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Venous Leg
Ulcers

V

enous leg ulcers are a major health problem, in part due to their high prevalence,
often long healing time and high recurrence rate, high cost of care, and effect on quality
of life (1). These ulcers are caused by chronic venous insufﬁciency, which may be overlooked by
health care providers. Clinicians may also not recognize the various presenting manifestations and,
as a result, the impact of the problem may be underestimated. In the United States, 10%–35% of
adults have some degree of chronic venous insufﬁciency and estimates suggest a worldwide prevalence of 60% (2). The annual burden to U.S. payers (i.e., Medicare and private insurance) is $14.9
billion (1). The individual-patient cost over a lifetime may exceed $400 000 (3).
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Venous leg ulcers (VLU) are more
common with increasing age.
However, over one ﬁfth of affected persons develop VLU by
40 years of age and 13% do so
before 30 years of age. This may
have a substantial effect on work

productivity (4, 5), as patients
with VLU take nearly 50% more
sick days than persons without
(1). Proper diagnosis and adequate management are vital to
promote faster healing and prevent recurrence.

Why do patients with chronic
venous insufﬁciency develop
VLU?
Chronic venous insufﬁency (CVI)
is the most common cause of
lower leg ulcers, accounting for
nearly 80% of all leg ulcers. Patients with VLU have venous hypertension—abnormally sustained
elevation of the venous pressure
on ambulation (normal venous
pressure decreases with
walking)—which results from vein
valve reﬂux, such outﬂow issues
as venous obstruction, or both
(Figure 1). Venous outﬂow may
also be impaired as a result of
poor function of the calf muscle
pump, which impairs the venous
system's ability to overcome
gravitational forces as part of venous blood return to the heart.
Legs with venous ulcers have signiﬁcantly less calf muscle pump
function than those with healed
ulcers or no history of ulceration.
Limitation of ankle movement
seems to be an important contributor to calf muscle pump
failure and a risk factor for
ulceration (6).

release of inﬂammatory mediators (7–9). Consequent microcirculatory changes lead to venous
hypertensive microangiopathy
(enlarged permeable capillaries,
abnormally increased skin ﬂux,
edema, altered microlymphatic
circulation, decreased PO2 and
increased carbon dioxide) that
ultimately, likely in concert, results in ulceration (10).

Prevention

Risk Factors for VLU
Age older than 55 years
Family history of CVI
Higher body mass index
History of pulmonary embolism
History of superﬁcial/deep venous
thrombosis
Lower extremities skeletal or joint
disease
Number of pregnancies
Parental history of ankle ulcers
Physical inactivity
Ulcer history
Severe lipodermatosclerosis
Venous reﬂux in deep veins
CVI = chronic venous
insufﬁciency; VLU = venous
leg ulcer.

Although venous hypertension
results in ulceration, the exact
mechanism remains unclear. Several hypotheses have been proposed, such as abnormalities of
the ﬁbrinolytic system, pericapillary ﬁbrin cuff deposition causing
decreased oxygen diffusion to
tissues, trapping of growth factors by extravasated macromolecules around vessels and in the
dermis limiting their function,
and leukocyte margination and
activation with subsequent local
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What are the risk factors for
VLU?
Several risk factors have been
identiﬁed (see the Box). These
include age older than 55 years;
presence of venous reﬂux in
deep veins; severe lipodermatosclerosis (LDS); and history of
superﬁcial or deep venous
thrombosis, pulmonary embolism, or ulcer. Skeletal or joint
disease in the lower extremities,
higher body mass index, physical
inactivity, family history of CVI,
and parental history of ankle ulcers have also been identiﬁed as
risk factors (11, 12). For women,
the number of pregnancies is an
additional risk factor (13).
Whether race and sex are factors
is controversial and seems not to
be signiﬁcant (12).
Are there measures that can
prevent VLU or their
recurrence?
Prospective data on primary
prevention of VLU are lacking.
However, best practices suggest that prevention begin with
aggressive management of reversible risk factors. Control of
relevant comorbid conditions
(e.g., congestive heart failure,
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Figure 1. Effects of sustained venous ambulatory pressure.
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diabetes mellitus, and peripheral vascular disease), healthy
diet, appropriate exercise,
weight control, and management of a hypercoagulable
state are sensible approaches.
Some data are available on secondary prevention and recurrence prevention. These data
suggest that compression
stockings that achieve a pressure of at least 20 –30 mm Hg
can reduce VLU recurrence
(14, 15). Notably, compliance
decreases as the strength of
compression increases. Because treatment compliance
may signiﬁcantly affect the overall success of VLU prevention
efforts, patients should use the

highest level of compression
they can tolerate. Finally,
venous ablation is a surgical
option to reduce recurrence
(16).
A trial in the United Kingdom (12) randomly
assigned 500 patients to receive compression therapy combined with surgical intervention to eliminate venous reﬂux or compression therapy alone. At 4-year-follow up,
healing was no different in the 2 groups but
56% of the patients in the compression-only
group had ulcer recurrence compared with
only 31% in the compression plus surgery
group (P < 0.01). Interestingly, in a subgroup analysis based on the severity of reﬂux, results suggested that the effect of surgical intervention on ulcer recurrence is
increasingly attenuated with more complex
underlying venous disease (16).

Prevention... CVI is the leading cause of VLU and involves venous hypertension in the setting of calf muscle pump dysfunction. Prevention
involves management of CVI, LDS, obesity, hypercoagulable states,
skeletal and joint disease of the lower extremities, and other comorbid
risk factors. Compression stockings can be used for primary and secondary prevention, and venous intervention can be used for secondary
prevention.

CLINICAL BOTTOM LINE
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Diagnosis
What symptoms and physical
ﬁndings are suggestive of CVI?
Patients with CVI commonly report swelling and aching of the
legs that is often worse at the
end of the day and may be exacerbated by gravitational dependency and improved by leg elevation. A history of ulcer
recurrence, particularly at the
same location, is characteristic.
Commonly associated ﬁndings
include dependent edema, telangiectasias, varicose veins (ranging from a submalleolar venous
ﬂare to various degrees of vessel
dilatation), a reddish-brown pigmentation and purpura due to
extravasation of erythrocytes
through the dilated capillary
walls, and subsequent hemosiderin deposition (Figure 2). Eczematous changes with redness,
scaling, and pruritus, often referred to as “venous dermatitis”,
are also commonly present.
There is evidence that this type of
dermatitis is caused by venous
hypertension and chronic
edema, but it can also be aggravated by contact sensitization
(more common because of the
disrupted epidermal barrier) to

applied topical products (17, 18).
Atrophie blanche, which are
smooth, ivory–white, stellate atrophic plaques of sclerosis speckled with telangiectases (Figure
3), is a common clinical sign in
patients with CVI, particularly
when it occurs in the lower leg
and ankle.
Long-standing venous disease
leads to chronic LDS, which is
induration and ﬁbrosis of the dermis and subcutaneous tissues
that is usually restricted to the
medial lower leg and sharply demarcated from proximal normal
skin. This indurated area, in contrast with proximal calf edema,
resembles an inverted bottle
(Figure 2). LDS suggests greater
impairment of the ﬁbrinolytic system and is highly associated with
CVI (8, 19) and delayed healing
(20). The acute phase of LDS,
which sometimes precedes the
chronic form, presents as an extremely painful, red, poorly demarcated, indurated plaque that
most commonly appears over the
medial malleolus. Recognition of
the acute phase is important—it is
often misdiagnosed as cellulitis,

Figure 2. Pigmentary changes and lipodermatosclerosis with the “inverted
bottle” shape.
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Figure 3. Atrophie blanch are porcelain-white stellate scars surrounding a
venous leg ulcer.

phlebitis, inﬂammatory morphea,
or erythema nodosum and often
results in pain and noncompliance with compression stockings
in patients with VLU.

What symptoms and physical
ﬁndings suggest that VLU are
due to CVI?
The presence of CVI and its associated conditions strongly suggest venous disease as the culprit
in a newly presenting ulcer or a
nonhealing ulcer. Speciﬁcally,
VLU may be painful, and a dull,
aching or burning pain is often

reported. Three quarters of patients report pain that adversely
affects quality of life (21, 22). Ulcers are characteristically located
over the medial lower third of the
legs. Patients usually have one
ulcer, with irregular, ﬂat, or only
slightly raised borders. The ulcer
bed tends to be shallow with
granulation tissue or ﬁbrinous
material (Figure 4). The wound
surface rarely, if ever, shows necrosis, exposed tendons, or
bone; the presence of these
signs should lead the provider to

Figure 4. Venous leg ulcer with granulating base and ﬁbrinous material.
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consider another cause. As described, the presence of venous
dermatitis, LDS, or atrophie
blanche around the ankle may
indicate a venous cause of a
lower extremity ulcer. Assessment of patients with VLU
should also include testing for
neuropathy, which is often unrecognized. Severity of CVI correlates with decreased range of
ankle motion and is associated
with peripheral neuropathy with
prolonged distal motor latency,
reduced vibration threshold,
diminished temperature perception, altered gait, and
higher scores on neuropathyspeciﬁc scales (23–26). The pain
of VLU is neuropathic in origin
in some patients (27).

What is the role of noninvasive
tests, such as ankle– brachial
index and duplex
ultrasonography?
In most patients, VLU may be diagnosed on the basis of history
and clinical examination ﬁndings.
Although clinical and vascular
ﬁndings of CVI support VLU diagnosis, the presence of venous
insufﬁciency does not exclude
other causes— up to 25% of patients have ulcers with mixed etiologies. Noninvasive methods for
anatomical and functional evaluation of the venous and arterial
systems should be performed
and augmented by wound biopsy if necessary to establish an
accurate diagnosis (29, 30).

What other conditions should
be considered during
evaluation of a patient with
possible VLU?
The causes of VLU are often
multifactorial. It is important to
develop a working differential
diagnosis when ﬁrst encountering a patient with VLU. The 4
most common causes of lower
extremity ulcers are CVI, arterial
insufﬁciency, diabetic neuropathy, and prolonged pressure
(Table 1). Less common causes
of leg and foot ulcers include
trauma, inﬂammatory or metabolic conditions, cancer, and
infections. When caring for a
patient with lower extremity ulcers, the provider should identify the underlying cause to determine management and
prognosis.

The ankle– brachial index (ABI) is
a simple, noninvasive screening
method for detecting peripheral
artery disease (PAD). The systolic
blood pressure is obtained by
placing a cuff around the calf and
inﬂating it to occlude the pedal
arteries. When the sounds of
pedal pulses are heard with
Doppler ultrasonography after
deﬂation of the cuff, the ankle
systolic pressure is obtained. Ankle systolic pressure is divided by
the brachial systolic pressure to
determine the ABI (normal range,
0.9 –1.29 ) (31). Values less than
0.9 identify patients with PAD
with a speciﬁcity of 83.3%–99.0%
(32). False-normal results frequently occur in patients who are
elderly or have diabetes mellitus
(due to poorly compressible arteries from vascular calciﬁcation
or stiffness); in these patients,
transcutaneous oxygen measurement may be a preferred strategy
for evaluating arterial ﬂow. Further, in patients with lower extremity pain but normal ABI measurements at rest, treadmill
exercise test and postexercise
measurement of ABI may be considered to conﬁrm or exclude
PAD. The ankle pressure and ABI
will decrease after exercise in

What is the role of laboratory
testing?
No single laboratory test is diagnostic of VLU. A laboratory evaluation may be indicated based on
the patient's own history, known
comorbidities, and family history.
Patients with a history of recurrent ulceration or thrombosis
should be evaluated for hypercoagulable states (28).
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Table 1. Clinical Aspects of Common Lower Extremity Ulcers
Wound Type

General Aspects

Pathophysiology

Clinical Presentation

Venous leg ulcer

Most common type of leg ulcer.
Increased incidence in elderly

Sustained venous hypertension
due to chronic venous
insufﬁciency (calf muscle
pump failure, incompetent
valves, venous reﬂux)

Neuropathic ulcer

Most common type of foot ulcer;
most commonly due to DM.
Peripheral neuropathy
(sensorimotor) is the most
important independent risk
factor

Pressure ulcer

In patients with limited mobility.
More commonly seen in
elderly. Risk factors include
bowel incontinence,
dependence in dressing and
grooming, malnutrition
Progressive atherosclerosis most
common cause. Exacerbated
by smoking, poorly controlled
hypertension, and DM

Peripheral neuropathy.
Frequently concomitant PAD.
Associated foot deformities
with uneven distribution of
foot pressures. Repetitive,
unnoticed mechanical
trauma and abnormal gait
Sustained high pressure and
shear forces. Increased
frictional forces. Loss of
elastin in aged skin. Excess
skin moisture (sweat, urine,
feces, wound drainage)
Tissue ischemia

Typically over medial malleolus.
Shallow, exudative, with
granulating base and ﬁbrin
slough. Varicose veins and
edema common. Peripheral
neuropathy may be present.
Associated complications
include venous dermatitis
and LDS
Usually on plantar surface over
bony prominences. Deep,
often exposed bone,
undermined edges,
surrounded by callus.
Osteomyelitis common.
Dry, cracked skin
Located over bony prominences
(sacrum, coccyx, heels, and
hips). Area of erythema,
erosion, or ulceration.
Necrosis is common

Arterial ulcer

Commonly located on anterior
leg, distal dorsal foot, and toes.
Dry, ﬁbrous base, poor
granulation tissue, eschar and
exposed tendons are common.
Nonpalpable or diminished
distal pulses. Cold extremities.
Decreased ABI. Gangrene

ABI = ankle– brachial index; DM = diabetes mellitus; LDS = lipodermatosclerosis; PAD = peripheral arterial disease.

patients with claudication due to
PAD. Detecting PAD is important
because concomitant arterial disease occurs in approximately
20% of patients with VLU (33).
Compression therapy, the mainstay of therapy for VLU, could
lead to worsening of an arterial
ulcer and potentially result in
gangrene (30). In addition, low
ABI may indicate the presence of
or increased risk for atherosclerosis in other vascular beds (34, 35).
Patients with abnormal ABI should
be evaluated for coronary and carotid disease, and preventive measures should be put in place.
Guidelines (36) recommend that
all patients with suspected VLU
have color duplex ultrasonography for accurate diagnosis and to
provide prognostic information.
However, because VLU can be
diagnosed in most patients on
the basis of clinical history and
examination, imaging may not be

necessary (for the strict purpose
of diagnosis) in a patient with
typical VLU and no other suspected causes. Color duplex ultrasonography, which is the gold
standard for evaluating venous
disease, is accurate in diagnosing
venous reﬂux and provides anatomical and functional information (37). Such information may
be useful in assessing the extent
and depth of venous disease as a
prognostic factor, in patients with
VLU who have an inadequate
treatment response, and in patients with a leg ulcer of unclear
cause. Other more complex examinations, such as photo and air
plethysmography, allow the clinician to assess whole-limb venous
hemodynamics at rest and after
exercise and are adjuncts to duplex scanning. Computed tomography examination may detect proximal outﬂow obstruction
in rare cases and is often re-
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served for VLU patients with
intractable edema associated
with pain despite adequate
compression. Invasive venography is usually reserved for investigation before surgical venous intervention.

What is the role of routine
testing for infection?
Testing for infection with the swab
culture technique in the absence
of local signs of infection is not
warranted given the high likelihood of positivity due to bacterial
colonization. Wound infection is
suggested by signs and symptoms, such as erythema and increased temperature of surrounding skin, increased pain, drainage
from baseline, and fever. Infrequently, if an atypical infection is
suspected, tissue obtained from a
wound biopsy can be sent for microscopic examination and culture.

A 2014 Cochrane systematic review examined
the use of antimicrobial therapy for treatment of
VLU. The reviewers found no evidence to support
the use of systemic antibiotic therapy to achieve
wound healing. Of the myriad topical antibacterial preparations studied, there was evidence
from 4 randomized, controlled trials (RCTs) to
support use of cadexomer iodine to achieve
wound healing compared with standard care
alone after 4 –12 weeks of treatment (relative risk
[favors healing], 2.17 [95% CI, 1.30 –3.60]). This
suggests that antibiotic therapy should not be
based on culture results but initiated only in clinically infected ulcers (38).

When should clinicians
consider obtaining a biopsy
or referring the patient to a
surgical or nonsurgical
specialist for diagnosis?
Patients with atypical-appearing
ulcers or those that have not
healed after 4 weeks of active
treatment should be considered
for biopsy and patient referral to a
specialist to rule out other causes
of VLU, especially cancer.

Diagnosis... The diagnosis of VLU is typically based on clinical history
and physical examination and is suggested by the presence of CVI and
a single, painful ulcer with irregular, ﬂat borders and granulating or ﬁbrinous bed on the medial lower third of the legs. Color duplex ultrasonography best characterizes venous disease and is suggested for all
patients with suspected VLU. Arterial vascular evaluation, starting with
measuring ABI, is suggested to exclude concurrent PAD. If VLU do not
improve within 4 weeks of active therapy, a referral to a specialist or biopsy should be considered.

CLINICAL BOTTOM LINE

Treatment
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Radiol. 2005;22:178-84.
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What is the overall approach to
treatment of VLU?
The goals of treating patients with
VLU include reduction of edema
and pain, ulcer healing, and prevention of recurrence (Figure 5).
Achieving these goals requires a
systematic approach with frequent
assessments of treatment response
and rapid escalation of treatment in
unresponsive cases. The simplest
method to reverse the effects of venous hypertension is bed rest with
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leg elevation. Elevation of the legs
above the heart level for 30 minutes,
3 to 4 times daily, as well as leg elevation at night, allows swelling to
subside and improves venous microcirculation (39). However, most
patients ﬁnd it difﬁcult to follow this
recommendation.

What is the role of compression
therapy?
As adherence with sustained leg
elevation is often impractical and
difﬁcult to achieve, graduated
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Figure 5. Algorithm for the care of a patient with a venous leg ulcer.

Assessment

Assess for baseline negative
prognostic risks factors
Large ulcer (>5 cm2)
Long duration (>6 mo)
LDS
History of VLU
Deep CVI
Physical inactivity

Treatment

Response

Leg elevation

Wound size reduction ≥40% in 4 wk

Compression therapy is the gold
standard
Early application
Multilayer elastic bandages unless
contraindicated

Yes
Continue current treatment

Wound bed preparation
Debridement
Moist wound environment through
adequate dressing

Assess for concomitant arterial
disease
Check pulses
If weak/nonpalpable → noninvasive vascular
studies (ABI, TBI, TcP02). Arterial duplex US
if required
If present, compression therapy must be used
with caution and may be contraindicated

Healed ulcers must be maintained with
compression stockings
Consider referral for surgical correction
of CVI to decrease risk for recurrence

Pain management
Consider amitriptyline, gabapentin,
pregabalin for neuropathic pain

No
Assess/confirm CVI diagnosis if
required
Color duplex US to evaluate vein anatomy,
venous reflux, and obstruction
Assess wound infection if suspected
Routine culturing of the wound is not
recommended
Tissue culture is preferred over swab
technique

Oral: ASA, pentoxifylline, micronized purified
flavonoid fraction
Devices: advanced cellular or acellular skin
equivalents (e.g., bilayered living cellular construct,
porcine small-intestine submucosa)
Skin grafting

Systemic antibiotics
(e.g., TMP-SMX)

Infection
Additional assessment
Neuropathy: vibration threshold, temperature
perception, altered gait, and neuropathy-specific
scoring systems if available
Ankle range of motion
Abnormal

Bacterial
colonization

Antibacterial dressings

Adjuvant
Therapies

Consider biopsy for patients with a
nonhealing ulcer after 4 wk of
SOC treatment to rule out other
causes, especially cancer
Referral to wound care center or
wound specialist for further
evaluation and treatment

Consider exercise program

ABI = ankle– brachial index; ASA = acetylsalicylic acid; CVI = chronic venous insufﬁciency; LDS = lipodermatosclerosis; SOC = standard of
care; TBI = toe– brachial index; TcPO2: transcutaneous oxygen tension; TMP-SMX = trimethoprim-sulfamethoxazole; US = ultrasonography;
VLU = venous leg ulcer.

compression remains the cornerstone of therapy for patients with
VLU. Application of external pressure to the calf muscle increases
the interstitial hydrostatic pressure, which improves venous return and reduces venous hypertension and edema. Patients who
adhere to compression therapy
have improved ulcer healing
rates; continuing compression
therapy after ulcer healing prevents VLU recurrence. International recommendations on the
optimal subbandage pressure for
treating VLU patients lack consistency. An external pressure of 35
to 40 mm Hg at the ankle is ap-

propriate to prevent capillary exudation and is generally considered to be the acceptable range
of external compression (40).
There are 2 types of compression
bandages: inelastic and elastic.
The prototype of the rigid, inelastic bandage is the traditional
Unna boot, a moist zinc oxide–
impregnated paste bandage that
hardens and becomes inelastic
(41, 42). Inelastic bandages have
the following disadvantages:
They do not accommodate
changes in the leg due to initial
edema reduction, resulting in
rapid loss of subbandage pres-

2 August 2016
Annals of Internal Medicine
Downloaded From: http://annals.org/ by Kevin Rosteing on 08/08/2016

In the Clinic

ITC25

40. Fletcher A, Cullum N,
Sheldon TA. A systematic
review of compression
treatment for venous leg
ulcers. BMJ. 1997;315:
576-80. [PMID:
9302954]

姝 2016 American College of Physicians

41. Margolis DJ, Cohen JH.
Management of chronic
venous leg ulcers: a
literature-guided approach. Clin Dermatol.
1994;12:19-26. [PMID:
8180941]
42. Dickey JW Jr. Stasis
ulcers: the role of compliance in healing. South
Med J. 1991;84:557-61.
[PMID: 2035072]
43. Dolibog P, Franek A,
Taradaj J, Dolibog P,
Blaszczak E, Polak A,
et al. A comparative
clinical study on ﬁve
types of compression
therapy in patients with
venous leg ulcers. Int J
Med Sci. 2014;11:34-43.
[PMID: 24396284]
44. O’Meara S, Cullum N,
Nelson EA, Dumville JC.
Compression for venous
leg ulcers. Cochrane
Database of Systematic
Reviews: Wiley-Blackwell; 2012.
45. Amsler F, Willenberg T,
Blättler W. In search of
optimal compression
therapy for venous leg
ulcers: a meta-analysis of
studies comparing diverse [corrected] bandages with speciﬁcally
designed stockings. J
Vasc Surg. 2009;50:66874. [PMID: 19595551]
46. Ashby RL, Gabe R, Ali S,
Adderley U, Bland JM,
Cullum NA, et al. Clinical
and cost-effectiveness of
compression hosiery
versus compression
bandages in treatment of
venous leg ulcers (Venous leg Ulcer Study IV,
VenUS IV): a randomised
controlled trial. Lancet.
2014;383:871-9. [PMID:
24315520] controlled
trial. Lancet. 2014;383.

sures; they provide pressure only
during muscle contraction (ambulation); and they have limited
absorptive capacity for highly
exudative wounds, requiring frequent reapplication. Moreover, a
comparative clinical study found
the Unna boot to be signiﬁcantly
less effective in achieving healing
than elastic methods (43). Unna
boots may be helpful in active
patients with early, small, dry ulcers or with venous dermatitis,
given the soothing effect of zinc
oxide on the skin.

as effective at healing VLU in 1
trial and superior in another trial
(45, 46). However, compression
hosiery has a higher risk for noncompliance because they are
difﬁcult to remove and can be
easily soiled. Compression hosiery may also result in lessfrequent patient follow-up and
limit the clinician's ability to intervene in patients who do not improve or whose symptoms
worsen. Therefore, compression
bandages remain the standard of
care for patients with VLU.

Elastic bandages are more commonly used because they seem
to have superior efﬁcacy and can
accommodate leg changes, provide sustained pressure during
rest and walking, have absorptive
capacity, and require less frequent changes (about once a
week). Multiple elastic layers are
regarded as the gold standard
and have the strongest evidence
supporting increased healing
rates and decreased recurrence
rates compared with single layers
(43, 44). Several multilayer bandage systems have been developed. Compression therapy, especially with elastic bandages,
should be used cautiously in patients with congestive heart failure because lower limb compression can increase the preload
volume and exacerbate heart
failure. Compression therapy
must also be used with caution in
patients with arterial insufﬁciency
and not used in patients with more
severe arterial insufﬁciency because compression may cause
limb ischemia, especially when the
patient is recumbent and arterial
ﬂow is no longer aided by gravity.

A recent open-label trial (43) tested the effects
of 5 compression interventions in treatment of
VLU. One hundred seventeen patients with
VLU were randomly assigned to receive compression with an intermittent pneumatic system, 2-layer hosiery, 4-layer bandages, 2-layer
short-stretch bandages, or Unna boots. After
2 months of treatment, healing rates were no
different in the intermittent pneumatic system, 2-layer hosiery, and 4-layer bandage
groups (57%, 57%, and 59%, respectively),
and all 3 were signiﬁcantly better than the
2-layer short-stretch bandages and the Unna
boots (17% and 20%, respectively). Similar
trends between the 5 groups were also found
in speciﬁc wound measures of area, perimeter,
and overall prognostic score.

Compression hosiery has traditionally been used to prevent
recurrence of a healed ulcer, but
a 2-layer compression hosiery
system is becoming a viable alternative for treatment of VLU.
Compared with 4-layer bandaging, this system was found to be
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How long should clinicians
prescribe compression therapy?
Compression therapy should
continue until the ulcer heals.
After healing, patients should
wear graded compression stockings or other removable compression devices indeﬁnitely to
prevent ulcer recurrence. Assuming proper measurement and
ﬁtting of stockings, speciﬁc instructions on how to put on compression stockings may enhance
adherence. Arthritic, obese, or
elderly patients often have difﬁculty donning the stockings and
assistive devices may be helpful.
Repeated use and washing reduces
elasticity; thus, they should be replaced at least every 6 months.
What is the role of medication?
Aspirin, whose anti-inﬂammatory
action may have beneﬁcial effects in venous ulcers, has been
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shown to improve healing when
given 300 mg daily in combination with compression compared
with placebo. Similarly, a recent
RCT found evidence of a 46%
reduction in healing time at the
same dose compared with compression alone (47).
A 2012, an RCT in Spain (47) randomly assigned 51 patients with VLU to receive standard care or standard care plus 300 mg of aspirin daily. Although ulcer healing rate in both
groups was similar, the intervention group
healed faster (12 weeks vs. 22 weeks in the
control group). About 30% of patients in both
groups had ulcer recurrence. However, patients in the intervention group had prolonged
time to recurrence (39 days vs. 16 days in the
control group), although the clinical signiﬁcance of recurrence within 2.5 weeks compared with slightly more than a month could
be questioned. Of note, the study was welldesigned and featured a long follow-up period
(more than 2 years); however, 1 weakness was
the disproportionate number of patients with
long-standing ulcers in the control group
(more than 1 year), which is a known negative
prognostic factor.

Pentoxifylline, a methylxanthine
derivative, has been well-studied
for treating VLU. An updated systematic review performed by the
Cochrane Collaboration on the
use of pentoxifylline to treat VLU
analyzed 12 trials involving 864
patients and concluded that pentoxifylline (800 mg 3 times daily)
is an effective adjuvant to compression bandages. Further, a
dose of 400 mg pentoxifylline 3
times a day in conjunction with
compression therapy signiﬁcantly
decreased both time to complete
wound healing and ulcer size after 3 months (48). Stanozolol, a
synthetic anabolic steroid with
ﬁbrinolytic properties, is a schedule III controlled substance that
reduces pain and the inﬂammation and induration of LDS but
does not speed healing. Oxandrolone, another anabolic steroid, has been studied less but
may be similarly useful. Horse
chestnut seed extract, with its
active ingredient, aescin, has

been studied extensively and is
available without prescription. It
is similar to compression stockings in its ability to reduce ankle
circumference, edema, and associated symptoms (pain, heaviness, pruritus, and swelling);
however, it has not been shown
to improve healing. Finally, in
light of emerging evidence of a
neuropathic origin of pain in
some patients with VLU, such
medications as amitriptyline, gabapentin, and pregabalin should
be considered.

What is the role of growth
factors?
Double-blind, RCTs have demonstrated that topical and perilesional injection of granulocyte
macrophage colony-stimulating
factor (GM-CSF) signiﬁcantly increases healing rates of chronic
leg ulcers compared with control
(49). It promotes wound healing
through many mechanisms that
affect one or all of the woundhealing phases (i.e., homeostasis,
inﬂammation, proliferation, and
maturation) and increases vascularization. Although GM-CSF is
U.S. Food and Drug Administration (FDA)–approved for treating
neutropenia, it is not approved
for wound healing: Phase 3 trials
were stopped because of signiﬁcant bone pain associated with
the perilesional injections.
What is the role of physical
therapy or exercise?
Pilot studies have suggested that
physical therapy or exercise programs targeting improvement of
range of ankle movement and
calf muscle pump function might
be a useful adjunctive therapy for
enhancing ulcer healing. However, existing evidence regarding
these approaches has been conﬂicting and well-designed RCTs
are lacking. A recently published
underpowered study demonstrated a 24% effect size in healing of VLU with self-managed
exercise intervention and
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showed that better adherence to
the regimen was associated with
superior results (50). Another
study reported an association
between an increased number of
steps taken daily and decreased
time to VLU healing (51). An RCT
that involves 80 adults with VLU
that compares compression therapy with compression therapy
combined with 12 weeks of supervised exercise program is
under way (52).

What is the role of hyperbaric
oxygen therapy?
The use of hyperbaric oxygen
therapy (HBOT) in treatment of
chronic ulcers continues to be
controversial. Brieﬂy, HBOT involves administering 100% oxygen at 2–2.5 atmosphere absolute for 60- to 120-minute
periods for approximately 15–30
sessions. It is considered an adjunct to standard wound care,
and its goal is to increase the partial pressure of oxygen at the
wound. Although tissue hypoxia
is a driving force in healing acute
wounds, the role of HBOT in the
pathogenesis and treatment of
chronic VLU is unclear and may
be related to the ﬁbrin cuff theory. Fibrin cuffs formed around
precapillary vessels may result in
wound hypoxia (53), and therefore it is hypothesized that increased oxygen could beneﬁt the
healing process. There is in vitro
evidence to support a general
role for HBOT in promoting
wound healing (54, 55), yet clinical evidence relating this therapy
speciﬁcally for treatment of VLU
is extremely limited and thus not
routinely used. Evidence is limited to a single small RCT (n = 16)
that demonstrated a mild beneﬁt
of HBOT, 2.5 atmosphere absolute, applied 5 times a week for
6 weeks in reducing the wound
area (35.7% reduction in the
HBOT group at 6 weeks compared with 2.7% in the control
group; P < 0.001) (56).
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What is the role of surgical
debridement or skin grafting?
Debridement involves removal of
nonviable tissue to achieve an appropriate wound bed with granulation tissue. Surgical debridement
involves the use of a sharp surgical
instrument (e.g., curette or scalpel)
to achieve this goal. Of note, enzymatic debridement (typically using
collagenase cream) and biological
debridement with larvae are additional options and may be useful in
certain cases. Debridement remains the standard care despite a
lack of controlled data on whether
it has a clinically signiﬁcant effect
on healing. It is believed that adequate wound bed preparation is
essential for removing unresponsive wound bed and wound edge
cells, decreasing the bacterial burden, and promoting healthy granulation tissue (57).
Skin grafting has been used for
large or slow-healing venous ulcers. In addition to enhancing
healing, graft placement may rapidly decrease pain. Skin grafts also
seem to result in improved functional status (58), better healthrelated quality of life, and selfesteem (59). Grafts work by a
combination of graft “take” and
provision of a pharmacologic
stimulus to healing in the form of
growth factors and cytokines,
which result in edge healing (also
known as the “edge effect”). Pinch
grafts, split-thickness skin grafts,
and micro-skin grafts have been
successful in treating patients with
VLU (60) but have not been subjected to well-done RCTs.
Skin equivalents, both cellular
and acellular constructs, have
been studied and used for refractory VLU. The bilayered living
cellular construct (BLCC) (Apligraf, Organogenesis) is approved by the FDA to treat VLU.
BLCC is an immunologically inert
allogeneic cultured bilayer of human skin origin containing both
epidermal and dermal compo-
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nents. When combined with
standard-of care compression
therapy, studies have shown that
BLCC is signiﬁcantly more effective
in achieving complete wound closure (P < 0.01), 3 times more effective than compression alone at 8
weeks (P = 0.008), and 2 times
more effective by 6 months (P =
0.002) (61, 62). Skin equivalents
are particularly effective in longstanding VLU (more than 1 year in
duration) that have been resistant
to conventional treatment (63).
A biomaterial derived from porcine small intestine submucosa
(Oasis, Smith & Nephew) also improves healing compared with
compression therapy alone (64).
However, when compared with
BLCC in treatment of VLU in a
comparative effectiveness evaluation, BLCC was superior, increasing the probability of healing by
29% (65). Another potentially useful, well-tolerated, and safe advanced wound care matrix is a
poly-N-acetyl glucosamine membrane (Talymed, Marine Polymer
Technologies), which was signiﬁcantly more effective than standard of care alone when applied
every other week to VLU (66). Amniotic membrane transplantation
has been tried for years on chronic
wounds and is considered safe; it
reduced wound size and pain intensity (67) while promoting a
good take of skin grafts (68). A
recent RCT found amniotic membrane to reduce ulcer size and
ulcer-related pain; however, it has
not been shown to improve complete healing (69).

What is the role of venous
surgery in treatment and
prevention?
The role of superﬁcial venous
surgery for healing patients with
VLU is controversial. Surgical correction of superﬁcial venous reﬂux in addition to compression
bandaging does not improve
ulcer healing but reduces recurrence and results in more ulcer-

free time (16, 70), especially for
medial or recurrent ulcers. Multiple deep venous valve repairs
have been associated with an
increased number of healing
ulcers in patients with primary
deep venous incompetence (71);
however, a recent Cochrane database systematic review found no
evidence for beneﬁt or harm of
valvuloplasty in the treatment of
these patients. Venous ligation by
open surgery has signiﬁcant potential morbidity (such as risks associated with general anesthesia,
pain, bleeding, wound infection,
deep venous thrombosis, and creation of another potentially nonhealing wound). Subfascial endoscopic perforator surgery is less
invasive and safer and may be associated with improved healing as
well as decreased recurrence (72)
for certain VLU, although welldone studies are lacking. Minimally invasive procedures, such as
endovenous thermal ablation with
laser, radiofrequency, or steam;
ultrasound-guided foam sclerotherapy; and cyanoacrylate embolization are also effective in obliterating incompetent superﬁcial and
perforating veins to treat CVI and
decrease VLU recurrence.

When should clinicians
consider referring the patient
to a surgical or nonsurgical
specialist for treatment?
Depending on wound size and
duration, between 30% and 75%
of patients with VLU heal by 6
months of treatment (40). Prognostic factors consistently associated with nonhealing are larger
wound area (>5 cm2) and long
duration (>6 months) (73). Other
proposed indicators of slow healing include LDS and ulcer history
(40), elevated body mass index
(>33 kg/m), physical inactivity
(daily walking <200 m), depth of
the ulcer (>2 cm) (74), prolonged
venous ﬁlling time, deep venous
insufﬁciency, and atypical location of the ulcer on the posterior
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calf (75). On the other hand, a
small ulcer surface, shorter duration, decreased calf circumference >3 cm, and emergence of
new skin islets during the ﬁrst 50
days of treatment have been suggested as favorable prognostic
factors for ulcer healing (74).
Wound Healing Society guidelines afﬁrm that wounds that fail
to decrease in size during the
ﬁrst month of treatment are unlikely to heal and would beneﬁt
most from adjuvant advanced
therapies and referral to a wound
specialist. Because there are no
Accreditation Council for Graduate Medical Education–accredited
fellowships that speciﬁcally focus
on wound management, expertise
in wound healing may be found in
a variety of specialties, including
vascular medicine and surgery,
podiatry, and dermatology.

How should clinicians educate
patients?
The mainstay of prevention of
VLU is compression therapy, although adherence to therapy is
often poor and this directly affects recurrence rates (76).

Although one study found that
an educational intervention
helped reduce recurrence, it did
not improve adherence to compression therapy. Educational
interventions, such as providing
materials to patients on the
pathophysiology, management,
and prevention of VLU, may be
helpful. Data suggest that videobased educational intervention
improves patients' knowledge of
their disease better than pamphlets (77). Patient support
groups may be an avenue for providing education on selfmanagement. A recent Cochrane
review identiﬁed only 2 studies
that tested educational interventions for VLU healing and prevention of recurrence (78). Interestingly, neither study found
signiﬁcant differences between the
educational intervention groups
and the control groups in longterm healing rates, recurrence
rates, or compliance with compression therapy. The reviewers
concluded that robust evidence
on the efﬁcacy of educational interventions for VLU management
and prevention is lacking.

Treatment... The goals of treatment for patients with VLU include reducing edema, improving pain and LDS, ulcer healing, and preventing recurrence. Maintanence of a moist wound bed, regular sharp debridement,
control of infection, and compression with elastic multilayer bandages are
considered standards of care. Patients with VLU who do not improve within
4 weeks may beneﬁt from referral to a wound expert and adjuvant therapies, such as aspirin, pentoxifylline, and cell-based or matrix-based grafting. Surgical interventions to correct venous disease may be considered,
but the best data suggest that these treatments prevent recurrence as opposed to improving healing. Once healed, VLU are best prevented by indeﬁnite use of compression stockings and vascular intervention.

CLINICAL BOTTOM LINE

Practice Improvement
What do professional
organizations recommend
regarding management of VLU?
Several treatment guidelines for
management of VLU have been
published and updated recently.
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In the United States, the Wound
Healing Society (79) as well as the
Society for Vascular Surgery together with the American Venous
Forum (36) have both published
evidence-based management
guidelines.
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Tool Kit
Venous Leg
Ulcers

Patient Information
http://my.clevelandclinic.org/services/heart/disorders
/arterial-disease/lower-extremity-ulcers
Information from the Cleveland Clinic on venous leg
ulcers as well as other lower extremity ulcers and
venous disease overview.
https://www.nlm.nih.gov/medlineplus/ency
/patientinstructions/000744.htm
Medline Plus health information for patients about
venous leg ulcers.
www.veinforum.org/patients/what-is-vein-disease
/what-is-chronic-venous-disease.html
www.veinforum.org/patients/what-is-vein-disease
/what-is-compression-therapy.html
Information from the American Venous Forum on
chronic venous disease and compression therapy.

Clinical Guidelines
www.gacguidelines.ca/site/GAC_Guidelines/assets/pdf
/LEGU05-6_Venous_Leg_Ulcer_Summary.pdf
Recommendations for preventing venous leg ulcers from
the Guidelines Advisory Committee.
www.awma.com.au/publications/2011_awma_vlug.pdf
Australia and New Zealand clinical practice guideline on
the prevention and management of venous leg ulcers.
www.sign.ac.uk/pdf/sign120.pdf
Management of chronic venous leg ulcers guidelines by
the Scottish Intercollegiate Guideline Network.
www.jvascsurg.org/article/S0741-5214(14)00851-9/pdf
Clinical practice guidelines for management of chronic
venous leg ulcers from the Society for Vascular Surgery
and the American Venous Forum.
http://onlinelibrary.wiley.com/doi/10.1111/j.1524-475X
.2006.00174.x/epdf
Guidelines for treatment of venous ulcers from the
Wound Healing Society.
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WHAT YOU SHOULD
KNOW ABOUT VENOUS
LEG ULCERS

In the Clinic
Annals of Internal Medicine

What Are Venous Leg Ulcers?
Venous leg ulcers (VLU) are sores or wounds that
develop on the skin of the leg. These sores can
take a long time to heal and sometimes come
back after treatment. VLU happens because of
poor blood ﬂow in the veins of the legs. You are
at higher risk for VLU if you:
• Are over 55 years old
• Have problems with blood ﬂow in the legs
• Have a family history of blood ﬂow problems
• Have a history of blood clots
• Have bone or joint disease, such as arthritis,
in your leg or ankle
• Are a person with obesity
• Sit or stand for long periods
• Have had multiple pregnancies
• A painful sore on the lower leg or ankle
• Swelling and aching in the leg
• Discolored skin on the leg

• If your VLU keeps coming back, you may need
other treatments.

How Are They Diagnosed?

How Can They Be Prevented?

• Your doctor will ask you questions about your
medical history and closely examine the leg.
• Your doctor may take a picture of your veins
called an ultrasound. Sometimes other tests
are needed, such as a CT scan, which takes
more pictures of your veins and gives
additional information to your doctor.
• You may need a blood test. In some cases,
your doctor may take a small sample of the
skin from your leg for testing.

Doctors are not yet sure if VLU can be prevented.
However, there are things you can do to lower
your risk and prevent VLU from coming back:
• Keep health conditions, such as heart failure,
diabetes, or peripheral artery disease (PAD),
under control.
• Avoid sitting or standing for long periods.
• Eat a healthy diet and exercise regularly.
• Try to maintain a healthy weight.
• Wear compression stockings.
• Surgery to stop VLU from coming back may be
an option for some people. Ask your doctor if
it is right for you.

How Are They Treated?
• Your wound will be cleaned and bandaged to
prevent infection and help it heal.
• Compression devices must be worn. These
devices may be in the form of multiple tight
bandages or a soft cast worn on your lower
legs to help with blood ﬂow and decrease
swelling.
• Your doctor may tell you to raise your feet
above your heart as often as possible. You can
do this by lying down or sitting with your feet
raised on a pillow or chair.
• Your doctor may prescribe medicines to help
your sores heal.
• Over-the-counter medicines can be taken to
help manage pain.

Questions for My Doctor
• What caused my VLU?
• What should I do if my VLU keeps coming
back?
• Will I need surgery?
• Will I need more testing?
• Should I clean my sores with special soap?
• How often should I change my bandages?
• How should I dress my sores after I shower?
• Do I have to wear compression stockings all
day and night?
• How can I reduce my risk for getting VLU
again?

For More Information
American Academy of Family Physicians
www.aafp.org/afp/2010/0415/p1003.html

Medline Plus
www.nlm.nih.gov/medlineplus/ency/patientinstructions/000744
.htm
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What Are the Warning Signs?

