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Aim: The objective was to estimate the cost of care associated with two negative pressure wound ther-
apy (NPWT) technologies used to treat patients admitted to the hospital with moderate-to-severe foot
infections. Materials & methods: A decision tree simulation model was developed to estimate the hospital
costs associated with two different NPWT technologies: Cardinal Health™ PRO (NPWT-C) and V.A.C. ULTA™
(NPWT-K). Clinical data were obtained from a previously completed single-site prospective trial. One-way
and probabilistic sensitivity analyses were performed to gauge the robustness of the results. Results: The
total expected per-patient costs were US$41,206 (SD: US$8,194) for NPWT-C and US$44,439 (SD: US$8,963)
for NPWT-K. Conclusion: This study found that NPWT-C was expected to minimize the total costs over
the episode of treatment. Larger and more clinically diverse studies are recommended to confirm these
findings.
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Negative pressure wound therapy (NPWT) has dramatically changed the care of complex foot wounds. Compared
with standard wound care, patients with diabetic foot wounds treated with NPWT are 5.9-times more likely to heal
and 4.4-times less likely to require amputation [1,2]. NPWT is performed by delivering subatmospheric pressure
through a vacuum pump connected to a specialized dressing that maintains a closed environment. NPWT increases
perfusion to the wound, accelerates granulation tissue formation, reduces edema and reduces bioburden [1-3].

The USA spends more than US$33 billion annually on chronic wound treatment, including diabetic foot
ulcers [4]. Health economic studies have found NPWT to be a cost-effective and cost-saving treatment in several
clinical contexts; however, the impact of variations in operational costs associated with different NPWT systems
on the total treatment cost is not well understood [5-8].

A recently published study (conducted by authors KED and LAL) that compared the efficacy of NPWT systems
when treating patients admitted to hospital with moderate and severe foot infections found no significant differences
in clinical outcomes or adverse events among the NPWT technologies (91. Given equivalent clinical performance,
providers should also consider the total cost of care for the course of treatment. Unlike many acute in-patient
procedures, a single episode of chronic wound treatment with NPWT may span weeks or months, which may
result in capital and disposable costs being more pronounced in the total cost of care. Pricing for commercially
available NPWT components varies greatly across brands and may be heavily influenced by contractual relationships
(e.g., group purchasing organization membership) [10]. Therefore, the secondary aim of the study was to estimate
the total cost associated with each NPWT brand for patients admitted to the hospital with moderate to severe foot
infections over the episode of care from the health system perspective. The NWPT with saline irrigation treatment
arm was excluded from the analysis because there was not a statistically significant difference in clinical outcomes
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Figure 1. Model diagram.

Event: Utilization Event Rate for parameter i * Cost of i; summed for all events.

NPWT-C: Negative pressure wound therapy Cardinal PRO; NPWT-K: Negative pressure wound therapy KCl VAC ULTA;
NPWT-CI: Negative pressure wound therapy Cardinal, PRO with saline irrigation.

Materials & methods

A cost-minimization analysis (CMA) was performed to estimate the expected episodic costs of treating moderate
to severe foot infections with two different NPWT systems: NPWT-C (Cardinal Health™ PRO, OH, USA) and
NPWT-K (KCI V.A.C. ULTA™, TX, USA). A CMA was chosen because the outcomes of the NPWT systems
were similar and there were no significant differences in health-related quality of life (91. A decision tree simulation
model was developed to estimate the expected costs for each system. This method was chosen due to the short time
horizon, population-level analysis and nature of the outcomes [11].

The model followed a hypothetical patient across the episode of care from initiation of NPWT to the conclusion
of a 12-week evaluation period. A visual representation of the decision model is shown in Figure 1. The clinical
utilization of interest were: duration of NPW'T, length of stay (LOS), time to heal, incision and drainage procedure,
antibiotic usage and amputation (foot and leg). All modeling was performed using TreeAge Pro 2019 (TreeAge
Software, Inc., MA, USA) and validated using Microsoft Excel 2016 (Microsoft, Inc., WA, USA). All analysis
were performed with publicly available data. Therefore, this study was exempt from institutional board review

board approval.

Data

Clinical utilization parameters were populated based on a single-site, prospective randomized clinical trial previously
published (91. The study randomized a total of 90 patients in a 1:1:1 ratio across three treatment arms between
April 2016 and January 2018. The saline irrigation arm was not modeled in this analysis because it incorporates
additional components and data for an equivalent system from alternate manufacturers were not collected. There
were no differences in patient characteristics, wound etiology or comorbidities with the exception of race, chronic
kidney disease and wound etiology. Similarly, there were no differences in healed wounds, the primary outcome or
secondary outcomes including: wound closure, number of surgeries, healed at end of study (12 weeks) and time
to heal. The time to heal was reported in days for all study participants who had complete epithelialization with
no drainage at end of study follow-up. Additional adverse events including reinfection, hospital readmission and
wound dehiscence were similar between the cohorts [91. The reported average or proportion and 95% CI were used
in the model and are shown in Table 1.

The cost data was obtained from a ‘best evidence’ literature review. The literature review evaluated published data
based on the applicability to the parameter definition, recency of the data and quality of the study. The midpoint of
the identified values from the literature was used as the base value when multiple studies were identified (Table 2).
All cost data were adjusted to 2018 US dollars using the medical care inflation rate from the US Bureau of Labor
Statistics [12].

Assumptions

Several assumptions were made and applied equally to the treatment arms. The NPWT cost was obtained from
the Veterans Affairs published pricing schedules. All patients were assumed to receive one dressing and canister
upon NPWT initiation and one dressing kit every 2 days until surgical closure. Patients requiring incision and
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Table 1. Clinical utilization parameterst.

Parameter NPWT-C NPWT-K

Base Low High Base Low High
NPWT duration, hours 109.9 70.7 148.8 134.1 97.9 170.2
Length of stay, index admission 14.7 11.9 17.5 15.3 11.4 19.2
Time to heal, days 40.9 30.5 51.3 45.5 27.7 63.3
Incision and drainage procedure 6.7 5.0 8.4 13.3 10.0 16.6
Amputation foot, % 13.3 10.0 16.6 33 0 4.1
Amputation leg, % 0 0 33 33 0 4.1
Antibiotic days 22.4 16.26 28.6 30.2 20.9 39.5

T Clinical utilization data obtained from Davis et al. (2020) [9].
NPWT: Negative pressure wound therapy.

Table 2. Cost parameters.

Parameter NPWT-C NPWT-K Ref.
Base Low High Base Low High

Technology specific parameterst

NPWT/h US$1.75 US$1.32 US$2.19 US$2.69 US$2.01 US$3.36 [13]
Canister US$13 Uss$10 Us$16 US$38 UsS$29 Us$48 [13]
Initial dressing US$28 US$21 US$35 US$43 Us$32 Us$54 [13]
Common parameters

Ward/day US$2,502 US$1,091 US$3,670 [14-17]
Incision and drainage Us$344 US$258 Us$430 [18,19]
Amputation below knee US$14,934 US$14,774 US$15,094 [20,21]
Amputation above knee US$18,698 US$17,045 US$20,753 [20-22]
Antibio‘(ic/dayi US$1.63 US$1.22 US$2.04 [23]

TNPWT cost parameters were published Veterans Affairs pricing obtained from the United States General Services (GSA).
Clindamycin 300 mg 3x/day self-administered.
NPWT-C: Negative pressure wound therapy Cardinal PRO; NPWT-K: Negative pressure wound therapy KCI VAC Ulta.

drainage were assumed to have this procedure performed in an office setting. Daily antibiotic usage was assumed
to be clindamycin 300 mg three-times per day self-administered.

Sensitivity analysis

One-way deterministic and probabilistic sensitivity analyses were performed to assess the uncertainty of the
parameter values and gauge the reliability and generalizability of the results [(13]. The one-way sensitivity analysis
varied each model parameter individually to determine which, if any, parameters would cause the primary finding
to change. The probabilistic sensitivity analysis evaluated first- and second-order uncertainty by running 1,000,000
trials. Clinical utilization data were varied within the 95% CI of the base value. Cost data were varied by & 25%
of the base value. The low and high values are shown in (Tables 1 & 2). The sampled distributions were assumed
to follow a triangle and gamma distribution for clinical utilization and cost data, respectively. The probabilistic
sensitivity analysis was used to estimate the proportion of simulated trials for which NPWT-C or NPWT-K was
the cost-saving strategy.

Results

The average expected costs of the episode of care were US$41,206 (standard deviation: US$8,194) and US$44,439
(US$8,963) for NPWT-C and NPWT-K, respectively, for the treatment of moderate to severe foot infections.
Therefore, NPWT-C demonstrated a cost savings of US$3,233 per patient treated. Table 3 illustrates the results
of the probabilistic sensitivity analysis. The minimum expected cost of care was US$20,036 and US$20,876
(difference US$840) for NPWT-C and NPWT-K, respectively. The maximum expected cost over the episode
of care was US$67,460 and US$74,103 (difference US$6,643) for NPWT-C and NPWT-K, respectively. The
proportion of trials with NPWT-C as the cost-saving strategy was 74% (Figure 2). The one-way sensitivity analysis
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Table 3. Model results.

Results NPWT-C NPWT-K

Mean US$41,206 US$44,439
Standard deviation Us$8194 US$8963

Minimum US$20,036 US$20,876
10th percentile US$30,251 US$32,632
50th percentile US$41,302 US$44,263
90th percentile US$51,946 US$56,112
Maximum US$67,460 US$74,103

Results are based on 1 million trials of hypothetical patients through the model.
NPWT-C: Negative pressure wound therapy Cardinal PRO; NPWT-K: Negative pressure wound therapy KCI VAC ULTA.

Model iterations (%)

NPWT-C NPWT-K

Figure 2. Probabilistic sensitivity results.

NPWT-C was found to be the cost saving technology 74% of the time when compared with NPWT-K after 1 million
trials in the Monte Carlo simulation.

NPWT-C: Negative pressure wound therapy Cardinal PRO; NPWT-K: Negative pressure wound therapy KCl VAC ULTA.

revealed that LOS was the only parameter which would cause NPWT-C to not be the cost-saving strategy. An
increase in the LOS for NPWT-C of 2 days or a decrease in LOS for NPWT-K of 2 days resulted in NPWT-K

becoming the cost-saving technology.

Discussion

Limited evidence is available with regard to the cost—effectiveness of NPWT technologies. In capitated payment
models such as the acute inpatient, long-term care hospital, and the skilled nursing facility prospective payment
systems, such evidence is necessary to maximize the value of an intervention to the patient and provider. The
Centers for Medicare and Medicaid Services expects annual price growth between 2.0 and 2.7% while hospital
spending is expected to grow neatly 6% per year through 2027 [24]. This discrepancy in expected growth rates will
likely place further strain on provider budgets.

It is incumbent upon providers operating under a capitated payment system to continually evaluate the clinical
effectiveness and economic effect for any treatment paradigm. The results of our study found that NPWT-C was
the cost-minimizing technology with an average expected savings of US$3,233 per patient. Driving these results
was a prospective study showing the two technologies, NPWT-C and NPWT-K, have similar clinical outcomes
and utilization [9].

Prior clinical studies support the need for robust prospective head to head trials comparing different treatment
modalities and techniques in wound care [1,2,25,26]. Combined with the recent prospective study that the results of
our economic analysis are based upon, NPWT as a modality is a promising treatment for diabetic foot ulcers [9].
However, there is still uncertainty regarding the optimal devices, pressure, irrigation, dressings and timing. The
incorporation of future economic analyses into head-to-head trials may provide the foundational knowledge for
clinicians and economic stakeholders to improve decision making,.
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An examination of the economic parameters that resulted in NPWT-C to be the cost-saving technology showed
that LOS, NPWT rental fee and supply costs to have the largest effect in the simulation model. The LOS stay may
depend on other unobserved factors, leaving the principal parameters of the NPWT technology and its supplies
under the provider’s control. Based on publicly available pricing, NPWT-C was 35% less expensive than NWPT-K,
while demonstrating similar clinical and utilization outcomes. In a budget constrained environment, value to the
provider and patient can be achieved by choosing the lowest cost option, which provides similar or better clinical
outcomes.

Study limitations

The clinical data used in this study are derived from the analysis of the results from a randomized single-site
experience. Other health systems may have a different experience based on their own protocols and caution should
be taken before generalizing these findings. These data were used because published data from a multi-center or
randomized comparative study were not available. However, this study does provide a framework for other health
systems to conduct a similar study or a larger multi-site prospective study. Moreover, this study was designed from
the perspective of a US health system. Consequently, the findings of this study are likely not generalizable to other
countries. Second, data for all relevant parameters may not be available to be included in this CMA. Third, NPWT
supply costs were obtained from publicly available US Department of Veterans Affairs price lists. Negotiated prices
in other settings may reflect higher component costs and/or a larger proportional difference in system costs. Finally,
this study was an investigator-initiated study funded by one of the manufacturers, though the manufacturer did
not have any control of the study design or publication of the results.

Conclusion

This study found that NPWT-C was expected to minimize the total costs over the episode of treatment in patients
requiring NPWT therapy for moderate to severe foot infections. The findings must be taken in context of the same
sample size of the clinical study. Further research is recommended to confirm these findings.

Summary points

e Diabetic foot ulcers (DFUs) are a difficult to treat condition with a number of confounding issues faced by
clinicians.

o Negative pressure wound therapy (NPWT) has shown tremendous promise in the treatment of DFUs.

e There are several commonly employed NPWT devices on the market.

e Despite substantial differences in cost, it is not clear if there are differences in clinical or economic outcomes with
the use of different NPWT devices.

e A recent head to head conducted at a single site (Davis et al. 2020) compared two different devices and found
similar outcomes.

e This study relied on those results to examine the economic outcomes associated with the use of different NPWT
devices for DFUs.

e Our study found the Cardinal Health™ PRO was the cost-minimizing device compared with KCl V.A.C. ULTA™.

e Caution should be taken when generalizing these findings due to sample size and single-site of the clinical study
relied upon.
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