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Abstract

Purpose The use of extraperitoneal mesh in place of intra-peritoneal mesh is gaining popularity in laparoscopic ventral
hernia repair. We have adopted a robotic assisted laparoscopic technique using a lateral single-dock robotic access with
retromuscular mesh placement after opening the ipsilateral posterior rectus fascia. In this study, we wanted to evaluate the
changes in operative times during the initial experience with this novel technique.

Methods The initial consecutive patients undergoing robotic assisted transabdominal retromuscular umbilical prosthetic
repair (-TARUP) using a 15X 15 cm self-fixating mesh were prospectively entered in the study and the operative times dur-
ing the separate steps of the surgical procedure were recorded. Complications were reported up to 4 week post operatively
and quality of life was assessed using the EuraHS-QoL score.

Results Over a 5 month inclusion period, 41 patients with either a primary (n=34) or a trocar site hernia (n=7) at the
umbilicus were identified. All hernias had a mean diameter of less than 4 cm. The total OR time decreased significantly dur-
ing the learning curve (tertile 1: 126 min versus tertile 3: 102 min; p =0.002) due to a decrease in the skin-to-skin operating
time (tertile 1: 81 min versus tertile 3:61 min; p =0.002). The decrease in the retromuscular dissection time was the most
significant of all the steps that comprised the console time (p =0.004). The non-surgical time did not decrease (p =0.15).
The operation was performed on an outpatient basis in 68% of patients and with a one-night-stay in 29%. No complications
related to the introduction of the robotic technique for this approach were observed and the early outcome is promising, with
favorable quality-of-life evaluation at 4 weeks.

Conclusions The decrease in operative time during the adoption of -TARUP was mainly related to the improved efficiency
in the dissection phase of the procedure. The technique is reproducible and safe and the operative time compares favorably
to published operative times for laparoscopic and open retromuscular umbilical hernia repair.
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Introduction
Background and rationale

The main benefit of laparoscopic ventral hernia repair over
open ventral hernia repair is the decreased risk of wound
>4 F. Muysoms morbidity [1]. Traditionally, a laparoscopic ventral hernia

filip.muysoms @azmmsj.be repair is performed with placement of an intra-peritoneal
mesh [2, 3]. Long-term disadvantages are related to adhe-
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Buitenring Sint-Denijs 30, 9800 Ghent, Belgium sion formation to the intra-abdominal mesh leading to
2 Center for Minimally Invasive and Robotic Surgery, Phoenix, increased complexity during subsequent abdominal sur-
AZ, USA geries [4, 5]. Moreover, the fixation of the intra-peritoneal
3 Department of Surgery, Minneapolis VA Medical Center, mesh, using tacks with or without transabdominal sutures,
University of Minnesota, Minneapolis, USA can cause pain in both the immediate postoperative period
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and at longer term follow-up [6]. For small to medium
sized ventral hernias, specific intra-peritoneal mesh
devices have been developed, which allow for a quick and
straightforward open repair. These intra-peritoneal meshes
carry a risk of complications [7] and the utility has been
disappointing in our own experience for hernias larger
than 2 cm in diameter [8]. Difficulty with deployment of
these devices in a flat position and the relatively small
mesh sizes available have been drawbacks of this tech-
nique. In addition, the superiority of a retromuscular mesh
position has been demonstrated by Berrevoet et al. [9-11].

In 2013, Schroeder et al. described a laparoscopic
transabdominal technique of ventral hernia repair using a
lateral approach to the retromuscular plane by opening the
ipsilateral posterior rectus fascia [12]. With this technique,
they combined the benefits of a laparoscopic approach and
the avoidance of intra-peritoneal mesh. They concluded
that the technique was safe and effective, but was techni-
cally demanding. We expected that using the robotic plat-
form to perform this novel technique would facilitate the
technically demanding steps of defect closure and suturing
of the ipsilateral posterior rectus sheath.

We began a clinical project investigating the utility of
the robotic platform for the treatment of abdominal wall
hernias (Robotic Utility for the Surgical Treatment of her-
nias; ROBUST-project) at the surgical department of the
Maria Middelares hospital and published a first study on
robotic assisted groin hernia repair (r-TAPP) [13]. Dur-
ing a second study, Robust-2, we wanted to investigate
the evolution during the learning curve of the operative
times for the different surgical steps in performing lateral
single-dock robotic retromuscular ventral hernia repair. In
our department, we have named the technique: -TARUP
(robotic-TransAbdominal Retromuscular Umbilical
Prosthesis).

Objectives
To evaluate the evolution of the operative times, with spe-
cific focus on the different surgical steps in performing

r-TARUP during the learning curve of the first consecutive
patients.

Methods
Study design
The study is a prospective single center observational cohort

study on the experience with r-TARUP in a consecutive ini-
tial series of 41 operations during the robotic learning curve.
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Setting

The study was performed at Maria Middelares Hospital in
Ghent, Belgium, using a daVinci Xi robotic system (dV
Xi, Intuitive, Sunnyvale, CA, US). All operations were
performed by a single surgeon with limited clinical expe-
rience with robotic assisted surgery prior to this study.
Preparation before the first surgeries involved obtaining
the certificate for the dV Xi, System Modules for Sur-
geons Online Training Module and extensive training on
the dV Xi simulator using exercises developed by Mimic
Technologies®and Simbionix™ encompassing 30 h. Fur-
ther hands on preparation involved a cadaver lab in Paris
at the Ecole Européenne de Chirurgie with an instructor
and participation in the 1st International Hernia Collabo-
ration skills lab in New York including a cadaver course.
Prior to the start of this study another study on r-TAPP
was initiated [13].

An experienced nursing and anesthesiology team par-
ticipated in this study after having been members of the
robotic urology program for several years. The surgeon
performing the procedures in this study has a 15+ year
experience with laparoscopic intra-peritoneal hernia repair
(aka TIPOM) and has performed about 10 laparoscopic
TARUP operations before the start of the study.

The study was approved by the ethics committee at the
University of Antwerp and by the local ethics committee
at Maria Middelares Ghent hospital with the Belgian trial
number B300201629630. The study protocol was submit-
ted at ClinicalTrials.gov (NCT02975414) before the start
of the study.

Participants
Inclusion criteria

Adult patients scheduled for elective treatment of an
umbilical hernia, both primary or incisional, with a MIS
technique were eligible for a robotic assisted approach.

Exclusion criteria

The following comprised our exclusion criteria: age under
18 years, pregnancy, lack of signed informed consent,
recurrent umbilical hernia. Patients were excluded if the
repair required a mesh size other than 15X 15 cm, since
we did not want differing mesh size to influence the opera-
tive times.
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Follow-up

All patients were invited to a standard 4 week clinical
outpatient follow-up visit with the surgeon.

Surgical technique

Patients were operated consecutively using the dV Xi robotic
platform and were placed in supine position with both arms
tucked alongside the body. We placed the boom of the robot
on the right side of the patient and positioned the trocars on
the left side. The outline of the 15X 15 cm mesh was marked
on the abdominal wall with the hernia defect centered. The
cardinal points at cranio-caudal and latero-lateral extents
were marked to allow intraoperative with transcutaneous
needles delineating the extent of dissection required to allow
placement of the mesh. An 8 mm trocar was placed at the
subcostal position on the left side at the level of the anterior
axillary line after creation of pneumoperitoneum with a Ver-
ess needle, using an intra-abdominal pressure of 12 mmHg.
Two additional trocars (8 mm) are placed in the left flank
at the same vertical line under direct vision. The distance
between trocars was 7 cm at a minimum. Before docking
the robot, we placed the following into the abdominal cav-
ity: 15X 15 cm mesh with rounded corners (Progrip™ Self-
Fixating Mesh, Medtronic, Minneapolis, MN, US), sutures
for closure of the hernia defect (V-Loc™ 2/0, Medtronic,
Minneapolis, MN, US), sutures for closure of the ipsilateral
posterior rectus fascia (V-Loc™ 3/0) and a linear ruler for
defect measurement. These sutures are slowly absorbable
barbed sutures.

The trocars were docked to the robotic arms, with the
endoscope at the middle trocar. The robotic instruments used
included a Large Needle Driver, a ProGrasp™ Forceps and
a Monopolar Curved Scissors (all instruments by Intuitive
Surgical, Sunnyvale, CA, US). Hemostatic dissection was
done using the monopolar scissors. The ipsilateral posterior
rectus sheath was opened to access the retromuscular plane.
Once the medial border of the ipsilateral rectus muscle was
identified, the posterior rectus fascia was again incised lon-
gitudinally. This is done after identification of the junction
between the anterior and posterior rectus fascia by incising
the posterior rectus sheath contribution to the linea alba.
This allows for access to the preperitoneal plane behind the
linea alba to be dissected. The hernia contents were reduced
preserving the intact peritoneum. The contralateral posterior
rectus sheath was incised to perform a contralateral retro-
muscular dissection wide enough to allow placement of the
15x 15 cm mesh. The hernia defect in the linea alba was
closed with a 2/0 barbed suture after decreasing the intra-
abdominal pressure to 8 mmHg. The self-fixating mesh was
then placed in the retromuscular plane with the grips facing
upwards towards the rectus muscles. Closure of the ipsilat-
eral posterior rectus fascia was then accomplished with a
barbed suture 3/0 (Fig. 1). Most patients were scheduled in
an outpatient setting or with a one-night-stay depending on
their age or comorbidities.

Variables

The primary endpoint of this study was total OR time cal-
culated as the time from the arrival to the departure of the

Anatomy of TARUP

closed umbilical hernia defect

Epigastric vessels

RM = Rectus muscle

EO = External oblique

IO = Internal oblique

TA = Transverus Abdominus

Retromuscular mesh

closed ipsilateral posterior rectus fascia

Fig. 1 Anatomical drawing of the technique of minimal invasive transabdominal retromuscular umbilical hernia repair (TARUP)

@ Springer



1104

Hernia (2018) 22:1101-1111

patient from the operating room. The total OR time was
divided into 7 individual steps and also separately analyzed.

All patients and surgical variables were entered prospec-
tively in the EuraHS online database (European Registry
for Abdominal Wall Hernias) [14]. Hernia specific quality
of life was assessed preoperatively and at 4 week follow-up
using the EuraHS-QoL score [14].

Data measurement

During the course of the surgery, 8 time points were docu-
mented on a paper case report form (CRF) : (1) arrival of
the patient in the OR; (2) end of anaesthesia; (3) first skin
incision; (4) surgeon at the console; (5) start placement of
the mesh; (6) start suturing the peritoneum; (7) last skin
suture; (8) patient exiting the OR. This results in 7 time
blocks, T1-T7 in minutes. All data were entered in an excel
table and the content was double checked with the CRFs
for errors before the closure of the database and the start of
the analysis.

Quantitative variables

The total OR time was the sum of all 7 times blocks (T1+T
2+T3+T4+T5+T6+T7). The skin-to-skin operative time
was the sum of T3+ T4+ T5+ T6 and we defined the non-
surgical time as T14+T2+4T7. We also analyzed separately
the docking time (T3), the dissection time (T4), the mesh
placement time (T5) and the peritoneal closure time (T6).
Finally we defined the console time as T4 +T5 +T6.

For comparison of the evolution of the operative times
during the learning curve, the patients were divided in 3
consecutive tertiles.

Bias

To diminish bias we excluded those patients, where a deci-
sion was made to place a mesh of a different size than
15% 15 cm.

Study size

Since no published data on the learning curve for robotic
assisted ventral hernia repair was available at the start of the
study, a sample size of 40 patients was empirically chosen
as being large enough to evaluate the learning curve effect
on operative time and small enough to be performed within
a reasonable timeframe.

Statistical methods

The statistical methodology was chosen and performed
by an independent statistician. The distributions of patient
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characteristics were summarized using proportions (%N), or
mean and standard deviations (SD). Operative times were
summarized as the mean and SD in minutes and were pre-
sented overall and for the separate tertiles during the inclu-
sion period. Differences across the tertiles were evaluated
according to analysis of variance. Linear regression models
were used to describe the change in operative times ver-
sus the learning curve. From these models, the average
percentage change over the course of 1 year was estimated
using the mean operating times during the initial 3 months
in 9 patients as comparison and described in both minutes
and percentages. For analysis of the EuraHS-QoL scores,
the previously described methodology was used [14]. The
change in EuraHS-QoL score assessed preoperatively and
at 4 week follow-up, overall and for each of the 3 domains
specifically, were statistically evaluated according to the
Wilcoxon signed rank test. A separate analysis calculating
Spearman correlation coefficients was performed according
to patient or hernia characteristics, BMI, hernia size, reduc-
ibility of the hernia, primary versus trocar hernia and the
content of the hernia sac. p values <0.05 were considered
as indicating statistical significance. All analyses were per-
formed using SAS software (release 9.4, Cary, NC, USA).

Results
Participants

Following proctoring on the use of the robotic system in
September 2016 by US surgeons, 45 patients undergoing an
r-TARUP procedure were enrolled in the study between Sep-
tember 2016 and December 2017 (study period 441 days).
Four patients were excluded after it was decided intra-oper-
atively to place a mesh larger than 15X 15 cm because of a
concomitant epigastric hernia or rectus diastasis repair. The
study cohort was divided in tertiles: tertile 1 (0-144 days;
N =14 patients), tertile 2 (145-315 days; N= 14 patients),
tertile 3 (316—441 days; N=13 patients).

Descriptive data

Patient characteristics and the short term outcome of the
study cohort are shown in Table 1. Patients had either small
sized umbilical hernias (<2 cm diameter) in 39% (n=16/41)
or medium sized umbilical hernias (diameter >2 cm and
<4 cm)in 61% (n=25/41), according to the EHS classifica-
tion [15]. They were either primary umbilical hernias in 83%
(n=34/41) or trocar hernias, following laparoscopic chol-
ecystectomy (n=35), appendectomy (n= 1) or prostatectomy
(n=1),in 17% (n="7/41). The surgery was performed as an
outpatient in 68% of patients and with a one-night-stay in
29%. Only one patient, the largest hernia in this series with
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Table 1 Descriptions of patient
characteristics and early

Mean (SD, min—max) or % (N)

outcome of an observational Patient characteristics
cohort study on the adoption of

. . Age (years
robotic assisted retromuscular ge ly )

55.4(11.0, 31.6-73.2)

ventral hernia repair in 41 Gender, % female 14.6% (6/41)

patients Body Mass Index (kg/mz) 29.7 (4.0, 20.5-39.4)
Daily smoking 14.6% (6/41)
Anticoagulation; aspirin therapy 12.2% (5/41)
Chronic use of cortisone 2.4% (1/41)
Previous abdominal wall hernia operation 9.8% (4/41)
Pulmonary disease (COPD, asthma) 9.8% (4/41)
Hepatic disease 2.4% (1/41)
Diabetes mellitus type II 9.8% (4/41)

Arterial hypertension
Hernia characteristics

Hernia defect size
Width
Length

Type of umbilical hernia
Primary umbilical
Trocar hernia

Reducibility of the hernia
Completely reducible
Partially reducible
Non-reducible

Content of the hernia
Preperitoneal fat
Omentum

Early patient outcome

Urinary retention

17.1% (7/41)

2.15 (0.64, 1.0-3.8)

2.07 (0.76, 0.8-4.6)

82.9% (34/41)
17.1% (7/41)

48.8% (20/41)
29.3% (12/41)
22.0% (9/41)

87.8% (36/41)
51.2% (21/41)

2.4% (1/41)

Retromuscular hematoma (revision) 2.4% (1/41)

Duration of hospital stay
Overall
Day surgery
One-night stay
Tertile 1
Day surgery
One-night-stay
Tertile 2
Day surgery
One-night stay
Tertile 3
Day surgery
One-night stay
Outcome at 4 week follow-up
Seroma
Umbilical skin infection

Pain in need for medication

68.3% (28/41)
29.3% (12/41)

36% (5/14)
57% (8/14)

79% (11/14)
21% (3/14)

92% (12/13)
8% (1/13)

4.9% (2/41)
2.4% (1/41)
2.4% (1/41)

a width of 3.2 cm and a length of 4.6 cm, stayed an extra
night in hospital. The number of patients that were treated
in an outpatient setting increased during the study, reaching

93% in the third tertile. A serious adverse event requiring
surgical intervention was seen in two patients. One patient
had a laparoscopic evacuation of a retromuscular hematoma
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on postoperative day 5 and one patient developed a peri-
umbilical superficial skin infection 1 month postoperative
and was treated with drainage and antibiotics. No meshes
required removal. No complications specifically related to
the introduction of the robotic approach were observed.

Outcome data

The distribution of the procedure times for the overall
41 patients and for the tertiles are shown in Table 2. The
total OR time decreased significantly from 126 to 102 min
(p=0.002), which was due to a significant decrease in
the skin-to-skin operating time from 81 min to 61 min
(p=0.002). There was no significant decrease of the non-
surgical time (p=0.15). The significant decrease in the
console time (p =0.006) was mainly related to a highly sig-
nificant decrease in the dissection time from 43 to 29 min
(p=0.004), whereas the decrease in mesh placement time
and in peritoneal closure time was not significant. The dock-
ing time also decreased over the course of the study, but
this did not reach significance (p =0.051). The evolution
measured in minutes over the learning period of 15 months
is depicted in Fig. 2a-h for the different procedure times as
defined above.

In Table 3, the evolution of the procedure times during
the learning curve is estimated with linear regression mod-
els. This shows a significant decrease in the total OR time,
the skin-to-skin operating time, the console time, the dissec-
tion time, the mesh placement time and the docking time.
No significant decrease in the non-surgical time or in the
peritoneal closure time was observed.

Other analyses

Table 4 shows the estimated change of procedure times
over 1 year and was calculated as the product of f,;

(Table 3) x 12 (12 months). The average percentage change
in the operative times was calculated in comparison to
the mean procedure times during the first 3 months (N=9
patients) of the study.

A separate analysis calculating Spearman correlation
coefficients was performed according to patient or her-
nia characteristics. There was a significant association
between skin-to skin operating time, the console time, the
mesh placement time and the dissection time with the size
of the hernia defect. There was no significant association
between procedure times and the BMI of the patient, the
reducibility of the hernia preoperatively or the type of
umbilical hernia, primary or trocar site hernia.

Full data of the EuraHS-QoL scores were available for
36 patients. The results of the measurement preopera-
tively and 4 weeks postoperatively is shown in Table 5.
The overall EuraHS-Qol score was significantly improved
(p<0.0001), as were the 3 domains: pain (p=0.005),
restriction of activity (p =0.002) and esthetical discom-
fort (p <0.0001).

Discussion
Key results

The total OR time needed to perform a single-dock
lateral retromuscular repair with a self-griping mesh
of 15x 15 cm during the learning curve significantly
decreased from 126 to 102 min. This was mainly due to
a significant decrease in the skin-to-skin operating time
from 81 to 61 min, primarily resulting from a significant
decrease in the dissection time. The non-surgical time in
the OR did not decrease significantly.

Table 2 Distribution of

; Mean (SD) in minutes Overall Learning curve Significance p*

procedure times of an

observational cohort study on Tertile 1 Tertile 2 Tertile 3

the adoption of robotic assisted

retromuscular ventral hernia 0-441 days 0-144 days 145-315days 316441 days

repair in 41 patients, overall and N=41 N=14 N=14 N=13

divided in tertiles according to

the learning curve Total OR time 114 (19) 126 (22) 114 (13) 102 (12) 0.0021
Skin-to-skin operating time 73 (16) 81 (19) 75 (10) 61 (10) 0.0017
Non-surgical time 41 (7) 44 (7) 39 (7) 41 9) 0.15
Console time 63 (15) 70 (17) 64 (10) 53 (11) 0.0055
Mesh placement time 6(3) 7(3) 6 (3) 502) 0.18
Dissection time 36 (11) 43 (11) 35(11) 29 (7) 0.0035
Peritoneal closure time 21 (7) 20 (8) 24 (6) 18 (6) 0.12
Docking time 10 (4) 12 (4) 11 4) 8(2) 0.051

*According to analysis of variance
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Fig.2 Graphic depiction of the evolution in the operating times dur-

ing the learning curve according to least square regression lines. a
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Fig.2 (continued)
Table 3 Linear regression By (SE) B, (SE) T statistic Significance p
models showing the procedure
times versus the learning Total OR time 133.37 (4.60) —2.58 (0.52) —4.92 <0.0001
curve (months) during an Skin-to-skin operating time 88.99 (4.06) —2.17 (0.46) —4.69 <0.0001
observational cohort study on
the adoption of robotic assisted ~ Non-surgical time 44.39 (2.37) —0.41(0.27) -153 0.14
retromuscular ventral hernia Console time 76.12 (3.80) —1.81(0.43) —4.16 0.0002
repair in 41 patients Mesh placement time 7.75 (0.81) —0.22 (0.09) —2.40 0.021
Dissection time 47.43 (2.75) —1.55(0.31) —4.93 <0.0001
Peritoneal closure time 20.93 (2.15) —0.04 (0.25) —0.15 0.88
Docking time 12.87 (1.14) —0.36 (0.13) —2.80 0.0078

Table 4 Average percentage change over | year (A, ) of the pro-
cedure times during an observational cohort study on the adoption of
robotic assisted retromuscular ventral hernia repair in 41 patients, in Table 5 Change in EuraHS quality-of-life scores between the preop-

comparison to the initial procedure times during the first 3 months in erative assessment and the assessment at 4 weeks postoperatively of
the first 9 patients an observational cohort study on the adoption of robotic assisted ret-
romuscular ventral hernia repair in 41 patients (data available from 36
Mean first Estimated change/year % patients)
3 months*
Before surgery At4 weeks  Significance p*
Total OR time 132 Ay =—309min  —23
Skin-to-skin operating 87 Ay =—-260min  —30 Overall EuraHS-QoL. score
time Mean (SD) 22.4 (13.5) 9.5(9.6)
Non-surgical time 45 A, year = —4.9 min —11 Median (P25-P75) 18.7 (13-31.5) 6 (2.8-14.3) <0.0001
Console time 74 A, year = — 21.6 min —-29 “Pain” domain score
Mesh placement time 8 A gy = —2.7 min -33 Mean (SD) 4338 2627
Dissection time 46 Ay =—185min  —40 Median (P25-P75) 4 (1-6.5)  1.8(0-4) 0.005
Peritoneal closure time 20 A, year = = 0.4 min —2% “Restriction of activities” domain score
Docking time 13 A yepr = —4.3 min -32% Mean (SD) 9.3(8.6) 47357
R - Median (P25-P75) 7.3 (1.5-14.5) 3.5 (0-8) 0.002
N=9 patients “Esthetical discomfort” domain score
Mean (SD) 8.9(5.5) 22 3.0)

Median (P25-P75) 9.5 (4-12.5)  2(0-3)  <0.0001

*According to the Wilcoxon signed rank test
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Limitations

The results of the study are valid within for the specific set-
ting of the study, involving an experienced laparoscopic sur-
geon adopting the new technique of retromuscular ventral
hernia repair combined with the adoption of robotic assisted
laparoscopic surgery with the dV Xi robotic platform. This
is all in a setting with nursing staff and anesthesiologists
experienced with the robotic platform.

Interpretation

The surgeon has 15 years experience with laparoscopic ven-
tral hernia repair using an intra-peritoneal mesh technique
and the learning curve will likely be longer for surgeons
inexperienced with complex laparoscopic procedures. Simi-
larly, the OR team was already proficient with the dv Xi
robotic system before the start of the study. The decreased
dissection time in the retromuscular plane is mainly respon-
sible for the decreased skin-to-skin operating time and total
OR time. The lateral retromuscular approach gives a view
of the anatomy that is less commonly seen during open
or laparoscopic approach. The surgical dissection time is,
therefore, likely to decrease with increasing confidence with
the anatomy of this space. Some other components of the
skin-to-skin operating time, namely mesh placement and
docking, decreased significantly, but the peritoneal closure
time did not. We surmise from these findings that increased
proficiency with the new technique of lateral retromuscular
dissection, rather than increased proficiency with the use of
the robotic platform, is responsible for the decreased OR
time.

Fig.3 Graph on the number of cases
cases of robotic assisted abdom-

inal wall surgeries during the 350
first 16 months in the Robust

Hernia project at Maria Midde- -

lares Ghent, illustrating building
experience with robotic groin
hernia repair before moving to
more complex cases like ventral
and incisional hernia repair

250

200

150

100

50

0

1357 9111315171921232527293133353739414345474951535557596163 656769

Surgeon preparation prior to adopting robotic surgery is
likely to have a significant impact on shortening the learn-
ing curve. The surgeon started with -TAPP of groin hernias
first, before progressing to more complex cases like ventral
hernia repair. We believe that adoption of r-TAPP as the
entry point allows the entire team (surgeon, aesthesia and
nursing) to develop experience with the robotic technique
and then transition to more complex abdominal wall proce-
dures. Figure 3 shows the number of cases of robotic assisted
abdominal wall surgeries during the first 16 months of the
Robust Hernia project at Maria Middelares Ghent.

The technique of laparoscopic lateral retromuscular ven-
tral hernia repair has been published more than 5 years ago
but has not achieved wide spread popularity [12]. This is
probably related to the technically demanding skill of lapa-
roscopic suturing of the hernia defect and of the ipsilateral
posterior rectus fascia. Using the robotic platform for per-
forming this operation increases the accuracy of the sutur-
ing with the wristed instruments and the highly improved
ergonomic position of the surgeon during the suturing.

This novel technique has some critical surgical steps that
need specific mentioning to avoid errors during dissection.
First, the ipsilateral posterior rectus fascia should be opened
well within the rectus sheath to avoid an incision which is
lateral enough that it could harm the lateral neurovascular
bundles of the rectus muscles and inadvertently damage the
linea semilunaris lateral to the rectus sheath. Second, during
the retromuscular dissection, the junction between the poste-
rior and anterior rectus fascia should be correctly identified,
to make sure that the posterior rectus fascia is incised cor-
rectly, allowing entry to the preperitoneal plane behind the
linea alba. Inadvertently opening the anterior rectus fascia
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incisional hernias by TAR
& ventral hernias
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will lead to unwanted subcutaneous dissection in front of the
linea alba. Finally, a well performed closure of the ipsilateral
posterior rectus fascia is mandatory, because dehiscence of
this suture line could lead to postoperative posterior intra-
parietal herniation of small bowel leading to obstruction or
incarceration.

Concerning complications, we had one patient with a
postoperative retromuscular hematoma at day 5 needing a
revision by laparoscopy and one patient with a umbilical
skin necrosis leading to a superficial skin infection. These
complications are similar to those reported in the study by
Schroeder et al., with two hematomas in the laparoscopic
group, three hematomas in the open group and one umbilical
skin necrosis in the laparoscopic group [12]. None of their
hematomas required reoperation. A meticulous hemostatis
during dissection in the retromuscular plane seems impor-
tant to avoid these hematomas.

Our results with a mean skin-to-skin operative time of
73 min for the entire cohort and 61 min for the 3rd tertile
of our study, compare favorably to other reported opera-
tive times for open or laparoscopic retromuscular treatment
of umbilical hernias. In the study by Schroeder et al., the
mean operative time (confirmed to be the skin-to-skin opera-
tive time by personal communication) for the laparoscopic
retromuscular technique was 125 min and 115 min for the
open retromuscular technique [12]. In the study by Berrevoet
et al. the mean skin-to-skin operative time was 80 min for
open retromuscular mesh repair [12]. The size of the retro-
muscular mesh differed between these studies, which might
have had an impact on the operative time. In the study by
Schroeder et al., the mean mesh size in the open group was
409 cm? and 405 cm? for the laparoscopic group [12]. Ber-
revoet et al. reported the mean mesh size to be 81 cm [11].
In the current study, the mesh size was standardized and was
225 cm? (15% 15 cm). Berrevoet et al. have also published
their data in the repair of umbilical hernias with a round
mesh device through an open approach with the mesh posi-
tioned in an intra-peritoneal or preperitoneal position. They
reported a mean skin-to-skin operative time of 34 min and
a mean mesh size of 46 cm? [11]. This approach has a much
shorter operating time, but the mesh size and the mesh posi-
tion are different from the technique of the current study.

Because this technique does not involve penetrating
mesh fixation with tackers or sutures like in intra-peri-
toneal ventral hernia repair, it can be expected to result
in less postoperative pain. This is reflected in an over-
all percentage of 68% of patients treated in day surgery.
With increasing confidence with the robotic retromuscular
approach, the utilization of day surgery for this technique
increased above 90% for the last tertile of the current study
(Table 1). The evaluation at 4 weeks using the EuraHS-
QoL score noted significant improvement for all 3 domains
(Table 5). The hospital stay of our study compares very
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favorably with the reported hospital stay of the laparo-
scopic series of 43 patients published by Schroeder et al.
with a mean of 3.4 days [12]. This is surprising, since the
laparoscopic technique is essentially similar to the robot
assisted laparoscopic approach, and similar postopera-
tive results would be expected. The longer hospital stay is
likely related to the differences in health care and hospital
financing between Belgium and Germany. In Belgium,
treatment as an outpatient is encouraged, while in Ger-
many, a short hospital stay is financially unfavorable.

The technique of single-dock lateral retromuscular ventral
hernias repair has demonstrated promising early results and
the operative times are not significantly longer compared
with the open retromuscular technique or with laparoscopic
retromuscular technique using a similar mesh size. We
are currently gathering data on a larger cohort of patients
including a follow-up at 12 months to evaluate longer term
outcome.

Generalizability

The study was performed with the dV Xi robotic system.
The learning curve with other systems might be different and
more prolonged. For each program starting robotic abdomi-
nal wall surgery, the learning curve will depend on the previ-
ous experience of the surgeon and the OR team, both in MIS
surgery and with the robotic system.
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