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Clinical and cost-effectiveness of compression hosiery versus
compression bandages in treatment of venous leqg ulcers
(Venous leg Ulcer Study IV, VenUS IV): a randomised
controlled trial

Rebecca L Ashby, Rhian Gabe, Shehzad Ali, Una Adderley, | Martin Bland, Nicky A Cullum, Jo C Dumville, Cynthia P Iglesias, Arthur R Kang’ombe,
Marta O Soares, Nikki C Stubbs, David ] Torgerson

Summary

Background Drawbacks exist with the standard treatment (four-layer compression bandages) for venous leg ulcers.
We have therefore compared the clinical effectiveness and cost-effectiveness of two-layer compression hosiery with
the four-layer bandage for the treatment of such ulcers.

Methods We undertook this pragmatic, open, randomised controlled trial with two parallel groups in 34 centres in
England and Northern Ireland. The centres were community nurse teams or services, family doctor practices, leg
ulcer clinics, tissue viability clinics or services, and wound clinics. Participants were aged 18 years or older with a
venous leg ulcer and an ankle brachial pressure index of at least 0-8, and were tolerant of high compression. We
randomly allocated participants (1:1) to receive two-layer compression hosiery or a four-layer bandage, using a remote
randomisation service and prevalidated computer randomisation program. Participants were stratified by ulcer
duration and ulcer area with permuted blocks (block sizes four and six). The primary endpoint was time to ulcer
healing, with a maximum follow-up of 12 months. Although participants and health-care providers were not masked
to treatment allocation, the primary endpoint was measured by masked assessment of photographs. Primary analysis
was intention to treat with Cox regression, with adjustment for ulcer area, ulcer duration, physical mobility, and
centre. This trial is registered with the ISRCTN register, number ISRCTN49373072.

Findings We randomly allocated 457 participants to the two treatment groups: 230 to two-layer hosiery and 227 to the
four-layer bandage, of whom 453 (230 hosiery and 223 bandage) contributed data for analysis. Median time to ulcer
healing was 99 days (95% CI 84-126) in the hosiery group and 98 days (85-112) in the bandage group, and the proportion
of ulcers healing was much the same in the two groups (70-9% hosiery and 70-4% bandage). More hosiery participants
changed their allocated treatment (38-3% hosiery vs 27-0% bandage; p=0-02). 300 participants had 895 adverse events,
of which 85 (9-5%) were classed as serious but unrelated to trial treatment.

Interpretation Two-layer compression hosiery is a viable alternative to the four-layer bandage—it is equally as
effective at healing venous leg ulcers. However, a higher rate of treatment changes in participants in the hosiery

group than in the bandage group suggests that hosiery might not be suitable for all patients.

Funding NIHR Health Technology Assessment programme (07/60/26).

Introduction

Venous leg ulcers are open chronic wounds that occur
within the gaiter region of the leg (from below the ankle,
up to mid-calf) and are a consequence of venous in-
sufficiency.! They typically present as repeated cycles of
ulceration, healing, and recurrence. Such ulcers can take
weeks or months to heal,” and 12-month recurrence
rates are between 18% and 28%.** They are painful,
malodorous, prone to infection, and severely affect
patients’ mobility and quality of life.*”

Compression is an effective and recommended treat-
ment for venous leg ulcers, which works by application
of graduated pressure to the leg (highest at the ankle,
decreasing to the knee), which improves venous return
and reduces reflux.* In a systematic review, O’Meara and
colleagues® concluded that multicomponent systems
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delivering high compression (defined as 40 mm Hg of
compression at the ankle) were the most effective
treatment for such ulcers.

The four-layer multicomponent compression bandage
system (four-layer bandage) is regarded as the gold
standard compression system to treat venous leg
ulceration.”” However, some drawbacks are associated
with this treatment. The amount of compression delivered
might be compromised by poor application technique,
bandages can slip and need reapplication, and the bulky
nature can reduce ankle or leg mobility, which creates
difficulties in wearing of shoes and causes discomfort.”"

Two-layer compression hosiery systems (two-layer
hosiery) have recently been marketed for the treatment
of venous leg ulcers. They are designed to deliver
40 mm Hg of compression at the ankle when both

@r®

CrossMark

Lancet 2014; 383: 871-79

Published Online
December 6, 2013
http://dx.doi.org/10.1016/
50140-6736(13)62368-5

See Comment page 850

Department of Health Sciences
(RLAshby PhD, R Gabe PhD,

S Ali PhD, Prof ) M Bland PhD,
CPglesias PhD,

Prof D J Torgerson PhD) and
Centre for Health Economics
(M O Soares MSc), University of
York, York, UK; School of
Healthcare, University of Leeds,
Leeds, UK (U Adderley PhD);
School of Nursing, Midwifery
and Social Work, University of
Manchester, Manchester, UK
(Prof N A Cullum PhD,

J C Dumville PhD); Liverpool
School of Tropical Medicine,
Liverpool, UK

(A R Kang'ombe MSc); and Leeds
Community Healthcare Trust,
Leeds, UK (N C Stubbs MSc)

Correspondence to:

Dr Jo Dumville, School of
Nursing, Midwifery and Social
Work, University of Manchester,
Manchester, M13 9PL, UK
jo.dumville@manchester.ac.uk

871


http://crossmark.crossref.org/dialog/?doi=10.1016/S0140-6736(13)62368-5&domain=pdf

Articles

872

layers—understocking and overstocking—are worn
together. Two-layer hosiery is less bulky than the four-
layer bandage and can be worn more easily with shoes,
which might enhance ankle or leg mobility and patient
adherence. Patients with sufficient mobility and dexterity
can also remove and reapply two-layer hosiery, which
encourages self-management and could reduce costs.”"

Little evidence exists from randomised controlled trials
about the effectiveness of two-layer hosiery for ulcer
healing,”* and no previous trials have compared two-
layer hosiery with the four-layer bandage. Finlayson and
colleagues® did a randomised controlled trial of hosiery
(in which one layer delivered 35 mm Hg compression
instead of the two layers delivering 3540 mm Hg in
VenUS V) compared with the four-layer bandage and
reported that the bandage group had a healing rate twice
that of the hosiery group—a significant finding.

In VenUS IV, we aimed to compare the clinical
effectiveness and cost-effectiveness of two-layer hosiery
with the fourlayer bandage. We also assessed ulcer
recurrence because hosiery is recommended as a
maintenance treatment post-healing to prevent recur-
rence.” We postulated that participants allocated to
hosiery would have less ulcer recurrence than those
allocated to the four-layer bandage, because they would
be accustomed to wearing hosiery.

Methods

Study design and participants

We undertook a pragmatic, multicentre, two group,
randomised controlled trial in 34 centres in England and
Northern Ireland. We recruited participants from
community nursing and tissue viability teams or services,
family doctor practices, community and outpatient leg
ulcer clinics, and wound clinics. Patients were eligible
for inclusion if they had at least one venous leg ulcer
(defined as any break in the skin that had either been
present for longer than 6 weeks or occurred in a person
with a history of venous leg ulceration). Ulcers were
judged purely venous if no other cause was suspected.
The ulcer was required to be venous in appearance (ie,
moist, shallow, and of an irregular shape) and to lie
wholly or partly within the gaiter region of the leg.
Eligible participants were at least 18 years old and had to
have an ankle brachial pressure index of at least 0-8
(measured within the previous 3 months), and to be able
and willing to tolerate high compression. We excluded
patients who had a pressure index greater than 1-20
(measured within the previous 3 months), were unable
to receive high compression on the basis of nurses’
clinical judgment or local guidelines, had wound exudate
levels that precluded the use of hosiery, did not provide
informed consent, were participating in another study
assessing leg ulcer treatments, had known allergy to trial
product(s), had gross leg oedema, had been recruited
previously into this trial, or for another reason according
to the clinical judgment of the treating nurse.

This trial was reviewed and approved by the Northern
and Yorkshire Research Ethics Committee (09/H0903/25)
and all participants gave informed consent. Because of the
low-risk nature of this trial (both treatments being assessed
were already being used routinely in clinical practice), we
did not judge it necessary to have a separate Data
Monitoring and Ethics Committee to oversee the trial.
Instead, unmasked adverse events data, details of patients
no longer receiving randomised treatments, and details of
post-randomised exclusions were presented by the trial
coordinator (RLA) and trial statisticians (RG, JMB) to
independent members of the Trial Steering Committee
(chair [Ian Chetter], independent clinician [Brenda King],
and independent statistician [Jenny Freeman)]) before Trial
Steering Committee meetings. This decision was ratified
by the study sponsors (National Institute for Health
Research Health Technology Assessment programme)
and minutes of these meetings were sent to the sponsors.
We obtained research governance approval for all centres.

Randomisation and masking

We randomly allocated eligible participants to treatment
groups by an independent remote telephone or online
randomisation service based at the Trials Unit, University
of York (York, UK). Randomisation was done with a
prevalidated computer program and participants were
stratified by ulcer duration (<6 months or >6 months)
and ulcer area (<5 cm2 and >5 cm?, based on assessment
of a wound tracing on a measurement grid made at
baseline) with permuted blocks (block sizes four and six),
because these criteria are known predictors of ulcer
healing.” We could not mask participants or nurses to
the allocated treatment.

Procedures

We recorded participants’ personal and clinical details at
baseline. We calculated body-mass index (BMI) as
weight divided by height.” The largest eligible ulcer was
designated the reference ulcer and the leg in which it
occurred the reference leg. We recorded reference ulcer
duration and time since first venous leg ulcer. We took a
tracing of the reference ulcer with a wound measure-
ment grid (P12 version 2, ConvaTec, Middlesex, UK) and
calculated ulcer area (in cm2) with computer software
(MouseEyes, version 3.1%). Nurses recorded participants’
physical mobility, ankle mobility of the reference leg,
treatment preference, and details of present treatments
for leg ulcer.

Participants in the control group received the four-layer
bandage (hereafter referred to as the bandage). The type of
four-layer bandage system was not specified, but it had to
deliver 40 mm Hg of compression at the ankle. Participants
in the intervention group received two-layer hosiery
(hereafter referred to as hosiery) in the form of a two-layer
kit consisting of an understocking and an overstocking.
When worn together, the two layers were required to
deliver 35-40 mm Hg of compression at the ankle.
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Participants were treated by their usual nurse and were
given their allocated treatment within usual UK NHS
settings and timescales. Participants received their
treatment until they were no longer able to continue doing
so and were changed to a different treatment that replaced
the allocated trial treatment (designated the non-trial
treatment), or until their reference leg healed and
treatment was no longer needed, or until they were lost to
follow-up, or until they died.

The primary endpoint was time to healing of the
reference ulcer. We defined healing as complete epithelial
cover in the absence of a scab (eschar) with no dressing
needed. When the treating nurse judged the reference
ulcer healed, a digital photograph was taken of the healed
site and thereafter once per week for 4 weeks. Two
assessors undertook central, independent, masked
assessment of the photographs for healing and date, with
a third assessor resolving disagreements.

Secondary endpoints were unmasked outcome assess-
ment, unmasked measurement of time to healing of the
reference leg, health-related quality of life, resource use,
treatment change, adverse events, and ulcer recurrence.
Health-related quality of life and resource use were
measured at baseline and every 3 months thereafter by
participant self-completion of the SF-12 and EQ-5D
survey; participants also provided details of consultations
they had with NHS health-care professionals. Nurses
recorded when a participant changed from their allocated
treatment and moved to a non-trial treatment and the
reason why. We used this information to assess partici-
pant treatment change. After the reference leg healed,
nurses assessed ulcer recurrence on a monthly basis.
Participants were monitored for serious and non-serious
adverse events throughout the trial, which were recorded
as they occurred by the treating nurse. Adverse events
were classified as serious (death, life-threatening or

3411 people screened for eligibility

2954 people excluded

y One reason for exclusion

457 participants randomly allocated to
treatment groups

v v

1713 not eligible for treatment with compression
(not relevant study population)
464 were unable or unwilling to tolerate
high compression
458 had an ABPI <0-80 (taken within the
last 3 months)
183 had wound exudate levels that were too

230 allocated to intervention
(two-layer hosiery) (four-layer bandage)
227 received allocated intervention

3 did not receive allocated intervention
2 had the wrong treatment allocation
(ie, four-layer bandage) recorded by
the nurse
1 preferred their existing treatment
(short stretch bandage)

227 allocated to standard care

216 received allocated intervention

11 did not receive allocated intervention
8 preferred compression hosiery
3 did not fulfil inclusion criteria

high for the use of compression hosiery
102 had gross leg oedema
282 had a leg ulcer of non-venous cause
20 had an ABPI >1-20 and in nurses’ clinical
judgment should not receive high
compression
94 had an ulcer that had healed or was close
to healing
33 had an ulcer that was not in the
gaiter region
45 could not provide ABPI measurement
32 could not tolerate or apply trial

v v

treatments

0 had no follow-up data after baseline

90 discontinued intervention (moved to
non-trial treatment)
2 had an increase in ulcer area for 2

consecutive weeks

15 had ulcer deterioration

37 found compression uncomfortable/painful

10 were not compliant with compression
treatment for another reason

26 changed treatment for another reason

1 had no follow-up data after baseline

70 discontinued intervention
(moved to non-trial treatment)
1 had an increase in ulcer area for
2 consecutive weeks
4 had ulcer deterioration
16 found compression uncomfortable/painful
9 were not compliant with compression
treatment for another reason
40 changed treatment for another reason

574 excluded for non-clinical reasons
246 were unwilling to give informed consent
98 were unable to give informed consent
12 were already in another study assessing
leg ulcer treatments
9 were allergic to any trial product
2 had been in the VenUS IV trial previously
0 were less than 18 years of age
62 excluded for treatment preference
53 had another disorder that excluded them
from the study

v v

32 excluded because their health care

230 analysed 224 analysed

0 excluded from analysis

3 excluded from analysis because they did not
fulfilinclusion criteria

provider decided their venous leg ulcer
treatment
30 referred elsewhere for treatment
24 were non-compliant with treatment
5 for no reason given
1 excluded for another reason

Several reasons for exclusion

667 fulfilled >1 reason for exclusion

(537 screenings fulfilled two exclusion criteria,
107 fulfilled three, 18 fulfilled four, four fulfilled
five, and one fulfilled six exclusion criteria)

Figure 1: Trial profile
ABPI=ankle brachial pressure index.
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limb-threatening event, admission to hospital, prolonged
hospital stay, persistent or significant disability or in-
capacity, or other medically important situation) or non-
serious (all other adverse events).

Recruitment began on Oct 1, 2009, and planned partici-
pant follow-up was 12 months. However, because of an
extension of the recruitment phase until Feb 29, 2012,
participants recruited during the final 12 months were
followed up for between 4 and 12 months. Participant
follow-up ended on June 30, 2012. Participants left the trial
if they withdrew consent, were lost to follow-up, or died.

Hosiery group Bandage group  Overall
(n=230) (n=224) (n=454)
Male participants 117 (51%) 113 (50%) 230 (51%)
Age (years) 683 (15-1) 689 (13-8) 686 (14:5)
BMI (kg/m”) 309 (7-9) 312 (8:0) 31.0 (8-0)
Missing 3 (1%) 3(1%) 6 (1%)
Mobility
Walks freely 139 (61%) 150 (67%) 289 (64%)
Walks with difficulty 89 (39%) 71 (32%) 160 (35%)
Immobile 1 (<1%) 3 (1%) 4 (1%)
Ulcer characteristics
Ulcer area (cm?) 41(1-6-87) 37 (1-6-8-2) 3.9(1-6-87)
Missing 1(<1%) 0 1(<1%)
Ulcer duration (months) 4-0 (3-0-12.0) 4-0 (2:0-9-0) 4-0 (2-:0-11-0)
Missing 1(<1%) 2 (1%) 3(1%)
Time since first ulcer (months) 360 (4.0-120-0)  36-0(4-5-120-0)  36:0 (4-0-120-0)
Missing 3(1%) 4(2%) 72%)
Total ulcers on reference leg 1.0 (1.0-2-0) 1.0 (1.0-2-0) 1.0 (1.0-2-0)
Reference leg
Left 135 (59%) 121 (54%) 256 (56%)
Right 95 (41%) 103 (46%) 198 (44%)
Ankle mobility of reference leg
Full range of ankle motion 159 (69%) 154 (69%) 313 (69%)
Reduced range of ankle motion 65 (28%) 67 (30%) 132 (30%)
Ankle fixed 6 (3%) 3(1%) 9 (2%)
Ankle brachial pressure index
Ankle brachial pressure index of reference leg 1-1(01) 11(0-1) 1-1(01)
Missing 3 (1%) 9 (4%) 12 (3%)
Patient treatment preference
Hosiery 108 (47%) 112 (51%) 220 (49%)
Bandage 29 (13%) 29 (13%) 58 (13%)
No preference 91 (40%) 80 (36%) 171 (38%)
Present treatments*
Bandage 119 (52%) 102 (46%) 221 (49%)
Short-stretch bandage 15 (6%) 14 (6%) 29 (6%)
Hosiery 18 (7%) 13 (6%) 31 (7%)
Other compression bandage 31(14%) 38 (17%) 69 (15%)
Not receiving compression 37 (16%) 41 (18%) 78 (17%)
Other treatment 5(2%) 8 (4%) 13 (3%)
Data are n (%), mean (SD), or median (IQR). “Missing” indicates the number of patients with missing data listed if data
are missing for continuous variables. For the categorical variables, differences between the group n and the variable n
are due to missing data. *Not mutually exclusive.
Table 1: Baseline characteristics

874

Statistical analysis

A power calculation based on VenUS I’ suggested that
400 participants with a median survival in the bandage
group of 100 days and follow-up of 12 months would
provide 90% power to detect an increase in median time
to healing of 41 days and a decrease in the hazard ratio
(HR) for healing to 0-72, or a decrease in median time to
healing of 72 days and an increase in the HR to 1-42.
With the assumption of 10% attrition and a further
inflation by 10% to account for potential centre effects,
these estimates gave a final sample size 0f 489 participants.

We did analyses following the principles of intention to
treat and we used STATA (version 12.0) for all analyses.
Measures of risk, such as HR, are presented with
95% CIs. Statistical tests were two-sided with a signifi-
cance level of 0-05.

We measured time to healing of the reference ulcer in
days from randomisation. We investigated differences in
healing rates with a Kaplan-Meier plot and, for the
primary analysis, we estimated HRs with the Cox model
(HR>1 favours hosiery), adjusted by ulcer area, ulcer
duration, and participant mobility"* with testing for
inclusion of shared centre frailty effects.** We assessed
the proportional hazards assumption through inspection
of log-log plots and with Grambsch’s and Therneau’s
test using Schoenfeld residuals.”

We scored SF-12 questionnaires with the QualityMetric
Health Outcomes Scoring Software 2.0% and we
summarised the physical and mental component sum-
mary scores by treatment group at each timepoint. We
analysed the association between physical or mental
component summary scores and treatment over time
with a linear mixed model,”* adjusted by ulcer area, ulcer
duration, timepoint, centre, and participant mobility. We
tested for an interaction between treatment and time for
inclusion in these models.

We investigated treatment change by group in terms of
the proportion of participants changing from their
allocated treatment to non-trial treatment before healing.
We analysed differences in rate of treatment change by
trial group in post-hoc analyses with Cox regression,
adjusted for age and by whether or not a participant had
a non-serious adverse event.

We compared with a ¥2 test adverse events by treatment
group as the number of participants who had at least one
event and the number of events per participant with a
zero-inflated random effects negative binomial regres-
sion model, adjusted for baseline ulcer area, ulcer
duration, participant mobility, and centre. We analysed
non-serious and serious adverse events separately.

We presented the proportion of participants who had
recurrence of an ulcer on a previously healed reference
leg by treatment group. We analysed time to recurrence
with the Cox model, using the same adjustments as the
primary outcome analysis.

We also did a within-trial cost-utility analysis from the
perspective of the UK NHS and Personal Social Services”
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for which the time horizon was 12 months; therefore,
neither costs nor health benefits (quality-adjusted life-
years) were discounted. We calculated individual patient
cost as the product of ulcerrelated resources used
and the relevant unit costs. Elements of resource use
measured were use of allocated trial compression treat-
ments, use of non-trial compression treatments (where
applicable), and health-care consultations (visits to or
from health-care providers for ulcer-related reasons).

For the economic analysis, we used the quality-
adjusted life-year as the measure of health benefit, and
the EQ-5D*** as the health state descriptor measure,
with data gathered at baseline and quarterly up to
12 months. We estimated quality-adjusted life-years
with time-weighted averages of the utility scores
measured at the beginning and end of each quarterly
interval in the study time horizon.* We estimated the
differences in costs and quality-adjusted life-years
between trial groups with use of separate inverse
probability-weighted linear mixed models, with adjust-
ments for baseline covariates: (log of) ulcer area, (log
of) ulcer duration, participant mobility level, baseline
utility (for quality-adjusted life-year regression), and
centre treated as a random effect. We measured
uncertainty about these estimates (ie, CIs for the
difference in costs and effects) with non-parametric
bootstrap.* To assess incremental cost-utility, we com-
pared the mean difference in costs between trial groups
with the mean difference in quality-adjusted life-years.

To explore decision uncertainty, we used the joint
distribution of the bootstrapped pairs of mean costs
and mean outcomes to assess the probability of the
intervention being cost effective, at specific values of
willingness to pay per quality-adjusted life-year. The cost-
effectiveness acceptability curve® plots this information
for a range of willingness to pay values.

This trial is registered as ISRCTN49373072.

Role of the funding source

The sponsor of the study was non-commercial and,
although it managed the grant application process and
monitored the study, had no direct role in study design,
data collection, data analysis, data interpretation, or
writing of the report. The corresponding author has full
access to all the data and had final responsibility for the
decision to submit for publication.

Results
Between Nov 1, 2009, and Feb 28, 2012, we screened
3411 people, and randomly allocated 457 participants to
hosiery (230) and the bandage (227). We excluded three
participants after randomisation, so 454 (230 hosiery and
224 bandage) participants contributed data to the
analyses (figure 1). Table 1 shows the baseline charac-
teristics of the participants.

We recorded no evidence of a difference in reference
ulcer healing rates between the hosiery and bandage
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groups (figure 2). Median time to healing was 99 days
(95% CI 84-126) for the hosiery group and 98 days (85-112)
for the bandage group. The proportion of ulcers healing
was similar by trial group (163/230 [71%] hosiery and
157/223 [70%)] bandage). After adjustment for ulcer area,

1.004 — Four-layer bandage
— Two-layer compression hosiery
0-80
j=2}
£
T 0-60
v
£
=
kel
<]
[}
£ 040
o
0-20
0

T T T 1
100 200 300 400
Number at risk Time to healing (survival time, days)
Four-layer bandage 223 94 38 22 0
Two-layer 230 105 53 27 0
compression hosiery

Figure 2: Kaplan-Meier plot of time to healing (masked) by treatment group

A

55— -®- Four-layer bandage

-@- Two-layer compression hosiery

50

Mean MCS score

45+

40

Mean PCS score

354

304

of

Month 3 ' Month 6 ' Month 9 ' MonthlzI

Time of follow-up

Baseline

Figure 3: SF-12 mental component summary and physical component scores
over time according to treatment group (mean and 95% Cl)

Error bars are 95% Cls. MCS=mental component summary. PCS=physical
component summary.

875



Articles

duration, and mobility with shared centre frailty effects,
the HR was 0-99 (95% CI 0-79-1-25, p=0-96).

We also assessed the time to healing of the reference
ulcer with use of unmasked outcome data (with healing
dates as reported by unmasked nurses). Again, we
noted no evidence of a treatment effect for two-layer
hosiery compared with the four-layer bandage in this
adjusted model, with a HR of 0-91 (0-73-1-12; data not
shown).

Figure 3 shows mental and physical component
summary scores over time. We recorded no evidence of a
difference in mental component summary score by
treatment over 12 months. For the physical component
summary score, a transient effect occurred at 3 months,
with a significant interaction of treatment with time
(p=0-018)—patients allocated to hosiery had a higher
physical component summary score than those assigned
to bandage (suggesting better physical health), after
adjustment for ulcer area, ulcer duration, participant
mobility, centre, and timepoint.

In total, 150 of 454 (33%) participants changed to a non-

See Online forappendix  trial treatment before their ulcers healed, and more did

Hosiery group Bandage group Overall
(n=230) (n=224) (n=454)
Treatment change 88 (38%) 62 (28%) 150 (33%)
Reason for change
Increase in ulcer area 2 (2%) 1(2%) 3(2%)
Ulcer deterioration 15 (17%) 4. (7%) 19 (13%)
Compression uncomfortable 37 (42%) 15 (24%) 52 (35%)
Participant not adherent 10 (11%) 8 (13%) 18 (12%)
Other 24.(27%) 34 (55%) 58 (39%)

Table 2: Change from allocated trial treatment to non-trial treatment for each group

Hosierygroup ~ Bandagegroup  Overall

(n=230) (n=224) (n=454)
Participants with a serious adverse event 33 (14%) 33 (15%) 66 (15%)
Total number of serious adverse events 43 42 85
Participants with a non-serious adverse event 154 (67%) 130 (58%) 284 (63%)
Total number of non-serious adverse events 463 347 810

Data are n (%) or n.

Table 3: Summary of serious and non-serious adverse events, by group

Mean annual cost, £ (95% Cl)T  Mean quality-adjusted life-years (95% Cl)t

Hosiery group 1492-9 (1187-3t0 1954-3) 0-685 (0-665 to 0:716)
Bandage group 1795-3 (1559-7 to 2185-0) 0-651 (0-619 to 0-682)
Difference between groups ~ -302-4 (-697-6 to 96-2) 0-034 (-0-001 to 0-078)

£1=US$1-62. *Adjusted for ulcer duration (logarithmic), ulcer area (logarithmic), participant mobility, and centre.
Participant mobility was defined as dichotomous variable (ie, walk freely vs walk with difficulty or immobile). Centre
has been adjusted for by a multilevel model, with centre used as a random effect. 195% Cls are bias corrected.

Table 4: Adjusted* annual costs and quality-adjusted life-years
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so in the hosiery group (88/230 [38%]) than in the
bandage group (62/224 [28%]; p=0-02; table 2). Our
findings show a higher rate of treatment change in the
hosiery group (HR 1-59, 95% CI 1-14-2-21; p=0-005), in
older patients (1-02, 1-00-1-03; p=0-003), and in those
who had at least one non-serious adverse event (1-75,
1-18-2-59; p=0-005).

The frequency of serious adverse events was very close
between treatment groups (table 3). However, more
participants in the hosiery group had one or more non-
serious adverse events (154/230 [67%] vs 130/224 [58%] in
the bandage group; p=0-05]. We recorded no significant
difference between groups in the total number of non-
serious adverse events (relative risk 1-12, 95% CI
0-95-1-32) with zero-inflated binomial regression.

In the hosiery group, 24 of 167 (14%) participants had
ulcer recurrence compared with 41 of 176 (23%) in the
bandage group. The rate of recurrence was greater with
bandage than with hosiery (HR 0-56, 95% CI 0-33-0-94;
p=0-026).

In the economic analysis, after adjustment for baseline
covariates (as described previously), the average mean
costs were about £300 (£1=US$1-62) lower per partici-
pant per year in the hosiery group than in the bandage
group (appendix p 1 and table 4). This difference was
mainly caused by more frequent nurse consultations in
the bandage group than in the hosiery group. Other types
of resource use were similar between the two groups
(appendix p 2). After adjustment for ulcer area, ulcer
duration, participant mobility, and centre, patients in the
hosiery group had, on average, slightly more quality-
adjusted life-years than those in the bandage group
(table 4).

These findings suggest that hosiery is a dominant
treatment—that is, on average it results in higher quality-
adjusted life-years and lower costs than do bandages. The
joint distribution of mean costs and mean quality-
adjusted life-years shows that hosiery is very likely to be
both more effective and less costly than bandages, with a
roughly 95% probability of hosiery being cost effective at
the commonly used thresholds of £20000-£30000 in the
UK (figure 4).

Discussion

We recorded no evidence of a difference in healing rates
between participants allocated to receive hosiery or
bandage. The HR for healing was 0-99 (95% CI
0-79-1-25), meaning that the hazard (ie, chance) of
healing, at any specific timepoint, was almost the same
in the two groups. The 95% CI indicates that hosiery
might reduce the chance of healing by as much as 21% or
increase it by as much as 25%.

The higher number of changes to non-trial treatment
in the hosiery group than in the bandage group was
unexpected. We had predicted that hosiery might be
more tolerable because it is less bulky and can be worn
with ordinary shoes; its effectiveness also relies less on
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Figure 4: Cost-effectiveness plane and acceptability curve for cost per QALY analysis

QALY=quality-adjusted life-years.

applicator skill than does that of bandages. Instead, our
results suggest that participants had more complaints
about discomfort with hosiery, which led many
participants in this group to change to another
treatment. A systematic review of compression hosiery
for the prevention of venous leg ulcer recurrence
showed reduced compliance rates in patients wearing
high-compression hosiery compared with those who
wore moderate-compression hosiery post-healing.”
However, the continuing use of compression stockings
in people with a history of venous leg ulcers can be
low.”* For example, Jull and colleagues® reported that
in a cohort of participants with a healed venous leg
ulcer, only 52% (67/129) were wearing maintenance
hosiery most days in the first 6 months after ulcer
healing. They suggest that patient belief that wearing of
stockings was worthwhile was a key factor in predicting
continuing use of maintenance compression.

We postulated a priori that participants who become
used to wearing hosiery as an ulcer treatment would be
more likely to wear it as a maintenance treatment after
healing and therefore reduce their risk of wulcer
recurrence.” Although we did not assess which
treatments were used after ulcers had healed on the
reference leg, we did note a significant reduction in
recurrence in people allocated to hosiery, which might
support our hypothesis. We acknowledge that the
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assessment of recurrence was not masked in this study
and that this analysis was not of the population as
randomised but rather of those who healed. Additionally,
we did not gather data for specific surgical interventions
received in each group that might have affected recur-
rence—rates of venous surgery are generally low in this
population and we do not have any reason to believe that
receipt of such surgery would have been affected by the
type of compression treatment allocated.

In terms of value for money, we noted that, on average,
treatment of participants allocated to hosiery cost the
NHS less than it did for those allocated to bandages, and
these participants had marginally more quality-adjusted
life-years than those in the bandage group. An analysis of
the decision uncertainty associated with these results
indicated that, compared with the bandage, hosiery is
highly likely to be cost effective.

Thus, our results indicate that two-layer hosiery is as
effective as the four-layer bandage for healing of venous
leg ulcers and is more cost effective, probably because
of fewer nurse consultations and improved self-
management. Hosiery was also associated with a reduced
chance of ulcer recurrence after healing.

Few data exist about how widely compression hosiery
is used as a treatment for open leg ulcers in the UK
(panel). In total, only 6-5% of participants in this study
had been treated with hosiery before they entered the
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Panel: Research in context

Systematic review

Five published randomised controlled trials have compared compression hosiery
(minimum of 25 mm Hg compression at the ankle) with compression bandaging for
treatment of venous leg ulcers. Four of these trials compared compression hosiery with the
short-stretch bandage and one compared compression hosiery with the four-layer
bandage. None of these trials assessed the new two-layer hosiery systems. Of the four
randomised controlled trials that compared hosiery with the short-stretch bandage, three
were identified as being at high risk of bias and one at an unclear risk of bias. A random
effects model suggested that, on average, more ulcers healed with compression hosiery
than with the short-stretch bandage (RR 1-66, 95% Cl 1-07-2-58). The randomised
controlled trial that compared compression hosiery (one class 3 compression stocking)
with the four-layer bandage included 103 participants with venous leg ulcers. The adjusted
hazard ratio (four-layer bandage vs compression hosiery) was 2-1 (95% Cl 1-4-4-3), which
favoured the four-layer bandage.

Interpretation

The results of VenUS IV suggest that two-layer hosiery that delivers 40 mm Hg pressure at
the ankle is an effective alternative to the four-layer compression bandage. Two-layer
hosiery has the additional benefit of reducing recurrence rates and being more cost
effective. Although two-layer hosiery is not suitable for all patients (eg, those who are
unable to apply or remove it), it offers some advantages over the four-layer bandage,
including a reduction in the average number of nurse consultations needed and lower
ulcer recurrence.

trial (compared with 49% who had been treated with a
compression bandage). If we accept this figure as

indicative of present UK practice, increased use of

hosiery as a treatment is likely to result in substantial
savings for the NHS and improved quality of life for
people with venous ulcers.
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