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eTEP-RS for incisional hernias in a non-robotic center. Is laparoscopy
enough to perform a durable MIS repair of the abdominal wall defect?
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Abstract

Introduction Incisional hernias can complicate up to 25% of laparotomies, and successful repair remains a significant clini-
cal challenge for surgeons. Recently, the surgical technique of ventral hernia repair (¢€TEP-RS) has been introduced. The
method was presented relatively recently and continues to evolve. The use of a robotic platform in eTEP-RS resulted in a
significant improvement in ergonomics. Therefore, the questions arise as to whether the laparoscopic technique might still
be feasible for such long procedures. The objective of this study is to present our early results in the treatment of patients
with incisional ventral hernias using eTEP-RS and to discuss key technical aspects.

Patients and methods A prospective case-controlled study was conducted for all incisional ventral hernia patients (hernia
orifice between 4 and 10 cm) who underwent eTEP-RS between March 2019 and December 2021. Demographic data were
recorded; and perioperative and postoperative results were analyzed.

Results We performed 34 eTEP-RS procedures. The mean duration of the surgery was 211 min (145-295). The mean width
of the defect was 6.8 cm and the defect area was 42.5 cm?. The mean mesh size was 498 cm? (270-625). After an average
follow-up of 16 months (2-30), there was no recurrence or major complication.

Conclusions The eTEP-RS is a safe alternative to open ventral hernia repair in selected cases and allows for the placement
of a large piece of mesh in accordance with current recommendations, even in non-robotic centers. Excellent knowledge of
the detailed anatomy of the abdominal wall is essential for safe and effective hernia repair. Compliance with certain rules of
the laparoscopic eTEP-RS facilitates improved ergonomics for this procedure even in non-robotic centers.
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Laparoscopic repair of ventral incisional hernia repair was
developed nearly three decades ago and has since proven to
reduce surgical site infection rates, allow quick recovery,
and reduce recurrence rates [1]. This technique has gained
worldwide popularity due to its technical simplicity and
low learning curve. Initially, the defect was covered intra-
peritoneally with mesh anchored to abdominal wall (intra-
peritoneal underlay mesh; IPUM), which in some cases led
to bulging due to mesh protrusion through an open defect.
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A decade later surgeons started to close the defect, which
allowed the reduction of bulging and seroma formation
(IPUM-plus) [2]. However, the main limitation remained the
direct contact between the viscera and the mesh leading to
mesh shrinkage and erosion, chronic pain due to penetrating
fixation. Despite the use of a mesh with a protective anti-
adhesive layer, surgeons still witnessed some delayed com-
plications, such as peritoneal adhesions, bowel obstruction,
and rarely enterocutaneous fistula formation [3]. Again, the
initial enthusiasm associated with a novel technique turned
into a disappointment as some above-mentioned limitations
associated with IPUM were revealed, and many surgeons
still perform open retromuscular sublay repair. To avoid
placing the mesh in the peritoneal cavity, new techniques
have been developed. In 2018, Belyansky et al. published
a report on a new technique of minimally invasive retro-
muscular mesh placement, incorporating the benefits of
laparoscopic approach with the durability of open sublay
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techniques [4]. The presented technique, known as eTEP-RS
(enhanced view totally extraperitoneal Rives Stoppa repair),
was a further development of an eTEP (extended-view
totally extraperitoneal) technique introduced for a laparo-
scopic repair of inguinal hernias as described six years ear-
lier by Daes [5]. The eTEP-RS showed promising results and
low postoperative complication rates, and its popularity has
recently increased significantly among surgeons perform-
ing abdominal wall reconstruction [6—8]. This innovative
repair offers a reliable and reproducible reconstruction of
the abdominal wall that allows a midline approximation of
the myofascial compartment. Furthermore, the application
of polypropylene mesh instead of composite mesh greatly
reduces the total cost of a repair [9]. Placing a mesh into
extraperitoneal plane allows one to decrease the need for
penetrating mesh fixation, thus minimizing expenses even
more.

Since the initial presentation of the outcomes by Bely-
ansky et al. in 2018, various articles have been published
presenting the results of eTEP-RS in the repair of abdomi-
nal incisional hernia [4]. The use of the robotic platform
allowed to perform these repairs in a more facilitated man-
ner with the added ergonomics [6]. Several studies with
solid evidence supporting eTEP-RS performed with only
laparoscopic approach have been published recently [7, 8].
The objective of this study is to present our early results in
treating patients with ventral incisional hernias using the
eTEP-RS technique and to discuss key technical aspects
affecting the safety and efficiency of this reconstructive sur-
gery. We believe that eTEP-RS can be safely and effectively
performed in laparoscopy and allows a surgeon to place a
large flat synthetic mesh in retrorectus plane without addi-
tional fixation which might have a beneficial influence on
the postoperative pain.

Materials and methods

A prospective case-controlled study of early outcomes
was conducted for all adult patients presenting with inci-
sional ventral hernia who underwent eTEP-RS between
March 2019 and December 2021 at our institution. We
included only patients with a hernia defect classified by
EHS (European Hernia Society) as W2 (diameter between
4 and 10 cm) [10]. Defects below 4 cm were treated with
TAPP (totally preperitoneal) or open sublay approach and
were not included in the study. Defects larger than 10 cm
were repaired with the open sublay technique and were not
included in the study. Patients with recurrent hernias after
previous mesh insertion in the retromuscular plane were
excluded. Patients with skin ulcerations, enterocutaneus
fistulas, or domain loss were excluded from the study. The
exclusion criteria included patients with contraindication for
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general anesthesia and patients with incarcerated or stran-
gulated hernias. Demographic data were recorded; perio-
perative and early postoperative outcomes were analyzed.
Patient demographics included age, sex, body mass index
(BMI), previous abdominal operations, history of smoking
and alcoholism, and concomitant comorbidities. The hernia
characteristics recorded included the hernia site, the size
of the defect, and the number of previous repairs, if any.
Intraoperative and perioperative data included mesh size,
duration of the procedure, unintended entry into peritoneal
cavity (peritoneal rents) and complications (bleeding, hema-
toma, seroma, wound infection, postoperative ileus, pain),
drain use, and length of stay. The postoperative satisfaction
assessment according to the Likert scale (the intensity of the
pain on the VAS scale (0—no pain; 10—most intense pain)
and other delayed complications occurring after 30 days in
these patients were carried out using a questionnaire at the
time of the termination of the study.

Preoperative workup

The detailed history of all patients was analyzed, and a sys-
temic examination was performed including the location of
the hernia, its size, the evaluation and reducibility of the
content, and the location of the scar after previous surgery.
Computed tomography was performed in all cases prior to
the operation to assess hernia. We used the European Her-
nia Society (EHS) classification for primary and incisional
abdominal wall hernias [10]. After a comprehensive workup,
informed consent was collected. According to local guide-
lines, a deep vein thrombosis (DVT) prophylaxis (enoxa-
parine 40 mg) was applied in each patient twelve hours
before surgery. A single broad-spectrum prophylactic antibi-
otic dose (cephazoline 2 g) was administered approximately
0-30 min before incision time.

Operating technique

The eTEP technique was performed as previously described
by Belyansky et al., with a few modifications [4].

Port placement

The location of the initial ports depends on the hernia
site. For epigastric hernias, first ports are inserted below
umbilicus, while for umbilical or infraumbilical hernias
an upper approach in epigastrium is more feasible (Fig. 1).
After placing the first 10 mm trocar into the retromus-
cular plane, this space is expanded with ‘telescoping’
and carbon dioxide insufflation (12 mmHg). Then, two
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Fig. 1 Port placement in e-TEP-RS ventral hernia repair for periumbilical or epigastric hernia (A, B) and hypogastric or suprapubic hernia (B—

D)

additional 5 mm working ports are inserted just medially
to the semilunar line, and a dissection of the posterior
rectus sheath (PRS) from the rectus muscle is performed
using monopolar electrocautery with hook or scissors. The
lateral extension of the dissection is performed up to the
semilunar line where neurovascular bundles are identified
(‘lamppost sign’) [11]. The medial extent of the dissection
reaches the medial border of the rectus muscle as close as
possible to a linea alba.

Crossover

This maneuver is performed using a monopolar hook
and allows one to open a contralateral retrorectus plane
(Fig. 2A). First, a surgeon must incise an ipsilateral PRS at
a distance of 5-7 mm from its insertion to linea alba. The
falciform ligament fatty tissue (or median umbilical liga-
ment in hypogastrium) becomes visible and needs to be
dissected bluntly downward from an intact linea alba. On
the opposite side, a contralateral PRS is incised 5-7 mm
lateral to its insertion to the linea alba. Extreme caution

is necessary to avoid damaging a linea alba, which could
potentially lead to new iatrogenic hernia.

Dissection of the hernia sac

After preliminary dissection of contralateral retrorectus
plane, another 10 mm trocar is introduced on the opposite
side for camera placement. The dissection is then per-
formed behind the rectus muscles on both sides toward
the hernia defect (Fig. 2B). Once the hernia sac is reached,
it should not be dissected until both retromuscular planes
are broadened as inferior as possible, preferably below the
level of a hernia defect (270° around the hernia defect).
This maneuver allows us to visualize a ‘volcano’ sign
(Fig. 2C). Then a hernia site is dissected, the content is
reduced, and the sac is incised if needed (Fig. 2D). The
caudal and cranial dissection range must allow for a mesh
placement with at least 5 cm in each direction, which in
the case of infraumbilical hernia can result in a Retzius
space dissection as in groin hernias.
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Fig.2 Retromuscular dissection in e-TEP-RS repair. Crossover to the contralateral side (A). Medial incision of both posterior sheaths (B). Vol-
cano sign (C). Dissected hernia defect with reduced content (D)
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Fig. 3 Reconstruction of the abdominal wall in the repair of e-TEP-RS. Closure of the posterior layer (A). Closure of hernia defect (B, C). Large
flat mesh positioned below the rectus muscles and a drain placed beneath (D)
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Closure of the hernia defect and peritoneum/PRS

If the peritoneum around the hernia defect was opened, it
should be closed beforehand (Fig. 3A). Usually, closing
both PRS laminas together is cumbersome and may cause
some tension leading to fascia disruption. Therefore, clos-
ing the peritoneum alone is enough to complete the separa-
tion of the viscera from the mesh. Then both margins of
hernia defect are sutured together with a non-absorbable
barbed suture (V-Loc™ No. 0 by Medtronic, Dublin, Ire-
land) in a continuous manner with a shoe-lacing technique
(Fig. 3B, C).

Mesh placement and fixation

The dissected space is measured in both directions and
appropriate margins of at least 5 cm are needed for most
hernia defects; however, we always attempt to maintain
mesh-to-defect surface ratio of 16:1. A self-fixating
macroporous polyester mesh with resorbable polylactic
acid microgrips (Progrip™ by Medtronic, Dublin, Ireland)
is inserted and positioned flat with microhooks directed
upward. For the largest defects, a heavyweight mesh was
used (Optilene, B.Braun, Melsungen, Germany). Then,
the gas is temporarily deflated from the retrorectus plane,
allowing mesh adherence to the posterior aspect of the
reapproximated medially rectus muscles. Subsequent gas
insufflation confirms the proper position of the mesh. One
or two drains are inserted below the mesh, the gas is finally
deflated and the trocars are removed with the port sites
closed (Fig. 3D).

Table 1 Demographic data

Total (n=34) % Range
Mean age (years) 51.7+11.5 23-76
Males 15 44.1
Females 19 55.9
BMI (kg/m?) 31.2+4.8 24.5-37.8
Concomitant diseases
Hypertension 9 26.5
Diabetes mellitus 8 23.5
Coronary disease 2 59
Chronic obstructive pulmo- 3 8.8
nary disease
Smoking 10 29.4
Alcoholism 3 8.8
Previous hernia repairs 8 23.5
One 5 14.7
Two 2 5.9
Three and more 1 2.9

Data analysis

All data are presented as means, standard deviations, and
percentages. Descriptive statistics were produced for the
data set. Categorical variables are presented as n (%), and
continuous variables are presented as the mean + SD and
range. Statistical analysis of all data was performed using the
Statistica 13.1 (StatSoft, Round Rock, TX, USA) program.

Results

A total of 34 patients underwent e-TEP-RS repair for
incisional hernia between March 2019 and December
2021 (this period includes three lockdowns in elective
surgery due to the COVID-19 pandemic, resulting in
total in 7 months of inactivity). The demographic data
and comorbidities of the patients are listed in Table 1.
Of these, 15 (44.1%) were men and the mean age was
51.7+11.5 years (range 23-76) with an average BMI of
31.2+4.8 kg/m? (range 24.5-37.8). Hypertension and
diabetes were the most common comorbidities (26.5 and
23.5%, respectively). 29.5% of the patients were smokers.

Table 2 Hernia characteristics and classification according to EHS

Total (n=34) %

Incisional 34 100
Without previous repair 27 79.4
Recurrent 7 20.6
Location

M1 (subxiphoid) 2 5.9
M2 (epigastric) 7 20.6
M3 (umbilical) 16 47.1
M4 (infraumbilical) 8 23.5
MS5 (suprapubic) 1 29

Table 3 Technical details and intraoperative complications

Total (n=34) % Range

Average defect width (cm) 6.8+4.8 4.0-9.5
Mean defect area (cm?) 42.5+32.8 16.0-93.0
Mean mesh area (cm?) 498 +114.2 270-625
Duration of surgery (min) 211+53.8 145-295
Drain placement 29 85.3
Complications
Conversion to open surgery 0 0
Enterotomy 0
Need for IPUM repair due to 2 59

PRS defect unable to close
Length of stay (days) 4+1.6 2-7
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The cases were classified according to the EHS classifica-
tion for incisional abdominal wall hernias and categorized
(Table 2).

The mean width of the defect was 6.8 +4.8 cm (range
4.0-9.5) and the mean area of the defect was 42.5+32.8
cm? (range 16.0-93.0) (Table 3). The mean mesh area was
498 + 114.2 cm? (range 270-625). Almost all patients had
a drain inserted into the retrorectus plane (85.3%). In four
cases (11.8%), we were unable to close the posterior defect
in the peritoneum and PRS due to excessive tension in
the suture line. Two of these patients received addition-
ally an IPUM anti-adhesive mesh patch to cover a poste-
rior defect, and the remaining two had a greater omentum
sutured to the defect margins. The mean duration of sur-
gery was 211 +53.8 min (range 145-295); however, this
time was significantly decreasing with growing experience
(Fig. 4). The mean surgery time for the first five cases was
243 min, while for the last 5 cases it was only 174 min.
The mean stay duration was 4 + 1.6 days (range 2-7).

The main early complications (n=4; 11.8%) included a
hematoma (2.9%) and two seromas (5.9%) (Table 4). None
of these required surgical intervention and resolved spon-
taneously. There was one minor superficial surgical site
infection (2.9%), treated with antibiotics and antimicro-
bial dressings. After a mean follow-up of 16 + 9.7 months
(range 2-30), there were no recurrences. The mean pain
intensity was 1.2 +0.8 (range 0-3) according to visual
analog scale. The vast majority (94.1%) of the patients
reported complete satisfaction after the surgery, and the
remaining group (5.9%) declared moderate satisfaction.

350

duration of surgery (minutes)

50

Table 4 Postoperative findings, outcomes and complications

Total n=34) % Range

Early postoperative complications 4 11.8

SSI 1 2.9

Hematoma 1 2.9

Seroma 2 59

Recurrence 0 0
Mean follow-up (months) 16+9.7 2-30
Mean pain intensity (VAS points) 1.2+0.8 0-3
Patient’s satisfaction

Poor 0 0

Moderate 2 59

Full 32 94.1
Late complications

Recurrence 0 0

Discussion

Ventral hernia repair is one of the most common surgical
procedures in general surgery [12]. The incidence of inci-
sional ventral hernia reaches 28% after ventral surgeries. The
optimal treatment for incisional abdominal wall hernias is
still under debate [12]. The main goal of safe and success-
ful surgery is durable repair with low morbidity and recur-
rence rates [13]. In general, open repair is correlated with
a slow recovery course and a higher risk of wound infec-
tion. The success of TAPP (transabdominal preperitoneal)
and TEP (totally extraperitoneal) repair for groin hernias

10

9,5

defect width (cm)

4,5

4
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Fig.4 Duration of surgery and width of the defect after laparoscopic repair of the ventral hernia of e-TEP-RS
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was undisputable, so the extraperitoneal plane began to be
noticed in minimally invasive repair for incisional hernias
[14]. Although laparoscopic surgery for abdominal wall
hernia has gained recognition in the twenty-first century,
there is still a dispute about the ideal approach. Nowadays,
so many diverse alternatives for the management of these
hernias are available from different open to other minimally
invasive techniques [1-3, 5, 14]. The diversity of methods
makes the decision-making process more demanding in inci-
sional hernia. Surgeons still look for the optimal or standard-
ized technique that adequately minimizes complications and
improves results. Current evidence shows that the laparo-
scopic approach has the advantage of a shorter hospital stay
after repair, an early return to work, and reduced surgical
wound complications compared to the open approach [15].
The latest developments in abdominal wall reconstruction
have offered surgeons a wide range of methods to repair
various ventral hernias. Closure of parietal defects simplifies
mesh integration and restores the structure of the abdominal
wall, which has a significant implication for its function [16].
The e-TEP-RS approach, according to Pascal’s law, provides
a plane for reinforcement of the abdominal wall [17]. There
was no recurrence of hernia during the follow-up period in
our group. Other researchers show similar results with recur-
rence rates not exceeding 3%, but the heterogeneity of these
groups should be acknowledged [2, 3, 10].

The benefits of eTEP-RS are derived from the creation of
the extraperitoneal retromuscular plane, excluding the need
for a barrier mesh or its fixation. Furthermore, and most
importantly, it prevents direct contact between the bowel
and a mesh. In retromuscular position, mesh is sandwiched
between rectus muscles and posterior rectus sheath, and thus
can be positioned without additional fixation. In other types
of ventral hernia repair, multiple sutures or tacks have been
shown to contribute to pain in the immediate postopera-
tive period, and to chronic postoperative pain due to nerve
entrapments [18]. None of our patients reported chronic pain
or was dissatisfied with the outcome. According to Penchev
et al. retrospective comparative study between eTEP-RS and
IPUM, a reduced pain score has been reported in eTEP-RS
patients [19]. As the mesh is placed in the retrorectus plane
and no fixation technique is used, these aspects might be the
most valuable feature of the eTEP approach allowing for a
low pain intensity. In a studied group, we did not use TAP
(transversus abdominis plane) blocks, as this technique was
introduced just recently in our department. In postoperative
period there was no need for an opioid use, and patients
routinely were administered paracetamol or nonsteroidal
anti-inflammatory drugs (NSAIDs) on demand. The lower
cost of flat non-barrier mesh compared to intraperitoneal
mesh may help reduce costs compared to IPUM, but in the
early phase of the learning curve these advantages might be
offset by a prolonged duration of the procedure [20]. As a

vast space develops in a retrorectus plane, there is a higher
risk of occurrence of seroma. In our series, we encountered
2 cases (5.9%) with seroma which were treated conserva-
tively on ambulatory basis. To prevent this complication, we
routinely used a vacuum suction drain below the mesh for a
period of 2-3 days with an abdominal binder.

During surgery, the ability to judge tension during clo-
sure of the peritoneum and PRS layer is imperative for sur-
geons. Overlooked defects or rupture of the posterior layer
can possibly cause internal hernias and an increased risk
of incarceration and strangulation of the bowel. e-TEP-RS
repair ventral hernias surgery is associated with few essen-
tial complications related to the method, such as rupture or
dehiscence of the posterior layer or damage to the linea alba
while crossing, unintentional injury to the neurovascular
bundle or disruption of the linea semilunaris while perform-
ing lateral dissection. Good understanding of an appropriate
endoscopic anatomy and meticulous dissection in the retro-
muscular plane prevent these events [21]. The pressure of
carbon dioxide insufflation can be decreased before closure
of the ventral defect for convenience and to avoid excessive
fascial tension. Up to 6-8 mmHg pressure is tolerable and
provides sufficient space for endo-suturing in most cases
[21]. The crucial advantage of e-TEP-RS, especially in large
incisional hernia, is that if closure of the defect is not achiev-
able, then release of the transversus abdominis as a form of a
posterior component separation technique can be performed
as the dissection space stays the same [22, 23]. Another
potential solution could be the application of a barrier mesh
or greater omentum that can be sutured into the defect, and
these maneuvers were used in our group in four patients.

The learning curve for laparoscopic eTEP-RS repair
seems long, requiring advanced technical skills from the
surgeon. Therefore, the limitations of e-TEP-RS according
to published evidence are prolonged surgery time, steep
learning curve, requirement for superior laparoscopic skills,
and troublesome crossover to the contralateral side in large
defects with previous incision [19].

Usually, patients with incisional hernias are offered open
repair due to the frequent need for adhesiolysis, increasing
the risk of unintentional enterotomy [8]. With the gain of
experience and adaptation to e-TEP-RS repair, more com-
plicated cases with larger hernias and recurrent defects were
qualified for surgery. This trend was also noticed by other
surgeons [4, 24]. However, robotic eTEP-RS may have
added advantages compared to laparoscopy, especially when
suturing the midline in larger hernias and when performing
transversus abdominis release.

The eTEP-RS is a demanding procedure that requires a
comprehensive knowledge of the anatomy of the preperi-
toneal and retromuscular plane and where superior lapa-
roscopic skills are crucial to successfully perform these
maneuvers [25]. Furthermore, there are several approaches
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and procedural aspects to consider when performing ventral
hernia repair with eTEP-RS. Due to the inconvenience of
this technique and its recent use, some articles proved a pro-
longed operative time for the eTEP-RS approach compared
to other laparoendoscopic repair techniques [26]. However,
once the learning curve is overcome, a reduction in operative
times and unfavorable outcomes is noticed [27, 28].

Despite the difficulty of this procedure, eTEP-RS seems
to be safe in terms of perioperative adverse events. The num-
ber of intraoperative complications and the conversion rate
in the meta-analysis presented by Kdckerling et al. [29] was
2.0% and 1.0%, respectively. These results appear to be com-
parable with laparoscopic [PUM and seem to improve those
derived from sublay open ventral repair [28]. However, the
surgeon must be cautious, since there is still a risk of visceral
injury due to a possible thermal injury below the posterior
layer, especially around the hernia defect and also during the
crossover maneuver, particularly in patients who have had
previous abdominal surgery [28, 30].

Our study has indisputable limitations, being an analysis
of an early cohort of 34 patients. This is not a comparative
study between different endoscopic or even open techniques
for hernia repair. A thorough analysis of the outcome of
the characteristics of the hernia in our group was not pos-
sible due to the small sample. An additional limitation of
our study is the relatively short follow-up. However, the
series presented describes our initial experience with this
approach, where surgeons began their experience with this
repair, biases in inclusion of patients, extensive irregulari-
ties in operative parameters: duration of procedure, length
of stay, slight differences in surgical techniques, etc. must
be acknowledged. Moreover, despite our results character-
izing only a single institution experience, the involvement of
highly specialized hernia surgeons may lack generalizability.

Conclusions

The eTEP-RS technique is a safe alternative to open ventral
hernia repair in selected cases and allows for the placement
of a large piece of mesh according to current recommen-
dations, even in non-robotic centers. The eTEP-RS can be
performed effectively by surgeons familiar with laparo-
scopic techniques for groin and ventral hernia repairs with
satisfactory results and low rates of complication, including
recurrence. Excellent knowledge of the detailed anatomy of
the abdominal wall is essential for safe and effective hernia
repair. Compliance with certain rules of the laparoscopic
eTEP-RS operation facilitates improved ergonomics for this
procedure even in non-robotic centers. As a new approach to
hernia repair, e-TEP-RS requires further analyses to deter-
mine its benefits over the approaches most frequently used.
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