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Abstract

Background Minimally invasive inguinal hernia repair

(IHR) in general and particularly in obese patients has not

been widely adopted, potentially due to the perceived

technical challenges and the well-documented learning

curve associated with laparoscopic repair. Outcomes in

robotic-assisted IHR in obese (BMI C 30 kg/m2) patients

have not been described and warrant study.

Methods Seven surgeons conducted a multicenter retro-

spective chart review of their early robotic-assisted IHR

(RHR) cases and compared them with their open IHR

(OHR) cases. Demographics, operative characteristics, and

perioperative morbidity were compared for unadjusted and

propensity-matched populations.

Results 651 robotic-assisted cases and 593 open cases

were collected. The outcomes of 148 RHRs to 113 OHRs

in obese patients were compared. For obese populations—

whether unadjusted (robotic-assisted, n = 148; open,

n = 113) or matched (1:1) (robotic-assisted, n = 95; open,

n = 93)—the robotic-assisted and open cohorts were

comparable in terms of demographics and baseline char-

acteristics. Significantly higher percentages of OHR

patients experienced postoperative complications post-dis-

charge (unadjusted: 11.5% vs. 2.7%, p = 0.005; and mat-

ched: 10.8% vs. 3.2%, p = 0.047). More concomitant

procedures and bilateral repairs were conducted in obese

RHR patients than in obese OHR patients (unadjusted

29.7% vs. 16.8%, p = 0.019; and unadjusted 35.1% vs.

11.5%, p\ 0.0001—respectively). Prior laparoscopic IHR

experience did not affect 30-day outcomes.

Conclusions Obese patients who undergo RHR have a

lower rate of postoperative complications compared to

obese patients who undergo OHR. Previous laparoscopic

IHR experience, more bilateral repairs, and more con-

comitant procedures were not associated with increased

complications in RHR patients. These outcomes may

facilitate increased adoption of minimally invasive IHR

approaches in the obese population.

Keywords Inguinal hernia repair � Robotic-assisted � Da

Vinci � Laparoscopic � Minimally invasive surgery �
Obesity

Approximately 750,000 inguinal hernia repairs (IHRs) are

performed annually in the United States, with most sur-

geons preferring the open approach [1]. Preference for the

open approach over a laparoscopic approach may be

especially true for IHR in obese patients as these patients

pose technical challenges for the surgeon [2]. The effect of

obesity on early postoperative inguinal hernia repair has

been the subject of recent National Surgical Quality
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Improvement Program (NSQIP) database studies [2, 3].

Although the study indicated trending higher 30-day

complications in obese patients having open inguinal her-

nia repair (OHR) compared with obese patients having

laparoscopic inguinal hernia repair (LHR)—especially in

unadjusted patient populations—the authors concluded that

both open and laparoscopic approaches are associated with

similar early postoperative outcomes. With adjustment for

age and for bilateral and recurrent inguinal hernia, obese

patients who underwent laparoscopic repair were signifi-

cantly less likely to return to the operating room [3].

However, laparoscopy as a minimally invasive approach to

IHR in general, and in the obese population in particular,

has not yet been widely adopted. Although the potential

advantages of less pain and earlier recovery with lower

rates of postoperative complications of chronic pain and

numbness have been associated with a minimally invasive

approach, perceived technical challenges and a steep

learning curve associated with a laparoscopic repair are

among the reasons often cited for the lack of adoption of

this approach [1, 4]. Consequently, OHR remains by far the

most commonly performed procedure across all groups of

patients [1, 4]. Furthermore, obesity and body habitus may

further increase the technical difficulty of LHR, leading to

a patient selection process of LHR vs OHR that is hard to

define or quantify in the hands of many surgeons. This

selection process of LHR is not often addressed.

The robotic-assisted minimally invasive approach to

IHR in obese (BMI C 30 kg/m2) patients has not yet been

described in the literature and warrants study. The aim of

this multicenter, retrospective study is to describe the

clinical characteristics and early outcomes of robotic-as-

sisted transabdominal preperitoneal repair (RHR) in obese

patients. The general surgeons in the study have experience

with the open approach, but only variable experience with

the laparoscopic approach prior to starting RHR. Patient

characteristics and outcomes in obese patients undergoing

RHR was compared with obese patients undergoing OHR

repair. The associated hypothesis was that the technology

of robotic-assisted surgery—with its magnified three-di-

mensional imaging and wrist-like instrumentation—may

improve 30-day postoperative outcomes. Whether these

outcomes and technical advantages translate to increased

acceptance of minimally invasive inguinal hernia repair

remains to be seen.

Materials and methods

The institutional review board (IRB) at each participating

site approved and provided a study-specific informed

consent waiver for retrospective data collection from

existing medical records of patients who underwent either

robotic-assisted or open IHR from May 2006 to March

2016. The study period began with approximately each

surgeon’s first robotic-assisted surgery patient to 30 days

prior to the later date of the institution’s IRB approval and

fully executed data collection agreement. The consecutive

robotic-assisted IHR cases were then compared with the

same surgeons’ open IHR cases that were performed for up

to 5 years prior to their initiation of robotic-assisted sur-

gery. Eligible patients were at least 18 years of age with

documented or calculable baseline BMI who underwent

IHR by either an open or robotic-assisted procedure. Other

than BMI and age, there were no patient-related inclusion

or exclusion criteria; furthermore, any potential variability

in perioperative characteristics was mitigated by matching

covariates as part of the data analysis.

All patient information remained confidential and was

managed according to the requirements of the Health

Insurance Portability and Accountability Act of 1996. Each

principal investigator or designee gathered data uniformly

from hospital and/or office charts. Parameters of interest,

which were in study-specific data collection forms, inclu-

ded age, gender, BMI, comorbidities, surgical times,

inpatient and outpatient length of stay (LOS), intraopera-

tive and postoperative complications, and reoperations

through 30 days post procedure.

Surgical approaches

All patients who underwent robotic-assisted IHR had the

standard transabdominal preperitoneal procedure under

general anesthesia [5]. Patient position was either supine or

lithotomy with slight Trendelenburg. A camera port was

placed superior to the umbilicus with either the 0� or 30�
camera and two additional ports (5-mm or 8-mm) placed

bilaterally in the midclavicular line at just above or at the

umbilical level. A fourth assist port was used at the dis-

cretion of the surgeon as necessary. All robotic-assisted

procedures were carried out with the da Vinci� Surgical

System (Intuitive Surgical, Inc., Sunnyvale, CA) with

either parallel side docking, hip docking, or pelvic docking.

Patients were asked to void preoperatively and Foley

catheters were not routinely placed. Prophylactic first-

generation cephalosporins were administered.

The peritoneum was incised at the level of the arcuate

line from the medial umbilical ligament transversely to the

level of the anterior superior iliac spine. The preperitoneal,

avascular space was then developed, medially to the

symphysis pubis, laterally to the level of the anterior

superior iliac spine, inferior to below the Cooper’s liga-

ment, and retroperitoneally for 4 cm exposing the iliopsoas

muscle. The hernia sac was reduced in most patients. In a

patient with a very large indirect sac, the sac was transected

with the distal portion left in situ at the discretion of the
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surgeon. The proximal peritoneal defect was closed with a

purse-string absorbable suture at the final phase of the

peritoneal flap re-approximation. Subjects had mesh repairs

with fixation using suture or tacks at Cooper’s ligament or

repairs with self-fixating polyester mesh with micro-grips

without fixation.

Open repairs were by one of three tension-free approa-

ches: plug-and-patch, Lichtenstein, or the Prolene hernia

system [6–8]. Each surgeon used their preferred approach;

the most common was plug-and-patch.

Statistical methods

Univariate methods were applied to the data analysis in

each group. Outcomes were summarized in terms of fre-

quencies, percentages, means, and standard deviations.

Analyses were based on available data only, i.e., missing

data were excluded from calculations. Propensity score

matching (1:1) of the populations with BMI C 30 kg/m2

was performed based on the covariates age, BMI, gender,

presence of concomitant procedure, primary versus recur-

rent hernia, presence of comorbidities, American Society

of Anesthesiologists (ASA) classification, previous

abdominal surgery, and unilateral/bilateral repair. Cate-

gorical variables were compared using Chi-square test or,

when sample sizes were small, Fisher’s exact test. Con-

tinuous variables were compared using Student’s t test. In

all cases, p\ 0.05 indicated statistical significance. Data

were analyzed with SAS version 9.4 (SAS, Inc., Cary, NC).

Results

Seven general surgeons at six medical centers within the

United States provided a total of 1244 IHR patients with

calculable or reported BMI from May 2006 to March 2016.

Of these patients, 593 consecutive open repairs and 651

consecutive RHR patients were available for analysis.

Body Mass Index ‡ 30 kg/m2: robotic-assisted

and open—unadjusted and matched populations

No differences were observed between the robotic-assisted

and open cohorts in terms of age, BMI, gender distribution,

presence of comorbidities, or ASA score (Table 1),

regardless of whether the compared populations were

unadjusted (RHR, n = 148; OHR, n = 113) or matched

(RHR, n = 95; OHR, n = 93).

In the unadjusted analysis, a higher percentage of RHR

patients than OHR patients underwent bilateral repair

(35.1% vs. 11.5%; p\ 0.0001). In the matched analysis,

the distribution of unilateral/bilateral repair for each cohort

was comparable, as this parameter was one of the

covariates used for matching. Additionally, a significantly

higher number of patients in the RHR group had at least 1

concomitant procedure performed (29.7% vs. 16.8%;

p = 0.019) in the unmatched group, but the matched group

had comparable rates of concomitant procedures as the

presence of at least 1 concomitant procedure was a

matching covariate. The most common concomitant pro-

cedure in both groups was separate hernia repair (un-

matched and matched populations); in the matched

population, 14 patients in the RHR group and 8 patients in

the OHR group had a concomitant hernia repair (i.e.,

umbilical hernia repair). Regardless of the applied analyt-

ical method, surgical times for the robotic-assisted group

were significantly longer than for the open group. Patients

in the two cohorts—whether unadjusted or matched—were

treated primarily as outpatients and had comparable LOS.

The difference in inpatient LOS between that for the RHR

patients was lower than that for the open patients in the

unadjusted comparison: (1.8 ± 0.8 days vs. 3.7 ± 3.1 days

[p = 0.041]) and was comparable in the matched com-

parison (1.9 ± 0.9 days vs. 4.4 ± 3.6 days [p = 0.095]).

However, the inpatient sample sizes were small in both

cohorts.

Morbidity generally was comparable between the two

cohorts, whether the analysis was unadjusted or matched.

Conversion (n = 3) rates observed in the RHR were 2.0%

in unmatched group and 3.2% in the matched group; new

conversions were not identified, but the rates differed due

to the reduced denominator in the matched cohort. Reasons

for these conversions were the following: two patients had

anatomies not amenable to a minimally invasive approach,

and in the third patient, a conversion was necessitated by

the need to remove mesh from a previous surgery.

However, there were parameters of significant differ-

ence between the cohorts. In both the unadjusted and

matched analyses, significantly higher percentages of

patients in the OHR group experienced postoperative

complications from the time of their discharge to 30 days

follow-up (unadjusted: 11.5% vs. 2.7%, p = 0.005; and

matched: 10.8% vs. 3.2%, p = 0.047). In the matched

analysis, the RHR group experienced the following com-

plications post-discharge to 30 days: urinary retention

(n = 2) and a seroma that did not require treatment

(n = 1). Patients in the open group in the matched analysis

experienced the following complications in the same per-

iod: unexpected testicular swelling (n = 3), urinary reten-

tion (n = 1), deep vein thrombosis (n = 1), seroma not

requiring intervention (n = 1), hematoma requiring reop-

eration (n = 1), wound dehiscence requiring closure

(n = 1), surgical site infection (n = 1), and skin necrosis

(n = 1). In the unadjusted comparison, 4 OHR patients (vs.

0 RHR patients) underwent reoperations after discharge

and the difference was significant [p = 0.034], However,
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Table 1 Comparative patient demographics, operative characteristics, and perioperative morbidities for both unadjusted and matched robotic-

assisted (RHR) and open cohorts with BMI C 30 kg/m2

Parameter Unadjusted Matcheda

RHR

n = 148

Open

n = 113

p value RHR

n = 95

Open

n = 93

p value

Demographics

Mean age, years (±SD) 54.6 (12.4) 54.5 (15.3) 0.955 53.5 (11.9) 54.0 (14.5) 0.794

Mean BMI, kg/m2 (±SD) 34.2 (4.9) 34.2 (5.0) 0.968 33.6 (3.8) 34.2 (5.2) 0.412

Gender, n (%) 0.68 0.477

Female 13 (8.8) 12 (10.6) 8 (8.4) 11 (11.8)

Male 135 (91.2) 101 (89.4) 87 (91.6) 82 (88.2)

Prior abdominal surgery, n (%) 65 (43.9) 51 (45.1) 0.900 42 (44.2) 41 (44.1) 1.00

C1 Comorbidity, n (%) 110 (74.3) 78 (69.0) 0.404 65 (68.4) 67 (72.0) 0.6341

ASA score, n (%) 0.152 0.251

1 (mild) 6 (4.1) 14 (12.6) 5 (5.3) 12 (12.9)

2 (moderate) 86 (58.1) 58 (51.3) 56 (58.9) 50 (53.8)

3 (moderate-to-severe) 53 (35.8) 37 (32.7) 31 (32.6) 29 (31.2)

4 (severe) 3 (2.0) 2 (1.8) 3 (3.2) 2 (2.1)

Missing 0 (0) 2 (1.8) 0 (0) 0 (0)

Operative characteristics

Repair, n (%) \0.0001 0.832

Unilateral 96 (64.9) 100 (88.5) 83 (87.4) 80 (86.0)

Bilateral 52 (35.1) 13 (11.5) 12 (12.6) 13 (14.0)

Mean skin-to-skin time, min (±SD) 87.9 (35.6) 50.2 (21.9) \0.0001 82.9 (35.7) 51.5 (20.9) \0.001

Setting of care, n (%) 0.836 0.794

Outpatient 134 (90.5) 101 (89.4) 88 (92.6) 85 (91.4)

Inpatient 14 (9.5) 12 (10.6) 7 (7.4) 8 (8.6)

Mean length of stay (±SD)

Outpatient, h 7.6 (3.6) 7.4 (2.8) 0.717 7.6 (3.9) 7.4 (2.8) 0.695

Inpatient, days 1.8 (0.8) 3.7 (3.1) 0.041 1.9 (0.9) 4.4 (3.6) 0.095

Blood transfusion, n (%)

Intraoperative 0 (0) 0 (0) – 0 (0) 0 (0) –

Postoperative 0 (0) 1 (0.88%) 0.433 0 (0) 0 (0) –

C1 Concomitant procedures, n (%) 44 (29.7) 19 (16.8) 0.019 17 (17.9) 18 (19.4) 0.853

Conversions, n (%) 3 (2.0) n/a – 3 (3.2) n/a _

Perioperative morbidities

Complications, n (%)

Intraoperative 1 (0.7) 0 (0) 1.00 1 (1.1) 0 (0) 1.00

Postoperative (prior to discharge) 1 (0.7) 2 (1.8) 0.580 1 (1.1) 1 (1.1) 1.00

Postoperative (discharge—30 days) 4 (2.7) 13 (11.5) 0.005 3 (3.2) 10 (10.8) 0.047

Readmissions related to index IHRb, n (%) 2 (1.4) 4 (3.5) 0.408 1 (1.0) 2 (2.2) 0.619

Reoperations, related to index IHR, n (%)

Postoperative (prior to discharge) 0 (0) 0 (0) – 0 (0) 0 (0) –

Postoperative (discharge—30 days) 0 (0) 4 (3.5) 0.034 0 (0) 2 (2.2) 0.243

BMI body mass index, SD standard deviation of the mean, ASA American Society of Anesthesiologists, IHR inguinal hernia repair, RHR robotic-

assisted inguinal hernia repair
a Covariates used for matching include: age, BMI, gender, presence of concomitant procedure, primary versus recurrent hernia, presence of

comorbidities, ASA classification, previous abdominal surgery, and unilateral/bilateral repair
b Discharge through 30 days
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in the matched analysis, 2 patients in the OHR group

experienced reoperation (hematoma evacuation and reclo-

sure of the inguinal incision in the operating room, and this

difference was not significant [p = 0.243].

Impact of surgeon experience

Of the 7 surgeons in the study, 3 described their laparo-

scopic experience (prior to their adoption of the robotic-

assisted approach) as none to low with 0–9% of their

previous IHRs having been conducted laparoscopically;

these 3 surgeons provided in the aggregate the most

patients characterized by obesity (BMI C 30 kg/m2)

(n = 81). The four additional surgeons, who provided 67

patients (BMI C 30 kg/m2), had moderate-to-advanced (10

to[50%) laparoscopic experience prior to their adoption of

RHR. The patients were comparable demographically and

clinically at baseline to the obese patients of the moderate-

to-advanced laparoscopic surgeons (Table 2). In terms of

perioperative morbidities, all measured parameters were

comparable between the surgeons with low or no previous

laparoscopic IHR experience and those with moderate-to-

advanced experience. Of note, the 1 intraoperative com-

plication and all 3 conversions observed in the obese

population were observed in the none-to-low experience

group. The only exception was skin-to-skin time, which

was significantly shorter for the early experience surgeons:

81.0 ± 34.8 min versus 96.3 ± 34.9 min; however, the

experienced group had a slightly higher rate of concomitant

procedures and bilateral repairs.

Discussion

The goals of minimally invasive surgery are to minimize

patient discomfort while maximizing clinical out-

comes. However, the popularity of laparoscopic hernia

repair has not increased at the same rate as other laparo-

scopic operations. Surprisingly, contrary to other laparo-

scopic procedures that evidence increased adoption during

the same timeframe, LHR has not experienced the same

growth [9]. The ideal minimally invasive operation in

obese patients should provide similar rates of short-term

and long-term complications that are achieved using min-

imally invasive approaches in non-obese patients. These

outcomes should be similar or better than those achieved

with OHR. Although the degree of technical difficulty with

different body habitus and high BMI is hard to measure,

ideally a minimally invasive approach should be no more

difficult in obese patients.

Despite the advantages of reduced pain with earlier

recovery and fewer late complications of chronic pain and

numbness associated with the laparoscopic approach, OHR

remains the most common approach to hernia repair in both

non-obese and obese patients [1, 4, 5]. The steep learning

curve of laparoscopic IHR is often cited as one of the

reasons for its lack of adoption by most surgeons

[10]. Obesity further increases the technical difficulty of

the laparoscopic approach and leads to a patient selection

process that is hard to define or quantify in the hands of

many surgeons.

In this study for obese patients requiring IHR, the

robotic-assisted approach provided comparable and in

some cases improved outcomes to those achieved with the

open approach. The unadjusted comparison of RHR in

patients with BMI C 30 kg/m2 indicated that more bilat-

eral repairs and concomitant procedures occurred within

the robotic-assisted group. In addition, a trend toward

fewer postoperative complications was observed with

RHR compared with OHR in patients with comparable

BMI.

In the propensity-matched analysis of populations with

BMI C 30 kg/m2 undergoing either RHR or OHR, shorter

hospital LOS—both inpatient and outpatient—was expe-

rienced by those patients undergoing the robotic-assisted

procedure. For those patients who were treated in an

inpatient setting, this difference trended toward statistical

significance. There was no difference in intraoperative or

postoperative complications prior to discharge. However, a

significantly higher rate of complications from discharge to

30 days occurred in the open group than in the robotic-

assisted group. Readmission and reoperation rates related

to the index surgery were statistically comparable between

both groups, although two patients in the open group

required subsequent operations. The only area of consistent

statistical difference for the open approach was the shorter

surgical time; however, the RHR cohort had a higher

proportion of patients undergoing bilateral and concomi-

tant procedures, which may have contributed to this

finding.

Published studies of IHR in non-obese to obese popu-

lations suggest that obesity confers a protective advantage

to patients; that is, inguinal hernias have a lower incidence

in obese populations [11–14]. However, the increased

surgical morbidity associated with this population warrants

investigation of minimally invasive surgical approaches

that might decrease complications among this group.

Minimally invasive surgery has been associated with

reduced rates of postoperative wound complications [2].

The perceived lower learning curve to proficiency with the

robotic-assisted system may allow surgeons to adopt a

minimally invasive approach with associated clinical

advantages for their patients—including patients with dif-

ferent body habitus. Additionally, outcomes of robotic-as-

sisted hernia surgery in obese patients in this study

appeared to be unrelated to the surgeons’ previous
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laparoscopic hernia repair experience, although the patient

sample sizes were small.

This study is not without limitations, including its ret-

rospective design and small patient samples. It should be

noted that postoperative hematoma rates contributed to the

outcomes; however, long-term anticoagulant use was not

collected in either the RHR or OHR cohorts, which can

impact postoperative hematoma rates. In addition, because

of the retrospective design of the study, pain, quality of life

and cost could not be quantified or described. However, use

Table 2 Comparative patient

demographics, operative

characteristics, and

perioperative morbidity for

RHR patients with

BMI C 30 kg/m2 according to

surgeon experience (none/low

and moderate/advanced)

Parameter BMI C 30 kg/m2

None/low

n = 81

Moderate/advanced

n = 67

p value

Demographics

Mean age, years (±SD) 53.4 (12.9) 56.1 (11.5) 0.190

Mean BMI, kg/m2 (±SD) 34.6 (5.2) 33.8 (4.6) 0.347

Gender, n (%) 0.773

Female 8 (9.9) 5 (7.4)

Male 73 (90.1) 62 (92.5)

Prior abdominal surgery, n (%) 38 (46.9) 27 (40.3) 0.522

C1 Comorbidity, n (%) 62 (76.5) 48 (71.6) 0.624

ASA score, n (%) 0.999

1 (mild) 5 (6.2) 1 (1.5)

2 (moderate) 45 (55.6) 41 (61.2)

3 (moderate-to-severe) 28 (34.6) 25 (37.3)

4 (severe) 3 (3.7) 0 (0)

Operative characteristics

Repair, n (%) 0.489

Unilateral 55 (67.9) 41 (61.2)

Bilateral 26 (32.1) 26 (38.2)

Mean skin-to-skin time, min (±SD) 81.0 (34.8) 96.3 (34.9) 0.009

Setting of care, n (%) 0.163

Outpatient 76 (93.8) 58 (86.6)

Inpatient 5 (6.2) 9 (13.4)

Mean length of stay (±SD)

Outpatient, h 6.5 (2.0) 9.0 (4.6) \0.0001

Inpatient, days 2 (1.0) 1.7 (0.7) 0.478

Blood transfusion, n (%)

Intraoperative 0 (0) 0 (0) –

Postoperative 0 (0) 0 (0) –

C1 Concomitant procedures, n (%) 20 (24.7) 24 (35.8) 0.196

Conversions, n (%) 3 (3.7) 0 (0) 0.252

Perioperative morbidities

Complications, n (%)

Intraoperative 1 (1.2) 0 (0) 1.00

Postoperative (prior to discharge) 0 (0) 1 (1.5) 0.453

Postoperative (discharge—30 days) 1 (1.2) 3 (4.5) 0.329

Readmissions related to index IHRa, n (%) 1 (1.2) 1 (1.5) 1.00

Reoperations related to index IHR, n (%)

Postoperative (prior to discharge) 0 (0) 0 (0) –

Postoperative (discharge—30 days) 0 (0) 0 (0) –

BMI body mass index, SD standard deviation of the mean, ASA American Society of Anesthesiologists, IHR

inguinal hernia repair, RHR robotic-assisted inguinal hernia repair
a Discharge through 30 days
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of propensity-matched analysis and the heterogeneous

surgeon experience with previous laparoscopic hernia

repair provide perspective regarding outcomes that are

possible with the robotic-assisted approach. All data were

consistently and uniformly collected directly from existing

medical records by the surgeons or their appointees using

the same data collection forms; however, as commonly

observed in retrospective studies, data for some variables

may have been missing for some patients. The authors had

full control over the interpretation of data and the devel-

opment of the manuscript.

Patients with and without obesity have similar short-

term outcomes after RHR. Obese patients who undergo

RHR have a lower rate of post-discharge to 30-day com-

plications compared to obese patients who undergo OHR.

In addition, robotic-assisted inguinal hernia repair could

lead to increased acceptance of minimally invasive hernia

repair with the associated clinical benefits to patients,

including those who are obese with higher comorbidities

and higher ASA scores. A prospective study of obesity in

RHR is warranted to confirm our findings.
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