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Abbreviations

Abbreviation  Explanation

2LB 2-layer bandage 

3LB 3-layer bandage 

4LB 4-layer bandage 

ABI Ankle-brachial index

BIS Bioimpedance spectroscope 

BMI Body mass index

CDC  Centers for Disease Control and 

Prevention

CEAP  Clinical Etiological Anatomical 

Pathophysiological classification

CI Confidence interval

CLTI Chronic limb threatening ischaemia

CPG Clinical practice guideline

CRP C-reactive protein

CT Computed tomography

CVI Chronic venous insufficiency

DUS Duplex ultrasound

DVT Deep vein thrombosis

EBM Evidence-based medicine

EMLA  Eutectic mixture of local anaesthetic 

(Lidocaine/prilocaine)

EMT Electromagnetic therapy 

EPS Extrapolymeric substance 

ESVS European Society for Vascular Surgery 

EWMA  European Wound Management 

Association

GP General practitioner

GRADE  Grading of Recommendations, 

Assessment, Development and 

Evaluation

IC Intermittent claudication

IPC Intermittent pneumatic compression 

kPa Kilopascal

LSB Long-stretch bandage

LVA Lymphovenous anastomosis 

MCT Modified compression therapy

MD Mean difference

mmHg Milimetres mercury

MRI Magnetic resonance imaging

MRSA  Methicillin-resistant Staphylococcus 

aureus

OR Odds ratio

PAD Peripheral arterial disease

Abbreviation  Explanation

PAOD Peripheral arterial occlusive disease

PCR Polymerase chain reaction

PG Pyoderma gangrenosum

PMM Protease modulating matrix

PRDB  Patient reported diagnostic process 

related breakdowns

PROM Patient reported outcome measures 

PRP Platelet-rich plasma

QoL Quality of life 

RCT  Randomised controlled trial

RR Risk ratio

SBP Systolic blood pressure

SSB Short-stretch bandage 

TBI Toe-brachial index

TILI score  Therapeutic Index for Local Infections 

score

UK  United Kingdom

USA United States of America

USGFS Ultrasound guided foam scletherapy

VLNT Vascularised lymph node transfer

VLU Venous leg ulcers

W.A.R score Wounds-at-risk score

WHO World Health Organization
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Chronic wounds are a huge burden on the 
individual’s quality of life (QoL) and healthcare 
system (1–3). Right and early diagnostics of 
chronic wounds is essential for successful 
wound management (4, 5); however, there is 
a dearth of literature describing the outcomes of 
wound healing related to the timing and accuracy 
of diagnostics.

Chronic lower limb wounds can be divided into 
six main categories: venous, arterial, mixed 
venous and arterial, diabetic foot, pressure and 
atypical ulcers (6, 7). However, more and more 
wounds are multiaetiological in the clinical 
setting (8, 9), and one diagnosis does not exclude 
another. In the clinical setting, it is not unusual to 
see a patient suffering from arterial and venous 
insufficiency, and also a wound with an atypical 
cause (see Figure 1). There are also other reasons 
for leg oedema than venous insufficiency (see 
Chapter 5). In our opinion, the definition of a 
chronic wound is somehow constrained, as 
some acute wounds can be “chronic or hard 
to heal” from the beginning. For instance, an 
acute wound might develop into a chronic wound 
within some weeks if the patient has arterial or 
venous insufficiency or other reasons for leg 
oedema, and this is not considered in the treatment 
plan from the beginning.

In many European countries, individuals with a 
chronic wound are first seen in primary care by a 
nurse or by a general practitioner (GP). This poses 
a huge demand on the respective professionals; 
they should have enough education and tools to 
assess the patient and perform the necessary 
referrals. For instance, if the patient is not 
recognised to have arterial insufficiency, the 
referral for revascularisation is delayed and 
may lead to amputation (10). Additionally, 
compression therapy should be introduced 
from the very beginning in every lower leg 

1. 
Introduction

Author: Kirsi Isoherranen

ulcer, if there are no contraindications. It 
is widely recognised that GPs might not have 
sufficient knowledge of leg ulcer assessment and 
treatment (11). Likewise, nurses and allied health 
professionals treating lower leg ulcers should be 
aware of the differential diagnostics and referral 
pathways so that the individual does not have to 
self-manage too long, and adequate referrals are 
done.

Justification for this document
In response to the lack of uniform diagnostic 
guidelines in the field of lower leg ulcers, the 
European Wound Management Association 
(EWMA) established this working group to gather 
the best available evidence on the diagnostics of 
a lower leg ulcer. Focus is on the diagnostics 
of infection, arterial and venous insufficiency, 
leg oedema and atypical causes. The one-
pager published together with the document 
aims to be a practical tool to aid for the diagnosis 
of a lower leg ulcer (see Chapter  13). Earlier 
documents have focused on venous leg ulcers 
(VLUs), but there are no documents covering 
VLU and other aetiologies behind a lower leg 
ulcer. Treatment options are focused on the most 
important, i.e., revascularisation, endovenous 
treatment, compression therapy and local 
treatment. Debridement, advanced treatments and 
treatment of wound infection are covered in other 
EWMA documents and are beyond the scope of 
this document (12–14). Diabetic foot ulcers and 
pressure ulcers are also excluded, as uniform 
guidelines exist in these areas (15, 16). However, 
the differential diagnostics for an individual with a 
diabetic foot ulcer and pressure ulcer are included 
in the one-pager explanatory document.

For the main document a comprehensive systematic 
search (Appendix 1: Methodology) with the focus on 
systematic reviews on diagnostics was performed. 
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Relevant articles were included in the chapters 

related to those topics, and for every chapter, a 

separate literature search was undertaken and 

the PRISMA guidelines were used to report the 

results (Appendix 1). We found a lack of systematic 

reviews focusing on diagnostics and therefore 

in some chapters, such as Acute and atypical 

wounds (Chapter 2), Checklists (Chapter 7), The 

patient perspective (Chapter 10), other studies were 

included as well. With the chapters Compression 

therapy (Chapter 8) and Local Treatment (Chapter 9) 

only systematic reviews were included. Regarding 

the grading of evidence, the modified Grading of 

Recommendations, Assessment, Development and 

Evaluation (GRADE) system was used (Table 1).

The strength of the recommendation is 
graded as 1 or 2

A Grade  1 recommendation is a strong 
recommendation to do (or not do) something, 
where benefits clearly outweigh risks (or vice 
versa) for most, if not all, patients. Most clinicians 
and patients would want to follow a strong 
recommendation unless there is a clear rationale for 
an alternative approach. A strong recommendation 
usually starts with the standard wording: “We 
recommend …” or “It is recommended …”.

A Grade  2 recommendation is a weaker or 
conditional recommendation, where the risks and 
benefits are more closely balanced or are more 
uncertain. Alternative approaches or strategies 
may be reasonable depending on the individual 
patient’s circumstances, preferences and values. A 
weak or conditional recommendation usually starts 
with the standard wording: “We suggest …” or “It 
is suggested …”.

The strength of a recommendation is determined 
not only by the quality of evidence for defined 
outcomes but also the balance between 
desirable and undesirable effects of a treatment or 
intervention, differences in values and preferences 
and, where appropriate, resource use. Each 
recommendation concerns a defined target 
population and is actionable.

The quality of evidence is graded from A 
to D and is defined as follows:

Grade A evidence means high-quality evidence 
that comes from consistent results from well-
performed randomised controlled trials (RCTs), 
or overwhelming evidence from another source 
(such as well-executed observational studies 
with consistent strong effects and exclusion of 
all potential sources of bias). Grade A implies 
confidence that the true effect lies close to the 
estimate of the effect.

Grade  B evidence means moderate-quality 
evidence from randomised trials that suffers 
from serious flaws in conduct, inconsistency, 
indirectness, imprecise estimates, reporting bias, 
or some combination of these limitations, or from 
other study designs with specific strengths such 
as observational studies with consistent effects 
and exclusion of the majority of the potential 
sources of bias.

Grade C evidence is low-quality evidence from 
controlled trials with several serious limitations, 
or observational studies with limited evidence on 
effects and exclusion of most potential sources 
of bias.

Grade D evidence is based only on case studies, 
expert judgement or observational studies with 
inconsistent effects and a potential for substantial 
bias, such that there can be little confidence in the 
effect estimate.

Table 1. Summary of grading of recommendations 

and the quality of evidence

The strength of recommendation

1 A strong recommendation to do

2 A weaker or conditional 
recommendation

The quality of evidence

A High quality evidence

B Moderate quality evidence

C Low quality evidence

D Expert opinion or case study/
observational studies
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The aim of the document is to:

 –  Present the most important diagnostic 
procedures of lower leg ulcers and the 
evidence underpinning these diagnostic 
criteria.

 –  Present the evidence for compression and 
local therapy in lower leg ulcers.

 –  Provide an insight into the patient and health 
economy perspectives in lower leg ulcers.

 –  Provide tools to prevent diagnostic and 
treatment delay in lower leg ulcers.

Table 2. Summary of recommendations 

Statement/ recommendation
Strength of 

recommendation 
(1 or 2)

Quality of 
evidence 

(A–D)

Leg oedema

Bioimpedance spectroscopy (BIS) has good reliability for measuring 

lymphoedema in the lower limb

2 C

Lymphatic procedures are highly complex, and anyone contemplating 

performing lymphatic surgery is encouraged to visit a high-volume centre. 

To decrease the incidence of complications, microsurgical training is 

encouraged.

1 D

A consensus on staging of lymphoedema and preoperative and 

postoperative evaluation would be helpful.

2 D

There is a need for more quantitative methods for measuring fat, fluid and 

physiologic measures and immunologic function.

2 D

Vascular assessment

Treatment of perforators and ulcer venous plexus promotes wound healing 2 A

Vascular assessment is crucial to prevent amputations due to peripheral 

artery disease (20–22)

1 A

Endovenous intervention to patients with chronic venous disease of the 

lower extremities to prevent venous leg ulcer, prevents, accelerates and 

reduces ulcer healing and/or reducing the risk of ulcer recurrence (23–25)

1 A

Compression therapy

Compression therapy improves healing of venous leg ulcers 1 A

Local treatment

In lower leg ulcers, no neutral dressing is superior to one another when it 

has been selected based on the characteristics of the wound (exudate, 

odour, pain)

1 A

Figure 1. 78-year-old woman, with peripheral 
arterial disease (PAD), venous insufficiency and 
Martorell ulcer in the left leg. Image courtesy of 
Kirsi Isoherranen, permission granted for inclusion
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2. 
Ageing and acute wounds
Authors: Elena Conde Montero, Kirsi Isoherranen, Sylvie Meaume

Leg trauma in the elderly, simply because of the 
changes in the skin and vessels associated with 
age itself, can become complicated, even after 
mild trauma. If there are other comorbidities, 
such as chronic venous insufficiency (CVI) or 
peripheral arterial disease (PAD), the risk of wound 
stagnation is higher. In the acute and primary 
care setting, it is important to make vascular 
assessment and assessment of leg oedema 
in a patient with a traumatic lower leg ulcer, 
skin tear or dissecting haematoma (26). 
Indeed, the ageing of the population means that 
many injuries, despite an acute traumatic trigger, 
have a multifactorial explanation (9, 27, 28). Over-
cleansing and over-frequency of dressing changes 
or misplaced bandages can also complicate 
wounds and damage fragile perilesional skin (29). 
Importantly, hygiene and emollient interventions for 
maintaining skin integrity in older people in hospital 
and residential care settings may have a positive 
impact on preventing these lesions, by protecting 
the fragile skin barrier. (30).

Table 3. Risk factors for stagnation of acute 
wounds

Age-related cutaneous changes

Dermatoporosis
Arteriosclerosis

Comorbidities
Oedema (see Chapter 5)
Chronic venous insufficiency
Peripheral arterial disease
Diabetes
Immobility
Dementia and other cognitive disorders

Dermatoporosis
The term dermatoporosis includes the different 
manifestations and complications of skin fragility 
inherent to the physiological ageing process. 
Considering increased life expectancy, it has 
become a common problem. Sun damage, 
prolonged treatment with topical or systemic 
corticosteroids, anticoagulant treatment, 
malnutrition and dehydration are exacerbating 
factors. (28, 31)

The initial stage of dermatoporosis is characterised 
by thinning of the dermis and epidermis (skin 
atrophy), senile purpura (vascular rupture due 
to wall fragility) and stellate pseudo scars (loss 
and degeneration of collagen and elastic fibres) 
resulting in the increased risk of wounds after 
trauma (Figure 2) (28).

Figure 2. Skin atrophy and senile purpura. Image 
courtesy of Elena Conde Montero, permission 
granted for inclusion 
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Traumatic wounds caused by mechanical forces, 
including adhesive removal, called skin tears, which 
do not extend beyond the subcutaneous layer, may 
occur in this context. (26, 32).

Skin tears are classified as type 1 (no skin loss), 
type 2 (partial flap loss) or type 3 (total flap loss 
exposing the entire wound bed) (26).

Figure 3a and 3b. Stages of dermatoporosis

this condition can be misdiagnosed with cellulitis, 
as it manifests with erythema, oedema and local 
heat. If the haematoma is not evacuated in this first 
phase, skin ischaemia occurs and an extensive 
eschar appears. (33).

Figure 4. Type 2 skin tear. Image courtesy of Elena 

Conde Montero, permission granted for inclusion

Deep dissecting haematoma represents the 

highest degree of expression of dermatoporosis 

(Figure 5). Early diagnosis and proper management 

are essential to avoid potential complications 

and prolonged hospitalisation. Its occurrence is 

secondary to minimal trauma. This occurs because 

the vessels of the subcutaneous cellular tissue 

have a fragile wall and the skin, due to its atrophy, 

does not maintain its protective role. The onset of 

Figure 5. Deep dissecting haematoma. Image 

courtesy of Elena Conde Montero, permission 

granted for inclusion

Arteriolosclerosis
Arteriolosclerosis includes a spectrum of 

histological features such as thickening and loss 

of elasticity, calcifications and decreased caliber 

of the arterioles, which has a direct impact on 

possible impaired cutaneous microcirculation. Even 

if it is associated to ageing itself, cardiovascular 

risk factors such as hypertension or diabetes 

contribute to its occurrence. (34-35)

In patients with arteriolosclerosis, the normal 

initial vasoconstriction after trauma may imply 

a compromise of tissue irrigation prolonged 
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in time, since baseline cutaneous perfusion is 
already reduced with the consequent ischaemia. 
Subsequent vasodilatation with release of 
inflammatory mediators increases necrosis and 
starts a vicious cycle of necrosis-inflammation with 
the development of recalcitrant wounds.

Initially, wounds secondary to arteriolosclerosis 
usually have an insignificant clinical aspect, but 
progressively acquire a purplish or blackish colour 
and, in a few days, become extensive, deep and 
very painful wounds. It is an under-diagnosed type 
of wound and is more prevalent than is commonly 
thought. Diagnosis of these wounds is clinical, as 
histological findings are not pathognomonic and 
can be found in any skin biopsy of the leg of an 
elderly person, even if there is no wound (34).

Figure 6. Clinical signs of acute wounds in the 
context of arteriolosclerosis

Figure 7. Clinical aspect of an arteriolosclerotic 
ulcer. Image courtesy of Elena Conde Montero, 
permission granted for inclusion

A biopsy will only be required if we want to rule 
out another type of wound, such as pyoderma 
gangrenosum (PG) (35).

Oedema can exacerbate the deterioration of an 
arteriolosclerotic ulcer, as it increases necrosis by 
decreasing perfusion.

Chapter 5 discusses the histological (and even 
clinical) findings of this type of wound which are 
also found in the so-called Martorell ulcer or 
calciphylaxis – all can be considered wounds 
within the same clinical-histological spectrum; 
therefore, the management will be similar in all 
of them (35).

*  The reliability of pulse palpation depends on the experience of the healthcare professional. 
If the practitioner is not confident in pulse palpation, an ABI should be performed

NPWT= Negative pressure wound therapy

Figure 8. Treatment algorithm in traumatic leg ulcers
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Summary
 –  Predisposing factors for acute ulcers 

after trauma include skin fragility and 
arteriolosclerosis associated with age and 
oedema from different causes, especially 
decompensated heart failure or CVI.

 –  Oedema control, i.e. compression therapy, 
is fundamental in avoiding the chronification 
of any acute leg wound.
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All wounds should be primarily screened 
for possible inflammation or infection. This 
should be undertaken by visual diagnosis. 
Studies show that approximately 35% of all 
chronic wounds lead to recurrent (systemic) 
infections. Moreover, in up to 40% of chronic 
wounds, wound infection is the trigger of a 
prolonged or chronic healing process (36). 
Every wound, regardless of whether it is acute 
or chronic, is contaminated within a few hours 
with microorganisms of the skin microbiome and 
environmental bacteria which may also contain 
pathogenic species. This situation is referred to as 
“wound contamination”. External wound cleansing, 
which is carried out at this time, reduces microbial 
colonisation. At the same time, the body’s own 
immune system and the microbioma counteract 
local spreading. If these processes do not take 
place or if the local, autogenic immune response 

3. 
Infection

Authors: Ewa K. Stuermer, Klaus Kirketerp-Møller

is not efficient enough, the local colonisation 
of the wound with microorganisms increases 
continuously. It is referred to as ‘colonised’, and 
is accompanied by a more or less severe local 
reaction (Figure 9) (37). The leading bacterial 
species on the leg ulcer are Staphylococcus 
aureus, including its methicillin-resistant 
variant (MRSA), Pseudomonas aeruginosa, 
and enterobacteria (38, 39). The successive 
progression to local infection of the wound 
is a continuum as illustrated in Figure 9. The 
transition from ‘colonised’ to ‘infected’ is difficult 
to determine clinically. Evidence suggests that 
VLUs are polymicrobial with an average of four to 
five species making the choice of narrow spectrum 
antimicrobial treatment difficult (38, 40, 41). Finally, 
every wound is colonised by bacteria, but the 
evidence is scarce that eradication of them would 
lead to faster wound healing.

Figure 9. Schematic illustration of the infection continuum and biofilm formation over the course of 
time Reproduced with permission from International Wound Infection Institute (IWII), Wound Infection in 
Clinical Practice consensus document. Wounds International. 2022. (37) 
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Most patients diagnosed with a wound 
infection show the typical clinical signs of 
acute infection and inflammation (redness, 
swelling, heat and loss of function), report pain 
and may present with purulence. Systemic 
signs such as fever, chills and general fatigue 
may also be accompanying symptoms. In the 
wound swab, the (bacterial) triggers of the infection 
in many cases are detectable by conventional 
culture, and the clinical markers in the peripheral 
blood (for example, C-reactive protein (CRP), 
neutrophil count, leukocyte count) are elevated. 
Any colonisation of microorganisms will affect the 
healing process, but is usually confined to the local 
area and often covert. Many publications exist 
that address the topic of ‘wound infection 
diagnostics’; however, there is a lack of a 
sound evidence base for interventions. The 
following descriptions and recommendations 
summarise the most relevant information.

Figure 10. Local wound infection of a leg 
ulcer related to PAD. Swelling, erythema, 
surrounding dermatitis with strong exudation. 
Local antimicrobial therapy is indicated. Decision 
regarding antibiotic therapy depends on systemic 
signs of infection. Image courtesy of Ewa Stürmer, 
permission granted for inclusion

Classifications and scoring systems
Irrespective of the underlying pathophysiology of 
the wound, for example PAD, CVI, diabetes or 
immunological diseases, all wounds are initiated 
by a loss of skin integrity, which allows pathogenic 
microorganisms to invade and be destructive to 
the epidermis and subcutis [definition in: Swanson 
et al., 2016 (42)]. Commonly local (antimicrobials) 
or systemic support (antibiotics) depending on the 
level of infection (43) are required as the individual’s 

immune system may not be sufficient to combat 
the invading micro-organisms. Identifying this 
pivotal stage clinically is one of the greatest 
challenges in the therapy of infected wounds.

To aid decision-making, scoring systems have 
been developed to classify postoperative wound 
infections to better assess whether a wound is at 
risk of infection or whether a wound infection has 
already manifested. In particular, two scores 
are frequently applied for this purpose: 
the W.A.R. Score (Wounds-at-risk (44)) and 
the TILI Score (Therapeutic Index for Local 
Infections) (45).The modified classification of 
the American Centers for Disease Control and 
Prevention (CDC) is primarily used to classify 
postoperative wound infection (46).

The W.A.R. Score (44) is used for early detection 
of infection risk based on characteristics and risk 
factors of the wound. The score was originally 
developed for use in chronic wounds, although it is 
also applicable to acute and postoperative wounds. 
The rationale of the score has two purposes, firstly 
to identify wounds at risk of infection at an early 
stage and thus indirectly to provide antimicrobial 
therapy, and secondly to reduce unnecessary and 
prolonged use of local antimicrobial therapies. 
Thus, the W.A.R. Score not only serves as a 
recognition system, but also as a decision-making 
tool. However, a risk assessment is not the same 
as diagnosing infection. Treatment with antibiotics 
or antiseptics must always be accompanied by 
close re-evaluation of the outcome of therapy. The 
therapeutic regimen should always be adapted to 
the clinical findings.

To simplify the indication of local antiseptic wound 
therapy (especially for practitioners who are not 
specialised in wound treatment), the TILI Score was 
developed (45). This score distinguishes between 
indirect (e.g., typical signs of inflammation) and 
direct criteria (e.g., pus, evidence of pathogenic 
microorganisms) of local infection and helps in the 
decision to use antiseptic local therapy. Particularly 
due to the graduated interpretation, a limited local 
reaction based on individual signs of inflammation 
is not overestimated. This can improve the 
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indication and reduce the non-indicated use of 
local antimicrobials.

Figure 11. Deep wound infection located above 
the ankle. Marked swelling (glossy skin), deep 
redness. Local antimicrobial therapy required. 
Pus and debris may be drained. Antibiotics are 
required, but subject to systemic signs of infection 
(fever, severe pain, leukocytosis). Image courtesy 

of Ewa Stürmer, permission granted for inclusion.

Wound biofilm
The definition of wound biofilm is: “Biofilm 
is a structured community of microbes with 
genetic diversity and variable gene expression 
(phenotype) that creates behaviors and 
defenses that result in the production of 
unique (chronic) infections with significant 
tolerance to antibiotics and antimicrobials 
while being protected from host immunity” 
(37).

Based on a meta-analysis (47), approximately 
78% of all chronic wounds are colonised with 
pathogenic microorganisms in the form of 
biofilms. Recent studies have revealed that even 
acute infections contain bacteria in biofilm mode 
of growth (48, 49), so it would be a reasonable 
assumption that all chronic colonisation, including 
VLU, host bacteria in biofilm. Although it has been 
stated that bacterial biofilm plays a significant role 
in delayed healing (50), we can assume that even 
VLUs with no signs of infection host bacterial 
biofilm. Biofilm mode of growth is a survival strategy 
of bacteria. The protection from the host immune 

response, like from neutrophils and macrophages, 
may be the physical protection from the so-called 
extrapolymeric substance (EPS) which mainly 
consists of polysaccharides and proteins (51). 
More likely the protection is based on the excretion 
of virulence factors regulated by Quorum Sensing  
as part of the biofilm phenotype bacteria (52). The 
biofilm matrix acts as a biochemical barrier against 
antimicrobial agents (53, 54). Thus, many of its 
components can directly chemically interact with 
and neutralise them, resulting in loss of efficacy 
of antimicrobial agents (55). Signaling molecules 
enable the interaction of different microorganisms 
to communicate with each other (56) or lower the 
metabolic activity of specific bacteria resulting in 
a high resilience (57) and ‘tolerance’ of biofilm 
to antimicrobial agents. The term antimicrobial 
‘tolerance’ and not ‘resistance’ is used in this 
context because the antimicrobial agents 
have not lost their efficacy against (planktonic) 
microorganisms and thus cannot act due to the 
dormant status of the biofilm phenotype of the 
bacteria.

Bacteria, even in biofilm, are not visible to the 
naked eye. A wound swab may also be negative 
due to the lack of phenotype-related ability to grow 
on media of clinical microbiological routine, due 
to a non-random distribution in the wound which 
leads to an inadequate absorption during swab 
collection, and thus to an insufficient dissolution 
in the analysis process (58, 59). This can be 
circumvented by microbiological analysis of 
curettage tissue. Yet, routine microbiological 
analysis does not detect all bacterial and fungal 
species present in the biofilm. Here, DNA analysis 
using polymerase chain reaction (PCR) technique 
currently provides the most accurate information 
about the microbial diversity in multispecies 
biofilm. To what extent this information is relevant, 
clinically or therapeutically, remains a matter for 
further research.

The wound biofilm locally induces a permanent, 
more or less strong immune reaction or 
inflammation. It can be the trigger of a wound 
infection but can also persist for weeks and 
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months without causing it. Biofilm or even 

critical colonisation of the wound (>104KFE/

mm2) may be visualised to the human eye using 

UV-near light with a special device (60). Light of 

wavelength 450nm allows areas of high bacterial 

metabolic activity to be detected by fluorescence 

of deposited bacterial metabolic products. These 

products include porphyrins (red fluorescence of 

e.g. Staphylococcus Spp. and Enterobacteriaceae) 

or by the cyan-blue fluorescence of pyoverdine 

secreted by Pseudomonas Spp. (60, 50). A larger 

study already showed clinical support by this 

fluorescence technology (61).

Swabbing – indication and technique
Because chronic wounds are always 
colonised with bacteria and the switch to local 
infection is also blurred, the timing and type 
of wound swab collection for microbiological 
analysis is still under discussion (62-65). The 

only consensus is that to determine any existing 

colonisation with multi resistant germs, area-wide 

swabs should be taken both from wounds and from 

patients themselves (nose, throat, wound, inguinal 

if necessary) in Z-technique and under rotation of 

the swab. A positive swab alone is never an 
indication for antimicrobial treatment. On the 

other hand, it is always indicated to identify the 

pathogen if an antimicrobial treatment is initiated.

Four main techniques are described for 
the diagnosis of lower leg ulcers: deep 
tissue biopsy, Levine technique (66), the 
Z-technique, and the so-called Essen Rotary 
(67). Tissue biopsy can be performed with a 

2-mm-diameter punch near the wound edge in a 

full-thickness fashion to obtain viable tissue. The 

Levine technique addresses a 1cm2 area of viable 

tissue in the wound where the swab is rotated with 

a small amount of pressure to collect exudate and 

bacteria. In the Z-technique, the entire wound is 

swabbed once using the swab in a zigzag pattern. 

With the Essen Rotary, swabbing begins at the 

centre of the wound and the swab is moved 

centrifugally from there to the edge of the wound 

in a circular motion.

Many studies compare the efficacy of bacterial 
and fungal detection by swab collection (various 
techniques) and deep wound biopsy (65, 68). 
The overall conclusion of these analyses is that 
wound biopsy is not superior to wound swabbing, 
and in particular to Levine swabbing, which is the 
most widely studied technique. This may be to the 
non-heterogenous distribution of bacteria in the 
wound bed (69). However, it should be concluded 
that standard clinical microbiological lab analysis 
detects only 17% of all bacteria identified by PCR 
technique in a wound swab (70).

Pitfalls in the diagnosis of wound 
infections
Patients’ possible comorbidities should be 
considered in a comprehensive holistic wound 
assessment – for example, malnutrition (71), 
immunologic suppression, and in particular the 
metabolic syndrome associated with diabetes 
mellitus – as they can mask bacterial infection 
(63). The blood levels of leucocytes and/or CRP 
or even the swelling and redness of the wound 
surrounding may be low, even if wound infection 
is present. In addition, some bacteria, such as 
P. aeruginosa, have developed strategies not to 
be recognised by the human immune system 
and thus not to be targeted (72). For these 
so-called covert infections, experts have 
defined secondary signs of wound infection 
(73). These are discolouration of granulation 
tissue, friable granulation tissue, delayed 
healing or wound breakdown, serous exudate 
with concurrent inflammation, pocketing at 
the base and malodour. In addition, the effect 
of bacteria residing in the wound tissue may 
range from none to seriously hampering any part 
of the healing process and even cause necrosis. 
It is also important to recognise that inflammatory 
conditions like PG can be very difficult to distinguish 
from bacterial infections in chronic wounds (see 
Chapter  6). An attempt for approaching the 
diagnosis of PG have been published (74, 75). 
Moreover, infectious conditions like the sandfly 
disease or Leishmaniasis, a parasite mediated 
disease, may resemble chronic wound infections. 
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Treatment of leg ulcer infections
For the treatment of the different degrees of wound 
infections in leg ulcers, reference can be made 
to the International Wound Infection Institute 
Consensus document (37) and EWMA positions 
document Antimicrobials and non-healing 
wounds. Evidence, controversies and suggestions 
published in 2022 (13).

Practical aspects of leg ulcer 
infection
•  Consider debridement (removal of dead tissue) 

as part of the reduction of the bacterial load.

•  Include the wound edge and perilesional skin 
in wound cleansing and care.

•  Do not treat with antibiotics without systemic 
clinical signs of infection.

•  If treatment with antibiotics is needed, obtain 
microbiological specimens first to guide the 
antibiotic treatment.

•  Review and reconsider chosen therapy at least 
weekly.

Figure 12. Cellulitis in dark skin. Image courtesy 
of Samantha Holloway, permission granted for 
inclusion
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Oxygen and nutrients are essential for wound 
healing and tissue cells to survive. The arterial 
system (high-pressure system) carries oxygen and 
nutrients to the body tissue via the arteries whereas 
the deoxygenated blood returns to the heart via the 
vein system (low-pressure). The exchange of gases 
and transfer of nutrients between blood and tissues 
takes place in the capillaries. Lymph capillaries 
weave between tissue cells and the blood 
capillaries. The lymph system drains the excess 
fluid (leaking between the blood vessels and the 
tissues) and empties it back into the bloodstream 
via the lymph vessels hereby managing the fluid 
levels in the body. Dysfunction or imbalance in 
these systems may lead to a changed condition 
in the skin leading to ischaemia and/or oedema 
causing chronic ulceration (76). Assessment of 
the function of arterial and venous systems 
may help to identify the underlying causes to 
formation of chronic wounds and categorise 
the clinical severity of the vascular disease 
and expected response to treatment.

Figure 13. The arterial and venous system

4. 
Vascular assessment and treatment

Author: Annette Høgh

Arterial assessment and treatment
Pathophysiology

Over 90% of arterial disease in the lower limbs 
derive from narrowing of the peripheral arteries 
obstructing the deliverance of oxygen to the 
peripheral tissue cells. The underlying disease is 
atherosclerosis that affects all vascular territories. 
Atherosclerosis of the coronary arteries may 
present as angina, ischaemic heart disease 
or coronary events such as myocardial 
infarction. Atherosclerosis of carotid arteries 
can result in transient ischaemic attack 
or stroke. Severe atherosclerosis of the 
lower limbs can result in inadequate tissue 
perfusion, leading to cell death and the 
formation of ulceration, necrosis or gangrene. 

The decreased oxygen inflow and the abolition 
of metabolic waste products combined with 
extended diffusion pathway entail decreased 
resistibility to tissue load and infection leading to 
reduced wound healing potential. However, the 
underlying pathogenic factors are frequently 
multifactorial (76).

PAD describes the clinical manifestations of 
atherosclerosis affecting the circulation in 
the legs. PAD is graduated over a spectrum, 
from asymptomatic, to exercise induced pain 
(intermittent claudication, (IC) and in the most 
severe form can result in chronic limb threatening 
ischaemic (CLTI) wounds. The severity of PAD is 
classified according to signs and symptoms that 
reflect the degree of circulatory compromise. 
The final stage of PAD in the lower limbs is rest 
pain and/or ischaemic wound, typically placed 
on the tiptoe or on bony protrusions on the foot, 
representing the tip of the iceberg among patients 
with PAD (Figure 14).
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Figure 14. The PAD Iceberg. From Sogaard M 
et al., A thought-provoking statement regarding 
the treatment of patients with peripheral arterial 
disease. Vasa. 2023;52(2):(77).

Figure 15. Example of dry gangrene (A), wet 
gangrene (B) and marked zone between vital and 
avital tissue (C). Image courtesy of Annette Hoegh, 
permission granted for inclusion

Dry gangrene is a focal necrosis where the 
affected skin becomes chilly, dry and changes 
colour to dark purple, eventually turning into a 
black dry up mummified area (see Figure 15 as 
an example). A marked zone between the vital 
and avital tissue appears. The process causes 
disabling pain combined with decreased mobility 
and disturbed sleep; if pain is absent or pain 
sensitivity is reduced, peripheral neuropathy 
should be considered. If an infection occurs, 
the dry gangrene will turn wet, leading to the 
potential of a lower limb- or life-threatening septic 
condition. Surgical wound revision in areas with 
compromised oxygen inflow is pointless as 
necrosis quickly regenerates.

Diagnosing / assessment

The diagnosis ‘ischaemic wound’ is based on 
clinical characteristics combined with an objective 
and physical examination of the patient. Describe 
the location, the extent, and the appearance of the 
wound (see Table 4). Palpation of pedal pulses 
and, if absent, measurement of the ankle-
brachial index (ABI) are first-line screening 
tests for assessing the presence and severity 
of PAD. Acknowledgement of leg/foot or 
wound related pain is a crucial point in the 
diagnostic process (78). However, patients may 
have severe peripheral atherosclerosis diseases 
without symptoms, which can be related to their 
incapacity to walk enough to reveal symptoms 
(e.g. heart failure or chronic obstructive pulmonary 
disease which reduce the patient’s walking ability 
do to shortness of breath) and/or reduced pain 
sensitivity (e.g. due to diabetic neuropathy). Critical 
PAD can also be clinically masked in one leg when 
the other one has a more disabling disease. Often 
the patients have coexisting peripheral oedema as 
a consequence of pain with decreased functional 
capacity and/or by sleeping with the affected limb 
over the edge of the bed in an attempt to improve 
the blood flow to the foot.

Figure 16. Early phase peripheral ischaemia. 
Image courtesy of Annette Hoegh, permission 
granted for inclusion
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Table 4. Anamnesis and objective examination of patients with chronic ischaemia in lower extremity

Anamnesis
Walking related pain Location (gluteal, femoral, crural)

Side differences
Walking distance 
Alleviating or deteriorating factors
Debut symptoms (sudden or slow)

Comorbidities Family history 
Heart disease 
Hypertension 
Diabetes mellitus
Chronic kidney disease 
Chronic lung disease 
Previous vascular surgery

Risk factors Smoking 
Decreased functional capacity 
State of nutrition

Objective examination
Palpation of pedal pulses A complete pulse examination in the lower limb would include:

• Femoralis, below lig. Inguinale
• Poplitea, in fossa poplitea with knee flexion 10–15˚
• Tibialis post., behind medial malleolus
• Dorsalis pedis, front foot between 1st and 2nd metatarsum

Capillary refill time Re-perfusion >2 seconds after pressure release?
Skin inspection Colour, temperature, hair growth, ulcer location, muscle atrophy, 

oedema, scar from previous vascular surgery
Neuropathy Distinguishing pointy from blunt? Cold from hot?

Pulse palpation and capillary refill time 

As a part of the clinical examination, 
systematic assessment of the pedal pulses 
(the posterior tibial and the dorsal pedal 
artery) must be performed. Absent pedal 
pulses and / or capillary refill time >2 seconds 
are associated with an abnormal ABI and, 
thus, these patients must be referred to ABI 
measurement. Vascular assessment is crucial to 
prevent amputations due to PAD (20).

Pitfalls: Pulse palpation and capillary refill 
time

•  Oedema and obesity (the pulse become 
weakened because of the increased distance 
between the artery and the surface of the skin)

•  Skin temperature <27˚C (at low temperatures 
the perfusion to the extremities is impaired)

•  5–10% have an alternative anatomic position 
of the pedal arteries

•  Your own pulse can be interpreted as the 
patients

•  Small muscle movements in the foot can imitate 
a pulse 
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Figure 17. Where to perform pedal pulses. Image 

courtesy of Annette Hoegh, permission granted 

for inclusion

The ankle-brachial index (ABI)

The ABI index compares the systolic blood 

pressure (SBP) on the arms and the legs to give 

a ratio that expresses the severity of PAD. The 

ABI is considered to be an accurate and 
reliable method which current guidelines 
recommend, with cutoff ABI ≤0.9, with a 
75% sensitivity and 86% specificity for the 
PAD diagnosis (82, 83). The sensitivity of 
ABI is poorer in patients with diabetes or 
end-stage chronic kidney disease because 
of medial calcification, where ABI is high 
(>1.40) because of incompressible arteries 
(84). Alternative tests such as toe pressure, 
toe-brachial index (TBI) or measurement of the 
oxygen level in the skin or wound edge can be 
useful. When clinically suspected, a normal 
ABI (>0.9) does not definitely rule out the 
diagnosis of ischaemic wounds or PAD; 
thus, a referral to vascular department is 
needed where further assessment or arterial 
imaging/intervention can be performed. Also, 
the guidelines threshold value for performing 
monitored compression therapy in mixed 
ulcers (0.5 vs 0.6) differs depending on the 
publications (23, 85).

Figure 18. The Ankle-brachial index. Modified with permission from Aboyans V. 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):313. (82)
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The gold standard method for conducting ABI 
measurement is a handheld Doppler, which requires 
specialist training and can lead to poor diagnostic 
accuracy and delays in treatment if used incorrectly 
(86). A variety of automated ABI / TBI systems 
have been introduced through the last decade to 
optimise the usability by being less time consuming 
and costly with a limited request for training. A 
systematic review (based on 11 published 
studies) evaluated the diagnostic accuracy 
of four portable ABI / TBI systems used in a 
community-based PAD screening program. 
They found a moderate level of sensitivity 
(20–95%) and high level of specificity (77–
99%) (87). The article emphasises that diagnostic 
accuracy must be balanced with usability when 
choosing a system. 

Interpretation of ABI

ABI should not be used in isolation but as 
an additive to a combination of the patient 
anamnesis and objective examination 
(Table 4). According to current guidelines, 
ABI indexes between 0.9 and 1.4 are normal. 
The wound healing potential diminishes parallel 
with decrease in ABI and/or TBI. Patients with 
wounds and an ABI <0.6 or TBI <50mmHg 
should be referred to a vascular specialist. This 
is mandatory for limb salvage. TBI measurements 
<30mmHg are not compatible with wound healing 
without revascularisation. Furthermore, ABI is an 
independent risk factor (ABI <0.9 or ABI >1.4) 
for cardiovascular morbidity and mortality, as 

Figure 19. How to interpret the Ankle-brachial index. Modified with permission from Aboyans V. 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):313. (82)

it reflects the extent of the underlying universal 
atherosclerosis (90). Patients with PAD and 
wounds have a 3-fold increased risk of myocardial 
infarction, stroke or vascular death as compared 
to patients with IC. Regarding the limb risk, at 5 
years 27% of patients with PAD and an ischaemic 
wound have major amputations (88). Patients in 
this ABI interval (<0.9 or ABI >1.4) will benefit 
from most cardiovascular preventive strategies, 
especially strict control of risk factors. 

ABI measurement does not focus on 
microcirculation. On the other hand, several 
diagnostic techniques have been introduced to 
enable tissue perfusion measurements in the lower 
limbs; e.g. transcutaneous oxygen pressure or 
skin perfusion pressure by laser Doppler flowmetry 
or silastic strain gauge plethysmography (89). 
However, there is no clear consensus on using 
estimations of the microcirculation in the skin / 
wound edges as a predictive marker for wound 
healing in the existing international literature.

Pitfalls of ABI

•  Skin temperature <27˚C (at low temperatures 
the perfusion to the extremities is impaired)

•  5–10% have an alternative anatomic position 
of the pedal arteries

•  The wound is in the same place as where the 
cuff is placed

•  Rest time less than 5–10 minutes (the blood 
pressure may be misleading high without rest 
prior to assessment)
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•  The patient is asymptomatic and ABI 
measurement has not been performed

•  The patient has untreated hypertension 
(high blood pressure) which may lead to 
misinterpreting of the ABI

•  Diabetes or other causes for medial calcification

Revascularisation

One of the main reasons to perform endovascular 
or open revascularisation procedures in patients 
with ischaemic wounds is to facilitate healing by 
improving tissue perfusion and skin oxygenation of 
the lower leg and foot. Imaging is a cornerstone in 
the planning of the revascularisation and it includes 
a variety of angiographies – digital subtraction, 
computed tomography (CT), magnetic resonance 
imaging (MRI) or duplex ultrasound scanning 
(DUS). Imaging is used to map the extent of the 
atherosclerosis and afterwards used in the planning 
of interventional angiology or vascular surgery 
reconstruction of the blood flow to the affected 
area. 

When stenotic or occlusive arterial disease is 
found, reconstruction should be considered. The 
treatment options include endovascular angioplasty 
+/– stenting or surgical bypass operations. The 
choice of the surgical approach is based on a 
number of factors including the severity and 
location of the arterial disease, and the general 
health of patient.

Bypass surgery is used to send oxygenated blood 
around an occluded area, most common from the 
groin to the popliteal artery or to one of the three 
main arteries of the lower leg. Optimally, a large vein 
from the patient’s leg is used as bypass material, but 
it is also possible to use a fabric graft if the patient’s 
own vein can’t be used. Thrombendarterectomy 
is also a common operation where the artery is 
opened longitudinally and the atherosclerotic 
plaque, including the intima layer of the artery, 
is removed in total. In more complex lesions, a 
hybrid procedure combining open surgery and 
endovascular procedure, is used for the treatment 
of multilevel arteriosclerosis.

In ischaemic wounds, once the blood flow is 
re-established, the focus can be re-centred 
on standard wound treatment, especially 
compression therapy. 

Venous assessment and treatment
VLUs are the most common type of leg ulcer 
with a significant socioeconomic burden due 
to slow healing and frequent recurrence. 
A VLU arise from venous insufficiencies in the 
lower extremities due to valvar incompetence, 
reflux, venous obstruction, or a combination 
of these with consequent distal ambulatory 
hypertension. All patients with a VLU should 
be considered for venous intervention in 
addition to compression therapy to improve 
ulcer healing and prevent recurrence (21).

Anatomy / pathophysiology 

The venous system on the lower extremities 
includes a superficial system (the great and small 
saphenous veins) localised in the subcutis above 
the muscle fascia and a deep system place in 
the muscles below the muscle fascia. There are 
>40 perforators between these two systems. 
The venous system is endowed with valves. In 
cooperation with the muscles on the calf and 
foot an effective venous pump system is created 
ensuring a unidirectional flow back towards the 
heart. An efficient venous pump system decreases 
the pressure in the lower extremity veins from 
70–100mmHg in supine position to 20–30mmHg 
by walking.

If the venous pump system is dysfunctional, CVI 
arises and consequent distal hypertension. The 
risk of VLU grows as the distal hypertension 
progresses. Furthermore, perforators with reflux 
may contribute to chronicity of VLU. 
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A:  Distal hypertension in the veins which decrease the 

microcirculation in the skin

B.  Dysfunctional perforator vein; lack of ability to decrease 

the venous pressure during muscle activity

Figure 20. The venous system on the lower leg. 
Modified with permission from Høgh A. [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. 28. (90) 

Figure 21. Schematic illustration of the ambulatory 
venous pressure in mmHg in (A) healthy subjects, 
(B) patients with superficial and perforator 
dysfunction, (C) patients with additional deep 
venous dysfunction, and (D) patients with deep 
venous outflow obstruction.

AVP: ambulatory venous pressure

RT: recovery time

Other causes of venous insufficiency in the lower 
extremities include extrinsic vein compression (e.g. 
intra-abdominal masses, including pregnancy), 
previous deep vein thrombosis (DVT) resulting 
in occlusion (post-thrombotic syndrome), raised 
general venous pressure followed by right 
heart failure, impaired calf muscle pump (e.g. 
immobilisation), or obesity. 

The pathophysiology behind the development of 
CVI is twofold. Firstly, inflammatory response may 
lead to vascular remodeling with degenerative 
loss of elastin and collagen, with the consequent 
destruction of the intraluminal valves combined 
with increased wall thickness due to fibrosis. This 
transformation leads to changes in vasomotor 
tone and reflux (i.e. reversed blood flow) creating 
impaired venous emptying and chronic venous 
hypertension. Secondly, changes occur in the 
microcirculation by dysfunctional post-capillary 
venules affecting the surrounding tissues and 
skin. Inflammatory mediators combined with cell 
migration generate oedema and hypoxia followed 

by loss of normal integrity of the skin with VLU 
formation. 

Compression of the lower extremities 
veins and soft tissue leads to improved 
haemodynamics and thereby reduces the 
effects on the skin of venous hypertension 
and oedema. Non-adherence to compression 
may be the principal cause of slow healing 
or recurrence of VLU. Individual variation in the 
vulnerability to venous hypertension exist and 
presence of reflux is not an indication of treatment 
alone

Clinical examination

The diagnosis of VLU is based on clinical 
characteristics combined with a subjective 
and objective examination of the patient. To 
identify venous insufficiency an ultrasound 
examination is needed to assess the return 
flow of the blood from the lower leg back to 
the heart. 
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Table 5. Anamnesis and objective examination of patients with VLU

Anamneses

Subjective anamnesis Differences between both legs
Walking distance 
Leg aching and pain
Tightness of the leg
Feeling of heaviness and muscle cramps
Itchy skin

Comorbidities Ankle stiffness (ex.: Trauma, Orthopaedic, Rheumatological, Neurological)
Diabetes
Peripheral arterial disease
Thromboembolic history
Predisposition conditions for oedema (e.g. kidney or heart failure)

Causes Family history
Immobility
Smoking 
Functional capacity 
State of nutrition
History of venous disease including:
 Post-thrombotic syndrome
 Venous insufficiency (superficial or deep)
 Deep vein thrombosis
 Phlebitis or varicose veins
Multiple pregnancies
Obesity
Age >50 years

Objective examination

Skin inspection Oedema
Varicose veins
Hyperpigmentation 
Inflammation
Atrophie blanche 
Stasis eczema / contact dermatitis, lipodermatosclerosis
Ulcer location: retromalleolar, medial aspect of the leg

Figure 22.  Cutaneous signs of CVI – 
hyperpigmentation (A), lipodermatosclerosis (B), 
atrophie blanche (C). Caution: CVI is very prevalent. 
Wounds of atypical causes can present on a leg 
with these signs. Image courtesy of Elena Conde 
Montero, permission granted for inclusion
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Figure 23. VLU with varicose veins (A), 
lipodermatosclerosis (B) and hyperpigmentation (C) 
© Mid Yorks NHS Trust used with permission

Figure 24. Stasis eczema and lipodermatosclerosis 
in dark skin © Mid Yorks NHS Trust used with 
permission

Ultrasound

Duplex ultrasound (DUS) (probe 5–17MHZ) 
is the primary diagnostic test for patients 
with suspected or clinically evident chronic 
venous disease assessing the morphology 
and the haemodynamics of the flow in lower 
limb veins. DUS is both non-invasive, fast and 
reproducible technique (23). DUS is used to 
assess direction and velocity of the passing 
venous blood flow to identify occlusions and/or 
reflux (i.e. reversed blood flow). The examination 
is done with the patient in standing position with 

the knee of the investigated leg slightly bent. By 
manual compression of the thigh, calf or foot, a 
‘blood column’ is moving towards the venous 
valves to test for signs of insufficient veins. Venous 
insufficiency is defined as a reversed flow duration 
>1 second for the femoral vein and popliteal vein 
as well as >0.5 seconds for the superficial veins 
and perforators (23).

In addition to diagnostic procedures, DUS is 
used as a tool in planning customised treatment 
by graphical representation of the findings. For 
patients with suspected supra-inguinal venous 
obstruction, in addition to full leg DUS, ultrasound 
of the abdominal and pelvic veins should be 
considered as part of the initial assessment (23).

Classification system

The Clinical Etiological Anatomical and 
Pathophysiological (CEAP) classification system 
facilitates a worldwide universally understandable 
description of venous disease and works as an 
instrument to standardise the diagnosis and allow 
better communication of chronic venous disorder 
diagnosis between healthcare professionals. 
The name CEAP classification stands for 
Clinical (C), Etiological (E), Anatomical (A), and 
Pathophysiological (P) (91). Additionally, CEAP 
contains 18 named venous segments to locate 
the venous pathology. In clinical practice, we 
normally use only the clinical subclassification (C) 
which gives a lot of information about the severity 
and prognosis of chronic venous disease. We 
speak of CVI from stage C3 onwards. Finding 
these clinical signs 
on the perilesional 
skin of a leg with a 
wound must make 
us suspect a venous 
ulcer.

Figure 25. Atrophie 
b l anche .  Image 

courtesy of Elena 

Conde Montero, 

permission granted 

for inclusion
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Venous intervention

The target for treating venous insufficiency 

is to relief symptoms, accelerate wound 

healing and prevent VLU occurrence 

and/or recurrence. In addition to venous 

intervention, compression is a key treatment 

and obligation in all oedema and venous 

insufficiency treatment (see Chapter  8). 

Furthermore, the treatment of the surrounding skin 

and the VLU itself combined with pain control is 

of great significance (see Chapter 7).

The European Society for Vascular Surgery 

(ESVS) guidelines from 2022 recommend 

endovenous intervention to patients 

with chronic venous disease of the lower 

extremities to prevent VLU, accelerate ulcer 

healing and/or reducing the risk of ulcer 

recurrence (23-25). The recommendations 

include patients with active or healed VLU based 

on superficial venous incompetence presenting 

with varicose veins (92), CEAP clinical class C2, 

oedema because of chronic venous disease (CEAP 

clinical class C3), skin changes because of chronic 

venous disease (CEAP clinical class C4–C6) as 

well as patients with combined superficial and 

deep venous insufficiency (93, 94).

Figure 26. The problem of chronic venous disease. CEAP classification. Images courtesy of Elena 
Conde Montero, permission granted for inclusion

Minimally invasive endovenous techniques 
have grown over time to be the ‘gold 
standard’ based on the technique efficiency, 
safety, low price and patient friendliness, 
compared to classical surgery (ligation and 
or stripping of incompetence saphenous 
veins) (23). Endovenous techniques are all DUS-

guided to increase efficacy and safety, and include: 

endovenous laser or radiofrequency, ultrasound 

guided foam sclerotherapy (USGFS) or catheter 

directed injection of cyanoacrylate glue. Treatment 

of perforants and sub ulcer venous plexus should 

be considered as part of the treatment strategy 

(class 2A) (23). According to the ESVS guidelines, 

endovenous thermal ablation should be the first 

line treatment (23). There is no guarantee that 

recommendation of lifelong compression use may 

be expendable after surgical intervention. 

VLUs with coexisting PAD (mixed 
ulcers)
15–20% of patients with VLU have coexisting 

PAD (95, 96) (defined as an ABI <0.9 – see 

arterial assessment (23)). Identifying the aetiology 

behind the ulcer formation is essential and basic 

assessment of arterial status (ABI) should be 

performed to quantify the degree of a potential 

arterial component. With decreasing ABI, the risk 
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of iatrogenic skin damage due to compression 
therapy, increases. However, compression 
therapy is still one of the keystones in 
treatment of chronic ulcers, independently 
of the underlying aetiology. An ABI >0.8 
may be considered as normal and allows 
commencement of full compression therapy 
(97). With ABI 0.6–0.8 modified compression 
under close clinical supervision is mandatory. 
Compression therapy should be continuously re-
assessed and adapted to the patient’s needs. 
Exceptional attention is needed among patients 
suffering from peripheral neuropathy to avoid 
skin damage along with the use of compression 
therapy. 

Figure 27. A VLU with coexisting PAD in the right 
ankle region. Image courtesy of Kirsi Isoherranen, 
permission granted for inclusion
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Definition
Oedema is the clinical manifestation of an 
accumulation of fluid within the interstitial spaces 
of the body. In most cases it develops when 
the balance between the flow of fluid out of 
capillaries and the return of fluid to the vascular 
space via capillary reabsorption and lymphatic 
flow is disrupted. In rare cases it is produced 
by an excess of soft tissue (98). Oedema can 
be localised or develop up-to generalised 
oedema (99). One form of localised oedema is 
peripheral oedema which is most frequently 
gravity related. 

Aetiology
Leg oedema is produced by a multitude of 
aetiologic factors (Table 6) (98, 100). Local or 
systemic conditions can induce the occurrence 
of leg oedema by acting alone or in combination. 
Identifying the complex aetiology of the leg 
oedema is often challenging for the medical 
staff. The systemic disorders that include leg 
oedema in their clinical tableau are not the 
subject of this document. The local conditions 
producing leg oedema most frequently involve 
the leg veins (venous insufficiency/oedema) 
or the lymphatic circulation (lymphoedema). A 
combination of aetiologic factors can develop, 
producing complex modifications (phlebo-
lymphoedema). Phlebolymphoedema 
results from a secondary accumulation of lymph 
fluid due to CVI. The circulatory and lymphatic 
systems maintain a delicate balance in the body 
(see also Chapter 4). If the venous system is 
damaged, it will typically affect the lymphatic 
vessel system (101). Due to this complex 
aetiology, the patient suffering with leg oedema 
is usually managed in a multidisciplinary setting 
involving (but not limited to): a dermatologist, 
vascular surgeon, cardiologist, endocrinologist, 

5. 
Leg oedema

Authors: Mark Collier, George-Sorin Tiplica

nephrologist, infectious disease doctor, internal 
medicine doctor, rheumatologist, orthopaedist as 
clinically indicated.

Epidemiology
Venous oedema is reported in 8% of the general 
population (102). However, this estimate will vary 
between countries. For example, a UK study 
reported a total crude prevalence of 3.93/1000 
population (95% CI 3.69–4.19), with a prevalence 
of 2.48 for men and 5.37 for women (103). 
Lymphoedema has been reported to affect an 
estimated 35 million patients in the United States of 
America (USA), over 200,000 people in the United 
Kingdom (UK) and 250 million people worldwide. 
Accurate data reporting both current 
prevalence and incidence rates of oedema 
and lymphoedema is sparse however, as 
both conditions are often associated with 
a variety of co-morbidities (Table 6). It is 
acknowledged that primary lymphoedema is rare 
and is thought to affect around one in every 6,000 
people whereas secondary lymphoedema is much 
more common. For example, in the UK, secondary 
lymphoedema affects five in 10 people with vulval 
cancer. About three in every 10 people with 
penile cancer will get lower limb lymphoedema 
(104, 105). Lymphoedema is often present in the 
obese patient (body mass index (BMI) >30), a 
group with alarmingly increasing numbers. In one 
UK based lymphoedema service it was reported 
an increase in the percentage of obese patients 
being referred, from 60% to 68% over a 10-year 
period. It has been reported that often patients 
had been managed in the community without 
success for long periods – months and years. 
It has therefore been argued that a community-
based approach that combines the wound care 
expertise of community nursing teams and the 
advice and guidance of lymphoedema specialists 
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on appropriate management techniques, including 
compression therapy, would promote optimal 
patient management practices. However, it has 
also been acknowledged that any management 
plan must still include addressing weight issues if 
any long-term success in reducing chronic/obesity 
induced lymphoedema is to be achieved (106). 

Classification
Leg oedema can be classified as recent (includes 
leg oedema with acute onset <3 days) and this 
usually reduced to some extent with elevation, or 
chronic (when the duration is of 3 months or more) 
(107). Following, the clinical distribution of the leg 
oedema can be unilateral (asymmetrical) or bilateral 
(symmetrical). Depending on the tissue depression 
induced by digital pressure, leg oedema can be 
pitting (e.g. renal disease, heart failure) or non-
pitting (e.g. lymphatic disease, thyroid disease).

Venous oedema represents the stage C3 from the 
CEAP classification (see Chapter 4). 

Lymphoedema is classified as (108):

• Stage 0: subclinical oedema. No volume 
change observed

• Stage 1: the amount of extracellular or 
subcutaneous water can be measured to 
quantify lymphoedema by bioimpedance 
spectroscopy (BIS)

• Stage 2: swelling noted of the affected 
anatomical region 

• Stage 3: the accumulation of adipose tissue 
and fibrotic changes are noted (the affected 
area feels hard to touch).

Assessing the patient with leg 
oedema
History and clinical examination

The assessment and diagnosis of leg oedema 
should be undertaken utilising a holistic framework 
that should incorporate patient history (including 
medication and social history) and a thorough 
general physical examination (height, weight and 
BMI), vital signs (blood pressure, pulse, breath), the 
patient’s gait and joint mobility, venous and arterial 

assessment, clinical neurological examination, the 
presence of chronic oedema and the condition of 
the patient’s skin.

History will identify the duration of the disease with 
particular attention to the acute manifestations 
(<72h) generated by trauma, DVT, infection or 
trauma. Medical history will focus on the existing 
(internal) conditions and on their (systemic) 
treatment. There are many drugs that can induce 
the apparition of leg oedema (Table 7) (98, 100, 
109) – in more than half of these drug-related 
cases, leg oedema is related to the intake of 
calcium channel blockers (e.g., amlodipine) (110). 
Surgical history is also important as pelvic surgery 
can induce leg oedema. For differential diagnosis, 
it is important to note the evolution of leg oedema 
during the day (e.g., in venous diseases of the 
lower limb leg oedema worsens in gravitational 
positions and improves when the limb is elevated). 
Symptomatology is crucial: pain can be intense in 
arterial diseases, heaviness or fatigue of the legs 
can occur in venous disease. 

The venous oedema (CEAP classification C3) 
(Figure 26, Chapter 4) starts as lower leg oedema, 
at the end of the day and disappears when the 
patient starts daily activities. Lipoedema is frequent 
in women and evolves with symmetrical fatty 
deposit accumulations from the lateral parts to 
the medial aspects of the skin but there will be no 
fatty deposit accumulations below the ankle (111). 

Clinical  examination involves both 
observation and palpation of the limbs. 
Measuring the circumference of the calves 
and ankles is also useful for monitoring 
treatment outcomes. A simple clinical test 
referred to as Stemmer’s Sign can help support 
the differential diagnosis of oedema/lymphoedema 
(112). To perform the Stemmer’s Test, pinch a fold 
of skin at the base of the second toe or finger. If the 
skin can be lifted, the result is likely negative. If the 
skin can’t be pinched, the result is likely positive. 
A positive result is a likely predictor for primary 
and secondary lymphoedema of the lower limb. 
A negative result does not rule out lymphoedema 
and will typically be noted in patients with a normal 
BMI and/or who have stage 1 disease.
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Basic laboratory screening (blood) 

Laboratory tests needed for the aetiologic 

diagnostic of leg oedema must cover a large range 

of possible systemic diseases (Table 8) (98, 113). 

The D-dimer level is essential when acute DVT is 

suspected. 

Specific laboratory / imaging 
investigations

DUS is the most used imaging investigation in 

leg oedema to support the aetiologic diagnosis 

and the treatment recommendations. It is a non-

invasive examination that provides information on 

the venous anatomy, valve function, and other 

non-vascular anatomic structures of the lower 

leg. In the pelvic region DUS can offer information 

on the anatomic structures, vascular anatomy and 

function, possible tumoral masses and lymphatic 

nodules (114).

Lymphoedema measuring instruments with 

evidence for good reliability are the BIS, water 

volumetry, tape measurement and perometry. It 

has been reported that BIS can detect alterations 

in extracellular fluid in stage 1 lymphoedema and 

the other measurement instruments can detect 

alterations in volume starting from stage 2 (115). 

There exists clear evidence for good reliability 

of BIS in the lower limb (Level of evidence: 2C) 

and high reliability and excellent validity of water 

volumetry, tape measurement and perometry in 

measuring lymphoedema in the upper limbs (Level 

of evidence: 1B). Based on the authors’ analysis, 

the use of BIS, volumetry, tape measurement 

and perometry can be recommended in clinical 

practice. Measurement of midline and lower limb 

lymphoedema warrants more research.

Magnetic resonance lymphology (MRL) can 

also be used for the evaluation of peripheral 

lymphoedema (116). MRL identifies superficial 

lymphatic vessels with a diameter of >0.5mm with 

high sensitivity and specificity and accurately shows 

abnormal lymphatics and lymphatic drainage 

patterns. MRL is based on a gadolinium-based 

contrast enhanced T1-weighted gradient-recalled 

echo sequence combined with T2-weighted 

MRI, with acquisition 30 minutes after injection of 

contrast material. 

Other imaging investigations can be used, mainly 

for the diagnosis of leg oedema induced by 

conditions affecting the pelvis or the abdomen. 

Contrast-enhanced (CT) or (MRI) can provide 

accurate information on tumours, lymph nodes, 

venous anatomy (including obstructions of the ilio-

caval segment). 

Tools for leg oedema evaluation 
(patients and medical staff) 

Visual Analogue Scale is used for subjective 

characteristics (pain, heaviness, itching etc) and 

represents a continuous (analogue) scale, most 

frequently from 0=minimal to 10=maximum.

Numeric Rating Scale is also used for subjective 

characteristics (pain, heaviness, itching, etc.) and 

represents a discrete scale from 0=minimal to 

10=maximum.

Leg oedema: summary of principal 
management techniques and 
treatments
There are several techniques that have been 

reported as being effective for the treatment 

of lower limb oedema, both conservative and 

invasive (surgical).

Conservative techniques include the use of 

compression; however, applied and maintained 

(e.g. bandages/stockings/wraps), used alone or 

combined with exercise and/or elevation, or with 

the use of intermittent pneumatic compression 

(IPC) devices from the authors’ experience will be 

of benefit to many patients. Compression products 

with specific properties, reflecting different 

materials, design and fabrication processes, can 

be further grouped by elasticity, stretching and the 

number of layers incorporated into the finished 

product (117). The effect of different types of 
compression modalities on chronic oedema 
has been compared (118), leading to the 
general conclusion that some compression is 
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better than no compression for the reduction 
of patient oedema and associated pain. 
Recently, a review article has been published 

comparing leg elevation with compression therapy 

(119). To summarise, the author reported that best 

practice is to firstly manage any underlying health 

issues and to reduce swelling using compression 

(after appropriate assessment) and leg elevation 

(see Chapters  4 and 8). Whilst it is generally 

accepted that compression remains the gold 
standard of management to aid the reduction 

in swelling and oedema, it is also acknowledged 

that it may not be suitable for all individuals. When 

individuals have difficulty elevating their lower limb 

above heart level (e.g. when supine) due to another 

existing co-morbidity, there are various appliances 

that may assist with the patient’s leg elevation 

needs, ranging from simple straps to mechanical 

leg raising devices. 

IPC has been used for over 40 years in the 

management of lymphoedema. Although the 

method of application has evolved during that time 

(e.g., the development of IPC systems applying 

compression via multi-chamber sleeves), there has 

been little consensus regarding optimal treatment 

parameters or dosage (duration of treatment time). 

The authors of a systematic review (120) reported 

low evidence of moderate quality, indicating 

significant outcomes were achieved with dosage 

times between 45 and 60 minutes.

It has been reported that aquatic therapy 

has several proposed benefits for people with 

lymphoedema; however, prior to the publication 

date of one paper (121), no systematic review of 

the evidence for aquatic therapy in lymphoedema 

management had been conducted. Yeung and 

Semciw reported that there was a moderate 

level of evidence of no significant short-term 

differences in lymphoedema status (as measured 

by lymphoedema relative volume) between patients 

who completed aqua lymphatic therapy compared 

to land-based standard care. 

Surgical approaches can be divided into 

reductive (e.g., liposuction, skin/subcutaneous 

excision) or physiological (e.g., lymphovenous 

anastomosis [LVA], vascularised lymph node 

transfer [VLNT]). Two systematic reviews of the 

literature analyse the evidence for the effectiveness 

of surgical interventions for the management of 

lymphoedema (122, 123). Both acknowledged 

that there is no cure for lymphoedema, and that 

conservative management remains the first line 

approach to manage patients with the condition. 

Carl et  al. (2017) reported that the results of 

their study indicate that surgical management 

of lymphedema is effective for all clinical stages 

(122). They argue that LVA is the most appropriate 

choice due to its low complication profile and 

validated success. Although LVA requires at least 

partially functioning lymph connectors, VLNT can 

be performed with obstructed lymph channels. 

Ideally, this determination should be made at a 

preoperative visit via lymphoscintigraphy. Although 

VLNT improves lymphatic function in late-stage 

disease, there are considerable risks. When 

reported, the rate of complications for VLNT was 

30.1%, suggesting that this invasive procedure 

should be reserved for only severe forms of 

lymphoedema.

A further systematic review and meta-analysis, 

published in 2021, reported the results of a 

consensus conference, the focus of which was 

the surgical treatment of lymphoedema (123). 

Although the authors acknowledged that only 

two RCTs were identified during their extensive 

literature search, the consensus delegates agreed 

various consensus recommendations using the 

GRADE criteria. See summary of consensus 

statements in Table 9.

Guidelines
A literature search to highlight recent systematic 
reviews of guidelines for lymphoedema identified 
two papers published in 2020. O’Donnell et al. 
(124) identified just four clinical practice guidelines 
(CPGs) – The lymphoedema framework best 
practice for the management of lymphoedema; 
A practice guideline for the management of 
lymphoedema (Japanese Lymphoedema Study
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Group); Clinical Resource Efficiency Support Team 
Guidelines for the diagnosis, assessment and 
management of lymphoedema and Guidelines of 
the American Venous Forum. It was concluded that 
the four CPGs all lacked contemporary literature 
and were of low study quality. Therefore, the 
authors argue, it is imperative for vascular societies 
to develop contemporary high quality evidence-
based CPGs for lymphoedema, as they have for 
other vascular diseases. 

Tan et  al. (125) also reviewed full text CPGs 
reporting on evidence-based recommendations 
in lymphoedema diagnosis or management 

(in English) and further concluded that no 
lymphoedema CPG was considered adequate for 
use in clinical practice. All current lymphoedema 
CPGs have areas for improvement with elements 
of methodological quality lacking, particularly 
with respect to rigour of development. It was also 
argued that CPGs present a uniform treatment 
protocol for patients and, consequently, both the 
effectiveness and the quality of care should be 
improved if a CPG is adopted for clinical practice. 
Furthermore, a consequence-driven protocol is 
usually associated with an overall reduction in the 
cost of care (124).

Table 6. Aetiology of leg oedema (98, 100). Several aetiologies may overlap in a patient to explain 
acute oedema, chronic oedema or acute exacerbation.

Unilateral  Bilateral  

Recent Chronic Recent Chronic

Superficial vein 
thrombosis

Primary venous 
disease

Deep vein thrombosis 
(bilateral)

Chronic venous disease

Deep vein thrombosis 
(phlegmasia alba dolens, 
phlegmasia cerulea 
dolens)

Post-thrombotic 
syndrome

 

Iliac vein compression 
(incl. May-Thurner 
syndrome)

Acute heart failure Chronic heart failure

Infection Primary lymphoedema 
(congenital 
lymphoedema, 
lymphoedema 
praecox, 
lymphoedema tarda)

Acute renal failure Chronic renal failure / 
nephrotic syndrome / 
glomerulonephritis

Secondary 
lymphedema
Phlebolymphedema

Acute liver failure Chronic liver failure

Tumour Congenital venous 
malformations

 Pulmonary hypertension

Ruptured Baker’s cyst Vascular malformation Inferior vena cava 
thrombosis

Restrictive pericarditis

 Venous advential 
cystic disease

Inferior vena cava 
tumours

Restrictive 
cardiomyopathy

Compartment syndrome   Thyroid disease

 Tumour / secondary 
tumour (methastasis)

Infections  

Insect / animal bites   Primary lymphoedema 
(congenital lymphoedema, 
lymphoedema praecox, 
lymphoedema tarda)
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Unilateral  Bilateral  

Recent Chronic Recent Chronic

 Infection Iatrogenic – drugs Phlebolymphedema

Ruptured muscle   

Intramuscular 
haematoma

Reflex sympathetic 
dystrophy (complex 
regional pain 
syndrome)

  

Fracture Radiation  Inferior vena cava 
occlusion

Sprain (ligament injury) / 
strain (muscle or tendon 
injury)

Static foot disorders  Inferior vena cava aplasia

   Inferior vena cava 
hypoplasia
Pregnancy
Premenstrual oedema 
Preeclampsia
Protein losing 
enteropathy 
Beri-Beri 
Anemia 
Malabsorption syndrome 
Hypoalbuminemia 
Obesity
Spinal cord injury 
Immobility 
Static foot disorders 
Dependent oedema
Iatrogenic – drugs 
Obstructive sleep apnea 
Post-thrombotic 
syndrome 
Idiopathic oedema
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Table 7. Drugs inducing leg oedema (98, 100, 
109).

Drugs used in endocrinology

Glucocorticoids

Estrogen 

Progesterone 

Testosterone 

Androgens

Thiazolidinediones

Rosiglitazone

Pioglitazone

Tamoxifen

Aromatase inhibitors

Drugs used in neurology

Pregabalin

Gabapentin 

Pramipexole

Ropinirole

Drugs used in psychiatry

Monoamine oxidase inhibitors

Trazodone

Benzodiazepines

Drugs used in oncology (chemotherapies)

Docetaxel

Cisplatin

Gemcitabine 

Drugs used in gastroenterology 

Proton pump inhibitors

Drugs used in rheumatology

Non-steroidal anti-inflammatory drugs 

Drugs used in infectious diseases

Levofloxacine

Table 8. Leg oedema – laboratory tests 

• Complete blood count
• ESR (erythrocyte sedimentation rate)
• CRP (C-reactive protein)
• Fibrinogen
• Creatinine 
• Urea nitrogen
• Uric acid
• Glucose
• Cholesterol
• LDL
• HDL
• VLDL
• Fatty acids, total
• Lipids, total

• Potassium
• Sodium
• Chloride
• ALT (Alanine transaminase)
• AST (Aspartate transaminase)
• GGT (Gamma-glutamyl transferase)
• ALP (Alkaline phosphatase)
• LDH (lactate dehydrogenase)
• Billirubin
• Albumin 
• Protein, total
• TSH
• D-dimer 
• Urinalysis
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Table 9. Summary of consensus recommendations / strength of evidence (GRADE) – modified after 
Chang et al. (2021) (123) 

Statement/ recommendation Strength of 
recommendation 

(1 or 2)

Quality of 
evidence 

(A–D)
Bioimpedance spectroscopy has good reliability for measuring 
lymphoedema in the lower limb

2 C

Lymphatic procedures are highly complex, and anyone 
contemplating performing lymphatic surgery is encouraged to visit 
a high-volume centre. To decrease the incidence of complications, 
microsurgical training is encouraged.

1 D

A consensus on staging of lymphoedema and preoperative and 
postoperative evaluation would be helpful.

2 D

There is a need for more quantitative methods for measuring fat, 
fluid, and physiologic measures and immunologic function.

2 D

Figure 28. Lymphoedema and papillamotosis in 
dark skin. Image courtesy of Samantha Holloway, 
permission granted for inclusion
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Table 10. Types and characteristics of atypical wounds

Type of ulcer Risk factors and 
comorbidities

Typical 
clinical 

features

Need for 
biopsy

Histological 
findings

Picture

Pyoderma 
gangrenosum 
(7, 74, 126)

Inflammatory bowel 
disease
Rheumatoid arthritis
Haematologic 
malignancy

Initial pustule
Reddish-
violaceous and 
undermined 
wound borders
Pathergy 
phenomenon
Severe pain

To exclude other 
differential diagnosis

Inflammatory 
infiltrate with 
neutrophils

Vasculitis 
(7, 127)

Infections, drugs, 
autoimmune diseases

Polymorphic 
clinical aspect
Palpable purpura, 
livedo
Small, necrotic, 
geometric shaped, 
multiple ulcers 
with erythematous 
or violaceous halo

Essential for 
diagnosis
both ordinary 
biopsy and 
immunofluorescence 
needed

Perivascular 
inflammatory 
infiltrate
Deposition of fibrin 
within the lumen 
and/or vessel wall 
Nuclear debris

Martorell ulcer  
(7, 34, 35, 126)

Hypertension, diabetes, 
obesity
Vitamin K antagonist 
medication

Palpable pulses or 
ABI>0.6
Lateral leg or 
Achilles tendon
Erythematous-
violaceous border 
and necrosis
Severe pain

To exclude other 
differential diagnosis

Subcutaneous 
arteriolosclerosis

Calciphylaxis 
(7, 34)

Chronic renal 
insufficiency
Dialysis
Secondary 
hyperparathyroidism
Vitamin K antagonist 
medication
Obesity

Erythematous-
violaceous border 
and necrosis
Severe pain
Rapidly 
progressing ulcer

To exclude 
other differential 
diagnosis

Calcification of 
small-medium 
sized vessels

6. 
Atypical wounds

Authors: Elena Conde Montero and Kirsi Isoherranen

Image courtesy of Elena Conde Montero, 
permission granted for inclusion

Image courtesy of Elena Conde Montero, 
permission granted for inclusion

Image courtesy of Elena Conde Montero, 
permission granted for inclusion

Image courtesy of Elena Conde Montero, 
permission granted for inclusion
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Type of ulcer Risk factors and 
comorbidities

Typical 
clinical 
features

Need for 
biopsy

Histological 
findings

Picture

Malignant 
ulcer (including 
Marjolin ulcer)  
(7, 128-131)

Long lasting ulcer
History of skin cancer

Rare location
Raised edges
Irregular friable 
overgranulation
Atypical 
pigmentation
Not healing 
with standard 
treatment

Essential for 
diagnosis

Findings depend 
on the type of 
tumour

Factitious ulcer 
(7)

Personality disorder
Depression
Anxiety

Peculiar 
morphology
Geometric edges 
Unexplained 
evolution

To exclude 
other differential 
diagnosis

Non-specific

Livedoid 
vasculopathy  
(7, 132)

Coagulation disorders 
(antiphospholipid 
syndrome)
Fibrinolytic disorders
Venous insufficiency

Bilateral 
Atrophie blanche
Livedo reticularis
Small, tender, 
irregular ulcers

Essential for 
diagnosis

Hyalinisation, 
thickened blood 
vessel walls, 
fibrin deposition, 
vascular occlusion 
by thrombosis 
and minimal 
inflammation

Leishmaniasis 
(7, 121)

Living or travelling 
through areas where 
Leishmania is endemic

Typically solitary 
plaque with 
central ulceration
Painless
Purulent or dry 
with a scab

Essential for 
diagnosis

Leishmania 
amastigotes and 
non-caseating 
granulomatous 
inflammation
The parasite is 
identified in the 
PCR and culture 
confirm diagnosis

Hydroxiurea 
ulcers (7, 134)

Myeloproliferative 
disorders treated with 
hydroxyurea

Well-demarcated, 
round and painful
Atrophie blanche
Solitary or 
multiple

To exclude 
other differential 
diagnosis

Non-specific 
findings
Epidermal atrophy 
and dermal 
sclerosis with 
inflammation

Image courtesy of Elena Conde Montero, 
permission granted for inclusion

Image courtesy of Elena Conde Montero, 
permission granted for inclusion

Image courtesy of Elena Conde Montero, 
permission granted for inclusion

Image courtesy of Elena Conde Montero, 
permission granted for inclusion

Figure from Isoherranen K, et al. Atypical wounds. 
Best clinical practice and challenges. J Wound Care. 
2019;28(Sup6):S53. (7)
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Even if venous, arterial and mixed ulcers are the 

most common leg ulcers, other less frequent 

causes may produce wounds in the lower limbs 

and may be considered ‘atypical wounds’. 

Consequently, if the wound does not fit 

within the clinical presentation of the typical 

leg ulcers, an atypical cause should be 

suspected (7, 135). However, in addition to 

an atypical wound on the leg, patients may 

also have concurrent arterial and/or venous 

insufficiency. Therefore, vascular evaluation 

is needed for every patient (7, 135).

Prompt diagnosis of these atypical ulcers is 

essential to establish an adequate treatment, 

which will be the key to avoid morbidity and 

mortality (7, 135).

As shown in Table 10, there are comorbidities and 

clinical features that can guide us in the suspicion 

of one of these less frequent causes and make an 

early referral to a dermatologist.

Skin biopsy may be essential for diagnosis, as 

in the case of vasculitis or tumour ulcers, and 

in other cases it may support diagnosis and 

exclude other differential diagnoses, as in PG or 

Martorell’s ulcer. Moreover, a biopsy is mandatory 

to exclude malignancy if a wound that has been 

initially classified as venous or mixed ulcer does 

not present signs of healing during 4–12 weeks 

despite an adequate treatment.

In case of suspecting infectious ulcers, mostly 

in immunosuppressed patients or travellers from 

tropical areas, a wide biopsy for tissue cultures 

including atypical bacteria, mycobacteria and fungi 

should be taken. 

When suspecting Martorell and calciphylaxis 

ulcers, a wide and deep biopsy should be 

performed from the edges of the wound. 

Figure 29. Skin biopsy of the edge of the wound. 
Figure from Isoherranen K, et al. Atypical wounds. 
Best clinical practice and challenges. J Wound 
Care. 2019;28(Sup6):S55. (7)

Figure 30. Necrotic tissue should not be included 
in the biopsy. Figure from Isoherranen K, et al. 
Atypical wounds. Best clinical practice and 
challenges. J Wound Care. 2019;28(Sup6):S55. 
(7)

Punch biopsies can be used if malignancy is 
suspected and should be repeated if the result is 
negative but suspicion is high (136).

In the case of vasculitis, in addition to the 
biopsy specimen, a specimen for direct 
immunofluorescence (DIF) should be taken. For 
this, an acute lesion (<24 hours old) should be 
chosen. Additionally, if vasculitis or vasculopathy 
are considered, testing should include anti-
nuclear antibodies, anti-neutrophilic cytoplasmic 
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antibodies, rheumatoid factor, anticycl ic 
citrullinated peptide, serum protein electrophoresis, 
hepatitis profile, cryoglobulins, lupus anticoagulant, 
antiphospholipid and anticardiolipin antibodies, 
protein  C, protein  S, factor  V Leiden and 
antithrombin  III levels, cryofibrinogens and 
coagulation profile (137).

The treatment of atypical wounds will be 
directed at their cause. Once the aetiology 
has been confirmed, local treatment to promote 
healing is similar for all wounds, regardless of 
their cause (7). It is important to highlight that, 
regardless of the cause (trauma, surgery, 
vasculitis, PG...), if no contraindication 
exists, compression therapy, adapted to 
each patient, seems to be a good anti-
gravity and anti-inflammatory treatment for 
any leg wound, always associated with anti-
oedema measures (during rest, legs should 
be elevated as much as possible).

The document Atypical wounds: Best clinical 
practices and challenges develops the different 
types of atypical wounds in more detail (7).

Summary
 –  In the case of ulcers of rare location, with 

irregular, raised or hyperpigmented borders, 
friable overgranulation and absence of 
response to compression therapy, an 
atypical cause must be suspected.

 –  If an atypical ulcer is suspected, skin biopsy 
for histological, and even microbiological 
study in infectious aetiologies, will help to 
guide the diagnosis.

 –  Regardless of the cause of the wound, 
compression therapy adjuvant to the 
aet io logical  t reatment can reduce 
inflammation and promote healing.
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Many instances, such as airlines, army and 
maritime transportation have implemented safety 
checklists to prevent human error (138). Presently, 
multifactorial wounds represent a major wound 
category (9), and the patients take more and more 
medications and have multiple comorbidities, such 
as diabetes, obesity, depression, hypertension 
and vascular disease (139, 140). This makes 
the assessment of a patient with lower leg ulcer 
challenging, with various items to be considered, 
and also poses a high risk for neglecting some 
items important for wound healing. Therefore, 
checklists can act as a practical, rapid method 
for a thorough, safe and efficient assessment. In 
order to be useful and implemented, checklists 
should be straightforward to use and not too 
complicated (141).

There are few published checklists regarding the 
assessment of patients with lower leg ulcers. Most 
of them focus on specific items (140, 142, 143) 
and three papers describe a more thorough view 
(144-146). The most recent article was written by 
a panel of authors who highlighted that a checklist 
is not an algorithm nor a guideline, but a simple 
tool and a guide to be useful for the majority of 

7.  
Checklist for assessing a patient 

with a leg ulcer
Author: Kirsi Isoherranen

clinicians (144). This checklist was constructed in 
a specific checklist form asking simple questions 
to achieve its goal to develop the assessment 
process.

On the contrary, several wound assessment 
tools have been published and a recent 
systematic review concluded that most of the 
available assessment tools have indeterminate or 
inadequate ratings and are based on low to very 
low quality of evidence (147).

Our author group consisted of a multidisciplinary 
team of different medical specialities and nurse 
experts. The aim of our checklist is to highlight the 
holistic assessment of a patient with a leg ulcer 
(Table 11). It does not focus in wound assessment 
per se, but includes also the assessment of 
periwound skin which often is neglected (148, 
149). The checklist does not necessarily assist 
in making a diagnosis but helps the clinician in 
the systematic assessment and appropriate 
management plan. Additionally, based on our 
document, we have developed an algorithm that 
also contains recommendations for referral (see 
the one-pager).

Table 11. Checklist for comprehensive assessment of a patient with a lower leg ulcer (150)

Checklist item Assessed +/–

Patient history

Comorbidities (e.g., hypertension, diabetes, atherosclerosis, rheumatoid arthritis, 
heart failure)

Medications (e.g., anticoagulant and immunosuppressive medication, hydroxyurea, 
cytotoxic medication)

Allergies

Smoking, alcohol, drug use

Erysipelas or thrombotic diseases

Walking aid

Previous vascular procedures
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Checklist item Assessed +/–

Patient history

Travel history

Weight and possible weight loss/increase

Date of wound/s occurrence 

Cause of occurrence (e.g., traumatic, non-traumatic, blistering)

Local treatment, skin care, compression and off-loading used

Psychological factors

Social factors (incl. living situation)

Previous history of wounds

Clinical assessment

General status

Clinical signs of infection and inflammation

Arterial assessment (palpation of pedal pulses, ABI-measurement, toe pressure 
measurement)

Oedema assessment (pitting oedema, circumference of ankles and calves)

Signs of chronic venous insufficiency

Monofilament test If needed

Ankle movement and deformities

Wound assessment (wound bed and edge, size, depth with probe)

Amount of exudate

Wound odour

Pain

Nutritional status, including BMI

Periwound skin and skin between toes assessment 

QoL assessment (e.g. Wound QoL)

Further procedures

Documentation and photography

Bacterial swab/biopsy (only if clinical signs of infection, perioperatively or for 
multiresistant bacteria screening)

If needed

Laboratory tests (e.g., blood count, infection parameters, glucose profile) If needed

Skin biopsy in case of atypical features If needed

Radiologic examinations If needed

Treatment plan

Working diagnosis

Referrals If needed

Method of compression therapy If needed

Local treatment

Next follow-up visit
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Figure 31. VLU in dark skin. Image courtesy 
of Samantha Holloway, permission granted for 
inclusion
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After a database search for systematic reviews 
about the use of compression therapy for lower 
leg ulcers, 352 articles were retrieved, but only 15 
met our inclusion criteria and were kept for detailed 
analysis. Most included systematic reviews report 
data from RCTs, followed by real-world studies or 
single-arm observational cohort studies. Some of 
the included studies focused on comparison of 
different types of compression systems comparing 
either with no compression or other compression 
types. The most common primary outcome was 
wound healing, and QoL and pain as a secondary 
outcome. Other systematic reviews focused on 
VLU recurrence, the association of compression 
with surgery, or physical activity. One included 
systematic review demonstrated the effect of 
modified compression therapy (MCT) with or 
without revascularisation on mixed ulcer healing. 
We decided to use the RAL classification in this 
chapter (Table 12).

Compression 
class

Pressure in 
kPa

Pressure 
in mmHg

I 2.4–2.8 18–21

II 3.1–4.3 23–32

III 4.5–6.1 34–46

IV >6.5 >49

kPa: Kilopascal
mmHg: milimetres mercury

Table 12. Compression classes using the RAL 
classification

Compression compared to no 
compression 
Two systematic reviews compared the effectiveness 
of several types of compression using complete 
healing time and complete VLU healing with no 
compression (151, 152). Shi and colleagues 
analysed 14 RCTs comparing some compression 

8.  
Compression therapy

Authors: Sebastian Probst, Hayley Ryan

types – short-stretch bandage (SSB), 4-layer 

bandage (4LB) compression and Unna’s boot – 

with no compression (151). As primary outcomes 

they investigated time-to-complete wound 

healing and complete healing. Pooling a hazard 

ratio from five studies, a shorter time to complete 

healing (2.17, 95% confidence interval (CI) 1.52 

to 3.10; n=84) for patients wearing compression 

was found. The same systematic review reports 

in eight studies a better complete healing risk 

ratio (RR) (1.77, 95% CI 1.41 to 2.2; n=1120) as 

secondary outcomes pain and patients’ QoL were 

investigated. A lower pooled mean difference (MD) 

for pain (–1.39, 95% CI −1.79 to −0.98; n=495) 

in patients wearing compression was shown in 

three studies. Two studies (n=426) showed an 

improvement in patients wearing compression 

for the disease-specific QoL in a follow-up from 

12 weeks to 12 months using the total score of 

the Charing Cross Venous Ulcer Questionnaire 

(lower scores=better QoL) (MD=–6.87, 95% CI 

–13.10 to –0.64). Different types of compression 

were reported by O’Meara et al., including 48 

RCTs including 4321 patients (153). One of 

the included smaller RCTs compared Unna’s 

boot (compression) with simple bandages (no 

compression), resulting in complete healing at 

12 months for patients wearing the Unna’s boot 

(RR=2.30, 95% CI 1.29 to 4.10; P=0.005; n=36). 

Another RCT showed that SSB had a significant 

effect on complete healing compared to usual 

care (percentage of healed patients, 71% vs 25%; 

n=53). This systematic review also reported data 

from three trials assessing 4LB. One of them 

showed significantly more patients with complete 

healing at 3 months (RR=4.0, 95% CI 1.35 to 

11.82; P=0.01; n=36).
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Faster healing time was also reported in two other 
trials. One larger study used median weeks to 
healing (20 vs 43; P=0.03; n=233) and the other 
showed a p-value (P=0.006). Another systematic 
review focusing on QoL (153), demonstrated with 
eight studies that any VLU treatment (compression 
therapy, 4LB, 3-layer bandaging (3LB), SSB, 
advanced wound dressing, and superficial venous 
surgery) led to an improvement of QoL. Moreover, 
patients that had superficial venous surgery in 
addition to compression reported a significantly 
better QoL than patients with compression only. 

Comparison between different 
compression systems 
Comparing the efficacy of different compression 

bandage types, O’Meara and colleagues reported 

results from one study which showed that 4LB had 

better healing at 24 weeks than SSB (RR=0.74, 

95% CI 0.59 to 0.92; n=245) and five others 

demonstrated faster healing for 4LB than for SSB 

(152). The median days to healing were estimated at 

90 for 4LB and 99 days for SSB (hazard ratio=1.31, 

95% CI 1.09 to 1.58). Three trials compared 

three-component systems containing an elastic 

component with the same system without elastic 

part. Two studies showed that elastic bandages 

healed significantly more ulcers at 3 to 4 months 

(RR=1.83, 95% CI 1.26 to 2.67), but another study 

observed no difference at 6 months (P=0.67). Four 

studies (n=317) showed that high-compression 

stockings are associated with better VLU healing 

outcomes than SSB at 2 to 4 months (RR=1.62, 

95% CI 1.26 to 2.10). Similarly, another review 

pooled eight studies together and demonstrated 

that ulcer healing was better in the stockings group 

than SSB (pooled RR=1.33, 95% CI, 1.02–1.74) 

(156). This same review also demonstrated that 

there was a significantly lower median time to 

ulcer healing for 3LB (2.8 months) than for 4LB 

(3.7 months; P=0.04). Mauck and colleagues 

found 15 trials comparing long-stretch bandages 

(LSBs) and SSBs, but pooling the studies together 

(pooled RR=0.98; 95% CI 0.91–1.06), they saw no 

significant difference in healing outcomes (154).

Another review compared the efficacy of a 2-layer 
bandaging (2LB) compression system with other 
compression bandages, presenting five studies 
(155). At six months, a study demonstrated better 
ulcer healing for 2LBA compared to another 
2LBB (odds ratio (OR)=1.57; 95% CI, 1.10–2.24; 
P=0.03) and to a 4LB (4LBA) (OR=1.93, 95% CI, 
1.26–2.97, P=0.05). Real-world studies showed 
that 2LBA resulted in a significantly shorter healed 
time at 6 months (MD, months=–0.40, 95% CI, 
–0.74 to –0.06; P=0.02 (2LBs); MD=–0.50, 95% 
CI, –0.86 to –0.14; P=0.007 (for 4LBs). However, 
no significant difference between the groups 
was found. This result was maybe due to the 
presence of only newly diagnosed VLU in the 
real-world studies, but the presence of both old 
and new VLU in the study population, thus hard-
to-heal VLU could have also been present. As a 
secondary outcome, 2LBA was also linked to a 
better health-related quality of life (HRQoL) (MD, 
months=0.02, 95% CI, 0.02 to 0.02; P<0.0001 
(2LBs); MD, months=0.02, 95% CI, 0.01 to 
0.03; P=0.003 (4LBs). Another review found a 
tendency for faster healing with 4LB compared 
with 2LB. However, the QoL would seem to be 
improved rather by 2LB than 4LB (156). Finally, 
Welsh investigated the impact of bandage systems 
containing both elastic and inelastic components, 
called mixed component systems (157). She found 
no significant difference in ulcer healing rates 
compared to alternative compression systems 
like 4LBs (P=0.3). 

Effects of compression on VLU 
recurrence 
VLU recurrence was investigated in two reviews 
(158, 159). One trial showed a significantly lower 
recurrence rate at 12 months in people that 
wore compression stockings (RR=0.43, 95% CI, 
0.27–0.69; P=0.001). One study, investigating 
the lipodermatosclerosis area, observed a 
significantly lower area in the stocking group 
at 12 months (−33.1, 95% CI, −61.9–15.07) 
compared to without stocking (+11.9, 95% CI, 
−24.6 to 122.2; P=0.04). A trial also showed 
that treatment adherence reduced the risk of 
recurrence 6 times. Nelson et al. presented four 
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RCTs, and one trial demonstrated significant 
lower recurrence rates with compression than 
without at 6 months (RR=0.46, 95% CI 0.27 to 
0.76) (158). One trial presented a better efficacy 
of high compression stockings than medium ones 
in recurrence at 3 years (RR=0.57, 95% CI 0.39 to 
0.81). Nevertheless, medium pressure stockings 
(class II) showed better compliance than the high 
ones (class III).

Similarly, Dahm and colleagues reported results 
from studies investigating recurrence (160). One 
study showed a reduction in leg ulcer recurrence at 
12 months for class II stockings (medium pressure) 
compared to class I (mild pressure) (RR 0.52; 95% 
CI 0.30 to 0.88). Another study compared class II 
and class III (medium to high pressure) stockings, 
but saw no significant difference on recurrence 
rates after 6 months (RR 0.64; 95% CI 0.20 to 
2.03). Finally, a trial showed lower recurrence with 
class III stockings compared with no compression 
at 6 months (RR 0.46; 95% CI 0.27 to 0.76) and 
12 (RR 0.43; 95% CI 0.27 to 0.69). Mauck and 
colleagues found one study showing that fewer 
ulcers recurred when wearing stockings (24/167) 
compared to 4LB (41/176) (HR 0.56; 95% CI 0.33–
0.94; P=0.03) (154). The authors conclude that 
these results may be related to better compliance 
with lower compression.

Compression combined with 
physical activity 
We found two reviews assessing the combination 
of physical activity with compression (161, 163). 
Jull and colleagues pooled a risk difference for 
any type of exercise from five RCTs (n=190) and 
found that there were 14 cases healed per 100 
patients at 12 weeks (RD=14%, 95% CI, 1–27%; 
P=0.04) (164). Among these five trials, two 
studies assessed the effectiveness of progressive 
resistance exercise (different sets of heel raises), 
but did not find a significant result (RD=−6%; 
95% CI, −32% to 21%; P=0.67, n=53). Two 
trials assessed prescribed physical activity with 
resistance exercise. One trial was conducted in 
a sport facility and the other had 30 minutes of 
walking three times per week as a physical activity. 
The exercises in facilities were calf raises, partial 
squats and 30 minutes of aerobic exercises three 

times per week and showed significantly more 
healed patients at 12 weeks. The pooled risk 
difference for both studies was significant even if 
the one not conducted in a facility did not present 
significant results alone (RD=27%; 95% CI, 9% 
to 45%; P=0.004). A trial also demonstrated that 
ankle exercises provided a significant median ulcer 
area change of 1.67cm2. Concerning the review 
of Smith et al., they found six RCTs looking at 
the effect of exercise on VLU healing (161). Three 
studies together showed no significant results in 
doing a progressive resistance exercise program 
in addition to compression (RR=1.14, 95% CI 0.71 
to 1.84; n=116 participants) and the same trials 
also showed no difference in QoL (MD=3 points 
better on 100 points scale with exercise, 95% CI 
−1.89 to 7.89; n=59 participants). They found one 
study showing that exercise may increase risk of 
adverse events (OR 1.32, 95% CI 0.95 to 1.85, 
one RCT; n=40). 

Compression combined with 
endovenous interventions 
One of the reviews looked at the combination 
of surgery with compression (163). De Carvalho 
and colleagues found four RCTs regarding this 
topic (163). After 24 weeks, two studies showed 
no significant difference of surgery in addition to 
compression (P=0.85; n=500). However, 428 
patients who had their ulcers treated within the 24 
weeks showed significant lower recurrence rates 
at 12 months when they had surgery in addition 
to compression (12% vs 28%; P<0.0001). These 
rates were still significant after 4 years (31% vs 
56%; P<0.001). Another study (n=103) observed 
significant longer ulcer-free periods during the 
follow-up of the surgery group (62% vs 33% in 
the conservative group; P=0.02). This follow-up 
consisted of 36 months divided in intervals of 3 
months.

Another review presented a RCT that showed 
a healing rate of 85.6% for early endovenous 
ablation of superficial venous reflux combined 
with compression and 76.3% (p=0.001) in the 
compression group with a deferred surgery 
(n=450) (164). The median ulcer-free time was 
306 days for the early ablation group and 278 
days for the deferred one (p=0.002). In addition,
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more patients healed their ulcers with the early 
intervention (hazard ratio for healing, 1.38; 95% 
CI, 1.13 to 1.68; p=0.001).

Another study investigating USGFS showed 
that patients who had USGFS in addition to 
compression healed at a faster rate than those only 
treated with compression (9.7% vs 4.2%; p=0.001). 
A trial investigating recurrence rate showed that 
during a 4-year period, patients that had surgery 
and compression (31%) had less chance to have 
recurrence than those with compression only 
(56%; p<0.001). This change in recurrence rate 
was demonstrated through other studies shown by 
Elstone, where either surgery or USGFS showed 
better recurrence rate or longer ulcer-free time 
(164). Tollow and colleagues showed that patients 
who had had superficial venous surgery in addition 
to compression reported a significantly better QoL 
than patients with compression only (153).

Compression for mixed ulcers
We found one review investigating treatment for 
the mixed ulcers and arterial ulcers (MAVLU), i.e. 
VLUs with coexisting PAD, and presented the 
effect of the MCT with or without revascularisation 
depending on patients ABI (85). Lim and colleagues 
showed that MCT with a pressure between 20 and 
30mmHg can promote healing in mixed ulcers 
when moderate arterial insufficiency is present 
(0.5 ≤ ABI ≤0.8), but if ABI is <0.5 (arterial ulcers), 
MCT can only be considered when acceptable ABI 
is achieved (87). They showed a study comparing 
healing rates of VLU and MAVLU with MCT. This 
trial presented similar healing rates between 
patients with MAVLU (60%; n=24) and VLU (65%; 
n=20). Lim and colleagues found several studies 
presenting similar healing rates between VLU and 
MAVLU when they are treated with MCT (87). 
Another study showed that 33 limbs with moderate 
peripheral arterial occlusive disease (PAOD) (ABI of 
0.5–0.85) were treated with MCT at a compression 
of 30mmHg compared to 13 limbs with severe 
PAOD (ABI<0.5) that were treated with arterial 
revascularisation. After 36 weeks, it resulted in 
a healing of 64% (n=21) for patients treated with 
MCT who presented moderate arterial disease, 
and 23% (n=3) of patients with severe PAD healed. 

Intermittent pneumatic compression 
(IPC)
IPC was the topic of one identified systematic 
review (165); nine RCT were included in this review 
assessing the impact of IPC on the healing of 
patients with VLU. In one trial (80 people), more 
ulcers healed with IPC than with dressings alone 
(62% vs 28%; p=0.002). Five trials compared IPC 
plus compression with compression alone. Two of 
these (97 people) found increased ulcer healing 
with IPC plus compression than with compression 
alone. The remaining three trials (122 people) found 
no evidence of a benefit for IPC plus compression 
compared with compression alone. Two trials 
(86 people) found no difference between IPC 
(without additional compression) and compression 
bandages alone. One trial (104 people) compared 
different ways of delivering IPC and found that 
rapid IPC healed more ulcers than slow IPC (86% 
vs 61%). The authors’ conclusions were that IPC 
may increase healing when compared with no 
compression, but it is unclear whether it can be 
used instead of compression bandages. There 
is some limited evidence that IPC may improve 
healing when added to compression bandages. 

Summary
The search for systematic reviews for the use 
of compression for lower leg wounds retrieved 
352 articles, but only 15 were kept for detailed 
analysis. The included reviews mainly reported 
data from RCTs and focused on the effectiveness 
of different compression types for VLUs compared 
to no compression or other compression 
types. Most reviews demonstrated that 
compression therapy improves complete 
healing time and complete healing of VLUs 
compared to no compression. Additionally, 
any VLU treatments (including compression 
therapy) lead to an improvement of QoL, 
and patients who had superficial venous 
surgery in addition to compression reported 
significantly better QoL than patients with 
compression only. Furthermore, some studies 
showed that high-compression stockings and 3LB 
were associated with better VLU healing outcomes 
than SSBs.
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Figure 32. Compression therapy in lower leg ulcers

The available evidence from systematic reviews 
supports the use of compression therapy for 
the treatment of VLUs, with high-compression 
stockings and 4LB showing better outcomes 
than SSBs. However, more studies are needed to 
determine the optimal compression type, duration, 
and frequency of use for leg wounds. In addition, 
most studies use complete healing as their primary 
outcome. A clear definition of healing was lacking. 
Future research should also focus on understanding 
the mechanisms behind compression therapy and 
its cost-effectiveness, as well as exploring patient 
perspectives and strategies to improve adherence 
to treatment regimens. Overall, compression 
therapy should be used, if there are no 

contraindications, from the first visit for the 
management of lower leg ulcers. 

In evidence other than systematic reviews and 
clinical practice it has been shown that along with 
the outlined compression bandages and stockings, 
also adjustable compression wrap devices using 
hook and look fasteners can be used. They also 
present an opportunity for improving treatment 
outcomes, supporting patient independence 
and self-management in the use of compression 
therapy.  However, further research is necessary 
to optimize their effectiveness and ensure their 
widespread adoption in clinical practice.
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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, 

9.  
Local treatment of lower leg ulcers

Authors: Sebastian Probst, Leanne Atkin

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).
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Sackett et al. defined evidence-based medicine 

(EBM) in 1996 as “the conscientious, explicit and 

judicious use of current best evidence in making 

decisions about the care of individual patients”, 

and wrote that in order to practise EBM, integration 

of systematically obtained, best available external 

clinical evidence and individual clinical expertise is 

necessary (183). Today, EBM incorporates patient 

values and expectations as a third and equally 

important foundational pillar and it manifests in the 

wound care community as part of the framework 

for the wound bed preparation paradigm (166, 

184). The paradigm stresses the importance of 

patient involvement and asks that in addition to 

identifying and treating the cause of a wound, 

determining its ability to heal and providing local 

care, clinicians also address patient/family centred 

concerns which can include, among others, 

support structures, patient education and patient 

empowerment (166). A synthesis of qualitative 

evidence from 2017 concluded that treatment 

plans should include coping, wellbeing and 

symptom management through person-centred, 

holistic care (185). Indeed, Moore et al. stressed 

that to ensure optimal functioning of a universal 

model for team management of wounds, patient 

needs are a primary consideration and the patient 

should play a central role in all decision-making 

(186). We conducted a literature review to illustrate 

and summarise some of the areas where patient 

perspectives have been explored in wound care 

research during the last 10 years.

Lived experience
Living with chronic wounds is difficult, often to 

the point of devastation, and the adverse effects 

influence multiple areas of a patient’s life including 

finances, QoL, wellbeing, professional and social 

interaction (187-190).

10. 
The patient perspective

Author: John D. Ivory

Measurement of individual perception of disease 
by the WHOQOL BREF-IPQ short questionnaire 
about perception of disease in a Croatian sample 
of 100 persons aged 31–89 with chronic wounds/
lower limb ulceration found that, in their opinion, 
their lives were significantly affected by their 
condition. It had multiple symptoms that affected 
them, and it could last for a relatively long time. 
They also thought that they controlled their 
condition relatively well and considered treatment 
to be helpful. These patients were very concerned 
about their disease and thought that it affected 
their emotional states moderately (191).

A Brazilian qualitative study incorporated a 
Symbolic Interactionism framework which 
reflects how human beings interact, interpret, 
define and act in their day-to-day lives according 
to the meaning they attribute to an experienced 
situation. The study methodology was based on 
Bardin’s content analysis. From interviews of five 
individuals, four elderly and one aged 45 years 
with VLU, themes of having limitations, of feeling 
pain and discomfort and feeling fear emerged. On 
a more positive note, study participants expressed 
having faith and were expectant of a cure. The 
phenomenon in its entirety was characterised 
as living in a difficult situation (192). The theme 
of hope and belief that healing would occur also 
emerged in 65 (81%) participants in a mixed-
methods Portuguese study of 81 individuals with 
venous, arterial, mixed ulcers, lymphoedema-
related, vasculopathic and ‘other’ aetiology ulcers 
(187). However, chronic leg ulcers had large effects 
on QoL in 14 (18%) participants. They were life 
changing events that affected professional, social 
and functional aspects of their lives with high 
frequency, and the changes resulted in feelings of 
sadness, depression, anger and loneliness in more 
than 30% (>24) of participants. Other feelings 
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included those of shame and of being a burden 
to others. Pain and permanent presence 
of bandages were found to be the most 
distressing physical factors. Subsequently, 
work from Denmark using a phenomenological-
hermeneutical approach that included semi-
structured interviews and a focus group interview 
uncovered themes of “constant pain without the 
possibility of relief”, an “eternal battle to survive 
against the ulcer”, “living in a state between despair 
and hope” and the sense that “the ulcer controlled 
every-day life” in a cohort of six patients with 
arterial or mixed venous-arterial leg ulcers aged 
between 65–77 years. Patients used adjectives 
such as “terrible”, “horrible”, “painful” and 
“dreadful” to describe life and expressions 
such as “It’s been hell, like a living hell”. When 
combined, the themes, adjectives and expressions 
gave an overall finding of “A life with a leg ulcer is 
a living hell” to the study (193).

Recurrence
Given the sobering picture of life with a chronic 
wound as presented by patients themselves, 
one can intuit that ulcer recurrence and fear of 
recurrence must be a source of considerable 
concern.

In a sample of 145 Swiss VLU patients with 
ages ranging from 41–95 years, 19 (13.1%) 
had an ulcer recurrence after 3 months while 
48 (33.1%) had a recurrence between 6–9 
months (194, 195). Self-efficacy, social support 
and HRQoL were assessed in this study, but there 
was no association observed between those 
variables and ulcer recurrence. 17 (24.7%) of the 
study participants agreed to be interviewed. 13 
(76.5%) of these reported that their recurrence was 
due to carrying out sudden, incautious moves in 
conjunction with a lapse in concentration which 
led to a fall or hitting the leg against an object. All 
17 participants spoke about strategies to prevent 
accidental damage to the skin such as wearing 
compression stockings and skin hydration, and 
all wanted to avoid professional help with applying 
stockings to maintain autonomy. Three (17.6%) 
participants employed prevention strategies 

only when clinical signs such as oedema or dry 
skin presented. Two (11.8%) male participants 
preferred to take hot and cold showers and avoid 
stockings, thinking that they were only used by 
women. All participants worried about a recurring 
ulcer becoming chronic. Pain caused by wearing 
stockings was an issue and, in addition, prescribed 
stockings were thought to be visually unappealing 
and, when poorly fitting, capable of irritating the 
skin and causing ulcer recurrence.

Adherence to treatment 
According to the World Health Organization 
(WHO), non-adherence to treatment estimates is 
as high as 50% among those living with chronic 
illnesses, and within the wound care community 
adherence can be particularly challenging (196). 

In a Brazilian qualitative study based on Schutz’s 
social phenomenology using concepts of the 
social motivation theory as a guiding principle, 
12 participants aged between 45–70 years with 
VLU were interviewed (197). Their perceptions 
of adherence to treatment were encapsulated 
in the following categories: “beliefs and personal 
and social activities hindering adherence to care” 
in which they found it difficult to maintain rest, 
appropriate nutrition and compression therapy and 
would adjust care according to their own beliefs 
and social activities, “being protagonists in the 
care relationship with venous ulcers” in which they 
felt dissatisfied with the way they were approached 
by clinicians in regard to having their needs met, 
and “motivation for adherence to care” in which 
they wanted improvement to their QoL. 

Contemporaneously, semi-structured interviews 
were carried out with 31 participants aged between 
39–89 years with VLU participating in an Australian 
RCT of aspirin as an adjunct to compression 
therapy (198). Analysis of the interviews guided 
by the theoretical domains framework revealed 
the following factors as influential to treatment 
adherence: understanding the management 
plan and its rationale (knowledge domain), able 
to wear compression (beliefs about capabilities 
domain), remembering self-care instructions 
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(memory, attention and decision making domain), 

awareness of the consequences of failure to wear 

compression (beliefs about consequences domain), 

feeling overwhelmed because it’s not getting better 

(emotions domain), body image issues associated 

with compression (social influences domain), 

patience and persistence (behavioural regulation 

domain), discomfort associated with wearing 

compression in hot weather (environmental context 

and resources domain) and costs associated with 

compression (environmental context and resources 

domain).

In terms of recurrence and adherence to recurrence 

prevention measures, 71 VLU patients aged 

between 34–91 years responded to a survey 

carried out in seven outpatient clinics in New York 

and western Pennsylvania (197). Forty-one (73.2%) 

participants said they wore their compression 

stockings every day. Sixty (89.6%) participants 

reported that they received adequate discharge 

instruction on leg care, although approximately 

one in five would like to have received more 

comprehensive information. Fifty-eight (84.1%) 

received enough information to facilitate use 

and care of compression stockings. Thirty-three 

(47.1%) participants could recall verbal information 

and 34 (48.6%) could recall both verbal and written 

information. Thirty-four (60.7%) participants said 

that they could put on stockings without help 

and 38 (71.7%) could remove them without help. 

Fifteen participants (18%) who did not consistently 

adhere to compression said that stockings were 

too difficult to put on or remove, that they caused 

their legs to hurt, or that they could not reach 

their feet to put them on. In terms of elevation, 60 

participants (86.9%) said that they elevated their 

legs for 3.6 hours per day on average. Those that 

didn’t, reported that elevation caused discomfort 

or that they couldn’t be bothered. Interestingly, 

one in four participants reported gaining 4.5– 9kg 

in weight. Study authors suggested that weight 

control should be investigated regarding prevention 

of ulcer recurrence.

Therapeutic benefit / relevant 
outcomes 
There is little agreement on what constitutes 
therapeutic benefit, but consensus appears to 
favour patients assessing patient-relevant benefit 
themselves although patients’ needs have 
traditionally taken second place to the professional 
‘user’ voice in terms of leg ulcer management 
(200, 202). 

As part of an initiative to develop and validate 
a patient needs/patient benefit questionnaire 
for assessing patient-relevant benefit in wound 
therapy, 172 patients ranging in age from 18–91 
years attending 98 centres in Germany were 
asked to rate 22 needs prior to and 22 benefits 
post treatment (200). The top ten needs in 
descending order of importance prior to 
treatment were to be healed from lesions, to 
be pain free, less dependent on doctor/clinic 
visits, able to lead normal lives, confident 
in the therapy, free of wound discharge, 
free of odour, unafraid of worsening of the 
condition, able to find a clear diagnosis and 
therapy, and to experience greater enjoyment 
of life. Post-treatment, the top ten benefits rated 
in descending order were having confidence in 
the therapy, finding a clear diagnosis and therapy, 
being free of wound discharge, free of odour, being 
unafraid of worsening of the condition, having 
fewer side effects, being able to experience of 
greater enjoyment of life, being pain free, needing 
less time for daily treatment and being healed 
from lesions. It should be noted that the sample 
consisted of an almost 1:1 ratio of acute to chronic 
wounds and included wound aetiologies beyond 
the scope of this document. 

To understand patient experiences in the context 
of healthcare processes that impact care quality 
in chronic wound patients, a qualitative study 
recruited 60 participants from Denmark, the 
Netherlands, Canada and the USA and interviewed 
them in a one-on-one, semi-structured fashion 
(202). Interpretative description of transcriptions 
identif ied domains of care coordination, 
establishing/obtaining care, information delivery, 
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patient-provider interaction, and treatment delivery 
as areas where quality of care could be measured 
and improved. Within these domains 21 sub-
categories were identified (Table 13).

The sample for this study included multiple wound 
aetiologies of which VLU comprised 14 (23%) 
participants. 

A systematic review from 2022 found that existing 
patient reported outcome measures (PROMs) 
for patients with CLTI do not cover all relevant 
domains for this population, are heterogeneous 
and are lacking in adequate validation and 
consistency (203). The review included data from 
99 publications reporting on a PROM or a HRQoL 
metric in patients with CLTI. Table 14 illustrates 
the six most used PROM tools in this population. 

In terms of research, reasons for participation 

among persons with VLU include wanting to help 
others, to thank carers, to receive better care and 
to have a say on what works (204). A survey 
from the USA completed by 483 patients and 
caregivers across ten clinical sites found that 
patients most valued reduction of infection, 
improved strength of healing (tensile 
strength) and reduction of recurrence in a 
series of clinician-centred endpoints (205). 
When asked about activities of daily living/QoL 
endpoints, their priorities were improved ability to 
walk/do things for themselves, go outside of the 
home (isolation) and reduced pain. Endpoints that 
would make most difference to participants’ lives 
included faster healing time, reduction of infection 
and reduction of amputation, and improved ability 
to walk/do things for themselves. In this study 230 
(53%) participants were diabetic and no other data 
relevant to wound aetiology was provided.

Table 13. Domains and sub-domains of healthcare processes influencing care quality (patient-reported) 
(202).

Domain Explanation Sub-category

Care coordination Effective coordination and 
communication between providers.

• Access to patient information
• Interdisciplinary communication

Establishing/
obtaining care

Timely and efficient access to care, 
provider availability, timely referral. 
Travelling to multiple appointments.

• Encounter efficiency
• Provider availability
• Specialist referral
• Staff professionalism
• Travel/convenience

Information delivery Clear and understandable information 
about wound cause, treatment plan 
and progression. Verbal vs. written 
information, contradictory instruction.

• Modality
• Reciprocity
• Understandability/consistency

Patient-provider 
interaction

Clinician-patient relationship, reliance 
on and trust in provider.

• Accountability
• Continuity
• Credentials
• Rapport

Treatment delivery Individualised, patient-centred 
treatment to accommodate changes 
in comorbidities, mental status and 
social/caregiver needs. Consider 
patient reported HRQoL outcomes and 
convenience of care. Shared decision 
making.

• Appropriateness
• Complication management
• Continuity
• Environment/setting
• Equipment and supply needs
• Expectation
• Patient-centred
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Table 14. QoL instruments used in the CLTI population (205)

Instrument No. 
items

Scoring 
system

Domains/subscales Administration 
time

Self vs. 
interview 

administration

Vascu-QoL 25 1 to 7 • Pain
• Symptoms
• Activities
• Emotional wellbeing
• Social wellbeing

10 minutes Self

Walking 
impairment 
questionnaire 
(WIQ)

14 0 to 100 • Stair climbing
• Ambulation distance and 

speed

6–8 minutes Self

Peripheral 
artery 
questionnaire

20 0 to 100 • Physical limitation
• Symptoms
• Symptom stability
• Social limitation
• QoL

– Self

Peripheral 
artery disease 
quality of life

38 0 to 100 • Self-concept and feelings
• Symptoms/limitations in 

physical functioning
• Fear and uncertainty
• Positive adaptation

5–10 minutes Self

NeuroQoL 28 – • Painful symptoms
• Reduced feeling
• Diffuse sensorimotor 

symptoms
• Disruption of daily activities
• Interpersonal emotional 

burden
• QoL

– Self

Questionnaire 
on quality 
of life with 
chronic 
wounds
WoundQoL

17 0 to 4 • Physical limitation
• Impaired mobility
• Daily life
• Leisure
• Social life
• Wound discharge
• Wound odour
• Wound appearance
• Psychological impairment
• Feeling disabled
• Expectation of wound 

course
• Being dependent
• Impairment owing to 

treatment
• Financial burden

– Self
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Delayed diagnosis
To facilitate evidence-based decision making 
with respect to leg ulcer management that will 
enhance patient safety, lead to faster healing 
or appropriate referral, timely and accurate 
diagnosis is essential (4). However, variability 
in approaches to assessment, diagnosis and 
management of VLU may result in, among 
other issues, delayed diagnosis (206). 

Patient/family perspectives can be invaluable to 
the diagnostic process, especially with respect 
to identifying clinically relevant breakdowns and 
errors in the process that may not be immediately 
apparent to healthcare personnel or systems (207). 

Searches of Medline and CINAHL between 2012 
and end of year 2022 failed to capture any articles 
discussing the perspective of chronic wound 
patients in terms of delayed diagnosis.

A qualitative study carried out in the Northeast 
of England at the primary care level thematically 
analysed transcripts of interviews and focus groups 
from a sample of nurses, GPs and 17 patients with 
peripheral PAD (208). Patient participant views on 
diagnosing PAD fell under three themes. The first 
theme was of delays consulting with GPs. Delays 
tended to happen because they (participants) 
minimised symptoms as resulting from old age, 
or they prioritised symptoms of other existing 
comorbidities. The second theme was of delays 
in diagnosis where they received little explanation 
of what was causing their reported symptoms, or 
they did not receive any feedback/diagnosis after 
a test such as the ABI. The third theme was of 
not understanding PAD, where they struggled to 
understand the condition, its cause and associated 
risks. This problem persisted for some participants 
even after information had been provided by 
healthcare practitioners. Another qualitative 
study interviewed 77 adult inpatients with a 

median age decade of 60–69 years at six general 
medical-surgical units in a USA academic medical 
centre (209). Interview transcripts were analysed 
thematically using the Institute of Medicine) 
definition of diagnostic error (“failure to establish 
an accurate or timely explanation for the patient’s 
health problem(s) or effectively communicate 
the explanation to the patient”) as a framework. 
The analysis characterised data under themes of 
underlying causes of diagnostic error, strategies 
to reduce future diagnostic error and impact of 
diagnostic error (Table 15).

In terms of ambulatory care, a 14-person, multi-
stakeholder group from the USA comprising 
patients, families, clinicians and experts in patient 
engagement and safety and diagnostic error 
convened to develop a framework to facilitate 
identification and classification of patient reported 
diagnostic process related breakdowns (PRDBs) 
(207). Patients in the group included persons 
with chronic illnesses or disabilities and parents 
of children with complex diagnoses. The group 
chose to work with process-related breakdowns 
rather than diagnostic errors and defined them 
as “a problem or delay reported by patients that 
could map to any part of the diagnostic process, 
as outlined in the National Academies of Medicine 
(NAM) conceptual model”. The framework 
was developed iteratively and incorporated a 
literature review for diagnostic error frameworks 
in the context of ambulatory care and patient/
family reporting, and 2,165 patient-reported 
ambulatory errors taken from two surveys involving 
25,425 USA respondents (Table 16). The group 
concluded that the PRDB framework fills a gap in 
existing diagnostic frameworks and can enhance 
organisational awareness of the diagnostic 
process. In addition, the framework can promote 
more meaningful engagement with patients and 
families in the diagnostic process.
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Table 15. Patient perspectives of diagnostic error (209)

Domain Theme Insights

Causes of diagnostic 
error

• Clinical assessment
• Clinician lack of time
• Communication between 

clinicians and patients
• Communication between 

clinicians
• Systems

• Diagnostic confusion, inattentiveness
• Rushed, understaffed, too stretched, 

time constraints
• No personal conversation/

connection, poor explanation, lack of 
detail to patients and family members

• Silo experience, specialists only know 
their own fields, difficulty getting 
answers to other questions, not 
enough communication between 
doctors

• Samples mixed up, feeling isolated 
– can’t get someone on the phone, 
waiting for call-back, “feeling left”.

Strategies to reduce 
diagnostic error

• Improve clinical 
management

• Increase patient access to 
clinicians

• Improve communication 
between clinicians and 
patients

• Improve communication 
between clinicians

• Self-advocacy

• Provide medication that would 
actually help, doing cultures and 
being more thorough

• More time with and better access to 
doctors

• Doctor should get back directly to 
patient instead of via a third party, 
listen more, keep family adequately 
informed

• Primary service needs to talk 
to secondary service, better 
communication between doctors 
possibly with an app

• Patients having to intervene to get 
problems solved

Impact of diagnostic 
error

• Emotional distress
• Prolonged illness and 

medical complications
• Impaired activities of daily 

living
• Decreased confidence in 

healthcare system

• Not over – mentally, physically, 
psychologically, emotionally, 
frustration and demoralisation, 
confusion and anxiety

• More harm/damage caused by 
waiting too long

• Inability to work, waiting is difficult 
(couldn’t walk) 

• Lost faith in clinician because 
communication of an issue was not 
face-to-face, going elsewhere for 
care
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Summary
The lived experience of lower leg ulceration is 
difficult and often devastating, yet patients maintain 
hope and faith that they will receive a cure for 
their condition. Recurrence can happen suddenly 
and accidentally; patients fear recurrent ulcers 
becoming chronic and they tend to take measures 
to prevent this from happening. Motivations for 
adherence to treatment include wanting 
to improve QoL, understanding treatment 
plans and their rationale, and awareness of 
the consequences of non-adherence. Prior to 
initiating treatment, patients have given priority to, 
among others, outcomes of ulcer healing, freedom 
from pain and becoming more independent of 
doctors and clinic visits. With respect to research, 
they prioritised faster healing time, reduction 
of infection, reduction of amputation, and more 
mobility and independence as endpoints that 
would make most difference to their lives. We 
found no research that explored delayed diagnosis 
in the context of chronic wounds, but research 
in ambulatory care implies that patient and/or 
family perspectives can help to identify flaws in 
the diagnostic process that clinicians or systems 
may miss. Patients with PAD have highlighted 
themes of delay in consulting primary care 
providers or minimisation of symptoms, lack 
of feedback after a diagnostic test and not 
understanding the condition in their own 
diagnostic pathway. It could be that these 
findings are also applicable to the chronic wound 
population and that the research methodologies 
should be explored in this population. 

Practising EBM requires that best available 
evidence, clinical expertise and experience, and 
patient values and expectations be combined. 
RCTs and systematic reviews are primarily 
designed to provide patients, clinicians and 
healthcare systems with evidence in terms of the 
safety and efficacy of an intervention. These RCTs 
frequently include measures of participant QoL, 
activities of daily living, pain or satisfaction, but one 
must interpret data for these measures in terms 
of the intervention under investigation and the 
rigorous RCT context. To truly understand patient 

values and expectations, we should listen to their 
perspectives, but on their terms and so it may be 
that a research approach prioritising the patient 
rather than an intervention could provide more 
appropriate information to support this aspect 
of the EBM paradigm. This short literature review 
included mostly qualitative research in an attempt 
to put the patient experience to the fore and 
gain insight into their perspectives on living with 
lower limb ulceration. More qualitative or mixed 
methods studies in wound care would provide 
a foundation for qualitative or mixed methods 
systematic reviews which would help us build a 
greater, more comprehensive understanding of the 
patient perspective.
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The impact of chronic wounds to individual’s QoL 
and healthcare costs is well-known; but still often 
neglected and underappreciated (189). Additionally, 
there is a paucity of studies describing the effect of 
diagnostic delay in the total costs of wound care. 
We did not find any studies describing the 
effect of timing of diagnostics in total costs 
of wound care.

Most of the studies identified reported cost-of-
illness of chronic wounds without separating leg 
ulcers from the data. We included only studies 
that reported original economic data from lower 
leg ulcers, and not, for example, diabetic foot 
or pressure ulcers (Table  17). We found one 
systematic review that used a cost-of-illness 
checklist to evaluate the quality of reports (210). 
In this review, economic evaluations reporting 
costs in a chronic ulcer population administered a 
specific intervention or clinical trial were excluded. 
In the end, 36 studies were included from 2267 
articles. Mean costs were evaluated with different 
perspectives (i.e. healthcare public payer, patient 
out of pocket, societal and hospital) and with 
different follow-up durations. The mean one 
year cost from a healthcare public payer 
perspective for leg ulcers was US$11,000, 
compared to US$44,200 for diabetic foot ulcers 
and US$15,400 for pressure ulcers. The main 
limitations of this systematic review were the 
differences in study methods and the fact that 
almost half of the studies originated from the USA. 

Costs at a national level
Other studies identified reported costs at a national 
level (211–214). 

A recent cross-sectional survey from the UK 
reported the average 2-week per person cost 
of treating patients with VLU at £166.39 (95% 
CI £157.78– £175.00), and most of the costs 

11.  
Economic burden of lower leg ulcers

Authors: Kirsi Isoherranen, Leanne Atkin

resulted from community staff working time. 
The estimated annual costs were £102 million 
with a per person annual cost at £4787,70 
(211). The main limitation of this study was that 
an assumption was made that the nine locales 
where the study was conducted are like the rest 
of the UK.

A cross-sectional study from the metropolitan area 
of Hamburg included 502 patients (212). Data was 
evaluated from three different perspectives: the 
impact of leg ulcers on HRQoL, the quality of leg 
ulcer care and the direct and indirect costs of leg 
ulcer. Most of the patients had a VLU (78.5%), other 
aetiologies were arterial (9.8%), post-traumatic 
(10.0%) vasculitis (1.6%) and unknown (9.0%). 
The mean total direct costs-of-illness were 
€8288 and ranged from €0.0 (no treatment) 
to €43,245. The limitation of the study was that 
the analysis was performed at only one time point 
with no longer follow-up.

An earlier study from Germany focused on VLUs 
(213). The study design was cross-sectional, 
including 23 specialised wound care centres and 
218 patients. The mean total cost of the ulcer 
per year and patient was €9569 (€8658.10 
direct and €911.20 indirect costs). The main 
limitations of the study were small sample size 
and the limitation to specialised wound centres.

One study evaluated the clinical and 
economic burden of wound care in the 
Tropics in the Singapore area, bringing thus 
important data from that area (214). The study 
was a population health analysis of inpatient and 
outpatient (both specialist and primary care) data 
from January 2013 to December 2017. Wounds 
were classified as neuro-ischaemic ulcers, VLUs, 
pressure injuries and surgical site infections. In 
patients with VLUs, the incidence of inpatient 
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episodes was 1.5 wound episodes per 1000 
patient episodes, and average gross charge 
per wound episode was US$7235. The 
estimated gross healthcare costs per patient 
for hospital care (inpatient and specialist 
outpatient) and primary care was US$16,761. 
Importantly, the average 1-year VLU recurrence 
was 52.5%, highlighting the importance of 
secondary prevention. Limitations of the study 
were the retrospective and registry-based design 
leading to associated selection and information 
bases. Also, the data may not be generalisable 
to other regions in the Tropics or Asia. 

Summary
The data on cost-of-illness of lower leg ulcers is 
mainly limited to VLUs. Studies show that there 
is a substantial economic burden related 
to VLUs, but further research is needed 
to confirm these findings. There are many 
limitations regarding study methodologies and 
there is a clear need for robust prospective trials 
that provide empirical data both for the direct and 
non-direct costs of lower leg ulcers. In addition, 
there is a lack of studies describing the effect of 
right-timed and accurate diagnostics on the costs 
of treating leg ulcers.

Table 17. Description of included studies describing the economic burden of lower leg ulcers

Article Study type Ulcer type Patient number Time period Costs

Chan et al. 
2017 (2010)

Systematic 
review

Leg ulcer NA 1 year US$11,000

Urwin et al. 
2022 (211)

Cross-sectional 
study

VLU 570 2 weeks £166.39 
(95% CI 
£157.78 – 
£175.00)

Augustin et al. 
2014 (212)

Cross-sectional 
study

Leg ulcer 502 One time point, 
estimated 
1-year cost

€8288, range 
from €0.0 (no 
treatment) to 
€43,245.

Purwins et al. 
2010 (213)

Cross-sectional 
study

VLU 218 1 year €9569

Lo et al. 2020 
(214)

Population 
health analysis

VLU 80 1 year US$16,761
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This document aims to highlight the complex 

and multifactorial nature of lower leg ulcers. In 

clinical practice, ‘simple’ VLUs become rarer and 

rarer, and the patients presenting such an ulcer 

present multiple comorbidities and aetiologies. 

A multidisciplinary assessment and treatment 

plan is needed otherwise these ulcers become 

chronic and are classified as ‘hard to heal ulcers’. 

It is therefore of the utmost importance that the 

patient is diagnosed promptly. In the worst case, 

a delay in diagnosis leads to an amputation or 

death of the patient. This poses a huge challenge 

to the first professionals who assess and treat 

the ulcer in primary care. Also in specialist care, 

multidisciplinarity is a key approach for successful 

wound management. It is not unusual that the 

patient has at the same time ischaemia and 

oedema due to heart failure and CVI.

Every patient with a lower leg ulcer should be 

assessed at the first appointment (also in the 

emergency setting) for infection, ischaemia, 

diabetes, causes of leg oedema, possible 

atypical causes or pressure injuries. Preferably 

a checklist should be used for consistency and to 

take into account various aspects affecting wound 

healing (see Chapter 7 and the one-pager). After this 

assessment, treatment (e.g. compression therapy) 

based on the specific causes should be started 

as early as possible and in case of ischaemia or 

atypical causes, prompt referral to specialist care is 

needed. In case of venous insufficiency, the patient 

needs also a venous assessment performed by a 

vascular surgeon, angiologist or a phlebologist in 

addition to compression therapy (see Chapter 4).

12. 
Recommendations and 

future perspectives
Author: Kirsi Isoherranen

It is surprising how little focus has been 
attempted to the timing and accuracy of 
wound diagnostics as an outcome for wound 
healing. This document attempts to highlight 

the need for this. Even advanced treatments 

are predisposed to failure if the wound is not 

diagnosed correctly. This is important in many 

aspects: the patients’ and family’s QoL, health 

economy and sustainability. 

The author group recommends the following for 

future research and health organisation projects:

1. Future trials studying factors in determining 

healing outcomes of lower leg ulcers should 

incorporate as one factor the timing of 

diagnosis after occurrence of the wound. 

This is important also in respect to advocacy; 

enough resources for this should be allocated 

to primary care.

2. There is a need for advanced and holistic 

techniques for the diagnosis of wound infection. 

Artificial intelligence-based technology could 

be one answer with the possibility of analysing 

patient factors (e.g. systemic symptoms, 

diabetes, differential diagnosis with PG) 

in addition to wound bed, periwound skin 

characteristics and wound bacteria.

3. Patients with acute wounds should be assessed 

more holistically, for instance in emergency 

settings, to prevent them to become chronic 

or hard-to-heal wounds.

4. At the organisational level, there is a need to 

restructure the flow of patients with a lower 

leg ulcer. This includes prompt comprehensive 

assessment aided by checklists.
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5. Regarding local treatment, there is a clear 
need for high-quality research, such as RCTs. 
It is important also in these studies that the 
diagnostical procedure is standardised and 
basic therapy, such as compression therapy, 
is performed.

6. There is also a high need for more qualitative or 
mixed methods studies in wound care which 
would help build a greater, more comprehensive 
understanding of the patient perspective.

We hope that our document is implemented 
across Europe and all over the world and used in 
daily practice. By this, we strongly believe that it 
can make a true difference in the lives of persons 
with a lower leg ulcer. In addition, we want to 
acknowledge all the feedback and comments we 
received from professionals all over the world.
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