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Abstract

Introduction The ultimate measure of successful abdominal wall reconstruction is a pain-free, complication-free, and durable
hernia repair. Open techniques have generally lost favor, but they still have much to offer for patients with skin deficits and
excess. The long-term complication rates for open hernia repairs is unknown. Electronic medical records now provide the
ability to easily follow patients who have switched medical institutions. Using this tool, we followed a cohort of abdominal
wall reconstruction patients who had an early high “success” rate.

Methods We performed a retrospective chart review of 101 patients who underwent open ventral hernia repair with a narrow
well-fixed retrorectus uncoated polypropylene mesh by a single surgeon (GAD) between the years of 2010 and 2015. These
patients were initially reported in a 2016 publication. Patients’ post-operative follow-up by any medical provider assessing
the abdominal region were studied up until August 2023. Patient demographics, operative reports, and postoperative course
were re-reviewed.

Results A total of 101 patients underwent ventral hernia repair. Mean follow-up time was 7.68 years (range 1.8 — 13.0 years).
There were no recurrent hernias across the studied time period and no instances of enterocutaneous fistulas. 15 patients
(15%) had abdominal surgery after hernia repair unrelated to their original surgery and 5 patients (5%) reported chronic
post-operative pain. 13 patients died in the follow-up period, all unrelated to the abdominal wall surgery.

Conclusion Open well-fixed narrow retrorectus mesh hernia repairs perform well in the long-term without fistulas, extru-
sions, and hernia recurrence.
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Introduction hernia patients treated from 2010 to 2015 with limited skin
flap elevation, placement of a narrow well-fixed mesh,

Over the last 3 decades, abdominal wall reconstruction  and perforator preserving anterior components releases as

(AWR) has moved from bridged mesh repairs to direct sup-
ported repairs where the rectus muscles are reapproximated
in the midline and supported with an underlying mesh. In
2016, a consecutive series of over 100 midline abdominal
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needed were reported [1]. The surgical technique for these
patients is different than commonly described retrorectus
repairs, as it aims to use a narrow 7.5 cm wide mesh that
is fixed with multiple transfascial sutures placed along
the length of the rectus muscles. Surgeons performing the
Rives-Stoppa repair typically use wide meshes that reach
from semilunar line to semilunar line to improve mesh over-
lap with the abdominal wall and they often avoid suture fixa-
tion of the mesh to decrease postoperative pain [2, 3]. Use
of a narrow well-fixed mesh may have certain advantages
over the placement of large unfixed retrorectus meshes by
limiting dissection, by decreasing the total amount of for-
eign material, by better distributing the initial forces on the
hernia repair, and finally by ensuring that the mesh remains
flat without wrinkles. This cohort of patients had a low

@ Springer


http://orcid.org/0000-0002-6627-8967
http://crossmark.crossref.org/dialog/?doi=10.1007/s10029-024-03133-6&domain=pdf

2208

Hernia (2024) 28:2207-2216

surgical site occurrence (SSO) rate and a hernia recurrence
rate of 0% with a mean follow-up of 1 year of an in-person
physical examination by the senior author. A criticism of
this study was the short length of follow-up of 399 days
for these patients and the unknown long term complication
rates of extrusion, obstruction, fistula formation, and hernia
recurrence.

With new electronic health information exchange (HIE)
platforms allowing for sharing of records between dispa-
rate healthcare service providers, there is now the ability to
have a more holistic, complete view of patients’ postopera-
tive outcomes. We hypothesized that additional long-term
evaluation of the reported 2016 patient cohort employing the
benefits of a more unified electronic medical record, could
reveal new complications such as pain, fistulas, and hernias,
or uncover other unexpected outcomes. Under this context,
the present study was performed.

Methods

A consecutive series of isolated midline incisional hernias
was collected and reported in 2016, and this series represents
the identical patient cohort but with longer follow-up. All
patients were treated with a narrow well-fixed midweight
uncoated polypropylene mesh (PROLENE Soft Prolene
Mesh; Ethicon, Somerville, NJ) as described below by a
single surgeon (GAD) at Northwestern Memorial Hospital
between the years of 2010 and 2015.

Surgical technique

Patients had a reconstruction of the entire linea alba with
this open technique. A long incision is made from the
xyphoid to near the symphysis pubis (Figs. 1-2). After
freeing the bowel from the posterior aspect of the hernia
sac and the abdominal wall, soft tissue flaps are created
to expose 4 cm of unscarred anterior rectus fascia. Next,
an assessment is made if an anterior components release
is required to decrease tension at the midline. With the
patient fully relaxed, if the surgeon is unable to manually
approximate the medial border of the rectus muscles with a
simple holding of the tissues between the thumb and index
finger, then an anterior components release using lateral
incisions and perforator preservation is performed [4]. An
anterior components release done with lateral incisions to
access the external oblique muscle and fascia can be done
rapidly even in the presence of functioning ostomies and
ostomy scars [5]. The retrorectus space is created from the
xyphoid to the space of Retzius, and the posterior sheath
is then closed with a running monofilament absorbable
suture (Figs. 3—4). Specific to this operative technique, a
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Fig. 1: 66-year old gentleman with an incisional hernia due to a mid-
line extraction site after prostatectomy. The incision was placed in the
center of rectus diastasis

narrow 7.5 cm wide mesh is used to reinforce the midline
closure in a very specific manner (Figs. 4-5). The mesh
is fixed to the undersurface of the rectus muscle for the
length of the abdominal wall by multiple O polypropyl-
ene sutures. The suture passes through the anterior rectus
fascia and then through the rectus muscle to then catch a
few filaments of the macroporous polypropylene mesh.
The suture is then passed back through the muscle and
fascia to be tied on the anterior rectus fascia. The mesh is
secured every 2-3 cm along its length with these U-shaped
sutures to create a narrow well-fixed mesh. The sutures are
snapped long and tied after all are placed. The surgeon
avoids any intercostal nerves that are visible. Tying down
the lateral sutures distributes the tension on the closure
and brings the medial borders of the rectus muscle to the
midline where they are then approximated with a running
monofilament absorbable suture (Figs. 6-7). Excess skin
is excised in a vertical direction and the skin is closed over
drains. Drains are removed when less than 30 cc a day for
two days. Antibiotics are discontinued within 24 h. This
technique is unchanged from prior publications [6].
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Fig.2 Incision from the xyphoid through the umbilicus to approxi-
mately 3 cm below the umbilicus

Retrospective chart review

Ethics Committee approval was requested from Northwest-
ern University to perform a retrospective chart review of
qualifying patients. After institutional board approval was
obtained, the electronic medical record (EPIC; Verona, WI)
and specifically the “CareEverywhere” feature was que-
ried for surgical and medical history. Patient follow-up was
defined as a written comment on the abdominal wall by a
physician, nurse, or nurse practitioner, and it was assumed
for the purposes of this study that the presence of a hernia
would elicit a positive notation on physical examination. If
the abdominal wall was not specifically noted on physical
examination or in other written comments, the visit was not
scored as a post-operative follow-up visit. Any return to the
operating room for abdominal surgery ended patient follow-
up, and the operative report was evaluated for any notation
of recurrent hernia. Abdominal CT scans were reviewed
(when present) for abdominal wall integrity. Any report in
Epic of a new hernia, recurrent hernia, or surgical repair
of a hernia was specifically noted. The latest documented
abdominal wall examination was used for final follow-up.
CT scan results and/or abdominal surgery operative reports

Fig.3 After skin flap elevation to expose 4 cm of rectus abdominis
fascia, the retrorectus space is created and the posterior sheath is
closed with a running monofilament

were used as confirmatory information in 21 patients. Sec-
ondary outcomes recorded included the development of
chronic abdominal wall pain, extrusion, bowel obstruction,
and development of enterocutaneous fistula. Patients were
not contacted as a part of this retrospective study.

Results

Patient demographics and abdominal wall
characteristics

The 101 patients represented were treated in an academic
medical institution. Average age was 55.7, average BMI was
29.1, and 44% had recurrent hernias (Table 1). The majority
(95%) of patients had Centers for Disease Control (CDC)
class 1 clean wounds. 42 patients were Ventral Hernia Work-
ing Group grade 1, 40 grade 2, 17 grade 3, and 2 grade 4
[7]. For patients with preoperative CT scans, the average
transverse fascial defect was 6.2 + 3.6 cm. In some patients,
the force required to close the abdominal wall was judged
too great, and therefore anterior component releases using
perforator preservation was applied in 28 patients. For these
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Fig.4 A 7.5 cm wide uncoated midweight polypropylene mesh is
placed in the retrorectus space

Fig.5 Close-up image of transfascial 0-polypropylene suture with an
entry point 4 cm from the medial border of the rectus muscle. The
suture passes through the anterior rectus fascia and through the rectus
muscle to then catch a few filaments of the macroporous polypropyl-
ene mesh. The suture is then passed back through the muscle and fas-
cia to be tied on the anterior rectus fascia
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Fig.6 Black arrows point to the O-polypropylene knots tied and rest-
ing on the anterior rectus fascia 4 cm from the medial border of the
rectus muscle. Tying the sutures forcefully brings the medial borders
of the rectus muscle to the midline where the free margins can be
approximated with minimal tension using a running suture

patients, the greatest separation of the medial borders of the
rectus muscles was 7.9 +4 cm.

Early outcomes

At the time of surgery and as reported in the 2016 paper,
patients did very well in terms of short-term outcomes.
The study reported average operative time was 135 min.
The SSO rate was 8% and surgical site infection rate was
3%. Five percent of patients were readmitted for any reason
within the first 30 days, and only 1 patient had a return to the
operating room within the first 30 days. The median number
of postoperative visits in the first three months by the surgi-
cal team was two. Three patients did not achieve 3 month
follow-up and were excluded from further analysis.

Late outcomes
Review of the electronic medical record increased from

follow-up from 399 days in the original publication
to 7.68 years for the 98 remaining patients (range 1.8
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Fig.7 Excess skin in removed in the midline, and the umbilical skin
flaps are tacked back down to the abdominal wall. One drain is visible

Table 1 Baseline patient characteristics

Characteristic Value

Age at time of surgery (mean +/-SD) 55.7 (12.0)
Men 34%
Women 67%

BMI (mean +/—SD) 29.1(6.2)
Diabetes 10 (9.9%)
Current/recent smoker 7 (6.9%)
Recurrent hernia 44 (43.6%)
Prior prosthetic mesh repair 29 (28.7%)
Prior biologic mesh repair 10 (9.9%)
Prior components release 6 (5.9%)
Prior mesh or wound infection 15 (14.9%)

— 13.0 years). There were no recurrent hernias identified,
and no patient returned to the operating room for a repeat
hernia repair. Fifteen patients (15%) had abdominal surgery
after their initial hernia repair unrelated to their original sur-
gery that defined their final follow-up, and in no instance
did the surgeon note a recurrent hernia. There were no late
mesh infections, no extrusions, no bowel obstructions and

no enterocutaneous fistulas. Five percent (n=35) of patients
reported chronic abdominal wall pain to their provider, but
there were not any notations of severity. Thirteen patients
died in the follow-up period, all unrelated to the abdominal
wall surgery from malignancy or complications of chronic
disease.

Images from two patients in the series are provided. Fig-
ure 8 demonstrates a two year follow up image of a patient
with skin excess at the time of hernia repair. She was exam-
ined by the senior author 10 years after her hernia repair.
Figure 9 illustrates a patient with skin deficit. His postopera-
tive image was taken 2 years after surgery, and he was exam-
ined by the senior author 10 years after his hernia repair.

Discussion

While open techniques have generally lost favor for abdomi-
nal wall reconstruction to minimally invasive (MIS) robotic
and laparoscopic procedures, they still have much to offer
for patients with midline skin deficits and excess and need to
remain in the armamentarium of all AWR surgeons. Patients
with skin deficits typically demonstrate scars in the midline
due to a stretched-out hernia sac. While an MIS procedure
can fix the abdominal wall issue, the midline skin issues
are ignored or else excised as a hybrid open/MIS proce-
dure. In the opposite direction, numerous patients request
skin removal and overall improvement of their abdominal
wall contour, and these patients require skin removal. These
patients are often referred for secondary skin removal sur-
gery. MIS mesh placement teaching stresses wide meshes to
distribute forces and limit recurrence, but this mesh strategy
may not work well with open procedures where an emphasis
on maintaining tissue vascularity to ensure mesh incorpora-
tion and healing is critical. There are secondary complica-
tions that can be related to the development of tissue planes
from mid-axillary line to mid-axillary line. To this end, we
reintroduce open hernia repair with a narrow well-fixed
mesh. The technique and manner of open mesh placement
is opposite that of MIS teaching and can treat patients with
both midline skin deficits and excess.

Traditional hernia repair has been well-studied in terms
of rates of early post-operative complications of surgical
site occurrence (SSO) and late complications of hernia for-
mation/mesh infection/mesh extrusion. SSOs include surgi-
cal site infections (SSIs), seromas, hematomas, and mesh
infections [8]. They also include instances of delayed wound
healing, enterocutaneous fistula, reoperation, or dehiscence.
Cited rates of SSO can vary depending on the time point
measured from the original procedure, and also on the tech-
nique utilized for the hernia repair. Case urgency, operative
time, patient age, comorbidities, and BMI are other cited
factors for variability in incidence of post-hernia SSOs.
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Fig.8 Preop (above) and
postoperative images (below)
of a patient with midline skin
deficit closed with an open
hernia repair utilizing a narrow
well-fixed mesh. Image taken

5 years after hernia surgery, and
she was examined by the senior
author 10 years after repair

Meta-analyses looking at SSO rates across all ventral hernia
repairs show pooled rates of 37.4% (range 30.0% to 45.8%
across 91 studies) for bridged repair, 24.1% (range 12.5 to
26.2% across 319 studies) for primary fascial closure, and
26.6% (range 25.5% to 29.2% across 79 studies) for poste-
rior component separation [9]. Such high rates of SSOs are
problematic for patients who may then require a subsequent
procedure. Our results of an 8% SSO rate was far below
cited percentages for ventral hernia repair and may suggest
benefits of the well-fixed, narrow midweight uncoated poly-
propylene mesh placed into a well vascularized operative
field. The mesh is secured to the tissues, and it is a surgical
adage that a “well-fixed implant does not become infected.”
We hypothesize that fixation of the polypropylene mesh
to the undersurface of well vascularized muscle decreases
micromotion and thereby serves to provide a solid platform
upon which the soft tissues can heal. Recent meta-analyses
focusing on understanding the rate of SSIs in VHR found
that wound infections were reported in 17.7% of mesh repair
patients [10]. These studies among traditional mesh repairs
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using large areas of mesh stand in contrast to the narrow
mesh used in this study. By minimizing the total surface
area of mesh placed, there is a lower likelihood of infec-
tion both from the decreased amounts foreign material as
well as a more limited soft tissue elevations required for
placement of narrow meshes that better serve to maintain
tissue vascularity. Suture fixation of the mesh limits micro-
motion in comparison to an unfixed mesh and encourages
rapid incorporation. Another surgical adage is that the more
rapid the incorporation of the foreign material, the less likely
an infection. Our 3% SSI rate is promising evidence to this
claim, in comparison to the much higher rates of infection
in traditional VHR with larger sheets of mesh. No mesh
required removal, and we reemphasize that antibiotics were
discontinued within 24 h of surgery for these patients.

The Rives-Stoppa repair for midline hernias has been
taught as one of the “gold-standards” for incisional hernias
and non-complicated ventral abdominal wall hernias in terms
of hernia recurrence—the primary late outcome in ventral
hernia repair [11, 12]. However, the standard Rives-Stoppa
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Fig.9 Preop (above) and post-
operative images (below) of a
patient with midline skin deficit
closed with an open hernia
repair utilizing a narrow well-
fixed mesh. Image taken 2 years
after hernia surgery, and he was
examined by the senior author
10 years after repair

repair simply fills the retromuscular space from semilunar
line to semilunar line, with some surgeons using no fixation
and others only suturing the cranial and caudal aspects of
the mesh to avoid the mesh becoming bunched upon itself
rather than to augment the initial hernia repair construct
strength. The range of hernia recurrence rates for the Rives-
Stoppa repair is quoted to be between 5% to 7.3% over time
[13, 14]. Meta-analysis of Rives-Stoppa repairs found that
pooled hernia recurrence was 3.2% after one year and 4.1%
after 2 years, in studies representing over 12,000 patients
[15]. For more substantial hernias, the transversus abdominis
release (TAR) procedure uses an even wider mesh and
achieves even greater overlap than the Rives-Stoppa repair.
Despite the larger mesh, the reported TAR hernia recur-
rence is higher with studies showing recurrence rates from
3.7%[16] to 12.7%[17] to even 26% [18], measured over a
year from initial procedure. An added potential injury to the
tissues with TAR releases is damage to the semilunar line
resulting in new lateral defects. Longitudinal studies look-
ing at reoperation rates for hernia recurrences at 10 years

after the index operation have shown the adjusted incidence
is 16.1% across all hernia types and repair techniques [19].
It is essential in gauging the success of an abdominal wall
repair to track outcomes across as many years as possible.
While not yet reaching the 10 year average follow-up mark,
our study did not identify any recurrent hernias.

Mesh choice is an important issue for any long-term
analysis of outcomes. Slowly absorbing meshes such as
those made of poly-4-hydroxy butyrate are touted to gradu-
ally transfer load to native tissues, thereby achieving a last-
ing abdominal wall closure without the risks of permanent
meshes. A long-term study documented a 22% recurrence
rate at 5 year follow-up for 54 patients who reached their
final follow-up exam [20], while another study documented
a 20% recurrence rate for the 43 patients also with 5 years
of follow-up [21]. It has been argued that the foreign body
reaction disappears and scar remodels and potentially weak-
ens with the absorption of absorbable materials [22, 23]. We
hypothesize that the permanent polypropylene filaments and
the lasting foreign body reaction are critical for a durable
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midline repair seen for the patients in this report. Despite
the permanent polypropylene mesh used in this series, none
of the patients had the other feared late complications of
bowel fistula formation or mesh extrusion. This is attributed
to the overall limitation of mesh use and the multiple suture
fixation points that achieve a flat mesh without wrinkles that
could cause a pressure sore into the bowel or out the skin
over time.

Midline skin deficits are addressed by keeping the major-
ity of the skin and soft tissues still attached to the anterior
rectus fascia. Approximation of the rectus muscles with the
narrow mesh carries the overlying skin with it to the mid-
line, solving the majority of midline skin deficits. When a
component release is performed, lateral incisions maintain
skin vascularity. Clinically, the 4 cm of skin elevation off of
the medical border of the rectus muscles does not cause any
skin necrosis, but there is a dead space that requires manage-
ment with one or two subcutaneous drains. Aesthetics are
important for any hernia repair for quality-of-life outcomes
as was brought up for patients with midline skin excess. The
ability to repair the abdominal wall and to simultaneously
remove redundant skin are central to the performance and
low complication rates of this procedure, and obviate the
need for a second separate “cosmetic” procedure. Central
skin removal decreases dead space, removes less well vas-
cularized skin and hernia sac, excises old scar, and permits
the creation of a neo-umbilicus [24] all at the cost of a long
midline incision. The dependability of the procedure permits
the use of a well-fixed retrorectus mesh for the repair of
severe rectus diastasis with simultaneous abdominoplasty
[10, 25, 26]. MIS hernia repairs are not designed to bring
good skin to the midline, nor to remove redundant skin and
subcutaneous tissues.

An important co-consideration in studying long term
outcomes is postoperative pain. Complex hernia repairs
using traditional techniques such as the Rives-Stoppa pro-
cedure are associated with a high degree of postoperative
pain extending beyond one year. In a well-cited study of
254 Rives-Stoppa patients with a mean follow-up time of
70 months (5.83 years), “27% of the respondents reported
having intermittent abdominal wall pain and rated their worst
pain during the entire follow-up period since discharge at a
mean score of 4.3+ 0.3 on the standard O to 10 pain scale”
[27]. Pain outcomes in this cohort of patients was exten-
sively analyzed in the prior publication using the Patient-
Reported Outcomes Measurement System (PROMIS). [1]
Over time with increased follow-up, five percent (n=35) of
patients reported chronic abdominal wall pain of any sever-
ity. In this series, the transfascial sutures placed to fix the
mesh did not seem to be long-term pain generators.

All studies have weaknesses, and a primary short-
coming of this report is that it is a single surgeon series
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without a comparison group. However, it was felt that the
positive outcomes for these patients were interesting and
warranted presentation. Our longitudinal results relied on
utilizing the capabilities provided by cross-network elec-
tronic health records as opposed to a visit to the original
surgeon, and this can be considered a significant weakness
of this analysis. The electronic health record has become
valuable to hernia outcome studies with the relatively new
unified health networks that are only improving over time
[28, 29]. Patients that had a significant hernia occurrence
surely would have shown this to their caregiver and pos-
sibly even returned to the operating room for a repair. That
was not the case for these patients who had a benign physi-
cal examination of their abdomen, a negative abdominal
CT scan, or an operative report that did not document any
hernia recurrence in order to quality for extended follow-
up. A limitation of the study is the absence of engagement
with the patient to better understand qualitative outcomes
of appearance and function.

This series represents the treatment of relatively
straightforward mid-sized clean hernias, and therefore
excluded the most complex patients where complication
rates may be significant higher. Indeed, patient selection
for a procedure is critical for matching the patient to a sur-
gical technique. Currently, a well-fixed retrorectus mesh
is reserved for high-demand patients with clean midline
defects and a normally compliant abdomen with a separa-
tion of the medial borders of the rectus muscle in the range
of 4 to 12 cm. For clean-contaminated and contaminated
procedures where there is a desire to avoid opening tissue
planes, a mesh suture is used (Duramesh Mesh Suture,
MSI, Chicago IL) [30]. Patients with midline hernias less
than 4 cm wide receive a choice of a retrorectus mesh vs
a mesh suture. In the patients with wider hernias greater
than 12-14 cm where it is difficult to reliably approxi-
mate the posterior sheath despite an anterior components
release, patients are pre-treated with botulinum toxin
before their anterior components release and receive a
mesh suture closure [31]. Outcome studies for mesh suture
patients is ongoing.

Conclusion

Our results, utilizing the capabilities provided by cross-
network electronic health records, show that the open
placement of a well-fixed retrorectus uncoated polypropyl-
ene mesh, had excellent outcomes free of recurrent hernia
formation, extrusion, and fistula formation with an average
of 7.68 years postoperatively.



Hernia (2024) 28:2207-2216

2215

Funding This study received no funding from any sources.

Declarations

Conflict of interest Dr Gregory Dumanian briefly describes a mesh
suture that he uses for certain types of abdominal wall reconstruc-
tions. The senior author has intellectual property and ownership in the
manufacturer MSI of mesh suture. Otherwise, the senior author has no
further financial disclosures.

References

10.

11.

12.

13.

Lanier ST, Fligor JE, Miller KR, Dumanian GA (2009) Reliable
complex abdominal wall hernia repairs with a narrow, well-fixed
retrorectus polypropylene mesh: a review of over 100 consecutive
cases. Surgery 160:1508-1516

Rhemtulla IA, Fischer JP (2018) Retromuscular sublay technique
for ventral hernia repair. Semin Plast Surg 32:120-126. https://
doi.org/10.1055/5-0038-1666800

Carbonell AM (2016) Rives-Stoppa retromuscular repair. In:
Novitsky Y (ed) Hernia Surgery: Current Principles. Springer
International Publishing, Switzerland, pp 107-115

Saulis AS, Dumanian GA (2002) Periumbilical rectus abdominis
perforator preservation significantly reduces superficial wound
complications in “separation of parts” hernia repairs. Plast Recon-
str Surg 109:2275-80. https://doi.org/10.1097/00006534-20020
6000-00016

https://www.youtube.com/watch?v=VXbolZbxOes. Accessed Jan
6,2024.

Cheesborough JE, Dumanian GA (2015) Simultaneous prosthetic
mesh abdominal wall reconstruction with abdominoplasty for ven-
tral hernia and severe rectus diastasis repairs. Plast Reconstr Surg
135:268-276

Ventral Hernia Working Group, Breuing K, Butler CE, Ferzoco
S, Franz M, Hultman CS, Kilbridge JF, Rosen M, Silverman RP,
Vargo D (2010) Incisional ventral hernias: review of the litera-
ture and recommendations regarding the grading and technique of
repair. Surgery 148:544-58. https://doi.org/10.1016/j.surg.2010.
01.008

Bleier JIS, Resnick AS (2009) Complications of Incisional Hernia
Repair. Semin Colon Rectal Surg 20:125-130

Holihan JL, Askenasy EP, Greenberg JA, Keith JN, Martindale
RG, Roth JS, Mo J, Ko TC, Kao LS, Liang MK (2016) Ventral
hernia outcome collaboration writing group. component separa-
tion vs. Bridged repair for large ventral hernias: a multi-insti-
tutional risk-adjusted comparison, systematic review, and meta-
analysis (2016). Surg Infect 17:17-26. https://doi.org/10.1089/sur.
2015.124

Maatouk M, Ben Safta Y, Mabrouk A, Kbir GH, Ben Dhaou A,
Daldoul S, Sayari S, Haouet K, Dziri C, Ben Moussa M (2021)
Surgical site infection in mesh repair for ventral hernia in contami-
nated field: A systematic review and meta-analysis. Ann Med Surg
(Lond) 63:102173. https://doi.org/10.1016/j.amsu.2021.02.019
Strambu V, Radu P, Britucu M et al (2013) Rives technique, a
gold standard for incisional hernias — our experience. Chirurgia
(Bucur) 108:46-50. https://doi.org/10.1097/SLA.0000000000
005422

Martin-Duce A, Noguerales F, Villeta R, Hernandez P, Lozano
O, Keller J, Granell J (2001) Modifications to rives technique for
midline incisional hernia repair. Hernia 5:70-72. https://doi.org/
10.1007/s100290100010

Mehrabi M, Jangjoo A, Tavoosi H, Kahrom M, Kahrom H (2010)
Long-term outcome of Rives-Stoppa technique in complex ventral

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

incisional hernia repair. World J Surg 34:1696—1701. https://doi.
org/10.1007/300268-010-0426-3

Wheeler AA, Matz ST, Bachman SL, Thaler K, Miedema
BW (2009) Retrorectus polyester mesh repair for midline
ventral hernias. Hernia 13:597-603. https://doi.org/10.1007/
$10029-009-0530-1

Hartog FPID, Sneiders D, Darwish EF, Yurtkap Y, Menon AG,
Muysoms FE, Kleinrensink GJ, Bouvy ND, Jeekel J, Lange JF
(2022) Favorable outcomes after retro-rectus (rives-stoppa)
mesh repair as treatment for noncomplex ventral abdominal
wall hernia, a systematic review and meta-analysis. Ann Surg
276:55-65. https://doi.org/10.1097/SLA.0000000000005422
Novitsky Y, Fayezizadeh M, Majumder A, Neupane R, Elliott
H, Orenstein S (2016) Outcomes of posterior component sepa-
ration with transversus abdominis muscle release and synthetic
mesh sublay reinforcement. Ann Surg 264:226-232. https://doi.
org/10.1097/SLA.0000000000001673

Chaves CER, Gir6én F, Conde D et al (2022) Transversus
abdominis release (TAR) procedure: a retrospective analysis
of an abdominal wall reconstruction group. Sci Rep 12:18325.
https://doi.org/10.1038/s41598-022-22062-x

Zolin SJ, Krpata DM, Petro CC, Prabhu AS, Rosenblatt S,
Rosen S, Thompson R, Fafaj A, Thomas JD, Huang LC, Rosen
MJ (2023) Long-term clinical and patient-reported outcomes
after transversus abdominis release with permanent synthetic
mesh: a single center analysis of 1203 patients. Ann Surg
277(4):¢900-e906. https://doi.org/10.1097/SLA.0000000000
005443

Howard R, Thumma J, Ehlers A, Englesbe M, Dimick J, Telem
D (2022) Reoperation for recurrence up to 10 years after hernia
repair. JAMA 327:872-874. https://doi.org/10.1001/jama.2022.
0744

Roth JS, Anthone GJ, Selzer DJ, Poulose BK, Pierce RA, Bittner
JG, Hope WW, Dunn RM, Martindale RG, Goldblatt MI, Earle
DB, Romanelli JR, Mancini GJ, Greenberg JA, Linn JG, Parra-
Davila E, Sandler BJ, Deeken CR, Badhwar A, Salluzzo JL, Voe-
ller GR (2022) Long-Term, Prospective, Multicenter Study of
Poly-4-Hydroxybutyrate Mesh (Phasix Mesh) for Hernia Repair
in Cohort at Risk for Complication: 60-Month Follow-Up. J Am
Coll Surg 235:894-904. https://doi.org/10.1097/XCS.0000000000
000363

Talwar AA, Perry NJ, McAuliffe PB, Desai AA, Thrippleton S,
Broach RB, Fischer JP (2022) shifting the goalpost in ventral her-
nia care: 5-year outcomes after ventral hernia repair with poly-
4-hydroxybutyrate mesh. Hernia 26:1635-1643. https://doi.org/
10.1007/510029-022-02674-y

Jordan SW, Fligor JE, Janes LE, Dumanian GA (2018) Implant
porosity and the foreign body response. Plast Reconstr Surg
141:103e-112e. https://doi.org/10.1097/PRS.0000000000003930
Ray JA, Doddi N, Regula D, Willliams JA (1981) Polydiaxanone
(PDS), a novel monofilament synthetic absorbable suture. Surg
Gynecol Obstet 153:497-507

Purnell CA, Turin SY, Dumanian GA (2018) Umbilicus recon-
struction with bilateral square “pumpkin-teeth” advancement
flaps. Plast Reconstr Surg 141:186—189. https://doi.org/10.1097/
PRS.0000000000003929

Dumanian GA (2021) Moradian S (2021) Mesh abdominoplasty
for rectus diastasis in women and men. Hernia 25:863-870
Sood R, Janes LE, Shah N, Sasson DC, Ellis MF, Dumanian GA
(2021) Mesh Repair of Rectus Diastasis for Abdominoplasty
is Safer than Suture Plication. Plast Reconstr Surg Glob Open
9(8):¢3721. https://doi.org/10.1097/GOX.0000000000003721
Igbal CW, Pham TH, Joseph A, Mai J, Thompson GB, Sarr MG
(2007) Long-term outcome of 254 complex incisional hernia
repairs using the modified Rives-Stoppa technique. World J Surg
31:2398-2404. https://doi.org/10.1007/s00268-007-9260-7. (1)

@ Springer


https://doi.org/10.1055/s-0038-1666800
https://doi.org/10.1055/s-0038-1666800
https://doi.org/10.1097/00006534-200206000-00016
https://doi.org/10.1097/00006534-200206000-00016
https://www.youtube.com/watch?v=VXboIZbxOes
https://doi.org/10.1016/j.surg.2010.01.008
https://doi.org/10.1016/j.surg.2010.01.008
https://doi.org/10.1089/sur.2015.124
https://doi.org/10.1089/sur.2015.124
https://doi.org/10.1016/j.amsu.2021.02.019
https://doi.org/10.1097/SLA.0000000000005422
https://doi.org/10.1097/SLA.0000000000005422
https://doi.org/10.1007/s100290100010
https://doi.org/10.1007/s100290100010
https://doi.org/10.1007/s00268-010-0426-3
https://doi.org/10.1007/s00268-010-0426-3
https://doi.org/10.1007/s10029-009-0530-1
https://doi.org/10.1007/s10029-009-0530-1
https://doi.org/10.1097/SLA.0000000000005422
https://doi.org/10.1097/SLA.0000000000001673
https://doi.org/10.1097/SLA.0000000000001673
https://doi.org/10.1038/s41598-022-22062-x
https://doi.org/10.1097/SLA.0000000000005443
https://doi.org/10.1097/SLA.0000000000005443
https://doi.org/10.1001/jama.2022.0744
https://doi.org/10.1001/jama.2022.0744
https://doi.org/10.1097/XCS.0000000000000363
https://doi.org/10.1097/XCS.0000000000000363
https://doi.org/10.1007/s10029-022-02674-y
https://doi.org/10.1007/s10029-022-02674-y
https://doi.org/10.1097/PRS.0000000000003930
https://doi.org/10.1097/PRS.0000000000003929
https://doi.org/10.1097/PRS.0000000000003929
https://doi.org/10.1097/GOX.0000000000003721
https://doi.org/10.1007/s00268-007-9260-7

2216 Hernia (2024) 28:2207-2216

28. Winden TJ, Boland LL, Frey NG, Satterlee PA, Hokanson JS for radiologists. J Ultrasound Med 40(10):2019-2030. https://doi.
(2014) Care everywhere, a point-to-point HIE tool: utilization and org/10.1002/jum.15591
impact on patient care in the ED. Appl Clin Inform 5:388-401.
https://doi.org/10.4338/ACI-2013-12-RA-0100 Publisher's Note Springer Nature remains neutral with regard to
29. https://www.epic.com/careeverywhere/ jurisdictional claims in published maps and institutional affiliations.
30. Hackenberger PN, Mittal M, Fronza J, Shapiro M (2024)
Duramesh registry study: short-term outcomes using mesh suture Springer Nature or its licensor (e.g. a society or other partner) holds
for abdominal wall closure. Front Surg. https://doi.org/10.3389/ exclusive rights to this article under a publishing agreement with the
fsurg.2023.1321146 author(s) or other rightsholder(s); author self-archiving of the accepted

31. Kurumety S, Walker A, Samet J, Grant T, Dumanian GA (2021) manuscript version of this article is solely governed by the terms of
Deshmukh S (2021) ultrasound-guided lateral abdominal wall such publishing agreement and applicable law.
botulinum toxin injection before ventral hernia repair: a review

@ Springer


https://doi.org/10.4338/ACI-2013-12-RA-0100
https://www.epic.com/careeverywhere/
https://doi.org/10.3389/fsurg.2023.1321146
https://doi.org/10.3389/fsurg.2023.1321146
https://doi.org/10.1002/jum.15591
https://doi.org/10.1002/jum.15591

	Long-term outcomes of open midline ventral hernia repair using a narrow well-fixed retrorectus polypropylene mesh
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Surgical technique
	Retrospective chart review

	Results
	Patient demographics and abdominal wall characteristics
	Early outcomes
	Late outcomes

	Discussion
	Conclusion
	References




