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Objective: To test whether the use of a wireless electroceutical dressing (WED)
(Procellera�) in conjunction with a 5-day negative pressure wound therapy
(NPWT) may reduce the number of dressing changes required per week with
this therapy.
Approach: At the Ohio State University Comprehensive Wound Center, chronic
wound patients (n = 30) undergoing NPWT were randomized into two arms fol-
lowing consent as approved by the institutional review board. The control arm
received standard of care NPWT, where the dressing changewas performed thrice
a week. The test arm received the same care except that the WED was added as an
interface layer and dressing change was limited to twice a week.
Results: A reduced cost of care was achieved using the WED in conjunction with
NPWT. Despite fewer dressing changes in wounds dressed with the WED, closure
outcomes were comparable with no overt signs of any wound complication, in-
cluding infection. The cost of NPWT care during the week was significantly lower
(from $2918 to $2346) in the WED-treated group compared with patients in the
control arm.
Innovation: This work introduces a novel technology platform involving a WED,
which may be used in conjunction with NPWT. If used as such, NPWT is effective
in decreasing the frequency of dressing change and lowering the cost of care.
Conclusion: This work points toward the benefit of using the WED combined with
NPWT. A larger clinical trial investigating the cost-effectiveness of WED in
wound care is warranted.

INTRODUCTION

Negative pressure wound therapy

(NPWT) has been used to treat
wounds since the 1940s.1,2 As an ad-
junct to surgical procedures to facil-
itate mass transport of liquids from
the body, closed-suction drainage sys-
tems have been widely used. In the
early 1990s, NPWT assumed a more
standardized configuration, which was
commercialized as Vacuum-Assisted
Closure (VAC�) by Kinetic Concepts,
Inc. (KCI, San Antonio, TX). When

Medicare first started reimbursing
pumps in 2001, the VAC was the only
pump that was covered. Starting in
2005, Medicare expanded its cover-
age to include several new pump
models that are manufactured by
other companies.

Supported by a growing body of
scientific evidence, NPWT is being
increasingly used to treat a broader
spectrum of chronic wounds.3–6 The
use of NPWT under the right condi-
tions is likely to provide improved
outcomes and result in overall cost
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savings. In 1999, it was estimated that an average
22.2-cm2 wound takes 247 days to heal at a cost of
$23,465. NPWT could bring down the healing time
to 97 days at a cost of $14,546.7 The use of NPWT
could lower the overall cost of wound care.8–10 A
review of the National Health Service agenda
concluded that the use of NPWT may cut costs of
chronic wound care as long as it is being used for
the right types of wounds.11 However, it also re-
mains a fact that the cost of using NPWT is high
and therefore a barrier to wider adoption espe-
cially in an environment of shrinking reimburse-
ment.6,12–14 Between 2001 and 2007, Medicare
payments for NPWT pumps increased 583%, from
$24 to $164 million. The Office of the Inspector
General of the Department of Health and Human

Table 1. Subject Demographics

Total recruitment (n) 30
Completed study (n) 27

NPWT NPWT + WED

Recruitment (n) 15 15
Completed study (n) 13 14
Age (years) 58.3 – 12 54.7 – 10
Gender

Males 6 7
Females 7 7

Ethnicity
White 12 8
Black 1 6

Weight (lb) 202.1 – 85.1 215.5 – 66.2
Diabetic 4 6

NPWT, negative pressure wound therapy; WED, wireless electroceutical
dressing.

Figure 1. Wound photographs of patients treated with NPWT per standard of care with three dressing changes per week are shown in four sections A-D.
Markings below each photo represent the following in this order: age in years, race, weight in lb, gender, diabetic status, wound position, days from NPWT
removal to follow-up, and wound type. A, abdomen; B, Black; C, Caucasian; D, diabetic; F, female; M, male; ND, nondiabetic; VAC, vacuum-assisted closure;
NPWT, negative pressure wound therapy. Note that patient no. 28 received Galaxy� NPWT in lieu of VAC� (KCI) NPWT.

PROCELLERA� USE IN CONJUNCTION WITH VAC WOUND CARE 303



Services in the United States investigated reim-
bursements and reported that suppliers paid an
average of $3,604 for the new pump models com-
pared to Medicare’s purchase price of $17,165.15

NPWT, although effective to treat several wound
types, is an expensive treatment. While low-cost
negative pressure systems have come to the mar-
ket,16,17 their effectiveness remains to be proven
through appropriate clinical trials.17 Until then,
the goal would be to try to utilize the established
systems with measures to minimize the cost.

In NPWT, a vacuum or controlled suction force is
applied to a wound bed employing a closed drain-
age system. During such therapy, the wound is
filled with gauze or foam as a filler to evenly dis-
tribute pressure to the wound bed. Next, the wound
is sealed using an adhesive plastic drape, and the
drain is connected to a vacuum pump. Using this
setup, wound fluid is actively drained and collected

in a canister. According to current standards,
dressing changes are made thrice a week to avoid
infection and other complications. This work is
based on our previous observations demonstrat-
ing improved reepithelialization and antibiofilm
properties of a wireless electroceutical dressing
(WED).18,19 In this work, we tested the hypothesis
that the use of the bioelectric dressing in conjunc-
tion with NPWT would allow us to reduce the
dressing change frequency from three to two per
week resulting in a lower cost of care without any
increased incidence of complication.

CLINICAL PROBLEM ADDRESSED

NPWT is efficacious but cost-prohibitive in many
cases. This work aimed at lowering the cost of NPWT
wound care employing a low-cost WED technology
withknownprohealingandantibiofilmproperties.18,19

Figure 1. (Continued).
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MATERIALS AND METHODS
Human subjects

Human studies were approved by the Ohio State
University (OSU) Institutional Review Board (IRB
2013H0028). The Declaration of Helsinki protocols
was followed, and the patients gave their written
informed consent. Subjects (n = 30) participating in
the study were patients who had undergone a sur-

gery through the abdominal wall at the Ohio State
University Comprehensive Wound Center clinics
and assigned to NPWT as part of standard postop-
erative clinical care. Inclusion criteria were pa-
tients undergoing surgery through abdominal wall
and those aged 18 years or older. Patients suffering
from uncontrolled bleeding were excluded. Subject
demographics are presented in Table 1.

Figure 1. (Continued).
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NPWT involves four major components: (i) a fil-
ler material (usually a sponge) placed on the
wound; (ii) a semipermeable dressing to isolate the
wound environment and allow the vacuum system
to transmit subatmospheric pressure onto the
wound surface; (iii) a connecting tube; and (iv) a
vacuum system. A fluid-collecting canister is also
incorporated with the device. When the canister is
full, an alarm sounds and alerts the clinicians to
potential bleeding problems.20 WED is a bioelectric
wound care dressing. It is a polyester cloth printed
with silver and zinc dots and is applied on the
dressing surface in a dot matrix pattern, creating
multiple microbatteries. In the presence of mois-
ture, low-level microcurrents are generated at the
device surface.18

Study design
In this randomized trial, patients were divided

into two groups: (i) the control group received the
standard of care NPWT and (ii) the test group re-
ceived NPWT with standard of care where the
WED was used as an interface layer to the wound
care protocol. The following wound outcomes were
assessed: wound area and pain medications used
were also recorded during each dressing change.
Dressing change was performed thrice during the
5-day NPWT according to the standard of care for
the control group. For the test group, dressing
change included the use of WED and was limited to
twice during the 5-day NPWT. The surgical follow-
up was performed by a surgeon, as indicated in the
photographs. All but patient no. 28 received VAC

Figure 2. Wound photographs of patients treated with NPWT per standard of care, where WED was added as an interface layer and dressing change was
limited to twice per week are shown in four sections A-D. Markings below each photo represent the following in this order: age in years, race, weight in lb,
gender, diabetic status, wound position, days from NPWT removal to follow-up, and wound type. WED, wireless electroceutical dressing.
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(KCI) as NPWT, whereas patient no. 28 received
Galaxy� NPWT.

Wound volume measurements
The wound volume, in cm3, was calculated from

the wound surface area, and the depth was re-
corded using the standard clinical practice.21

Cost of care
It has been recommended that when determin-

ing wound healing strategies, cost decisions should
be based on the total cost and not on the individual
product cost when using an advanced technology as
part of the overall treatment plan.22 The following
costs are taken into account for calculating the
total cost: pain medication (provided by the clinic
pharmacy), NPWT rental and supplies (Canister
and sponge), nursing time, and the cost of WED
where applicable (test group).

Wound culture
Wound cultures were done at the Ohio State

University Wexner Medical Center clinical micro-
biology laboratory using standard culture proce-
dures. In brief, wound specimens were plated on
selective media for culture and examinations.23

Statistics
Data are reported as mean – SEM (n = 15). The

data were first checked for normality, and the
comparison between the control and test groups
was done using the Student’s t-test (two-tailed).
The significance level for this study was set at 0.05.

RESULTS

Among a total of 30 wound subjects undergoing
the NPWT treatment, 27 subjects completed the
study as shown in Table 1. The age and weight of

Figure 2. (Continued).
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Figure 2. (Continued).
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subjects were comparable in the control and test
arms. The test arm had 50% higher number of di-
abetics and sixfold African American subjects than
the control arm. Subject distribution in the two
arms was based on randomization.

Figure 1 demonstrates the wound appearance of
all available wounds in the control arm. In the test
arm, subjects were treated exactly as in the control
arm, with the addition of the WED as an interface
layer, and the dressing change was reduced from
thrice to twice a week (Fig. 3A). The progression of
wounds in the test arm is depicted in Figure 2.
Fewer dressing changes did not compromise the

Figure 3. The WED-treated group received lower number of dressing
change during the week of NPWT. Number of dressings changed (A),
wound closure (B, C), and number of days from the end of NPWT to follow-
up (D) were comparable between the two groups. WED, Procellera�

dressing; ns, not significant; NPWT, negative pressure wound therapy.

Figure 4. Wound infection status before and after NPWT as recorded
clinically. (A) Control group; (B) test group. Infection rating: H, heavy; M,
moderate; L, light; and N, no growth.

Figure 5. Use of WED in conjunction with NPWT tended to decrease the
consumption of opioid analgesic pain medication. Data are shown as
scatter plot where the dashed line represents the mean value of each
group.

Figure 6. Use of WED significantly reduced the cost of NPWT care. Data
are shown as mean – SEM. n = 15, *p < 0.05.
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wound closure (Fig. 3B, C). While follow-up visits
varied from patient to patient based on scheduling,
the number of days from the end of NPWT treat-
ment to the follow-up was comparable in both arms
(Fig. 3D). Wound infection status before and after
NPWT as recorded clinically are shown in Figure 4.

It is well known that patients may experience dis-
comfort and pain during the treatment or dressing
changes.24 In such cases, patients received an ade-
quate opioid analgesia. As a measure of pain and
discomfort experienced by patients in the two arms,
the use of pain medication was recorded. The use of
WEDin conjunctionwithNPWT didnot influence the
consumption of pain medication (Fig. 5). The mean
consumption of morphine equivalent for the control
and treated groups was 178.8 and 139 mg, respec-
tively. Based on the trend of the scatter plot obtained
(Fig. 5), a larger trial may be powered sufficiently
to test the hypothesis that WED decreases NPWT-
associated consumption of pain medication. Im-
portantly, the use of WED in conjunction with NPWT
not only required fewer dressing changes but also
led to significant cost savings lowering the cost per
patient from $2952 to $2345 (Fig. 6).

DISCUSSION

According to the manufacturer’s recommenda-
tion, the dressing for NPWT should be changed
once every 48–72 h, but not less than thrice a week.
It is also recommended that for infected wounds,
dressings may need to be changed more often.25

Based on these recommendations, at the Ohio
State University Comprehensive Wound Center,
dressing change for NPWT is performed thrice a
week as part of standard of care. One of the key
goals of the dressing change is to minimize bacte-
rial load in the wound.25,26 Cleansing and irrigat-
ing the wound and periwound areas primarily
address this. The bacterial burden in postoperative
wounds is a major concern because it may neces-
sitate repeated surgical interventions, longer hos-
pital stay, and higher healthcare cost.23 The use of
a silver-coated polyurethane dressing (VAC Granu-
Foam� Silver Dressing; KCI) during NPWT is
aimed at infection control. However, it is reported
that such a dressing is not effective in delivering
silver ions to the wound and most silver is removed
by the suction force and found in the wound exu-
date.27 In case of using WED, the wound maintains
a direct contact with the dressing and receives the
benefit of continuous microcurrent generated by
WED. Recent work in our laboratory shows that
WED disrupts Pseudomonas aeruginosa PAO1
biofilm by a redox-sensitive pathway.18,19

This work provides the first evidence demon-
strating that the use of WED during NPWT may
lower the cost of NPWT-assisted wound care. Lar-
ger randomized studies, testing this hypothesis,
addressing a longer duration of wound care are
warranted.

LIMITATIONS

This is a pilot study with a small patient popu-
lation over a short period. Studies addressing a
longer duration of wound care are needed to effec-
tively evaluate the outcomes with respect to wound
healing and the total cost of treatment toward
healing. These limitations recognized that this
work provides the first evidence toward an inter-
esting direction, which has the clear potential to
lower the cost of NPWT in wound care.

INNOVATION

This work introduces a novel technology plat-
form involving a WED, which may be used in con-
junction with NPWT. If used as such, WED is
effective in lowering the cost of NPWT.
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Abbreviations and Acronyms

NPWT¼ negative pressure wound therapy
VAC¼ vacuum-assisted closure

WED¼wireless electroceutical dressing
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