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Summary
Background Given the paucity of evidence surround-
ing lateral incisional hernias (LIH), optimal tech-
niques remain elusive. We aim to compare peri-
operative and mid-term outcomes of patients who
underwent robotic LIH repair using three techniques.
Methods Patients were grouped as intraperitoneal
onlay (IPOM), transabdominal preperitoneal (TAPP),
or retromuscular (RM). Clavien–Dindo classification
and Comprehensive Complication Index (CCI®; Uni-
versity of Zurich, Zurich, Switzerland) were used to
report postoperative complications and morbidity
scores. Surgical site events (SSEs), including surgical
site occurrences (SSOs) and surgical site infections
(SSIs), were also compared.
Results Of the 555 patients, 26 patients were included
in the study; 5 (19.2%) underwent IPOM, 8 (30.8%)
underwent TAPP, and 13 (50%) underwent RM repair.
Although there were no differences regarding hernia
defect size, a larger mesh size as well as a greater mesh
overlap was achieved in the RM group compared to
the IPOM and TAPP groups (p<0.05). Additionally,
RM repair allowed for a higher mesh-to-defect ratio
than the recommended ratio of 16:1. There were no
differences between groups in terms of postoperative
outcomes, including SSEs, Clavien–Dindo grades, and
CCI® scores.
Conclusion No differences in mid-term outcomes be-
tween robotic IPOM, TAPP, or RM repair were noted.
However, the robotic RM repair allows for significantly
larger mesh size and mesh overlap, as well as a higher
mesh-to-defect ratio.
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Introduction

Lateral incisional hernias (LIH) are relatively rare com-
pared to midline hernias [1]. A number of anatomical
factors play a role in the technical difficulties faced
with repair of LIH. Firstly, there is less aponeurotic
tissue at the lateral abdominal wall compared to the
midline portion of the abdomen. Additionally, her-
nias located close to the bony prominences, such as
the costal margin and the iliac crest and those in close
association with major neurovascular structures, may
not allow for proper mesh overlap and adequate mesh
fixation [1–3]. Therefore, the repair of laterally located
incisional hernias presents a challenge for surgeons
[1–5].

Due to the rarity of LIH, most published studies
on LIH consist of case series [2, 5–10], with the most
prevalent surgical techniques used being open and la-
paroscopic. Comparative studies are limited and the
majority of studies compare defect location [11–15]
rather than surgical technique [3, 16, 17]. Given the
lack of high-quality evidence to provide reliable rec-
ommendations for these challenging hernias, opti-
mal techniques and approaches remain unclear [1,
4, 18]. Clinical studies show that recurrence rates,
wound complications, and hospital length of stay dif-
fer between open and laparoscopic approaches [18].
However, there are no published series or comparative
analyses between the robotic approach to LIH and the
aforementioned techniques. Our aim is to compare
perioperative and midterm results of intraperitoneal
onlay (IPOM), transabdominal preperitoneal (TAPP),
and retromuscular (RM) in robotic LIH repair. We hy-
pothesize that robotic RM repair will be advantageous
in terms of perioperative and midterm outcomes.
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Materials and methods

The data for this study were obtained from a prospec-
tively collected institutional review board-approved
database of cases between February 2013 and July
2019 and were retrospectively reviewed. From this
database, patients who had surgery with the purpose
of repair of a lateral incisional hernia were included.
Patients who had surgery for midline hernias (ac-
cording to the European Hernia Society classification
[19], defined as both primary and incisional hernias
between the lateral border of both rectus sheaths, the
xiphoid, and the pubic bone) and those with primary
(non-incisional) lateral hernias were excluded from
the study. Patients who underwent concomitantly
performed non-hernia procedures were also excluded
for better clarification of postoperative complications.
After selection, patients were grouped according to
the mesh position of the index procedure (IPOM,
TAPP, RM).

The database includes patients’ demographics (age,
sex, body mass index [BMI], and comorbidities), her-
nia characteristics (etiology, hernia content, localiza-
tion, hernia defect size), operative variables (proce-
dure setting, concomitant procedures, the presence
of conversion to other approaches, duration of proce-
dures, mesh type and size, fixation method, estimated
blood loss [EBL], ability to close the hernia defect,
and intraoperative complications), and early postop-
erative results (the hospital length of stay [LOS], hospi-
tal readmission within a postoperative 30-day period,
and postoperative complications). Additional calcu-
lations were performed according to intraoperative
measurements including defect area in cm2 (oval for-
mula), mesh area in cm2 (oval or rectangular formula),
mesh overlap in cm in both craniocaudal and trans-
verse directions, and mesh-to-defect ratio (M/D ra-
tio). Postoperative complications were reviewed as
documented in the surgeon’s follow-up visits, as well
as the patients’ medical records and clinical charts.
In patients with inadequate data retrieval, phone calls
were made to gather detailed information about post-
operative complications. All complications were cate-
gorized according to the Clavien–Dindo classification
system [20]. Of these, surgical wound complications
were further categorized according to the previously
published classification of surgical site events (SSEs)
[21]. SSEs were further classified as surgical site in-
fections (SSIs; including cellulitis, superficial, deep,
and organ-space infections), surgical site occurrences
(SSOs; including fluid collections such as seroma and
hematoma), and surgical site occurrence or infection
procedural interventions (SSO/SSI-PIs; SSOs or SSIs
requiring any procedural intervention such as reopen-
ing a wound, placing a drain, percutaneous aspiration,
or reoperation). Postoperative morbidity score was
measured using the Comprehensive Complication In-
dex (CCI®, University of Zurich, Zurich, Switzerland)
[22]. The Morales–Conde classification algorithm was

used to describe the severity of a seroma complica-
tion [23]. Mid-term outcomes were assessed by phone
survey according to the criteria of the ventral hernia
recurrence inventory [24]. Briefly, patients were asked
two questions regarding their hernia surgery: 1) “Do
you have physical symptoms or pain at the site?” 2)
“Do you feel or see a bulge?” If a patient responded
“yes” to either of these questions, the patient was in-
vited for an office visit to perform a physical examina-
tion and obtain further imaging studies, if necessary.
For patients who could not be reached by telephone
interview, the last visit date was determined to calcu-
late the follow-up time. For other patients, the phone
survey date or examination date was used for follow-
up calculation.

Surgical technique

The patients were placed in the supine or semi-lateral
decubitus position with flexing of the table depending
on hernia localization (Fig. 1a). Following appropriate
preparation, the trocars were inserted depending on
the type of repair and the patient-side cart of the da
Vinci surgical robotic system (Intuitive Surgical, Sun-
nyvale, CA, USA) was docked.

Intraperitoneal onlay mesh repair

For IPOM repair, after adhesiolysis, the defect was
measured and primary closure of the hernia defect
was performed by running a long-lasting absorbable
barbed suture (Stratafix 0™ on CT-1 needle, Ethicon,
Somerville, NJ, USA) under reduced intraabdominal
pressure (4–8mmHg) or de-flexing the table. The
mesh was introduced and secured to the posterior
fascia using barbed absorbable sutures (2–0V-Loc™;
Medtronic, Minneapolis, MN, USA) in a running fash-
ion.

Transabdominal preperitoneal repair

For TAPP repair, the preperitoneal plane was entered
and dissected circumferentially around the defect to
provide space for adequate mesh deployment. After
closing the hernia defect, the mesh was deployed and
secured to the posterior fascia. The peritoneal flap
was closed with a barbed absorbable suture (2–0V-
Loc™; Medtronic, Minneapolis, MN, USA).

Retromuscular repair

For RM repair, the procedures were performed with
either transabdominal or totally extraperitoneal ac-
cess. After achievement of the retrorectus plane,
the dissection was carried out laterally towards the
linea semilunaris and a transversus abdominis release
(TAR) was performed (Fig. 1b). Neurovascular bun-
dles of the rectus muscle were found and preserved
during the TAR. The dissection plane was extended
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Fig. 1 Robotic lumbar hernia repair; a patient position,
b transversus abdominis release for robotic retromuscular her-
nia repair, c lateral extension of the dissection plan as caudal to

the hernia defect, TAM transversus abdominis muscle, FT fas-
cia transversalis d lateral extension of the dissection plan as
cranial to the hernia defect

laterally (Fig. 1c, d). After the hernia defect was iden-
tified (Fig. 2a), the hernia sac was reduced into the
abdominal cavity. A circumferential dissection can
help complete reduction of the hernia sac without
peritoneal tearing (Fig. 2b). Once the dissection was
completed, primary closure of the anterior defect was
accomplished by running a long-lasting absorbable
barbed suture (Stratafix 0™ on CT-1 needle, Ethicon,
Somerville, NJ, USA; Fig. 2c). For TA access RM re-
pair, the opening of the posterior rectus sheath was
closed using barbed absorbable suture (2–0V-Loc™;
Medtronic, Minneapolis, MN, USA) in a running fash-
ion. In the case of bilateral TAR, the same steps were
performed for the contralateral side of the patient, to
obtain tension-free closure of the posterior flaps. The
mesh was then inserted, deployed, and placed in its
correct position (Fig. 2d). Separate mesh was used for
patients who required concomitant inguinal hernia
repair (IHR). Pneumoperitoneum was released under
direct vision. Any fascial incision more than 10mm,
if present, was closed along with skin incisions with
absorbable sutures after administration of local anes-
thetic (1% bupivacaine hydrochloride) at the trocar
sites.

Statistical analysis

All statistical analyses were performed using SPSS
software (Statistical Package for Social Sciences for
Windows Version 22, IBM® Corporation, Armonk, NY,
USA). Categorical variables were represented in terms
of frequency (n and/or %), while continuous variables
were reported as the mean± the standard deviation
(SD) for normal distributions or the median with in-
terquartile range (IQR) for non-normal distributions.
Chi-square test or Fisher’s exact test was used for
categorical variables. One-way analysis of variance
(ANOVA) or the Kruskal–Wallis test was used for con-
tinuous variables, as appropriate. A p-value of <0.05
was considered as statistically significance.

Results

From a total of 555 patients who underwent a robotic
ventral hernia repair, 26 patients who underwent
robotic lateral incisional hernia repair were enrolled
in this study. Of these, robotic IPOM repair was per-
formed in 5 patients, robotic TAPP in 8 patients, and
robotic RM repair in 13 patients. Patient demograph-
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Fig. 2 Robotic retromuscular hernia repair for lumbar hernia;
amedial side of the hernia defect, b circumferential dissection
to reduce the hernia sac without peritoneal tearing, c defect

closure with absorbable barbed suture, d retromuscular mesh
placement

ics and mesh position details are listed in Table 1 and
Fig. 3.

Three patients (3/26) in the cohort underwent
robotic hernia repair in an emergency setting, of
whom 1 patient underwent IPOM repair and 2 pa-
tients underwent RM repair (p=0.453). Regarding
hernia content, 14/26 patients had an incarcerated
hernia: omentum in 6/14, small bowel in 7/14, and
colon in 6/14 patients. There were no differences
between groups regarding the presence of hernia
incarceration (p= 0.940) or hernia content (omen-
tum, small bowel, and colon: p= 0.162, p= 0.714,
and p=0.497, respectively). The comparison of her-
nia characteristics and operative variables between
groups are summarized in Table 2. Of robotic RM
repairs, while transabdominal trocar access was used
in 7/13 patients, a totally extraperitoneal trocar place-
ment was used in 6/13 patients. All robotic RM repairs
were performed with a unilateral TAR technique ex-
cept in one case which required a bilateral TAR repair
in order to obtain tension-free closure of the posterior
fascia. Four out of 26 patients required concomitant
inguinal hernia repair (three bilateral, one unilateral).

Of these four patients, two were in the TAPP group
and the other two were in the RM group (p= 0.478).

In terms ofmeshmaterials, polypropylene, polyester,
and expanded polytetrafluoroethylene mesh was used
in 5, 18, and 3 patients, respectively; there was no sta-
tistical difference between groups (p=0.107). While
no fixation material was applied in 11 patients, suture
alone or absorbable tacker and suture in combination
were applied in 15 patients. All robotic IPOM repairs
(5/5) required circumferential mesh fixation, while
6 of the TAPP repairs (6/8) and 4 of the RM repairs
(4/13) were performed by using a few interrupted
sutures to be able to hold the mesh in place, as dis-
cussed later. Drains were not placed in any of the
patients.

None of the patients required conversion to an
open or laparoscopic approach. However, a hybrid
technique was required in one patient who under-
went IPOM repair to be able to close the hernia defect.
The presence of intraoperative complications did not
differ between groups (p=0.453); subcutaneous em-
physema occurred in 1 patient who underwent IPOM
repair (1/5), and a small bowel injury occurred during
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Table 1 Patient demographics

Total
(n= 26)

IPOM
(n= 5)

TAPP
(n= 8)

RM
(n= 13)

p-value

Age, years, mean± SD 59.8± 13.6 58.2± 6.7 57± 13.7 62.1± 15.8 0.690

Sex, male, n (%) 8 (30.8) 2 (40) 3 (37.5) 3 (23.1) 0.694

BMI, kg/m2, mean± SD 30.9± 5.4 34.9± 2.2 28.9 ± 5 30.5 ± 6 0.148

ASA score

ASA-2, n (%) 11 (42.3) 3 (60) 5 (62.5) 3 (23.1) 0.139

ASA-3, n (%) 15 (57.7) 2 (40) 3 (37.5) 10 (76.9)

Comorbidities and risk factors

Hypertension, yes, n (%) 14 (53.8) 3 (60) 4 (50) 7 (53.8) 0.940

Coronary artery disease, yes, n (%) 2 (7.7) 0 (0) 1 (12.5) 1 (7.7) 0.713

Myocardial infarcts, yes, n (%) 1 (3.8) 0 (0) 1 (12.5) 0 (0) 0.310

COPD, yes, n (%) 9 (34.6) 1 (20) 4 (50) 4 (30.8) 0.498

Smoking, yes, n (%) 11 (42.3) 3 (60) 3 (37.5) 5 (38.5) 0.672

Diabetes mellitus, yes, n (%) 7 (26.9) 2 (40) 2 (25) 3 (23.1) 0.761

History of wound infection, yes, n (%) 5 (19.2) 1 (20) 1 (12.5) 3 (23.1) 0.836

HPW stage

Stage 1, n (%) 3 (11.5) 0 (0) 3 (37.5) 0 (0) 0.105

Stage 2, n (%) 18 (69.2) 4 (80) 4 (50) 10 (76.9)

Stage 3, n (%) 5 (19.2) 1 (20) 1 (12.5) 3 (23.2)

MVHWG grade

Grade 1, n (%) 3 (11.5) 0 (0) 3 (37.5) 0 (0) 0.053

Grade 2, n (%) 21 (80.8) 5 (100) 5 (62.5) 11 (82.6)

Grade 3, n (%) 2 (7.7) 0 (0) 0 (0) 2 (15.4)

IPOM intraperitoneal onlay mesh, TAPP transabdominal preperitoneal, RM retromuscular, SD standard deviation, BMI body mass index, ASA the American
Society of Anesthesiologists, COPD chronic obstructive pulmonary disease, HPW hernia-patient-wound,MVHWG modified Ventral Hernia Working Group

adhesiolysis and was repaired primarily in 2 patients
who underwent robotic RM repair (2/13).

The mean hospital length of stay was 0.65 days
(range= 0–2 days). Most patients were discharged
on the same day of the procedure (15/26). Neither
the hospital length of stay nor the rate of same-day
discharge varied between groups (p=0.282, p= 0.427,
respectively). Two patients (2/26) were readmitted
within the postoperative 30-day period (1 in the TAPP
group, 1 in the RM group, p= 0.713). The reasons
for hospital readmission were postoperative ileus for
the TAPP patient and surgical site infection for the
RM patient. The Ventral Hernia Recurrence Inven-
tory questionnaire was completed for 22/26 patients
via phone conversation. There was no recurrence in
the entire cohort, with the mean follow-up time being
33.3 (min–max: 2.9–76.2) months. Postoperative com-
plications are detailed in Table 3. The Clavien–Dindo
grades, the CCI® scores, and the rates of SSEs did not
differ between groups. In 1/5 IPOM patients, trocar
site cellulitis occurred and was treated with antibiotic
medication. A superficial SSI occurred in 1 RM patient
(1/13), who was readmitted to hospital and treated
with percutaneous drainage. A postoperative seroma
was detected in 2/26 patients using imaging methods
(Morale–Conde grade 0b); another patient (1/26) had
a clinically detected seroma accompanied by pain
(Morales–Conde grade 3d). A hematoma occurred

in 1 patient (1/26) who had taken coumadin for pe-
ripheral vascular disease. All seromas and hematoma
resolved without any intervention. None of the pa-
tients experienced chronic postoperative pain.

Discussion

No single technique has been accepted as the most
appropriate surgical approach for LIH.Many technical
factors influence the success of this procedure, such
as the type of surgical access, position of the mesh in
relation to the abdominal wall, degree of mesh over-
lap, and use of mesh fixation [4, 25]. Most literature
on LIH repair focuses on the open and laparoscopic
approach. To our knowledge, this is the first study to
compare outcomes of robotic LIH repair using differ-
ent mesh positions.

Performing open extraperitoneal repair is techni-
cally demanding as it may require shifting from the
preperitoneal to the retromuscular space, as described
by Philips et al. [2]. According to their technique,
the dissection began from the hernia site and the
mesh was placed in the retromuscular–preperitoneal
plane. They reported a superficial wound infection in
1/16 cases and a mesh infection in 1/16 cases, with
a mean follow-up period of 16.8 months. Authors
have suggested that obtaining a wide mesh overlap
followed by permanent fixation likely eliminated her-
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Fig. 3 Distribution of surgeries performed during study period. IPOM intraperitoneal onlay mesh, TAPP transabdominal preperi-
toneal, RM retromuscular

nia recurrence [2]. In our robotic TAPP group, we
did not observe postoperative infection (0/8), but two
patients developed a seroma (2/8). Due to the fact
that the fascia propria, which is usually referred to
as preperitoneal fat, has a variable thickness in dif-
ferent locations of the abdominal wall, it may make
the preperitoneal dissection problematic; peritoneal
integrity may not be maintained during dissection or,
even if preserved, may result in a thin and poor-qual-
ity peritoneal flap. Moreover, it is almost impossible

Table 2 Hernia characteristics and operative variables

Total
(n= 26)

IPOM
(n= 5)

TAPP
(n= 8)

RM
(n= 13)

p-value

Hernia side, n (%)

Right 15 (57.7) 3 7 5 0.087

Left 11 (42.3) 2 1 8

Hernia EHS classification [19]

L1, n (%) 4 (15.4) 1 0 3 0.345

L2, n (%) 16 (61.5) 4 4 8 0.557

L3, n (%) 9 (34.6) 1 5 3 0.136

L4, n (%) 8 (30.8) 2 2 4 0.850

Recurrent incisional hernia, n (%) 11 (42.3) 2 2 7 0.427

Hernia defect area, cm2, median (IQR) 12.5 (4.7–31.4) 12.5 (7–56.5) 8.6 (3.9–22.7) 15.7 (12.5–18.8) 0.552

Mesh area, cm2, median (IQR) 225 (150–450) 113 (113–395.8) 192 (129–247.5) 300 (225–450) 0.046*

Mesh overlap, craniocaudal, median (IQR) 6 (5–7) 5 (4.5–6) 5.7 (4–6.7) 7.5 (6–11.5) 0.028*

Mesh overlap, transverse, cm, median (IQR) 5.25 (4.5–5.5) 5 (4.5–6) 4 (2.7–5) 5.5 (5.5–6.5) 0.016*

Mesh/fefect ratio, median (IQR) 13 (7.6–27.1) 9 (8.9–16) 13.4 (8.5–46.4) 18 (14.9–35.8) 0.357

Primary defect closure, n (%) 23 (88.5) 3 8 12 0.074

Console time, min., mean± SD 106.8± 70 76± 37.7 74.6± 61.1 138.2± 74.4 0.069

Skin-to-skin time, min., mean± SD 124.7± 72.8 99.6± 41.4 87.5± 60 157.3± 77.4 0.065

Estimated blood loss, mL, median (IQR) 5 (5–5) 5 (5–5) 5 (5–5) 5 (5–5) 0.997

IPOM intraperitoneal onlay mesh, TAPP transabdominal preperitoneal, RM retromuscular, EHS European Hernia Society, IQR interquartile range, SD standard
deviation
*Statistically significant p-value

to perform a “pure” preperitoneal dissection near the
linea semilunaris, where the peritoneum is tightly ad-
hered to the posterior rectus sheath. Such technical
challenges can cause TAPP repair to be preferred only
with small hernias.

Anatomically fixed boundaries, such as the di-
aphragm superiorly and the pelvis inferiorly, may
make it difficult to achieve proper mesh overlap
and fixation [1–5]. Furthermore, the distribution of
preperitoneal fatty tissue and aponeurotic fascia in
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Table 3 Postoperative complications

Total
(n= 26)

IPOM
(n= 5)

TAPP
(n= 8)

RM
(n= 13)

p-value

Clavien–Dindoa

Grade 1, yes, n (%) 3 (11.5) 0 1 2 0.654

Grade 2, yes, n (%) 2 (7.7) 1 1 0 0.300

Grade 3a, yes, n (%) 1 (3.8) 0 0 1 0.595

CCI® score, median (range) 0 (0–26.2) 0 (0–24.2) 0 (0–22.6) 0 (0–26.2) 0.994

SSEs, n (%) 6 (23.1) 1 2 3 0.979

SSI, n (%) 2 (7.7) 1 0 1 0.420

SSOs, n (%) 4 (15.4) 0 2 2 0.478

– Seroma, n (%) 3 (11.5) 0 2 1 0.323

– Hematoma, n (%) 1 (3.8) 0 0 1 0.595

SSO/SSI-PI, n (%) 1 (3.8) 0 0 1 0.595

Recurrenceb, n (%) 0 (0) 0 0 0 N/A

CCI comprehensive complication index® (University of Zurich, Zurich, Switzerland), SSEs surgical site events, SSI surgical site infection, SSO surgical site
occurrences, SSO/SSI-PI surgical site occurrence or surgical site infection procedural intervention, N/A not available
aIf the patient had more than one complication, the larger degree of complication grade was presented
bRecurrence rates were assessed according to the criteria of the Ventral Hernia Recurrence Inventory

the abdominal wall varies; when compared to the
medial abdomen, there is less aponeurotic tissue and
more preperitoneal fatty tissue at the lateral abdomi-
nal wall. Shekarriz et al. [6] described a laparoscopic
transperitoneal preperitoneal repair of lumbar her-
nias in a total of 3 cases. Their technique involves
closing the peritoneal flap after the fixation of a non-
coated mesh to the lateral abdominal wall. This
method isolates the mesh from the peritoneal con-
tents. Some authors have applied transperitoneal or
partial preperitoneal mesh placement, without com-
plete peritoneal closure, for laparoscopic repair of
laterally located hernias [5, 8].

There are no published comparisons between
robotic and open TAR for LIH repair. In a retrospective
review of 11 patients with a history of kidney trans-
plantation and concomitant TAR, 2 seromas (2/11),
1 hematoma (1/11), and 1 (1/11) recurrence were re-
ported [26]. Available studies comparing robotic TAR
and open TAR procedures for ventral hernias suggest
that robotic TAR offers lower postoperative morbidity
and shorter hospital stay [27, 28]. In our previous
study reviewing patients who underwent robotic RM
ventral hernia repair, we found that the presence of in-
cisional hernia and locating off-midline hernias were
independent predictors for the need to perform an ad-
junctive TAR during RM repair for ventral hernias [29].
In a multivariate analysis unique to the TAR+ group,
we also found that a transverse mesh overlap was
a factor mathematically associated with the presence
of all prevalent postoperative complications (odds
ratio: 1.46, 95% CI 0.9–2.2, p=0.09). However, we did
not find statistical significance between IPOM, TAPP,
and RM groups in terms of postoperative outcomes,
although the rate of SSEs was mathematically higher
in extraperitoneal mesh placement groups (TAPP and
RM). This higher rate of SSEs may be due to the
necessity of extensive tissue dissection in order to

place the mesh in the extraperitoneal plane. Further
studies with a large sample size are needed to better
understand the association between the degree of
dissection and postoperative wound complications in
robotic LIH repair.

Although open LIH repair carries an inherent risk
of wound complications such as flap necrosis, infec-
tion, and fluid collections, some studies have shown
promising results [10]. In a study with 29 patients
who underwent abdominal wall reconstruction for
large flank hernias with a mean follow-up period of
21.2 months, there was found to be 2/29 seromas,
2/29 wound infections, 3/29 persistent pain, and 1/29
recurrence [9]. Purnell et al. [17] reviewed a total of
31 consecutive patients repaired with a 7.5-cm wide
piece of midweight macroporous polypropylene mesh
over a 13-year period. The mesh was positioned be-
tween the internal and external muscles (12 patients)
if internal oblique and transverse abdominal muscles
were able to be closed without tension. If not, the
mesh was placed intraperitoneally (19 patients). They
did not report any SSIs or 30-day SSOs. However,
one superficial wound infection, one wound break-
down, and one case of chronic pain were reported. In
a prospective nonrandomized study conducted with
a total of 16 patients, Moreno-Egea et al. [3] com-
pared the laparoscopic approach (n=9) with the open
approach (n=7) for secondary lumbar hernias. In the
laparoscopic technique, an IPOM placement with an
average of 5cm of mesh overlap in all directions was
preferred, whereas preperitoneal mesh placement
with more than 2cm of overlap was used for an open
approach. They found that the laparoscopic approach
is associated with a decreased morbidity rate (33% vs.
86%) and a shorter mean hospital stay (2.2 days vs.
7.1 days) compared to the open approach. While
none of the patients in the laparoscopic group (0/9)
experienced any chronic pain, two patients in the
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open group (2/7) did. The authors concluded that
laparoscopic repair of lumbar hernias is more effi-
cient and more profitable than the traditional open
approach.

Previously published studies on laparoscopic ven-
tral hernia repair have reported that the long-term
durability of repair, and consequently decreased re-
currence rate, may be affected by mesh overlap. There
have been reported rates for mesh overlap [4, 30] and
mesh-to-defect ratio [31, 32] which are valid for mid-
line hernias. However, due to a lower incidence of
laterally located hernias, a minimum mesh overlap
needed to diminish the recurrence rate has yet to be
discovered. As a recommendation for lateral defects
which may need a large mesh overlap, the Interna-
tional Endo-Hernia Society guideline stated that TAR
should be preferred over anterior component separa-
tion techniques [4]. In recent years, we altered our ap-
proach for ventral hernia repair from IPOM to the RM
plane (Fig. 3). We observed that ample space could
be obtained by dissecting the RM plane with TAR to-
wards the central tendon of the diaphragm superiorly,
the psoas muscle laterally, and the retropubic space
inferiorly. Since the dissected area is usually filled
with mesh, a larger mesh is used in TAR repair. Ac-
cordingly, we found that the mesh size was larger in
the RM group (p=0.046) and, thus, considerably more
mesh overlap could be achieved in both craniocaudal
and transverse directions (p= 0.028 and p= 0.016, re-
spectively). Although there were no statistically sig-
nificant differences between groups in terms of the
M/D ratio, it was only possible to reach a ratio above
the recommended ratio of 16:1 in the RM group (me-
dian= 18), suggesting that the RM approach could be
the superior technique when it comes to recurrence
prevention.

Intraperitoneal placement typically requires thor-
ough mesh fixation through tackers, intracorporeal
sutures, and transfascial sutures in order to prevent
mesh migration. This is sometimes achieved by or-
thopedic drills and anchors adjacent to the iliac crests
and ribs, which could be a significant source of post-
operative pain and increased risk of neurovascular in-
jury [33, 34]. In robotic IPOM repair, the mesh can
easily be secured with circumferential superficial su-
tures. Studies on open lateral abdominal wall recon-
struction emphasize that anchoring the mesh to the
boundaries of the lateral abdominal wall, particularly
near the bony prominences, may provide a durable
reconstruction [2, 16, 35, 36]. In minimally invasive
extraperitoneal hernia repairs, which are usually per-
formed for small/moderate size hernias, minimal fix-
ation is needed because the mesh is confined within
the abdominal wall layers and intraabdominal forces
act to hold the mesh in place [33]. In our extraperi-
toneal mesh groups, the mesh was secured with a few
interrupted sutures in order to hold the mesh in place.
Furthermore, we did not use any fixation material in
2/8 patients in the TAPP group and 9/13 patients in

the RM group. Tailoring the mesh to occupy the en-
tire dissected area may help to hold the mesh in place,
because the borders of this area prevent displacement
of the mesh. In this way, the necessity of fixation ma-
terial can be minimized.

This study has several limitations. Although the
sample size of the study is relatively small, it is very
similar to the previously published series of LIHs.
Other limitations arise from patient selection and the
retrospective nature of the study, although the data
of participants came from a prospectively collected
database. The lack of quality of life assessment as well
as the absence of cost analysis data are other limita-
tions of this study, such that the overall burden of the
presented procedures is unknown. Placing the mesh
extra-peritoneally allows use of less costly uncoated
mesh.

In conclusion, the present study showed that there
are no differences between robotic IPOM, TAPP, and
RMmesh positions in terms of perioperative and mid-
term outcomes with lateral hernia repair. However,
the use of a retromuscular plane may allow for a sig-
nificantly larger mesh size, mesh overlap, and a higher
mesh-to-defect ratio. Further larger prospective and
comparative studies reporting different approaches
with longer follow-up are warranted to determine
the influence of mesh position on postoperative out-
comes in the treatment of LIH.
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