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ABSTRACT

Background and Objectives: Robot-assisted hernia re-
pair, combined with endoscopic component separation,
has reduced recurrence and complication rates and al-
lowed immediate intervention in obese patients. We
sought to study surgical outcomes in this high-risk group
of patients in a community hospital.

Methods: We conducted a retrospective chart review of
ventral, incisional, and umbilical hernia repairs performed
at a small community hospital by a single surgeon from
March 2014 through November 2016, with statistical anal-
ysis of the surgical outcomes. Patients included were
those who underwent hernia repair during the study pe-
riod and had a body mass index (BMI) �30. Patients were
followed up for a minimum of 6 months (range, 6–37).

Results: Forty-seven hernia repairs were performed, in-
cluding 33 combined and 14 control cases. The demo-
graphics of each group were comparable when compar-
ing sex, age, BMI, and ASA classification. Mean follow-up
was 19.39 months in the study group and 28.64 months in
the control group. There were no significant differences in
total operative time, estimated blood loss, conversion
rates, or hospital length of stay. Two complications oc-
curred in each of the study and control groups, with no
recurrences in the study group and 3 in the control group
and no mortalities.

Conclusion: Robotic laparoscopic repair of abdominal
wall defects offers significant advantages, including easier
primary defect closure. Our analyses showed that com-
bining robot-assisted hernia repair with mesh and endo-

scopic component separation is an effective intervention
in obese patients.

Key Words: da Vinci S, Incisional hernia, Obesity, Ro-
botic general surgery, Ventral hernia.

INTRODUCTION

Abdominal wall hernia repair is the most common major
surgical procedure performed by general surgeons today,
with ventral hernias accounting for �30% of that group.1

In this study, we focused on ventral, umbilical, and inci-
sional hernias. The repair of anterior abdominal wall de-
fects is well documented in the literature. Regardless of
the use of open or laparoscopic repair, hernia repair is
fraught with high recurrence rates when performed in
obese patients. Many techniques have been described to
successfully close these defects, ranging from open to
laparoscopic, and more recently, robot-assisted laparo-
scopic approaches.1–3 All of these techniques provide rea-
sonable outcomes, and advantages have been identified
among the techniques. The differences between these
groups have been debated for more than a decade, with
the more recent literature suggesting some advantages of
laparoscopy over open repair, particularly in reduction of
wound complications.4 Both robotics and laparoscopy
have been shown to be as good, if not better, in rates of
recurrence when compared to open repair. The robotic
platform potentially offers some advantage over laparos-
copy, with the ability to perform intracorporeal sutures
very quickly and effectively.5 One aspect of ventral, um-
bilical, and incisional hernia repair that is not debated is
the significantly increased rate of recurrence in obese
patients.6,7 This is a population that has several-fold
higher recurrence rates versus nonobese patients,8 and in
addition, there are higher rates of complications after
hernia repair.9,10 The obese population is growing rapidly
in the United States, with the overall incidence of obesity
on the rise, as well as the number of procedures per-
formed in this population, with the advent of bariatric
surgeries.9 With this growing population, there is a need
for further study to improve outcomes in hernia repair, an
extremely common procedure in this high-risk group.
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METHODS

With the approval of the Institutional Review Board of
Florida State University College of Medicine, all ventral,
incisional, and umbilical hernia repairs performed by a
single surgeon at our institution were reviewed. In this
study we focus on robot-assisted hernia repairs in obese
patients. We conducted a retrospective chart review of
ventral, incisional, and umbilical hernia repairs performed
from March 2014 through November 2016, with statistical
analysis of the following surgical endpoints: recurrence,
operative time (broken down into: total operative time,
docking time, and console time), estimated blood loss
(EBL), conversion rates (to open surgery), 30 d morbidity
and mortality, hospital readmission and emergency de-
partment visits, surgical site infection (SSI), and surgical
site occurrences (SSO). Control cases are represented by
patients operated on before the surgeon incorporated
component separation into his practice. After implemen-
tation, the surgeon decided his standard of care would be
to offer component separation to all patients with BMI
�30. Thus, cases chosen for the study group were those in
which patients had a BMI �30 and underwent surgery
during this period (Figure 1). As stated earlier, The con-
trol group comprised patients who underwent hernia re-
pair before the incorporation of component separation in
addition to those who did not qualify for the study group
(BMI �30). Patients were followed up after surgery for a
minimum of 6 months (range, 6–37). The analysis com-
pared the above listed outcomes in the study group with
those of the control group.

Surgical Technique

Individuals in the study group underwent ventral, inci-
sional, and umbilical hernia repairs with the robot-assisted
technology of the da Vinci S and, in later cases, the da
Vinci Si surgical system. Before port placement, all pa-
tients in the study group underwent bilateral endoscopic
component separation (with the exception of 1 patient
who had unilateral component separation because of pre-
vious surgery), with an anterior approach. Bilateral 1.5-cm
incisions were made at approximately the level of the
umbilicus (Figure 2). A space was created between the
planes of the external and internal oblique muscles that
was continued superiorly. The space was entered with the
laparoscopic hook cautery device, and the external
oblique aponeurosis was released lateral to the linea semi-
lunaris (Figure 3). Upon completion of the component
separation, the robotic ports were placed. The hernia
contents were reduced, with primary closure of the defect.
An appropriate-size composite mesh was then placed and
sutured with the robotic instruments (Figure 4). Control
group individuals underwent an identical robotic proce-
dure, without component separation.

Data Analysis

Descriptive statistics are presented for both the study and
control groups, with means, standard deviations, and
ranges for numerical variables and proportions for cate-
gorical variables. The groups were compared on categor-
ical variables by using chi square statistics. For numerical
variables, the groups were compared by using t tests (with
or without Satterthwaite correction for unequal variances).

Figure 1. Algorithm depicting clinical decision making.
Figure 2. Image showing the size of the defect and planned sites
for anterior component separation.
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For all the analyses, P � .05 was considered significant. All
analyses were performed with SAS (Statistical Analysis
System) software. A post hoc power analysis for 2 inde-
pendent-samples t test demonstrated 74.1% power.

RESULTS

A total of 47 ventral, incisional, and umbilical hernia
repairs were performed. Our study included 33 com-
bined-approach and 14 control cases. The defect size in
both groups ranged from 3 to 12 cm. Size estimates were
based on clinical examination and intraoperative esti-
mates. The study group consisted of 19 women (57.6%)
and 14 men (42.4%), and the control group consisted of 11

women (78.6%) and 3 men (21.4%). The mean BMI for the
study group was 36.2 (range, 30–44.6), and average age
was 52.2 (range, 29–77). The mean BMI for the control
group was 33.1 (range, 22.5–80.1), and the average age
was 50.3 (range, 34–81). Table 1 presents the descriptive
statistics for the demographic characteristics of both
groups. The demographics of each group were compara-
ble for sex, age, BMI, and ASA class. Groups were created
based on the methods described above. Groups consisted
of ventral and incisional hernias and one large �- cm
umbilical hernia (Table 2). Incisional hernias consisted of
post-site hernias, previous exploratory laparotomy inci-
sions, and recurrent umbilical hernias. The groups were
observed after surgery in a retrospective manner. The
study group was followed for a mean of 19.39 � 7.06
months after surgery (range, 6–29). The control group
was followed up for a mean of 28.64 � 7.07 months after
surgery (range, 18–37). Table 3 presents the descriptive
statistics for the outcome variables in the study and con-
trol groups. The outcomes comparison can be found in
Table 4. There were no significant differences in total
operative time, EBL, conversion rate, or hospital length of
stay (LOS). Two complications (6.06%) occurred in the
study group: superficial cellulitis at the component sepa-

Table 1.
Group Demographics

Characteristic Study Control P

Age (mean � SD) 52.18 � 14.12 50.29 � 15.15 .69

Sex (female) 19 (57.58%) 11 (78.57%) .63

BMI (mean � SD) 36.24 � 4.72 33.09 � 15.52 .46

ASA 2.61 2.07 .23

N � 47.

Figure 3. Release of external oblique fascia lateral to the linea
semilunaris.

Figure 4. Suturing of mesh after primary closure of the defect.

Table 2.
Individual Procedure Breakdown

Procedure Male (n) Female (n) Total, n (%)

Study group (n � 33) n � 14 n � 19 n � 33

Ventral hernia repair 8 9 17 (51.5)

Incisional hernia repair 6 10 16 (48.5)

Umbilical hernia repair 0 0 0 (0.0)

Control group (n � 14) n � 3 n � 11 n � 14

Ventral hernia repair 1 3 4 (28.6)

Incisional hernia repair 2 7 9 (64.3)

Umbilical hernia repair 0 1 1 (7.1)
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ration incision and minor skin dehiscence at a port site.
Two complications (14.29%) occurred in the control
group; an intra-abdominal abscess caused by perforation
of an enterorrhaphy for a small serosal tear and prolonged
postoperative pain. There were no recurrences reported
in the study group, during a median follow-up of 19.4
months (range, 6–29). Three recurrences were recorded
in the control group, with a median follow-up of 28.6
months (range, 18–37). No mortalities occurred in either
group, and all complications were resolved with good
outcomes. A postoperative global health assessment was
performed via phone interviews with the PROMIS v 1.1
Global Health Scale,11 and no significant differences in
postoperative quality of life were found.

DISCUSSION

Treatment of ventral hernias in obese patients is known
for high perioperative morbidity and recurrence. The ad-
vent of laparoscopy reduced the rates of complications,
and the technique has been validated as a safe and effec-
tive option for treating these defects; however, the com-
plication rates are still unacceptably high.2 Repair with the
robotic platform combined with endoscopic component

separation at the time of the primary repair may offer
significant improvement in perioperative complications
and recurrences. Overall, the incidence of complications
in our study group was 6.06% compared to 14.29% in the
control group, but because of the small sample, these data
are not statistically significant. We also found that the data
favored the study group rates of recurrence during the
follow-up period. Three recurrences were observed in the
control group, compared to none in the study group—a
statistically significant result, although we recognize that
this finding is somewhat limited by the follow-up period
and small sample size. The combined technique enabling
primary closure of the defect in a tension-free manner,12

assisted by the addition of the endoscopic component
separation,13 was the key factor in improving outcomes in
our patients. This improvement is in addition to any pos-
sible advantage offered by the robotic platform itself.
Despite a small sample, particularly in our control group,
our data showed that there was potential benefit gained
from the addition of component separation. This tech-
nique may give surgeons more confidence in performing
surgeries in this patient population. Some hold the opin-
ion that elective operations on these patients should be
deferred until significant weight loss is achieved. Our data
suggest that such a delay is not necessary and that these
patients can be operated on while still obese, with good
outcomes.

The growing use of component separation in complex
abdominal wall reconstruction has led to a significant
increase in the techniques and options for performing
component separation. We will not discuss the various
new techniques that have arisen since the start of our
study period, the most notable of which is the TAR (trans-
versus abdominis release). It is important to note, how-
ever, that there is evidence to suggest a benefit to endo-
scopic component separation. It has been shown in the
literature that the technique is a good option for reducing
wound complications when compared to open compo-
nent separation.14–16 This finding is supported by our
study outcomes, with only 1 complication (3.03%) associ-
ated with the component separation.

Using this study, in addition to other studies cited in this
article, we devised an algorithm (Figure 1), which the
surgeon used for clinical decision-making when perform-
ing operative planning for these patients. As depicted in
the algorithm, all patients with BMI �30 were offered
component separation because of the inherent risk in that
population. Other comorbidities, such as chronic steroid
use were discussed, and we had 1 chronic steroid user
who fit the study group cutoff of BMI �30 and thus was

Table 3.
Outcomes

Outcome Measure Mean � SD or Incidence, n (%)

Study group (n � 33)

Operative time (minutes) 154.0 � 44.18

Console time (minutes) 74.18 � 30.01

EBL (mean mL) 18.9

LOS (mean days) 1.00

Complications 2 (6.1)

30-Day morbidity 0 (0.0)

Recurrences 0 (0.0)

Follow-up achieved 28 (84.8)

Control group (n � 14)

Operative time (minutes) 180.4 � 59.81

Console time (minutes) 123.00 � 65.04

EBL (mean mL) 17.9

LOS (mean days) 1.00

Complications 2 (15.4)

30 Day morbidity 1 (7.7)

Recurrences 3 (23.1)

Follow-up Achieved 11 (84.6)
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already included in the study group. We created another
group, which was not represented in our study sample,
that would include nonobese patients with other comor-
bidities such as diabetes, chronic steroid or other tissue-
compromising drug use, or conditions that would predis-
pose them to an increased risk of recurrence and
complications. It is our hope that, with further study and
an increasing number of cases, we can generate data to
report on this cohort as well.

These procedures were performed safely in a small com-
munity hospital setting. As discussed in a previous publi-
cation, the robotic platform can be safely instituted in a
small community hospital with excellent outcome for pa-
tients.17

Limitations

One of the major limitations of the study is the relatively
short follow-up period for patients. The rate of recurrence
would probably be slightly higher if a 5- to 10-year fol-
low-up had been included.

CONCLUSION

In this retrospective case series, it appears that anterior
abdominal wall defects can be successfully managed in
obese patients by using this combined technique. These
early data show that this technique can reduce complica-
tions and 30-day morbidity in these patients and suggest
that there is potential for significant reduction in recur-
rence rates in this highly vulnerable population. A more
extended follow-up and larger study sample are needed
to confirm our findings, but early data are encouraging.
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