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Aim: Robotic assisted Trans Abdominal Retromuscular Umbilical Prosthesis (rTARUP) is
being increasingly performed to treat Ventral Hernia. Prospective (long-term) studies are
scarce. In this study we investigated 125 patients with short and long-term follow-up,
regarding surgical and hernia-related quality-of-life outcomes.

Material and Methods: Patients undergoing rTARUP were selected from consecutive
prospectively collected databases from two teaching hospitals from the Netherlands.
The patients were operated by experienced surgeons in a standardized manner.
Patient characteristics and short-term outcomes after surgery were retrospectively
reviewed and follow up data about hernia recurrence and quality of life was
prospectively collected.

Results: 125 rTARUP patients were included for analysis. The most common hernia type
was primary (n = 61), followed by recurrent (n = 37) and incisional (n = 27). The median
surgical time was 90 min. 44/61 (72%) patients with a primary ventral hernia were treated
as daycase. The 30-day complication rate was 7.2%. Median follow up was 24 months
after which a large majority of patients (84%) reported to feel better or much better. There
were 3 reoperations for recurrences (2.4%).

Conclusion: rTARUP is a safe and effective procedure that can be performed in a timely
manner, with short hospital stay and a low complication rate. Further research is needed
into economical costs and benefits to fully justify the use of robotic surgery for these
indications.
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INTRODUCTION

Ventral abdominal wall hernia has an estimated prevalence of 5% in the general population [1] and is
increasingly prevalent due to an aging and increasingly obese society, receiving more abdominal
surgery [2]. The Rives Stoppa procedure is a proven efficacious treatment for ventral abdominal wall
hernia and the retrorectus mesh placement may be considered most favorable [3, 4]. In 2022, a
systemic review showed superior outcomes compared to other techniques. However, surgical site
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infection was less prevalent in intraperitoneal onlay mesh
(IPOM) repair, clearly benefitting from the minimally invasive
approach [3]. The IPOM technique was a first attempt at
minimally invasive hernia repair, seeking benefits of less
extensive dissection in the subcutaneous tissue, shorter
hospital stays, and fewer surgical site infections. However,
complications such as recurrences, bulging, formation of
intraperitoneal adhesions, fistulas, and bowel damage are
known complications of IPOM repair [5, 6].

Combining the benefits of a minimally invasive
(laparoscopic) approach and retromuscular mesh position,
Schroeder et al. described a laparoscopic transabdominal
technique: the Trans Abdominal Retrorectus Umbilical
Prosthesis (TARUP). Authors concluded that the new
approach was a safe and effective alternative to open Rives
Stoppa, but also a technically demanding procedure [4]. In
2018, Muysoms et al. reported on the robotically assisted
TARUP procedure (rTARUP). This adaptation of
Schroeder’s laparoscopic approach showed similar
complication rates and shorter operative times [7].

Since 2018, only a handful of reports on rTARUP (or now also
known as rTARM, Trans Abdominal Retromuscular Mesh) has
been published, with limited number of patients and limited
follow up. Garza et al. reported on a 101 patient series with 3 years
follow-up showing low recurrence rates of 3% and improvement
in quality of life according to the EuraHSQuality-of-Life scale [8].
Vierstraete et al. reported a similar recurrence rate of 3.7% at a
median follow up of 4.5 years of 162 patients, with a complication
rate of 6.2% [9].

We believe rTARUP/rTARMmay be considered an important
improvement in the treatment of ventral abdominal wall hernias.
This study reports on technical aspects, short and long-term
outcomes and quality of life of rTARUP. In addition, we
comment on lessons learned since the implementation of
rTARUP in two teaching hospitals in the Netherlands.

METHODS

Setting
The study was conducted in the Reinier de Graaf Gasthuis
(RdGG) and OLVG hospital in Amsterdam. Both hospitals are
district teaching hospitals with expertise in robotic surgery
with the Intuitive Da Vinci Surgical platform. Patients
included for this study were either operated by MS (OLVG)
or BB (RdGG).

Patient Selection
Both hospitals follow the EHS guidelines that recommend very
small umbilical hernia to be treated either by primary suture or
open preperitoneal mesh [10]. The decision to perform rTARUP
was based on the surgeon’s discretion. In general, patients were
considered for rTARUP (instead of open or laparoscopic
techniques) if there were multiple hernias, or if rectus
abdominis diastasis was present in a primary ventral hernia.
Both elective and emergency rTARUP procedures were eligible
for inclusion in RdGG, in OLVG only elective procedures were

included. Patients undergoing rTARUP solely for rectus
abdominis diastasis without concomitant ventral hernia were
excluded from analysis, as well as patients receiving a
combined operation consisting of rTARUP and another
operation (i.e., rTAPP).

Data Collection
Data from patients undergoing rTARUP were prospectively
collected in databases in RdGG (February 2020 to January
2024) and OLVG (September 2019 and August 2023). Missing
data were collected through patient-file review in accordance
with the Medical Ethics Committee of both institutions. The
following data were registered: age at time of operation,
gender, comorbidities, previous abdominal surgery
including history of recurrent hernias, American Society of
Anesthesiologists (ASA) classification of physical status, BMI,
smoking, and immunosuppressant use. Hernia characteristics
were described as: type of hernia (primary, incisional or
recurrent), hernia multiplicity and size, concurrent diastasis
classification according to Reinpold et al. [11], hernia
classification according to the European Hernia Society
descriptive classification (Supplementary Appendix S1)
[12] and hernia stage according to HPW-classification for
staging (Supplementary Appendix S2) [13]. Surgical
outcomes included intra-operative complications, surgical
time, hospital stay and 30-day complications according to
Clavien Dindo [14].

Follow up data was collected after patient permission was
obtained. In October and November of 2024, all patients were
contacted by telephone for additional follow-up via the EuraHS
Quality of Life-questionnaire (EuraHS-QoL) [15]. In OLVG
patients, the questionnaire was discussed via telephone in
Dutch or English. In RdGG patients, a digitalized, Dutch
version was sent out to participants. Patients who did not
speak English or Dutch were excluded from the EuraHS-QoL
data-collection. If suspicion of a recurrence was present during
telephonic follow up, patients were scheduled for an in-office
appointment. Recurrences were confirmed by physical
examination and/or if indicated by ultrasound or CT-scan.

Surgical Technique and Peri-
Operative Care
Surgeries were performed by two experienced robotic surgeons
who performed rTARUP according to the standardized technique
described by Muysoms [7], using a ProGrip [Medtronic, Fridley,
USA] mesh as reinforcement. V-loc 0 slowly (180 days)
absorbable [Medtronic, Fridley USA] was used for closure of
the anterior fascia, and a V-loc 3/0 slowly (180 days) absorbable
[Medtronic, Fridley USA] for the posterior fascia. Rectus diastasis
was plicated in almost all patients. Patients at RdGG were
scheduled for at least one postoperative night, as they received
intra-thecal morphine and a urinary catheter. In OLVG, most
patients were scheduled as outpatient procedures. Post-operative
care in both centers consisted of oral non-opioid analgesics,
wearing of an abdominal binder for the first 24 h post-
operatively and during mobilization for at least the first
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4 weeks, and a ban on lifting and heavy exercising for the
first 6 weeks.

Statistical Analysis
Data were analyzed using IBM SPSS Software, PASW
Statistics version 29.0.2.0. Categorical variables were
analyzed using Pearson Chi2, Fisher’s exact- and Fisher-
Freeman-Halton Exact test. Continuous data were analyzed
for normalcy with Shapiro-Wilk and Q-Q plots to decide on
(non)parametric tests: unpaired t-test, one-way ANOVA,
Mann Whitney U test and Kruskale Wallis non-parametric
analysis. Mean values were presented with standard deviation

(SD) and median values with inter-quartile range (IQR).
Baseline characteristics and surgical outcomes were
compared between OLVG and RdGG and compared within
hernia type (primary, incisional, and recurrent).
P-values <0.05 (two-sided) were considered statistically
significant.

Subgroup Analysis and Classification
For further analysis, we decided to group the ventral hernias
in three groups: primary, incisional and recurrent hernias.
Recurrent hernias were defined as primary or incisional
hernias which had already been corrected (at least) once.

TABLE 1 | Baseline characteristics of included patients (n = 125).

Baseline characteristics OLVG (n = 69) RDGG (n = 56) P-value

Female (%) 42 (60.9) 31 (55.4) 0.586a

Age in yearsb (SD) 51.32 (12.866) 53.80 (13.212) 0.293c

BMId (IQR) 26.85 (23.94–30.44) 28.70 (24.32–32.29) 0.141e

Current smoker (%) 15 (28.3) 9 (16.4) 0.168a

Immuno-suppressant user (%) 4 (5.8) 2 (3.6) 0.690a

Previous abdominal surgery (%) 40 (58.0) 46 (82.1) 0.004a

ASA classification (%) 0.726f

I 25 (36.2) 19 (33.9)
II 33 (47.8) 25 (44.6)
III 11 (15.9) 12 (21.4)

Multiple hernias (%) 34 (49.3) 23 (41.1) 0.360g

Primary, incisional or recurrent (%) <0.001f
Primary 45 (65.2) 16 (28.6)
Incisional 12 (17.4) 15 (26.8)
Recurrent 12 (14.4) 25 (44.6)

EHS width (%) <0.001f
W1 (primary <2 cm, recurrent <4 cm) 40 (74.1) 23 (41.8)
W2 (primary 2–4 cm, recurrent 4–10 cm) 11 (20.4) 32 (58.2)
W3 (primary >4 cm, recurrent >10 cm) 3 (5.6) 0 (0)

HPW stage 0.465f

1 44 (64.7) 33 (58.9)
2 23 (33.8) 20 (35.7)
3 1 (1.5) 3 (5.4)

Width in cmd (IQR) 1.68 (0.98–3.33) 3.00 (2.00–5.00) <0.001e
Length in cmd (IQR) 3.50 (1.00–6.00) 4.00 (2.63–7.50) 0.048e

Rectus diastasis present (%) 68 (98.6) 44 (78.6) <0.001a
Diastasis width in cmd (IQR) 4.2 (3.2–5.5) 5.0 (3.5–6.0) 0.313e

Diastasis classification (%) 0.784g

D1 (2–3 cm) 11 (16.2) 8 (18.2)
D2 (3–5 cm) 36 (52.9) 20 (45.5)
D3 (>5 cm) 21 (30.9) 16 (36.4)

Number of previous hernia repairs 0.003f

0 57 (82.6) 31 (55.4)
1 10 (14.5) 18 (32.1)
2–4 2 (2.9) 7 (12.5)

aFisher’s Exact Test (2-sided).
bnormal distribution according to Shapiro-Wilk
cIndependent t-test (2-sided).
dnot-normal distribution according to Shapiro-Wilk.
eMann-Whitney Test.
fFisher-Freeman-Halton Exact test: (2-sided).
gPearson-Chi Square Test (2-sided).
hOne-way ANOVA.
iKruskal-Wallis Test: (Asymp).
SD, standard deviation; IQR, inter-quartile range; BMI, body mass index; ASA, american society of anesthesiologists; EHS, width, hernia width classified according to the European Hernia
Society; HPW, stage, hernia staging according to the Hernia, Patient, Width classification.
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Incisional hernias that had been corrected before, also fell
into the recurrent group. Recurrent hernia is considered a risk
factor for a new recurrence. This can be due by either
underlying dysfunction in the wound healing process, such
as abnormal collagen type I/type III ratio or other genetic
connective tissue disorders, or due to repeated hernia repairs
which cumulatively decrease the quality of the abdominal
wall tissue, resulting in increasingly vulnerable
reconstructions [16]. It has been shown that the risk of
recurrence increases with every repair [16, 17]. This is
why we decided to analyse this group of patients
separately, even though this deviates from the EHS-
classification [12] which defines a recurrence as an
incisional hernia irrespective of the number of recurrent
operations. Even though our classification system is not
standard, other authors have also proposed to include
recurrence status into classification systems or as a
separate class itself [16, 18–21].

RESULTS

Comparison of Baseline Characteristics of
Patients Between Centers
Table 1 shows a comparison of baseline characteristics between
the two including centers. Patients from RdGG presented
significantly more often with a history of previous abdominal
surgery compared to patients from OLVG. At OLVG, most
patients had a primary hernia, while recurrent hernias were
more common in patients from RdGG. Almost all patients
from OLVG were diagnosed with rectus diastasis as opposed
to a large majority with concomitant rectus diastasis at RdGG. At
RdGG the number of previous repairs in recurrent hernias was
significantly higher than at OLVG.

Subgroup Analysis
Table 2 shows a comparison of baseline characteristics
between the subgroups of primary, incisional or recurrent

TABLE 2 | Comparison of baseline characteristics between subgroups.

Characteristics Primary (n = 61) Incisional (n = 27) Recurrent (n = 37) P-value

Female 37 (60.7) 13 (48.1) 23 (62.2) 0.495a

Age in yearsb (SD) 47.65 (11.912) 59.81 (12.830) 54.84 (11.985) <0.001c
BMId (IQR) 26.85 (23.94–31.18) 27.34 (24.38–31.62) 27.99 (24.05–31.74) 0.699e

Smoker (%) 8 (16.3) 8 (33.3) 8 (22.9) 0.245a

Immuno-suppressant user (%) 4 (6.6) 1 (3.7) 1 (2.7) 0.862a

Previous abdominal surgery (%) 22 (36.1) 100% 100% <0.001a
ASA (%) 0.003a

I 28 (45.9) 2 (7.4) 14 (37.8)
II 26 (42.6) 18 (66.7) 14 (37.8)
III 7 (11.5) 7 (25.9) 9 (24.3)

Multiple hernias (%) 24 (39.3) 17 (63.0) 16 (43.2) 0.122f

EHS width (%) 0.347a

W1 27 (54.0) 17 (70.8) 19 (54.3)
W2 20 (40.0) 7 (29.2) 16 (45.7)
W3 3 (6.0) 0 0

EHS zone (%) 0.001a

M1 subxyphoidal 0 1 (3.8) 0
M2 epigastric 17 (28.8) 6 (23.1) 16 (42.3)
M3 umbilical 42 (71.2) 13 (50.0) 18 (48.6)
M4 infraumbilical 0 1 (3.8) 0
Combination 5 (19.2) 3 (8.1)

HPW stage (%) 0.119a

1 37 (61.7) 15 (55.6) 25 (67.6)
2 23 (38.3) 9 (33.3) 11 (29.7)
3 0 3 (11.1) 1 (2.7)

Width in cmd (IQR) 1.55 (1.00–3.00) 3.50 (2.70–5.75) 3.0 (11.95–5.00) <0.001e
Length in cmd (IQR) 3.0 (1.00–4.80) 7.45 (3.85–10.75) 3.40 (2.00–5.93) 0.014e

Rectus diastasis present (%) 58 (95.1) 24 (88.9) 30 (81.1) 0.069a

Diastasis width in cmd (IQR) 4.5 (3.45–5.85) 4.25 (3.15–5.76) 4.00 (3.00–6.00) 0.663e

Diastasis width classification (%) 0.647a

D1 (2–3 cm) 8 (13.8) 6 (25.0) 6 (16.7)
D2 (3–5 cm) 28 (48.3) 11 (45.8) 17 (57.7)
D3 (>5 cm) 22 (37.9) 7 (29.2) 8 (26.7)

aFisher-Freeman-Halton Exact test: (2-sided).
bnormal distribution according to Shapiro-Wilk
cOne-way ANOVA.
dnot-normal distribution according to Shapiro-Wilk.
eKruskal-Wallis Test: (Asymp).
fPearson-Chi Square Test (2-sided).
SD, standard deviation; IQR, inter-quartile range; ASA, american society of anesthesiologists; EHS, european hernia society; HPW, hernia patient wound; cm, centimeter.
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hernias. The incisional hernia group was significantly older.
Most patients with a primary hernia were either ASA I or II,
while most patients with an incisional hernia were either II or
III. In all patients with recurrent hernias, 28 patients (75.7%)
had undergone one previous hernia repair, nine patients had
undergone more than one repair already (varying between two
and four repairs). In the recurrent hernias, 18 patients (48.6%)
already had a mesh present in the abdominal wall, and two
patients (5.4%) had two meshes present. One patient with a
primary epigastric hernia, already had an umbilical hernia
mesh in place.

Surgical Outcomes
Table 3 summarizes operative outcomes. ProGrip [Medtronic
Fridley USA) mesh was used in all but one cases. In one case a
Dynamesh [DynaMesh, Aachen, Germany] was used.

In one patient the anterior fascia suture snapped
during the emergence from anesthesia. The patient was
reintubated to perform open surgery to re-close the fascia.
There were four minor 30-day complications without need
for intervention: two patients with seroma, one with
hematoma, and one patient who had temporary urine
retention. Other minor complications include a patient with
gastroparesis, which resolved shortly upon the use of a
nasogastric tube. Another patient experienced ACNES-like
pain at the trocar site and received a lidocaine injection and
is currently pain free.

Three patients experienced major complications. One patient,
who was a smoker and morbidly obese, was treated for a fourth
hernia recurrence and developed an infected seroma, ultimately
necessitating surgical debridement, vacuum assisted wound
therapy and IV antibiotics. Another patient experienced a
superficial wound infection after a procedure in which the
infected mesh from a prior procedure was removed and was
treated successfully as described above. One patient developed a
paralytic ileus and fever 2 days post-operatively, which was
treated with antibiotics and a nasogastric tube. Because of
stagnating recovery, a CT-scan was performed showing free
air and fluid. Explorative laparotomy showed a perforated
small bowel due to strangulation/herniation between the
sutures in the posterior fascia. The mesh was removed due to
bowel content contamination. Post-operatively the patient
developed a pneumonia and an abscess which was drained
and treated with intravenous antibiotics and vacuum assisted
closure. Months after full recovery and having developed a
recurrent hernia, patient underwent an open reconstruction
with an intraperitoneally placed biological mesh [Ovitex;
TelaBio, Malvern USA], after which the patient recovered well.

During follow-up, hernia recurrence was found in three
patients and diastasis recti was found in two patients. Two
hernia recurrences occurred cranially from a mesh where the
rectus diastasis was not fully approximated. All patients with
clinically proven recurrence underwent re-operation. Because not
all patients received physical examination at 2 years follow

TABLE 3 | Operative outcomes between centers.

Operative outcomes OLVG RDGG Total P-value

Operating time in minutesa (IQR) 146 (120–180) 121 (99–140) 134 (115–160) <0.001b
Skin to skin time in minutesa (IQR) 110 (90–133) 82 (65–100) 90 (78–123) <0.001b
Intra-operative complications (%) 1 (1.4) 0 1 (0.8) 1.00c

Mesh width in cma (IQR) 12 (11–15) 14 (12–15) 13 (12–15) 0.007b

Mesh length in cma (IQR) 20 (15–20) 18 (15–22) 19 (15–22) 0.410b

Length of stay (%) <0.001d
Day care 33 (47.8) 0 33 (26.4)
1 post-operative night 30 (43.5) 4 (7.1) 34 (27.2)
2 post-operative nights 5 (7.2) 34 (60.7) 39 (31.2)
3 post-operative nights 1 (1.4) 14 (25.0) 15 (12.0)
4 post-operative nights 0 2 (3.6) 2 (1.6)
5 post-operative nights 0 2 (3.6) 2 (1.6)

30 days complications (%) 5 (7.2) 4 (7.1) 9 (7.2) 1.00c

Clavien dindo score 0.148d

0 63 (91.3) 50 (89.3) 113 (90.4)
I 4 (5.8) 3 (5.4) 7 (5.6)
II 2 (2.9) 0 2 (1.6)
III 0 3 (5.4) 3 (2.4)

Reoperation for hernia recurrence (%) 1 (1.4) 2 (3.6) 3 (2.4) 0.587c

Diastasis recurrence (%) 2 (2.9) 0 2 (1.6) 0.501c

Reoperation (%) 0.501d

1 2 (2.9) 3 (5.4) 5 (4.0)
2 0 1 (1.8) 1 (0.8)

Length of follow up in monthsa (IQR) 27 (18–38) 22 (15.5–35.5) 24 (17–36) 0.172b

anot-normal distribution according to Shapiro-Wilk.
bMann-Whitney Test.
cFisher’s Exact Test (2-sided).
dFisher-Freeman-Halton Exact test: (2-sided).
IQR, inter-quartile range; cm, centimeter.
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up, we labeled these recurrences as ‘reoperation rate for
recurrence’.

There were 6 reoperations in total. One small recurrent
hernia was localized cranially to the mesh and was closed
primarily under local anesthesia. Another patient received
IPOM repair for a recurrence. The patient with the bowel
perforation was operated on twice: once for the bowel
perforation and once for the following recurrence. Two
reoperations were due to wound complications which
required debridement and application of vacuum assisted
closure. Lastly, one patient underwent surgery for the
excision of a symptomatic sub xiphoid calcification, which
turned out to be post traumatic heterotopic ossification as a
reaction to previous hernia repair.

Outcome Differences Between Centers
Table 3 shows surgical outcomes specified by center. Figure 1
represents the learning curves in surgical time. All patients
operated in day treatment were operated in OLVG. Operating

times were significantly lower in RdGG. The learning curves in
surgical time are shown in Figure 2.

Comparison of Outcomes
Between Subgroups
Surgical outcomes of subgroups are summarized in Table 4.
Length of stay differed significantly between groups (P < 0.001)
and is described in Figure 2.

Quality of Life
Quality of life outcomes are shown in Table 5. The response rate
for the quality-of-life questionnaire was 77.6% (n = 97). During
telephonic follow up, six patients mentioned still feeling pain at
the operation site. Two patients experienced scar tissue pain. In
the other patients, investigations have ruled out recurrence, mesh
infection or other complications. Because the cause of the pain
remains unclear, two of them have been diagnosed with Chronic
Postoperative Pain and were referred to a specialized pain-clinic.

FIGURE 1 | Learning curve in median surgical time in minutes per consecutive quartile. Quartiles (Q) consist of 17 patients at OLVG and of 14 patients at RdGG.

FIGURE 2 | Length of stay (0: day care).
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An overview of quality-of-life outcomes specified by center, is
available in Supplementary Appendix S4. Overall quality-of-life
scores were comparable between centers. The total domain scores
for pain and restrictions differed slightly. Median pain score at
RdGG was 2/30 (IQR 0–9) and 0/30 (IQR 0–2) at OLVG. Median
restriction score was 4 (IQR 0.3–12.1) at RdGG and 0 (IQR
0–6.7) at OLVG.

DISCUSSION

This study shows that rTARUP is a safe and effective procedure.
Recurrence rate was low at 2 years follow-up. A large majority of
patients reported a better or much better quality of life
after surgery.

Literature about rTARUP outcomes is scarce and mostly
describes short-term follow-up. Follow-up studies of

respectively 30 days and 6 weeks were reported by Ferraro
et al. (81 patients) and by Baur et al. (30 patients) with no
recurrences reported in either study [22, 23]. In the current study,
a recurrence rate of 2.4% is found at a median follow-up of
24 months. Because we scheduled in-office visits at 2-year follow
up on indication, it is possible that we underestimate the true rate
of recurrence in our study, asymptomatic or subclinical
recurrences may not have been detected. Our rate is
comparable with other long term follow-up studies, describing
recurrence rates varying between 1.48%–3.96% after
12–36 months of follow-up [8, 24, 25]. The longest series
currently described follows 162 patients for 4.5 years with a
recurrence rate of 3.7% [9]. Their method was of follow up
was comparable to ours and consisted of telephonic follow up
with additional in-office appointments on indication. Because
they report on a follow up time that is twice ours, it is
reasonable to assume our recurrence rate will also increase

TABLE 4 | Surgical outcomes of subgroups.

Operative outcomes Primary Incisional Recurrent P-value

Operating time in minutesa (IQR) 130 (110–160) 140 (120–160) 134 (119–173) 0.460b

Skin to skin time in minutesa (IQR) 90 (75–120) 110 (79–120) 94 (80–134) 0.415b

Intra-operative complications (%) 1 (1.6) 0 0 1.000c

Mesh width in CMa (IQR) 12 (11–15) 13 (12–15) 13 (12–15) 0.155b

Mesh length in CMa (IQR) 20 (15–22) 20 (15–24) 16 (14.5–21) 0.131b

30 days complications (%) 1 (1.6) 2 (7.4) 6 (16.2) 0.071c

Clavien dindo score 0.104c

0 58 (95.1) 24 (88.9) 31 (83.8)
I 2 (3.3) 3 (11.1) 2 (5.4)
II 1 (1.6) 0 1 (2.7)
III 0 0 3 (8.1)

Reoperation for hernia recurrence (%) 1 (1.6) 0 2 (5.4) 0.440c

Diastasis recurrence (%) 2 (3.3) 0 0 0.709c

Reoperation (%) 0.242c

1 2 (3.3) 0 3 (8.1)
2 0 0 1 (2.7)

Length of follow up in monthsa (IQR) 23 (17–35) 28 (16–47) 24 (17–41) 0.911b

anot-normal distribution according to Shapiro-Wilk.
bKruskal-Wallis Test: (Asymp).
cFisher-Freeman-Halton Exact test: (2-sided).
IQR, inter-quartile range.

TABLE 5 | Quality of life after surgery.

Quality-of-life outcomes Primary Incisional Recurrent P-value

QoL total score (/90)a (IQR) 9 (2.5–23.5) 6.66 (0–22.5) 10 (3.25–29.0) 0.637b

QoL domain pain (/30)a (IQR) 0 (0–4) 0 (0–7) 0.5 (0–5) 0.511b

QoL domain restrictions (/40)a (IQR) 0 (0–8) 1 (0–6.7) 1 (0–13) 0.615b

QoL domain cosmesis (/20)a (IQR) 4 (0–10) 4 (0–10) 5 (0.5–10) 0.896b

Patient-reported pain (%) 4 (6.6) 1 (3.7) 1 (2.7) 0.862c

Worse or better off (%) 0.930c

Much worse 1 (2.2) 0 1 (5.3)
Worse 1 (2.2) 0 0
The same 5 (11.1) 3 (18.8) 2 (10.5)
Better 19 (42.2) 6 (37.5) 6 (31.60
Much better 19 (42.2) 7 (43.8) 10 (52.6)

anot-normal distribution according to Shapiro-Wilk.
bKruskal-Wallis Test: (Asymp).
cFisher-Freeman-Halton Exact test: (2-sided).
QoL, Quality of Life score according to the EuraHS-Quality of Life questionnaire; IQR, inter-quartile range.
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with time. It is important to note that two of our recurrences
occurred cranially from the mesh where the rectus diastasis
was not completely approximated. Possibly they were missed
small epigastric hernias that progressed to clinical hernias.
Diastasis recti recurrence occurred in two patients, who both
had a BMI above 30.

Comparable recurrence rates are seen for rTARUP compared
to open Rives-Stoppa. In a large meta-analysis by Den Hartog
et al., consisting of 93 studies representing 12,440 patients, the
recurrence rate after retro-rectus repair according to Rives-
Stoppa was 3.2% at 12 months and 4.1% at 24 months. Den
Hartog et al. also included studies in which recurrent hernias were
treated, reporting a recurrence rate of 3.7% at 12 months for this
subgroup [3]. For our study population, the recurrence rate in this
subgroup was 5.4% at 24 months follow up.

Because rTARUP can create damage or weakness to the lateral
border of the rectus sheath, some surgeons prefer eTEP to avoid a
lateral incision. rTARUP/rTARM was decribed earlier than eTEP
and eTEP can be seen as a logical next step after rTARUP in the
development of robotic AWS. A possible disadvantage of eTEP is
that it is even more technically challenging and that intra-
peritoneal adhesions may be missed. We believe both
techniques deserve a place in minimally invasive ventral hernia
surgery. In a systematic review and meta-analysis by Brucchi et al.,
rTARUP was compared with Robot-assisted Enhanced-view
Totally Extraperitoneal (r-eTEP). Three studies, representing
308 patients (r-eTEP 176, r-TARUP 132) were included for
analysis [26]. There were no recurrences in either group
reported at 35 months of follow up in the study by Olivier
et al. [27]. The two other included studies also reported zero
recurrences, at a maximum of 90 days follow-up [28, 29]. In the
systematic review by Brucchi et al., comparing r-eTEP to rTARUP,
no significant differences were found regarding major
complications, recurrence or 30-day readmission. Minor
complications occurred significantly more often in the
rTARUP-group with a risk difference −0.14 for r-eTEP.
However, because rTARUP was performed earlier in the
learning curve and extensive adhesiolysis was required in 43.9%
of patients, the authors suggest this perceived risk difference might
be study-specific rather than an inherent advantage of the r-eTEP
technique [26]. Brucchi et al. concludes that current evidence
remains insufficient to favor one approach over the other, and
more data is required to guide surgical decision making.

In the current study, we report a 30-day complication rate of
7.2%, including three (2.4%) major complications requiring a re-
intervention. Complication rates were again highest in the
recurrent hernia subgroup, with a rate of 16.2%. Lack of data
from other studies makes it difficult to put these results in
perspective. However, the results underline the complexity of
treatment of this specific subgroup. To the best of our knowledge,
no other studies regarding rTARUP outcomes have included
recurrent hernias. In the primary hernia group complication rates
were low (1.6%). These results are more favourable compared to
other studies. Garza et al. reported surgical site complications
requiring procedural intervention in 5% of patients, in which one
hematoma was evacuated from the retromuscular space, and one
seroma was drained. Other complications consisted of

subcutaneous seromas/hematomas and a wound infection [8].
Muysoms et al. described patients (4.9%) needing surgical re-
intervention due to one retromuscular hematoma and one
superficial skin infection [7]. The study group published
follow up data in an abstract-only paper, in which they report
six (3%) readmissions within 30 days [24]. Baur et al. report a
minor complication rate of 30%, and 6.7% of patients had major
complications [23]. Because diastasis recti was present in 95% of
our patient population, it is interesting to compare our data to the
results of Cuccurullo et al. who studied 45 patients with ventral
hernia and concomitant rectus diastasis. Their study population
consisted of three-quarters primary hernia and one-quarter
incisional hernia and were treated with rTARUP. No major
complications were reported [25]. Ferraro et al. report a
complication rate of 7.4%, comparable to our results [22].

This study shows that rTARUP can be safely performed in
outpatient setting and can be performed in a timely manner with a
median operative time of 134 min and a median surgical (skin to
skin) time of 90 min. In the meta-analysis by Brucchi et al.,
operative times were 176 and 178 min for r-TEP and r-TARUP,
respectively [26]. Operative times improved significantly over time.
The difference in operative times between centers can be explained
by differing levels of prior robotic experience between surgeons. Per
protocol, RdGGpatients were not operated as daycase. This was due
to patients receiving intrathecal morphine and consequentially, a
urinary catheter. At OLVG, the anesthesia protocol included
general anesthesia without epidural or intrathecal pain
administration and allowed for same day discharge.

We also address the importance of quality-of-life outcomes in
our study, as opposed to only reporting on surgical outcomes. A
methodical limitation of our study is that we only collected post-
operative quality-of-life data and cannot compare the pre-
operative quality of life. Of the entire study group, patients with
incisional hernias had the best EuraHS-quality of life scores, with a
total score of 6.66/90. Primary hernias were second with a median
score of 9/90, and recurrent hernias were last with 10/90. Quality of
life data after rTARUP is limited. Cuccurullo et al. described an
improvement in mean total EuraHS-QoL score from 60/90 pre-
operatively to 16/90 post-operatively. In the total domain scores,
there was barely any pain or feeling of restriction in any of the
subgroups. The cosmetic domain did least well with score of 4/
20 or 5/20 in all subgroups. An important complaint was a
postoperative central bulging of the midline closure. Therefore,
it is important to properly council patients about the way the
surgery affects the abdominal wall and that it does not treat any
excess skin that has developed with the hernia. Further research is
warranted into risk factors for cosmetic dissatisfaction and to
determine the best treatment for ventral hernia patients with
concomitant rectus diastasis, who are often young (post-
partum) women in which cosmetic results may be of more
importance.

Despite the favourable median pain scores, six patients (4.8%)
reported experiencing chronic pain during follow up. Two
patients were diagnosed with painful scar tissue. These
patients stated the pain was manageable and were comforted
with the knowledge it was not caused by recurrence. In four
patients reporting chronic pain, prior investigations have ruled
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out conditions such as recurrence, mesh infection or other
complications. The cause of pain in these cases remains
unclear, which warrants further research into its origin.
Known risk factors for the development of chronic pain
after ventral hernia repair include acute pain before surgery,
poorly managed pain in the direct post-operative period, and
pain at 1-month post-surgery, as well as recurrent hernia,
female sex and younger age [30, 31]. Clearly, it is important
to ensure adequate pain management in the peri-operative
period. Literature about chronic pain after minimally invasive
retromuscular hernia repair is scarce. Krpata et al. studied the
effect of medium-weight versus heavy-weight polypropylene
mesh after open ventral hernia repair in a randomized
controlled trial of 350 patients. At 30 days and at 1 year
follow up, pain scores were identical in both groups, as well
as other quality of life outcomes [32]. Post-herniorrhaphy
chronic pain in inguinal hernia has been studied extensively, and
estimations are that 8%–16% of annually performed groin hernia
repair result in chronic pain that impairs daily lives for 6 months
postoperatively [33]. Laparoscopic techniques seem to cause less
pain than open techniques, as well as non-mesh-based techniques in
dedicated centers. When heavyweight meshes were compared with
lightweight meshes in laparoscopic groin hernia repair, results were
comparable [33]. In groin hernia repair, chronic pain can be
multifactorial, and it is often hard to make a definite diagnosis of
the cause of the pain. Perioperative injury to nerves could lead
to pain, as well as entrapment of nerves in a meshoma or
in shrinkage of a mesh. Another way for mesh to cause pain
could be by the inflammatory response to the mesh [33]. It is
likely those same mechanisms are contributing to pain after
minimally invasive ventral hernia repair, but more research is
needed to determine contributors to chronic pain in this specific
patient group.

This study has its limitations. Firstly, a retrospective analysis of
consecutively collected series was performed, which brings risk in
terms of bias. Secondly, we cannot compare the quality of life pre-
and post-operatively due to the missing pre-operative quality-of-
life data. During prospective follow up, we could not reach all
patients. Our response rate of 77.6% is acceptable, but it could
potentially over- or underestimate our quality-of-life outcomes.
Lastly, all surgeries were performed by experienced hernia
surgeons, which limits the applicability of our results to
surgeons with similar levels of experience.

Strengths of this study were the long follow up period and
the multicentered character of the study, broadening
generalizability. Because the study was conducted at top-
clinical ventral hernia repair centers, we were willing to
treat and include patients undergoing repair for recurrent
hernias or patients with extensive abdominal history. This
shows the applicability of this procedure in a wide group of
hernia patients. We also gathered quality of life data during
follow up, which adds to the patient perspective of this new
technique and provides us with ways on how to further
improve the operation itself and the post-operative period.
Both surgeons have broadened techniques for this category of
patients to rTAPP and eTEP in certain indications although

rTARUP is deemed the default operation, especially in the
beginning of learning curves.

Economical costs and benefits were outside the scope of
this study but are important to address. The robotic approach
could be more economically favourable when considering the
decreased length of hospital stay, the low complication and
recurrence rates, and that patients are generally able to return
to work sooner as compared to other, open techniques. More
research is needed to determine costs and benefits and to be able
to economically justify robotic surgery in abdominal wall repairs
and [22, 35].

CONCLUSION

This study about rTARUP/rTARM shows encouraging results
regarding safety and efficacy. With experience, rTARUP can be
carried out in a timely manner and performed in day care.
Because potential short hospital stay and operative times,
rTARUP could eventually be more cost-effective than open
approaches in the treatment of ventral hernia. The study also
demonstrates the safe and efficacious use of rTARUP in patients
with recurrent hernias. Although perioperative complications
occur more often in this group, recurrence rates were low,
indicating that rTARUP might offer a solution for this
complex patient population. More research is warranted into
the development of long-term complications such as chronic
pain after minimally invasive ventral hernia repair and into
economical costs and benefits. Another opportunity for research
is to determine best treatment options for ventral hernia
patients with concomitant rectus diastasis and risk factors for
cosmetic dissatisfaction.
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