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Abstract
Purpose The use of synthetic materials in emergency surgery for abdominal wall hernia in a potentially infected operating field
has long been debated. In the present study, we evaluated the outcome of mesh prostheses in the management of incarcerated and
strangulated abdominal wall hernias with or without organ resection.
Methods Between March 2012 and January 2020, medical records of 301 patients who underwent emergency surgery for
incarcerated and strangulated abdominal wall hernias were retrospectively evaluated. The interventions were exclusively realized
by two surgical teams, one of which used polypropylene mesh prostheses (group I), whereas the second team performed primary
hernia repair (group II). The outcome of patients was observed for a mean follow-up period of 18.2months. Categorical data were
analyzed with the χ2 test or likelihood ratio. Logistic regression was used for adjustments in multivariate analysis. Statistical
analyses were realized with SPSS, version 18. P values < 0.05 were considered statistically significant. For multiple comparisons
between types of hernia, the significance level was set to P < 0.0083 according to Bonferroni adjustment.
Results Of the 301 patients, 190 were men (63.1%), and 111 were women (36.9%). The mean age was 59,98 years (range 17–
92). Overall, 226 (75.1%) patients were treated with synthetic mesh replacement. One hundred two organ resections (34%) were
performed involving the omentum, small intestine, colon, and appendix. No significant difference was identified in terms of
postoperative complications, between the two groups both in patients who underwent organ resection and in patients who did not.
Conclusion Synthetic materials may safely be used in the emergency management of incarcerated and strangulated groin and
abdominal wall hernias in patients with or without organ resection, although they cannot formally be recommended due to the
limited number of cases of the present study.
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Introduction

The beneficial outcomes of different types of abdominal wall
hernias treated by prosthetic materials on an elective surgical
basis have been well documented [1–3]. However, many

patients remain undiagnosed or are reluctant to have surgical
correction of their hernias. Neglected hernias may become
incarcerated, which is defined as a hernia in which the content
has become manually irreducible. A certain proportion of in-
carcerated cases may subsequently become complicated and
strangulated. Strangulation occurs when the blood supply to
the hernia content is compromised. Strangulation subsequent-
ly leads to ischemia, necrosis, perforation, or abscess forma-
tion, thus transforming a relatively simple surgical procedure
into a highly challenging one.

The bacterial translocation in incarcerated or strangulated
surgical site makes the use of prosthetic materials question-
able. Their use in emergency surgery for abdominal incarcer-
ated and strangulated hernias has been studied so far with
conflicting results. Classic surgical teaching contraindicates
the use of prosthetic repair in the setting of acute incarceration
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and/or strangulation for fear of prosthetic infection [4]. Some
groups, however, have reported that incarcerated and strangu-
lated hernias can be repaired safely with a prosthetic mesh
[5–8].

Recently, the World Society of Emergency Surgery
(WSES), aiming to provide evidence-based guidance, pub-
lished recommendations for emergency repair of abdominal
wall hernias in adults [9, 10]. These guidelines are mainly
based on the classification of the Centers for Disease
Control and Prevention (CDC) of the degree of wound con-
tamination [11].

In the present study, the validity of mesh prostheses in the
emergency surgical management of different types of incar-
cerated and strangulated abdominal wall hernias with or with-
out organ resection was evaluated.

Material and methods

Between March 2012 and January 2020, medical records of
301 patients who underwent emergency surgery for incarcer-
ated and strangulated abdominal wall hernias in Istanbul
Training and Research Hospital were retrospectively evaluat-
ed. Incarcerated abdominal wall hernias like inguinal, umbil-
ical, incisional, femoral, epigastric, and Spigelian hernias and
strangulated hernias that required omentum, small intestine,
colon, or appendix resection were included in the study.

The interventions were exclusively realized by two surgical
teams, one of which used polypropylene (PP) mesh prostheses
(group no. 1), whereas the second team performed uniquely
primary hernia repair (group no. 2). Data for patient demo-
graphics, hernia type and content, length of the operation, type
of repair, type of organ resection, mortality, hospital stay,
postoperative complications, and late hernia recurrences were
recorded.

All operations were performed under general anesthesia.
One gram of cefazolin (first-generation cephalosporin) was
administered intravenously in the OR.

Operative techniques

Primarily, the hernia sac was identified and explored.
Protection of the operative field from contamination was real-
ized by povidone-iodine and/or warm physiological saline-
soaked towels. The contents of the hernia sac were assessed
for viability and reduced into the abdomen if viable. In stran-
gulated cases, when the contents were nonviable, warm
saline-soaked towels were applied and the organ was re-
accessed. If still not viable, the strangulated site of the organ
was resected.

Small intestinal end-to-end anastomoses were per-
formed using extramucosal 3/0 polyglycolic continuous
suture and end-to-end large bowel anastomoses were

performed using whole layer 3/0 polyglycol ic
interrupted sutures.

Inguinal hernias were either repaired by tension-free repair
as described by Lichtenstein et al. [1, 2], using a polypropyl-
ene mesh (Prolene, Ethicon) and a 2/0 polypropylene
interrupted suture to fix the mesh or herniorrhaphy was per-
formed using Shouldice or Bassini methods. Femoral hernias
were treated by a mesh plug repair of the femoral ring or
herniorrhaphy was performed using the McVay method.
Umbilical and incisional hernias were repaired using an onlay
polypropylene mesh after closing the fascia underneath the
mesh. In incisional hernias, the defect was vertically closed
by simple interrupted non-absorbable sutures (Prolene no.1-
Ethicon). 18 Fr suction drain was placed subcutaneously in
patients with umbilical and incisional hernias whether an
onlay mesh was used or not. Epigastric and Spigelian hernias
were repaired either by simple fascial suture or by onlay mesh.

Postoperative course

Oral intake was allowed the evening of surgery. In patients
who underwent resection, oral intake was deferred until the
second or third postoperative day depending on the return of
bowel peristalsis.

Patients with no evidence of ischemia received one gram of
the first-generation cephalosporin intravenously in the OR for
short-term prophylaxis. In patients with intestinal strangula-
tion or in patients who underwent any organ resection (small
bowel, colon, omentum, or appendix) , intravenous antibiotic
therapy was continued up to the discharge day and then
switched to oral antibiotics until the end of the first week.

The first follow-up visit occurred one week after discharge
to check the wound and remove sutures. Drains were removed
when the daily draining amount was less than 20 ml serous
fluid. Subsequent follow-up examinations were realized after
1 month, 6 months, 1 year, and yearly thereafter. All patients
had a physical examination and completed a questionnaire
containing questions concerning recovery and pain after 1
month and 6 months. They were also instructed to visit the
hospital if they experienced any symptoms of recurrent hernia.
Twelve patients (eight of which were from the mesh group)
were lost from follow-up before 1 month.

The endpoints of the present study were the rate of postop-
erative complications, operative time, mortality, hospital stay,
and late hernia recurrence in patients managed by mesh repair
or herniorrhaphy for incarcerated and strangulated abdominal
wall hernias with or without organ resection.

Statistical analysis

Categorical data were analyzed with the χ2 test or Likelihood
Ratio. Mantel-Haenszel stratified analysis was used for the
adjustment of confounding variables. The correlation between
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categorical variables was analyzed with Kendall’s tau-b test.
Logistic regression was performed by joining all the variables
considered bivariates (as strata), and their effects on each other
were adjusted.

P values <0.05 (2 sided) were considered statistically sig-
nificant. The limit is set to P < 0.0083 with Bonferroni adjust-
ment for multiple comparisons between hernia types.

Results

Of the 301 patients, 190 were men (63.1%), and 111 were
women (36.9%). The mean age was 59.98 years. The mean
age for men was 58.55 years, and for women was 62.43 years.
Women were significantly older than men (p<0.05).

Overall 226 patients (75.1%) underwent hernia repair with
a monofilament polypropylene mesh, whereas 75 (24.9%) pa-
tients underwent primary hernia repair. One hundred forty-one
(46.8%) inguinal, 51 (16.9%) umbilical, 59 (19.6%)
incisional, 40 (13.3%) femoral, 7 (2.3%) epigastric, and 3
(1%) Spigelian hernias were treated.

In terms of hernia type, there was a significant difference
between both sexes. Inguinal hernias were significantly more
frequent in men ((P < 0.05), whereas incisional and femoral
hernias were significantly more frequent in women ((P<
0.05). Primary hernia repair was most frequently performed
in umbilical hernias (P˂0.05). The distribution of hernia type
and type of repair is given in Table 1.

Twenty-seven (9%) of the 301 hernias were recurrent and
were most frequently inguinal (66.7%). Eighteen of inguinal
(12.8%), four of umbilical (7.8%), four of incisional (6.8%),
and one of the femoral hernias (2.5%) were recurrent hernias.

In terms of hernia content, no significant difference was
found between inguinal, umbilical, femoral, and incisional
hernias, although the small intestine was significantly more
frequently encountered in epigastric hernias (P ˂0.05).

Strangulation was present in 102 (34%) patients. Organ
resection was significantly more frequent in umbilical, femo-
ral, and epigastric hernias (P˂0.001). The most frequently

resected organs were the omentum and small intestine.
Omentum and small intestine resections were performed in
65 (63.7%) and 32 (31.4%) patients, respectively (P˂0.05),
without any significant distribution between different types of
hernias (P=0.380). No significant difference was found ac-
cording to type of hernia and type of repair in patients who
underwent organ resection or not (P=0,124 and P=0.400
respectively).

Concerning the operative time, no significant difference
was found according to a hernia type and repair type (P
=0.187).

Surgical site infections (SSI) (n =26 or 8.6%), seromas (n
=19 or 6.3%), and hematomas (n =13 or 4.3%) were the most
frequently encountered postoperative complications (Table 2).
The wound infections were superficial and were successfully
managed with drainage and local wound care. There was no
statistically significant difference between patients in the mesh
group and primary repair group in terms of postoperative com-
plications (p =0.134).

In univariate analysis, the presence of mesh appears to be
effective, with a borderline meaningless (p=0.067), emphasiz-
ing that the use of mesh may reduce the possible complication
outcome by half (OR = 0.57).

The complication rates were evaluated according to the
hernia type (by removing the epigastric and Spiegelian hernias
with few samples). There was no significant difference be-
tween hernia types in terms of complication rate (p = 0.119).

To adjust the effects of the confounding factors and to
analyze the effect of mesh on complications within hernia
types (inguinal, femoral, umbilical, and incisional), we used
Mantel-Heanszel stratified analysis (Yes/No), and adjusted

Table 1 Types of hernias and types of repair

Hernia type Mesh repair Hernioplasty Total

Inguinal 114 (80.9%)* 27 (19.1%) 141

Umbilical 29 (56.9%) 22 (43.1%) 51

Incisional 45 (76.3%) 14 (23.7%) 59

Femoral 29 (72.5%) 11 (27.5%) 40

Epigastric 6 (85.7%) 1 (14.3%) 7

Spieghel 3 (100.0%) 0 (0%) 3

Total 226 (75.1%) 75 (24.9%) 301

*=Percentages within hernia type

Table 2 Postoperative complications in mesh repair and primary repair

Complications MESH repair Primary repair Total

Surgical site infection 19 (8.4%) 7 (9.3%) 26

Seroma 13 (5.6%) 6 (8%) 19

Hematoma 9 (4%) 4 (5.3%) 13

Skin wound detachment 1 (0.4%) 0 (.0%) 1

Early recurrence 1 (0.4%) 2 (2.7%) 3

Mesh reaction 1 (0.4%) 0 (.0%) 1

Anastomotic leakage 0 (.0%) 2 (2.7%) 2

Chronic pain 2 (0.8%) 0 (.0%) 2

Missed small intestine

strangulation 2 (0.8%) 1 (1.3%) 3

Testicular atrophy 1 (0.4%) 0 (.0%) 1

Epididymitis 1 (0.4%) 0 (.0%) 1

Bladder injury 1 (0.4%) 0 (.0%) 1

TOTAL 226 (100%) 75 (100%) 301

%=percentages within groups
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the “P” values according to Bonferroni approach. Assuming
six different comparisons for four types of locations (inguinal,
femoral, umbilical, and incisional), the significance level was
adjusted to P<0.0083 ( 0.05/6). No significant results were
obtained concerning the effect of mesh on complications be-
tween hernia types.

No significant relationship was found between types of
hernia and types of complications (P=*0.898).

In terms of postoperative complications, there was no sig-
nificant relationship between patients who underwent resec-
tion or not (p=0.480). With a mean follow-up of 15.3 months
(5 patients died after small bowel resection), in patients who
underwent small intestinal resection, only one from the mesh
group developed a surgical site infection.

A subgroup analysis was performed by grouping groin
hernias (the femoral and inguinal hernias) together against
ventral hernias (the incisional and umbilical hernias). In terms
of postoperative complications, no significant difference was
found between the two groups in patients who underwent
resection or not.

There were two anastomotic leakages. These patients
underwent primary repair of umbilical and femoral hernias
with small intestinal resection-anastomosis. One patient died
in ICU whereas the second patient was treated with Miculicz
stoma. Nine of the eleven (3.7%) patients who died in the
early postoperative period were over 75 years who had one
or more concomitant disease such as chronic obstructive pul-
monary disease, diabetes, hypertension, obesity, or other. All
patients had organ resections. Four patients were operated
upon for inguinal hernias with strangulation of the small in-
testine and had intestinal resection with immediate restoration
of the intestinal continuity by end-to-end anastomosis (3
mesh, 1 non-mesh repair). One patient with a strangulated
umbilical hernia underwent concommitant small intestinal
and colon resection with end-to-end anastomosis. Six patients
(three incisional, two umbilical, and one inguinal hernia) had
omentum resection. The major causes of death were pneumo-
nia, myocardial infarction, peritonitis, and sepsis with
multiorgan failure.

Early recurrence was encountered in one patient and in two
patients in group I and group II, respectively. The patient in
group I was treated for strangulated incisional hernia with
small intestinal resection-anastomosis and onlay mesh repair.
Both patients in group II underwent primary repair for incar-
cerated inguinal hernia.

Mean hospital stay was 3.50 days (min. 1max. 11). The
hospital stay was significantly longer in women, whether or
not organ resection was performed (P˂0.05). Also, patients
with primary repair stayed longer (P ˂0.05). The hospital stay
was significantly longer in umbilical and incisional hernias (P
˂0.05).

The mean follow-up period was 18.2 months. The longest
follow-up term was 42 months and the shortest was 1 month.

The follow-up rates were 06 months = 11%, 612 months =
43%,

1-2 y = 25%, and 2-3 y = 21%.
An eighty-year-old man who underwent omentum resec-

tion with mesh plug repair for femoral hernia, presented with
groin abscess due to mesh reaction 2 years after the first op-
eration. The mesh had to be removed in this patient.

We had six inguinal (four in the mesh group and two in the
non-mesh group; 4.23% of total inguinal hernias), four umbil-
ical (one in the mesh group and three in the non-mesh group;
7.8% of total umbilical hernias), and four incisional (two in
the mesh group and two in the non-mesh group; 6.8% of total
incisional hernias) late hernia recurrences.

One patient initially treated for strangulated umbilical her-
nia with small intestine resection underwent two additional
operations for incarceration 1 year and 2 years after the initial
operation. One patient initially operated upon for incarcerated
inguinal hernia presented with small intestine strangulation 2
months after the initial operation. One patient who was initial-
ly operated upon for an incarcerated umbilical hernia present-
ed with small intestine strangulation 1 year after the initial
operation.

Discussion

Abdominal wall hernias have longtime been successfully
treated by prosthetic materials in elective surgery [1–3].
However, their use in emergency surgery for prosthetic repair
of incarcerated or strangulated hernias is debated. Classic sur-
gical teaching used to contraindicate the use of synthetic ma-
terials in potentially infected surgical fields, arguing that these
materials were more susceptible to surgical field infection [4].
On the other hand, there has been growing evidence that
Lichtenstein hernioplasty can be safely performed for stran-
gulated groin hernias, with good short-term and intermediate-
term outcomes [6, 7]. Some studies found a low incidence of
wound infections in acute hernia repaired with prosthetic
mesh in contaminated areas [7, 8]. The surgeon has to choose
between a higher risk of surgical site infection when a syn-
thetic mesh is used and a higher incidence of recurrence rate
when the mesh is abandoned [12].

Recently, in 2017, Birindelli et al. published the recom-
mendations of the World Society of Emergency Surgery
(WSES) for emergency repair of abdominal wall hernias in
adults [9], which was updated in 2020 [10]. These guidelines
are mainly based on the classification of Centers for Disease
Control and Prevention (CDC) of the degree of wound
contamination[11]. WSES recommends prosthetic repair in a
“clean surgical field” for patients with intestinal incarceration
and no signs of intestinal strangulation or concurrent small
bowel resection (clean surgical field-CDC wound class I)
(grade 1A recommendation). Emergent hernia repair with a
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synthetic mesh can also be performed in intestinal strangula-
tion and/or concomitant small bowel resection without gross
enteric spillage (clean-contaminated surgical field-CDC
wound class II) with low risk of recurrence (grade 1A recom-
mendation). For stable patients with strangulated hernia with
small bowel necrosis and/or gross enteric spillage during in-
testinal resection (contaminated, CDC wound class III) or
peritonitis from small bowel perforation (dirty surgical field,
CDC wound class IV), the primary repair is recommended
when the size of the defect is small (< 3 cm); when the direct
suture is not feasible, a biological mesh may be used for repair
(grade 2C recommendation).

In the present study, patients who underwent emergency
surgery for incarcerated and strangulated groin and abdominal
wall hernias treated with and without synthetic grafts were
investigated. The comparison of the two groups revealed no
statistically significant difference in terms of postoperative
complications both in incarcerated and strangulated hernias.
These findings were in accordance withrecent reviews stating
similar findings [9, 13].

A subgroup analysis between the groin and ventral hernias,
in terms of postoperative complications, found no significant
difference between the two groups, both in patients who
underwent resection and not.

Our patients with no evidence of ischemia received one
gram of the first-generation cephalosporin intravenously in
the OR for short-term prophylaxis. WSES guidelines recom-
mend short-term antibiotic prophylaxis in patients with intes-
tinal incarceration with no evidence of ischemia and no bowel
resection (CDC wound class I-grade 2C recommendation)
[10]. In patients with intestinal strangulation and/or concurrent
resection of any organ, including omentum, small bowel, or
large bowel (CDC wound classes II and III), 48-h antimicro-
bial prophylaxis is recommended (grade ‘C recommendation)
[10]. In our study, patients with intestinal strangulation and
patients who underwent any organ resection (small bowel,
colon, omentum, or appendix) received intravenous antibiotic
therapy which was continued up to the discharge day and then
switched to oral antibiotics until the end of the first week.
Without a control group, this treatment cannot be recommend-
ed in current practice due to cost, side effects, and the devel-
opment of resistance.

Different pathophysiologic mechanisms have been pro-
posed to explain the development of specific infectious com-
plications. Surgical site infection (SSI) is significantly facili-
tated by the presence of adhesions and hematomas, the ad-
vanced age of 60-70 years old, a length of surgery of over
90 min, a hernia duration of over 24 months, obesity, and
organ functional deterioration [14]. Intravascular catheters
and urinary catheters are the two most common causes of
nosocomially acquired bloodstream infections.

Chronic mesh infections are responsible for high morbidi-
ty, high cost, and long-term risk of chronic SSI of 2.1% [15].

The conventional view suggested that using synthetic mesh
would increase the chance of SSI and mesh-related complica-
tions [16, 17]. In late or chronic infections the infected mesh
can hardly be salvaged. Indeed, 4.5% of mesh removals are
made necessary by infection [18]. Some suggest that complete
mesh removal is required if we hope to achieve healing. [19,
20].

Three types of meshes are the most used: polypropylene,
polyester, and polytetrafluoroéthylen (ePTFE)-based meshes.
Pain, seroma, and persisting infection were established as
mesh-related complications and seem to be associated with
small pore-sized, heavy-weight meshes [21]. To improve the
functional outcomes and decrease the mesh infection rates,
large pore-sized, light meshes were developed. A study com-
pared the outcomes between PP, PET, and ePTFE meshes
demonstrated a significantly greater incidence of entero-
cutaneous fistula formation, mesh infections, and recurrences
with multifilament PET mesh when compared with other ma-
terials [22]. When PTFE meshes get infected, the prostheses
have to be removed.

On the contrary, some authors claim that SSI does not
result in prosthetic mesh infection. Throughout the 10-year
duration of their study, Bessa et al. have found no evidence
to support the concept that the presence of acute incarceration,
strangulation, or wound infection results in polypropylene
mesh infection [23, 24].

In our study, twenty-six surgical site infections were en-
countered and were managed by antibiotics and dressings.
One patient who initially underwent omentum resection with
mesh plug repair for femoral hernia, presented with a groin
abscess 2 years after the initial operation. Mesh removal was
required to facilitate the cessation of the groin infection in this
patient.

Another important risk factor for SSI is the presence of
small bowel or large bowel obstruction or necrosis. Many
surgeons are still afraid of an increased rate of surgical site
infection could be associated with mesh implantation in the
setting of incarcerated and strangulated bowel loops [23, 25].
These operations are more likely to be performed emergently
and are considered “clean-contaminated or “contaminated”
rather than “clean” surgeries.

There is no consensus on the use of prostheses in the po-
tentially infected operating field [8]. Some authors claim that
the presence of a nonviable intestine cannot be considered a
contraindication to the use of a prosthetic repair [4, 6, 8, 26].
Pans et al. reported no wound infection in 9 patients (25.7%)
who had small bowel resection followed by the implantation
of a pre-peritoneal mesh [4]. On the contrary, Nieuwenhuizen
et al. reported high wound infection rates in patients requiring
intestinal resection [23].

In our series, strangulation was present in 102 (34%) pa-
tients. The incidence of patients who underwent resection was
significantly more frequent in umbilical, femoral, and
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epigastric hernias (P ˂0.001). The most frequently resected
organs were the omentum and small intestine, without any
significant distribution according to different types of hernias.
No significant relationship was found between the type of
hernia and type of repair in patients who underwent organ
resection or not. In terms of postoperative complications, there
was no significant relationship between patients who
underwent resection and not (P =0.480).

Concerning the operative time, we found no significant
difference according to the hernia type and repair type.

We had thirty-two patients who underwent resection with
immediate anastomosis of the nonviable small intestine.
Seventeen patients were treated by mesh repair and fifteen
patients by a simple repair. We found no significant relation-
ship in terms of postoperative complications, between patients
who underwent resection and not. With a mean follow-up of
15.3 months (5 patients died after small bowel resection), in
patients who underwent small intestinal resection, only one
from the mesh group developed a surgical site infection. It is
impossible to draw a definite conclusion from the presented
data due to the limited number of cases. The retrospective
nature and the small study size are important limitations of
this work, concerning a rare condition. The use of mesh after
resection of the strangulated colon is still controversial and
cannot generally be recommended.

Eleven (3.7%) patients died in the early postoperative pe-
riod. Nine of the eleven patients were over 75 years. They all
had one or more concomitant disease. All had organ resec-
tions. Five patients underwent small intestinal (one patient
underwent concomitant small intestine and colon resection)
resection, and omentum resections were performed in six pa-
tients. Themajor causes of death were pneumonia, myocardial
infarction, peritonitis, and sepsis with multiorgan failure.
Azari et al. and Compagna et al. reported an increased mor-
tality rate in elderly patients over 80 [27, 28].

The recurrence following an emergency hernioplasty for
incarcerated inguinal hernia seems to be lower than that re-
ported for emergency herniorrhaphy, which ranges from 6.2 to
14.3 % [29, 30]. Late hernia recurrence can be associated with
increased intra-abdominal pressure, progressive weakness of
the abdominal wall, mesh shrinkage, and abnormal collagen
metabolism [31]. Our late recurrence rate for inguinal hernia,
umbilical hernia, and incisional hernia was 4.23, 7.8, and
6.8%.

Conclusion

Our findings support the use of prosthetic materials in the
emergency management of the incarcerated abdominal wall
hernias. The use of prosthetic materials may be taken into
consideration in the management of strangulated abdominal
wall hernias as well, in patients either with or without organ

resection. We cannot formally recommend it though, due to
the limited number of cases that do not allow us to draw a
definite conclusion. Equally, the use of mesh after resection of
the strangulated colon is still controversial and cannot gener-
ally be recommended.

Finally, we think that the present study adds supportive
evidence toWSES guidelines for emergency repair of abdom-
inal wall hernias in adults.
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