in the surgical training program. Nonetheless, surgeons represent only
one of the many parties involved in adhesion awareness. Attention must also be given to the
other specialists operating in the abdominal cavity, patients, hospitals, antiadhesive agents
manufacturers, and health insurance companies in order to improve awareness of and
®
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behaviour toward adhesions. In order to follow up on the actions, the results of this survey can
serve as a benchmark for later research.
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Appendix: Adhesions survey
Personal data
• You are a (multiple responses possible): trainee, general surgeon, oncologic surgeon,
vascular surgeon, gastrointestinal surgeon, pediatric surgeon, trauma surgeon, other…
• How many years of work experience (as a trainee or as a surgeon) do you have?…
• Do you currently work in an academic or non-academic hospital? Yes / No
• Do you currently work full-time or part-time? Yes / No
Prevalence and morbidity of adhesions
• Adhesions are not of clinical interest. Totally disagree / Disagree / Neutral / Agree / Totally
agree
• Adhesions have more beneficial than detrimental effects. Totally disagree / Disagree /
Neutral / Agree / Totally agree
• Adhesiolysis for complaints of pain is not effective. Totally disagree / Disagree / Neutral /
Agree / Totally agree
• A proportion of all small bowel obstructions is caused by postoperative adhesions. This
proportion is closest to: 30% / 50% / 70% / 90%
• Within 5 years after an operation on the colon or rectum a certain percentage of patients will
be readmitted because of morbidity directly related to adhesions. This percentage is closest to:
2% / 5% / 10% / 20%
• Within 10 years after an abdominal operation a certain percentage of patients will be
readmitted because of morbidity possibly related to adhesions. This percentage is closest to:
5% / 10% / 20% / 30%
• Inadvertent bowel lesions caused by adhesiolysis occur in a certain percentage of patients
with a history of an abdominal operation. This percentage is closest to: 5% / 10% / 20% / 30%
• Which of the following procedures carries with it the highest risk for adhesion related
morbidity? Partial small bowel resection / appendectomy / total (procto)colectomy /
proctectomy
• Some patient characteristics have been proven to influence adhesion formation. What do you
think is the influence of:
• Age above 60 years: less adhesions / no effect / more adhesions
• History of abdominal operations: less adhesions / no effect / more adhesions
• Crohn’s disease: less adhesions / no effect / more adhesions.
Informed consent
• How many patients do you inform about adhesions or adhesion related morbidity as a
possible complication after
• laparotomy? virtually none / 5% / 5–10% / 10–25% / 25–50% / 50–75% / virtually
all
• laparoscopy? virtually none / 5% / 5–10% / 10–25% / 25–50% / 50–75% / virtually
all
Opinion on adhesion prevention
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• You do not believe in adhesion prevention. Totally disagree / Disagree / Neutral / Agree /
Totally agree
• You would like to apply adhesion prevention in all abdominal operations. Totally disagree /
Disagree / Neutral / Agree / Totally agree
• You would like to apply adhesion prevention only in certain indications. Totally disagree /
Disagree / Neutral / Agree / Totally agree
• Laparoscopic surgery causes fewer adhesions than open surgery. Totally disagree / Disagree
/ Neutral / Agree / Totally agree
• Meticulous surgical technique (tissue handling, avoiding gauzes) reduces adhesions. Totally
disagree / Disagree / Neutral / Agree / Totally agree
• Extraperitoneal mesh position causes fewer adhesions than the intraperitoneal mesh position.
Totally disagree / Disagree / Neutral / Agree / Totally agree
• A coated mesh causes fewer adhesions than an uncoated mesh. Totally disagree / Disagree /
Neutral / Agree / Totally agree
• Electrocautery causes fewer adhesions. Totally disagree / Disagree / Neutral / Agree /
Totally agree
• Less intraperitoneal suture material reduces adhesions. Totally disagree / Disagree / Neutral
/ Agree / Totally agree
Opinion on antiadhesive agents
• You don’t believe in antiadhesive agents. Totally disagree / Disagree / Neutral / Agree /
Totally agree
• You experience a lack of clarity about when to use an antiadhesive agent. Totally disagree /
Disagree / Neutral / Agree / Totally agree
• You prefer using a locally acting antiadhesive agent over an agent that acts throughout the
whole abdomen. Totally disagree / Disagree / Neutral / Agree / Totally agree
• You think the costs do not outweigh the possible benefits of antiadhesive agents. Totally
disagree / Disagree / Neutral / Agree / Totally agree
• Which factors influence your belief in adhesion prevention?…
Using antiadhesive agents
• Have you ever used: Interceed , Seprafilm , Adept , Spraygel , Hyalobarrier , Prevadh ,
Ringers lactate (not regarded an antiadhesive agent), Intercoat , Other… For all agents: Never
used, but would like to / Never used / Used in the past year / Ever used
• With which operation have you ever used antiadhesive agents? Relaparotomy because of
adhesion related morbidity, pancreatic or duodenal surgery, partial small bowel resection,
ileostomy creation, appendectomy, partial colectomy, panproctocolectomy, laparoscopic
colon surgery, rectal operation, abdominal wall surgery, aortic bifurcation prosthesis, Other…
For all operations: Never / Seldom / Regularly / Often / Very often
• How many times are antiadhesive agents used by you and your colleagues in your hospital?
• % of all laparotomies…
• % of all laparoscopies…
• Do you think this percentage will increase? Yes / No
• Why?…
®
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Tables chapter 3
Table 1
Respondents (n = 501)
Trainees

Surgeons

P

Response rate, % (n)

29.4%
(131 of 446)

36.7%
(370 of 1009)

.007

Experience, mean (sd), y

4.3 (1.6)

13.2 (9.6)

n.a.

Full time employment, % (n)

89.9% (116)

88.8% (316)

.718

Academic hospital employment, % (n)

33.6% (44)

25.8% (95)

.088

SD: standard deviation. n.a.: not applicable.
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Figure legends chapter 3
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Figure 2
Techniques to minimize adhesions (A) and opinion on antiadhesive agents (B).
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Abstract
Background
In laparoscopic ventral hernia repair a mesh is placed in direct contact with the viscera, often
leading to substantial adhesions. In this experimental study the ability of different coated and
uncoated meshes to attenuate adhesion formation was examined.
Methods
Six commercially available meshes were placed intraperitoneally against a closed peritoneum
in rats: Prolene (polypropylene), Timesh and Ultrapro (polypropylene composites with
titanium and polyglecaprone, respectively), Proceed and Parietex Composite (polypropylene
and polyester meshes coated with a layer of cellulose and collagen, respectively) and C-Qur
(polypropylene mesh coated with a layer of omega-3 fatty acids). Adhesions and
incorporation were evaluated macroscopically and microscopically after 7 and 30 days.
®

®

®

®

®

®

Results
Parietex Composite and C-Qur significantly reduced adhesion formation at 7 days follow-up
compared with all other meshes. By 30 days, this effect had diminished as a significant
increase in adhesions together with phagocytosis of the coating was seen for all meshes with
layered coatings (Proceed , Parietex Composite and C-Qur ). Incorporation was insufficient
for all meshes.
®

®

®

®

®

Conclusion
The absorbable layers of Parietex Composite and C-Qur reduce adhesion formation to
intraperitoneal mesh in the short term, but the effect diminishes and phagocytosis of
absorbable coatings may contribute to adhesion formation.
®

®
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Introduction
At least one in every ten patients develops a ventral hernia after midline laparotomy1,2. About
a third of these patients experience serious discomfort, aesthetic complaints, intestinal
obstruction or acute strangulation warranting hernia repair3,4.
In general, suture hernia repair has been abandoned owing to unacceptably high recurrence
rates, and mesh placement is now considered the standard technique4-6. Mesh placement in the
posterior position, rather than anterior placement or within the abdominal musculature, is
associated with the lowest recurrence and infection rates7-9. The posterior position can be
achieved extraperitoneally by open development of a plane between the rectus muscle and the
posterior fascia. Laparoscopic positioning of the mesh inside the peritoneal cavity, however,
does not necessitate dissection of a large plane, reduces loss of skin integrity and provides the
opportunity for ventral abdominal wall inspection for additional hernias. A further reduction
in recurrence, infection and length of hospital stay can therefore be achieved10,11.
Polypropylene is probably the most widely used prosthetic material in mesh repair owing to
its low cost, non-biodegradability and excellent incorporation12,13. Placed intraperitoneally,
however, the inflammatory reaction can lead to adhesions or even fistula formation14,15. There
is a strong association between adhesions and small bowel obstruction, infertility and chronic
pain16,17. Future surgery after intraperitoneal mesh placement may be seriously complicated
by adhesions18,19.
Adhesion reduction is therefore of clinical interest, and this has been achieved both
experimentally and clinically by interposition of omentum or degradable compounds such as
polyglactin, hyaluronate and cellulose20-23 among others. It has been hypothesized that
degradation of such coatings leads to increased adhesion formation in the long term. Although
many of these coatings have been investigated in the past, this was mainly in the experimental
setting with resection of the abdominal musculature and peritoneum24,25, which leaves an
acute wound with an open peritoneum and a mesh covered only by skin. The aim of the
present study was to assess adhesion formation associated with various meshes in a rat model
of intraperitoneal mesh placement against a closed peritoneum.
Methods and Materials
Male Wistar rats weighing 250–300 g were housed and cared for at the Central Animal
Facilities of Maastricht University with free access to water and food, in accordance with
local standards. The experimental protocol complied with the Dutch Animal Experimentation
Act and was approved by the Committee of Animal Experiments.
Several commercially available meshes (Table 1) were implanted in the abdomen in contact
with the viscera (12 rats per mesh, except that 13 rats received Prolene ). For meshes with a
layered coating (Proceed , C-Qur and Parietex Composite ), the coated side was placed
adjacent to the viscera. Rats were killed at 7 and 30 days after implantation (six rats per mesh
at each time point, except seven in the 30-day Prolene group), adhesions were scored
macroscopically, and the meshes harvested and processed for histology.
®

®

®

®

®

Surgical procedures
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Rats were anaesthetized with intraperitoneal 100 mg/kg ketamine hydrochloride and 5 mg/kg
xylazine. The abdomen was shaved and the skin disinfected with 2 per cent iodine before
covering with sterile drapes. The abdomen was opened through a 4 cm midline incision. A
sterile piece of mesh 20 × 30 mm in size was fixed to the visceral side of the peritoneum on
both sides of the incision with two sutures of polypropylene 4×0 (Prolene ; Ethicon, Johnson
& Johnson, Somerville, New Jersey, USA). Omentum was not deliberately placed over the
viscera. The peritoneum and fascia were closed with a running suture of polyglactin 4×0
(Vicryl ; Ethicon, Johnson & Johnson). The skin was closed intracutaneously with a running
suture of polyglecaprone 4×0 (Monocryl ; Ethicon, Johnson & Johnson). No antibiotics were
administered.
Rats were killed by an overdose of inhaled carbon dioxide. After macroscopic evaluation the
mesh was excised locally with the adjacent tissue. Each specimen was split into four equal
pieces and fixed in 4 per cent formaldehyde solution.
®

®

®

Functional macroscopic evaluation
The abdomen was opened through a U-shaped incision, extending lateral and caudal to the
mesh. Infection was defined as a clinically apparent infection with pus at the time of death.
The amount of adhesion formation was scored macroscopically and the organs involved were
recorded.
A published quantitative and qualitative scoring system was applied by two independent
researchers who were blinded to the study group20,22,26. The percentage of mesh covered with
adhesions was assessed quantitatively by calculating the mean value for the four equal pieces
of each mesh. Qualitatively, total adhesion scores (range 0–11) were calculated by summing
three subscores: extent (0, no adhesions; 1, 1–25 per cent of the mesh surface involved; 2, 26–
50 per cent; 3, 51–75 per cent; 4, 76–100 per cent); type (0, no adhesions; 1, filmy; 2, dense;
3, capillaries present; 4, larger vessels) and tenacity (0, no adhesions; 1, adhesions fall apart
easily; 2, require traction; 3, require sharp dissection). When different scores were attributed
to a sample, the score of a third independent researcher was obtained and the median value
recorded. Incorporation of the mesh into the peritoneal surface was graded as 0 (no
incorporation), 1 (1–25 per cent of the mesh surface involved), 2 (26–50 per cent), 3 (51–75
per cent) or 4 (76–100 per cent).
Histology
After dehydration in increasing concentrations of alcohol, the pieces of each specimen were
embedded in glycol methacrylate (Technovit 7100 ; Heraeus Kulzer, Wehrheim, Germany) so
that each slice included a transection of all four pieces of mesh. Slices 5 µm thick were
stained with haematoxylin and eosin. The samples were evaluated by an experienced animal
pathologist who was not familiar with the specific background of the different meshes.
Semiquantitative scores were assigned for inflammation at 7 days and granulation tissue at 30
days follow-up: not present, slightly present (only directly around mesh material), moderately
present (also in between mesh material) or abundantly present (thick layer of reactive tissue
around all mesh material). The presence of fibroblasts, giant cells and macrophages was
scored as described previously27,28.
®
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Statistical analysis
Based on a pilot study, a power of 80 per cent and a difference of 25 per cent to be detected, a
required sample size of six was calculated. Continuous data are presented as median
(interquartile range). Statistical analysis was performed by the Mann-Whitney U test and
Fisher’s exact test using SPSS version 15.0 (SPSS Inc., Chicago, Illinois, USA). P < 0.050
was considered significant.
®

Results
Directly after mesh implantation, one rat in the Proceed (30 days) and one in the Ultrapro (7
days) group died, probably from an overdose of anaesthetic. All other animals were well.
®

®

Functional macroscopic evaluation
No clinical signs of infection were observed. Mesh adhesions were present in virtually all rats
and mostly related to omentum. In some animals, visceral adhesions (bowel, spleen or liver)
were also noted and scored separately (Table 2). Regardless of the type of mesh, the fixing
sutures and cut edges of the mesh were preferential sites for adhesion formation.
At 7 days follow-up, Prolene , Timesh andUltrapro showed the highest percentage of mesh
coverage with adhesions. Proceed , C-Qur and Parietex Composite showed significantly less
coverage and had lower adhesion scores than Prolene (all P = 0.002). Except when compared
with Proceed in terms of total adhesion score, mesh coverage and total adhesion scores were
significantly lower for C-Qur and Parietex Composite than for all other meshes (percentage
of mesh covered with adhesions: both P = 0.002 vs Prolene and vs Timesh , P = 0.009 and P
= 0.041 respectively vs Proceed , both P = 0.004 vs Ultrapro ; total adhesion scores: both P =
0.002 vs Prolene , P = 0.002 and P = 0.009 respectively vs Timesh , both P = 0.004 vs
Ultrapro ). Visceral adhesions occurred in all groups except Ultrapro and Parietex
Composite . Statistically significant differences in such adhesions were observed only
between these two groups and Proceed (both P = 0.015).
At 30 days follow-up, C-Qur and Parietex Composite meshes had significantly lower
percentage coverage with adhesions and total adhesion scores than Prolene (Figure 1). CQur also showed significantly less mesh coverage than Ultrapro , whereas Parietex
Composite had a lower total adhesion score than Ultrapro (Figure 1). All animals with
Ultrapro had visceral adhesions, compared with two of seven with Prolene and none of six
with Parietex Composite (P = 0.021 and P = 0.002 respectively) (Table 2). Parietex
Composite was the only mesh with no visceral adhesions at 30 days.
Between 7 and 30 days, the percentage of Proceed , C-Qur and Parietex Composite meshes
covered with adhesions increased significantly, with a gain of 70, 30 and 58 per cent
respectively (Figures 2 and 3). Total adhesion scores also worsened (P = 0.004, P = 0.015 and
P = 0.041 respectively). Prolene and Ultrapro showed a reduction in adhesion coverage
between 7 and 30 days of 21 and 15 per cent, but neither change was significant. With CQur , an easily detached filmy layer was observed after 7 days, but this layer could no longer
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®

®

be identified as such by 30 days and most meshes showed considerable shrinkage or folding
(not quantified) (Figure 3).
Mesh incorporation
Only poor incorporation of all meshes with the parietal peritoneum was noted (Table 2). No
significant differences were observed between meshes. The best and often only incorporation
was at the fixing suture site, where the mesh was held in close contact with the peritoneum.
Histological evaluation
No ingrowth of muscle fibres was observed in any of the animals. This was probably because
the closed peritoneum separated mesh and muscle (Figure 4, A). At 7 days follow-up, most
groups showed a similar moderate level of inflammation with mostly granulocytes and
fibroblasts (Table 3). However, use of C-Qur and Timesh was associated with a low grade of
inflammation. In the case of Proceed and Parietex Composite many macrophages and giant
cells containing foreign material were present, indicating phagocytosis of the still visible, but
degrading, coating.
At 30 days follow-up, granulation tissue consisting of organized fibroblasts and few signs of
acute inflammation was most apparent with use of Prolene and Parietex Composite .
However, Parietex Composite still showed many giant cells, now seemingly pulling apart the
single fibres of polyester (Figure 4, C and D). Macrophages were virtually absent as the
complete collagen coating had been absorbed. In contrast, with Proceed there were still large
numbers of macrophages degrading remnants of the cellulose coating, no sign of granulation
and large numbers of disorganized fibroblasts (Figure 4, B). The omega-3 fatty acid coating
of C-Qur , however, was still very much intact at 30 days. Here there was only slight evidence
of granulation with some macrophages and giant cells (Figure 4, A). The polyglecaprone
coating of Ultrapro was also still present. Granulation was less than with C-Qur , but more
than with Proceed .
With Timesh only a low grade of inflammation with a moderate number of giant cells and
fibroblasts was observed at 7 and 30 days. The number of fibroblasts decreased over time. At
30 days there were more giant cells but less granulation formation than with Prolene .
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Discussion
In this experimental model of intraperitoneal adhesion formation to prosthetic meshes against
a closed peritoneum, C-Qur and Parietex Composite provided the best results in terms of
adhesion formation. C-Qur , a new mesh for intraperitoneal use, provided comparable results
to Parietex Composite , which is already known for its good biocompatibility20.
A remarkable finding was the statistically significant increase in adhesion formation over time
for all meshes with an absorbable layer (Proceed , C-Qur and Parietex Composite ). This
phenomenon was most pronounced with Proceed where an increase in mesh coverage from
25 to 95 per cent was observed. By 30 days the absorbable layer of Proceed (oxidized
regenerated cellulose) was found only as remnants surrounded by many macrophages. This
prolonged active inflammation and the accompanying influx of fibroblasts probably promoted
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adhesion formation16. Less favourable results for Proceed described in other studies may be
related to this finding24,29.
In the case of Parietex Composite , macrophages had absorbed the collagen layer by 30 days
and were no longer present. However, there were still many fibroblasts, possibly explaining
the increased adhesion formation. Nevertheless, Parietex Composite was the onlymesh that
showed no visceral adhesions at either time point. This remarkable property is not yet
completely understood, but both the increase in adhesion formation yet absence of visceral
adhesions have been confirmed by others24,30.
C-Qur , the third mesh with an absorbable layer investigated in this study, has not yet been
described in the literature. The mesh consists of a monofilament polypropylene mesh and an
absorbable layer of omega-3 fatty acids. Consistent with previous findings showing that
omega-3 fatty acids have anti-inflammatory properties31,32, use of C-Qur was associated with
a low grade of inflammation. As a result, macrophages were only minimally present, leaving
the coating intact after 30 days. However, the number of fibroblasts rose with time, in line
with the macroscopic finding of increased adhesions. In contrast to Parietex Composite ,
visceral adhesions did occur with C-Qur , but the differences between meshes were not
statistically significant.
Ultrapro , a mesh with an absorbable non-layered coating of polyglecaprone, was not
designed for intraperitoneal use. Polyglecaprone is known to dissolve over a minimal period
of 3 months33. The inflammatory reaction with Ultrapro was marked by large numbers of
fibroblasts at 7 days follow-up, coinciding with extensive adhesions. By 30 days, these
numbers had dropped and adhesion scores had improved slightly.
Another notable finding was the preferential site of adhesion formation at the cut edges of the
mesh and the anchoring polypropylene sutures, regardless of the mesh type. This has also
been observed by others34,35. In the case of coated meshes, uncoated parts of the mesh
presumably become exposed. However, a similar finding was also noted with Prolene . With
Timesh , adhesion formation to the non-absorbable non-layered coating of titanium was
substantial. Interestingly, in this and other studies inert materials were confirmed to provoke
only a limited inflammatory reaction36,37. Our findings indicate however that adhesion
formation is determined not only by chemical features but that surface structure is equally
important38.
Meshes containing an absorbable layer had low adhesion scores at 7 days follow-up. Several
mechanisms of action are possible. First, the absorbable substance may modulate the local
inflammatory response by prolonging it (Proceed ) or diminishing it (C-Qur ). Second, owing
to its mechanical properties, a smooth, completely continuous layer may prevent host tissue
penetration and minimize erosion. However, adhesions eventually form as the coating
becomes absorbed. Stable biogel coatings that do not degrade may overcome this drawback39.
From this study it is clear that the process of adhesion formation is not complete by day 7, as
supposed by others, but is a dynamic process influenced by multiple factors35.
Two opposing properties are required for intraperitoneal meshes: adhesion prevention on the
one hand and good incorporation on the other. Good incorporation prevents recurrence,
shrinkage and mesh migration. In this study, incorporation between themesh and abdominal
wall was insufficient in all groups, and was often noted only at the fixing suture sites. The
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®

best incorporation was observed with Parietex Composite after 30 days. This was possibly
related to the separation of mesh fibres and therefore increasing number of potential
anchoring sites. Other studies have reported better incorporation, but the mesh was attached to
an acute muscle wound, often with continuous sutures, whereas there was no direct muscle
contact in the present study20,24. A recent study of prosthetic mesh reinforcement of the
diaphragmatic hiatus in rabbits has shown that mesh incorporation depends on the type of
tissue; the peritoneal surface showed limited incorporation compared with the oesophageal
serosal surface40. As regards mesh fixation, only two sutures were used in the present study to
minimize confounding effects. This study focused mainly on adhesion formation and less on
mesh incorporation, whereas future studies should examine both aspects.
Another shortcoming of the present study is that meshes were placed at laparotomy, whereas
these meshes are intended especially for laparoscopic use. Important differences in stress
response exist between these different operative approaches, the two main factors being
carbon dioxide insufflation and the smaller wound surface in laparoscopy41,42. The former
attenuates peritoneal immunity, and the latter provides a smaller port of entrance for bacteria
and reduces local trauma. As both factors seem to limit peritoneal reactivity, adhesion
formation to mesh is also likely to be influenced. In the present study, however, all meshes
were evaluated in the same model and the results provide useful information about differences
in adhesion formation between them. Translation to the clinical situation must nevertheless be
carried out with caution.
In conclusion, absorbable layers on the surface of a mesh are able to prevent adhesion
formation at 7 days, but this effect is diminished by 30 days and adhesions to the mesh are
substantial. Adhesion formation is a dynamic process influenced not only by the chemical
properties of a prosthetic mesh but also its mechanical properties. Cut edges of a mesh should
therefore be avoided as much as possible. C-Qur and Parietex Composite perform best in
terms of prevention of adhesion formation, but further research is needed to examine
peritoneal incorporation and fixation, shrinkage and fibre separation of these meshes. Longer
follow-up of slowly absorbable coatings (C-Qur ) is also required.
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Tables chapter 4
Table 1: Composition of meshes
Brand name Basic material Composite with
polypropylene nothing
Prolene
®

®

polypropylene

Proceed

®

polypropylene

Ultrapro

polypropylene

C-Qur

polypropylene

Timesh

®

®

Parietex
Composite

polyester

®

Manufacturer
Ethicon, Johnson & Johnson,
Somerville, New Jersey, USA
non-absorbable titanium
GfE Medizintechnik, Nuremberg,
Germany
absorbable layer of polydioxanone and Ethicon, Johnson & Johnson,
oxidized regenerated cellulose
Somerville, New Jersey, USA
absorbable polyglecaprone
Ethicon, Johnson & Johnson,
Somerville, New Jersey, USA
absorbable layer of omega-3 fatty acids Atrium, Hudson, New Hampshire,
USA
absorbable layer of collagenSofradim, Tyco Healthcare,
polyethylene glycol-glycerol
Trevoux, France

Table 2: Functional macroscopic evaluation

Mesh
Prolene

Day
7
30
7
30
7
30
7
30
7
30

®

Timesh

®

Proceed

®

Ultrapro

®

C-Qur

®

Parietex
Composite

% of mesh covered
with adhesions*
(range)
97% (93-100)
76% (57-100)
65% (35-100)
61% (30-83)
25% (10-50)
95% (65-100)
92% (73-100)
77% (49-91)
8% (0-16)
38% (5-91)

7
1% (0-35)
30
59% (12-93)
*Values are median (range)
®

Total adhesion
score* (range)
9,5 (8-10)
7 (7-10)
7,5 (6-8)
7,5 (4-8)
4 (4-5)
9 (7-10)
8 (7-9)
7,5 (6-8)
4 (0-5)
6 (4-9)
0,5 (1-7)
5,5 (4-8)
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Animals with
adhesions to Incorporation
viscera (n) score* (range)
4/6
3 (0-4)
2/7
1 (1-4)
4/6
1 (0-4)
3/6
1 (1-2)
5/6
1 (0-2)
3/5
1 (1-1)
0/5
2 (1-3)
6/6
1 (1-1)
3/6
1 (1-1)
3/6
1,5 (1-3)
0/6
0/6

2 (0-3)
2 (1-4)

Macrophages

Giant cells

Granulation

Fibroblasts

30 days
Macrophages

Giant cells

Fibroblasts

Inflammation

Table 3: Histological evaluation
7 days

Prolene
++
++
-/+
-/+
++
++
+
-/+
Timesh
-/+
++
++
-/+
+
+
++
-/+
Proceed
++ +++ ++ +++
+++ ++ +++
Ultrapro
++ +++ -/+
-/+
-/+
+
++
++
C-Qur
-/+
-/+
-/+
-/+
+
++
+
+
Parietex
Composite
++
++ +++ ++
++ +++ +++
- absent, + slightly present, ++ moderately present, +++ abundantly present.
®

®

®

®

®

®
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Figure legends chapter 4
Figure 1
A Comparison of percentage of mesh covered with adhesions at 30 days follow-up. *P =
0.035, **P = 0.017, *** P = 0.014 (vs Prolene ), P = 0.009 (vs Proceed ), P = 0.041 (vs
Ultrapro ). B Comparison of total adhesion scores at 30 days follow-up. *P = 0.014 (vs
Prolene ), P = 0.017 (vs Proceed ), P = 0.041 (vs Ultrapro ), ** P = 0.022 (vs Prolene ), P =
0.017 (vs Proceed ). Values are median (interquartile range), Mann-Whitney U test.
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®

Figure 2
Comparison of percentage of each mesh covered with adhesions between 7 and 30 days
follow-up. Values are median (interquartile range). *P = 0.004, **P = 0.026 (Mann–Whitney
U test)

Figure 3
Representative photographs of C-Qur mesh at A 7 days and B 30 days follow-up. In A an
adhesion related to the polypropylene suture underneath it is visible. Note shrinkage of the
mesh between A and B.
®
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Figure 4
Representative histological samples. A C-Qur at 30 days follow-up (40 × original
magnification). There is no ingrowth of muscle as peritoneum separates mesh and muscle. B
Proceed at 30 days (40 × original magnification). Arrows indicate remnants of coating. The
insert at higher magnification (400 ×) shows macrophages filled with phagocytosed coating
(arrowheads). C Parietex Composite at 7 days (100 × original magnification), showing many
small mesh fibres (polyester) close together. Arrowheads indicate giant cells. D Parietex
Composite at 30 days (100 × original magnification), mesh fibers are separated and
surrounded by giant cells. Arrowheads indicate giant cells and asterisks indicate single mesh
fibres (haematoxylin and eosin stain; bars indicate 100 µm).
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Abstract
Background
Laparoscopic incisional hernia repair with intraperitoneal mesh is associated with a certain
degree of adhesion formation to the mesh. This experimental study examined the efficacy of
several coated meshes for adhesion reduction.
Methods
Five commercially available meshes with a layered coating were placed intraperitoneally in
rats and followed up for 90 days: polypropylene and polyester meshes, both coated with
absorbable collagen (Parietene Composite and Parietex Composite , respectively), and three
polypropylene meshes respectively coated with absorbable omega-3 fatty acids (C-Qur
Edge ), absorbable cellulose (Sepramesh IP ), and non-absorbable expanded
polytetrafluoroethylene (Intramesh T1 ). Uncoated polypropylene and collagen meshes
(Parietene and Permacol , respectively) served as the control condition. Adhesions,
incorporation, and tissue reaction were evaluated macro and microscopically. Additionally,
the development of the neoperitoneum was examined.
®

®

®

®

®

®

®

Results
All the coated meshes performed equally well in terms of adhesion reduction. The collagen
mesh performed comparably, but the uncoated polypropylene mesh performed significantly
worse. The different coatings led to very differing degrees of inflammation. Ingrowth was
observed only at the place of suture but was comparable for all the meshes except C-Qur
Edge , which showed the weakest incorporation. Development of a neoperitoneum on the
mesh surface occurred independently of whether an absorbable or non-absorbable coating or
no coating at all was present.
®

Conclusions
Commercially available meshes with a layered coating deliver comparable adhesion
reduction. The physical 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 in
adhesion formation.
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Introduction
Incisional hernias remain a frequent and significant problem in abdominal surgery1. Repair of
these hernias should include mesh placement whenever possible to reduce recurrence rates
compared with suture repair2. Laparoscopic repair is preferred over open repair because of a
shorter hospital stay, fewer infections, and better recognition of multiple herniations3,4.
In case of laparoscopic repair, the mesh is positioned intraperitoneally and becomes a specific
lead point for adhesion formation. Adhesions are clinically relevant because they can lead to
chronic pain, bowel obstruction, fistula, and inadvertent enterotomies at reoperation5-8. Three
in four surgeons therefore aim to prevent adhesions in intraperitoneal mesh implantation9.
It is believed that adhesion prevention can be achieved by rapid restoration of a continuous
mesothelial cell layer on top of a mesh (i.e., neoperitonealization)10. To support the formation
of such a neoperitoneum, both the chemical composition and the morphology of the mesh
have been identified as important contributors10,11. However, only limited data on the
development of the neoperitoneum in relation to adhesion formation are available.
Furthermore, the influence of the abdominal wall on adhesion formation has been virtually
unstudied, although unlike bowel, it is the only structure continuously in close contact with
the mesh.
For this study, we hypothesized that differences in the chemical compositions of the mesh
coatings provide different outcomes in terms of adhesion formation. To investigate this,
meshes were implanted intraperitoneally in rats and followed up for 90 days. In addition, we
studied the influence of the abdominal wall and the development of the neoperitoneum on
adhesion formation.
Methods and Materials
Male Wistar rats weighing 275–325 g had free access to water and food. The experimental
protocol complied with the Dutch Animal Experimentation Act and was approved by the local
Animal Ethics Committee of Maastricht University, the Netherlands.
Experiment 1
The first experiment studied the long-term follow-up evaluation of adhesion formation with
five meshes that had a continuous coating and two meshes that had no coating (10 rats per
group) during a 90 days follow-up period (Table 1). Each rat received one piece of mesh (3 ×
2 cm). The coated meshes were placed with the coatings facing the viscera. The meshes
overlapped the midline incision and were secured to the abdominal wall using four single
polypropylene 4×0 sutures (Prolene ; Ethicon, Johnson & Johnson, Somerville, NJ, USA),
one in each corner of the mesh. When the animals were killed, incorporation strength also was
assessed.
®

Experiment 2
The second experiment studied the influence of the abdominal wall on adhesion formation.
Two meshes (each 3 × 1 cm) were implanted intraperitoneally in seven rats. The
polypropylene mesh without coating (control condition) was placed on one side of the
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midline, and the coated polypropylene mesh (Intramesh T1 ) was placed the other side. The
coating was placed upside down (i.e., facing the abdominal wall). This excluded the
interaction between the abdominal wall and the polypropylene mesh. Intramesh T1 was
chosen because it showed one of the least inflammatory reactions in experiment 1. The
follow-up period was 16 days, and the positions of the meshes were alternated after each
procedure.
®

®

Experiment 3
The third experiment studied the early host reaction to three of the aforementioned meshes
and the development of the neoperitoneum at a follow-up evaluation after 1, 4, 8, and 16 days.
A total of 36 rats (3 rats per group per time point) received either a polypropylene mesh with
no coating (Parietene ), a polypropylene mesh with an absorbable coating (Sepramesh IP ) or
a polypropylene mesh with a non-absorbable coating (Intramesh T1 ) using the same
procedures as in experiment 1.
®

®

®

Operative procedures
The animals were anesthetized with isoflurane 2.5 %. After the abdomen had been shaved and
the skin disinfected with 1% iodine, the abdomen was accessed through a 4 cm midline
incision. Subsequent to mesh implantation, the muscular layers were closed with a running
suture of polyglactin 4×0 (Vicryl ; Ethicon, Johnson & Johnson), and the skin was closed with
an intracutaneous running suture of polyglecaprone 4×0 (Monocryl ; Ethicon, Johnson &
Johnson). No antibiotics were administered, and the procedures were performed under sterile
conditions. The rats were killed with an overdose of carbon dioxide by inhalation. Afterward,
the abdomen was opened through an U-shaped incision extending lateral and caudal to the
meshes. Thereafter, meshes were scored macroscopically by two blinded and independent
observers and excised together with the underlying abdominal wall. In case of disagreement
between the observers, a third observer scored the mesh as well, and the median was
recorded.
®

®

Adhesions
After opening of the abdomen, a standardized picture of the mesh was taken for computer
quantification of the extent of adhesions. Furthermore, we recorded the total adhesion score
(range, 0–11) based on the extent (0 = no adhesions, 1 = 1–25 % involvement of the mesh
surface, 2 = 26–50 % involvement, 3 = 51–75 % involvement, 4 = 76–100 % involvement),
type (0 = no adhesions, 1 = filmy, 2 = dense, 3 = capillaries present, 4 = larger vessels), and
tenacity of adhesions (0 = no adhesions, 1 = adhesions fall apart easily, 2 = traction required,
3 = sharp dissection required) 12,13.
Incorporation
The mesh surface incorporated into the abdominal wall immediately after the animals were
killed was scored as follows: 0 (no incorporation), 1 (1–25 % incorporation of the mesh
surface), 2 (26–50 % incorporation), 3 (51–75 % incorporation), and 4 (76–100 %
incorporation). Additionally, a piece of mesh overlapping the abdominal wall exactly 1 cm2
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was prepared, and the fixating suture in this region was cut. Incorporation strength was
defined as the maximum tensile strength needed to tear the mesh of the abdominal wall at a
constant uniaxial pulling rate of 1 mm/s. A digital tensiometer was used (Advanced Force
Gauge ; Mecmesin, Slinfold, UK).
®

Histology
Specimens were fixated in formaldehyde 4 %, dehydrated, and embedded in paraffin. Tissue
sections 4–5 µm thick were cut and hematoxylin-eosin stained. Additionally, standard
immunohistochemistry was performed for macrophages (monoclonal mouse anti-rat CD68,
clone ED-1, 1:50; Hycult Biotech, Uden, the Netherlands) and functional microvilli of
mesothelial cells (monoclonal mouse anti-human mesothelial cells, clone HBME-1, 1:50;
Dako, Glostrup, Denmark). An experienced animal pathologist evaluated all the sections. A
semiquantitative score was assigned as follows: not present, slightly present (only directly
around mesh material), moderately present (also between mesh material), or abundantly
present (thick layer of reactive tissue around all mesh material)14.
Statistical analysis
All data are expressed as means ± standard error of the means. Comparisons were calculated
using one-way analysis of variance and t tests. A Bonferroni corrected P < 0.050 was
considered statistically significant. All analyses were performed using SPSS version 17.0
(SPSS Inc., Chicago, IL, USA).
®

Results
All the animals were thriving and well after mesh implantation except for two animals that
died immediately after surgery. At the time the animals were killed, no clinical signs of
infection such as pus were observed in any animal.
Experiment 1
In general, adhesions consisted of omental fat and formed mainly at the edges of the mesh and
at the fixating sutures. All the meshes performed significantly better than the uncoated
polypropylene mesh (Parietene ) in terms of adhesions at the 90 days follow-up evaluation
(Figure 1, A and B). Parietene Composite and Sepramesh showed the least coverage with
adhesions, although significantly less compared only with Parietene and Permacol (Figure 1,
A). Qualitatively, Sepramesh showed significantly better total adhesion scores than the other
meshes except for Parietene Composite (Figure 1, B).
The strength of fixation was comparable among all the meshes except C-Qur Edge , which
showed significantly weaker incorporation (Figure 2, A). However, the mesh surface
incorporated in the abdominal wall was comparable among all the meshes but was restricted
mainly to the site of the fixating sutures (Figure 2, B). In addition, two clear linings of
functional mesothelial cells were found between the mesh and the abdominal wall except at
the suture sites (Figure 3, A).
®

®

®

®

®

®

®

®
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Permacol showed the least inflammatory reaction and very limited ingrowth of cells, with
only minimal amounts of connective tissue surrounding the mesh (Figure 3, B; Table 2).
Parietene and Intramesh T1 , the two synthetic meshes with no absorbable content, showed
only a minimal inflammatory reaction, especially in terms of macrophages.
The coatings of Parietene Composite , Parietex Composite , and Sepramesh IP were no
longer present. With Sepramesh IP , moderate amounts of macrophages and some foreignbody giant cells still remained. This was in contrast to Parietene Composite and Parietex
Composite , which showed a very active inflammatory reaction with many macrophages and
foreign-body giant cells (Figure 3, C). With C-Qur Edge , the coating was still present and
surrounded by many macrophages but almost no foreign body giant cells (Figure 3, D).
®

®

®

®

®

®

®

®

®

®

Experiment 2
When Intramesh T1 was placed upside down (i.e., with the polypropylene mesh facing the
viscera while separated from the abdominal wall by the ePTFE coating), significantly fewer
adhesions formed than with the uncoated polypropylene mesh (67 vs 95 %, respectively; P <
0.001).
®

Experiment 3
Already after 1 day, a rich inflammatory infiltrate had formed within the abdominal wall and
between the mesh fibers. In the cases of Intramesh and Sepramesh , this infiltrate was
covered by the coating but extended beyond the borders of the coating. At those edges, it was
associated with adhesion formation (Figure 3, E and F). With Sepramesh IP , an extensive
swelling of the coating appeared after about 4 days of follow-up evaluation together with a
decrease in adhesions. Then, rapid infiltration and degradation of the coating paralleled an
increase in adhesions from day 8. This was in contrast to Parietene and Intramesh T1 (both
consisting of only non-absorbable materials), which showed an increase in inflammation and
adhesions at about day 4, followed by a slow decrease in inflammation. In the case of
Intramesh T1 , this coincided with a decrease in adhesions, whereas in the case of Parietene ,
it did not.
With regard to neoperitonealization, functional mesothelial cells were noted mainly at the
mesh borders together with some spots on top of the meshes (Figure 3, F). At 16 days, a
continuous lining of functional mesothelial cells was clearly identified on top of all overlying
tissue, whether adhesions were present or not and irrespective of the type of mesh. Notably,
the parietal peritoneum beneath the mesh regained full functional mesothelial coverage on day
16 as well.
®

®

®

®

®

®

®

Discussion
Many coated meshes are commercially available for laparoscopic intraperitoneal hernia
repair. Adhesion prevention and mesh incorporation are considered some of the key features
in choosing the best mesh. This experimental study showed that commercially available
synthetic meshes with different coatings performed equally well in terms of intraperitoneal
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adhesion prevention during a 90 days follow-up period. Incorporation also was comparable
except with C-Qur Edge .
Both the chemical composition and the morphology of meshes have been attributed a main
role in adhesion prevention10,11. The different chemical compositions of the coatings in this
study led to marked differences in the inflammatory reactions during a 90 days follow-up
period. However, these differences did not lead to any significant differences in adhesion
formation. This is an interesting finding that identifies the mere presence of a layered coating
as the most important factor in reducing intraperitoneal adhesions. It can be hypothesized that
the antiadhesive effect is due to shielding of the inflammatory infiltrate between the
abdominal wall and the mesh fibres (as discussed later). In addition, the surface of the layered
coatings is smooth and does not provide any physical anchor points for adhesive tissue as
occurs with uncovered mesh fibres.
Sepramesh IP showed a low extent of adhesions, the best qualitative adhesion score, and
good incorporation, as already confirmed in other studies15	
  16. Histologically, we found that
the early swelling of the coating burst off the early-formed adhesions. However, the
inflammation in the following days caused degradation of the coating together with a small
increase of adhesions.
Parietene Composite and Parietex Composite performed comparably well. Regarding
Parietex Composite , we and others had already established good experimental and clinical
results14,17,18. Surprisingly, however, a very intense inflammation was noted for both meshes
at the 90 days follow-up evaluation, a finding recently reported by others as well19. Given the
absence of such reaction with bare polypropylene and the fact that both meshes are coated
with collagen, this reaction must be ascribed to the collagen coating. Importantly, adhesions
were not increased after 90 days in either group. This also might be explained by a thicker
tissue layer on top of the mesh, which increases the distance from the inflammation to the
intraperitoneal interface20.
At the 90 days follow-up evaluation, Intramesh T1 with the nonabsorbable layer of ePTFE
provoked adhesions similar to those of the other meshes coated with an absorbable layer. A
major concern with ePTFE is the risk for infection and the associated need for mesh
explantation. In this study, no infections were observed with Intramesh T1 or any other type
of mesh. Clinically, the infection rates of ePTFE-based meshes are indeed higher after open
repair but not after laparoscopic repair21,22.
Permacol , a partly cross-linked porcine dermal collagen mesh, was chosen as an extra control
condition because it induces only a minimal inflammatory reaction. In this study, Permacol
and C-Qur Edge showed the least inflammatory reaction. With C-Qur Edge , the omega-3
fatty acids in the coating are already known for their potential to temper the inflammatory
reaction23. However despite the low inflammatory state associated with both meshes, adhesion
formation was not reduced. On the other hand, the incorporation strength of C-Qur Edge was
reduced. In clinical application, this type of mesh should therefore probably be accompanied
with extra fixation.
One of the preferential sites for adhesion formation with coated meshes is the mesh border.
Close observation of the mesh borders showed that the inflammatory infiltrate originating
from the abdominal wall ranged beyond the mesh border and thus the coating. This way, the
®

®

®

®

®

®

®

®

®

®

®

®
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infiltrate became unshielded from the peritoneal cavity and a lead point for adhesion
formation. We showed the relevance of this abdominal wall infiltrate because shielding it
(with coated mesh placed upside down) produced significantly fewer adhesions.
In addition, even when the infiltrate is minimal, the omission of a coating produces
detrimental results. This was recently illustrated by Fortelny et al.24 in patients who had a noncoated reticular mesh of polyvinylidene fluoride implanted intraperitoneally. Despite a
favourable inflammatory reaction against the material per se, surgical reintervention due to
adhesions was required for 5 of 29 patients25.
A continuous lining of mesothelial cells generally is regarded as protective against
adhesions10. However, adhesions had developed already on postoperative day 1 between
structures that already were physiologically lined with a layer of mesothelial cells (e.g.,
omentum and abdominal wall). Next, the development of a full microvilli-bearing mesothelial
cell lining was completed at 8-16 days of the follow-up period. Interestingly, this was also
true in the case of uncoated polypropylene mesh, for which it seemed that a continuous
mesothelial cell lining was positioned over the adhesion-free areas and the extensive
adhesions alike. It would therefore be a mechanism that occurs later than the mechanisms
leading already to these early adhesions. Consequently, the role of physiologic
remesothelialization should be scrutinized in terms of early adhesion prevention.
Mesh incorporation strengths did not differ significantly from those of uncoated
polypropylene except for C-Qur Edge . The incorporation area was limited mainly to the areas
directly surrounding the fixating sutures. This is in line with the finding that mesh
incorporation in an acute wound (i.e., fixating suture site) is more robust than in a chronic
wound26. As a clinical consequence, scraping of the parietal peritoneum and use of a
sufficiently high number of fixation methods might improve incorporation strengths.
This study had some shortcomings. First, the meshes were placed via laparotomy in rats,
whereas they are intended mainly for laparoscopic use in humans. Nevertheless, all the
meshes were implanted under the same conditions, enabling a comparison between the
meshes. In addition, the meshes were placed against an intact peritoneum, comparable with
laparoscopic surgery.
Second, the meshes were placed free of any significant forces, as would be the case if defects
had been present. The lack of tension might have negatively influenced the stimulus for
ingrowth.
Finally, the rats used in this study are not known to have any significant collagen disease.
Differences in wound healing may exist in patients with a systemic collagen disorder.
In conclusion, when a mesh is chosen for intraperitoneal use, most currently available
commercial meshes with a layered coating prevent adhesion formation equally. Choosing a
mesh for laparoscopic intraperitoneal hernia repair should therefore be based on other
parameters such as costs and mesh handling, among others.
®
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Tables chapter 5
Table 1
Overview of meshes used in this study
Mesh
Basic material
Surface modification
Polypropylene
None
Parietene
®

Parietene Composite

Polypropylene

Parietex Composite

Polyester

C-Qur Edge

Polypropylene

®

®

®

Sepramesh IP

Polypropylene

Intramesh T1

Polypropylene

Permacol

Crosslinked
collagen

®

®

®

Collagen-based layer,
absorbable
Collagen-based layer,
absorbable
Omega-3 fatty acids layer,
absorbable
Carboxymethylcellulose and
hyaluronic acid fibers layer,
absorbable
Expanded
polytetrafluoroethylene
(ePTFE) layer
None

Manufacturer
Covidien, Mansfield,
Massachussets, USA
Covidien, Mansfield,
Massachussets, USA
Covidien, Mansfield,
Massachussets, USA
Atrium, Hudson, New
Hampshire, USA
Bard, Covington, Georgia,
USA
Cousin, Wervicq-Sud,
France
Covidien, Mansfield,
Massachussets, USA

Connective tissue

Foreign Body Giant Cells

Macrophages

Granulocytes

Table 2
Histological evaluation of the meshes at the 90 days follow-up evaluation.

-/+
-/+
+
+
Parietene
+
++
++
+
Parietene Composite
-/+
+++
+++
++
Parietex Composite
++
-/+
++
C-Qur Edge
-/+
++
+
+/++
Sepramesh IP
-/+
+
+
++
Intramesh T1
-/+
-/+
Permacol
−, absent; +, slightly present; ++, moderately present; +++, abundantly present	
  
®

®

®

®

®

®

®
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Figure legends chapter 5

Figure 1
Comparisons between meshes at 90 days follow-up for (A) the percentage of surface covered
with adhesions and (B) the total adhesion score. Results are expressed as the mean ± standard
error. (* P < 0.001 compared to the other meshes, † P < 0.05 compared with Sepramesh )
®
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Figure 2
Comparisons between meshes at 90 days follow-up for (A) the strength of incorporation and
(D) incorporation score. Results are expressed as the mean ± standard error. (* P < 0.001
compared to the other meshes, ‡ P < 0.05 compared with C-Qur Edge )
®
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Figure 3
Representative histological samples with asterisks indicating mesh fibers. A shows Intramesh
T1® at 90 days follow-up (100 × original magnification, anti-HBME-1). Mesothelial cell
linings (arrows) were found on top of the coating, but also between the abdominal wall and
the mesh (§). B Permacol (40 × original magnification, HE) was only surrounded by a very
thin layer of connective tissue with no significant infiltration at 90 days follow-up. C Parietex
Composite at 90 days follow-up (200 × original magnification, anti-ED-1) with macrophages
merged into foreign body giant cells (arrowheads) surrounding the mesh fibres. D C-Qur
Edge at 90 days follow-up (100 × original magnification, HE) shows a still present omega-3
fatty acids coating. E shows Intramesh T1 at 16 days follow-up (40 × original magnification,
HE) with adhesion tissue at the mesh border. F Sepramesh IP at 8 days follow-up (40 ×
original magnification, HE). The inserts are from the consecutive slide (200 × original
magnification, anti-ED-1) and show the beginning of a mesothelial cell layer (arrows) at the
mesh border and on top of the mesh. (bars indicate 200 µm, except in C and in indents of F
where they indicate 50 µm)
®

®

®

®

®
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Abstract
Purpose
Intraperitoneal mesh fixation for hernia repair is associated with adhesion formation. In this
experimental study, adhesions against absorbable and non-absorbable fixation methods were
compared.
Methods
Six commercially available fixation methods were placed intraperitoneally in rats with a small
pore polypropylene mesh coated on one side with ePTFE (Intramesh T1 ). Two nonabsorbable fixation methods: Prolene (polypropylene) sutures and Protack (titanium) tackers.
Four absorbable methods: Vicryl sutures (polyglactin), Absorbatack and Permasorb tackers
(both mixes of lactic and glycolic acids) and Tisseel Duo (fibrin glue). Adhesions and
histology were studied at 7 and 90 days follow-up. In addition, fixation methods were placed
without mesh, in order to study the reaction to the fixation method on itself.
®

®

®

®

®

®

®

Results
No adhesion formation, but also inadequate mesh fixation was found with Tisseel Duo ,
which had been completely resorbed at 7 days follow-up. Vicryl sutures could no longer be
detected at 90 days follow-up and were associated with a favourable adhesion profile. All
other fixation methods were still intact 90 days after implantation. When placed without
mesh, adhesion formation was significantly less than placed with a mesh (18 vs 93%, P <
0.001). Without mesh, adhesions were worst with Permasorb tackers.
®

®

®

Conclusions
Absorbable fixation methods such as polyglactin sutures and fibrin glue show a favourable
adhesion profile compared to longer-term absorbable or non-absorbable fixation methods.
However, before using fibrin glue as a single fixation method more research is required.
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Introduction
Incisional hernias still remain one of the most frequent complications of abdominal surgery1,2.
Laparoscopic repair of these hernias seems to hold an advantage over open repair with
reduced wound complications and hospital stay3-5.
In laparoscopic hernia repair, the mesh is secured to the abdominal wall intraperitoneally
using fixation methods such as transabdominal sutures, tackers, or a combination of both.
Transabdominal sutures pass through all layers of the abdominal wall and are therefore
expected to provide the most durable repair, though they have been associated with chronic
postoperative pain due to nerve entrapment. Clinically, however, sutures and tackers have
shown equal results in terms of recurrences3,6,7 and chronic postoperative pain3,8-10.
Another relevant outcome is intraperitoneal adhesion formation, which is considered to be the
consequence of an inflammatory reaction11. Adhesions are of great clinical importance since
they lead to bowel obstructions, chronic pain, and infertility12-14. Both clinical and
experimental studies have identified sutures and tackers as a preferential site for adhesion
formation and even fistula or perforations of viscera6,15-17.
In view of these clinically significant problems, new fixation methods (e.g., absorbable
tackers, fibrin glue) have been developed that are degraded over time. This way, detrimental
effects such as pain related to perforation of the abdominal wall are expected to subside
together with absorption of the fixation method. Indeed, application of fibrin glue for mesh
fixation seems to decrease pain, though no differences between absorbable and nonabsorbable sutures have been observed10,18.
Whether these absorbable fixation methods result in a beneficial adhesion profile has scantly
been researched. For this experimental study, we hypothesized that absorbable fixation
methods induce less adhesions than a standard titanium tacker or polypropylene suture. We
therefore compared several commercially available fixation methods with and without the
presence of mesh so that adhesion formation to the fixation method per se could be evaluated. 	
  
Methods and Materials
Male Wistar rats weighing 350–400 g were housed and cared for at the Central Animal
Facilities of Maastricht University, the Netherlands. All animals had free access to water and
food. The experimental protocol was approved by the Animal Ethics Committees of
Maastricht University.
One hundred and eight rats were randomly divided in two groups. In the first group, all
animals received two pieces of polypropylene mesh (woven monofilament threads, 0.73–0.76
mm pore size, 100 g/m2) coated with a non-absorbable layer of ePTFE (Intramesh T1 ;
Cousin, Wervicq-Sud, France) (Figure 1, D), each fixated by two out of six available fixation
methods (Table 1), following a predefined random distribution. In the second group, animals
only received the fixation methods. At 7 and 90 days follow- up, half of the animals were
killed in each group.
All fixation methods were placed in accordance with manufacturer’s guidelines and correct
positioning was verified before closing the abdomen. Fibrin glue was applied using a 1 cm2
circular mould in which four drips of fibrinogen and four drips of thrombin were instilled
®
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simultaneously on the parietal peritoneum (Tisseel Duo ). Both components were at 37 °C
before application. The mesh was brought into contact with the solution directly after
application and held in place for at least 30 s.
®

Operative procedures
Animals were anesthetized with isoflurane 2.5% and received buprenorphine 0.1 mg/kg
perioperatively for pain relief. The abdomen was shaved and the skin disinfected with 1%
iodine before covering with sterile drapes. We accessed the abdomen through a 4.0 cm
midline incision. In the first group, two pieces of Intramesh T1 (1.5 × 4.0 cm) were
implanted on each side of the midline incision. Each piece of mesh was fixated by two
fixation methods 1.5 cm apart. In the second group, the fixation methods were placed without
mesh. All fixation methods were placed according to manufacturer’s guidelines and sutures
passed through all layers of the abdominal wall, except the skin. After application of the
fixation methods, the muscular layers were closed with a running suture of Vicryl 4×0. The
skin was closed intracutaneously with a running suture of polyglecaprone 4×0 (Monocryl ;
Ethicon, Johnson and Johnson).
Rats received an overdose of carbon dioxide by inhalation after they were killed. After
opening the abdomen, the presence of the fixation method at the original fixation site was
evaluated.
®

®

®

Adhesions
The presence of adhesions to each fixation method was assessed and a qualitative score (range
0–7) was applied based on type (0, no adhesions; 1, filmy; 2, dense; 3 capillaries present; 4,
larger vessels) and tenacity (0, no adhesions; 1, adhesions fall apart easily; 2, require traction;
3, require sharp dissection) of adhesions19,20. Scoring was performed by two independent
observers (M.S. and K.B.). When different scores were attributed to a sample, the score of a
third researcher was obtained and the median score recorded (N.B.).
Microscopy
Representative specimens were processed for light or scanning electron microscopy. For light
microscopy, specimens were fixated in formaldehyde 4%, dehydrated and embedded in
methylmethacrylate (Technovit 9100 , Heraeus Kulzer, Wehreim, Germany). Slices 15-20 µm
thick were cut and hematoxylin–eosin stained. An experienced animal pathologist evaluated
the sections for inflammation. For scanning electron microscopy, specimens were fixated in
glutaraldehyde 2.5%, dehydrated and metalized with palladium gold. Mesothelial cells were
visualized using high magnification views from a scanning electron microscope (Philips
XL30 , Philips, Eindhoven, the Netherlands).
®

®

Statistical analysis
Yielding a power of 80%, 17 samples per fixation method would be required in order to detect
a 50% difference in the incidence of adhesions between fixation methods. We performed
statistical analyses using SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Fisher’s exact
®
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and Chi square tests were used for comparing proportions, t-tests and oneway ANOVA for all
other comparisons. Bonferroni corrected P < 0.050 were considered significant.
Results
Two rats died directly postoperatively, presumably due to an overdose of anaesthesia. No skin
perforation or erosion occurred at the level of the implanted fixation methods.
Durability and dislocation of fixation methods
After 90 days, all fixation methods except Tisseel Duo and Vicryl could still be identified
macroscopically and Absorbatack was easily crushed by little pressure of a forceps. Of note,
only areas directly adjacent to the fixation method were found incorporated into the
abdominal wall.
Remarkably, at 90 days follow-up, 52% of the tackers placed without mesh had dislocated
while no dislocation was noted with tackers fixating a mesh (P < 0.001)(Table 2).
Absorbatack (54%) dislocated significantly more often than Protack (26%, P = 0.027) and
Permasorb (17%, P = 0.002).
®

®

®

®

®

®

Adhesions
Except for Tisseel Duo , all fixation methods induced adhesions that consisted of omentum or
scrotal fat (Table 3). Tisseel Duo induced no adhesions at all, leading to a significant
difference in both the incidence as well as the quality of adhesions compared to all other
fixation methods (P < 0.043).
At 90 days, Vicryl induced significantly less adhesions than Permasorb or Protack when
used for mesh fixation (both P = 0.029)(Figure 2). Furthermore, Vicryl performed best in
terms of the qualitative score (P < 0.040) compared to the other fixation methods that
demonstrated comparable results (Table 3).
Without the presence of a mesh, adhesions only rarely formed: 18 versus 93% in the presence
of a mesh (P < 0.001) (Figure 2). Furthermore at 90 days follow-up, Permasorb induced
significantly more adhesions than Vicryl (P = 0.029) and performed worst in terms of the
qualitative score (P < 0.005) compared to the other fixation methods that again showed
comparable results (Table 3).
At 7 days, no significant differences in the incidences of adhesions were observed compared
with 90 days follow-up (P = 0.364). Nor were the incidences of adhesions different between
the abdominal quadrants in which the fixation methods had been placed (P = 0.590).
®

®

®

®

®

®

®

®

Microscopy
When placed without a mesh, the intraperitoneal part of the fixation method became
integrated within the abdominal wall as soon as 7 days after application (Figure 3, A). When
placed together with a mesh this process was obviously obstructed due to the interposition of
mesh (Figure 3, B).
Microscopic examinations of the loci where Tisseel Duo had been applied showed no or only
a very limited inflammatory response both 7 and 90 days after implantation. At 7 days follow®
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up, a severe inflammatory response with necrosis appeared in the muscle in the inner circle of
the spiral Protack tacker while the inflammation outside of the tacker was very mild (Figure
3, C). Also at 7 days follow-up, it was found that the central pinhole along the full length of
the Permasorb tacker -used for passing of a guide wire- was readily filled with inflammatory
cells at 7 days. For all other fixation methods, the inflammatory response was moderate as
well and showed a clear decrease from 7 to 90 days follow-up. At 90 days follow-up, there
were virtually no signs of any reaction at the sites where Vicryl secured the mesh. With the
long-term absorbable fixation methods only a small fibrotic capsule surrounded the fixation,
whereas essentially any inflammatory reaction was absent with the non-absorbable methods
(Figure 4, A and B).
Finally, scanning electron microscopy showed mesothelial cells already adhering to the
surface irrespective of the fixation method at 7 days follow-up. At 90 days follow-up these
cells had flattened to form a continuous layer (Figure 4, C and D).
®

®

®

Discussion
Earlier experimental and clinical studies have shown that methods used for intraperitoneal
fixation of a mesh are a specific lead point for adhesion formation, potentially even more so
than the actual mesh surface6,7,16,17,21. For this experimental study, we hypothesized that
absorbable fixation methods induce less adhesions than a standard titanium tacker or
polypropylene suture. Our results show that a more favourable adhesion profile is reached if
fixation methods are absorbed within less than 90 days (polyglactin sutures and fibrin glue)
compared to long-term absorbable or non-absorbable fixation methods that are still intact after
90 days (long-term absorbable and non-absorbable).
Considering adhesion formation as the result of an inflammatory process11, the beneficial
adhesiogenic effects of both fixation methods can probably be explained by early complete
absorption of the material and the absence of any inflammation at 90 days follow-up.
Accordingly, the increased adhesions found with Permasorb might be related to the central
pinhole in the tacker since it provides a direct passage between the inflammatory environment
within the perforated muscle and the intraperitoneal part of the tacker.
Remarkably, only minimal adhesions developed when fixation methods were placed without a
mesh. This might be explained by the finding that the intraperitoneal part of the fixation
methods became quickly integrated within the abdominal wall when placed without mesh.
That way the incompletely mesothelialized, intraperitoneal surface of the fixation method
likely became obscured, preventing adhesions from anchoring. However, this finding seems
to be of limited clinical value currently since fixation methods are only rarely used
intraperitoneally for measures other than mesh fixation such as peritoneal closure after TAPP.
An unexpected and interesting finding was the high dislocation rates when tackers, not
sutures, were placed without mesh. In case of Protack , complications due to tacker
dislocation have also been described in several clinical studies and can be explained by the
muscle necrosis in the inner circle of the tacker that we observed6,13. What is more,
unpublished data from our group have shown identical dislocation patterns with the same
types of tackers implanted laparoscopically in goats. Furthermore, correct placement in the
®
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abdominal wall was ascertained before closing the abdomen. Sutures on the other hand can be
placed in more challenging sites since they can penetrate the tissue as deep as required by the
surgeon. This is especially true in subjects with a thick preperitoneal (adipose) layer where
fascia may be situated beyond the penetration depth of a tacker.
Fibrin glue (Tisseel Duo ) is quickly absorbed and provides a large surface of fixation without
penetrating the abdominal wall. Although no adhesions were noted, meshes fixated with fibrin
glue were consistently found detached from the abdominal wall. Inferior results with fibrin
glue have been reported by others as well22,23, while some experimental studies, though not
performed in rats, found solid tissue integration comparable to sutures and tackers24,25. These
contradictory findings may be related to the small pore size of the current mesh that may
hamper diffusion of the fibrin glue into the pores, leading to early dislocation of the meshes.
In larger pore meshes and meshes without an anti-adhesive barrier, diffusion of the fibrin glue
into the pores might be improved, possibly leading to better incorporation26.
Clinically, only limited experience with fibrin glue for mesh fixation is available for
incisional hernia repair. Results in terms of safety and pain at short-term follow up are
good18,27. Yet at 1 year follow-up fibrin glue has shown recurrences in 26% of mesh fixations
in umbilical hernia repair, performing significantly worse than titanium tackers28. In inguinal
hernia repair some studies have shown comparable results in terms of recurrences comparing
glue with suture and tacker fixation29,30. However, a very large retrospective study showed
short-term absorbable suture fixation to result in a doubled recurrence rate compared with
long-term absorbable or non-absorbable suture fixation in inguinal hernia repair31. Therefore,
feasibility of mesh fixation based solely on short-term absorbable fixation methods remains
uncertain. Considering the current result for adhesion outcomes, fibrin glue may at least have
a role in adhesion prevention at the fixation sites or even the complete mesh border or as an
adjunct to reduce the number of sutures or tackers26,32.
Some limitations apply to this study. First of all, fixation methods were applied to the
abdominal wall of rats, differing significantly from the human abdominal wall in thickness
among others. However, none of the fixation methods penetrated skin and conditions were the
same for all methods justifying a comparison between the different fixation methods. In
addition, we recently found very similar results in adhesion formation and dislocation rates
when performing the same experiments in goats. Secondly, follow up times past the
absorption time of long-term absorbable tackers might influence on adhesion scores. Thirdly,
fixation of the meshes was performed free from any forces exerted on the meshes since no
abdominal wall defects were created. Nevertheless, this was the same for all methods tested.
Finally, only a handful of available fixation methods have been tested. As new fixation
methods are introduced regularly, sometimes replacing established methods, independently
performed premarketing research should be available for all new devices.
In conclusion, longer-term resorbable fixation methods seem to induce more adhesions than
short-term resorbable fixation methods. However, even though fibrin glue seems to be an
excellent anti-adhesive barrier, its use as a sole fixation method is questionable and requires
further research. Possibly, a combination of several absorbable fixation methods would yield
optimal results in terms of adhesion formation and recurrence prevention.
®

89

References
1.

2.
3.
4.

5.

6.

7.

8.

9.

10.

11.
12.

13.

14.
15.

16.

Kuhry E, Schwenk WF, Gaupset R, Romild U, Bonjer HJ. Long-term results of
laparoscopic colorectal cancer resection. Cochrane Database Syst Rev
2008;(2):CD003432.
Mudge M, Hughes LE. Incisional hernia: a 10 year prospective study of incidence and
attitudes. Br J Surg 1985;72(1):70–1.
Sajid MS, Bokhari SA, Mallick AS, Cheek E, Baig MK. Laparoscopic versus open
repair of incisional/ventral hernia: a meta-analysis. Am J Surg 2009;197(1):64–72.
Forbes SS, Eskicioglu C, McLeod RS, Okrainec A. Meta-analysis of randomized
controlled trials comparing open and laparoscopic ventral and incisional hernia repair
with mesh. Br J Surg 2009;96(8):851–8.
Burger JWA, Luijendijk RW, Hop WCJ, Halm JA, Verdaasdonk EGG, Jeekel J. Longterm follow-up of a randomized controlled trial of suture versus mesh repair of
incisional hernia. Ann Surg 2004;240(4):578–83.
Chelala E, Debardemaeker Y, Elias B, Charara F, Dessily M, Allé J-L. Eighty-five redo
surgeries after 733 laparoscopic treatments for ventral and incisional hernia: adhesion
and recurrence analysis. Hernia 2010;14(2):123–9.
Joels CS, Matthews BD, Kercher KW, Austin C, Norton HJ, Williams TC, Heniford
BT. Evaluation of adhesion formation, mesh fixation strength, and hydroxyproline
content after intraabdominal placement of polytetrafluoroethylene mesh secured using
titanium spiral tacks, nitinol anchors, and polypropylene suture or polyglactin 910
suture. Surg Endosc 2005;19(6):780–5.
Shabbir J, Chaudhary BN, Dawson R. A systematic review on the use of prophylactic
mesh during primary stoma formation to prevent parastomal hernia formation.
Colorectal Disease 2012;14(8):931–6.
Beldi G, Wagner M, Bruegger LE, Kurmann A, Candinas D. Mesh shrinkage and pain
in laparoscopic ventral hernia repair: a randomized clinical trial comparing suture
versus tack mesh fixation. Surg Endosc 2011;25(3):749–55.
Wassenaar E, Schoenmaeckers E, Raymakers J, van der Palen J, Rakic S. Meshfixation method and pain and quality of life after laparoscopic ventral or incisional
hernia repair: a randomized trial of three fixation techniques. Surg Endosc
2010;24(6):1296–302.
Hellebrekers BWJ, Kooistra T. Pathogenesis of postoperative adhesion formation. Br J
Surg 2011;98(11):1503–16.
Hollinsky C, Kolbe T, Walter I, Joachim A, Sandberg S, Koch T, Rülicke T, Tuchmann
A. Tensile strength and adhesion formation of mesh fixation systems used in
laparoscopic incisional hernia repair. Surg Endosc 2009;24(6):1318–24.
Fitzgerald HL, Orenstein SB, Novitsky YW. Small bowel obstruction owing to
displaced spiral tack after laparoscopic TAPP inguinal hernia repair. Surg Laparosc
Endosc Percutan Tech 2010;20(3):e132–5.
Ellis H. Intraabdominal and postoperative peritoneal adhesions. J Am Coll Surg
2005;200(5):641–4.
Ladurner R, Mussack T. Small bowel perforation due to protruding spiral tackers: a
rare complication in laparoscopic incisional hernia repair. Surg Endosc
2004;18(6):1001.
Wassenaar EB, Schoenmaeckers EJP, Raymakers JTFJ, Rakic S. Subsequent

90

17.

18.

19.

20.

21.
22.

23.

24.

25.

26.

27.
28.

29.

30.

31.

abdominal surgery after laparoscopic ventral and incisional hernia repair with an
expanded polytetrafluoroethylene mesh: a single institution experience with 72
reoperations. Hernia 2010;14(2):137–42.
Schreinemacher MHF, Emans PJ, Gijbels MJJ, Greve JWM, Beets GL, Bouvy ND.
Degradation of mesh coatings and intraperitoneal adhesion formation in an
experimental model. Br J Surg 2009;96(3):305–13.
Eriksen JR, Bisgaard T, Assaadzadeh S, Jorgensen LN, Rosenberg J. Randomized
clinical trial of fibrin sealant versus titanium tacks for mesh fixation in laparoscopic
umbilical hernia repair. Br J Surg 2011;98(11):1537–45.
van't Riet M, Burger JW, Bonthuis F, Jeekel J, Bonjer HJ. Prevention of adhesion
formation to polypropylene mesh by collagen coating: a randomized controlled study in
a rat model of ventral hernia repair. Surg Endosc 2004;18(4):681–5.
Conze J, Junge K, Klinge U, Weiss C, Polivoda M, Oettinger AP, Schumpelick V.
Intraabdominal adhesion formation of polypropylene mesh. Influence of coverage of
omentum and polyglactin. Surg Endosc 2005;19(6):798–803.
Zinther NB, Wara P, Friis-Andersen H. Intraperitoneal onlay mesh: an experimental
study of adhesion formation in a sheep model. Hernia 2010;14(3):283–9.
Jenkins ED, Melman L, Frisella MM, Deeken CR, Matthews BD. Evaluation of acute
fixation strength of absorbable and nonabsorbable barrier coated mesh secured with
fibrin sealant. Hernia 2010;14(5):505–9.
Schug-Pass C, Lippert H, Kockerling F. Fixation of mesh to the peritoneum using a
fibrin glue: investigations with a biomechanical model and an experimental
laparoscopic porcine model. Surg Endosc 2009;23(12):2809–15.
Fortelny RH, Petter-Puchner AH, Glaser KS, Keibl C, Gruber-Blum S, Ohlinger W,
Redl H. Fibrin sealant (Tisseel) for hiatal mesh fixation in an experimental model in
pigs. J Surg Res 2010;162(1):68–74.
Clarke T, Katkhouda N, Mason RJ, Cheng BC, Algra J, Olasky J, Sohn HJ, Moazzez
A, Balouch M. Fibrin glue for intraperitoneal laparoscopic mesh fixation: a
comparative study in a swine model. Surg Endosc 2010;25(3):737–48.
Rieder E, Stoiber M, Scheikl V, Poglitsch M, Dal Borgo A, Prager G, Schima H. Mesh
fixation in laparoscopic incisional hernia repair: glue fixation provides attachment
strength similar to absorbable tacks but differs substantially in different meshes. J Am
Coll Surg 2011;212(1):80–6.
Olmi S, Scaini A, Erba L, Croce E. Use of fibrin glue (Tissucol) in laparoscopic repair
of abdominal wall defects: preliminary experience. Surg Endosc 2007;21(3):409–13.
Eriksen JR, Bisgaard T, Assaadzadeh S, Jorgensen LN, Rosenberg J. Fibrin sealant for
mesh fixation in laparoscopic umbilical hernia repair: 1-year results of a randomized
controlled double-blinded study. Hernia 2013;17(4):511–4.
Sajid MS, Ladwa N, Kalra L, McFall M, Baig MK, Sains P. A meta-analysis
examining the use of tacker mesh fixation versus glue mesh fixation in laparoscopic
inguinal hernia repair. Am J Surg 2013;206(1):103–11.
de Goede B, Klitsie PJ, van Kempen BJH, Timmermans L, Jeekel J, Kazemier G,
Lange JF. Meta-analysis of glue versussutured mesh fixation for Lichtenstein inguinal
hernia repair. Br J Surg 2013;100(6):735–42.
Novik B, Nordin P, Skullman S, Dalenback J, Enochsson L. More recurrences after
hernia mesh fixation with short-term absorbable sutures: A registry study of 82 015
Lichtenstein repairs. Arch Surg 2011;146(1):12–7.

91

32.

Martin-Cartes JA, Morales-Conde S, Suarez-Grau JM, Bustos-Jimenez M, CadetDussort JM, Lopez-Bernal F, Morcillo-Azcarate J, Tutosaus-Gomez JD, MoralesMendez S. Role of fibrin glue in the prevention of peritoneal adhesions in ventral
hernia repair. Surg Today 2008;38(2):135–40.

92

Tables chapter 6
Table 1
Specifications of fixation methods
Brand name
Prolene 2×0

Appearance
Monofilament suture,
variable length
Multifilament suture,
variable length
Tacker, 3.8 mm
vertical length
Tacker, 5.1 mm
vertical length
Tacker, 6.4 mm
vertical length
Glue, does not
penetrate tissue

®

Vicryl 2×0
®

Protack

®

Absorbatack

®

Permasorb

®

Tisseel Duo 500
®

Table 2
Dislocation rates of tackers
With mesh
Fixation
Day Incidence (n)
7
6% (1/17)
Protack
90
0% (0/18)
0% (0/18)
Absorbatack 7
90
0% (0/18)
7
0% (0/18)
Permasorb
90
0% (0/18)
®

®

®

Main Components
Polypropylene, not
absorbable
Polyglactin, absorbable
Titanium, not absorbable
Poly(L-lactide-coglycolide), absorbable
Poly(DL-lactide-coglycolide), absorbable
Thrombin and fibrinogen,
absorbable

Without mesh
Incidence (n)
0% (0/17)
50% (9/18)
35% (6/17)
72% (13/18)
0% (0/17)
33% (6/18)
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Manufacturer
Ethicon, Johnson & Johnson,
Somerville, New Jersey, USA
Ethicon, Johnson & Johnson,
Somerville, New Jersey, USA
Covidien, Mansfield,
Massachussets, USA
Covidien, Mansfield,
Massachussets, USA
Bard, Covington, Georgia,
USA
Baxter, Vienna, Austria

Table 3
Incidences and qualitative scores of adhesions to sutures and tackers
With mesh
Without mesh
Fixation
Day Incidence (n)
Qualitative
Incidence (n)
Score*
7
100% (16/16)
3.25 (1.44)
6% (1/18)
Prolene
90
89% (16/18)
3.50 (1.38)
6% (1/18)
7
100% (17/17)
3.12 (1.11)
11% (2/18)
Vicryl
90
56% (10/18)
2.06 (1.98)
0% (0/18)
7
100% (17/17)
4.24 (1.25)
24% (4/17)
Protack
90
100% (18/18)
4.39 (0.78)
11% (1/9)
100% (18/18)
4.06 (1.31)
9% (1/11)
Absorbatack 7
90
83% (15/18)
3.67 (1.85)
20% (1/5)
7
100% (18/18)
3.83 (1.25)
53% (9/17)
Permasorb
90
100% (18/18)
4.22 (0.88)
50% (6/12)
7
0% (0/18)
0.00 (-)
0% (0/18)
Tisseel Duo
90
0% (0/18)
0.00 (-)
0% (0/18)
* expressed as mean (standard deviation)
®

®

®

®

®

®
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Qualitative
Score*
0.17 (0.71)
0.11 (0.47)
0.44 (1.34)
0.00 (0.00)
0.59 (1.21)
0.22 (0.67)
0.27 (0.91)
0.40 (0.89)
1.76 (1.92)
1.33 (1.44)
0.00 (-)
0.00 (-)

Figures legends chapter 6
Figure 1
Protack (A), Absorbatack (B) and Permasorb (C) tackers at the same magnification. D
depicts an oblique bottom view of Intramesh T1 with the laminar ePTFE surface on the
bottom (intraperitoneal side) shielding the reticular polypropylene structure on top (abdominal
wall side). Bars represent 5 mm in black and 1 mm in white.
®

®

®

®

Figure 2
The incidence of adhesions with and without mesh at 90 days follow-up. No adhesions were
noted at 90 days after placement of Vicryl without a mesh, nor at any time with Tisseel Duo
(not shown). P-values were calculated by Fisher’s exact and Chi square tests. * P < 0.001, † P
= 0.029, ‡ P = 0.017, § P = 0.002.
®
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Figure 3
At 7 days follow-up, Prolene sutures leveled with the abdominal musculature when placed
without a mesh (A), but not when placed with a mesh (B). At 7 days follow-up, Protack
elicited a severe inflammatory response in the muscle in the inner circle of this spiral tacker
(C). (Mu: muscle; Pl: Prolene ; Me: mesh; Pt: Protack ; If: Inflammation) (Hematoxylin eosin
staining; bars represent 100 µm in A, B, and 1 mm in C)
®

®

®
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Figure 4
At 90 days follow-up, Absorbatack (A) and Protack (B) showed mild and essentially no
signs of fibrosis, respectively. Scanning electron microscopy showed cells attaching to the
intraperitoneal part of Absorbatack at 7 days (C) and a confluent layer of cells at 90 days
follow-up (D). (Mu: muscle; Ab: Absorbatack ; Pt: Protack ) (A and B hematoxylin eosin
staining; bars represent 1 mm in A and B, and 100 µm in C and D)
®
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Abstract
Abdominal surgery is associated with a significant risk for incisional herniation. Hernia repair
is routinely performed by implantation of synthetic meshes. Such meshes may cause serious
adhesions between the implanted material and organs leading to intestinal obstruction or
enterocutaneous fistulas. This study compares three knitted meshes for their capacity to
prevent adhesion formation in an in vivo study.
The meshes evaluated are polypropylene (Prolene ), polypropylene coated with oxygenated
regenerated cellulose -in principle- a biodegradable biomaterial (Proceed ), and Prolene
coated with a non-degradable copolymer of the hydrophilic building block N-vinyl
pyrrolidone (NVP) and the hydrophobic building block n-butylmethacrylate (BMA). The
meshes were implanted in the abdomen of rats (7 or 30 days follow-up).
After 7 days, the formation of adhesions decreased in the order: Prolene > NVP/BMA-coated
Prolene > Proceed ; after 30 days, this order changed into: Proceed > Prolene > NVP/BMAcoated Prolene . Both at 7 and at 30 days, Proceed was the only mesh surrounded by
macrophage cells that contained foreign materials, presumably degradation products of the
(biodegradable) surface coating.
The data indicate that long-term protection of implanted meshes against excessive adhesions
may be achieved through stable biocompatible hydrogel surface coatings.
®
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Introduction
It is well known that abdominal surgery is associated with a significant risk for incisional
hernia; the incidence has been estimated in the range of 10-20%1,2. The best method to repair
these hernias is to implant a synthetic mesh that bridges the abdominal wall defect in a
tension-free manner3-6. Such meshes are implanted in an open procedure or, with increasing
frequency, laparoscopically. Despite important clinical successes, it is obvious that the ‘ideal’
mesh is still not available. For instance, meshes can become contracted and/or infected after
implantation7-9. Furthermore, adhesions between the visceral side of the mesh and adjacent
organs can occur8,10,11. These complications may have serious consequences, such as chronic
pain, recurrence of the hernia or even intestinal obstruction and enterocutaneous fistulas11,12.
A review of the literature on the use of polymer meshes for incisional hernia repair learned
that studies of biomaterial–tissue interactions have hardly played a role in the development of
these implants. The majority of the commercial meshes are made out of knitted polypropylene
(PP) fibers (e.g. Prolene , Marlex , Trelex ). PP is strong, chemically stable, and highly
hydrophobic, but the material is by no means designed to engage in any favorable interaction
with adjacent cells or tissues8,13. Clinical experience, as well as animal experimentation,
revealed extensive adhesions of tissues to the mesh as a frequent complication. However,
there are clear indications that surface modifications of PP meshes can help to influence tissue
reaction and thereby reduce adhesion formation11,14. Also, the frequent occurrence of adhesive
interactions between the visceral side of the mesh and the bowel, leads one to suspect that the
mesh surface may be too hydrophobic. This could explain why cells show an exceptionally
strong affinity for these meshes.
The ideal mesh would have to show integration with the tissue of the abdominal wall
(primarily to prevent mesh migration and hernia recurrence), but no adhesions whatsoever on
the visceral side. Based on this idea, Van’t Riet et al. recently performed an interesting in vivo
model study, in which they implanted mesh structures that were coated with collagen on their
visceral side11. There was a clear positive effect of the collagen coating, with less visceral
adhesions. Others have more or less successfully used different coatings from a biological
origin such as sodium hyaluronate/ carboxymethylcellulose11,15 or an absorbable layer of
oxidized regenerated cellulose11,12,16. Of course, it remains to be established whether or not
these coatings are capable of adhesion prevention in the long term. In view of the fact that
biological coatings are susceptible to hydrolytic or enzymatic degradation, it must be expected
that these coatings will not provide long-term non-adhesiveness.
We hypothesized that a stable, synthetic, and biocompatible hydrophilic coating might be the
biomaterial of choice in this respect. Herein, we report a study in which commercial PP mesh
(Prolene , Ethicon, Johnson & Johnson, Somerville, NJ, USA) was coated with an adherent
hydrophilic copolymer, which was designed, synthesized, and fully characterized in our
laboratory. The material was prepared from N-vinylpyrrolidinone (NVP) and Nbutylmethacrylate (BMA) as the hydrophilic and hydrophobic building blocks, respectively.
The choice for this biomaterial was based on our previous experience that these copolymers
feature excellent biocompatibility, e.g., in contact with blood, ocular epithelium, and bone1720
. The coated mesh was compared in a series of experiments in vivo (using a rat model) with
the uncoated Prolene and coated Proceed mesh (Ethicon, Johnson & Johnson, Somerville,
®

®

®

®

®

®
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NJ, USA). The latter is a three-layer composite of a PP mesh, an absorbable layer of oxidized
regenerated cellulose, and an intermediate layer of polydioxanone. Adhesion formation was
scored macroscopically and host response reactions were evaluated through histology.
Methods and Materials
Coating preparation
The hydrophilic copolymer was prepared from NVP and BMA (both monomers were purified
by vacuum distillation), as described previously21. Briefly, the monomers were mixed (molar
ratio 1:1), radical initiator (AIBN, 1.5 molar%) was added, and the mixture was transferred
into a Teflon tube that was closed with a stopper on one end. The tube was immersed in an oil
bath interfaced with a time/ temperature control system. After 24 h, the materials were
obtained as glassy rods. These were cut in pieces, and dissolved in ethanol (10 g of copolymer
in 500 mL) under continuous mechanical stirring. The resulting viscous solution was mixed
with the same volume of ethanol, and 500 mg of triethyleneglycoldimethacrylate (TEGDMA)
was added. After homogenization, the solution was applied as an all-around coating onto the
PP mesh (Prolene ). The coated mesh was dried in an oven (65–70 °C) for 24 h. This led to
polymerization of the TEGDMA as a non-soluble three-dimensional macromolecular
network. This network prevents the dissolution of the hydrophilic biomaterial after
implantation. All meshes were sterilized by treatment with ethylene oxide, degassed for at
least 1 week and subsequently packed individually in sterile pouches.
®

Water contact angle measurement
The water contact angle was measured by the sessile drop method. First, the NVP-BMA
coating was applied to a glass surface as a thin homogeneous layer. A standard object glass
for light microscopy was used for this purpose. Then, after thorough drying as described
above, we placed approximately 10 water drops of 10 µL onto the surface. The resulting
drops were photographed from the side, using a digital camera with a macro lens. The water
contact angles were measured from the images.
Experiment and animals
Thirty-nine rats of the Wistar strain, weighing 250-300 g were housed and cared for at the
Central Animal Facilities of the University of Maastricht according to the appropriate
standards. The experimental protocol was approved by the Committee of Animal Experiments
of Maastricht University. The meshes were randomly implanted in the abdomen of rats; (i)
implantation of a standard PP mesh (Prolene ) (n = 15), (ii) a coated PP mesh (Proceed ) (n =
12), or (iii) a NVP/BMA-coated Prolene mesh (n = 11). Meshes were all sized 30 × 20 mm2.
With the Proceed and NVP/BMA-coated Prolene mesh the coating was adjacent to the
viscera. At 7 and 30 days post implantation rats were sacrificed, adhesions were scored
macroscopically, and the meshes were harvested to be processed for histology. This study was
performed independently from all the manufacturers.
®
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Throughout the procedure, non-powdered sterile gloves were used. Rats were anaesthetized
with ketamine hydrochloride (100 mg/kg) and xylazine (5 mg/kg). The abdomen was shaved
and the skin disinfected with 2% iodine, and covered with sterile drapes. The abdomen was
opened through a midline incision of 4 cm. The mesh was introduced intraperitoneally and
fixated with two sutures of polypropylene 4×0 (Prolene , Ethicon, Johnson & Johnson,
Somerville, NJ, USA). Thereafter, the peritoneum and fascia were closed with a running
suture of polyglactin 4×0 (Vicryl , Ethicon, Johnson & Johnson, Somerville, NJ, USA). The
skin was closed intracutaneously with a running suture of polyglecaprone 4×0 (Monocryl ,
Ethicon, Johnson & Johnson, Somerville, NJ, USA).
®

®

®

Functional Macroscopic Evaluation
Rats were sacrificed by an overdose of CO2 inhalation. Directly after sacrifice, the abdomen
was opened widely along the circumference of the mesh. The incisions were made along three
of the four sides of a rectangle; the fourth side served as a hinge for the mesh and adherent
tissues. This procedure ensured that the meshes were not damaged, and that proper evaluation
of any adherence between the mesh and adjacent tissues was possible. The amount of
adhesion formation was then scored macroscopically. In the case of adhesions the organs
involved were recorded and a photograph was taken. A qualitative scoring system according
to the literature was used10,11,22. For each implant, adhesion scores were determined by two
independent researchers, on the basis of three subscores: (i) extent (0, no adhesions; 1, 1–
25%; 2, 26– 50%; 3, 51–75%; 4, 76–100% of the mesh surface involved); (ii) type (0, no
adhesions; 1, filmy; 2, dense; 3, capillaries present), and (iii) tenacity (0, no adhesions; 1,
easily fall apart; 2, require traction; 3, require sharp dissection). When different scores were
attributed to a sample, the score of a third independent researcher, blinded to the study group
and the scores of the first two researchers, gave a majority for one of the two first scores. The
percentage of meshes which had an adhesion with organs including liver, spleen, bowel, and
stomach was also examined. Hereafter all implanted meshes along with surrounding tissues
were retrieved for histological examination.
Microscopy
Scanning electron microscopy was performed with a Philips XL 30 instrument, 12 keV.
Fluorescence and bright field microscopy was performed with a Nikon Eclipse E800
instrument (fluorescence setting; Texas Red filter (excitation, 540–580 nm; dichroic mirror
595).
®

®

Histology
After macroscopic evaluation the mesh was locally excised with the surrounding tissue (~1
cm). Each excised specimen was split in four equal pieces and fixated in vials with a 4%
formaldehyde solution. After dehydration in increasing concentrations of alcohol, two pieces
of each specimen were embedded in glycol methacrylate (Technovit 7100 ; Heraeus Kulzer,
Wehrheim, Germany). These were then sectioned at 5 µm and stained with hematoxylin &
eosin (H&E). The samples were evaluated by an experienced animal pathologist not familiar
with the specific background of the different meshes. Tissue adjacent to the visceral side (i.e.,
®
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PP with Prolene , oxidized regenerated cellulose with Proceed , and NVP/BMA with the
NVP/BMA-coated Prolene mesh) was scored for inflammation at 7 days, granulation tissue at
30 days, and intestinal organ (e.g., bowel, liver, etc.) adhesion formation (- meaning absent, +
slightly present, ++ moderately present, +++ abundantly present). Presence of (i) giant cells,
(ii) granulocytes, (iii) fibroblasts, and (iv) macrophages was also scored accordingly10,23.
®

®

®

Statistics
Based on pilot work, the sample size was determined based on the power analysis of Sachs,
with a power of 80%, two-tailed and a confidence interval of 95%. This resulted in a
minimum of six meshes per group for the qualitative adhesion scoring system as described in
literature10,11,22. Statistics were performed by Mann-Whitney U test. P < 0.05 were
considered significant.
Results
Mesh coating
Figure 1 shows the Prolene , Proceed , and NMP/BMA-coated Prolene mesh structures. Note
that the knitted patterns for Prolene and Proceed are markedly different, also with respect to
pore density and pore size. Application of the NVP/BMA copolymer as a thin adherent
coating onto the Prolene mesh structure proceeded without difficulties. It was found to be
essential that the concentration of the copolymer in the alcohol solution was kept below 1.5
mass%. At higher concentrations (i.e., at higher viscosities), it was unavoidable that pores
were partially or completely filled with copolymer. Scanning electron microscopy, especially
suitable for evaluating the surface morphology, revealed a smooth and very regular surface
(Figure 1, C). In order to evaluate distribution of the coating, a piece of PP mesh was only
partly coated with NVP/BMA solution to which a trace of the fluorescent dye rhodamine 6
was added. With fluorescence microscopy, the coating was clearly identified on the treated
and not on the untreated side (Figure 2). A uniform distribution of the coating can therefore be
ascertained. As for hydrophilic features, the application of the NVP/BMA coating resulted in
a moderately hydrophilic surface, as was shown in our previous work21. Specifically, the
NVP/BMA coating used in this work (molar ratio NVP:BMA = 9:1) gives a water contact
angle in the range of 32–36°. In comparison with PP (water contact angle of 85–87°)21, the
surface hydrophilicity has increased substantially as a result of the surface treatment.
Furthermore, flexibility of the mesh was not influenced by NVP/BMA coating although this
was not verified in any quantitative manner. Both the increased hydrophilicity and the surface
smoothness resulting from the coating are responsible for the observed differences in
biomaterial–tissue interactions (see below).
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®
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General observations
All animals recovered quickly of anaesthesia and were thriving and well during the entire
experiment. One rat (Proceed group) died just after implantation, most likely due to
anaesthetic overdose.
®
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Functional macroscopic evaluation
A typical example of an explanted NVP/BMAcoated Prolene mesh (30 days follow-up) is
depicted in Figures 3, A and B. In this particular case, extent (0, no adhesions; 1, 1–25%; 2,
26–50%; 3, 51–75%; 4, 76–100% of the mesh surface involved), tenacity (0, no adhesions; 1,
easily fall apart; 2, require traction; 3, require sharp dissection), and type (0, no adhesions; 1,
filmy; 2, dense; 3, capillaries present) of adhesions were scored as 2, 2, and 3, respectively.
Figure 4 presents total adhesion scores with different meshes at 7 and 30 days follow-up. At 7
days follow-up, the adhesion scores decreased in the following order: Prolene (9.3 ± 0.5) >
NVP/BMA-coated Prolene (7.3 ± 0.5) > Proceed (3.3 ± 0.5); all differences are statistically
significant (P < 0.05). Adhesions with omentum or scrotal fat were observed with virtually all
meshes. Adhesions with abdominal organs like liver, spleen, stomach, and bowel were
observed in 87% of the Prolene meshes, 83% of the NVP/BMA-coated Prolene meshes, and
50% of the Proceed meshes. At 30 days follow-up, the order changed into: Proceed (7.2 ±
1.1) > Prolene (7.0 ± 1.2) > NVP/BMA-coated Prolene (5.4 ± 0.5). At 30 days, the total
adhesion score of NVP/BMA-coated Prolene meshes was significantly lower than Prolene
and Proceed . This finding was in concordance with the adhesions found with abdominal
organs (liver, spleen, stomach, and bowel); 0% with NVP/BMA-coated Prolene , 29% with
Prolene , and 50% with Proceed .
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Histological evaluation
At 7 days follow-up, all implants initiated a comparable inflammatory response. This was
accompanied by neovascularization, influx of mainly granulocytes, and fibroblast
proliferation. Macrophages were abundantly present with Proceed and only slightly or not
present with NVP/BMA-coated Prolene and Prolene meshes, respectively. The macrophages
near the Proceed mesh were also found to contain foreign material. This probably indicates
that phagocytosis of the Proceed coating (oxidized regenerated cellulose and polydioxanone)
is occurring. The macrophages observed in the NVP/BMA-coated Prolene group were large
and swollen but not filled with foreign material (Figure 5). The number of granulocytes and
giant cells were comparable for all groups (Table 1).
At 30 days follow-up, the NVP/BMA-coated Prolene meshes showed a mild reaction,
consisting of some granulation tissue with mostly fibroblasts, giant cells, and macrophages. A
fibrous capsule encapsulated the NVP/BMA-coated Prolene mesh forming all around the
NVP/BMA-coated Prolene mesh (Figure 5) and no adhesions were observed (Table 1). The
Prolene meshes showed adhesions together with more granulation tissue, mostly more
fibroblasts.
The Proceed meshes still provoked a reaction attended with many fibroblasts, giant cells, and
macrophages. Again, macrophages filled with a foreign material from the mesh were
observed, together with a clearly degraded coating (Figure 5, C).
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This study shows that modification of the mesh surface can modulate the inflammatory
response provoked by implantation of a mesh. Our clearest observation of this effect was
made through histology on the 30-day follow-up samples of meshes and surrounding tissues.
The uncoated Prolene meshes were found to invoke a moderate inflammatory response in
their immediate vicinity, characterized by the presence of active macrophages. A stronger
inflammatory response was observed with the Proceed meshes, presumably due to ongoing
phagocytosis of the oxidized regenerated cellulose and polydioxanone coating. Remnants of
foreign material were observed in macrophages and giant cells. The NVP/BMA-coated
Prolene mesh initially provoked a profound acute inflammation. After 30 days, only a mild
inflammatory reaction was left. At this stage, these meshes were found to be surrounded by a
fibrous capsule. Although not exclusively proven, encapsulation of the mesh may prevent
adhesion formation in the long term.
Macroscopically, different grades of adhesions were observed at 7 and 30 days follow-up.
Most remarkable were the adhesions with Proceed . Although adhesion scores were the lowest
at day 7, they increased by day 30 and exceeded adhesion scores of NVP/BMA-coated
Prolene mesh and Prolene . The adhesion scores of the NVP/BMA-coated Prolene and
Prolene mesh, however, declined toward day 30. A possible explanation might be the
prolonged activation of the macrophages with Proceed . Activation of macrophages induces
the release of inflammatory cytokines and attracts cells like fibroblasts. Prolonged presence of
active fibroblasts then might induce more tenacious adhesions, as observed11,12. Overall, the
results of the microscopic analyses (histology) and the macroscopic adhesion scores were
consistent.	
  
Interestingly, Baptista et al. have reported that inflammation leads to adhesions, generally
within 7 days24. We observed, in most cases, fewer adhesions after 30 days, as compared to 7
days follow-up, which is in agreement with findings of Burger et al.14 who also showed that
adhesion formation may decrease at 30 days follow-up. The only exception was the Proceed
mesh, with an increase in the adhesion effect between 7 and 30 days follow-up. It is generally
accepted that evaluation of meshes at 7 and 30 days represents different phases of wound
healing. At 7 days, the inflammatory phase has just ended, and the proliferative phase has just
started. At 30 days, the remodelling phase has started and prosthetic material covered with a
lining of autologous cells (neoperitoneum) is expected not to form any new adhesions14.
Adhesions that have formed before, however, will remain a persistent inflammatory process,
even in adhesions aging over 20 years	
  25. It is tempting to argue that the remodelling phase
may lead to a decreased adhesion formation.
Since adhesion formation changes even until 30 days follow-up, it is hard to predict when the
remodeling phase will end, what should be defined as long-term follow-up, and what will be
the final adhesion formation. Our data reveal that the stable hydrophilic polymer mesh coating
has a beneficial effect on adhesion formation after implantation of a mesh, albeit that our
experiments were carried out in a validated rat model deviating from the actual application:
repair of incisional hernias. Incisional hernias are a major surgical complication occurring in
at least 10–20% of all abdominal operations and need to be repaired in about one third of
these patients3,26. Large trials have shown that hernia repair should be performed by mesh
placement and no longer by primary resuturing of the hernia because of unacceptably high
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recurrence rates4,27. Mesh repair, however, is not free from complications, with significant
factors being technical failure such as insufficient fixation of the mesh to the abdominal wall
and complications which are a result of the mesh biomaterial itself. The latter is especially
true if the biomaterial provokes inflammation, or if its surface is prone to bacterial infection.
Biomaterials which are currently used in this particular application (i.e., PP and
poly(tetrafluoro)ethylene) may be optimized using a stable coating and this may ultimately
translate into decreased failure rates for incisional hernia repair, to the benefit of a large group
of patients.	
  
Finally, four remarks may be appropriate:
1. The predictive value of this study may be more specific for clinical cases in which the mesh
is implanted in direct contact with the viscera and not separated from the viscera by an intact
peritoneum.
2. In this study the aim was to examine the biocompatibility and adhesion formation of three
different mesh surfaces. Fixation of the mesh to the abdominal wall is clinically relevant to
prevent hernias to reoccur. In our study, the two Prolene sutures used for fixation always
resulted in a good local incorporation. This aspect will be examined in future studies.
3. Since it is not clear if adhesion formation changes after 30 days, a follow-up beyond 30
days is needed to precisely evaluate the performance of the NVP/BMA-coated Prolene
meshes over the course of time.
4. A hydrophilic coating (degradable or stable) may be exploited in another manner as well,
i.e. as a reservoir for controlled release of an antibiotic agent. A hydrophilic surface per se
may play a role in the prevention of bacterial adhesion7, while controlled swelling of the
coating after implantation provides a means to engineer and control the release kinetics, at
least in principle.
Points 1, 3, and 4 are subjects of further investigations in our laboratories.
®
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Tables chapter 7

Adhesions

Macrophages

Giant cells

n

Fibroblasts

7 days follow-up

Granulocytes

Inflammation

Table 1
Histological assessment
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+

+

+

-

Prolene

®

- means absent, + slightly present, ++ moderately present, +++ abundantly present
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Figure legends chapter 7
Figure 1
Photographs of Prolene (A) and Proceed (B) mesh. Note the difference in knitted patterns.
(the ruler in A and B shows mm-scale). C Scanning electron micrograph of a NVP/BMAcoated Prolene mesh. Note that the coating results in a smooth and regular surface. (Scale bar
corresponds with 500 µm)
®

®

®

Figure 2
A Microscopic photograph (bright field) of the PP mesh partly treated with NVP/BMA
solution containing the fluorescent dye rhodamine. The coating was applied on the left side of
the mesh. B Fluorescence microscopy of the same sample as A, illuminated with ultraviolet
light that excites the dye. The image reveals that rhodamine is spread evenly over the treated
part of the mesh.
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Figure 3
Representative macroscopic views of the meshes after implantation in the rat abdomen. A
NVP/BMA-coated Prolene mesh 30 days post-implantation, the abdomen is opened in a U
shape enabling a good macroscopic evaluation. The mesh is indicated by the letter ‘M’ and
the liver by the letter ‘L’. Note the site of incorporation (In) and the typical adhesions (Ad) at
the uncoated edges of the mesh. B The same rat as in A, the mesh is lifted, again note the site
of incorporation (In) and adhesion (Ad) formation to the uncoated edges of the mesh. C
Prolene mesh (M) 7 days post implantation, showing adhesion formation to the liver (L),
similar observations were made for Proceed and Prolene 30 days post implantation.
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Figure 4
Macroscopic adhesion scores at 7 and 30 days post implantation. After 7 days follow-up,
Proceed had a significantly (P < 0.05) better score (3.3) compared to Prolene and
NVP/BMA-coated Prolene (9.6 and 6.3, respectively). Interestingly, while adhesion scores of
Prolene and NVP/BMA-coated Prolene meshes improved, the adhesion score of Proceed
meshes worsened. At this time the adhesion score of the NVP/BMA-coated Prolene mesh
(5.4) was significantly (P < 0.05) better compared to Proceed (7.2) and Prolene (6.7). (*
indicates P < 0.05)
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Figure 5
Representative H&E stained sections. Prolene mesh at 7 days (A) and at 30 days follow-up
(B). Proceed mesh at 7 days (C) and at 30 days follow-up (D). Insert shows macrophages
containing foreign material. NVP/BMA-coated Prolene mesh at 7 days (E) and at 30 days
follow-up (F). (M mesh, Mc mesh coating present in giant cells, m macrophage, g
granulocyte, G giant cell)
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Abstract
Objectives
Incisional hernias can be repaired by intraperitoneal mesh. In such cases, the mesh is a
specific lead point for adhesion formation, which may be the source of future adhesion related
complications.
Summary background data
New insights into the earliest stages of adhesion formation and biomaterial related fibrosis
have been developed. With the former, interferon gamma (IFN-γ) and with the latter,
fibrinogen adsorption at the foreign body surface leading to mast cell activation were found
crucial. In this study, the attenuation of these earliest immune reactions was explored as a
possible target for adhesion reduction.
Methods
In a series of mice experiments we assessed adhesions to uncoated intraperitoneal
polypropylene mesh at 7 days follow-up. IFN- γ knockout mice, mice depleted from
fibrinogen, and mice treated with histamin receptor antagonists were studied. Sodium
cromoglycate (cromolyn), regarded as a mast cell stabiliser, was also administered orally. In
contrast to most interventions, treatments were initiated preoperatively so that optimal
intensity was reached at the time of mesh implantation.
Results
Only cromolyn administration significantly reduced adhesion formation (45% vs 97% of
mesh surface covered with adhesions, P < 0.001). Interestingly, the antiadhesive effect was
only observed if therapy was initiated 2 days preoperatively, not postoperatively. Wound
healing was otherwise unchanged. However, the supposed influence on mast cell mediated
inflammation, fibrinolysis and fibrosis could not be clarified.
Conclusions
Oral, preoperative administration of cromolyn drastically reduces intraperitoneal mesh related
complications without apparent side effects and translation of these findings to the clinical
setting should be attempted.
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Introduction
Up to 20% of patients undergoing a midline laparotomy develop an incisional herniation and
over a third of these patients require repair for functional or cosmetic reasons1,2. Hernia repair
should be performed with mesh in order to reduce recurrences3. In case of intraperitoneal
implantation, adhesion formation occurs to a certain extent4-6.
Postoperative adhesions and incisional herniation continue to be the most common long-term
complications of abdominal surgery1,7. Postoperative adhesions occur in up to 90% of
patients, are a result from an inflammatory process and may cause small bowel obstruction,
infertility and inadvertent bowel injuries exists at reoperations8,9.
Interferon gamma (IFN-γ) produced by natural killer T (NKT)-cells was recently shown to be
a very early, indispensible factor for the formation of adhesions in a murine model10,11. In
addition, within hours after surgical trauma NKT cells have also been confirmed at the site in
a human hemihepatectomy model12.
Adhesion formation to meshes is often found to be in line with the severity of the foreign
body reaction induced by the biomaterial. The foreign body reaction constitutes a complex
inflammatory process and has already been the subject of much research. Protein adsorption,
the very first biomaterial-host interaction, has been recognized to be of major importance.
Especially fibrinogen is considered an important protein that adheres to the biomaterial
surface after which a change in its structure exposes epitopes that initiate the recruitment and
activation of phagocytes13,14. Furthermore, the initial recruitment of inflammatory cells to
experimental implants seems to be dependent on mast cells that release a number of proinflammatory and pro-fibrotic signals15,16. This finding has also been confirmed in a human
model15.
We hypothesised that the very first host response to the intraperitoneal mesh implantation is
of key importance to successfully prevent or reduce postoperative adhesion formation. At the
time of proliferation too many factors are active so that attenuating only one pathway will
upregulate others or disrupt wound repair beyond desired levels. The IFN-γ and fibrinogenmast cell pathways were found to be of interest since both have been demonstrated to be
applicable to humans and focus on the very first steps in the onset of the inflammatory
reaction.
In this study, we explored the applicability of the IFN-γ and fibrinogen-mast cell pathways on
adhesion formation with intraperitoneal meshes. Using a rodent model for intraperitoneal
mesh implantation, the extent of mesh surface covered with adhesions was evaluated at 7 days
follow-up.
Methods and Materials
Animals
Male Balb/c mice, aged 10-12 weeks, were housed and cared for at the animal facilities of the
Maastricht University Medical Centre, Maastricht, The Netherlands. IFN- knockout (KO)
Balb/c mice and their wild-type (WT) littermates were housed and cared for at the animal
facilities of the Catholic University of Leuven, Leuven, Belgium. The animal ethical
committees of the respective universities approved the protocols.
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Operative procedures
Animals were anesthetized using isoflurane 2.5%. In case of IFN-γ KO and WT mice, mice
were anesthetized with intraperitoneal ketamine hydrochloride (100 mg/kg) and xylazine (10
mg/kg). The abdomen was shaved, disinfected with 2% iodine and covered with sterile
drapes. Through a midline incision of about 1.5 cm the abdomen was accessed and a 1 × 1.5
cm sterile mesh (Prolene mesh; Ethicon, Johnson & Johnson, Somerville, NJ, USA) placed
intraperitoneally. The mesh was oriented along the longitudinal axis and secured to the
abdominal wall using two single polypropylene 6×0 sutures (Prolene ; Ethicon), one on each
side of the midline. The muscles were then approximated with a running suture of
polypropylene 6×0 (Prolene ) and the skin closed with interrupted polyglactin 4×0 sutures
(Vicryl ; Ethicon). No antibiotics were administered.
At the time of follow-up, mice were administered an overdose of carbon dioxide by
inhalation. Afterwards, the abdomen was opened through an U-shaped incision extending
lateral and caudal to the meshes.
®

®

®

®

Cromolyn administration
Mice were administered sodium cromoglycate (cromolyn; Sigma-Aldrich, St. Louis, MO,
USA) through oral gavage. Doses ranging from 2 to 500 mg/kg were dissolved in 1.5 ml of
NaCl 0.9% and administered once daily from 2 days preoperatively until 1 day
postoperatively, unless otherwise specified. At the day of operation, cromolyn was given 2-4
hours before operation. Control mice were treated identically, but with NaCl 0.9%.
Forced mast cell degranulation
One day after mesh placement with cromolyn treatment (20 mg/kg), compound 48/80 was
administered intraperitoneally at a single dose of 1 mg/kg for forced mast cell degranulation.
Intraperitoneal mast cell therapies and fibrinogen depletion
Histamin receptors 1 (H1) and 2 (H2) were blocked using cetirizine and ranitidine,
respectively (both Sigma-Aldrich), at doses of 10 mg/kg of each compound administered
intraperitoneally twice daily. In order to deplete mice from fibrinogen, ancrod (1st
International Reference Preparation, NIBSC code 74/581, National Institute for Biological
Standards and Control, Hertfordshire, UK) was employed at an intraperitoneal dose of 100
IU/kg once daily. All substances were dissolved in boluses of 1.5 ml NaCl 0.9% and injected
from 2 days preoperatively until 1 day postoperatively, except for ancrod injections that
started from 3 days preoperatively. At the day of operation, injections were given 2-4 hours
before operation. Control mice were treated identically, but with NaCl 0.9%.
For comparison, cromolyn was also used at an intraperitoneal dose of 20 mg/kg once daily.
Adhesion scoring
At 7 days follow-up, mice were sacrificed for adhesion quantification. Once the abdomen was
opened, a standardized picture of the mesh was taken for computer quantification of the
extent of adhesions by a blinded observer (see supplementary data for an example). The

118

extent of adhesions was expressed as the percentage of the mesh surface covered with
adhesions.
Histology
Mice were sacrificed at 7 days and, in a separate experiment for histology and immunoassay
purposes, at 3 hours, 1 day and 7 days postoperatively. Then, meshes were excised together
with the underlying abdominal wall. In addition, pieces of small and large bowel and
omentum were resected as well. Specimens were fixated in formaldehyde 4%, dehydrated,
and embedded in paraffin. Tissue sections 5 µm thick were cut and hematoxylin-eosin (HE)
stained. Sections were also stained with toluidin blue and picrosirius red for mast cell and
collagen identification, respectively. Histology was assessed by an experienced animal
pathologist familiar with intraperitoneal mesh placement and the associated foreign body host
response. In accordance with many of our former studies17,18 histologic scoring was focused
on inflammatory cells (neutrophils, macrophages, foreign body giant cells) and fibroblasts.
These were quantified as follows: not present, slightly present (only directly around mesh
material), moderately present (also between mesh material), or abundantly present (thick layer
of reactive tissue around all mesh material).
Immunoassays
At 3 hours, 1 day and 7 days postoperatively the abdomen was instilled with 3 cc of
Phosphate Buffered Solution (PBS), following anaesthesia. After 3 minutes of gentle
massaging the abdomen was opened and the fluid collected. Then the aorta was located and 11.5 cc of blood aspirated until total exsanguination. Both peritoneal dialysate and blood were
spun and stored at -80 ºC until processing. A monocyte chemotactic protein 1 (MCP-1)
ELISA kit (Thermo Scientific, Cleveland, OH, USA) was used for measuring MCP-1 in
peritoneal dialysate as a pro-inflammatory protein. For the quantitative determination of
functionally active tissue plasminogen activator (tPA) a mouse tPA ELISA kit (Innovative
research, Novi, MI, USA) was used on plasma. Active plasminogen activator inhibitor type 1
(PAI-1) was measured in plasma with the PAI-1 total mouse ELISA kit (Abcam, Cambridge,
MA, USA). All assays were performed according to the manufacturer’s instructions.
Statistical analysis
Data are expressed as per cent of the mesh surface covered with adhesions and in medians
with interquartile range. Group size was six or more. Comparisons between groups were
calculated by two-sided Mann-Whitney and Kruskal-Wallis tests using Graphpad Prism
(GraphPad Software, La Jolla, CA, USA). P < .050 was considered significant.
®

Results
Preoperative administration of cromolyn reduces postoperative adhesion formation to
intraperitoneal mesh.
The supposed mast cell stabilizer cromolyn (20 mg/kg) was administered preoperatively to
mice by oral gavage. At the time of follow-up, adhesions were significantly reduced to mice
that had only received NaCl (45% vs 97%, respectively)(Figure 1, A). The same was true
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when cromolyn was delivered intraperitoneally, resulting in comparable adhesion reduction as
if delivered orally (54% vs 45%, respectively; P = 0.255)(Figure 1, B). Midline incision
strengths were found to be unaffected by cromolyn treatment (supplementary data).
Intraperitoneal mesh adhesion formation is not H1/H2 receptor, fibrinogen or IFN-γ
dependent.
The combination of H1 and H2 receptor antagonists did not significantly reduce adhesions
compared to controls (65% vs 77%, respectively)(Figure 1, B). Neither did fibrinogen
depletion through ancrod administration result in any significant differences in adhesion
formation (75% vs 77%, respectively)(Figure 1, B). In addition, the findings by others that
IFN-γ is required for initiating the process of intraperitoneal adhesion formation11 could not
be confirmed. In fact, adhesion formation in IFN-γ KO mice was even found to be
significantly increased compared to their wild-type littermates (94% vs 74%,
respectively)(Figure 1, C).
Preoperative, low dose administration of cromolyn is essential for intraperitoneal mesh
adhesion reduction.
Starting cromolyn treatment two days before operation was effective in reducing adhesions,
whereas starting the day after implantation had no effect (38% vs 96%, respectively)(Figure
3). Starting treatment 2-4 hours before operation resulted only in an intermediate effect on
adhesion reduction (64% of mesh surface covered). Apart from the moment of starting
treatment, continuing treatment until 2-4 hours before or until 1 day after the operation did not
result in any significant differences. Interestingly though, continuing treatment until 7 days
postoperatively nullified the beneficial effect of cromolyn resulting in an adhesion coverage
of the mesh of 95% (Figure 3). Furthermore, doses from 4 to 500 mg/kg were found to give
comparable results, though a trend was seen for high doses (500 mg/kg) to be less effective
than low doses (4 mg/kg) (52% vs 38%, respectively; P = 0.054)(Figure 2, B).
The mode of action of cromolyn in reducing intraperitoneal mesh adhesion formation remains
unclear.
In order to confirm the hypothesized pathway of ‘cromolyn-mast cell release inhibitionattenuated inflammation’, an experienced animal pathologist evaluated histologic sections.
However, no marked differences could be observed in either the inflammatory or foreign
body reaction in particular. Nor did the number and morphology of mast cells in abdominal
wall, bowel wall of omentum differ.
Immunoassays were used to detect more subtle changes in early signs of inflammation (MCP1) as well as the fibrinolytic balance (tPA/PAI-1 ratio). Higher tPA/PAI-1 ratios mark a more
fibrinolytic response leading to breakdown of adhesions. As expected, control mice showed
significantly higher MCP-1 levels in peritoneal dialysate at 3 hours and 1 day postoperatively
than at 7 days (Figure 4, A). Also expected were the significantly lower tPA/PAI-1 ratios in
plasma at 3 hours and 1 day postoperatively than at 7 days (Figure 4, B). Yet, the cromolyn
treated groups showed almost identical values at all time points for both MCP-1 and tPA/PAI1 ratios. Therefore, our histological findings and immunoassays at 3 hours and 1 and 7 days
follow-up did not provide supporting evidence for attenuated inflammation or a more
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pronounced fibrinolytical effect after cromolyn treatment. Though the direct impact on mast
cells could not be verified, forced mast cell degranulation caused by compound 48/80 did
induce adhesion formation up to levels comparable with controls (adhesion coverage 79% vs
97%, respectively; P = 0.195).
Discussion
As intraperitoneal mesh repair of incisional herniation is frequently performed, the prevention
of complications such as adhesion formation with the mesh is of great clinical importance.
With this study we found that cromolyn, commonly known as a mast cell stabilizer,
significantly reduces such adhesion formation. IFN-γ and fibrinogen did not prove to be
useful targets for adhesion reduction.
The fact that cromolyn reduces adhesions only when administered preoperatively and not
postoperatively confirms our hypothesis that a very early inflammatory process is involved.
Also, a 1 to 2 day preparation with cromolyn was required for optimal results whereas a
single preoperative dose resulted in a moderate effect. This preoperative conditioning is a new
concept in the prevention of adhesion. Current adhesion reduction therapies typically involve
a local release of drugs or barrier sheets and fluids administered right after inflicting the
trauma19,20. With cromolyn a less severe onset of inflammation at the time of mesh
implantation is supposed to be induced. This way, all or most of the many downstream
pathways that eventually lead to a rich variety of inflammatory cells are beneficially
influenced21.
The exact mechanism of cromolyn treatment remains a major question. Cromolyn is
commonly regarded as an anti-inflammatory agent acting mainly on suppressing mast cell
mediator release. Yet, numerous alternative pathways have been elucidated so far. For
instance, cromolyn may dampen the IgE antibody interaction with mast cells, basophils and
eosinophils. Furthermore, a cell-selective suppressive effect on macrophages, eosinophils, and
monocytes has been shown, as well as eicosanoid suppression through annexin-A1
release22,23. The findings in this study that no differences in quantity and quality of mast cells
were observed, that H1 and H2 receptor antagonists were ineffective and that prolonged
cromolyn administration leads to less or no beneficial results, would suggest other pathways
than a general mast cell effect. However, forced mast cell degranulation did induce adhesion
formation and others have detected significant changes in intraperitoneal proinflammatory
mediators only at 30 minutes and not at 2 hours after peritonitis induction24. We only
measured MCP-1 at 3 hours after mesh implantation.
The role of cromolyn in the fibrotic response to foreign bodies has been clearly established by
others. In the fibrotic response, cd45+/collagen-1+ fibrocytes recruitment is reduced by
cromolyn16,25. Also, fibrinogen depletion has been shown to effectively attenuate the fibrotic
response13. However, we observed no marked differences in the adhesive tissue to the mesh,
nor did fibrinogen depletion reduce adhesion formation. This might be due to the fact that the
intraperitoneal milieu is markedly different from the subcutaneous position that is typically
used in most studies25,26. For instance, most cells in the adhesion tissue originate from the
omentum which is a rich source for mesenchymal cells after activation by intraperitoneal
mesh18,27.
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An alternative explanation for the cromolyn effect could be found in a mechanical approach.
As mast cell stabilization promotes earlier bowel movements after operation, adhesion
formation might be hindered because of constant mechanic disruption of the fibrinous bands
by early peristaltic movements28. In this study we did not consider functional bowel
movement as an outcome parameter. Histological assessment of bowel tissue did not show
any marked differences.
Recently, IFN-γ has been identified to affect the fibrinolytic response after cecal cauterization
leading to a highly significant reduction or even absence of adhesions11. Interestingly, in the
presence of mesh we observed the opposite, i.e. increased adhesion formation. The nature of
this reaction is uncertain, but IFN-γ is known to be an important cytokine in the immune
system with bidirectional immunoregulatory effects29. An important consequence of our
findings is the fact that tissue-tissue adhesions might be distinctly different from biomaterialtissue adhesions. Adhesion models should therefore be chosen with care27,30.
The mesh material used for these experiments was a commercially available, polypropylene
mesh without coating. However, most meshes for intraperitoneal use are coated on the side
that faces the viscera. This surface modification leads to a significant reduction in adhesions
which might in fact be further improved by cromolyn use18,31. In addition, the meshes without
coating and other foreign bodies placed intraperitoneally by intention such as catheters for
dialysis and suture material could benefit from the preoperative treatment with cromolyn.
For this study, we investigated adhesion reduction at one week follow-up because adhesion
formation with the used mesh will not further increase after this week27. Whether the
observed outcome in adhesion reduction is clinically relevant remains an open question since
no exact scoring systems with an established clinical correlation is available. Nevertheless,
reducing extent and severity of adhesions is highly plausible to decrease the risk of adhesion
related events, at least in terms of infertility and enterotomy risk in reoperations9,32.
Lastly, oral cromolyn is a FDA approved drug that can be used in the treatment of
mastocytosis without significant side effects33. The current findings support its use extended
to the prevention of intraperitoneal tissue-biomaterial adhesions without affecting normal
wound healing as in midline incision strength. Furthermore, the oral administration, limited to
the preoperative period, makes it highly appealing for clinical implementation.
Conclusions
Adhesion formation to intraperitoneal biomaterials such as meshes for hernia repair is a
clinically relevant problem that can be significantly reduced by short, preoperative, oral
cromolyn treatment. The pathogenesis seems to differ significantly from intraperitoneal
tissue-tissue adhesions. The exact influence of cromolyn on biomaterial induced
inflammation, fibrinolysis and fibrosis remains unknown. However, the observed adhesion
reduction through an easy applicable and low risk intervention warrants further clinical
confirmation.
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Figure legends chapter 8
Figure 1
Preoperative administration of cromolyn significantly reduced adhesion formation to mesh at
7 days follow-up (A). Intraperitoneal administration of cromolyn also resulted in a significant
reduction of adhesions (B). However, H1 (ranitidin) and H2 (cetirizin) receptor antagonists
and fibrinogen depletion through ancrod administration did not (B). In addition, IFN-γ
deficiency did not protect from intraperitoneal adhesion formation with mesh (C). (* P <
0.001, ** P = 0.022, *** P = 0.121)
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Figure 2
Starting oral cromolyn treatment 2 days before the operation (“-2 until 0” and “-2 until +1”)
was found essential for adhesion reduction at 7 days follow-up (A). Starting treatment only 24 hours before the operation (“0” and “0 until +1”) or only after the operation (“+1”) resulted
in intermediate and no effects, respectively. Continuing cromolyn treatment until 1 day
postoperatively did not improve results (“-2 until 0” vs “-2 until +1”, and “0” vs “0 until +1”),
but continuing treatment until 7 days follow-up nullified the effect on adhesion reduction. The
oral dosing was found to be effective in doses of 4 mg/kg and higher, though higher doses did
not result in more adhesion reduction (B). (* P < 0.001, ** P = 0.002, *** P = 0.005)
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Figure 3
Both MCP-1 and tPA/PAI-1 ratios were determined in peritoneal dialysate and serum,
respectively. At all postoperative time points (3h: 3 hours; 1d: 1 day; 7d: 7 days) no
significant differences existed between cromolyn treated mice and controls. As expected
however, acute inflammation (MCP-1) was significantly less intense and fibrinolysis
(tPA/PAI-1 ratio) significantly more intense at 7 days follow-up for both cromolyn treated
mice and controls. (* P < 0.001)
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Supplementary data chapter 8	
  
Adhesion coverage calculations
Mesh coverage with adhesions was calculated by taking a standardized picture of the mesh.
Then an independent and blinded observer prepared a two-colour overlay of the picture
depicting the borders of the mesh and the surface of the mesh that was free from adhesions.
Thereafter, the number of pixels representing adhesions (yellow) were expressed relative to
the total number of pixels of the overlay image. In Figure 1S, 69% of the mesh surface was
covered with adhesions.

Fibrinogen depletion
In a pilot experiment we evaluated the efficacy of ancrod administration for the depletion of
Balb/c mice from fibrinogen. Three mice were administered ancrod for 3 days and sacrificed
thereafter. Fibrinogen levels in these mice were undetectable (below 0.2 g/l). Three more
mice were administered ancrod for 4 days and were sacrificed 6 days after the last
administration. By then, fibrinogen levels were restored again (all three 1.5 g/l) and were
almost identical to three mice that received only NaCl 0.9% for 4 days (two 1.5 g/l and one
1.4 g/l).
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Effect of intraperitoneal NaCl administration
In order to examine the effect of intraperitoneal NaCl 0.9% injections on itself we compared
three groups of mice implanted with a mesh and injected with (i) nothing, (ii) NaCl 0.9% until
day 1 postoperatively, or (iii) NaCl 0.9% until day 7 postoperatively. Mice were sacrificed at
7 days postoperatively and adhesions assessed. No significant differences between the three
groups were observed (P = 0.307)(Figure S2).
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Midline closure strength measurement
Midline closure strength was defined as the maximum tensile strength needed to tear apart the
two sides of the healing midline incision at 7 days postoperatively. For this, a 1 cm long part
of the incision was excised and clamped on both sides. The Prolene® 6×0 sutures were cut.
Then both clamps moved apart at a constant uniaxial pulling rate of 1 mm/s (Figure S3). A
digital tensiometer was used (Advanced Force Gauge; Mecmesin, Slinfold, UK). At 7 days
postoperatively, no significant differences were observed between tensile strengths for control
and cromolyn treated mice (0.290 N vs 0.400 N, respectively; P = 0.697).
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PART 3
A HUMAN MODEL FOR
THE EVALUATION OF ADHESIONS TO MESHES
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Abstract
Hypothesis
The prevalence of and risk factors for incisional hernias among temporary stoma wounds have
implications for clinical practice.
Design
Retrospective cohort study.
Setting
University tertiary care hospital.
Patients
All adult patients with a stoma closed between January 1, 2000, and August 1, 2004. Of 150
living patients, 111 (74.0%) were included for analysis after follow-up at the outpatient clinic.
Main outcome measures
The main outcome was incisional hernia in a temporary stoma wound, defined as a defect
within the musculature and fascia detected by ultrasonographic examination. Risk factors for
incisional hernias and the diagnostic validity of clinical symptoms and palpation during the
Valsalva manoeuvre were determined.
Results
After a median follow-up of 35 months (range, 5-77 months), hernia prevalence was 32.4%.
Among patients with a body mass index (calculated as weight in kilograms divided by height
in meters squared) of less than 30, hernia prevalence was 25.8%; among patients with a body
mass index of 30 or higher, hernia prevalence was 59.1%. Palpation demonstrated the highest
sensitivity (58.3%). One in 6 patients had discomfort at the temporary stoma site and no
palpable defect but showed an incisional hernia on ultrasonographic examination. Obesity
was the sole significant risk factor identified in this study (odds ratio, 5.53; 95% confidence
interval, 1.72-17.80). The presence of a stoma in situ for less than 6 months showed a trend
toward being a risk factor (odds ratio, 2.38; 95% confidence interval, 0.96-5.99).
Conclusion
Incisional hernias occur in 1 of 3 temporary stoma wounds, and a body mass index of 30 or
higher is a risk factor.
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Introduction
The first recorded surgical creation of a stoma was in 1776 by the French surgeon Pillore;
today stoma formation is considered a valuable and frequently used tool in intestinal surgery
to bypass a diseased or anastomosed bowel segment1,2. Despite the advantages provided by
the use of stomas, up to 48% of patients with a stoma face complications, such as high output,
prolapse, retraction, or parastomal hernia, leading to skin irritation, pain, unpleasant odours,
difficulties with stoma bag application, aesthetic complaints, limitations on physical activity,
and decreased quality of life3-5. The best method for resolving these problems is closure of the
stoma, which is performed in about two thirds of temporary stomas6. However, stoma closure
carries an often underestimated rate of morbidity and mortality, with complications, such as
postoperative bowel obstruction, infection, and anastomotic leakage, occurring in 20% to 27%
of patients7,8. A subsequent complication is incisional hernia at the temporary stoma site. The
prevalence of incisional hernias was thought to be about 2% to 7% based on earlier
findings9,10. However, the prevalence was found to be 31% to 48% in recent research11,12.
Compared with the general hernia rate among abdominal incisions (10%), the incisional
hernia rate at temporary stoma sites is unfavourable and warrants further investigation13,14.
First, it is important to determine the true prevalence of these hernias by assessing the
diagnostic validity of physical complaints and by physically examining each patient.
Therefore, physicians will be better able to link symptoms to a specific condition (i.e.
incisional hernia). Second, identification of risk factors for incisional hernias in temporary
stoma wounds may lead to new strategies for hernia prevention in high risk patients. So far,
diagnostic validity and risk factors have been addressed only among small study groups, with
low follow-up rates or with questionable methods11,12,15. Therefore, we conducted a
retrospective cohort study among patients who had undergone closure of a temporary stoma at
our institution and who responded to our invitation for clinical and ultrasonographic
examination of their stoma wound. The diagnostic validity of clinical symptoms and palpation
was established, and multiple variables were explored for risk factor analysis. Based on these
results, we formulated implications for clinical practice.
Methods and Materials
Participants
All adult patients who had a surgical stoma closed between January 1, 2000, and August 1,
2004, at the Department of General Surgery, Maastricht University Medical Centre,
Maastricht, the Netherlands, were identified by operation code in the hospital database. The
national registry was checked to eliminate patients who were deceased. The remaining
patients were invited by letter to visit the outpatient clinic for clinical and ultrasonographic
examination of their temporary stoma wounds. Patients who did not respond initially were
telephoned and invited to participate. In cases of multiple temporary stoma wounds, only the
first stoma site closed between January 1, 2000, and August 1, 2004, was used for analysis.
Patients who had undergone mesh repair of an incisional hernia in the temporary stoma
wound were included in the study if data were available about the initial presentation of the
incisional hernia. Patients with mesh repair at sites other than the stoma wound underwent
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ultrasonographic examination and were excluded if the mesh borders were within 3 cm of the
temporary stoma site. Follow-up of patients was conducted between January 18, 2005, and
July 28, 2007. The study was performed in compliance with the Declaration of Helsinki.
Clinical examination
At the outpatient clinic, all patients were first evaluated for physical discomfort at the
temporary stoma wound site, followed by clinical examination. Clinical examination and
palpation was performed in an erect position and a supine position during the Valsalva
manoeuvre. Any palpable defect and need for repositioning due to the hernia were recorded.
Ultrasonographic examination was then performed.
Ultrasonographic examination
Ultrasonographic examination was performed while the patient was in a supine position
during the Valsalva manoeuvre. The abdominal wall surrounding the temporary stoma wound
was imaged with an ultrasonographic system (SSD-2000; Aloka, Tokyo, Japan) using a 7.5MHz linear array probe. A hernia was defined as a defect within the abdominal musculature
and both fascia as detected by ultrasonographic examination (Figure 1)16,17. All patients were
examined by the same physician (M.S.), who was experienced in clinical and
ultrasonographic examination of midline abdominal scars for herniation.
Risk factors
Information concerning possible risk factors was obtained from the hospital database,
operative notes, ward notes, medication lists, hospital discharge summary, and the patient.
The following demographic characteristics were recorded: sex, age at stoma site closure (< 65
or ≥ 65 years), and body mass index (BMI [calculated as weight in kilograms divided by
height in meters squared]) (< 25, 25-29.9, or ≥ 30). The recorded preoperative risk factors
were as follows: underlying disease (malignant neoplasm, inflammatory bowel disease,
fistula, or other), American Society of Anesthesiologists (ASA) index at stoma closure (1, 2,
3, or 4), diabetes mellitus (yes or no), chronic obstructive pulmonary disease (yes or no),
aortic aneurysm (yes or no), collagen disease (yes or no), parastomal hernia (yes or no),
hernia other than a parastomal hernia (yes or no), corticosteroid use (yes or no), smoking (yes
or no), prior laparotomies (< 4 or ≥ 4), peritonitis at the time of stoma creation (yes or no),
type of stoma (ileostomy or colostomy), and interval (in months) during which the stoma was
in situ. The recorded intraoperative risk factors were suture material for closure of the fascia
(non-absorbable or absorbable) and skin closure (open or closed). The recorded postoperative
risk factors were as follows: length of hospital stay in days after stoma closure; wound
infection defined as the presence of erythema, induration, and discharge of serous fluid or pus
(yes or no); and reoperation within 30 days (yes or no).
Statistical analysis
Statistical analysis was performed using commercially available software (SPSS for
Windows , version 15.0; SPSS Inc, Chicago, Illinois). Diagnostic validity of physical
discomfort, the presence of a palpable defect, and the combination of both was determined
using sensitivity, specificity, positive and negative predictive values, and odds ratios (OR)
®
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calculated by logistic regression analysis. Subgroup analyses were performed using two sided
Fisher’s exact tests. To identify risk factors for incisional hernias, univariate ORs were first
calculated using logistic regression analysis for all risk factors. A final multivariate logistic
regression model was then fitted, including all risk factors with P < 0.20 as covariates. P <
0.05 was considered statistically significant. Unless stated otherwise, data are expressed as the
median (range).
Results
Between January 1, 2000, and August 1, 2004, a total of 186 patients underwent closure of a
stoma site. By the time of follow-up, 36 patients had died, leaving 150 patients for evaluation.
Of these, 11 (7.3%) refused consent, 11 (7.3%) were unable to attend the outpatient clinic,
and 12 (8.0%) could not be contacted, despite multiple attempts. The remaining 116 patients
were followed up in our outpatient clinic. Of these, 5 patients were excluded because of mesh
repair at a site other than the temporary stoma wound (the mesh border was within 3 cm of the
temporary stoma wound). Therefore, 111 patients (74.0% of 150) comprised the study cohort,
including 1 patient who had undergone mesh repair of an incisional hernia in the temporary
stoma wound. This operation was performed after the presentation of physical discomfort and
a palpable defect in the temporary stoma wound. The patient was free of discomfort at followup. Among patients with multiple temporary stoma wounds, none showed the presence of an
incisional hernia.
All risk factors were recorded for all patients except for the following: ASA index at stoma
closure (87.4% complete), interval during which the stoma was in situ (96.4% complete),
suture material for closure of the fascia (88.3% complete), length of hospital stay after stoma
closure (97.3% complete), and wound infection (92.8% complete).
Patient characteristics
The patients (56 male and 55 female) were aged 62 (18-84) years at stoma site closure and
were followed up for 35 (5-77) months after closure of the stoma. Temporary ileostomies
(42.3%) and colostomies (57.7%) had been created for the indications of malignant neoplasms
(47.7%), inflammatory bowel disease (29.7%), fistula (9.0%), or other underlying diseases
after 3 (2-12) laparotomies. Peritonitis was present in 24.3% of all patients at the time of
stoma creation. Comorbidities and risk factors included diabetes mellitus (14.4%), chronic
obstructive pulmonary disease (4.5%), smoking (24.3%), and corticosteroid use (8.1%). No
patients had collagen disease or an aortic aneurysm. Almost 60% of patients were overweight
(BMI ≥ 25), while 19.8% of patients were obese (BMI ≥ 30). Parastomal hernia had been
present in 13.5% of patients, and other hernias were present in 28.8% of patients. The ASA
index at stoma closure was 1 or 2 for most patients (93.8%).
The stomas remained in place for 6 (1-48) months, and the suture material for closure of the
fascia was absorbable (79.6%) or non-absorbable (20.4%). Wound infection (10.7%) was
associated with a BMI of 30 or higher (P = 0.04), but not with skin closure (P = 0.60).
Reoperations were performed in 5 patients for fistula (n = 2), anastomotic dehiscence, deep
space abscess, and suspicion of an incisional hernia, which proved to be a collection of
subcutaneous fat. The length of hospital stay at the time of stoma reversal was 7 (2-217) days.
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Ultrasonographic examination
On ultrasonographic examination, 35 of 110 patients were found to have an incisional hernia.
One patient had already undergone mesh repair of the temporary stoma wound. The total
incisional hernia prevalence was 32.4% (36 of 111 patients).
Clinical examination
Diagnostic validity was compared among physical discomfort at the temporary stoma wound,
the presence of a palpable defect, and the combination of both (Table 1 and 2). Palpation
demonstrated the highest sensitivity, yet only 58.3% of patients with an incisional hernia were
seen with a palpable defect. Positive and negative predictive values and ORs were comparable
for the presence of a palpable defect alone and the combination of physical discomfort at the
temporary stoma wound and a palpable defect.
Of 27 patients with physical discomfort at the temporary stoma wound, 10 patients (37.0%)
had a palpable defect confirmed on ultrasonography. Another 5 patients (18.5%) with
physical discomfort had no palpable defect but were identified to have an incisional hernia on
ultrasonography. These 5 patients and the remaining 12 patients with physical discomfort (but
with no detectable defect on ultrasonography) demonstrated no morbid obesity as a risk factor
(P = 0.13 and P = 0.45, respectively).
Risk factors for incisional hernias
On univariate analysis, the following were unrelated to incisional hernia risk (P > 0.40): sex,
age at stoma site closure (including various cut-offs between 55 and 75 years), ASA index at
stoma closure, underlying disease, the presence of chronic obstructive pulmonary disease,
type of stoma, peritonitis at the time of stoma creation, suture material for closure of the
fascia, open skin, length of hospital stay after stoma closure, and wound infection (Table 3).
Factors potentially impairing wound healing (the presence of diabetes mellitus, corticosteroid
use, and smoking) were unrelated to incisional hernia risk either in total (P = 0.33) or
individually (P = 0.22, P = 0.95, and P = 0.41, respectively). The number of prior
laparotomies and a history of hernia (parastomal, other, or combined) also did not increase
hernia risk (P > 0.30). Reoperation after stoma closure was no significant risk factor (P =
0.20), nor did it reach significance or improve the model on multivariate analysis. Hernia
prevalence was 23.8% among patients having malignant neoplasms and elective clean
operations at the time of stoma creation.
Therefore, the only 2 risk factors that were entered into the multivariate analysis were BMI
and the interval during which the stoma was in situ (Table 3). In the resulting model, obesity
(BMI ≥ 30 vs < 25) was the sole significant risk factor for an incisional hernia in a temporary
stoma wound (OR 5.53; 95% confidence interval 1.72-17.80). Hernia prevalence among
patients with a BMI of 30 or higher was 59.1% (13 of 22) compared with 25.8% (23 of 89)
among patients with a BMI of less than 30. The presence of a stoma in situ for less than 6
months showed a trend toward being a risk factor for an incisional hernia in a temporary
stoma wound (OR 2.38; 95% confidence interval 0.96-5.99).
Discussion
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In this retrospective cohort study, incisional hernias were confirmed in almost 1 of 3
temporary stoma wounds (32.4%) by ultrasonography. With the largest cohort to date (111
patients), a high rate of follow-up (74.0%), and a lengthy follow-up (35 months), this rate
seems to be a valid approximation of the true incisional hernia rate in patients with closed
stoma wounds. It is also close to the 31.4% and 32.3% rates found in 2 recent smaller
studies11,15 that focused on incisional hernias in temporary stoma wounds. However, the rate
compares unfavourably with the 10% to 15% incisional hernia rates observed in temporary
midline laparotomy wounds13,14. The rate also compares unfavourably with older studies9,10
reporting a 2% to 7% prevalence of incisional hernia among temporary stoma wounds. This
might be explained by the fact that the older studies focused mainly on the early
complications of stoma closure, such as anastomotic leakage or wound infection.
Ultrasonography was used in this study and in a recent study by Cingi et al15. Traditionally,
the occurrence of hernia was defined as a palpable protrusion at the old incision site. Using
diagnostic modalities such as ultrasonography or computed tomography, additional defects
(covert on palpation) can be identified. The sensitivity of palpation during the Valsalva
manoeuvre was also assessed herein; only 58.3% of all hernias identified on ultrasonography
were detected by palpation in this study. This finding has clinical relevance because at least 1
in 6 patients with discomfort at the temporary stoma site had an incisional hernia that was
identifiable only by ultrasonography.
Almost 60% of all patients with morbid obesity were found to have developed an incisional
hernia. Obesity was the only risk factor for incisional hernias identified in our cohort of
patients with closed stomas. Morbid obesity had previously been identified in other studies18
as the most common risk factor for incisional hernias in laparotomy wounds. Although this
association has become apparent, the actual cause remains unclear. On the one hand, there
may be a mechanical explanation for early fascial dehiscence among patients with obesity.
Abundant subcutaneous fat tissue can hinder a good overview of the operation site and may
become necrotic underneath sutures, leading to their loosening. Furthermore, the tangential
force on the abdominal wall is higher in these patients due to the increased abdominal wall
radius19. On the other hand, the disease process might be associated with or influenced by the
state of obesity itself, as incisional hernias can be regarded as a disease of the extracellular
matrix, regulated by inflammatory cytokines20,21.
The interval during which stomas remained in situ was 6 months, which is comparable to
other studies6,15. A trend was observed for patients with a stoma in situ for less than 6 months
to develop more incisional hernias. No other risk factors were observed among these patients
in subgroup analyses except for a higher proportion of younger patients and the presence of
fewer hernias other than parastomal hernias. A longer period of convalescence for incisional
hernias may lead to better results. However, stomas carry significant morbidity, which is best
resolved by closure.
Additional risk factors such as smoking, corticosteroid use, chronic obstructive pulmonary
disease, history of hernia, and type of stoma have been suggested to influence the incisional
hernia rate18,22, but we did not observe this in our study. Similarly, suture material (absorbable
vs non-absorbable) did not affect incisional hernia rates in our study. A recent trial on closure
of midline laparotomy wounds also found no significant difference in the effect of absorbable
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vs non-absorbable sutures23. Furthermore, we observed a wound infection rate of 10.7% that
was associated with high BMI but not with skin closure, which is in accord with a prospective
study by Lahat et al24 comparing primary vs delayed skin closure after ileostomy reversal.
Together, the results of this study and previous investigations indicate that patients
undergoing stoma reversal, especially in the case of obesity, are at high to very high risk of
incisional herniation. Prophylactic mesh is implanted in high-risk patients undergoing aortic
aneurysm repair or open bariatric surgery25,26. Moreover, mesh is placed in definitive stoma
formations to prevent parastomal hernias27,28. The next step may be placement of mesh in
temporary stomas to prevent parastomal hernias and incisional hernias after stoma reversal.
However, insertion of a foreign object poses risk for infection or fistulisation, which should
be clearly communicated to patients.
Limitations of this study are its design (as a cohort study with data gathered retrospectively)
and the sole measurement of incisional herniation. Patients deceased at the time of the
investigation were excluded according to our study variables. Among the surviving patients, a
high rate of follow-up (74.0%) was achieved, and the duration (35 months) was sufficient to
capture at least 80% of all hernias that can be expected to originate from the procedure18.
More hernias might have been detected with the use of computed tomography. Nevertheless,
ultrasonography is an easily accessible, inexpensive, fast, and minimally invasive imaging
technique that possesses high accuracy. In cases of negative ultrasonographic findings,
computed tomography could be used.
In conclusion, a high rate of incisional hernia formation occurs after stoma closure, affecting
1 in 3 patients. As many as 1 in 6 patients with physical discomfort may have a non-palpable
incisional hernia revealed on ultrasonographic examination. A BMI of 30 or higher is a risk
factor for herniation of the temporary stoma wound. Future research should focus on the cause
of incisional hernias, particularly in the case of obesity, and on prophylactic mesh placement.
Financial Disclosures
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Tables Chapter 9
Table 1
Diagnostic validity of palpation and physical complaints using ultrasound as the reference.
Palpable
defect
Physical discomfort

Yes

No

Ultrasound
Defect

No defect

Total

Yes

10

1

11

No

5

11

16

Yes

11

1

12

No

10

62

72

Total

36

75

111

Table 2
Sensitivity, specificity, and positive and negative predictive values for incisional hernia.
Physical discomfort
Physical discomfort Palpable defect (95%
and palpable defect
(95% CI)
CI)
(95% CI)
Sensitivity (%)

41.7 (26.7-57.9)

58.3 (42.1-73.3)

41.7 (26.7-57.9)

Specificity (%)

84.0 (74.5-90.9)

97.3 (91.7-99.4)

98.7 (93.9-99.9)

Positive PV (%)

55.6 (37.1-72.9)

91.3 (74.9-98.2)

93.8 (74.3-99.3)

Negative PV (%)

75.0 (65.0-83.3)

83.0 (74.1-89.7)

77.9 (68.8-85.3)

Odds Ratio
3.75 (1.52-9.28)
51.10 (10.81-241.52)
PV: predictive value. CI: confidence interval.
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52.86 (6.59-423.70)

Table 3
Logistic regression analysis of risk factors for incisional hernia.
Prevalence
Univariate
Variable
(%)
Odds Ratio (95% CI)
Sex
female vs male
49.5
0.87 (0.39-1.93)
Age
≥65 years vs <65 years
42.3
0.81 (0.36-1.82)
a
2
Body mass index (kg/m )
<25
40.5
1.00 (reference)
25 - 29.9
39.6
0.92 (0.36-2.37)
30
19.8
3.97 (1.35-11.66)
ASA-index
1
53.6
1.00 (reference)
2
40.2
1.57 (0.66-3.73)
3
6.2
0.45 (0.05-4.17)
Underlying disease
Malignant neoplasm
47.7
1.00 (reference)
Inflammatory bowel disease
29.7
1.39 (0.54-3.59)
Fistula
9.0
2.79 (0.70-11.09)
Other
13.5
1.86 (0.56-6.17)
b
Factors for wound impairment
0
61.3
1.00 (reference)
1
31.5
0.48 (0.19-1.21)
2
6.3
0.27 (0.03-2.37)
3
0.9
n.c.
Prior laparotomies
<4 vs ≥4
54.1
1.50 (0.68-3.34)
Peritonitis at the time of stoma
creation
yes vs no
24.3
0.84 (0.33-2.16)
COPD
yes vs no
4.5
1.41 (0.23-8.85)
History of hernia
yes vs no
37.8
1.51 (0.67-3.39)
Type of stoma
colostomy vs ileostomy
57.7
1.04 (0.47-2.33)
Interval during which the stoma
was in placec
<6 months vs≥ 6 months
50.5
1.92 (0.85-4.35)
Suture material for closure of the
fascia
absorbable vs non-absorbable
79.6
1.15 (0.42-3.19)
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P-value
0.73
0.61
0.02

0.40

0.46

0.33

0.32

0.72
0.71
0.32
0.92

0.12

0.79

Skin closure
open vs closed
10.8
1.05 (0.29-3.74)
0.94
Length of hospital stay after
stoma closure
≥7 days vs <7 days
54.6
0.76 (0.34-1.69)
0.50
Wound infection
yes vs no
10.7
0.78 (0.19-3.13)
0.72
Reoperation within 30 days
yes vs no
4.5
3.32 (0.53-20.81)
0.20
ASA: American Society of Anesthesiologists. COPD: Chronic Obstructive Pulmonary
Disease. n.c.: ranges from 0 to infinity. CI: confidence intervals.
a
Multivariate odds ratio (95% CI): 1.15 (0.43-3.12), P = .01
b
Factors for wound impairment include diabetes mellitus, steroid use and smoking.
c
Multivariate odds ratio (95% CI): 2.38 (0.96-5.99), P = .06
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Figure legends chapter 9
Figure 1
Incisional hernia on ultrasonography (A) and on computed tomography (B). Arrowheads
indicate the hernia.
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Abstract
Background
Incisional hernias in old stoma wounds occur in one third of former stoma patients and pose a
significant clinical problem. Parastomal hernias can be prevented by prophylactic mesh
placement; however, no trial results are available for incisional hernia prevention after stoma
reversal. In this feasibility study, we explore the safety of placing an intraperitoneal mesh to
prevent incisional herniation after temporary stoma reversal.
Methods
Ten patients who underwent a low anterior resection with a deviating double-loop stoma for
rectal cancer received an intraperitoneal parastomal mesh at the time of stoma formation. At
stoma reversal, laparoscopy was performed and adhesions were scored. After reversal, the
mesh defect was closed. Mesh and stoma complications were closely monitored. Incisional
herniation was assessed at the 2 year follow-up after stoma reversal using ultrasonography.
Results
No infections occurred after mesh placement. After a median of 6 months, stomas were
reversed. Laparoscopy could be performed in seven patients; all patients had adhesions
(median of 25% of mesh surface). In three patients, the bowel was involved; one required a
laparotomy for bowel mobilization during stoma reversal. No adhesion related morbidity was
noted at any time. Except for one superficial wound infection after stoma reversal, no
infectious complications were observed. After a median follow-up of 26 months, no incisional
herniations were demonstrated.
Conclusions
Prophylactic mesh placement in temporary stoma formations seems safe and feasible and
prevents incisional herniation 2 years after stoma reversal.
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Introduction
Deviating proximal double-loop stomas reduce anastomotic leaks and the need for reoperation
after construction of bowel anastomoses1. Two major problems caused by the formation of
these stomas is the occurrence of parastomal hernias or incisional hernias after stoma reversal.
Parastomal herniation occurs in one of three patients and negatively impacts quality of life2,3.
Incisional hernias at the site of the old stoma wound have received less attention but have
recently been reported to occur in one of three patients as well4,5. Up to half of affected
patients may even require surgical repair4.
To date, parastomal hernia prevention has been attempted and has already been shown to be
effective in three randomized controlled trials by placing a preperitoneal mesh around the
stoma at the time of stoma creation6. These trials were performed mainly in patients with a
definitive single-loop stoma, though a few patients have had their stoma reversed. Of these
patients, no further follow-up has been reported7,8.
Considering the high risk of incisional herniation after stoma reversal, we hypothesized that
prophylactic mesh should be placed in temporary deviating stomas as well. For this, a mesh
placed at the time of stoma creation serves as parastomal hernia prophylaxis and can be closed
at the time of stoma reversal through the same peristomal incision. This way, the continuity of
the mesh is restored and serves as a prophylactic for incisional herniation. Moreover, the
meshes that are specially designed for intraperitoneal use enable easy intraperitoneal mesh
placement at the time of stoma formation in both open and laparoscopic bowel surgery.
Implantation of prophylactic mesh may also have drawbacks, however. Mesh infection,
erosion, adhesion, or fistula formation can occur. Difficult placement techniques may lead to
technical failures. Finally, dissecting the stoma from the abdominal wall at the time of stoma
reversal may be difficult because of adhesions.
In view of the above concerns, a study was designed to assess the safety and feasibility of
intraperitoneal synthetic mesh placement at the time of temporary stoma formation. Here, we
report the technical aspects of this new procedure, the related morbidity, and the 2 year
follow-up of patients who underwent stoma reversal after prophylactic intraperitoneal
parastomal mesh placement.
Methods and Materials
The design of this trial was evaluated and approved by the medical ethical committee of
Maastricht University Medical Centre, Maastricht, The Netherlands. This trial was
prospectively registered at ClinicalTrials.gov with reference NCT00907842.
Patient selection and characteristics
Ten consecutive patients who were to undergo a low anterior resection of the rectum with a
high likelihood of having a temporary deviating double-loop stoma were invited to
participate. Patients who were unable to give informed consent, undergoing peritoneal
dialysis, pregnant, or current or recent users of antibiotics, or had a contraindication for
laparoscopy, American Society of Anesthesiologists (ASA) class higher than 3,
immunodeficiency, ascites, chemotherapy within the previous 3 weeks, corticosteroids or

149

other immunosuppressive drugs, an intraperitoneal mesh in place, or a damaged abdominal
wall at the future stoma site were not eligible for inclusion.
Mesh and tackers
We used a circular Parietex Composite Parastomal mesh, 20 cm in diameter (Covidien,
Mansfield, MA, USA). This mesh consisted of a monofilament polyester structure with a onesided layer of absorbable collagen for adhesion prevention. For use with Sugarbaker’s
parastomal hernia repair method9, a central band of collagen was also applied to the other side
of the mesh (Figure 1). The mesh was fixated using AbsorbaTack (Covidien) absorbable
tackers.
®

®

Temporary stoma creation
Preoperatively, a stoma nurse marked the preferential stoma sites on the skin. At induction of
anaesthesia, patients received a single dose of antibiotics (cefazolin-metronidazole). After
performing the bowel resection and subsequent anastomosis through a midline laparotomy, a
bacterial swab of the peritoneum at the future stoma site was taken. Then, a small circular
piece of skin was excised and a passage of sufficient size was created through all layers of the
abdominal wall using diathermia. In the middle of the mesh piece, a cross-cut was made just
large enough to pass the bowel through; the cross-cut resulted in the creation of four mesh
flaps (Figure 2, A). Next, the mesh was hydrated with 0.9% sterile saline and placed intraabdominally against the peritoneum with the coated side facing the viscera. The cross-cut was
positioned over the stoma site. Outer and inner rings of tackers were placed for mesh fixation.
The bowel loop was gently pulled outward. Care was taken to direct the four mesh flaps in an
outward direction within the abdominal wall musculature. Finally, the abdomen was closed,
the bowel loop opened, and the stoma sutured in place. Postoperatively, all patients received
antibiotics (amoxicillin-clavulanate) for 5 days.
Temporary stoma reversal
At induction of anaesthesia, patients received a single dose of antibiotics (cefazolinmetronidazole). Before initiating stoma reversal, laparoscopy was performed. A 12-mmHg
pneumoperitoneum was achieved via an open introduction at the most cranial part of the old
midline scar. Using a 30º optic, the extent (estimated per cent of mesh surface covered with
adhesions, expressed in increments of 10%), severity (no, mild, or severe adhesions), and
organs involved in adhesions against the mesh were assessed and recorded by the surgeon and
one of the investigators. Next, through a standard circular peristomal incision that was
extended laterally when required, the stoma loop was dissected free from the subcutaneous
tissue, abdominal wall, and mesh flaps, and bowel continuity was restored with either a handsewn or stapled anastomosis. A small piece of the mesh (approximately 10 × 5 mm) was
harvested for later histological analysis. The defect in the fascia and mesh was closed using a
running non-absorbable polypropylene 1 or long-term absorbable polydioxanone (PDS) 1
suture. The subcutaneous tissue was sutured with poliglecaprone sutures 2×0. Closure of the
skin was left to the discretion of the surgeon. Postoperatively, all patients received antibiotics
(amoxicillin-clavulanate) for 5 days.
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Outcome parameters
Mesh infection, mesh erosion, fistula formation, peristomal infections, prolapse, retraction,
stricture of the stoma, and parastomal herniation were assessed during the hospital stay and at
every outpatient clinic visit after stoma creation. Patients visited the outpatient clinic 2 weeks,
1 month, 6 months, and 12 months after stoma creation or until their stoma was reversed.
Mesh infection, mesh erosion, fistula formation, and incisional herniation at the old stoma
wound were assessed during the hospital stay and at every outpatient clinic visit after stoma
reversal. Patients visited the outpatient clinic 2 weeks, 1 month, 6 months, and 12 months
after stoma reversal.
Physical examination for herniation included the Valsalva manoeuvre in erect and supine
positions. From December 2012 to February 2013, all patients were invited for a physical
examination by one of the investigators and ultrasonography by an experienced radiologist.
Ultrasonography of the closed stoma wound was performed with the Valsalva manoeuvre to
detect potential abdominal wall hernias.
Statistics
No statistical analyses were planned for this pilot study. Group results are described using
medians, followed by the lowest and highest values within brackets.
Results
Baseline characteristics
Between 20 April 2010 and 4 October 2010, there were four male and six female patients who
underwent a low anterior resection for advanced rectal cancer and were included in the study,
and two patients refused participation. All patients had received preoperative chemoradiation
therapy. The median age was 66 (58–77) years, ASA class was 2 (2–3), and body mass index
(BMI) was 25 (20–28) kg/m2. One patient was an active smoker.
Temporary stoma creation
Five loop ileostomies and five loop colostomies were created. The median duration of the
operation was 240 (204-533) min, with a median time needed for stoma creation of 17 (15-25)
min. Stoma creation was rated as an easy to perform procedure, except for one surgeon who
experienced average difficulty. All operations were classified as clean-contaminated, and
none of the swabs taken from the parietal peritoneum at the stoma site showed any bacterial
growth. Cross-cutting the mesh resulted in a median surface of 6 (2-16) cm2 for passing the
bowel through. Fixation of the mesh was performed with 20 (10-30) tackers. Postoperatively,
patients were hospitalized for 8 (6-13) days with faecal stoma production starting after 2.5 (28) days. One patient was reoperated on for acute abdominal wound dehiscence, resulting in no
other complications.
Temporary stoma reversal
After a median of 6 (2-15) months, all ten patients had their stomas reversed. The median
duration of the operation was 82 (50-225) min, including the time needed for laparoscopy.
Laparoscopy was not performed in one patient because of newly diagnosed aortic valve
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stenosis. Laparoscopy was attempted in two patients but dense adhesions at the midline
prevented further introduction of the scope. For the other seven patients, adhesions were seen
covering a median of 25% (10-90%) of the mesh surface. Tackers were seen in situ in all
patients (Figure 2, B) but tended to break off easily when touched. In three of the seven
patients (Figure 2, C), adhesions with viscera could not be lysed bluntly and were therefore
classified as severe (Figure 2, D). Nine stomas were reversed extraperitoneally through the
circular peristomal incision, and the difficulty of the procedure was rated as average (n = 5) or
hard (n = 4). One surgeon experienced no difficulties (easy). In one patient, curling up of the
mesh border due to insufficient fixation had caused severe adhesions of the bowel loop
requiring a laparotomy to mobilize the loop.
All operations were classified as clean-contaminated. Mesh and fascia were closed with nonabsorbable polypropylene in seven patients and long-term absorbable PDS in the other
patients. The skin was fully closed in four patients, leading to one superficial wound infection
for which no intervention was necessary. In the six remaining patients, the wound was left
partially open. One patient developed an early anastomotic stricture for which she was
reoperated on (resection and creation of new anastomosis) and spent a total of 28 days in the
hospital. The other patients left the hospital after their first defecation had passed at a median
of 3 (2-5) days.
Outcome parameters
No serious mesh complications were observed at any time. One superficial wound infection
occurred, as mentioned above. During follow-up between temporary stoma creation and
reversal, no parastomal hernia or other evident stomal complications were observed, except
for one patient who developed a stoma prolapse. This was the patient with the largest passage
in the mesh (i.e., 16 cm2). At the regular outpatient clinic visits after stoma reversal, no signs
of complications were noted. At a median follow-up of 26 (14-29) months after stoma
reversal, both physical and ultrasonographic examinations found no incisional hernias in nine
patients. One patient was undergoing palliative chemotherapy for progressive disease and
declined the long-term follow-up visit.
Discussion
In this study, we assessed the safety and feasibility of placing a parastomal mesh
intraperitoneally at the time of temporary stoma formation to prevent incisional herniation
after stoma reversal. No infectious complications related to the mesh were observed at any
time. In addition, 2 years after stoma reversal, no incisional herniations were detected at the
old stoma wounds.
The absence of mesh-related infectious complications is in line with the overall findings from
other groups that have used prosthetic mesh for parastomal hernia prevention in well over 150
patients thus far6,8,10-12. Even with peritonitis, there were no infectious complications after
prophylactic mesh placement13. This finding is particularly interesting because the
gastrointestinal tract was opened during our procedure, classifying the operation as cleancontaminated. Therefore, we continued antibiotic prophylaxis for 5 days postoperatively. A
recent large retrospective review showed that in clean-contaminated procedures, surgical site
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infections (superficial, deep, or organ) occurred in 12.6% of cases with and 8.9% of cases
without meshes, resulting in an absolute risk increase of 3.7%14. However, that review was
prone to bias because the types of mesh, types of patients (acute or elective), and antibiotic
regimens are unknown.
Nevertheless, any prosthetic material remains at increased risk for infection because bacteria
may form a biofilm on the biomaterial surface, which is difficult or impossible for the
immune system to penetrate15. Some authors therefore advocate the use of biological meshes
in contaminated and potentially contaminated fields16,17. However, current clinical data do not
sufficiently support the use of biological meshes in these situations, especially as their use is
expensive and they have a high rate of recurrence after hernia repair. More research
comparing prosthetic and biological meshes is needed18,19.
For this study, we used a relatively new mesh that is commercially available for parastomal
hernia repair, including the Sugarbaker technique. The mesh structure is composed of
monofilamentous polyester fibers, a feature that has proven to decrease susceptibility to
infection20,21. Experimental data have shown that this mesh may even outperform some of the
biological meshes in infectious conditions22,23. Furthermore, the mesh is coated with an
absorbable layer of collagen, a feature that has proven beneficial effects on the reduction of
adhesions when placed intraperitoneally24,25.
Adhesions to the mesh were present in all patients and covered a median of 25 % of the mesh
surface. The bowel was involved in three of seven patients, but no adhesion related morbidity
was noted in any patient. These findings are in line with earlier findings in both clinical and
experimental studies that assessed meshes for laparoscopic hernia repair24,26. Unfortunately,
one patient required a laparotomy for bowel mobilization at the time of stoma reversal, partly
because of adhesions to the curled up mesh border that exposed the bare polyester.
Additionally, some technical difficulties were experienced while dissecting the stoma free
from the surrounding tissue. However, there was no control group in our study and peristomal
adhesions are a known problem at the time of stoma reversal27.
Though no adhesion related morbidity was noted, placing meshes extraperitoneally may avoid
some potential intraperitoneal adhesion related morbidity. This technique can be performed in
both open and laparoscopic procedures at the time of stoma creation by using the exterior
stoma aperture for digitally dissecting a plane between the rectus muscle and posterior fascia
28
.
In parastomal hernia mesh repair, the Sugarbaker technique has shown superiority to the
keyhole technique in terms of hernia recurrence9. However, for parastomal hernia prevention,
the keyhole technique also shows excellent results and can be applied in an extraperitoneal
position6. The mechanism used may depend on the indirect bridging of the fascial defect by
the mesh. This way, the load-bearing forces on the fascial edges are conserved thereby
preventing the selection of abnormal fibroblasts that could contribute to defective wound
healing at the time of wound closure29.
Thus far, only a few surgeons have placed meshes intraperitoneally for parastomal hernia
prevention and no follow-up is available on intraperitoneal adhesion formation11,12. This
clinical study prospectively reports adhesions related to only one type of mesh and all placed
following the same technique. Outcomes were assessed after comparable amounts of time and
not because of any mesh or viscera related emergencies.
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There are some shortcomings to this study. First, the small number of patients and restriction
to rectal cancer patients possibly limit generalizability. Nevertheless, a majority of the
patients who undergo bowel resection suffer from cancer. Second, follow-up for incisional
herniation at the old stoma site was limited to 2 years. Though approximately 75% of all
incisional hernias are expected to become evident by this time, hernias may develop up to 10
years after fascial closure30. Lastly, closure of the fascial defect was performed with both nonabsorbable and slowly absorbable sutures, though this is unlikely to have a significant effect
on the incisional herniation rate31.
In conclusion, prophylactic intraperitoneal mesh placement for temporary stoma formation
seems safe and feasible and prevents incisional herniation 2 years after stoma reversal.
Considering the current results in hernia prophylaxis, a randomized controlled trial to further
confirm safety and effectiveness seems justified.
Disclosures
All authors have no conflicts of interest or financial ties to disclose.
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Figure legends chapter 10
Figure 1
Parietex Composite Parastomal mesh. The mesh is coated on one side with absorbable
collagen, except for a central band of the mesh that is coated on both sides. A cross-cut was
made in the center of the mesh to allow passage of the bowel.
®

Figure 2
A-D Mesh preparation and adhesion assessment. A bowel loop passing through the mesh
before mesh implantation. Flaps (arrows) that result from cross-cutting the mesh face toward
the abdominal wall. B Tackers and absence of adhesions. C, D The presence of adhesions.
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Abdominal wall hernias and intraperitoneal adhesions are the most common long-term
complications of abdominal surgery. In this thesis the problem of adhesions in abdominal wall
hernia repair was addressed with special emphasis on mesh related adhesions.
Clinical problem and awareness
Intraperitoneal adhesions are a known cause of infertility, small bowel obstructions, and
inadvertent enterotomies at the time of reoperation1. In our prospective observational study,
about one in eight patients undergoing abdominal wall hernia repair experienced an
inadvertent enterotomy. This rate was higher than in other series (3-7%)2,3 and may have been
due to a higher amount of complicated cases, though inadvertent enterotomy rate was 10.3%
in uncomplicated cases as well. Perhaps the most likely explanation is the prospective nature
of our study with an independent researcher overseeing each operation while recording
adhesions. Nevertheless, even the lower incidences of inadvertent enterotomies and related
morbidity in other series warrant a clear statement on adhesions during the informed consent
process. The necessity of discussing these adverse events is also evidenced by successful
negligence claims in adhesion related complications in the United Kingdom4. Moreover, 83%
of German gynaecologists indicate to inform patients preoperatively about adhesions5.
However, we found that up to 40-60% of Dutch surgeons and surgeons in training do not
routinely inform patients about adhesions or adhesion related morbidity.
Both the time needed for adhesiolysis and the presence of mesh were identified as risk factors
for inadvertent enterotomies in uncomplicated cases (i.e. no wound infection, no
enterocutaneous fistula and no further surgical procedure at repair). For mesh presence, a 7fold risk increase was observed. This finding is in line with a large retrospective study in
which a much higher enterotomy rate (20.3%) was observed in patients with prior mesh
repair, compared to patients with primary hernia repair (5.3%)2. A likely explanation would
be that adhesions related to meshes are more tenacious and therefore more difficult to dissect
from adhered bowel which again would result in longer adhesiolysis time and a higher
enterotomy rate6. Yet, we found similar adhesiolysis times and only non-significantly
elevated adhesion scores with mesh present. These findings could be related to the fact that
our study was not solely designed for mesh related adhesions. As such, no exact recording of
these particular adhesions was made apart from the note that adhesiolysis was related to the
operating field or not. Finally, the higher adhesion scores with meshes in situ might have
proven statistically significant if patient numbers would have been higher.
Interestingly, there were no significant differences in adhesiolysis time, time needed to harm,
and adhesion severity between meshes placed intraperitoneally or extraperitoneally. This is in
contrast with others who have found intraperitoneal meshes to result in longer adhesiolysis
times or increased bowel resections compared to meshes placed extraperitoneally7,8. Of note,
73-100% of the meshes used in those studies consisted of uncovered polypropylene. In our
study, uncoated polypropylene had only been used in 11% of patients with an intraperitoneal
mesh which may have resulted in improved outcomes. What our results do show is that even
an extraperitoneal mesh position does not fully prevent from adhesiolysis related
complications. Besides from a peritoneal protrusion of an extraperitoneal mesh border
through an incompletely closed aponeurosis and peritoneum, the peritoneal layer itself may
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become more adhesiogenic as it takes part in the inflammatory response elicited by the
surgery and the foreign body implanted. Possibly, the addition of a shielding or
immunomodulatory coating even in the extraperitoneal position could further improve results
in terms of adhesion related complications at later times surgery.
Experimental findings on intraperitoneal mesh related adhesions
The intraperitoneal implantation of meshes induces adhesion formation to a certain extent in
both clinical and experimental studies3,9,10. In this thesis, we investigated some of the
commercially available meshes together with an experimental mesh at different follow-up
times in a preclinical model to more fully understand the complex pathogenesis of adhesions
to intraperitoneal meshes. Follow-ups were chosen at 7, 30 and 90 days as representations of
different phases of wound healing. Around 7 days after implantation, the transition from acute
inflammatory reaction to proliferation occurs and earlier research has shown that the process
of adhesion formation has reached a peak at that point as well11-13. Thereafter, the amount of
adhesive tissue to the mesh diminishes. At around 30 days, the remodelling phase has started
and the mesh material and surrounding tissue have become covered with a lining of
mesothelial cells (the so-called “neoperitoneum”) that should protect from new adhesions
forming. These findings were confirmed by others and us, but only when bare polypropylene
meshes were studied. In case composite meshes were used, i.e. meshes coated with substances
intended for adhesion reduction, some meshes still showed signs of acute inflammation at 30
days follow-up. For this reason, we also included follow-ups at 90 days.
Mesh coatings
In general, the coatings applied to meshes can be described in terms of their ability to be
absorbed and the physical appearance and location of the coating. With regard to absorption,
we noted that the process of phagocytosis of the coating leads to an increase in adhesions
from 7 to 30 days follow-up. We attributed these findings to the fact that phagocytosis
involved a marked influx of macrophages, closely followed by fibroblasts. In this
proinflammatory milieu, adhesions are likely to form14. Remarkably, some of the coated
meshes (polypropylene and polyester coated with an absorbable layer of collagen) showed a
pronounced increase in foreign body giant cells from 30 to 90 days follow-up. However, these
meshes showed excellent clinical behaviour in terms of adhesion reduction. The reason for
this might be the fact that at later times more granulation tissue has already formed around the
mesh. This increases the distance from the inflammatory mesh-tissue interface to the
intraperitoneal interface15. On the other hand, the exact function of the macrophages and
foreign body giant cells may change over time depending on the neighbouring tissues and as a
result from the chemical and physical properties of the mesh and coating11,16. In line with this
are the findings with our experimental, non-absorbable, hydrophilic coating that may have
induced a phenotypic switch of the macrophages resulting in different cytokine profiles or
even anti-inflammatory properties11,17. At 7 days follow-up, this coating induced a very
intense acute inflammation. Yet at 30 days, adhesions were significantly reduced and
macrophages, foreign body giant cells and fibroblasts were less or equal to control and
commercially coated meshes for intraperitoneal use.
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As for the physical appearance and location of the coatings we found a smooth, non-porous
layer on one side of the mesh to be the most important determinant for successful adhesion
prevention. Meshes without such coating failed to perform well in terms of adhesion
reduction even when in vitro studies had shown a favourable cellular response to the mesh
material itself18,19. The physical presence of a barrier between the non-absorbable, often
reticular mesh structure and the intraperitoneal contents can be considered to have several
functions. Not only does it simply prevent the intraperitoneal contents to react with the mesh
material, but it also prohibits direct interaction between the intraperitoneal contents and the
abdominal wall. This is of relevance as we noticed that the abdominal wall has a significant
role in the adhesion formation process (Figure 1). It is likely that the abdominal wall
inflammatory infiltrate elicited by the mesh forms a specific lead point for adhesion
formation. In case reticular mesh without coating is employed, adhesions may then form
through all the pores. In case of meshes with a layered coating this will only be the case at the
border of the mesh where the infiltrate extends beyond the coating. Indeed, the mesh borders
are known to be preferential sites for adhesion formation. Furthermore, with uncoated
reticular meshes a multitude of anchorage sites are available for adhesions to attach to and the
strands may also induce trauma to the intraperitoneal organs by chafing against them.
Mesh incorporation and fixation
Both for bare polypropylene and coated meshes, consistently poor ingrowth of the meshes
into the abdominal wall was observed when meshes were placed intraperitoneally and fixated
with two to four sutures. Incorporation only took place at the site of fixation and was
unrelated to the amount of inflammation induced by the mesh itself. At the rest of the meshabdominal wall interface, both the mesh and the abdominal wall surface were covered with
mesothelial cells making future ingrowth highly unlikely. These findings could be related to
the fact that only at the site of fixation the abdominal wall is truly injured. If so, creating an
acute wound by scraping the abdominal wall at the site of mesh placement could stimulate
incorporation20. On the other hand, one could also argue that the limited number of fixations
in our study could not approximate the mesh close enough to the abdominal wall for sufficient
incorporation. Yet, our test animals were four-footed so that abdominal contents pressed the
mesh against the abdominal wall most of the time.
Because of the poor incorporation, the importance of mesh fixation must be underscored.
Quite probably, the number of fixations should be high enough21 and the fixation method
should remain in place for a long time or not resolve at all. Furthermore, the combination of
different fixation methods, i.e. transfascial sutures and tackers, could provide extra benefit in
terms of mesh incorporation and maximal strength22. Even though transfascial sutures have
been found to be responsible for some cases of chronic pain based on nerve entrapment23, a
recent systematic review on clinical data concerning mesh fixation methods did not find any
differences in hernia recurrence or abdominal wall pain24.
As for adhesion prevention, we showed that only fixation methods that are quickly absorbed
result in less adhesion formation. Fibrin glue especially was of interest since it’s absorption
within 7 days after implantation seemed to have an anti-adhesive effect that could be used
clinically for adhesion prevention at mesh borders or otherwise damaged parts of peritoneum.
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Unfortunately, the effectiveness of intraperitoneal mesh fixation with fibrin glue is
questionable25,26.
The early immune response
From the very first moment a biomaterial comes into contact with the host tissue, the immune
system is triggered and a complex inflammatory cascade starts. The adherence of fibrinogen
to the biomaterial surface and the recruitment of inflammatory cells through mast cell
activation have both been shown to be among the earliest and most crucial steps in this early
immune response27-30. Furthermore, the formation of intraperitoneal adhesions in the absence
of a foreign body has been shown to be dependent on interferon gamma31. However in our
studies, we failed to show that these pathways are also crucial in the formation of adhesions to
intraperitoneal mesh. Important differences with former research is the fact that we evaluated
a foreign body in an intraperitoneal position, as opposed to the subcutaneous position27-30 or
adhesions related to induced tissue trauma31.
Until now, most approaches to reduce mesh related adhesions involved locally acting
compounds. We have now shown a novel approach with systemic, preoperative
administration of the orally delivered drug cromolyn to work as well. Cromolyn’s mode of
action is likely to be related to the very first stages of biomaterial induced adhesion formation
since starting therapy only slightly before or after mesh implantation did not show any
benefits. Even though we did not uncover the exact mechanisms involved, we do believe that
cromolyn needs further attention and clinical testing as the positive effects can be easily
obtained without apparent side effects.
Another interesting phenomenon is the tissue comprised of immunomodulatory cells that
surrounds the mesh after the first days of implantation. The tissue is further enriched with
fibroblasts, adipose cells and vascular endothelial cells with a single layer of mesothelial cells
on top. Remarkably, the exact origin of all these cells is unknown. Yet, their appearance
around the mesh material from the very early moments after implantation and the increase in
number and variety are intriguing. Understanding this process might be of interest in the
search for adhesion reductive measures. Both omental and mesothelial cells are of particular
interest.
As the omentum is consistently found attached to intraperitoneal meshes, it has been studied
in more detail in several experimental studies. Besides the favourable response to
intraperitoneal trauma and infection32, more recent research has shown that the omentum
undergoes reversible adipose tissue remodelling in response to tissue trauma33. In response to
foreign bodies, the omentum enlarges and immunomodulatory myeloid derived suppressor
cells increase together with omnipotent stem cells, indistinguishable from mesenchymal stem
cells34. Depending on the local environment, these stem cells may at least develop into highly
vascularized adipose tissue or fibrous tissue with large amounts of collagen and
myofibroblasts35. Even endodermal and ectodermal lineages can arise from these stem cells34.
The peritoneum is also thought-provoking because irrespective of the size of trauma to this
layer, the layer is re-established about 7 days after the trauma. Several hypotheses, that might
in fact all be true, exist for this phenomenon36. First of all, omnipotent stem cells or
perivascular cells in the mesothelium can transform into mesothelial cells. Second,
transplantation of mesothelial cells coming from the mesothelium of adjacent structures or
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from free floating mesothelial cells can occur. These modes of action may also relate to an
intraperitoneal foreign body on which mesothelial cells can be deposited. In addition,
mesothelial cells can undergo epithelial-to-mesenchymal transition, e.g. adopting a fibroblast
phenotype, which is associated with fibrosis37.
Further experimental research on the exact point of action of cromolyn should include the
effects of cromolyn on omental and peritoneal tissue.
A human model for the evaluation of adhesions to meshes
By definition, stoma formation involves the formation of an abdominal wall hernia. As such,
stoma reversal can be regarded as a hernia repair. Though unlike hernia repair, stoma reversal
is typically performed without mesh since the pathophysiology of the “hernia” is significantly
different. However, whether mesh can be omitted remains to be determined as we and others
have found incisional hernia rates after stoma closure of around 30%38,39. These rates are
much higher than the rates observed in studies with shorter or inadequate follow-up and
without employing imaging as gold standard38. Yet, only 42% of the hernias we detected were
symptomatic in terms of physical discomfort and 58% in terms of a palpable defect. Maybe
these proportions will rise at later time points as it is believed that the natural course of
hernias is to enlarge over time40.
In our study, morbid obesity was found to be the only significant risk factor for the
development of an incisional hernia. Interestingly, obesity seems to be one of the most
constant risk factors for primary and recurrent incisional hernias throughout a wide array of
studies41-44. Several factors can be reasoned to have substantial influence. For instance,
abundant subcutaneous fat can hinder a good overview of the operation site and may become
necrotic underneath sutures, leading to their loosening. Also, the tangential force on the
abdominal wall is higher in obese patients due to the increased abdominal wall radius45. From
a metabolic point of view, incisional hernias can be regarded as a disease of the extracellular
matrix, regulated by inflammatory cytokines, which may be influenced by the state of obesity
itself46,47. In addition, peristomal atrophy of the abdominal rectus muscle together with a shift
of the midline away from the stoma can necessitate additional force at the time of stoma
reversal48,49. Moreover, the atrophy and changes in forces executed on the abdominal wall
may lead to the selection of abnormal fibroblasts that could contribute to a defective wound
healing49,50.
In line with studies focusing on other patient groups at high risk for incisional hernia
formation51 (e.g. aortic abdominal aneurysm disease, obesity) we performed an interventional
study in which patients received a parastomal mesh at the time of stoma creation. Although
this procedure has already proven to decrease the occurrence of parastomal hernias in
definitive stomas52, we chose to include only temporary stomas. At the time of stoma reversal
the mesh was then left in place, suture closed and served as a prophylactic measure for
incisional herniation.
Results at two year after stoma reversal showed no incisional hernias and no mesh infections
at any time. Nevertheless, the introduction of a prosthetic mesh carries with it the risk of a
foreign body that can be a safe haven for bacteria53. For this reason, some authors advocate
the use of biological meshes in these potentially contaminated fields54,55. However, their use
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is expensive, hernias may occur after absorption of the mesh56,57, and certainly not all of these
meshes are immune to infection58,59. In our study, a monofilament polyester mesh with a
layered collagen coating (Parietex Parastomal Mesh ) was chosen to reduce infection and
adhesions9,60.
In one patient severe adhesions had formed between the bowel and a curled up border of the
mesh necessitating a midline laparotomy. Placing meshes extraperitoneally could probably
avoid such complications. Apart from this, no significant adverse events were observed at any
time during the study. Now, the question is whether the potential benefits of standard
prophylactic mesh placement for temporary stomas outweigh the detrimental effects in terms
of quality of life and cost effectiveness61. Randomized controlled trials with sufficiently long
follow-up and quality of life assessment are therefore needed before parastomal mesh can be
applied as a standard prophylactic measure in temporary stoma formation.
Finally, adhesions were of particular interest and therefore evaluated laparoscopically and
small parts of mesh sampled at the time of stoma reversal. By doing so we have established a
clinical model that allows for the prospective study of intraperitoneal mesh related adhesion
formation. Until now, the interpretation of clinical mesh related adhesions was limited
because of (very) large variation in follow-up times or the fact that reoperations were
performed for emergencies related to the mesh or viscera. Additionally, the sampled pieces of
mesh will prove valuable in comparing the foreign body reaction between humans and
animals. If the reactions prove to be similar, it adds to the scientific basis of performing
experimental studies aimed at translational medicine.
®

Future perspectives
Some intriguing issues merit further attention. A selection of these has been elaborated on as
follows.
Improving adhesion awareness
Being aware of adhesions and adhesion related morbidity requires a state of mind that
acknowledges the huge burden of adhesions. Even though the related complications may only
become overt at much later times, providing patients with adequate information
preoperatively and attempting adhesion prevention at all times are necessary. However, in
order to change current behaviour both knowledge and attitude need to be addressed62.
Information on the burden of adhesions can be disseminated from as soon as medical students
are taught about surgical concepts. Even more important is the incorporation of the subject in
training programmes for surgical specialty residents. For current surgical specialists
continuous medical education modules should be developed. As for attitude, ambiguous
results from published studies, as well as personal beliefs and experiences can be regarded as
major barriers. Hopefully, the results of some excellent meta-analyses on the burden of
adhesions1 and antiadhesive agents63 as well as the conception of a consensus document with
clinically relevant recommendations will improve attitude. Yet, behaviour may remain
unchanged until evidence based guidelines on adhesions, adhesion counselling and adhesion
prevention are adopted by the relevant surgical societies. An important question that remains
is whether all patients or only patients at particularly high risk for adhesions should have
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antiadhesive agents applied. For this, the general appraisal of risks and benefits prevails. The
apparent lack of serious adverse outcomes might in fact support the use as a widely used
secondary preventive (i.e. no adhesions yet), instead of tertiary prevention (i.e. adhesions
already present).
Lastly, updated studies on cost effectiveness and quality of life should be communicated to
health insurance companies and patients. Apart from antiadhesive agent manufacturers that
are currently involved, these groups may then actively engage in raising awareness among
surgeons as well.
Mesh biocompatibility
The term biocompatibility addresses both a device’s ability to perform its intended function,
as well as the absence of any undesirable local or systemic effect in the host64.
Biocompatibility is also a contextual term implying that the specific situation (i.e. placement
technique, location of the mesh, patient factors) is of great importance too. Thus, the term
biocompatibility is all-embracing, characterizing the net result of mesh implantation.
Therefore, biocompatibility is ideally assessed by using clinically relevant outcome measures
such as pain or foreign body sensation, improvement of quality of life, adhesion related
complications, and clinical recurrences against a background of certain diseases like collagen
disease. Although some standardized methods for the measurement of quality of life after
incisional hernia repair are available65, consensus is urgently needed on which method is most
suited and at which time point. A separate appreciation on the subject of adhesion related
complications following intraperitoneal mesh placement follows below.
Our observations that most of the currently available meshes with a layered coating provide
comparable adhesion prevention together with limited ingrowth are of particular interest9. It
probably shows that the different combinations of already known coatings and plastics are
unlikely to further enhance biocompatibility. As a result, collagen based meshes have been
introduced to better withstand a potentially infected or infected milieu. However, as stated
before, their ability to do so may be limited and their ability to be absorbed might be of more
relevance since the infection then no longer has a biomaterial based nidus. Future
developments in this field should involve the development of new materials and coatings,
possibly enriched with bioactive substances. These substances could involve antibiotics66,67 or
chemokines, cytokines, antibodies or other substances (e.g. statins, cromolyn, …)31,68,69 that
target different phases of inflammation and wound healing. Obviously, such new constructs
would require extensive testing and should be regarded as drug trials even though it involves
a significant investment of time and resources.
Clinical studies, including prospective registries, offer the ultimate testing model but their use
is associated with many practical and ethical limitations. Experimental studies thus have an
important role in testing hypotheses, exploring pathways and comparing promising treatment
methods and devices before clinical testing. Comparing meshes that are identical in all but
one characteristic can greatly improve our understandings of relevant characteristics. Yet, it
also demands a commitment from industry, as commercially available meshes typically vary
in more than one characteristic and the required custom-made meshes can be out of scope for
many research centres.
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Furthermore, premarket testing of new meshes should be conducted on at least a European
level involving multiple test centres that have proven expertise in this field. A standardised set
of tests, to be consented by an independent panel of mesh specialists, must be determined and
could involve variables from in vitro (e.g. flexibility, effective pore size, bacterial resistance)
and in vivo testing (e.g. adhesion formation, foreign body reaction, strength of incorporation).
In the absence of solid evidence for only one or two predictors of biocompatibility, surgeons
must be able to consult these test results, for instance through a freely available web site,
before choosing a mesh for implantation. Ideally, new legislation that is underway should
mandate these tests before devices are cleared for human use.
Scoring mesh related adhesions
As discussed above, clinically relevant outcomes are of utmost concern when evaluating
different methods of treatment. In case of adhesions such endpoints include infertility, small
bowel obstructions, and inadvertent enterotomies at the time of reoperation. However,
employing these endpoints for clinical research may in fact be prone for confounders and
require high numbers of patients with a lengthy follow-up. As a result, surrogate markers are
used. The occurrence of adhesions, scored as a simple yes or no, is probably the best
surrogate endpoint since even a single adhesion may cause a bowel obstruction and the total
absence of adhesions precludes the patient from adhesion related complications. However, it
is also acknowledged that a total absence of adhesions after major large bowel surgery with
peritonitis may be a far-fetched idea. In such cases, a decrease in extent, type, and severity of
adhesions is generally acknowledged to possibly result in significant clinical benefits as well.
In fact, a score based on the incidence, severity and extent of adhesions involving the ovaries
and tubes has shown good correlation with pregnancy rates, even though this score is also still
susceptible to some degree of subjectivity70. For non-gynaecological studies, it has been
shown that adhesiolysis time is correlated with the number of inadvertent enterotomies6. As
adhesion severity and extent increase, the time needed for adhesiolysis will increase as well.
Therefore, severity and extent of adhesions have value as surrogate markers for adhesion
related enterotomies. Whether this also holds for small bowel obstruction remains unknown.
Unfortunately, at the moment there seems to be no consensus on the exact adhesion scores for
non-gynaecological adhesions, both in clinical and experimental research. For instance,
systematically scoring adhesions to meshes in a clinical setting has been based on 6 different
scoring systems in 8 published studies3,71-76. In the experimental setting the number of scores
is even larger and many subgroups of scores have been created. This lack of consensus leads
to a loss of clinical relevance, translatability, efficiency and comparability among different
study results. Clearly, it is high time to obtain consensus on experimental models and
definitions used for studying mesh adhesions. This consensus should however not limit
creativity, nor the study of different outcomes. Instead, it is envisioned to be included in the
studies as a standard report and it’s use should be reinforced by the journals publishing on
these subjects.
Prevention of abdominal wall hernias
Preventing incisional hernias to the fullest is achieved by natural orifice transluminal
endoscopic surgery in which no incision in the abdominal wall is used. Furthermore,
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minimizing the extent (laparoscopy)77 and optimizing the direction (transverse instead of
midline)78 of the incisions helps to reduce the incidence of abdominal wall hernias.
Nevertheless, midline laparotomies are still a much preferred and often used route to the
abdomen. In the past decade a large amount of well-performed randomized controlled trials
have become available on this subject. Key findings include the use of a continuous (vs.
interrupted) technique with non or slowly absorbable (vs. rapid-absorbable) suture material79.
Currently, most surgeons seem to have adopted this way of elective midline closure. A newer
concept that has been thoroughly tested as well is the small-bites-small-steps technique (5-8
mm from the wound edge, 4-5 mm apart) resulting in a suture to wound length ratio of 4 or
higher80. Moreover, only the aponeuroses should be included in the stitch, not muscle or other
tissue, and the suture needs not to be any thicker than 2×0 on a small needle80. This way,
incisional hernia rates of the electively closed midline can be reduced by two thirds81. These
concepts are still relatively new and seem to require more time for wide adaptation. Even
recent polling among surgeons active in the field of hernia surgery showed only a minority to
currently use this technique, though proportions seem to increase. Like with adhesion
awareness, the dissemination of these results for midline closure needs incorporation in
training and continuous medical education programmes as well as in a guideline on
abdominal closure. With the latter, even the addition of prophylactic mesh in patients at
particularly high risk for incisional hernia should be considered51.
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Figure legends chapter 11
Figure 1
The abdominal wall has a significant role in the adhesion formation process. In A, uncoated
mesh is sutured against the abdominal wall resulting in a high number of mesh pores exposing
the inflammatory infiltrate (jagged clouds). In B and C, coated mesh is placed against the
abdominal wall resulting in significantly less adhesion formation compared to A (Chapter 5).
The coating faces the abdominal wall in B, or the viscera in C.
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