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Care for patients with chronic wounds, and venous leg ulcers in particular, requires
an interprofessional approach due to their etiologic complexity, common recurrence,
and sometimes devastating morbidity. Interprofessional care is “care delivered by
intentionally created, usually relatively small work groups in health care, who are
recognized by others as well as by themselves as having a collective identity and
shared responsibility for a patient or group of patients”.1 A Canadian study reviewed
the utility of interprofessional teams caring for patients with chronic wounds, including
venous leg ulcers, and found improvement in healing rates, pain management, and
management of day-to-day dressing issues.2
In the US, patients who present with nonhealing venous leg ulcers are typically
referred to a wound care specialist. This specialist may be a certified wound care nurse,
physical therapist, surgeon, podiatrist, or internist. Physical and occupational therapists
certified in manual lymphatic drainage techniques also contribute to the care of patients
with chronic lower extremity swelling associated with venous insufficiency. As many
providers recognize the complex needs of these patients, there has been an increasing
trend towards utilizing interprofessional teams in chronic wound care.
The purpose of this paper is to review the guidelines for prevention and treatment of venous leg ulcers as followed in the US. Much of the information is gleaned
from the guidelines published by the Association of Advanced Wound Care (AAWC)
in 2012 and the Wound Healing Society (WHS) in 2006 (with an update in
2012).3–5 This paper further explores evidence-based, yet pragmatic, tools for the
interprofessional team to use in the management of this complex disorder. The level
of evidence is outlined in Table 1.
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Abstract: Comprehensive care of chronic venous insufficiency and associated ulcers requires
a multipronged and interprofessional approach to care. A comprehensive treatment approach
includes exercise, nutritional assessment, compression therapy, vascular reconstruction, and
advanced treatment modalities. National guidelines, meta-analyses, and original research studies
provide evidence for the inclusion of these approaches in the patient plan of care. The purpose
of this paper is to review present guidelines for prevention and treatment of venous leg ulcers
as followed in the US. The paper further explores evidence-based yet pragmatic tools for the
interprofessional team to use in the management of this complex disorder.
Keywords: venous insufficiency, varicose ulcer, wound, compression bandages
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Table 1 Level of evidence

Exercise

Rating

Strength of evidence

A

Results of a meta-analysis or multiple randomized
controlled trials (RCTs) on humans.
Results of one VLU-related RCT in humans plus one
or more similar historically controlled trials (HCT)
or convenience controlled trials (CCT). May include
two significant clinical series or expert opinion papers
with literature reviews supporting the intervention.
Results of only one RCT, CCT, or HCT. May include
multiple case series.

Anything that alters the calf pump muscle function greatly
increases the risk of chronic venous insufficiency, which then
increases the risk of formation of a venous leg ulcer. The
exact mechanism is not completely understood, but multiple
theories have been put forward.13
The calf muscle pump has been referred to as the “peripheral heart” because of its role in promoting venous return from
the lower extremities.14 The literature describes three components of the calf muscle pump, ie, competent venous valves,
functional gastrocnemius and soleus muscles, and unsheathing
fascia and skin surrounding the calf muscles. It is thought that
the calf muscle pump works much like a “bellows pump”
during locomotion and other lower extremity exercises. The
gastrocnemius-soleus muscles, contained within a limiting
fascia, contract and thereby compress the deep veins and
propel venous blood toward the heart through this system.
As a result of the increased pressure on the external walls of
the deep veins by contraction of the musculature, the blood
column is forced upwards through open valve leaflets that
are pushed against the walls of the veins. During relaxation
periods when the calf muscles are not actively contracting,
the hydrostatic pressure of the deep veins drops to near zero
and the veins refill. Reflux of the venous column in healthy
individuals is prevented by valve closure. At the same time,
the negative pressure that results from venous emptying draws
fresh arterial blood into skeletal muscle.
Research has shown that the deficiency of the calf
muscle pump is significant with regard to the severity of
venous ulceration.15 Active ulcerations are associated with
greater impairment of the calf-muscle pump. Individuals
with impaired calf muscle pumps have significantly lower
ejection volumes and fractions. Links have been established
between reduced range of motion at the ankle in individuals with venous insufficiency and severity of the disease.16
Impaired calf muscle pump function in the lower limbs is
also associated with venous leg ulcers.17
Exercise has been shown to moderate the detrimental
effects associated with impaired calf muscle function.
A structured program of calf muscle exercise may improve
hemodynamic performance and prevent ulcer recurrence
(level C).18 Study findings included implementation of walking programs as a practical suggestion for patients who are
ambulatory. Higher levels of muscle activity and greater
muscle mass may enhance venous emptying in the calf.19
A physical therapist can be instrumental in helping the patient
adhere to this care plan.
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B

C

Note: Modified from the Advancement of Wound Care (AAWC), Venous Ulcer
Guideline Level of Evidence and Wound Healing Society Level of Evidence.3,4

Epidemiology
Approximately 1% of the western population suffers from
venous leg ulcers.6 One longitudinal study conducted in
one US city in 1973 estimated the prevalence of venous
leg ulcer to be 400,000–500,000 by extrapolating their
data to 1970 US Census data.7 Another study estimated the
prevalence of venous leg ulcers in patients over the age
of 65 years to be 1.75 million by extrapolating Swedish
point prevalence data gleaned from a patient survey. There
are no sources of epidemiologic studies for incidence and
prevalence specifically in the US.8 These data are sorely
needed for us to be able to assess the need for appropriate
resources.
One New Mexico study in 2000, looked at Medicaid
fee-for-service in patients with wounds and determined that
US$19,000–US$24,000 was spent annually on each patient
with a venous leg ulcer.9 Another study from 1999 evaluated a retrospective cohort of 78 patients and found that an
average total cost of US$9,685 (median US$3,036) was
spent per patient. This cost included total outpatient costs
(facility and physician), hospitalizations (if any), dressing
supplies, medications (topical and oral), and home health
care (if any).10 Outside of medical costs are quality of life
costs. Patients often suffer from decreased mobility, leading
to loss of work, challenges with finances, and isolation.11
Recent and consistent findings have determined that the most
common concern for patients is pain, especially surrounding
dressing changes. Pain further complicates mobility, sleep,
and overall sense of well-being.12
Many studies suggest a higher prevalence of chronic
venous insufficiency and venous leg ulcers in women, but
this disparity decreases with age.13 Common risk factors for
chronic venous insufficiency include family history, multiparity, obesity, and a history of deep venous thrombosis or
thrombophlebitis.
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Nutrition
Multiples studies have found that patients with venous
leg ulcers tend to be overweight or obese but nutritionally
deficient,20–22 and do not meet their dietary needs for wound
healing. There is suboptimal intake of protein, vitamins
(especially vitamins C and A), and zinc. It remains to be
seen, however, whether these nutritional deficiencies result
in delayed wound healing. Older studies (in the 1960s and
1970s) evaluating zinc deficiency suggested that patients
with low zinc levels may have faster healing with zinc
supplementation.22 Larger trials are warranted before a
firm recommendation can be made with regard to zinc or
other nutritional supplementation. Guidelines often reference nutritional studies for chronic wounds, but no specific
studies with regard to venous leg ulcers. The guidelines
still recommend a nutritional assessment when caring for
patients with venous leg ulcers (level B).3 Weight loss can
be advantageous, given that larger patients tend to be less
mobile. This immobility further worsens calf pump muscle
function and venous hypertension.22,23 Because these individuals are nutritionally deficient, a weight loss plan, as
advised by a dietitian, can assist the patient in losing weight
and improving deficiencies.

Compression bandaging
Guidelines identify compression bandaging as a central
component of the standard of care for individuals with a
venous leg ulcer (level A). A 2012 Cochrane review found
that venous leg ulcers heal more quickly when treated with
compression therapy.6 The AAWC guidelines state that multicomponent, sustained, high compression elastic bandages
are more effective than inelastic compression and single
component compression systems (Table 2).3 The 2006 WHS
guidelines do not distinguish effectiveness between types of
compression modalities, but an update in 2012 references an
updated Cochrane review that also found increased wound

healing with multicomponent systems.4–6 Guidelines also
support the use of short stretch compression bandages commonly used by manual lymphatic therapists, the Duke boot
(ie, Unna’s boot combined with elastic compression and
a hydrocolloid primary dressing), and the Unna’s boot to
enhance healing of venous ulcerations.3–5
Some compression is better than none.6 The team may
need to coach the patient through accepting compression
bandaging and also lifelong compression garments once the
wounds have healed. Efforts to address pain control, bulkiness in the context of footwear, and other patient-centered
concerns are important to ally the patient with the treatment
plan. After the wound has healed, there is ample evidence to
support lifelong use of compression stockings to minimize
ulcer recurrence.24–27

Manual lymphatic drainage
Manual lymphatic drainage, ie, use of manual tissue mobilization and stretch, promotes the return of tissue fluid and
accompanying protein to the lymph vascular system. The
AAWC guidelines support the use of this technique to
reduce tissue swelling in individuals with chronic venous
insufficiency (level A), but there are no data linking manual
lymphatic drainage to wound healing.28 The WHC guidelines
do not reference this form of therapy.3–5
Manual lymphatic drainage was shown to decrease foot
volumetry and to enhance surgical outcomes as well as quality of life. Studies suggest that chronic venous insufficiency
treated with complete decongestive physiotherapy (skin care,
manual lymphatic drainage, compression bandaging, and
exercise) significantly reduces the volume and percentage
of limb swelling and pain associated with this condition.29
Manual lymphatic drainage has been shown to be effective
in reducing limb circumference in individuals with edema
due to chronic insufficiency in as little as 3 weeks.30,31 The
efficacy of manual lymphatic drainage is due in large part

Table 2 Compression comparisons
Type

Outcomes

Elastic compression

Bandages with elastic components enhance venous ulcer healing compared to inelastic
compression bandages
Improves venous ulcer healing compared to single component bandages; two-components systems
perform as well as four-components but two components enhance quality of life and comfort over
four-components; four component systems heal faster than those with short-stretch bandaging
Reduces venous ulcer pain; Facilitates venous ulcer healing

Multicomponent compression with elastic
component
Duke boot (Unna’s boot/elastic compression
component and hydrocolloid)
Unna’s boot
Short stretch

Enhances venous ulcer healing compared to no compression
Enhances venous ulcer healing compared to usual care

Note: Information adapted from the Association for the Advancement of Wound Care (AAWC), Venous Ulcer Guideline and Cochrane Review.3,6
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Table 3 Interventions for venous hypertension
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Type

Indication

No trials have looked at ablation vs SEPS or open ligation for VLU healing
Thermal laser great or small saphenous
Superficial venous insufficiency
Hematoma, skin burns, superficial thrombophlebitis, deep
vein coagulation or ablation
vein thrombosis (low, but requires post-procedure duplex),
saphenous nerve injury
Thermal radiofrequency vein ablation
Saphenous insufficiency and/or
Superficial thrombophlebitis, nerve injury, DVT (post-procedure
perforating vein incompetency
U/S), failure in very large veins (.15 mm, but can alter
technique to account for this)
Minimally invasive subfascial endoscopic
Incompetent perforating veins
Surgical procedure – infection, pain, bleeding, damage to
perforating vein surgery (SEPS) with
surrounding structures; if lose function of deep venous system
compression and wound care
later in life, may have significant chronic venous insufficiency
Open vein surgery (Linton procedure)
Incompetent perforating veins
Surgical procedure – infection, pain, bleeding, damage to
surrounding structures; if lose function of deep venous system
later in life, may have significant chronic venous insufficiency
Note: Information adapted from the Association for the Advancement of Wound Care (AAWC), Venous Ulcer Guideline.3
Abbreviations: SEPS, subfascial endoscopic perforator vein surgery; vs, versus; U/S, ultrasound; DVT, deep venous thrombosis.

to enhancing venous blood flow, most likely in the femoral
and great saphenous veins.
In the US, manual lymphatic drainage is provided by
physical or occupational therapists in an outpatient rehabilitative setting. Many of these patients with significant chronic
venous insufficiency and even lymphedema have mobility
issues, so attending an outpatient setting can be challenging.
These patients often need a visiting nursing agency to provide dressing changes at home. Because Medicare will only
fund in-home care if the patient is “home-bound”, asking the
patient to come three times a week to outpatient rehabilitation
for manual lymphatic drainage will cancel their in-home care.
The patient simply cannot receive both. It is the experience
of the authors that wound care specialists can consider training the manual lymphatic drainage therapist in basic dressing
changes and wound care, with close supervision, so that the
patient can access necessary outpatient manual lymphatic
drainage and wound care.

Intermittent pneumatic
compression therapy
Intermittent pneumatic compression pumps have been used
in the management of chronic venous insufficiency for well
over 60 years.32 Initially, this therapy was targeted at the prevention of deep vein thrombosis and pulmonary embolism.
Today, intermittent pneumatic compression is also used to
reduce tissue swelling by mobilizing excess tissue fluid.
The effects of intermittent pneumatic compression
on wound healing and limb volume reduction have been
studied in individuals with chronic venous insufficiency.
Studies support the use of compression pumps to alleviate
symptoms of chronic venous insufficiency and assist with
the healing of longstanding chronic ulcerations.33 Sequential
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gradient compression therapy enhances venous ulcer healing and provides an alternative for patients who cannot
tolerate sustained compression.34 The AAWC recognizes
that intermittent pneumatic compression heals venous leg
ulcers better than no compression (level A).3 The 2006 WHS
guidelines (with support in a 2012 update) go further to state
that intermittent pneumatic compression can be used with or
without compression in patients who are unable to wear an
adequate compression system (level A).4,5
Support for the use of intermittent pneumatic compression is important, given the difficulty that caregivers, morbidly obese individuals, and older adults with
decreased finger strength and dexterity have in applying
daily compression bandaging or definitive compression
garments (post volume reduction therapy with compression bandages). However, intermittent pneumatic compression can result in significant collection of tissue fluid and
secondary edema in areas immediately adjacent to the edge
of the sleeve opening and care must be taken to ensure
appropriate device use.

Vascular surgery
Vascular surgery options to correct vein function have
increased in the last decade, bringing with them advanced
adjunctive therapies for preventing venous leg ulcer recurrence (level A). Fortunately, these newer options carry less
long-term morbidity. To be considered for surgical intervention, patients must have an intact deep venous system.
The most common vascular surgical options utilized in
the US, along with their indications and risks, are outlined
in Table 3. Although subfascial endoscopic perforator vein
surgery (SEPS) remains the treatment of choice for perforator
vein pathology, it is the authors’ experience that thermal and
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radiofrequency ablations are starting to replace subfascial
endoscopic perforator vein surgery and open procedures.
Sclerotherapy appears to be promising for actual venous
leg ulcer healing; it is also becoming more common, despite
the need for more evidence to support its use.35 Options with
level C evidence for wound healing include sclerotherapy
with compression, venous valve repair or reconstruction, and
stenting of the iliac vein with combined iliac vein obstruction and deep reflux.36–40 All options complement but do not
replace evidenced-based compression, and wound, skin, and
patient care.

Skin replacement
Innovations in skin replacement and grafting options have
also increased in the last decade. Bilayered bioengineered
skin (Apligraf®, Organogenesis Inc., Canton, MA, USA)
has the strongest evidence to support its use in refractory
venous leg ulcer healing (level A). One multicenter study
found that longstanding wounds (present for more than a
year) healed better with bilayered bioengineered skin replacement over compression alone (63% versus 48.8%, P=0.02).
Skin replacement was used with an Unna’s boot and a Coban
wrap in this study.41 A Cochrane review of 17 randomized
controlled trials also found that artificial skin replacement
healed venous leg ulcers better than standard dressings.42
There is not enough evidence to support other forms of
skin replacements (eg, split thickness autografts and cultured
keratinocyte grafts).42 Despite this, there is conflict between
the AAWC and WHS guidelines with respect to using other
form of skin replacement. The AAWC recognizes level B
and C evidence to support the use of cultured epidermal
autografts and allografts, respectively.3 The WHS guidelines state that there is level A evidence showing that these
treatments do not improve healing of venous leg ulcers.4
However, the WHS update in 2012 found three studies that
contradict this statement.5 Similar to vascular interventions,
skin replacements should not be utilized without compression, or wound, skin, and patient care.
The AAWC guidelines encourage providers to consider
skin replacement when there is no improvement in a venous
leg ulcer after 30 days.3 In the US, insurance policies may
place restrictions on when and how often these skin replacements can be used. Therefore, the provider must balance
insurance restrictions with progress of healing.

Biophysical interventions
Biophysical interventions are often implemented by physical or occupational therapists. Evidence supports the use of
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biophysical energy from electromagnetic and acoustic energy
spectra for stimulation of wound healing. Numerous small
studies were reviewed, with positive effects on venous ulcer
healing. Both high frequency ($1 mHz; periwound application) ultrasound and low frequency (,1 mHz; water bath
or noncontact application) ultrasound have been shown to
enhance venous ulcer healing.43–48 A 2010 Cochrane review
found weak evidence to support high-frequency ultrasound
and no evidence to support low-frequency ultrasound.49 The
2006 WHS guidelines state that there is level 1 evidence
showing no benefit from ultrasound in venous leg ulcer
healing.4 However, the update in 2012 found three studies to
refute this claim.5 The 2012 AAWC guidelines found level
A evidence in support of this treatment.3
The evidence supports use of electrical stimulation in
treating venous ulcers (level A). High-voltage pulsed current or pulse-controlled electrical stimulation applied to
chronic leg ulcers may reduce the wound surface area over
a 4-week treatment period to approximately one half the
initial wound size.50,51 Some effects have also been seen in
terms of improved long-lasting pain control and increased
perfusion.
Two small studies indicate a potential benefit of electromagnetic therapy for the facilitation of venous ulcer
healing.52 However, study design flaws may have produced
an overestimation of the beneficial effects.
Several trials provide limited evidence to suggest a
positive effect of phototherapy on venous ulcer healing. In
a small placebo-controlled, double-blind study, low-energy
photon therapy was found to increase healing of venous
leg ulcers compared with a sham device.53 A second small,
placebo-controlled, double-blind study using broadband
(400–800 nm) visible light produced similar effects in leg
ulcer patients. Ninety percent of patients receiving active
light therapy achieved wound closure compared with 33% in
a sham group.54 In a small underpowered, prospective study,
venous ulcers treated with infrared and visible light showed
improved wound healing and reduced pain.55
The AAWC guidelines gave phototherapy a level C
evidence rating with regard to wound healing.3 The WHS
guidelines also stated that there is no evidence to support
the use of phototherapy for venous leg ulcer wound healing (level A).4 The 2012 update of the WHS guidelines
found one randomized controlled trial supporting the use of
phototherapy.5,56
Other biophysical agents, such as negative pressure
wound therapy and whirlpool and hyperbaric oxygen therapy
were assigned level C evidence for wound healing by the
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AAWC and WHS guidelines.3–5 Preparation of the wound
bed for graft placement by negative pressure wound therapy
also received a level C rating.

Journal of Multidisciplinary Healthcare downloaded from https://www.dovepress.com/ by 18.208.186.19 on 14-Nov-2019
For personal use only.

Summary
Comprehensive care of chronic venous insufficiency and
the venous leg ulcers commonly associated with this disease
requires a multipronged and interprofessional approach to
care. A comprehensive treatment approach includes exercise, nutritional assessment, compression therapy, vascular
reconstruction, and advanced treatment modalities. For the
most part, US guidelines are consistent in their assessment
of the strength of evidence for each of these modalities. The
guidelines may be helpful in pulling together team members
to help serve patients with challenging venous leg ulcers.
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