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Abstract Repair of an incisional hernia (IH) generates
costs on several levels and domains of society. The aim of
this study was to make a complete cost analysis of inci-
sional hernia repair (IHR) with synthetic and biological
mesh and to compare it with financial reimbursement.
Patients were grouped into three levels to determine the
complexity of their care, and hence, the costs involved.
Group 1 included patients without comorbidities, who
underwent a “standard” incisional hernia repair (SIHR),
with synthetic mesh. Group 2 included patients with
comorbidities, who underwent the same surgical procedure.
Group 3 included all patients who underwent a “complex”
IHR (CIHR) with biological mesh. Total costs were divi-
ded into direct (including preoperative and operative pha-
ses) and indirect costs (medications and working days
loss). Reimbursement was calculated according to Diag-
nosis-Related Group (DRG). From 2012 to 2014, 76
patients underwent prosthetic IHR: group 1 (35 pts); group
2 (30 pts); and group 3 (11 pts). The direct costs of pre-
operative and operative phases for groups 1 and 2 were
€5544.25 and €5020.65, respectively, and €16,397.17 in
group 3. The total reimbursement in the three groups was
€68,292.37 for group 1, €80,014.14 for group 2, and
€72,173.79 for group 3, with a total loss of €124,658.43,
€69,675.36, and €100,620.04, respectively. All DRGs
underestimate the costs related to IHR and CIHR, thus
resulting in an important economic loss for the hospital.
The cost analysis shows that patient-related risk factors do
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not alter the overall costs. To provide a correct “cost-
based” reimbursement, different DRGs should be created
for different types of hernias and prostheses.
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Introduction

Incisional hernias are a common complication in abdomi-
nal surgery. Despite many studies on the optimal closing
technique, their incidence reaches 10—-11% among patients
who undergo laparotomy [1]. Some patient-related risk
factors have been identified, such as: smoking habits, dia-
betes, obesity, malnutrition, steroid use, chronic obstruc-
tive pulmonary disease (COPD), and recent chemotherapy.
Nevertheless, a correct method for prevention has not been
developed yet.

The repair of ventral IH remains a challenging surgical
problem and outcomes are often disappointing.

Many procedures have been proposed for IHR. In sev-
eral studies, the relapse rate ranges from 12 to 50% [1, 2]
with the use of direct herniorrhaphy, to 19-32% [1, 3, 4]
with the use of prosthetic materials. The prosthetic
approach should be considered mandatory for defects
>2 cm [5]. Synthetic meshes are not recommended in
wound and/or mesh infection, in clean-contaminated cases,
in those with concurrent intra-abdominal procedures, and
in complex hernia repair if the mesh comes in contact with
the intraperitoneal cavity. In these cases, biological meshes
are now available [5, 6]. The financial impact of using a
biological mesh is still not well known.

The repair of an incisional hernia generates costs on
several levels of society.
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The aim of this study was to make a complete cost
analysis of incisional hernia repair with synthetic mesh
and biological mesh and to compare it with the finan-
cial support received by our Institute according to DRG

[7].

Materials and methods

This study was performed in collaboration with the Man-
agement Control System of the Hospital of Padua, Italy.

Eligible patients were those with diagnosis of incisional
hernia, considered as the main surgical indication.

Exclusion criteria were: inability to provide the
informed consent; out-patients; direct herniorrhaphy; and
age younger than 18.

The decision to use synthetic or biological mesh was
based on hernia features, as described in the following. We
divided patients into three groups:

1.  “Standard” incisional hernia repair type 1 (group 1)
Surgical repair of IH with synthetic mesh in patients
without comorbidity: ventral hernia working group
(VHWG) grade I hernia [5]. The cost of consumables
and drugs was calculated for incisional hernia repair
according to Rives technique with a hernia defect of
10 cm, considering it as the prototype of this operation.

2.  “Standard” incisional hernia repair type 2 (group 2)
Surgical repair of IH with synthetic mesh in patients
with comorbidity, without history of wound infection
(VHWG grade 1II hernia). Comorbidities considered as
risk factors for complications, according to Ventral
Hernia Working Group, are smoking habit, obesity,
immunosuppression, and COPD [5]. These diseases
concurred in determining physical status classification
(ASA >1).

3. “Complex” incisional hernia repair (group 3) Surgical
repair of IH requiring a biological mesh, as in VHWG
grades III and IV: (a) wound and/or mesh infection;
(b) mesh in contact with the intraperitoneal cavity;
(c) clean-contaminated cases; and (d) concurrent intra-
abdominal procedure (ostomy reversal, bowel resec-
tion, and fistulotomy) [5].

Hernia grading system as per The Ventral Hernia
Working Group is shown in Table 1.

The costs analysis included direct and indirect costs.

We performed a complete health economics analysis
of IHR. The analysis included only direct costs,
expressed in Euros, because not all indirect costs could
be monetized.
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Direct costs

In the cost analysis, we considered the following phases for
each type of intervention: preoperative phase, operative
phase, and immediate postoperative phase.

The preoperative phase included instrumental investi-
gations, such as computerized tomography (CT) and
magnetic resonance imaging (MRI) of the abdominal wall.

The operative phase (surgical operation) included per-
sonnel costs (surgeons, anesthesiologist, and nurses) and
calculated for all units involved and for the hours of sur-
gical operation, costs of disposable materials and drugs,
cost of sterilization, and general costs (depreciation, man-
agement, and administration).

The postoperative phase included costs of ward and
intensive care unit (ICU) stay. The service management
control of the Hospital provided us with updated costs. The
biological mesh (fascia lata or pericardium allograft) was
provided by the tissue bank of Treviso (Italy), through the
Plastic Surgery department of our Hospital.

Indirect costs

Indirect costs included those related to outpatient medica-
tions and working days’ loss; only outpatient medications
could be monetized.

Reimbursement rates

In the International classification of Diseases, 9th revision,
Clinical Modification (ICD-9CM), the code for incisional
hernia is 553.21 and for its surgical operation is 5361 (IHR
with mesh).

According to the official classification at the time of the
study in Veneto region (Italy), IHR with mesh was cate-
gorized in DRG 160, without CC (complicating and con-
comitant diseases) or DRG 159 with CC (incisional hernia
repair with CC) [7].

DRG 160 also includes other hernia repairs (mainly
umbilical hernias), excluded from our database.

Our data excluded the diagnosis 551.20 and 552.20 (IH
with obstruction and strangulation), since the IHR is made
by direct suture in emergency situations (contaminated,
clean-contaminated cases and/or those with concurrent
intra-abdominal procedures: ostomy, bowel resection, and
fistulotomy).

The reimbursement for DRG 160 was €1704.03 and for
DRG 159 was €3475.47.

The other reimbursements for DRG in our series are
listed in Table 2.
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Table 1 Hernia grading system: assessment of risk for surgical site occurrences

Grade 1* Grade 2° Grade 3° Grade 4°
Low risk Co-morbid Potentially contaminated Infected
Low risk of complications Smoker Previous wound infection Infected mesh
No history of wound infection Obese Stoma present Septic dehiscence
Diabetes Violation of the gastrointestinal tract
Immunosuppression

Previous wound infection

Wound infection defined as being contained within the skin of subcutaneous tissue (superficial), or involving the muscle and/or fascia (deep) [5]

? Group 1 in our series
® Group 2 in our series

¢ Group 3 in our series

Table 2 DRG and reimbursement

DRG Reimbursement
(euros)

DRG 160 (hernia repair with mesh) without CC 1704.03

DRG 159 (hernia repair with mesh) with CC 3475.47

DRG 151 (adhesiolysis) without CC 3866.86

DRG 150 (adhesiolysis) with CC 6016.34

DRG 149 (bowel resection) without CC 6716.05

DRG 569 (bowel resection) with CC 13,732.72
DRG 440 (wound debridement from injuries) 5713.71

Statistical analysis

The data set was analyzed as a whole sample and stratified
by the type of mesh and the presence or absence of com-
plications and comorbidities (groups 1, 2, and 3). Quali-
tative data were reported as counts and percentages. For
quantitative variables, we recorded the median and the
interquartile range. Proportions were compared with the
Chi-square test. The statistical significance of differences
between median values was tested using Wilcoxon’s rank
sum test. For each test, the threshold for statistical signif-
icance level was set at 0.05. Statistical analyses were per-
formed using the SPSS package, version 22.

Results
Clinical data

From January 2012 to November 2014, 76 patients (35
male and 41 females, median age 64 years) underwent
prosthetic IHR; a synthetic mesh (polypropylene) was used
in 65 (86%), a biological mesh (homologous tissue in 10
and heterologous tissue in 1) in 11 (14%). In most patients
(58), IHR according to Rives was performed, while in few
cases, other techniques were used: mesh in contact with the

intraperitoneal cavity (4), Ramirez (3), Chevrel (8), and
other techniques (3). Groups 1 and 2 did not differ in age
(66.1 vs 65.5, p = 0.80) and sex.

Clinical data and their comparison are shown in Table 3.

Direct costs

Description of DRG and equivalent reimbursement costs
are reported in Table 2.

Details on times and costs of IHR in groups 1, 2, and 3
are shown in Tables 4 and 5.

“Standard” IHR type 1 (35 pts)

The median surgery time was 140 min and the median time
spent by the patient in the operating room was 312 min.
The median of hospital stay was 7 days. Total costs were
€5544.25.

In group 1, 31 patients (89%) had DRG 160 and 4 (11%)
had DRG 151.

“Standard” IHR type 2 (30 pts)

The costs of preoperative examinations, disposable mate-
rials, drugs, and sterilization were the same as in the first
group. The median surgery time (123 min) and the median
time spent by the patient in the operating room (290 min)
can be considered comparable; the median length of hos-
pital stay was the same (7 days).

The total cost of surgical operation was €5020.65.

In this group, 17 patients (56%) had DRG 160, 9 (30%) had
DRG 159, 2 (7%) had DRG 150, and 2 (7%) had DRG 151.

“Complex” IHR (11 pts)
The characteristics of group 3 are shown in Tables 4 and 6.

The surgery time was 360 min and the time spent by the
patient in the operating room was 505 min. The cost of
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Table 3 Clinical data of groups 1, 2, and 3 and their comparison

All (n = 76) Group 1 Group 2 Group 3 plvs2 plvs3* p2vs3* pl+2
(n = 35) (n = 30) n=11) vs 3%
Age, median (IQ 64.3 (53.7-70.6) 66.1 (57.8-71.5) 65.5(60.1-70.4) 51.5(46.8-61.8)  0.80 0.004 0.001 0.001
range)
Female sex, n (%) 41 (53.9) 18 (51.4) 17 (56.7) 6 (54.5) 0.67 0.86 0.9 0.97
BMI, median (IQ 26.9 (24-29.4)  25.7(23.2-279) 27 (24.8-31.2)  28.8(23.5-29.3) 0.014 0.14 0.61 0.58
range)
Recent chemotherapy, 15 (19.7) 6 (17.1) 9 (30) 0 (0) 0.22 0.14 0.04 0.08
n (%)
Diabetes, n (%) 8 (10.5) 3 (8.6) 4 (13.3) 1.1 0.54 0.96 0.71 0.87
ASA
1, n (%) 2 (2.6) 129 1(3.3) 0 () 0.912 0.57 0.54 0.56
2, n (%) 51 (67.1) 32 91.4) 15 (50) 4 (36.4) <0.001  <0.001 0.44 0.019
3, n (%) 23 (30.3) 2 (5.7) 14 (46.7) 7 (63.6) <0.001  <0.001 0.34 0.009
* The significance of p must consider the different complexities of incisional hernias
Table 4 Length of surgical procedure and hospital stay in the three groups
Median Group 1 Group 2 Group 3 plvs2 p 1 vs3* p 2 vs 3* pl+2
(35 pts) (30 pts) (11 pts) vs 3%
Duration of surgery (min) 140 123 360 0.48 <0.001 <0.001 <0.001
Overall time spent by the 312 290 505 0.144 <0.001 <0.001 <0.001
patient in the OR (min)
Length of hospital stay (days) 7 7 0.536 <0.001 0.001 <0.001

* The significance of p must consider the different complexities of incisional hernias

Table 5 Evaluation of costs for incisional hernia repair with mesh, in Euros

Synthetic mesh (group 1)

Synthetic mesh (group 2)

Biological mesh (group 3)

Preoperative investigations, Euros mean 127.05 (CT)
Total cost for surgical operation, Euros mean 3504.83
Personnel, Euros mean 1375
Disposal materials (without mesh), Euros mean 888.03

Mesh, Euros mean 31

Sterilization cost, Euros mean 291.25

Equipment amortization (general costs), Euros mean  919.55
Total cost for hospital stay, Euros mean 1406.16
General cost, Euros mean 506.21
Total cost, Euros mean 5544.25
Total reimbursement, Euros mean 1951.21
Total loss, Euros mean 3839.95

127.05 (CT) 480.30 (CT + MR)
2981 7943.71
990 225432
888.03 888.03

31 3274
291.25 291.25
780.95 1236.11
1406.16 5862.62
506.21 2110.54
5020.65 16,397.17%
2667.14 6561.25
2068.78 9835.92

* p group 1 vs group 2: 0.166; p group 1 vs group 3: <0.01; p group 2 vs group 3: <0.01

disposal materials and drugs was similar between this
group and the other groups, except for prosthetic materials
costs.

Biological mesh is more expensive and the price ranges
from €1700 to €9396 based on the number of pieces and
the size of the tissue used to fill the abdominal defect.

@ Springer

Five patients required hospitalization in the ICU for a median
time of 2 days. The median overall hospital stay was 13 days.

Six different DRGs were considered for these patients.

For example, in a complex abdominal wall reconstruc-
tion, DRG code is 160 and the reimbursement does not
even cover the cost of the mesh (€2316).
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Table 6 Indications and mesh

types in group 3 Cases Indication Mesh type Mesh cost (Euros)
1 Entero-cutaneous fistula. Right hemicolectomy pc 3204
2 Previous laparostomy pc 9396
3 Ostomy reversal fl 3700
4 Multiple recurrences fl 2570
5 Ureterectomy fl 1700
[§ Mesh infection fl 2100
7 Intraperitoneal mesh e 2316
8 Colon resection fl 1700
9 Small bowel resection and ileostomy pc 4016
10 Cutaneous fistula; mesh infection pc 2912
11 Previous laparostomy fl 2400

pc pericardium allograft, fI fascia lata allograft, e heterologous mesh (porcine dermis)

The total cost differences between standard and complex
IHR (with synthetic and biological meshes) depend on
preoperative investigations, personnel, mesh, and hospi-
talization (ward and ICU stay) and are statistically signif-
icant, as shown in Table 5.

Indirect costs

Indirect costs include medications and working days’ loss.
In our series, 12/76 (16%) patients required ambulatory
care, for a total of 100 medications (total cost: €1512).

A mean of 21 working days were lost in the synthetic
mesh group vs 30 days in the biological mesh group.

Reimbursement analysis

1. The direct cost for each patient’s individual hospital-
ization in group 1 was €5544.25 with a total cost of
€194,048.75 between January 2012 and June 2014.
The reimbursement for DRG 160 was €1704.03 and for
DRG 151 €3866.86, resulting in a total reimbursement
of €68,292.37 and a total loss of €125,756.38.

2. The cost for each individual hospitalization of patients
in group 2 was €5020.65, with a total cost of
€149,689.50 between January 2012 and June 2014.
The reimbursement for DRG 160 was €1704.03, DRG
159 €3475.47, DRG 151 €3866.86, and DRG 150
€6016.34, resulting in a total reimbursement of
€80,014.14 and a total loss of €69,675.36.

3. The cost for each individual hospitalization of patients
in group 3 ranges between €13,420.87 and €22,038
with a total cost of €172,793.83 between January 2012
and June 2014. The reimbursement was €72,173.79,
resulting in a total loss of €100,620.04.

Comparison between costs and DRG reimbursement is
shown in Fig. 1.

Discussion

Incisional hernia can present a wide range of clinical fea-
tures, thus determining the development of various classi-
fication systems [5, 8]. In complex cases, the incisional
hernia repair can be a true reconstruction of the abdominal
wall.

In the literature, there are many studies on IH, a com-
mon surgical disease, but only a few of them analyze in
detail the economic and social costs of the disease, as we
do in our study. A systematic review of the literature
underlines that little is known about the costs of ITHR [9].

It is difficult to decrease the incidence of IH and this fact
results in an increase of costs for the healthcare system.

The use of mesh in open incisional ventral hernia repair
is superior to direct herniorrhaphy in terms of recurrence;
the placement of a mesh becomes mandatory in elective
surgery for IH (defects >2 cm) if the repair is not associ-
ated with other intra-abdominal surgical procedures. The
standard mesh is polypropylene prosthesis, as it limits the
cost.

16,397.17

6,561.25

5,544.25

5,020.65

1,951.21 2,667.14

GROUP 1 GROUP 2 GROUP 3

W Total cost (€) M DRG (€)

Fig. 1 Comparison between costs and DRG reimbursement for the
three groups
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In 2009, Finan et al. performed a cost-utility analysis
comparing open suture vs mesh repair [10]. In the study,
the costs for open suture compared with mesh repair were
similar ($16,355 vs $16,947), but mesh repair proved to be
a more effective treatment, with 73.8% of recurrence-free
patients at 3-year follow-up, compared with 56.3% in the
open suture group. They concluded that in subjects without
contraindication to mesh placement, open mesh repair is
the most effective surgical treatment for ventral hernia
repair, with a lower risk of recurrence. Polypropylene mesh
is highly discouraged in large infected IHs; in these cases,
biological implants represent a viable alternative.

In our Italian series, the criteria for the use of biological
mesh were the following: (1) the presence of wound and/or
mesh infection; (2) contact between mesh and intraperi-
toneal cavity; (3) clean-contaminated cases; (4) concurrent
intra-abdominal procedures (ostomy reversal, bowel
resection, and fistulotomy); and (5) complex elective IHs in
which a true reconstruction of the abdominal wall was
mandatory (the “disasters of the wall”).

This study was performed in Italy and the cost analysis
was conducted according to Italian reimbursement rates.

The cost analysis included direct and indirect costs, but
only direct costs could be completely monetized.

To analyze the association of risk factors and costs, we
divided patients with “standard” IH into two groups that
were homogeneous in the number of patients, sex, and age,
but differed in the absence (group 1) and presence (group
2) of patient-related risk factors (body mass index—BMI
and ASA).

The analysis of the direct costs for these two groups
showed that patient-related risk factors (smoking habit,
obesity, malnutrition, steroid use, COPD, diabetes, and
recent chemotherapy) do not alter the overall cost.

The direct costs in our study appeared to be in accor-
dance with those of Reynolds [11]: in fact, in his work, the
direct costs for IHR with synthetic mesh were $7590.

Despite our cost analysis showed no significant differ-
ence between the costs in groups 1 and 2, the reimburse-
ment was still different in the two groups, according to
DRG 160 and DRG 159. In addition, if another procedure
was associated with the THR (adhesiolysis, for instance) in
groups 1 and 2, it would become the main procedure and its
DRG (150 or 151) would replace the DRG of the IHR (159
or 160), thus providing a greater reimbursement. However,
this reimbursement is still not sufficient to cover the costs
of IHR, thus causing a great economic loss to the hospital.

In our series, hospitalization in groups 1 and 2 had the
same length (7 days), which was longer than in other series
[12]; in fact, to reduce the incidence of seromas and
hematomas, we prefer to maintain drainages for a longer
time.
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The difference in costs of biological vs synthetic mesh
repairs depends on the characteristics of group 3 hernias. In
fact, these required a more complex repair, with a higher
number of hours of intervention and a longer stay in the
operating room; therefore, a true comparison between
group 1/2 and group 3 is not possible. The higher costs in
group 3 also depend on the more expensive material of the
prosthesis and on a longer hospital stay, with a further need
of ICU monitoring.

The third group includes a limited series of patients
(only 11) but six different codes. In fact, despite all patients
had a main diagnosis of incisional hernia, in some of them,
another procedure (bowel resection, ostomy) was added
and this became the main procedure during the codification
process. Therefore, the different codes in our series depend
on the procedure associated with IHR.

When the IHR with biological mesh is the only surgical
procedure performed, its DRG code is 160 and its reim-
bursement is €1704.03; the reimbursement does not even
cover the cost of the mesh.

In addition, in group 3, our data appeared to be in
accordance with those of Reynolds [11], whose direct costs
for THR with biological mesh were $16,970.

Mesh materials represent a significant component of
operating room supply costs and the use of biological mesh
has been demonstrated to increase the cost of IHR [11]. In
addition, in our study, a difference between costs of syn-
thetic and biological meshes was noted (€31 vs €3274).
There is a full agreement in the literature about the fact that
biological mesh adds significant costs to IHR: its use
should, therefore, be limited to a short range of indications.

At the moment, the DRG system does not distinguish
between different types of prostheses and it does not pro-
vide a specific code for group 3 hernias. Reimbursement
strategies for patients undergoing IHR should be re-eval-
uated considering surgical complexity: we propose to
consider the “complex” IHs as a different disease and to
create a specific DRG code. In alternative, we propose to
provide a separate reimbursement for biological meshes,
out of DRG, which is already possible in some cases.

Indirect costs are more difficult to quantify: return to
work and sick leave are very individual and depend on
many biological, social, psychological, and economical
factors; therefore, a monetary extrapolation is complicated
(different trades, retired or unemployed patients, house-
wives, etc).

To align costs to reimbursements, we propose: (1) early
diagnosis and treatment, resulting in a reduction of the
costs for surgery (less need for “complex” IHRs), of
postoperative hospital stay and in a rapid resumption of
work; (2) hospital wide protocols on the indications for the
use of biological mesh; and (3) the creation of a specific
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DRG code for “complex” IHs or a separate reimbursement
for biological meshes.

This study has several limitations: (1) as a single-center
study, it does not take into consideration the local varia-
tions of IHR costs and reimbursements; (2) indirect costs
are difficult to quantify and only outpatient care could be
monetized; and (3) the low numerosity of all groups, in
particular group 3 (including only 11 patients).

The goal remains the prevention of IHs when possible.
The European Hernia Society has recently developed and
published detailed guidelines on the closure of ventral
incisions [13]; moreover, some studies provide a high level
of evidence that prophylactic mesh-augmented fascial
reinforcement may lower the rate of IH in high-risk
patients, after elective open intra-abdominal surgery [14].

Conclusion

All DRG:s still undervalue the expense, thus causing a great
economic loss to the hospital.

The analysis of the costs shows that patient-related risk
factors do not increase the overall costs.

To provide a precise “cost-based” reimbursement, the
DRG system should distinguish between different types of
IHR (standard or complex) and prostheses.
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