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Abstract

Robotic-assisted abdominal wall repair (RAWR) has seen an exponential adoption over the last 5 years. Skepticism sur-
rounding the safety, efficacy, and cost continues to limit a more widespread adoption of the platform. We describe our initial
experience of 312 patients undergoing RAWR at a large academic center. A retrospective review of all patients undergoing
any RAWR from July 1, 2016 to March 18, 2020 was completed. Patient specific, operation specific, and 30-day outcomes
specific data were collected. Univariate analysis and multivariate logistic regression were used to assess factors associ-
ated with 30-day complications. There was a steady adoption of RAWR over the study period. A total of 312 patient were
included, 138 (44%) were abdominal wall repairs and 174 (56%) were inguinal repairs. The mean age of the cohort was
54.2 years (SD 16), 69% were males, and the mean BMI was 29 kg/m? (SD 4.8). There were two reported intraoperative
events and nine operative conversions. 60 patients had at least one complication at 30-days. These include: 52 seromas, 4
hematomas, 2 surgical-site infections, 1 deep venous thrombus, and 1 recurrence at 30-days. BMI, type of hernia, and sex
were not associated with complications at 30-days. The use of absorbable mesh, longer hospital stay, operative conversion,
previous repair, and expert hernia surgeon were significant predictors of 30-day complications. Age, operative conversion,
and previous repair were the only predictors of 30-day complications on multivariate regression. Our initial experience of 312
patients demonstrates the adoption and comparable short-term outcomes for a wide variety of robotic-assisted hernia repairs.

Keywords Robotic surgery - Hernia - Minimally invasive - Inguinal hernia - Ventral hernia - Safety - Adoption

P4 Xavier Pereira Department of General Surgery, Montefiore Medical Center
pereiraxavier@gmail.com and the Albert Einstein College of Medicine, 182 E. 210th

. . Street (Lower Level), Bronx, NY 10467, USA
Diego L. Lima

dlima@montefiore.org Department of General Surgery, Albert Einstein College
of Medicine, 1300 Morris Park Avenue, Block Building

Patricia Friedmann Room 613, Bronx, NY 10461, USA

patricia.friedmann @einsteinmed.org
Departments of Cardiothoracic, Albert Einstein College
of Medicine, 1300 Morris Park Avenue, Block Building
Room 613, Bronx, NY 10461, USA

Gustavo Romero-Velez
gromero @montefiore.org

Cosman C. Mandujano 4

Camilo.mandujano@gmail.com Department of Vascular Surgery, Albert Einstein College

of Medicine, 1300 Morris Park Avenue, Block Building

Vicente Ramos-Santillan Room 613, Bronx, NY 10461, USA
vramossant@montefiore.org 5 Department of General Surgery, Montefiore Medical

Ana Garcia-Cabrera Center and the Albert Einstein College of Medicine, 1825
anagarci @montefiore.org Eastchester Rd, 2N Floor General Surgery Office, Bronx,

Flavio Malcher NY 10461, USA

fmalcher @montefiore.org

@ Springer


http://orcid.org/0000-0001-6247-7523
http://crossmark.crossref.org/dialog/?doi=10.1007/s11701-021-01251-2&domain=pdf

384

Journal of Robotic Surgery (2022) 16:383-392

Background

Robotic-assisted abdominal wall repair (RAWR) is growing
at an exponential rate [1]. In fact, no other type of surgery
has seen a faster adoption of the robotic platform than hernia
repair over the last decade [1]. However, a wider adoption
of robotic hernia repair continues to meet skepticism as its
safety, efficacy, cost, and ability to provide equal outcomes
continue to be challenged. This skepticism stems from mul-
tiple factors [2]. For one, the availability of durable, safe,
and relatively cheap open hernia repairs such as the Lichten-
stein tension free repair for inguinal hernias or the multiple
accepted component separation techniques for even the most
complex abdominal wall (AW) hernias. Furthermore, the
paucity of data on robotic hernia repair has prompted some
to draw comparisons between laparoscopic and robotic her-
nia surgery. This may be problematic because the principles
of these two surgical modalities have some important dif-
ferences and the outcomes may not directly translate [3, 4].

Minimally invasive hernia repair touts shorter hospital
stays, faster return to work, less post-operative pain, and
a decreased incidence of surgical-site infections (SSI) [5].
The robotic platform offers some key advantages over lapa-
roscopy. For the surgeon, a three-dimensional view of the
operating field and articulating instruments allow for a more
precise and ergonomic operating experience. These features
allow for improved intra-corporeal fascial closure, extraperi-
toneal placement of mesh, more precise myofascial release,
and more natural intraperitoneal suturing [6]. It is evident
that robotic hernia repair represents the natural progression
of minimally invasive hernia surgery [7].

Even with all of the technical advances that robotics
offers over laparoscopy, many questions regarding out-
comes, cost—benefit, and safety are yet to be answered [8,
9]. Nonetheless, abdominal wall experts have continued to
advocate for the use of the robotics platform citing its many
advantage, which is driving an interest in ongoing compara-
tive outcomes research [10-12]. With this study, we aim to
describe our initial experience of 312 patients undergoing
robotic hernia repair at a large, multi-center academic hos-
pital. In addition, we describe the experience in establish-
ing an abdominal wall program dedicated to complex her-
nia repair and its impact on robotic hernia repair. Our focus
on the safety, rate of adoption, and early outcomes may be
particularly relevant as more institutions begin to embrace
robotic hernia repair. We hypothesize that the adoption of
the robotic platform for hernia repair represents a consistent
progression of minimally invasive hernia repair with com-
parable short-term outcomes.
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Methods

We conducted a retrospective review of all patients under-
going RAWR at a single academic institution from July 1,
2016 to March 18, 2020. Given our geographic location
within the Bronx, NY we serve one of the most diverse
regions in the United States [13]. Our patient population
is rather unique and faces a high prevalence of poverty,
smoking, diabetes, obesity, and a number of other comor-
bid conditions. Forty-two percent of patients in the Bronx
are on Medicaid, 7% are on Medicare, and 8% of the popu-
lation remain uninsured [14].

A comprehensive search of all hernia surgeries at our
tertiary medical center was conducted and cases were clas-
sified by surgical modality as either open, laparoscopic, or
robotic hernia repair. This study focuses specifically on
the robotic hernia cohort. As such, a comprehensive chart
review was conducted using our hospital’s electronic med-
ical records (EMR). Patients aged > 18 years of age under-
going either inguinal or abdominal wall hernia repair were
included. Six patients who underwent combined inguinal
and abdominal wall repairs were excluded from this study.
These hybrid cases could not be adequately categorized for
statistical analysis without confounding the existing cat-
egorical groups. Patient characteristics were obtained from
each patient’s individual record. Operative details were
obtained from the surgeon’s operative note and the surgery
specific encounter. Outcomes information was abstracted
from subsequent encounters that included post-operative
visit notes, emergency department (ED) notes, primary
care physician notes, or post-operative imaging.

Our data collection was divided into three domains:
patient specific, operation specific, and outcomes specific.
Within our first domain, we collected patient characteris-
tics including age, gender, body mass index (BMI), Ameri-
can Society of Anesthesiologists (ASA) class, all medical
comorbidities, and history of previous hernia repair for
the presenting hernia. A medical comorbidity was consid-
ered as a medical condition used in Charlson Comorbidity
Index to calculate 10-year survival [15].

There is no consensus as to what constitutes an expert
hernia surgeon. Following the guidelines of the European
Hernia Society’s (EHS) ACCESS project, an expert her-
nia surgeon can be defined as a surgeon who: is beyond
the learning curve for all types of hernia surgery, includ-
ing minimally invasive laparoscopic or robotic options
in ventral and inguinal hernia; performs a proportion-
ally larger number of hernia cases compared to other
general surgeons, including complex abdominal wall
repairs; participates in the education of other surgeons
on the topic of hernia repair; participates in national her-
nia database data collection with outcomes reported; is a
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part of an established referral center; is an active member
of a national surgical society with a focus on abdominal
wall; participates hernia related publications, book chap-
ters, presentations, or lectures in indexed journals and/or
regional and national meetings per year, and participates
in monthly hernia morbidity, quality control, and multi-
disciplinary conferences [16, 17]. At our institution, only
one surgeon met the criteria outlined above.

For operative information, we collected the length of each
operation, lead surgeon, number and types of hernias repaired,
presence and type of intraoperative complication, size of pri-
mary and subsequent defects for non-inguinal hernias, oper-
ating room (OR) conversion to open or laparoscopic modali-
ties, operative technique, mesh brand, type, size, and fixation.
Small bowel serosal tears were not considered an intraopera-
tive complication as these do not necessarily alter the course of
the planned operation. The length of the operation was quanti-
fied as the number of minutes between initial incision and the
initial time marked as “dressing on” as noted by the anesthesia
records or the circulating nurse records.

For post-operative information we collected data on hospi-
tal length of stay, type and rate of complication within 30 days,
presentation to the ED or re-admission within 30-days, and
the rate of follow-up. Complications were classified using the
Clavien—Dindo (C-D) Classification System for post-operative
events as follows: Grade I is any deviation from the expected
post-operative course; Grade II is any deviation that requires
medical treatment; Grade III is an deviation that requires pro-
cedural intervention, Grade 1V is a life-threatening complica-
tion such as a single or multi-organ failure which requires treat-
ment in the Intensive Care Unit; Grade V is a post-operative
mortality [18]. Minor post-operative events were those that
defined as Grades I-II of the C-D classification, while major
post-operative events were those defined by Grades IV-V.

Data were summarized using counts and percentages for
categorical variables and either means and standard devia-
tions or median and range for continuous variables. Univariate
associations with 30-day complications were assessed using
Chi-squared and Fisher’s exact tests for categorical variables
and ¢ tests for continuous variables. Multivariate predictors
of 30-day complications were estimated using multivariable
logistic regression. p values less than 0.05 were considered
statistically significant. Data were analyzed using the Statisti-
cal Analysis System (SAS v9.4). This study was approved by
the Institution Review Board (IRB # 2020-11160).

Results
Study period and case volume

A total of 5266 abdominal wall repairs were completed over
the 44-month study period at our institution. In the first

quarter, 382 abdominal wall repairs were completed; 268
(71%) were open, 102 (27%) were laparoscopic, and 12 (3%)
were robotic assisted. By comparison, 271 abdominal wall
cases were completed in the last quarter of the study period.
Of these, 138 (51%) were open, 32% were laparoscopic, and
47 (17%) were robotic assisted. The last quarter of our study,
which ended in March of 2020, was affected the beginning
of the COVID-19 pandemic. Nonetheless, similar changes in
the distribution of cases were seen when comparing the first
and last three quarters of the study period. Overall, despite
there being a decrease in the total volume of cases, there
was a steady adoption of RAWR over the 44-month study
period (Fig. 1).

In July of 2018, 24 months after the start of our study
period, a specialized multidisciplinary abdominal wall pro-
gram was established at our institution. Prior to this time,
all robotic cases were performed by only two surgeons. By
the end of the study period, a total of seven surgeons were
performing robotic hernia repairs, four of which were still
in the learning phase (<30 cases completed) [19]. The par-
ticipating surgeons had diverse backgrounds and experience
level: one was an expert in abdominal wall reconstruction
and hernia repair, two were trained in minimally invasive
and bariatric surgery, three were non-fellowship trained gen-
eral surgeons, and one was a transplant surgeon. The median
number of years in practice was 12.

Patient cohort

A total of 312 patients undergoing robotic hernia repair were
identified and included in this study. The mean age among
the cohort was 54 years (SD 16). 69% of patients were male,
31% were female. The mean BMI was 29 kg/m2 (SD 4.8).
As expected, inguinal hernia cases were predominantly male
patients (56%), while there was a larger proportion of female
patients who underwent ventral hernia repairs (59%). Most
patients (59%) had no comorbid conditions, 21% had at least
one medical comorbidity, and 20% had two or more. Diabe-
tes mellitus was the most prevalent comorbidity, present in
20% of patients. The majority of patients were ASA class
II (58%) and IIT (29%). There were 50 (16%) patients who
presented with a recurrent hernia, more frequently seen in
the ventral hernia (21%) cohort as compared to the inguinal
hernia group (12%) (Table 1).

Operative characteristics

Operative characteristics are described in Table 2. Of the
312 RAWRs, 174 (56%) were inguinal hernia repairs and
138 (44%) were abdominal wall hernia repairs. Forty-two
(28%) of the inguinal hernias were bilateral. All inguinal
hernia repairs were done via the trans-abdominal preperi-
toneal (TAPP) approach. Nearly all inguinal hernias (172)

@ Springer



386 Journal of Robotic Surgery (2022) 16:383-392
HERNIA VOLUME - MONTEFIORE
300
250
7]
L 200
7}
T
o
[THe
S 150 —~0pen
é ______ —Robotic
5 Lap
= 100

50

2016-3 2016-4 2017-1 2017-2 2017-3 2017-4 2018-1 2018-

2 2018-3 2018-4 2019-1 2019-2 2019-3 2019-4 2020-1

Quarter

Fig.1 Total hernia volume by modality at Montefiore Medical Center (MMC) between July of 2016 and March of 2020

were repaired using synthetic permanent mesh while only
two were repaired using synthetic absorbable mesh. As
expected, ventral hernias were approached with a variety of
surgical techniques. By far, mesh placement in the extraperi-
toneal location was the most common with 26% of our entire
cohort using this type of repair. The remainder of the ventral
hernias were repaired with a variety of mesh location (prep-
eritoneal, retro-muscular, or onlay) with or without compo-
nent separation or transversus abdominis release (TAR) as
outlined in Table 2. A total of 57 repairs were complete with
the IPOM technique, 53 were completed with permanent
coated mesh, 3 with synthetic absorbable mesh, and 1 bio-
logic mesh. In the extraperitoneal position, one patient not
have a mesh implanted due as intraoperative findings showed
a well incorporated Marlex® mesh and no hernia. Table 3
includes a comprehensive list of all mesh used by location.

The mean primary defect size for abdominal wall hernias
was 5.4 cm (1.0-30 cm, SD 5.1). No defect size was reported
for inguinal hernias. All hernia repairs included mesh rein-
forcement. At our institution, the IPOM plus, which is the
placement of intraperitoneal mesh after closure of the hernia
orifice, is technique is routinely used. There were two (4.5%)
reported intraoperative complications, one of which required
a deviation from the planned surgery. Small bowel serosal
tears were reported in 14 cases. None of these required a
change in the planned operative technique. All 312 robotic
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cases in our study were completed using the da Vinci Si or
Xi robotic systems (Intuitive Surgical, Inc. Sunnyvale, CA).

Operative time and OR conversions

Operative time followed an expected pattern with the long-
est cases coming from extraperitoneal ventral hernia repairs
with a median operative time of 147 min (IQR 101 to 199).
Unilateral inguinal hernias had the shortest operative times
with a median of at 126 min (IQR 91-161). Shorter ven-
tral hernia cases were related to intraperitoneal onlay mesh
(IPOM) or preperitoneal mesh placement techniques, while
longer cases had a higher frequency of component separa-
tion or retrorectus mesh placement. A total of nine (2.9%)
cases were converted to either open or laparoscopy. The low
number of OR conversions limited our ability to examine
factors leading to this intraoperative occurrence. Nonethe-
less, there were no identifiable factors like sex, BMI, ASA,
type of surgeon, type of hernia repair, type of mesh, sex, or
number of comorbidities related to intraoperative conver-
sions (Table 4).

Outcomes

There was one major intraoperative event requiring a
deviation of the planned surgery and prolonged admission.
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Table 1 Patient related information Table 2 Operative characteristics
Total patients, n (%) 312 Total patients 312
Male 214 Inguinal 174
Inguinal 158 Unilateral (4) 126
Abdominal wall 56 Bilateral 48
Female 98 Abdominal wall 138
Inguinal 16 Primary ventral 85
Abdominal wall 82 Incisional 52
Age (years); mean (SD) 54 (16) Parastomal 1
ASA class, n (%) Operative time (min); mean (SD) 139 (67)
I 41 (13) Inguinal unilateral 107 (37)
11 182 (58) Inguinal bilateral 159 (63)
I 89 (29) Abdominal wall 163 (77)
Comorbidities, n (%) Intraoperative events, n (%) 2(1)
Diabetes mellitus 62 (20) Veress needle injury 1
COPD 7(12) Thermal injury 1
MI 8(3) Operating surgeon, n (%)
CHF 4(1) Hernia specialist 110 (35)
Liver disease 15(5) Non-hernia specialist 202 (65)
HIV/AIDS 7(2) Operative conversion, n (%) 93
Cancer 33(11) Laparoscopic 4
No. of comorbidities, n (%) Open 5
0 183 (59) Operative technique, n (%) 312 (100)
1 66 (21) Inguinal 174 (56)
>2 63 (20) TAPP 174 (56)
BMI (kg/rnz); mean (SD) 29 (4.8) Abdominal wall 138 (44)
Recurrent hernia, n (%) 50 (16) IPOM 57 (18)
Inguinal 21 (12) Extraperitoneal 81 (26)
Ventral 29 (21) Retro-muscular 45 (14)
Type of previous repair, n Preperitoneal 34 (11)
Unknown 32 Inlay 1(0.3)
Open 5 Unilateral component separation 4
Open with mesh 6 Bilateral component separation 1
Laparoscopic primary 1 Transversus abdominis release (TAR) 9
Laparoscopic with mesh 4
Multiple previous repairs 2

ASA American Society Anesthesiology Classification, BMIbody mass
index

A second patient suffered a stroke on post-operative day
1 and required supportive care in the intensive care unit
(ICU) but was eventually discharged home. Within the
first 30 days, 34 (10.9%) patients presented to the ED
with a variety of complaints. Of these the 34 patients, 15
had wound related concerns like bruising, swelling, dis-
charge, hematoma, or infection. The remaining patients
presented to the ED with uncontrolled post-operative
pain (10), urinary retention or hematuria (3), recurrence
(1), constipation (1), and other unrelated causes like calf
pain (1), stroke symptoms (1), and gastroenteritis (1). Of
all the patients who presented to the ED, only 6 required

readmissions; 2 for pain control, 2 for wound infection,
and 2 for unrelated causes (gastroenteritis and stroke).

The cohort had a 30-day in-office follow-up rate
of 89%. Overall, there were 60 post-operative events,
which includes those diagnosed in the ED as well as in
the office. There was 1 early recurrence, 52 seromas, 2
SST’s, 4 hematomas, and 1 deep venous thrombus (DVT).
(Table 4) There were 55 minor post-operative events (C—D
Grade I-1II) and 5 major post-operative (C-D Grade I1I-V)
events. There were no deaths within 30 days (C—-D Grade
V). The overall 30-day complication rate was 19%. Sero-
mas were by far the most common post-operative com-
plication with 52 (17%) patients diagnosed in the post-
operative period. These were all treated with supportive
care and observation without additional morbidity (see
Table 5).
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Table 3 Mesh type by location

Table 4 Univariate analysis

Extraperitoneal N
Bard™ Soft Mesh 29
Covidien Progrip™ 23
Prolene® 12
Covidien Symbotex™ 10
BD Ventralight™ ST 3
BD Phasix™ Mesh 4
BD Ventralex™ 2
Marlex (in situ) 1
GORE® SYNECOR 1
ULTRAPRO ADVANCED™ 1

IPOM
Covidien Symbotex™ 46
BD Phasix™ Mesh 3
Prolene® 2
Parietene™ DS 2
OviTex® 1
BD Ventralight™ Echo 1
BD Ventralight™ Comp 1
Parietex™ Composite 1

Inguinal
BD 3DMax™ Mesh 99
Covidien Progrip™ 69
GORE® SYNECOR 3
BD Phasix™ Mesh
Aborted/No mesh

On univariate analysis, there was no statistically signifi-
cant relationship between complications at 30 days and the
type of hernia (20 ventral, 21 inguinal), number of comorbid
conditions (18 had 0 comorbidities, 27 had 1 comorbidity,
and 19 had two or more comorbidities), or BMI (20 were
BMI <30, 16 were BMI 30-35, and 32 were BMI > 35). As
expected, those patients who originally presented with recur-
rent hernias had a higher rate of complications at 30 days
(17 had no previous repair, 37 had a previous repair). Intra-
operatively, the use of absorbable or biologic mesh and OR
conversion to laparoscopy or open modalities tended to have
to a higher frequency of 30-day complications. Looking at
BMI specifically, an increasing BMI did not have a correla-
tion with OR conversions or 30-day complications in our
cohort, even when controlling by type of hernia (Table 4).

A multivariate logistic regression analysis was conducted
to determine factors associated with 30-day complications.
The following variables were included in the regression
model; hernia type (ventral vs. inguinal), ASA class, num-
ber of comorbidities, BMI, previous hernia repair, age, OR
conversion to laparoscopy or open modalities, and type of
surgeon (abdominal wall and hernia specialist versus oth-
ers). Of these, only previous repair (aOR 2.38, 95% CI
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OR conversion 30-day complication
Frequency (%) Frequency (%)

No Yes No Yes p value
N=312 303 9 252 60
Type of hernia
Ventral 96 4 80 20 0.757
Inguinal 98 2 79 21
Sex
Female 95 5 78 22 0.649
Male 98 2 80 20
No. of comorbidities
0 98 2 81 18 0.286
1 95 5 73 27
>2 95 5 81 19
BMI
<30 97 3 80 20 0.123
30-35 96 4 844 16
>35 97 3 68 32
ASA class
1 98 2 90 10 0.152
2 96 4 80 20
3 99 1 75 25
OR conversions
No conversion 81 19 0.004
Convert to lap - - 75 25
Convert to open 20 80
Surgeon type
Hernia specialist 98 2 72 28 0.001
Non-specialist 96 4 84 16
Previous repair
No 98 2 83 17 0.002
Yes 94 6 64 37
Mesh type
Synthetic permanent 82 18 <0.001
Synthetic absorbable - - 25 75
Biologic 0 100
LOS
0 98 2 84 16 0.001
1 100 0 74 26
2-3 90 10 71 29

>4 88 12 37 63

Bold values represent the only variables that were statistically signifi-
cant (i.e. the result was < 0.05)

1.19-4.77), aOR conversion (aOR 3.09, 95% CI 1.18-8.04),
and age (aOR 1.02, 95% CI 1.01-1.04) were associated with
complications at 30 days. Interestingly, increasing age was a
predictor of complications with each passing year increasing
your risk of 30-day complication by 2% (aOR=1.02, 95%
CI1.001-1.042) (Table 6).
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Table 5 Outcomes characteristics

Total patients () 312
Length of stay (days); (median, IQ range) 0(0-1)
0 231

1 43

2-3 21

>4 16
30-day, n (%)

Post-operative follow-up 279 (89)
ED presentations 6(2)
Readmissions 6(Q)
C-D Grade for post-operative events (n)

1 52

1I 3

11 3

v 2

\Y 0
30-day complications, n (%) 60 (19)
Seroma 52 (17)
Recurrence 1(0.2)
Hematoma 4 (1)
SSI 2(1)
DVT 1(0.2)

C-D Clavien-Dindo, SSI surgical-site infection, DVT deep venous
thrombus, ED Emergency Department

Table 6 Multivariate analysis

Variables p value Odds ratio 95% 1C
Previous repair 0.014 2.383 1.191-4.770
Age 0.041 1.021 1.001-1.042
OR conversion 0.021 3.085 1.184-8.038
Hernia type 0.276 - -

ASA 0.262 - -

No. of comorbidities 0.268 - -

BMI 0.288 - -

Type of surgeon 0.223 - -

Bold values represent the only variables that were statistically signifi-
cant (i.e. the result was < 0.05)

Discussion
Significance

Robotic hernia repair represents the logical next step in
the progression of minimally invasive hernia repair. The
adoption of robotic surgical technology will continue to
be challenged with arguments of high cost and inferior
outcomes to other, more established surgical modalities

[20-23]. Despite this, we are beginning to see literature
advocating for the adoption of robotic hernia repair based
on more favorable outcomes and specific case use sce-
narios where the robotics platform can provide unique
advantages [7, 11, 24]. Looking to the future, platforms
that allow multi-quadrant surgery, increasing dexterity,
more specialized instrumentation, and less collisions will
lead to the increasing adoption of minimally invasive plat-
forms. Furthermore, increasing competition in the robotic
surgery market will inevitably drive downs costs, increase
the speed at which innovation occurs, and provide more
adaptable platforms with less steep learning curves. It is
the responsibility of the surgical community to ensure that
the adoption of RAWR is safe for our patients, cost effec-
tive, and maintains a high standard of care.

Limitations

This is a retrospective observational study focused on the
adoption, intraoperative performance, and short-term out-
comes of RAWR at our academic institution. Long-term
outcomes data were simply not feasible as more than half
of our data represent patients that underwent surgery within
the last 18 months and our institution routinely does not fol-
low patients past their initial post-operative visit. However,
a study focusing on long-term follow-up is underway at our
institution using a validated patient reported outcomes sur-
vey. We also did not include a cost analysis of our center’s
experience since this information was not available to us for
unbiased statistical analysis. Finally, having no comparison
group can decrease the strength of conclusions drawn from
our data. These inherent weaknesses are often part of early,
observational, descriptive, outcomes studies.

Adoption and growth

The proportion of hernia cases approached with the robotics
platform steadily increased over the 44-month long study
period. Our experience highlighted a slow and steady adop-
tion of RAWR at our institution, paralleling the national
trend in nearly the same distribution. Our initial period
was marked by a single surgeon performing non-recurrent
inguinal hernia repairs and progressed to the creation of an
AW program that encouraged an increase in the number of
surgeons and difficulty of hernia cases. This growth was
facilitated by a multidisciplinary approach to hernia disease
alongside colleagues from plastic surgery, bariatric surgery,
and radiology. As such, the number of surgeons performing
robotic hernia surgery increased sixfold during study period.
The difficulty of cases also increased, with the last three
quarters of the study period harboring the highest number
of complex or combined hernia repair cases.
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In our cohort, we did not find an increase the proportion
of complications or intraoperative conversions over time,
even as our volume increased. Interestingly, surgery by an
expert hernia specialist seemed to confer the patient with an
increased risk of 30-day complications on univariate analy-
sis. However, this bias disappeared when accounting for all
confounding variables in the regression model and the fact
that our expert performed one-third of all of our cases. Thus,
even though a hernia specialist takes on a higher proportion
of recurrent and otherwise complex hernia cases, their safety
and outcomes profile remain comparable to other surgeons.

Interestingly, the proportion of ventral hernia repairs in
our cohort was 44% while that of inguinal hernias was 56%.
This proportion is somewhat higher than other published
reports where the distribution of ventral to inguinal repairs
in a given cohort is closer to 25% and 75%, respectively. Fur-
thermore, our ventral hernia cohort had a 40% incidence of
extraperitoneal mesh placement, which is higher than seen
with traditional laparoscopic cohorts. This may highlight
an adoption of the platform with an increased use in more
complicated ventral hernia repairs that would otherwise not
be attempted laparoscopically.

Intraoperative safety and conversions

Operative times followed an expected pattern and were noted
to be higher with recurrent hernias and complex abdomi-
nal wall repairs, like component separation techniques. As
expected, the complication rate saw gradual increase that
directly paralleled the surgical volume and case complexity
but remained comparable to other studies and proportional to
the increase in volume. There were two reportable intraop-
erative events, one of which required a change in the initial
operative plan. This was a patient with a history of cirrhosis
and controlled portal hypertension who suffered a Veress
needle injury to the left lobe of his enlarged liver. This injury
required an emergent upper midline laparotomy and repair
of hepatic laceration with subsequent admission to the ICU
for observation. This complication is not unique to robotic
hernia surgery and would have likely been seen with any
other minimally invasive approach. Nonetheless, this case
highlights the importance of patient selection for minimally
invasive approaches to hernia repair. Given the higher risk
of complications on abdominal entry carried by patients with
cirrhosis, perhaps an open repair would have been a better
option for this patient.

The second patient suffered a superficial thermal injury
to the sigmoid colon upon reduction of an infraumbilical
hernia that was reinforced with sutures and the patient went
on to have an uneventful recovery. Given the nature of hernia
surgery, small bowel serosal tears were reported in 3% of
cases. No cases reported none further action besides serosal
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reinforcement, a step facilitated by suturing capabilities of
the robotic platform. There were no reported enterotomies.

Three inguinal hernias were converted to an open or
hybrid approach; two were recurrent inguinal hernias with
previous repairs. In these two cases, an open approach was
used to help with reduction of a segment of densely adhered
colon to the cord structures and to explant a mesh plug.
Both cases were finished robotically with preperitoneal mesh
placement as planned. The third was the aborted inguinal
hernia secondary to Veress needle injury. The remain-
ing six cases were ventral hernias, four were converted to
laparoscopy and two were converted to open. Two had a
BMI > 35 kg/m? and all but one were females with either
umbilical or incisional hernias with multiple fascial defects.

Outcomes

Robotic hernia repair remains a safe surgical modality with
comparable short-term outcomes, even in the early adoption
phase. There was a single early recurrence of an umbili-
cal hernia. This patient had a hernia defect of 3 cm X3 cm,
which was repaired with primary closure and reinforced with
a 12 cm Symbotex® mesh that was fixated to the anterior
abdominal wall with a running self-locking suture. This
patient presented to the emergency department with uri-
nary retention and severe pain at the umbilicus with physi-
cal exam findings concerning for recurrence. Confirmatory
imaging showed recurrence of hernia with strangulated fat.
He was treated with a Foley catheter and analgesic medica-
tions and was discharged home and lost to follow-up. This
recurrence was likely related to a technical failure of the
self-locking suture that was used to fix the mesh to the ante-
rior abdominal wall, a technique that is now far less common
at our institution in favor of extraperitoneal mesh placement.

Our rate of intraoperative events (0.6%), early recurrence
(0.3%), and wound related events such as seroma (17%),
hematoma (1.2%), and SSI (0.6%) are on par with reported
literature for both ventral and inguinal hernias [25]. In our
cohort, an infected hematoma required drainage by inter-
ventional radiology and a course of oral antibiotics. A sec-
ond hematoma was drained in the outpatient clinic with no
further morbidity. All seromas were treated with supportive
treatment and observation.

Overall, we had a low number of OR conversion (3%)
[26], which seemed to be driven more by the complexity of
the hernia and less by patient related factors, like as BMI,
sex, or ASA. Interestingly, the rate of conversion remained
similar even at higher BMI, a trend that is not always seen
with laparoscopic modalities and may highlight an advan-
tage of the robotic platform [27]. Nonetheless, our study
highlighted that patients with previous hernia repairs and
those who had OR conversions were at a statistically higher
risk for 30-day complications.
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We also found that increasing age was a risk factor for
early complications. In fact, each passing year was related
to an increase in 30-day complication rate by 2.1%. This
is probably related to a higher number of comorbid con-
ditions, a higher frequency of recurrence, and larger and
more chronic hernias. This supports the notion that delay-
ing surgical care for hernia may increase your overall risk
of complications, especially in symptomatic hernias [28].

Safety is a difficult metric to quantify and many fac-
tors are considered before a surgical procedure or surgi-
cal modality is deemed safe. This is especially true of
novel surgical techniques where a direct comparison is
not always be possible. Our cohort had a single recurrence,
a single major intraoperative event, and a low number of
post-operative complications when compared to both the
standard of care open techniques and minimally invasive
laparoscopic approaches. This remained true for surgeons
early in their learning phase, expert surgeons taking on
more complex cases, and for patients with a high number
of comorbidities, higher BMI’s, and those with previous
repairs. The safety profile of RAWR is acceptable, espe-
cially when you consider the advantages the robotic plat-
form can provide.

Conclusions

The adoption of robotic-assisted hernia repair is increas-
ing, both among newly trained surgeons and established
surgeons. Our initial experience of 312 patients demon-
strates favorable results with comparable short-term out-
comes for a wide variety of hernia repairs using the robot-
ics platform, even in the initial stages of adoption. Further
studies focusing on long-term outcomes, costs, and patient
satisfaction are needed.
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