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ABSTRACT
Objectives: Current preventive measures for the prevention of surgical site infections (SSI) are still not sufficient. We aimed to investigate the cost-effectiveness of negative pressure wound therapy (NPWT) on closed
incisions in reducing SSI by reviewing local data or available data and values.
Methods: We suggested a complication cost model for 100 patients, one-fourth of which were presumed as
high-risk patients. In high-risk patients, the cost of negative pressure wound therapy (PrevenaTM) was added to
the complication cost. The control group was another hypothetical group of patients, and the SSI cost was also
calculated. The cost of negative pressure wound therapy (PrevenaTM) in this calculation was the actual raised
price of the therapy system in Turkey in the beginning of 2019.
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Results: There was an additional 11.953 USD cost for the SSI in 100 amputation patients when standard care was
performed. If we apply negative pressure wound therapy (PrevenaTM) in 25 patients who would be considered as
high risk, the additional cost would be 11.361 USD. In the case of median sternotomy, the cost of SSI burden was
27.889 USD for standard care, and the cost burden including negative pressure wound therapy (PrevenaTM) cost
for high-risk patients was calculated as 11.281 USD. In the laparotomy group, the cost burden of SSI in standard
care was 165.105 USD, and negative pressure wound therapy (PrevenaTM) group had 96.767 USD.
Conclusion: Applying negative pressure wound therapy (PrevenaTM) in high-risk patients, as recommended in
World Health Organization guideline in different surgery types, demonstrates cost benefit. The cost benefit
of PrevenaTM was more apparent in median sternotomy and laparotomy compared to amputation. Negative
pressure wound therapy (PrevenaTM) can be a good choice in high-risk patients in cost perspective. Further
studies would be needed to confirm the cost-effectiveness of negative pressure wound therapy (PrevenaTM) in
different types of surgeries.
Keywords: Negative-pressure wound therapy, surgical wound, surgical wound infection

INTRODUCTION
Surgical site infections (SSI) are among the most common hospital-acquired infections. These
type of infections pose substantial healthcare burden since they can increase the morbidity, mortality, and the overall healthcare cost. It is shown that SSI can increase mortality by
3% and the length of stay by 9.7 days on average. Preventive measures such as prophylactic
antibiotic usage, preoperative skin preparation, body washing, and hair removal are still not
sufficient.[1]
A surgical site complication (SSC) is defined by the Centers for Disease Control and Prevention
as “any infection occurring within 30 days post-operatively that can be attributed to surgery,
and within one year of placing an implant”.[2] SSCs represent a majority of postoperative complications, reaching a prevalence rate of 38% in surgery departments worldwide.[3] SSIs and
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related complications following surgical procedures place
a significant cost burden to the healthcare system and have
been identified as one of the leading causes of hospital-acquired infections. In some countries, these complications
are not reimbursed by payers. In the USA, SSI is demonstrated to cause 38.556 USD in medical charges and postoperative dehiscence can add as much as 9.4 extra days,
resulting to 40.323 USD additional charges.[4] Current standards of care for preventing SSI include preoperative prophylactic systemic antibiotics (for selected surgical procedures), preoperative antiseptic shower/bath, hair removal,
aseptic skin preparations, and sterile and meticulous surgical techniques.[5] However, the continued high rates of SSI
demonstrate the need for new and innovative measures to
prevent these infections.

on clean closed incision was recommended as an innovative measure to provide prevention of SSI in high-risk patients when resources are taken into account.
Under the designation closed incision negative pressure
therapy (ciNPT), this new technique has shown significant
clinical results. Many studies and case reports comparing
standard-of-care dressings to ciNPT have reported a decrease in SSIs in a wide spectrum of traumatic, orthopedic,
abdominal, sternal, and plastic surgery incisions. The reason
for this success may be due to the reported mechanisms of
action of the ciNPT, which protects the incision from external wound contamination, strengthens the cohesiveness of
the wound edges, removes fluids and infectious materials
from the wound, decreases the lateral tension around the
incision, and facilitates oxygen saturation, lymphatic flow,
and blood microcirculation within the incision area.[10]

Recently some risk factors for SSIs have been defined by an
international multidiscplinary panel. The panel generated
a list of risk factors for the development of SSI based on
the evidence-based medicine literature review and panel
member experience. The risk factors were grouped under
three categories: patient-related risk factors, general incision-related risk factors, and operation-related risk factors.
Diabetes mellitus, American Society of Anesthesiologists
(ASA) score >3, advanced age, obesity, active tobacco use,
hypoalbuminemia, corticosteroid usage, active alcoholism,
male sex, chronic renal insufficiency, chronic obstructive
pulmonary disease, and hematoma are the leading patient-related risk factors. High-tension incision, repeated
incisions, extensive undermining, traumatized soft tissue,
edema, degree of contamination, emergency procedure,
mechanically unfavorable site, prolonged operation time,
and postsurgical radiation are the general incision-related
risk factors. Open colorectal, open urology, open obstetrics and gynecology (OB/GYN) (obstetrician-gynecologist),
incisional hernia repair in general surgery and OB/GYN,
postbariatric abdominoplasty, breast reconstruction, big
soft tissue defects (necrotizing fasciitis), high-tension incision, soilage risk, repeat incision in plastic/reconstructive
surgery, and open reduction and internal fixation of fractures: acetabulum, pilon, calcaneous, tibial, plateau, fasciotomy, above-knee amputation, below-knee amputation
in orthopedic surgery, and synthetic graft implantation
and sternotomy in cardiovascular surgery are the most
common risk factors.[6] Although the list is long, obesity
and diabetes mellitus are the two major risk factors studied
for a long time in the literature. The obesity prevalence in
Turkey is 22% and diabetes prevalence is 13.7%.[7,8]

In this study we developed a model comparing two hypothetic patient cohorts (Group A: standard of care; Group
B: negative pressure wound therapy (PrevenaTM)) with 100
patients in each group.The number of surgical site infection patients in different surgery types was calculated according to the local publication showing the incidence of
SSI in certain operations.[11] This number of SSI patients
was kept in Group A, which hypothetically were treated
with standard of care. The number of SSI was assumed to
be reduced by applying negative pressure wound therapy
(PrevenaTM) in high-risk patients in Group B. The risk reduction of SSI by negative pressure wound therapy (PrevenaTM)
was determined according to the meta-analysis. We then
calculated the cost burden of SSI in different surgery types
in USD terms by using local SSI cost data from another local
publication.[9]

The World Health Organization (WHO) published a guideline for the prevention of surgical site infection in 2016.[9]
In this guideline, negative pressure wound therapy (NPWT)

The comparison between groups was repeated in three
different surgery types, i.e., amputation, laparotomy, and
median sternotomy incisions.

The purpose of the study is to develop a model to demonstrate the potential cost-effectiveness of using closed incision management system with NPWT (PrevenaTM) over
clean closed surgical incisions in high-risk patients treated
with different surgery types.

METHOD

In Group B, 25% of patients (25 patients) were considered
to be at high risk and they are patients receiving negative
pressure wound therapy (PrevenaTM). This percentage represented the high-risk obese and diabetic patients undergoing these surgeries. The cost burden of negative pressure wound therapy (PrevenaTM) for these was added to the
SSI cost burden in Group B patients.
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RESULTS
The prevalence of SSI in amputation is 9.5% among standart of care patients (Group A);[11] the risk reduction of SSI
by ciNPT in this type of surgery is 41 (41.0%).[1] Total cost
burden of SSI for amputation in group A was found to be
11.953 USD and, the total cost burden of SSI for amputation
in group B is 11.361 USD (Table 1).
The prevalence of SSI in median sternotomy is 16 (16.0%)
among standart of care patients (Group A);[11] the risk reduction of SSI by ciNPT in this type of surgery is 75 (75.0%).[1]
Total cost burden of SSI for median sternotomy in group A
was found to be 27.889 USD and, the total cost burden of SSI
for median sternotomy in group B is 11.281 USD (Table 1).
The prevalence of SSI in laparotomy is 24% among standart
of care patients (Group A);[11] the risk reduction of SSI by
ciNPT in this type of surgery is 44%.[1]. Total cost burden of
SSI for laparotomy in group A was found to be 165.105 USD,
Table 1. The cost of burden comparison between group A and B.
Surgery Type

Group A

Group B

(Standart of Care)

(PrevenaTM)

Amputation

11.953 USD

11.361 USD

Median Sternotomy

27.889 USD

11.281 USD

Laparatomy

165.105 USD

96.767 USD

and the total cost burden of SSI for laparotomy in group B is
96.767 USD (Table 1). The details are given in Table 2.

DISCUSSION
Recent work by the WHO shows that SSI is the most surveyed and frequent type of hospital-acquired infection
(HAI) in low- and middle-income countries and it affects
up to one-third of patients who have undergone a surgical procedure.[9] Although SSI incidence is lower in high-income countries, it remains the second most frequent
type of HAI in Europe and the USA, accounting for 19.6%
of all HAI in Europe in 2011-2012.[12] SSI however is only
one component of surgical site occurrences. Postsurgical
wound complications, such as SSIs, and surgical site occurrences, such as dehiscence and formation of hematomas or
seromas, are a major burden to the patients and the healthcare systems.[13,14]
The development of an SSI causes a substantial increase
in the clinical and economic burden of surgery. The financial burden of surgery is increased due to the direct costs
incurred by prolonged hospitalization of the patients, diagnostic test, and treatment. Certain patients may also require reoperation after the contraction of an SSI, which is
associated with considerable additional costs.[15,16] In European hospitals, patients who develop an SSI constitute a financial burden approximately double that of patients who
do not develop them.[17]

Table 2. The cost of burden comparison between Group A and Group B in 100 patients model
Surgery Type		

Group A			

Group B		

		

(Standart of Care)			

(ciNPT Therapy)		

Rate
		

Additional Cost

Additional Cost

Rate

Additional Cost

Saving w/ciNPT

Additional Cost

per Patient			
per Patient

Laparatomy
Patients w/SSI

15%

$11.007

$165.105

8.40%

$11.007

Patients w/out SSI

85%

-

-

91.60%

-

-

ciNPT Patients

0%

-

-

25.00%

$172

$4.309

$165.105 			

$92.459

$96.767

$68.337

Median Sternotomy
Patients w/SSI

5.0%

$5.578

$27.889

1.25%

Patients w/out SSI

95.0%

-

-

98.75%

-

-

0%

-

-

25.00%

$172

$4.309

ciNPT Patients

$5.578

$27.889 			

$6.972

$11.281

$16.608

Amputation
Patients w/SSI

9.5%

$1.258

$11.953

5.61%

Patients w/out SSI

90.5%

-

-

94.40%

-

-

0%

-

-

25.00%

$172

$4.309

ciNPT Patients

$11.953

$1.258

		

$7.052

$11.361

$592
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Many factors in the patient’s journey through surgery have
been identified as contributing to the risk of SSI. Therefore,
the prevention of these infections is complex and requires
the integration of a range of preventive measures before,
during, and after surgery.
We reviewed some SSI burden cost information from different countries. In France, SSI constituted a total per patient medical cost of €17.434 which is higher than patients
without an SSI.[18] In Germany, the total medical cost per patient was significantly elevated in patients who developed
an SSI: € 36.261 vs. €13.356.[19] In Italy, in orthopedic and
trauma surgery patients, the development of an SSI was associated with additional total medical costs of € 32.000, relative to uninfected patient average cost per SSI of €9.560.
[20]
In Spain, the estimated direct total healthcare cost of developing an SSI was €1.084.639, which was mainly attributable to prolonged hospitalization (37%) and other hospital
costs (43%).[21] In the UK, Tanner et al. reported that general
surgery patients who contracted an SSI constituted an additional healthcare burden of £10.523 per patient; the primary cost drivers identified in this study were prolonged
LOS and readmission costs.[22]
Before moving into Turkish data on the burden of SSI, it
would be necessary to review the international data on the
burden of SSI in different specialties, particularly in orthopedic surgery, cardiovascular surgery, and general surgery,
in order to have a relevant cost-effectiveness analysis.
Studies on orthopedic procedures in the UK have shown
that wound complications impose a significant burden on
the healthcare system as they increase hospital costs: in
hip fractures, the mean total cost per in-patient stay was
£15.576 when an SSI developed versus £6.922 for noninfected patients. Based on Primary Care Trust tariffs, the
mean financial loss per patient with infection was £7.726,
whereas a £153 cost saving was gained per patient without
infection.[23] The mean cost of revision knee arthroplasty
with infection was more than threefold higher versus noninfection (£30.011 vs. 9.655, respectively).[24] They also prolong hospital stay: the mean length of stay for patients with
revision knee arthroplasty with infection was more than
twofold versus aseptic revision.[24] After surgery for proximal femoral fracture, patients with deep wound infection
had a substantially increased hospital stay versus patients
without infection (48 vs. 13 days, respectively).[25] This increased readmission rates: infection was the most common
(31.0%) reason for readmission after hip fracture surgery in
elderly patients.[26]
In the UK, the Nosocomial Infection National Surveillance
Service also showed that SSIs in cardiothoracic/vascular
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surgery impose a significant burden on the healthcare system.[27]
In Turkey, the health economics data is limited. The burden of SSI in different specialties and in certain surgical
procedures is studied and published.[28] Having this data
provided an opportunity for our study. In general surgery,
laparotomy surgery patients would stay 10 days in hospital
on average, when there is an SSI, and the length of hospital
stay may increase up to 38 days which brings an additional
burden of 775 USD per patient. In cardiac surgery the additional cost burden of SSI would be 5578 USD. In orthopedic
surgery and in major amputation, the patients stay 10 days
on average, and in case of SSI this length of stay is extended
up to 30 days which brings an additional cost of 1258 USD.
This economic burden is underestimated and yet no measure to prevent SSI is sufficient. NPWT applied on clean
closed incision is a recent innovative technique that is
proven to be effective in preventing SSI in different settings. There are two high-quality meta-analyses which
demonstrate that negative pressure therapy would reduce
SSI, dehiscence, and hematoma formation in different surgical types.[1,29] The WHO recommended NPWT in prophylactic usage in high-risk patients taking into consideration
these meta-data. The vast majority of this data comes from
the studies of negative pressure wound therapy (PrevenaTM) compared to the standard of care. negative pressure
wound therapy (PrevenaTM) is the only commercial negative pressure therapy device available in Turkey built for
prophylactic use in closed incisions.
The evidence supports the hypothesis that reduction of lateral tension and hematoma or seroma and an acceleration
of the elimination of tissue edema are the main mechanisms of action of incisional NPWT. Together these mechanisms are able to improve the speed, strength, and quality
of incisional wound healing, thus minimizing the failures of
healing that lead to infection and/or dehiscence. It remains
possible that some redistribution of blood flow around
closed incisions could supplement these mechanisms.[30]
There have been several studies that investigated the costeffectiveness of negative pressure wound therapy (PrevenaTM).[31–35] However it is clear that its cost-effectiveness is
time-dependent and country-spesific. To our knowledge,
our cost-effectiveness analysis is the first study that examined the cost-effectiveness of commercial closed incision
negative pressure device in reducing SSIs in Turkey and
most probably the first international analysis investigating
these three particular surgery types (laparotomy, amputation, and sternotomy).
In our analysis we found that there was an additional 11.953
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USD cost for the SSI in 100 amputation patients when standard care was performed. If we apply negative pressure
wound therapy (PrevenaTM) in 25 patients who would be
considered as high risk and calculate the total cost burden,
the additional cost would be 11.361 USD. The total cost
burden was calculated as the cost of reduced SSI plus the
cost of negative pressure wound therapy (PrevenaTM) for 25
patients. In the second model, if we take 100 patients who
have undergone median sternotomy, the cost of SSI burden will be 27.889 USD for standard care and the total SSI
burden including negative pressure wound therapy (PrevenaTM) cost for high-risk patients is calculated as 11.281 USD.
The third group of patients were laparotomy patients. In this
model, the cost burden of SSI in standard care was 165.105
USD, whereas the negative pressure wound therapy (PrevenaTM) group had 96.767 USD of cost burden in total.
There are some limitations of our study. Due to the hypothetical design of the study, the lack of knowledge of the
characteristics of the groups; the inability to make the exact operational definitions and the fact that the costs other
than the operation and related factors affecting cost effectiveness are not known and therefore cannot be reflected
are the most important limitations of the study. Moreover
data in terms of cost of complications of different surgeries
in Turkey is limited. So we had to project the cost of complications to today. In order to keep consistency we used USD
as cost data. This study has been performed in desktop settings, in a cost model, so the findings of the study has to
be interpreted with caution. A real life study that would be
on clinical settings would be a valuable contribution to the
literature.

CONCLUSION
Applying PrevenaTM in high-risk patients, as recommended in the WHO guideline in different surgery types
demonstrates cost benefit in amputation, laparotomy, and
median sternotomy. The cost benefit of negative pressure
wound therapy (PrevenaTM) was more apparent in median
sternotomy and laparotomy compared to amputation.
negative pressure wound therapy (PrevenaTM) can be a
good choice in high-risk patients to prevent SSIs in cost
perspective. Reduced morbidity and mortality rates are
other important benefits of applying NPWT in closed incision management. Further studies would be needed to
confirm the cost-effectiveness of negative pressure wound
therapy (PrevenaTM) in different types of surgeries.
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