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Abstract

Chronic venous leg ulcers are challenging to heal and often recur. This has a significant
impact on older individual health and is a financial burden on health care resources. This
study aimed to identify factors associated with the healing of venous leg ulcers via secondary
examination of data from a previously published prospective randomised controlled trial of
elastic and inelastic compression systems. The data from the 45 patients who finished the trial
was reanalysed for a hypothesis generating study. Larger ulcers, higher exudate levels, larger
calf circumferences, and longer ulcer duration at baseline were associated with lack of
healing at 12 weeks. There was some evidence that NSAID use was associated with an
increased likelihood of non-healing (unadjusted OR for healing, 0.13, 95% CI (0.02, 0.70)).
There was no evidence that other variables, including gender and BMI, were associated with
healing. The key risk factors for wound healing are largely wound based or inherent to wound
development, as these were found to be the factors with the strongest associations in the
analysis. Future research should address how and why these factors are associated with
wound healing over a longer time frame, and explore how NSAIDs may affect wound healing
outcomes.
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Introduction

Venous leg ulcers (VLUs) are of increasing concern to healthcare systems worldwide,
as the rate appears to be increasing in line with an ageing population.(1) In Australia, VLUs
are the most common clinical wound seen in community practice(2), continue to be an under-
recognised issue, and have been identified as a growing silent epidemic.(3) The best available
evidence reports VLUs affect around 1% of the population and about 3% of those over 80
years old in Western countries.(4) The incidence of venous leg ulceration has been reported
as 1.5t0 3.0 in 1,000 in people aged 65 and increases with age to 20 in 1,000 in people aged
over 80 years.(1) The burden and cost of VLU is expected to rise dramatically due to the
ageing population,(5, 6) increasing incidence of diabetes(7), chronic cardiovascular disease,
and obesity.(8, 9) Furthermore, VLUs follow a pattern of prolonged healing and ulcer
recurrence, with some research reporting a recurrence rate of up to 70% within 3 months.(10-
12) Due to underlying aetiology, VLU healing is commonly protracted, with 30% remaining
unhealed after six months.(13) Because every day that a VLU is present doubles the cost of
treatment (14), and increases the risk of infection (15), understanding what factors aid or
inhibit healing is needed to promote healing. The reduction in health services costs as a result
of timelier healing has been calculated at AUD1.2 billion in recent economic modelling
estimates.(16, 17)

A number of studies (10, 13) have identified some key factors that inhibit or promote
wound healing. Broadly, these factors fall under three categories. The first, patient
characteristics, relates to the issues a patient presents with upon arriving for treatment. These

characteristics include age (18), gender (19), smoker status (20, 21), calf circumference(22),
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and BMI.(23) The second, wound characteristics, relate to the quality of the wound itself,
including wound depth and duration (22), wound bed granulation tissue (24), surrounding
skin characteristics (25), and exudate level.(19) The third relates to current medical
interventions/ health behaviours. As people with diagnosed VLUs often have comorbid
conditions, it is likely they will be taking associated medications e.g. anti-coagulants, anti-
rheumatics, and aspirin.(26, 27) However, no recent prospective study to date has examined
all these factors in one sample to understand what matters most to wound healing. We sought
to examine how patient, wound, and treatment factors are related to wound healing in a
prospective study.

Key factors affecting VLU healing time: evidence summary

At time of writing, clinical observation is the key method by which a wound is
assessed as “difficult to heal”.(2, 4) While risk assessment tools do exist, none are currently
incorporated in clinical practice guidelines. This is likely due to the poor quality of evidence
currently available (10, 13), and a lack of consistency on what defines VLU healing.(28, 29)

A number of patient level characteristics have been identified by previous studies as
important in increasing VLU healing times.(30) Primarily, advanced age, male gender,
history of ulcers, diabetes, BMI, calf circumference, smoker status, and having a history of at
least one previous venous leg ulcer have been considered as risk factors for prolonged time to
healing (19), compression adherence and as a result, smaller calf circumference, was
associated with healing. However, a systematic review highlighted that of these factors, only
having a history of at least one previous venous leg ulcer was a consistently identified risk

factor, while age only had inconsistent or varying evidence.(13)
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Wound characteristics, such as wound depth, granulation tissue type, and exudate
level have also been identified as important factors which may affect VLU healing.(19, 22,
24, 25) One prospective study (N=189) reported >2cm wound depth (was the only wound
characteristic that increased time to healing, while ulcer size (<20cm), shorter ulcer duration
(<12 months), and epithelialisation on >10% of the ulcer surface lead to improved healing
outcomes.(22) Larger ulcers have been reported to predicted longer time to healing, although
exudate composition did not significantly predict wound healing time.(19) However, as
outlined by Parker et al. (13), the way exudate levels are measured varies considerably (31,
32), therefore making it difficult to make clear judgements as to what specific wound
characteristics impact on VLU healing outcomes.

Ongoing treatment characteristics such as the patient’s health behaviours and medical
interventions by clinicians (33) (beyond direct surgical VLU intervention) may also affect
VLU healing. Most individuals with VVLUs have concurrent comorbidities(29), such as
diabetes and high blood pressure (34), or report significant pain from the VLU, and are often
on drugs like aspirin, anti-coagulants, and anti-inflammatories.(26, 27, 35) Recent research
reports there is only low quality evidence that aspirin reduces time to heal.(36) Similarly, low
quality evidence reports anti-coagulants (37) and anti-inflammatories (38) such as non-
steroidal anti-inflammatories (NSAIDs), may reduce time to healing. Furthermore, best
practice guidelines to treat people with VLUs recommend compression therapy (39-41),
although patient adherence to compression may cast some doubt on these findings.(33) The

lack of high quality evidence makes it difficult for clinicians to understand which factors such
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as patient characteristics, wound characteristics, and on-going treatments in VLU wound
healing may predict time to healing.(13, 42)

Research gap and present study

Knowledge of key factors to optimise VLU healing are needed for healthcare
professionals to ensure high quality assessments and treatment (43) based on individual
patients. As VLUs are challenging and expensive to treat, understanding what factors protect
or promote healing in a risk assessment would be useful for clinicians in initial assessments.
The aim of this study was to identify which factors are associated with wound healing in a
secondary analysis of a Randomised Controlled Trial (RCT), in order to generate research
questions and hypotheses for future research.(44) This study measured wound characteristics,
patient characteristics, and concurrent treatments, and how these may relate to VLU wound
healing. It was hypothesized that larger calf circumference, larger ulcer size, and longer ulcer
duration would lead to decreased odds of wound healing, while compression adherence
would lead to increased odds of healing. However, this study also assessed other factors,
including age, BMI, gender, smoking, anaemia, diabetes, osteoarthritis, hypertension, NSAID
use, ulcer depth, wound exudate level, Margolis index (45), surrounding skin, and
compression adherence.(44, 46) As the relationship between these factors and VLU healing
has been inconsistent, no predictions were made in regards to their relationship with VLU
healing.

Materials and Methods

Participants and setting:
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This secondary analysis was based on a multi-centre, parallel-group, randomized
controlled trial, which was conducted in four specialist wound clinics on the use of tubular
bandages for VLUs.(44) Participants (N=45) were recruited between February 2009 and
January 2011 from hospital outpatient wound clinics in metropolitan settings in Victoria and
Queensland, Australia. Eligible participants were aged over 18 years, ambulant, capable of
giving informed consent, and of attending weekly clinics. The VLU had to 1) have been
confirmed by clinical assessment; 2) have been present for at least 4 weeks; 3) have an area 1
to 20 cm2 as measured by digital planimetry; 4) have an ankle brachial pressure index of 0.8
mmHg; and 5) with an ankle circumference of between 20 to 30 cm. Patients were ineligible
if they were participating in another clinical trial, had evidence of severe liver disease,
cardiac disease, chronic pulmonary disease, clinically suspected deep vein thrombosis, a
medical condition likely to require systemic corticosteroids during the study period, were
suffering from severe depression or psychiatric illness, or if they had suspected
thrombophlebitis. Patient characteristics are listed in Table 1, reproduced from the original
study.(44) These participants were older (over 60), mostly white (Caucasian), and
overweight, fitting the demographic profile of the average person with a VLU.(47) There
were no non-completers nor missing data, as all those recruited completed the trial in full.
The study was approved by all host universities and health agencies.

Outcome measures:

The primary outcome measure was whether or not the wound healed by week 12 (end
of study treatment). Wound size was measured every week with Visitrak, an acetate wound

tracing wound measurement system. This was also confirmed by photographing the target
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ulcer. The Visitrak system has been shown to provide accurate and reliable measurement of
wound area.(48) End of treatment was defined as the visit at which the ulcer healed or week
12, whichever came first. Complete healing was defined as 100% epithelialization or skin
closure without exudate.

Statistical analysis

The study conceived was hypothesis-generating and explorative. As such, a power
calculation of sample size was not performed. All analyses were according to treatment group.
Continuous variables were analysed with descriptive statistics (e.g., mean, median, standard
deviation). Categorical variables were analysed by using frequency tables with numbers and
percentages of patients. All statistical hypotheses were two-sided. Due to subgroup analyses,
retrospective evaluation, and multiple comparisons, the statistical results presented should be
regarded as exploratory and hypothesis generating. The p-values and CI have not been adjusted
for multiple comparisons and should only be considered as descriptive measures of the strength
of association.

Since randomisation occurred after the baseline measures were taken, it cannot be a
confounder of the relationships, hence it does not need to be included to estimate the
relationship between characteristics and outcome. As for the choice of variables entered into
the multivariable analysis, these were selected as potential confounders of the characteristic-
outcome relationships.

The statistical analysis considered the 29 variables recorded at baseline listed in Table
2 across four categories: patient demographics (age, sex, race, body mass index, ankle mobility,

calf circumference, percentage reduction from base to week 4 and ankle circumference),
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medical history and comorbid conditions (anaemia, diabetes, hypertension, history of DVT,
history of hip surgery, hypertension, osteoarthritis, smoking status and history of venous
surgery), patient drugs (anticoagulants, anti-platelets, anti-rheumatics, aspirin, corticosteroids
and NSAIDs) and wound characteristics (ulcer depth at baseline, exudate level, granulation
percentage, ulcer duration, ulcer size, Margolis index, ankle brachial pressure index,
compression adherence. Continuous variables were descriptively summarized using medians
with 25th and 75th percentiles, and categorical factors were reported using percentages.
Univariate logistic regression models were used to identify baseline factors that were
associated with healing.

Previous studies have demonstrated that initial wound size and duration are risk factors
for non-healing.(22) Furthermore, the percentage reduction in wound size from baseline is
known to be associated with healing outcome.(22) Thus, a two-predictor logistic model was
fitted to investigate the effect of percentage reduction from baseline to week 4 and Margolis
Index on the healing of ulcers when included in the model jointly. The variable percentage
reduction from baseline to week 4 is a continuous variable. The Margolis index is a prognostic
score for VLU healing based on categorisations of the ulcer area and duration (45). It is a binary
variable with three factors based on ulcer size and duration given by ulcer <5cm and <6 months
(baseline category), ulcer >5¢cm or >6 months and ulcer >5cm and >6 months.

From the results of univariate logistic models, it was noted that ulcer durations and sizes
are important for healing outcomes. Thus, the association between ulcer healing and each

clinical variable after adjusting for ulcer duration and size was studied using three-predictor
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logistic regression models. Ulcer duration is a binary variable with two factors of < 6 months

and > 6 months. Ulcer size is also a binary variable with two categories of <5 cm and > 5 cm.

Results

Summaries of each characteristic for participants with healed and unhealed wounds are
presented in Table 2 as the number and percentage for categorical variables, and as medians,
lower and upper quartiles for continuous variables. The number of participants with missing
values of the characteristics are shown. Univariate logistic regression models were fit to
estimate the odds of healing venous leg ulcers and results are presented as odds ratios with 95%
confidence intervals and p-values. Looking purely at statistical significance is not the best
approach, particularly for a dataset of this size. As such, we avoid making statements based
only on the p-value associated with a statistic; instead, we have discussed the clinical
importance of our findings in light of the statistical results. This aligns with current
recommendations from the American Statistical Association on the use and interpretation of p-
values.(49)

The importance of individual factors was tested using the univariate logistic regression
model. According to Table 2, none of the patient characteristics appeared to be important
predictors. With regard to the ongoing treatments, NSAIDs are associated with ulcer healing
outcome (OR=0.13, 95%CI=(0.02, 0.70)). Moreover, in these univariate models, several
wound characteristics were associated with ulcer healing: Margolis index for ulcer size higher
than 5cm and prolonged for more than 6 months (OR=0.13, 95%CI=(0.02, 0.70)), ulcer

duration higher than 6 months (OR=0.03, 95%CI=(<0.01, 0.21)), ulcer size exceeding 5 cm
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(OR=0.19, 95%CI=(0.05, 0.71)), calf circumference (OR=1.16, 95%CI=(1.02, 1.33)),
percentage reduction from base to week 4 (OR=1.05, 95%CI=(1.02, 1.08)), granulation
percentage over 50% (OR=3.67, 95%CI=(0.85, 15.84)) and the minimal exudate level
(OR=28.00, 95%CI=(1.99, 394.40)).

The importance of Margolis index and percentage reduction in wound size was
investigated using a multivariable logistic regression model and the results are described in
Table 3. When adjusting for potential confounders of the outcome-exposure relationship, a
change in the estimate of the effect should be expected. According to the model, the odds of
healing was reduced for a Margolis index of associated with an ulcer that had persisted for >6
months and was larger than 5cm relative to an ulcer that was <6months old and less than 5
cm (OR=0.03, 95%CI1=(<0.01, 0.78)) and increased for each percentage point reduction in
wound size from baseline to week 4 (OR=1.04, 95%CI=(0.99, 1.09); Table 3). In other
words, wounds older than 6 months and larger than 5cm? are less likely to heal and the higher
the percentage of wound size reduction from base to week 4, the greater the odds of the
wound healing by 12 weeks. From the results presented in Table 2, we demonstrated that
ulcer duration and size are two of the strongest predictors of healing. Using multivariable
logistic regression, we evaluated the effect of the predictor variables on whether a patient
would heal, adjusted for ulcer duration and size (results shown in last two columns of Table
2). According to the model, NSAIDS and calf circumference are significant in ulcer healing
(OR=0.05, 95%CI1=(<0.01, 1.35) and OR=1.32, 95%CI=(1.00, 1.74), respectively), once
adjusted for ulcer duration and size.

Discussion:
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Understanding what factors predict or impede wound healing time is critical to ensure
positive outcomes for patients with VLUs. The aim of this study was to identify what factors
(i.e., wound characteristics, patient characteristics, and concurrent treatments) are associated
with wound healing by 12 weeks in a secondary analysis of RCT data in order to generate
new research questions and hypotheses for further study. In doing so, we provide novel
directions for further research.

As hypothesized, larger calf circumference, larger ulcers, and longer ulcer duration
were associated with lower odds of wound healing. Smaller ulcer duration and size were
strongly associated with increased odds of healing. This is consistent with previous evidence
showing that with compression treatment, ulcer size and ulcer duration are particularly strong
factors that appear to increase healing outcomes.(22, 50) We recommend that people with
VLUs should be referred to specialist wound clinic consultants by primary care clinicians
within three months of treatment to ensure early intervention to optimise healing outcomes,
as per the clinical practice guidelines in Australia.(51)

Contrary to our hypothesis, we found no evidence that ABPI index or compression
adherence were associated with improved healing outcomes. Compression adherence and
ABPI indices have been the focus of the VLU literature (39-41), although we would
recommend ABPI measurement needs to be assessed in conjunction with other risk factors.

An unexpected finding was NSAID use was possibly associated with lower odds of
healing, while minimal exudate levels were associated with increased odds of healing. This
finding may be spurious due to the small sample size with short follow up, but the finding is

plausible in the context of previous research. This is especially true as these factors of
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exudate levels and NSAID use likely interact (52), but further research on the use of NSAIDs
and exudate levels is warranted. Recent evidence has shown that there is a possibility that
NSAID use negatively affects skin healing capabilities, as a rat based study has shown that
NSAIDs can negatively affect fibroblast cells critical for new skin formation.(52) A recent
meta-analysis showed that non-selective NSAIDs inhibit wound healing in animal models,
although the quality of the evidence on whether or not NSAIDs affect wound healing in
humans is generally poor.(53) As NSAIDs are often used in conjunction with other
treatments (54) and higher levels of exudate are generally considered an indication of
inflammation (22), this suggests that careful consideration of anti-inflammatory agents with
assessment of exudate levels may need to be incorporated in risk assessments.

This study did not provide evidence of associations between wound healing and
patient characteristics. There was no evidence that patient characteristics (age, male gender,
diabetes, BMI, and smoker status) were associated with improved healing outcomes. These
data suggest patient characteristics that are directly relevant to initially developing an ulcer
may have a more indirect relationship with wound healing.

Our findings suggest poorer wound characteristics tended to result in longer wound
healing times. Meanwhile, patient characteristics did not appear to have strong associations
with the odds of wound healing. Finally, our findings did not provide evidence that
concurrent treatments were associated with healing, or in the case of NSAIDs, were
associated with decreased odds of wound healing. Together, these findings cautiously suggest
that clinicians should focus on wound characteristics when predicting healing, and should be

careful with the administration of NSAIDs, as it may hinder healing.(52)
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A few key limitations are worth noting for this research. This study tested a large
number of hypotheses with a small sample size. This may increase the risks of detecting
spurious associations and may fail to detect evidence of true relationships. Furthermore, due
to the smaller sample size, our analysis could not assess moderating or mediating effects
between variables, which may have limited our ability to understand the effect of NSAIDs.
Another issue was the follow up time; in the space of three months, it may not have been
possible to detect long-term differences. Future research should address this by using an
international prospective sample of sufficient size to detect moderation/mediational
relationships, and use a longer follow up time. Despite these issues, this research indicates
that wound characteristics are the most important part of understanding wound healing,
adding to previous findings in this space.

Conclusion

This prospective study has identified evidence that larger ulcers, longer ulcer duration,
and larger calf circumference associated with decreased odds of wound healing, while
presenting some evidence that NSAID use might negatively affect wound healing.
Furthermore, this study found minimal exudate levels was associated with increased odds of
healing. There was no association between wound healing and patient characteristics, which
requires further exploration. This paper found wound factors are the key variables related to
wound healing outcomes. Future research with a larger sample is needed to assess some of
the factors highlighted in this study to understand other factors that may be associated with
VLU healing.

Acknowledgements

This article is protected by copyright. All rights reserved.



Professor Rory Wolfe

This article is protected by copyright. All rights reserved.

15



16

References:

1. Nelson EA, Adderley U. Venous leg ulcers. BMJ Clin Evid. 2016;2016.

2. Weller C, Evans S. Venous leg ulcer management in general practice--practice nurses
and evidence based guidelines. Aust Fam Physician. 2012;41(5):331-7.

3. Pacella RE, Tulleners R, Cheng Q, Burkett E, Edwards H, Yelland S, et al. Solutions
to the chronic wounds problem in Australia: a call to action. Wound Practice and Research.
2018;26(2):84-98.

4. Franks PJ, Barker J, Collier M, Gethin G, Haesler E, Jawien A, et al. Management of
Patients With Venous Leg Ulcers: Challenges and Current Best Practice. J Wound Care.
2016;25 Suppl 6(Sup6):S1-S67.

5. Australian Bureau of Statistics (ABS). Population projections, Australia, 2012 (base)
to 2101. ABS cat. no. 3222.0. Canberra: ABS; 2013.

6. Statistics ABo. Population projections, Australia, 2012 (base) to 2101. . In: ABS,
editor. Canberra2013.

7. Schofield D, Shrestha RN, Cunich MM, Passey ME, Veerman L, Tanton R, et al. The
costs of diabetes among Australians aged 45-64 years from 2015 to 2030: projections of lost
productive life years (PLYS), lost personal income, lost taxation revenue, extra welfare
payments and lost gross domestic product from Health&WealthMOD2030. BMJ open.
2017;7(1):e013158.

8. Haby MM, Markwick A, Peeters A, Shaw J, Vos T. Future predictions of body mass
index and overweight prevalence in Australia, 2005-2025. Health Promot Int.

2012;27(2):250-60.

This article is protected by copyright. All rights reserved.



17

9. Haby MM, Markwick A, Peeters A, Shaw J, Vos T. Future predictions of body mass
index and overweight prevalence in Australia, 2005-2025. Health promotion international.
2011;27(2):250-60.

10. Finlayson K, Wu ML, Edwards HE. Identifying risk factors and protective factors for
venous leg ulcer recurrence using a theoretical approach: A longitudinal study. International
Journal of Nursing Studies. 2015;52(6):1042-51.

11. Abbade LP, Lastoria S, de Almeida Rollo H, Stolf HO. A sociodemographic, clinical
study of patients with venous ulcer. Int J Dermatol. 2005;44(12):989-92.

12. McDaniel HB, Marston WA, Farber MA, Mendes RR, Owens LV, Young ML, et al.
Recurrence of chronic venous ulcers on the basis of clinical, etiologic, anatomic, and
pathophysiologic criteria and air plethysmography. J Vasc Surg. 2002;35(4):723-8.

13. Parker CN, Finlayson KJ, Shuter P, Edwards HE. Risk factors for delayed healing in
venous leg ulcers: a review of the literature. International Journal of Clinical Practice.
2015;69(9):967-77.

14. Ma H, O'Donnell TF, Jr., Rosen NA, lafrati MD. The real cost of treating venous
ulcers in a contemporary vascular practice. J Vasc Surg Venous Lymphat Disord.
2014;2(4):355-61.

15. Pugliese DJ. Infection in Venous Leg Ulcers: Considerations for Optimal
Management in the Elderly. Drugs Aging. 2016;33(2):87-96.

16. Cheng Q, Gibb M, Graves N, Finlayson K, Pacella RE. Cost-effectiveness analysis of
guideline-based optimal care for venous leg ulcers in Australia. BMC Health Services

Research. 2018;18(1):421.

This article is protected by copyright. All rights reserved.



18

17. Cheng Q, Gibb M, Graves N, Finlayson K, Pacella RE. Cost-effectiveness analysis of
guideline-based optimal care for venous leg ulcers in Australia. BMC Health Serv Res.
2018;18(1):421.

18. Labropoulos N, Wang ED, Lanier ST, Khan SU. Factors associated with poor healing
and recurrence of venous ulceration. Plast Reconstr Surg. 2012;129(1):179-86.

19. Taylor R, Taylor A, Smyth J. Using an artificial neural network to predict healing
times and risk factors for venous leg ulcers. Journal of wound care. 2002;11(3):101-5.

20. McDaniel JC, Browning KK. Smoking, chronic wound healing, and implications for
evidence-based practice. J Wound Ostomy Continence Nurs. 2014;41(5):415-23; quiz E1-2.
21. Robertson L, Lee AJ, Gallagher K, Carmichael SJ, Evans CJ, McKinstry BH, et al.
Risk factors for chronic ulceration in patients with varicose veins: a case control study. J
Vasc Surg. 2009;49(6):1490-8.

22, Milic DJ, Zivic SS, Bogdanovic DC, Karanovic ND, Golubovic ZV. Risk factors
related to the failure of venous leg ulcers to heal with compression treatment. J VVasc Surg.
2009;49(5):1242-7.

23. Davies HO, Popplewell M, Singhal R, Smith N, Bradbury AW. Obesity and lower
limb venous disease—The epidemic of phlebesity. Phlebology. 2017;32(4):227-33.

24. Lay-Flurrie K. Wound management to encourage granulation and epithelialisation.
Prof Nurse. 2004;19(11):26-8.

25. Junker JPE, Kamel RA, Caterson EJ, Eriksson E. Clinical Impact Upon Wound
Healing and Inflammation in Moist, Wet, and Dry Environments. Advances in Wound Care.

2013:2(7):348-56.

This article is protected by copyright. All rights reserved.



19

26.  del Rio Sola ML, Antonio J, Fajardo G, Puerta CV. Influence of aspirin therapy in the
ulcer associated with chronic venous insufficiency. Annals of Vascular Surgery.
2012;26(5):620-9.

27. Yamaki T, Sasaki Y, Hashimoto K, Kamei W, Hasegawa Y, Osada A, et al.
Comparative Efficacy and Safety of Direct Oral Anticoagulants and Warfarin for the
Treatment of Deep Venous Thrombosis and the Prevention of Post-Thrombotic Syndrome.
Journal of Vascular Surgery: Venous and Lymphatic Disorders. 2019;7(2):295.

28. Gethin G, Killeen F, Devane D. Heterogeneity of wound outcome measures in RCTs
of treatments for VLUs: a systematic review. Journal of wound care. 2015;24(5):211-26.

29. Team V, Chandler PG, Weller CD. Adjuvant therapies in venous leg ulcer
management: A scoping review. Wound Repair Regen. 2019.

30. Flegg JA, Kasza J, Darby I, Weller CD. Healing of venous ulcers using compression
therapy: Predictions of a mathematical model. Journal of Theoretical Biology. 2015;379:1-9.
31. Jones KR. Why Do Chronic Venous Leg Ulcers Not Heal? Journal of Nursing Care
Quality. 2009;24(2):116-24.

32. Cardinal M, Eisenbud DE, Armstrong DG. Wound shape geometry measurements
correlate to eventual wound healing. Wound Repair Regen. 2009;17(2):173-8.

33. Weller CD, Buchbinder R, Johnston RV. Interventions for helping people adhere to
compression treatments for venous leg ulceration. The Cochrane database of systematic

reviews. 2016;3(9):CD008378.

This article is protected by copyright. All rights reserved.



20

34. Yang GK, Cao S, Kayssi A, Dueck AD, Alavi A. Critical Evaluation of Delayed
Healing of VVenous Leg Ulcers: A Retrospective Analysis in Canadian Patients. Am J Clin
Dermatol. 2016;17(5):539-44.

35. Paschou SA, Stamou M, Vuagnat H, Tentolouris N, Jude E. Pain management of
chronic wounds: Diabetic ulcers and beyond. Maturitas. 2018;117:17-21.

36.  de Oliveira Carvalho PE, Magolbo NG, De Aquino RF, Weller CD. Oral aspirin for
treating venous leg ulcers. Cochrane Database Syst Rev. 2016;2(2):CD009432.

37. Serra R, Buffone G, Molinari VV, Montemurro R, Perri P, Stillitano DM, et al. Low
molecular weight heparin improves healing of chronic venous ulcers especially in the elderly.
International Wound Journal. 2015;12(2):150-3.

38.  Sadler GM, Wallace HJ, Stacey MC. Oral doxycycline for the treatment of chronic
leg ulceration. Arch Dermatol Res. 2012;304(6):487-93.

39. O’Meara S, Cullum N, Nelson EA, Dumville JC. Compression for venous leg ulcers
(Review). Cochrane Library. 2014;11.

40. Nelson EA, Bell-Syer SE. Compression for preventing recurrence of venous ulcers.
Cochrane Database Syst Rev. 2014;9(9):CD002303.

41.  Weller CD. Compression improves healing of venous leg ulcers compared with no
compression, with differences between different compression systems. Evid Based Nurs.
2013;16(3):94.

42. Walburn J, Weinman J, Norton S, Hankins M, Dawe K, Banjoko B, et al. Stress,
Iliness Perceptions, Behaviors, and Healing in VVenous Leg Ulcers: Findings From a

Prospective Observational Study. Psychosom Med. 2017;79(5):585-92.

This article is protected by copyright. All rights reserved.



21

43. Weller CD, Team V, Ivory JD, Crawford K, Gethin G. ABPI reporting and
compression recommendations in global clinical practice guidelines on venous leg ulcer
management: A scoping review. Int Wound J. 2019;16(2):406-109.

44.  Weller CD, Evans SM, Staples MP, Aldons P, McNeil JJ. Randomized clinical trial of
three-layer tubular bandaging system for venous leg ulcers. Wound Repair Regen.
2012;20(6):822-9.

45. Margolis DJ, Berlin JA, Strom BL. Which venous leg ulcers will heal with limb
compression bandages? The American journal of medicine. 2000;109(1):15-9.

46.  Weller CD, Evans S, Reid CM, Wolfe R, McNeil J. Protocol for a pilot randomised
controlled clinical trial to compare the effectiveness of a graduated three layer straight tubular
bandaging system when compared to a standard short stretch compression bandaging system
in the management of people with venous ulceration: 3VSS2008. Trials. 2010;11:26.

47. Baker SR, Stacey MC. Epidemiology of chronic leg ulcers in Australia. Australian
and New Zealand Journal of Surgery. 1994;64(4):258-61.

48. Etris M, Pribble J, LaBrecque J. Evaluation of two wound measurement methods in a
multi-center, controlled study. Ostomy/wound management. 1994;40(7):44-8.

49.  Wasserstein RL, Lazar NA. The ASA’s statement on p-values: context, process, and
purpose. The American Statistician. 2016;70(2):129-33.

50. Scotton MF, Miot HA, Abbade LPF. Factors that influence healing of chronic venous

leg ulcers: a retrospective cohort. Anais Brasileiros De Dermatologia. 2014;89(3):414-22.

This article is protected by copyright. All rights reserved.



22

51.  Australian Wound Management Association & New Zealand Wound Care Society.
Australian and New Zealand Clinical Practice Guidelines for Prevention and Management of
Venous Leg Ulcers. Osborne Park, Australia: Cambridge Publishing; 2011.

52. Krischak G, Augat P, Claes L, Kinzl L, Beck A. The effects of non-steroidal anti-
inflammatory drug application on incisional wound healing in rats. Journal of wound care.
2007;16(2):76-8.

53. Zhao-Fleming H, Hand A, Zhang K, Polak R, Northcut A, Jacob D, et al. Effect of
non-steroidal anti-inflammatory drugs on post-surgical complications against the backdrop of
the opioid crisis. Burns & trauma. 2018;6(1):25.

54.  Jull A, Wadham A, Bullen C, Parag V, Kerse N, Waters J. Low - dose aspirin as an

adjuvant treatment for venous leg ulceration: study protocol for a randomized controlled trial

(Aspirind VLU). Journal of advanced nursing. 2016;72(3):669-79.

This article is protected by copyright. All rights reserved.



Tables

23

Table 1: Demographic and clinical characteristics of the 45 participants at baseline

assessment

N=45

Age in years, mean (SD)

75.05 (12.26)

Male gender, n (%)

23 (51.1%)

Caucasian ethnicity, n (%)

45 (95.5%)

BMI groups, n (%)

<20 3 (6.6%)
20-24 6 (13.3%)
24-29 9 (20%)
30+ 25 (55.6%)

Risk status, n (%)

Never smoked

25 (55.6%)

Former smoker (<10 years ago) 6 (13.3%)
Former smoker (>10 years ago) 11 (24.4%)
Current smoker 3 (6.6%)

Normal range of ankle mobility n (%)

Full range 38 (84.4%)
Reduced 7 (15.6%)
Ankle circumference (cm2)
Median (range) 24 (20, 29)
Mean (SD) 23.9 (2.6)
Calf circumference (cm2)
Median (range) 37 (27, 50)
Mean (SD) 37.9 (6.0)
Ankle brachial pressure index
Median (range) 1.2 (0.8, 1.6)
Mean (SD) 1.2 (0.17)
Ulcer location (R: L) 22:23
Ulcer area (cm2)
Median (range) 6 (1.2,19.8)
Mean (SD) 7(5.7)
Ulcer duration (months) 7.6

Margolis index

(O) ulcer size <5 cm2 and <6 months, n (%)

16 (35.6%)

(1) ulcer size >5 cm2 or >6 months, n (%)

16 (35.6%

(2) ulcer size >5 cm2 and >6 months, n (%)

13(28.9%)

Table 2: Odds ratios for healing of venous leg ulcers. Unadjusted odds ratios are the results
for univariate logistic regression model and adjusted odds ratios are the results obtained from
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three-predictor logistic regression model

upper quartile).

. Summaries presented as medians (lower quartile,
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Unadjusted Adjusted
Wound Wound Odds
No. unhealed | healed ratio P- Odds ratio | P-
Characteristic miss. | n(%) n(%) (95% CI) | value (95% CI) value
Ongoing treatments
Anticoagulants 0
No 14 (42.4) | 19 (57.6)
1.47
(0.37, 2.43 (0.19,
Yes 4 (33.3) 8 (66.7) 5.88) 0.58 29.99) 0.49
Anti-platelets 0
No 16 (37.2) | 27 (62.8)
Yes 2 (100.0) | 0(0.0) 1 1
Anti-rheumatics 1
No 13 (36.1) | 23 (63.9)
0.57
(0.12, 0.78 (0.05,
Yes 4 (50.0) 4 (50.0) 2.65) 0.47 11.12) 0.85
Aspirin 0
No 11 (35.5) | 20 (64.5)
0.55
(0.15, 0.41 (0.05,
Yes 7 (50.0) 7 (50.0) 1.98) 0.36 3.21) 0.39
Corticosteroids 0
No 18 (41.9) | 25 (58.1)
Yes 0 (0.0) 2(100.0) |1 1
NSAIDs 0
No 11 (30.6) | 25 (69.4)
0.13 0.05
(0.02, (<0.01,
Yes 7 (77.8) 2 (22.2) 0.70) 0.018 | 1.35) 0.076
Wound
characteristics
Ulcer depth at baseline | 0
Grade |l 10 (34.5) | 19 (65.5)
0.53
(0.15, 0.89 (0.12,
Grade Il 8 (50.0) | 8 (50.0) 1.83) 0.31 6.93) 0.92
Exudate level 0
Copious 4 (80.0) 1(20.0) 1
4.00 0.18
(0.39, (<0.01,
Medium 12 (50.0) | 12 (50.0) | 41.23) 0.24 3.85) 0.28
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28.00 28.00 0.014
(1.99, (1.99,
Minimal 2 (12.5) 14 (87.5) | 394.40) 0.014 | 394.40)
Granulation
percentage 1
<50% 15 (50.0) | 15 (50.0)
3.67
(0.85, 7.08 (0.43,
>50% 3(21.4) | 11 (78.6) | 15.84) 0.082 | 117.81) 0.17
Ulcer duration 11
< 6mo 2(10.0) | 18 (90.0)
0.03
(<0.01,
>6mo 11 (78.6) | 3(21.4) 0.21) <0.001
Ulcer size 0
<5cm 5(21.7) 18 (78.3)
0.19
(0.05,
>5cm 13 (59.1) | 9 (40.9) 0.71) 0.013
Margolis index 11
ulcer <5¢cm and <
6mo 1(7.7) 12 (92.3)
0.17
ulcer >5cm or (0.02, 0.50 (0.02,
>6mo 4 (33.3) | 8 (66.7) 1.78) 0.14 9.45) 0.64
0.01 0.09
ulcer >5cm and (<0.01, (<0.01,
>6mo 8 (88.9) 1(11.1) 0.19) 0.002 | 5.22) 0.25
Ankle brachial
pressure index 1
0.8-1 4 (44.4) | 5 (55.6)
2.60
(0.46, 1.55 (0.07,
1-1.2 4 (23.5) 13 (76.5) | 14.63) 0.28 34.60) 0.78
0.64
(0.13, 1.11 (0.07,
>1.2 10 (55.6) | 8 (44.4) 3.20) 0.59 17.58) 0.94
100% bandage
compliance 0
No 2 (22.2) 7 (77.8)
0.36
(0.07, 3.14 (0.18,
Yes 16 (44.4) | 20 (55.6) | 1.96) 0.24 55.22) 0.43
Patient
Characteristics
Sex 0
Female 8 (36.4) 14 (63.6)
0.74
(0.22, 1.11(0.14,
Male 10 (43.5) | 13 (56.5) | 2.46) 0.63 8.57) 0.92

This article is protected by copyright. All rights reserved.



26

Current smoker

No 17 (40.5) | 25 (59.5)
1.36
(0.11,
Yes 1(33.3) |2(66.7) 16.21) 0.81 1
Anaemia
No 17 (41.5) | 24 (58.5)
212
(0.20, 0.11(<0.01,
Yes 1(25.0) | 3(75.0 22.21) 0.53 2.82) 0.19
Diabetes
No 15 (38.5) | 24 (61.5)
0.62
(0.11, 0.68 (0.04,
Yes 3(50.0) | 3(50.0) 3.51) 0.59 10.51) 0.78
History of DVT
No 12 (40.0) | 18 (60.0)
1.20
(0.32, 3.60 (0.28,
Yes 5(35.7) | 9(64.3) 4.47) 0.79 47.06) 0.33
History of hip surgery
No 14 (40.0) | 21 (60.0)
1.00
(0.24, 0.28 (0.02,
Yes 4 (40.0) | 6(60.0) 4.20) 1.00 4.34) 0.37
Hypertension
No 9(52.9) | 8(47.1)
2.38
(0.69, 1.68 (0.22,
Yes 9(32.1) |19(67.9) |8.20) 0.17 12.86) 0.62
Osteoarthritis
No 12 (46.2) | 14 (53.8)
1.86
(0.54, 0.26 (0.02,
Yes 6 (31.6) | 13 (68.4) | 6.40) 0.33 3.09) 0.29
History of venous
surgery
No 14 (43.8) | 18 (56.3)
1.75
(0.44, 0.18 (0.01,
Yes 4(30.8) |9(69.2 6.88) 0.42 3.09) 0.24
Ankle mobility
Full mobility 15 (39.5) | 23 (60.5)
0.87
(0.17, 3.34(0.13,
Reduced mobility 3(429) |4(7.1) 4.45) 0.87 85.92) 0.47
80.3 76.3 0.99
(63.8, (63.0, (0.95, 0.91 (0.81,
Age (yrs) 86.3) * 83.9) * 1.04) 0.81 1.04) 0.16
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28.0 31.0 1.07
(24.0, (27.1, (0.99, 1.11 (0.95,

BMI 2324)* 38.6) * 1.16) 0.11 1.30) 0.17
23.0 245 1.21
(21.0, (23.0, (0.93, 1.54 (0.89,

Ankle Circ. 2 |25.0)* 26.0) * 1.58) 0.15 2.66) 0.12
35.0 38.0 1.16
(33.0, (36.0, (1.02, 1.32 (1.00,

Calf Circ. 2 |38.0)* 44.0) * 1.33) 0.028 | 1.74) 0.048
16.7 85.9 1.05

% reduction from (9.1, (51.1, (1.02, 1.09 (0.95,

base to week 4 81333)* 95.8) * 1.08) <0.001 | 1.25) 0.22

Table 2: Odds ratios of healing for two-predictor logistic regression model containing both
Margolis index and percentage reduction from baseline to week 4.

Odds Ratio (95% CI) p-value
Margolis index
ulcer >5¢cm or >6mo 1.01 (0.40,25.00) 0.995
ulcer >5¢cm and >6mo 0.03(<0.01, 0.78) 0.035
Percentage reduction 1.04 (0.99, 1,09) 0.069

from base to week 4
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three-predictor logistic regression model. Summaries presented as medians (lower quartile,
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Unadjusted Adjusted
Wound Wound Odds
No. unhealed | healed ratio P- Odds ratio | P-
Characteristic miss. | n(%) n(%) (95% CI) | value (95% CI) value
Ongoing treatments
Anticoagulants 0
No 14 (42.4) | 19 (57.6)
1.47
(0.37, 2.43 (0.19,
Yes 4 (33.3) 8 (66.7) 5.88) 0.58 29.99) 0.49
Anti-platelets 0
No 16 (37.2) | 27 (62.8)
Yes 2 (100.0) | 0(0.0) 1 1
Anti-rheumatics 1
No 13 (36.1) | 23 (63.9)
0.57
(0.12, 0.78 (0.05,
Yes 4 (50.0) 4 (50.0) 2.65) 0.47 11.12) 0.85
Aspirin 0
No 11 (35.5) | 20 (64.5)
0.55
(0.15, 0.41 (0.05,
Yes 7 (50.0) 7 (50.0) 1.98) 0.36 3.21) 0.39
Corticosteroids 0
No 18 (41.9) | 25 (58.1)
Yes 0 (0.0) 2(100.0) |1 1
NSAIDs 0
No 11 (30.6) | 25 (69.4)
0.13 0.05
(0.02, (<0.01,
Yes 7 (77.8) 2 (22.2) 0.70) 0.018 | 1.35) 0.076
Wound
characteristics
Ulcer depth at baseline | 0
Grade 10 (34.5) | 19 (65.5)
0.53
(0.15, 0.89 (0.12,
Grade Il 8 (50.0) | 8 (50.0) 1.83) 0.31 6.93) 0.92
Exudate level 0
Copious 4 (80.0) 1 (20.0) 1
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4.00 0.18
(0.39, (<0.01,
Medium 12 (50.0) | 12 (50.0) | 41.23) 0.24 3.85) 0.28
28.00 28.00 0.014
(1.99, (1.99,
Minimal 2 (12.5) 14 (87.5) | 394.40) 0.014 | 394.40)
Granulation
percentage 1
<50% 15 (50.0) | 15 (50.0)
3.67
(0.85, 7.08 (0.43,
>50% 3(21.4) | 11 (78.6) | 15.84) 0.082 | 117.81) 0.17
Ulcer duration 11
< 6mo 2 (10.0) | 18 (90.0)
0.03
(<0.01,
>6mo 11 (78.6) | 3(21.4) 0.21) <0.001
Ulcer size 0
<5cm 5(21.7) 18 (78.3)
0.19
(0.05,
>5cm 13 (59.1) | 9 (40.9) 0.71) 0.013
Margolis index 11
ulcer <5¢cm and <
6mo 1(7.7) 12 (92.3)
0.17
ulcer >5cm or (0.02, 0.50 (0.02,
>6mo 4 (33.3) | 8(66.7) 1.78) 0.14 9.45) 0.64
0.01 0.09
ulcer >5cm and (<0.01, (<0.01,
>6mo 8 (88.9) 1(11.1) 0.19) 0.002 | 5.22) 0.25
Ankle brachial
pressure index 1
0.8-1 4 (44.4) | 5 (55.6)
2.60
(0.46, 1.55 (0.07,
1-1.2 4 (23.5) 13 (76.5) | 14.63) 0.28 34.60) 0.78
0.64
(0.13, 1.11 (0.07,
>1.2 10 (55.6) | 8 (44.4) 3.20) 0.59 17.58) 0.94
100% bandage
compliance 0
No 2 (22.2) 7 (77.8)
0.36
(0.07, 3.14 (0.18,
Yes 16 (44.4) | 20 (55.6) | 1.96) 0.24 55.22) 0.43
Patient
Characteristics
Sex 0
Female 8 (36.4) 14 (63.6)
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0.74
(0.22, 1.11(0.14,
Male 10 (43.5) | 13 (56.5) | 2.46) 0.63 8.57) 0.92
Current smoker
No 17 (40.5) | 25 (59.5)
1.36
(0.11,
Yes 1(33.3) |2(66.7) 16.21) 0.81 1
Anaemia
No 17 (41.5) | 24 (58.5)
212
(0.20, 0.11(<0.01,
Yes 1(25.0) | 3(75.0 22.21) 0.53 2.82) 0.19
Diabetes
No 15 (38.5) | 24 (61.5)
0.62
(0.11, 0.68 (0.04,
Yes 3(50.0) | 3(50.0) 3.51) 0.59 10.51) 0.78
History of DVT
No 12 (40.0) | 18 (60.0)
1.20
(0.32, 3.60 (0.28,
Yes 5(35.7) | 9(64.3) 4.47) 0.79 47.06) 0.33
History of hip surgery
No 14 (40.0) | 21 (60.0)
1.00
(0.24, 0.28 (0.02,
Yes 4 (40.0) | 6(60.0) 4.20) 1.00 4.34) 0.37
Hypertension
No 9(52.9) | 8(47.1)
2.38
(0.69, 1.68 (0.22,
Yes 9(32.1) |19(67.9) | 8.20) 0.17 12.86) 0.62
Osteoarthritis
No 12 (46.2) | 14 (53.8)
1.86
(0.54, 0.26 (0.02,
Yes 6 (31.6) | 13 (68.4) | 6.40) 0.33 3.09) 0.29
History of venous
surgery
No 14 (43.8) | 18 (56.3)
1.75
(0.44, 0.18 (0.01,
Yes 4(30.8) | 9(69.2 6.88) 0.42 3.09) 0.24
Ankle mobility
Full mobility 15 (39.5) | 23 (60.5)
0.87
(0.17, 3.34 (0.13,
Reduced mobility 3(42.9) |4(57.1) 4.45) 0.87 85.92) 0.47

This article is protected by copyright. All rights reserved.



32

80.3 76.3 0.99
(63.8, (63.0, (0.95, 0.91 (0.81,

Age (yrs) 86.3) * 83.9) * 1.04) 0.81 1.04) 0.16
28.0 31.0 1.07
(24.0, (27.1, (0.99, 1.11 (0.95,

BMI 32.4) * 38.6) * 1.16) 0.11 1.30) 0.17
23.0 24.5 1.21
(21.0, (23.0, (0.93, 1.54 (0.89,

Ankle Circ. 25.0) * 26.0) * 1.58) 0.15 2.66) 0.12
35.0 38.0 1.16
(33.0, (36.0, (1.02, 1.32 (1.00,

Calf Circ. 38.0) * 44.0) * 1.33) 0.028 | 1.74) 0.048
16.7 85.9 1.05

% reduction from (9.1, (51.1, (1.02, 1.09 (0.95,

base to week 4 33.3) * 95.8) * 1.08) <0.001 | 1.25) 0.22

*Denotes Range
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Table 3: Odds ratios of healing for two-predictor logistic regression model containing both
Margolis index and percentage reduction from baseline to week 4.

Odds Ratio (95% ClI) p-value
Margolis index
ulcer >5cm or >6mo 1.01 (0.40,25.00) 0.995
ulcer >5¢cm and >6mo 0.03(<0.01, 0.78) 0.035
Percentage reduction 1.04 (0.99, 1,09) 0.069
from base to week 4
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Male 10 (43.5) | 13 (56.5) | 2.46) 0.63 8.57) 0.92
Current smoker 0
No 17 (40.5) | 25 (59.5)
1.36
(0.11,
Yes 1(33.3) 2 (66.7) 16.21) 0.81 1
Anaemia 0
No 17 (41.5) | 24 (58.5)
2.12
(0.20, 0.11(<0.01,
Yes 1(25.0) 3 (75.0) 22.21) 0.53 2.82) 0.19
Diabetes 0
No 15 (38.5) | 24 (61.5)
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0.62

(0.11, 0.68 (0.04,
Yes 3 (50.0) 3 (50.0) 3.51) 0.59 10.51) 0.78
History of DVT
No 12 (40.0) | 18 (60.0)
1.20
(0.32, 3.60 (0.28,
Yes 5 (35.7) 9 (64.3) 4.47) 0.79 47.06) 0.33
History of hip surgery
No 14 (40.0) | 21 (60.0)
1.00
(0.24, 0.28 (0.02,
Yes 4 (40.0) 6 (60.0) 4.20) 1.00 4.34) 0.37
Hypertension
No 9 (52.9) | 8 (47.1)
2.38
(0.69, 1.68 (0.22,
Yes 9 (32.1) 19 (67.9) | 8.20) 0.17 12.86) 0.62
Osteoarthritis
No 12 (46.2) | 14 (53.8)
1.86
(0.54, 0.26 (0.02,
Yes 6 (31.6) | 13 (68.4) | 6.40) 0.33 3.09) 0.29
History of venous
surgery
No 14 (43.8) | 18 (56.3)
1.75
(0.44, 0.18 (0.01,
Yes 4 (30.8) 9 (69.2) 6.88) 0.42 3.09) 0.24
Ankle mobility
Full mobility 15 (39.5) | 23 (60.5)
0.87
(0.17, 3.34 (0.13,
Reduced mobility 3 (42.9) 4 (57.1) 4.45) 0.87 85.92) 0.47
80.3 76.3 0.99
(63.8, (63.0, (0.95, 0.91 (0.81,
Age (yrs) 86.3) * 83.9) * 1.04) 0.81 1.04) 0.16
28.0 31.0 1.07
(24.0, (27.1, (0.99, 1.11 (0.95,
BMI 32.4)* 38.6) * 1.16) 0.11 1.30) 0.17
23.0 245 1.21
(21.0, (23.0, (0.93, 1.54 (0.89,
Ankle Circ. 25.0) * 26.0) * 1.58) 0.15 2.66) 0.12
35.0 38.0 1.16
(33.0, (36.0, (2.02, 1.32 (1.00,
Calf Circ. 38.0) * 44.0) * 1.33) 0.028 | 1.74) 0.048
16.7 85.9 1.05
% reduction from (9.1, (51.1, (2.02, 1.09 (0.95,
base to week 4 33.3) * 95.8) * 1.08) <0.001 | 1.25) 0.22

*Denotes Range
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Table 3: Odds ratios of healing for two-predictor logistic regression model containing both
Margolis index and percentage reduction from baseline to week 4.

Odds Ratio (95% ClI) p-value
Margolis index
ulcer >5cm or >6mo 1.01 (0.40,25.00) 0.995
ulcer >5¢cm and >6mo 0.03(<0.01, 0.78) 0.035
Percentage reduction 1.04 (0.99, 1,09) 0.069
from base to week 4
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