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Abstract

Background The most common technique described for robotic ventral hernia repair (RVHR) is intraperitoneal onlay mesh
(IPOM). With the evolution of robotics, advanced techniques including retro rectus mesh reinforcement, and component sepa-
ration are being popularized. However, these procedures require more dissection, and longer operative times. In this study we
reviewed our experience with robotic ventral/incisional hernia repair (RVHR) with hernia defect closure (HDC) and IPOM.
Methods Retrospective chart review and follow-up of 31 consecutive cases of ventral/incisional hernia treated between
August 2011 and December 2018. Demographics, operative times, blood loss, length of stay (LOS), hernia size, location,
and type, mesh size and type, recurrence, conversion to open ventral hernia repair (OVHR) and complications including
bleeding, seroma formation and infection were analyzed.

Results Mean age was 63.9 years old, with median BMI of 31.24 kg/m?. Median hernia area was 17 cm?. Mean operating
time was 142.61 min (SD 59.79). Mean LOS was 1.46 days (range 1-5), with 48% being outpatient, and overnight stay
in 32% for pain control. Conversion was necessary in 12.9% cases. Complication rate was 3% for enterotomy. Recurrence
was 14.81% after a mean follow-up of 26.96 months. There was significant association of recurrence with COPD history
(P=0.0215) and multiple hernia defects (P=0.0376).

Conclusion Our recurrence rate (14.81%) compares favorably to those reported in literature (16.7%) for LVHR with HDC
and IPOM. Our experience also indicates that IPOM is associated with satisfactory outcomes, low conversion and complica-
tions rates, and short LOS.
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Background

Historically, ventral/incisional hernias have been repaired
using an open approach (OVHR) but in recent years, there
has been a shift to minimally invasive techniques including
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laparoscopic ventral hernia repair (LVHR) and robotic ven-
tral hernia repair (RVHR). Studies have demonstrated that
application of robotic technology to ventral hernia repair is
safe and feasible [1]. RVHR has become implemented by
surgeons due to its advantageous ergonomics especially for
fascial closure and mesh fixation without the use of tackers.
Although the use of mesh has reduced recurrence of ventral
hernias, the number is still high, affecting approximately 5
million Americans with a cost of 2.5 to $3 billion for every
250,000 ventral hernia repairs performed each year in the
United States.

The most common technique described in the literature is
intraperitoneal onlay mesh (IPOM) reinforcement. However,
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with recent advances and availability of robotics, different
techniques including primary close with transabdominal pre-
peritoneal (TAPP) mesh reinforcement, retro rectus mesh
reinforcement (Rives-Stoppa), and components separa-
tion with Transversus Abdominis release (TAR), are being
reported and popularized in the literature. However, these
procedures are more complex, require significantly more dis-
section, surgical expertise, and longer operative times. As
RVHR is becoming more widespread, it is crucial to deter-
mine which technique provides feasibility, security, and also
positive outcomes, in term of improvements of length of
stay (LOS), complications, and recurrence rates. The pur-
pose of this study was to characterize our experience with
RVHR with fascial hernia defect closure (HDC) and IPOM
reinforcement.

Methods

We performed a retrospective chart review and follow-up of
31 consecutive cases of RVHR with HDC and IPOM rein-
forcement, completed between August 2011 to December
2018 using the CERNER® system and paper-based charts,
and created a worksheet database in Microsoft® Excel®
2019 software version 1808, with age, gender, comorbidity,
American Society of Anesthesiologists (ASA) classification,
height, weight, operatives times, blood loss, LOS, size and
type of mesh, size, location, and type of hernia, and post-
operative outcomes including complications rate, conver-
sion and recurrence. Follow-up data was obtained through
chart review and standardized phone calls for those patients
who have no follow-up within the last year. We performed
a descriptive statistical analysis using Microsoft® Excel®,
and a stratified data analysis using Graphpad™ Prism® soft-
ware version 7.05.237, for Chi square and Fisher exact test
calculations. A P value <0.05 was considered statistically

significant. This study was performed after obtaining
approval from the University of Miami Institutional Review
Board (IRB), and the Jackson Health System Office of
Research.

Surgical technique

The patient is placed on the table in the supine position.
After adequate general anesthesia is attained, the abdomen
is prepped and draped in the usual sterile manner. Pneumo-
peritoneum is established by Veress needle. The abdomen
is initially insufflated to 15 mmHg. When using Airseal™,
pressure can be decreased as needed to 8 mmHg especially
for defect closure. Trocars are placed as described in the
Intuitive™ manual. An example is shown in Fig. 1a, b.
The robot is docked and the surgeon proceeds to the
console as in Fig. 1c. Adhesions to the anterior abdominal
wall and the hernia sac are cleared and the hernia con-
tents reduced, Fig. 2a. The peritoneal sac is either left
in situ or dissected as shown in Fig. 2b. After completion
of the dissection, the hernia defect is measured, and closed
approximating the fascial edges of the hernia defect with
non-absorbable 0 barbed suture (V-Loc™ PBT, Medtronic
Covidien, or Stratafix™ Ethicon, Johnson & Johnson)
in two layers as depicted in Fig. 2c. This is reinforced
with several interrupted figure of eight sutures with non-
absorbable 0 polypropilene (Prolene™, Ethicon, Johnson
& Johnson). An appropriately sized mesh is tailored to
overlap all margins of the defect by 5 cm. The mesh is
introduced through the 12-mm trocar into the abdomi-
nal cavity. The mesh is secured circumferentially to the
abdominal wall with absorbable double arm 2—0 barbed
suture (Stratafix™, Ethicon, Johnson & Johnson) and the
final aspect is shown in Fig. 2d. The trocars are removed
under direct vision. The fascia of the 12-mm port site is
routinely closed with 0 Prolene™ and a suture passer; skin

Fig. 1 a Robotic ports placement (schematic), b robotic ports in abdomen in relation to incisional hernia, ¢ assistant and surgical technician

positions after robot docking
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(a)

Fig.2 Surgical technique: a adhesions release, b hernia sac dissection, ¢ hernia defect closure, d intraperitoneal onlay mesh reinforcement, e
final aspect of repair after 6 months with complete epithelization of mesh material

incisions were closed in subcuticular fashion. Patients
were examined postoperatively at 1 week, 3 months,
1 year, and thereafter, as clinically indicated. Follow-up
was achieved by reviewing medical records of clinic vis-
its, and a structured phone interview performed by two
reviewers. All patients with a minimum of 7-day follow-up
were included in the analysis for follow-up results.

Results

A total of 31 charts of cases of robotic ventral hernia repair
were retrospectively reviewed using either CERNER™ sys-
tem or paper-based charts. Procedures were performed by
two robotic surgeons, between August 2011 to December
2018 in a low-volume community hospital in the city of
Miami, and data was used for analysis.

Patients characteristics

Demographic features and perioperative data of the 31
patients are listed in Table 1. There was a predominance of
female patients over males (68% vs. 32%). Mean age was
64.3 years old (range 39-85). Median BMI was 31.24 kg/
m? (range 22.89-47.99), 52% of patients were ASA class II
and 42% ASA class III. Full list of comorbidities is listed
on Table 2.

Table 1 Patient characteristics

Patient characteristics Value

n 31

Males, n (%) 10 (32)
Females, n (%) 21 (68)
Mean age in years (range) 64.3 (39-85)

Median BMI in Kg/m? (range) 31.24 (22.89-47.99)
ASAL n (%) 2(6)

ASAIL n (%) 16 (52)

ASAIII, n (%) 13 (42)

BMI body mass index, ASA American Society of Anesthesiologists

Operative results

Incisional hernias were more common than “primary” ven-
tral hernias (80.65% vs. 19.35%). We found 6 (19.35%)
patients with multiple hernia defects and 2 (6.45%) patients
with recurrence from previous hernia repairs. The most
common hernia location was periumbilical (32%), followed
by midline (25%). Overall, median hernia area was 17 cm?
(range 9-198). Detailed information regarding hernia type,
size, characteristics and location is listed in Table 3. For
analysis purposes, patients were classified by hernia type
and size according to the European Hernia Society (EHS)
(2].

Most common mesh used for reinforcement was Ventra-
light™ ST Echo PS™ (Bard, BD) in a total of 22 patients.
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Table 2 Patient comorbidities

Patient comorbidities n (%)
HTN 16 (52)
Diverticular disease 10 (32)
Hyperlipidemia 9(29)
COPD 6 (19)
Colon cancer 6 (19)
GERD 5(16)
Diabetes 5(16)
Breast cancer 3 (10)
Cancer (unspecified) 3 (10)
Osteoarthritis 3 (10)
Migraine 2 (6)
Asthma 2 (6)
1BS 2 (6)
Obstructive sleep apnea 2 (6)
BPH 2(6)
Rectal cancer 2 (6)
Depression 2 (6)
Constipation 2 (6)
Aortic insufficiency 1(3)
Arrythmia (unspecified) 1(3)
Gastritis (unspecified) 1(3)
Skull fracture 1(3)
Anal abscess 1(3)
Anxiety 1(3)
Oral thrush 1(3)
Stroke 1(3)
Pancreatitis 1(3)
Cholelithiasis 1(3)
Kidney stones 1(3)

Mean operative time was 142.61 min (SD 59.79). Hospi-
tal length of stay (LOS) was 1.46 days (range 1-5), with
48.38% of outpatient cases, and 32.25% overnight stay
in cases where postoperative pain control was needed.
Conversion to open surgery was necessary in 4 (12.9%)
patients, in 2 patients after extensive intraabdominal adhe-
sions, in one patient after a large defect of 18 x 11 cm
composed by several fascial defects was found, and in
one patient after a small bowel enterotomy during hernia
sac lysis. The latter, is listed in Table 4 as a complica-
tion (3.23%). Other complications associated to minimally
invasive abdominal wall hernia repair procedures such as
ileus, seroma, surgical site infection and sepsis, urinary
retention, respiratory distress, deep venous thrombosis,
bowel obstruction, infectious colitis, renal failure, anemia
or death were not found in this series.

Although it was not considered a postoperative com-
plication, 2 (6%) patients complained of mild discomfort
during follow-up evaluations that did not require additional
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intervention. After a mean follow-up of 26.96 months, a
recurrence rate of 14.81% was observed.

Discussion

While reviewing our experience, a number of questions
came to mind regarding the current utility of IPOM as a first
line option for RVHR, especially when detractors sustain
their claims on the fact that the mesh stays in direct contact
with abdominal viscera and compromises security for the
risk of adhesions, fistulas, perforations, etc. Nevertheless,
we had the opportunity to visualize how the mesh was com-
pletely epithelized 6 months after an [IPOM RVHR, during
a laparoscopic surgery, not related to previous hernia repair,
of one of our patients. In Fig. 2e, it is shown how the mesh
is completely protected by a lining of peritoneum, disre-
garding any possibility of adhesion to intrabdominal viscera.
Hence, we asked ourselves, should IPOM be abandoned in
favor of TAPP and retro rectus mesh reinforcement for all
cases of robotic ventral/incisional hernia repair? If not, what
are the indications to robotic IPOM? Despite its detractors
[3], IPOM is the approach that most general surgeons are
using today when performing both LVHR and RVHR, since
TAPP requires longer operative times and extensive tissue
dissection.

The introduction of robotic technology has addressed
some of the limitations of laparoscopy, improving dexter-
ity, ergonomics, and increasing the surgeon ability to close
fascial hernia defects with ease [1, 4, 5]. Martin-del-Campo
et al. [6] evaluating LVHR with and without HDC found that
the addition of closure was not associated with a significant
increase in operative time. However, longer operative times
have been seen in robotic surgery cases in general [7], a
tendency also reported by Chen et al. [8] and Warren et al.
[5] after comparing LVHR to RVHR. Our median surgical
time was 142 min (range 84-396), due to a small number of
cases (12%) exceeding 3 h duration. Majority of the patients
(83%) had an operating time in the range of 84—185 min
(mean 130 min) which compares to the published literature.

In this series, we performed primary closure of all her-
nia defects, after the reduction of the hernia sac content,
facilitated by a safe and easy lysis of adhesions with the
robotic instruments. We firmly believe that approximating
the fascial edges by suture prior to fixation of the mesh,
enables a more physiologic and anatomic hernia repair.
In a previous experience [9] comparing closure versus
non-closure of hernia defect during LVHR with mesh,
we found a lower recurrence rate in the closure group
(6.25%) versus non-closure (19.18%), a finding also cor-
roborated by other publications [6, 10, 11]. It is important
to note that intracorporeal laparoscopic closure of fascial
defects is a surgical practice not broadly performed due
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Table 3 Hernia type, size, characteristics and location

Hernia type and size Value
Ventral hernias, n (%) 6 (19.35)
Size subgroups®
Medium (2-4 cm), n (%) 3 (9.67)
Large (>4 cm), n (%) 3 (9.67)
Incisional hernias, n (%) 25 (80.65)
Size subgroups®
W1 (width<4 cm), n (%) 9 (29.03)
W2 (width 4-10 cm), n (%) 12 (38.71)
W3 (width> 10 cm), n (%) 4 (12.9)
Hernia area, cm?’
Median hernia area (range)b 17 (9-198)
Mean hernia area (SD)° 28.13  (35.69)
Hernia characteristics and location Value
Multiple defects, n (%) 6 (18.75)
Previously recurrent, n (%) 2 (6.25)
Location®
Periumbilical, n (%) 10 (32.25)
Midline, n (%) 8 (25.81)
Right lower quadrant, n (%) 8 (25.81)
Left lower quadrant, n (%) 3 (9.68)
Left flank, n (%) 2 (6.45)

SD standard deviation

*Hernia size classification according to European Hernia Society
(EHS), Muysoms et al. 2009

"Hernia defect area from all hernia types and subgroups

“Location from all hernia types and subgroups

to its technical complexity and demands for advanced
laparoscopic skills [12], nonetheless, current availability
of robotic surgery equipment even in small community
hospitals is turning the balance in favor of more robotic
procedures being performed [13].

We agree with statements affirming that RVHR offers the
ergonomic movements and dexterity of wristed instrumenta-
tion, allowing the surgeon to secure the mesh to the abdominal
wall with a circumferential absorbable suture with ease. In our
experience, this advantageous feature of the robotic platform
has significantly reduced the incidence of postoperative pain
complains related to mesh fixation with absorbable tacks, a
well-known issue in patients with laparoscopic hernia repairs.

In this series, we had a mean LOS of 1.46 days (range
1-5), that compares favorably to literature reports [12,
14-16]. Authors with large case series such as Gonzalez
et al. [12] reported a mean LOS of 1 day for RVHR. Recent
reports describe shorter LOS for RVHR vs. LVHR, with a
comparable perioperative morbidity [8]. However, authors
such as Coakley et al. [15] and Armijo P et al. [16] report no
difference in LOS comparing RVHR versus LVHR.

Gonzalez et al. [12] presented 368 patients who underwent
a RVHR with a total complication rate of 8.4%, including uri-
nary retention (3.8%), ileus (2.4%), seroma formation (1.4%)
and bowel injury (0.5%). In a systematic review of 11 publica-
tions of LVHR with primary fascial close and [IPOM, Nguyen
et al. [11] found a 4.3-27.8% seroma rate and a 4.8-16.7%
recurrence rate. In our experience we had a patient (3.23%)
with an enterotomy. Our recurrence rate (14.81%) compares
favorably to that reported in the literature (16.7%) for LVHR
with HDC and IPOM [11], but is higher than the recurrence
reported in other studies of RVHR [12]. We believe that our
recurrence rate was attributed mainly to patient conditions
more than to the technique itself. After a stratified analysis
of our data, we found a significant association between posi-
tive history of chronic obstructive pulmonary disease (COPD)
and recurrence (P=0.0215). Similarly, significant association
between multiple hernia defects repair vs. single hernia defect
repair and recurrence was observed (P =0.012). In contrast,
we found that recurrence was not associated with hernia size
(P=0.603), body mass index (BMI) (P=0.3357), positive
history of cancer (P=0.3173), or dyslipidemia (P=0.1313).
Inclusion of a larger number of cases is warranted to address
any other confounding variables that may play a role in recur-
rence. Heniford et al. [17] in a large series of 850 cases of
LVHR, found that bigger hernia size was significantly associ-
ated with higher recurrence rates and that patients who had
a complication were more than 3 times more likely to have a
hernia recurrence (P <0.05), while morbid obesity patients
showed a trend toward higher chances of complications that
did not reach statistical significance (P=0.09). Licari et al.
[18] described a greater incidence of comorbidities such as
diabetes (37%), dyslipidemia (16%), hypertension (51%) and
COPD (16%) among patients with recurrence after ventral
hernia repair.

An important aspect to have in mind when planning a
RVHR with HDC and IPOM is hernia defect size. Years of
experience with LVHR and now RVHR have taught that an
8—10 cm fascial defect diameter is the maximal cutoff point to
decide between an OVHR and a RVHR in carefully selected
patients. Dealing with large hernias results in additional
technical challenges, derived from handling bigger meshes
and working under too much tension on the abdominal wall.
We recommend to decrease pneumoperitoneum pressure to
8 mmHg with the Airseal™ system, during the hernia defect
closure, and to use a 15X 20 cm mesh in large hernias with
lengths up to 10 cm, to provide a 5 cm mesh overlap.

In conclusion, we still recommend implementation of
RVHR with HDC and IPOM, given it feasibility, security,
and good results. Given that the main drawback was the
small number of cases presented in this study, data obtained
in a low-volume community hospital is far from been gener-
alizable for larger institutions. However, is important to keep
in mind that our main goal was answering a simple question:
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Table 4 Perioperative results—postoperative complications

Value

Perioperative results
Surgery time—hours (min) 2.38 (142.61)

SD—minutes 59.79
EBL (mL) 5.24
LOS—days (range) 1.46 (1-5)
Outpatient cases, n (%) 15 (48.38)
1 day stay, n (%) 10 (32.25)
Conversion to open surgery, n (%) 4(12.9)
Follow-up—months (range) 26.96 (12-65)
Recurrence, n (%) 4 (14.81)
Postoperative complications
Enterotomy, n (%) 1(3%)
Death, n (%) 0(0%)
Sepsis, n (%) 0(0%)
Bowel obstruction, n (%) 0(0%)
Seroma, n (%) 0 (0%)
Infectious colitis, n (%) 0(0%)
Respiratory distress, n (%) 0(0%)
Renal failure, n (%) 0(0%)
Urinary retention, n (%) 0 (0%)
DVT, n (%) 0(0%)
Anemia, n (%) 0 (0%)
Total complications, n (%)* 1(3%)
PO discomfort® 2 (6%)

Values are mean (range) unless otherwise indicated
LOS length of stay, EBL estimated blood loss, SD Standard deviation
“Number of patients in which a complication occurred

"PO postoperative discomfort was defined as a mild subjective com-
plain in hernia site referred during follow-up, and was not considered
a postoperative complication

should we continue to implement RVHR IPOM or should we
move into more complex robotic procedures? The answer is
evident, RVHR IPOM is both secure and effective, and can
be offered as a first line of treatment in carefully selected
patients. We recommend to analyze judiciously each particu-
lar case, and give proper importance to comorbidities at the
time of selecting the most appropriate ventral hernia repair
approach. Randomized clinical trials comparing robotic
TAPP and IPOM ventral/incisional hernia repair are still
needed to gather more clinical evidence regarding outcomes
and indications.
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