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Aim of the work: To evaluate clinical effectiveness and safety of negative pressure wound
therapy (NPWT) compared with advanced moist wound therapy (AMWT) (mainly hydrogels,
tulle and alginates) for treatment of diabetic foot wounds.

Patients and methods: This was a prospective randomized study conducted on (40) patients
with chronic diabetic foot wounds who were divided into (NPWT) group through vacuum
assisted closure (VAC)® System and (AMWT) group mainly hydrocolloids, tulle or alginates.
The study evaluated treatment until day (112) or ulcer closure by any means. The primary end
point was incidence and median time of complete wound closure by either surgery or secondary
intention. Wound assessment entailed wound area, progress of granulation tissue, infection,
need for debridement, discharge and pain.

Results: A significantly greater percentage of (NPWT) wounds (60%, 12 of 20) achieved
complete closure than (AMWT) wounds (30%, 6 of 20) (P=0.033). Median time to complete
wound closure was (76 days) for (NPWT) and (91 days) for (AMWT) (P =0.024). Median
time to (76-100%) granulation was significantly shorter in (NPWT) (50 days) than in AMWT
patients (88 days) (P = 0.0001).

Conclusion: NPWT is as safe as and more efficacious than AMWT for the treatment of

diabetic foot wounds.
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Introduction:

Wound repair is an orchestra of highly
integrated  biological and  molecular
events.! These events entail debris removal,
infection control, clearance of inflammation,
angiogenesis, granulation tissue formation,
contraction, connective  tissue  matrix
remodeling and maturation.?2  Certain
pathophysiologic and metabolic conditions
can alter this sequence so that healing is
impaired or delayed, resulting in chronic,
nonhealing wounds.3-4

Diabetic foot wounds readily become
chronic, and the factors that delay wound
healing are multiple and relate both to
diabetes and its complications which
include ischaemia, neuropathy and impaired
immunity against infection.4>

The optimal treatment for diabetic foot

wounds remains contradictory.  Saline-
moistened gauze has been the standard
dressing; however, it has been difficult
to continuously maintain a moist wound
environment.® This has led to the development
of various advanced moist wound therapy
(AMWT) dressings such as hydrocolloid,
tulle, hydrogels, foams and alginates
which provided more consistent moisture
retention. Hyperbaric oxygen therapy and
bioengineered skin substitutes are other
methods that have been used. The significant
expense of these methods as well as the lack
of sufficient evidence to recommend their
efficacy are triggering researchers to search
for an optimum therapy.’

Negative pressure wound therapy (NPWT)
is a newer noninvasive adjunctive therapy
system that uses controlled negative pressure



using Vacuum-Assisted Closure device
(VAC)® to help promote wound healing
by removing discharge from open wounds
through a sealed dressing and tubing which
is connected to a collection canister. The
use of sub-atmospheric pressure dressings,
available commercially as a VAC device,
has been shown to be an effective way to
accelerate healing of various wounds.8-11

Aim of the work:

This was a prospective randomized study
evaluating the clinical effectiveness and
safety of NPWT compared with AMWT
(mainly hydrogels, tulle and alginates) for the
treatment of diabetic foot wounds.

Patients and methods:

Study design: From February 2012
to March 2014 a prospective study was
conducted on 40 patients with chronic
diabetic foot wounds at Vascular Surgery
Unit, Tanta University Hospitals. The eligible
patients were divided equally and randomly
into, a study group (NPWT) subjected to
negative pressure wound therapy through
Vacuum Assisted Closure (VAC)® System
and a control group (AMWT) subjected to
once daily change of advanced moist wound
therapy dressing (hydrocolloids, tulle or
alginate).

Inclusion criteria: Chronic diabetic foot
wounds with the following criteria:

e Diabetic adults >18 years with
diabetic foot wounds dating for a minimum
of 4 weeks corresponding to University of
Texas grades 2 or 3(stages A or B) Table (1)
and >4 cm?2 in area after debridement.

*  Adequate blood perfusion of the
affected leg: Assessed by a transcutaneous
oxygen tension >30 mmHg, ankle brachial
index value >0.7 with toe pressure >30
mmHg or Doppler ankle arterial waveforms
that are triphasic or biphasic.

Exclusion criteria:

*  Wounds with malignant disease or
untreated osteomyelitis .

*  Wounds resulting from
insufficiency.

*  Wounds treated by hyperbaric oxygen,

venous

skin substitutes, growth factor products or
enzymatic debridement within 30-days of
enrollment.

 Patients Dbeing treated  with
corticosteroids, immunosuppressive drugs,
anticoagulation therapy or chemotherapy.

 Patients with inadequate lower
extremity perfusion.

»  Patients with active Charcot disease
or collagen vascular disease.

»  Patients having allergy to any disposal
component of each treatment arm.

+ Patients having  serious  pre-
existing cardiovascular, pulmonary and
immunological disease.

*  Pregnant and nursing mothers.

e Indication for amputation above the
ankle level of the same extremity.

Randomization: It was accomplished by
generating blocks of numbers through http://
www.randomizer.org. Numbers were assigned
to a treatment group and sealed in opaque
sequentially numbered envelopes containing
a paper labeled with treatment and patient
hospital number. At patient randomization,
treatment was assigned on the basis of the
next sequentially labeled envelope. Due to
physical differences between the treatment
regimens it is not possible to blind either
participant or physician to the treatment arm
after random assignment.

Outcome variables: The reported data
included; patients’ demographic data,
diabetic history and control through (HbAlc)
estimation and presence of comorbidities.
Description of wounds included their location,
measurements, presence of exudates and
percentage of granulation tissue. Wound
cultures were sent before application of
dressings and weekly thereafter. Plain-x-ray
and duplex study were done for exclusion of
osteomyelitis and ischemic etiology.

Pre-enrollment  measures: Prior to
enrollment in the study, aggressive
debridement was performed on all wounds in
the operating theatre. Debridement entailed
the excision of all necrotic and infected tissue
until healthy bleeding tissue was reached.
After debridement, the wound was thoroughly
cleansed and irrigated by saline Figure (1).



Setting of treatment method: Study
therapy was started in-hospital or at home
and continued at home whenever possible.
Study therapy was continued until day 112
(16 weeks) or wound closure by any means.

Methods of application of the dressing:

VAC dressings: The (NPWT) system
used in this study was Vacuum-Assisted
Closure (VAC)® device; (VENTURI®
NPWT System) (Talley medical Group
Ltd. Abbey Park Industrial Estate, Romsey,
Hampshire, SO519DQ England). VAC®
System includes an open cell polymer foam
dressing cut to conform to the wound bed
shape, a transparent film sheet used to seal
the dressing, this covering sheet is connected
to a plastic drainage tube which in turn
is attached to a fluid collection reservoir
and a vacuum pump. This pump provides
intermittent or continuous pressure ranging
from (—25 mmHg) through (200 mmHg).
The negative pressure used ranged from (—40
to —125 mmHg). Intermittent pressure was
used post-debridement and in oozing wounds
as 5 minutes “on” and 2 minutes “oft”. Lower
negative pressures were used if patient felt
pain or much bleeding was observed. NPWT
dressings were changed every 48 —72 hours.

Advanced Moist Wound  Therapy
(AMWT): The control group received once
daily dressing change using advanced moist
wound dressings (hydrocolloid gels, tulle or
alginates).

Study end-points: The primary end
point was the incidence and median time of
complete wound closure by either surgery or
secondary intention. Secondary end points
included the incidence and median time
until optimal preparation of the wound bed
for further treatment (76 —100% granulation)
and a reduction in complications, including
secondary amputations.

Surgical interventions such as wound
suture, skin grafting or flaps were allowed
only if the wound bed was adequately
prepared. Sustainment of complete wound
closure had to be proven 14 days after the
intervention.

Patients were examined weekly for the
first 4 weeks (day 28) then every other week

until day (112) or wound closure by any
means. At each visit, wounds were assessed
for wound area, progress of granulation
tissue formation, presence of infection, need
for further debridement, amount of discharge
and pain evaluated via pain visual analogue
scale (scale from 1-100). Standard broad
spectrum antibiotics were administered to all
patients initially and later according to the
culture sensitivity report.

Definitions: Complete wound healing
was defined as skin closure (100% re-
epithelization) without drainage or dressing
requirements.

Wound size was calculated as described by
Xakellis and Frantz.13

Wound surface area= Length x Width
x0.783.(0.783 is I1/ 4).

Statistical analysis: Continuous
demographic variables (age, sex, and
comorbidities)  were  summarized as

descriptive statistics (number and mean =+
SD), and 95% two-sided Cls and compared
between groups with a two-sample t test.
Incidence and time of complete wound closure,
and duration of wound bed preparation were
compared using the Kaplan-Meier survival
analysis. The log-rank test was used to test for
statistically significant differences between
groups using GraphPad Prism® 6.

Ethical issue :Written informed consent
was obtained from all patients. The study was
approved from the Faculty ethical committee.

Results:

Patients' Characteristics: Patients and
wounds characteristics of both groups are
shown in Table (2). The mean age of patients
in (NPWT) group was (55.2 £7.8) years and
in (AMWT) group was (53.50 +8.1) years.
The age distribution was comparable and
statistically insignificant in both groups (P
=0.13). In (NPWT) group, 11/20 (55%) of
the patients were males whereas in (AMWT)
group, 13/20 (65%) of the patients were
males. Wounds in (NPWT) group had a mean
duration of (7.9 + 3) weeks and a range of
(4 —16) weeks while in (AMWT) group mean
wounds duration was (8 £3.13) weeks with a
range of (4 —14) weeks.



The randomization method resulted in an
even distribution of characteristics between
treatment groups. Although the mean wounds
surface area was larger in the (NPWT) group,
no significant statistical differences were
observed in common risk factors known to
be associated with delayed wound healing
Table (2).

Wound Exudates: At first week it was
observed that all patients in both groups had
exudates from the wound. The discharge kept
on decreasing over the period of observation
in both groups; however, (NPWT) patients
had a faster rate of disappearance of exudates.
By the end of 8th week, wound exudates were
present in only (15%) of NPWT as compared
to (35%) in (AMWT) patients; (P = 0.12).

Additional Debridement: Along with the
pretreatment surgical debridement performed
for all included patients, no additional
surgical debridement was performed in 16
patients during the course of (VAC therapy);
whereas 4 patients required an additional
surgical debridement. In (AMWT) group,
12 patients needed no additional surgical
debridement, 7 patients needed an additional
surgical debridement and one patient required
2 additional surgical debridements.

Wound Closure Analysis:  Analysis
demonstrated that a significantly greater
percentage of NPWT-treated wounds (60%,
12 of 20) achieved complete closure than
AMWT-treated wounds (30%, 6 of 20);
(P =0.033). Kaplan-Meier median time to
complete wound closure Figure (2) was (76
days) (95% CI 1.11 —7.21) for (NPWT) and
(91 days) (95% CI 0.14 —0.89) for (AMWT)
(P =0.024).

Again, significantly more (NPWT) patients
(16 0f 20, 80%) achieved 75% wound closure
than (AMWT) patients (12 of 20, 60%); (P
=0.036). Kaplan-Meier median estimates for
75% wound closure times were (63 days)
(95% CI 1.09 -5.03) for (NPWT) and (83
days) (95% CI1 0.19 -0.91) for (AMWT); (P
=0.015).

In assessing wound area, a significant
reduction was observed from baseline
values by the end of 4th week in (NPWT)
patients (—6.2 cm2, 23.4%) than (AMWT)

patients (-3.9cm?, 16.25%); (P =0.021).
Also, a significant total wound area
reduction was observed in (NPWT) patients
(22.9 cm?, 86.4%) than in (AMWT) patients
(—18.18 cm2, 75.7%) at the end of study (day
—112); (P=0.002). After sufficient wound bed
preparation, (30%, 6 of 20) NPWT-treated
wounds and (25%, 5 of 20) AMWT-treated
wounds were surgically closed by split
thickness skin grafts, flaps or sutures.

Granulation Tissue: At the baseline
evaluation of wounds, it was observed that
10 patients (50%) presented by (0-10 %)
granulation tissue in (NPWT) group versus
9 patients (45%) in (AMWT) group. With
ongoing therapy, all these (NPWT) patients
(100%) and 6 of 9 (66.7%) (AMWT)
patients achieved (76 —100%) granulation
tissue formation; (P =0. 025). For the whole
study population, the median time needed
to achieve (76-100%) granulation tissue
formation Figure (3,4) was significantly
shorter in (NPWT) patients (50 days) (95%
C15.87-28.03) than in (AMWT) patients (88
days) (95% CI 0.04 —0.17); (P =0.0001).

The mean duration of therapy for (NPWT)
was (55.5 £21.89 days) versus (81.84 £19.76
days) for (AMWT). Patients were treated in
both hospital and home care settings.

With respect to pain scores, both groups
showed a significant decrease at the end
of follow-up. Comparison of pain scores
revealed that they were initially similar
during the first weeks of treatment. From
week 5 onwards, however, pain scores were
significantly lower in the (NPWT) group.

Bacterial Load: We observed that wounds
of (NPWT) group showed rapid clearance of
bacterial load as compared to (AMWT) group.
This was suggested by (40%) of the cultures
in (NPWT) group having no growth by the
end of 4th week as compared to (20%) in
(AMWT) group. Staphylococcus aureus was
found to be the most prominent organism in
patients of (NPWT) group whereas cultures
from (AMWT) group mostly showed mixed
growth with Klebsiella, Escherichia Coli and
Pseudomonas.

Safety Analysis (Secondary outcomes):
Table (4) reports treatment-related rates for



Figure (1): A) Neuropathic foot ulcer. B) After debridement c) One week after VAC dressing

application
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Figure (2): Kaplan-Meier estimates for time
to complete wound closure.
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Figure (3): Kaplan-Meier estimates for time
to 76-100% wound granulation.

Figure (4): A) Diabetic forefoot amputation stump. B) 8-weeks post VAC application, granulation

reached more than 75%.

secondary amputations, edema, cellulitis and
wound infection at the end of 16weeks. Non-
significantly (P =0.42) fewer amputations
were observed in (NPWT) patients (2 of
20, 10%) compared with (AMWT) patients

(4 of 20, 20 %). The majority of these
amputations (2 and 3, respectively) were
minor amputations. In all other categories, no

significant differences were observed.



Table (1): University of Texas Wound Classification System:12.

Stages Description Grading Description
Stage A |No infection or ischemia Grade 0 | Epithelialized wound
Stage B |Infection present Grade 1 | Superficial wound

Stage C |Ischemia present

Grade 2

Wound penetrates to tendon or capsule

Stage D |Infection and ischemia present

Grade 3

Wound penetrates to bone or joint

Table (2): Patients) and Wounds) Characteristics:

Variable NPWT (n=20) | AMWT (n=20) | P-value

Age (years) 55.247.8 53.50+8.1 0.13
Male 11/20 (55%) | 13/20(65%) 0.76
Mean ABI 0.91 0.89 0.79
Type II Diabetes Mellitus 19(95%) 18(90%) 0.94
Smoking 9(45%) 6(30%) 0.53
Immobility 2(10%) 1(5%) 0.72
Cardiac diseases 6(30%) 4(20%) 0.36
Baseline wound duration (weeks) |7.9+3 8+3.13 0.84
Baseline wound area (cm?) 26.54+14.6 24+11.4 0.05
Table (3): Wound bed preparation and healing:

Wound Area (cm?) NPWT AMWT | P-value
Initial 26.5 24 0.05
After 4 weeks 20.3 20.1 0.82
Final 3.6 5.82 0.016*
Change in wound area
After 4 weeks(cm2)(%) |-6.2(23.4) [-3.9(16.25) |0.021*
Total change(cm2) (%) [—22.9(86.4) |—18.18(75.7) |0.002*
Wound Granulation %
Initial 11.35 13.1 0.15
After 4 weeks 47.85 28.9 0.0001*
Final 95.65 83.1 0.0001*

Table(4): Secondary outcomes of therapy

Variable NPWT (n=20)| AMWT (n=20) | P-value
Secondary amputation |2 (10%) 4 (20%) 0.42
Edema 4 (20%) 3 (15%) 0.56
Cellulitis 2 (10%) 1 (5%) 0.72
Wound infection 2 (10%) 1 (5%) 0.72

Discussion:

results demonstrated that the (NPWT) is

The present study measures the time in  more effective than conventional treatment
reaching (76-100 %) granulation of open  in wound bed preparation as it significantly
wounds of the foot in diabetic patients. The = reduced the time to reach (76-100%)



granulation up to 43%. Analysis significantly
(P =0.033) demonstrated that (NPWT)
resulted in a greater percentage of complete
wound healing as well as achievement
of (75%) wound healing than (AMWT).
Moreover, (NPWT) seems to be as safe as the
conventional treatments regarding adverse
effects, amputations and surgical asepsis.

Because ambulatory (VAC) pump units
are available, this treatment could be offered
on an outpatient basis. Thus hospitalization
days, frequency of dressing changes as well
as the number and complexity of required
procedures to achieve healing of these
wounds would be reduced. Apelqvist et
al.14 reported a beneficial effect in terms of
direct economic cost and resource utilization
in patients treated with (VAC) compared to
standard moist wound therapy.

Our study included 40 patients into
two even groups, their demographic
characteristics were comparable with no
significant difference between them. Mean
age was comparable to a previous large
randomized controlled trial (RCT), enrolling
342 patients, having a mean age of 58 years.!5

Debridement is a key component of
healing initiation because it enables removal
of devitalized and necrotic tissue that have
been shown to retard healing.!6 NPWT
and other wound healing therapies work as
adjunctive to debridement.!” In the present
study, all wounds were debrided then surface
areas were measured. Prior to treatment, the
mean wound surface areas were (26.5 cm?
vs. 24 cm?) in (NPWT vs. AMWT) groups
respectively.  After 4-weeks, (NPWT)
achieved (7.15%) significantly higher
reduction in mean wound area than (AMWT)
(P=0.021). More difference in area reduction
was observed at the end of study (112-days),
(10.7%) (P =0.002). These results correlate
well with those obtained by several authors
who reported improved healing power on
using (NPWT);15.18 Blume et al.l5 found a
significant mean area reduction difference of
(9%) on day 28 (P=0.021) favoring (NPWT)
over (AMWT). Similarly, Eginton et al.!8
reported a (49%) and (59%) reduction in the
wound depth and volume, respectively, of 6

(VAC)-treated diabetic foot ulcers. This was
significantly greater than the (7.7%) reduction
in wound depth and (8%) reduction in wound
volume achieved when the same wounds
were treated with moist gauze dressings.

The success of (NPWT) in chronic
wounds is associated with removal of excess
interstitial fluid, an increase in vascularity, a
decrease of bacterial burden and stimulation
of granulation tissue formation through the
response of wound tissue to the mechanical
forces exerted by the application of negative
pressure. 19

In this study, (30%) more (NPWT) patients
achieved complete wound healing in 15 days
less median time to closure than (AMWT)
patients. Thus, (NPWT) hastened complete
wound healing by (16.5%) over (AMWT).
This result parallels the findings by several
authors.15,19.20

In the RCT by Vuerestack et al,20 the
median total healing time was (16) days less
in the (NPWT) group than the modern wound
therapy (hydrogels and alginates) group
(P=0.0001). Ninety percent of the ulcers
treated with (NPWT) healed within (43) days
versus only (48%) in the control group. Blume
et al, !5 reported that (14.3%) more (NPWT)
patients achieved complete ulcer closure in
less median time than (AMWT) patients.

(NPWT) has been shown to reduce wound
dimensions potentially leading to reduced
complexity of surgical closure?! and to act
as a ‘bridge’ to manage the wound until
surgical closure is possible.2?2 Formation of
granulation tissue is a part of the proliferative
stage of wound healing. A freshly granulating
wound surface indicates good healing.!7
Time from therapy initiation to achievement
of a continuous fresh bed of granulation in
the wound was taken as time needed for
wound bed preparation for further surgical
closure. Saxena et al.!7 and Greene et al.23
have elucidated the role of open pore foam
dressing in the creation of micromechanical
deformations of the wound surface. These
micromechanical deformations are caused
when negative pressure draws tissue into the
foam pores. This stretches cells and promotes
cell division that stimulates granulation tissue



formation.17

In the present study, the median time
needed to achieve (76-100%) granulation
tissue formation was significantly shorter
in (NPWT) patients (50 days) than in
(AMWT) patients (88 days) (P =0.0001).
Several authors had demonstrated the role
of (NPWT) in initiation and improvement
of granulation tissue formation. Morykwas
et al.24 demonstrated that wounds treated
with negative pressure achieved more
granulation using either continuous or
intermittent pressure than those treated using
conventional dressing. Similarly, in another
study by Armstrong and Lavery,25 the rate of
(76-100%) granulation tissue formation was
significantly faster in the (NPWT) group than
in the control group (P =0.002). In a larger
RCT by Blume et al.l5 that included (342)
diabetic patients, (46) patients presented with
(0-10%) granulation at baseline inclusion (24
NPWT and 22 AMWT). Of these, (70.8%) of
(NPWT) patients and (36.4%) of (AMWT)
patients achieved (76-100%) granulation
(P= 0.019). Median time for (76—100%)
granulation tissue formation was significantly
shorter for (NPWT); (56 days) than for
(AMWT); (114 days) (P =0.022).

An additional benefit observed was
the ability of (VAC) therapy to alleviate
bacterial infection in a wound. In the study
performed by Morykwas et al.24 (VAC)
therapy achieved a significant reduction in
bacterial load of chronic wounds by the fifth
day. A similar reduction, however, took (11
days) in control wounds. We observed that
wounds of (NPWT) group showed faster
clearance of bacterial load as compared to
(AMWT) group; suggested by (20%) more
negative cultures in (NPWT) group by the
4th week. Our study correlates with the study
by Moues et al.26 who had observed that non-
fermentative Gram-negative bacilli showed
a significant decrease whereas S. Aureus
showed an increase in (VAC)-treated wounds.

Safety analysis demonstrated that (NPWT)
is as safe as (AMWT) in the treatment
of diabetic foot wounds. No significant
difference was observed in wound-related
complications such as infection, edema,

cellulitis and amputation. Lone et al.2’
observed the safety of (VAC) over saline-
moistened gauze, in terms of fewer numbers
of secondary amputations. Blume et al.l5
also reported fewer number of secondary
amputations in (VAC) treated patients as
compared to those treated by (AMWT).

When making a decision to stop (NPWT),
it must be determined whether the initial
objectives of therapy have been achieved. If
so0, it must be considered whether any further
benefit can be achieved through the continued
use of (NPWT), or whether transfer to an
alternative method of wound management
may be more appropriate.28

At present, the concept of keeping a humid
environment to favor the closure of wounds
is widely known and accepted.?” But it seems,
keeping the wound humid is not enough,
other elements are required to implement
a comprehensive management plan that
includes sufficient debridement, effective
offloading of plantar area, tight glycemic
control, revascularization if indicated in
addition to advanced methods of local wound
care as (NPWT).30

In summary, our data demonstrates
that negative pressure wound dressings
decrease the wound size more effectively
than advanced moist wound dressings as
hydrogels and alginates. It is suggested that
(NPWT) is a safe, easy to use and patient-
friendly method of treating diabetic foot
wounds which helps in early closure of
wounds, preventing complications and hence
promising a better outcome.

Conclusion:

NPWT is as safe as and more efficacious
than AMWT for the treatment of diabetic foot
wounds.
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