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Abstract
Purpose The aim of this study was to compare perioperative results of robotic IPOM (r-IPOM) and robotic TAPP (r-TAPP) 
in ventral hernia repair, and to identify risk factors associated with postoperative complications.
Methods After obtaining balanced groups with propensity score matching, the comparative analysis was performed in terms 
of perioperative and early outcomes. All variables were also examined in a subset analysis in patients with and without 
complications. Multivariable regression analysis was used to identify independent risk factors associated with the develop-
ment of complications.
Results Of 305 r-IPOM and r-TAPP procedures, 104 patients were assigned to each group after propensity score matching. 
There was no difference in operative times between two groups. Although postoperative complications were largely minor 
(Clavien–Dindo grade-I and II), the rate of complications was higher in the r-IPOM group within the first 3-weeks (33.3% 
in r-IPOM vs. 20% in r-TAPP, p = 0.039). At the 3-month visit, outcomes between groups were not different (p = 0.413). 
Emergency department re-visits within 30-days and surgical site events were also higher in the IPOM group (p = 0.028, 
p = 0.042, respectively). In regression analysis, the development of complications was associated with incisional hernias 
(p = 0.040), intraperitoneal mesh position (p = 0.046) and longer procedure duration (p = 0.049).
Conclusion Our data suggest r-IPOM may be associated with increased complication rates in the immediate postoperative 
period when compared to r-TAPP. However, at 3 months, outcomes are comparable. More investigation is needed in this 
area, specifically with regards to long-term follow-up and multicenter data, to determine the true value of extra-peritoneal 
mesh placement.

Keywords Robotic ventral hernia repair · Incisional hernia · Intraperitoneal onlay mesh · IPOM · Transabdominal 
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Introduction

Ventral hernias are one of the most common surgical pro-
cedures performed worldwide. It is estimated that the num-
ber of ventral and incisional hernias is about 300,000/year 
in Europe and 400,000/year in the US [1]. Despite several 
recent advances in the practice of hernia surgery, there 
remain topics of persistent debate among surgeons includ-
ing; precise operative technique, defect closure, as well as 
mesh selection and its position [2].

Over the last 2 decades, laparoscopic IPOM (L-IPOM) 
repairs have gained in popularity secondary to avoidance of 
the wide dissection required in open surgery, and its associ-
ated wound complications [3]. The International Endohernia 
Society (IEHS) guidelines [4], describe both laparoscopic 
transperitoneal and total extra-peritoneal repairs as effective 
options for the treatment of small- and medium-sized ven-
tral and incisional hernias (EHS classification [5] W1 and 
W2). An unanswered question, however, remains: “Can pre-
peritoneal repairs be achieved with fewer complications and 
better long-term results?” [4]. The technical requirements 
in the execution of laparoscopic ventral hernia through a 
TAPP approach (L-TAPP) have made this method less 
popular. However, advantages of the robotic platform have 
renewed interest in extra-peritoneal mesh placement [6]. 
Our early experience with TAPP suggests that the robotic 
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platform might enhance the feasibility of preperitoneal mesh 
placement (r-TAPP) [7]. A current review of the literature 
revealed that available data are extremely limited compar-
ing the outcomes of L-IPOM and L-TAPP techniques [8] or 
r-IPOM and r-TAPP [9]. In this study, we aimed to compare 
r-IPOM and r-TAPP hernia repairs in terms of periopera-
tive outcomes. We hypothesize that there is value in extra-
peritoneal mesh placement, which may be observed by a 
difference between outcomes.

Methods

Study population and design

The data from this study were obtained from a prospectively 
maintained database of patients who underwent robotic pro-
cedures between February 2013 and August 2018. These 
data included information about demographics (age, sex), 
the presence of comorbidities, body mass index (BMI), and 
the American Society Anesthesiologists (ASA) score. Due 
to limited observations, clinically relevant comorbidities 
were grouped; such as cardiovascular or peripheral vascular 
disease (hypertension, hyperlipidemia, myocardial infarc-
tion, heart failure, prior heart surgery, and peripheral vascu-
lar disease), pulmonary (chronic obstructive pulmonary 
disease, asthma, dyspnea, pneumonia, and smoking), endo-
crine (diabetes or thyroid function), and neuropsychiatric 
(stroke, transient ischemic attack, and psychiatric disorders). 
For intraoperative variables, categorical data were as fol-
lows: hernia etiology (primary ventral/incisional), location 
of the hernia (midline/off-midline), the ability of the surgeon 
to close the fascial hernia defect (yes/no), type of mesh, and 
type of the mesh fixation (suture/tacker/both). Continuous 
intraoperative variables included the dimensions of the her-
nia defect and of the mesh itself, the operative time in min-
utes (console and skin-to-skin), and the estimated blood loss 
(EBL). The size of the hernia defect was measured according 
to principles outlined by the European Hernia Society [5]. 
Accordingly, the width of the hernia defect was defined as 
the greatest transverse distance in cm between the lateral 
margins of the hernia defect on both sides. The length of the 
hernia defect was defined as the greatest vertical distance in 
cm between the most cranial and the most caudal margin of 
the defect. In the case of multiple hernia defects, the width 
was measured between the most laterally located margins of 
the most lateral defect on that side. The length was between 
the cranial margin of the most cranial defect and the caudal 
margin of the most caudal defect. Mesh overlap was defined 
by the smallest radial distance between the edge of the defect 
and the edge of the mesh. Using the database, mesh overlap 
was calculated separately as transverse and cranio-caudal by 
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to defect size (M/D ratio) was also calculated.
The variables collected for perioperative data were; 

whether or not a procedure had to be converted to open or 
to a conventional laparoscopic approach, whether extensive 
adhesiolysis was required (> 30 min), the occurrence and 
type of intraoperative and postoperative complications, and 
the length of hospital stay in days. Postoperative pain scores 
were documented by the anesthesiologist using a 0–10 scor-
ing system (0: no pain, 10: the worst pain). The last pain 
score was determined at the time point just prior to discharge 
from the postoperative care unit. Any emergency depart-
ment (ED) visit within 30 days postoperatively was classified 
as a revisit. Data regarding complications were collected 
at the time of clinical visits at 3 weeks and at 3 months 
after the operation. All complications which occurred during 
the 3-month follow-up period were categorized with Cla-
vien–Dindo classification system [10].

Of this cohort of robotic ventral hernia repairs, only 
patients who had undergone r-IPOM or r-TAPP repair were 
included in the study. Exclusion criteria included: patients 
who underwent a robotically assisted hernia repair by pri-
mary closure, extra-peritoneal onlay mesh hernia repair, 
hernia repair with a hybrid technique, and retrorectus/retro-
muscular mesh repair, or patients who underwent r-IPOM 
or r-TAPP concomitantly with other surgical procedures. By 
matching these two groups, final samples were obtained. The 
flowchart of patient selection is shown in Fig. 1.

Surgical technique

All operations were performed under general anesthesia 
with patients in the supine position. Pneumoperitoneum was 
set to an insufflation pressure of 15 mmHg, and this was 
established using a Veress needle, placed two fingerbreadths 
below the costal margin in the left upper quadrant. A total 
of three trocars were used (two working ports and a single 
camera port) (Fig. 2).

r‑IPOM procedure

All abdominal wall adhesions were divided, when present. 
The hernia contents were reduced into the abdominal cav-
ity. The peritoneum surrounding the defect was dissected. 
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Umbilical and falciform ligaments, when in the field of 
mesh placement, were also dissected (Fig. 3a). The fascial 
defect was measured, and the transverse and cranio-caudal 

dimensions were recorded (Fig. 3b). Primary closure of the 
hernia defect was accomplished by running a long-lasting 
absorbable barbed suture (Stratafix 0™ on CT-1 needle, 
Ethicon, Somerville, NJ, USA) in reduced intraabdominal 
pressure (6–8 mmHg) (Fig. 3c). The same guidelines were 
used for laparotomy closure, which consisted of the small 
bite technique, taking bites of fascia of 5–8 mm and placing 
stitches every 5 mm in a shoelace fashion [11]. The mesh 
is then deployed and secured to the posterior fascia using 
barbed absorbable sutures (2–0 V-Loc™; Medtronic, Minne-
apolis, MN, USA) in running fashion or with use of absorb-
able tackers (AbsorbaTack™; Medtronic, New Haven, CT, 
USA) (Fig. 3d).

r‑TAPP procedure

Using monopolar scissors and a bipolar grasper, the peri-
toneum was grasped and cut at least 5 cm from the defect 
on the side ipsilateral to the trocars to enter the preperito-
neal space. Preperitoneal dissection was extended at least 
5 cm in all directions around the defect to provide ade-
quate mesh deployment (Fig. 4a). In reduced intraabdomi-
nal pressure, the hernia defect was closed with a barbed 

Fig. 1  Flow chart for patients selection in this study

Fig. 2  Port positioning for centrally located ventral hernia
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suture as described in the IPOM procedure (Fig. 4b). The 
mesh was secured to the posterior fascia with an absorb-
able suture (Fig. 4c). In cases where the integrity of the 
peritoneum was disrupted during development of the peri-
toneal pocket, tears were repaired by absorbable sutures. 
After adequate mesh fixation, the peritoneal flap was 
closed with a barbed absorbable suture (2–0 V-Loc™; 

Medtronic, Minneapolis, MN, USA) (Fig. 4d). Following 
closure of the peritoneal flap, intraabdominal pressure was 
again increased to asses for dehiscence of the suture-line.

After the procedures were completed, the patient-side 
cart was undocked. The trocars were removed and the 
pneumoperitoneum was released. The fascia for trocar 
sites 10 mm or larger was sutured to decrease the risk of 

Fig. 3  Steps of r-IPOM, a the 
dissection of the planned mesh 
placement field, b the measure-
ment of the defect size, c the 
closure of the defect and d the 
fixation of the mesh

Fig. 4  Steps of r-TAPP, a 
preperitoneal dissection and the 
development of the peritoneal 
pocket, b the closure of the 
defect, c the fixation of the 
mesh and d the closure of the 
peritoneal pocket
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future incisional hernias. Long-acting local anesthetic was 
injected to the trocar sites for the management of postop-
erative pain.

Statistical analysis

Descriptive statistics were used to summarize patient demo-
graphics, hernia features, operative characteristics, and post-
operative outcomes. Categorical variables (qualitative; such 
as sex or hernia etiology) were presented as frequency with 
percentage [n (%)] and continuous variables (numerical; 
such as age or BMI) as mean ± SD or median (interquartile 
range, IQR), as appropriate. Categorical variables were ana-
lyzed using Pearson Chi-Square or Fisher’s Exact Test, and 
continuous variables using the Independent-Sample t test 
(for normal distributions) and Mann–Whitney U Test (for 
non-normal distributions).

Propensity score analysis

A propensity score-matched analysis was performed to 
obtain comparable groups (r-IPOM and r-TAPP) and elimi-
nate selection bias. Propensity scores were estimated for 
all patients; these scores represent the probability of group 
assignment, given observed baseline covariates. After esti-
mation of the propensity score, we matched participants 
using a simple 1:1 nearest neighbor matching, without 
replacement. We imposed a caliper of 0.20 of the standard 
deviation of the logit of the propensity score to obtain simi-
lar groups with respect to the set of covariates. Standard-
ized differences were examined to compare patient features 
before and after matching, with imbalance being defined as 
an absolute value greater than 0.20 (small effect size).

The two groups were compared in terms of perioperative 
variables and postoperative early outcomes. All variables 
were also compared in a subsequent analysis of patients who 
developed complications and in those without complications 
at follow-up visits. Multivariate regression analysis was per-
formed to determine the factors associated with the develop-
ment of complications at follow-up visits.

Statistical assessments were performed using SPSS soft-
ware pack (Statistical Package for Social Sciences for Win-
dows version 22 software) and R program (version 2.15.2 
for Windows). To incorporate these programs and perform 
propensity score matching analysis, a developer-based soft-
ware providing a custom dialog in SPSS menu was used 
[12]. A p value of less than 0.05 was considered statistically 
significant.

Results

From an initial cohort of 431 consecutive patients who 
underwent robotic ventral hernia repair, 126 patients were 
excluded. Our unmatched sample included 305 patients 
(mean age 52.3 ± 14.4, 50.2% male) who underwent ven-
tral hernia repair utilizing the da Vinci robotic platform. 
Of these, 57.7% (n = 176) underwent r-IPOM and 42.3% 
(n = 129) underwent r-TAPP. By matching the two tech-
niques for demographics, preoperative risk factors, as well 
as hernia characteristics, 208 procedures (104 in each group) 
were included in the final outcome assessment (Fig. 1). 
After matching, we examined the overall balance to test the 
adequacy of our matching. The overall balance test was not 
significant, confirming that our groups were appropriately 
distributed [χ2(18) = 7.9, p = 0.98]. A second indication that 
our matching achieved an improved balance between cohort 
groups, the relative multivariate imbalance L1 measure was 
appropriately larger in the unmatched sample (0.966) than 
in the matched sample (0.952). Table 1 presents the com-
parison of baseline characteristics of the r-IPOM and r-TAPP 
groups before and after matching, with respect to standard-
ized differences.

In terms of procedure setting, the rate of emergent repair 
was similar for matched groups. Although the difference in 
adhesiolysis that lasted more than 30 min did not reach sta-
tistical significance, it was numerically higher in r-IPOM 
group (7.7% in r-IPOM vs. 3.8% in r-TAPP). Primary defect 
closure was achieved more often in r-TAPP group as com-
pared to r-IPOM (94.2% vs. 87.5%, respectively, p = 0.092). 
Even though there were no significant differences in terms of 
mesh length and width between the groups after matching, 
the median mesh size (the area of mesh) in  cm2 was statisti-
cally larger in r-TAPP group (p = 0.128, p = 0.584, p = 0.022, 
respectively). This difference is likely secondary to calcula-
tion of the mesh areas. Rectangular shaped meshes were 
mostly used in the r-TAPP group rather than the r-IPOM 
group, where largely circular or oval-shaped meshes were 
employed (rectangular meshes; 44.2% in r-TAPP vs. 11.5% 
r-IPOM, p < 0.0001). All meshes (100%) in the r-TAPP 
group were secured with absorbable sutures, whereas 
absorbable tackers (with or without suture) were used in 
8.7% of r-IPOM procedures (p = 0.003). This difference 
stems from our practice of abandoning tack fixation after a 
small initial cohort of preliminary procedures. Table 2 rep-
resents the comparison of operative details between r-IPOM 
and r-TAPP groups.

In consideration of mesh selection; 92.3% of r-IPOM 
repairs were performed with Symbotex™ (Medtronic, Min-
neapolis, MN, USA), 3.8% with Synecor™ (W.L. Gore & 
Associates Inc., Newark, DE, USA), 1.9% with Proceed™ 
(Ethicon, Somerville, NJ, USA), and 1.9% with Parietex™ 
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Table 1  Demographics and hernia characteristics before and after propensity score matching

BMI body mass index, ASA American society of anesthesiologists, SD standard deviation, IQR interquartile range
a Standardized difference: difference in mean values or proportions divided by the standard error; imbalance between groups was defined as abso-
lute value greater than 0.20 (small effect size)

Unmatched comparisons Matched comparisons

r-IPOM 
(n = 176)

r-TAPP (n = 129) p Std  differencea r-IPOM 
(n = 104)

r-TAPP (n = 104) p Std  differencea

Age (years), 
mean ± SD

53.3 ± 14.6 51.0 ± 13.9 0.162 − 0.167 50.9 ± 14.5 51.2 ± 14.1 0.841 0.018

Sex, male [n 
(%)]

70 (39.8) 83 (64.3) < 0.0001 0.511 60 (57.7) 63 (60.6) 0.672 0.060

BMI (kg/m2), 
median (IQR)

32 (28.1–36.9) 31 (28.4–35) 0.162 − 0.176 31 (27.6–35.05) 31.05 (28.4–
35.35)

0.827 − 0.032

ASA Score
 ASA I [n (%)] 18 (10.2) 11 (8.5) 13 (12.5) 9 (8.7)
 ASA II [n (%)] 88 (50) 70 (54.3) 55 (52.9) 58 (55.8)
 ASA III [n (%)] 70 (39.8) 48 (37.2) 0.736 − 0.014 36 (34.6) 37 (35.6) 0.663 0.078

Any comorbidity 
[n (%)]

148 (84.1) 111 (86) 0.746 0.047 87 (83.7) 90 (86.5) 0.559 0.085

 Cardiovascular 
[n (%)]

99 (56.3) 71 (55) 0.907 − 0.047 54 (51.9) 61 (58.7) 0.329 0.135

 Pulmonary [n 
(%)]

79 (44.9) 59 (45.7) 0.908 − 0.028 52 (50) 44 (42.3) 0.266 − 0.154

 Endocrine [n 
(%)]

32 (18.2) 24 (18.6) 1.000 − 0.199 22 (21.2) 22 (21.2) 1.000 0

 Neuropsychiat-
ric [n (%)]

30 (17) 20 (15.5) 0.756 − 0.105 19 (18.3) 14 (13.5) 0.343 − 0.132

Hernia etiology
 Primary ventral 

[n (%)]
94 (53.4) 101 (78.3) 75 (72.1) 77 (74)

 Incisional [n 
(%)]

82 (46.6) 28 (21.7) < 0.0001 − 0.601 29 (27.9) 27 (26) 0.755 − 0.046

Diastasis recti [n 
(%)]

11 (6.3) 6 (4.7) 0.548 − 0.076 5 (4.8) 6 (5.8) 0.757 0.045

Recurrent hernia 
[n (%)]

39 (22.2) 11 (8.5) 0.001 − 0.486 11 (10.6) 11 (10.6) 1.000 0

Hernia localization
 Midline [n (%)] 171 (97.2) 121 (93.8) 99 (95.2) 99 (94.2)
 Off-midline [n 

(%)]
5 (2.8) 8 (6.2) 0.151 0.139 5 (4.8) 6 (5.8) 0.757 0.040

Incarcerated 
hernia [n (%)]

112 (63.6) 76 (58.9) 0.402 − 0.096 65 (62.5) 65 (62.5) 1.000 0

Multiple hernia 
defects [n (%)]

35 (19.9) 17 (13.2) 0.124 − 0.198 16 (15.4) 13 (12.5 0.548 − 0.085

Defect width 
(cm), median 
(IQR)

2.5 (2–4) 2 (2–3) 0.003 − 0.524 2 (2–3) 2 (2–3) 0.682 0.005

Defect length 
(cm), median 
(IQR)

3 (2–4) 2 (2–3) 0.015 − 0.646 2 (2–3) 2.5 (2–3) 0.463 − 0.043

Defect area 
 (cm2), median 
(IQR)

6.28 (3.1–12.5) 3.14 (3.14–7) 0.021 − 0.879 3.14 (3.14–7.06) 3.53 (3.14–7.06) 0.246 − 0.080
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(PCO) composite mesh (Medtronic, Minneapolis, MN, 
USA). In the r-TAPP group, ProGrip™ (Medtronic, Min-
neapolis, MN, USA) was used in 58.7%, Symbotex™ 
(Medtronic, Minneapolis, MN, USA) in 38.5%, and Phasix™ 
(Bard Davol Inc., Warwick, RI, USA) in 1%, Synecor™ 
(W.L. Gore & Associates Inc., Newark, DE, USA) in 1% 
and Synecor Pre™ (W.L. Gore & Associates Inc., Newark, 
DE, USA) in 1% of the procedures. Coated meshes were uti-
lized in 69.7% of all patients, and non-coated meshes were 
used in 30.3%. There was no association between the use of 
coated or uncoated mesh and the development of complica-
tions during the study period (90-day) (p = 0.151).

In terms of intraoperative complications, serosal injury 
occurred in two patients (1.9%) in the r-IPOM group, and 
these were repaired with absorbable suture. Across cohorts, 
none of the operations required conversion to open or con-
ventional laparoscopic surgery.

After the operation, there were no differences between 
groups in terms of analgesic medications used. The dos-
ages of fentanyl, hydromorphone hydrochloride, and 
ketorolac  tromethamine did not differ between groups 
(p = 0.150, p = 0.577, p = 0.333, respectively). The median 
final pain score before leaving the post-anesthesia care unit 
according to the 0–10 scoring system was 4 (IQR = 3–5) in 
the r-IPOM group and 3 (IQR = 3–4) in the r-TAPP group. 
There was no difference between r-IPOM and r-TAPP 
patients in terms of pain score at this time point (p = 0.294).

The median length of hospital stay was 0 days (IQR = 0–0) 
for both groups (range = 0–7 days in r-IPOM vs. 0–4 days in 
r-TAPP). This shows that a very large majority of patients 
are discharged on the same day of the procedure. The rate 

of patients who required overnight in-hospital admission 
was not different between groups (7.7% in r-IPOM vs 6.7% 
in r-TAPP, p = 0.789). Re-visits to the Emergency Depart-
ment (ED) for any reason within 30-days were higher in 
the r-IPOM group as compared to the r-TAPP group (19.2% 
in r-IPOM vs. 8.7% in r-TAPP, p = 0.028). There was no 
association between same-day surgical discharge and ED 
re-visits (p = 0.445).

The details of complications and comparison between 
r-IPOM and r-TAPP techniques are given in Table 3. Accord-
ingly, 90.4% of all patients were evaluated at a follow-up 
visit within 3-weeks of surgery, and the presence of any 
complication was higher in r-IPOM group when compared 
to r-TAPP group at this interval (p = 0.039). However, this 
difference did not persist at the 3-month follow-up visit 
(p = 0.413). The most frequently reported complication 
was pain or discomfort in any follow-up period. Of note, no 
patients reported pain lasting beyond their 3-month visit. 
Surgical site events (SSEs), including seromas, hematomas, 
and infections, when taken as a group, were significantly 
higher in the IPOM group at the initial 3-week follow-up. 
Taken individually, while the number of each is numerically 
higher in the IPOM group, secondary to the small number of 
occurrences, these were not individually significant.

Regarding SSEs, seromas were the most frequently 
observed surgical site occurrence, though none required 
procedural intervention. Of 3 r-IPOM patients who expe-
rienced a surgical site hematoma, one required drainage 
secondary to infection. The remaining two patients’ hema-
tomas reabsorbed spontaneously. In 1 r-TAPP patient, a 
spontaneous rectus sheath hematoma occurred secondary to 

Table 2  Intraoperative variable 
comparison

IQR interquartile range, EBL estimated blood loss

r-IPOM (n = 104) r-TAPP (n = 104) p

Procedure setting
 Elective [n (%)] 101 (97.1) 101 (97.1)
 Emergency [n (%)] 3 (2.9) 3 (2.9) 1.000

Adhesiolysis (> 30 min) [n (%)] 8 (7.7) 4 (3.8) 0.234
Primary defect closure [n (%)] 91 (87.5) 98 (94.2) 0.092
Mesh size  (cm2), median (IQR) 113.09 (63.61–113.09) 113.09 (63.61–180) 0.022
Cranio-caudal overlap (cm), median (IQR) 4.5 (3.5–5) 4.75 (3.5–6) 0.128
Transverse overlap (cm), median (IQR) 4 (3.5–5) 4.5 (3.5–5) 0.584
Mesh/defect ratio, median (IQR) 20.25 (14.98–36) 21.41 (14.49–36) 0.291
Mesh fixation
 Only tacker [n (%)] 2 (1.9) 0 (0)
 Only suture [n (%)] 95 (91.3) 104 (100)
 Suture and tacker [n (%)] 7 (6.7) 0 (0) 0.003

Console time (min), median (IQR) 38.5 (28–53.5) 43 (32–53) 0.141
Skin-to-skin time (min), median (IQR) 51 (39–71) 58 (42.5–69) 0.202
EBL, mL, median (IQR) 5 (5–5) 5 (5–5) 0.048
Intraoperative complication [n (%)] 2 (1.9) 0 (0) 0.498
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anticoagulant use. Another reported rectus sheath hematoma 
was observed in one patient treated with r-IPOM. As a com-
plication, significant bleeding occurred in two patients; one 
r-IPOM patient with intraabdominal bleeding that required 
transfusion. The other hemorrhage was secondary to a duo-
denal ulcer in a r-TAPP patient, which required endoscopic 
intervention.

According to Clavien–Dindo Classification, most of the 
observed complications were minor (grade I and II). The 

distribution of complication grades was as follows; 50% 
grade-I, 46.9% grade-II, and 3.1% grade-III in r-IPOM group 
vs. 76.2% grade-I, 19% grade-II, and 4.8% grade-III score 
in r-TAPP group. Finally, none of the patients experienced 
hernia recurrence during the follow-up period of this study.

The comparison of patients with and without complica-
tions is presented in Table 4. The development of compli-
cations was associated with incisional hernias [odds ratio 
(OR) = 2.428, p = 0.040, 95% confidence interval (CI) 

Table 3  Complication profiles within 3-months

N/A not available

Post-op visit (< 3-weeks) (n = 188) Follow-up visit (< 3-months) (n = 126)

r-IPOM (n = 93) r-TAPP (n = 95) p r-IPOM (n = 64) r-TAPP (n = 62) p

Overall complications [n (%)] 31 (33.3) 19 (20) 0.039 8 (12.5) 5 (8.1) 0.413
 Pain/discomfort [n (%)] 21 (22.6) 16 (16.8) 0.322 4 (6.3) 4 (6.4) 1.000
 Pulmonary complications [n (%)] 3 (3.2) 0 (0) 0.119 N/A N/A
 Small bowel obstruction [n (%)] 3 (3.2) 0 (0) 0.119 1 (1.6) 0 (0) 1.000
 Ileus [n (%)] 1 (1.1) 2 (2.1) 1.000 N/A N/A
 Urinary retention [n (%)] 3 (3.2) 0 (0) 0.119 N/A N/A
 Surgical site events, yes [n (%)] 13 (14) 5 (5.3) 0.042 3 (4.7) 1 (1.6) 0.619
 Seroma [n (%)] 6 (6.5) 5 (5.3) 0.728 1 (1.6) 1 (1.6) 1.000
 Hematoma [n (%)] 4 (4.3) 1 (1.1) 0.209 2 (3.1) 0 (0) 0.496
 Surgical site infection [n (%)] 4 (4.3) 1 (1.1) 0.209 N/A N/A
 Bleeding [n (%)] 1 (1.1) 1 (1.1) 1.000 N/A N/A

Table 4  Variables of patients 
with and without complications

BMI body mass index, ASA American society of anesthesiologists, SD standard deviation, IQR interquartile 
range

Complication (+) Complication (−) p

Age (years) mean ± SD 52.54 ± 14.39 50.65 ± 14.6 0.423
Sex, male (%) 27 (50.9) 82 (60.7) 0.221
BMI, median (IQR) 31.1 (29–35.9) 30.7 (27.6–34.15) 0.161
ASA, class-III [n (%)] 19 (35.8) 47 (34.8) 0.120
Any comorbidity [n (%)] 47 (88.7) 111 (82.2) 0.277
Cardiovascular comorbidities [n (%)] 33 (62.3) 69 (51.1) 0.167
Pulmonary comorbidities [n (%)] 29 (54.7) 57 (42.2) 0.122
Endocrine comorbidities [n (%)] 8 (15.1) 30 (22.2) 0.274
Neuropsychiatric 11 (20.8) 16 (11.9) 0.117
Hernia type, incisional [n (%)] 25 (47.2) 26 (19.3) < 0.0001
Multiple defects [n (%)] 12 (22.6) 11 (8.1) 0.006
Incarcerated hernia [n (%)] 33 (62.3) 84 (62.2) 0.996
Extensive adhesiolysis [n (%)] 8 (15.1) 4 (3.0) 0.005
Primary defect closure [n (%)] 46 (86.8) 126 (93.3) 0.156
Mesh position, intraperitoneal [n (%)] 32 (60.4) 61 (45.2) 0.061
Console time (min) median (IQR) 52 (35–69) 38 (29–50) 0.001
Skin-to-skin time (min) median (IQR) 64 (50–90) 51 (39–67) 0.001
Defect size  (cm2) median (IQR) 4.71 (3.14–11.78) 3.14 (3.14–7.06) 0.015
Mesh size(cm2) median (IQR) 113.09 (113.09–176.71) 113.09 (63.61–132) 0.008
Mesh/defect ratio, median (IQR) 22.91 (13.58–36) 20.25 (16–36) 0.768
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1.040–5.664], intraperitoneal mesh position (OR = 2.027, 
p = 0.046, 95% CI 1.013–4.059) and with longer procedure 
duration (console time) (OR = 1.014, p = 0.049, 95% CI 
1.000–1.028) in regression analysis corrected for age, sex, 
and defect area.

Discussion

Laparoscopic IPOM has been utilized for ventral hernia 
repair since 1993 [13]. Data behind this technique demon-
strate lower rates of surgical site infections and decreased 
hospital stay, as compared to the conventional open methods 
[1]. While some authors are able to achieve primary closure 
of the hernia defect during L-IPOM, either trans-cutaneously 
[14] or intra-corporeally [15], this can be a difficult task to 
accomplish using conventional laparoscopic instruments [9, 
16]. The relative ease of intracorporeal suturing afforded by 
robotic platforms has gained appeal in hernia repair. This 
benefit is further emphasized in early reports on the fea-
sibility of RVHR [17]. r-IPOM has evolved over the last 
few years as a reproducible and effective method of ventral 
hernia repair [18].

Preperitoneal repairs grew from the practice of IPOMs, 
based on the concept of utilizing the peritoneum as a barrier 
between the mesh and abdominal viscera, and in so doing, 
avoid the rare but perturbative complications of potential 
adhesive bowel obstructions, mesh erosion, and enterocuta-
neous fistula [19–21]. Chelala et al. [14] shared their find-
ings in a series of 1326 L-IPOM repairs, using coated mesh. 
In 126 patients who underwent a second-look operation for 
various reasons, they noted serosal adhesions in 12.69% of 
patients, minor adhesions in 42.08%, and no adhesions in 
45.23%. Mesh-related adhesive complications attributed to 
IPOM placement have caused surgeons to explore alternative 
methods of mesh positioning, such as TAPP or retromuscu-
lar mesh placement [8, 20–23].

In a study, Dietz et al. [24] found incisional type hernias 
to be associated with increased complication rates in multi-
variate analysis (OR 2.04; 95% CI 1.09–3.84; incisional vs. 
ventral hernia). In our multivariate analysis, similarly, inci-
sional type hernias were approximately 2.5-fold more likely 
to develop early postoperative complications than primary 
ventral hernias. This is likely secondary to the increased 
complexity and alteration of virgin tissue planes with inci-
sional hernias compared to primary hernias. Adhesiolysis 
is frequently required, thus contributing to longer operative 
times, which is also known to be an independent risk factor 
for complications [25].

In a study with a total of 279 patients, Prasad et al. [8] 
reported decreased complication rates, though longer operat-
ing times, in L-TAPP repair as compared to L-IPOM repair. 
Similarly, Kennedy et al. [9] reported no complications with 

r-TAPP as compared to r-IPOM in their initial experience in 
RVHR. While there was no difference in total operative time 
between the two methods in this study, console time was 
longer for r-TAPP. Both the above studies ascribed a differ-
ence in operative time to be on account of additional time 
required for preperitoneal dissection. The average operating 
duration of our groups was shorter than the above-mentioned 
studies, possibly due to the smaller hernia size of our final 
cohorts. Interestingly, there was no difference in terms of 
operative times in our cohorts (both console and skin-to-
skin) between r-IPOM and r-TAPP procedures. This likely 
stems from the distribution of patients who required exten-
sive adhesiolysis (more than 30 min.) (7.7% in r-IPOM vs 
3.8 in r-TAPP). Moreover, our years of experience in r-TAPP 
may have contributed to shorter operative times. Although in 
the regression analysis, the length of the procedure emerged 
an independent risk factor associated with the development 
of postoperative complications, the odds ratio and confi-
dence interval suggest that the magnitude of the effect could 
be virtually one-fold, which is clinically negligible. Larger 
studies may generate more precise effect estimates.

In terms of postoperative pain, we did not find a differ-
ence in early postoperative pain scores between the groups, 
similar to the findings of Prasad et al. [8]. Despite the lack 
of quantitative pain assessment in our follow-up, we encoun-
tered that complaints of postoperative pain or discomfort 
were more frequent in r-IPOM group, though this differ-
ence did not reach statistical significance. Additionally, 
pain or discomfort was the most frequent reason patients 
re-presented to the ED within 30-days of surgery, and this 
re-visit rate was also higher in the r-IPOM group as com-
pared to the r-TAPP group. Prasad et al. [8] suggested trans-
fascial sutures used in L-IPOM may contribute to increased 
postoperative pain. Although we did not utilize transfascial 
sutures in either procedure type, we did observe that r-IPOM 
patients were more likely to complain of pain or discomfort 
during their postoperative early course. This may be sec-
ondary to the need for more extensive fixation of the mesh 
in IPOM than TAPP irrespective to approach [6]. Limited 
mesh fixation is usually sufficient in TAPP repair; as the 
mesh is confined within a pocket created from the layers of 
the abdominal wall and intraabdominal forces act to hold the 
mesh in place [19]. Another possible contributing factor to a 
difference in the perception of pain or discomfort in IPOM 
patients relates to a potential inflammatory reaction caused 
by the placement of a foreign body within the peritoneal 
cavity. This aspect could be better investigated in the future, 
through the use of specific quality of life assessments, before 
and after surgery.

In our study, the rate of SSEs, such as seromas, hemato-
mas, and infections, was significantly higher in the r-IPOM 
group, though when taken individually, these did not reach 
significance. The most frequently reported SSE following 
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hernia repair is seroma formation, and this occurs in about 
30% of cases [19]. Although seroma formation peaks at 
about postoperative day-7, its resolution is almost com-
plete at 90-day [26]. Furthermore, seroma may be more 
common with L-IPOM than with L-TAPP [26]. In Prasad 
et al.’s series [8], authors similarly found the number of 
seromas were higher in the L-IPOM group, compared to 
L-TAPP group (8.5% vs. 5.8%), these uniformly resolved 
without intervention by 12 weeks. Similarly, in our study, 
seroma was the most frequent SSEs, and occurred more 
often in r-IPOM group. Hematomas were more frequent 
in our r-IPOM group as well. One possible explanation for 
this may be related to the more extensive mesh fixation in 
r-IPOM repairs, increasing the likelihood of inadvertently 
disrupting perforating vessels.

Mesh selection in TAPP repair can be affected by 
the integrity and quality of the peritoneum [22, 23]. In 
our r-TAPP group, a coated mesh was used in 39.4% of 
patients, because of a very thin peritoneum or the pres-
ence of peritoneal tears. However, this specific feature of 
mesh selection (coated/non-coated) was not associated 
with postoperative complications.

In TAPP repair, the risk of bowel obstruction has been 
suggested to increase with incomplete peritoneal flap clo-
sure or its breakdown in preperitoneal hernia repair [27]. 
None of our patients who underwent r-TAPP repair had a 
small bowel obstruction during the time of our follow-up. 
Meticulous flap closure and reevaluation of the peritoneal 
flap after this is completed are crucial points to prevent 
suture dehiscence and subsequent bowel entrapment.

This study’s main limitations relate to its study design, 
in that it is retrospective in nature, and represents only a 
single center’s experience. Authors attempt to minimize 
selection biases which arise from this design with pro-
pensity score matching; however, criticism could still be 
leveled at a concern for generalizability. In the future, 
we hope to collaborate with other institutions with the 
aim of representing a multicenter experience reflective of 
greater diversity. The lack of long-term outcomes, pain, 
and quality of life assessment, as well as the absence of 
cost analysis data are other study limitations. Preperitoneal 
mesh placement allows the use of less costly uncoated 
meshes [8], which is not examined here, and may provide 
additional incentive for the adoption of extra-peritoneal 
placement techniques. Ongoing research is needed in this 
cohort to provide a comparison of long-term recurrence 
rates in r-IPOM and r-TAPP procedures.

In conclusion, r-IPOM may be associated with increased 
complication rates in the early postoperative period when 
compared to r-TAPP in this matched analysis. Outcomes 
reported at the 3-month visit, however, are comparable. 
ED re-visits and surgical-site occurrences were also higher 
in IPOM patients over this time period. More investigation 

is needed in this area, specifically with regards to long-
term follow-up and multicenter data, to determine the true 
value of extra-peritoneal mesh placement.
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