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Abstract

Background Inguinal hernia repair (IHR) is among the most common general surgery procedures. Multiple studies have
examined costs and benefits of laparoscopic approach versus open repair. This study aimed to identify patient, surgeon, and
hospital demographic predictors of laparoscopic versus open IHR.

Methods We conducted a retrospective analysis of 342,814 IHRs (241,669 open; 101,145 laparoscopic) performed in adults
(age >18) from 2010 to 2015 using the Premier Hospital Database. Multivariate logistic regression was used to estimate the
adjusted odds ratio of an THR being laparoscopic versus open with respect to several demographic variables.

Results The odds of an IHR being laparoscopic increased from 2010 to 2015. A laparoscopic procedure was more likely
in patients who were <age 65 (OR 1.29, CI 1.24-1.31, p<0.0001), male (OR 1.31, CI 1.27-1.34, p <0.0001), privately
insured (OR 1.36, CI 1.33-1.40, p <0.0001), and neither white, black, nor Hispanic (OR 1.11, CI 1.09-1.14, p <0.0001).
The likelihood of a procedure being laparoscopic decreased 13% with each one-unit increase in Charlson comorbidity index
value (OR 0.88, CI 0.87-0.89, p <0.0001). Surgeons were more likely to perform a laparoscopic procedure if they had
larger annual IHR caseloads (>45/year; OR 1.57, CI 1.53-1.60, p <0.0001), and operated at large hospitals (> 500 beds;
OR 1.36, CI 1.33-1.39, p<0.0001) in New England (OR 2.38, CI 2.29-2.47, p <0.0001). Non-predictors of a laparoscopic
procedure included urban/rural hospital location (OR 1.02, CI 0.10-1.05, p =0.06) and hospital teaching status (OR 1.01,
CI 0.99-1.03, p=0.2084).

Conclusions Use of laparoscopic IHR is increasing. Patient age, gender, race, and insurance type, as well as surgeon annual
volume, hospital size, and hospital region were predictors of a laparoscopic procedure. Further studies are needed to explain
and remedy underlying differences impacting these predictors.

Keywords Inguinal hernia - Minimally invasive surgery - Laparoscopic IHR - Open IHR - Demographics

Inguinal hernia repair (IHR) is among the most commonly
performed general surgery procedures [1]. Inguinal hernias
account for up to 75% of all abdominal wall hernias [2].
IHR has traditionally been an open operation, but since lapa-
roscopic inguinal hernia management was first reported in
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the early 1990s [3], laparoscopic IHR has continued to be
improved and applied. Also within this time period, multi-
ple teams have investigated the costs and benefits of laparo-
scopic versus open IHR, examining factors including direct
and societal costs of operation, operation duration, post-
operative pain and numbness, post-operative recovery time,
surgical complications, and post-operative recurrence, as
well as the association between surgeon case volume/experi-
ence and surgical outcomes [4]. Through these studies, lapa-
roscopic IHR has been established as safe and effective [4].

The use of open IHR continues to exceed the use of a
laparoscopic approach. This has been largely attributable to
conflicting reports regarding recurrence rate, post-operative
complications and cost associated with the laparoscopic
approach [5, 6]. The effects of other factors such as patient,
surgeon, and hospital demographic characteristics in the
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decision to employ laparoscopic versus open IHR are less ~ Table1 Procedures per year
understood. The purpose of this study was to identify pre- V., Open Laparoscopic p-value*
dictors of laparoscopic versus open IHR based on patient,
. . N=241,669 N=101,145
surgeon, and hospital demographics.
N % N %

2010 37,400 75.75 11,973 24.25 <0.0001
Materials and methods 2011 41,936 73.54 15,090 26.46

2012 44,777 71.53 17,818 28.47
Patient selection 2013 42,967 69.54 18,823 30.46

2014 40,080 67.88 18,968 32.12

2015 34,509 65.13 18,473 34.87

342,814 outpatient encounters between 2010 and 2015
with a CPT code for IHR were identified using the Pre-
mier Hospital Database. Patient selection was limited to
patients > 18 years old on the day of surgery with complete
demographic information who did not have a CPT code
“S$2900”, indicating robotic surgery. Included were 241,669
patients who underwent an open IHR and 101,145 who
received a laparoscopic IHR.

Statistical analysis

Multivariate logistic regression was used to estimate the
adjusted odds ratio of a procedure being performed laparo-
scopically versus open with respect to several demographic
variables. The variables studied include age, gender, race,
insurance type, Charlson comorbidity index (CCI), year
of surgery, physician experience, hospital region, hospital
teaching status, hospital size, and CMS urban/rural desig-
nation. Statistical significance was defined as p <0.05. SAS
software version 9.4 was used for statistical analysis.

Results

A total of 342,814 THRs were analyzed. 241,669 (70.5%)
IHRs were open, and 101,145 (29.5%) IHRs were
laparoscopic.

Year of surgery

The rate of laparoscopic IHR increased each year from 2010
to 2015 (Table 1). The rate of laparoscopic IHR increased by
approximately 2% each year from 24.25% in 2010 to 34.87%
in 2015. There was a significant association between the rate
of laparoscopic IHR and the year of surgery (p <0.0001).
The adjusted odds ratio of an IHR being performed lapa-
roscopically in a given year relative to an IHR being per-
formed in 2010 increased steadily from 1.13 (CI 1.10-1.16,
p<0.0001) in 2011 to 1.74 (CI 1.69-1.79, p <0.0001) in
2015 (Fig. 1).

*Chi square test, significant at p <0.05

Patient demographics

The rate of laparoscopic IHR in patients younger than
65 years of age was 32.81%, and the rate in patients older
than or equal to 65 was 23.73% (Table 2). There was a
significant association between the rate of laparoscopic
IHR and patient age (p <0.0001). Patients younger than
65 were more likely to receive a laparoscopic IHR (OR
1.28, CI 1.24-1.31, p<0.0001) (Fig. 2).

The Charlson comorbidity index (CCI) for laparo-
scopic procedures was 0.24 +0.63 (mean + SD) and for
open procedures was 0.34 +0.78. There was a significant
association between the rate of laparoscopic IHR and CCI
(p <0.0001). The rate of laparoscopic IHR decreased
13% with each one-unit increase in CCI (OR 0.88, CI
0.87-0.89, p < 0.0001) (Fig. 2).

The rate of laparoscopic IHR in male patients was
30.05%, and the rate in female patients was 23.73%
(Table 2). There was a significant association between the
rate of laparoscopic IHR and gender (p <0.0001). Male
patients were more likely to receive a laparoscopic IHR
(OR 1.31, CI 1.27-1.35, p<0.0001) (Fig. 2).

The rate of laparoscopic IHR was 23.60% in black
patients, 20.92% in Hispanic patients, 29.96% in other race
patients, and 29.99% in white patients (Table 2). There was
a significant association between the rate of laparoscopic
IHR and race by univariate analysis (p <0.0001). Relative
to white patients, black patients (OR 0.74, CI 0.72-0.77,
p <0.0001) and Hispanic patients (OR 0.88, CI 0.79-0.97,
p=0.0091) were less likely to receive a laparoscopic IHR.
Other race patients had a similar absolute rate of laparo-
scopic IHR to white patients (29.96% vs. 29.99%), how-
ever, after adjusting for other factors, other race patients
were found to be more likely to receive a laparoscopic IHR
when compared to white patients by multivariate analysis
(OR 1.11, CI 1.09-1.14, p < 0.0001) (Fig. 2).
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Fig. 1 Odds ratio of laparo-
scopic IHR versus reference

group for year of surgery. *Mul-

tivariable logistic regression
model, significant at p <0.05

Table 2 Patient demographics

2010 (reference)
2011*
2012*
2013*
2014*
2015*

* < 0.05

Predictors of Laparoscopic IHR - Year

Less Likely Laparoscopic More Likely Laparoscopic
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1.5 2

1 .
Adjusted Odds Ratio of Laparoscopic Procedure versus Reference

The rate of laparoscopic IHR was 26.75% in patients with
Medicaid, 34.64% in patients with managed care, 21.82% in

Open Laparoscopic -value* . . . . .
P P P P uninsured patients, 30.73% in patients with other types of
N=241,669 N=101,145 insurance, and 23.36% in patients with Medicare (Table 2).
N % N % There was a significant association between the rate of lapa-
N roscopic IHR and insurance type (p <0.0001). Uninsured
ge;jy eafs) 146,606 6719 71575 3081 0.0001 patients were less likely to receive a laparoscopic IHR than
< ’ ' ’ ’ <0 patients with Medicare (OR 0.78, CI1 0.75-0.83, p <0.0001).
>65 95,063  76.27 29,570  23.73 .. . . .
Gend Medicaid patients were no more or less likely to receive a
;1 ler 210197 6995 94132 30.05 0.0001 laparoscopic IHR when compared to Medicare patients (OR
o 0.97, CI 0.93-1.01, p=0.0972). Relative to patients with
Female 22,542 76.27 7013 23.73 . . . . .
R Medicare, patients with managed care (private insurance)
;Cle . l6o3s 7640 32 2360 <oope;  (OR 136, CI1.33-1.40, p<0.0001) and other insurance
, . . <0. .
e (OR 1.13, CI 1.09-1.18, p <0.0001) were more likely to
Hispanic 2000  79.08 529 2092 . . .
receive a laparoscopic IHR (Fig. 2).
Other 35,144 70.04 15,036 29.96
White 187,591 70.01 80,348  29.99
Surgeon volume
Insurance
Medicaid 14,579  73.25 5325  26.75 <0.0001 . .
edieat The rate of laparoscopic IHR increases as surgeon annual
Managed Care 109,921 6536 58,250 34.64 .
Uninsured 10547 7818 2043 2182 IHR case volume increases (Table 3). The rate of lapa-
oth 15’377 69.27 6823 30'73 roscopic IHR was 24.11% in surgeons with <15 cases/
e.r ’ ’ ' year, and 35.21% in surgeons with >45 cases/year. There
Medicare 91,245 76.64 27,804 23.36

*Chi square test, significant at p <0.05

Fig.2 Odds ratio of laparo-
scopic IHR versus reference
group for patient demograph-

was a significant association between the rate of laparo-
scopic IHR and surgeon annual case volume (p <0.0001).

Predictors of Laparoscopic IHR - Patient Demographics

Less Likely Laparoscopic More Likely Laparoscopic

4

ics. *Multivariable logistic
regression model, significant at
p<0.05
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Age > 65 (reference)
Age < 65*

CCl {N} (reference)
CCI {N + 1 unit}

Female (reference)
Male*

White (reference)
Black*

Hispanic*

Other*

Medicare (reference)
Uninsured*

Medicaid

Other*

Managed Care*

*p<0.05
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Table 3 Surgeon volume Table 4 Hospital characteristics
Volume Open Laparoscopic p-value* Open Laparoscopic ~ p-value*
(cases/year)
N=241,669 N=101,145 N=241,669 N=101,145
N % N % N % N %
>45 64,299 64.79 34,941 35.21 <0.0001 Teaching
30-44 49,129 71.02 20,051 28.98 Teaching 86,208 69.59 37,668 30.41 <0.0001
16-29 64,800 71.37 25,994 28.63 Non-teaching 155,461 71.01 63,477 28.99
<15 63,441 75.89 20,159 24.11 Bed size
+Chi square test, significant at p <0.05 >500 50,466 6535 26,760 34.65 <0.0001
300-500 80,384 7195 31,335 28.05
<300 110,819 72.02 43,050 27.98
. Urban/rural
Compared to sur.geons with an annual volume of <15 Urban 206,184 7036 86.862 29.64 <0.0001
cases, surgeons with an annual volume of 16-29 cases (OR Rural 35485 7130 14283 28.70
1.22, CI 1.19-1.24, p <0.0001), 30-44 cases (OR 1.20, Region
CI 1.19-0.124, p <0.0001), and 2.45 cases (OR 1.57, CI New England 10809 5729 8057 4271 <0.0001
1.53—1..60, p< 0:0001) were more likely to perform a lapa- East South Central 15323 67.28 7451 3272
roscopic IHR (Fig. 3). South Atlantic 69.857 68.13 32,672 31.87
. .. East North Central 37,095 69.92 15,957 30.08
Hospital characteristics Mountain 14315 7201 5565 27.99
. . . West North Central 13,424 72.07 5,202 27.93
The rate of laparoscopic IHR 'was 30.4'1% at teaching hospi- Middle Atlantic 22,686 7407 7940 25.93
tals and'28:99% at non—Fea.chmg hospitals (Table 4). There West South Central 20807 75.62 6710 24.38
was a significant association between the rate of laparo- Pacific 37353 7632 11501 23.68

scopic IHR and teaching hospital status by univariate analy-
sis (p <0.0001). However, after adjusting for other factors,
procedures performed at teaching hospitals were found to
be no more or less likely to be laparoscopic than procedures
performed at non-teaching hospitals by multivariate analysis
(OR 1.01, CI 0.99-1.03, p=0.2084) (Fig. 4).

The rate of laparoscopic IHR was 34.65% at hospitals
with > 500 beds, 28.05% at hospitals with 300-500 beds,
and 27.98% at hospitals with <300 beds (Table 4). There
was a significant association between the rate of laparo-
scopic IHR and hospital bed size by univariate analysis
(»<0.0001). Hospitals with > 500 beds were more likely
than hospitals with <300 beds to perform laparoscopic
IHR (OR 1.36, CI 1.33-1.39, p <0.0001). Hospitals with
300-500 beds had a higher absolute rate of laparoscopic
IHR than hospitals with <300 beds (28.05% vs. 27.98%),
however, after adjusting for other factors, hospitals with

Fig.3 Odds ratio of laparo-
scopic IHR versus reference
group for surgeon volume.
*Multivariable logistic regres-
sion model, significant at
p<0.05

< 15 cases/year (reference)
15-29 cases/year*

30-44 cases/year*

> 45 cases/year*

0.5

*p<0.05

*Chi square test, significant at p <0.05

300-500 beds were found to be less likely than hospitals
with <300 beds to perform laparoscopic IHR by multivar-
iate analysis (OR 0.97, CI 0.96-0.99, p =0.0043) (Fig. 4).

The rate of laparoscopic IHR was 29.64% at urban
hospitals and 28.70% at rural hospitals (Table 4). There
was a significant association between the rate of laparo-
scopic THR and hospital setting by univariate analysis
(p <0.0001). However, after adjusting for other factors,
procedures performed at urban hospitals were found to be
no more or less likely to be laparoscopic than procedures
performed at rural hospitals by multivariate analysis (OR
1.02, CI 1.00-1.05, p=0.0627) (Fig. 4).

Predictors of Laparoscopic IHR - Surgeon Volume

Less Likely Laparoscopic More Likely Laparoscopic

« »

<

—

T T T T T T T T

1 1.5 2
Adjusted Odds Ratio of Laparoscopic Procedure versus Reference
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Fig.4 Odds ratio of laparo-
scopic IHR versus reference

Predictors of Laparoscopic IHR - Hospital Demographics

‘Less Likely Laparoscopic More Likely Laparoscopii:

group for hospital demograph- . = =
ics. *Multivariable logistic Non-Teaching (reference) )
regression model, significant at Teaching ™
p<0.05
< 300 beds (reference) 1
300-500 beds* -
> 500 beds* ——
Rural (reference) 4
Urban* —
0.5 1 1.5

*p<0.05

The rate of laparoscopic IHR by region is depicted in
Table 4 and Fig. 5. The rate of laparoscopic IHR was great-
est in the New England region (42.71%) and lowest in the
Pacific region (23.68%). There was a significant association
between the rate of laparoscopic IHR and hospital region
(p<0.0001). The adjusted odds ratio of an IHR being per-
formed laparoscopically in a given region relative to an IHR
being performed in the Pacific region ranged from 1.18 (CI
1.14-1.22, p<0.0001) in the West South Central region to
2.38 (CI12.29-2.47, p<0.0001) in the New England region
(Fig. 6).

Discussion

Laparoscopy has revolutionized the practice of general
surgery. Following the development of the video-assisted
laparoscope in the 1970s and the first laparoscopic

Fig.5 Hospital regions.

Purple =Pacific, Green =Moun-
tain, Light Blue = West North
Central, Dark Blue = West
South Central, Lime =East
North Central, Orange =East
South Central, Red=New Eng-
land, Blue =Middle Atlantic,
Gold =South Atlantic. (Color
figure online)
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Adjusted Odds Ratio of Laparoscopic Procedure versus Reference

appendectomy in 1982, the rate of adoption of laparoscopic
techniques by general surgeons has been rapid and nearly
universal [7, 8]. The laparoscopic approach has become the
standard of care for many general surgery procedures includ-
ing cholecystectomy, appendectomy, and gastric bypass [8].
However, this has not been the case for IHR despite the fact
that laparoscopic techniques for this procedure were devel-
oped in the late 1980s [7]. Our study found that in 2015
only 38% of IHRs were performed laparoscopically, which
is significantly lower than the >90% rate seen with other
general surgery procedures [8]. There are two strong expla-
nations for this. First, the learning curve for laparoscopic
IHR, which has been estimated to be between 60 and 250
cases [9, 10], is associated with a higher rate of recurrence
and major complications [4]. Second, early reports presented
conflicting data about the efficacy of laparoscopic IHR. In
2004, Neumayer et al. reported the results of a prospective
randomized trial of 2164 patients comparing laparoscopic
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Fig.6 Odds ratio of laparo- Predictors of Laparoscopic IHR - Hospital Region
scopic IHR versus reference Less Likely Laparoscopic More Likely Laparoscopic
group for hospital region. *Mul- o — :
tivariable logistic regression Pacific (reference) 1 E E
model, significant at p <0.05 Middle Atlantic* - : :
West South Central* —— : :
Mountain* —— i i
West North Central* —— : :
East North Central* - :
South Atlantic* i —— i
East South Central* i —— E
New England* E E —
0.5 1 15 2 2.5

* p < 0.05

and open IHR in the New England Journal of Medicine
[10]. They found a higher rate of recurrence in the laparo-
scopic group (10.1% vs. 4.9%) and concluded that the open
approach was superior. However, in the preceding year, two
large meta-analyses were published that found no difference
in efficacy or safety between laparoscopic and open IHR
[11,12].

Much has changed since the early reports of laparoscopic
IHR. With respect to hernia recurrence, laparoscopic IHR
is now considered to be equivalent to open IHR [4]. Lapa-
roscopic IHR is associated with shorter length of stay, less
pain and numbness, lower surgical site infection rates, less
seroma and hematoma formation, and faster recovery to nor-
mal activity [4, 6, 13]. An additional technical advantage of
laparoscopic THR is the ability to examine and potentially
repair a misdiagnosed ipsilateral femoral hernia or an occult
contralateral groin hernia without additional procedures or
incisions [4, 6, 14, 15]. Accordingly, the reported rate of lap-
aroscopic IHR has gradually increased from approximately
14% in 2003 to approximately 26% in 2011 [16-22]. The
results presented in the current study are in line with previ-
ously reported data and confirm that this trend has persisted
with 35% of IHRs being performed laparoscopically in 2015.

Laparoscopic IHR is both safe and effective in elderly
patients (> 65 years old) [4, 22]. This remains true in elderly
patients with co-morbidities or an ASA class of III or IV
[22]. Elderly patients may experience less pain from lapa-
roscopic THR than the general population [23]. However,
elderly patients are less likely than the general population
to receive a laparoscopic IHR [24]. Our data confirm this
discrepancy. A major advantage of open IHR over laparo-
scopic IHR is the ability to perform the procedure without
muscle relaxant. In fact, open IHR can be performed with
local anesthesia and sedation. This is an appealing reason to
offer open IHR to elderly patients who would tend to have a
decreased tolerance for the general anesthetic and pneumo-
peritoneum required for laparoscopic IHR.

Adjusted Odds Ratio of Laparoscopic Procedure versus Reference

Laparoscopic IHR is also both safe and effective in female
patients [25]. Being that the rate of femoral hernia is higher
in females, the laparoscopic approach has been recom-
mended as the preferred approach for female patients [15].
Previous reports have shown higher, lower, and similar rates
of laparoscopic IHR in females versus males [17, 21, 24].
Despite recommendations to the contrary, our study found
that females were less likely to receive a laparoscopic IHR
than males. A proposed explanation for this is that females
may be more likely to choose open IHR for cosmetic rea-
sons. The incisions for a laparoscopic procedure are neces-
sarily placed across the mid abdomen whereas as the inci-
sion for an open IHR can be hidden below the pant line.
Moreover, the incision for an open IHR in a female can be
made smaller than in an equivalently sized male as the sur-
geon does not need to dissect out the spermatic cord.

Little has been reported about the rate of laparoscopic
IHR with respect to race. A study looking at the state of
Florida in 2002 and 2003 found that white patients were
more likely to have a laparoscopic IHR [17]. Our findings
are similar. We found that white patients were more likely
than black and Hispanic patients to receive a laparoscopic
IHR. However, we also found that white patients were less
likely than other races to receive a laparoscopic IHR. The
reasons for this are unclear.

Given the cost differential of laparoscopic versus open
IHR [6], it is not unexpected that insurance type influences
the rate of laparoscopic IHR. Previous studies have reported
that patients with private insurance are more likely to receive
a laparoscopic IHR [17]. Our results support this notion in
that patients with managed care (private) insurance plans
were more likely to receive a laparoscopic IHR than any
other insurance type.

Laparoscopy requires pneumoperitoneum, which is
associated with temporary deleterious hemodynamic
effects. For this reason, many surgeons will avoid laparos-
copy in physiologically fragile patients. It is not surprising
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then that we found a lower rate of laparoscopy in patients
with higher CCls.

Low annual laparoscopic IHR volume (<25 cases/year)
is associated with a higher rate of recurrence and more
post-operative pain [26]. On the other hand, the higher
annual volume is associated with fewer complications and
better long-term outcomes [27]. Fortunately, we found that
IHR procedures performed by higher volume surgeons
were more likely to be laparoscopic than IHRs performed
by lower volume surgeons.

Larger hospitals (> 500 beds) were more likely to per-
form laparoscopic IHR than small hospitals (< 300 beds).
This is presumed to be because of the greater resources
necessary to conduct a laparoscopic procedure versus an
open procedure. Our study found that there is no difference
in laparoscopic IHR rate with respect to teaching/non-
teaching status or rural/urban status. We also found that
the rate of laparoscopic IHR varies greatly with respect
to geographic region. The reasons for this are likely to
be complex and are certainly not captured by the current
study.

This study has several limitations. It is limited by its
retrospective nature, which precludes any causality con-
clusions. This is not problematic being that our study
did not attempt to link any outcomes to causes. The data
examined in this study are from an administrative data-
base. This is typically considered a flawed data source
for clinical data. However, since we examined exclusively
demographic data points rather than clinical data points,
we consider this data source to be adequate for the cur-
rent study. Finally, no outcomes were examined in this
study. This may have allowed us to make more powerful
conclusions about the clinical relevance of the differences
discovered.

The rate of laparoscopic IHR is increasing, and it is rea-
sonable to expect this trend to continue until the majority of
IHRs are performed laparoscopically. This study found that
younger age, male gender, race other than white, black or
Hispanic, private insurance, CCI, higher surgeon annual vol-
ume, larger hospital size, and hospital region were predictors
of laparoscopic IHR. Further studies are needed to explain
why these differences exist and how they might be remedied.

Acknowledgements The authors thank Medtronic, Inc. for their dona-
tion of the data used for this study.

Compliance with ethical standards

Disclosures Data from the Premier Hospital Database was purchased
by Medtronic, Inc. and donated for use in this research project. K.
Keano Pavlosky, John D. Vossler, Sarah M. Murayama, Kenric M.
Murayama have no conflict of interest or financial ties to disclose.
Marilyn A. Moucharite: Employed by Medtronic, Inc. Dean J. Mikami:
Consultant for Medtronic, Inc.

@ Springer

References

1. Jenkins JT, O’Dwyer PJ (2008) Inguinal hernias. BMJ
336(7638):269-372

2. Evers BM (2008) Small bowel. In: Sabiston DC, Townsend CM
(eds) Sabiston textbook of surgery: the biological basis of mod-
ern surgical practice, 18th edn. Elsevier, Saunders, pp 8§73-916

3. Ger R, Monroe K, Duvivier R et al (1990) Management of indi-
rect inguinal hernias by laparoscopic closure of the neck of the
sac. Am J Surg 159(4):370-373

4. Cavazzola LT, Rosen MJ (2013) Laparoscopic versus open
inguinal hernia repair. Surg Clin North Am 93(5):1269-1279

5. Carter J, Duh Q-Y (2011) Laparoscopic repair of inguinal her-
nias. World J Surg 35(7):1515-1525

6. Tadaki C, Lomelin D, Simorov A, Jones R, Humphreys M,
DaSilva M, Choudhury S, Shostrom V, Boilesen E, Kothari
V, Oleynikov D, Goede M (2016) Perioperative outcomes and
costs of laparoscopic versus open inguinal hernia repair. Hernia
20(3):399-404

7. Kelley WE (2008) The evolution of laparoscopy and the revolu-
tion in surgery in the decade of the 1990s. JSLS J Soc Lapar-
oendosc Surg 12(4):351-357

8. Tsui C, Klein R, Garabrant M (2013) Minimally invasive sur-
gery: national trends in adoption and future directions for hos-
pital strategy. Surg Endosc 27(7):2253-2257

9. Choi Y, Kim Z, Hur K (2012) Learning curve for laparoscopic
totally extraperitoneal repair of inguinal hernia. Can J Surg
55(1):33-36

10. Neumayer L, Giobbie-Hurder A, Jonasson O, Fitzgibbons R,
Dunlop D, Gibbs J, Reda D, Henderson W, Veterans Affairs
Cooperative Studies Program 456 Investigators (2004) Open
mesh versus laparoscopic mesh repair of inguinal hernia. N
Engl J Med 350(18):1819-1827

11. McCormack K, Scott N, Go PMNY, Ross SJ, Grant A, EU Her-
nia Trialists Collaboration (2003) Laparoscopic techniques ver-
sus open techniques for inguinal hernia repair. In McCormack
K (ed) Cochrane database of systematic reviews, no. 1. Wiley,
Chichester, p CD001785

12. Memon MA, Cooper NJ, Memon B, Memon MI, Abrams KR
(2003) Meta-analysis of randomized clinical trials compar-
ing open and laparoscopic inguinal hernia repair. Br J Surg
90(12):1479-1492

13. Mikami DJ, Melvin WS, Murayama MJ, Murayama KM (2017)
Impact of minimally invasive surgery on healthcare utilization,
cost, and workplace absenteeism in patients with Incisional/
Ventral Hernia (IVH). Surg Endosc 31:4412-4418

14. Wu C-C, Chueh S-C, Tsai Y-C (2016) Is contralateral explora-
tion justified in endoscopic total extraperitoneal repair of clini-
cal unilateral groin hernias—a prospective cohort study. Int J
Surg 36(Pt A):206-211

15. Schouten N, Burgmans JPJ, van Dalen T, Smakman N, Clevers
GJ, Davids PHP, Verleisdonk EJIMM, Elias SG, Simmermacher
RKJ (2012) Female ‘groin’ hernia: totally extraperitoneal (TEP)
endoscopic repair seems the most appropriate treatment modal-
ity. Hernia 16(4):387-392

16. Awad SS, Fagan SP (2004) Current approaches to inguinal her-
nia repair. Am J Surg 188(6):9-16

17. Smink DS, Paquette IM, Finlayson SRG (2009) Utilization of
laparoscopic and open inguinal hernia repair: a population-
based analysis. J Laparoendosc Adv Surg Tech 19(6):745-748

18. Aquina CT, Fleming FJ, Becerra AZ, Xu Z, Hensley BJ, Noyes
K, Monson JRT, Jusko TA (2017) Explaining variation in ven-
tral and inguinal hernia repair outcomes: a population-based
analysis. Surgery 162(3):628-639



Surgical Endoscopy (2019) 33:2612-2619

2619

19.

20.

21.

22.

23.

Saleh F, Okrainec A, D’Souza N, Kwong J, Jackson TD (2014)
Safety of laparoscopic and open approaches for repair of the
unilateral primary inguinal hernia: an analysis of short-term out-
comes. Am J Surg 208(2):195-201

Bourgon AL, Fox JP, Saxe JM, Woods RJ (2015) Outcomes and
charges associated with outpatient inguinal hernia repair accord-
ing to method of anesthesia and surgical approach. Am J Surg
209(3):468-472

Thiels CA, Holst KA, Ubl DS, McKenzie TJ, Zielinski MD, Far-
ley DR, Habermann EB, Bingener J (2017) Gender disparities
in the utilization of laparoscopic groin hernia repair. J Surg Res
210:59-68

Wu JJ, Baldwin BC, Goldwater E, Counihan TC (2017) Should
we perform elective inguinal hernia repair in the elderly? Hernia
21(1):51-57

Bowling K, El-Badawy S, Massri E, Rait J, Atkinson J, Leong
S, Stuart A, Srinivas G (2017) Laparoscopic and open inguinal

24.

25.

26.

27.

hernia repair: patient reported outcomes in the elderly from a sin-
gle centre—a prospective cohort study. Ann Med Surg 22:12-15
Trevisonno M, Kaneva P, Watanabe Y, Fried GM, Feldman LS,
Andalib A, Vassiliou MC (2015) Current practices of laparo-
scopic inguinal hernia repair: a population-based analysis. Hernia
19(5):725-733

Ashfaq A, McGhan LJ, Chapital AB, Harold KL, Johnson DJ
(2014) Inguinal hernia repair in women: is the laparoscopic
approach superior? Hernia 18(3):369-73

Kockerling F, Bittner R, Kraft B, Hukauf M, Kuthe A, Schug-
Pass C (2017) Does surgeon volume matter in the outcome of
endoscopic inguinal hernia repair? Surg Endosc 31(2):573-585
Allamal YN, Zendejas B, Gas BL, Ali SM, Heller SF, Kend-
rick ML, Farley DR (2016) Annual surgeon volume and patient
outcomes following laparoscopic totally extraperitoneal inguinal
hernia repairs. J Laparoendosc Adv Surg Tech A 26(2):92-98

@ Springer



	Predictors of laparoscopic versus open inguinal hernia repair
	Abstract
	Background 
	Methods 
	Results 
	Conclusions 

	Materials and methods
	Patient selection
	Statistical analysis

	Results
	Year of surgery
	Patient demographics
	Surgeon volume
	Hospital characteristics

	Discussion
	Acknowledgements 
	References


