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Abstract
Background/aim Incisional hernia is one of the major
elements of morbidity after abdominal surgery, with high
incidence in vertical midline abdominal incisions. How-
ever, the risk of developing an incisional hernia can be
increased due to the patient’s related factors; therefore,
more consideration has to be given to the choice of inci-
sion, wound closure and wound healing to protect against
incisional hernia, especially in high-risk patients. In this
study, we used prophylactic subfascial non-absorbable
mesh reinforcement of midline closure in high-risk
patients to detect whether Wxing the wound with mesh is
risky on a short-term basis and whether it is protective on
a long-term basis.
Patients and methods From October 2000 to December
2002, 40 high-risk patients liable to develop postoperative
incisional hernia underwent elective abdominal operations
through midline abdominal incisions at the Department of
Surgery, Gastroenterology and Laparoscopic Unit, Tanta
University Hospital, Egypt. They were randomly divided
into two groups; group A: patients for whom the midline
abdominal incisions were closed by conventional method
and reinforced by subfascial polypropylene mesh (20
patients); and group B: patients for whom the midline

abdominal incisions were closed by conventional method
only (20 patients) with a follow up period of more than
20 months.
Results There was no signiWcant diVerence (P = 0.075) in
both groups regarding the age, sex and the average risk fac-
tor. Twenty-three patients (57.5%) presented with more
than one risk factor (11 in group A and 12 in group B). The
upper midline abdominal incisions were reported in 33
patients (19 upper and 14 extended upper). There was no
signiWcant diVerence between the overall local and sys-
temic complications in both groups (P = 0.4082). However,
the subcutaneous seroma and chronic wound pain were
greater in patients with prophylactic mesh than those with-
out mesh.  One group A patients (5%) and three group B
patients (15%) developed postoperative incisional hernia
during the follow up period.
Conclusion Prophylactic subfascial non-absorbable mesh
reinforcement of midline closure in high-risk patients can
be used safely and eVectively to provide extrinsic strength
of the wound without relying too much on the defective
development of its own intrinsic strength and to prevent
subsequent incisional hernia. There was no risk in the use
of the mesh regarding local and systemic complication.
However, the Wnal statement should await the outcomes of
the long-term follow up of the studied cases.
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Polypropylene mesh

Introduction

Abdominal wall defects that appear after surgical interven-
tion are known as incisional hernias or post-laparotomy
evisceration. The incidence of incisional hernias in centres
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by long-term follow up studies varies between 2 and 13%
and may reach up to 45% in high-risk patients [1].

Most incisional hernias develop during the Wrst three
months after surgery, which is a critical period for the
healing of transected muscular and Wbrous layers of the
abdominal wall [2]. However, most studies recommended a
long-term follow up period of up to at least 5 years of
midline abdominal incisions to determine the actual
incidence of incisional hernia [3, 4].

The midline abdominal incision is preferred in abdomi-
nal surgery, as it provides wide and rapid access compared
other incisions. However, the incidence of incisional her-
nias is higher following midline abdominal incisions than
in other abdominal incisions because the tension at the
suture lines in other abdominal incisions is lower, since it is
distributed in diVerent directions and several layers [5].

Several factors aVect the process of wound healing:

1. Surgical site infection (SSI): there was a high correla-
tion between SSIs and subsequent incisional hernia for-
mation as the incidence of incisional hernia increased
up to 38.3% with SSIs [6]

2. Poor surgical technique: the ideal method for the clo-
sure of midline abdominal incision that reduces the
incidence of incisional hernia is mass closure using
continuous sutures, which should be placed at least
1 cm from the cut edge at intervals of not more than
2 cm, with adequate suture length (wound length ratio
at least 4:1) using non-absorbable or slowly absorbable
material [7, 8]

3. Patient-related factors: many patient-related factors
aVect healing and include:

• Old age
• Obesity
• Diabetes mellitus (DM)
• Nutritional deWciencies (anaemia, hypo-proteinaemia

and vitamin depletion)
• Hepatic cirrhosis
• Jaundice
• Renal impairment
• Malignancy
• Cardiac disease
• Chest problems
• Previous abdominal incisions
• Steroid therapy [1, 9–11]

Polypropylene mesh is widely used for the reconstruction
of incisional hernias that cannot be closed primarily. Sev-
eral techniques have been advocated to implant the mesh,
with controversy about the advantages of each technique in
preventing incisional hernia recurrence [12]. In our study,
we used the polypropylene mesh material in subfascial
positioning to create reinforcement at the linea alba to

eYciently consolidate the laparotomy closure and substan-
tially reduce the incidence of incisional hernia [13]. The
purpose of this study is to detect whether Wxing the wound
with mesh is risky on a short-term basis, and whether it is
protective on a long-term basis.

Methods

From October 2000 to December 2002, 40 high-risk
patients liable to develop postoperative incisional hernia
underwent elective abdominal operations through midline
incisions at  the Department of Surgery, Gastroenterology
and Laparoscopic Unit, Tanta University Hospital, Egypt.
High-risk patients means patients who had one or more risk
factors that may aVect the healing process and make them
more liable to develop postoperative incisional hernia. So,
according to our list of risk factors it was easy to diVerenti-
ate between low- and high-risk patients.

Institutional Review Board approval and complete
informed consent from  patients was obtained after discus-
sion of the risk/beneWt ratio with patients with group A.

The patient cohort was randomly divided into two
groups:

• Group A: patients for whom the midline abdominal inci-
sions were closed by conventional method and rein-
forced by subfascial polypropylene mesh (20 patients)

• Group B: patients for whom the midline abdominal inci-
sions were closed by conventional method only (20
patients)

All patients were subjected to:

1. Thorough history taking (full inquiry about the pres-
ence or history of well-known risk factors)

2. Full clinical examination
3. Routine laboratory and radiological investigations
4. Endoscopic examination when required
5. Operative details were recorded
6. Postoperative ultrasonography was done for all patients

in both groups A and B on the 10th postoperative day
to detect seroma or hematoma formation, especially
those that were deep in relation to the mesh

Technique of mesh insertion in midline abdominal inci-
sions in group A patients

Figures 1, 2 and 3 illustrate the technique used for group A
patients.

The following points of the technique were noted:

1. Good dissection for about 2 cm on each side of the
linea alba. We always tried to keep the peritoneal layer
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intact during the dissection and avoided making any
holes in the peritoneum. In this study, we made this
dissection Wrst during the opening of the abdomen, as
this was easier and better in keeping the peritoneum
intact before opening. We always tried to cover the
bowel with omentum as much as possible to be sure
that there was no risk from the mesh positioning to the
intestine.

2. After closure of the peritoneum by continuous suture
using polyglactin 2/0 and before we started to insert the
mesh, we were sure that there was no gap or rents in
the peritoneum.

3. The polypropylene mesh was then inserted preperiton-
eally in the same direction of closure of the perito-
neum.

4. After adjustment of the mesh size to the available pre-
peritoneal space, four sutures were taken in the angle of
the mesh to be Wxed and were not rolled; these sutures
were Wxed up to the rectus muscle and down to the
peritoneum.

5. After good Wxation of the mesh and making sure that
there was no contact between the mesh and the bowel,
the abdominal wall was closed by continuous non-
absorbable sutures using polypropylene no. 1 by mass
closure of the linea alba with sutures placed from the
angle of the wound spaced 1 cm apart and 1 cm from
the cut edge. During this closure, we usually passed
some interrupted suture from one edge of the linea alba
to the other, passing through the mesh pores to give a
better Wxation of the mesh and to prevent any migration
or rolling.

Technique of closure of the midline abdominal incisions 
in group B patients

The abdominal wall was closed by continuous non-absorb-
able sutures using polypropylene no. 1 by mass closure of
the linea alba with sutures placed from the angle of the
wound spaced 1 cm apart and 1 cm from the cut edge.

In both methods, the subcutaneous tissue was closed by
absorbable sutures and the skin was closed by interrupted
sutures no. 3/0. We did not insert any wound drains in the
subcutaneous space in both groups.

Follow up

All patients were examined 2 weeks after discharge and
every month for 6 months, and then every three months
for the period of the study. Postoperative ultrasonogra-
phy was done for all patients in both groups on the 10th
postoperative day to detect seroma or hematoma forma-
tion, especially those that were  deep in relation to the
mesh.

Fig. 1 The preperitoneal space after complete closure of the perito-
neum

Fig. 2 Positioning of the polypropylene mesh in the preperitoneal
space

Fig. 3 Complete closure of the linea alba as a mass-continuous
closure
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There were no missing patients in both groups but two
patients, one from each group, died after 2 and 3 years post-
operatively, respectively.

Results

Baseline parameters

This study included 40 patients who were equally divided
into two group (A = 20 and B = 20). There was no statisti-
cal diVerence between the groups regarding sex, age, fol-
low up period, risk factors, the type of incision and the
family history of hernia. The mean age of both groups was
47.7 years. Most patients presented in the age group 50–
60 years (Wve in group A and six in group B). The period of
follow up had a mean § SD of 2.65 § 1.67 months in
group A versus 2.01 § 1.03 in group B (P = 0.81). Regard-
ing the risk factors, there was also no signiWcant diVerence
in both groups; 2.32 § 1.42 (P = 0.075). A positive family
history of hernia was reported in three patients (15%) in
group A versus one patient (5%) in group B. Regarding the
types of midline abdominal incisions, classic upper midline

incisions were presented in 19 patients (11 in group A and
eight in group B), extended upper midline incisions were
presented in 14 patients (six in group A and eight in group
B), while lower midline incisions were presented in seven
patients only (three in group A and four in group B)
(Table 1).

Risk factors

There was no signiWcant diVerence between both groups
regarding the risk factors, with mean of 2.65 § 1.67 in
group A versus 2.01 § 1.03 in group B (P = 0.075). Morbid
obesity was the common risk factor in our study in 17
patients (42.5%) (nine in group A and eight in group B),
while renal impairment was presented in only one patient in
group A. In this study, 23 patients (57.5%) presented with
more than one risk factor (nine in group A and 14 in group
B) (Table 2).

Local and systemic complications

There was no signiWcant diVerence between the overall
local and systemic complications in both groups; the

Table 1 Baseline parameters in 
both groups

Baseline parameter Group A (n = 20) Group B (n = 20) Total (n = 40)

Sex (male/female) 1/1.5 1/1 1/1.2

Age at operation, 
mean § SD, years

47.86 § 13.82 47.61 § 14.11 47.72 § 14.78*

Average number of risk factors, 
mean § SD

2.65 § 1.67 2.01 § 1.03 2. 32 § 1.42**

Follow up period, mean § SD, 
months

37.15 § 9.967 36.25 § 10.84 36.73 § 10.288***

Abdominal incisions, n (%)

Classic upper 11 (55%) 8 (40%) 19 (47.5%)

Extended upper 6 (30%) 8 (40%) 14 (35%)

Lower 3 (15%) 4 (20%) 7 (17.5%)

Family history of hernia, n (%) 3 (15%) 1 (5%) 4 (10%)* P > 0.05; **P = 0.075; 
***P = 0.081

Table 2 Various risk factors 
present in the studied patients

Risk factors Group A, n (%) Group B, n (%) Total, n (%)

Chest disease 4 (20) 2 (10) 6 (15)

Morbidly obese 9 (45) 8 (40) 17 (42.5)

Multiparity 6 (30) 5 (25) 11 (27.5)

Diabetes mellitus (DM) 4 (20) 4 (20) 8 (20)

Liver disease 9 (45) 7 (35) 16 (40)

Cardiovascular disease 3 (15) 5 (25) 8 (20)

Malignancy 4 (20) 5 (25) 9 (22.5)

Hypersplenism 3 (15) 1 (5) 4 (10)

Renal impairment 1 (5) 0 1 (2.5)

Previous abdominal incision 8 (40) 5 (25) 13 (32.5)

Malnutrition 2 (10) 1 (5) 3 (7.5)
123



Hernia (2009) 13:267–274 271
incidence of complication in group A was 1.88 § 1.45 ver-
sus 1.66 § 1.22 in group B (P = 0.4082) (Table 3).

Hernia formation

A total of four patients (10%), only one patient in group A,
developed postoperative incisional hernia during the period
of follow up, while three patients (15%) in group B devel-
oped postoperative incisional hernia. There was a signiW-
cant statistical diVerence in the rate of hernia formation in
both groups (P = 0.01) (Table 4).

Discussion

Recent studies show that certain approaches for the closure
of laparotomy can reduce the likelihood of incisional her-
nias. Nevertheless, even in the best samples, the frequency
of its occurrence varies between 5 and 15% and up to 49%
when patients are monitored for several years or when fac-
tors associated with laparotomy greatly increase the risk of
incisional hernias [13].

Since it was proved by diVerent studies that there is a
predisposing collagen metabolism disturbance in patients
with inguinal hernias who developed recurrence or contra-
lateral herniation on follow up, the concept of mesh repair
for primary hernia has been established to safeguard against
this process of defective collagen metabolism [14].

There was a high correlation between surgical site infec-
tions (SSls) and subsequent incisional hernia formation. The
incidence of incisional hernia is about 14.4% without SSIs
and increased up to 38.3% with SSIs [3]. Mason et al. [15],
who did not record wounds that drained serous Xuid and were
treated with open packing as infected, reported a 1.6% SSI
rate in 5,178 operations in severe obesity cases. Barber et al.
[16]. considered wounds with suture line erythema more than
1 cm as infected and reported a total SSI rate of 8%.

In this study, the SSI rate was 15% among the high-risk
patients who all except one underwent clean contaminated

operations (class 11). This incidence of SSI in this work
was acceptable among other studies of high-risk patients.
Classen et al. [17] found that the lowest rate of SSI (0.59%
in 1,708 operations) occurred in patients who received pre-
operative antibiotics within 0–2 h, which matched with our
time of prophylactic antibiotic.

ShaVer et al. [18] found that there was no signiWcant
diVerence in the incidence of SSI with the use of drains
compared with simple abdominal closure, reporting a
10.8% SSls rate in the drainage group versus 10.9% in the
control group. Kozol et al. [19] found that there is no reduc-
tion in SSI incidence with the use of closed suction drains
in obese patients. Obesity and surgical procedure category
(clean, clean contaminated, contaminated and dirty
infected) are the most accepted dominant risk factors for
SSIs [16, 20].

Although the healing of surgical wounds is dependent on
many factors, the suture technique is of particular concern
because it is completely controlled by the surgeon. In a
comprehensive review, Poole [21] concluded that local
mechanical factors were more important than systemic dis-
eases in the prevention of fascial dehiscence.

The continuous single-layer mass closure technique with
non-absorbable polypropylene sutures was the technique
adopted for midline closure in all 40 high-risk patients of
group A and B in this study. Only in group A patients was
the fascial closure reinforced with subfascial polypropylene
mesh. All laparotomies in this work were closed either by a
senior surgeon or by a senior resident under strict observation

Table 3 Local and systemic 
postoperative complications

Complications Group A, n (%) Group B, n (%) Total, n (%)

Subcutaneous seroma 4 (20) 3 (15) 7 (17.5)

Surgical site infection 2 (10) 4 (20) 6 (15)

Partial wound disruption 1 (5) 2 (10) 3 (7.5)

Complete wound disruption 
(complete burst)

0 1 (5) 1 (2.5)

Chronic wound pain 3 (15) 0 3 (7.5)

Cardiac 1 (5) 1 (5) 2 (5)

Deep vein thrombosis (DVT) 0 1 (5) 1 (2.5)

Pulmonary problems 3 (15) 2 (10) 5 (12.5)

Ascites 3 (15) 1 (5) 4 (10)

Table 4 Incisional hernia result

*** P = 0.081

Group A Group B Total

Hernia, n (%) 1 (5%) 3 (15%) 4 (10%)

Follow up period, 
mean § SD, 
months

37.15 § 9.967 36.25 § 10.84 36.73 § 10.288***
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of a senior surgeon to rule out the question regarding sur-
geon skill.

One patient belonging to group A (5%) developed partial
wound dehiscence, while three patients in group B (15%)
developed wound dehiscence, two partial and one com-
plete, with 10% total incidence of wound dehiscence in this
study.

To date, only two reports were found comparing the out-
comes of prophylactic mesh reinforcement in high-risk
patients versus conventional fascial closure in regard to
wound dehiscence and incisional hernia occurrence. Only
the results of group B patients (conventional closure) will
be suitable for comparison with the results recorded in
diVerent series to verify the eVect of risk factors on the
healing of abdominal wounds. Because most of the patients
(57.5%) presented with more than one risk factor in this
study, it was diYcult to compare our study with the scarce
published literature studying the eVect of a speciWc risk fac-
tor on wound healing.

In this work, ten morbidly obese patients underwent gas-
tric bariatric surgery (Wve in group A and Wve in group B),
who had no wound dehiscence. This is in agreement with
that reported by Yale [22]. Brolin [23] reported that there
was a 2% incidence of acute fascial dehiscence and this
increased up to 3.6% when obesity was associated with
DM, as also found by Pories et al. [24].

Concerning the incidence of incisional hernia in this
study, three patients (15%) belonging to group B (conven-
tional closure) had developed incisional hernia, while one
of the group A patients (5%) (prophylactic mesh reinforce-
ment) had developed incisional hernia during 3.5 years of
follow up, with 10% total incidence of incisional hernia. In
regard to the risk factors in cases of incisional hernia for-
mation in group B patients, the Wrst patient had four risk
factors (old age, liver cirrhosis, malignancy and previous
midline incision), the second had four factors (old age, mul-
tiparty, obesity and chest disease) and the third had three
factors (old age, obesity and liver cirrhosis). The patient in
group A was female with three risk factors (obese, multi-
parity and cirrhosis).

Fortunately, Wve cirrhotic patients were in group A ver-
sus one in group B. Three of those in group A and the one
in group B had developed postoperative ascites. Two of the
seven cirrhotic patients in group B developed incisional
hernia, while none of the nine cirrhotic patients in group A
developed incisional hernia. This reXects the impact of pro-
phylactic mesh reinforcement on the incidence of incisional
hernia in these high-risk patients.

Irvin et al. [25] reported that there was a 12.5% inci-
dence of incisional hernia in jaundiced patients, with a
slightly higher incidence in deeply icteric patients versus
3.6% in anicteric cases during two-year follow up. Janssen
et al. [26] reported that 17% of the liver-transplanted

patients developed incisional hernia during a period of
6 months postoperatively; 66% of these hernias were
involved the upper midline incision.

Seventeen morbidly obese patients were included in this
study (nine in group A and eight in group B). Two of those
in group B (with three or more risk factors) had developed
incisional hernia with an incidence of 25%, while one
patient in group A (11%) had developed incisional hernia
during the period of follow up.

Israelsson and Jonsson [27] demonstrated that there was
a direct correlation between increased body mass index
(BMI) and the development of incisional hernia during
12 months of follow up, with an incidence of 10% for
BMI < 25, 19% for BMI 25–29 and 22% for BMI > 30. Old
age and wound infection were also associated with higher
rates of incisional hernia in these obese patients.

After vertical banded gastroplasty for 80 morbidly obese
patients, Arribas et al. [28] found that the incidence of inci-
sional hernia increased in obese patients (24%), super obese
with BMI > 50 (51%), age > 50 years (50%), diabetics
(66%), SSIs (37%) and anaemia (50%). They concluded
that the BMI is the only patient-related factor that signiW-
cantly inXuences the incidence of incisional hernia forma-
tion in morbidly obese patients. In this study, four patients
with previous midline abdominal incisions were re-opened
and only one in group B had developed incisional hernia.
Lament and Ellis [29] reported an incidence of 12% inci-
sional hernia formation in re-opened scars.

A short-term follow up study from 2 to 3 years of mid-
line abdominal incisions for incisional hernia formation
seems to be not long enough to represent the true incidence
of incisional hernia. Mudge and Hughes [3], in a 10-year
prospective study, demonstrated that less than 50% of inci-
sional hernias occur in the Wrst year after surgery. So, Gal-
lup et al. [4] stated that, a 10-year follow up of patients is
probably needed to determine the actual incidence of inci-
sional hernia.

In the presented study, chronic wound pain was a late
complication. Three patients (15%) in group A complained
of chronic pain which was tolerable and did not disturb
their usual daily activities. The explanation for this chronic
pain is hypothesised to be due to the presence of rents and
ischaemic areas in the peritoneal closure line and the
inXammatory reaction induced by the subfascial (preperito-
neal) mesh; because the peritoneal Xaps were dissected
from the underlying tissue, these peritoneal rents could
never close as the peritoneal healing occurs by metaplasia
of the subperitoneal per vascular connective tissue cells and
not by a process of centripetal growth from the wound mar-
gins, as reported by Raftery [30, 31].

Concerning the subfascial positioning of the mesh in this
work, it follows the idea of Pascal’s theory, as the pressure
will be equally distributed all over the mesh, which is
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sandwiched between the intra-abdominal pressure and the
muscular tone of the abdominal wall.

There are few published reports using prophylactic pros-
thetic material for the primary closure of laparotomies with
high risk of incisional hernia. Gutiérrez de la Peña et al.
[13], in a prospective randomised study, recorded that the
incidence of incisional hernia in patients without mesh was
11.3% versus none in the group with mesh implantation
during a 3-year follow up period. Six (8.3%) of their
patients with mesh experienced chronic pain in the scar.
The only technical diVerence in this study was only their
positioning of the mesh, which carries certain disadvan-
tages. Onlay grafts require dissection of the subcutaneous
gaps, exposing the prosthetic material to poorly vascular-
ised fat, increasing the likelihood occurrence of seroma and
wound infection. Another disadvantage is that onlay grafts
do not follow Pascal’s theory, so, abdominal wall forces
may break down the primary closure and push the graft oV
the outer fascial surface, predisposing to herniation and
eliminating the idea of prophylactic mesh reinforcement,
especially in high-risk patients.

The second series was reported by Strzelczyk et al. [32].
In their standard wound closure group, the incisional hernia
rate was 20% versus none in the prophylactic mesh group
after one year. Mesh implantation was done in those with
the highest BMI, profound liver damage and/or history of
abdominal hernia, and was complicated with wound dis-
charge in 25% of cases.

Conclusion

Prophylactic subfascial non-absorbable mesh reinforce-
ment of midline closure in high-risk patients can be used
safely and eVectively to provide extrinsic strength of the
wound without relying too much on the defective develop-
ment of its own intrinsic strength and to prevent subsequent
incisional hernia. There was no more risk in the use of the
mesh regarding local and systemic complications in com-
parison to the non-use of mesh. However, the Wnal state-
ment should await the outcomes of the long-term follow up
of the studied cases.
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