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Abstract Purpose: To report herein our results of ten-
sion-free repair of large incisional hernia with polypro-
pylene mesh using a modification of the method that was
described by Usher. Method: Two hundred ninety-one
patients who were operated on between January 1994
and December 2004 were studied. Two hundred thirty-
two patients were female (79.7%), and 59 were male
(20.3%). The average follow-up period was 55 months.
The patients were evaluated for infection, recurrences,
hematoma and seroma formation, sinuses and entero-
cutaneous fistula formation. Results: Infection was ob-
served in eight patients (2.7%). Graft removal due to
infection was encountered only in two patients (0.6%).
Recurrence was observed in six patients (2.1%). Two
patients (0.6%) developed hematoma while another two
developed seroma. No patient developed enterocutane-
ous fistula. Conclusion: By using our modified technique
we can decrease the expected complications after ten-
sion-free repair of large incisional hernias.
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Introduction

In spite of the progress that has been made in preoper-
ative and postoperative care as well as in suture

materials and operative techniques, incisional hernias
remain a common problem that general surgeons face
after major abdominal surgery. The incidence ranges
between 2 and 20% [1–4]. Incisional hernias can also be
seen after laparoscopic interventions at large trocar
(10 mm) sites in adults and even at small trocar sites in
children; these are termed trocar-insertion-site hernias
[5–7]. Although small incisional hernias less than 5 cm in
size can be treated successfully by primary repair, this is
not true for large hernias. Different studies have shown
different recurrence rates of 20–54% after primary
conventional closure of large incisional hernias [8–10].
Many efforts have been made to improve treatment re-
sults. First, steel mesh was tried as a prosthetic material
to reinforce the fascia in the hope of decreasing recur-
rences rate in 1940s [2]. In 1958, Usher reported his first
successful plastic prosthetic-graft-mesh usage in hernia
repair [11]. After the introduction of prosthetic grafts for
hernia repair, the incidence of recurrence decreased to
between 0 and 10% [12, 13].

We have modified the technique that was described
by Usher involving onlay mesh on approximated tissue
and employed it for our postoperative hernia patients
hoping to obtain better results. We have previously
published our results with polypropylene mesh usage in
incisional hernia repair of 45 patients using the same
modified technique described below and our results were
found to be promising [13]. Acknowledging the group of
45 patients as a small number, we have increased the
number of our patients to 291 and the follow up to
10 years because the highest rate of incisional hernia was
obtained within the first 5 years after laparotomy, while
the highest rate of recurrence was observed within the
first 3 years after repair [15].

Patients and method

A total of 291 patients out of 319 who underwent
an incisional hernia repair with polypropylene mesh
using the Modified Usher Technique (described below)
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between January 1994 and December 2004 were taken
into the study. Patients with an incisional hernia of less
then 5 cm in length were treated by primary closure
without graft insertion. Due to their small fascial de-
fects, those patients were not included in the study. Only
patients with incisions more than 5 cm in length treated
with onlay mesh placement were included. The defect
sizes were 6–25 cm in length (average length 9 cm) and
3–8 cm in width (average width 4 cm). In the presence of
multiple defects, we transformed them into one large
defect, when possible, and proceeded with our tech-
nique. When the transformation was not possible, we
treated each defect separately and if the size of the de-
fects was less than 5 cm, we did not apply any graft, thus
excluding the patients from the study.

The patients were reviewed at the first month, the
sixth month and finally in 2005. They were asked whe-
ther they had pain, redness, leakage of fluid or bulging at
the insertion point. Then they were physically examined.
The findings were recorded. One hundred eighty-four
patients (63.2%) had midline, 56 patients (19.2%) had
transverse, 16 patients (5.5%) had paramedian and 21
patients (7.2%) had sub-costal incisions. Three patients
had Rocky-Davis and 12 patients had lumbar incisions.

Operative techniques

All the operations were performed under general anes-
thesia. A first generation cephalosporin (1–2 g) was
administered intravenously at the time of induction of
anesthesia. Skin preparation was with Povidone iodine
solution. The skin was incised and subcutaneous tissue
was dissected until it was 5–7 cm away from the fascia
margins. Then the hernia sac was opened and the
adhesions beneath the fascia margins were dissected
when necessary. The two fascia margins were approxi-
mated to each other by non-absorbable 0/0 polypro-
pylene suture using far–near near–far technique. Each
bite was taken 1–1.5 cm away from one fascia margin
0.5 cm away from the opposite fascia margin, then
0.5 cm from the first margin and 1–1.5 cm away from
the opposite fascia margin. The stitches were repeated
within 1.5 cm from each other along the defect length.

Then the fascia was evaluated for the presence of
tension. When no tension was observed, polypropylene
mesh (PROLENE polypropylene, Ethicon, Summer-
ville, NY, USA) was placed on the fascia leaving a
margin of 5 cm from the suture line on each side (176
patient). Then the mesh was fixed to the fascia by
interrupted 2/0 polypropylene sutures placed 1 cm from
the suture line on each side and 2 cm distant from each
other vertically along the graft length. Second and third
fixing-stitch rows were placed 3 and 5 cm away from the
first one.

When tension was present after closure, relaxation
incisions were applied on the fascia anterior leaf (Fig. 1).
We did not have any objective method to determine
tension, but decided whether there was tension based on

our experience. Afterwards the graft was fixed in the
same manner as described above. Seventy-five patients
needed relaxation incisions.

In cases of very large hernias (40 patients), the
hernia sac was dissected and incised at the appropriate
site dividing the sac into two leaves. One leaf was fixed
to the opposite fascia margin just beneath the other
leaf. The other leaf was fixed to the opposite fascia
margin on top of the first leaf with 2/0 vicryl suture in a
continuous pattern. The graft was placed on the fixed
hernia sac and on the fascia with the graft margin 5 cm
away from the fascia margin. The first fascia graft-fix-
ing stitches were placed along the fascia margins with
interrupted 2/0 propylene. Then second and third su-
ture lines were applied as described before (Fig. 2). No
stitch was applied on the hernia sac while fixing the
graft. After hemostasis, two suction vacuum drains
were placed on top of the repaired fascia on each side.
The subcutaneous tissue was approximated, and the
skin was closed with interrupted 3/0 non-absorbable
suture material. The drains were kept in place until
daily drainage was below 20 cc.

Results

Two hundred thirty-two patients were female (79.7%),
and 59 patients were male (20.3%). There was no
selection of patients. We tried to monitor all our pa-
tients. The youngest patient was 20 years old while the
oldest was 87. The average age was 59±12.6 years.
Ninety-one percent of the patients were followed. The
patients were followed for 1 month to 10 years, the
average follow-up period being 55 months. They were
evaluated for recurrence, infection, hematoma, seroma,
sinus, and enterocutaneous fistula formation. All the
patients were examined clinically. Recurrence was
present in six patients (2.1%). Four of them had prior
recurrences while two experienced a recurrence for the
first time. All recurrences were observed within the

Fig. 1 Prolene graft (A) was placed over the approximated fascial
wall (B). Relaxation incisions (C) were applied to the anterior
rectus sheath to reduce tension
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first year after treatment. Two patients had hematoma
formation; seroma was present in four patients. These
complications were noticed at early postoperative days.
While hematoma showed regression, seroma needed
intermittent repeated aspirations. Infection was
encountered in eight patients (2.7%), six of whom were
within the first 10 days after operation and treated with
antibiotics without the need for graft excision. The
other two had serious infection within the first month
after treatment, necessitating graft removal with open
wound treatment in addition to antibiotic administra-
tion. Sinus formation was seen in two patients who
were treated by curettage. No case of enterocutaneous
fistula formation was seen. The results are summarized
in Table 1.

Discussion

Incisional hernia is a common complication that can be
encountered after major abdominal surgery. Its fre-
quency ranges between 2 and 20% [1–3]. It can also be
observed after relatively minor interventions like lapa-
roscopy. This is known as trocar-site hernia, and the
frequency has been found to be about 1% [5, 6].
Treatment of large incisional hernias by primary repair,
i.e., conventional suturing technique, has been unsatis-
factory [8–10]. Patients’ age, body weight beyond nor-
mal, and associated diseases are among patient-related
factors that predispose to hernia development or to its
recurrence after primary repair. Some other factors
including the type of incision, suture material used
during abdominal closure or hernia repair and wound
infections are also considered to be predisposing factors
for hernia development or its recurrence [16–19].

High recurrence rates after primary repair could be
due to extensive tension on the suture line in addition to
the predisposing factors mentioned above [3, 18, 25].
The size of the fascial defect has been reported to be in

direct proportion to the recurrence rate after primary
hernia repair [17, 18, 20–22]. This may be due to
extensive tension that appears after primary closure of
large fascial defects, leading to the abdominal corsage
effect, which will ultimately lead to tissue ischemia, su-
ture deficiency and finally fascia tear. This effect is de-
fined as restriction of abdominal wall motility with
feeling of tightness [16]. We have overcome this effect by
applying relaxation incisions on the anterior leaf of the
rectus fascia, using the hernia sac as fascia in cases of
extensive tension when the fascia ends were approxi-
mated.

The high rate of recurrence after primary repair has
led us to use polypropylene mesh-reinforced type hernia
repair. Ideal synthetic graft material should be biolog-
ically inert, strong, stable in the presence of infections,
non-carcinogenic and non-allergenic [23]. We think all
these characteristics are present in the graft (polypro-
pylene), we have used. Infection was observed in eight
patients (2.7%); only in two patients (0.6%) was graft
removal needed to control the infection. In our previ-
ous study infection was observed in three patients
(6.6%) [13]. In another study, where a second-genera-
tion cephalosporin was used, 7% infection rate and
2.3% graft removal rate were reported [16]. In Koren-
kov’s study, although third-generation cephalosporin
was used as a prophylactic antibiotic, the infection rate
was 8.5% [24]. In our the study the infection rate and
graft removal rate were far lower compared to other
studies [1, 2, 24, 25]. We think there is no need for
prophylactic purposes to use an antibiotic with a
spectrum wider than that of first-generation cephalo-
sporin.

There is no doubt tension-free mesh repairs for large
hernias have reduced the incidence of recurrence, but the
rate is still considered high [9, 23, 26]. It was found to
range between 5 and 20% [2, 16, 23, 25]. Wound infec-
tion, and defect size are among the factors most asso-
ciated with recurrence [1, 17, 23]. In the body,
polypropylene mesh shrinks by 30% from its original
size [1]. This explains why the graft used should be 4–
6 cm larger than the defect size. In our study prophy-
lactic antibiotic usage, relaxation-incision application
when tension was present, and suitable mesh size usage
were among the factors that led to low recurrence rate.
Few studies have revealed as low a recurrence rate as

Fig. 2 The fascial defect was covered with peritoneum (A), and the
tension-free prolene graft (B) was employed on it. Sutures were
applied to the margins of the fascial defect

Table 1 Complications encountered after hernia repair with mesh

Complication Number of patients Percentage (%)

Infection 8 2.7
Recurrence 6 2.1
Seroma 4 1.2
Hematoma 2 0.6
Graft removal 2 0.6
Sinus formation 2 0.6
Enterocutaneous fistula 0 0.0
Total 24 33
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ours [1, 4, 14–16]. But in these studies polypropylene was
inserted retro muscular. This is disadvantageous when
compared to ours because its application and removal
are technically difficult. We should not forget that, al-
though it is rare, sometimes mesh removal is needed for
one reason or another.

Our average patient follow up was 55 months.
Studies have shown that most recurrences appear within
the first 3 years after repair [27, 28]. We think the follow-
up period was long enough and the patient number was
large enough to give us statistically meaningful results.
Sometimes because of short follow-up time, a falsely low
recurrence rate has been recorded.

Hematoma and seroma formation are not serious
complications though they are disturbing ones. Patients
developing hematoma were treated by tied dressing and
observation. Re-operations were not needed. Seroma
formation can be prevented by avoiding unnecessary
wide fascial dissection and the use of a good drainage
system. Patients with seroma formation were treated by
repeated aspirations.

Enterocutaneous fistula (E.C. fistula) formation after
incisional hernia repair with mesh is a rare complication
[26, 29]. Leber et al. reported a 3.5% incidence of E.C
fistula formation [25, 29]. We did not encounter any E.C
fistula. We think if the propylene mesh is kept away
from direct contact with intestine no E.C fistula for-
mation will be observed, while others have reported in-
tra-abdominal use of meshes to be safe [21, 29].

Conclusion

Covering the herniation site by suturing the hernia sac to
the opposite fascia and applying mesh graft on top of it
allows the achievement of a tension-free repair. This also
prevents the adhesion of the omentum and intestines to
the mesh graft, increasing the development of ileus and
E.C. fistulas. In our technique, hernia sac and graft act
as a dual mesh graft. This combination is not only
cheaper but also more physiologically sound than actual
dual mesh graft.

Mesh application in treatment of abdominal hernias
has revealed good results when compared to primary
suture. But some complications are still bothersome.
Our modified technique with polypropylene mesh
seemed to decrease all the expected complications after
incisional hernia repair. The patient number and the
follow-up period in this study are almost the largest
and longest, respectively, when compared to other
studies in the literature. Our modified operative tech-
nique revealed a recurrence rate of 2.1%, a serious
infection rate of only 0.6%, no enterocutaneous fistula
formation, and insignificant incidence rates of hema-
toma and seroma formation. We think tension and
infection prevention, wide spectrum of mesh usage and
usage of large enough mesh are the factors that allowed
these good results.
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