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Abstract

Background—The number of robotic surgical procedures performed yearly is constantly rising,
due to improved dexterity and visualization capabilities compared with conventional methods. We
hypothesized that outcomes after robotic-assisted inguinal hernia repair would not be significantly
different from outcomes after laparoscopic or open repai.

Methods—All patients undergoing inguinal hernia repair between 2012 and 2016 were identified
using institutional American College of Surgeons National Surgical Quality Improvement Program
data. Demographics; preoperative, intraoperative, and postoperative characteristics; and outcomes
were evaluated based on method of repair (Robot, Lap, or Open). Categorical variables were
analyzed by Chi-square test and continuous variables using Mann-Whitney U.

Results—A total of 510 patients were identified who underwent unilateral inguinal hernia

repair (Robot: 13.8% [n= 69], Lap: 48.1% [n=241], Open: 38.1% [/7= 191]). There were no
demographic differences between groups other than age (Robot: 52 [39-62], Lap: 57 [45-67], and
Open: 56 [48-67] years, p= 0.03). Operative duration was also different (Robot: 105 [76-146] vs.
Lap: 81 [61-103] vs. Open: 71 [56-88] min, p< 0.001). There were no operative mortalities and
all patients except one were discharged home the same day. Postoperative occurrences (adverse
events, readmissions, and death) were similar between groups (Robot: 2.9% [2], Lap: 3.3%

[8], Open: 5.2% [10], p= 0.53). Although rare, there was a significant difference in rate of
postoperative skin and soft tissue infection (Robot: 2.9% [2] vs. Lap: 0% [0] vs. Open: 0.5% [1],
p=0.02). Cost was significantly different between groups (Robot: $7162 [$5942-8375] vs. Lap:
$4527 [$2310-6003] vs. Open: $4264 [$3277-5143], p< 0.001).

Conclusions—Outcomes after robotic-assisted inguinal hernia repair were similar to outcomes
after laparoscopic or open repair. Longer operative duration during robotic repair may contribute
to higher rates of skin and soft tissue infection. Higher cost should be considered, along with
surgeon comfort level and patient preference when deciding whether inguinal hernia repair is
approached robotically.
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Inguinal hernia repair is one of the most common general surgery procedures performed
yearly in the United States and is associated with low rates of postoperative complications
and recurrences [1, 2]. The operative treatment of inguinal hernias has followed the natural
progression of surgical advancement over time. Although open mesh repairs using the
Lichtenstein tension-free technique yield exceedingly low rates of morbidity and mortality,
a minimally invasive approach to inguinal hernia repair using laparoscopy is a popular
alternative and is associated with less postoperative pain [1]. Laparoscopy provides the
surgeon with the option of completing the hernia repair via a transabdominal preperitoneal
(TAPP) approach or a totally extraperitoneal (TEP) approach, either of which may be more
appropriate depending on hernia size, initial or recurrent hernia status, previous approaches
used, body habitus of the patient, and surgeon preference.

In addition to open and conventional laparoscopic approaches, surgeons in certain hospitals
now have the ability to perform minimally invasive inguinal hernia repairs with robotic-
assist. Successful use of the robot has been described for gynecologic and urologic
procedures, removal of gastric and rectal cancers, and mitral valve operations [3-6].
Advantages of performing surgical procedures with robotic-assist include superior dexterity
and improved visualization capabilities, while the disadvantages include increased cost and
potentially longer operative times [7]. While well described for the repair of ventral hernias,
authors have begun to describe the use of robotic-assist for inguinal hernia repairs [8, 9].

Although open and laparoscopic inguinal hernia repairs are rather short operations with
exceptionally good outcomes, the benefits of performing inguinal hernia repairs with
robotic-assist are not fully defined yet. The objective of this study was to compare outcomes
after open, laparoscopic, and robotic-assisted inguinal hernia repairs. We hypothesized that
outcomes after robotic-assisted inguinal hernia repair would not be significantly different
from outcomes after laparoscopic or open repair.

Materials and methods

Patient population

All patients undergoing primary unilateral inguinal hernia repair between 2012 and 2016

at a single academic medical center were captured using institutional American College

of Surgeons National Surgical Quality Improvement Program data. Financial data were
obtained from the institutional Clinical Data Repository. The Institutional Review Board at
the University of Virginia approved waiver of consent for this study. Preoperative patient
characteristics (age, sex, body mass index [BMI], and comorbid conditions), perioperative
elements (American Society of Anesthesiologists [ASA] classification, total operating time,
concomitant procedures, and surgical approach), as well as 30-day postoperative outcomes,
physician and hospital charges, and total cost were analyzed. Patients undergoing robotic-
assisted repair (Robot), laparoscopic repair (Lap), and open repair (Open) were compared. A
total of ten surgeons performed all operations, with all robotic procedures performed by two
surgeons (who previously performed both open and laparoscopic repairs), all laparoscopic
repairs performed by eight surgeons, and all open repairs performed by four surgeons.
Repair approach was at the discretion of the operating surgeon based on surgeon preference
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and preoperative characteristics of the patient. All robotic-assisted and laparoscopic repairs
were completed using mesh and the TAPP approach.

Data analysis

Results

The primary outcome for this study was a composite endpoint of any postoperative
occurrence. The secondary outcomes were operative time and specific postoperative
occurrences. We report preoperative factors between the groups in addition to intraoperative
variables and postoperative outcomes. Data were compared using Chi-square ( /1/2) test for
categorical variables and appropriate parametric and non-parametric tests for continuous
variables. A pvalue < 0.05 was used for statistical significance. SAS version 9.4 (SAS
Company, Cary NC) was used for all analyses.

A total of 510 patients were identified who underwent inguinal hernia repair between 2012
and 2016. Robotic-assist was used in 13.8% (/7= 69) of repairs, laparoscopic approach in
48.1% (n = 241), and open approach in 38.1% (7= 191). There were no demographic
differences between the groups in terms of sex, race, BMI, hospital status (inpatient/
outpatient), or functional health status (Table 1). Age in years [median (interquartile range)]
was significantly different between the three groups (Robot: 52 [39-62], Lap: 57 [45-

67], Open: 56 [48-67], p=0.03). The most common comorbidities in the entire cohort
were hypertension, tobacco use, chronic obstructive pulmonary disease, and steroid use.
There were no significant differences between the groups in prevalence of preoperative
comorbidities, which also included insulin-dependent diabetes mellitus, heart failure, and
kidney failure (Table 2).

The majority of patients received only an inguinal hernia repair and no other concurrent
operation (Robot: 98.6% [68] vs. Lap: 99.2% [239] vs. Open: 98.4% [188], p=0.76). There
was a significant difference in ASA classification, with 55% of open repair patients being
categorized as Class 3 or 4, compared with 10% for Robot, and 37% for Lap (Table 2).
Operative duration (total time in the operating room) was significantly longer for patients
undergoing robotic-assisted inguinal hernia repair (Robot: 105 [76-146] vs. Lap: 81 [61-
103] vs. Open: 71 [56-88] min, p< 0.001, Fig. 1). Physician charges were not significantly
different between groups (Robot: $2663 [$1350-3376] vs. Lap: $2239 [$2046-2824] vs.
Open: $2186 [$1852-2871], p= 0.82), but total hospital charges (Robot: $27,017 [$20,993—
34,443] vs. Lap: $16,016 [$11,444-21,761] vs. Open: $14,190 [$11,305-16,889], p< 0.001)
and hospital cost (Robot: $7162 [$5942-8375] vs. Lap: $4527 [$2310-6003] vs. Open:
$4264 [$3277-5,143], p< 0.001) were significantly different, with robotic-assisted inguinal
hernia repairs being the most expensive (Fig. 2).

Rates of any postoperative occurrence (adverse events, readmissions, and death) were
similar between the groups (Robot: 2.9% [2], Lap: 3.3% [8], Open: 5.2% [10], p= 0.53),
as seen in Table 3. There were no 30-day mortalities and all patients except one who
underwent laparoscopic repair were discharged home the same day. Although rare, there
was a significant difference in rate of postoperative skin and soft tissue infection (Robot:
2.9% [2] vs. Lap: 0% [0] vs. Open: 0.5% [1], p=0.02). There were no hernia recurrences
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within one month after repair and the rate of related readmissions within 30-days was not
significantly different between groups (Robot: 0% [0], Lap: 2.1% [5], Open: 3.7% [7], p=
0.21, Table 3).

Discussion

The present study compared outcomes after robotic-assisted, laparoscopic, and open
inguinal hernia repairs to determine if there were benefits to performing this operation

with robotic-assist compared to more conventional methods of repair. When evaluating
outcomes based on the composite endpoint of any postoperative occurrence (adverse events,
readmissions, recurrences, and death), there were no significant differences between all
three surgical approaches. Operative duration was significantly longer in robotic-assisted
procedures and the rate of postoperative skin and soft tissue infections, although low overall,
was higher in cases performed with the robot. Hospital charges and cost were higher in
robotic-assisted cases. Hernia recurrences, readmissions, and nhumber of deaths were similar
between all three groups.

Robotic-assisted operations have become very common in certain surgical specialties,

such as gynecology and urology. Pelvic operations are notoriously challenging due to
anatomic and visual constraints, making the robot the ideal solution to provide the surgeon
with improved dexterity and visualization. Urologists performing robotic-assisted radical
prostatectomies have described concurrent inguinal hernia repair as a safe and effective
method to mitigate the high rate of postoperative hernia formation [10-12]. Subsequently,
surgeons have begun to use the robot to perform primary inguinal hernia repairs, but there is
little published data identifying what benefits the robot may provide in this population.

As with any new technology, learning to efficiently operate with robotic-assist is associated
with a significant learning curve [13]. Considering the time and monetary investment
required to become proficient operating with the robot, determining whether or not there
are benefits to using the technology is an important first step. The present study found

that robotic-assisted inguinal hernia operations take longer and are associated with higher
hospital charges and cost, but had similar outcomes to laparoscopic and open repairs. In a
cohort of one hundred consecutive robotic-assisted inguinal hernia repairs, Arcerito M et al.
report minimal postoperative pain, resumption of normal activity within 4 days, and only

1 recurrence in 12 months, but did not compare robotic-assisted patients with laparoscopic
or open repair patients [14]. In a case report, Cetrulo and colleagues describe using the
robot to perform repair of a large, incarcerated recurrent inguinal hernia and credit the robot
with allowing for fine dissection and appropriate visualization of structures [15]. In select
patients, use of the robot appears to provide benefits to the surgeon that he or she would not
otherwise have with the laparoscopic or open approach but whether these benefits persist for
all patients needing inguinal herniorrhaphy is yet to be determined.

In the present study, the rate of postoperative occurrences after robotic-assisted,
laparoscopic, and open inguinal hernia repairs was similar, with no identifiable advantage
to any one surgical approach. Postoperative pain scores were not obtained, but in a
single-surgeon experience comparing 24 laparoscopic repairs to 39 robotic-assisted repairs,
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postoperative pain in recovery was significantly less for the robotic-assisted repairs [16].
The authors also note that operative duration was significantly longer for cases completed
with the robot compared to laparoscopic repairs. These findings support the results of the
present study, which found that operative duration was longest for robotic-assisted repairs,
with open repairs having the shortest total time in the operating room. Long operative
durations for some robot cases can be attributed to the inevitable learning curve. All
operations had resident involvement, which likely contributed to longer operating times
for all repairs on average. Of note, robotic-assisted cases also had the highest prevalence,
albeit rare, of postoperative skin and soft tissue infections, which have been associated with
longer operative times [17]. Additional reasons to explain the higher infection rate include
familiarity with draping and docking the robot, different operating surgeons, and patient
demographics.

Hospital charges and total cost were highest for robotic-assisted inguinal hernia repairs.

As is expected with new technology, cost will remain high until the technology is widely
accepted and adopted into routine clinical practice. Determining whether or not to pursue the
use of expensive technology, in this case the surgical robot, is challenging considering that
an improvement in patient outcomes may not be apparent for quite some time.

The present study and its findings are limited by the retrospective nature of the study, the
single-institution design, and the lack of long-term follow up data, quality-of-life data, and
postoperative pain scores. Considering that postoperative morbidities and mortalities after
inguinal hernia repair are exceedingly rare, detecting any significant differences would be
difficult with a randomized controlled trial, let alone the retrospective, single-institution
experience described here. Additionally, mesh type was not standardized and the benefit

of minimally invasive surgery to repair bilateral hernias was not captured in these data.
That being said, we present a fairly large cohort of 510 inguinal hernia repairs over a
4-year period and compare three surgical approaches. As is evident by the difference in age
and ASA classification between groups, selection bias is present as well. In light of robotic-
assisted repair patients being younger and having lower average ASA scores, outcomes were
still similar between all three groups.

Outcomes after robotic-assisted inguinal hernia repair were similar to laparoscopic and

open repairs in this single-institution cohort analysis. The frequency of postoperative
adverse events, recurrences, readmissions, and deaths was not different regardless of surgical
approach. Although the robot provides improved dexterity and visualization, whether these
advantages benefit patients undergoing inguinal hernia repair is yet to be determined as

no clinical benefit was identified. Longer operative duration during robotic repair may
contribute to higher rates of skin and soft tissue infection but surgeon and resident efficiency
with robotic-assisted cases is likely to continue to increase as use of the robot becomes
more routine and robot access becomes more ubiquitous. Total cost was highest for
robotic-assisted inguinal hernia repairs, with no apparent return on investment in terms of
improved patient outcomes. Until large dataset analyses or randomized controlled trials can
be completed, hospital costs, surgeon comfort level, and patient preference should dictate
whether inguinal hernia repair is approached robotically.
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Fig. 1.

Total time in the operating room for robotic, laparoscopic, and open inguinal hernia repairs
(Robot: 105 [76-146] vs. Lap: 81 [61-103] vs. Open: 71 [56-88] min, p < 0.001). Median
[interquartile range], all such values
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Fig. 2.

A Physician charges per case for robotic, laparoscopic, and open inguinal hernia repairs.
(Robot: $2663 [$1350-3376] vs. Lap: $2239 [$2046-2824] vs. Open: $2186 [$1852-2871],
p=0.82). B Total hospital charges per case for robotic, laparoscopic, and open inguinal
hernia repairs (Robot: $27,017 [$20,993-34,443] vs. Lap: $16,016 [$11,444-21,761] vs.
Open: $14,190 [$11,305-16,889], p < 0.001). C Hospital cost per case for robotic,
laparoscopic, and open inguinal hernia repairs (Robot: $7162 [$5942—-8375] vs. Lap: $4527
[$2310-6003] vs. Open: $4264 [$3277-5143], p < 0.001). Median [interquartile range], all
such values
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Table 1

Robot (n = 69) Lap (n=241) Open (n=191) pvalue

Age (years)
Female

White

BMI (kg/m?)
Outpatient status

Functionally independent

52 [39-62]4 57 [45-67] 56 [48-67] 0.03
14.5 (100 11.2 (27) 8.4 (16) 0.33
87 (60) 88.4 (213) 85.9 (164) 0.74
24.9([22.9-28.7] 25.8[23.1-28.4] 25.1[23.2-27.8] 0.70
98.6 (68) 94.6 (228) 97.4 (186) 0.18
100 (69) 100 (241) 98.9 (189) 0.50

- .
Median [interquartile range], all such values

b
Percent (#), all such values
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Preoperative comorbidities and perioperative characteristics

Robot (n=69) Lap(n=241) Open(n=191) pvalue
Comorbidities
Hypertension 37.7 (26)4 30.7 (74) 37.7 (72) 0.26
coppb 1.5(1) 0.4 (1) 2.6 (5) 0.15
Insulin-dependent diabetes mellitus 15(1) 0.4 (1) 1.6 (3) 0.72
Dialysis-dependent 15(1) 0 (0) 1.6 (3) 0.15
Current tobacco use 23.2 (16) 18.3 (44) 28.3 (54) 0.05
Heart failure 0 (0) 0 (0) 0.5 (1) 0.44
Bleeding disorder 15(1) 0.4 (1) 1.1(2) 0.62
Ascites 0(0) 0(0) 2.6 (5) 0.02
Steroid use 29(2) 0.8 (2) 1.6 (3) 0.42
Perioperative characteristics Concurrent operation 1.5 (1) 0.8 (2) 1.6 (3) 0.76
ASAC
Class | 13.0 (9) 17.4 (42) 16.2 (31) 0.003
Class Il 72.5 (50) 67.2 (162) 55.0 (105)
Class 11 14.5 (10) 15.4 (37) 26.2 (50)
Class IV 0 (0) 0(0) 2.6 (5)

a
Percent (), all such values

b . . .
Chronic obstructive pulmonary disease

c . . L
American Society of Anesthesiologists
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Table 3
Postoperative outcomes
Robot (n=69) Lap(n=241) Open(n=191) pvalue

Discharged home same day 100 (69)2 99.6 (240) 100 (191) 0.58
Mortality with 30-days 0 (0) 0 (0) 0(0) 1.0
Any postoperative occurrence 2.9(2) 3.3(8) 5.2 (10) 0.53
Adverse events

Hernia recurrence 0 (0) 0 (0) 0 (0) 1.0

Acute renal failure 0 (0) 0.4 (1) 0 (0) 0.58

Stroke 0 (0) 0.4 (1) 0.5 (1) 0.84

Myocardial Infarction 0 (0) 0 (0) 0.5 (1) 0.44

Urinary tract infection 0 (0) 0.4 (1) 0 (0) 0.58

Red blood cell transfusion 0(0) 0.4 (1) 0(0) 0.58

Skin and soft tissue infection 2.9 (2) 0 (0) 0.5 (1) 0.02

Sepsis 0(0) 0.4 (1) 0.5 (1) 0.84

Pulmonary embolism 0(0) 0(0) 0.5(1) 0.44

Other 0 (0) 0 (0) 0.5(1) 0.44
Readmission

Related 0 (0) 2.1(5) 37(7) 0.21

Unrelated 0 (0) 0.4 (1) 0(0) 0.58

a
Percent (1), all such values
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