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Abstract

Introduction As in the rest of the world, in Germany, inguinal hernia operations are among the most common operations.
From an economic standpoint, very little is known about the influence of demographic, clinical or hernia-related parameters
on the cost of inguinal hernia repair. We, therefore, evaluated individual patient parameters associated with higher costs
with a special focus on multimorbidity.

Methods A total of 916 patients underwent hernia repair for primary or recurrent inguinal hernia between 2014 and 2017 at
a single university center and were included in the analysis. The clinical and financial data of these patients were analyzed
to identify cost-increasing parameters.

Results A majority of patients were male (90.7%), with a mean age of 55 years. The surgical methods utilized were mainly
the TAPP (57.2%) and Lichtenstein (41.7%) procedures, with an average duration of surgery of 85 min and an average dura-
tion of anesthesia of 155 min. The mean cost of all procedures was 3338.3 € (+1608.1 €).

Older age, multimorbidity, emergency operations with signs of incarceration, longer hospital stays and postoperative com-
plications were significant cost-driving factors. On the other hand, sex, the side of the hernia (left vs. right) and the presence
of recurrent hernias had no influence on the overall direct costs.

Conclusion From a purely economic point of view, older age and multimorbidity are demographic cost-driving factors that
cannot be influenced. The national hospital reimbursement system needs to consider and compensate for these factors. Emer-
gency operations need to be prevented by early elective treatment. Long postoperative stays and postoperative complications
need to be prevented by proper preoperative check-ups and accurate treatment.

Keywords Hernia repair - Hernia cost - Cost calculation - Multimorbidity

Introduction

The basic idea of elective surgical treatment is to cure the
disease and provide maximum patient satisfaction with a
minimal complication rate. In the current era, however,
the economic side of treatment is becoming increasingly
important. With rising costs and limited total expenditure
in the health care system, to be prepared for the future, it
is, therefore, important to develop efficient financing while
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simultaneously providing high-quality medical services for
patients. Therefore, cost analysis is becoming increasingly
important for developing solutions to reduce costs.

Around the world, more than 20 million hernias are esti-
mated to be repaired every single year. Accounting for over
200,000 procedures per year, inguinal hernia surgeries are
among the most common surgical interventions in Germany,
and clinics are faced with large financial challenges [1]. A
small economic change regarding a single hernia repair can,
therefore, consequently have a large economic outcome on
the health care system.

The demographic changes seen with the increasing num-
ber of elderly patients who have or want to undergo surgical
interventions will make it necessary to adapt surgical care
accordingly. In addition to age, the presence of secondary
diseases and their combination in terms of multimorbidity
also play a significant role. Older, comorbid patients are at
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higher risk of postoperative complications [2]. However, this
group of patients is also associated with significantly higher
treatment costs [3, 4]. According to policymakers and health
care providers, it has been recognized that more sustainable
models of care for multimorbidity should be introduced [5].

From an economic standpoint, very little is known about
the influence of demographic, clinical or hernia-related
parameters on the cost of inguinal hernia repair. We there-
fore reviewed our clinical and economic data of patients
undergoing inguinal hernia repair with a special focus on
multimorbid patients.

Patients and methods

All patients who underwent surgical treatment for ingui-
nal hernias from the beginning of 2014 to the end of 2017
at the Department of Surgery of the Charité-Universitéts-
medizin Berlin at the Campus Charité Mitte and Campus
Virchow-Klinikum were examined. Corresponding surgical
interventions were retrieved from Charité Berlin Hospital’s
information system using the Surgical and Procedural Code
(OPS-Code 5-530). Included were elective one-sided or
double-sided hernia repairs and emergency surgical inter-
ventions. All cases in which the treatment of the hernia was
part of a different main surgical procedure were excluded.

In addition to the demographic patient data and surgi-
cal data concerning the hernias, main and side diagnoses
included in the patient clinical complexity level (PCCL),
duration of hospital stay and duration of stay in the extensive
care unit were examined. The required personnel expendi-
ture as well as the operative room times (preparation, open-
ing and closure, anesthesia) of the procedures were analyzed.
Furthermore, the procedural costs with possible additional
costs were evaluated.

Multimorbidity was another factor influencing the cost
of the procedures considered. For multimorbidity, we used
the definition of the World Health Organization (WHO):
the term “multimorbidity” is used throughout to mean the
coexistence of two or more chronic diseases in the same
individual [5].

The software SPSS, version 22 (IBM, USA) was used for
statistical analysis. Categorical variables were compared by
means of chi-square tests, and continuous parameters were
examined using the Wilcoxon-Mann—Whitney test. The level
of significance was defined as p <0.05.

Results

A total of 916 patients with a mean age of 55 years
(17-89 years) underwent elective inguinal hernia surgery.
A total of 831 (90.7%) patients were males, and 85 (9.3%)
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were females. A total of 524 operations (57.2%) were per-
formed laparoscopically with transabdominal preperitoneal
(TAPP) procedure, 382 (41.7%) underwent open surgery
according to the Lichtenstein technique, and 8 procedures
(0.9%) were performed as open surgery according to Shoul-
dice. Half of the patients (52.3%, n=479) complained of a
hernia on the right side; in 343 patients (37.4%), the hernia
was located on the left, and in 94 patients (10.3%), it was
located on both sides. Recurrent hernias were present in 118
patients (12.9%), while incarcerated hernias were present
in 44 patients (4.8%). On average, patients spent 2.6 days
(1-31 days) in the hospital. There was an average of 2 (0-24)
secondary diagnoses, and the PCCL as a measure of the
patient clinical complexity level reached a value greater than
0 in 24.9% of the patients (n=228) (Table 1).

Table 1 Demographic parameters

n=916
Gender
Male 831 (90.7%)
Female 85 (9.3%)
Age [years]
Mean 55.0+17.1
Median 56 (range 17-89)

Operative procedure

Open Mesh (Lichtenstein) 382 (41.7%)

Open Suture (Shouldice) 8 (0.9%)

Laparoscopic (TAPP) 524 (57.2%)
Hernia side

Right 479 (52.3%)

Left 343 (37.4%)

Bilateral 94 (10.3%)
Recurrent hernia [yes] 118 (12.9%)
Emergency/incarceration [yes] 44 (4.8%)
Number of secondary diagnosis

Mean 3.6+3.8

Median 2 (range 0-26)
PCCL

0 688 (75.1%)

1 55 (6.0%)

2 57 (6.2%)

3 74 (8.1%)

4 37 (4.0%)

5 5(0.5%)
Postoperative complications [yes] 38 (4.1%)
Length of hospital stay [days]

Mean 26+23

Median 2 (range 1-31)

Values as numbers and percentage or in means + standard deviation

TAPP transabdominal preperitoneal, PCCL patient clinical complex-
ity level
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Table 2 Operative details

n=916
Number of operations
1 898 (98.0%)
2 13 (1.4%)
Number of surgeons 20+04
Number of scrub nurses 2.0+0.5

Operative set-up time [minutes]
Mean 40.8+294

Median 31 (range 6-98)
Operative time [minutes]

Mean 92.0+37.7

Median 85 (range 11-401)
Number of anesthetists 1.0+0.0
Number of anesthesia nurses 1.0+0.1

Time of anesthetists [minutes]
Mean 164.0+48.4

Median 155 (range 74-529)
Time of anesthesia nursing care [minutes]

Mean 204.2+53.2

Median 195 (range 112-447)

Values as numbers and percentage or in means =+ standard deviation

The exact operational details and times are displayed in
Table 2. The median operative time (incision-suture) of all
operations was 85 min (11-401 min). The median time of
anesthesia was 155 min. Two percent (n=17) of all patients
underwent surgery a second time.

The cost analysis showed a mean cost per patient of
3338.3 € (£ 1608.1 €), with a range of 1556-22,721 €. As
shown in Table 3, the age of the patient had a remarkable
influence on the cost of inguinal hernia repair. All patients
over the age of 58 (n=445) generated significantly higher
costs (€) than their younger counterparts (3580.4 + 1868.7
€ vs. 3082.1 +1226.7 €; p<0.001). The chosen operative
procedure showed a significant impact on the cost. The
laparoscopic approach (TAPP) was approximately 20€
more expensive than the open procedure (Lichtenstein).
Bilateral hernia repair was also more expensive than uni-
lateral repair (one-sided vs. bilateral; 3293.7 + 1663.2 €
vs. 3728.6 +921.5 €, respectively; p <0.001). On the other
hand, the side of the hernia and the occurrence of a recur-
rent hernia had no significant impact on the cost of the
operation. In the case of incarcerated inguinal hernia sur-
gery, making an emergency operation necessary, the cost
was significantly higher (€ 2100) than that for the elec-
tive operation (5343.8 £3337.9 € vs. 3237.1 £ 1397.5 €,
p <0.001). Postoperative complications and related reop-
erations had a significant cost-increasing impact on cost
analysis. Postoperative complications were observed in
38 patients (4.1%). 55.3% of these complications (n=21)

Table 3 Influence of demographic and clinical factors on cost of

inguinal hernia repair

Cost [€] p-value

Gender
Male (n=2831) 3321.6+1526.8 0.913
Female (n=284) 3502.04+2259.3

Age [years]
<58 (n=445) 3082.1+1226.7 <0.001
>58 (n=471) 3580.4+1868.7

Age [years]
<30 (n=90) 3070.5+1043.8 0.066
>30 (n=2826) 3367.5+1655.9

Age [years]
<75 (n="1789) 3230.2+1380.2 <0.001
>75 (n=127) 4010.4+2517.2

Preoperative Diagnostics
Yes (n=139) 3708.0+1877.4 0.001
No (n=777) 3272.2+1547.1

Operative procedure
Lichtenstein (n=383) 3337.8+1818.0 0.011
TAPP (n=525) 3354.7+1447.2

Side
Right (n=479) 3357.2+1862.5 0.462
Left (n=343) 3205.1+1333.9

Side
One-sided (n=_822) 3293.7+1663.2 <0.001
Bilateral (n=94) 3728.6+921.5

Recurrent Hernia
Yes (n=118) 3191.2+1241.2 0.167
No (n=798) 3360.1+1655.0

Emergency/ Incarceration
Yes (n=44) 5343.8+3337.9 <0.001
No (n=872) 3237.1+1397.5

Additional operative procedure
Yes (n=134) 4383.6+3088.8 <0.001
No (n=775) 3156.5+1090.5

Multimorbidity
Yes (n=555) 3624.7+1921.5 <0.001
No (n=361) 2898.1+754.8

PCCL
0 (n=0688) 3057.1£808.5 <0.001
>1(n=228) 4186.9+2735.4

Postoperative complications
Yes (n=38) 6541.9+47717.7 <0.001
No (n=878) 3199.7+1127.4

Length of hospital stay [days]
<2 (n=220) 2697.4+£565.0 <0.001
>2 (n=696) 3540.9+1770.0

Values as numbers or in means + standard deviation

TAPP transabdominal preperitoneal, PCCL patient clinical complex-

ity level
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were classified as Grade I according to Calvien and Dindo,
15.8% (n=16) as Grade 11, 21.1% (n=8) as Grade I1Ia and
7.9% (n=3) as Grade IVa. The most common complica-
tions were hematoma and postoperative bleeding in 20
cases (52.6%). 11 Patients (1.2%) had to undergo reopera-
tion. The treatment of postoperative complications nearly
doubled the cost (6541.9+4777.7 € vs. 3199.7+1127.4
€, p<0.001). In patients with a PCCL above 0, there
were significantly greater cost requirements (PCCL =0
vs. PCCL > 1; 3057.1 £808.5 € vs. 4186.9+2735.4 €,
respectively, p <0.001). This also applied to patients with

a period of hospitalization of more than 2 days compared
to patients who stayed less than 2 days (3540.9+1770.0 €
vs. 2697.4 +565.0 €, p<0.001).

In our research, 555 of our patients (60.6%) qualified as
multimorbid. As shown in Table 3, the cost for the inguinal
hernia operation of multimorbid patients was approximately
750 € more expensive (multimorbidity vs. non-Multimor-
bidity; 3624.7 +1921.5 € vs. 2898.1 +754.8 €, respectively,
p <0.001). Table 4 shows the influence of multimorbidity
on the patient population. There was no difference in the
sex distribution on the side of the hernia or regarding the

Table 4 Influence of
multimorbidity

Gender

Male

Female
Age [years]
Hernia side

Right

Left

Bilateral
Recurrent Hernia [yes]
Emergency/incarceration [yes]
PCCL

0

AW N =

5
Operative procedure
Open Mesh (Lichtenstein)
Open Suture (Shouldice)
Laparoscopic (TAPP)
Operative time [minutes]
Postoperative Complications [yes]
Overall
Hematoma/bleeding
Electrolyte disorders/dialysis
‘Wound healing disorders
Early recurrence
Paresthesia
Tleus
Other
Length of hospital stay [days]
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Overall cost [€]
Hospital reimbursement [€]
Reimbursement—cost [€]

Multimorbidity p-value
No (n=361) Yes (n=555)

333 (92.2%) 498 (89.7%) 0.244
28 (7.8%) 57 (10.3%)

46.1+16.3 60.1+15.0 <0.001
184 (51.0%) 295 (53.2%) 0.785
140 (38.8%) 203 (36.6%)

37 (10.2%) 57 (10.3%)

48 (13.3%) 70 (12.6%) 0.783
6 (1.7%) 38 (6.8%) <0.001
357 (98.9%) 331 (59.6%) <0.001
2 (0.6%) 53 (9.5%)

1(0.3%) 56 (10.1%)

- 73 (13.2%)

- 37 (6.7%)

- 5(0.9%)

121 (33.5%) 262 (47.2%) <0.001
5 (1.4%) 3(0.5%)

235 (65.1%) 290 (52.3%)

86.8+31.6 95.6+40.7 0.001
4 (1.1%) 34 (6.1%) <0.001
3(0.8%) 17 3.1%)

— 3(0.5%)

- 2(0.4%)

- 2(0.4%)

- 2(0.4%)

- 2(0.4%)

1(0.3%) 6 (1.1%)

1.9+0.9 3.1+£238 <0.001
2898.1+754.8 3624.7+1921.5 <0.001
2473.3+£716.9 3087.0+£1772.5 <0.001

—404.4+£869.3

—515.0£1545.1

0.450

Values as numbers and percentage or in means + standard deviation

TAPP transabdominal preperitoneal, PCCL patient clinical complexity level
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fact that the treated hernia recurred. Multimorbid patients
were a mean of approximately 15 years older than patients
with fewer secondary diagnoses (60.1 +15.0 years vs.
46.1+16.3 years, p<0.001), and their PCCL was signifi-
cantly higher. Multimorbid patients were approximately
four times more likely to present with an incarcerated her-
nia (6.8% vs. 1.7%,<0.001), and the operative procedure
was significantly more often an open procedure. The opera-
tive time for multimorbid patients was almost 10 min longer
than the operative time for non-multimorbid patients, with
averages of 95.6 min and 86.8 min, respectively (p =0.001).
Unfortunately, postoperative complications increased among
multimorbid patients. Morbidity rates were 1.1% in the non-
multimorbid population and 6.1% in multimorbid patients
(»<0.001). Along with the costs, hospital reimbursements
were also higher in multimorbid patients (2473.3+716.9 €
vs. 3087.0 £ 1772.5 €, p<0.001). Therefore, there was no
significant difference in the contribution margin (sum of
reimbursement—cost). Figure 1 shows the mean cost dis-
tribution in the hospital of all operated multimorbid and
healthy patients in 1 year (2019). Expressed as a percentage,
the costs for treatment in the surgical ward are higher for
multimorbid patients than for patients with fewer secondary
diagnoses due to the longer hospital stay.

Fig.1 Mean cost distribution
in the hospital of all operated
patients in 1 year (2019)

€1,600

€1,400

€1,200

€1,000

Yes
(n=179)

No
(n=94)

Multimorbidity

291 %

Discussion

The aim of the present analysis was to identify fundamen-
tal factors that have a direct impact on the economic out-
come of inguinal hernia care. Looking more closely at the
influence on the economic outcome of individual patients
and surgical factors, some conclusions can be drawn from
the present study. It was found that the operation was more
economical in younger patients than in older patients.
After separating the patients into two groups at a median
age of 58 years in our population, the younger patients
were associated with approximately 500€ greater cost
effectiveness than older patients. Interestingly, there was
no cost difference between the very young adults (under
30 years) and middle-aged patients (under 58 years). On
the other hand, patients older than 75 years had an even
more evident influence on the cost of the operation. The
fact that the age of the patients was a driver of cost, espe-
cially for operations on old patients (over 80 years), which
are more expensive, was also found in another analysis
from our center in approximately 13,600 surgical cases.
Langelotz et al. [4] also found that older patients have
a tendency for a longer stay in the hospital, which is
one possible explanation for the higher cost associated
with older patients, as every day of postoperative inpa-
tient treatment drives cost. Additionally, in our analysis,
patients with a hospital stay of over two days were associ-
ated with significantly higher costs.

€800
€600
€400
€200
o . .

Surgical ward

Anesthesia  Diagnostics Others
1117 € 98 € 1522 € 840 € 175 € 93 €
2.5 % 39.6 % 21.9 % 4.5 % 2.4 %
647 € - 1266 € 728 € 44 € 48 €
23.7 % - 46.3 % 26.6 % 1.6 % 1.8 %
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The type of operation had a significant influence on
the cost of the treatment, even though the mean difference
between open mesh and laparoscopic operations was only
approximately 17 €. Multiple other analyses showed higher
direct costs for laparoscopic inguinal hernia repair than
for the Lichtenstein operation [6-9]. However, this differ-
ence decreases when socioeconomic factors are taken into
account, making the laparoscopic approach a cost-effective
treatment option for inguinal hernia repair [7, 9].

Emergency operations are another cost-driving factor.
The average cost for those emergency operations was more
than 1.5 times higher than that for the treatment of elective
operations. Several other studies had the same conclusion.
Gmeiner et al. [10] concluded that emergency surgery in
colon diseases increased costs. Shortening the postoperative
stay and avoiding emergency operations decrease hospital
costs, as morbidity and mortality are clearly increased in
comparison to (semi)elective operations [10]. In terms of
hernia surgery, Verhels et al. [11] found emergency repair
of inguinal hernia in premature infants to be associated with
high direct medical costs compared to elective inguinal her-
nia repair. They concluded that this result needs to be taken
into account in the debate on the timing of inguinal her-
nia repair in infants. In our opinion, this conclusion can be
directly transferred to adult patients, and from a purely eco-
nomic point of view, it needs to be taken into account when
talking about watchful waiting, which is clinically justified
in patients with asymptomatic or mild symptomatic inguinal
hernia [12].

Postoperative complications lead to the greatest cost
increase in hernia surgery. If complications occur after
inguinal hernia surgery, the overall cost is on average 2.5
times higher than in patients without any complications.
This result is also described very clearly elsewhere in the
literature [13]. A study from Switzerland on the impact of
complications on the costs of major surgical procedures
demonstrated the dramatic impact of postoperative com-
plications on full in-hospital costs in an analysis of 1200
procedures. In this study, they analyzed 393 complex hepato-
biliary surgeries, 110 major pancreas operations, 389 colon
resections, and 308 Roux-en-Y gastric bypasses. Automatic
hospital cost and length of stay increased with greater
severity and number of complications. They showed that
patients with an uneventful course had mean costs per case
of $ 27,946. Due to postoperative complications, the costs
reached a total of $ 159,345 [14].

Multi-chronic diseases, also called multimorbidities, are
faced by health care systems around the world, with many
challenges [15]. Age-associated multimorbidity is generally
defined as the coexistence of two or more long-term dis-
eases. These patients often have more complicated medical
needs than their counterparts with simple diseases. Man-
aging the complexity of multimorbidity requires complex
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medication regimens. Furthermore, the treatment is more
time-consuming, as these patients need to be monitored
more frequently by physicians and nurses [16]. As multimor-
bidity has been such an important issue in surgery in recent
years, scientists have conducted an increasing number of
studies to obtain deeper knowledge. Epidemiological stud-
ies indicate a rapidly rising prevalence of multimorbidity,
especially in our Western population. Half of adults in the
United states suffer from chronic conditions, and more than
two-thirds of elderly individuals have at least two long-term
diseases. Within more than a third of patients, at least four
different chronic conditions are diagnosed [17]. In Sweden,
more than 50% of people between 35 and 75 years of age are
reported as multimorbid patients [18]. In the United States,
from 2001 to 2010, the presence of multiple chronic con-
ditions (MCCs) increased from 21.8 to 26%. We can see
a significant increase in the existence of multimorbidity
throughout the recent decades [19]. There are many reasons
for this rapid increase in multimorbidity. An aging popula-
tion, improved diagnosis and detection of diseases and an
unhealthy lifestyle, e.g., a high-calorie and salty diet, and
little movement associated with the risk of diabetes might be
some justifications for this development. Additionally, envi-
ronmental issues, drug—disease interactions (antidepressants
and statins may cause new-onset diabetes) and disease—dis-
ease interactions (depression and anxiety can be attributed
to cancer diagnosis) might provide an explanation for this
growing problem [20]. Especially in hernia surgery, we
found that multimorbidity had a very strong influence on our
overall cost. Approximately 60% of our patients were con-
sidered multimorbid. This unusually high proportion results
from the fact that the study was carried out at a university
hospital. Generally, the number of multimorbid patients is
higher in maximum care hospitals, as the higher complexity
of patient care would overwhelm smaller hospitals.

As shown in Table 4, not only the cost for multimor-
bid patients but also hospital reimbursements were higher.
Therefore, the contribution margin as the sum of hospital
reimbursement by health insurance minus the cost for the
treatment showed no significant difference between the two
groups. In the German DRG system, the PCCL is an eco-
nomic parameter to assess patient complexity and multimor-
bidity. From an economic point of view, it seems to well
reflect patient multimorbidity and associated higher costs
and, therefore, the need for higher reimbursements. Since
multimorbidity has a significant impact on the treatment cost
in surgery, it is mandatory to include this parameter in the
hospital reimbursement calculation.
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Conclusion

Several factors influence direct medical costs in patients
undergoing inguinal hernia treatment. In particular, cost-
driving demographic factors such as age and multimorbidity
cannot be directly influenced, and their economic impact
should not influence our indications for surgical treatment. It
is, therefore, mandatory that the health care system includes
these factors in the reimbursement calculation. This will
otherwise lead to an undersupply in treatment, as hospitals
could refuse operations due to increasing economic pressure.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Compliance with ethical standards

Conflict of interest The authors of this manuscript have no conflicts of
interest to disclose as described.

Ethical approval This article does not contain any studies with human
participants or animals performed by any of the authors. The collection
and evaluation of our retrospective data from already existing (clini-
cally internal) patient data does not fall under the duty of consulta-
tion, and does not require the approval of the Professional Code of the
German Medical Association (article B.IILI.§ 15) based on the World
Medical Associations Declaration of Helsinki 1964.

Human and animal rights This article does not contain any studies
with human participants or animals performed by any of the authors.

Informed consent The data evaluation of information, which was
already in the system, was collected in a strictly anonymous form and
erased after use. For this type of study formal consent is not required.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Berger D (2016) Evidenzbasiertebehandlung der leistenhernie des
erwachsenen. DtschArztebl International 113(9):150-158

2. Janssen-Heijnen ML, Maas HA, Houterman S, Lemmens VE, Rut-
ten HJ, Coebergh JW (2007) Comorbidity in older surgical cancer
patients: influence on patient care and outcome. Eur J Cancer
43(15):2179-2193

3. Vinjerui KH, Bjerkeset O, Bjorngaard JH, Krokstad S, Doug-
las KA, Sund ER (2020) Socioeconomic inequalities in the

prevalence of complex multimorbidity in a Norwegian popula-
tion: findings from the cross-sectional HUNT Study. BMJ Open
10(6):e036851
4. Langelotz C, Bloch A, Hammerich R, Kohler A, Pratschke J, Kil-
ian M (2015) Economic analysis of treatment courses for patients
over the age of 80 years at a surgical maximum care centre. Zen-
tralblChir 140(4):435-439
5. Navickas R, Petric V-K, Feigl AB, Seychell M (2016) Multi-
morbidity: what do we know? What should we do? J Comorb
6(1):4-11
6. Aasvang EK, Hansen JB, Malmstrgm J, Asmussen T, Gennevois
D, Struys MM et al (2008) The effect of wound instillation of
a novel purified capsaicin formulation on postherniotomy pain:
a double-blind, randomized, placebo-controlled study. Anesth
Analg 107(1):282-291
7. Kingsnorth A, LeBlanc K (2003) Hernias: inguinal and incisional.
Lancet 362(9395):1561-1571
8. Neumayer L, Giobbie-Hurder A, Jonasson O, Fitzgibbons R Jr,
Dunlop D, Gibbs J et al (2004) Open mesh versus laparoscopic
mesh repair of inguinal hernia. N Engl J Med 350(18):1819-1827
9. Scheuerlein H, Schiller A, Schneider C, Scheidbach H, Tamme
C, Kockerling F (2003) Totally extraperitoneal repair of recurrent
inguinal hernia. Surg Endosc 17(7):1072-1076
10. Gmeiner M, Pfeifer J (2007) Management of complications in
surgery of the colon. Eur Surg 39(1):15-32
11. VerhelstJ, de Goede B, van Kempen BJ, Langeveld HR, Poley MJ,
Kazemier G et al (2016) Emergency repair of inguinal hernia in
the premature infant is associated with high direct medical costs.
Hernia 20(4):571-577
12. Reistrup H, Fonnes S, Rosenberg J (2020) Watchful waiting vs
repair for asymptomatic or minimally symptomatic inguinal her-
nia in men: a systematic review. Hernia 2020:5
13. MareSova P, Peteja M, Lerch M, Zonca P, Kuca K (2016)
Costs of inguinal hernia repair associated with using different
medical devices in the Czech Republic. Ther Clin Risk Manag
12:1593-1597
14. Vonlanthen R, Slankamenac K, Breitenstein S, Puhan MA, Mul-
ler MK, Hahnloser D et al (2011) The impact of complications
on costs of major surgical procedures: a cost analysis of 1200
patients. Ann Surg 254(6):907-913
15. Xu X, Mishra GD, Jones M (2017) Evidence on multimorbidity
from definition to intervention: an overview of systematic reviews.
Ageing Res Rev 37:53-68
16. van den Akker M, Buntinx F, Metsemakers JF, Roos S, Knottnerus
JA (1998) Multimorbidity in general practice: prevalence, inci-
dence, and determinants of co-occurring chronic and recurrent
diseases. J Clin Epidemiol 51(5):367-375
17. Lochner KA, Cox CS (2013) Prevalence of multiple chronic con-
ditions among Medicare beneficiaries, United States, 2010. Prev
Chronic Dis 10:E61
18. Pache B, Vollenweider P, Waeber G, Marques-Vidal P (2015)
Prevalence of measured and reported multimorbidity in a rep-
resentative sample of the Swiss population. BMC Public Health
15:164
19. Ward BW, Schiller JS (2013) Prevalence of multiple chronic
conditions among US adults: estimates from the National Health
Interview Survey, 2010. Prev Chronic Dis 10:E65
20. Sambamoorthi U, Tan X, Deb A (2015) Multiple chronic condi-
tions and healthcare costs among adults. Expert Rev Pharmaco-
econ Outcomes Res 15(5):823-832

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/

	Cost analysis of inguinal hernia repair: the influence of clinical and hernia-specific factors
	Abstract
	Introduction 
	Methods 
	Results 
	Conclusion 

	Introduction
	Patients and methods
	Results
	Discussion
	Conclusion
	References




