
INCLUDING 
RECOMMENDATIONS 
FOR COMPREHENSIVE 
ASSESSMENT AND 
REFERRAL PATHWAYS

LOWER LEG ULCER 
DIAGNOSIS 
AND PRINCIPLES OF TREATMENT

268x200_LegUlcer_280323.indd   1 21/04/2023   08.07



Lower Leg Ulcer Diagnosis & Principles of Treatment

This chapter discusses the local treatment of 
lower leg ulcers. Local treatment involves a series 
of procedures including dressing selection and 
monitoring. There is big variety in methods of 
local treatment of lower leg ulcers available. This 
is due not only to the many different aetiologies of 
such lower leg ulcers but also to the widely varying 
preferences of physicians and nurses, and to the 
lack of strong evidence and relevant guidelines 
regarding the most appropriate form of local wound 
treatment. For healable wounds, local wound 
treatment interventions can range anywhere along 
the spectrum from maintaining a moist environment 
to sharp debridement (166). On the other hand, 
treatment of maintenance and non-healable 
wounds is focused on selective debridement or 
manage infection, exudate or odour (166). In the 
following section, a synthesis of systematic reviews 
discussing the local treatment of lower leg ulcers is 
outlined. Excluded was compression therapy (see 
Chapter 8).

Wound cleansing and debridement in 
lower leg ulcers
Only two systematic reviews were identified 
addressing the topics of wound cleansing and 
debridement of lower leg ulcers. McLain and 
colleagues assess in their work the effects of 
wound cleansing, wound cleansing solutions 
and techniques for treating VLUs (167). The 
results show that it is uncertain whether aqueous 
oxygen peroxide makes any difference to change 
in ulcer size after 8 weeks (MD –1.38cm2, 95% 
CI –4.35 to 1.59 cm2) or 12 months (RR 1.88, 
95% CI 1.10 to 3.20) when compared with sterile 
water. No difference in wound size reduction 
was also observed comparing propyl betaine 
and polyhexanide. The same results are shown 
when comparing octanedione dihydrochloride/
phenoxyethanol with Ringer’s solution (RR 0.96, 
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95% CI 0.53 to 1.72). The authors concluded 
that there is insufficient evidence to demonstrate 
whether the above-mentioned solutions make any 
difference in the treatment of VLUs.

A similar conclusion was drawn by Gethin, Cowman 
and Kolbach (168). They were determining the 
effects of different debriding methods on the 
rate of debridement and wound healing in VLUs 
which included 10 RCTs with 715 participants. 
The review shows that 80% of the ulcers treated 
with dextranomer beads and 14% treated with 
Edinburgh University Solution of Lime (EUSOL) 
achieved complete debridement (RR 5.71, 95% 
CI 2.84 to 11.52). Using hydrogel (76%) was also 
effective compared to the use of paraffin gauze 
(45%) (RR 0.67, 95% CI 0.45 to 0.99). One study 
(n=48) reported that by 12 weeks, 15/18 (84%) 
ulcers treated with biocellulose wound dressing 
had achieved a 75% to 100% clean, granulating 
wound bed versus 4/15 (26%) treated with non-
adherent petrolatum emulsion-impregnated 
gauze. A reduction in wound size was assessed 
comparing cadexomer iodine with paraffin gauze 
(MD 24.9cm², 95% CI 7.27 to 42.53, P value 
0.006) and hydrocolloid compared to paraffin 
gauze (MD 23.8cm², 95% CI 5.48 to 42.12, P 
value 0.01). 

Wound dressings in lower leg ulcers
Wound dressings support the healing process 
while promoting an optimal environment. To select 
the optimal wound dressing a holistic approach is 
needed. Several systematic reviews were identified 
focused on different wound dressings. One 
systematic review included five RCTs including 295 
participants aiming to compare alginate dressing 
in combination with compression compared with 
other dressings (169). One RCT included 20 
participants comparing different alginate dressings, 
three RCTs included 215 participants comparing 
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alginate and hydrocolloid dressings, and one 
RCT with 60 participants compared alginate and 
plain non-adherent dressings. All studies show 
that there is no statistical significance between 
the alginate group with the comparison (169). A 
meta-analysis was feasible for one comparison 
(alginate and hydrocolloid dressings), with data 
from two RCTs (n=84) pooled for complete healing 
at 6 weeks (RR 0.42 (95% CI 0.14 to 1.21) (170). 
The authors conclude that alginate dressings are 
more or less effective in the healing of VLUs than 
hydrocolloid or plain non-adherent dressings, 
and there is no evidence to indicate a difference 
between different proprietary alginate dressings. 

The effects of topical hydrogel wound dressings 
on the healing of VLU were studied by Ribeiro and 
colleagues (171). The systematic review included 
four RCTs (272 participants) comparing hydrogels 
to a wide variety of wound dressings including 
gauze and saline, alginate dressing, manuka 
honey and hydrocolloid. The authors conclude 
that there is inconclusive evidence to determine 
the effectiveness of hydrogel dressings compared 
with gauze and saline, alginate dressing, manuka 
honey or hydrocolloid on VLU healing. One of the 
limitations is that different dressing categories 
were compared with hydrogel. Similar conclusions 
were made when reviewing the use and effects of 
topical honey dressing on VLU healing (172); they 
were not able to determine any significant effect of 
use due to the small number of papers, all of which 
were of low-quality evidence. The evaluation of the 
impact of foam dressings on VLU healing was also 
unable to find evidence of effect, reporting that 
there was no difference in healing outcome when 
hydrocellular foam dressings and polyurethane 
foam dressings were used compared to a variety of 
wound dressings (paraffin gauze, knitted viscose, 
hydrocapillary dressings or protease modulating 
matrix (PMM) dressings). Pooled data across five 
RCTs (418 participants) showed no statistically 
significant difference between foam dressings 
and hydrocolloid dressings in the proportion of 
ulcers healed at 12 to 16 weeks (RR 1.00, 95% 
CI 0.81 to 1.22). 

The use of antimicrobials in lower leg ulcerations 
was studied in four systematic reviews. Norman 
and colleagues (170) included 78 RCTs with 7014 
participants assessing the effects of dressings 
and topical agents for healing of VLUs in any care 
setting. They show that the included evidence was 
of low certainty. The authors argue that this low 
certainty was continued when the results were 
considered by ranking the treatments in terms of 
the probability that they were the most effective 
for lower leg ulcer healing, with many treatments 
having similar, low, probabilities of being the best 
treatment. The two most highly ranked treatments 
(with a 50% probability) were sucralfate and silver 
dressings. It has to be taken in consideration 
that the sucralfate study was small. If sucralfate 
and silver dressings were compared with other 
dressings, there was some evidence that silver 
dressings may increase the probability of VLU 
healing, compared with non-adherent dressings 
(RR 2.43, 95% CI 1.58 to 3.74). Otherwise, the 
literature is unclear whether the intervention 
(antimicrobial dressing) increased the probability 
of healing. A systematic review assessing the 
evidence supporting the use of dialkylcarbamoyl 
chloride (DACC)-coated dressings in the clinical 
environment was performed (173). The authors 
show data from a pilot-RCT comparing the 
effects of DACC-coated dressings and silver 
impregnated dressings in chronically infected or 
heavily colonised leg ulcers of vascular origin and 
a cohort study including 19 patients (20 wounds) 
with chronically infected vascular ulcers. Both 
studies demonstrate a statistically significant 
reduction (p<0.01) of bacterial load and a positive 
outcome in relation to wound size reduction. 

Another systematic review assessing the effects of 
the use of systemic antibiotics, topical antibiotics 
and antibiotics on VLU healing reported by 45 
RCTs using 53 comparisons (n=4486) show 
that more participants were healed when they 
were prescribed levamisole (systemic antibiotics) 
compared with placebo: RR 1.31 (95% CI 1.06 
to 1.62) (174). No between-group differences 
were detected in terms of complete healing for 
other comparisons (other antibiotics). However, 
the same systematic review highlighted that 
more participants were healed when given 
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cadexomer iodine compared with standard care. 
The pooled estimate from four RCTs for complete 
healing at 4 to 12 weeks was RR 2.17 (95% CI 
1.30 to 3.60). No between-group differences in 
complete healing were detected when cadexomer 
iodine was compared with hydrocolloid dressing, 
paraffin gauze dressing, dextranomer, and silver-
impregnated dressings. The same systematic 
review demonstrates there were no between-
group differences in complete healing detected 
comparing the use of povidone-iodine compared 
with hydrocolloid, moist or foam dressings or 
growth factors. Additionally, it was shown that 
the use of peroxide-based preparations when 
compared with usual care for surrogate healing 
outcomes (change in ulcer area). Using honey-
based products compared with usual care showed 
no difference in time to healing or complete healing. 
Moreover, there were no between-group differences 
in complete healing observed when using 1% silver 
sulphadiazine ointment compared with standard 
care/placebo or tripeptide copper complex or 
different brands of silver-impregnated dressings or 
when silver-impregnated dressings were compared 
with non-antimicrobial dressings. O’Meara et al. 
showed further that more participants healed at 4 
weeks when treated with an enzymatic cleanser 
(a non-antibiotic preparation) compared with a 
chloramphenicol-containing ointment (additional 
active ingredients also included in the ointment): 
RR 0.13 (95% CI 0.02 to 0.99) (174). The use of 
an antiseptic ointment (ethacridine lactate) was 
responsive (defined as >20% reduction in area) at 
4 weeks when compared with placebo: RR 1.45 
(95% CI 1.21 to 1.73). However, the authors 
concluded that there is no evidence available 
to support the routine use of systemic 
antibiotics in promoting healing of VLUs. A 
systematic review by Broderick and colleagues 
(175) determined whether topical agents and 
wound dressings affect healing in arterial ulcers. 
It compared healing rates and patient-centred 
outcomes between wound dressings and 
topical agents. The results show that there is an 
accelerated wound healing in the 2% ketanserin 
ointment in polyethylene glycol group. Another 
topical agent studied was the application of blood-
derived concentrated growth factor compared with 
polyurethane film or foam. Two studies were found 

and in both studies the sample size was small, 
the reported results were inadequate, and the 
methodological quality was rated low. However, 
the results show that 66.6% of patients with a 
diabetic arterial ulcer (6/9) receiving blood-derived 
concentrated growth factor showed more than a 
50% decrease in ulcer size compared to 6.7% 
(2/30) of patients with non-healing ulcers treated 
with standard dressing. 

Topical agents or wound dressings 
to manage wound-associated pain 
The use of topical agents or wound dressings 
for the management of patients’ pain from VLU 
was explored in a systematic review by Briggs 
et al. (176). The review found six studies (involving 
343 participants) evaluating the use of local 
lidocaine cream (EMLA: Eutectic Mixture of local 
anaesthetic [Lidocaine/Prilocaine]) to help manage 
procedural pain (debridement). They found a 
statistical difference in pain score in favour of 
EMLA cream (MD –20.65, 95% CI –12.19 to – 
29.11). Additionally, they reviewed two studies 
(470 participants) assessing the use of ibuprofen 
slow-release foam dressings for persistent VLU 
pain. Compared to local best practice, one paper 
reported significant benefits in total maximum pain 
relief scores, but the second paper reported no 
significant difference between the two groups. 
The conclusion of this systematic review was that 
EMLA cream provides effective pain relief during 
debridement and that there was some evidence 
to suggest that ibuprofen dressings may offer 
pain relief to people with painful VLUs, but further 
research was needed to assess the true impact.

Autologous platelet-rich plasma 
(PRP) in lower leg ulcerations
The use of autologous platelet-rich plasma (PRP) 
promoting wound healing was assessed by 
Martinez-Zapata et al. (177). The results reported 
on wounds of the lower leg (VLU) show that it is 
unclear if autologous PRP affects healing (RR 1.02, 
95% CI 0.81 to 1.27). 

Ultrasound therapy
The impact of local ultrasound therapy on VLU 
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healing was reviewed by Cullum and Liu (178); 
their systematic review identified 11 research 
papers (10 of which were judged as being at an 
unclear or high risk of bias). There were nine trials 
which evaluated high-frequency ultrasound, seven 
provided data for ulcer healing, and two showed 
data on ulcer change size with two trials which 
evaluated low frequency ultrasound; both reported 
ulcer healing. They concluded that it was uncertain 
whether therapeutic ultrasound (either high or low 
frequency) improves the healing of VLUs due to 
low and very low-quality evidence.

Electromagnetic therapy (EMT)
One systematic review was identified investigating 
the impact of electromagnetic therapy (EMT) on 
the healing of VLUs (179). There were three RCTs 
identified, and all compared the use of EMT with 
sham-EMT. Two trials reported ulcer healing rates; 
one small trial (n=44) reported that significantly 
more ulcers healed in the EMT group than the 
sham-EMT group; however, this result was not 
robust due to the assumptions made about the 
outcomes of participants who were lost to follow-
up. The second trial that reported numbers of 
ulcers healed found no significant difference in 
healing. The third trial was also small (n=31) and 
reported significantly greater reductions in ulcer 
size in the EMT group but did not report overall 
healing data. It remains unclear whether EMT 
influences the rate of healing of VLUs.

Protease modulating matrix (PMM) 
treatments
A systematic review by Westby et al. (180) aimed 
to determine the effect of PMM treatments 
on the healing of VLU; it included 12 studies 
(784 participants). Nine of the included studies 
compared PMM treatments with other treatments 
and reported healing as primary outcomes, 
seven of which recruited participants described 
as having ‘non-responsive’ or ‘hard-to-heal’ 
ulcers. Comparators were other types of wound 
dressings, and in all studies PMM was used as an 
adjunct to standard compression therapy. They 
reported that there was uncertainty whether PMM 
dressing regimens heal VLUs quicker than non-

PMM dressing regimens (low-certainty evidence 
from one trial with 100 participants) (HR 1.21, 95% 
CI 0.74 to 1.97) and it was unclear whether PMM 
dressing regimens influence venous ulcer healing 
in comparison with to dressing regimens without 
PMM activity.

Summary
The synthesis of the systematic reviews (1A) shows 
that there is not enough evidence that one wound 
dressing would be superior to another neutral 
dressing when chosen according to wound bed and 
exudation. However, when consulting PROSPERO 
and clinical trials.gov there are promising ongoing 
publications, systematic reviews and clinical trials, 
to manage exudate in lower leg ulcerations (181, 
182). Nevertheless, more methodologically robust 
clinical trials are needed to close this gap. The 
authors therefore conclude that the characteristics 
of the wound (for example, exudate, odour and/
or pain) should be the deciding factor in choosing 
the most appropriate dressing for treating a lower 
leg ulceration (1A).

53Journal of Wound Management
EWMA Document 2023

S



Lower Leg Ulcer Diagnosis & Principles of Treatment

1. Olsson M, Järbrink K, Divakar U, Bajpai 
R, Upton Z, Schmidtchen A, et al. The 
humanistic and economic burden of 
chronic wounds: A systematic review: 
The burden of chronic wounds. Wound 
Rep and Reg. 2019;27(1):114-25.

2. Guest JF, Fuller GW, Vowden P. Cohort 
study evaluating the burden of wounds 
to the UK’s National Health Service in 
2017/2018: update from 2012/2013. 
BMJ Open. 2020;10(12):e045253.

3. Graves N, Phillips CJ, Harding K. A 
narrative review of the epidemiology and 
economics of chronic wounds. Br J 
Dermatol. 2022;187(2):141-8.

4. Ahmajarvi K, Isoherranen K, Venermo M. 
Cohort study of diagnostic delay in the 
clinical pathway of patients with chronic 
wounds in the primary care setting. BMJ 
Open. 2022;12(11):e062673.

5. Mooij MC, Huisman LC. Chronic leg 
ulcer: does a patient always get a correct 
diagnosis and adequate treatment? 
Phlebology. 2016;31(1 Suppl):68-73.

6. Jockenhofer F, Gollnick H, Herberger K, 
Isbary G, Renner R, Stucker M, et al. 
Aetiology, comorbidities and cofactors of 
chronic leg ulcers: retrospective evalua-
tion of 1 000 patients from 10 special-
ised dermatological wound care centers 
in Germany. Int Wound J. 
2016;13(5):821-8.

7. Isoherranen K, O’Brien JJ, Barker J, 
Dissemond J, Hafner J, Jemec GBE, et 
al. Atypical wounds. Best clinical practice 
and challenges. J Wound Care. 
2019;28(Sup6):S1-S92.

8. Martinengo L, Olsson M, Bajpai R, Soljak 
M, Upton Z, Schmidtchen A, et al. 
Prevalence of chronic wounds in the 
general population: systematic review 
and meta-analysis of observational 
studies. Annals of Epidemiology. 
2019;29:8-15.

9. Ahmajarvi KM, Isoherranen KM, Makela 
A, Venermo M. A change in the preva-
lence and the etiological factors of 
chronic wounds in Helsinki metropolitan 
area during 2008-2016. Int Wound J. 
2019;16(2):522-6.

10. Bolton L. Peripheral arterial disease: 
Scoping review of patient-centred 
outcomes. Int Wound J. 
2019;16(6):1521-32.

11. Friman A, Wiegleb Edstrom D, Ebbeskog 
B, Edelbring S. General practitioners’ 
knowledge of leg ulcer treatment in 
primary healthcare: an interview study. 
Prim Health Care Res Dev. 2020;21:e34.

12. Strohal R, Dissemond J, Jordan O’Brien 
J, Piaggesi A, Rimdeika R, Young T, et al. 
EWMA Document: Debridement: An 
updated overview and clarification of the 
principle role of debridement. J Wound 
Care. 2013;22(Sup1):S1-S49.

13. Probst S, Apelqvist J, Bjarnsholt T, 
Lipsky B, Ousey K, Peters E. Antimicro-
bials and Non-healing Wounds: An 
Update. Journal of Wound Management. 
2022;23(3).

14. Piaggesi A, Bassetto F, den Braber E, 
Dalla Paola L, Marques MA, Palla I, et al. 
New technologies for tissue replace-
ment. Journal of Wound Management. 
2023;24(1 Sup1). s1-130.

15. European Pressure Ulcer Advisory Panel, 
National Pressure Ulcer Advisory Panel 
and Pan Pacific Pressure Injury Alliance. 
Prevention and Treatment of Pressure 
Ulcers: Quick Reference Guide. Emily 
Haesler (Ed.). EPUAP/NPIAP/PPPIA: 
2019

16. Schaper NC, van Netten JJ, Apelqvist J, 
Bus SA, Hinchliffe RJ, Lipsky BA, et al. 
Practical Guidelines on the prevention 
and management of diabetic foot 
disease (IWGDF 2019 update). Diabetes 
Metab Res Rev. 2020;36 Suppl 1:e3266.

17. Guyatt GH, Oxman AD, Kunz R, 
Falck-Ytter Y, Vist GE, Liberati A, et al. 
Going from evidence to recommenda-
tions. BMJ. 2008;336(7652):1049-51.

18. British HIV Association (BHIVA). Guide-
line Development Manual. 2021: 1-37.

19. Schunemann HJ, Brożek J, Guyatt GH, 
Oxman AD. Handbook for grading the 
quality of evidence and the strength of 
the recommendations using the GRADE 
approach. 2013.

20. Aguirre A, Sharma K, Arora A, Hum-
phries MD. Early ABI Testing May 
Decrease Risk of Amputation for Patients 
With Lower Extremity Ulcers. Annals of 
Vascular Surgery. 2022;79:65-71.

21. Force USPST, Curry SJ, Krist AH, Owens 
DK, Barry MJ, Caughey AB, et al. 
Screening for Peripheral Artery Disease 
and Cardiovascular Disease Risk 
Assessment With the Ankle-Brachial 
Index: US Preventive Services Task 
Force Recommendation Statement. 
JAMA. 2018;320(2):177-83.

22. Gerhard-Herman MD, Gornik HL, Barrett 
C, Barshes NR, Corriere MA, Drachman 
DE, et al. 2016 AHA/ACC Guideline on 
the Management of Patients With Lower 
Extremity Peripheral Artery Disease: 
Executive Summary: A Report of the 
American College of Cardiology/
American Heart Association Task Force 
on Clinical Practice Guidelines. Circula-
tion. 2017;135(12):e686-e725.

23. De Maeseneer MG, Kakkos SK, Aherne 
T, Baekgaard N, Black S, Blomgren L, et 
al. Editor’s Choice - European Society for 
Vascular Surgery (ESVS) 2022 Clinical 
Practice Guidelines on the Management 
of Chronic Venous Disease of the Lower 
Limbs. Eur J Vasc Endovasc Surg. 
2022;63(2):184-267.

24. Gohel MS, Heatley F, Liu X, Bradbury A, 
Bulbulia R, Cullum N, et al. A Rand-
omized Trial of Early Endovenous 
Ablation in Venous Ulceration. N Engl J 
Med. 2018;378(22):2105-14.

25. Gohel MS, Mora MJ, Szigeti M, Epstein 
DM, Heatley F, Bradbury A, et al. 
Long-term Clinical and Cost-effective-
ness of Early Endovenous Ablation in 
Venous Ulceration: A Randomized 
Clinical Trial. JAMA Surg. 
2020;155(12):1113.

26. LeBlanc Kea. Best practice recommen-
dations for the prevention and manage-
ment of skin tears in aged skin. Wounds 
International. 2018.

27. Schofield M, Aziz M, Bliss MR, Bull RH. 
Medical pathology in patients with leg 
ulcers: a study carried out in a leg ulcer 
clinic in a day hospital for the elderly. J 
Tissue Viability. 2003;13(1):17-22.

28. Michelerio A, Tomasini CF. The Alzheimer 
patient from the dermatologist’s point of 
view. Ital J Dermatol Venerol. 
2021;156(4):422-7.

29. Kaya G, Saurat JH. Dermatoporosis: a 
chronic cutaneous insufficiency/fragility 
syndrome. Clinicopathological features, 
mechanisms, prevention and potential 
treatments. Dermatology. 
2007;215(4):284-94.

30. Cowdell F, Jadotte YT, Ersser SJ, Danby 
S, Lawton S, Roberts A, et al. Hygiene 
and emollient interventions for maintain-
ing skin integrity in older people in 
hospital and residential care settings. 
Cochrane Database Syst Rev. 
2020;1:CD011377.

31. Kaya A, Vuagnat H, Kaya G. Dermatopo-
rosis: Clinical features, molecular 
mechanisms and novel therapeutic 
targets - A literature review. Journal of 
Wound Management Official journal of 
the European Wound Management 
Association. 2022(November 2022).

32. Serra R, Ielapi N, Barbetta A, de 
Franciscis S. Skin tears and risk factors 
assessment: a systematic review on 
evidence-based medicine. Int Wound J. 
2018;15(1):38-42.

33. Kaya G, Jacobs F, Prins C, Viero D, Kaya 
A, Saurat JH. Deep dissecting hema-
toma: an emerging severe complication 
of dermatoporosis. Arch Dermatol. 
2008;144(10):1303-8.

34. Hafner J. Calciphylaxis and Martorell 
Hypertensive Ischemic Leg Ulcer: Same 
Pattern - One Pathophysiology. Derma-
tology. 2016;232(5):523-33.

35. Monfort JB, Cury K, Moguelet P, Chasset 
F, Bachmeyer C, Frances C, et al. 
Cutaneous Arteriolosclerosis Is Not 
Specific to Ischemic Hypertensive Leg 
Ulcers. Dermatology. 2018;234(5-6):194-
7.

14. 
References

69Journal of Wound Management
EWMA Document 2023

S



Lower Leg Ulcer Diagnosis & Principles of Treatment

36. Yao Z, Niu J, Cheng B. Prevalence of 
Chronic Skin Wounds and Their Risk 
Factors in an Inpatient Hospital Setting in 
Northern China. Adv Skin Wound Care. 
2020;33(9):1-10.

37. Swanson T, Ousey K, Haesler E, 
Bjarn sholt T, Carville K, Idensohn P, et al. 
IWII Wound Infection in Clinical Practice 
consensus document: 2022 update. J 
Wound Care. 2022;31(Sup12):S10-S21. 

38. Gjodsbol K, Christensen JJ, Karlsmark T, 
Jorgensen B, Klein BM, Krogfelt KA. 
Multiple bacterial species reside in 
chronic wounds: a longitudinal study. Int 
Wound J. 2006;3(3):225-31.

39. Jockenhofer F, Gollnick H, Herberger K, 
Isbary G, Renner R, Stucker M, et al. 
Bacteriological pathogen spectrum of 
chronic leg ulcers: Results of a multi-
center trial in dermatologic wound care 
centers differentiated by regions. J Dtsch 
Dermatol Ges. 2013;11(11):1057-63.

40. Burmolle M, Thomsen TR, Fazli M, Dige 
I, Christensen L, Homoe P, et al. Biofilms 
in chronic infections - a matter of 
opportunity - monospecies biofilms in 
multispecies infections. FEMS Immunol 
Med Microbiol. 2010;59(3):324-36.

41. Dowd SE, Sun Y, Secor PR, Rhoads DD, 
Wolcott BM, James GA, et al. Survey of 
bacterial diversity in chronic wounds 
using pyrosequencing, DGGE, and full 
ribosome shotgun sequencing. BMC 
Microbiol. 2008;8:43.

42. Swanson T, Haesler E, Angel D, Suss-
man G. IWII Wound infection in clinical 
practice consensus document 2016 
update. Wound Practice and Research. 
2016;24:94-198.

43. Ribet D, Cossart P. How bacterial 
pathogens colonize their hosts and 
invade deeper tissues. Microbes Infect. 
2015;17(3):173-83.

44. Dissemond J, Assadian O, Gerber V, 
Kingsley A, Kramer A, Leaper DJ, et al. 
Classification of wounds at risk and their 
antimicrobial treatment with polihexa-
nide: a practice-oriented expert recom-
mendation. Skin Pharmacol Physiol. 
2011;24(5):245-55.

45. Dissemond J, Gerber V, Lobmann R, 
Kramer A, Mastronicola D, Senneville E, 
et al. Therapeutic index for local 
infections score (TILI): a new diagnostic 
tool. J Wound Care. 2020;29(12):720-6.

46. Horan TC, Gaynes RP, Martone WJ, 
Jarvis WR, Emori TG. CDC definitions of 
nosocomial surgical site infections, 1992: 
a modification of CDC definitions of 
surgical wound infections. Infect Control 
Hosp Epidemiol. 1992;13(10):606-8.

47. Malone M, Bjarnsholt T, McBain AJ, 
James GA, Stoodley P, Leaper D, et al. 
The prevalence of biofilms in chronic 
wounds: a systematic review and 
meta-analysis of published data. J 
Wound Care. 2017;26(1):20-5.

48. Kolpen M, Kragh KN, Enciso JB, 
Faurholt-Jepsen D, Lindegaard B, 
Egelund GB, et al. Bacterial biofilms 
predominate in both acute and chronic 
human lung infections. Thorax. 
2022;77(10):1015-22.

49. Stuermer EK, Besser M, Debus ES, 
Smeets R, Dietrich M. Bacterial infiltra-

tion in biofilm-colonized wounds: 
Analyses in the hpBIOM ex vivo wound 
model and possible impact on swabbing 
and debridement. Int Wound J 2023 
[accepted]

50. James GA, Swogger E, Wolcott R, 
Pulcini E, Secor P, Sestrich J, et al. 
Biofilms in chronic wounds. Wound 
Repair Regen. 2008;16(1):37-44.

51. Vuong C, Kocianova S, Voyich JM, Yao 
Y, Fischer ER, DeLeo FR, et al. A crucial 
role for exopolysaccharide modification 
in bacterial biofilm formation, immune 
evasion, and virulence. J Biol Chem. 
2004;279(52):54881-6.

52. Jensen PO, Bjarnsholt T, Phipps R, 
Rasmussen TB, Calum H, Christoffersen 
L, et al. Rapid necrotic killing of polymor-
phonuclear leukocytes is caused by 
quorum-sensing-controlled production of 
rhamnolipid by Pseudomonas aerugi-
nosa. Microbiology (Reading). 
2007;153(Pt 5):1329-38.

53. Cowan T. Biofilms and their manage-
ment: from concept to clinical reality. J 
Wound Care. 2011;20(5):220, 2-6.

54. Thurlow LR, Hanke ML, Fritz T, Angle A, 
Aldrich A, Williams SH, et al. Staphylo-
coccus aureus biofilms prevent mac-
rophage phagocytosis and attenuate 
inflammation in vivo. J Immunol. 
2011;186(11):6585-96.

55. Flemming HC, Wingender J. The biofilm 
matrix. Nat Rev Microbiol. 
2010;8(9):623-33.

56. Larsen T, Fiehn NE. Resistance of 
Streptococcus sanguis biofilms to 
antimicrobial agents. Apmis. 
1996;104(4):280-4.

57. Williams P, Winzer K, Chan WC, Camara 
M. Look who’s talking: communication 
and quorum sensing in the bacterial 
world. Philos Trans R Soc Lond B Biol 
Sci. 2007;362(1483):1119-34.

58. Fazli M, Bjarnsholt T, Kirketerp-Moller K, 
Jorgensen B, Andersen AS, Krogfelt KA, 
et al. Nonrandom distribution of Pseu-
domonas aeruginosa and Staphylococ-
cus aureus in chronic wounds. J Clin 
Microbiol. 2009;47(12):4084-9.

59. Frevert W, Wright TW, Farmer KW, Yang 
Q, Struk AM, Schultz G. Evaluation of 
Biofilms on Explanted Shoulder Prosthe-
ses Using Functional Biofilm Assay and 
Scanning Electron Microscopy. J Surg 
Orthop Adv. 2018;27(3):171-7.

60. Rennie MY, Dunham D, Lindvere-Teene 
L, Raizman R, Hill R, Linden R. Under-
standing Real-Time Fluorescence Signals 
from Bacteria and Wound Tissues 
Observed with the MolecuLight i:X(TM). 
Diagnostics (Basel). 2019;9(1).

61. Le L, Baer M, Briggs P, Bullock N, Cole 
W, DiMarco D, et al. Diagnostic Accuracy 
of Point-of-Care Fluorescence Imaging 
for the Detection of Bacterial Burden in 
Wounds: Results from the 350-Patient 
Fluorescence Imaging Assessment and 
Guidance Trial. Adv Wound Care (New 
Rochelle). 2021;10(3):123-36.

62. Dow G, Browne A, Sibbald RG. Infection 
in chronic wounds: controversies in 
diagnosis and treatment. Ostomy Wound 
Manage. 1999;45(8):29-40.

63. Gardner SE, Frantz RA, Saltzman CL, 
Hillis SL, Park H, Scherubel M. Diagnos-
tic validity of three swab techniques for 
identifying chronic wound infection. 
Wound Repair Regen. 2006;14(5):548-
57.

64. Spear M. Best technique for obtaining 
wound cultures. Plast Surg Nurs. 
2012;32(1):34-6.

65. Rondas AA, Schols JM, Halfens RJ, 
Stobberingh EE. Swab versus biopsy for 
the diagnosis of chronic infected 
wounds. Adv Skin Wound Care. 
2013;26(5):211-9.

66. Levine NS, Lindberg RB, Mason AD, Jr., 
Pruitt BA, Jr. The quantitative swab 
culture and smear: A quick, simple 
method for determining the number of 
viable aerobic bacteria on open wounds. 
J Trauma. 1976;16(2):89-94.

67. Al Ghazal P, Korber A, Klode J, Schmid 
EN, Buer J, Dissemond J. Evaluation of 
the Essen Rotary as a new technique for 
bacterial swabs: results of a prospective 
controlled clinical investigation in 50 
patients with chronic leg ulcers. Int 
Wound J. 2014;11(1):44-9.

68. Copeland-Halperin LR, Kaminsky AJ, 
Bluefeld N, Miraliakbari R. Sample 
procurement for cultures of infected 
wounds: a systematic review. J Wound 
Care. 2016;25(4):S4-6, S8-10.

69. Jakobsen TH, Xu Y, Bay L, Schonheyder 
HC, Jakobsen T, Bjarnsholt T, et al. 
Sampling challenges in diagnosis of 
chronic bacterial infections. J Med 
Microbiol. 2021;70(3).

70. Rhoads DD, Cox SB, Rees EJ, Sun Y, 
Wolcott RD. Clinical identification of 
bacteria in human chronic wound 
infections: culturing vs. 16S ribosomal 
DNA sequencing. BMC Infect Dis. 
2012;12:321.

71. Ghaly P, Iliopoulos J, Ahmad M. The role 
of nutrition in wound healing: an 
overview. Br J Nurs. 2021;30(5):S38-
S42.

72. Bardoel BW, van der Ent S, Pel MJ, 
Tommassen J, Pieterse CM, van Kessel 
KP, et al. Pseudomonas evades immune 
recognition of flagellin in both mammals 
and plants. PLoS Pathog. 
2011;7(8):e1002206.

73. Gardner SE, Frantz RA, Doebbeling BN. 
The validity of the clinical signs and 
symptoms used to identify localized 
chronic wound infection. Wound Repair 
Regen. 2001;9(3):178-86.

74. Jockenhofer F, Wollina U, Salva KA, 
Benson S, Dissemond J. The PARA-
CELSUS score: a novel diagnostic tool 
for pyoderma gangrenosum. Br J 
Dermatol. 2019;180(3):615-20.

75. Maverakis E, Ma C, Shinkai K, Fiorentino 
D, Callen JP, Wollina U, et al. Diagnostic 
Criteria of Ulcerative Pyoderma Gan-
grenosum. JAMA Dermatology. 
2018;154(4).

76. Oishi P, Hoffman JIE, Fuhrman BP, 
Fineman JR. Chapter 20 - Regional 
Circulation. In: Bradley PF, Zimmerman 
JJ, editors. Pediatric Critical Care: 
Pediatric Critical Care; 2011. p. 217-33.

77. Sogaard M, Nordanstig J, Eldrup N, 
Behrendt CA. A thought-provoking state-

70 Journal of Wound Management
EWMA Document 2023

S



Lower Leg Ulcer Diagnosis & Principles of Treatment

ment regarding the treatment of 
patients with peripheral arterial 
disease. Vasa. 2023;52(2):77-80.

78. NICE. Peripheral arterial disease: 
diagnosis and management. NICE 
Clinical Care Excellence. 2020;147.

79. Cournot M, Boccalon H, Cambou 
JP, Guilloux J, Taraszkiewicz D, 
Hanaire-Broutin H, et al. Accuracy of 
the screening physical examination 
to identify subclinical atherosclerosis 
and peripheral arterial disease in 
asymptomatic subjects. J Vasc Surg. 
2007;46(6):1215-21.

80. Collins TC, Suarez-Almazor M, 
Peterson NJ. An absent pulse is not 
sensitive for the early detection of 
peripheral arterial disease. Fam Med. 
2006;38(1):38-42.

81. Khan NA, Rahim SA, Anand SS, 
Simel DL, Panju A. Does the clinical 
examination predict lower extremity 
peripheral arterial disease? JAMA. 
2006;295(5):536-46.

82. Aboyans V, Ricco JB, Bartelink MEL, 
Bjorck M, Brodmann M, Cohnert T, 
et al. Editor’s Choice - 2017 ESC 
Guidelines on the Diagnosis and 
Treatment of Peripheral Arterial 
Diseases, in collaboration with the 
European Society for Vascular 
Surgery (ESVS). Eur J Vasc Endo-
vasc Surg. 2018;55(3):305-68.

83. Xu D, Zou L, Xing Y, Hou L, Wei Y, 
Zhang J, et al. Diagnostic value of 
ankle-brachial index in peripheral 
arterial disease: a meta-analysis. 
Can J Cardiol. 2013;29(4):492-8.

84. Aboyans V, Criqui MH, Abraham P, 
Allison MA, Creager MA, Diehm C, et 
al. Measurement and interpretation 
of the ankle-brachial index: a 
scientific statement from the 
American Heart Association. 
Circulation. 2012;126(24):2890-909.

85. Lim SLX, Chung RE, Holloway S, 
Harding KG. Modified compression 
therapy in mixed arterial-venous leg 
ulcers: An integrative review. Int 
Wound J. 2021;18(6):822-42.

86. Casey S, Lanting S, Oldmeadow C, 
Chuter V. The reliability of the ankle 
brachial index: a systematic review. J 
Foot Ankle Res. 2019;12:39.

87. Watson EL, Patel B, Katsogridakis E, 
Pepper CJ, Messeder SJ, Saratzis 
A, et al. Selecting Portable Ankle/Toe 
Brachial Pressure Index Systems for 
a Peripheral Arterial Disease 
Population Screening Programme: a 
Systematic Review, Clinical Evalua-
tion Exercise, and Consensus 
Process. Eur J Vasc Endovasc Surg. 
2022;64(6):693-702.

88. Norgren L, Hiatt WR, Dormandy JA, 
Nehler MR, Harris KA, Fowkes FG, 
et al. Inter-Society Consensus for the 
Management of Peripheral Arterial 
Disease (TASC II). J Vasc Surg. 
2007;45 Suppl S:S5-67.

89. 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:S1-S67.

90. A H. [Wounds related to vascular 
changes - venous Wounds]. In: 
Gottrup F, Karlsmark T, Kirketerp-
Moller K, editors. [Wounds - Aetiol-
ogy, diagnosis and treatment]. 
Copenhagen: Forfatterne og 
Mungsgaard; 2021. p. 227-35.

91. Lurie F, Passman M, Meisner M, 
Dalsing M, Masuda E, Welch H, et 
al. The 2020 update of the CEAP 
classification system and reporting 
standards. J Vasc Surg Venous 
Lymphat Disord. 2020;8(3):342-52.

92. Michaels JA, Brazier JE, Campbell 
WB, MacIntyre JB, Palfreyman SJ, 
Ratcliffe J. Randomized clinical trial 
comparing surgery with conservative 
treatment for uncomplicated 
varicose veins. Br J Surg. 
2006;93(2):175-81.

93. Knipp BS, Blackburn SA, Bloom JR, 
Fellows E, Laforge W, Pfeifer JR, et 
al. Endovenous laser ablation: 
venous outcomes and thrombotic 
complications are independent of the 
presence of deep venous insuffi-
ciency. J Vasc Surg. 
2008;48(6):1538-45.

94. Marston WA, Brabham VW, Mendes 
R, Berndt D, Weiner M, Keagy B. 
The importance of deep venous 
reflux velocity as a determinant of 
outcome in patients with combined 
superficial and deep venous reflux 
treated with endovenous saphenous 
ablation. J Vasc Surg. 
2008;48(2):400-5; discussion 5-6.

95. Hedayati N, Carson JG, Chi YW, 
Link D. Management of mixed 
arterial venous lower extremity 
ulceration: A review. Vasc Med. 
2015;20(5):479-86.

96. Humphreys ML, Stewart AH, Gohel 
MS, Taylor M, Whyman MR, Poskitt 
KR. Management of mixed arterial 
and venous leg ulcers. Br J Surg. 
2007;94(9):1104-7.

97. Weller CD, Team V, Ivory JD, 
Crawford K, Gethin G. ABPI 
reporting and compression recom-
mendations in global clinical practice 
guidelines on venous leg ulcer 
management: A scoping review. Int 
Wound J. 2019;16(2):406-19.

98. Gasparis AP, Kim PS, Dean SM, 
Khilnani NM, Labropoulos N. 
Diagnostic approach to lower limb 
edema. Phlebology: The Journal of 
Venous Disease. 2020;35(9):650-5.

99. Beelen LM, van Dishoeck A-M, 
Tsangaris E, Coriddi M, Dayan JH, 
Pusic AL, et al. Patient-Reported 
Outcome Measures in Lymphedema: 
A Systematic Review and COSMIN 
Analysis. Annals of Surgical Oncol-
ogy. 2020;28(3):1656-68.

100. Ely JW, Osheroff JA, Chambliss ML, 
Ebell MH. Approach to Leg Edema 
of Unclear Etiology. The Journal of 
the American Board of Family 
Medicine. 2006;19(2):148-60.

101. Farrow W. Phlebolymphedema-a 
common underdiagnosed and 

undertreated problem in the wound 
care clinic. J Am Col Certif Wound 
Spec. 2010;2(1):14-23.

102. Salim S, Machin M, Patterson BO, 
Onida S, Davies AH. Global Epidemi-
ology of Chronic Venous Disease. 
Annals of Surgery. 2021;274(6):971-
6.

103. Moffatt CJ, Keeley V, Franks PJ, 
Rich A, Pinnington LL. Chronic 
oedema: a prevalent health care 
problem for UK health services. Int 
Wound J. 2017;14(5):772-81.

104. O’Donnell TF, Allison GM, Melikian R, 
Iafrati MD. A systematic review of the 
quality of clinical practice guidelines 
for lymphedema, as assessed using 
the Appraisal of Guidelines for 
Research and Evaluation II instru-
ment. Journal of Vascular Surgery: 
Venous and Lymphatic Disorders. 
2020;8(4):685-92.

105. Lymphoedema: NHS; 2019 Available 
from: https://www.nhs.uk/condi-
tions/lymphoedema/.

106. Todd M. Chronic Oedema: Obesity-
related lymphoedema. British 
Journal of Community Nursing. 
2019;24(Sup10):S5-S.

107. Moffatt C, Keeley V, Quéré I. The 
Concept of Chronic Edema—A 
Neglected Public Health Issue and 
an International Response: The 
LIMPRINT Study. Lymphatic 
Research and Biology. 
2019;17(2):121-6.

108. The diagnosis and treatment of 
peripheral lymphedema: 2020 
Consensus Document of the 
International Society of Lymphology. 
Lymphology. 2020;53(1):3-19.

109. Adigun CG. Adverse Drug Reactions 
of the Lower Extremities. Clinics in 
Podiatric Medicine and Surgery. 
2016;33(3):397-408.

110. Evans NS, Ratchford EV. The 
swollen leg. Vasc Med. 
2016;21(6):562-4.

111. Bertsch T, Erbacher G, Elwell R. 
Lipoedema: a paradigm shift and 
consensus. J Wound Care. 
2020;29(Sup11b):1-51.

112. Stemmer R. [Stemmer’s sign--possi-
bilities and limits of clinical diagnosis 
of lymphedema]. Wien Med 
Wochenschr. 1999;149(2-4):85-6.

113. Trayes KP, Studdiford JS, Pickle S, 
Tully AS. Edema: diagnosis and 
management. Am Fam Physician. 
2013;88(2):102-10.

114. Garcia R, Labropoulos N. Duplex 
Ultrasound for the Diagnosis of 
Acute and Chronic Venous Diseases. 
Surgical Clinics of North America. 
2018;98(2):201-18.

115. Hidding JT, Viehoff PB, Beurskens 
CHG, van Laarhoven HWM, 
Nijhuis-van der Sanden MWG, van 
der Wees PJ. Measurement 
Properties of Instruments for 
Measuring of Lymphedema: 
Systematic Review. Physical 
Therapy. 2016;96(12):1965-81.

116. Miseré RML, Wolfs JAGN, Lobbes 
MBI, van der Hulst RRWJ, Qiu SS. A 

71Journal of Wound Management
EWMA Document 2023

S

https://www.nhs.uk/conditions/lymphoedema/
https://www.nhs.uk/conditions/lymphoedema/


Lower Leg Ulcer Diagnosis & Principles of Treatment

systematic review of magnetic 
resonance lymphography for the 
evaluation of peripheral lymphedema. 
Journal of Vascular Surgery: Venous 
and Lymphatic Disorders. 
2020;8(5):882-92.e2.

117. Moffatt CJ, Keeley V, Franks PJ, Rich 
A, Pinnington LL. Chronic oedema: a 
prevalent health care problem for UK 
health services. International Wound 
Journal. 2017;14(5):772-81.

118. Carvalho CA, Lopes Pinto R, 
Guerreiro Godoy MdF, Pereira de 
Godoy JM. Reduction of Pain and 
Edema of the Legs by Walking 
Wearing Elastic Stockings. Interna-
tional Journal of Vascular Medicine. 
2015;2015:1-4.

119. Chadwick SE. The use of leg 
elevation in the treatment of chronic 
peripheral oedema. British Journal of 
Community Nursing. 
2022;27(Sup10):S28-S32.

120. Phillips JJ, Gordon SJ. Intermittent 
Pneumatic Compression Dosage for 
Adults and Children with Lymphede-
ma: A Systematic Review. Lymphatic 
Research and Biology. 2019;17(1):2-
18.

121. Yeung W, Semciw AI. Aquatic 
Therapy for People with Lymphede-
ma: A Systematic Review and 
Meta-analysis. Lymphatic Research 
and Biology. 2018;16(1):9-19.

122. Pedreira R, Cho B, Hassanein A, 
Clarke-Pearson E, Bello R, Walia G, 
et al. Systematic Review of the 
Surgical Treatment of Extremity 
Lymphedema. Journal of Recon-
structive Microsurgery. 
2017;33(06):412-25.

123. Chang DW, Dayan J, Greene AK, 
MacDonald JK, Masia J, Mehrara B, 
et al. Surgical Treatment of 
Lymphedema: A Systematic Review 
and Meta-Analysis of Controlled 
Trials. Results of a Consensus 
Conference. Plastic & Reconstructive 
Surgery. 2021;147(4):975-93.

124. O’Donnell TF, Jr., Allison GM, Iafrati 
MD. A systematic review of guide-
lines for lymphedema and the need 
for contemporary intersocietal 
guidelines for the management of 
lymphedema. J Vasc Surg Venous 
Lymphat Disord. 2020;8(4):676-84.

125. Tan M, Salim S, Beshr M, Guni A, 
Onida S, Lane T, et al. A methodo-
logic assessment of lymphedema 
clinical practice guidelines. Journal of 
Vascular Surgery: Venous and 
Lymphatic Disorders. 
2020;8(6):1111-8.e3.

126. Kolios AGA, Hafner J, Luder C, 
Guenova E, Kerl K, Kempf W, et al. 
Comparison of pyoderma gangreno-
sum and Martorell hypertensive 
ischaemic leg ulcer in a Swiss 
cohort. Br J Dermatol. 
2018;178(2):e125-e6.

127. Shanmugam VK, Angra D, Rahimi H, 
McNish S. Vasculitic and autoim-
mune wounds. J Vasc Surg Venous 
Lymphat Disord. 2017;5(2):280-92.

128. Hayes S, Dodds SR. The identifica-
tion and diagnosis of malignant leg 
ulcers. Nurs Times. 2003;99(31):50-
2.

129. Gil T, Pistunovich Y, Kulikovsky M, 
Elmalah I, Krausz Y, Mettanes I, et al. 
A prospective case-control study of 
non-healing wounds of the lower 
limbs - the value of biopsies for 
ulcerating carcinoma. J Eur Acad 
Dermatol Venereol. 2015;29(2):337-
45.

130. Misciali C, Dika E, Fanti PA, Vaccari 
S, Baraldi C, Sgubbi P, et al. 
Frequency of malignant neoplasms in 
257 chronic leg ulcers. Dermatol 
Surg. 2013;39(6):849-54.

131. Walsh R. Improving diagnosis of 
malignant leg ulcers in the commu-
nity. Br J Nurs. 2002;11(9):604-13.

132. Segui M, Llamas-Velasco M. A 
comprehensive review on pathogen-
esis, associations, clinical findings, 
and treatment of livedoid vasculopa-
thy. Front Med (Lausanne). 
2022;9:993515.

133. Meireles CB, Maia LC, Soares GC, 
Teodoro IPP, Gadelha M, da Silva 
CGL, et al. Atypical presentations of 
cutaneous leishmaniasis: A system-
atic review. Acta Trop. 
2017;172:240-54.

134. Bulte CA, Hoegler KM, Kutlu O, 
Khachemoune A. Hydroxyurea: a 
reappraisal of its cutaneous side 
effects and their management. Int J 
Dermatol. 2021;60(7):810-7.

135. Gottrup F, Karlsmark T. Leg ulcers: 
uncommon presentations. Clin 
Dermatol. 2005;23(6):601-11.

136. Stansal A, Khayat K, Duchatelle V, 
Tella E, Gautier V, Sfeir D, et al. 
[When to ask for a skin biopsy in a 
patient with leg ulcer? Retrospective 
study of 143 consecutive biopsies]. J 
Med Vasc. 2018;43(1):4-9.

137. Gonzalez CD, Florell SR, Bowen AR, 
Presson AP, Petersen MJ. Histo-
pathologic vasculitis from the 
periulcer edge: A retrospective 
cohort study. J Am Acad Dermatol. 
2019;81(6):1353-7.

138. Snyder RJ WR, Hettrick H. Is there a 
place for checklists in the current 
wound care model? Podiatry 
Management.31(5):193-8.

139. Disease GBD, Injury I, Prevalence C. 
Global, regional, and national 
incidence, prevalence, and years 
lived with disability for 328 diseases 
and injuries for 195 countries, 
1990-2016: a systematic analysis for 
the Global Burden of Disease Study 
2016. Lancet. 
2017;390(10100):1211-59.

140. Hess CT. Arterial ulcer checklist. Adv 
Skin Wound Care. 2010;23(9):432.

141. Kaari S, Vähätalo M, Kallio M, Lagus 
H, Isoherranen K. A digital wound 
management checklist to support 
clinical decision-making: A qualitative 
validation study. Journal of Wound 
Management Official journal of the 
European Wound Management 
Association. 2022(November 2022).

142. Thomas Hess C. Checklist for 
laboratory tests to rule out atypical 
causes of leg ulcers. Adv Skin 
Wound Care. 2010;23(11):528.

143. Thomas Hess C. Venous ulcer 
checklist. Adv Skin Wound Care. 
2010;23(8):384.

144. Snyder RJ, Jensen JL, Applewhite 
AJ, Couch KS, Joseph WS, Lantis Ii 
JC, et al. A Standardized Approach 
to Evaluating Lower Extremity 
Chronic Wounds Using a Checklist. 
Wounds : a compendium of clinical 
research and practice. 2019;31 5 
Suppl:S29-S44.

145. Hess CT. Checklist for differential 
diagnosis of lower-extremity ulcers. 
Adv Skin Wound Care. 
2010;23(10):480.

146. Hess CT. Lower-extremity wound 
checklist. Adv Skin Wound Care. 
2011;24(3):144.

147. Smet S, Probst S, Holloway S, 
Fourie A, Beele H, Beeckman D. The 
measurement properties of assess-
ment tools for chronic wounds: A 
systematic review. Int J Nurs Stud. 
2021;121:103998.

148. Rippon MG, Rogers AA, Ousey K, 
Atkin L, Williams K. The importance 
of periwound skin in wound healing: 
an overview of the evidence. J 
Wound Care. 2022;31(8):648-59.

149. Dini V, Janowska A, Oranges T, De 
Pascalis A, Iannone M, Romanelli M. 
Surrounding skin management in 
venous leg ulcers: A systematic 
review. J Tissue Viability. 
2020;29(3):169-75.

150. Finnish Medical Society Duodecim & 
Finnish Dermatological Society. 
Modified from Chronic lower leg 
ulcer. Current Care Guidelines. 2021. 
Available from www.kaypahoito.fi

151. Shi C, Dumville JC, Cullum N, 
Connaughton E, Norman G. 
Compression bandages or stockings 
versus no compression for treating 
venous leg ulcers. Cochrane 
Database Syst Rev. 
2021;7:CD013397.

152. O’Meara S, Cullum N, Nelson EA, 
Dumville JC. Compression for 
venous leg ulcers. Cochrane 
Database Syst Rev. 
2012;11(11):CD000265.

153. Tollow P, Ogden J, Whiteley MS. The 
comparative impact of conservative 
treatment versus superficial venous 
surgery, for the treatment of venous 
leg ulcers: A systematic review of the 
impact on patients’ quality of life. 
Phlebology. 2016;31(2):82-93.

154. Mauck KF, Asi N, Elraiyah TA, 
Undavalli C, Nabhan M, Altayar O, et 
al. Comparative systematic review 
and meta-analysis of compression 
modalities for the promotion of 
venous ulcer healing and reducing 
ulcer recurrence. J Vasc Surg. 
2014;60(2 Suppl):71S-90S e1-2.

155. Goka EA, Poku E, Thokala P, Sutton 
A. Clinical and Economic Impact of a 
Two-layer Compression System for 
the Treatment of Venous Leg Ulcers: 

72 Journal of Wound Management
EWMA Document 2023

S



Lower Leg Ulcer Diagnosis & Principles of Treatment

A Systematic Review. Wounds. 
2020;32(1):11-21.

156. Fulcher E, Gopee N. Effect of 
different compression bandaging 
techniques on the healing rate of 
venous leg ulcers: a literature review. 
Br J Community Nurs. 
2020;25(Sup6):S20-S6.

157. Welsh L. What is the existing 
evidence supporting the efficacy of 
compression bandage systems 
containing both elastic and inelastic 
components (mixed-component 
systems)? A systematic review. J 
Clin Nurs. 2017;26(9-10):1189-203.

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

159. Compression Stockings for the 
Prevention of Venous Leg Ulcer 
Recurrence: A Health Technology 
Assessment. Ont Health Technol 
Assess Ser. 2019;19(2):1-86.

160. Dahm KT, Myrhaug HT, Stromme H, 
Fure B, Brurberg KG. Effects of 
preventive use of compression 
stockings for elderly with chronic 
venous insufficiency and swollen 
legs: a systematic review and 
meta-analysis. BMC Geriatr. 
2019;19(1):76.

161. Smith D, Lane R, McGinnes R, 
O’Brien J, Johnston R, Bugeja L, et 
al. What is the effect of exercise on 
wound healing in patients with 
venous leg ulcers? A systematic 
review. Int Wound J. 2018;15(3):441-
53.

162. Jull A, Slark J, Parsons J. Prescribed 
Exercise With Compression vs 
Compression Alone in Treating 
Patients With Venous Leg Ulcers: A 
Systematic Review and Meta-analy-
sis. JAMA Dermatol. 
2018;154(11):1304-11.

163. de Carvalho MR. Comparison of 
outcomes in patients with venous leg 
ulcers treated with compression 
therapy alone versus combination of 
surgery and compression therapy: a 
systematic review. J Wound Ostomy 
Continence Nurs. 2015;42(1):42-6; 
quiz E1-2.

164. Elstone A. Does venous intervention 
combined with compression therapy 
improve outcomes for patients with 
venous ulceration? Wounds UK. 
2020;16:6-123.

165. Nelson EA, Hillman A, Thomas K. 
Intermittent pneumatic compression 
for treating venous leg ulcers. 
Cochrane Database Syst Rev. 
2014(5):CD001899.

166. Sibbald RG, Elliott JA, Persaud-
Jaimangal R, Goodman L, Arm-
strong DG, Harley C, et al. Wound 
Bed Preparation 2021. Adv Skin 
Wound Care. 2021;34(4):183-95.

167. McLain NE, Moore ZE, Avsar P. 
Wound cleansing for treating venous 
leg ulcers. Cochrane Database Syst 
Rev. 2021;3(3):CD011675.

168. Gethin G, Cowman S, Kolbach DN. 
Debridement for venous leg ulcers. 

Cochrane Database Syst Rev. 
2015;2015(9):CD008599.

169. O’Meara S, Martyn-St James M, 
Adderley UJ. Alginate dressings for 
venous leg ulcers. Cochrane 
Database Syst Rev. 
2015(8):CD010182.

170. Norman G, Westby MJ, Rithalia AD, 
Stubbs N, Soares MO, Dumville JC. 
Dressings and topical agents for 
treating venous leg ulcers. Cochrane 
Database Syst Rev. 
2018;6(6):CD012583.

171. Ribeiro CT, Dias FA, Fregonezi GA. 
Hydrogel dressings for venous leg 
ulcers. Cochrane Database Syst 
Rev. 2022;8(8):CD010738.

172. Jull AB, Cullum N, Dumville JC, 
Westby MJ, Deshpande S, Walker 
N. Honey as a topical treatment for 
wounds. Cochrane Database Syst 
Rev. 2015;2015(3):CD005083.

173. Totty JP, Bua N, Smith GE, Harwood 
AE, Carradice D, Wallace T, et al. 
Dialkylcarbamoyl chloride (DACC)-
coated dressings in the management 
and prevention of wound infection: a 
systematic review. J Wound Care. 
2017;26(3):107-14.

174. O’Meara S, Al-Kurdi D, Ologun Y, 
Ovington LG, Martyn-St James M, 
Richardson R. Antibiotics and 
antiseptics for venous leg ulcers. 
Cochrane Database Syst Rev. 
2014(1):CD003557.

175. Broderick C, Pagnamenta F, Forster 
R. Dressings and topical agents for 
arterial leg ulcers. Cochrane 
Database Syst Rev. 
2020;1(1):CD001836.

176. Briggs M, Nelson EA, Martyn-St 
James M. Topical agents or dress-
ings for pain in venous leg ulcers. 
Cochrane Database Syst Rev. 
2012;11(11):CD001177.

177. Martinez-Zapata MJ, Marti-Carvajal 
AJ, Sola I, Exposito JA, Bolibar I, 
Rodriguez L, et al. Autologous 
platelet-rich plasma for treating 
chronic wounds. Cochrane Data-
base Syst Rev. 
2016;2016(5):CD006899.

178. Cullum N, Liu Z. Therapeutic 
ultrasound for venous leg ulcers. 
Cochrane Database Syst Rev. 
2017;5:CD001180.

179. Aziz Z, Cullum N. Electromagnetic 
therapy for treating venous leg 
ulcers. Cochrane Database Syst 
Rev. 2015;2015(7):CD002933.

180. Westby MJ, Norman G, Dumville JC, 
Stubbs N, Cullum N. Protease-
modulating matrix treatments for 
healing venous leg ulcers. Cochrane 
Database of Systematic Reviews. 
2016;2017(4).

181. https://www.crd.york.ac.uk/pros-
pero/

182. https://clinicaltrials.gov/

183. Sackett DL, Rosenberg WM, Gray 
JA, Haynes RB, Richardson WS. Evi-
dence based medicine: what it is 
and what it isn’t. BMJ. 
1996;312(7023):71-2.

184. Szajewska H. Evidence-Based 
Medicine and Clinical Research: 
Both Are Needed, Neither Is Perfect. 
Annals of Nutrition and Metabolism. 
2018;72(Suppl. 3):13-23.

185. Fearns N, Heller-Murphy S, Kelly J, 
Harbour J. Placing the patient at the 
centre of chronic wound care: A 
qualitative evidence synthesis. 
Journal of Tissue Viability. 
2017;26(4):254-9.

186. Moore Z, Butcher G, Corbett LQ, 
McGuiness W, Snyder RJ, van Acker 
K. Exploring the concept of a team 
approach to wound care: Managing 
wounds as a team. J Wound Care. 
2014;23(Sup5b):S1-S38.

187. Cunha N, Campos S, Cabete J. 
Chronic leg ulcers disrupt patients’ 
lives: A study of leg ulcer-related life 
changes and quality of life. British 
Journal of Community Nursing. 
2017;22(Sup9):S30-S7.

188. Järbrink K, Ni G, Sönnergren H, 
Schmidtchen A, Pang C, Bajpai R, et 
al. The humanistic and economic 
burden of chronic wounds: a 
protocol for a systematic review. 
Syst Rev. 2017;6(1):15.

189. Kapp S, Santamaria N. The financial 
and quality-of-life cost to patients 
living with a chronic wound in the 
community. Int Wound J. 
2017;14(6):1108-19.

190. Olsson M, Järbrink K, Divakar U, 
Bajpai R, Upton Z, Schmidtchen A, 
et al. The humanistic and economic 
burden of chronic wounds: A 
systematic review. Wound Rep and 
Reg. 2019;27(1):114-25.

191. Brtan Romić R, Brtan A, Romić I, 
Cvitanović H, Duvančić T, Lugović-
Mihić L. QUALITY OF LIFE AND 
PERCEPTION OF DISEASE IN 
PATIENTS WITH CHRONIC LEG 
ULCER. Acta Clin Croat. 
2015;54(3):309-14.

192. Castro SLS, Ferreira NMLA, Roque 
M, de Souza MBB. Living in a 
difficult situation: understanding the 
experience of persons with venous 
leg ulcers. Revista Estima. 
2012;10(1):12-9.

193. Lernevall LSD, Fogh K, Nielsen CB, 
Dam W, Dreyer PS. Lived experi-
ences of life with a leg ulcer - a life in 
hell. EWMA Journal. 2017;17(1):15-
21.

194. Probst S, Séchaud L, Bobbink P, 
Skinner MB, Weller CD. The lived 
experience of recurrence prevention 
in patients with venous leg ulcers: An 
interpretative phenomenological 
study. Journal of Tissue Viability. 
2020;29(3):176-9.

195. Probst S, Bobbink P, Séchaud L, 
Buehrer Skinner M. Venous leg ulcer 
recurrences – The relationship to 
self-efficacy, social support and qual-
ity of life – A mixed method study. 
Journal of Advanced Nursing. 
2020;77(1):367-75.

196. Hurlow J, Hensley L,. Achieving 
Patient Adherence in the Wound 

73Journal of Wound Management
EWMA Document 2023

S



Lower Leg Ulcer Diagnosis & Principles of Treatment

Care Clinic. Today’s Wound Clinic. 
2015.

197. Silva MHD, Jesus MCP, Tavares RE, 
Caldeira EAC, Oliveira DM, Merighi 
MAB. Experience of adults and older 
people with adherence to venous 
ulcer care. Rev Gaucha Enferm. 
2019;40:e20180024.

198. Weller CD, Richards C, Turnour L, 
Team V. Patient Explanation of 
Adherence and Non-Adherence to 
Venous Leg Ulcer Treatment: A 
Qualitative Study. Frontiers in 
Pharmacology. 2021;12.

199. Shannon MM, Hawk J, Navaroli L, 
Serena T. Factors affecting patient 
adherence to recommended 
measures for prevention of recurrent 
venous ulcers. J Wound Ostomy 
Continence Nurs. 2013;40(3):268-
74.

200. Augustin M, Blome C, Zschocke I, 
Schäfer I, Koenig S, Rustenbach SJ, 
et al. Benefit evaluation in the 
therapy of chronic wounds from the 
patients’ perspective-development 
and validation of a new method. 
Wound Rep and Reg. 2012;20(1):8-
14.

201. McNichol E. Involving patients with 
leg ulcers in developing innovations 
in treatment and management strate-
gies. British Journal of Community 
Nursing. 2014;19(Sup9):S27-S32.

202. Squitieri L, Tsangaris E, Klassen AF, 
van Haren E, Poulsen L, Longmire 
NM, et al. Patient-reported experi-
ence measures are essential to 
improving quality of care for chronic 
wounds: An international qualitative 
study. Int Wound J. 
2020;17(4):1052-61.

203. Goodney P, Shah S, Hu YD, Suckow 
B, Kinlay S, Armstrong DG, et al. A 
systematic review of patient-reported 
outcome measures patients with 
chronic limb-threatening ischemia. J 
Vasc Surg. 2022;75(5):1762-75.

204. Weller CD, Richards C, Turnour L, 
Team V. Rationale for participation in 
venous leg ulcer clinical research: 
Patient interview study. Int Wound J. 
2020;17(6):1624-33.

205. Gould LJ, Liu J, Wan R, Carter MJ, 
Dotson M, Driver VR. Evidence 
supporting wound care end points 
relevant to clinical practice and 
patients’ lives. Part 3: The Patient 
Survey. Wound Rep and Reg. 
2020;29(1):60-9.

206. Weller CD, Evans S. Monitoring 
patterns and quality of care for 
people diagnosed with venous leg 
ulcers: the argument for a national 
venous leg ulcer registry. Wound 
Practice & Research, . 
2014;22(2):68-72.

207. Bell SK, Bourgeois F, DesRoches 
CM, Dong J, Harcourt K, Liu SK, et 
al. Filling a gap in safety metrics: 
development of a patient-centred 
framework to identify and categorise 
patient-reported breakdowns related 
to the diagnostic process in ambula-
tory care. BMJ Quality & Safety. 
2022;31(7):526-40.

208. Lecouturier J, Scott J, Rousseau N, 
Stansby G, Sims A, Allen J. Periph-
eral arterial disease diagnosis and 
management in primary care: a 
qualitative study. BJGP Open. 
2019;3(3).

209. Sacco AY, Self QR, Worswick EL, 
Couperus CJ, Kolli SS, Muñoz SA, et 
al. Patients’ Perspectives of Diag-

nostic Error: A Qualitative Study. 
Journal of Patient Safety. 
2021;17(8):e1759-e64.

210. Chan B, Cadarette S, Wodchis W, 
Wong J, Mittmann N, Krahn M. 
Cost-of-illness studies in chronic 
ulcers: a systematic review. J Wound 
Care. 2017;26(sup4):S4-S14.

211. Urwin S, Dumville JC, Sutton M, 
Cullum N. Health service costs of 
treating venous leg ulcers in the UK: 
evidence from a cross-sectional 
survey based in the north west of 
England. BMJ Open. 
2022;12(1):e056790.

212. Augustin M, Brocatti LK, Rustenbach 
SJ, Schäfer I, Herberger K. Cost-of-
illness of leg ulcers in the community. 
Int Wound J. 2014;11(3):283-92.

213. Purwins S, Herberger K, Debus ES, 
Rustenbach SJ, Pelzer P, Rabe E, et 
al. Cost-of-illness of chronic leg 
ulcers in Germany. Int Wound J. 
2010;7(2):97-102.

214. Lo ZJ, Lim X, Eng D, Car J, Hong Q, 
Yong E, et al. Clinical and economic 
burden of wound care in the tropics: 
a 5-year institutional population 
health review. Int Wound J. 
2020;17(3):790-803.

74 Journal of Wound Management
EWMA Document 2023

S



268x200_LegUlcer_backside_200423.indd   1 20/04/2023   10.22




