Clinical experience of a new NPWT
system in diabetic foot ulcers and
post-amputation wounds

¢ Objective: The primary aim of this pilot observational study was to assess the reduction in wound
depth and area achieved with a new negative pressure wound therapy (NPWT) system in diabetic
patients with foot ulcers and post-amputation wounds. Secondary aims were to assess pain levels, extent
of exudate removal, and ease of use of the system for both the patient and care giver.

s Method: Patients in both acute and home care settings were enrolled into this 4-week study.
Dressings were changed three times per week.Wound area and depth, exudate removal and pain
severity were evaluated at each dressing change. At the final visit, the investigators and patients were
surveyed with respect to equipment and dressings used in the study..

s Results: Sixteen patients were enrolled into the study. Data relating to 14 patients with a variety of
post-amputation wounds were included in the intention-to-treat (ITT) analysis. The post-amputation
wounds showed a general trend for a reduction in the median wound surface area between baseline
{22.9em% range 0.5-55) and the final visit (15.3cm? range 2.4-63.5).This equates to a median change
(calculated from the percentage change in wound area for each patient individually) of -41% (range -82%
to +15%). There was also a general trend in reduction in the median depth between baseline (17mm;
range 0~35) to final visit (5mm; range 0-35). One patient presented with a foot ulcer that demonstrated
a 50% reduction in depth from baseline to the final assessment.The device effectively managed wound
exudate and most patients reported fow pain levels during therapy. Ease of use of the system was rated

very highly by investigators and patients.

+ Conclusion: This pilot study indicates that the use of the new NPWT system can be expected to

have a positive effect on the healing of post-amputation wounds and foot ulcers in patients with diabetes.

The findings demonstrate that the system is easy to use, effectively controls exudate and minimises pain
and inconvenience for patients being treated with NPWT.

= Declaration of interest: This study was sponsored by MéInlycke Heath Care (Gothenburg, Sweden)
and Medela AG (Baar, Switzerland). The authors have no other conflicts of interest that are directly

relevant to the content of this manuscript.
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egative pressure wound therapy
(NPWT) has gained rapid acceptance by
physicians, surgeons and wound care
practitioners for the management of
- ¢ acute, traumatic, infected and chronic
wounds.! To date, only a small number of ran-
domised controlled trials (RCTs) have been evaluat-
ed its efficacy in the management of diabetes-relat-
ed foot wounds.** In two of these, NPWT resulted in
more rapid and complete healing,** although both
used saline-moistened gauze as the comparator and
had very small patient populations (n=10). It a
large multicentre RCT involving patients who had
undergone partial diabetic foot amputations, NPWT
increased rates of granulation tissue formation and
decreased healing times. The investigators conclud-
ed that NPWT could lead to fewer re-amputations
than are currently experienced in post-amputation

diabetic patients receiving standard care. This trend
is supported by a more recent and larger multicentre
RCT involving diabetic foot ulcers (DFUs) in which
the incidence of secondary amputations was signifi-
cantly lower (p=0.035) for NPWT (4.1%) than for
advanced moist wound therapy (10.2%).5 A smaller
study found that NPWT accelerated granulation tis-
sue formation.® These results are particularly rele-
vant as first ray amputations are associated with re-
ulceraton,”®® and subsequent re-amputation.’
Avance is a new NPWT system (Mo6lnlycke Health
Care) that uses a lightweight and portable pump,
and so can be used in both acute and home care set-
tings. The docking station supplied with the pump
has been designed to promote patient mobility dur-
ing treatment, and users have the choice of two siz-
es of canister (800ml and 300ml) for collecting
wound fluid. Dressing kits supplied with the system
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Table 1. Inclusion and exclusion criteria

- Inclusion criteria’

. Diabetic ’foot;u!cers and post~ampﬁktétiq‘n;wbundks
- associated with diabetes suitable for NPWT
. according to the investigator’s judgement .

: ‘WOuﬁd:size;‘between;!c‘mz and 200cm2

" Male or ferale, aged 218 years

Signed informed consent form’:

Sub)ect understands the written patlent mformatlon

e !nclusmn cntena

Need for frequent dressmg changes (<72 hours
- between: changes)

Dry wounds o

. Crmcai :schaemxa (for wound heahng) acccrdmg to
investigator’s judgement .. : g S

,Malignancy in wqund andfor. wound mérgin:

~ More than-10% wound surface area consisting of
. necrotic tissue with eschar present after. débridement :

Target ulcer/wound prev&ously treated unsuccessfuﬂy =
with NPWT within last 48 hours ~ ‘

: Poorly control!ed duabetes accordmg to the
: mvestlgators ]udgement :

Osr.eomyehtls left untreated

Infection feft untreated

. Un‘eXplor"‘ed fistula '

High risk of biééding“c:ompliéa‘tion;f

Exposed major blood vessels, organs ornerves’

Chemotherapy of Irradiation either ongoing or
within last three months :

Known hypersensitivity to the dressing material

‘ Expettation that it will be impossible to seal the film .
in order to maintain 4 vacuum for treatment ‘

- Expe‘ctati‘o'n‘ofnonfco‘ncordahc‘e wi;h'sttdy protocol o

: ,‘Pregna‘ncy |

Sub;ect not suntable for mvesugat:on, accordmg to the
: mvesugators judgement :

: ‘Subgect prevaously lncluded in thls mvestiganon . o

: :Subject ncluded in ocher ongomg clmlcai mvest gatlon . -
o atkprese':t or w:thm the past 30 days .

include a wound filler (either foam- or gauze-based),
a transparent film dressing (Avance Transparent
Film) and a flat surgical drain. In addition, an atrau-
matic soft silicone wound contact layer (Mepitel)
can be applied between the wound bed and the

wound filler to minimise pain at dressing changes
and prevent in-growth of tissue into the wound fill-
er.!0!t A pre-clinical unpublished study has demon-
strated that the foam and gauze dressings supplied
with the Avance NPWT system are equivalent in
function to those of other commercially available
dressings for use with NPWT.'?

This pilot study is one of the first ‘in-use’ clinical
investigations of the Avance NPWT system. It set
out to evaluate its performance in the treatment of
DFUs and post-amputation wounds precipitated by
DFUs that had deteriorated to the point where tce
amputations were required. The rationale was to
collect clinical data on healing and exudate/pain
control, and to investigate any side-effects. Impor-
tantly, the practical applications in a ‘real-life’ clini-
cal environment were also evaluated.

Method

This was a prospective, open, non-controlled, clini-
cal investigation conducted at two centres in the
UK. Patients presenting with DFUs or post-amputa-
tion wounds (mostly the result of one- or two-digit
amputations) associated with diabetes were enrolled
consecutively over a 4-month period. Both in- and
outpatients were considered for inclusion. The
inclusion/exclusion criteria are listed in Table 1.
Two investigators, one from each centre, participat-
ed in the study. Both had considerable experience of
using NPWT on DFUs and post-amputation wounds
of patients with diabetes.

Research ethics committee approval was obtained
before starting the study, which was performed in
accordance with the Declaration of Helsinki and
with applicable regulatory requirements.

The primary outcome measure was the reduction
in wound depth and area, and extent of new tissue
formation. Secondary objectives included:

# Pain severity
¢ Visual checks of exudate removal
# Ease of use for both patient and care giver.

Treatment protocol

One ulcer/post-amputation wound in each patient
was treated with Avance NPWT systemn (continuous
pressure setting of -120mmHg) for a maximum of 4
weeks. Only Avance Foam Dressing Kits were used,
which consist of:

¢ Avance Foam — a green hydrophobic poly-
urethane foam dressing with a large open cell struc-
ture that can be cut to size. It is used as a wound
filler to distribute pressure across the wound surface
and allow the passage of exudate through to the
drain tubing

s Avance Transparent Fillm — a flexible, transparent,
breathable film dressing made of polyurethane,
and coated with a polyacrylic adhesive. It is used to
fixate the wound filler, form a tight seal with the
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skin, and aid the maintenance of a moist wound
environment

¢ Flat drain — used to transfer negative pressure to
the wound filler and transport exudate from the
wound to the canister in Avance NPWT system.

The investigators also had the option of using
Mepitel between the wound bed and the wound
filler. Exudate can pass through this into a second-
ary dressing.

Dressing changes were undertaken three times per
week. At the first visit, baseline demographics (age,
gender, medical history) and the wound history
were recorded for each patient.

Efficacy measurements and variables

The following primary parameters were measured at
the baseline visit and at each study visit (ie, dressing
change undertaken by the investigator or research
nurse):

¢ Wound area, using a validated tracing method
involving a digital planimeter (KP-90N, Sokkia)'?

¢ Wound depth, measured in accordance with
standard practice at the participating centres; the
target area was the deepest part of the wound that
could be reached vertically with a probe within the
wound margin, i.e. not in fistulas and tunnels,

The following secondary parameters were reas-
ured at the baseline visit and at all subsequent visits:
¢ Exudate removal, assessed by visual inspection of
fluid in the collection canister
¢ Pain severity at activation of NPWT and dressing
removals at each visit (the study protocol stipulated
that each patient had to rate pain severity at the
scheduled time points as ‘none’, ‘minor’, ‘average’,
‘moderate’, or ‘severe’)

At the final study visit, clinicians were asked to
assess ease of use of the dressing kit, tube, canister,
pump unit, and the instructions for use, rating the
various aspects of the NPWT system as ‘very easy’,
‘easy’, ‘somewhat easy’ or ‘not easy’. Patients were
asked to rate (using the same scale as above) pump
handling, changing of the canister, ease of use of
the written instructions, and portability of the sys-
tem. Finally, patients were also asked to rate the
overall noise level of the system as either ‘disturb-
ing’ or ‘not disturbing’.

Safety measurements and variables

Investigators were instructed to record the presence
of inflammation or signs of infection in the wound as
well as other adverse evernts, serious adverse events,
adverse device effects, and serious adverse device
effects. According to the study protocol, if infection
developed during the study period, it had to be treat-
ed appropriately and registered on the case report
form as an adverse event. The decision of whether or
not to withdraw the affected patient from the study
was left to the judgment of the treating clinician.

Statistical analysis

Descriptive statistics (median, minimum and maxi-
mum) were applied to the primary objectives when
quantitative data were established. Patients were eval-
vated if they healed at or before 4 weeks, or if the
investigator judged that the wound had responded
adequately to NPWT before 4 weeks and wound man-
agement could be continued with an alternative ther-
apeutic intervention.

Results

Sixteen patients were enrolled into the study. Data
relating to 14 patients with post-amputation wounds
were included in the intention to treat (ITT) analysis.
Data from one patient with a post-amputation wound
were excluded from ITT analysis as it became appar-
ent after enrolment that the subject had learning dif-
ficulties that made the collation of reliable data
impossible. Due to the differences between DFUs and
post-amputation wounds, the data from one patient
who presented with a DFU were also excluded from
ITT analysis, and are reported separately.

The median age of the sample was 65 years (42-88),
and 11 (79%) were males. The median systolic blood
pressure was 138 (range 80-168) and the median
diastolic blood pressure was 72.5 (range 40-93).
Details of the surgical procedures (undertaken within
the 6-month period before enrolment), wound type,
wound duration, wound location and the presence
(or otherwise) of neuropathy for each patient are pre-
sented in Table 2.

Efficacy outcomes

Results of the efficacy data for each subject are given
in Table 3. In terms of the ITT population, the post-
amputation wounds showed a general trend for a
reduction in area between baseline (median 22.9cm?
range 0.5-55) and the final visit (median 15.3cm?%
range 2.4-63.5). This equates to a median change (cal-
culated from the percentage change in wound area
for each patient individually) of -41% (range -82% to
+15%). The wounds were also associated with a reduc-
tion in depth from baseline (median 17.0mm; range
0-35) to final visit {median 5mm; range 0-35).

The vast majority of patients reported no pain at
the times of dressing application, activation of nega-
tive pressure, deactivation of negative pressure and
dressing removal (Fig 1).

Exudate levels associated with the wounds treated
in this study varied from low to moderate. The NPWT
system effectively managed to remove the exudate, as
indicated by visual checks of the canisters throughout
the study period.

Results of the investigators’ and patients’ surveys
looking at the ease of use of the system are summa-
rised in Fig 2. It is noteworthy that 92% of patients
surveyed did not find the noise level of the pump to
be disturbing.
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Safety outcomes

During the study period, adverse events were reported
for five patients. The post-amputation wound of one
patient required further surgical revision; the same
patient developed ulceration on the plantar aspect.
Another patient experienced nausea/diarrhoea and
their wound was confirmed as positive for meticillin-
resistant Staphylococcus aureus (MRSA). Two other two
patients experienced wound deterioration and MRSA
infection respectively. One patient experienced peri-
wound skin deterioration, making it impossible to
maintain an airtight seal. None of the adverse events
were deemed to be serious and all were thought to be
unlikely to be related to the NPWT system.

Discussion

In general, wounds treated with Avance NPWT
system exhibited clinically relevant reductions in
wound area (median 41%).'*" In addition, the
wounds demonstrated a decrease in wound depth
(median values of 17.0mm and Smm at baseline
and final visits, respectively). Wound depth
appears to be significantly affected by NPWT and
may be a more sensitive indicator of the healing
process.'¢

Although three wounds increased in area, this is
not surprising bearing in mind the heterogenous
nature of the wound types involved and the ther-
apy used.

Of the 14 patients evaluated, it was possible to
measure wound depth in all but one. Eleven of the
wounds exhibited reductions in depth (ranging
from 20% to 100%): the other three wounds did
not demonstrate any change in wound depth, pos-
sibly because they were very shallow to begin
with. The patient with the DFU also demonstrated
a positive response in terms of wound healing pro-
fession (i.e. a 50% reduction in wound depth).

The healing response observed in this study is in
accordance with the findings of clinical evalua-
tions of other NPWT systems in the management
of diabetic foot wounds.** Smaller RCTs studies
have come to similar conclusions 617

In general, an increase in the proportion of via-
ble tissue in the wound bed was observed follow-
ing treatment with the NPWT system, i.e. the
mean ratio of non-viable to viable tissue was 40:60
at baseline and 30:70 at the final study visit. How-
ever, close examination of the data showed signifi-
cant intra-patient variance between study visits,
possibly indicating limitations of using a subjec-
tive measurement tool for this parameter. Howev-
er, with respect to the patients who completed the
study per protocol, it was judged that the wounds
had adequately responded to treatment with the
NPWT system and that the treatment objective
had been fulfilled.

Generally, NPWT is associated with relatively
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Fig l. Pain severity ratings during dressing application,
activation of negative pressure, deactivation of negative

pressure, and dressing removal
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high levels of pain.’* Wound-related pain not only
affects patient quality of life but it can delay
wound healing.'* Although one patient experi-
enced severe pain at dressing change throughout
the period of treatment, the proportion of visits at
which patients reported either no or mild pain at
the time of dressing application, activation of
NPWT, deactivation of NPWT and dressing remov-
al was 78.7%, 89.7%, 96.3% and 82.8%, respec-
tively (Fig 1). While it should be noted that the
majority of patients in the sample had neuropa-
thy, preliminary evidence indicates that these
patients can still experience pain in the lower
leg.® Pain severity in between dressing changes
was not formally evaluated in this study, but anec-
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;’Table 2 Med;cat and wound hlstory

kk;leabetes type ‘
o (durauon)

Type 2
o a year | month)

- Type !

- Ampucat‘icn of right

. Type 2.
. {duration. nlk)

Typestuhn;
- (duratnon n/k)

- {35 years 3'monr,hs)

None saated -

- Type 5

. (4 years 3 months) o

‘ Type 2

o Not stated :
 (duration k)

0205 Typel

0 years 3 months)

25 years 5 months) o

- '(durauon nk)

';0:29‘6 . Notstated e

‘ ¢ years8months) o
008 Tpe2

(duratcon nlk)

' ~Wound typel k

~ Wound

‘ Ncnyé“state'c‘ e

: : Neuropathy :
!ast 6 months L duratlon ~ location present (YIN)
~Left haﬂux and head of - ‘qut-'ampu;tation‘ . “:; . Left‘;‘hal‘!‘tjx : NG
. Vfrst meta; rsal am;utanon 2 days) o o ‘ L
 Postamputation Ri‘ght dgralshy Y
_secondand thirdtoes = {2 months). - S
 Postampitation (3 weeks)  Left hallux N
oo - and dlgn:ahs V.
 Postampuration Lefedth and 5th N
(i weeks) :
. Postamputation N
{9 weeks) :
o “Pdstééfnﬁdtatioh . kLeft drgxtahs , Y
_ (3months) -~ M-V plantar: o .
‘Pést—aﬁipucatidn . Right trans metatarsal Y
- {4 days) ‘mputat:on . 8
'Pésg-émpuiation . Right amputatton LY
(2days) sty
- , Pbst~a’nipdtau6h . k‘ 'R ght plamar Y '
‘,(24 mont:hs) o lateral arch G

: Type 2

@5 years 3 mom:hs) . -

.‘Type 2

- ‘(duratton n/k)

amputation.

‘Post-amputation (4 days) 3, 4 5 nght oY
‘ - f'foot amputzuon L
‘ toes amputauon raght 2nd ' : L
toe further debridement,
PbSt-ampd{atioﬁ (2days) tation Y :
sttoeandray L S o
A ' . Pg‘;s:.amputa‘ﬂoq’(‘i days) An Y
22/03/2010)and4chtoe e L L -
; efc POPhteal ang:opiasty k PoSt’ambuifétioh‘: o v
- ‘ (4 months) : . ;
o ;‘Anglo‘!asty RI SFA - o ‘ﬁDiat}‘e:tic fc‘;otxj‘lé‘,ér‘" ' :'Rigﬁt 5th lateral border Y
. cial femoral artery (ddys) e
rther surgical ‘ L
- ;_debridement R Sth*
. SoR tissue debrxdement L ;Post-amputatlon Left dorsal area Y
. 1+2nd; ampurauon !+2 ( i month) o

dotal feedback from patients suggests that they
experienced a high degree of comfort during the
treatment period.

Avance NPWT system has been developed as an
easy-to-use, lightweight and portable system that
promotes patient mobility and is minimally obtru-
sive. This is supported by the data presented in Fig
2 which considers the practical aspects of the ther-

apy and rates all the variables as easy/very easy to
use. In addition, over 90% of patients rated the
noise level of the pump as ‘not disturbing’.

The practicality of the system is just as impor-
tant to the clinician and was also evaluated in this
study. The investigators rated the dressing kit as
either ‘very easy to use’ (38.5%), ‘easy to use’
(30.7%) or ‘somewhat easy to use’ (30.7%). The
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pump, tube, canisters, and instructions for use
were also generally considered to be ‘easy to
use’/'very easy to use’ by the investigators. These
factors are important because, if not properly
addressed, they can impact on time and resource
within health-care settings: nursing time has a sig-
nificant cost implication when treating compli-
cated wounds.?!

The reliability of a NPWT system is critically
important, both to the clinician and the patient: a
highly reliable device will avoid any disruption to
therapy, promote concordance with treatment,
and prevent any unnecessary inconvenience to
both patients and their carers. Throughout the
study period (equivalent to 6744 hours of opera-
tion), the Avance Pump performed well, without
any reports of it failing to deliver the required lev-
el of negative pressure. The lack of device-related
adverse events reported in this study is also highly
relevant when considering the promotion of ther-
apeutic compliance.

Dressing adhesion and in-growth of tissue into
the matrix of the dressing are problematic for
NPWT, causing pain and re-traumatisation to the
wound.'®"! The results of this study show that
adhesion at dressing removal was generally rated
as average (46%) or minor (46%). The degree of
tissue in-growth into the wound filler was gener-
ally rated as none (31%) or minor (54%). The
green colour of the Avance Foam was found to be
advantageous; it was highly visible and facilitated
easy monitoring of exudate and any bleeding.

Study limitations

It is important to stress that this observational
(pilot) study lacks the rigour of a well-conducted
RCT and the results are non-comparative. In order
to address issues of efficacy, a comparator (either
versus baseline or another treatment) is helpful.
The relatively small patient population also
impacts on the data and, in order to gain a better
perspective of this treatment, a much larger popu-
lation is needed. Nevertheless, the data presented
in this study do provide an insight into the effica-
¢y and safety of a new NPWT system in the man-
agement of patients with complex wounds that
typically present clinicians with a number of dif-
ficult challenges (e.g. protracted healing, high
exudation, patient quality of life issues).

Overall, it is generally accepted that more evi-
dence is needed for NPWT. Existing evidence is at
best moderate in strength, and so multicentre
RCTs are needed. Bearing in mind the initial posi-
tive results from this pilot study, it is envisaged
that a more formal and statistically valid clinical
investigation will be undertaken to address the
issues of this new system and its effect on the indi-
cations evaluated (post-amputation diabetic
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“Table 3. Change m‘wound area, wound depth and proportlon of

: kina.ble tissue at baselme and f‘ nal ws:t

Wound area (cml) . Wound depth (mm)
1 iPéfient‘ Baseline ,Fl’l"lal '7‘f?‘Cbange o Baselme “Final Change“
_reference  visit. . visit visit . visit. (%)
f s ey T
. 102 “ s : 20 3 e
s 08! .
14X 3 20 3
0 %
o0 0 o 0
s 0 a7
T 3 0
205 6 0 -100
206 25 20 20
207 T 2 37
20 0 5 @
o 500 w0
| ".9‘0‘

: Subject dropped outatvisits |
,T Sub;ect dropped outat. vlsit 4

wounds). Specifically, that would mean an RCT in
this indication using a standardised treatment as
the comparator.

Conclusion
The results presented above indicate that use of
Avarice NPWT system can be expected to have a posi-
tive effect on the healing of foot ulcers and post-
amputation wounds in patients with diabetes. The
findings also demonstrate that the system is easy to
use, effectively controls exudate and minimises pain
and inconvenience for patients undergoing NPWT.
The results of this study should be used to help
design larger clinical evaluations that could compare
this new NPWT system with other negative pressure
therapies and other advanced wound care interven-
tions. A focus on the potential of this system to
improve patients’ quality of life and deliver cost-effec-
tive care to patients with DFUs and other diabetes-
related wounds in both acute and home care settings
would seem appropriate. &
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