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Abstract

Background The purpose of this study was to compare

the incidence of postoperative surgical site infections

(SSIs), operative times (OTs), and length of hospital stay

(LOS) after open and laparoscopic ventral/incisional hernia

repair (VIHR) using multicenter, prospectively collected

data.

Methods The incidence of postoperative SSIs, OTs, and

LOS was determined for cases of VIHR in the American

College of Surgeons’ National Surgical Quality Improve-

ment Program database in 2009 and 2010. Open and lap-

aroscopic techniques were compared using a propensity

score model to adjust for differences in patient demo-

graphics, characteristics, comorbidities, and laboratory

values.

Results A total of 26,766 cases met the inclusion criteria;

21,463 cases were open procedures (reducible, n = 15,520

[72 %]; incarcerated/strangulated, n = 5,943 [28 %]), and

5,303 cases were laparoscopic procedures (reducible,

n = 3,883 [73 %]; incarcerated/strangulated, n = 1,420

[27 %]). Propensity score adjusted odds ratios (ORs) were

significantly different between open and laparoscopic

VIHR for reducible and incarcerated/strangulated hernias

with regard to superficial SSI (OR 5.5, p \ 0.01 and OR

3.1, p \ 0.01, respectively), deep SSI (OR 6.9, p \ 0.01,

and OR 8.0, p \ 0.01, respectively) and wound disruption

(OR 4.6, p \ 0.01 and OR 9.3, p = 0.03, respectively).

The risk for organ/space SSI was significantly greater for

open operations among reducible hernias (OR 1.9, p =

0.02), but there was no significant difference between the

open and laparoscopic repair groups for incarcerated/

strangulated hernias (OR 0.8, p = 0.41). The OT was

significantly longer for laparoscopic procedures, both for

reducible (98.5 vs. 84.9 min, p \ 0.01) and incarcerated/

strangulated hernias (96.4 vs. 81.2 min, p \ 0.01). LOS

(mean, 95 % confidence interval) was significantly longer

for open repairs for both reducible (open = 2.79,

2.59–3.00; laparoscopic = 2.39, 2.20–2.60; p \ 0.01) and

incarcerated/strangulated (open = 2.64, 2.55–2.73; lapa-

roscopic = 2.17, 2.02–2.33; p \ 0.01) hernias.

Conclusions Laparoscopic VIHR for reducible and

incarcerated/strangulated hernias is associated with shorter

LOS and decreased risk for superficial SSI, deep SSI, and

wound disruption, but longer OTs when compared to open

repair.

Keywords Incisional hernia � Laparoscopy � Length of

hospital stay � Surgical site infection outcomes � Ventral
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In the United States, it is estimated that over 400,000

patients undergo treatment for ventral or incisional hernias

each year, a number that continues to increase annually [1].

Incisional hernias are a common complication after

Presented at the 59th Annual Meeting of the Michigan Chapter of the

American College of Surgeons, May 2012, Traverse City, MI; and the

annual conference of the American College of Surgeons’ National

Surgical Quality Improvement Program National Conference, July

2012, Salt Lake City, UT.

C. Kaoutzanis (&) � S. W. Leichtle � N. J. Mouawad �
R. M. Lampman � R. K. Cleary

Department of Surgery, Saint Joseph Mercy Health System,

5333 McAuley Drive, Reichert Health Building, Suite R-2111,

Ann Arbor, MI 48106, USA

e-mail: ckaoutzanis@gmail.com

K. B. Welch

Center for Statistical Consultation and Research, University of

Michigan, Ann Arbor, MI, USA

123

Surg Endosc (2013) 27:2221–2230

DOI 10.1007/s00464-012-2743-0

and Other Interventional Techniques 



abdominal surgery, with a reported incidence of 3–13 %

[2–4]. The incidence increases up to 80 % for those who

develop wound infections [5–7]. The clinical and economic

burden of these hernias is substantial and ranges from

discomfort or pain to bowel obstruction or incarceration,

and even death. Surgical intervention is the only potentially

curative approach. These data imply that many patients

undergoing any type of abdominal operation will require

additional surgical intervention to repair a resultant inci-

sional hernia. Taking into consideration the morbidity and

costs related to ventral/incisional hernia repairs (VIHRs), it

becomes apparent that the efficacy of repair techniques is

crucial and is among the most vexing of all hernia

surgeries [8].

Several techniques and technologies have been devel-

oped for the repair of ventral/incisional hernias. Yet there

is still controversy as to which is the optimal treatment

approach for repair of such hernias, and recurrence rates

remain unacceptably high. The insertion of a prosthetic

material to strengthen the abdominal wall allows for a

tension-free repair, but such repairs are still associated with

a significant recurrence rate ranging between 2 and 36 %

[9–11]. A randomized, multicenter study demonstrated that

nearly half of all primary repairs and one-fourth of mesh

repairs fail within 3 years [7]. Moreover, the use of pros-

thetic material carries the risk of severe wound complica-

tions, which itself is an independent risk factor for hernia

recurrence and further morbidity [7].

In 1993, LeBlanc and Booth first described the laparo-

scopic approach for ventral hernia repair with insertion of

an intraperitoneal expanded polytetrafluoroethylene

(ePTFE) mesh without closing the fascial gap [12]. Since

then, the laparoscopic repair has become an acceptable yet

underutilized alternative to open repair. A recent meta-

analysis of 10 published randomized, controlled trials

comparing the open to laparoscopic approach demonstrated

fewer wound infections with laparoscopy [13]. Many of

these studies, however, have a rather small number of

participants and might not have been adequately powered

to determine the morbidity of open VIHR compared to

laparoscopic repair.

To avoid the high costs associated with a randomized,

controlled trial including thousands of patients, we que-

ried the prospectively collected multicenter American

College of Surgeons’ National Surgical Quality

Improvement Program (ACS-NSQIP) database to com-

pare the incidence of postoperative surgical site infec-

tions (SSIs) between open and laparoscopic VIHR. Our

aim was to specifically determine outcomes for reducible

and incarcerated/strangulated hernia subgroups sepa-

rately. We also compared operative times (OTs) and the

impact of the two techniques on length of hospital stay

(LOS).

Materials and methods

The ACS-NSQIP database was queried for cases of VIHRs

in 2009 and 2010, a time period when both surgical tech-

niques were in common use. The ACS-NSQIP is a large,

rigorously maintained database recording more than 135

variables, including preoperative risk factors, intraopera-

tive occurrences, and 30-day postoperative outcomes for

patients undergoing major surgical procedures in both the

inpatient and outpatient setting. Data are recorded by

trained and certified clinical nurse reviewers at each par-

ticipating hospital, and the ACS-NSQIP has been validated

and proven to be a reliable, comprehensive tool for quality

improvement [14]. Cases were sampled by Current Pro-

cedural Technology (CPT) codes for open hernia repairs

(49560, 49561, 49565, 49566) and laparoscopic hernia

repairs (49654, 49655, 49656, 49657). Separate analyses

were performed for reducible and incarcerated/strangulated

hernias. The institutional review board at the Saint Joseph

Mercy Health System approved this study.

Exclusion criteria included age under 18 years, current

pregnancy, involvement in trauma, American Society of

Anesthesiology classification of 5 and 6, presence of sys-

temic inflammatory response syndrome, severe sepsis or

septic shock within 48 h before the index operation, and

the presence of preoperative open wounds, with or without

infection.

Outcomes of interest were OTs, and all types of post-

operative wound occurrences including superficial SSI,

deep SSI, organ/space SSI, and wound disruption. The

definitions for these categories were based on Centers for

Disease Control and Prevention and ACS-NSQIP termi-

nology. LOS, defined as the day of discharge minus the day

of operation, was also examined.

Thirty-seven risk factors were included in our statistical

model, comparing the 30-day outcomes for open versus

laparoscopic VIHR including emergent surgery, initial or

recurrent hernia, inpatient or outpatient procedure, demo-

graphic characteristics, general health factors, comorbidi-

ties, preoperative laboratory values, and intraoperative

factors (Table 1). Patient demographics included age,

gender (male/female), ethnicity (white, African American),

and body mass index. General health factors included

tobacco use (defined as smoking history within 1 year

before the index operation), alcohol use (defined as more

than 2 drinks per day within 2 weeks before admission to

the hospital for the index operation), functional health

status before surgery (independent, partially/totally

dependent), American Society of Anesthesiology class

(1–4), and surgery within 30 days of the index operation.

Comorbidities included diabetes mellitus (non-insulin-

dependent or insulin-dependent), pulmonary (chronic

obstructive pulmonary disease, moderate dyspnea, or
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dyspnea at rest), hypertension requiring medications, car-

diovascular (angina within the month before the index

operation, myocardial infarction within 6 months before

the index operation, congestive heart failure within 30 days

before the index operation, history of percutaneous coro-

nary intervention, history of cardiac surgery), peripheral

vascular disease (claudication, rest pain, or gangrene, his-

tory of revascularization or amputation for peripheral

vascular disease), renal failure (acute renal failure, renal

failure requiring dialysis), ascites, disseminated cancer,

chemotherapy or radiotherapy for malignancy within

30 days of the index operation, chronic steroid use, loss of

more than 10 % of body weight in the 6 months before the

index operation, bleeding disorders, and cerebrovascular

events (history of transient ischemic attack, cerebrovascu-

lar accident with or without neurologic deficit, hemiplegia,

paraplegia, quadriplegia, impaired sensorium). Level of

residency supervision was an intraoperative risk factor. All

the above listed risk factors, except age, were included as

discrete categories. For preoperative laboratory variables,

abnormal values were defined as white blood count\4.5 or

[11.0 9 103/lL, hematocrit\38 or[45 %, platelet count

\150 or[400 9 103/lL, blood urea nitrogen[40 mg/dL,

creatinine [1.2 mg/dL, mean serum albumin \3.2 gm/dL,

serum total bilirubin [1.0 mg/dL, alkaline phosphatase

[125 IU/L, aspartate aminotransferase [40 IU/L, inter-

national normalized ratio [1.5, and partial thromboplastin

time [35 s.

Initial comparisons of the risk factors for the open and

laparoscopic VIHR groups were made by the Pearson v2

test or Fisher’s exact test where appropriate for categorical

variables, and independent-sample t tests for continuous

variables (i.e., age).

Initial unadjusted odds ratios (ORs) comparing open

versus laparoscopic repair were calculated for any post-

surgical wound infection combined (any occurrence of

superficial, deep, or organ/space SSI, or wound disruption)

by logistic regression. Separate unadjusted comparisons of

the incidence of each type of wound occurrence for open

versus laparoscopic surgery were also executed by logistic

regression. Because of the skewed nature of LOS (75 % of

patients had a LOS of 3 days or less; maximum was

120 days), comparisons of LOS for the two surgery types

were made by a negative binomial regression model [15].

A propensity score analysis was used to adjust for the

differences between patients undergoing open or laparo-

scopic repair, and to allow for a more unbiased comparison

between patients in these two surgical groups. To imple-

ment the propensity score model, the probability of

undergoing hernia repair via open or laparoscopic tech-

nique was estimated for each patient by a multivariate

logistic regression model based on the 37 risk factors

described above (Table 1). To assess the effectiveness of

the propensity score method in producing comparable

groups for the two types of surgery, the balance between

patient characteristics in the open and laparoscopic repair

groups was estimated controlling for propensity score

quintile.

Propensity score–adjusted comparisons between the two

groups were calculated by fitting a logistic regression

model, stratifying on propensity score quintile, and

including any covariates that were still unbalanced between

the two groups. The propensity score–adjusted ORs com-

paring the two groups were calculated for each of the

wound infection outcomes and mean LOS.

Categorical risk factors were expressed in absolute

numbers and percent in each category. Continuous

variables, such as age, were expressed as arithmetic

mean ± standard deviation. Because of its skewed nature,

the LOS was expressed as geometric mean ± 95 % con-

fidence interval (CI). Wound occurrences were expressed

as number and percentage for each repair method in the

subgroups of reducible and incarcerated/strangulated cases.

Statistical significance for all analyses was indicated by a

p value of 0.05 or less. Analyses were performed by SAS

software for Windows, release 9.2.

Results

For the years 2009 and 2010, a total of 28,269 cases

of open and laparoscopic VIHR were listed in the

ACS-NSQIP database, with 26,766 cases (94.7 %) meeting

our inclusion criteria. Patient demographics and other char-

acteristics are listed in Table 2. Open surgery was performed

in 21,463 cases, 15,520 (72.3 %) of which had been classi-

fied as reducible, and 5,943 (27.7 %) of which had been

classified as incarcerated/strangulated. Laparoscopic sur-

gery was performed in 5,303 cases, 3,883 (73.2 %) of which

had been classified as reducible, and 1,420 (26.8 %) of which

had been classified as incarcerated/strangulated. Patient

characteristics initially differed significantly between the

two groups in 16 of 37 covariates for the reducible hernias,

and in 21 of 37 covariates for the incarcerated/strangulated

hernias (Table 1). For incarcerated/strangulated cases, pro-

pensity score stratification was successful in eliminating all

differences between the two groups, and for reducible her-

nias only a single significant difference remained (emer-

gency status of operation) between the two surgery types

(Table 1). Therefore, analyses for the reducible hernia sub-

group included emergency surgery status as a predictor,

along with surgery type, after stratifying on propensity score

quintile.

In propensity score analysis of reducible hernias, we

found that the risk for all four types of wound occurrences

was significantly greater for open than for laparoscopic
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Table 1 Differences between groups before and after propensity score matching

Characteristica Reducible hernias Incarcerated/strangulated hernias

p (before) p (after) p (before) p (after)

Demographics

Age 0.02* 0.69 0.7 0.9

Gender 0.06 1 0.25 0.92

Ethnicity \0.01* 0.92 \0.01* 0.97

BMI \0.01* 1 \0.01* 1

General health factors

Tobacco use 0.03* 0.91 0.83 0.98

Alcohol abuse 0.17 0.85 0.26 0.96

Functional status 0.02* 0.53 \0.01* 0.51

ASA class \0.01* 0.47 \0.01* 0.95

Prior operation (30 days) 0.67 0.78 0.03* 0.86

Comorbidities

Diabetes mellitus 0.33 0.97 0.33 0.86

Pulmonary 0.13 0.98 0.19 0.99

Hypertension requiring medications 0.22 0.97 0.2 0.9

Cardiovascular 0.19 0.92 0.09 0.9

Peripheral vascular disease 0.93 0.93 0.52 0.98

Renal failure 0.15 0.61 0.08 0.82

Ascites 0.08 0.46 0.01* 0.63

Disseminated cancer 0.06 0.66 0.34 0.93

Chemotherapy or radiation therapy 0.48 0.95 0.08 0.8

Chronic steroid use 0.27 0.93 0.47 0.95

Weight loss [10 % (6 months) 0.63 0.96 0.52 0.99

Bleeding disorders 0.25 0.87 \0.01* 0.77

Cerebrovascular 0.36 0.93 0.74 0.9

Laboratory abnormalities

White blood count \0.01* 0.99 \0.01* 0.88

Hematocrit \0.01* 0.99 \0.01* 0.99

Platelets \0.01* 0.99 \0.01* 0.99

BUN \0.01* 0.84 \0.01* 0.87

Creatinine \0.01* 0.95 0.03* 0.96

Albumin 0.01* 0.7 \0.01* 0.92

Total bilirubin 0.56 0.99 \0.01* 0.95

Alkaline phosphatase 0.94 0.98 \0.01* 0.98

AST 0.24 0.88 0.07 0.97

INR \0.01* 0.96 \0.01* 0.83

PTT \0.01* 0.95 \0.01* 0.86

Other

Recurrent hernia 0.47 0.47 \0.01* 0.68

Emergency \0.01* 0.01* \0.01* 0.15

Resident involvement 0.57 0.94 \0.01* 0.82
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repairs after adjusting for propensity score quintile

(Table 3). Specifically, the odds of an adverse event were

5.5 times greater for superficial SSI (OR 5.5, 95 % CI

3.6–8.4, p \ 0.01), 6.9 times greater for deep SSI (OR 6.9,

95 % CI 3.0–15.6, p \ 0.01), 4.5 times greater for wound

disruption (OR 4.5, 95 % CI 1.8–11.0, p \ 0.01), and 1.9

times greater for organ/space SSI (OR 1.9, 95 % CI

1.1–3.3, p = 0.02). For incarcerated/strangulated hernias,

the risk of superficial SSI, deep SSI, and wound disruption

was also significantly higher for open compared to lapa-

roscopic operations after adjusting for propensity score

quintile. Specifically, the odds of an adverse event were 3.1

times greater for superficial SSI (OR 3.1, 95 % CI 1.9–5.2,

p \ 0.01), 7.9 times greater for deep SSI (OR 7.9, 95 % CI

2.5–25.4, p \ 0.01) and 9.3 times greater for wound dis-

ruption (OR 9.3, 95 % CI 1.3–67.8, p = 0.03). There was

no significant difference between the open and laparo-

scopic groups for incarcerated/strangulated cases with

regard to organ/space SSI (OR 0.80, 95 % CI 0.4–1.5,

p = 0.41).

After adjusting for propensity score quintile, the mean

LOS was significantly longer for open than for laparo-

scopic repairs, which was true for both reducible hernias

(open: OR 2.70, 95 % CI 2.59–3.00; laparoscopic: OR

2.39, 95 % CI 2.20–2.60; p \ 0.01), and incarcerated/

strangulated hernias (open: OR 2.64, 95 % CI 2.55–2.73;

laparoscopic: OR 2.17, 95 % CI 2.02–2.33; p \ 0.01).

When comparing the OT between open and laparoscopic

operations, only cases with a duration of more than 20 min

and less than 240 min were included in an attempt to

exclude potentially erroneous data entries. For the reduc-

ible hernias, the mean OT for laparoscopic repair was

significantly longer than for open repair, after adjusting for

propensity score quintile and emergency status (98.5 vs.

84.9 min, p \ 0.01). For cases of incarcerated/strangulated

hernias, the OT for laparoscopic repair was also signifi-

cantly longer than for open repair, after adjusting for pro-

pensity score quintile (96.4 vs. 81.2 min, p \ 0.01).

Discussion

This analysis of more than 26,000 cases of open and lap-

aroscopic VIHRs in ACS-NSQIP hospitals throughout the

United States suggests the superiority of laparoscopy with

regard to several important postoperative outcomes. Sev-

eral studies advocated that laparoscopic VIHR can improve

outcomes with regard to overall complications, recurrence

rates, and LOS [16, 17]. However, these results were not

demonstrated consistently [18–20], and only few random-

ized, controlled trials comparing open and laparoscopic

VIHRs have been published [18, 21–25].

Limiting our analysis to the years 2009 and 2010 was

necessary because of the small number of laparoscopic

VIHRs recorded in the ACS-NSQIP database before 2009.

This still provided adequate numbers to allow for an ade-

quately powered comparison of the two techniques. Fewer

than 20 % of VIHRs in both 2009 (18.5 %) and 2010

(19.9 %) were performed laparoscopically, suggesting that

minimally invasive repair is still a developing technique

that requires the acquisition of advanced laparoscopic skills

and that may be perceived as technically challenging to

many. Therefore, it is conceivable that the level of comfort

with this approach is fairly low for those general surgeons

who have not undergone extensive laparoscopic training.

Additionally, small hernia defects may appear to be more

easily repaired through a small incision via the open

technique. It is yet to be determined with large randomized,

controlled trials whether the higher costs and lower reim-

bursements associated with the laparoscopic approach are

offset by the reported advantages of this technique, such as

shorter LOS and return to baseline functional status.

Although Misra et al. reported increased cost with the

laparoscopic approach, a recent study that used the

Nationwide Inpatient Sample demonstrated lower total

hospital charges when the laparoscopic approach was used

for ventral hernia repairs, which was believed to be partly

related to the shorter LOS [21, 26].

Table 1 continued

Characteristica Reducible hernias Incarcerated/strangulated hernias

p (before) p (after) p (before) p (after)

Inpatient/outpatient \0.01* 0.9 \0.01* 0.73

BMI body mass index, ASA American Society of Anesthesiology, BUN blood urea nitrogen, AST aspartate aminotransferase, INR international

normalized ratio, PTT partial thromboplastin time

* p \ 0.05
a Diabetes mellitus insulin- and non-insulin-dependent, Pulmonary chronic obstructive pulmonary disease, moderate dyspnea, or dyspnea at rest,

Cardiovascular angina within the month before the index operation, myocardial infarction within 6 months before the index operation, con-

gestive heart failure within 30 days before the index operation, history of percutaneous coronary intervention, history of previous cardiac

surgery, Peripheral vascular disease claudication or rest pain or gangrene, history of revascularization or amputation for peripheral vascular

disease, Renal failure acute renal failure, renal failure currently requiring dialysis, Cerebrovascular history of transient ischemic attacks,

cerebrovascular accident with or without neurologic deficit, hemiplegia, paraplegia, quadriplegia, impaired sensorium
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The ACS-NSQIP data revealed that postoperative

adverse wound occurrences in patients undergoing VIHR

are relatively low. For reducible hernias, the incidence of

any wound occurrence was 5.5 versus 1.2 % for open and

laparoscopic techniques, respectively. For incarcerated/

strangulated hernias, the incidence of wound occurrences

was also low, at 6.6 versus 2.4 % for open and laparoscopic

techniques, respectively. These results compare favorably

Table 2 Patient demographics and characteristics in the individual study groups

Characteristica Reducible hernias Incarcerated/strangulated hernias

Open technique Laparoscopic technique Open technique Laparoscopic technique

Patients, n (%) 15,520 (80.0 %) 3,883 (20.0 %) 5,943 (80.7 %) 1,420 (19.3 %)

Demographics

Age, mean ± SD 56.3 ± 14.4 56.9 ± 13.6 56.8 ± 14.7 57.0 ± 12.9

Female gender, n (%) 8,772 (56.5 %) 2,260 (58.2 %) 3,584 (60.3 %) 880 (62.0 %)

African American, n (%) 1,459 (9.4 %) 306 (7.9 %) 810 (13.6 %) 139 (9.8 %)

BMI, n (%)

25–30 kg/m2 4,502 (29.0 %) 1,100 (28.3 %) 1,352 (22.8 %) 287 (20.2 %)

30–35 kg/m2 3,994 (25.7 %) 1,062 (27.4 %) 1,421 (23.9 %) 364 (25.6 %)

35–40 kg/m2 2,351 (15.2 %) 672 (17.3 %) 1,047 (17.6 %) 293 (20.6 %)

[40 kg/m2 2,084 (13.4 %) 546 (14.1 %) 1,279 (21.5 %) 343 (24.2 %)

General health factors, n (%)

Tobacco use 3,276 (21.1 %) 759 (19.6 %) 1,313 (22.1 %) 310 (21.8 %)

Alcohol abuse 328 (2.1 %) 96 (2.5 %) 141 (2.4 %) 41 (2.9 %)

Functional status 205 (1.3 %) 34 (0.9 %) 195 (3.3 %) 19 (1.3 %)

ASA class C3 6,607 (42.6 %) 1,617 (41.6 %) 2,876 (48.4 %) 657 (46.3 %)

Prior operation (30 days) 72 (0.5 %) 16 (0.4 %) 12 (0.9 %) 95 (1.6 %)

Comorbidities, n (%)

Diabetes mellitus 2,344 (15.1 %) 611 (15.7 %) 1,113 (18.7 %) 250 (17.6 %)

Pulmonary 1,873 (12.1 %) 431 (11.1 %) 834 (14.0 %) 192 (13.5 %)

Hypertension requiring medications 7,675 (49.5 %) 1,963 (50.6 %) 3,143 (52.9 %) 778 (54.8 %)

Cardiovascular 1,548 (10.0 %) 360 (9.3 %) 559 (9.4 %) 113 (8.0 %)

Peripheral vascular disease 255 (1.6 %) 63 (1.6 %) 75 (1.3 %) 21 (1.5 %)

Renal failure 132 (0.9 %) 24 (0.6 %) 75 (1.3 %) 10 (0.7 %)

Ascites 61 (0.4 %) 8 (0.2 %) 58 (1.0 %) 4 (0.3 %)

Disseminated cancer 90 (0.6 %) 33 (0.9 %) 38 (0.6 %) 6 (0.4 %)

Chemoradiotherapy 74 (0.5 %) 22 (0.6 %) 34 (0.6 %) 3 (0.2 %)

Chronic steroid use 370 (2.4 %) 81 (2.1 %) 127 (2.1 %) 26 (1.8 %)

Weight loss [10 % (6 months) 67 (0.4 %) 19 (0.5 %) 38 (0.6 %) 7 (0.5 %)

Bleeding disorders 410 (2.6 %) 90 (2.3 %) 246 (4.1 %) 37 (2.6 %)

Cerebrovascular 808 (5.2 %) 188 (4.8 %) 301 (5.1 %) 75 (5.3 %)

Other, n (%)

Recurrent hernias 3,430 (22.1 %) 879 (22.6 %) 1,397 (23.5 %) 408 (28.7 %)

Emergency cases 275 (1.8 %) 27 (0.7 %) 913 (15.4 %) 68 (4.8 %)

Resident involvement 9,183 (59.2 %) 2,278 (58.7 %) 3,177 (53.5 %) 870 (61.3 %)

Outpatient cases 7,617 (49.1 %) 2,089 (53.8 %) 2,469 (41.5 %) 667 (47.0 %)

SD standard deviation, BMI body mass index, ASA American Society of Anesthesiology

* p \ 0.05
a Diabetes mellitus insulin- and non-insulin-dependent, Pulmonary chronic obstructive pulmonary disease, moderate dyspnea, or dyspnea at rest,

Cardiovascular angina within the month before the index operation, myocardial infarction within 6 months before the index operation, con-

gestive heart failure within 30 days before the index operation, history of percutaneous coronary intervention, history of previous cardiac

surgery, Peripheral vascular disease claudication or rest pain or gangrene, history of revascularization or amputation for peripheral vascular

disease, Renal failure acute renal failure, renal failure currently requiring dialysis, Cerebrovascular history of transient ischemic attacks,

cerebrovascular accident with or without neurologic deficit, hemiplegia, paraplegia, quadriplegia, impaired sensorium
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with previously reported results, which ranged from 0 to

33 % for open repairs and from 0 to 6 % for laparoscopic

repairs [13]. In fact, the ACS-NSQIP outcomes are better

than the majority of the individual studies included in a

recent Cochrane review of 10 available published ran-

domized controlled trials [13]. However, the available tri-

als were rather small and were of a single center, with only

11–104 study participants in each group. Taking into

consideration that postoperative SSIs after VIHRs are rel-

atively uncommon, we estimated that at least 2,000 patients

would be required for an adequately powered randomized

controlled trial to detect a difference between open versus

laparoscopic repair for any wound complication. Even

larger numbers would be necessary to detect differences for

each individual type of SSI, an approach that is neither

practical nor cost-effective.

To our knowledge, this is one of the few studies to

compare postoperative SSI outcomes between open and

laparoscopic repairs, analyzing separately reducible and

incarcerated/strangulated hernias. Separating the two

groups is important because repairs of incarcerated/stran-

gulated hernias are performed in a potentially contaminated

environment, a setting that may be associated with higher

rates of wound infections, particularly with the use of mesh

[27, 28]. The ACS-NSQIP data demonstrated that the

incidence of postoperative wound infections for incar-

cerated/strangulated hernias is only 1.1 % higher than for

reducible hernias with the open technique. Similarly, with

laparoscopy, the incidence of postoperative wound infec-

tions for incarcerated/strangulated hernias was only 1.2 %

higher compared to reducible hernias. These differences,

though small, are significant, and they suggest that patients

who undergo operative intervention for an incarcerated/

strangulated hernia are more likely to develop a postoper-

ative SSI, regardless of the surgical approach.

Although postoperative wound complications in patients

undergoing VIHR in the ACS-NSQIP database were low,

the reported morbidity was significantly greater with the

open than the laparoscopic technique. For reducible her-

nias, patients undergoing open repair were at significantly

greater risk of developing a superficial SSI, deep SSI,

wound disruption, or organ/space SSI compared to patients

undergoing laparoscopic repair. For incarcerated/strangu-

lated hernias, patients undergoing open repair were found

to be at significantly higher risk of superficial SSI, deep

SSI, and wound disruption, but not organ/space SSI. These

findings are in accordance with another recent ACS-NSQIP

study and two recent meta-analyses [13, 29, 30]. It is not

surprising that the open approach is associated with more

skin and subcutaneous tissue infections, given the resultant

trauma from the potentially extensive dissection of the

subcutaneous tissue. The laparoscopic technique involves

almost no dissection of subcutaneous tissue, and the inci-

sions are much smaller, making migration of bacteria to the

subcutaneous space less likely. However, it has been pos-

tulated that the laparoscopic approach is associated with

more severe intra-abdominal complications, such as intra-

operative hemorrhage or bowel injury, given the need for

extensive lysis of adhesions in the area of the abdominal

wall in which the mesh will be positioned [31, 32]. One

would expect a significant increase in the incidence of

organ/space SSIs using the laparoscopic technique. In our

study, there was no such increase in these adverse out-

comes in the laparoscopic group. In fact, the risk of organ/

space infection for reducible hernias was found to be

higher in the open group, and for the incarcerated/

Table 3 Comparison of incidence of all types of wound occurrences between two techniques for reducible and incarcerated/strangulated hernias

Wound recurrence Open Laparoscopic Unadjusted outcomes Adjusted outcomes

OR (95 % CI) p OR (95 % CI) p

Reducible hernias 15,520 (80.0 %) 3,883 (20.0 %)

Superficial SSI (n = 495) 473 (3.0 %) 22 (0.6 %) 5.5 (3.6–8.5) \0.01 5.5 (3.6–8.4) \0.01

Deep SSI (n = 177) 171 (1.1 %) 6 (0.2 %) 7.2 (3.2–16.2) \0.01 6.9 (3.0–15.6) \0.01

Wound disruption (n = 102) 97 (0.6 %) 5 (0.1 %) 4.9 (2.0–12.0) \0.01 4.5 (1.8–11.0) \0.01

Organ/space SSI (n = 134) 119 (0.8 %) 15 (0.4 %) 2.0 (1.2–3.4) 0.01 1.9 (1.1–3.3) 0.02

Total (n = 908) 860 (5.5 %) 48 (1.2 %)

Incarcerated/strangulated hernias 5,943 (80.7 %) 1,420 (19.3 %)

Superficial SSI (n = 229) 212 (3.6 %) 17 (1.2 %) 3.1 (1.9–5.0) \0.01 3.1 (1.9–5.2) \0.01

Deep SSI (n = 95) 92 (1.5 %) 3 (0.2 %) 7.4 (2.3–23.5) \0.01 7.9 (2.5–25.4) \0.01

Wound disruption (n = 45) 45 (0.8 %) 1 (0.1 %) 10.8 (1.5–78.6) 0.02 9.3 (1.3–67.8) 0.03

Organ/space SSI (n = 55) 42 (0.7 %) 13 (0.9 %) 0.8 (0.4–1.4) 0.41 0.8 (0.4–1.5) 0.41

Total (n = 411) 391 (6.6 %) 34 (2.4 %)

OR odds ratio, CI confidence interval, SSI surgical site infection
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strangulated cases there was no difference between the two

repair approaches. This may be attributed to the superior

visualization that laparoscopy provides, which enables

easier identification and dissection of tissue planes.

Today’s need to minimize health care expenditures

makes the postoperative LOS a critical factor in the deci-

sion-making process for the selection of any surgical

technique. Duration of hospitalization can also be a sur-

rogate of other important outcomes that were not assessed

in our study, such as postoperative pain and return of bowel

function. It can also significantly affect the overall hospital

cost. Our results demonstrated a significantly shorter LOS

in the laparoscopic group for both reducible and incar-

cerated/strangulated hernias. Many studies have examined

duration of hospitalization with inconsistent results.

Although some randomized, controlled trials and retro-

spective cohort studies reported results similar to our study,

others failed to demonstrate a significant difference in LOS

[26, 29, 33–35]. Interestingly, Sauerland et al. [13] argued

that LOS can only be reduced by laparoscopic surgery if

the expected LOS after open hernia repair is relatively

long.

The impact of postoperative SSIs on LOS and health

care costs cannot be overestimated. It is not surprising that

SSI occurrence for a variety of surgical procedures has

been associated with increased LOS and treatment costs

[36, 37]. Readmission to the hospital, frequent follow-up

visits, or even need for home health care for regular wound

dressing changes can add to the high costs related to these

infections. The additional burden on patients should not be

underestimated. For instance, patients with SSI are not only

at risk for complications that result from prolonged hos-

pitalization, such as hospital-acquired infections and pres-

sure ulcers, but also complications related to antibiotic

therapy, such as antimicrobial resistance and Clostridium

difficile colitis. Therefore, it is apparent that any technique

that reduces postoperative SSIs rates and its associated

harmful outcomes can potentially improve the quality of

care and considerably reduce treatment costs.

One of the important determinants in evaluating the

effectiveness of a surgical procedure is the OT. In the

current literature, some trials found that laparoscopic sur-

gery took significantly longer than open surgery, whereas

the opposite was true in other trials [13]. Our study

examined differences in the OT between open and lapa-

roscopic VIHRs, and we analyzed reducible and incar-

cerated/strangulated hernias separately. We found that the

OT was significantly longer with the laparoscopic approach

for both types of hernias. It is possible that limited surgical

experience may have contributed to this difference, as the

use of laparoscopy for repair of these hernias is still in its

infancy in several institutions. Additionally, for nonre-

ducible hernias, the laparoscopic approach may have taken

longer, given the more extensive dissection required for

mobilization. Unfortunately, specific information regarding

classification of the hernia defect and some details of the

repair (e.g., position of the mesh, use of tacks for fixation

of the mesh in laparoscopic repairs) are not available in the

ACS-NSQIP database.

There are several limitations associated with the use of

the ACS-NSQIP database for this comparison that warrant

discussion and should be taken into consideration when

interpreting the results of this study. To adjust for differ-

ences in patient characteristics and comorbidities between

the open and laparoscopic groups, we used the well-rec-

ognized technique of propensity score matching [38–41].

However, propensity score stratification does not represent

true randomization; it can only adjust for known and

measured confounders. Furthermore, the ACS-NSQIP

database does not record all disease- and procedure-spe-

cific details, including presenting symptoms and surgical

indication for the repair, as well as important hernia

characteristics, such as defect size and number of previous

recurrences. Intraoperative details such as overall com-

plexity of the operation, conversion rates, occurrence of

inadvertent bowel injury, and surgeon-specific factors

including surgical technique details, type and positioning

of mesh, and surgeon experience and technical expertise

are not available in the database. All these factors may

have an important impact on the outcomes examined.

In addition, the ACS-NSQIP database does not offer

charge or cost data. Therefore, it is not possible to provide

a direct estimate of the treatment cost associated with each

technique. This makes it impossible to detect potential

financial savings that would be incurred by adoption of the

laparoscopic approach. Although we were able to analyze

differences in LOS between the two techniques, the ACS-

NSQIP database provides no information regarding patient-

centered outcomes such as postoperative pain and recu-

peration times. A word of caution seems appropriate here

regarding the generalizability of our results. Although the

ACS-NSQIP database is limited to ACS-NSQIP partici-

pating hospitals, it includes more than 450 hospitals across

the United States, making it a representative sample.

In conclusion, most VIHRs are not currently performed

via a minimally invasive approach. It appears that the

decision to perform open versus laparoscopic repair is

guided more by individual and institutional experience than

by evidence-based principles. This multi-institutional

analysis examined a large sample of patients undergoing

VIHR, resulting in statistically significant findings and

adding relevant information to the quest for the optimal

VIHR technique. We demonstrated that laparoscopic VIHR

for reducible and incarcerated/strangulated hernias is

associated with decreased risk of superficial SSIs, deep

SSIs, and postoperative wound disruption compared to

2228 Surg Endosc (2013) 27:2221–2230
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open repair. The incidence of all postoperative SSIs was

significantly higher for incarcerated/strangulated hernias.

Additionally, laparoscopic repair was associated with a

shorter LOS. These data suggest that in eligible cases,

laparoscopy should be used more frequently for the repair

of ventral and incisional hernias. This study also confirms

the need for more procedure-targeted programs in the

ACS-NSQIP, to streamline and optimize data collection for

ventral/incisional hernias, in an attempt to eliminate the

current limitations of the ACS-NSQIP database.
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