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Objective: This study compared the effect of two frequencies of direct cold
atmospheric plasma (direct-CAP) treatment with standard of care (SOC) alone
on healing of venous leg ulcers (VLUs).
Approach: Open-label, randomized controlled trial (ClinicalTrials.gov NCT04922463)
on chronic VLUs at two home care organizations in the Netherlands. All three
groups received SOC for 12 weeks or until healing. In addition, treatment
groups received direct-CAP once (1· direct-CAP) or twice (2· direct-CAP) a
week, at specialized wound care facilities and the patients’ residences.
Primary outcome was percentage of wounds healed. Secondary outcomes
included wound area reduction and adverse events.
Results: In total, 46 patientswere randomly allocated to receive SOC only (n = 15),
SOC + direct-CAP once aweek (n = 17), or SOC + direct-CAP twice aweek (n = 14).
A higher percentage of wounds healed within 12 weeks in the treatment groups
53.3% (1· direct-CAP, p = 0.16) and 61.5% (2· direct-CAP, p = 0.08) versus 25.0%
(control). The largest wound area reduction was obtained with 2· direct-CAP
(95.2%, p = 0.07), followed by 1· direct-CAP (63.9%, p = 0.58), versus control
(52.8%). Absolute wound area reduced significantly compared with baseline in
both treatment groups (p £ 0.001), not in control (p = 0.11). No device-related seri-
ous adverse events occurred.
Innovation: Direct-CAP applied once or twice a week could substantially
improve wound healing of VLUs in primary care.
Conclusion: Together with other clinical safety and efficacy data, these results
support the integration of direct-CAPas a valuable therapy for complexwounds.
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INTRODUCTION
Complex or chronic wounds, such as venous

leg ulcers (VLUs), present a multifaceted chal-
lenge within the health care sector. Such wounds
do not progress through a normal and timely
sequence of repair using conventional wound care
and exert a profound impact on patients’ quality of
life.1–3

The underlying phenomena associated with the
impaired healing of chronic wounds, irrespective of
the latter’s origin, revolve around the predominant
hypoxic and inflammatory environment, persistent
infections, and the inability of skin cells to respond
to reparative stimuli.4 Recently, cold atmospheric
plasma (CAP) has shown potential in medical use,
especially in wound care. Plasma is ionized gas, the
fourth state of matter, created by adding energy to a
gas. It consists of, among others, reactive oxygen and
nitrogen species, UV light, and electromagnetic fields.

CAP is plasma with a temperature not far above
body temperature and at atmospheric pressure. CAP
causes stimulating effects, including cell proliferation
and microcirculation enhancement, as well as broad-
spectrummicrobial inactivation, evenwhen antibiotic
resistant and in biofilm (Fig. 1).5,6 These multiple
modes of action of CAP are an advantage over
other advanced wound care treatments.

This randomized controlled trial (RCT) aims pri-
marily to assess the efficacy of direct cold atmos-
pheric plasma (direct-CAP) treatment on the healing
of slow-healing and nonhealing VLUs, specifically to
evaluate the percentage of wounds healed after 12
weeks of treatment for two direct-CAP treatment
frequencies plus standard of care (SOC) compared
with SOC only. The direct-CAP device is Conformité
Européene (CE) certified and prior clinical studies
on complex wounds of various etiologies demon-
strated promising results, including significant

Figure 1. Summary containing an explanation of direct cold atmospheric plasma (direct-CAP) and its effects, a schematic diagram of the direct-CAP device, as
well as highlights of the study methods, results, and conclusions. CAP, cold atmospheric plasma; RCT, randomized controlled trial; SOC, standard of care.
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reductions in bacterial load and wound size in dia-
betic foot ulcers (DFUs).7–9

INNOVATION
Despite the existence of numerous advanced

treatments, a considerable number of complex
wounds such as VLUs fail to heal. CAP, with its
complex cocktail of reactive species and electric
fields, is distinguished from other treatments by
its multifaceted effects (Fig. 1). The application
of direct-CAP can potentially heal a significant
percentage of these hard-to-heal wounds with
one treatment a week, which is easily integrated
into the wound care routine.

CLINICAL PROBLEM ADDRESSED
As our population ages and the number of comor-

bidities rises, the incidence of complex wounds, of
which a considerable proportion remain unhealed
with the current treatments, will increase. This
leads to an escalating demand for care, and thus,
innovative therapeutic approaches are urgently
needed.1,3 While advanced treatment methods like
advanced wound dressings, negative pressure ther-
apy, and cell- or tissue-based therapies such as
platelet-rich plasma exist, they often lack robust
efficacy evidence or their applicability is limited due
to costs, unavailability in home care, nonscalability,
etc.3,4,10

CAP treatment is a relatively new advanced
treatment, with ample preclinical and clinical evi-
dence on the healing promoting effects in various
complex wound types.6 Nevertheless, more high-
quality RCTs are necessary to evaluate the efficacy
of CAP on chronic wounds. Most CAP studies assess
nonhealing outcomes, after a relatively short treat-
ment period, instead of one of the most objective
and clinically meaningful wound healing end-
points: incidence of complete wound closure.11 Fur-
thermore, none of the existing RCTs has been
executed outside health care facilities. In the cur-
rent study, direct-CAP treatments were performed
during a period of 12 weeks, also at the patient’s
home, and the primary outcome was complete
wound closure.

Another important feature of this study’s design is
the incorporation of two treatment frequencies, once
and twice per week. Previous clinical studies with
other CAP devices each investigated a single treat-
ment frequency (sequence). To our knowledge, there
is only one RCT comparing the wound healing out-
comes of two treatment frequencies, once and thrice
per week.12 However, standard wound care is gener-
ally performed 1–2 times per week. Aligning the

treatment frequency with the standard wound care
regimen will facilitate integration of a new therapy.

MATERIALS AND METHODS

Study design

This multicenter, prospective, open-label, three-
armed, parallel-group RCT was designed to examine
further beneficial effects of direct-CAP treatment
compared with SOC in patients with a chronic VLU
(ClinicalTrials.gov Identifier: NCT04922463). The
three study groups were: SOC only, SOC + once a
week direct-CAP, SOC + twice a week direct-CAP.

The study was conducted in the Netherlands; the
two participating study sites were home care organ-
izations (primary care) with specialized wound care
facilities: Zuyderland Thuiszorg (three locations:
Kerkrade, Maastricht, Sittard) and Thebe Zorg
Thuis, Tilburg.

The study complied with the ethical principles
of the Declaration of Helsinki (2013), Good Clini-
cal Practice (GCP) according to ICH (pharmaceuti-
cals) as well as ISO14155:2020 (medical devices),
and regulatory requirements of the Netherlands.
Approvals of the ethics committee (Máxima Med-
isch Centrum, Veldhoven) and the Dutch compe-
tent authority (CCMO) were obtained on 25 May
and 3 June 2021, respectively, prior to study start.
The study adheres to the consolidated standards
of reporting trials statement (CONSORT).

Study population

Eligible for study participation were patients
from the study sites’ patient population who had a
slow-healing or nonhealing lower leg ulcer pre-
sumed to be caused by venous insufficiency. Refer
to Table 1 for all inclusion and exclusion criteria.
Note that after enrolment of 10 patients, the origi-
nal criteria were amended to increase the recruit-
ment rate. Informed consent was obtained from
all participants.

Randomization

Eligible participants were randomly allocated
to one of three groups according to a randomiza-
tion module present in the electronic data capture
system, thus ensuring allocation concealment,
with a 1:1:1 allocation using random block sizes of
3 and 6.

Interventions

Standard of care. All three groups received
SOC for 12 weeks or until healing, whichever
occurred first. SOC was performed at the study site
facilities, as well as at the patients’ residences by
wound nurses, wound consultants, and nursing
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specialists. The treating health care professional
determined the frequency of SOC for all study
groups. SOC was the same for all groups and con-
sisted of the study sites’ best practices, which are
based on the Dutch guideline for VLUs,13 and
include compression therapy and debridement. No
restrictions, e.g., on dressing types, were imposed
specifically for this study. Debridement was required
at least once per week (if clinically applicable). Sharp
debridement was needed to be performed when
necrotic tissue and/or callus was present in/around
the wound. Details of the SOC provided were
recorded during the treatment period and at the
follow-up timepoints.

Direct-CAP treatment. In addition to SOC, the
treatment groups received direct-CAP treatment
according to the device’s instructions for use, either
once or twice a week depending on group allocation,
with at least one day between treatments.

The direct-CAP device (PLASOMA�, Plasma-
cure B.V., Nijmegen, The Netherlands) is a Class
IIb CE-marked device. It consists of a power source
and a flexible pad that is placed on the wound dur-
ing the 2-minute treatment. The treatment pro-
gram is automatically set and identical for all
patients. The direct-CAP device is a volume dielec-
tric barrier discharge (DBD) type of CAP device
that turns the entire volume of air between pad and

Table 1. Original and amended inclusion and exclusion criteria

Original Amendeda

Inclusion criteria
- Slow-healing or nonhealing lower leg ulcer presumed to be caused by venous

insufficiencyb

- Insufficient wound healing (defined as <30% surface area reduction) during the
previous 2 weeks of standard wound care

- Wound duration of at least 3 weeks
- Minimum wound area of 1 cm2 and a maximum diameter of 3 cm
- Ankle Brachial Pressure Index (ABPI) between 0.8 and 1.3c

- Minimum patient age of 18 years

- Slow-healing or nonhealing lower leg ulcer presumed to be caused by venous
insufficiencyb

- Insufficient wound healing (defined as <30% surface area reduction) during the
previous 2 weeks of standard wound care

- [removed]
- Minimum wound area of 0.5 cm2 and a maximum diameter of 6 cm
- Ankle Brachial Pressure Index (ABPI) between 0.8 and 1.3c

- Minimum patient age of 18 years
Exclusion criteria
- Any known malignant wound degeneration
- Treatment with systemic antibiotics
- Treatment with immunosuppressive agents or oral corticosteroids, unless dose

was stable for at least 2 months and did not exceed 7.5 mg/day prednisone or
equivalent

- Treatment with advanced wound therapies—such as negative pressure therapy,
hyperbaric oxygen therapy, biologicals (e.g., skin substitutes, growth factors),
electrophysical therapy

- Contraindications for direct-CAP treatment:
Very exudative wound
Implanted active electronic device, such as a pacemaker
Electronic medical device attached to the body during treatment
Metal implant in the wound area
Conductive connection from outside to inside the body at or near the heart
Epilepsy
Pregnancy

- Any known malignant wound degeneration
- Treatment with systemic antibiotics
- Treatment with immunosuppressive agents or oral corticosteroids, unless dose

was stable for at least 2 months and did not exceed 7.5 mg/day prednisone or
equivalent

- Treatment with advanced wound therapies—such as negative pressure
therapy, hyperbaric oxygen therapy, biologicals (e.g., skin substitutes, growth
factors), electrophysical therapy

- Contraindications for direct-CAP treatment:
Very exudative wound
Implanted active electronic device, such as a pacemaker
Electronic medical device attached to the body during treatment
Metal implant in the wound area
Conductive connection from outside to inside the body at or near the heart
Epilepsy
Pregnancy

- Mixed etiology (venous and arterial) leg ulcer
- Ulcer on the foot or the knee
- Debridement intolerance
- Compression therapy intolerance
- Hospitalization at the time of inclusion or likely to occur in the near future
- Vascular surgery related to the to-be-treated wound within the previous 2 months
- Deep vein thrombosis in the previous 3 months
- Uncontrolled diabetes mellitus (HbA1c >10%, 86 mmol/mol) within the previous

6 months; or unknown HbA1c
- Comorbidity or other circumstance that is likely to compromise the outcome of the

study or the feasibility of the patient fulfilling the study
- COVID-19 infection in the previous 6 months with persistent symptoms

- [removed]
- [removed]
- [removed]
- [removed]
- [removed]
- [removed]
- [removed]
- [removed]

- [removed]

- [removed]

aSome criteria were removed or changed (indicated in bold) after enrolment of 10 patients (in January 2022), to increase the recruitment rate by simplifying
the selection process and increasing the number of eligible patients.

bThere was no upper limit for the duration that the wound existed. In cases where a patient had multiple wounds that met the inclusion and exclusion crite-
ria, the wound with the longest duration was identified for the study.

cPatients with diabetes could be included based on a VLU diagnosis from anamnesis instead, since ABPI measurement is not always reliable for such patients.
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wound into CAP. Thus, the CAP makes direct con-
tact with the wound, therefore also called ‘direct-
CAP’, allowing all reactive species, including the
short-living ones, and the electric field to have their
effect on the wound. The CAP is created in a closed
system, so that the reactive species cannot escape.
Note that in this article, ‘direct-CAP’ always refers to
the PLASOMA� device/treatment, whereas ‘CAP’
refers to cold atmospheric plasma in general.

Outcomes and data collection

Patient demographics, medical history, current
treatments, and wound characteristics were rec-
orded at baseline. During the treatment period,
study assessments were done once a week. Follow-
up (FU) was performed at two timepoints: 2 weeks
after end of treatment period (FU1) and 12 weeks
after end of treatment period (FU2). Data were
captured in a General Data Protection Regulation
(GDPR) and GCP compliant web-based system.

Primary outcome was the percentage of wounds
healed within 12 weeks treatment. Wound healing
was defined as re-epithelialization without drain-
age or dressing requirements confirmed at two con-
secutive visits 2 weeks apart (FU1 was used to
confirm healing), in line with recommendations
from the U.S. Food & Drug Administration.11

Wound healing was based on the judgment of the
treating health care professional; due to resource
constraints, assessment of wound healing by inde-
pendent blinded assessors was omitted.

Secondary outcomes included percentage wound
area reduction, number of recurrences, and nature
and incidence of adverse events (according to article
80 of the Medical Device Regulation).14 Data col-
lected for other secondary outcomes have not been
analyzed because of limited resources.

Note that initially, the treatment period lasted
up to 20 weeks (the primary outcome timepoint
was still 12 weeks). In May 2022, after enrolment
of 22 patients and 6 subjects being past the 12-
week timepoint, the treatment period was short-
ened to a maximum of 12 weeks to increase sub-
ject recruitment and limit dropouts. Two subjects
received direct-CAP (once a week) for 3 additional
weeks; the other 4 subjects were in the control
group, receiving SOC either way. For these 6 sub-
jects, follow-up data for a 12-week treatment
period were obtained from treatment week 14
(FU1), and from the timepoint closest by (FU2).

Wound assessments were done after wound
debridement (if applicable) and cleaning and for
the treatment groups before direct-CAP treat-
ment. The wound registration system inSight�
(eKare, Nieuw-Vennep, The Netherlands) was

used to determine wound area. When taking
measurement photos with inSight� was impossi-
ble due to technical issues, photos with a ruler
analyzed via ImageJ (version 1.53n 7 November
2021) were used to calculate wound area. Wound
infection was graded according to the Society for
Vascular Surgery Lower Extremity Threatened
Limb (SVS WIfI) classification system.15

Statistics

Sample size. The proportion expected to heal
within 12 weeks for the control group was esti-
mated to be 50%.16–18 Two scenarios for the per-
centage healing in the treatment group were
taken into account. First, a relative difference of
25% is considered clinically relevant,19 i.e., a
treatment/control ratio of 1.25, leading to 62.5%
healing in the treatment group. Second, in a clini-
cal study on DFU, 55% seemed to have been con-
verted from nonhealers to healers after two weeks
direct-CAP treatment.7 In case of 50% healing in
the control group, this would result in 77.5% heal-
ing in the treatment group (treatment/control
ratio of 1.55). Based on 2-sided 95% confidence
intervals (CIs) for both scenarios using a binomial
distribution [R function BinomCI(), Wald CI], the
sample size was set to 45 patients per group (50,
including 10% dropouts, 150 patients in total),
allowing for an indication of the difference (in case
of scenario 1) and potentially a statistically signifi-
cant difference in wound healing (in case of sce-
nario 2) between control and treatment groups.
Note that this sample size was not reached due to
premature study termination.

Populations. All analyses were performed using
the intention-to-treat (ITT) population, which incl-
uded all randomized patients who met all study cri-
teria prior to randomization and received at least
one study treatment. The per-protocol (PP) popula-
tion, which included all ITT patients who followed
the protocol without significant deviations and did
not withdraw or drop out, was used for sensitivity
analyses. Excluded from the PP population were
patients who received over 12 weeks direct-CAP
treatment due to the initial 20-week treatment
period.

Primary outcome analyses. The proportion of
wounds healed with 95% CI for each group was
estimated using Clopper–Pearson (Fisher’s exact)
method. Clopper–Pearson CI is commonly used in
calculating the exact CI for binomial proportion.
The method is intended for the calculation of CI
for a single group, not for calculating the CI for
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the difference between two groups. As a sensitiv-
ity analysis because of the relatively small sample
size and highly conservative Fisher’s Exact me-
thod, the Wilson method was used, with 90% CIs
of healing proportions calculated for each group.
Wilson’s score CI is based on an asymmetrical dis-
tribution restricted to the probability range and
allows to robustly depict uncertainty across all
values of observed probability even with small
sample size.20 The Wilson statistic without correc-
tion performs extremely well even compared with
exact methods. In addition, healing proportions
were compared using the Wang method (absolute
and relative differences with 90% CIs) instead of
with logistic regression, as originally planned,
because of the smaller sample size. Wang’s
method can be used to estimate the smallest CI
for the difference of two proportions of two inde-
pendent binomial random variables; it is con-
structed based on a direct analysis of coverage
probability function.21 To show the probability
that a wound is not healed, a post hoc nonpara-
metric survival analysis using Kaplan–Meier
curves was constructed.

Secondary outcomes analyses. For the second-
ary outcome wound area reduction, the analysis of
covariance (ANCOVA) model was used, with logs of
individual relative reductions as dependent variable,
control and two treatment groups as fixed effect,
and subjects nested within group as random effect.
Wound area baseline was included as covariate; the
presence of wound infection was not included as no
wound infection was observed. The 95% CIs were
constructed around the difference between least
square means of treatment and control. Data were
retransformed to the original scale to obtain a ratio
of treatment versus control groups. As post hoc anal-
yses, paired differences were calculated as decrease
with respect to baseline and mean differences com-
pared using paired two-sample Student’s t-test with
unequal variances. In addition, mean wound area
was calculated per group for each timepoint; for
wounds healed earlier than after 12 weeks of treat-
ment, last observation that carried forward imputa-
tion method was used. Descriptive statistics was
calculated for ulcer recurrence, debridement fre-
quency, and number of direct-CAP treatments until
healing (calculated from number of weeks until heal-
ing; some direct-CAP treatments were missed, so
actual number of treatments are lower).

General. Because of the exploratory nature of
the study, no adjustment to control type 1 error was
considered. A significance level of p < 0.05 was

considered statistically significant. Statistical anal-
yses were performed by an independent biostatisti-
cian using R software version 4.3.1 (R Foundation
for Statistical Computing, Vienna, Austria, 2023).

RESULTS
Patients were enrolled between July 2021 and

April 2023. Forty-six patients were randomly allo-
cated to receive SOC (n = 15), SOC + direct-CAP
once a week (n = 17), or SOC + direct-CAP twice a
week (n = 14) (Fig. 2). The treatment period was
completed by 12 out of 15 (80%) randomly
assigned participants in the control group, 16 out
of 17 (94%) in the 1· direct-CAP group, and 13 out
of 14 (93%) in the 2· direct-CAP group. A total of
12 patients (26%) did not complete the treatment
period or follow-up, of which 6 due to early study
termination and 3 (control), 1 (1· direct-CAP),
and 2 (2· direct-CAP) due to other reasons. The
ITT analysis included all 46 patients. For the PP
analysis (n = 26), 5 (30%) patients in the control
group, 7 (41%) patients in the 1· direct-CAP
group, and 8 (57%) patients in the 2· direct-CAP
group were excluded because of significant proto-
col deviations or premature study discontinua-
tion. The study was prematurely terminated due
to slow recruitment and budget constraints,
making continuation of the study infeasible for
the sponsor.

Baseline characteristics

Table 2 presents the demographics and baseline
characteristics of the ITT population. Due to the
lower number of subjects, the baseline character-
istics of enrolled patients were not all well bal-
anced between groups. Differences in the most
important prognostic factors22–24 or noteworthy
disparities between groups are mentioned. The
1· direct-CAP group had a higher prevalence of
individuals with comorbidities, notably heart
failure, than the other two groups, and the high-
est percentage of patients on comedication. The
2· direct-CAP group had shorter wound dura-
tions on average. The control group had more
wounds on the foot and the smallest wounds on
average; the higher mean wound size in the 1·
direct-CAP group is mainly caused by one rela-
tively large wound.

Standard of care

SOC, as well as direct-CAP treatments and
wound assessments, was performed at the study
site in 55% and at home in 45% of the visits. Aver-
age frequency of SOC visits was approximately
once a week for the control and 1· direct-CAP
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groups and closer to twice a week for the 2· direct-
CAP group. The majority of the subjects in all
three groups received therapeutic elastic compres-
sion stockings class 2 (30–40 mmHg). The mean
debridement frequency [considering only wounds
for which debridement was indicated (n = 28)] was
more than once a week for all groups, which is con-
sidered frequent and shown to correlate with
higher healing rates than debridement frequen-
cies below once a week.25

Primary outcome: Wound healing

A higher percentage of wounds healed within
12 weeks in the treatment groups: 53.3% (1·
direct-CAP) and 61.5% (2· direct-CAP) versus
25.0% (control) (Fig. 3 and Table 3). Large differ-
ences between treatment groups and control were
observed: absolute/relative difference 28.3%/113.3%
(p = 0.16) for 1· direct-CAP and 36.5%/146.2% (p =
0.07) for 2· direct-CAP.

The results of sensitivity analyses (Table 3)
were generally in agreement with those of the pri-
mary analysis. The only clear discrepancy is the
group with the highest percentage wound healing:
in the ITT population, this was the 2· direct-CAP
group, whereas in the PP population, this was the
1· direct-CAP group. This inconsistency is most

likely caused by the low number of wounds
assessed for the PP population, especially for the
2· direct-CAP group. The results of all analyses
are shown in Table 3.

As a post hoc sensitivity analysis, Kaplan–
Meier curves show the probability that a wound is
not healed (wound survival) during the treatment
period; the lower the wound survival probability,
the better the treatment efficacy (Fig. 4). In the
control group the probability of wound survival
remains at 79% after 12 weeks of treatment, con-
trary to the treatment groups, which show a
wound survival of 53% (1· direct-CAP) and 34%
(2· direct-CAP) (p = 0.07).

To further compare the two treatment groups,
the number of treatments until wound healing
was calculated. The 2· direct-CAP group [mean
13.8, standard deviation (SD) 7.1, range 6–24]
received on average 1.8 times more treatments
until their wounds healed compared with the 1·
direct-CAP group (mean 7.6, SD 1.5, range 5–10).

Secondary outcomes

Wound area reduction. The largest wound area
reduction within 12 weeks was obtained in the 2·
direct-CAP group (95.2%), followed by 63.9% (1·
direct-CAP) and 52.8% (control) (Fig. 5 and Table 3).

Figure 2. CONSORT flow diagram showing participant flow. All randomized subjects received the allocated treatment. No subjects were excluded
from analysis for the ITT population. * Subject experienced a reaction in the leg (red/ thick/ warm); unclear if it was related to direct-CAP; this reaction
was not seen/ could not be confirmed by the treating health care professional, who reported that it was not related to the study. ** Subject did not see
enough wound healing progress and did not want to continue because of increasing pain complaints. Treating health care professional reported that it
was not related to the study. CONSORT, consolidated standards of reporting trials; ITT, intention-to-treat.
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Despite the nearly 100% wound area reduction and
large absolute difference compared with control
(46.0%), it cannot be declared as statistically signifi-
cant (p = 0.07), which is confirmed by the ANCOVA

results (Table 4). The factor of baseline appeared to
be insignificant (p = 0.95). Noteworthy is that the
mean wound area reduction at FU1 significantly dif-
fered between the three groups (p = 0.03); the largest

Table 2. Demographics and baseline characteristics of the ITT population

Control
(n = 15)

1· direct-CAP
(n = 17)

2· direct-CAP
(n = 14)

Patient Characteristics
Gender
Female 10 (67%) 11 (65%) 11 (79%)
Male 5 (33%) 6 (35%) 3 (21%)

Age (years) 77 (14) 75 (11) 75 (13)
White/Caucasian ethnicity 15 (100%) 17 (100%) 14 (100%)
BMI (kg/m2) 27.5 (6.2) 29.1 (5.6) 27.9 (6.4)
Comorbiditya 10 (67%) 14 (82%) 5 (36%)
Renal failure 1 (6.7%) 1 (5.9%) 2 (14%)
Heart failure 5 (33%) 10 (59%) 2 (14%)
Immobility 1 (6.7%) 1 (5.9%) 0 (0%)
Impaired vision 0 (0%) 2 (12%) 0 (0%)
Depression 0 (0%) 1 (5.9%) 1 (7.1%)
Dementia 0 (0%) 0 (0%) 0 (0%)
Other comorbidity—all 7 (47%) 5 (29%) 2 (14%)
Other comorbidity—hypertension 4 (57%) 2 (40%) 0 (0%)

Comedication 11 (73%) 17 (100%) 7 (50%)
Diabetes (all type II) 3 (20%) 3 (18%) 1 (7.1%)
Ankle-brachial pressure index 1.02 (0.16) 1.09 (0.13) 1.03 (0.15)
Number of wounds 1.27 (0.80) 1.59 (0.94) 1.14 (0.36)
History of previous ulceration at another location 9 (60%) 9 (53%) 6 (43%)
Wound characteristics
Duration of wound (days) 188 (191) 181 (199) 115 (137)
Minimum, Median, Maximum 21, 98, 700 24, 90, 700 21, 70, 550

Wound area (cm2) 1.81 (1.68) 3.66 (4.17) 2.41 (1.36)
Minimum, Median, Maximum 0.40, 1.05, 6.10 0.70, 3.16, 18.10 0.50, 2.70, 4.49

Wound infection 0 (0%) 0 (0%) 0 (0%)
Clinical signs VLU
C1 Telangiectasia or Reticular veins 6 (40%) 4 (24%) 2 (14%)
C2 Varicose veins 10 (67%) 8 (47%) 5 (36%)
C3 Edema 11 (73%) 15 (88%) 12 (86%)
C4a Pigmentation or eczema 7 (47%) 6 (35%) 4 (29%)
C4b Lipodermatosclerosis or Atrophie blanche 3 (20%) 2 (12%) 2 (14%)
C1-C4b: Venous insufficiencyb 14 (93%) 17 (100%) 14 (100%)
C5 Healed venous ulcer 1 (6.7%) 3 (18%) 1 (7.1%)
C6 Active venous ulcer 15 (100%) 17 (100%) 14 (100%)

Wound classification 1
A: Medial 11 (73%) 13 (76%) 6 (43%)
B: Not medial 4 (27%) 4 (24%) 8 (57%)

Wound classification 2
C: Primary 7 (47%) 13 (76%) 10 (71%)
D: Recurrence 8 (53%) 4 (24%) 4 (29%)

Anatomical depth—superficial wound 15 (100%) 17 (100%) 14 (100%)
Necrotic tissue 1 (6.7%) 0 (0%) 0 (0%)
Peri-wound skin condition
Healthy 9 (60%) 12 (71%) 12 (86%)
Erythematous 0 (0%) 0 (0%) 2 (14%)
Eczema 2 (13%) 2 (12%) 0 (0%)
Other 4 (27%) 3 (18%) 0 (0%)

Wound location
Foot 9 (60%) 4 (24%) 5 (36%)
Shin 5 (33%) 12 (71%) 7 (50%)
Calf 1 (6.7%) 1 (5.9%) 2 (14%)

Data are means (SD) or numbers (%), unless otherwise specified. BMI, body mass index; ITT, intention-to-treat; VLU, venous leg ulcer.
aNumber of experienced cases (one subject can have more cases).
bVenous insufficiency in case at least one of the clinical signs C1-C4b is present.
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difference was found between 2· direct-CAP and
control (38.8%, p = 0.01).

As post hoc analysis, absolute reductions in wound
area at 12 weeks with respect to baseline were calcu-
lated; a significant decrease was observed for both
treatment groups (p = 0.001 for 1· direct-CAP, p =
0.00002 for 2· direct-CAP), but not for control
(p = 0.11). Furthermore, the course of the mean

wound area is visualized (Fig. 6). Both treatment
groups exhibited a relatively stable decrease of
wound area during the treatment and FU periods, in
contrast to the control group. The mean wound area
in the 1· direct-CAP group remained above the con-
trol value until FU1 due to the higher baseline value.

Recurrence rate. Of the wounds that were
healed at FU1, only 1 reopened (after local trauma)
within the follow-up period, resulting in a recur-
rence rate of 12.5% in the 2· direct-CAP group and
0% in the other two groups.

Serious adverse events. Three serious adverse
events (SAEs) were reported: in the control group,
one patient was admitted to hospital (reason
unknown) and another to a care institute (after a
fall), and in the 2· direct-CAP group, one patient
died due to an aneurysm. All three SAEs were
not anticipated and not related to direct-CAP
treatment.

Acceptability direct-CAP

Overall, the health care providers found the
direct-CAP device easy to use and both users and
patients were satisfied with the treatments.

Figure 3. Percentages of wounds healed within 12 weeks (ITT popula-
tion). Bars represent means, error bars show Fisher’s Exact 95% CIs.
Differences are not statistically significant. CI, confidence interval; ITT,
intention-to-treat.

Table 3. Primary and secondary outcomes, sensitivity, and post hoc analyses

Control 1· direct-CAP 2· direct-CAP

Primary outcome—wound healing within 12 weeks
n/N (%)—ITT 3/12 (25.0%) 8/15 (53.3%) 8/13 (61.5%)
95% CI (Fisher’s exact) 5.5–57.2% 26.6 to 78.7% 31.6 to 86.1%
90% CI (Wilson) 10.5–48.7% 33.3 to 72.3% 39.3 to 79.8%

n/N (%)—PP 3/10 (30.0%) 7/10 (70.0%) 3/6 (50.0%)
95% CI (Fisher’s exact) 6.7–65.3% 34.8 to 93.3% 11.8 to 88.2%
90% CI (Wilson) 12.7–55.8% 44.2 to 87.3% 22.1 to 77.9%

Difference with control—ITT
Absolute % / relative % NA 28.3% / 113.3% 36.5% / 146.2%
90% CI (Wang) NA -4.7 to 56.9% / -18.8 to 227.6% 4.2 to 63.6% /

16.8 to 254.4%
p value NA 0.1560 0.0746

Difference with control—PP
Absolute % / relative % NA 40.0% / 133.3% 20.0% / 66.7%
90% CI (Wang) NA 2.5 to 69.2 /

8.3 to 230.7
-26.5 to 59.7 / -88.3 to 199.0

p value NA 0.0800 0.4955
Secondary outcome—wound area reduction
Difference with control within 12 weeks—ITT
LSmean (SE) NA 11.9% (22.3%) 46.0% (22.6%)
95% CI NA -33.3 to 57.1% 0.1 to 92.0%
p value NA 0.5782 0.0717

Difference with control at FU1—ITT
LSmean (SE) NA 20.8% (13.0%) 38.8% (12.8%)
95% CI NA -5.5 to 47.1% 12.9 to 64.7%
p value NA 0.1305 0.0100

Difference between wound area at 12 weeks and baseline—ITT (cm2)*
Mean (SD) 1.15 (2.03) 1.97 (1.99) 2.37 (1.27)
95% CI -0.30 to 2.60 0.91 to 3.03 1.60 to 3.14
p value 0.1073 0.00128 0.00002

Sensitivity analyses: in italics. Post hoc analysis: indicated with asterisk.
CI, confidence interval; FU, follow-up; ITT, intention-to-treat; NA, not applicable; PP, per-protocol; SD, standard deviation; SE, standard error.
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DISCUSSION
This RCT shows the effect of direct-CAP on

healing of chronic VLUs: 62% complete wound clo-
sure with 2· direct-CAP treatment a week and
53% with 1· direct-CAP treatment a week versus
25% with SOC only and an impressive wound area
reduction of 95% with 2· direct-CAP treatment a
week. These results align with the existing clinical
data on the direct-CAP device,7–9 further sup-
porting its potential to improve the healing pro-
cess of complex wounds and thus enhance patient
outcomes.

First RCT on CAP on complete wound closure

This is the first RCT that primarily investigates
the effect of CAP on incidence of complete wound
closure, one of the most objective and clinically
meaningful wound healing outcomes,11 and with a
sufficiently long treatment period of 12 weeks.
Most CAP studies assess nonhealing outcomes,
either intermediate or surrogate. Only one RCT
included complete wound closure, merely as sec-
ondary outcome,26 and only one RCT had an inter-
vention period of 12 weeks.12

First RCT on CAP in home care

Direct-CAP treatments were performed by
home care organizations both in specialized
wound care facilities and within the patients’ resi-
dences. Eighty percent of wound care patients are
treated at home and the majority of advanced
treatments, including certain CAP treatments,
can currently only be applied in health care facili-
ties.27 None of the existing RCTs on CAP treat-
ment for chronic wound healing has been executed
outside health care facilities.

Both treatment frequencies seem effective

The effect on wound healing may be similar for
both treatment frequencies, considering that pati-

ents in the 1· direct-CAP group generally had
wounds at higher risk of impaired healing, which
may (partially) explain the lower healing rate
compared with 2· direct-CAP. Nonetheless, the
average number of treatments until healing in
the 2· direct-CAP group was nearly twice the
number in the 1· direct-CAP group. Note that the
treatment duration was maximized at 12 weeks;
treating all wounds until healing may alter these
numbers.

One other study comparing CAP treatment fre-
quencies has been published, which showed that
once weekly CAP treatment was not inferior to
CAP treatment thrice weekly.12

In conclusion, direct-CAP treatment once a
week appears to be sufficient to achieve excellent
results and is advisable from cost-benefit and
practical perspectives. Temporarily higher treat-
ment frequency may be beneficial in certain
wounds, depending on the stage of wound healing
and presence of wound infection.

Efficacy in other complex wound types

Leg ulcers with venous and mixed etiology were
included in the study. The observed effects of
direct-CAP treatment are expected to also occur in
other wound types, since the main causative fac-
tors of chronic wound pathogenesis are irrespec-
tive of the wound’s origin28 and can be diminished
by CAP treatment.6 This is in line with clinical

Figure 4. Kaplan–Meier curve (ITT population). Probability that a
wound is not healed (wound survival) during the treatment period.
Differences are not statistically significant.

Figure 5. Percentages of wound area reduction within 12 weeks (ITT
population). Bars represent means, error bars show 95% CIs, and dots
show single data points. Differences are not statistically significant.
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data on direct-CAP and other CAP devices in vari-
ous complex wound types.5–9

Limitations of the study

The main limitations of this study are the
premature termination, exploratory nature, and
open-label design.

Premature study termination and exploratory
nature. Enrolment started mid-2021, a period
significantly influenced by the COVID-19 pan-
demic. This had a major and enduring impact on
the number of new VLU patients presenting at
the study sites: Zuyderland Thuiszorg experienced
a marked reduction, from 980 VLU patients
treated in 2019 to 113 in 2020 (11.5% of 2019).
This reduction surpasses what is reported in a
National Health Service study, where the VLU
incidence in 2022 was 22.6% of the 2019 figures.29

Due to the low recruitment rate, our study had to
be terminated prematurely. Despite the smaller
sample size and thus larger CIs, which limit the
statistical significance of the results, this study
clearly indicates the efficacy of direct-CAP treat-
ment with impressive healing rates compared
with SOC.

Because of the exploratory nature of the study,
no control of type 1 error was considered, and
thus, p-values are only for indicative purposes.

Open-label design. Blinding subjects and care
providers was not feasible, which may have intro-
duced a placebo effect or affected compliance.
Nevertheless, RCTs with other CAP devices have
demonstrated beneficial effects on wound healing
compared with placebo.12,30,31 Furthermore, pla-
cebo effects were shown not to affect the objec-
tively assessable outcomes of wound healing and
wound size reduction.32,33 In the current study,
control and 1· direct-CAP groups showed similar
numbers of missed treatments with and without
valid reason, while in the 2· direct-CAP group
these numbers were higher (also when compensat-
ing for the higher treatment frequency); thus,
compliance appears to be lower.

Blinded data assessment by independent asses-
sors could not be performed as initially planned.
Consequently, wound healing was assessed by the
treating health care professional, which may have
caused detection bias. However, wound healing was
precisely defined and is generally not debatable.

Other. Random and concealed allocation were
performed to avoid selection bias. However, the
lower sample size led to more disparity in baseline
characteristics, with the 1· direct-CAP group
apparently being at a disadvantage. Dropout rates
were similar in the three groups and causes did
not systematically differ; thus, attrition bias did
not occur. Adjustment of the treatment period
duration impacted only the follow-up data for 2
subjects, in the 1· direct-CAP group.

A single- or double-blinded RCT or open-label
RCT with blinded data assessment for the pri-
mary endpoint, as well as a larger study popula-
tion, is desired to confirm the presented results.

Conclusions

The results of this RCT indicate that direct-
CAP treatment can substantially improve wound
healing outcomes of slow-healing and nonhealing
VLUs compared with SOC alone. Importantly,
this is the first RCT showing that CAP is effective
in primary care settings. Direct-CAP treatment
once a week appears to be sufficient and is advisa-
ble from cost-benefit and practical perspectives.
Together with safety and efficacy data from other
clinical studies, these results support the integra-
tion of direct-CAP as a valuable and user- and
patient-friendly therapeutic option in the manage-
ment of complex wounds.

Table 4. Secondary outcome—wound area reduction—

ANCOVA (ITT)

Source of variability df Mean Square F Value Pr(>F)

Within 12 weeks
Treatment groups 2 0.4533 1.9487 0.1576
Baseline area 1 0.0008 0.0033 0.9545
Residuals 35 0.2326

At FU1
Treatment groups 2 0.2945 3.7234 0.0345
Baseline area 1 0.0259 0.3273 0.5710
Residuals 34 0.0791

ANCOVA, analysis of covariance; FU, follow-up; ITT, intention-to-treat.

Figure 6. Course of mean wound area within treatment period and at
subsequent follow-up timepoints (after 2 weeks, FU1, and 12 weeks,
FU2) (ITT population). No statistical test performed.
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