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Aim: This observational study evaluated the use of a novel, ultraportable,
mechanically powered topical negative pressure device in promoting healing
in chronic wounds, including venous and mixed etiology leg ulcers and neu-
ropathic foot ulcers.
Materials and Methods: Evaluable patients (n = 37) received treatment with
the SNaP� Wound Care System for up to 6 weeks. The primary objective was
percentage change in wound size, with secondary objectives of clinical as-
sessment of wound parameters, ease of use, and impact on quality of life.
Results: A 42.64% mean percentage decrease in wound area was observed,
with an overall decrease for each wound etiology subgroup. Increased granu-
lation tissue, decreased exudate levels, and decreased wound pain were re-
ported. Quality-of-life scores increased overall, and the device was easy to use,
comfortable, portable, and inconspicuous.
Conclusion: The SNaP Wound Care System has the potential to promote
healing in chronic wounds of different etiologies.

INTRODUCTION

Topical negative pressure (TNP)
therapy, an approach that employs
continuous suction to the wound site
to promote healing, is increasingly
being used in the management of
acute and chronic wounds.1,2 Since
the introduction of the concept, there
have been a number of devices that
have been developed to provide con-
tinuous suction. However, the basic
principles of TNP, using a foam or
gauze wound contact layer in which
tubing that is connected to the suction
device is placed under an occlusive
dressing seal, remains fundamentally
similar for all devices.3

TNP removes excess moisture
from the wound bed and in doing so
reduces local interstitial fluid pool-
ing. In chronic wounds, theoretically,
this is associated with the removal of

proinflammatory cytokines, which
are believed to be important in
maintaining a nonhealing chronic
state.4–6 Moreover, rather akin to the
heated suction cups on intact skin
used in the early part of the last
century, the use of TNP on wounds is
associated with an increase in local
blood flow.3,7,8 Studies in animals3,9

and humans8 have demonstrated
between a four- and five-fold increase
in tissue blood perfusion by laser
Doppler with TNP, although at suc-
tion pressures of 400 mmHg and
above, tissue blood perfusion may be
inhibited. Many mesenchymal cells,
including endothelial cells (cells that
give rise to blood vessels), respond to
mechanical forces, and therefore, it
is assumed that this then drives
blood vessel growth in tissues in re-
sponse to TNP.10,11 However, direct
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evidence to support TNP-associated angiogenesis
through induction of angiogenic factor, such as
vascular endothelial growth factor, is lacking.

The most notable clinical effect of TNP on wound
healing has been the rapid accumulation of gran-
ulation tissue within the wound bed.1,2 TNP ther-
apy has revolutionized the treatment of open
abdominal wounds to achieve delayed primary
closure with fascia or to accelerate granulation
tissue formation before skin grafting.12 But there
remain clinical challenges to its use in this setting,
such as retention of dressing13 and formation of
fistulae.14 Yet, there is widespread acceptance of
the use of TNP in this setting, due to the rapid
accumulation of granulation tissue and reduction
in wound volume and surface area.15 Similarly,
TNP is used to promote rapid granulation tissue
after trauma resulting in loss of soft tissue as well
as other surgical acute wound settings.1,2

Over 1% of the population has an open wound at
any one time. A proportion of these will be associ-
ated with diseases that hinder healing and render
them chronic.16 At any one time, there are an es-
timated 200,000 UK individuals with chronic
wounds, including 1 in 7 diabetics who develop di-
abetic foot ulceration, 0.3% of the population with
chronic lower leg ulceration, and *5% of hospital
inpatients who develop pressure ulcers.17–20 While
many of these patients respond to conventional
care, approximately one quarter have persisting
wounds that take months or even years to heal, if
they heal at all, regardless of the etiological basis of
their chronic ulcerating disease.21 While overall
healing rates compared to conventional care may
not differ, where TNP has been clinically found to
be useful is the rate at which healthy granulation
tissue can be induced in the wound when com-
pared to conventional care.22 However, TNP has
not to date demonstrated sufficient evidence that
shows greater efficacy at healing chronic wounds
compared to conventional treatments.23,24 As al-
luded to earlier, TNP appears very effective at in-
ducing wound bed granulation and tissue perfusion
but may act as a hindrance to re-epithelialization.
Hence, the benefits of TNP in chronic wounds
need still to be characterized. One obvious hy-
pothesis would be that TNP in chronic wounds
can induce healthy granulation tissue that is
free of the detrimental effects of inflammation-
associated proteases.

Classical TNP devices are powered by battery
sources and as such are quite bulky and expensive.
Recently, a new TNP device was launched that
creates suction through a novel spring-loaded
mechanism, resulting in a relatively simpler, fully

disposable, and easily transportable device (Fig. 1).
The device, called the SNaP� Wound Care System
(Spiracur, Sunnyvale, CA), thus far has demon-
strated similar efficacy in acute and chronic wounds
as conventional TNP devices and when compared to
standard modern dressing therapies.25–28 A multi-
center RCT29,30 comparing the effectiveness of
mechanical versus electrically powered negative
pressure wound therapy devices demonstrated
similar wound healing outcomes, such as wound
area reduction, closure, and incidence of infection,
between the two systems. Since many wounds start
small and become larger, the SNaP device was
specifically designed to actively treat small wounds
before they increased in size and become more dif-
ficult to manage.

In this observational study to explore the effects
of the system on healing and other aspects of
chronic wounds, we aimed to test the efficacy of the
SNaP Wound Care System TNP in the manage-
ment of chronic wounds: venous leg ulcers, mixed
etiology leg ulcers, and diabetic or nondiabetic

Figure 1. Topical negative pressure device that is battery independent, called
the SNaP� Wound Care System. To see this illustration in color, the reader is
referred to the web version of this article at www.liebertpub.com/wound
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neuropathic foot ulcers. South East Wales Re-
search Ethics Committee gave approval on May 20,
2011.

MATERIALS AND METHODS

A single-center prospective clinical study was
performed with the primary objective of evaluating
the effect of the SNaP Wound Care System on the
percentage change in wound size for all treated
patients over a 6-week period. Secondary objectives
included ease of application and removal, assess-
ment of clinical features such as wound bed condi-
tion, levels of exudate, odor and pain, and condition
of surrounding skin, plus impact on quality of life.

As this was a pilot study looking at the effect of
TNP patients with neuropathic foot ulceration,
venous or mixed etiology lower limb ulceration of
> 30 days of duration and with a surface area be-
tween 1 and 100 cm2 were included in the trial. The
wound had to be located in an area amenable to
creation of an airtight seal around it using an ad-
hesive dressing. Patients with wound infection on
the day of inclusion, uncontrolled diabetes (HbA1C
> 12%), ulcers due to inflammatory diseases, or
untreated osteomyelitis were excluded. The SNaP
Wound Care System was applied two to three times
weekly at the center’s research clinic, and the time
to apply the device was recorded. The device re-
mained in place 24 h a day until the next clinic
visit. Appropriate standard care was continued
during the study period, such as compression for
venous leg ulcer disease and offloading for the
neuropathic foot ulceration. Depending on the level
of arterial disease, an appropriate level of com-
pression was applied to patients with a mixed
venous–arterial etiology. The subjects were included
in the study for 8–6 weeks of treatment with TNP
and a 2-week follow-up visit. TNP was only applied
to the wound while, in the opinion of the treating
clinician, further treatment was required. If the
wound became too small, an appropriate primary
dressing was applied in place of the SNaP system
and the patient followed up at the end of week 6.

The SNaP Wound Care System is able to deliver
three different levels of negative pressure ( - 75,
- 100, and - 125 mmHg) depending on the car-
tridge selected. The selection of the cartridge level
was made by the treating clinician on an individual
patient basis with consideration primarily of
wound type and pain levels. The highest level of
cartridge that was considered tolerable for the pa-
tient was initially applied. As negative pressure
should never be painful for the patient, if any dis-
comfort was experienced, a lower negative pres-

sure cartridge was applied or treatment with SNaP
discontinued if already on the - 75 mmHg car-
tridge. Dressing changes were performed two to
three times weekly depending on exudate levels
and condition of the surrounding skin. When nec-
essary, a barrier film (SurePrep) was applied to the
surrounding skin before application of the device as
protection from the adhesive dressing. While sub-
jects could not be entered into the study if they
had active infection, if the patient developed an
infection during the study period, oral antibiotic
therapy and/or topical antibacterial/antimicrobial
agents were permitted. The SNaP TNP therapy
could be discontinued temporarily if required while
there was active infection and then restarted once
infection had resolved.

Wound size was measured once weekly at the
assessment visit using the Visitrak� wound mea-
surement device. Digital photographs were also
taken at these visits. Pain experience was mea-
sured at each assessment visit using a numerical
rating scale (NRS), whereby subjects were asked
for a number between 1 and 10 (where 1 = No pain
and 10 = Extreme pain), which best described the
level of pain they were currently experiencing.
All assessments were conducted by experienced
wound care specialist research nurses. The photo-
graphs were used by an independent monitor to
verify the clinician’s measurements, such as wound
size and condition of wound bed.

The Cardiff Wound Impact Schedule (CWIS)
questionnaire was used as the data collection tool
for the assessment of quality of life, along with a
study exit questionnaire completed by the patient
at the end of the treatment period, which covered
areas such as function, comfort, and ease of use.

RESULTS

A total of 38 patients were recruited to the study
over a period of 20 months, of which 37 were eva-
luable (22 males and 15 females). An evaluable was
defined as anyone who had received 2 weeks of to-
pic TNP treatment. Thirty-four evaluable patients
were followed for up to 6 weeks. However, four
discontinued treatment shortly after the 2-week
evaluable period and exited the study. The mean
age for the entire cohort was 64.35 years (range 33–
87 years, standard deviation [SD] 14.225). Of the
evaluable patients, 33 subjects (89.2%) completed
the full study and 4 (10.8%) subjects were with-
drawn. One subject withdrew themselves, two
subjects were withdrawn by the physician (one to
be referred to vascular surgery and one due to
maceration), and one withdrew for medical reasons
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(allergic to dressing). Analysis of the results was
carried out using the Intention-to-Treat approach,
hence all patients’ data were included.

Of the evaluable patients, 15 had venous ulcers,
13 had mixed etiology ulcers, and 9 had neuropathic
foot ulcers. The mean wound age for the entire co-
hort was 18.8 months (range 1–252 months).

Primary outcome
The mean surface area measurement of the

target ulcer at baseline was 9.5 cm2 (range 1.2–
39.0 cm2, SD 8.231). A breakdown of the mean ulcer
area by wound type can be seen in Table 1.

Tables 2 and 3 indicate the changes in wound
size for the whole group and stratified according to
etiology. In terms of the primary outcome, there
was a 42.64% decrease in wound area overall, and
an overall mean reduction in area across each of
the subgroups.

The overall change in the normalized average
wound size is shown in Fig. 2, both for the whole
cohort and stratified according to etiology. This
shows clearly the trend for decreasing wound size
throughout the study for all groups.

Secondary outcomes

Clinical assessment of wound healing parame-
ters. The mean percentage change in granulation
tissue present in the wound bed at the baseline
visit to the final visit shows an overall increase for
the entire cohort (Fig. 3). The biggest mean per-
centage increase in granulation tissue by cohort
was seen in the neuropathic foot ulcer group.

The venous leg ulcer group displayed little mean
change in the percentage of granulation tissue
across the whole group from initial to final visits,
although it should be remembered that three

patients in this subgroup achieved complete epi-
thelialization and therefore would not have had
percentage granulation tissue captured on their
final visit. The assessment of granulation tissue
was determined, subjectively, as a percentage of
the tissue present in the wound bed and was cal-
culated independently by two experienced wound
care nurses and the mean value recorded.

Infection. Fifteen patients experienced wound
infection and treatment was suspended until the
infection resolved. The maximum suspension of
treatment was 2 weeks. Although this affected 41%
of the evaluable patients, the findings are reflective
of the incidence of infection generally observed in
patients with chronic hard to heal wounds.

Pain. The results of the NRS performed by each
patient at their weekly assessment visit generally
indicate that mean pain scores decreased for the
entire cohort from baseline to week 8 (Fig. 4). The
only group to record an increase in mean pain score
during the study was the neuropathic foot ulcer
group, although the difference at weeks 1 and 8
was minimal. Variations occurred in pain scores
throughout the study, as would be expected when
there are incidences of infection, for example.
The graph indicates that the mixed etiology group
experienced the most pain on average of all the
groups, with an increase in pain in the final week,

Table 1. Mean ulcer area and range by wound type

Ulcer Area (cm2)

Mean Min Max Range Standard Deviation

Neuropathic foot ulcer 11.1 1.7 20.7 19.0 8.076
Mixed etiology ulcer 11.9 1.2 39.0 37.8 10.341
Venous ulcer 6.4 1.3 17.2 15.9 5.292
Total 9.5 1.2 39.0 37.8 8.231

Figure 2. Chart showing the normalized average wound size for all study
groups over the 8-week study period. To see this illustration in color, the reader
is referred to the web version of this article at www.liebertpub.com/wound

Table 2. Breakdown of wounds that increased or decreased
in size, or remained the same, by wound type between week 1
and week 8 (or the final visit if sooner)

Decreased Increased Remained Same Total

Neuropathic foot ulcer 8 0 1 9
Mixed etiology ulcer 9 4 0 13
Venous ulcer 13 2 0 15
Total 30 6 1 37

Table 3. Breakdown of mean increase or decrease in wound
area by wound type between week 1 and week 8 (or the final
visit if sooner)

Mean% Decrease Min (%) Max (%)

Neuropathic foot ulcer 55.14 0.00 95.28
Mixed etiology ulcer 9.60 - 141.67 95.58
Venous ulcer 63.76 - 21.05 100.00
Total 42.64 - 141.67 100.00
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but it is important to note that this reported
pain occurred once the device had been removed at
week 6.

Results of the exit survey regarding pain during
treatment, at dressing change, and with general
device wear highlight that by far the largest num-
ber of patients reported no pain (Pain Score 1) for
all three subgroups during the study overall (Fig.
5). One patient recorded a pain score of 10 on the
exit survey during treatment and dressing chan-
ges, but not for general device wear.

Levels of exudate. Exudate was recorded as
none, mild, moderate, or severe during assessment
visits. Changes in exudate levels varied during the
study, as would be expected, but results suggest
when comparing recorded exudate level at the first
and last visit that the use of the SNaP device did not
cause a significant increase (Table 4). The majority
of subjects either experienced decreased or un-
changed exudate levels when using the device.

Odor. One patient was recorded as having odor
at the baseline visit, which was resolved at the final

visit. Only one patient was recorded as having odor
present at the final visit when there had previously
been no odor. Eight patients developed odor while
using the device between 1 and 5 weeks, but this was
resolved before discontinuation of SNaP therapy.

Condition of surrounding skin. Of the 66 ad-
verse events recorded as having at least a possible
relationship with the device, 32 (48%) were related
to the surrounding skin (allergic reaction, blister-
ing, eczema, maceration). Also, 10 of the adverse
events related to the development of new wounds
possibly attributed to the device were often sec-
ondary to the initial event, such as blistering or
eczema.

Overall, the results indicate that the condition of
the surrounding skin was much more likely to de-
teriorate in the leg ulcer groups than the foot ulcer
group (26 adverse events [AEs] vs. 6 AEs). There was
a much higher incidence of eczema in particular.

Ease of application. Ease of application of the
SNaP Wound Care System was assessed through
documentation of the time taken to apply the de-
vice. This was the time taken from application of
the SurePrep skin barrier film to achieving a
complete and consistent seal with the SNaP device.
A mean device application time was calculated at
7 min and 11 s for the overall cohort, with the

Figure 3. Schematic representation of the change in percentage granu-
lation tissue over the 8-week treatment period. To see this illustration
in color, the reader is referred to the web version of this article at www
.liebertpub.com/wound

Figure 4. Graph depicting change in mean pain score from baseline to the
end of the study. To see this illustration in color, the reader is referred to
the web version of this article at www.liebertpub.com/wound

Figure 5. Pain score during treatment, dressing change, and general
device wear as reported on exit survey. To see this illustration in color, the
reader is referred to the web version of this article at www.liebertpub.com/
wound

Table 4. Wound exudate over time by wound type as
a percentage of the total number that experienced exudate
(N = 37) (first and last visits compared)

Increased
% of
Total Decreased

% of
Total Same

% of
Total

Neuropathic foot ulcer 0 0.0 5 13.5 4 10.8
Mixed etiology ulcer 1 2.7 4 10.8 8 21.6
Venous ulcer 1 2.7 8 21.6 6 16.2
Total 2 5.4 17 45.9 18 48.6
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neuropathic foot ulcers taking the longest time on
average (Table 5).

From the patient’s perspective, questions related
to the ease of use of the device on the exit survey
indicated that patient’s generally found the device
easy to use and found the dressing changes
straightforward and not burdensome (Figs. 6 and 7).

Quality of life. Results of the CWIS demon-
strate that over 60% of the scores across all three
domains (Well Being, Physical Symptoms and
Daily Living and Social Life) increased during the
study, indicating that the majority of patients ex-
perienced an improved quality of life after using
the SNaP device. This was also reflected in the
results of the etiology subsets.

The NRS completed, where 0 was the worst pos-
sible quality of life and 10 the best possible, indi-
cated that 46% of patients scored their quality of life
higher at the end of the study than at the beginning,
while 30% of patients scored their quality of life the
same. In addition, 43% scored their satisfaction with
their quality of life as higher at the final visit than at
baseline, with 30% scoring the same.

The exit survey completed alongside the CWIS
questionnaire at week 6 also provided data on
quality-of-life issues, such as sleep, mobility, and
activities of daily living. Subjects were questioned
on whether using the SNaP device impacted on
various areas of their daily lives. Figure 8 clearly
highlights that the majority of patients disagreed or
strongly disagreed that the device negatively im-
pacted on their normal activities, sleep, or mobility.

Customer satisfaction
The exit survey results generally demonstrated

that patients were highly satisfied with the SNaP
device overall (Fig. 9) across all etiology subsets.
Device-related responses also indicated that the
majority of patients found the device comfortable,
socially acceptable, and indicated they would defi-
nitely use the device again (Fig. 10). No patients
found the device to be noisy, and only one patient
reported the device as not being portable. This was
mainly due to personal issues where they felt con-
scious that the device was visible under their
clothing.

The responses regarding the patient’s attitudes
toward whether the device actually increased the
speed of healing were slightly more widespread.
However, 69.4% of the sample population posi-
tively felt that the device had encouraged faster
healing (Fig. 11).

DISCUSSION

The demographics for the total study population
were generally reflective of those in each wound
type subset. In the foot ulcer group, there was a
much higher proportion of male (n = 8) to female

Table 5. Mean dressing application times for each cohort

Mean Dressing Application Duration (h:min:s)

Neuropathic foot ulcer 00:10:55
Mixed etiology ulcer 00:06:05
Venous ulcer 00:05:58
Overall 00:07:11

Figure 6. Exit survey (ease of use).

Figure 7. Exit survey (dressing changes).

Figure 8. Exit survey responses to questions of the impact of the device
on various quality-of-life issues. To see this illustration in color, the reader
is referred to the web version of this article at www.liebertpub.com/wound

EVALUATION OF A NOVEL TNP DEVICE IN HEALING CHRONIC WOUNDS 351



(n = 1). The mean age of subjects was 64.35 years,
which would be expected with this patient popu-
lation. The mean wound duration for the overall
patient group was 18.8 months, indicating the
chronic nature of the wounds included in this
study. The mixed etiology group had a much longer
mean duration of 33.9 months compared to each of
the other groups and to the overall mean average,
which could indicate the particular difficulties en-
countered in healing these types of leg ulcers.

Primary endpoint
The average target ulcer size at baseline was

9.5 cm2, with the foot ulcers and mixed etiology
having a similar mean size of 11.1 and 11.9 cm2,
respectively, and the venous ulcers averaging
smaller at 6.4 cm2.

The mean percentage change in wound area
across the study population between weeks 1 and 8
indicated a decrease of 42.64%. This is also re-
presented by the normalized average wound size
graph indicating the decrease in wound size for the
overall group and for each etiology subset over the
8-week period. These results suggest that use of
the SNaP Wound Care System may promote heal-

ing in different types of chronic wounds in terms of
reduction in wound size.

All the wound etiologies experienced a mean re-
duction in wound size overall, although this was
particularly notable for the venous ulcer and foot
ulcer groups with mean decreases of 64% and 55%,
respectively. Three patients in the venous ulcer group
went on to achieve complete re-epithelialization of
their wounds during the course of the study. For the
mixed etiology group, the mean percentage decrease
was much smaller at 9.6%, although over double the
number of patients experienced a decrease in wound
size compared to an increase in wound size for the
group overall. The smaller reduction in wound size
in this group could be attributed to the increased
difficulty in healing wounds with an ischemic
component due to the reduced blood supply in the
affected limb. It could also be a reflection of the
lower pressure cartridges generally tolerated in
this group due to preexisting wound pain. These
findings indicate an overall positive outcome for the
use of the SNaP Wound Care System in promoting
healing in chronic wounds of various etiologies, as
suggested by previous research25,29,30 but particu-
larly neuropathic foot ulcerations and venous leg
ulcerations. As several RCTs have demonstrated
that the use of an electrically powered TNP system
is superior to standard care for diabetic foot and
venous leg ulcers,22,24 and RCT evidence suggests
that SNaP is comparable to conventional TNP
systems,29,30 this is another positive indication for
the efficacy of the SNaP system and its prospective
use in clinical practice. Comparison of the efficacy
of the SNaP system compared to standard care
cannot be made from this pilot clinical evaluation.

Secondary endpoints

Appearance of wound bed. Previous research
into theeffectofTNPwoundtherapyhasparticularly
noted stimulation of granulation tissue formation as
a positive outcome.1,2 Recent published data have

Figure 9. Satisfaction rating for subjects by wound type. To see this
illustration in color, the reader is referred to the web version of this article
at www.liebertpub.com/wound

Figure 10. Exit survey responses on device-related issues. To see this
illustration in color, the reader is referred to the web version of this article
at www.liebertpub.com/wound

Figure 11. Exit survey (wound healing).
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suggested that granulation tissue development can
be used as a predictor of wound healing.31

The mean percentage change in granulation
tissue present in the wound bed at the baseline
visit to the final visit shows an overall increase for
the entire cohort. The mixed etiology group also
experienced an overall increase in granulation
tissue, which is encouraging as this group demon-
strated the smallest decrease in wound area: the
increase in healthy tissue is a positive sign of the
effect of the negative pressure therapy.

The biggest mean percentage increase in gran-
ulation tissue by cohort was seen in the neuro-
pathic foot ulcer group. Previous clinical trials
have noted that the formation of healthy granula-
tion tissue is an advantage of negative pressure
therapy in neuropathic foot wounds.22 As this
group also displayed a 55% mean decrease in
wound area, these two results suggest positively
that the SNaP Wound Care System promoted
healing in these complex chronic wounds.

The venous leg ulcer group displayed little mean
change in the percentage of granulation tissue
across the whole group from initial to final visit, al-
though it should be remembered that three patients
in this group achieved complete re-epithelialization
and therefore would not have percentage granula-
tion tissue captured on their final visit.

Levels of exudate. Exudate levels over the 8-
week period decreased in 45.9% (n = 17) of patients
compared to 5.4% (n = 2) whose exudate levels in-
creased. Exudate levels were unchanged in 18%
(n = 48.6) of the overall study group.

Removing excess moisture from the wound bed
and thus the proinflammatory cytokines contained
within it may prove beneficial to promoting healing
in chronic wounds.4–6 On a clinical level, high exu-
date levels may be associated with damage to the
surrounding skin of the wound if not adequately
controlled, which can cause increased discomfort to
the patient. Many patients also feel anxious about
their wound dressings leaking, with associated odor
and social embarrassment. The results indicated
that over half of the study patients experienced de-
creased exudate levels during the study, suggesting
that the SNaP Wound Care System can contribute
to increased healing and patient comfort.

Odor. Results indicate that wound malodor
was not a significant problem during the use of the
SNaP device.

Ulcer-related pain. Anecdotal evidence suggests
that pain is one of the main adverse effects associ-

ated with negative pressure wound devices,32 al-
though Ozturk et al.33 found that negative pressure
therapy may cause less pain than other modern
wound therapies. Some comparative studies have
suggested that gauze-based rather than foam-based
interface dressings may cause less pain when using
negative pressure wound therapy.34,35

Results of this pilot study using the SNaP
Wound Care System show that 66.7% of the study
participants who experienced pain indicated a de-
crease in their pain levels from baseline to the final
visit. This suggests that the SNaP system may
actually improve pain rather than exacerbate it.
This supports the findings of a randomized con-
trolled trial conducted by Vuerstaek et al.,24 using
negative pressure therapy on chronic leg ulcer pa-
tients, showing reduced pain levels during the
course of treatment.24

Four patients (16.7%) experienced an overall
increase in their pain during the study, half of
whom were in the neuropathic foot ulcer group.
The increase in the mean pain score for this group
as seen in Fig. 2 was a small margin from 1.3 to 1.6,
indicating that the increase in pain level was small.
The other two groups experienced an overall de-
crease in pain levels.

On the patient exit survey, the majority of pa-
tients who reported pain from the treatment at
dressing change or generally from the device re-
corded it as 5 or lower on the NRS. Pain levels over
40 mm on a visual analogue scale (VAS) scale have
been identified as moderate-to-severe intensity,
which requires immediate review and interven-
tion.36 Although this study used an NRS as opposed
to a VAS, awareness of the potential for device-re-
lated pain needs to occur as with any wound inter-
vention, even if all that is necessitated is a review of
current analgesia.

There were six adverse events (5.7% of the total
number of adverse events) recorded, which indi-
cated a possible, probable, or definite relationship
between the device and increased pain.

Condition of surrounding skin. The high inci-
dence of eczema in the venous leg ulcer (VLU)
group would be expected due to the increased in-
cidence of varicose eczema related to the skin
changes and increased skin sensitivities associated
with venous disease.37

The clinical impression is that any deterioration
in the surrounding skin when using the SNaP
Wound Care System could mainly be attributed to
the adhesive nature of the hydrocolloid dressing.
Adhesive dressings are often avoided in patients
with venous disease due to the increased risk of
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allergic contact dermatitis and varicose eczema
commonly experienced by this patient group. It
was therefore not an unexpected outcome for these
patients to experience some decreased surrounding
skin integrity during the course of the trial. At-
tempts were made to minimize this with the ap-
plication of a skin barrier film before applying the
adhesive dressing. Steroid ointments were also
applied to the surrounding skin when indicated
and left to absorb for 10 min before wiping away
any excess before applying the SurePrep skin
barrier film. Most adverse events related to sur-
rounding skin were managed successfully in this
way, as only two patients required withdrawal for
skin-related events (one for allergy to adhesive
dressing and one for persistent maceration).

Incidence of eczema could also be attributed to
increased exudate on the surrounding skin tissue.
There were only 10 adverse events of the 66 (15.1%)
related to maceration of the surrounding skin,
however, which would often be linked with skin
damage from high volumes of exudate.

Ease of use. The documented benefits of neg-
ative pressure wound therapy are known to include
reduction in the number of required dressing chan-
ges and in nursing time.38 A previous randomized
controlled trial of the SNaP negative pressure sys-
tem versus the commonly used VAC (KCI�) system
indicated that the mean application time for SNaP
was significantly less ( p < 0.0001) than that of the
VAC system for all follow-up visits combined.29

The mean time taken for the application of the
SNaP Wound Care System in this study was 7 min
11 s (range 01:00–50:00 min). This was not inclu-
sive of the time taken to remove dressings, perform
debridement if required, and to reapply compres-
sion bandages if necessary. As such, this could be
viewed as the additional time required than that of
a standard dressing change. It is evident from this
time that the application of the SNaP device is not a
lengthy process, which would suggest that the de-
vice is relatively easy to use. Consideration should
also be given to the fact that it is only performed on
average twice weekly. For highly exuding wounds,
for example, dressing changes may be required
daily or on alternate days, which may significantly
increase the demand on nursing time and re-
sources in the initial treatment period.

The time taken to apply the dressing and
achieve a seal on the foot ulcer wounds was
*5 min longer than that taken for the venous leg
ulcer patients. This is understandable as the foot
wounds are usually in a much more difficult po-
sition to dress than leg ulcers, meaning it could

take longer to achieve an effective seal. Foot ulcers
can often be time-consuming and difficult to dress
with standard dressings. Also, the times for the
neuropathic foot wounds would have increased
the mean application time of the entire cohort;
therefore, the *6 min taken for the venous leg
ulcer patients is much more reflective of the short
time needed to apply the SNaP device in this co-
hort of patients.

Effect on quality of life. These results suggest
that use of the SNaP Wound Care System can
positively impact on the quality of life experienced
by patients with chronic wounds. This reflects
outcomes displayed in the literature regarding the
effect of using TNP therapy on the quality of life of
patients with wounds,24,39 although the general
consensus is that more research is required in this
area. Results also need to be interpreted with
caution as the CWIS has been validated to high-
light changes in quality of life when performed at
least 12 weeks apart, whereas here there was only
a 6-week period between questionnaires. It has
also been documented that purely participating in
a clinical trial can lead patients to report an im-
provement in their state of health.40 It should be
noted, however, that comparable results in terms of
improvement in quality-of-life issues were found in
the RCT, which compared the SNaP Wound Care
System with an electrically powered NPWT de-
vice—patients also reported less impact on daily
activities, mobility, social interactions, and sleep
when using SNaP during this study30—although it
is acknowledged that these data were gained
purely from a comparable study exit survey rather
than a validated QoL tool.

Patient satisfaction with treatment
The chart of overall customer satisfaction with

using the SNaP device highlights a definite shift
toward high satisfaction scores out of 10, both from
the group overall and from the separate wound
etiology subsets.

Patients agreed or strongly agreed (69.4%,
n = 25) that the device had helped their wound to
heal faster and reported that they would wear the
device in the future (81%, n = 29). Patients also
found the device comfortable (75%, n = 27) and easy
to use (83.3%, n = 30). These results indicate a
definite positive reaction from patients regarding
using and wearing the SNaP Wound Care System.

The SNaP Wound Care System was designed to
be small, lightweight, and ultraportable, not only
allowing patients with small wounds access to
negative pressure therapy but also to make use of
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the device more comfortable, more socially ac-
ceptable, and patient-friendly. Patients reported
that the device was rarely noticed by others
(83.3%, n = 30), and only 5.6% (n = 2) found the
dressing changes burdensome, while nobody re-
ported any problems with noise at all. Patients
disagreed the device restricted their normal ac-
tivities (86.1%, n = 31), with the majority of pa-
tients strongly disagreeing that this was the
case. Only two patients (5.6%) felt that the device
interfered with their mobility, again with the
majority of patients strongly disagreeing with
this. Patients found the device portable (97.2%,
n = 35), with only four patients (11.1%) expressing
that in their view the device could be more por-
table. Previous research also found that patients
reported the SNaP system to interfere less with
overall activity, sleep, and social interactions
when compared to the VAC system, and compa-
rable results for pain, perceived effectiveness, and
patient satisfaction between the devices.29 These
are all factors that can significantly affect a pa-
tient’s psychological well-being, an important
outcome to consider when evaluating any wound
care intervention. Overall, these outcomes sug-
gest that the novel design of the SNaP device
achieved its aims for this patient population, and
patients generally expressed high levels of satis-
faction with the treatment across many areas.

Limitation of the study
This study was a pilot study and thus it is ac-

knowledged that sample numbers are small, espe-
cially when subdivided into wound types. However,
the aim was to evaluate the use of the device in
chronic wounds—there was no attempt to offer
comparisons with other devices or therapies, but
merely to gain an overall perspective. Results have
also only been displayed descriptively due to the
small sample numbers so no statistical significance
can be drawn from the results.

Further research
Further larger-scale research is required into the

use of the SNaP Wound Care System with different
wound types in terms of clinical effectiveness and
quality of life to provide more definite outcomes.
Adequately powered comparative trials with other
negative pressure devices would be useful.

CONCLUSION

These study results indicate that the SNaP
Wound Care System may promote healing in dif-
ferent chronic wound types not following the normal
healing trajectory. The use of the SNaP device, in

addition to standard care, reduced mean wound size
for all the wound etiologies studied and appeared to
encourage granulation tissue formation across the
cohort. Wound exudate levels were well controlled,
and odor was not a particular problem. The SNaP
device can also be used in conjunction with standard
care treatments, such as compression bandaging
and offloading footwear, with minimal adjustment,
ensuring the patient is receiving the best possible
treatment to achieve ulcer healing.

Wound pain when using the SNaP device actu-
ally decreased for half of the study participants
throughout the evaluation, and large increases in
pain were not particularly reported.

Maintaining integrity of the surrounding skin
was the most challenging aspect of using the SNaP
device on this group of patients with complex chronic
ulcers of the leg and foot normally susceptible to skin
problems anyway. However, with the use of a skin
barrier film and steroid ointments, most deteriora-
tion in skin condition was well managed.

The SNaP Wound Care System was easy to use
and did not generally add a significant amount of
time to an average dressing change. Results of
quality-of-life questionnaires also suggest that the
use of the SNaP device has the potential to improve
quality of life for patients, and most patients would
wear the device again. The small, portable, and
relatively inconspicuous design of the device made
wearing negative pressure therapy generally more
comfortable, easy to manage, and socially accept-
able for the patient.

Overall, the SNaP Wound Care System could be
a very useful and effective tool for patients with
small wounds who would otherwise benefit from
the use of negative pressure wound therapy.
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