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Abstract

Purpose The most common techniques used to repair umbilical hernias are open and laparoscopic. As the obesity epidemic
in the United States is growing, it is essential to understand how this morbidity affects umbilical hernia repairs. This study
compares laparoscopic versus open umbilical hernia repairs in obese patients.

Methods All patients with body mass index (BMI) >30 kg/m? who underwent elective, open or laparoscopic repair of a
primary umbilical hernia with mesh were identified from the Americas Hernia Society Quality Collaborative (AHSQC). A
retrospective review of the prospectively collected data was conducted. Outcomes of interest included surgical site infections
(SSI), surgical site occurrences requiring procedural intervention (SSOPI), hernia-related quality-of-life survey (HerQles),
and long-term recurrence. A logistic regression model was used to generate propensity scores.

Results Of 1507 patients who met the inclusion criteria, 322 were laparoscopic, and 1185 were open cases. The laparoscopic
group had higher mean BMI (37 £ 6 vs. 35+ 5 kg/m?, P <0.001 ) and mean hernia width (3 cm+ 1 vs. 2 cm+2, P<0.001).
Using a propensity score model, we controlled for several clinically relevant covariates. Propensity score adjustment showed
no differences in the 30-day HerQles score (OR 0.93, 95% CI 0.58-1.49), SSI (OR 1.57, 95% CI 0.52-4.77), SSOPI (OR
2.85,95% CI 0.84-9.62) or hernia recurrence (hazard ratio 0.86, 95% CI 0.50-1.49).

Conclusion In obese patients with primary umbilical hernias, there is likely no benefit to laparoscopy over open umbilical
hernia repair with mesh with regard to wound morbidity. Although, the long-term recurrence also showed no difference
between these two approaches, overall follow up was lacking.
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Introduction

In the adult population in the United States, the incidence
of umbilical hernias is as high as 2% [1]. The most com-
mon approaches used to repair these defects are open and
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laparoscopic. Although the laparoscopic technique has
gained increased acceptance amongst general surgeons since
its development in the 1990s, the majority of umbilical her-
nias are repaired in a traditional open fashion [2]. This is
likely due to the small incision size required to perform an
open repair and shorter operative time. However, the obese
population offers a unique set of challenges. Open repairs
may be complicated by body habitus [3]. In addition, there
is an inherently higher risk of postoperative morbidity in
this patient population [4, 5]. These considerations present
a treatment dilemma as to which approach will offer better
outcomes to this patient population.

Previous studies have shown a potential decrease in
wound morbidity, postoperative pain, and lower recurrence
rates associated with laparoscopic repair when compared
with open umbilical hernia repair [6-8]. However, the
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majority of these studies include the general population. To
date, there are limited long-term data available that compare
laparoscopic versus open techniques for repairing umbilical
hernias in obese patients. As the obesity epidemic in the
United States grows, it is essential to understand how this
morbidity affects umbilical hernia repairs because of associ-
ated higher risk for umbilical hernia recurrence in patients
with BMI > 30 [7]. Furthermore, it is expected that there
will be an increase in obese patients who will require this
procedure [3]. Thus, we aim to study short- and long-term
outcomes of umbilical hernia repair in obese patients by
comparing laparoscopic and open techniques. Our study was
a retrospective review of prospectively surgeon-entered data.
The hypothesis was that in well-matched groups, the lapa-
roscopic approach would be associated with a lower risk of
short-term wound morbidity and hernia recurrence.

Methods

After Institutional Review Board approval, the patients were
identified using the Americas Hernia Society Quality Col-
laborative (AHSQC). This registry is a prospective, surgeon-
entered quality improvement effort that aims to improve
outcomes through sharing the data transparently and col-
laborative learning. Using standardized preoperative, opera-
tive, and postoperative definitions, information is collected
prospectively at the point-of-care. At the time of this study,
AHSQC had data available from over 300 surgeons nation-
ally, practicing in a variety of clinical settings, including aca-
demic, community, and affiliated hospitals. Details regarding
the design, implementation, and data quality assurance of
the registry have been previously published [9].

The study population included all patients with body
mass index (BMI) > 30 kg/mz, who underwent elective,
open or laparoscopic repair of a primary umbilical hernia
with mesh between 2013 and 2019. Figure 1 illustrates the
inclusion and exclusion criteria used to identify the study
population. All mesh positions were included in the study.
We then performed a retrospective review of the prospec-
tively collected data. The variables of interest included
demographics, comorbidities, operative technique, mesh
use, and position, wound events, and recurrence. The pri-
mary outcome was 30-day wound events, and the second-
ary outcome was hernia recurrence. Postoperative wound
events included surgical site infection (SSI), and surgical site
occurrence requiring procedural intervention (SSOPI). SSI
was classified as superficial, deep, or organ space, according
to the Centers for Disease Control and Prevention (CDC)
standards [10]. Surgical site occurence (SSO) included all
SSI, in addition to wound cellulitis, non-healing incisional
wound, fascial disruption, skin or soft tissue ischemia, skin
or soft tissue necrosis, serous or purulent wound drainage,
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Fig. 1 Study population showing inclusion and exclusion criteria

stitch abscess, seroma, and hematoma, infected or exposed
mesh, or development of an enterocutaneous fistula. Proce-
dural interventions to be considered SSOPI included wound
opening, wound debridement, suture excision, percutane-
ous drainage, partial mesh removal, and/or complete mesh
removal.

Descriptive statistics were used to analyze the data, while
the Pearson Chi-square test was used to compare mesh
placement for categorical variables, and the Kruskal-Wallis
test was used for continuous variables. When expected cell
counts for categorical variables were small, Fisher’s exact
test was used instead. Missing data were imputed using sin-
gle imputation, where data were missing <3% in covari-
ates. To account for covariate imbalance between the mesh
placement groups, we generated propensity scores using a
logistic regression model with several covariates hypoth-
esized to be associated with surgical mesh placement. We fit
logistic regression models for 30-day SSI and SSOPI, Cox
proportional hazards model for recurrence at any time, and
a proportional-odds regression model for HerQles scaled
scores. The HerQLes survey is a validated 12-question,
hernia-specific quality of life instrument with a focus on
abdominal wall function and the impact of ventral hernia
repair on quality of life [11]. This patient-reported tool was
found to correlate with abdominal wall physiology and func-
tion. A higher score indicates a better quality of life [12]. Of
note, recurrence in the AHSQC is measured through a com-
posite score. This score is comprised of two tools for assess-
ing recurrence: (1) radiologic or clinical examination evi-
dence, and (2) patient-reported Ventral Hernia Recurrence
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Inventory (VHRI). If either tool is positive, the composite
score marks the patient with a recurrence.

Results

Inclusion criteria were met by 1507 patients: 322 had
laparoscopic repair, and 1185 had open repair. Patient
demographics are presented in Table 1. The laparoscopic
group had a higher body mass index (37 +£6 vs. 35+5,
P <0.001). Also, in the laparoscopic group, there were
more women (25% vs 16%, P <0.001), and the mean her-
nia width was greater (3 cm=+1 vs 2 cm+2, P<0.001).
Table 2 shows the operative characteristics and intra-oper-
ative complications A higher rate of patients had fascial
closure in the open group (92% vs 72%, P <0.001). Mesh
fixation type was also different between the groups. In the
open group in 7% of cases had no mesh fixation vs. 3% in
the laparoscopic group, P =0.029. There were more suture
fixation cases in the open group and more fixation with
tacks in the laparoscopic group. Two laparoscopic cases
were converted to open and analyzed as intent-to-treat.
The open group was associated with higher rates of SSI
(2% vs 1%) and SSOPI (3% vs 1%), however these dif-
ferences did not reach statistical significance (Table 3).

Table 1 Patient demographics and hernia characteristics

Laparoscopic ~ Open p value

N 322 1185
Age (Mean+SD) 52+12 53+12  0.333
Gender (Female), N (%) 79 (25) 192 (16) 0.001
BMI (kg/m?; Mean + SD) 37+6 35+5 <0.001
ASA? class, N (%) 0.056

1 14 (4) 105 (9)

2 194 (60) 699 (59)

3 109 (34) 366 (31)

4 5(1) 14 (1)

None assigned 0 (0) 1(<1)
Prevalence of comorbidities 201 (62) 715(60)
Immunosuppressant 5 21
Smoking (within 1 year) 46 141
Nicotine use (within 1 year) 51 160
Hypertension 148 525
Diabetes mellitus 56 165
Dyspnea 10 21
COPD? 8 39
Current steroid use 1 11
Hernia width (cm; Mean+SD) 3+1 2+2 <0.001

#American Society of Anaesthesiologists Classification

Chronic obstructive pulmonary disease

Table 2 Operative characteristics and intra-operative complications

Laparoscopic  Open p value

N 322 1185

Fascial closure 231 (72) 1093 (92) <0.001

Mesh used, N (%) 322 (100) 1185 (100)

Mesh type, N (%) 1.000
Permanent synthetic 319 (99) 1170 (99)
Resorbable synthetic 3(D) 13 (1)

Biological tissue-derived 0(0) 2(<D

Mesh location 0.722
Inlay 7(2) 3403
Onlay 14 (4) 58 (5)

Sublay 301 (93) 1093 (92)

Sublay mesh position
Retrorectus 13 4) 49 (4)
Preperitoneal 37(12) 589 (54)
Intraperitoneal 251 (83) 459 (42)

Mesh fixation 311 (97) 1106 (93)  0.029

Mesh fixation type
Adhesives 1 16
Staples 3 12
Sutures 185 1083
Tacks 293 22

Intraoperative complications 1 (<1) 2(<1 0.514
Bowel injury 1 1
Other 0 1

Conversion to open 2(1) 0(0)

Length of stay (median, 0 (0-0) 0 (0-0)

interquartile range)

Similarly, there was so significant difference in composite
recurrence rates for up to 3 years for both study groups.
A logistic regression model was created to account for
differences between the two groups. Figure 2 shows the
standardized mean difference (SMD) of several baseline
covariates deemed to be significant predictors of (a) the
operation approach and/or (b) baseline risk of readmission,
recurrence, infection, complication, and occurrence.
Adjusted odds ratios for wound events and hazard
ratio were then calculated, which are shown in Fig. 3.
This model showed no differences in the rates of SSOPI
(OR 2.85,95% CI 0.84-9.62), and SSI (OR 1.57, 95% CI
0.52-4.77). After the adjustment, the hazard ratio (HR) for
developing recurrence at any time showed no differences
between laparoscopic versus open techniques (HR 0.86,
95% CI 0.50-1.49). Figure 4 shows the adjusted lapa-
roscopic vs. open odds ratios (OR) of HerQles scores at
30-day (OR 0.93, 95% CI 0.58-1.49). No short-term qual-
ity-of-life differences were found between the two groups.
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Table 3 30-day wound

morbidities, mean follow-up

and the recurrence rates

Laparoscopic Open p value
SSTA N (%) 4 (1) 20 (2) 0.571
Superficial 4 18
Deep incisional 0 3
Organ space 0 0
SSOP excluding SSI 24 (7) 77 (6) 0.543
Hematoma 3 11
Seroma 21 40
Skin/soft tissue ischemia or necrosis 0 3
Wound cellulitis 1 9
Wound purulent drainage 0 3
Wound serous drainage 0 11
Fascial disruption 0 1
Infected hematoma 0 1
Infected seroma 0 1
SSOPI* 3(1) 33 (3) 0.054
Procedural intervention
Wound opening 0 12
Wound debridement 0 7
Suture excision 1 1
Percutaneous drainage 2 18
Partial mesh removal 0 1
Complete mesh removal 0 2
1 year composite recurrence 50f29 (17) 12of 111 (11) 0.347
2 year composite recurrence 6 of 32 (19) 5 of 62 (8) 0.129
3 year composite recurrence 30of 12 (25) 4 of 25 (16) 0.519

4Surgical site infection

PSurgical site occurrence

“Surgical site occurrence requiring procedural intervention

Discussion

The effect of increasing BMI on surgical outcomes has been
well established in the literature. An American College of
Surgeons National Surgical Quality Improvement Program
(ACS-NSQIP) analysis by Kaoutzanis et al. showed that
BMI >30 kg/m” was a significant risk factor for superficial
(OR 1.82, CI 1.35-2.45, p<0.01) and deep SSIs (OR 2.87,
CI 1.74-4.74, p<0.01) [13]. Tastaldi et al. analyzed open
ventral hernia repairs in the AHSQC and showed propor-
tional increases in relative log-odds for SSIs and SSOPIs
according to increasing BMI. These findings are signifi-
cant because of the increased risk for recurrence [14] when
patients have wound infections and the increased cost associ-
ated with treatment [15]. Thus, it is essential to determine
the optimal approach when repairing an umbilical hernia
in obese patients, especially since they have an inherently
higher risk for complications. Our study is the first to show
that in well-matched groups, there are no differences in the
rates of wound events when laparoscopic umbilical hernia
repair with mesh was compared with the open approach.

@ Springer

These results differ from previously published works,
which have demonstrated improved outcomes with the lapa-
roscopic approach. A systematic review of 16,549 patients
conducted by Hajibandeh et al. showed that open repair was
associated with a higher risk of wound infection (OR 2.35,
95% CI 1.23-4.48, p=0.010) [2]. However, in this review,
the BMI of the population studied was not reported by over
half of the studies analyzed. Looking at obese patients spe-
cifically, Colon et al. retrospectively reviewed 123 umbilical
hernia repairs in patients with BMI> 30 [3]. They found a
significant increase in wound infection in the open group
when compared with laparoscopy (26% vs. 4%, p <0.05,
respectively). The lower risk of wound complications was
theorized to be due to tissue handling and less contact with
the umbilicus. This study was limited by a relatively small
sample size and significant loss of follow up, almost 40%
of the population. In our larger series, the differences could
not be demonstrated.

Additionally, current surgical literature suggests that
laparoscopy has reduced rates of recurrence after umbilical
hernia repair [2, 16, 17]. The work by Colon et al. showed
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Fig.2 Standardized Mean
Difference (SMD) of several
baseline, clinically relevant
covariates. The blue line
indicates the SMD of the cohort
without adjustment, and the red
line indicates the SMD after
adjustment. Values less than or
around 0.1 indicate good bal-
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no recurrences in the laparoscopic group, and there was a
4% recurrence in the open group after a mean follow-up
of 15 and 20 months in the laparoscopic and open groups,
respectively [3]. Identification of additional defects that
can be repaired at the same time, as well as wide mesh
overlap, are often cited as the contributing factors to
these findings. Previous publications have associated the
development of surgical site infections with increased
rate of recurrence [18, 19]. Since we hypothesized that

Adjusted OR of Event

there would be a higher rate of wound infections, we also
expected a higher risk of recurrence. Nonetheless, in our
study, no differences were found in long-term recurrence
rates between the two study groups. Interestingly, even
though the differences in fascial closure rates were sig-
nificant, this did not translate in differences in recurrence
rates. These results should be interpreted with caution,
however, given the lack of long-term follow-up data.
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Fig.4 Adjusted odds ratios
(OR) of HerQles scores at
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Finally, hernia repair in patients with obesity has been
associated with worse outcomes. Compared with patients
with normal BMI, umbilical hernia repair in patient with
obesity have been shown to have higher risk of wound com-
plications and recurrence regardless of which repair tech-
nique is employed [8, 20, 21]. Although there is no consen-
sus on the management of hernia repair in obese patient,
weight loss options should be considered for all patients
with obesity. In particular, patient with severe obesity pre-
sent challenging treatment dilemma [21]. The hernia can be
repaired before, after or at the same time as bariatric sur-
gery. Rather than a one-size-fits, treatment plans should be
individualized after taking into consideration BMI, patient
comorbidities, symptoms and hernia characteristics [22].

The strength of this study is that it is the first large multi-
center study comparing laparoscopic and open umbilical
hernia repairs performed by surgeons practicing in various
settings. However, there are some limitations that deserve
mention. First, this is a retrospective review of prospectively
collected data, and it may be associated with bias inherent
to this type of research. Second, as previously mentioned,
recurrence in the AHSQC is measured through a com-
posite score, which is comprised of clinical or radiologic
evidence, and the Ventral Hernia Recurrence Inventory
(VHRI). Because the VHRI is a patient-reported outcome
where they answer Yes vs. No to “Do you see a bulge?” it
may not portray the true recurrence rate. However, the same
tool is used for both study groups. Third, mesh position was
different between the two groups. The laparoscopic group
had more intraperitoneal mesh, while the open group had
more preperitoneal mesh. Although a subgroup analysis was
done in this study, comparison of different mesh positions
should be addressed in future studies. Fourth, as is it typical
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for hernia research in the United States, long-term follow up
was not complete. However, this is the largest study to date
to compare the short- and long-term effects of these two sur-
gical techniques in obese patients. Finally, there could be an
inherent selection bias for the surgeon to select one approach
over the over. This may depend on the hernia size, BMI and
surgeon training, which cannot be measured or adjusted in
the retrospective study.

Conclusion

Our study is the first to show that there is likely no benefit
to laparoscopy over open umbilical hernia repair with mesh
with regard to wound morbidity in the obese population.
Although recurrence rates were also similar for both groups,
long-term data was lacking. Further prospective studies are
needed to determine the best surgical approach for repairing
umbilical hernias in this challenging population.
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