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Abstract:
PURPOSE: To compare data on time to healing from two separate cohorts: one treated with a new
acellular synthetic matrix plus standard care and one matched from four large UK pragmatic, randomized
controlled trials (venous leg ulcer evidence network). We introduce a new proof of concept strategy to a
venous leg ulcer clinical evidence network, propensity score matching and sensitivity analysis to predict
the feasibility of the new acellular synthetic matrix plus standard care for success in future randomized,
controlled clinical trials.
SUBJECTS AND METHODS: Prospective data on chronic, venous leg ulcers from a safety and
effectiveness study on an acellular synthetic matrix conducted in one wound center in the UK (17
patients) and three wound centers in Australia (36 patients) were compared retrospectively to propensity
score matched data from patients with comparable leg ulcer disease etiology, age, baseline ulcer area,
ulcer duration, multilayer compression bandaging and majority of care completed in specialist wound
centers (avg. 1 visit per week) with the outcome measures at comparable follow-up periods, from patients
enrolled in four prospective, multicenter, pragmatic, randomized studies of venous ulcers in the United
Kingdom (the comparison group; venous leg ulcer evidence network).
RESULTS: Analysis using Kaplan Meier survival curves showed a mean healing time of 73.1 days for
ASM plus SC (ASM) treated ulcers, in comparison to 83.5 days for comparison group ulcers treated with
SC alone ( Log rank test,
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5.779, p = 0.016) within 12 weeks. Sensitivity analysis indicates that an

unobserved covariate would have to change the odds of healing for SC by a factor of 1.1 to impact the
baseline results.
CONCLUSIONS: Results from this study predict a significant effect on healing time when using a new
ASM as an adjunct to standard care in the treatment of non-healing venous ulcers in the UK, but results
are sensitive to unobserved covariates that may be important in healing time comparison.
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Introduction
Chronic wounds represent a worldwide increasing medical and economic problem and the burden of
hard-to-heal wounds, especially venous ulcers, is expected to increase in the ageing populations.1, 2
Epidemiological data from recent quality cross-sectional general population studies in the United Kingdom
indicate that at least 76% of all patients with vascular ulcers are of venous origin and 22% are of an
arterial origin. Ten to 20% of patients are estimated to suffer from both arterial and venous insufficiency. 3,
4

The estimated total treatment cost of venous leg ulcers (VLUs) is 1% of the total annual healthcare
budget in western European countries.5 The cost to the UK NHS for treating venous ulceration, mostly in
primary care and through community nursing services, is at least £168-198 million per year.6

Internationally, VLUs are cared for by a variety of health care professionals, who use a wide range of
treatments depending on their professional background and the care setting they work in. Standard care
(SC) includes local wound care with dressings chosen to address wound conditions of slough, exudate or
potential infection, and multilayer compression. Unfortunately, this standard of care has success rates
between 30% and 60% after 24 weeks of treatment in clinical trials and the best success rates after a
year of therapy range between 70% and 85%.7, 8

Whilst the initial cause of VLU, venous insufficiency, is treated with compression (sometimes followed by
venous surgery), the local wound environment may also be important in potentially delaying wound
healing, due to infection or other micro-environment imbalances. VLUs are often recurrent and can
persist for several months or years.9 Delayed healing is associated with prolonged inflammation.10,11
Prolonged inflammation creates an environment where the extracellular matrix (ECM) does not form
adequately or is continually damaged.12,13 The ECM provides sites for attachment of skin cells. These
sites are critical for cellular functions that are important for healing, including proliferation, migration and
survival of skin cells, all of which are dependent on cell attachment. 14 Non-healing wounds over-express
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proteases and cell attachment may not be possible when the balance between ECM production and
degradation by proteases is skewed towards degradation. It is hypothesized that healing can progress
more effectively if there is alteration of the cellular microenvironment.15

Recently, advanced treatments such as topical growth factors, biological dressings, and tissue
engineered products have been developed in order to promote healing and decrease the time to healing.
Nevertheless, if SC fails, there is no widely accepted, easy to use second-line treatment primarily
because most of these advanced treatments are expensive and need further evidence of effectiveness in
everyday clinical practice.8, 16, 17 One such novel treatment, a synthetic, acellular matrix (VF-001, Factor
Therapeutics Ltd., Level 19, 179 Turbot St, Brisbane Qld 4000, Australia (ASM)), has recently been
developed as an ECM replacement. It consists of portions of an ECM protein, vitronectin, and of IGF-1
(insulin-like growth factor-1). It is intended for use as an adjunct to SC for ulcers that fail to heal in a timely
manner with SC alone. In non-healing wounds, the rationale for the use of a scaffold is to provide an ECM
replacement that, when placed in the wound bed, offers a temporary support onto which cells can attach,
migrate and proliferate in an organized manner, thus leading to tissue regeneration and ultimately wound
closure.18

The ASM comes in a liquid format, which facilitates application and enables coverage of the irregular
surface of a wound bed. It is adhesive by design and binds rapidly to the wound bed forming a scaffold
within minutes of application.19 Fibroblasts and keratinocytes attach to the temporary scaffold and
subsequently migrate onto the wound bed and proliferate.19 The ASM is intended to be used once per
week as an adjunct to SC in the treatment of chronic wounds, primarily venous leg ulcers.

The healing time effectiveness of the ASM plus SC was compared retrospectively to data from a German
Registry of Chronic Wounds (DRCW) database containing patients with equivalent ulcer disease, patient
age and gender, baseline ulcer area, ulcer duration, same healing outcome measures, and comparable
follow-up periods. Results from this study predicts a highly significant effect of the ASM plus SC as an
adjunct to standard care in the repair of non-healing venous and mixed leg ulcers in Germany. 20 This
result has prompted further investigation in the United Kingdom to corroborate the German results.
4

In the evaluation of acellular matrices for treatment of chronic wounds, estimates of the relative effects
and cost-effectiveness of competing treatments are rarely available from head-to-head trials. These
effects must therefore be derived from evidence networks, matching-adjusted indirect comparisons and
simulated treatment comparison methods. With this in view, there are few high quality studies in the
United Kingdom comparing treatments for non-healing venous leg ulcers that maintain independence
from commercial entities. One such evidence network is maintained by the University of York Clinical
Trials Unit in York, United Kingdom. The University of York was commissioned by the National Institute
for Health Research (NIHR) in the UK to complete several multicenter, pragmatic, randomized controlled
trials to compare the clinical effectiveness and cost-effectiveness of VLU treatments in the UK.21-28

VenUS I evaluated the relative clinical and cost-effectiveness of four-layer and short-stretch compression
bandaging for venous ulceration.21, 22 VenUS II compared the clinical and cost-effectiveness of larval
therapy with a standard debridement technique (hydrogel) for sloughy or necrotic leg ulcers. 23, 24 VenUS
III assessed the clinical and cost-effectiveness of weekly delivery of low dose, high frequency therapeutic
ultrasound in conjunction with standard care for hard-to-heal venous leg ulcers to standard care
alone.25,26 VenUS IV is the most recent study that investigated the clinical and cost-effectiveness of
compression hosiery versus compression bandages in treatment of venous leg ulcers. 27,28

The effectiveness of the ASM as an adjunct to standard care (ASM plus SC) has been evaluated in a
single arm, prospective, non-controlled, multicenter observational study using healing (100% reepithelialization) and wound area reduction as endpoints.29 The purpose of our study was to compare
healing times for VLUs based on their propensity to heal within 12-weeks and suitable for multilayer, high
compression therapy treated with SC in everyday practice in the UK to healing times of matched patient
and ulcers treated with the ASM plus SC. Data from the VenUS I 21, 22, VenUS II 23, 24, VenUS III 25, 26 and
VenUS IV 27, 28 studies (VenUS RCTs) were found to be suitable for such comparative evaluation and
predictive outcomes measuring due to their pragmatic design and comprehensive data on chronic VLU
etiology, baseline VLU area, VLU duration, VLU area measurements, patient age, multilayer compression
and time points of follow-up.
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Material and Methods
Study Design
This is a 2-arm indirect assessment to compare healing times from a single arm, prospective, multicenter
effectiveness and safety study (ASM plus SC) to healing times in a 1:1 propensity score matched VLU
group treated with SC only pooled from an evidence network consisting of the VenUS I 21, 22, VenUS II 23,
24,

VenUS III 25, 26 and VenUS IV 27, 28 patient databases.

The design included several data modeling steps and propensity score matching (Figure I) to facilitate a
matched-pair base healing time comparison between patients and their respective reference ulcers in the
control group and patients and their respective reference ulcers in the ASM plus SC treatment group. The
basic equivalence criteria used were venous/non-venous ulcer etiology, baseline ulcer area and baseline
ulcer duration, patient age, presence/absence of multilayer high compression therapy and majority of care
completed in specialist wound centers (avg. 1 visit per week). Using Kaplan-Meier survival analysis, the
baseline time to healing data was compared between the matched SC control group (VenUS-SC-53) and
the treatment group ulcers treated with ASM plus SC. A sensitivity analysis for matched, censored
survival outcomes was performed to evaluate hidden bias associated with missing covariates in the
propensity score matching process that may have impact on healing time comparison.

Evidence Network and Interventions
The data sources included the intent-to-treat (ITT) population from the ASM plus SC study and the
patients from the ITT populations treated with standard care alone in the VenUS-SC-870 pooled SC
dataset (Figure I) who met the key selection criteria: 1) ankle brachial pressure index ≥ 0.7; 2) wound
area at baseline ≤ 33.00 cm 2; 3) wound duration at baseline ≥ 4 weeks; 4) compression bandaging
(multilayer high compression or short stretch high compression) and 5) patient has contact with a wound
center specialist on average once per week.29

The phase II ASM plus SC study was a 12-week prospective, multicenter effectiveness and safety study
in 53 patients with chronic venous leg ulcers.29 It was conducted in one wound center in the UK (17
6

patients) and three wound centers in Australia (36 patients). All patients had to be suitable for multilayer
high compression therapy (i.e. SC) 30-32, and all patients had been treated with SC for a minimum of four
weeks prior to study entry. The purpose of the 4-week run-in period was to evaluate an enrollee’s
presence or absence of side effects, potential for completion of the study and non-healing status (no
change in wound area over 4 weeks of SC treatment). All the ASM plus SC study patients were
maintained on multilayer high compression bandages and dressings in accordance with local practice of
the center in question; hence the only change in a patient’s treatment upon entry into the ASM plus SC
study was the addition of the ASM. Surgical debridement was performed, if necessary, to remove necrotic
tissue prior to application of the ASM. Wound area tracings were performed at baseline and at each study
visit until study end (12 weeks) or until the ulcer was considered completely healed (100% reepithelialized).

The ITT population from the 53-patient ASM plus SC study was included in our comparative analysis.
Mean age was 74.7 years (median = 76.0, Table 1), mean wound duration 33.4 months (median = 10
months, Table I) and mean baseline wound area 7.4 cm2 (median = 4.5 cm 2, Table I). A total of 29
patients were male and 24 were female (Table I).29 There were 16 ulcers healed by final trial visit in the
phase II study. Another 3 ulcers achieved wound area reduction greater than 90% at their last study visit
and healed between 72 days (12 weeks) and 90 days. Therefore, 19 out of 53 patients (35.9%) reference
ulcers healed completely by 90 days.

A total of 387 adults with a non-healing VLU, receiving treatment either in primary care or as a hospital
outpatient, were recruited to VenUS I prospective, randomized pragmatic study to either four-layer or
short-stretch multilayer high compression bandages. Between April 1999 and December 2000, patients
with VLUs treated in the community (leg ulcer services, district nursing or general practice) or as an
outpatient (vascular surgery) were recruited from nine UK centers. Follow-up continued until the patient’s
reference leg was ulcer free or for a minimum of 12 months. The primary endpoint was time to healing of
all ulcers on the reference leg. The dataset includes demographic and baseline data, monthly research
nurse visits, non-trial healthcare visits necessary to maintain standard of care, patient quality of life, and
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compression therapy and treatment outcomes data. Both treatment arms represent standard care therapy
generally used in the United Kingdom including local wound care with dressings chosen to address
wound conditions of slough, exudate or potential infection, and multilayer compression.21, 22

The VenUS II study was a pragmatic, three-arm, randomized controlled trial with an economic evaluation
carried out in 22 centers in the United Kingdom from July 2004 to May 2007. The objectives of the trial
were to compare the clinical effectiveness and cost-effectiveness of larval therapy with those of a
standard debridement technique (hydrogel). The primary end point was complete healing of the largest
eligible (the reference) ulcer and the primary outcome was time to complete healing of the reference
ulcer. The setting was in community nursing services, community leg ulcer clinics and hospital outpatient
leg ulcer clinics in a range of urban and rural settings.

23, 24

The VenUS III study was a prospective, multicenter, pragmatic, two arm randomized study designed to
compare the clinical effectiveness and cost-effectiveness of low-dose ultrasound as an adjunct to SC
compared to SC alone in the treatment of hard-to-heal venous leg ulcers.25, 26 The VenUS III database
contains 337 patients with venous ulcers. Participants were recruited between March 2006 and
December 2008 and were treated in community and district nurse led services, community leg ulcer
clinics, and hospital outpatient leg ulcer clinics in 12 urban and rural settings (11 in the United Kingdom
and one in the Republic of Ireland). The dataset includes demographic and baseline data and monthly
wound area tracings and characteristics, patient quality of life, compression therapy, monthly research
nurse visits, non-trial healthcare visits necessary to maintain standard of care with patients and treatment
outcomes data. 25, 26

The VenUS IV study was a pragmatic, randomized controlled trial in 34 centers in England and Northern
Ireland. The centers were community nurse teams or services, family doctor practices, leg ulcer clinics,
tissue viability clinics or services, and wound clinics.27, 28 The VenUS IV study aimed to compare the
clinical effectiveness and cost-effectiveness of two-layer hosiery with the four-layer bandage. The primary
endpoint was time to healing of the reference ulcer. The VenUS IV database contains 457 patients with
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non-healing VLUs. There were 230 patients allocated to two-layer hosiery and 227 to the four-layer
bandage. The dataset includes demographic and baseline data, monthly research nurse visits, non-trial
healthcare visits necessary to maintain standard of care, patient quality of life, and compression therapy
and treatment outcomes data.

Standard Care Data Modeling
First, 870 patients from the VenUS RCT studies that were treated with SC alone including local wound
care with dressings chosen to address wound conditions of slough, exudate or potential infection, and
multilayer compression were selected from 1,448 patients (Figure I, Step 1). Patients that were treated
with an experimental intervention plus SC were excluded from the data synthesis (larval therapy (VenUS
II), therapeutic ultrasound (VenUS III) and compression hosiery (VenUS IV)). The results of larval therapy
(VenUS II) were made public prior to 2010 and were not recommended for inclusion in evidence-based
national venous leg ulcer clinical guidelines.30 In VenUS II, larval therapy along with compression has
been shown to be an effective method of debridement. However, the use of larval therapy did not
increase the rate of healing for necrotic tissue or slough in leg ulcers compared with ulcers treated with
hydrogel and compression.23 Treatment with larval therapy cost, on average, £96.70 more per participant
per year (95% confidence interval −£491.9 to £685.8) than treatment with hydrogel.31 Therapeutic
ultrasound has been found to stimulate a number of cellular effects associated with the acceleration of
wound healing. These cellular effects have been well studied in vitro and include improvement of
microcirculation, reduction of edema, and increases in cytokine and other protein levels that are active in
the healing cascade.32 Clinical trials studying the effects of ultrasound have reported positive results in
the healing of a variety of chronic non-healing wounds.33 Most therapeutic ultrasound protocols have
recommended treatment sessions at higher frequency, such as three times weekly or once daily.
However, this frequency of treatment would not be easily integrated into venous leg ulcer care, given the
need for removal and reapplication of both dressings and compression therapy, and hence in the UK
context weekly application was tested. VenUS III detected no evidence of any impact of ultrasound
therapy on healing, which may have been expected if the key limitation of the trial was the dose of
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ultrasound used. The VenUS IV trial reported that 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 suggested that hosiery
might not be suitable for all patients.27 In this study, patients must be suitable to multilayer high
compression for matched comparison to ASM plus SC patients (Figure I). We eliminated the treatment
groups from further analysis due to exclusion from current clinical guidelines

30, 34

and potential suitability

bias of compression hosiery27.

In Figure I, Step 2, SC patients from the 870 patient group (VenUS-SC-870) were reduced to 177 patients
(VenUS-SC-177) that met key inclusion criteria of the ASM plus SC study: 1) ankle brachial pressure
index ≥ 0.7; 2) wound area at baseline ≤ 33.00 cm 2; 3) wound duration at baseline ≥ 4 weeks; 4)
compression bandaging (suitable for multilayer high compression or short stretch high compression) and
5) majority of patient care completed in specialist wound centers (avg. 1 visit per week).

The VenUS-SC-177 control group (n=177) who met the key selection criteria were compared for
statistical difference (p-value < 0.05) within the covariates of baseline VLU area, VLU duration and patient
age to the same covariates in the ASM plus SC group . A balanced distribution (p-value < 0.05) of
independent variables, such as VLU area, VLU duration and patient age, which can influence outcome
(healing time) was considered important for the purpose of comparing the two populations for healing
time effectiveness.35-41

The statistical comparative results in Step 3, Figure I, Table I showed statistical balance (p-value ≥ 0.05)
between VenUS-SC-177 (n=177) to ASM plus SC (n=53) for baseline ulcer area (p-value = 0.650),
however, not for ulcer duration (p-value < 0.006) and patient age (p-value = 0.026). Consequently,
further matching was required to ensure that the two groups to be used for final comparative analysis
were statistically balanced i.e. matched with respect to the three aforementioned key predictors for
healing.
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Propensity Score Group Matching
In the next step, Figure I, Step 4, (i) patient age 41 and (ii) extent of ulcer duration (1 = ≤ 6 months, 0 = > 6
months) 35, as well as (iii) extent of ulcer area at baseline (1 = ≤ 5 cm2, 0 = > 5 cm2) 35 were used for
propensity score matching for causal inference. A nearest neighbor propensity score matching algorithm
(MATCHIT (version 2.4-21, http://gking.harvard.edu/matchit) 42, 43 in r (version 2.150) 44 was integrated
into IBM-SPSS Statistical software, version 22.0 to complete the matching.45

A 1:1 nearest neighbor matching algorithm was selected to ascertain the best control matches for each
individual and ulcer in the ASM plus SC treatment group. Matching was completed using a distance
measure specified by the distance option (we used the default option=logit). Matches were chosen for
each treated unit one at a time without replacement, with the order specified by the m.order command
(we used the default=largest to smallest). At each matching step the control unit that is not yet matched
but is closest to the treated unit on the distance measure was chosen. Using this validated balancing
method 46, 47, a VenUS-SC-177 patient from the control group and corresponding study ulcer was
identified for each ASM plus SC patient based on patient age, baseline ulcer area category (1 = ≤ 5 cm2,
0 = > 5 cm2) and ulcer duration category (1 = ≤ 6 months, 0 = > 6 months). Diagnostic information from
the matching included balance statistics and graphics to assess achieved balance on the covariates
(Figure I, Step 4).

Ethical Considerations
Approval for the ASM study was obtained from the Medicines and Healthcare products (MHRA) in the UK
and the Therapeutics Goods Administration (TGA) in Australia, as well as the local ethics committees for
all the study sites. Written informed consent was obtained from all patients and study records were deidentified for confidentiality. The VenUS RCT studies were all approved by York Multicenter Research
Ethics Committee (MREC), local research ethics committees, and research and development
departments. Participant study records were de-identified for confidentiality.
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Statistical Analysis
Statistical and predictive healing time analysis was completed using IBM-SPSS Statistics for Windows,
Version 22.0. Armonk, NY and SigmaPlot™ 13 Graphical and Data Analysis software, Systat Software, a
subsidiary of Cranes Software International Ltd. In all inferential statistics p-values ≤ 0.05 were
considered significant. Group matching was established on the basis of ulcer duration category (1 = ≤ 6
months, 0 = > 6 months),35 baseline ulcer area category (1 = ≤ 5 cm2, 0 = > 5 cm2) 35 and patient age 41
data that have been shown to influence healing time outcomes of patients with leg ulcers.35-41 A MannWhitney Rank Sum Test was used to assess statistical differences between the matched control group
and the ASM plus SC group for the main factors that influence healing outcomes (baseline ulcer area,
ulcer duration and patient age).48 An independent chi-square test was performed to determine statistical
differences in gender between groups and difference of categorical variables level of baseline ulcer area
(1 = ≤ 5 cm2, 0 = > 5 cm2) and ulcer duration (1 = ≤ 6 months, 0 = > 6 months).48

Kaplan-Meier survival curves (healing trajectories) and median and mean time to healing with 95%
confidence intervals (CI) were calculated for each group and a Log rank test was used to compare
equality of survivor functions.48-53

Sensitivity Analysis
A sensitivity analysis for matched, censored survival outcomes 54 was performed to evaluate hidden bias
associated with missing covariates in the propensity score matching process that may have impact on the
magnitude of healing time comparison. A hidden bias may exist in this study as we were not able to
collect information (e.g., patient comorbidities) from the evidence network that may have an impact in
propensity score matching result. A sensitivity analysis for matched samples and censored survival
outcomes is used to answer: How would inferences about treatment healing time effects be altered by
hidden biases or unobserved covariates of various magnitudes? The “Winners” and “Losers” for each
paired, matched censored samples are ascertained in the analysis:
1. The number of pairs in which the “Winner” (longer healing time) can be conclusively determined.
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2. Number of pairs with a clear “winner” in which the patient with ASM + SC healed the ulcer faster
than the patient with standard care alone.
A sensitivity parameter (gamma),

is the measure of the degree of departure from a study that is free of

hidden bias. A Microsoft EXCEL spreadsheet version 13.0 (Microsoft Corporation, Redmond, WA USA)
is used to calculate the gamma value (Figure II). The spreadsheet automatically completes the
calculations for gamma values between 1.0 (i.e., no hidden bias) and 6.0, stepping by 0.5.

Results
A total of 53 patients from the VenUS-SC-177 control group were matched to the 53 patients in the ASM
plus SC study group using a 1:1 nearest neighbor matching algorithm without replacement 42-45 and used
for comparative analysis of healing time effectiveness (Figure I, Step 5).

No covariate exhibited a large imbalance in either control group (standardized bias: |d| > 0.25) to the ASM
plus SC treatment group.42 Figures III and IV show that covariate balance was much improved in the
matched group after propensity score 1:1 matching process.

The baseline characteristics of all patients (Table II) from the ASM plus SC and the control matched study
group showed no evidence of a statistical difference between wound factors known to influence healing
time: (baseline ulcer area: p-value = 0.997), ulcer duration: (p-value = 0.283), patient age: (p-value =
0.359) and the categorical variables for level of ulcer duration (1 = ≤ 6 months, 0 = > 6 months; (
p-value = 0.685)) and level of ulcer area (1 = ≤ 5 cm2, 0 = > 5 cm2; (

2

2

0.164

0.340 p-value = 0.560)) indicating

no statistical differences in both baseline ulcer area and ulcer duration. Gender was also equivalent
(gender:

2

0.151 (p-value = 0.697).

Analysis of baseline healing time between the ASM plus SC group (n=53) with the matched SC control (n
=53) indicates a significant statistical difference in time to healing for patients treated with the ASM plus
SC, in comparison to matched patients treated with SC alone in the VenUS-SC-53 group (Log rank test,
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2

5.779, p < 0.016) within 12 weeks. Mean time to healing in ASM plus SC was 73.10 days compared

with 83.5 days in the comparison cohort. Table 3 contains mean, median and 95% confidence intervals
for each group. Figure V shows the Kaplan Meier survival curves of time to healing for the matched SC
control group and ASM plus SC group over 12 weeks.

Sensitivity analysis for matched, censored survival outcomes between the ASM plus SC group (n=53)
and matched SC control (n =53) shows that the sensitivity parameter
tailed

= 0.05 level somewhere between

= 1.0 and

tips over significance at the two-

= 1.2 (2-tailed p-value [0.0147 lower bound,

0.0495 upper bound]) which indicates that a hidden bias or unobserved covariate in the SC group would
need to increase the odds of healing by more than a factor of 1.1 to change the baseline result, Table 4.
There are 25 matched pairs where there is a clear winner in healing time with 18 of the matched pairs
associated with the use of ASM + SC.

Discussion
Evidence network55 and propensity score matching-adjusted indirect comparison methods 43-47 have been
developed to address the challenges of investigating the relative effects and cost-effectiveness 56-59 of
competing treatments when results are not available from head-to-head trials. These focus on
comparisons of outcomes for two specific treatments of interest by using patient-level data for one
treatment and patient-level trial data for the other treatment from compatible studies, taking into account
possible confounding due to population differences for a small number of variables.

The evidence network consisting of patient level data from VenUS I

21, 22,

VenUS II 23, 24, VenUS III 25, 26

and VenUS IV 27, 28 patient databases (VenUS-SC-870 pooled dataset) contained a sufficient number of
patients treated with SC that met key inclusion criteria to the ASM plus SC treatment group to simulate a
matching-adjusted indirect comparison of healing time effectiveness (Figure I, Step 2).
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For efficient causal inference and good estimation of the unobserved potential outcomes, we needed to
compare treated and control groups that are as similar as possible. Propensity score matching entails
forming matched sets of treated and untreated subjects who share a similar value of the propensity
score.60, 61 Moreover, propensity score methods often yield more reliable estimates of treatment effects
than traditional methods, such as regression adjustment.62 Propensity score matching allows one to
estimate the “average effect of the treatment on the treated” (ATT).63 The most common implementation
of propensity score matching is one-to-one or pair matching, in which pairs of treated and untreated
subjects are formed, such that matched subjects have similar values of the propensity score. Although
one-to-one matching appears to be the most common approach to propensity score matching, other
approaches can be used.64 The primary advice to this point has been to select the method that yields the
best balance.43, 65, 66

We utilized a 1:1 nearest neighbor propensity score matching algorithm to balance the groups on
baseline ulcer area, ulcer duration and patient age to minimize selection bias and confounding in our
patient and ulcer selection process (Figure I, Step 4).42, 43 This method was selected as it 1) yields the
smallest standardized difference of means across the largest number of covariates, 2) minimizes the
standardized difference of means of a few particularly prognostic covariates, and 3) results in the fewest
number of “large” standardized differences of means (greater than 0.25). This is generally the most
effective method for settings where the goal is to select individuals for follow-up. Nearest neighbor
matching nearly always estimates the ATT, which is the effect for those in the treatment group, and the
“average treatment effect” (ATE), which is the effect on all individuals (treatment and control), as it
matches control individuals to the treated group and discards controls who are not selected as
matches.63, 67, 68 Nearest neighbor matching is the easiest to implement and understand.

We also chose to use matching without replacement in our 1:1 nearest neighbor matching algorithm.
Matching with replacement can often decrease bias because controls that look similar to many treated
individuals can be used multiple times. This is particularly helpful in settings where there are few control
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individuals comparable to the treated individuals.69 However, our control database included a higher
number of patients for selection than treatment patients therefore replacement was disregarded.

Results of the matching indicated the overall balance statistics between the standardized means of the
prognostic covariates is good and no covariate exhibited a large imbalance in either control group to the
ASM plus SC treatment group. Figures III and IV show that covariate balance was much improved in the
matched groups. The baseline characteristics of all patients (Table II) from the ASM plus SC and the
control matched study group showed no evidence of difference between patient and wound factors known
to influence healing time after matching. 35-41

A common complaint regarding nearest neighbor matching is that it can discard a large number of
observations and thus would apparently lead to reduced power. However, the reduction in power is often
minimal, for two main reasons. First, in a two-sample comparison of means, the precision is largely driven
by the smaller group size.70 So if the treatment group stays the same size, and only the control group
decreases in size, the overall power may not actually be reduced very much. 43 Second, the power
increases when the groups are more similar because of the reduced extrapolation and higher precision
that is obtained when comparing groups that are similar versus groups that are quite different.71

Sensitivity analysis indicates that an unobserved covariate would have to change the odds of healing for
SC by a factor of 1.1 to impact the baseline results. It is plausible that comorbidities, location of care,
person giving the care, compliance to care and others could influence the outcome in this investigation. A
future randomized, blinded clinical study with a control is important next step in the proof of healing time
effectiveness.

Limitations
The present analysis shares the limitations of retrospective comparisons of treatment approaches from
patient databases including the inability to retrieve important variables that may not have been collected
or recorded and chart entries that are confusing, inaccurate, or incomplete. Retrospective studies have
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disadvantages vis-a-vis prospective studies. Underlying diseases, personal circumstances, and other
factors can all contribute to a wound healing poorly. In retrospective studies it is more difficult to assess
these issues than in prospective studies.

The major limitation of data modeling is that it requires investigator judgment for many decisions.72 The
senior investigator (RS) followed several data modeling steps to minimize bias in selection of venous leg
ulcer patients and ulcers suitable for comparative analysis (Figure I, Steps 1 to 5).

It is also important to point out that, even though propensity score matching can balance observed
baseline covariates between groups, they do nothing to balance unmeasured characteristics and
confounders. Hence, as with all observational studies and unlike randomized controlled trials, propensity
score matching analyses have the limitation that remaining unmeasured confounding may still be present.
For example, patients from the control group were selected for matched healing comparison to ASM plus
SC based on predictive healing factors of baseline ulcer area, ulcer duration and patient age. Although all
prognostic factors were statistically equivalent between groups after matching we understand that other
patient factors (e.g., comorbidities, medicines, nutrition, compliance etc.), which aren’t recorded in clinical
trials, would be important in minimizing bias in selection of patients in the control groups for comparison.
The use of other patient factors especially comorbidities, would improve the performance of propensity
score matching leading to greatly reduced bias and closer matches.

There also exists systematic differences in the patterns of care in the ASM plus SC versus pragmatic trial
‘control’ cohorts (e.g., attention bias, better care in a trial of a novel intervention, as well as country and
regional differences which may include potentially better compression bandaging technique amongst
nurses / clinicians in ASM plus SC cohort). Although, patients from the control group selected for
matched healing comparison were identified as having majority of wound care completed in a wound
specialist clinic similar to the ASM + SC study group.
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The usual tradeoff between bias and efficiency arises in selecting a propensity score matching algorithm.
By choosing only one nearest neighbor (1:1), we minimized bias by using the most similar observation.64
However, this ignores a great deal of information, and thus may yield less efficient estimates in our
analysis. Additional k:1 analysis was used to increase efficiency without restrictions. We created matches
at 2:1 and 3:1 but diagnostics gave poor standardized means or less common space between the groups.
We imposed restrictions for 2:1 and 3:1 using calipers (.01 to 0.1) in order to reduce poor matches. This
also led to reduced standardized means balance diagnostics between groups compared to 1:1 matching.
However, we did see lower p-values in eventual healing time comparisons which would be expected with
larger control sample size.

In our dataset, outcomes data was available for both control and treated groups. One limitation of k:1
nearest neighbor matching is that it does not necessarily use all the data, in that some control individuals,
even some of those with propensity scores in the range of the treatment groups’ scores, are discarded
and were not used in the analysis. Weighting, full matching, and sub classification methods instead use
all individuals. These methods can be thought of as giving all individuals (either implicit or explicit)
weights between 0 and 1, in contrast with nearest neighbor matching, in which individuals essentially
receive a weight of either 0 or 1 (depending on whether or not they are selected as a match). The three
methods represent a continuum in terms of the number of groupings formed, with weighting as the limit of
sub classification as the number of observations and subclasses go to infinity and full matching in
between.73

Our MATCHIT software in SPSS has limitations in analysis. We did not have access to optimal matching,
full matching, coarsened exact matching, genetic matching, matching, or entropy matching.74-79 Work is
being conducted to address these limitations and include other matching and estimation techniques in our
proof of concept model. We will report results when all options have been used.

Measurement of wound area (cm 2) was not the same throughout all studies. Typically, ulcer
measurements were recorded via transparent film followed by different tools to measure ulcer area
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(cm2).48, 80-82 However, it did not appear to affect the scoring process in this evaluation for predicting
healing using the scoring method by Margolis et. al.35 We found the difference of ulcer area
measurements (1 = ≤ 5 cm2, 0 = > 5 cm 2) between ulcers in the VenUS III study 25 with “Mouseyes” 82 and
“VISITRAK™” 48 to be small (8.6%). We assume the same margin of error with ulcer measurements in
the VenUS I, VenUS II and VenUS IV studies.

The primary endpoint of wound treatment trials should be complete ulcer healing, and, preferably, the
primary outcome should be time to healing.7 Assessment of outcomes should be undertaken either by
assessors masked to trial treatment, or independently confirmed by assessors masked to treatment. 7 The
VenUS RCT studies used blinded, verified outcome by photographs to avoid bias in this regard. The
ASM plus SC study required digital photographs of all reference ulcers at every visit which included a
date when the image was taken.29 Digital photographs were taken after last study visit by trial sites
especially for ulcers that were over 90% re-epithelialized at last visit. The photographs in ASM study
served as a means to validate 100% healing and time by external, qualified wound care professionals
who were not able to be blind to assessment.

A comparative healing time analysis between matched groups of 53 patients from the VenUS-SC-177
group to 53 patients in the ASM plus SC study group indicates a statistically significant difference in
healing time (Figure V). The chance of this result may be minimized due to a small sample size
controlled by the ASM plus SC study. However, the statistical power increases when the groups are
more similar because of the reduced extrapolation and higher precision that is obtained when comparing
groups that are similar “balanced” versus groups that are quite different.43, 70-71

Conclusion
The York Clinical Trial VLU evidence network contains high quality data that facilitates model building,
propensity score matching and comparative statistical analysis to investigate the “potential” healing time
effectiveness of acellular matrices and other wound healing therapies for the management of venous leg
ulcers in medical practice. The results of our investigation suggest that providing SC and replacing the
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ECM with the ASM may significantly reduce healing time compared to providing SC alone during the first
12-weeks of treatment, but the results are sensitive to unobserved covariates not included in the
propensity score matching process that may impact outcome in this investigation. The next step is to
estimate any actual difference in a head-to-head, randomized clinical trials.

Acknowledgments
The authors wish to express appreciation to Dr. Eva-Lisa Heinrichs for her advice on chronic wound
healing in the ASM study and review of the manuscript for accuracy in pragmatic care of VLU patients in
the UK. Appreciation is also extended to all the investigators who participated in the studies involved
and ensured the high level quality of the data that enabled the current comparative analysis. The study
was supported by Tissue Therapies Ltd. RS is an independent health economist and paid advisor to
Factor Therapeutics Ltd. The author had full control over the contents of this article and approved its
submission.

Disclosure
The senior author (RS) was a paid consultant for Factor Therapeutics, Ltd.

20

References
1. Körber A, Klode J, Al-Benna S, Wax C, Schadendorf D, Steinstraesser L, Dissemond J. Etiology
of chronic leg ulcers in 31,619 patients in Germany analyzed by an expert survey. J Dtsch
Dermatol Ges. 2011 Feb;9(2):116-21.
2. K. Sen C, Gordillo GM, Roy S, Kirsner R, Lambert L, Hunt TK, Gottrup F, Gurtner GC, Longaker
MT. Human Skin Wounds: A Major and Snowballing Threat to Public Health and the Economy.
Wound Repair Regen. 2009; 17(6): 763–771.
3. Mekkes JR, Loots MA, Van Der Wal AC, Bos JD. Causes, investigation and treatment of leg
ulceration. Br J Dermatol 2003; 148: 388–401.4.
4. Chen WY, Rogers AA. Recent insights into causes of chronic leg ulceration in venous disease
and implications on other types of chronic wounds. Wound Rep Regen 2007; 15: 434-9.
5. van Gent WB, Wilschut ED, Wittens C. Management of venous ulcer disease. BMJ
2010;341:c6045.
6. Posnett J, Franks PJ (2008) The burden of chronic wounds in the UK. Nursing Times; 104: 3, 4445.
7. O’Meara S, Cullum NA, Nelson EA. Compression for venous leg ulcers. Cochrane Database Syst
Rev 2009; 1: CD000265.
8. Bergan JJ, Schmid-Schonbein GW, Smith PD, et al. Chronic venous disease. N Engl J Med 2006;
355(5):488-98. PMID: 16885552.
9.

Collins L, Seraj S. Diagnosis and Treatment of Venous Ulcers. Am Fam Physician. 2010 Apr 15;
81(8):989-996.

10. White R. Delayed wound healing: in whom, what, when and why? Primary Health Care, 2008,
18(2):40-47.
11. Widgerow AD. Deconstructing the stalled wound. Wounds. 2012; 24(3):58-66.
12. Huttenlocher A, Sandborg RR, Horwitz AF. Adhesion in cell migration. Curr Opin Cell Biol 1995;
7:697-706.
13. Kroening S, Goppelt-Struebe M. Analysis of Matrix-Dependent Cell Migration with a Barrier

21

Migration Assay. Sci. Signal., 15 June 2010; 3, Issue 126, p. pl1.
14. Chen SM, Ward SI, Olutoye OO, Diegelmann RF, Kelman Cohen I. Ability of chronic wound fluids
to degrade peptide growth factors is associated with increased levels of elastase activity and
diminished levels of proteinase inhibitors. Wound Repair Regen. 1997 Jan-Mar; 5(1):23-32.
15. Schultz GS, Davidson JM, Kirsner RS, et al. Dynamic reciprocity in the wound microenvironment.
Wound Repair Regen 2011; 19:134-48.
16. Gloviczki P, Gloviczki ML. Evidence on efficacy of treatments of venous ulcers and on prevention
of ulcer recurrence. Perspect Vasc Surg Endovasc Ther. 2009 Dec; 21(4):259-68.
17. Lazarus G, Valle F, Malas M, Qazi U, Maruthur N, Zenilman J, Boult C, Doggett D, Fawole OA.
Chronic Venous Leg Ulcer Treatment: Future Research Needs. Agency for Healthcare
Research and Quality Publication. November 2013, No. 13(14)-EHC034-EF.
http://www.effectivehealthcare.ahrq.gov/ehc/products/545/1731/venous-ulcers-treatment-future131104.pdf. Accessed online November 18, 2013.
18. International consensus. Acellular matrices for the treatment of wounds. An expert working group
review. London: Wounds International 2010.
19. Shooter GK, Van Lonkhuyzen DR, Croll TI, Cao Y, Xie Y, Broadbent JA, Stupar D, Lynam EC,
Upton Z. A pre-clinical functional assessment of an acellular scaffold intended for the treatment of
hard-to-heal wounds. Int Wound J. 2013 Apr 5. Epub.
20. Augustin M; Gutknecht M; Anastasiadou Z; Heyer K; Harding K; Aldons P; Edwards H; Stacey M;
Heinrichs EL; Shannon R. Effectiveness of an Acellular Synthetic Matrix as an Adjunct to
Standard Care in Venous and Mixed Leg Ulcers: Comparison of Clinical Study Data and Routine
Data. Accepted for publication in WUNDMANAGEMENT.
21. E. A. Nelson, C. P. Iglesias, N. Cullum and D. J. Torgerson on behalf of the VenUS I
collaborators. Randomized clinical trial of four-layer and short-stretch compression bandages for
venous leg ulcers (VenUS I). British Journal of Surgery 2004; 91: 1292–1299.
22. Iglesias C, Nelson EA, Cullum NA, Torgerson DJ, for the VenUS Team. The VenUS I Trial: a
randomised comparison of 4-layer and short stretch bandages for the treatment of venous leg
ulcers. Health Technol Assess 2004; 8: iii, 1-105.

22

23. Dumville JC, Worthy G, Bland JM, Cullum N, Dowson C, Iglesias C, Mitchell JL, Nelson EA,
Soares MO, Torgerson DJ. Larval therapy for leg ulcers (VenUS II): randomised controlled trial.
BMJ 2009; 338:b773.
24. Dumville J, Worthy G, Soares M, Bland JM, Cullum M, Dowson C, et al. VenUS II: a randomised
controlled trial of larval therapy in the management of leg ulcers. Health Technol Assess 2009;
13:1-182.
25. Watson JM, Kang'ombe AR, Soares MO, Chuang LH, Worthy G, Bland JM, Iglesias C, Cullum N,
Torgerson D, Nelson EA; VenUS III Team. Use of weekly, low dose, high frequency ultrasound
for hard to heal venous leg ulcers: the VenUS III randomised controlled trial. BMJ. 2011 Mar 8;
342:d1092. doi: 10.1136/bmj.d1092.
26. Watson JM, Kang’ombe AR, Soares MO, Chuang LH, Worthy G, Bland JM, Iglesias C, Cullum N,
Torgerson DJ, Nelson EA. VenUS III: a randomised controlled trial of therapeutic ultrasound in
the management of venous leg ulcers. Health Technol Assess 2011; 15(13).
27. Ashby RL, Gabe R, Ali S, Adderley U, Bland JM, Cullum NA, Dumville JC, Iglesias CP,
Kang'ombe AR, Soares MO, Stubbs NC, Torgerson DJ. Clinical and cost-effectiveness of
compression hosiery versus compression bandages in treatment of venous leg ulcers (Venous
leg Ulcer Study IV, VenUS IV): a randomised controlled trial. Lancet. 2014 Mar 8; 383(9920):8719.
28. Ashby RL, Gabe R, Ali S, Saramago P, Chuang LH, Adderley U, Bland JM, Cullum NA, Dumville
JC, Iglesias CP, Kang’ombe AR, Soares MO, Stubbs NC, Torgerson DJ. VenUS IV (Venous leg
Ulcer Study IV) – compression hosiery compared with compression bandaging in the treatment of
venous leg ulcers: a randomised controlled trial, mixed-treatment comparison and decisionanalytic model. Health Technol Assess. 2014 Sep; 18(57):1-293.
29. Harding K, Aldons P, Edwards H, Staycey M, Finlayson K, Gibb M, Jenkins L, Shooter G, Van
Lonkhuyzen D, Lynam E, Heinrichs EL, Upton Z. Effectiveness of an acellular synthetic matrix in
the treatment of hard-to-heal leg ulcers. International Wounds Journal. Apr. 2014; 11(2):129-137.
30. SIGN Guidelines Venous Leg Ulcer Management (August 2010):
http://sign.ac.uk/guidelines/fulltext/120/index.html

23

31. Soares MO, Iglesias CP, Bland JM, Cullum N, Dumville JC, Nelson EA, Torgerson DJ, Worthy G.
Cost effectiveness analysis of larval therapy for leg ulcers. BMJ 2009; 338:b825.
32. Driver VR, Fabbi M. Recent advances in the use of ultrasound in wound care. Adv Wound Care
2010; 1:550-5.
33. Chuang LH, Soares MO, Watson JM, Bland JM, Cullum N, Iglesias C, et al. Economic evaluation
of a randomized controlled trial of ultrasound therapy for hard-to-heal venous leg ulcers. Br J Surg
2011; 98:1099-106.
34. O'Donnell TF Jr, Passman MA, Marston WA, Ennis WJ, Dalsing M, Kistner RL, Lurie F, Henke
PK, Gloviczki ML, Eklöf BG, Stoughton J, Raju S, Shortell CK, Raffetto JD, Partsch H, Pounds
LC, Cummings ME, Gillespie DL, McLafferty RB, Murad MH, Wakefield TW, Gloviczki P.
Management of venous leg ulcers: Clinical practice guidelines of the Society for Vascular Surgery
and the American Venous Forum. J Vasc Surg. 2014 Aug; 60(2 Suppl):3S-59S.
35. Margolis DJ, Berlin JA, Strom BL. Which venous leg ulcers will heal with limb compression
bandages? Am J Med. 2000 Jul; 109(1):15-9.
36. Phillips TJ, Machado F, Trout R, Porter J, Olin J, Falanga V. Prognostic indicators in venous
ulcers. J Am Acad Dermatol. 2000 Oct; 43(4):627-30.
37. Moffatt CJ, Doherty DC, Smithdale R, Franks PJ. Clinical Predictors of Leg Ulcer Healing. The
British Journal of Dermatology. 2010; 162(1):51-58.
38. Margolis DJ, Allen-Taylor L, Hoffstad O, Berlin JA. The accuracy of venous leg ulcer prognostic
models in a wound care system. Wound Repair Regen. 2004 Mar-Apr; 12(2):163-8.
39. Bosanquet DC, Harding KG. Wound duration and healing rates: Cause or effect? Wound Repair
Regen. 2014 Mar; 22(2):143-50. doi: 10.1111/wrr.12149.
40. Margolis DJ, Berlin JA, Strom BL. Risk factors associated with the failure of a venous leg ulcer to
heal. Arch Dermatol. 1999 Aug; 135(8):920-6.
41. Kulkarni SR, Gohel MS, Wakely C, Minor J, Poskitt KR, Whyman MR. The Ulcerated Leg Severity
Assessment score for prediction of venous leg ulcer healing. Br J Surg. 2007 Feb; 94(2):189-93.
42. Ho D, Imai K, King G, Stuart E. “Matching as Nonparametric Preprocessing for Reducing Model
Dependence in Parametric Causal Inference. 2007, Political Analysis 15(3): 199-236.

24

43. Ho D, Imai K, King G, Stuart E. “Matchit: Nonparametric Preprocessing for Parametric Causal
Inference,” Journal of Statistical Software, Vol. 42, Issue 8, Jun 2011.
44. R Core Team (2012). R: A language and environment for statistical computing. R Foundation for
Statistical Computing, Vienna, Austria. ISBN 3-900051-07-0, URL http://www.R-project.org/
45. Thoemmes F. J. (2012). Propensity score matching in SPSS. Journal of Statistical Sciences.
Accessed, June 1, 2015, http://arxiv.org/abs/1201.6385
46. Rubin, DB. (1973a). Matching to remove bias in observational studies. Biometrics 29 159–184.
47. Rubin, DB. (1974). Estimating causal effects of treatments in randomized and nonrandomized
studies. Journal of Educational Psychology 66 688–701.
48. Conover WJ, Practical Nonparametric Statistics (3rd edition). Wiley 1999.
49. DuNouy PL. Cicatrization of wounds, II: mathematical expression of the curve representing
cicatrization. J Exp Med. 1916; 24:451–60.
50. Robson MC, Hill DP, Woodske ME, Steed DL. Wound healing trajectories as predictors of
effectiveness of therapeutic agents. Arch Surg. 2000; 135:773–7.
51. Steed DL, Hill DP, Woodske ME, Payne WG, Robson MC. Wound-healing trajectories as
outcome measures of venous stasis ulcer treatment. Int Wound J. 2006; 3:40–47.
52. Polansky M, van Rijswijk L. Utilizing survival analysis techniques in chronic wound healing
studies. Wounds. 1994; 6:150–8.
53. Telke SE, Eberly LE. Statistical Hypothesis Testing: Associating patient characteristics with an
incident condition: Kaplan-meier curves, hazard ratios, and cox proportional hazards regression.
J Wound Ostomy Continence Nurs. 2011; 38(6):621-626.
54. Rosenbaum PR. Observational Studies, 2nd Ed. (2002), NY: Springer. Chapter 4; Section 4.4.8.
55. Hansen BB, Bowers J. Covariate balance in simple, stratified and clustered comparative studies.
Stat Sci 2008; 23:219-36.
56. Ishak KJ, Proskorovsky I, Benedict A. Simulation and Matching-Based Approaches for Indirect
Comparison of Treatments. PharmacoEconomics (2015) 33:537–549.
57. Jansen JP, Fleurence R, Devine B, Itzler R, Barrett A, Hawkins N, Lee K, Boersma C, Annemans
L, Cappelleri JC. Interpreting Indirect Treatment Comparisons and Network Meta-Analysis for

25

Health-Care Decision Making: Report of the ISPOR Task Force on Indirect Treatment
Comparisons Good Research Practices: Part 1. VALUE IN HEALTH 14 (2011) 417– 428.
58. Hoaglin DC, Hawkins N, Jansen JP, Scott DA, Itzler R, Cappelleri JC, Boersma C, Thompson D,
Larholt KM, Diaz M, Barrett A. Conducting Indirect-Treatment-Comparison and Network-MetaAnalysis Studies: Report of the ISPOR Task Force on Indirect Treatment Comparisons Good
Research Practices—Part 2. VALUE IN HEALTH 14 (2011) 429 – 437.
59. Jansen JP, Trikalinos T, Cappelleri JC, Daw J, Andes S. et. al. Indirect Treatment
Comparison/Network Meta-Analysis Study Questionnaire to Assess Relevance and Credibility to
Inform Health Care Decision Making: An ISPOR-AMCP-NPC Good Practice Task Force Report.
VALUE IN HEALTH 17 (2014) 157 – 173.
60. Rosenbaum P.R., Rubin D.B. The central role of the propensity score in observational studies for
causal effects. Biometrika. 1983a; 70:41–55.
61. Rosenbaum P.R., Rubin D.B. Constructing a control group using multivariate matched sampling
methods that incorporate the propensity score. The American Statistician. 1985; 39:33–38.
62. Martens EP, Pestman WR, de Boer A, Belitser SV, Klungel OH. Systematic differences in
treatment effect estimates between propensity score methods and logistic regression.
International Journal of Epidemiology. 2008; 37:1142–1147.
63. Imbens G.W. Nonparametric estimation of average treatment effects under exogeneity: A review.
The Review of Economics and Statistics. 2004; 86:4–29.
64. Austin PC. An Introduction to Propensity Score Methods for Reducing the Effects of Confounding
in Observational Studies. Multivariate Behav Res. 2011 May; 46(3): 399–424.
65. Harder VS, Stuart EA, Anthony JC. Propensity score techniques and the assessment of
measured covariate balance to test causal associations in psychological research. Psychol
Methods. 2010 Sep; 15(3):234-49.
66. Rubin DB. The design versus the analysis of observational studies for causal effects: parallels
with the design of randomized trials. Stat Med. 2007 Jan 15; 26(1):20-36.
67. Kurth T, Walker AM, Glynn RJ, Chan KA, Gaziano JM, Berger K, Robins JM. Results of
multivariable logistic regression, propensity matching, propensity adjustment, and propensity-

26

based weighting under conditions of nonuniform effect. Am J Epidemiol. 2006 Feb 1; 163(3):26270.
68. Imai K, King G, Stuart EA. Misunderstandings among experimentalists and observationalists in
causal inference. Journal of the Royal Statistical Society Series A. 2008; 171(2):481–502.
69. Dehejia RH, Wahba S. Causal effects in nonexperimental studies: Re-evaluating the evaluation of
training programs. Journal of the American Statistical Association. 1999; 94:1053–62.
70. Cohen, J. (1988). Statistical Power Analysis for the Behavioral Sciences, 2nd ed. Earlbaum,
Hillsdale, NJ.
71. Snedecor GW, Cochran WG. (1980). Statistical Methods, 7th ed. Iowa State Univ. Press, Ames,
IA.
72. GAO/PEMD. Cross design synthesis. A new strategy for medical effectiveness research.
Washington, D.C.: United States General Accounting Office / Program Evaluation and
Methodology Division; 1992 Mar 17. Report No.: B-244808.
73. Rubin DB. Using propensity scores to help design observational studies: application to the
tobacco litigation. Health Services & Outcomes Research Methodology. 2001; 2:169–188.
74. Hansen, B. B., & Klopfer, S. O. (2006). Optimal full matching and related designs via network
flows. Journal of Computational and Graphical Statistics, 15, 609-627.
75. Rosenbaum, P. (1991). A characterization of optimal designs for observational studies. Journal of
the Royal Statistical Society. Series B (Methodological), 53, 597-610.
76. Iacus, S. M., King, G., & Porro, G. (2011). Causal Inference without Balance Checking:
Coarsened Exact Matching. Political Analysis, 20, 1-24.
77. Sekhon, J. S. (2011). Multivariate and Propensity Score Matching Software with Automated
Balance Optimization: The Matching package for R. Journal of Statistical Software, 42, 1- 52.
78. Pan, W., & Bai, H. (2011, August). Interval Matching: Propensity Score Matching Using CaseSpecific Bootstrap Confidence Intervals. Paper presented at the annual Joint Statistical Meeting,
Miami Beach, Florida.
79. Hainmueller, J. (2011). Entropy Balancing for Causal Effects: A Multivariate Reweighting Method
to Produce Balanced Samples in Observational Studies. Political Analysis, 20, 25-46.

27

80. Majeske C. Reliability of wound surface area measurements. Phys Ther 1992;72:138–41
81. Etris MB, Pribble J, LaBrecque J. Evaluation of two wound measurement methods in a
multicenter, controlled study. Ostomy Wound Manage 1994; 40:44–8.
82. Taylor R. “Mouseyes”: an aid to wound measurement using a computer. J Wound Care 1997;
6:123-6.

28

Table I Baseline characteristics of patients and leg ulcers in control group (N=177) that met key inclusion
criteria and ASM plus SC study group (N=53) before propensity score matching. Values are numbers
(percentages) of participants unless stated otherwise

Characteristics
Men

VenUS-SC-177 (N=177)

ASM Plus SC (N=53)

P value*

88 (49.7)

29 (54.7)

0.523

69.4 (13.6)

74.7 (11.5)

72.0

76.0

96 (54.2)

24 (45.3)

81 (45.8)

29 (54.7)

7.4 (5.9)

7.4 (7.0)

5.5

4.5

78 (44.1)

35 (66.0)

99 (55.9)

18 (34.0)

17.6 (35.9)

33.4 (59.5)

6

10

Patient Age
Mean age in years (SD)
Median age in years

0.026

Area of Ulcer (cm2)

0.253
>5
Mean area of ulcer in cm2 (SD)
Median area of ulcer in cm2

0.650

Duration (months)

0.005
>6
Mean duration of ulcer in
months (SD)
Median duration of ulcer in
months
* Statistical difference between groups at the < 0.05 p-value threshold

29

0.006

Table II Baseline characteristics of patients and leg ulcers in matched control group (N=53) and ASM plus
SC study group (N=53) after 1:1 propensity score matching. Values are numbers (percentages) of
participants unless stated otherwise

Characteristics

VenUS-SC-53 (N=53)

ASM Plus SC (N=53)

P value*

27 (50.9)

29 (54.7)

0.697

76.1 (10.3)

74.7 (11.5)

77.0

76.0

5

27 (50.9)

24 (45.3)

>5

26 (49.1)

29 (54.7)

7.3 (6.0)

7.4 (7.0)

5.1

4.5

6

33 (62.3)

35 (66.0)

>6

20 (37.7)

18 (34.0)

23.4 (42.9)

33.4 (59.5)

8

10

Men
Patient Age
Mean age in years (SD)
Median age in years

0.359

Area of Ulcer (cm2)

0.560

Mean area of ulcer in cm2 (SD)
Median area of ulcer in cm2

0.997

Duration (months)

0.685

Mean duration of ulcer in
months (SD)
Median duration of ulcer in
months

* Statistical difference between groups at the < 0.05 p-value threshold
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0.283

Table III Mean, median and 95% confidence intervals for the matched SC control and ASM plus SC
treatment groups at 12-weeks

Characteristics

VenUS-SC-53 (N=53)

ASM Plus SC (N=53)

83.5 (79.5 87.5)

73.1 (66.4 79.9)

Median (95% CI), Days**

---------------

89.0 (89.0 89.0)

P-value*

--------------

0.016

Mean (95% CI), Days

* Statistical difference between groups at the < 0.05 p-value threshold
** The median cannot be estimated when less than 50% events occur. Likewise you can't estimate confidence intervals for the
median if you don't have enough events to estimate a standard error for the median survival time.

Table IV Sensitivity analysis for matched, censored survival outcomes between the ASM plus SC group
(n=53) and matched SC control (n =53)

Gamma Value
( )

2-tail P value
(lower bound)

2-tail P value
(upper bound)

P+

P-

E(T+)

E(T-)

SD(T+)

1.1

0.0147
0.0077

0.0495
0.0797

0.476
0.455

0.524
0.545

11.90
11.36

13.10
13.64

2.50
2.49

0.0040

0.1185

0.435

0.565

10.87

14.13

2.48

1.2
1.3
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Figure I Evidence network and data modeling process of the VenUS - RCT database to identify 1:1
matched standard care control study group to the ASM plus SC treatment study group.
Experimental intervention group
not included in comparison

Experimental intervention group
not included in comparison

Experimental intervention group
not included in comparison

Allocated to larval therapy +
standard care (N=180 patients)

Allocated to ultrasound +
standard care (N=168 patients)

Allocated to hosiery + standard
care (N=230 patients)

VENUS I Dataset

VENUS II Dataset

VENUS III Dataset

VENUS IV Dataset

387 Ulcer Patients
387 R
VLU

267 Ulcer Patients
267 R
VLU

337 Ulcer Patients
337 R
VLU

457 Ulcer Patients
457 R
VLU

Allocated to standard care (SC)
only ITT group: (N=387 patients,
N=387 reference VLU)

Allocated to standard care (SC)
only ITT group: (N=87 patients,
N=87 reference VLU)

Allocated to standard care (SC)
only ITT group: (N=169 patients,
N=169 reference VLU)

Allocated to standard care (SC) only
ITT group: (N=227 patients, N=227
reference VLU)

VenUS SC-870 Pooled Dataset
870 Ulcer Patients
870 R
VLU

Step 1: SC patients identified
and pooled into dataset, Result:
(N=870)

ASM Study Key Selection Criteria:
1) ankle brachial pressure index 0.7; 2)
33.00 cm2; 3)
4 weeks; 4)
compression bandaging (multilayer high compression or short stretch high compression) required and 5) majority of care
completed in specialist wound centers (avg. 1 visit per week)

VENUS I SC Dataset after
ASM Study Criteria

57 Ulcer Patients
57 R
VLU

VENUS II SC Dataset after
ASM Study Criteria

VENUS III SC Dataset after
ASM Study Criteria

18 Ulcer Patients
18 R
VLU

52 Ulcer Patients
52 R
VLU

VENUS IV SC Dataset after
ASM Study Criteria

50 Ulcer Patients
50 R
VLU

VenUS-SC-177 Pooled Dataset After ASM Study Key Selection Criteria
177 Ulcer Patients
177 R
VLU

Step 2: SC patients are screened
according to the ASM study key
selection criteria, Result: (N=177)

Step 3: Statistical analysis using Kruskal-Wallis one-way ANOVA between VenUS-SC-177 (n=177)and 53 ASM plus SC patients completed to
explore balance for baseline ulcer area, baseline ulcer duration as well as patient age that are key predictors of healing time effectiveness.
Statistical results indicate that the baseline ulcer area is the only covariate balanced (not statistically significantly different between VenUS-SC177 control group and ASM plus SC group). Wound duration and patient age are significantly different between groups.

STEP 4. Propensity Score 1:1 nearest neighbor algorithm (MATCHIT) for matching patient age, baseline VLU area and VLU duration to ASM plus
SC patients/ulcers.

VenUS-SC-53
(Matched to ASM Plus SC)

ASM + SC

53 Ulcer Patients
53 R
VLU

53 Ulcer Patients
53 R
VLU

STEP 5. Comparative healing time analysis
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Figure II Spreadsheet calculation for unobserved covariate and hidden bias sensitivity analysis
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Figure III Standardized mean differences for VenUS-SC-53 and ASM plus SC matched groups before
and after 1:1 propensity score matching
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Figure IV Dot plots of standardized mean differences (Cohen’s d) for VenUS-SC-53 and ASM plus SC
matched groups before and after 1:1 propensity score matching
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Figure V Kaplan–Meier survival curves for time to healing of venous leg ulcers with 12-week treatment of
ASM plus SC (N=53) healers and matched SC control group (N=53)
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