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ABSTRACT

Background and Objectives: Ventral hernia repair is
one of the most commonly performed general surgery
procedures, and minimally invasive approaches are in-
creasingly preferred. The physiologic repair offered by the
preperitoneal approach is favorable, with reduced com-
plications, but it remains a technical challenge. The ro-
botic platform allows for enhanced instrument flexibility
and ease of operation. We conducted a retrospective re-
view of our experience with robotic transabdominal pre-
peritoneal repair (rTAPP) versus robotic intraperitoneal
onlay mesh (rIPOM) at a tertiary care hospital in an urban
setting.

Methods: We reviewed the records of patients undergo-
ing minimally invasive ventral hernia repair from March
2014 through March 2017. Demographics, complication
rates, and operative time were compared by t test and Chi
square test, as applicable.

Results: Sixty-three patients met the criteria for inclusion
in the study. Of those, 27 underwent ventral hernia repair
with rIPOM and 36 with rTAPP, with no major intraoper-
ative complications. There were no significant differences
in demographics between the 2 groups in age, BMI, and
sex. The difference in mean operative time was not sig-
nificant (rIPOM 167.26 [SD 51.76] minutes vs rTAPP 158.84
minutes [SD 61.5]; P � .57), whereas mean console time
was significantly different (rIPOM 70.88 minutes [SD
32.88] vs rTAPP 90.26 [SD 31.17]; P � .018). Postoperative

complications occurred only with rIPOM and included
urinary retention, seroma, and fever.

Conclusions: rTAPP is a promising alternative to rIPOM,
with reduced complications without adding significant
operative time, and may allow for reduced costs.

Key Words: Intraperitoneal onlay mesh repair, Robotic
ventral hernia repair, transabdominal preperitoneal hernia
repair.

INTRODUCTION

More than 350,000 ventral hernias are repaired annually in
the United States.1 Hernia repair has progressed signifi-
cantly with advances in the approach as well as the un-
derlying principles for repair.2 For more than 25 years,
laparoscopic ventral hernia repair has been used increas-
ingly, with improved mesh overlap and lessening of post-
operative complications.3 In addition, the principles re-
garding mesh placement are evolving and encompass
findings from the repair of both inguinal and ventral
hernias. The robotic intraperitoneal onlay mesh (rIPOM)
procedure involves affixing the mesh to the anterior ab-
dominal wall from inside the abdominal cavity. Although
widely performed, rIPOM raises concerns about increased
adhesion and seroma formation and recurrence of the
hernia.4–6 To address these concerns, robotic transabdom-
inal preperitoneal (rTAPP) creates peritoneal flaps, which
allows the preperitoneal placement of the mesh and clo-
sure of the peritoneal defect over the mesh.7

The widespread adoption of preperitoneal laparoscopic
ventral hernia repair has been limited by its technical
difficulty, which requires maneuvers to manipulate the
abdominal wall.8 Since its introduction in 2000, the robotic
platform has seen improvements in ergonomics that allow
easier articulation of the instruments, as opposed to the
traditional laparoscopic approach. With the robotic platform,
preperitoneal placement of mesh in ventral hernia repair can
be performed with ease.7 The vital components of the pro-
cedure aided by the robotic platform are the creation of the
preperitoneal space, the option for closure of the primary
defect, and closure of the peritoneum with running sutures.
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rIPOM with primary closure has been associated with a
reduction in recurrence and is reproducible.9–11 rTAPP may
allow further improvement in this technique, with preperi-
toneal placement of the mesh for smaller defects and retro-
muscular placement for larger defects.

Current series of rTAPP ventral hernia repairs are limited
by the size of patient samples. In April 2015, the technique
was introduced at our institution. We report our growing
experience with this procedure in a tertiary center in an
urban setting.

METHODS

After institutional review board approval, a retrospective
chart review identifying patients who underwent mini-
mally invasive repair of ventral hernia was performed
from March 2013 through March 2017. A total of 92 pa-
tients were identified as having ventral hernia repair. Of
those, 63 were identified as undergoing rIPOM or rTAPP.
Inclusion criteria were defined as patients who had un-
dergone rIPOM or rTAPP and were followed up for 30
days after surgery. All patients were seen in the clinic,
where they underwent medical optimization before the
surgery. The same surgeon who assessed the patient in
the clinic before the operation performed all the surgeries.
Our previous approach to rTAPP and rIPOM—a double-
docking method—is described in Sugiyama et al.7 We
subsequently added a single-docking method, which we
briefly describe below:

Step 1: the operating table is rotated left side down before
the robot is docked, and the robot is docked on the
patient’s left side.

Step 2: after adhesiolysis is performed, blunt dissection of
the peritoneal plane starts �5 cm from the edges of the
hernia defect, ipsilateral to the ports. The peritoneal flap is
created in a superior-to-inferior fashion.

Step 3: once a large peritoneal flap is created, the hernia
defect is closed with running V-Loc sutures (Medtronics,
Minneapolis Minnesota, USA) (Figure 1).

Step 4: a polypropylene mesh is placed in the preperito-
neal space (Figure 2).

Step 5: the mesh is circumferentially secured to the pos-
terior sheath with running V-Loc sutures.

Step 6: the peritoneal flaps are closed to cover the mesh
completely (Figure 3).

Cumulative operative and console times were recorded
for each procedure. Only patients who came to the clinic

for follow-up 30 days after the surgery were included in
the study. Postoperative outcome variables were hernia
recurrence, hematoma or seroma, urinary retention, and
fever. Outcomes were analyzed by Fisher’s exact test.
Preoperative factors are listed in Table 1 and were also
analyzed with Fisher’s exact test. Results were considered
statistically significant at P � .05. The age, BMI, and ASA
score of each patient were included in the perioperative
data collected during the procedure. Quantitative contin-
uous operative risk variables were operative and console
times. Results were analyzed with Student’s t test. Cate-
gorical variables included ASA score, which was analyzed
with the Chi square test.

Figure 1. Dissection of peritoneal flap after reduction of the
hernia sac.

Figure 2. Preperitoneal placement of the mesh.
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RESULTS

Sixty-three patients met the inclusion criteria. Of those,
36 (57.1%) underwent rTAPP and 27 (42.9%) underwent
rIPOM. Hernia size was measured as the largest diam-
eter of solo ventral hernias. Swiss cheese defects were
not included in the calculation. The mean hernia size
was 3.40 cm (SD 1.54) for rIPOM versus 3.98 cm (SD
2.61) for rTAPP (P � .32). There were no major intra-
operative complications or conversions to open sur-
gery. The mean operative time for rTAPP was 158.84
min (SD 61.5) versus 167.26 (SD 51.76) minutes for
rIPOM (P � .57). Operative time for rTAPP was signif-
icantly longer, with an average console time of 90.26
min (SD 31.17) versus 70.88 min (SD 32.88) for rIPOM
(P � .018), (Figure 4). Controlling for perioperative
factors such as age, BMI, and sex showed no significant
differences between the 2 groups (Table 1). In terms of
postoperative outcomes, recorded postoperative com-
plications were urinary retention and readmission
within 30 days for fever of unknown source, hematoma,
seroma, and urinary retention. The rTAPP group had 1
patient with a postoperative hematoma and another
readmission which was not related to a post operative
complication compared to the rIPOM group in which 3
patients had postoperative fever, hematoma or seroma
formation, or urinary retention.

DISCUSSION

The use of rTAPP in the repair of ventral hernias is evolv-
ing. We describe our early experience in an urban teach-
ing hospital. Increased experience with the robotic plat-

form in ventral hernia repair is not likely to lead to major
intraoperative complications or to conversions to open.
Concerns about rTAPP include increased operative time;
however, in our study, the time difference between the 2
procedures was not significant for total operative time.
There was a significant increase in console time for rTAPP
over rIPOM, which we ascribe to the time required for

Figure 3. Closure of the peritoneum over the mesh.

Table 1.
Characteristics of Patients Undergoing Robotic Ventral Hernia

Repair

Characteristics* Robotic IPOM
(n � 27)

Robotic TAPP
(n � 36)

P

Age, mean years (SD) 45.6 (13.1) 44.3 (13.3) .71

Sex

Male 5 (18.6) 12 (33.3) .25

Female 22 (81.4) 24 (66.7)

BMI, mean kg/m2 (SD) 31.8 (9.6) 31.0 (6.4) .75

Race

Black 21 (77.8) 31 (86.1)

White 2 (7.4) 0

Hispanic 3 (11.1) 5 (13.9)

Other 1 (3.7) 0

Discharged to home 19 (70.3) 27 (75.0) .68

Preoperative risk factors, %

Smoking 13.4 19.8 .16

Alcohol use 13.9 21.9 .088

Drug abuse 1.6 5.2 .083

Diabetes mellitus 21.1 23.4 .65

Coronary artery disease 6.8 5.3 .61

Hypertension 46.0 30.9 .015

Hyperlipidemia 16.0 12.8 .48

Asthma 12.2 14.9 .52

Chronic obstructive
pulmonary disease

2.6 0.0 .11

Chronic kidney disease 2.6 3.2 .79

End stage renal disease 1.1 3.2 .20

Hepatitis C 0.5 0.0 .48

HIV 0.5 1.1 .61

Hernia size, mean cm (SD) 3.40 (1.51) 3.98 (2.61) .32

Open conversion, % 0 0 —

30-day readmission, % 3.7 4.2 .83

Unless otherwise specified, data are expressed as number of
patients (percentage of patients in total group). *Missing data are
not included in calculations.
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dissection of the peritoneal flaps before placement of the
mesh. We suspect that, with increasing experience with
rTAPP, the console time will become comparable with
that of rIPOM.

Although the overall complication rate was minimal, it did
not differ significantly at the 30-day postoperative follow-
up, which was consistent with a prospective study per-
formed by Sarli et al.6 However, in another study, Prasad
et al5 found that complication rates were significantly
different, favoring rTAPP over rIPOM. Additional possible
complications not encountered in our cohort included
chronic pain, infection, and fistula formation. Although
the mechanisms for these complications are yet to be
understood, animal models suggest that areas of injured
peritoneum are associated with more adhesions to
mesh.12 This finding further supports that covering the
mesh with peritoneum is physiologically favorable.

We have noted several pitfalls during our experience.
Sometimes we are left with small defects in the perito-
neum that can be closed with absorbable sutures. Alter-
natively, these findings may facilitate future studies of
reduction of inflammatory reaction with engineered mesh
types and coating to reduce complications in rIPOM, al-
though current animal studies show only reduction, not
elimination, of adhesions.13,14 This possibility translates to
potential cost efficacy of rTAPP, as rIPOM repair requires
use of specifically engineered mesh products to reduce
adhesions versus polypropylene mesh for rTAPP.

In this early series, limitations include factors that could
not be standardized in a retrospective study. One of these

limitations was that rIPOM and rTAPP were used for
smaller abdominal wall defects. Oviedo et al15 looked at
endoscopic component separation using the robotic plat-
form for rTAPP and rIPOM in repairing larger hernia de-
fects. The results of their study, showed no increase in
operative time between the 2 groups. However, there was a
difference in console time, as found in our study. Hernia
defects ranged from 3 to 12 cm. Another limitation could be
seen in surgeon preference and experience with the tech-
nique. Future prospective studies comparing rTAPP and rI-
POM are warranted to address the limitations and examina-
tion of associated costs, controls for hernia size, and patient-
centered outcomes, such as pain and time to return to work.

CONCLUSION

In our retrospective review, rTAPP was found to be a
technically feasible procedure that is a promising addition
to a surgeon’s armamentarium for the repair of ventral
hernias. Further studies to examine learning curves will
determine whether the difference in operative times be-
tween rTAPP and rIPOM will persist over time.
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