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Abstract

Purpose Studies comparing laparoscopic (LIHR) vs.

open inguinal hernia repair (OIHR) have shown similar

recurrence rates but have disagreed on perioperative out-

comes and costs. The aim of this study is to compare

laparoscopic vs. open outcomes and costs.

Methods The National Surgical Quality Improvement

Program (NSQIP) was used to compare durations of surgery,

anesthesia time, and length of stay (LOS). The University

HealthSystem Consortium (UHC) was used to review the

cost and complications between approaches. Patients were

matched on demographics, year of procedure and surgical

approach between datasets for statistical analysis.

Results A sample of 5468 patients undergoing OIHR

(N = 4,693) or LIHR (N = 775) was selected from UHC

from 2008–2011. An identical number of patients from

NSQIP were matched to those from UHC resulting in a total

of 10,936 records. LIHR patients had shorter duration of wait

from admission to operation (p\ 0.05). Conversely, LIHR

patients had longer operating time (p\ 0.05), duration of

anesthesia (p\ 0.05), and time in the operating room

(p\ 0.05).Overall complication rate was higher in open (3.1

vs. 1.8 %, p\ 0.05). Cost favored open over LIHR ($4360

vs $5105). The cost discrepancy mainly stemmed from LIHR

supplies ($1448 vs. $340; p\ 0.05) and OR services ($1380

vs. $1080; p\ 0.05).

Conclusion This study demonstrates the LOS and periop-

erative outcomes were superior in the LIHR group; however,

the overall cost was higher due to the supplies. Advancement

in technology, surgeons’ skill level and preference of sup-

plies are all factors in decreasing the overall cost of LIHR.

Keywords Inguinal hernia � Laparoscopy � Cost �
NSQIP � UHC � Comparative

Introduction

Inguinal hernia repair (IHR) is one of the most common

operations performed by general surgeons with over

600,000 performed in the USA [1, 2] and roughly 20

million performed globally each year [3, 4]. The first

reported laparoscopic IHR (LIHR) was performed by Ger

in 1988; significant improvement in technology and tech-

nique has increased its use, but controversy in the USA has

stifled its adoption [5–7].

The argument against laparoscopic repair centers on

increased recurrence rate, post-operative complications,

and cost. The inguinal hernia repair debate continues today.

In 2004, a large Veteran’s Affair study compared open and

laparoscopic techniques and declared an open repair with

mesh to be the optimal operation for a unilateral primary

hernia. This outcome linked LIHR to an increased
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complication and recurrence rate, in addition to its need for

general anesthesia [8]. This study has deterred surgeons

from repairing inguinal hernias laparoscopically, despite

the open technique being shown to have higher rates of

chronic pain and recurrence rates being lower in the

laparoscopic group. Over the last 9 years, multiple studies

have compared these two operations and have concluded

that the recurrence rates were similar, but they have dis-

agreed on the perioperative outcomes and costs [9–13].

The aim of this study was to compare outcomes and cost

for both open and laparoscopic approaches to inguinal

hernia repair in the USA between 2008 and 2011, in dollars

(US). This project marries the benefits of the National

Surgical Improvement Program (NSQIP) [14] and the

University Health system Consortium (UHC) databases to

provide a significantly larger sample size than most other

studies, while also incorporating the investigatory possi-

bilities unique to each dataset. Similar patient populations

were created in both NSQIP and UHC using extensive

matching criteria. Creation of these datasets allowed this

study to examine outcomes in NSQIP and costs provided

by UHC in comparable datasets. By utilizing the data in

this manner, we sought to identify where cost savings could

be found to make the laparoscopic approach cost-effective

enough to warrant its use based on our observed outcomes.

Materials and methods

Data sources

National surgical improvement program (NSQIP)

The NSQIP provides researchers an encompassing dataset

based on patient medical records rather than claims data,

allowing investigation into surgical details not typically

captured in other datasets. Furthermore, patients are

tracked over the course of 30 days in addition to the pre-

operative and intraoperative periods [14]. Data collection

for NSQIP is performed by Surgical Clinical Reviewers

(SCRs). These individuals collect data on a randomized set

of patients from each participating hospital location. All

SCRs are trained by the American College of Surgeons and

utilize a variety of methods to ensure the reliability of data

collected, verifying mortality using both government

records and direct contact of patients [14]. Procedures are

coded using Current Procedural Terminology (CPT) codes,

unique numeric designations for specific procedures [15].

University HealthSystem Consortium (UHC)

The UHC brings together 117 academic medical centers

and 338 of their affiliated hospitals to form usable

databases covering a wide range of information obtained

from discharge records of individual patients. While

financial records are utilized specifically by this research

study, UHC also contains 30-day surgical outcomes and

patients’ demographics in addition to administrative

information.

Data collection and analysis

Cases were identified using the International Classification

of Disease—9th revision (ICD-9) codes for open and

laparoscopic inguinal hernia repair within the UHC data-

base. Current Procedure Terminology (CPT) codes, 49650

for LIHR and 49505 for open IHR (OIHR), were used for

record identification within NSQIP. Due to the difference

in coding between CPT and ICD-9, multiple codes were

utilized for the query of UHC records for LIHR (17.11,

17.12, 17.13, 17.21, 17.22, and 17.25) and OIHR (53.0,

53.00, 53.01, 53.02, 53.03, 53.04, 53.05, 53.1, 53.10,

53.11, 53.12, 53.13, 53.14, 53.15, 53.16, and 53.17). The

UHC data contain limited surgical outcome measures due

to its focus on cost; for this reason NSQIP, which contains

extensive surgical data, was matched to allow for accurate

comparison of procedure cost while also expanding the

surgical conclusions to be made about IHR. Prior to

matching, UHC cases flagged as having outlier costs, 99th

percentile or greater, were excluded from analysis along

with emergency cases from both sets. At the time of

analysis NSQIP data were available up to 2011, while UHC

data started at 2008, consequently the record date ranges

were truncated to 2008–2011.

Matching was accomplished on age, gender, race, year

of procedure, and surgical approach using the case–control

dialogue within the statistical analysis software, Interna-

tional Business Machines SPSS Statistics (IBM SPSS).

Age was matched with a tolerance of 5 years, and year of

procedure was given 1 year flexibility. The remaining

variables of gender, race, and surgical approach were not

allowed any deviation between matched records. Due to the

presence of fewer records in the UHC data for the proce-

dures of interest, UHC records were designated as the

demander dataset while NSQIP was the supplier for match

creation. This matching process generated a third dataset

consisting of records from NSQIP with similar demo-

graphics to the records already present in the UHC. The

new NSQIP dataset and original UHC records were then

independently examined. Statistical analysis was con-

ducted within each; costs and overall complication preva-

lence were compared between OIHR and LIHR within the

UHC patient data, while detailed surgical data were com-

pared between OIHR and LIHR with NSQIP patient data.

No process, outside of matching, was used to compare

records between the UHC and NSQIP datasets.
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Laparoscopic and inguinal cases within the NSQIP

selection were compared using t tests to elucidate differ-

ences in detailed surgical and hospital stay durations. Cost,

gender, race, and complication frequency were compared

using the matched UHC cases; the median and Pearson’s v2

tests were used. Significance levels for all tests were set to

an alpha of 0.05 and were conducted using IBM SPSS

version 22.0. The authors compared this study against the

Consolidated Health Economic Evaluation Reporting

Standards (CHEERS) [16].

Results

A total of 10,936 records were obtained for use in analysis

consisting of 5468 pairs between UHC and NSQIP. By

matching the populations so that they were similar on the

aforementioned factors, we were better able to analyze

both cost and outcomes for the procedures of interest from

different datasets. Laparoscopy was conducted in 775 of

the pairs while 4693 were of the open approach. Body mass

index and gender proportions were not found to signifi-

cantly differ between approaches. Patients undergoing the

open technique were older and contained a higher pro-

portion of non-white patients than those receiving laparo-

scopy (Table 1).

Normality of the cost distribution was analyzed using

the Kolmogorov–Smirnov test which revealed that both

procedure approaches were shown to have a skew toward

more expensive cases which necessitated the use of a

median test. The median cost for laparoscopy was shown to

be significantly more expensive than that of the open

approach, with similarly wide interquartile ranges between

procedures. Patients undergoing the open procedure also

had 1.76 times the odds of complication compared to the

laparoscopic group. Operating time, duration of anesthesia,

and time the patient spent in the room were all significantly

shorter for patients having an open operation. Conversely,

numbers of days from admission to operation were sig-

nificantly shorter for laparoscopic procedures. Similarly,

both overall length of stay, and length of surgical stay were

shorter in the laparoscopic group but were not significantly

so (Table 2). Within our institution, the total cost of indi-

vidual products ($1348.06, Table 3) used during LIHR was

Table 1 Summary of demographics of patients undergoing laparo-

scopic or open inguinal hernia repair and results

Open Laparoscopic P

UHC, N 4693 775 –

NSQIP, N 4693 775 –

Male gender, N (%) 4108 (87.5 %) 672 (86.7 %) 0.560

Race, N (%)

White 3156 (67.2 %) 573 (73.9 %) \0.001

Non-white 1537 (32.8 %) 202 (26.1 %) –

Age (mean ± SD) 61.4 ± 16.9 60.0 ± 16.1 0.024

BMI (mean ± SD) 25.9 ± 4.3 25.9 ± 4.1 0.946

BMI body mass index

Table 2 Analysis of direct

costs and outcomes between

open and laparoscopic inguinal

hernia surgeries

Measures Open Laparoscopic P

Direct cost

Median $4360 $5105 \0.001

Interquartile range $3148–$6416 $3778–$7140

UHC complication flag, N (%) 147 (3.1 %) 14 (1.8 %) 0.043

Odds ratio, 95 % CI 1.76 (1.01–3.06)

Mean ± std. dev

Length of stay (days) 0.32 ± 3.01 0.22 ± 0.86 0.332

Length of total surgical stay (days) 0.32 ± 3.23 0.21 ± 0.80 0.357

Admission to operation (days) 0.06 ± 0.83 0.02 ± 0.22 0.002

Operating time (min) 59.8 ± 29.1 70.6 ± 38.1 \0.001

Duration of anesthesia (min) 96.3 ± 35.4 112.2 ± 44.1 \0.001

Duration patient is in room (min) 88.4 ± 34.5 104.2 ± 42.5 \0.001

Table 3 Cost of surgical products at our institution

Product Company Cost

AbsorbaTackTM fixation device Covidien $484.29

ProTackTM fixation device Covidien $259.19

ProGripTM self-fixating mesh Covidien $312.38

Parietex composite mesh (10 9 15 cm) Covidien $71.89

TissealTM (4 ml) Baxter $220.31

Hernia (2016) 20:399–404 401

123



similar to the median value total for surgical supplies

($1361, Table 4). Additionally, the cost breakdown

between procedure approaches provided by UHC shows

that median cost of surgical supplies and ‘‘other surgical

services’’ are significantly higher in LIHR (p\ 0.001). It

should be noted that the magnitude of median cost differ-

ence for ‘‘other surgical services’’ is only $67 between

open and laparoscopic, but median surgical supply cost is

$644 more expensive for the laparoscopic group, repre-

senting a difference of nearly 90 % from open (Table 4).

Discussion

In the area of surgical outcomes, our results indicate that

patients benefit from the laparoscopic approach due to the

significantly lower odds of complication when compared to

the open approach. Additionally, the current body of

research supports our observation, as a meta-analysis of

literature on the topic has demonstrated a similar magni-

tude of protective effect by the laparoscopic approach

compared to open [17]. In this study, it was observed that

the odds of complication for OIHR were 1.76 times greater

than LIHR. With more than 3 % of OIHR patients having a

complication compared to 1.8 % of those having LIHR, the

outcomes clearly favor the laparoscopic technique. It is

important for the physician and patient to understand the

benefits of each surgery in light of surgery cost differences.

Studies have shown the overall cost of laparoscopic

inguinal hernia repair is higher than open repair [12, 13].

We report similar results, but we have broken down the

cost analysis to show that the primary difference in cost is

related to laparoscopic supplies and OR time. The OR time

was significantly longer in the laparoscopic group, while

the length of stay was shorter, though not statistically

significant. Interestingly, despite the shorter OR time of

OIHR, these patients also waited longer to have surgery

after being admitted compared to those having the

laparoscopic procedure. This difference may have an

impact on cost for OIHR as well as patient satisfaction and

warrants further research. To decrease LIHR OR time, the

surgeon must become an expert at laparoscopic repairs.

With a learning curve of 250 cases, laparoscopic inguinal

hernia repairs could arguably be classified as a complex

laparoscopic operation, for which additional training is

needed [18]. A study conducted by our institution has

demonstrated an under-utilization of laparoscopic inguinal

hernia repairs, which raises the question, ‘‘how can we

become more proficient at an operation we do not per-

form?’’ [5]. If surgeons continue to improve their laparo-

scopic skills and decrease their OR time for this operation,

it would also decrease its overall cost. By simultaneously

decreasing the use of expensive disposable equipment, the

cost for a laparoscopic inguinal hernia repair will parallel

that of an open repair.

There are currently many tools to aid in laparoscopic

inguinal hernia repair, and these tools can be expensive.

These added costs could discourage surgeons from

using the devices and may be a contributing factor to

discourage LIHR in general. Cost-effective product use

could increase rates of LIHR by eliminating this con-

cern. Similarly, various fixation devices are currently

being used to secure the mesh in place. Available

devices include non-absorbable and absorbable tackers,

fibrin glue, and self-gripping mesh. The costs for these

products at our institution are listed in Table 3. Multi-

ple studies have failed to show a difference in recur-

rence rate when comparing tacking, glue, self-gripping

mesh, or no fixation [19–26]. Eliminating the use of

fixation devices will significantly decrease the cost of

laparoscopic supplies as well as the overall cost. As

fewer disposable instruments are used, the cost of a

laparoscopic operation will continue to approach that of

an open repair.

An additional benefit to a laparoscopic inguinal hernia

repair would be the discovery and repair of an occult

contralateral hernia. Studies have shown a rate of up to

25 % asymptomatic contralateral inguinal hernia in those

patients undergoing a unilateral repair [27–29]. Concurrent

repair could allow a patient to have one operation and

anesthesia, rather than waiting until the contralateral side

becomes symptomatic. Minimal additional dissection time

is required during bilateral LIHR, as opposed to an addi-

tional inguinal exposure during bilateral OIHR, therefore

the difference in OR time will likely be less significant in

these 25 % of hernia patients.

Table 4 Cost breakdown of

laparoscopic vs. open surgical

supplies, operating room

services, and other surgical

services

Median (IQR) P

Open Laparoscopic

Surgical supplies $717 ($483–$1097) $1361 ($767–$2025) \0.001

OR services $1334 ($1063–$1698) $1389 ($1206–$1728) 0.250

Other surgical services $237 ($158–$334) $304 ($175–$437) \0.001

IQR interquartile range (range of the middle 50 % of cases), OR operating room
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One weakness of this study is the fact that while patients

were matched on as many factors as possible, the process

resulted in moderately smaller samples. Generally, length

of stay is considered to be shorter in minimally invasive

surgeries, and our results indicate this potential for IHR.

Our results were not statistically significant. Equality of

Levene’s test for variance indicated that our sample’s

length of stay was near significance for accepting the equal

variances assumption (p = 0.073), which would have

returned a statistically significant result on a shorter length

of stay in laparoscopic patients. A larger sample would

likely provide stronger results in this measure. Addition-

ally, it is particularly difficult to obtain accurate cost

information between procedures. A variety of factors

contribute to cost differences, as stated previously, physi-

cian preference in surgical supplies may have a major

impact on the cost of inguinal hernia repair procedures.

Furthermore, the cost figures themselves are based on

complex cost-charge ratios utilized by the UHC to provide

a close approximation for the actual cost of the procedure.

The true cost of these procedures would be impossible to

obtain simply from charges provided by hospitals. As such,

this is the best cost information available in such a large

database, although thoroughly itemized details are some-

what lacking.

While the operative costs are greater for laparoscopic

cases, overall care costs may favor the laparoscopic

approach. This study and others have shown an increase in

infections in open cases [8, 30]. With the list of ‘‘never’’

events increasing to include such complications as wound

infections following bariatric surgery, it is not hard to

conceive that the list may be expanded to include inguinal

hernia surgery as well. While several studies have shown

the costs to be equal 3–5 years following open and

laparoscopic IHR, this was frequently due to a higher

recurrence rate in laparoscopic repairs. As LIHR tech-

niques improve and surgeon experience increases, one

would expect similar recurrence rates between laparo-

scopic and open procedures.

If experienced, well-trained advanced laparoscopic sur-

geons perform IHR with appropriate equipment, the cost of

the operation may become comparable to an open repair;

LOS might then become a major factor in the patients’

overall cost, which may result in a cost savings for

laparoscopy over the open approach to inguinal hernia

repair.
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