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Abstract
Background  Currently, there’s not a well-accepted optimal approach for umbilical hernia repair in patients with obesity when 
comparing laparoscopic umbilical hernia repair (LUHR) versus open umbilical hernia repair (OUHR).
Objective  The objective of this study was to evaluate if there’s a difference in postoperative complications after LUHR 
versus OUHR with the goal of indicating an optimal approach.
Methods  A retrospective analysis was completed using the 2016 National Surgical Quality Improvement Program (NSQIP) 
database to identify patients with obesity (Body Mass Index (BMI) ≥ 30 kg/m2) who underwent LUHR or OUHR. Patients 
were divided into OUHR and LUHR groups, and post-operative outcomes were compared, focusing on wound complications.
Results  A total of 12,026 patients with obesity who underwent umbilical hernia repair were identified; 9695 underwent 
OUHR, while 2331 underwent LUHR. The LUHR group was found to have a statistically significant higher BMI (37.5 kg/m2 
vs. 36.1 kg/m2; p < 0.01) and higher incidence of diabetes mellitus requiring therapy (18.4% vs. 15.8%; p < 0.01), hypertension 
(47.5% vs. 43.8%; p < 0.01), and current smoker status (18.6% vs. 16.5%; p < 0.02). Superficial surgical site infection (SSI) 
was significantly higher in the OUHR group (1.5% vs. 0.9%; p < 0.03), and there was a trend towards higher deep SSI in the 
OUHR group (0.3% vs. 0.5%; p = 0.147). There was no difference in organ space SSI, wound disruption, or return to OR. 
On logistic regression, composite SSI rate (defined as superficial, deep, and organ space SSIs) was significantly increased 
in the OUHR group (p < 0.01). Predictive factors significantly associated with increased morbidity included female gender 
and higher BMI.
Conclusions  In patients with obesity, even though the LUHR group had an overall higher BMI and higher rates of diabetes, 
hypertension, and current smoking status, they experienced decreased post-operative wound complications compared to the 
OUHR group.

Keywords  Umbilical hernia · Obesity · Laparoscopic repair · Open repair · Wound complications · Post-operative 
complications

Umbilical hernias are present in up to 2% of the adult 
population and the repair of umbilical hernias compromise 
10% of all hernia repairs in the USA annually [1]. With the 
increasing prevalence of obesity, defined as BMI ≥ 30 kg/

m2, in our culture to 39.6%, more umbilical hernia repairs 
are being performed on patients with obesity [2, 3]. There is 
currently not a well-accepted optimal procedure for umbili-
cal hernia repair in patients with obesity when comparing 
LUHR and OUHR.

Obesity is associated with a higher risk of primary and 
incisional hernia development, including umbilical her-
nias [4–7]. Factors related to obesity that contribute to the 
increased risk of hernia formation include increased intra-
abdominal pressure, increased abdominal circumference, 
increased visceral fat, and higher risk of surgical site infec-
tion (SSI) following abdominal surgery [8–15]. Patients with 
obesity are also at a higher risk of SSI, seroma formation, 
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and other wound complications after hernia repair com-
pared to the non-obese population [3]. In addition to obe-
sity, smoking and diabetes mellitus are also associated with 
a high risk of wound complications after abdominal surgery 
[16, 17].

With the increased prevalence of obesity and the 
increased wound complications known to be associated 
with obesity, surgeons are facing the challenge of trying to 
improve wound outcomes in patients with obesity after her-
nia repair. LUHR has been shown in the literature to be asso-
ciated with fewer post-operative complications including 
wound morbidity and ileus compared to OUHR in the gen-
eral population [18–21]. A Cochrane review in 2011 showed 
no difference in recurrence rates between laparoscopic and 
open ventral hernia repair, and laparoscopic repair conferred 
a 4-fold decrease in the risk of wound infections [22]. A 
retrospective chart review suggested that LUHR in patients 
with obesity is associated with lower rates of post-operative 
infection; however, it was a single institution study from 
2003 to 2009 [23].

There are several studies comparing LUHR and OUHR 
in the general population; however the most recent study 
based on NSQIP data looked at the years 2009 and 2010 
[20, 24–26]. Another retrospective review of NSQIP data 
from 2009 to 2012 showed that patients with obesity had 
lower rates of wound infection after laparoscopic compared 
to open ventral hernia repair [27]. Since 2012, there has been 
lack of data that compares LUHR to OUHR specifically in 
patients with obesity. With advancements in laparoscopic 
techniques and training, as well as with the increasing rates 
of obesity in our country, it is important to continue to evalu-
ate the optimal approach for umbilical hernia repair in this 
patient population. The objective of this study was to com-
pare the rate of post-operative complications after laparo-
scopic versus open umbilical hernia repair in patients with 
obesity, with the goal of indicating an optimal approach.

Materials and methods

This was a retrospective cohort study using the Participant 
Use Files of the National Surgical Quality Improvement Pro-
gram (NSQIP) database from January 1, 2016 to December 
31, 2016. The NSQIP database consists of prospectively col-
lected data looking at 30-day surgical outcomes in approxi-
mately 700 hospitals. The data collected included patient 
risk factors, operative variables, and post-operative mortality 
and morbidity for 30 days post-operatively for both inpa-
tient and outpatient operations. The data are collected by 
trained Surgical Clinical Reviewers at individual hospitals 
and are entered online into the database. The outcomes are 
then shared with hospitals in a blinded, risk-adjusted format 

to use for comparing individual hospital complication rates 
and outcomes to national rates.

Institutional review board approval was obtained. Written 
informed consent was not necessary as this was a retrospec-
tive NSQIP review.

Inclusion criteria included patients 18 years of age and 
older with a BMI ≥ 30 kg/m2 who underwent umbilical 
hernia repairs in 2016. Exclusion criteria included patients 
< 18 years of age and BMI < 30 kg/m2. CPT codes 49585 
and 49587 were used to identify patients undergoing open 
umbilical hernia repair, and codes 49652 and 49653 were 
used to identify all laparoscopic ventral hernia repairs. 
However, since the laparoscopic codes do not differentiate 
between umbilical hernias and other ventral hernias, the ICD 
9/10 codes were used to identify the diagnosis of umbili-
cal hernia repair, including 552.x, 553.x, K42.0, and K42.9. 
Only patients who had both the appropriate CPT code and 
diagnosis code were included in the study. There was no 
method to distinguish between primary umbilical hernia and 
incisional umbilical hernia if the diagnosis was coded as 
umbilical hernia.

Patient demographics and comorbidities were examined 
including age, sex, BMI, diabetes status, smoking status, 
chronic obstructive pulmonary disease (COPD) status, pre-
operative wound infection status, recent weight loss, ASA 
classification, hypertension (HTN) requiring medication, 
and steroid use. Operative details including laparoscopic 
versus open technique, elective versus emergent status, 
anesthesia type and inpatient versus outpatient procedure 
status were also assessed. Primary outcomes were superficial 
surgical site infection, deep surgical site infection, surgical 
organ space infection, wound disruption, operative time, 
length of stay, and return to operating room.

Descriptive statistics were used to determine trends in 
our patient population and to describe our data. Continuous 
variables were reported as mean (± SD) and categorical vari-
ables were reported as frequency (%). Categorical outcomes 
were compared using Pearson’s Chi-square or Fisher’s exact 
test. Continuous outcomes were compared using between-
group analysis of variance (ANOVA). Binary logistic regres-
sion analysis was used to adjust for potential confounders. 
Individual Cochran–Armitage tests and Independent Sam-
ples Kruskal–Wallace tests were used to determine if trends 
were present in outcomes and operative times by BMI for 
LUHR versus OUHR.

Results

A total of 12,026 patients with obesity who underwent 
umbilical hernia repair were identified. 9695 (80.6%) 
patients underwent OUHR, while 2331 (19.4%) patients 
underwent LUHR. Patient demographics and baseline 
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characteristics are provided in Table 1. Age, COPD status, 
and chronic steroid use were similar between the OUHR 
and LUHR groups. The LUHR group was found to have a 
statistically significant higher BMI (37.5 vs. 36.1; p < 0.01) 
and higher incidence of diabetes mellitus requiring ther-
apy (18.4% vs. 15.8%; p < 0.01), hypertension (47.5% vs. 
43.8%; p < 0.01), and current smoker status (18.6% vs. 
16.5%; p < 0.02). More men underwent OUHR (81.2% men 
vs. 77.5% women; p < 0.01), while more women underwent 
LUHR (22.5% women vs. 18.3% men; p < 0.01).

Comparisons for all complications are reported between 
the two groups, LUHR and OUHR, in Table 2. Complica-
tions examined include superficial SSI, deep SSI, organ 
space SSI, wound disruption, pneumonia, urinary tract 
infection (UTI), operative time, and return to the operating 
room. Operative time was significantly longer in the LUHR 
group (70 vs. 44 min; p < 0.01). Superficial surgical site 
infection (SSI) was statistically significantly higher in the 
OUHR group (1.5% vs. 0.9%; p < 0.03), and there was a 
trend towards higher deep SSI in the OUHR group (0.3% vs. 
0.1%; p = 0.147). There was a statistically significant higher 
rate of post-operative pneumonia in the LUHR group (0.4% 
vs. 0.1%; p = 0.012); however this was only significant in 
the non-elective group on crosstab with elective versus non-
elective surgery. There was no difference in organ space SSI, 
wound disruption, UTI, or return to the operating room.

Logistic regression was utilized and revealed that com-
posite SSI, defined as superficial, deep and organ space 
SSIs, was significantly increased in the OUHR group (1.9% 
vs. 1.1%; p < 0.01); shown in Table 2. Logistic regression 
analysis, using the baseline characteristics as independent 
variables, was utilized to determine if any of the baseline 
characteristics were acting as confounding variables; shown 
in Table 3. Composite SSI was found to be statistically sig-
nificantly higher in the OUHR group for female patients, for 
non-elective surgeries, and in patients with a higher BMI.

Composite SSI was found to be statistically significantly 
higher for non-elective surgery compared to elective sur-
gery when looking at both LUHR and OUHR. When broken 
down into superficial SSI, deep SSI and organ space SSI, 
only superficial SSI was statistically significantly higher 
for the non-elective surgery group (p < 0.001). OUHR in 

Table 1   Patient demographics and baseline characteristics

ASA American Society of Anesthesiologists, BMI body mass index 
(kg/m2), HTN hypertension, COPD chronic obstructive pulmonary 
disease

Open repair (n = 9695) Laparo-
scopic repair 
(n = 2331)

p value

Age (mean ± SD) 51.3 ± 12.9 51.0 ± 12.4 0.178
Sex < 0.001
 Male 7331 (75.6%) 1646 (70.6%)
 Female 2364 (24.4%) 685 (29.4%)

ASA class < 0.001
 I 780 (8%) 126 (5.4%)
 II 5254 (54.2%) 1229 (52.7%)
 III 3427 (35.3%) 924 (39.6%)
 IV 219 (2.3%) 52 (2.2%)
 V 2 (0.0%) 0 (0.0%)

BMI (mean ± SD) 36.1 ± 5.9 37.5 ± 6.6 < 0.001
Smoking 1602 (16.5%) 433 (18.6%) 0.018
Diabetes 1527 (15.8%) 428 (18.4%) 0.002
HTN 4248 (43.8%) 1108 (47.5%) 0.001
COPD 281 (2.9%) 79 (3.4%) 0.212
Steroid use 190 (2.0%) 31 (1.3%) 0.051
Elective surgery 8875 (92%) 2162 (92.9%) 0.140

Table 2   Unadjusted patient outcomes

SSI surgical site infection, UTI urinary tract infection, OR operating 
room
*On crosstab with elective versus non-elective surgery, this was only 
significant in the non-elective group

OR (n = 9695) LR (n = 2331) p-value

Outcomes
 Superficial SSI 146 (1.5%) 21 (.9%) .026
 Deep SSI 26 (.3%) 2 (.1%) .147
 Organ space SSI 13 (.1%) 2 (.1%) .750
 Wound disruption 12 (.1%) 1 (.0%) .484
 Post op pneumonia 12 (.1%) 9 (.4%) .012*
 UTI 24 (.2%) 9 (.4%) .269
 OR time 44 min 70 min .000
 Return to OR 70 (.7%) 12 (.5%) .327
 Composite SSI 1.9% 1.1% < 0.01

Table 3   Composite SSI logistic regression

CI confidence interval, LUHR laparoscopic umbilical hernia repair, 
OUHR open umbilical hernia repair, BMI body mass index in kg/m2, 
COPD chronic obstructive pulmonary disease
*As compared to OUHR; **As compared to female sex

Variable Odds ratio 95% CI p-value

LUHR* 0.51 0.34–0.78 0.002
COPD 1.56 0.82–2.95 0.174
Male sex** 0.60 0.45–0.81 0.001
Hypertension 0.91 0.66–1.25 0.567
Steroids 0.90 0.33–2.46 0.833
Diabetes 1.08 0.74–1.56 0.700
Elective surgery 0.53 0.32–0.89 0.016
BMI 1.04 1.02–1.06 < 0.001
Age 1.01 0.99–1.02 0.414
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a non-elective setting was associated with a higher rate of 
superficial SSI compared to an elective setting (p < 0.001); 
however, there was no significant difference in superficial 
SSI rates between non-elective LUHR and elective LUHR 
(p = 0.181).

Individual Cochran–Armitage tests were used to deter-
mine if a trend is present in the distribution of outcomes 
by BMI for LUHR versus OUHR as shown in Table 4. The 
Independent Samples Kruskal–Wallis Test was used to 
determine if a trend was present in the distribution of opera-
tive times by BMI for LUHR versus OUHR. In the OUHR 
group, as obesity class increased, increases were found for 
superficial SSI (0.9% vs. 1.4% vs. 3.3%; p < 0.001), deep 
SSI (0.1% vs. 0.2% vs. 0.8%; p < 0.001), return to operating 
room (0.5% vs. 0.8% vs. 1.1%; p = 0.041), post-operative 
pneumonia rates (0.1% vs. 0.1% vs. 0.3%; p = 0.018), and 
composite SSI (1.2% vs. 1.8% vs. 4.2%; p < 0.001). Opera-
tive time also increased as obesity class increased, in both 

OUHR (34 vs. 37 vs. 44 min; p < 0.001) and LUHR (57 vs. 
60 vs. 67 min; p < 0.001) groups.

Discussion

This study examined the short-term post-operative outcomes 
after LUHR and OUHR in patients with obesity using the 
NSQIP database. Our results found that LUHR was associ-
ated with a decreased risk of wound morbidity.

Similar results have been reported in the literature. Colon 
et al. performed a retrospective review from a single institu-
tion comparing LUHR versus OUHR in patients with obe-
sity. They found a lower wound-related and overall compli-
cation rate as well as a lower rate of hernia recurrence in the 
LUHR group as compared to the OUHR group [23]. This 
study was limited by the small sample size of 123 patients. 
Cassie et al. performed a large retrospective cohort study 

Table 4   Patient outcomes by BMI class with comparison between classes

LUHR laparoscopic umbilical hernia repair, OUHR open umbilical hernia repair, SSI surgical site infection, IQR interquartile range
*Different letters following percentages (i.e. a/b) indicate significant differences

Outcome Overall Obesity I 30–35 kg/
m2 n = 6327

Obesity II 35–40 kg/
m2 n = 3313

Obesity III > 40 kg/
m2 n = 2386

p-value

Superficial SSI
 OUHR 146/9695 (1.5%) 50 (0.9%)a 38 (1.4%)a 58 (3.3%)b < 0.001*
 LUHR 21/2331 (0.9%) 7 (0.7%) 7 (1.0%) 7 (1.2%) 0.555

Deep SSI
 OUHR 26/9695 (0.3%) 6 (0.1%)a 6 (0.2%)a 14 (0.8%)b < 0.001*
 LUHR 2/2331 (0.1%) 0 (0.0%) 2 (0.3%) 0 (0.0%) 0.092

Organ space SSI
 OUHR 13/9695 (0.1%) 7 (0.1%) 3 (0.1%) 3 (0.2%) 0.890
 LUHR 2/2331 (0.1%) 0 (0.0%) 0 (0.0%) 2 (0.3%) 0.056

Wound disruption
 OUHR 12/9695 (0.1%) 4 (0.1%) 5 (0.2%) 3 (0.2%) 0.330
 LUHR 1/2331 (0.0%) 1 (0.1%) 0 (0.0%) 0 (0.0%) 0.538

Return to operating room
 OUHR 70/9695 (0.7%) 29 (0.5%)a 21 (0.8%)a,b 20 (1.1%)b 0.041*
 LUHR 12/2331 (0.5%) 6 (0.6%) 2 (0.3%) 4 (0.7%) 0.602

Post-operative pneumonia
 OUHR 12/9695 (0.1%) 4 (0.1%)a 2 (0.1%)a,b 6 (0.3%)b 0.018*
 LUHR 9/2331 (0.4%) 5 (0.5%) 3 (0.4%) 1 (0.2%) 0.594

Occurrence of urinary tract infection
 OUHR 24/9695 (0.2%) 12 (0.2%) 7 (0.3%) 5 (0.3%) 0.902
 LUHR 9/2331 (0.4%) 6 (0.6%) 2 (0.3%) 1 (0.2%) 0.387

Operative time
 OUHR (min), median (IQR) 37 (26, 53) n = 9695 34 (25, 49) 37 (27, 53) 44 (31, 63) < 0.001*
 LUHR (min), median (IQR) 60 (42, 87) n = 2331 57 (41, 81.5) 60 (41, 87) 67 (47, 97) < 0.001*

Composite SSI
 OUHR 185/9695 (1.9%) 63 (1.2%)a 47 (1.8%)a 75 (4.2%)b < 0.001*
 LUHR 25/2331 (1.1%) 7 (0.7%) 9 (1.3%) 9 (1.5%) 0.230
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using the NSQIP database during 2009–2010 to compare 
LUHR and OUHR in the obese population and found that 
LUHR was associated with decreased wound complications. 
The average BMI in the LUHR group was 34.3 kg/m2 versus 
31.7 kg/m2 in the OUHR group, showing a possible selec-
tion bias toward laparoscopic repair in the obese population 
[20]. Regner et al. found a decreased rate of surgical site 
complications with laparoscopic ventral hernia repair com-
pared to open ventral hernia repair in the obese population 
using the NSQIP data from 2009 to 2012 [27]. Laparoscopic 
hernia repair’s reduced wound complication rates may be 
due to small incision size and less contact of the mesh with 
the skin.

As with previous studies, the majority of repairs in our 
study were performed in an open fashion (80.6% open vs. 
19.4% laparoscopic). However, compared to the Cassie et al. 
paper, the proportion of laparoscopic repair has appreciably 
increased from 11.5% LUHR in the Cassie et al. study to 
19.4% LUHR in our current study [20]. This could reflect 
a change in practice based on the previous literature that 
LUHR is associated with decreased wound complications 
in the obese population [20, 22, 23, 27, 28]. This could also 
represent the increased utilization of laparoscopy in gen-
eral surgery and specialty specific practice as well as the 
increased prevalence of laparoscopy in general surgery train-
ing [29, 30]. Further studies will need to be conducted on 
more recent data to confirm if this trend continues.

Previous studies have shown that longer operative times 
are associated with a higher incidence of SSI, and there is a 
linear relation for operative time and risk of SSI [31]. Even 
though our LUHR group had statistically significant longer 
operative times (70 min vs. 44 min; p < 0.001), the LUHR 
group still had a lower incidence of composite SSI (1.1% vs. 
1.9%; p < 0.01) as well as superficial SSI (0.9% vs. 1.5%; 
p = 0.026). This indicates that a longer operative time for 
LUHR compared to OUHR does not outweigh the increased 
risk of post-operative SSI. However, when broken down by 
obesity class, operative times increased as BMI increased 
in both LUHR (57 vs. 60 vs. 67 min; p < 0.001) and OUHR 
(34 vs. 37 vs. 44 min; p < 0.001) groups, suggesting that 
higher levels of obesity may lead to increased morbidity in 
the post-operative period.

Non-elective repair was found to be associated with 
a higher rate of superficial and composite SSI compared 
to elective surgery overall (considering both LUHR and 
OUHR) and for the OUHR group individually. This is con-
sistent with prior studies; Neumayer et al. found that emer-
gency surgery is an independent risk factor for SSI based 
on a NSQIP review [32]. However, when broken down to 
comparing only LUHR in the elective versus non-elective 
setting in our study, there was no significant difference in 
composite and superficial SSI rates. This supports the use 
of LUHR over OUHR in the non-elective setting.

Limitations of our study include a selection bias in 
regards to the operative approach utilized as our data is a 
retrospective review of the prospectively collected data. The 
mean BMI of the LUHR group was 37.5 versus 36.1 in the 
OUHR group (p < 0.001) which could be a representation of 
selection bias. Other limitations include the lack of certain 
data points in the NSQIP database. In regards to operation 
specifics, we were unable to compare hernia size, defect 
dimensions, use of mesh, and different minimally invasive 
techniques as there is no differentiation between laparo-
scopic and robotic repairs in the database. The literature has 
shown that not only BMI but also increased intra-abdominal 
pressure, abdominal circumference, central obesity and vis-
ceral obesity are associated with increased hernia forma-
tion as well as increased morbidity with surgical procedures 
[8–14]. Long-term outcomes were unable to be assessed as 
our data was for 30-day outcomes only; potential long-term 
complications such as adhesion formation requiring subse-
quent hospitalization plus or minus operation, hernia recur-
rence, chronic pain, mesh complications including late or 
chronic infections, and fistula formation were unable to be 
evaluated. Further studies are necessary in order to deci-
sively determine the optimal surgical approach to umbilical 
hernia repair in patients with obesity. Specific attention to 
the comparison of open, laparoscopic, and robotic umbili-
cal hernia repairs in terms of short-term and long-term out-
comes, while assessing more specific operative and patient 
characteristics would be valuable.

Even though the patients in the LUHR group had a higher 
BMI, higher rates of diabetes, hypertension, current smok-
ing status, and longer operative times, they had decreased 
post-operative wound complications compared to patients 
in the OUHR group. This study supports the superiority 
of LUHR compared to OUHR in patients with obesity in 
regards to decreased wound complications, especially in the 
non-elective setting.
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