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A
ll high-tension internal surgical closures require 
that the ultimate tensile strength (UTS) of the re-
pair remains greater than the forces applied. Oth-

erwise, changes at the suture/tissue interface (STI) will 
lead to acute or chronic suture pull-through and surgical 
failure. For the abdominal wall, prophylactic flat meshes 
have been shown to improve outcomes of laparotomy 
closures and hernia repairs.1,2 Unfortunately, flat planar 
meshes have their own drawbacks, including increased 
time for placement, increased foreign material, increased 
tissue dissection, pain, infection, and cost.

Planar meshes reduce hernia formation by improving 
the UTS of the repair and by better distributing forces at 
the STI.3 Yet, all these theoretic benefits of planar meshes 
could be achieved with a better-designed suture. Based on 
preclinical studies that demonstrate decreased suture pull-

through and increased early tensile strength for a novel 
designed mesh suture,4,5 presented is a series of “mesh su-
tured” repairs where a strip of planar mesh is introduced 
through either side of the abdominal wall with a sharp in-
strument and simply tied as a suture. This off-label use of 
a planar mesh has shown great efficiency and efficacy for 
both simple and complex abdominal wall closures.

METHODS

Determination of Mesh Size and the Number of Knots 
Required

Mid-weight, macroporous, uncoated polypropylene 
mesh (PROLENE Soft Prolene Mesh, Ethicon, Somer-
ville, N.J.) of size 12 × 14 inches (30.5 × 35.6 cm) was cut 
along the blue lines into strips to mimic the UTS of a num-
ber 1 polypropylene suture. Based on tensometry data, a 
18–20-mm-wide mesh strip tied with a single square knot 
had no knot failures and an UTS just above that of the 
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target suture strength. An additional throw was added to 
the square knot for security of these patients.

Physical Characterization
A small rectangle of size 0.3 × 0.98 cm of the same 

polypropylene mesh underwent synchrotron microcom-
puted tomography (microCT) at station 2-BM at the Ad-
vanced Photon Source, Argonne National Laboratory, 
Argonne, Ill.6 One thousand one hundred and eighty 
slices were imported into ImageJ with a BoneJ plugin,7 
an open source image analysis software, for determina-
tion of surface area.

Clinical Experience
Inclusion Criteria

The decision to perform a mesh sutured repair was 
made by the senior surgeon (GAD) based on a relative 
contraindication to the use of sheet mesh including the 
added time needed for placement, contamination, and/
or a lack of a posterior sheath for avoidance of intraperi-
toneal mesh placement against bowel. For nonmidline 
and small defects, mesh sutured repairs were performed 
to avoid the surgical difficulties required for placement 
of a planar mesh and due to the known failure rates with 
standard suture closures. Patients were educated preop-
eratively about the risks and benefits of sutures, meshes, 
and mesh strips used as sutures.

Surgical Technique

Subcutaneous tissue was elevated off of the abdominal 
wall to achieve a 1-cm bite of unscarred abdominal wall 
spaced 1 cm from each other (Fig. 1) for the interrupted clo-
sure. A sharp surgical snap is used to pierce the abdominal 
wall, with care made to minimize the size of the hole (See 
video, Supplemental Digital Content, a sharp hemostat is 
used to pierce the abdominal wall approximately 1 cm from 
the newly debrided edge of the rectus muscle. The mesh 
strip is then pulled through the substance of the abdominal 
wall and then tied like a suture with 3 throws to close the 
defect, http://links.lww.com/PRSGO/A265). Use of cautery 

to touch the fascia at the site of the entry point lessens the 
force required to pierce the abdominal wall. Anterior com-
ponents release with perforator preservation is performed 
for larger defects (Figs. 2–5).8 Flank defects are generally 
closed in two layers, approximating the transversus abdomi-
nis and internal oblique in the first row, followed by apposi-
tion of the external oblique in the second row. Several strips 
are placed and are snapped long. Tension on all these strips 
approximates the abdominal wall to facilitate knot tying. A 
suction drain is required in the subcutaneous tissue and is 
removed when <20 cm3 per day.

Analysis of Outcomes

A comprehensive retrospective institutional review 
board–approved review was performed for all patients 
who underwent a mesh sutured repair and who had 30-
day follow-up for this retrospective review. The widest 
separation of the medial aspect of the rectus muscles 
was recorded for midline defects for hernia size. Op-
erative reports were reviewed for indications for a mesh 
sutured repair and the CDC wound classification9 and 
Ventral Hernia Working Group (VHWG)10 category. 
Surgical site occurrence (SSO) is defined as any sur-
gical site infection (SSI), seroma, hematoma, delayed 
wound healing, enterocutaneous fistula, reoperation, 
or dehiscence. SSI was defined as a clinical diagnosis 
of wound infection based on the appearance of wound 
erythema, drainage, and need for postoperative antibi-
otics. Seroma was defined as any appreciable subcuta-
neous fluid collection in the postoperative period that 
was opened to accelerate healing and not treated with 
antibiotics. All medical complications requiring an in-
tervention and readmission or reoperation within 30 
days were recorded. Hernia recurrence was assessed by 
physical examination by a physician, routine surveil-
lance of CT scan, and in 4 patients by telephone inter-
view. Length of follow-up was defined as the time from 
surgery to the last documented abdominal wall exami-
nation as described above.

Fig. 1. Artist’s drawing of mesh sutured closure of the abdominal 
wall.

Video Graphic 1. See video, Supplemental Digital Content, a sharp 
hemostat is used to pierce the abdominal wall approximately 1 cm 
from the newly debrided edge of the rectus muscle. The mesh strip 
is then pulled through the substance of the abdominal wall and 
then tied like a suture with 3 throws to close the defect, http://links.
lww.com/PRSGO/A265.
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RESULTS

Surface Area

The surface area of a number 1 polypropylene suture 
(0.4 mm in diameter) for a 1-cm length is calculated to be 
0.126 cm2 (SA = length × diameter × π). Using microCT, 

the surface area of a 1-cm length of a 20-mm-wide mesh 
strip was measured to be 4.31 cm2, for a 34-fold increase.

Clinical Results
Patient Cohort Description

One hundred and fifteen consecutive patients under-
went mesh sutured closures of the abdominal wall without 
an underlying planar mesh, and 107 had at least 30-day 
follow-up. The prime indication for use of mesh strips is 
a contaminated midline closure (Table 1). For the 76 pa-
tients with documented preoperative hernias, the average 
midline rectus muscle separation for the 41 available CT 
scans was 9.1 ± 5.5 cm (range 2–21 cm).

Fig. 2. Multiple recurrent enterocutaneous fistula patient with scarred skin and abdominal wall. CT scan 
shows a bowel obstruction and separation of the rectus muscles of 6 cm. The patient had already un-
dergone an anterior components release.

Fig. 3. Complex abdominal wound after bowel repair.

Fig. 4. Closure of abdominal defect using interrupted strips of poly-
propylene mesh that are tied as simple sutures.
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Over 40% of patients were ASA 3 or above (Table 2). Al-
most 10% of patients had a prior or concurrent prosthetic 
mesh infection. Nonsterile surgical fields (CDC Class 2 and 
above) were present in 49 patients (Figs. 6–10), and these 
patients had an average transverse separation of their rectus 
muscles of 10.2 cm for those with CT scans. Of the patients 
treated, 28% were VHWG 2, 38% grade 3, and 6% grade 4 
(Table 3). There were 30 cases with preexisting wounds or 
stomas at the time of surgery, and 17 cases with entry into 
the gastrointestinal or genitourinary tract. Ten patients had 
closure of an acute abdominal wall dehiscence. One-fourth 
of the patients underwent components releases.

Clinical Outcomes

Follow-up ranges from 30 to 1043 days, with an av-
erage follow-up of 234 days and a median follow-up of 
178 days. As 9 patients did not have full thickness de-

Table 2. Patient Demographics, Comorbidities, and 

Surgical History

Age at the time of surgery (mean ± SD), y 53.9 (14.8)
Males (no. of patients) 38
Females (no. of patients) 69
BMI (mean ± SD) 29.0 (7.0)
COPD 6 (5.6%)
Diabetic 13 (12.1%)
Current/recent Smoker 11 (10.3%)
Recent chemotherapy 5 (4.7%)
Immunosuppressant drugs 20 (18.7%)
Ostomy at time of abdominal wall closure (no. of 

patients)
20 (18.7%)

Open wound at time of abdominal wall closure  
(no. of patients)

10 (9.3%)

ASA ≥3 (no. of patients) 46 (43.0%)
No. of previous abdominal operations, mean (range) 2.7 (0–10)
No. of patients with previous mesh infections 10 (9.3%)

Fig. 5. A, Immediate postoperative result. Mesh strips left exposed in a central area due to an inability 
to close the skin due to prior scarring. B, Four-month result at the time of diverting ostomy takedown 
showing closure of soft tissues over mesh sutured repair with local wound care.

Table 1. Indication for Mesh Sutured Repair

Indication for Mesh Sutured Repair
No. of Patients with  

Indication (% of Total)
No. of Patients with Hernia (% of Patients 

within Indication Class)

Total number of patients 107 76 (71.0)
Contaminated field 33 (30.8) 29 (87.9)
Defects too small to require mesh sheet 17 (15.9) 17 (100.0)
Medical comorbidities 18 (16.8) 17 (94.4)
Nonmidline abdominal wall closure 13 (12.1) 10 (77.0)
Fascial closure after acute postsurgical dehiscence 10 (9.3) 1 (10.0)
TRAM or DIEP donor site closure 5 (4.7) 0 (0)
Poor fascial quality for traditional suture 

closure or inability to place retrorectus mesh 
due to scar

5 (4.7) 2 (40)

Rectus diastasis repair 4 (3.7) 0 (0)
History of intractable pain with prior sheet 

mesh requiring removal
2 (1.8) 0 (0)
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fects, hernia rates were calculated for the remaining 98 
patients. Four of these 98 patients went on to develop an 
incisional hernia (4.1%). One patient had a recurrence 
after repair of an umbilical hernia. Two patients with full 
midline closures were found each to have a single 1-cm 
asymptomatic defect by surveillance CT scan (but not on 
physical examination). The fourth patient with diabetes, 
obesity, and a 14.8-cm hernia underwent a colostomy 
takedown early in the study. After the colostomy take-
down and components release, her midline was closed 

with a sequence of a mesh strip followed by two inter-
rupted 0-polypropylene sutures repeated for the length 
of the midline defect (in this series of patients, she was 
the only patient treated in this manner, whereas 4 others 
had alternating sutures and mesh strips). At the time of 
her hernia rerepair, an unusual surgical finding of hernia 
defects interspersed with well-approximated abdominal 
wall segments were noted. Biopsy of the joined areas of 
abdominal wall revealed the presence of the mesh strips 
still holding the rectus muscles in apposition (Table 4).

SSO occurred in 8 patients (17%), with the most com-
mon postoperative complication being a seroma treated 
in the office with drainage in 11 (10.3%), whereas 30-day 

Fig. 6. large skin grafted abdominal wall hernia with end colostomy.

Fig. 7. Abdomen after end colostomy takedown and placement of 
diverting ileostomy.

Fig. 8. Closure of abdominal wall hernia with mesh strips. A com-
ponents release was not required in this compliant abdominal wall.

Fig. 9. Closed abdominal wall with mesh strips.
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SSI was 4.6%. Three hematomas and two infections re-
quired operative treatment of the subcutaneous tissues, 
and there were no deep infections or fistulas. Nine pa-
tients were readmitted within 30 days. Only one knot lo-
cated at the bottom of a seroma cavity was excised in the 
office, and no other mesh sutures have required early or 
late removal. Excluding CDC 1 clean cases, SSO was 22% 
and SSI was 6.1%.

Two patients died, one from a ruptured bladder and 
amyloid-induced heart failure and the other on high-dose 
steroids from sepsis after a colostomy takedown. Neither 
patient was included in our outcomes as they did not 
reach a 30-day follow-up (Figs. 11–15).

DISCUSSION
Small-diameter sutures concentrate force and pressure 

at the STI, leading to acute or chronic suture pull-through 
and surgical failure.11 Many materials have been implant-
ed in an attempt to achieve a reliable high-tension closure 
including silver wire,12 dermal autograft strips,13 and col-
lagen ribbon.14 The spacing of sutures to avoid tearing has 
intensely investigated.15 However, the problem may actu-
ally be the 3000-year-old suture design of a flexible linear 
thread that concentrates forces at the STI to achieve tissue 
apposition. Stagnant progress in the hernia repair field16 
and a failure rate of suture repairs of incisional hernias of 
63% at 10 years17 perhaps is explained by this reliance on 
the standard suture design for tissue approximation.

The long-term strength of an abdominal wall closure is im-
portant, as a number of hernias occur >1 year after closure.18 
The strength of any repair is the sum of the physical construct 
and the scar of biologic healing. Humans have been assessed 
to encapsulate rather than to incorporate foreign materi-
als than other species,19 and a mesh sutured repair uses this 
response to its advantage. The authors hypothesize that the 
mesh suture creates a magnified foreign body response be-
cause of its increased surface area in comparison to standard 
suture. The surface area of a 20-mm-wide mesh strip is over 
34 times the surface area of a number 1 polypropylene suture. 
It is believed that a persistent foreign body response and as-
sociated scar formation will be important for the long-term 
strength of the closure. Experimental evidence shows that the 
foreign body response recedes when the foreign body disap-
pears,20,21 and this may explain why abdominal wall scars after 
laparotomy and closure with absorbable sutures are only 70% 
as strong as unscarred linea alba.22 Foreign body-induced 
scar from implanted polypropylene23 is localized to the site 
of abdominal wall closure and magnified by the high surface 
area. Our hernia recurrence rate of <4% at the early mean 
follow-up time of 234 days is encouraging and is much less 
than expected, when compared to a cohort of similarly com-
plex sutured repairs performed by the senior author.24 This 
ability is attributed to reliably suture wide abdominal defects 
(and avoid planar mesh) due to this magnified foreign body 
response, as these strips had the tensile strength of standard 
number one polypropylene sutures. Numerous types of de-
fects were closed with or without components releases, relying 
on the distribution of forces to limit or avoid pull-through. 
The results are similar to that described for polypropylene 

Fig. 10. Three-month postoperative result showing closed abdomi-
nal defect and diverting ileostomy.

Table 3. Patient Risk Stratification

 Definition n = 107

CDC classification   
    CDC 1: clean Clean operative wound without inflammation in which GI, respiratory, GU tracts are not 

entered
58 (54.2%)

    CDC 2: clean-contaminated Operative wound with controlled entry of GI, respiratory, or GU tracts without gross spillage 28 (26.2%)
    CDC 3: contaminated Open wound or operative wound with gross breakage of sterile technique or gross spillage 

from GI tract
14 (13.1%)

    CDC 4: dirty/infected Traumatic wound with devitalized tissue, perforated viscus, or current infection 7 (6.5%)
VHWG classification
    1 Low risk of complication, no history of wound infection 30 (28.0%)
    2 Smoker, COPD, obese, diabetic, immunocompromised 30 (28.0%)
    3 Previous wound infection, stoma, violation of GI tract 41 (38.4%)
    4 Infected mesh, septic dehiscence 6 (5.6%)
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“bands” that are introduced from semilunar line to semilunar 
line to close a midline defect, but were not tied to themselves 
to create a knot.25 Efficacy of the mesh strips is most dramati-
cally demonstrated in the 49 repairs CDC grades 2–4. Only 
one patient had a hernia in these complex cases despite an 
average transverse hernia width of 10.2 cm. The remaining 48 
patients maintained unscarred tissue planes for a later planar 
mesh closure if necessary.

The safety of mesh sutured repairs can be assessed with 
comparisons to both sutured closures of the abdominal wall 
and planar mesh hernia repairs in contaminated fields. The 
SSI rate of 4.6% for the entire cohort is less than a recent 
meta-analysis for sutured ventral hernia closures of 6.6%.26 
The SSI rate of 6.1% for the 49 contaminated and clean-
contaminated closures compares favorably to a 14–15% 30-
day SSI rate in 2 recent studies of nonsterile planar mesh 
repairs27,28 Of the 31 closures not done for hernias, 10 were 
for fascial dehiscence after laparotomy—a situation regarded 
to be challenging with high failure rates.29 Mesh sutured re-

pairs employ far less foreign material and require less tissue 
dissection than do planar mesh repairs. The fact that the 
majority of the prosthetic material is incorporated and thus 
located within tissue, as opposed to lying on its surface as do 
planar meshes, most probably is protective against infection. 
There is a minimal contact of the mesh strip with the bowel 
unlike intra-abdominal meshes. Finally, the authors feel that 

Fig. 11. Spontaneous small-bowel lymphoma-induced enterocuta-
neous fistula emerging through 9-cm hernia defect in a patient with 
a prior ileal conduit.

Fig. 12. Image after resection and repair of enterocutaneous fistula. 
Due to chronically inflamed and infected tissues, a polyglactin mesh 
was placed for 2 days to obtain wound control.

Fig. 13. After polyglactin mesh removal and bilateral components 
releases with perforator preservation, mesh sutures were placed 
across the abdominal defect. The wound was relatively clean, with 
one pocket of purulence that was debrided.

Table 4. Outcomes

SSO 18 (16.8%)
SSI 5 (4.6%)
Hematoma 4 (3.7%)
Seroma 11 (10.3%)
Dehiscence 0 (0%)
Enterocutaneous fistula 0 (0%)
Delayed wound healing 1 (0.9%)
Reoperation 6 (5.6%)
Readmission 9 (8.4%)
Recurrence 4 (4.1%)
Average follow-up (mean ± SD), d 234 ± 212 (30–1043)
Longest follow-up, y 2.8
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the physical attributes of the mesh are extremely important. 
Biomaterials with pores >1 mm generate the most biocom-
patible tissue response.30 Resistance to infection is evidenced 
by several patients with exposed mesh strips who healed with 

local wound care. The polypropylene filaments used in this 
particular mesh are measured by microCT to be 0.14 mm in 
diameter, and this compares to 0.4 mm for number 1 poly-
propylene. There may be a threshold in humans for the abil-
ity of a narrow filament foreign body to be cleared of surface 
bacteria, with the thinner the better. We have observed that 
small-diameter sutures (3-0 and smaller) do not form deep 
stitch abscesses, and we question whether the exceedingly 
low infection rate of intravascular stents despite episodes of 
transient bacteremia31 is due to the thin size of the metal fila-
ments (0.08 mm) rather than their material composition.

Another issue for tissue tolerance is the physical character-
istics of the mesh strip knots. Mesh strips are predominantly 
air and therefore the filaments collapse when tied to produce 
a small knot. Unlike the knots of solid sutures, the knots 
of mesh sutures still maintain an element of porosity (con-
firmed by microCT) that permit tissue incorporation, and 
may explain only a single knot being removed in this series.

Our enthusiasm for this technique is tempered by the 
relatively short follow-up. Categorization of results is dif-
ficult considering the varied types of defects closed with 
this technique. Although the passage of mesh strips with 
the aid of a sharp clamp is clumsy, a mesh suture with an 
attached needle is in development. Despite the lack of an 
attached needle, in our hands, a mesh sutured repair is 
both versatile and fast, in addition to avoiding the place-
ment of a planar mesh with its required tissue dissection. 
These repairs avoid the sizeable costs associated with the 
bioprosthetic meshes often encouraged for use in contam-
inated situations. Long-term studies incorporating safety, 
efficacy, and cost will determine the proper place for this 
new abdominal wall closure technique and are underway.

Gregory Dumanian, MD

675 N. St. Clair, Suite 19-250,
Chicago, IL 60611.

E-mail: gdumania@nm.org
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