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Abstract

Robotic surgical technology has grown in popularity and applicability, since its conception with emerging uses in general
surgery. The robot’s contribution of increased stability and dexterity may be beneficial in technically challenging surgeries,
namely, inguinal hernia repair. The aim of this project is to contribute to the growing body of literature on robotic technol-
ogy for inguinal hernia repair (RIHR) by sharing our experience with RIHR at a large, academic institution. We performed a
retrospective chart review spanning from March 2015 to April 2018 on all patients who had undergone RIHR at our university
hospital. Extracted data include preoperative demographics, operative features, and postoperative outcomes. Data were ana-
lyzed with particular focus on complications, including hernia recurrence. A total of 43 patients were included, 40 of which
were male. Mean patient age was 56 (range 18-85 years) and mean patient BMI was 26.4 (range 17.5-42.3). Bilateral hernias
were diagnosed in 13 patients. All of the patients received transabdominal approaches, and all but one received placement of
synthetic polypropylene mesh. There was variety in mesh placement with 23 patients receiving suture fixation and 14 receiv-
ing tack fixation. Several patients received a combination of suture, tacks, and surgical glue. Mean patient in-room time was
4.0 h, mean operative time was 2.9 h, and mean robotic dock time was 2.0 h. Regarding intraoperative complications, there
was one bladder injury, which was discovered intraoperatively and repaired primarily. Same-day discharges were achieved
in 32 patients (74.4%) of patients. One patient was admitted overnight for management of urinary retention. Additional ten
patients were admitted for observation. Post-operatively, none of the cases resulted in wound infections. Eleven patients
developed seromas and one patient was diagnosed with a groin hematoma. Median follow-up was 37.5 days, and one recur-
rence was reported during this time. The recurrent hernia in this case was initially discovered during a separate case and was
repaired with temporary mesh. The use of the robot is safe and effective and should be considered an acceptable approach
to inguinal hernia repair. Future prospective studies will help define which patients will benefit most from this technology.
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Introduction hematoma, and chronic postoperative pain and numbness

[2]. The da Vinci (Intuitive Surgical, Sunnyvale, CA, USA)

With the lifetime risk of inguinal hernia nearly 30% for men
and 3% for women, inguinal hernia repair is one of the most
frequently performed general surgery operations [1]. Since
its application to hernioplasty, laparoscopy has offered sev-
eral advantages over the open approach, including an earlier
return to activity and a lower incidence of wound infection,

Presented at: SAGES 2019.

< Marissa C. Maas
Nikolai.Bildzukewicz @med.usc.edu

Keck School of Medicine of the University of Southern
California, 1015 San Pablo Street, HCC I, Suite 514,
Los Angeles, CA 90033, USA

robot provides minimally invasive surgeons with a versa-
tile instrument to expand their skills beyond the traditional
laparoscopy. Given the limited working space in the pelvis
and the increased dexterity and visualization offered by the
robot, there is a potential advantage in using the robot for
inguinal hernia repair.

Initial reports of this procedure were from those per-
formed with concomitant urological surgeries. These studies
demonstrated the safety of reducing inguinal hernias with
the da Vinci robot after it had already been docked and uti-
lized for another pelvic surgery [3—11]. Since then, several
other institutions have studied the outcomes of robotically
assisted hernia repair as a standalone procedure and have
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found it to be a safe and effective option [12-22]. A study
out of Belgium found that the robot may even offer certain
advantages over laparoscopy, including a reduction in the
operative time during the learning curve of the procedure
[23]. We aimed to evaluate the safety and efficacy of roboti-
cally assisted transabdominal preperitoneal (TAPP) ingui-
nal hernia repair over a 3-year period at a large, academic
institution.

Materials and methods
Data collection and analysis

This study is a retrospective review of all patients who had
undergone robotic inguinal hernia repair from March 2015
to April 2018. Institutional Review Board approval was
obtained prior to initiation of this study. Patients were ini-
tially identified based on Current Procedural Terminology
(CPT) codes and then manually sorted to identify robotic
hernia repairs. The REDcap electronic data capture tools
were used [24]. Ninety-four data points were collected for
each patient including: preoperative history, risk factors, and
demographics; perioperative details and time spent in OR;
and postoperative complications. Data were analyzed using
RStudio (Version 1.1.456 © 2009-2018 RStudio, Inc.) sta-
tistical software.

Surgical method

All surgeries took place at either the Keck Medical Center
or Verdugo Hills Hospital, both of which are University of
Southern California affiliates, using either a da Vinci Xi or Si
robotic system, and performed by one of seven surgeons. All
hernias were performed through a TAPP approach, requiring
the use of three trocars. Following dissection and reduction
of the hernia sac, fixation of a synthetic polypropylene mesh
with glue, tacks, sutures, or a combination of these materials
was performed at the discretion of the surgeon. Following
the undocking of the robot, the incisions were closed primar-
ily, and the patient was either discharged home or admitted
for observation.

Results

Preoperative demographics

During the study period, a total of 276 hernia repairs were
performed, of which 145 were repaired laparoscopically, 88
open, and 43 robotically. Of the 43 patients who received a

robotic hernioplasty, 40 were male. The patients had a mean
age of 56 years (range 18-85 years). Twelve of the patients
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had bilateral hernias confirmed during surgery, which led to
a total of 55 hernias repaired. During one planned bilateral
inguinal hernia repair, one side was not repaired due to a
difficult repair on the other side involving a large hernia sac
and eventual orchiopexy. In total, 54 hernias were repaired
robotically (27 left and 27 right).

For the left-sided hernias, seven were described as
small, four as medium, and three as large. For the right-
sided hernias, twelve were characterized as small, five as
medium, and four as large. Seventeen patients reported hav-
ing their hernia(s) for fewer than 6 months, five reported
6-12 months, eleven reported one to 5 years, two reported
6 to 10 years, and three reported having their hernia greater
than 10 years. Thirty-eight hernias were described as “reduc-
ible” and two were incarcerated. Five of the left-sided only
hernias, three of the right-sided only hernias, and two of the
bilateral hernias were recurrent (Table 1).

One patient reported a family history of inguinal hernias,
ten had undergone a previous hernia repair, and eleven had
a history of a prior abdominal surgery. Sixteen patients had
a history of hypertension, three had diabetes, three had fre-
quent constipation, one had COPD, and one had asthma.

Table 1 Hernia characteristics

Hernia laterality

Unilateral 31
Bilateral 122
Total number of hernias 55

Hernia side and size

Left 27 (50%)
Small 7
Medium 4
Large 3

Right 27 (50%)
Small 12
Medium 5
Large

Hernia duration

< 6 months 17

6—12 months 5

1-5 years 11

6-10 years

> 10 years 3

Hernia type
Reducible 38
Incarcerated 2

Recurrent (vs. primary)
Left
Right

423 of these hernias were repaired
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Eleven patients reported a smoking history. The mean
patient BMI was 26.4 (range 17.5-42.3) (Table 2).

Intraoperative characteristics

For the left-sided hernias, seventeen were indirect, seven
were direct, three were femoral, and one patient had no
peritoneal defect. For the right-sided hernias, fourteen were
indirect, twelve were direct, three were femoral, and one
patient had no peritoneal defect. Two patients had laparo-
scopic fixation of the mesh following robotic dissection,
reduction of the hernia sac, and placement of the mesh. All
of the operations were performed transabdominally and all
but one included formal fixation of synthetic polypropylene
mesh. Twenty-six of surgeries were performed with Bard
3Dmax mesh, seven with Prolene soft mesh, six with Bard
3Dmax light mesh, two with Ethicon mesh, one with Phasix
mesh, and one with Covidien Progrip mesh. Regarding mesh
fixation, 23 patients had suture only, 14 had tacks only, one
had a combination of suture and tacks, two had suture and
glue, and two had tacks and glue.

The mean patient in-room time was 4.0 h (range
2.2-7.2 h), mean operative time was 2.9 h (range
31 min—5.9 h), and the mean time the robot was docked was
2.0 h (range 1.0-5.0 h). Of note, ten of these patients had
another procedure performed during their inguinal hernia
repair. Six of these were concomitant with a urological pro-
cedure, three included the repair of a ventral or umbilical

Table 2 Patient demographics

Mean age 56 years (range 18-85)
Gender
Male 40 (93%)
Female 43 (T%)
Family history 1
Previous hernia repair 10
Prior abdominal surgery 11
Hypertension 16
Diabetes
Constipation
COPD 1
Asthma 1
Smoking history 11
Preop CT scan 12
Preop ultrasound 10
Average BMI 26.4 (range 17.5-42.3)
Underweight (< 18.5) 1
Normal (18.5-<25) 18
Overweight (25—-<30) 16
Obese (30—<40) 7

Severely obese (>40)

hernia, one required lysis of adhesions in addition to a ven-
tral hernia repair, and one underwent an EGD following his
hernia repair. Additionally, residents performed different
aspects of each case depending on their year and skill level,
which likely contributed to lengthened and variable opera-
tive times.

Excluding these patients, the average operative times
become: in-room 3.6 (range 2.2-5.3) h; operative time 2.5
(31 min—4.0) h; and robot docked 1.6 (range 1.0-3.0) h. Of
these hernia-only surgeries, eight were bilateral repairs. The
average operative times for the bilateral, hernia-repair only
patients were: in-room 4.3 (range 3.2-5.3) h; operative time
3.2 (range 2.1-4.0) h; and robot docked 2.2 (range 1.3-3.0)
h. The average operative times for the unilateral, hernia-
repair only patients were: in-room 3.4 (range 2.2-4.5) h;
operative time 2.3 (31 min-3.7) h; and robot docked 1.5
(range 1.0-2.7) h. Thirty-one patients were discharged on
the day of surgery. One patient was observed overnight for
treatment of urinary retention. The other ten patients were
kept for one or two nights. One was for severe postoperative
pain, one was for monitoring following intraoperative blad-
der repair, two were for patients with significant medical
comorbidities, and seven were for monitoring after multiple,
concomitant procedures (Table 3).

Postoperative outcomes

Post-operatively, none of the patients developed wound
infections, one had urinary retention, 11 developed sero-
mas, and one patient had a groin hematoma. By the third
follow-up appointment, an average of 113 days postop, the
hematoma and all of the seromas had resolved. At a median
follow-up of 37.5 days, there was one recurrence (Table 4).
This hernia was discovered incidentally during a urological
procedure and was repaired at that time using the robot with
a temporary, absorbable Vicryl mesh to prevent immediate
postoperative incarceration or infection. The patient’s hernia
recurred 5 months after this temporary repair, but because he
was asymptomatic and concerned about the risks of surgery,
he elected to manage the hernia nonoperatively.

Discussion

Our results support the growing body of literature demon-
strating the safety and efficacy of robotic inguinal hernia
repair [22, 25]. Given the diversity of hernia laterality, size,
and defect type, our data show that robotic technology can
be applied to a wide variety of cases. Our patients also had
arange of comorbidities, with hypertension most frequently
reported. Over half of the patients in this study had BMIs in
the overweight or obese categories, supporting the previous
work that robotic surgery is a safe option for patients with
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Table 3 Intraoperative characteristics

Left hernia defect
No peritoneal defect

Indirect 17
Direct 7
Femoral 3
Right hernia defect
No peritoneal defect 1
Indirect 14
Direct 12
Femoral 3
Converted to laparoscopy 2
Mesh attachment
Suture only 23
Tacks only 14
Suture and tacks 1
Suture and glue 2
Tacks and glue 2
All patients (including concomitant procedures) 43
Mean patient in-room time 40h
Mean operative time 29h
Mean robot docked time 20h
All patients with hernia repair only (HRO) 33
Mean patient in-room time 3.6h
Mean operative time 25h
Mean robot docked time 1.6h
Patients with HRO, bilateral hernia repair
Mean patient in-room time 43h
Mean operative time 32h
Mean robot docked time 22h
Patients with HRO, unilateral hernia repair
Mean patient in-room time 34h
Mean operative time 23h
Mean robot docked time 1.5h
Patients with concomitant procedures 10
Urological 6
Ventral or umbilical hernia repair 3
EGD 1
Discharge date
Day of surgery 32
Kept overnight for urinary retention 1
Kept 1-2 days for observation 10
Table 4 Postoperative outcomes
Seroma
At first follow-up 11
At third f/u (avg 0
113 days postop)
Urinary retention 1
Groin hematoma 1
Recurrence 1
Wound infection 0
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higher BMIs [17] as well as patients with medical comorbid-
ities [16]. Due to this, we have concluded that a robotically
assisted approach to inguinal hernia repair should be con-
sidered as a surgical option for unilateral and bilateral cases,
including patients with high BMIs and other comorbidities.
There is also some evidence to suggest that using the
robot is not just equivalent to laparoscopy; it may actually
offer certain advantages over the traditional laparoscopy.
Data by Kudsi et al. suggest the robot may actually allow
surgeons to complete more complex cases with similar oper-
ative times and complication rates compared to less complex
laparoscopic cases [18]. Iraniha et al. found that these low
rates of complication and improved quality of life persist
long-term following robotic hernia repair [12]. A robotic
approach may also lead to less postoperative pain [14, 21].
Gamagami et al. found that their robotic cases led to fewer
postoperative complications following discharge [15], while
the other studies found no statistical difference between
robotic and laparoscopic surgical outcomes [19, 26].
Despite studies demonstrating better outcomes with
a minimally invasive approach to inguinal hernia repair
[2], the majority of general surgeons still choose an open
approach [27]. This is likely due to the known steep learn-
ing curve of laparoscopic inguinal hernia repair. With the
more widespread adoption of robotic technology, data have
emerged, suggesting that the robotic approach may be easier
to learn [23]. In addition to the literature supporting the use
of the robot in inguinal hernia repair, the ergonomic ben-
efits of the da Vinci robot [28] could become a factor in
encouraging more surgeons to pursue a minimally invasive
approach. Improved ergonomics has the potential to reduce
the demand on a surgeon’s body while also providing more
patients with the advantages of minimally invasive surgery.
The da Vinci robot has been used successfully in large
academic institutions such as ours, as well as at VA hospitals
[14] and small community hospitals [20], leading to a wide
range of applicability for this technology. A major concern
for the implementation of the da Vinci robot has been cost.
A recent cost analysis by Adelmoaty et al. found that using
the robot led to significantly higher fixed costs but lower
variable costs than laparoscopic cases and longer operative
times [29]. Significant cost differences were also reported
by Charles et al. [26], while other studies have reported no
significant cost difference [21] and similar operative times
between the two procedures [18, 23]. It also may be the case
that while intraoperative costs and time are longer, patients
spend less time in the hospital prior to discharge [21], reduc-
ing overall hospital stay costs. More data are necessary to
appreciate the overall and long-term cost burden of the da
Vinci robot on the healthcare system.
The limitations of this study are largely due to the retro-
spective design. These include: a lack of diversity in her-
nia complexity (only two hernias were incarcerated); it is
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not a comparative study between other approaches; and we
were not able to make conclusions about postoperative pain.
Additionally, given the average follow-up time of 37 days,
this study was not able to comment on long-term hernia
recurrence. Moving forward, our institution hopes to con-
tinue adding to this data set and implement a standardized
way to quantify postoperative pain.

In conclusion, we believe that the robotic approach to
inguinal hernia repair is safe and effective and should be
considered a viable alternative to both laparoscopic and open
repairs. Longer term studies will further define the role of
this technology.
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