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ABSTRACT

This study compared a two-layer (Coban™ 2 Layer) and a four-layer (Profore™) compression bandage system in
venous leg ulcer patients. Participants (n = 81) were enrolled into an 8-week, randomised, open-label, ten-
centre, crossover clinical trial. The primary endpoint was bandage slippage measured at each dressing change.
Secondary endpoints included wound healing, health-related quality of life (HRQoL) and patient preference. Mean
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Key Points

e compression bandages, com-
bined with limb elevation and
exercises, are generally consid-
ered the most effective inter-
vention for both prevention and
treatment of venous leg ulcers
and the accompanying oedema
clinicians have a variety of
compression products and sys-
tems from which to choose, and
there is a large body of
literature ~ describing  studies
comparing efficacy of various
products and systems
e over the past decade, multi-
layer compression systems have
grown in popularity with an
increasing body of clinical evi-
dence supporting their use

Evaluation of product performance in venous leg ulcers

slippage estimated from a mixed analysis of variance model (697 visits) was 2-48 cm for the two-layer system
and 4-17 cm for the four-layer system (P << 0-001). There were no significant differences in percent of wounds
that healed (Fisher's exact test, P = 0-30), in wound area reduction (Wilcoxon rank-sum test, P = 0-88) or in
linear healing rate (Wilcoxon rank-sum test, P = 0-94). The HRQoL Physical Symptoms and Daily Living scores
were significantly higher with the two-layer system (pooled two-sample t-test, P < 0-05). Patients had a strong
preference for the two-layer system (72%) than the four-layer system (22%), with 6% having no preference. In
conclusion, the two-layer system exhibited significantly less bandage slippage than the four-layer system. While
less bandage slippage did not appear to impact wound healing, there was indication that it may have influenced
patient preference in favour of the two-layer system and potentially impacted patients” HRQoL.
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INTRODUCTION

Chronic leg ulcers are still a major challenge to
clinical practice. The reported prevalence ranges
from 0-05% to 3% (1,2), with an estimated 0-1-
0-2% of the general population having active leg
ulceration (3). In the year 2000, it was estimated
that 2 667 000 people in North America and
Europe were treated for leg ulcers (4). However,
because of the recurring nature of the disease,
prevalence studies probably underestimate the
true magnitude of the problem as only about
20% of individuals with this chronic disease
exhibit active leg ulceration (3). The incidence is
higher in women than in men (3-7 times that of
men in the above 70 years age group) and also
increases linearly with age (1,5). Therefore, it is
likely that as the age of the population continues
to rise, so will the incidence of chronic leg ulcers.

There is little prospective epidemiological
research ascertaining risk factors associated
with chronic leg ulcers (3). However, venous
insufficiency is thought to play a major role. In
a large study of 600 patients with chronic leg
ulcers, the majority of leg ulcers (76%) were
reported to be associated with venous disease
(5). Venous leg ulcers have a large impact on the
quality of life of patients (6,7) as individuals are
frequently incapacitated and unable to work
(8,9). Depending on the extent of damage and
the nature of involvement of the superficial
and/or deep veins, an estimated 2-6 million
working days are lost each year in the USA as
a result of venous disease (10,11). This is
exacerbated by its recurring nature, requiring
frequent hospitalisations and prolonged out-
patient therapy (8,12).

The financial costs to the individual and the
community are also substantial, with the great-
est element of cost being nursing time (1,13). In
the UK, it is reported that 15-40% of district
nurse time is spent dressing venous insuffi-
ciency ulcers (13) and that leg ulcers are the most

prevalent purpose for community nursing visits
(3). In an economic model of venous ulcer care,
which was constructed using a meta-analysis of
cost drivers reported in the literature, it was
found that cost to heal a single venous ulcer
ranged from $1873 (USD) to $15 052 (USD),
with only 11% to 17% of ulcers expected to heal
within 4 weeks of treatment and 39% to 51%
within 12 weeks (14).

Venous leg ulcers are typically accompanied
by oedema of the surrounding tissues, which
can complicate the healing process (15,16).
Compression bandages, combined with limb
elevation and exercises, are generally consid-
ered the most effective intervention for both
prevention and treatment of venous leg ulcers
and the accompanying oedema (17-19). These
therapies are often combined with moderately
to highly absorptive products such as foam
dressings to manage the large amounts of
wound drainage typically seen with these ulcers
(20). Data from health-related quality of life
(HRQoL) studies show that when compression
treatment is delivered effectively and results in
improved wound healing, it can also improve
quality of life in these patients (21,22).

Clinicians have a variety of compression
products and systems from which to choose,
and there is a large body of literature describing
studies comparing efficacy of various products
and systems (23,24). A Cochrane review that
analysed 22 clinical trials published between
1985 and 1999 concluded that multi-layered
systems are more effective than single-layered
systems and that high compression is more
effective than low compression but that there
are no clear differences in the effectiveness of
different types of high compression (18). High
compression has been defined as >25 mmHg
(19); however, most experts generally agree that
bandage systems providing 35-40 mmHg are
most effective.
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Over the past decade, multi-layer compres-
sion systems have grown in popularity with an
increasing body of clinical evidence supporting
their use. A review of the literature indicates that
there is no clear evidence supporting one multi-
layer system over another (25-29). However,
there is no doubt that compression therapy, and
multi-layer systems in particular, has revolu-
tionised care for patients with venous insuffi-
ciency. Just 20 years ago, there was little hope
for healing these patients. They were faced
with a lifetime of swollen limbs, poor mobility,
chronic and debilitating pain, skin ulcers and an
ever declining quality of life. Multi-layer com-
pression, along with advancements in wound
dressings and skin care, changed all that. It is
now possible to manage the pain, heal the ulcers
and reverse the decline in quality of life.

Until recently, there has been little advance-
ment and few new innovations in compression
therapy, and multi-layer systems are far from
being perfect. Clinicians have recognised defi-
ciencies with current multi-layer compression
systems. These well-known problems include

e Inconsistency in application techniques,
resulting in inconsistent pressures and
variable results.

e Bulkiness, which can impede patients
from wearing normal footwear and
clothing, leading to a low level of
concordance and the potential risk of
falling (30).

e Bandage slippage and bunching, leading
to an uneven distribution of compression,
which can result in discomfort at night
and the potential for skin breakdown.

e Decreased patient quality of life, includ-
ing a decrease in social activities.

Recently, a new two-layer compression sys-
tem has been developed and marketed. The
product is packaged in a kit form and contains
two latex-free roll bandages. After application,
the two layers bond tightly to form one single,
stiff layer with no independent movement. The
inner ‘comfort’ layer is polyurethane foam
laminated to a cohesive bandage. The foam side
provides a cushion over bony prominences and
mechanical grip to the skin when compressed.
The cohesive outer side provides a surface to
which the second compression layer bonds
tightly. It is believed that the skin-gripping
properties of the inner comfort layer and the
cohesive bonding properties of both layers will

allow the bandage to stay in place longer with
greater comfort and less slippage. Less slippage
may result in longer, more effective compression
therapy.

This study was designed to compare this new
two-layer system with an established four-layer
system using bandage slippage as the primary
endpoint. Additionally, wear time, quality of
life, wound healing, patient mobility and
patient preference were measured as secondary
endpoints.

METHODS

Study design

This was a multisite, prospective, randomised,
crossover, open-label clinical trial conducted at
five centres in the USA, three in the UK and two
in Canada. The primary objective was to
compare slippage of a two-layer compression
bandage system (3M™ Coban™ 2 Layer Com-
pression System; 3M™ Health Care, St Paul,
MN, USA) with a four-layer system (Profore™
Multi-Layer Bandaging System; Smith &
Nephew Medical Wound Management, Hull,
UK) in the treatment of venous leg ulcers.
Participants were initially randomised to one
of the two compression systems and were
followed for 4 weeks. Their treatment was then
switched to the other compression system, and
they were treated for an additional 4 weeks.
Participants were followed for a total of
8 weeks, which included a minimum of nine
clinic visits. A crossover design was chosen so
that the effect of the compression system could
more easily be compared by having the same
subject wear both devices. The subject would
thus act as their own control, helping to reduce
subject variables, such as leg circumference and
activity level. Also, there was not expected to be
any carryover effect with regard to bandage
slippage (the primary endpoint).

This study conformed to the ethical guide-
lines of the 1975 Declaration of Helsinki and
received appropriate approvals by the central
and local ethics committees and institutional
review boards used by the respective sites. Prior
to study enrolment, written informed consent
and authorisation to use and disclose protected
health information (USA sites only) was obtained
from each participant. The procedures and forms
used to obtain consent and authorisation were
specific to each site and were consistent with
local laws and ethics committee requirements.
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Study participants

All participants in this study were recruited
from either free-standing wound clinics or
wound clinics associated with community
hospitals or trusts. Participants needed to be at
least 18 years of age (21 years in the USA), be
able to understand and answer questionnaire
items and have one or more venous leg ulcers
that had been treated with compression therapy
for at least 2 weeks prior to enrolment in the
study.

The investigators were free to exclude for any
reason patients they believed were unsuitable
for compression therapy or for enrolment into
the study. Patients were specifically excluded if
they had an ankle-brachial pressure index
(ABPI) less than 0-8 within 4 weeks of the start
of the study or if their leg ulcers were circum-
ferential or showed signs of clinical infection.

When wounds were present on both legs,
with both legs requiring compression therapy,
the subject received the same compression
treatment on both legs. When more than one
wound was present on the leg(s), the investiga-
tor used clinical judgement to choose which
wound (and leg) to include in the study. All
decisions to exclude patients, or which leg/
wound to include in the study, were made prior
to treatment randomisation.

Study treatments

Treatment of the venous insufficiency ulcer
prior to application of the compression bandage
system was per standard procedures at each of
the study clinics. Medications and/or addi-
tional wound treatments were permitted at the
discretion of the study investigator. Tubular
support systems underneath the compression
bandages were not permitted as they were
believed to influence the slippage primary
endpoint. Also, changes in treatments with
mood-altering substances (e.g. antidepressants)
within 2 weeks prior to enrolment or at any time
during the study were not permitted as they
could potentially interfere with quality-of-life
assessments. Ulcers were covered with the same
primary dressing (Tegaderm™ Foam Dressing;
3M™ Health Care), and the compression ban-
dage was applied over the primary dressing. If
an antimicrobial wound contact dressing or
other wound treatment was needed, it was
applied underneath the primary dressing. Ban-
dages were expected to be worn for 7 days;
however, in many cases, the subject’s visit

schedule established by the clinical staff
required the subject to return for more frequent
bandage changes. All reasons for bandage
change were documented.

Bandage application

The compression bandages were typically
applied by a trained study coordinator under
the supervision of the study investigator over-
seeing the investigation at each study centre.
Investigators were selected for this study based
on prior knowledge and successful experience
with the four-layer compression system under
evaluation. The four-layer bandage system was
applied using manufacturer instructions pro-
vided in the package insert, and additional
training with the four-layer system was deemed
unnecessary. However, because of the unique
design and different application techniques
required for the two-layer system, all investi-
gators and staff applying the two-layer bandage
were required to undergo in-service training in
application technique by the regional technical
expert of the manufacturer. Each of the technical
experts provided the same training regimen to
the different centres following the basic instruc-
tions provided in the product package insert.
The centre’s clinical staff receiving the training
was required to show proficiency in the wrap-
ping technique prior to enrolment of the first
patient. Studies conducted by the manufacturer
of the two-layer compression system previously
showed that the method is easy to learn, with
reproducible results (31).

Outcomes measures

Typically, leg ulcer studies use wound-healing
and/or surrogate wound-healing endpoints as
the primary outcome measure (3,25-27,32-37).
However, it was anticipated that both of the
bandages evaluated in this study would pro-
vide effective compression treatment to pro-
mote wound healing and that there would be
little difference between the systems. Therefore,
the primary endpoint of this trial was slippage
of the compression bandage measured at each
bandage change. This was assessed by measur-
ing the length of the bandage from the top of the
bandage to the floor immediately after applica-
tion and again just prior to changing the
bandage. This was accomplished with a flexible
tape measure with the subject’s foot resting flat
on the floor in a standing or sitting position. The
difference in length between those two time
points was used to calculate slippage of the

© 2008 The Authors. Journal Compilation © 2008 Blackwell Publishing Ltd and Medicalhelplines.com Inc



Evaluation of product performance in venous leg ulcers

bandage. No previous studies were identified
showing bandage slippage as a validated mea-
surement tool. However, a previous 7-day study
with healthy volunteers had showed feasibility
of the technique (data on file at 3M Company).

There were five secondary endpoints in this
clinical trial: (i) bandage wear time, (ii) wound
healing, (iii) HRQoL, (iv) patient preference for
each of the bandage systems and (v) patient
mobility (step metre measurements). Impact of
the bandage system on HRQoL was assessed
using the Cardiff Wound Impact Schedule
(CWIS) (22). HRQoL assessments were made
at study enrolment, at the time of bandage
crossover and/or at the conclusion or with-
drawal from the study. Patient mobility was
assessed by step metre (pedometer) readings.
Wound healing was measured from wound
tracings at the start of the study and at 4 weeks.
An additional wound tracing was made at
8 weeks to document the wound status at the
conclusion of the trial. Patient preference was
assessed at the end of the subject’s participation
in the study.

Sample size

The sample size for this study was calculated for
the primary outcome, bandage slippage. Pre-
vious studies on healthy volunteers found that
after 7 days of wear, a mean [standard deviation
(SD)] difference in slippage between the two
compression systems was 6-74 (3-52) cm in
favour of the two-layer system (data on file at
3M Company). These studies also found a high-
er degree of variability with the four-layer
system. Therefore, a two-sample Satterthwaite
t-test of equal means with unequal variances
was used to calculate the sample size based on
slippage data from healthy volunteers. A 3-cm
slippage difference between the two compres-
sion systems was determined to be clinically
relevant for the purpose of this calculation.
Assuming aSD of 1 cm for the two-layer system
and 4 cm for the four-layer system and using
a 90% power of test with an alpha level 0-05 and
a 20% dropout rate, 56 subjects (28 subjects per
treatment arm) were calculated to be needed to
complete this trial in a parallel study design. A
crossover design would require fewer subjects
as it considers each subject its own control and
reduces the between-subject variability. How-
ever, this study additionally had several sec-
ondary outcome measures with potentially
higher degrees of variability to consider; there-

fore, it was planned to have a maximum of 80
subjects (40 per treatment arm) to ensure
a powerful statistical analysis for not only the
primary endpoint but also the multiple second-
ary endpoints.

Randomisation and blinding

Subjects were expected to gradually feel better
during the course of this study and to see
improvement in their condition. To avoid
introducing potential order bias in this cross-
over study, subjects were randomised to deter-
mine which compression system was used first.
Subjects were randomly assigned to one of the
two crossover sequences. Either the two-layer
system was used during the first 4 weeks
followed by the four-layer system or the four-
layer system was used first followed by the two-
layer system. The randomisation was stratified
by study site so that treatment order assignment
was kept balanced within each site. The
randomisation schedule was computer gener-
ated by the study biostatistician and provided to
the investigators in sealed envelopes and
opened only after subject enrolment and selec-
tion of the study leg/wound. Subject or inves-
tigator blinding was not possible because of the
obvious differences between the two-layer and
four-layer systems; however, the individual
conducting the wound-tracing measurements
was blinded to treatment.

Statistical methods

With the exception of a post-hoc step metre
analysis conducted for an individual site, all
data analyses were carried out according to
a pre-established statistical analysis plan.
Unless otherwise stated, data from all enrolled
subjects were analysed on an intent-to-treat
(ITT) basis. For all analyses, the pre-crossover
period was defined as the time from random-
isation to the time the second bandage type was
applied. Therefore, once crossover to the second
bandage had occurred, the post-crossover
period was regarded as having been started,
which typically corresponded to the week 4
visit.

Descriptive summary statistics are provided
for baseline demographics and wound charac-
teristics for each treatment group. For age,
height, weight, baseline wound area and perim-
eter, ulcer duration and ABPI, the mean and
standard deviation are provided. For gender,
race, ulcer location, ulcer status and mobility,
the number and percent of subjects in each
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category are summarised. A Wilcoxon rank-sum
test was used to test for sequence order differ-
ences in wound area, and an analysis of variance
(ANOVA) model with a term for sequence order
was used to test for differences among the
remaining continuous variables. Fisher’s exact
test was used to test for sequence order differ-
ences among all categorical variables.

For the primary outcome variable, absolute
slippage was analysed in a mixed ANOVA
model appropriate for a crossover design,
including baseline bandage height and wear
time as covariates in the model.

The percent of wounds that healed were
compared with Fisher’s exact test, and the
percent change in wound area was compared
with the Wilcoxon rank-sum test (a non para-
metric equivalent to the t-test). Because rela-
tively few wounds attained complete healing,
linear healing rate (LHR) was calculated as
a surrogate endpoint. LHR has the added
benefit of normalising wounds of varying size
and geometry (38). Data for the percent change
in wound area and LHR endpoints were
extracted from the wound tracings, which were
measured by computer planimetry. LHR was
calculated for each wound using the methods
proposed by Gilman and used by Margolis

Enrolled into study
n=81

(38-41). Differences in LHR means were as-
sessed with the Wilcoxon rank-sum test.

For the HRQoL data, differences in treatment
group means were analysed using a two-sample
pooled t-test. Step metre measurements were
analysed using an ANOVA model appropriate
for a crossover design. A natural log trans-
formation was used because of the non normal-
ity of the data.

Patient product preference was determined
froma question that the subjects answered at the
end of the study. Fisher’s exact test was used to
compare responses between treatment groups.

RESULTS

This study was initiated on 7 December 2005
and was completed on 19 April 2007. The flow of
subjects into and out of the study and the
randomisation to the two sequence order
treatment groups are summarised in Figure 1.
This figure also summarises the healing status of
the wounds as the subjects flowed through the
study treatments. A total of 81 leg ulcer patients
were enrolled into the study, of which 12 did not
crossover because of the ulcer healing prior to
the week 4 crossover (n = 9) or because they
withdrew from the study (n = 3). There were
a total of 721 follow-up visits, 367 visits for the

Randomised
Sequence n=81(100%) Seqguence
order 1 order 2
v
Two-layer compression Four-layer compression
Withdrew n=2 n=39 allocated per randomisation n=42 allocated per randomisation Withdrew n=1
Adverse events n=38 received intervention (48-1%) Period 1 n=43 received intervention (51-9%) Patient request
(n=1 error in randomisation) (n=1 error in randomisation)
Up to 4-week
* ‘// ‘\“A treatment /\
Exit study Closed Open Open Closed Exit study
ITT analysis n=6 n=30 n=39 n=3 ITT analysis
Withdrew
n=1lack of compliance |q | Two-layer compression Four-layer compression Withdrew
njir:esngatordteasmn n=39 Period 2 n=30 n=0
n= verse even Up to 4-week
/\ treatment P ~a
Closed Open Open Closed
n=10 n=26 n=26 | n=4

Exit study
ITT analysis

Figure 1. Flow of subjects into different randomised sequential order treatment groups and subsequent wound-healing outcome.
Red lines indicate randomisation to treatment sequence order 1 (two layer followed by four layer) and blue lines to treatment
sequence order 2 (four layer followed by two layer).

B

Exit study
ITT analysis
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two-layer bandage and 354 visits for the four-
layer bandage.

Baseline patient and wound characteristics
for the two treatment groups are summarised
in Table 1. There were no significant differences
in any of the measured parameters, indicating
that the two treatment groups were similar in
make up.

Bandage slippage

Slippage results for the two compression sys-
tems are summarised in Figure 2. Because
a large proportion of dressing changes occurred
prior to the maximum 7 days of wear, a statis-
tical model was used to estimate slippage at
various time points within the study. The
ANOVA model was appropriate for a crossover
design and adjusted for baseline bandage height
and wear time (days between bandage
changes). There was a significant difference in
slippage between the two- and four-layer
systems in favour of the two-layer system at
days 3-7. Any missing bandage height measure-

Table 1 Baseline demographics and wound characteristics™

ments because of bandages being removed prior
to the study visits for the reason of ‘slippage’
were imputed as one fourth the baseline
bandage height. This was deemed a reasonable
value because it was consistent with the worst
case observed in change in bandage heights.

Bandage wear time

During this study, patient visits were typically
scheduled to the maximum allowed 7 days of
wear. Patients returned to the clinic prior to
these regimented visits if there was a problem
with the bandage, if the investigator desired
twice-per-week visits or if there was another
scheduling issue. In both treatment groups, the
compression bandage was worn the full time
between visits in 98% of the visits. There were
only 6/367 (2%) instances in the two-layer
group and 7/354 (2%) instances in the four-
layer group when the patients removed the
bandage prior to the scheduled study visit.
Reasons for why this occurred included slip-
page, excessive odour, pain in foot, exudate

Randomised sequence group

Parameter Coban 2 Layer followed by Profore Profore followed by Coban 2 Layer
Total number 39 42
Gender: n (%)

Male 25 (64) 22 (52)
Female 14 (36) 20 (48)
Age (years): mean + SD 62:5 + 155 63-5 + 125
Height (cm): mean + SD 176:3 + 119 174-0 £ 99
Weight (kg): mean + SD 109-7 4+ 417 103-1 4 329

Ethnic origin: n (%)

Caucasian 31 (79) 33 (79)
Non Caucasian 8 (21) 9 (21)
Wound area (cm?): mean =+ SD 11-8 £ 19-7 5.7+ 79
Wound perimeter (cm): mean 4 SD 12.:0 £ 99 10-0 + 8-0
Ulcer duration (weeks): mean =4 SD 186-3 4+ 438.7 195-1 £+ 512-1
Ankle—brachial pressure index: mean + SD 1.1 +02 1-1+£02

Ulcer location: n (%)
Below calf 28 (72) 26 (62)
Calf 11 (28) 15 (36)
Above calf 0 (0) 1(2)
Ulcer status: n (%)
Worsening 6 (15) 6 (14)
Stable 12 (31) 23 (55)
Improving 20 (51) 12 (29)
Unknown 1(3) 1(2)
Mobility status: n (%)
Walks with assistance 7(18) 6 (14)
Walks without assistance 32 (82) 36 (86)

*There were no significant differences between the sequence order groups in any of the measured parameters.
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Estimated Bandage Slippage

5.0 3
—+—Coban 2-Layer 46
4.5
«— Profore +43
4.0 4.0
§ 3.7
q 8 +34
E |
% 3.0 +3.1
o
2 el [ | | [
= 2.5 [ e 1]
. W 1 -
2.0 J_ T |
1.5 T . T : T T
0 1 2 3 4 5 6 7

Days of Wear

Figure 2. Statistical model estimate of bandage slippage (centimetre + standard error of the mean) recorded during 697
bandage changes from 81 subjects. Slippage was significantly different between the two compression systems at days 3-7

(P < 0-001).

strike-through, patient in hospital, excessive
tightness and showering with bandage unpro-
tected. There were 36 visits where bandage wear
time exceeded the established maximum of
7 days because of forgotten or missed appoint-
ments. These long wear time deviations, ranging
from 8 to 16 days, were excluded from the wear
time analysis. Twenty long wear time deviations
occurred in the two-layer group and 16 in the
four-layer group. Wear time was analysed using
an ANOVA model appropriate for a crossover
design. The model estimates for wear times were
5-72 and 5-75 days for the two- and four-layer
groups, respectively. As expected, because of the
regimented nature of the visits, there was no
significant difference in wear time between the
treatment groups (P = 0-721).

Wound healing

While the wound-healing endpoints included
the percent change in wound area, the log
healing rate, the ratio of log areas and the LHR,
only percent area change and LHR are reported
in this study because of the similarity in
endpoint results. Also, only wound-tracing data
prior to the crossover were used in the analysis
to eliminate the potential for treatment inter-
actions and because 4-week healing data have
been shown to be predictive of wound-healing
outcomes at 12 and 24 weeks of care (34,39).
There were no significant differences in any of
the wound-healing endpoints. Of the 79
wounds entered into the analysis, the majority
(n =70, 88:6%) did not heal prior to the

crossover. Of the nine wounds (11-4%) that
healed prior to the crossover, six were in the
two-layer compression group and three were
in the four-layer compression group (P = 0-30).
The median (range) percent area change for the
two-layer compression group was 27-8%
(—233-3%, 100-0%) compared with 42-2%
(—272-1%, 100-0%) for the four-layer compres-
sion group (P = 0-88). The median (range) LHR
for the two-layer compression group was
0-04 cm/week (—0-16, 0-40) compared with
0-04 cm/week (—0-27, 0-19) for the four-layer
compression group (P = 0-94).

Health-related quality of life

Summary scores for the three domains of the
CWIS (Well-Being, Physical Symptoms and
Daily Living, and Social Life) as well as a rating
of the subject’s overall HRQoL and the subject’s
satisfaction with their overall HRQoL were
computed and analysed separately for data
collected before and after the crossover. Pre-
crossover scores were calculated relative to data
collected at study enrolment, and post-cross-
over scores were calculated relative to the data
collected at the end of the pre-crossover period.
Data were analysed on a per protocol rather
than on an ITT basis. Subjects were excluded if
the correct bandage was not applied during at
least 75% of the subject’s visits in that period,
which resulted in the HRQoL data being
excluded for two subjects in the post-crossover
period. Additionally, subjects that completed
less than 2 weeks of follow-up during a period
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were excluded from the HRQoL analysis. This
resulted in the data being excluded for two
subjects from post-crossover period. One subject
was excluded from the post-crossover period as
a result of the questionnaire being completed
over 2 months after the last study visit.

Summaries of the HRQoL data collected at
enrolment and at the end of pre- and post-
crossover periods are presented in Tables 2—4.
There was a significant difference in favour of
the two-layer compression system during the
pre-crossover period for the Physical Symptoms
and Daily Living scores (P < 0-05). There were
no other significant differences found in the
HRQoL data in either the pre- or the post-
crossover periods.

Patient preference

To minimise treatment order bias in the patient
preference data, only those subjects who
reached the crossover point and had at least

one visit in the post-crossover period were
included in the analysis. A total of 68 subjects
were included in the analysis, and of these, 49
(72%) preferred the two-layer compression
system, 15 (22%) preferred the four-layer system
and 4 (6%) had no preference. Results were
similar regardless of randomisation order
(P > 0-99). Of the 31 subjects initially rando-
mised to the two-layer system that had at least
one post-crossover visit with the four-layer
system, 22 (71%) preferred the two-layer sys-
tem. Of the 37 subjects initially randomised to
the four-layer system that had at least one post-
crossover visit with the two-layer system, 27
(73%) preferred the two-layer system.

Step metre

During the course of the study, many issues
occurred with the step metres that resulted in
step data being unrecorded or suspect. Step
metres were often lost, not used for one or more

Table 2 HRQoL scores at baseline, pre-crossover and post-crossover

Compression

HRQoL assessments system

Key Points

e a total of 68 subjects were
included in the analysis, and
of these, 49 (72%) preferred
the two-layer compression-
system, 15 (22%) preferred the
four-layer system and 4 (6%)
had no preference

Baseline:
mean + SD (n)

Pre-crossover:
mean =+ SD (n)

Post-crossover:
mean + SD (n)

Well-Being Coban 2 Layer
Profore

Physical Symptoms and Daily Living Coban 2 Layer
Profore

Social Life Coban 2 Layer
Profore

Overall HRQoL Coban 2 Layer
Profore

Patient satisfaction with overall HRQoL Coban 2 Layer
Profore

40-8 £+ 199 (38) 44.5 + 18-1 (33) 54.6 £ 18-1(33)
48-9 + 169 (42) 52:3 + 19-1 (42) 42-9 £ 19-4 (26)
56-1 £ 217 (37) 63-7 &+ 21-9 (32) 67-8 &+ 21-7 (33)
64-8 + 17-1 (43) 66-1 £ 20-8 (42) 64-9 £ 20-7 (26)
68-8 + 23-3 (38) 72:9 + 237 (33) 747 + 243 (33)
75-5 £ 227 (43) 76-7 £+ 24-3 (41) 73-4 £ 251 (25)
6-0 £ 2.0 (38) 6-5 + 24 (33) 7-7 £ 16 (32)
7-1 £ 21 (40) 73 £ 2:0 (41) 6-9 + 20 (26)
6-6 + 2.0 (38) 6-8 + 2:5(33) 76 + 20 (32)
6-8 £+ 2.6 (40) 7-1 £ 23 (41) 6-5 £ 2:5(26)

HRQoL, health-related quality of life.

Table 3 Changes in HRQoL scores during the pre-crossover period

Compression

Change of within-patient

Difference between

HRQoL assessments system scores: mean £ SD treatment groups (95% CI) P value

Well-Being Coban 2 Layer  4-1 + 16-0 0-74 + 14-6 (—6-0, 7-5) 0-827
Profore 34 + 133

Physical Symptoms and Daily Living Coban 2 Layer 87 &+ 179 7:5 £ 157 (01, 14.9) 0-046
Profore 12 +£13-8

Social Life Coban 2 Layer  6-8 & 15-2 56 + 151 (-14,12:6) 0-118
Profore 13 + 149

Overall HRQoL Coban 2 Layer  0-6 + 2-0 0-4 + 19 (=05, 1-3) 0-376
Profore 02+18

Patient satisfaction with overall HRQoL ~ Coban 2 Layer  0-4 + 2.4 0-1+ 24 (=10, 1-2) 0-860
Profore 03423

HRQoL, health-related quality of life.
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Table 4 Changes in HRQoL scores during the post-crossover period

Compression Change of within-patient  Difference between treatment

HRQoL assessments system scores: mean + SD groups (95% Cl) P value

Well-Being Coban 2 Layer 1-5 4+ 14.5 —4.4 4+ 14.5 (=121, 3-3) 0-258
Profore —-29 £+ 145

Physical Symptoms and Daily Living Coban 2 Layer 2-8 + 129 —54 £ 14.5(-13-2, 2:4) 0-169
Profore -2:6 + 164

Social Life Coban 2 Layer —1-8 + 13:6 —3-2 4+ 16:4 (=121, 5.7) 0-478
Profore —5:0 £ 19-7

Overall HRQoL Coban 2 Layer 06+ 12 —0-3 £ 1.5(=1-1, 05 0-494*
Profore 03 +19

Patient satisfaction with overall HRQoL ~ Coban 2 Layer 0-5+ 15 —09 £ 2:2 (=21, 03) 0-172*
Profore —0-4 £ 28

HRQoL, health-related quality of life.

*The Satterthwaite method was used assuming unequal variances.

days, inadvertently reset by the subject between
visits, broken or not affixed properly to the
subject. Step values <250 steps/day were
judged to be unreliable and were excluded from
the analysis. In addition, subject visits where the
incorrect bandage was applied were excluded
from the analysis. Subjects who had valid step
data readings (>250 steps/day and correct
bandage applied) for at least 40% of the days in
that period were included in the analysis.
Because of the uncertainty in the step data
collection, a separate analysis was completed on
a single site (n = 13 subjects) in which there was
more consistency in the placement of the step
metres and step data collection. While there
were individual step data reading exclusions at
this site, there were no subject period exclusions
from the analysis at this site. Analysis of the
usable data from all the sites indicated that there
was not a significant difference in mobility
between the times that the subjects wore the
two- and four-layer compression systems (P =
0-82). Analysis of the data from the single, more
reliable site confirmed this finding (P = 0-23).

Adverse events

Of 81 patients, 40 (49%) did not experience any
adverse event. Forty-one subjects (51%) had one
or more reported adverse events. The majority
of the adverse events (92, 68-1%) were deter-
mined to be unrelated to the compression
bandages, and 43 (32%) were classified as
possibly or probably related to the bandages.
Two subjects were hospitalised during the study
for reasons unrelated to the compression ban-
dages (intestinal bleeding and kidney failure).
These two patients had multiple adverse events

recorded during their hospitalisation and ac-
counted for 45 (33%) of the 135 reported adverse
events. Of the 135 adverse events, 67 (50%)
occurred while using the four-layer system and
68 (50%) occurred while using the two-layer
system. The related adverse events were con-
sistent with what might be expected with the
use of compression bandages and included
redness, eczema, folliculitis, wound infection
and pain at the wound site.

DISCUSSION
The efficacy of compression bandaging to
positively impact wound healing is well docu-
mented in the literature (3,25-27,32,33). This
study differed from previous studies in that it
compared performance of two compression
bandage systems using slippage during wear
as the primary endpoint. To our knowledge, no
other study has attempted to explore this aspect
of compression bandage performance. A new
two-layer bandage system, incorporating
design elements purported to diminish bandage
slippage and increase patient comfort, was
compared with a four-layer system with a long
history of use in compression therapy. The study
was designed from a patient’s perspective as it
additionally explored the potential impact that
reduced slippage might have on HRQoL and
the patient’s overall preference for a particular
compression bandage system. The study results
clinically confirmed that the new two-layer
compression system exhibited less slippage
during wear than the four-layer system.

The study also found a difference in improve-
ment of the Physical Symptoms and Daily
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Living scores from the HRQoL assessments
observed during the pre-crossover period. Both
compression systems showed improved scores,
but the improvement was much greater for the
two-layer system than the four-layer system
(P < 0:-05). This domain of the CWIS focused on
the impact of symptoms on daily functioning
and comfort (22). Itis possible that the decreased
slippage observed with the two-layer system
translated into improved comfort to the patient.
It is also possible that the ability of patients to
wear their normal clothes and shoes over the
two-layer system may have contributed to
improved comfort and/or daily functioning;
however, measuring quality of life is multifac-
torial and can be difficult to interpret. Addi-
tional research specifically designed to compare
and understand the impact of different types of
compression bandage systems on HRQoL is
needed.

Upon exit from the study, participants were
asked to indicate preference for one of the two
compression systems. There was a strong pref-
erence (72%) for the two-layer system that held
true no matter which product they first received
in the randomisation. One explanation for this
strong preference was that these bandages
slipped less, so they did not bunch up and were
more comfortable to wear. Comfort and pain
control is a major contributing factor towards
preference and concordance (42). A second
possible explanation for the strong preference
for the two-layer system is that it is less bulky
and has a lower physical profile than the four-
layer system. This is an important advancement
in venous leg ulcer treatment as patients want to
feel normal again, and not having to wear
special clothing or shoes during compression
treatment takes them one step closer to this goal.
This may also help with patient concordance as
patients often remove compression bandages
prior to their scheduled clinic visit for social
occasions when they desire to wear normal
footwear and / or more stylish clothing. Another
benefit to wearing normal footwear is that it
may promote better ambulation and may help
to reduce the number of falls, which may be
associated with wearing the specialised foot-
wear (30). Additional research on the impact of
different compression bandage systems on
patient concordance and ambulation is needed.

This study is limited in the conclusions that
can be made regarding differences (or similar-
ities) between the two compression systems

with regard to promoting wound healing. In
this study, there were no statistical differences in
number of wounds that healed after 4 weeks of
treatment (P = 0-47), in the mean percent area
change (P = 0-87) orin themean LHRs (P = 0-93).
The percentage of ulcers that healed within the
4-week treatment period (13-2% and 7-3% for
the two- and four-layer systems, respectively)
was consistent with the anticipated 11-17%
range observed by Kerstein et al. in their meta-
analysis of the venous leg ulcer literature (14).
It is possible that differences in effectiveness
between the two- and four-layer systems in
promoting healing of venous leg ulcers do exist
but that this study was not sufficiently powered
or designed to detect this difference. It can be
hypothesised that bandages that stay in place
longer provide more consistent and uninter-
rupted compression therapy, resulting in
improved wound healing. This hypothesis is
currently being explored in a separate study
designed to measure wound healing as a pri-
mary endpoint.

A second limitation of the study is that it may
have been biased towards the more familiar
four-layer system as investigators were selected
who were highly experienced with this system
and none were experienced with the two-layer
system. It is well known that the skill of the
clinician to use materials correctly is important
in achieving effective compression. Learning to
apply a new compression system could nega-
tively influence the results if the clinicians are
inadequately trained to apply the product
correctly. Efforts to mitigate this potential study
limitation included on-site training with each
clinician in the application of the two-layer
bandage and allowing adequate practice until
skill competency was showed. Previous studies
have shown that with proper instruction, the
two-layer system is easy to learn and is more
reproducible than the four-layer system (31).

A third limitation of the study is in drawing
conclusions from the step metre data. Empiri-
cally, one would expect a higher level of
mobility with the two-layer compression ban-
dage if it is more comfortable and allows
patients to wear normal footwear. In this study,
there were no detectable differences in mobility
of the patients while wearing either of the two
compression systems (P = 0-81). However, this
data must be interpreted cautiously given the
difficulty in obtaining the data and the large
number of exclusions from the statistical
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analysis. Many technical issues occurred with
the step metres that resulted in step data being
unrecorded or suspect. The step metres were
often lost, reset, broken or not used at all by the
patients. In other cases, they were not affixed
properly, causing them to provide erroneous
data. Previous authors have showed success in
using patient mobility monitors affixed to the
thighs of leg ulcer patients (43). The most notable
differences between that study and this study
was the method used to adhere the metres to the
patients. In the previous study, the step metres
were adhered directly to the patient’s skin using
adhesive pads designed specifically for their
step metres and then covered with an adhesive
patch (written communications, March 2008). In
this study, the metres were clipped onto the
subject’s waistband or belt. Further research is
necessary to develop a standardised approach to
collecting patient mobility data.

CONCLUSIONS

This study shows that there is significantly less
bandage slippage with the two-layer system
compared with the four-layer system. While less
bandage slippage did not appear to enhance
wound healing, there was indication that it may
have influenced patient preference in favour of
the two-layer system and potentially impacted
patients” HRQoL.
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