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Abstract

Background Incisional hernia repair is one of the most
common general surgery operations being performed today.
With the advancement of laparoscopy since the 1990s, we
have seen vast improvements in faster return to normal
activity, shorter hospital stays and less post-operative nar-
cotic use, to name a few.

Objective The key aims of this review were to measure
the impact of minimally invasive surgery versus open sur-
gery on health care utilization, cost, and work place absen-
teeism in the patients undergoing inpatient incisional/ven-
tral hernia (IVH) repair.

Methods We analyzed data from the Truven Health
Analytics MarketScan® Commercial Claims and Encoun-
ters Database. Total of 2557 patients were included in the
analysis.

Results  Of the patient that underwent IVH surgery, 24.5%
(n=626) were done utilizing minimally invasive surgical
(MIS) techniques and 75.5% (n=1931) were done open.
Ninety-day post-surgery outcomes were significantly lower
in the MIS group compared to the open group for total pay-
ment ($19,288.97 vs. $21,708.12), inpatient length of stay
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(3.12 vs. 4.24 days), number of outpatient visit (5.48 vs.
7.35), and estimated days off (11.3 vs. 14.64), respectively.
At 365 days post-surgery, the total payment ($27,497.96 vs.
$30,157.29), inpatient length of stay (3.70 vs. 5.04 days),
outpatient visits (19.75 vs. 23.42), and estimated days off
(35.71 vs. 41.58) were significantly lower for MIS group
versus the open group, respectively.

Conclusion When surgical repair of IVH is performed,
there is a clear advantage in the MIS approach versus the
open approach in regard to cost, length of stay, number of
outpatient visits, and estimated days off.

Keywords Incisional hernia - Health care utilization -
Ventral hernia - Workplace absenteesim

Approximately, 2 million laparotomies are done each year
in the US [1]. Even with meticulous closure techniques,
the rate of incisional hernia at 3 years has been reported
to be as high as 22% [2]. In the US, we spend more than
three billion dollars annually on inpatient and outpatient
incisional/ventral hernia (IVH) repairs [3]. In the early
1990s, IVH were repaired mainly in an open fashion. With
the advancement of minimally invasive surgery (MIS) tech-
niques during that time period, we began to see the advan-
tages in the field of IVH repair. One of the first described
MIS techniques and studies was done by LeBlanc in 1993,
which has paved the way for further studies on the benefits
of MIS for IVH repairs [4].

Over the past decade, many studies have compared lap-
aroscopic ventral hernia repair to open repair. Most stud-
ies have shown a consistent advantage of laparoscopic
approaches versus open to have shorter lengths of stay,
lower complication rates, decreased costs, comparable
operating times, and lower hernia recurrence rates [3, 5-9].
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Still, the rate of adoption of laparoscopic IVH repair in the
US remains low [10].

The key aims of this study were to measure the impact
of inpatient MIS versus open IVH repair on health care uti-
lization, cost, and work place absenteeism.

Methods
Data source

Data for this study were obtained from the Truven Health
Analytics MarketScan® Commercial Claims and Encoun-
ters Database. This commercial database contains the
enrollment and health care (medical and drug) claims of
multi-million employees and their dependents that are
covered annually under a variety of health plans offered
by medium-sized or large firms. Specifically, this com-
mercial database includes inpatient, outpatient, emergency
room, and outpatient prescription drug claims, linked by
a unique patient identifier. The three years (2009-2011)
of the commercial database contains de-identified claims
data for approximately 70 million enrollees from more
the 300 self-insured employers, 25 health plans, and 350
unique carriers in the United States. The data conformed
to the Health Insurance Portability and Accountability Act
of 1996 (HIPAA) confidentiality requirements, so neither
informed consent nor Institutional Review Board (IRB)

approval were required for this study. The HPM Database
is linkable via a unique enrollee identifier to the medical
and pharmacy experience of a subset of employees in the
Commercial database whose employers contribute their
short-term disability claims experience.

Sample selection

Step-wise sample selection is presented in Fig. 1. All
adults between the ages of 18 and 64, admitted as inpa-
tients, with ICD-9-CM primary diagnosis code for IVH
(ICD-9-CM diagnosis code: 551.20, 551.21, 552.20,
552.21, 553.20, 553.21; code descriptions provided in
Fig. 2) in calendar year (CY) 2010 were selected. These
patients were investigated for any incidence hernia repair
post-diagnosis in the same calendar year. ICD-9-CM pro-
cedure codes and/or CPT codes used to define surgical
treatment are provided in Fig. 3. For the surgical patients
the date of surgery was defined as the index date. To
keep the follow-up time consistent for all patients, only
patients with continuous enrollment of 12-month pre-
and post-index date were retained in the final sample.
A surgery was considered as a recurrent surgery if the
patients had any incidence of IVH repair surgery within
past 12 months to the index date. Only patients with
complete demographic information were included in the
final analysis. To control for outlier costs and utilization,
only patients with total one-year cost between 5th and

Select adult patients (18years < age <65 years) with primary ICD-9-CM diagnosis code for
incisional and ventral hernia (551.20, 551.21, 552.20, 552.21, 553.20, 55?'.21)1

(N=58,418)

Selecting patients enrolled for 12 month pre and post the index date®

(N=31,781)

Deleting recurrent surgery patients -
1. Surgery group: Delete patients with IVH procedure 12 months prior to index date
2. No surgery group: Delete patients with IVH procedure 12 months prior to index date

(N=30,160)

I Deleting patients with missing demographic information |

[ (N=30,086)

| Total inpatient sample- Deleting patients with outlier cost and deleting outpatients [

(N=3,012)

No Surgery (N=455, 15.11%)

Note:

MIS (N=626, 24.48%)°
Open (N=1,931, 75.52%)°

Surgery (N=2,557, 84.89%)

1. List and descriptions of ICD-9-CM (diagnosis and procedure) and CPT codes can be seen in Appendix 1.
2.For the surgical patients the date of surgery was defined as the index date. For non-surgical patients the index date was the first identified primary diagnosis in CY 2010.

3. The percentages are out of total Surgery patients.

Fig. 1 Sample selection
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Fig. 2 Incisional/ventral hernia

ICD-9-cm diagnosis codes ICD-9-CM diagnosis codes ICD-Code description
551.20 Ventral, unspecified, with gangrene
551.21 Incisional, with gangrene
552.20 Ventral, unspecified, with obstruction
552.21 Incisional, with obstruction
553.20 Ventral, unspecified
553.21 Incisional Hernia

Procedure Type Code Type Code Description

ICD-9-CM 53.62
ICD-9-CM 53.63

CPT 49652

Lap incis hern repr w/ graft/pros

Other lap repr other her ant abd w/gr
Laparoscopy, surgical, repair, ventral, umbilical, spigelian or epigastric
hernia (includes mesh insertion, when performed); reducible
Laparoscopy, surgical, repair, ventral, umbilical, spigelian or epigastric
CPT 49653 | hernia (includes mesh insertion, when performed); incarcerated or
Minimally Invasive strangulated

Surgery (MIS) cPT 49654 Lapa(oscopy, surgical, repair, inci§ional hernia (includes mesh

insertion, when performed); reducible

Laparoscopy, surgical, repair, incisional hernia (includes mesh

CPT 49655 insertion, when performed), incarcerated or strangulated

CcPT 49656 Laparoscopy, surgical, repair, recurrent incisional hernia (includes
mesh insertion, when performed); reducible

CcPT 49657 Laparoscopy, surgical, repair, recurrent incisional hernia (includes

mesh insertion, when performed); incarcerated or strangulated
Othr/open incis hern repr w/graft
Othr/op repr othr her ant abd w/gr

ICD-9-CM 53.61
ICD-9-CM 53.69

CPT 49560 | Repair initial incisional or ventral hernia; reducible

Open Surgery CPT 49561 | Repair initial incisional or ventral hernia; incarcerated or strangulated
CPT 49565 | Repair recurrent incisional or ventral hernia; reducible
CcPT 49566 Repair recurrent incisional or ventral hernia; incarcerated or

strangulated

Fig. 3 Surgical IVH treatment procedure codes

95th percentile were included in the final analysis. The
codes to identify MIS and open groups are provided in
Appendix 2.

Outcome measures and statistical analysis

We compared the outcomes between MIS and Open sur-
gical patients.

1. Patient characteristics:

Patient characteristics as of index date were com-
pared between the two groups using ¢ test for con-
tinuous variables (age and Charlson Comorbidity
Index (CCI)) and Chi-square test for the categorical
variables (gender, region).

2. Pre- and post-index date cost and utilization:

@ Springer

The 1-year pre-index date costs and utilization were
compared between the two groups. The reimburse-
ments are being considered as costs for this study. If
patients did not have utilization or costs over long-
term follow-up then those parameters were coded as
zero to ensure complete view of long-term utiliza-
tion and costs. Mean total cost and mean inpatient
length of stay (LOS) were compared between the
two groups. We also compared the mean number of
hospital outpatient, physician office, and emergency
room (ER) visits, respectively. The pre-index cost
and utilization data were compared using the 7 test
method.

The cost and utilization outcome measures were
compared for 90-days as well as 365-days post-
index date. The post-index period included the
index procedure data. Regression model adjusting
for age, gender, CCI score (pre-index period) and
region was used to compare utilization and cost
between two groups.
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3. Pre- and post-index estimated days off from work

In the absence of sufficient sample size from the
linked HPM database, we defined a proxy estimate
for number of days off from work based on utilization
data. For an office visit, an ER visit, or an Ambula-
tory surgery center (ASC) visit claim, we estimated
half a day of utilization. If a patient had a claim for an
outpatient visit, we estimated as full-day utilization.
For inpatient service claim, the length of stay was
converted directly to days of utilization. T test was
used to compare mean number of days off between
the two groups. For 90-day post-index as well as 365-
day post-index analysis regression models adjusting
for age, gender, CCI score (pre-index period), and
region were used to compare estimated days off from
work between two groups.

The MIS versus open comparison samples were very
similar in the pre-index data for the inpatient popu-
lation; thus to assess the outcomes post-surgery, we
also performed a difference-in-difference approach.
This analysis was adjusted for patient’s prior health
care utilization. Outcomes were modeled using gen-
eralized linear model. Within individuals, correlation
was adjusted using generalized estimating equation
(GEE). Office and hospital outpatient utilization and
estimated days off from work were modeled using
negative binominal distribution. Costs were estimated
using gamma distribution. ER and inpatient services
were modeled only for the post-period with logit link
and binomial distribution. Independent variables in
the regression model included age, region, proce-
dure type, CCI (pre and post), index hospital cost,
and index hospital LOS. For difference-in-difference
analysis, the index procedure data were excluded
from this analysis. Cross-sectional comparison of
index procedure cost and utilization data for the index
procedure was performed separately using regression
model adjusting for age, gender, CCI score (pre-index
period), and region.

All the analysis was performed using SAS 9.2 soft-
ware. The differences between the groups were con-
sidered significant at p <0.05.

Results

A total of 3012 patients were included in the final analysis.
The sample attrition is presented in Fig. 1. Approximately,
85% of the patients with a primary diagnosis code of IVH
underwent surgery. Of these surgery patients, MIS and

open surgery was performed in 24.5 and 75.5% patients,
respectively.

MIS versus open

Demographic characteristics (Table 1): The open patients
were slightly older than the MIS patients (51.3 vs. 50.3
years, p value=0.0084). All the other index date demo-
graphic characteristics were similar between the two
groups.

365-day Pre-index cost, utilization, estimated days off
(Table 2): The MIS and open groups were similar for 365-
day pre-index cost, utilization, and estimated days off (all
p<0.05).

90-day Post -index cost, utilization, estimated days off
(Table 3): Total 90-day post-index date cost for MIS sur-
gical patients was $2419.15 less compared to open surgi-
cal patients ($19,288.97 vs. $21,708.12, p<0.0001). Com-
pared to open patients, MIS patients also had a lower mean
inpatient LOS (3.12 vs. 4.24, p <0.0001), lower mean num-
ber of hospital outpatient visits (5.48 vs. 7.35, p<0.0001),
and lower number of ER visits (0.37 vs. 0.46, p=0.0472).
The estimated days off was 3.3 days less as compared to
open group (p <0.0001).

365-day Post-index cost, utilization, estimated days
off (Table 4): Total 365-day post-index date cost for MIS
patients was $2659.33 less compared to open patients
($27,497.96 vs. 30,157.29, p=0.0012). The post-index
date cost was inclusive of index surgery data. Compared
to open patients, MIS patients also had a lower mean inpa-
tient LOS (3.7 vs. 5.04, p<0.0001), lower mean number
of hospital outpatient visits (19.75 vs. 23.42, p=0.0018),
and lower number of ER visits (1.39 vs. 1.74, p=0.0161).
The estimated days off remained significant even at 365-
day post-index date; MIS patients had approximately 6 days
less days off work due to healthcare utilization compared to
open patients (p=0.0001).

Table 1 Demographic characteristics: MIS versus open

Number of patients, N MIS Open p value*
626 1931
Age (mean, SD) 5025 8.62 5129 854  0.0084
Female (N, %) 403 64.38% 1207 62.51% 0.3997
Region
Northeast 133 21.25% 399  20.66% 0.4676
North Central 167  26.68% 511 26.46%
South 242 38.66% 712  36.87%
West 84 13.42% 309 16.00%
Charlson Comorbidity 1.2 1.72 1.28 1.75  0.3183

index (CCI)

Significant at *p <0.05
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Table 2 365-day pre-index

T . Number of patients, N MIS Open Difference  p value*
cost, utilization, estimated days
. (MIS-open)
off comparison: MIS versus 626 1931
open
Mean SD Mean SD

Total payment 21,816.50 38,191.10 21,958.60 42,504.30 —142.10 0.9373
Inpatient LOS 2.68 6.50 3.05 8.30 -0.37 0.2447
Number of outpatient visits ~ 31.68 46.27 30.17 40.54 1.51 0.4653
Number of office visits 31.65 39.49 33.32 39.81 —1.67 0.3601
Number of ER visits 2.77 8.59 2.64 9.87 0.13 0.7544
Estimated days off 50.19 55.58 49.89 51.18 0.30 0.9050

Significant at *p <0.05

Table 3 90-day post-index cost, utilization, estimated days off comparison: MIS versus open

Number of patients, N MIS Open Differnece p value*
(MIS — open)

626 1931

Mean 95% CI Mean 95% CI
Total payment 19,288.97 18,321.34-20,307.7 21,708.12 21,099.4-22,334.39 —2419.15 <0.0001
Inpatient LOS 3.12 2.92-3.33 4.24 4.09-4.38 -1.12 <0.0001
Number of outpatient visits 5.48 4.85-6.19 7.35 6.89-7.85 —1.87 <0.0001
Number of office visits 7.21 6.54-7.94 7.72 7.31-8.15 -0.51 0.2133
Number of ER visits 0.37 0.3-0.45 0.46 0.41-0.52 -0.09 0.0472
Number of Days off 11.3 10.46-12.21 14.64 14.05-15.25 -3.34 <0.0001

Significant at *p <0.05

Table 4 365-day post-index cost, utilization, estimated days off comparison: MIS versus open

Number of patients, N MIS Open Difference p value
(MIS-open)

626 1931

Mean 95% CI Mean 95% CI
Total payment 27,497.96 26,150.54-28,914.81 30,157.29 29,316.61-31,022.08 —2659.33 0.0012
Inpatient LOS 3.7 3.44-3.98 5.04 4.85-5.23 -1.34 <0.0001
Number of outpatient visits 19.75 17.87-21.82 23.42 22.11-24.8 -3.67 0.0018
Number of office visits 24.65 22.77-26.68 26.38 25.19-27.63 -1.73 0.125
Number of ER visits 1.39 1.17-1.65 1.74 1.58-1.91 —-0.35 0.0161
Number of Days off 35.71 33.24-38.36 41.58 39.92-43.3 —5.87 0.0001

Significant at *p <0.05

Table 5 Index procedure cost: MIS versus open

MIS (N = 626) Open (N =1931) Adjusted difference p value*
Avg. 95% CI Avg. 95% CI
Length of stay 2.82 2.68-2.97 3.73 3.62-3.84 -0.91 <0.0001
Total cost 16,489.89 15,730.18-17,286.3 18,323.39 17,824.33-18,836.42 —1833.50 <0.0001
Inpatient cost 15,869.64 15,103.22-16,674.97 17,617.87 17,114.58-18,135.96 —1748.23 0.0002
Physician payment 1562.87 1,46.91-1688.13 2128.53 2033.81-2227.67 —565.66 <0.0001

Significant at *p <0.05
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MIS versus open index surgery costs (Table 5): Adjusted
mean total cost for index procedure for MIS group was
$1834 (p <0.0001). Patients undergoing MIS procedure on
average stayed one day less in the hospital as compared to
open patients (p <0.0001).

MIS versus open 90-day and 365-day cost, utilization,
estimated days off using difference-in-difference method
(excluding index procedure data) (Table 6): Table 6 com-
pares 90-day and 365-day pre- and post-healthcare utiliza-
tion. Open patients were significantly associated with 137%
(95% CI 112-167%) increase in number of days off com-
pared to MIS patients. In addition, the open patient group
also showed significantly higher drug expenditure than MIS
in the post-surgery period. The results were not significant
for 365-day comparison. For the 90- and 365-day adjusted
comparisons that are provided in Table 6, MIS group was
used as a reference category.

Discussion

Incisional hernia repair is one of the most common opera-
tions a general surgeon will perform today. Quality of life
measurements have also been shown to improve after ven-
tral hernia repair which is an important factor to consider
[11]. When comparing our MIS versus open hernia repair
group, we found significant advantages at the 90- and 365-
day time points in the MIS group regarding length of stay,
fewer outpatient visits and emergency room visits and
fewer days off work. This phenomenon is seen in many
open versus laparoscopic comparisons [12—-14]. Total pay-
ment at the 90- and 365-day time points is significantly

greater in the open group which most likely represents an
increase in payment secondary to the longer length of stay
and increase in office and emergency room visits. Drug
expenditure was higher for the open group at 90 days which
is probably related an increase in pain medication use seen
in other open versus laparoscopic studies [15, 16].

The power of using such a large data base is clearly evi-
dent with the Truven Health Analytics MarketScan® Com-
mercial Claims and Encounters Database. When compar-
ing the over 2500 cases of Open versus MIS patients, there
was a 3:1 ratio of patient having open surgery. This trend
was also observed in a previous study by Funk et al. look-
ing at national practice patterns for inpatient management
of ventral abdominal wall hernias in the United States [17].
In Funk’s study, which analyzed 112,000 ventral hernia
repairs, only 26% of the cases were being performed lapa-
roscopically. With the advent of more laparoscopic fellow-
ships and the increasing exposure of trainees to minimally
invasive surgery, the numbers of minimally invasive hernia
repairs should rise.

When looking at the adjusted mean total cost for index
procedure for MIS group as compared to the open group,
the MIS procedure was $1,834 less expensive. Patients
undergoing MIS procedure on average stayed one day less
in the hospital as compared to open patients and the inpa-
tient cost was $1748.23 less. Unfortunately, reimburse-
ments to physicians performing MIS hernia procedures
were on average, $565.66 less.

Ninety-day pre- and post-healthcare utilization dem-
onstrated that open patients were significantly associated
with 137% increase in number of days off and 125% higher
drug expenditures as compared to MIS patients. These two

Table 6 90-day and 365-day cost, utilization, estimated days off using difference-in-difference method: MIS versus open

Pre- and post- com-  Variable Estimates (utilization— 95% CI p value*

parison open vs. MIS)

90-days Office visit (% of times increase/decrease) 115.0% (76.0%, 172.0%) 0.5056
Hospital outpatient visit (% of times increase) 110.0% (79.0%, 153.0%) 0.5696
ER visit (odds ratio) 1.21 (0.73, 2.00) 0.4631
Inpatient services (odds ratio) 1.14 (0.66, 1.99) 0.6341
Number of days off 137.0% (112.0%, 167.0%) 0.0016
Total payment 123.0% (84.0%, 181.0%) 0.2809
Drug expenditure 125.0% (103.0%, 150.0%) 0.0175

365-days Office visit (% of times increase/decrease) 115.0% (46.0%, 284.0%) 0.7674
Hospital outpatient visit (% of times increase) 121.0% (78.0%, 186.0%) 0.3952
ER visit (odds ratio) 1.01 (0.72, 1.42) 0.9616
Inpatient services (odds ratio) 1.38 (0.96, 1.99) 0.0811
Number of days off 110.0% (92.0%, 130.0%) 0.2961
Total payment 117.0% (96.0%, 141.0%) 0.1225
Drug expenditure 95.0% (80.0%, 125.0%) 0.5639

Significant at *p <0.05, MIS group was used as a reference category
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variables are most likely related to the higher pain issues
associated open hernia surgery and the prolonged use of
narcotics after surgery.

Conclusion

There is a clear advantage with the MIS versus open sur-
gical repair of incisional/ventral hernias in regard to cost,
length of stay, number of outpatient and emergency room
visits, and days off work. The main conclusion of this study
is that minimally invasive techniques in hernia repair can
offer advantages over an open approach, but a case by case
analysis should be done on each patient to determine the
best clinical outcome for the patient.
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