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Editorial

The International Journal
of Lower Extremity Wounds

Why Another?

The announcement of another wound care journal,
The International Journal of Lower Extremity Wounds
(IJLEW) in this case, usually evokes a medley of re-
sponses; from the groans of those straining under an in-
formation deluge and increasing workload to the glee
of those who feel underrepresented—most frequently
specialists. Why a new journal focused on lower ex-
tremity wounds? The reason is simple: wounds are a
major clinical challenge. Wounds, especially chronic
wounds, are a vast global problem. The worldwide
prevalence of wounds is believed to be 1%1 of the
world population. Most organs are liable to be affected
by wounds; the lower extremities of our bodies are es-
pecially susceptible to them. Acute wounds—caused
by trauma—usually follow an acceptable healing
course. Chronic wounds are slow to heal and recur
frequently.

Leg ulcers are most commonly caused by venous
disease, whereas foot ulcers mainly result from arterial
disease, diabetes, or both. The clinical management of
chronic wounds can be frustrating for both the patient
and the health provider, and resource implications are
staggeringly high. Venous ulcers annually cost the U.K.
National Health Service £600 million (US $840 mil-
lion). Add the cost of diabetic foot ulcers, which can
significantly increase morbidity through limb loss2

and, occasionally, death, and the consequences of ig-
noring chronic wounds grimly tower over our
communities.

Chronic wounds deserve greater attention not only
because of an increasing prevalence of diabetes glob-
ally but also because of an aging population in Western
societies; there is a growing burden for everyone in so-
ciety to shoulder. Have there been advances applicable
to the clinical management of lower extremity
wounds? Should we indulge in more systematic re-
views? Of course there have been advances in con-
cepts; putting advances into practice calls for strategic
research and development. Wound research has been
sadly neglected by major funding agencies, and this is
discouraging. Wound healers should be encouraged by
developments in another chronic disease entity—
osteoporosis. During the last 20 years, as therapeutic

advances were taking place in laboratories, it became
possible to quantify the risk of hip fracture—common
in patients with osteoporosis. By measuring bone min-
eral density,3 it is possible to predict hip fractures and
treat to prevent them. Reducing complications aids re-
source planning as well as disease management. This
success should invigorate wound specialists into
studying the effects of preventable and modifiable risk
factors for chronic wounds. Risk factor modification is
applicable to diabetic as well as venous ulcers.

Who works on lower extremity wounds? Vascular
surgeons, diabetic physicians, podiatrists, nurses spe-
cializing in wound care, orthopedic surgeons, ortho-
tists, angiologists, phlebologists, and not the least, vas-
cular and pathology laboratories, all get involved.
Some rarer lesions, but chronic wounds no less, invite
the opinion and support of rheumatologists and
gastroenterologists. Clearly the wound management
fraternity is large and, definitely, multidisciplinary. A
multidisciplinary model of wound care has been devel-
oped in Denmark with success.1 It is also a major
descriptor for this new journal. Fittingly, the inaugural
issue of this journal presents reviews of basic and ap-
plied research, clinical reviews, and the opinions from
2 clinical scientists who have devoted much of their
lives to studying wound healing.

IJLEW will feature original as well as teaching re-
views and longer seminar papers since it is envisioned
as a “rolling textbook.” It is timely that IJLEW is
launched to inform, educate, and provoke wound
workers, so that the pathway to progress is energized
for the benefit of those who suffer, and those who care.

Raj Mani, PhD, FACA
Southampton 2001
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HYPERHOMOCYSTEINEMIALEE and PRASAD

Hyperhomocysteinemia
and Venous Thrombosis

Paul Lee, PhD, and Kailash Prasad, MD, PhD
Department of Physiology, College of Medicine,

University of Saskatchewan, Saskatoon, SK, Canada

Deep vein thrombosis (DVT) leads to venous ulcers in later
life. Venous ulcers are the majority of chronic lower extremity
wounds. Recent evidence suggests that hyperhomo-
cysteinemia is an independent risk factor for venous throm-
bosis. Other evidence suggests that dietary supplementation
with folic acids and vitamins helps to change hyper-

homocysteinemia. This may be the key to wound manage-
ment in the future.

Key words: hyperhomocysteinemia, venous thrombosis, fo-
lic acid, vitamin B12, oxyradicals, coagulation

Hyperhomocysteinemia has been implicated as a
risk factor for atherosclerosis,1,2 arterial and ve-

nous thrombosis,3-9 and cardiovascular disease.10-12

This review deals with the synthesis and metabolism of
homocysteine, mechanism of hyperhomocysteinemia-
induced venous thrombosis, and measures to reduce
plasma homocysteine levels.

Deep venous thrombosis (DVT) is an initiating event
leading to venous hypertension, which in turn leads to
biochemical and microvascular changes that are asso-
ciated with venous leg ulcers. Venous ulcers are a
chronic problem in many societies in the world.

DEEP VENOUS THROMBOSIS

Deep venous thrombosis is the result of clot forma-
tion in a vein at sites of reduced blood flow. Arterial
thrombosis, on the other hand, involves the formation
of platelet aggregates at high shear rates at sites of vessel
wall injury. The established genetic risk factors for
thrombosis include factor V Leiden (resistance to acti-
vated protein C [APC]),13 prothrombin,14 and deficien-

cies in antithrombin,15 protein C,16,17 and protein S.18

Laboratory phenotypes such as elevated fibrinogen,19

antiphospholipid antibodies,20 and mild hyperhomo-
cysteinemia5 are associated with venous thrombosis.
Recently, elevated plasma levels of factor VIII have
been implicated in the pathogenesis of venous throm-
bosis.21,22

HOMOCYSTEINE SYNTHESIS
AND METABOLISM

Homocysteine is a sulfur-containing amino acid de-
rived from methionine. Synthesis and metabolism of
homocysteine involves demethylation, trans-
methylation, and transsulfuration processes (Fig. 1).
Demethylation converts methionine to homocysteine
through intermediate metabolites, S-adenosyl methi-
onine, and S-adenosylhomocysteine. In the
transmethylation process, homocysteine is remethy-
lated to methionine. In this process, homocysteine is
catalyzed by methionine synthase, which uses vitamin
B12 as a cofactor and methyltetrahydrofolate as a sub-
strate.23 In this process, methyltetrahydrofolate is con-
verted to methylenetetrahydrofolate. Methylenetetra-
hydrofolate reductase converts methylenetetrahydro-
folate to methyltetrahydrofolate. In the transsulfuration
process, homocysteine is converted to cysteine through
cystathionine. Conversion of homocysteine to cystath-
ionine is catalyzed by vitamin B6-dependent
cystathionine β-synthase.24 Cystathionine is hydro-
lyzed to form cysteine, which is excreted in the urine as
sulfate after further metabolism.

4 LOWER EXTREMITY WOUNDS 1(1);2002  pp. 4–12
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Normal fasting plasma levels of homocysteine are 5
to 15 µmoles/L.23 Approximately 70% of plasma
homocysteine is bound to serum protein.2 5

Hyperhomocysteinemia is defined as a plasma level of
homocysteine greater than 15 µmoles/L.26

FACTORS FOR HYPERHOMOCYSTEINEMIA

Hyperhomocysteinemia is due to a deficiency in en-
zymes or vitamins, disease states, and drugs. Detailed
description of causes of hyperhomocysteinemia is
given in a review by Prasad.27 Hyperhomocysteinemia
develops because of a defect in the gene for
cystathionine β-synthase,28 methionine synthase,29 or 5,
10-methylenetetrahydrofolate reductase.30 Deficiencies
in vitamin B6, vitamin B12, and folic acid, which are in-
volved in the transsulfuration and remethylation pro-
cesses of homocysteine metabolism, also cause
hyperhomocysteinemia.11,31,32 Dietary intake of vitamin
B6, vitamin B12, and folic acid is inversely correlated to
plasma homocysteine.33 Hyperhomocysteinemia is as-
sociated with pernicious anemia and several types of
carcinoma including breast, ovary, and pancreas.12

Homocysteine levels in plasma are elevated in diseases
(chronic renal failure, coronary artery disease, hyper-
tension, hypothyroidism, venous thrombosis, acute
lymphoblastic leukemia, stroke, diabetes) and with the
use of certain drugs (methotrexate, phenytoin, nitrous
oxide, L-dopa, cholestylamine, niacin).

MECHANISM OF HYPERHOMOCYSTEINEMIA-
INDUCED COAGULOPATHY

Endothelial cell surface glycosaminoglycans34 and
thrombomodulin35 both serve as potent inhibitors of co-
agulation, while prostacyclin36 and plasminogen
activators37 generated from the vessel wall limit platelet
plug formation and fibrin deposition. Several other
procoagulant properties of endothelial cells have been
described.

Pathogenesis of increased thrombogenicity associ-
ated with hyperhomocysteinemia is not completely
understood. Hyperhomocysteinemia could produce
thrombosis through various mechanisms: (a) acting di-
rectly to increase the activity of coagulation factor and/
or decrease of anticoagulant factors; (b) through release
of reactive oxygen species (ROS); and (c) endothelial
cell injury with subsequent impairment of the
antithrombotic properties of the vessel wall.

Homocysteine and Coagulation

Schema of the effects of homocysteine on the coagu-
lation pathway are presented in Figures 2 and 3.
Homocysteine increases platelet activity and aggrega-
tion and adhesion.38-40 McDonald et al41 suggested that
thrombosis might be related to abnormal platelet
adhesiveness.

Homocysteine activates factor V,42 and this results
from induction of an activator of factor V. Factor V is a

LOWER EXTREMITY WOUNDS 1(1); 2002 5
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Fig. 1. Metabolism of homocysteine.
THF = tetrahydrofolate; MTHFR = methylenetetrahydrofolate reductase; MS = methionine synthase; BHMT = betaine homocysteine
methyltransferase.



critical regulatory cofactor in the coagulation mecha-
nism. Activation of factor V by thrombin results in an
approximate 30-fold increase in activity.43 Homo-
cysteine activates factor XII44 and inhibits von
Willebrand Factor (vWF) processing and secretion.45

vWF is an important factor in modulation of factor
VIII.46 High factor VIII levels are caused by a rise in vWF.
Inhibition of vWF would then cause a decrease.

Reactive Oxygen Species and Coagulation

Homocysteine could generate ROS spontaneously.47

Sulfhydryl group of homocysteine is believed to act
catalytically with ferric or cupric ions in a mixed func-
tion oxidation system to generate hydrogen peroxide,
oxygen radicals, and homocysteine radicals.48,49

Superoxide anion, hydrogen peroxide, and hydroxyl
radical are produced during auto-oxidation of
homocysteine.50-52 Using chemiluminescence, Lang et

al53 showed that exposure of cultured endothelial cells
to homocysteine causes an increase in the intracellular
generation of superoxide anion. ROS generated by
homocysteine could produce thrombosis through vari-
ous ways. ROS is known to stimulate tissue factor54 and
to induce tissue plasminogen activator (t-PA) synthesis
but not plasminogen activator inhibitor-1.55 These ef-
fects of ROS would produce thrombus formation. This
is supported by the facts that superoxide anion and sin-
glet oxygen produced by bengal rose produced
thrombus56 and that activated leukocytes contribute to
disseminated intravascular coagulation and thrombo-
sis. Inhibition of vWF by homocysteine would work
against clotting for 2 reasons. First, vWF is necessary
for normal adherence of platelets at a site of injury. Sec-
ond, vWF forms a complex with factor VIII and regu-
lates its plasma levels. Binding of vWF to factor VIII sta-
bilizes factor VIII in circulation. Inhibition of vWF by
homocysteine would lower factor VIII. This is sup-
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Fig. 2. Effects of homocysteine on clotting mechanism.
PF-3 = platelet factor 3; HCY = homocysteine.



ported by the fact that patients with deficient vWF also
have low levels of factor VIII. However, a substantial
percentage of high factor VIII levels is not completely
vWF-mediated.46 Elastase from neutrophils activates
factor V.

Venous thrombosis associated with hyperhomo-
cysteinemia could also be due to decreased anti-
coagulation mechanism. This decrease in anticoagula-
tion could be mediated by decrease in thrombo-
modulin, protein-c activation, heparan sulfate expres-
sion, and t-PA. A schema for the effects of homo-
cysteine on coagulation pathways is shown in Figure 3.

Thrombomodulin is an endothelial cell surface
glycoprotein that promotes activation of anticoagulant
protein-c and inhibits the procoagulant activities of
thrombin. Protein-c is activated when thrombin binds
thrombomodulin, and activated protein-c inactivates
factors Va and VIIIa, and inhibitor of t-PA. t-PA converts
plasminogen to plasmin, which lyses the fibrin.
Homocysteine plays a major role in preventing
fibrinolysis. Homocysteine directly inhibits the cofac-

tor activity of thrombomodulin on the endothelial cells
by reducing the disulfide-bond-rich epidermal growth-
like structure of thrombomodulin.57 It inhibits both
thrombomodulin surface expression and protein-c ac-
tivation.58,59 It activates factor V in high concentration.42

Homocysteine inhibits expression of anticoagulant
heparan sulfate by endothelium.60 This effect is medi-
ated by generation of hydrogen peroxide through alter-
ation of redox potential. Heparan sulfate (antithrombin
III) binds to thrombin and inhibits it. Homocysteine
blocks t-PA binding to human endothelial cells.61

Vascular Injury

Homocysteine causes endothelial cell injury.62-64

Dysfunctional endothelium would lead to a decrease in
the synthesis and release of prostaglandin I2 and nitric
oxide (NO), which are inhibitors of platelet adhesion
and aggregation. Decreased bioavailability of NO with
endothelial dysfunction has been shown by Stamler et
al.49 Damage of endothelium exposes the underlying
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Fig. 3. Effect of homocysteine on fibrinolytic system.
HCY = homocysteine.



layer of collagen, which attracts platelet for platelet
aggregation.

VENOUS THROMBOSIS AND
HYPERHOMOCYSTEINEMIA

Venous thrombosis is a common disease with an in-
cidence of 0.1% to 0.2% per year.65,66 An estimated
500,000 cases of deep venous thrombosis occur in the
United States every year. This condition is a major
cause of mortality because of pulmonary embolism and
morbidity in the form of chronic venous insufficiency.
Deep venous thrombosis occurs in the deep vessels of
the arms, legs, and visceral veins. Venous thrombosis
can result from any combination of venous stasis, ve-
nous endothelial damage, and hypercoagulable state.67

The common causes of venous thrombosis include
acquired factors (cancer, fractures of leg, knee or hip
operations, use of oral contraceptives, and immobility);
hereditary factors such as deficiencies of protein-c,
protein s, and antithrombin;68 increased thrombo-
plastin generation time; high level of Factor VIII;21 and
mutations in Factor II gene14 and in Factor V gene, re-
sulting in activated protein-c resistance.69 Recently em-
phasis has been put on the homocysteine as a major risk
factor for venous thrombosis. A common and fre-
quently lethal complication of hyperhomocysteinemia
is arterial or venous thrombosis.70-72

Prevalence of venous thrombosis in patients with
homocysteinuria was first described by Mudd et al.4 It
was not until 1991 that the first association between
hyperhomocysteinemia and venous thrombosis was
reported.73,74 Thereafter, numerous clinical studies have
been carried out that provide the evidence in favor of
the link between hyperhomocysteinemia and venous
thrombosis.5,73,75-83 Most of these studies concluded that
hyperhomocysteinemia is a risk factor for venous
thrombosis.

Retrospective Studies

In a meta-analysis of 10 case control studies, the
pooled odds ratio for venous thrombosis was 2.5 for
fasting hyperhomocysteinemia and 2.6 for post-
methionine load hyperhomocysteinemia.84 The pooled
odds ratio for DVT in hyperhomocysteinemia was re-
ported to be 4.37 when patients over 60 years of age
were excluded from the studies.85 In these studies,
hyperhomocysteinemia was defined as levels of above
the 95th percentile, or 2 standard deviations above the
mean. Fasting hyperhomocysteinemia was observed in
11% of the patients with a first DVT in comparison to
4.9% in the control individuals. Hyperhomo-

cysteinemia is a common risk factor for recurrent
venous thrombosis.3 Patients with hyperhomo-
cysteinemia have most frequent thrombotic complica-
tions such as DVT.4 A plasma homocysteine concentra-
tion of more than 22 µmoles/L increased the matched
odds ratio for DVT to 4.0.78 Plasma homocysteine con-
centrations of patients (25%) with recurrent venous
thrombosis were high during fasting as well as during
methionine loading tests.78 The combination of
hyperhomocysteinemia and factor V Leiden further in-
creases the relative risk of venous thromboembolism
up to 3.6-fold.81

Two studies5,78 showed that patients with plasma
homocysteine levels above the 95th percentile had a
risk of venous thromboembolism twice that of patients
with lower levels. Falcon et al75 reported a high preva-
lence of hyperhomocysteinemia in young adults with
DVT or pulmonary embolism. However, no association
between homocysteine levels and risk of venous
thromboembolism has been reported.74,75

Prospective Studies

Prospective studies to date have been very few.
Ridker et al81 in a study of 14,916 healthy individuals
followed for 10 years reported that individuals with
moderate hyperhomocysteinemia and factor V Leiden
are at significantly increased risk of developing venous
thromboembolism compared with men with neither or
only one of these defects. Compared with men with
neither abnormality, those affected with both defects
had a 10-fold increase in risk of any venous thrombo-
embolism and a 20-fold increase in risk of idiopathic
venous thromboembolism. In a multicenter study, 264
patients with single episode idiopathic venous
thromboembolism were prospectively followed after
discontinuation of oral anticoagulant.82 Recurrent deep
venous thrombosis was observed in 18.2% of patients
with hyperhomocysteinemia compared to 8.1% of
patients with normal homocysteine levels. The rela-
tive risk of recurrent deep vein thrombosis in pa-
tients with hyperhomocysteinemia was 2.7%. No asso-
ciation was reported in patients with systemic lupus
erythematosus.86

Petri et al86 investigated the association between
homocysteine and risk of stroke and thromboembolic
events in 337 patients with systemic lupus erythema-
tosus (Hopkins Lupus Cohort Study), with follow-up of
4.8 ± 1.7 SD years. After adjustment for established risk
factors, total plasma homocysteine was found to be an
independent risk factor for stroke and arterial thrombo-
sis. An increase of one log unit of homocysteine con-
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centration led to a 2.4-fold increase in the risk of stroke
and a 3.5-fold increase in risk of arterial thrombosis.

THERAPEUTIC REGIMEN OF
HYPERHOMOCYSTEINEMIA

The method of treating elevated homocysteine lev-
els in plasma remains a matter of controversy. Reduc-
tion of dietary methionine would be the appropriate
approach in lowering plasma concentration of
homocysteine; however, it is severely limiting and vir-
tually impossible to comply with. The effective way of
decreasing plasma homocysteine concentrations is the
treatment with vitamins (folic acid, vitamin B6, vitamin
B12) because they are involved in the metabolism of
homocysteine. Folic acid decreases the plasma concen-
trations of homocysteine in normal subjects and in pa-
tients with vascular disease and chronic renal fail-
ure.11,12,87 Chauveau et al87 used folic acid (10 mg/day)
and vitamin B6 (70 mg/day) and concluded that folic
acid but not vitamin B6 was effective in lowering
plasma homocysteine concentrations. Folic acid in the
doses of 0.4, 1.0, or 5.0 mg daily for 3 months reduced
the homocysteine concentration by 30% in all treat-
ment groups (coronary artery disease) but remained
unchanged in the placebo group.88 Various doses of fo-
lic acid (0.4-10 mg/day), vitamin B12 (1 mg/day), and vi-
tamin B6 (5-300 mg/day) have been used for reduction
of homocysteine concentration in plasma.87-91 Treat-
ment with folic acid alone reduces homocysteine lev-
els in plasma by 40% to 50% within 6 weeks.90 Vitamin
B12 reduces the plasma homocysteine to a maximum of
10% to 15%.91,92 In another study (Homocysteine
Lowering Trialists’ Collaboration, 1998), after stan-
dardizing to pretreatment levels of 12 µmol/L for
homocysteine and 12 nmol/L (the average concentra-
tions in Western populations) for folate, folic acid (0.5-
5 mg daily) reduced the homocysteine concentrations
by 25%. The addition of vitamin B12 (0.5 mg daily) pro-
duced an additional reduction of 7%; however, addi-
tion of vitamin B6 (16.5 mg daily) had no effect.93 The
differences in the efficacy could be due to differences
in the doses used. In a placebo-controlled study, folic
acid in the dose of 127 µg daily in cereal increased the
plasma folate by 31%, but the decrease in the plasma
homocysteine was only 3.7%.94 They also showed that
high levels of folic acid 499 µg and 665 µg intake daily
in cereals decreased the plasma homocysteine levels
by 11% and 14%, respectively.

In a recent Farmingham offspring study in 350 sub-
jects, Jacques et al95 showed that cereal fortification in-

creased the plasma folate concentration from 11 to 23
nmol/L and decreased the homocysteine concentra-
tions from 10.1 to 9.4 µmol/L. den Heijer et al84 studied
the effects of combined folic acid (5 mg), vitamin B12

(0.4 mg), and vitamin B6 (50 mg) in patients with recur-
rent venous thrombosis. They showed that combined
vitamin supplementation effectively reduced and nor-
malized homocysteine levels in patients with recurrent
venous thrombosis. They also showed similar effects in
hyperhomocysteinemic (homocysteine level >16 µmol/
L) volunteers. Folic acid (at a dose of 5 mg or 0.5 mg) in
a subgroup of normohomocysteinemic volunteers was
as effective as high-dose multivitamin supplementa-
tions. Oral vitamin B12 had only moderate effects on the
homocysteine level.

It appears that folic acid is the cornerstone in the
treatment of hyperhomocysteinemia and that there are
reasons for using vitamin B6 and vitamin B12. Combina-
tions may have stronger effects in subjects with low vi-
tamin B12 and vitamin B6 levels. Also folate administra-
tion alone might mask vitamin B12 deficiency (subacute
combined degeneration of the spinal cord, pernicious
anemia). Mutation of the methylenetetrahydrofolate
reductase (MTHFR) gene is associated with elevated
levels of plasma homocysteine. Homocysteine lower-
ing effect of folic acid in subjects with MTHFR gene
mutations is even stronger than in those without this
mutation.

SUMMARY

Mohr96 identified skin and trophic changes as risk
factors in a population that had suffered deep vein
thrombosis either as single or multiple episodes. This
review highlights the importance of studying the asso-
ciation between high homocysteine levels, DVT, and
therefore venous leg ulcers. It also examined the bene-
fits of improved nutrition by increasing intake of foli-
ates. This line of thought must be pursued if we are to
improve our understanding and management of ve-
nous ulcers, which are the majority of lower limb
wounds.
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FOUR-LAYER BANDAGINGMOFFATT

Four-Layer Bandaging:
From Concept to Practice

Christine Moffatt, CRICP
Wolfson Institute for Health Sciences, Thames Valley University, London

The 4-layer bandage was originally designed to provide sus-
tained leg compression to patients with venous leg ulcers.
Since then, the practice of 4-layer bandaging has become
widespread in the United Kingdom. Ulcer healing rates vary
for a number of reasons. This review, by a member of the origi-

nal design team, seeks to discuss reasons of varying success
and offers advice for its appropriate usage.

Key words: compression, 4-layer bandaging, venous
ulceration

Four-layer bandaging has been in existence for more
than 15 years, during which time it has been used

in numerous studies and in many populations
throughout the world.1-6 This article will review the de-
velopment of the system and new evidence contribut-
ing to the greater understanding of the effectiveness of
the bandaging.

Four-layer bandaging was developed by a clinical
group in Charing Cross Hospital, London, to meet the
needs for an effective compression system.1 The con-
cept underpinning the bandage development was the
need for sustained compression. The group used
Stemmer’s theoretical framework, which suggested
that an external pressure of the order of 40 mm Hg at the
ankle was required to achieve ulcer healing in chronic
venous insufficiency, with lower levels of compression
required for patients with varicose veins and higher
pressures in those with venous/lymphatic disorders.7

The development of the bandage system also took ac-
count of the considerable clinical problems experi-
enced, such as high levels of exudate, and dispropor-
tionate limb sizes and shapes.8 Reducing the number of
clinical visits was also considered ideal. The aim was
to develop a system that required only weekly applica-
tion in the majority of patients. This feature of 4-layer
bandaging has contributed to the cost effectiveness of
the system through major reductions in nursing time.9,10

Graduated Compression-Mechanisms of Action

In reviewing 4-layer bandaging, it is important to
consider the accepted views on the role of compression
in promoting venous ulcer healing.11 Compression is
widely accepted as the cornerstone of venous ulcer
treatment, based on sound pathophysiological princi-
ples, but the exact mechanisms that lead to healing are
ill understood.7,12,13

The aim of compression is to reestablish normal
transluminal venous pressure by increasing extra-
vascular pressure to a level that is higher than the pres-
sure within the venous system. In applying compres-
sion, it is important to take account of the effects of
hydrostatic pressure in the upright position, which is
of the order of 90 mm Hg at the ankle. The highest pres-
sure must be obtained at the ankle, decreasing up the
limb. The taper of legs will result in graduated com-
pression providing that bandages are applied with ten-
sion. In the context of incompressible fluids, Laplace’s
law relates the surface tension (T) and radius (R) and
pressure (P) within a sphere as

P ∝ T/R.

To apply these considerations to the human leg, which
is compressible, it is essential to modify Laplace’s law.

When there is loss of calf muscle altering the natural
taper of the legs, it is difficult to achieve graduated
compression using the same tension. When this occurs,
it must be accommodated for during bandage applica-
tion. The 4-layer bandage system, during its develop-
ment, took account of these factors and modified the
technique and number of layers based on an assess-
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ment of the ankle circumference as well as the limb
shape.1 Many of patients with chronic venous disease
have large swollen legs.

Decrease in Edema

Decrease or removal of edema is an important prop-
erty of an effective compression system.11 Compression
therapy has been shown to improve superficial skin
lymphatic function as well as lymph transport within
the subfascial system.14 External compression reduces
edema in a number of ways. Compression stimulates
lymph formation and therefore lymph flow.15 Compres-
sion may also help capillary ultrafiltration. Removal of
edema has been demonstrated by videomicroscopy to
increase skin capillary density,16 though this could be
an “unmasking” effect. In other words, decreasing
edema permits capillaries to be visualized. Cutaneous
metabolism may improve following edema reabsorp-
tion due to the enhanced diffusion of oxygen and other
nutrients required for cell metabolism in the skin and
subcutaneous tissues, though evidence is lacking.
Compression may play an important function in pre-
venting the cyclical reperfusion injury that has been
postulated to cause venous ulceration.17,18 It has also
been suggested that one of the important mechanisms
of compression is through an anti-inflammatory effect
rather than reliance on hemodynamic changes. Com-
pression is thought to promote movement of neutro-
phils through the microcirculation; this could prevent
margination and adherence to the endothelium, and
the activation and release of free radicals causing tissue
necrosis.17

Decrease in Venous Volume

A number of studies have shown that compression
decreases the venous volume in the lower limb.19,20

Compression may potentially increase venous tone (re-
duce diameter).21 Partsch using radioactive methods
showed that external pressure of 40 mm Hg reduced ve-
nous volume in the horizontal position, and a similar
effect was found in the upright position using air-
plethysmography.11

Reduction in Venous Reflux

One of the most important effects that compression
may have is the reduction of venous reflux.22 When ve-
nous valves are damaged, reflux occurs, leading to high
ambulatory pressures in the leg veins. Constant

changes in position between elevation of a limb and de-
pendency is thought to contribute to the cycles of
inflammation leading to reperfusion injury. Limiting
these cyclic events could be of importance to ulcer
healing.23 Patients with venous ulceration may have
ambulatory pressures in excess of 90 mm Hg.24

Four-layer bandaging (elastic) and short-stretch ban-
daging using inelastic material have been found to de-
crease venous reflux in patients with proven popliteal
deep venous incompetence25 compared to other long-
stretch elastic bandages. The latter would act as a
“rigid” structure during calf muscle contraction and
limit expansion. This would result in pressure peaks
within veins during ambulation.

These findings suggest that 4-layer bandaging acts in
different ways, providing a sustained level of compres-
sion while acting as a short-stretch regime providing a
rigid structure against which the calf muscle contracts
forcing pressure inward and resulting in peaks of pres-
sure during exercise. These results are not surprising
given the structure of the layers within the system.
While layer 3 in all 4-layer systems is highly elastic,
with a wide extensible range, the outer cohesive layer
has a much shorter extension; this could contribute to
the short-stretch effect. The properties of 4-layer ban-
daging, to sustain the compression level while retain-
ing position on the patient’s limb and its ease of use,
have contributed to its success.

Improvement in Venous Pump Function

External compression has been shown to have an
important effect on the venous pump, causing an in-
creased expelled volume.26,27

Many patients with chronic venous disease have im-
paired calf muscle pump function.19 Factors such as re-
duced general mobility and, more important, ankle mo-
bility may be considered to impact the calf muscle
function.28 Studies have shown that with reduced or ab-
sent ankle function, venous ulcer healing is signifi-
cantly reduced.29,30 New evidence suggests that foot de-
formities such as equinos deformity are extremely
common in patients with ulceration with a delay in
healing.31 Patient comfort and acceptability of the ban-
dages is important when considering the effectiveness
of compression bandaging.32 A number of studies eval-
uating 4-layer bandaging in randomized control trials
and cohort populations have shown the important im-
provements in quality of life and reduction of pain.33

No explanations were offered to account for these
observations.
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Changes in Lipodermatosclerosis
and the Microcirculation

A number of studies have shown the effect of com-
pression on stimulating fibrinolysis.34-37 Removal of
protein-rich edema through enhanced lymphatic func-
tion is also important in slowing and reversing the pro-
liferation of liposclerotic dermal tissue.11

A number of authors have sought to examine the ef-
fect of compression on the venous and arterial
microcirculation. Mayrovitz and Larsen observed that
compression increased arterial pulsatile flow and pos-
tulated that this could lead to fewer leucocytes being
trapped in the microcirculation. This would be benefi-
cial for tissue nutrition. Pulsatile flow was not main-
tained when the subbandage pressure fell over time,
underlying the need to provide a level of sustained
compression.38

Reproducibility of Graduated
Compression Profiles

Different bandages lead to different gradients along
legs and therefore differing levels of compression.39

There is variability between bandages and bandaging
systems,40 and nurses must be trained in bandaging.41

The dynamic effects of compression during exercise
are under study.42

During the development stage of the 4-layer ban-
dage, studies were done to determine the system’s abil-
ity to retain pressure over time; the pressures achieved
were also reproducible in a range of patients.

Hafner compared 8 different bandage systems on 10
healthy volunteers using an electropneumatic device
to measure the subbandage pressure at 12 points on the
legs. Four-layer bandaging lost the least pressure over
the day (6.00 mm Hg, range 0.0-10.5 mm Hg) compared
to short-stretch bandages (18.00 mm Hg, range 16.5-
20.5 mm Hg, P = .005).43 Other authors have shown that
elastic regimes are more likely to sustain pressure than
inelastic ones.44

A number of authors showed that pressures fluctu-
ate during exercise.44 Partsch noted that 4-layer ban-
daging was associated with a rise in pressure up to 45
mm Hg during walking but that at rest the pressure
never fell below 40 mm Hg.25 Taylor compared 2
multilayer bandage systems and found variations in
pressure related to the position in which the patient
was bandaged. Those bandaged in a sitting position
with a 90° angle at the knee had accurate pressure gra-
dients, compared to those bandaged in a semi-
recumbent position. In the latter subbandage, pres-

sures decreased when the patient changed to a sitting
position.45 This was likely due to the changes in calf cir-
cumference during contraction and relaxation of the
calf muscle. The pressures at the knee and ankle were
similar to those achieved in the semirecumbent
position.

While of interest, the significance of minor changes
in subbandage pressures with changes in position is
unknown.46 The issue is further complicated by the dif-
ficulties associated with pressure measurement and
the variations between different techniques. In prac-
tice, this is likely to be unimportant.

Practical Issues

The methods used to apply 4-layer bandaging have
been described.1,47 However, in reviewing the concepts
underpinning the system, it is important to examine
the rationale for how the bandage is applied and ways
of adapting it to different patient groups.

Indications for Use

Four-layer bandaging is considered a high-compres-
sion bandage system (subbandage pressure 35-40 mm
Hg at the ankle) incorporating elastic layers to achieve
sustained compression. The system is primarily used
in the treatment of venous ulceration and achieves
healing in patients with deep and or superficial venous
incompetence. Four-layer bandaging may be used in
patients unable to wear elastic hosiery,8 and this could
limit recurrence. The added short-stretch effect noted
in 4-layer has made this a useful treatment option for
lymphoedema, although modifications to the applica-
tion are required, such as full-length bandages and ad-
dition of foam and alternative upholstery material.
New indications for the use of 4-layer have been re-
cently reported, including conditions where edema is
problematic to wound healing, such as pretibial lacera-
tions and traumatic wounds (Table 1).

During the early stages of the bandage development,
the system (sometimes 3 layers) was adapted so that re-
duced levels of compression could be applied to pa-
tients with mixed arteriovenous ulcers.2 These patients
may need medical or surgical treatment as indicated by
their vascular disease. A patient presenting with a leg
ulcer should have his or her history taken and undergo
a clinical examination before the ankle to brachial pres-
sure index is determined using a Doppler ultrasound
probe. When arterial or mixed arteriovenous disease is
detected, a vascular opinion is needed to determine
management.
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Contraindications

There are circumstances in which sustained com-
pression is contraindicated.50 Patients with decompen-
sated congestive heart failure should not receive high-
compression bandaging as it might exacerbate their
condition. Patients with arterial disease should not re-
ceive compression. Patients with mixed arteriovenous
leg ulcers have benefited from mild compression. How-
ever, due to the nature of the condition, careful supervi-
sion is essential. Patients with diabetes mellitus and
venous ulcers often do not receive compression ther-
apy. Each patient with diabetes mellitus and leg ulcers
should be judged individually. However, it is essential
that a correct diagnosis of ulceration is established.
Care should be taken before offering sustained com-
pression to patients with peripheral neuropathy as they
will not be conscious of pressure on leg or foot skin,
which can lead to necrosis. Similarly, patients with
rheumatoid arthritis may receive high-compression
therapy. Studies have shown that these patients have
venous disease with an increased rate of venous refill-
ing.51 The protective function of 4-layer can be helpful
in some patients who are highly susceptible to skin
trauma with dermal thinning due to regular use of
corticosteroids. Compression should be avoided in the
small percentage of patients with vasculitic ulceration
as this could exacerbate the microcirculatory dysfunc-
tion and lead to extensive tissue necrosis.52

Patient Assessment

Clearly the most important goal of assessment is to
determine the etiology of ulceration. Assessment
should include careful wound and skin assessment.
Simple contour tracing of the ulcer or photography is a
reliable indicator of treatment effect. A number of au-
thors have proposed that the rate of healing in the first
few weeks of treatment is predictive of outcome53; so far
these proposals remain unverified.

Studies have found a number of independent factors
associated with delayed ulcer healing. These include
increased ulcer size, long ulcer duration, levels of gen-
eral and ankle mobility, and social factors such as liv-
ing alone and being male.28,53 Some studies have found
the presence of deep vein incompetence, a history of
deep vein thrombosis, and lipodermatosclerosis as pre-
dictive of healing, but the results from different studies
are often conflicting.54 The psychological status of the
patient in relation to healing has not been examined
systematically. New research has found that social iso-
lation, levels of pain, and clinical depression are asso-
ciated with delayed healing and supports the need for a
comprehensive patient assessment.55 Pain occurs in
some 80% of patients with venous ulceration, and
practitioners frequently fail to assess or treat appropri-
ately.56

The quality-of-life research in this field has shown
that pain reduces with compression, although a slight
increase may occur during the first weeks of applica-
tion.32,57 Patients should be warned of this fact and be
advised to take regular analgesia and rest with their legs
elevated. Successful use of compression requires atten-
tion to these issues. Patients must be psychologically
prepared and committed to receive treatment as well as
understanding the significance of compression as the
central treatment modality. While practitioners fre-
quently describe these patients as poorly compliant
with compression, there is little evidence for accepting
this view.58 Gaining patient acceptance of therapy is as
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Table 1. Clinical Indications for Use of
4-Layer Bandaging

Four-layer Treatment of venous ulcers
Chronic venous insufficiency
Recurring ulcers

Other uses 1. Traumatic wounds with local edema, for
example, pretibial lacerations

2. Lymphoedema

Table 2. Recommendations for 4-Layer Bandaging
(based on the current

Royal College of Nursing
and Sign Guidelines48,49)

Pressure

Full compression
ABPI > 0.8 Four-layer bandaging 35-40 mm Hg

Reduced compression
ABPI > 0.7 Three-layer, orthopedic wool,

crepe, cohesive layer
(layer 4) of 4LB 23 mm Hg

ABPI > 0.5
< 0.7 Three-layer, orthopedic wool,

crepe, long-stretch elastic
layer (layer 3) of 4LB 17 mm Hg

ABPI < 0.5 Compression contraindicated —

ABPI = ankle to brachial pressure index.



much the responsibility of practitioners as it is of
patients.

It is beyond the scope of this article to review appro-
priate skin care and dressing selection.59 Skin
hydration remains a priority, avoiding products that
may cause contact dermatitis. Patients should be tested
for contact allergy when indicated. The research on the
use of dressings in venous ulcer healing has found little
evidence that one dressing type is superior to another
or that healing rates can be substantially altered pro-
vided adequate compression is used. For the majority
of patients, simple, nonadherent dressings that avoid
trauma to both the wound and surrounding skin are
recommended.50

In use, limbs should be assessed to identify foot de-
formities or deformed gait, as this may modify the way
bandages are applied. For proper use, ankle circumfer-
ence must be measured to ensure the correct combina-
tion of bandages is used and any change in the normal
contour of the limb noted.

Normal Application of 4-Layer Bandaging

Table 3 outlines the application issues relating to 4-
layer bandaging systems. It is important to stress that
numerous multilayer combinations are mentioned in
the literature and many of these do not have the same
characteristics of generic 4-layer systems. The careful
design of the original Charing Cross 4-layer was based
on a thorough knowledge of the compression profiles
of each bandage and of their combined effect, which
have provided a template for other systems that have
since developed. It is often assumed that any combina-
tion of bandages constitutes a 4-layer bandage system.
Bandages may be designed to apply higher levels of
pressure using one layer alone (subbandage pressure
35-40 mm Hg at the ankle), and developing multilayer
systems using these could be counterproductive.

It is debated whether elastic bandages should be ap-
plied over the foot. In the 4-layer system, the elastic lay-
ers are applied with extension from the base of the toes
to prevent foot edema. Many patients develop
lymphoedematous changes of the toes. This may be
overcome by bandaging the toes with a light, mildly ex-
tensible cotton bandage.

The orthopedic padding incorporated into the 4-
layer systems is now considered essential beneath any
compression bandage. Areas at risk of high pressure in-
clude the dorsum of the foot. It is important to note that
compression damage is a well-known adverse frequent
event and in extreme cases may result in reconstructive
surgery or death in patients with concurrent arterial
disease.60 The orthopedic wool layer must protect all

vulnerable sites on the foot and limb. Damage to the
Achilles tendon area may result from bandage slippage
and subsequent pressure. The tibial crest is frequently
subjected to high levels of pressure as evidenced on
bandage removal in some patients with thin limbs but
may also occur in men with a prominent tibial crest and
little overlying subcutaneous tissue. Pleating of the or-
thopedic wool or addition of a strip of wool over the
area is an easy way of overcoming problems. Addition
of a light cotton tubular bandage next to the skin may be
needed in patients particularly prone to varicose
eczema; the padding layer must cover all vulnerable
areas. Extra orthopedic wool may be used to recontour
a limb with reduced calf muscle.

The crepe bandage adds extra absorbency and
smoothes down the orthopedic layer prior to applica-
tion of the 2 compression bandages. It is rarely neces-
sary to use a second bandage even if the crepe is a little
short.

The 40 mm Hg pressure within the 4-layer system is
applied to the limb by the 2 outer elastic bandages. The
first of these is a highly extensible bandage that is ap-
plied at 50% extension with a 50% overlap using a fig-
ure 8 technique. In “inverted champagne bottle”
shaped limbs, the figure 8 application can be widened
to conform with shape. If greater pressure is required
over an oedematous calf, this can be achieved in a num-
ber of ways: increasing bandage extension, increasing
overlap, and adding additional layers. Similarly, in pa-
tients with thin limbs the pressure can easily be re-
duced using the same principles, for example, decreas-
ing bandage extension. The wide extensibility curve in
these bandages prevents excessive increases in pres-
sure even with poor technique.

The Elastic Bandage

The final layer of bandaging applies compression. A
frequent misconception is that the outermost cohesive
layer is merely to maintain the bandage position. How-
ever, this layer provides the higher level of compres-
sion and should not be overextended. The cohesive
layer should not be applied next to the skin unless the
bandage is known to be free of latex in order to dimin-
ish contact allergy from allergens.

Adaptations to the 4-Layer Bandage System

During the development stage, pressure-monitoring
studies revealed the importance that ankle circumfer-
ence and limb shape played in achieving correct com-
pression profiles. Adaptations to the system have been
made accordingly (Table 4). A simple ankle circumfer-
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ence allows for the correct combination of bandages to
ensure that a pressure of approximately 40 mm Hg is
applied. Thin limbs with a circumference of 18 cm re-
quire additional padding. In these patients, the elastic
bandages are substituted for those with a higher elastic
modulus. Care should be taken with these bandages to
ensure correct bandage extension, using bandage sym-
bols, when present, to aid this process. The limb cir-
cumference should be regularly remeasured as rapid
loss of edema in the first few weeks of treatment may re-
quire a change in bandage combination.

COMMONLY RAISED ISSUES
RELATING TO 4-LAYER BANDAGING

Should 4-Layer Bandaging Be Discontinued
During an Episode of Cellulitis?

The priority is to initiate antibiotic therapy. Mild
compressive support may be well suited once the acute
stage is overcome.

How Can the Odor Associated
With Leg Ulceration Be Controlled?

Ulcer odor is common and distresses patients. It oc-
curs frequently in the early stages of treatment. It may
be managed by using dressings containing charcoal
and appropriate choice of dressings to manage exudate.
As ulcers heal, edema and exudate levels decrease,
odor diminishes. It may be necessary to swab ulcers to
deter colonizing organisms.

How Long Should 4-Layer Bandaging
Be Continued before Hosiery Is Applied?

There is no clear research evidence to guide deci-
sions relating to this issue. A pragmatic approach sug-
gests that 4 weeks are needed to ensure that the ulcer is
well covered and that the skin is strong enough to cope
with elastic hosiery.

It is important to apply the hosiery immediately af-
ter bandage removal to prevent edema formation dur-
ing the interim period.

Can 4-Layer Bandaging Be
Applied above the Knee?

While the majority of patients only require below-
knee bandaging, patients with lymphatic disorders
may require full-length bandaging as well as other
treatments, including manual lymph drainage and re-
medial exercises. It is often useful to bandage the limb
in 2 sections, making sure the knee is flexed when the
thigh is bandaged in a standing position.

The Effectiveness of 4-Layer Bandaging

Since its inception, the 4-layer bandaging system
has been the subject of intense scrutiny since venous
ulcers need effective management. A meta-analysis of
randomized controlled studies by the Cochrane
Wounds Group concluded that “some compression
was better than none,”61 conferring quality statistical le-
gitimacy to compression, a treatment hitherto based on
observation. A number of cohort studies (see Table 5)
have yielded varying healing rates based on 4-layer
bandage use as well as the utmost importance of nurse
training in bandaging and assessment skills. Regardless
of variations in healing rate success using 4-layer sys-
tems, it is considered cost-effective mainly with re-
spect to saving nurse time.9,62-64 Experience also suggests
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Table 4. Modifications to the 4-Bandage System
Based on Ankle Circumference Measurement

(subbandage pressure of approx.
40 mm Hg applied to all limbs)

Ankle circumference 2 or more orthopedic wool
Less than 18 cm 1 crepe

1 elastic conformable
1 elastic cohesive

18-25 cm 1 orthopedic wool
1 crepe
1 elastic conformable
1 elastic cohesive

25-30 cm 1 orthopedic wool
1 high-compression bandage
(approx. pressure 35 mm Hg)*

1 elastic cohesive

> 30 cm 1 orthopedic wool
1 elastic conformable
1 high-compression bandage
(approx. pressure 35 mm Hg)*

1 elastic cohesive

*Increase in ankle circumference reduces subbandage pressure
applied.

(text continued on p. 24)
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that it has uses in other lower extremity wound man-
agement.65 The constituents of 4-layer bandages are
commercially available (Table 6).

Types of 4-Layer Bandage Systems

During the last few years, a number of other
multilayer systems have been developed based on the
original concept.66,67 Bandage testing has revealed some
minor differences in the bandage performance and
characteristics.68,69 The original Charing Cross System
has been compared with Profore™ in a large, 232-pa-
tient randomized controlled trial, and no significant
differences were found at 24 weeks, although a small
benefit toward Profore was noted at 12 weeks.70,71

Vowden et al evaluated the healing rates of K-Four™
(Parema) in a noncomparative study and found a heal-
ing rate of 53% at 12 weeks consistent with other stud-
ies.72 All bandaging systems were equal at 24 weeks.

CONCLUSION

Since its introduction some 12 years ago, the use of
4-layer bandaging has grown widely, offering a reliable
means of sustained compression to many patients with
venous leg ulcers. Research into its use has also identi-
fied the need for bandaging skills and led to its
implementation.
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LIVING SKIN EQUIVALENTSPHAM ET ALSECTION HEAD?

Using Living Skin Equivalents
for Diabetic Foot Ulceration

Hau T. Pham, DPM, Jeremy Rich, DPM, and Aristidis Veves, MD, DSc
Harvard Medical School, Department of Surgery,

Joslin-Beth Israel Deaconess Foot Center, Beth Israel Deaconess Medical Center, Boston, Massachusetts

Diabetic foot ulcers are a major clinical challenge with enor-
mous socioeconomic consequence. All advances in the un-
derstanding and management of this problem are eagerly re-
ceived by wound specialists. The development of
bioengineered skin—living skin equivalent—is an interesting

event that could be significant in the management of lower
extremity wounds such as the diabetic foot ulcer.

Key words: diabetes mellitus, diabetic foot ulceration,
wound healing, skin grafts, living skin equivalents

The lower extremity wounds of patients with diabe-
tes mellitus are particularly challenging to man-

age. Treating diabetic foot ulcers (DFUs) carries a high
economic and social burden for many health care sys-
tems. For example, in the United States, the direct eco-
nomic cost of diabetic foot ulcers alone was estimated
to be at $150 million in 1986. Each year, diabetic foot
pathology afflicts approximately 7% of diabetic pa-
tients and is the leading complication resulting in hos-
pitalization.1-6

Because of the enormous physical, psychological,
and economic costs of DFUs, adherence to a compre-
hensive wound care regimen is paramount to enhance
healing time.7 A recent meta-analysis study demon-
strated that with satisfactory wound care, 24% of DFUs
healed after 12 weeks and 31% healed after 20 weeks.8

While proper wound care has been shown to assist
healing in DFUs, efforts to develop better methods con-
tinue largely due to the disturbing fact that failure to
heal DFUs can lead to lower limb amputation.9,10 The
multidisciplinary approach to treating DFUs has been
demonstrated to be the most successful and cost-
effective manner to prevent the potentially devastating
complication of amputation. Unfortunately, DFUs con-
tinue to be challenging. Despite numerous treatment

modalities, the diabetic-related lower limb amputation
rate has increased over the last decade.

For several decades, researchers have sought meth-
ods to procure sheets of natural or synthetic human
skin to treat skin defects. In 1975, researchers initially
focused on the cellular components of the skin. From
skin biopsies, researchers were able to grow sheets of
keratinocytes in vitro.11 Living skin equivalents (LSEs)
were the first products after years of research in tissue
engineering. Consequently, scientists cultured
fibroblasts in vitro, and the combination of natural, ani-
mal, and synthetic products imparted stability to these
skin cells. Living skin equivalents have demonstrated
promise as an adjunctive therapy for the treatment of
burns and acute and chronic wounds. This review will
discuss LSEs and their applications to treating DFUs.

LIVING SKIN EQUIVALENTS
IN THE CLINICAL PRACTICE

The exact physiological mechanism of living skin
equivalents remains unclear and under considerable
discussion. However, it is theorized that epidermal
cells provide a temporary coverage for the wound until
the host cells can play an active role in wound healing.
It is hypothesized that stimulation of host cells to pro-
liferate occurs due to the release of growth factors and
cytokines by neonatal epidermal cells. Also, the
wound contains an extracellular matrix, which has
been described as a “smart matrix,” thereby recruiting
the cells necessary for healing to the particular wound
site.
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Cadaveric Allograft

Cadaveric allograft skin has been used successfully
in providing temporary coverage of full-thickness
burn wounds.12 The cadaver skin functions by closing
and protecting the wound, thereby preventing life-
threatening infections in an already compromised burn
patient. The cadaver skin is often removed at a later
date, leaving behind a well-vascularized wound base
that makes autografting more likely to take. While this
method has been proven to be life saving in many cases,
the demand for cadaver skin is high and therefore not
often readily available. Other potentially serious com-
plications include the possibility of graft rejection and
transmission of disease.13,14 Transmission of disease
may also occur because of the potential lack of effec-
tiveness in screening capabilities. Moreover, at the time
of graft harvesting, certain transmittable diseases may
not be fully expressed thereby causing further diffi-
culty in screening procedures. The cadaveric allograft
can be treated chemically to eradicate any infectious
agents. However, the process itself can result in an in-
ert, acellular dermal matrix with limited viability.15 The
process of cryopreservation presents a satisfactory al-
ternative to prevent cadaver allograft of transmittable
pathogen.16 Cryopreservation also affords the allograft a
longer storage life and availability. However, it may
permit the allograft to become more susceptible to
sloughing off the wound bed.

Cultured Epidermal Replacements

Cultured epidermal grafts have been used success-
fully in treating burns and chronic wounds.17-19 A cul-
tured epithelial autograft technique is available for use
in the United States (Epicel, Genzyme Tissue Repair
Corporation, Cambridge, MA). The disadvantages with
this technique include the high cost of dispensation, a
mandatory biopsy prior to application, and a 2- to 3-
week delay in grafting to allow for adequate epithelium
to be cultured.

Conversely, cultured keratinocyte allografts were
developed to be readily available with no inherent time
delay prior to grafting.19 Keratinocyte allografts can be
cryopreserved, allowing for a longer shelf life and in-
creased viability.16 Cultured keratinocyte allografts are
derived from neonatal foreskin cells. They can be
placed in both acute and chronic wounds. Keratinocyte
allografts have been used successfully to provide tem-
porary wound coverage and stimulate wound heal-
ing.20-23 It has also been found that cultured cells stimu-

late the wound to heal from the edge, a normal healing
process known as wound contraction.24

Limitations to these allografts include their expense
and the additional risk of disease transmission due to
their allograft nature. Another disadvantage with
keratinocyte sheets is that they are fragile and therefore
very difficult to handle. For example, they may fall
apart if not held onto a backing material. A dermal bed
to support the epidermal component may add to the
stability and durability of the cultured skin.

Dermal Replacements

As discussed earlier, the epidermis is fragile when
not supported by a dermal layer. Therefore, the cultiva-
tion of an adequate dermal substitute was created.25

The dermal component plays an important role in
wound healing. It can have positive effects on epithe-
lial migration, differentiation, attachment, and growth.
The first dermal graft used a collagen-based analog of
bovine collagen and chondroitin 6-sulphate with an
outer silastic cover (Integra, Integra Life Sciences Cor-
poration, Plainsboro, NJ).26 This dermal graft was used
principally in burn patients.25

Dermagraft

Dermagraft is a variation of a preliminary composite
graft. In place of bovine collagen, fibroblasts from
neonatal foreskin were grown on a nylon mesh and
covered with an outer silicone layer (Dermagraft-
Transitional Covering, Advanced Tissue Sciences, Inc,
La Jolla, CA).27 Dermagraft is designed to cover the der-
mal layer of skin and to provide a stimulus to improve
wound healing.28 Histological cross sections of Derma-
graft demonstrate collagen fibers arranged in parallel
bundles, similar to the configuration in human skin.

Human fibroblasts are procured from newborn fore-
skin that is typically discarded following surgical cir-
cumcision.29 Supporting the fibroblasts is a mesh com-
posed of proglactin 910, a product commonly used in
surgical suture and wound support. To ensure safety of
the product, maternal blood samples are screened for
exposure to infectious diseases.29 Maternal blood sam-
ples are tested for HIV, herpes simplex virus, hepatitis
virus, and numerous other pathogens. The fibroblasts
themselves are scrutinized for infectious agents prior to
cultivating and again at several stages during and after
the manufacturing process.29 The Dermagraft is
cryopreserved and as a result may lose some viability
and therapeutic effect.

Dermagraft acts on wounds through cell coloniza-
tion and provision of growth factors and cytokines.30
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Preclinical studies in animals indicated that
Dermagraft incorporates rapidly into the wound bed
and vascularizes considerably during the process.27,28

Preclinical data also suggested that Dermagraft might
present the additional benefit of limiting wound con-
traction and scarring.

Dermagraft is supplied as a 2-inch by 3-inch graft
sealed in a bag and placed in dry ice. Prior to applica-
tion, Dermagraft must be rapidly thawed, warmed, and
rinsed with sterile saline. The wound may be traced
through a translucent packaging, with the graft cut to
the particular size and dimensions of the wound. Fol-
lowing application to the wound, secondary dressings
are used to maintain the graft in place and produce a
moist environment.

Dermagraft in Diabetic Foot Ulceration

Dermagraft was initially proven useful in excised
burn wounds.31 The prevalence of diabetic wounds
prompted a study to investigate the therapeutic effi-
cacy in DFUs. A small pilot study was conducted on
DFUs over a 12-week period.32 Fifty patients were en-
rolled and divided into 4 different treatment groups.
Three of the 4 treatment groups received Dermagraft in
numerous application techniques in addition to con-
ventional wound care over a 12-week period while the
control group received only conventional care. In all
the groups, patients were matched with similar demo-
graphic characteristics. After 12 weeks, the group
treated with Dermagraft in 8 separate applications
achieved considerably better wound healing than the
other 3 groups. Moreover, the percentage of complete
wound closures in this group was considerably better
than the control group. Patients treated with
Dermagraft also had no ulcer recurrence over a 14-week
follow-up period.

Consequently, a large, multicenter prospective
study was undertaken to investigate the effectiveness
of Dermagraft on DFUs.33 Two hundred eighty-one pa-
tients were enrolled at 20 centers. Patients were ran-
domized to receive either Dermagraft weekly for a total
of 8 applications or conventional dressing alone. The
control group consisted of 126 patients who were
treated with standard care and exhibited a 32% healing
rate at the end of week 12. One hundred nine patients
received Dermagraft treatment, achieving a 39% heal-
ing rate by the end of week 12. This finding was a statis-
tically nonsignificant result between the 2 groups. Fur-
thermore, there was no difference with regard to
adverse events, infection, or surgical intervention in
the aforementioned investigation.

Following this study, it was realized that several
study patients who were not in the indicated metabolic
range received an application of Dermagraft. As a re-
sult, a follow-up study was constructed.33,34 Thirty-nine
patients at 12 centers completed the 12-week evalua-
tion in this nonrandomized study and all received
Dermagraft with the appropriate metabolic range to en-
sure fibroblast recovery and new protein synthesis after
implantation. The results demonstrated that these pa-
tients had a 51% complete healing. This finding was
very similar to the group that received metabolically
active product in the previous study.35 Moreover,
smaller, noncontrolled studies have shown similar
success for Dermagraft.36 Dermagraft is currently under
consideration for the application in DFUs following
completion of a new multicenter study.

Composite Replacements

Composite replacements incorporate both epider-
mal and dermal components. They are allogenic,
bilayered skin equivalents consisting of a well-
differentiated human epidermis and a dermal layer of
bovine collagen containing human fibroblasts. The first
composite replacement developed, cultured skin (CSS,
Ortec International Inc, New York, NY), integrated neo-
natal keratinocytes and fibroblasts cultured in a dis-
tinct bovine type I collagen layer.37 This skin replace-
ment was found to have limited uses. Its use has been
confined primarily to burn patients and has shown
some efficacy for epidermolysis bullosa.

Graftskin (Apligraf®)

Due to limitations of the initial composite replace-
ment, a composite graft with multiple applications was
developed for the coverage of full thickness wounds.
Graftskin (Apligraf) is a bioengineered, allogenic com-
posite graft consisting of human epidermal cells, hu-
man fibroblasts, and type I bovine collagen (Graftskin,
Organogenesis Inc., Canton, MA).38-40 Apligraf simu-
lates both the epidermis and dermis and provides 4
components: epidermal keratinocytes, well-differenti-
ated stratum corneum, extracelluar matrix, and viable
allogenic dermal fibroblasts.

The keratinocytes that form the epidermis also gen-
erate growth factors to encourage wound healing and
achieve biologic wound closure. The keratinocytes ini-
tially multiply and then differentiate to replicate the ar-
chitecture of the human epidermis. The stratum
corneum imparts a natural barrier to mechanical dam-
age, infection, and wound desiccation. The extra-
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cellular matrix incorporates type I bovine collagen or-
ganized into fibrils and fibroblast-produced proteins.
This matrix promotes the ingrowth of cells, supports
the scaffold for the 3-dimensional structure of
graftskin, and grants mechanical stability and flexibil-
ity to the skin equivalent.

Apligraf is produced under aseptic conditions. Both
the dermal fibroblasts and keratinocytes are derived
from neonatal foreskin. To ensure safety, blood samples
of the maternal parent of the foreskin donor are
screened and compared to normal ranges. Tests for a
large number of infectious agents are performed, in-
cluding anti-HIV virus antibody, HIV antigen, hepati-
tis, Epstein-Barr virus, and herpes simplex. Moreover,
the donor cells are examined for any possible infec-
tious pathogens and also for tumorigenic potential.
Type I bovine collagen is extracted from the digital
extensor tendon. This tendon is frozen, washed,
grounded, acid extracted, salt precipitated, and acid
treated again. The final product is a sterile purified
collagen.

Apligraf is supplied as a circular sheet approxi-
mately 3 inches in diameter in a container with gel-
cultured medium. This product contains the entire ma-
trix of proteins and cytokines present in human skin.
However, it does not contain Langerhans cells,
melanocytes, lymphocytes, macrophages, blood ves-
sels, sweat glands, and hair follicles.

Prior to application of Apligraf, the wound bed
should be debrided extensively of all necrotic tissue.
The graft is then removed from its container and posi-
tioned with the dermal layer in direct contact with the
wound bed. Apligraf may be trimmed to size; overlap of
the graft over the wound edge onto healthy surround-
ing tissues will not cause any harm. Also, meshing of
the graft material allows for coverage of larger wounds
and has the additional benefit of permitting drainage
during the incorporation process. Furthermore, sec-
ondary nonadhesive dressings are used to maintain the
position of the implant and to sustain a moist wound
environment.

Graftskin (Apligraf) in Diabetic Foot Ulceration

Following the success of using Apligraf to treat ve-
nous leg ulcerations, a prospective, multicenter, ran-
domized, controlled clinical trial was conducted to
evaluate the efficacy of this LSE in the treatment of
chronic DFUs.39-42 A total of 208 patients were enrolled
in 24 medical centers across the United States. Enroll-
ment criteria included full-thickness diabetic,
neuropathic ulcers of greater than 2 weeks in duration
with adequate circulation as evidenced by Doppler in-
sinuation of the posterior tibial and dorsalis pedis

pulses. Patients were excluded from the study if there
was any evidence of clinical infection at the ulcer site,
significant lower extremity ischemia, active Charcot
neuroarthropathy, or an ulcer of nondiabetic
pathophysiology. Study patients were followed up at
12 weeks with an additional 3-month follow-up period
to scrutinize any potential adverse effects.41,42

Of the 208 patients, 96 were randomized to the con-
trol group, receiving currently available standard treat-
ment. This treatment consisted of saline-moistened
gauze changed twice daily. Also, all the patients were
instructed to avoid weight-bearing on the affected foot
by using crutches or a wheelchair. The remaining 112
patients were randomized to the treatment group. In
the treatment group, the ulcer was debrided and
graftskin was applied in the prescribed aseptic tech-
nique. Maximums of 5 applications of the living skin
equivalent were applied. After the fourth week, both
the treatment and control groups received identical
standard wound care treatments.

The results of this multicenter study demonstrated
that Apligraf-treated patients had higher rates of com-
plete wound healing when compared to patients
treated with the standard care wound regimen. Com-
plete wound closure in the LSE treatment group re-
quired an average of 3.9 applications per patient. The
median time for 100% wound closure was also re-
duced to 65 days in the graftskin group compared to 90
days for the control group.

Moreover, Apligraf-treated ulcerations demon-
strated diminished wound undermining, maceration,
exudate, eschar, and fibrin slough. Furthermore, the
rate of osteomyelitis and lower limb amputations was
lower in this group. Ulceration recurrence was noted to
be slightly lower in the LSE treatment group. This find-
ing may suggest that wound healing with Apligraf re-
sults in wound closure with comparable viscoelastic
properties to healing by secondary intention.

Adverse events such as wound infection and
cellulitis were not significantly different in either the
treatment or control groups. Previous studies have
demonstrated that graftskin does not elicit
immonogenicity from the host and hence rejection of
the graft is not a concern. It has been postulated that an
immunological response does not occur because the
neonatal fibroblasts lack the HLA-DR surface antigens,
the antigens responsible for generating allograft rejec-
tion.39

Apligraf has also been used with some success for
the treatment of thermal injury, epidermolysis bullosa
in newborns, acute surgical wounds, and for the donor
site in split thickness skin grafts.43-46 Moreover, this LSE
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may aid wound healing in difficult wounds in diabetic
patients with end-stage renal disease. Unpublished
data from the authors’ institution suggest that diabetic
patients with end-stage renal disease on hemodialysis
were able to achieve complete wound healing of
chronic foot ulcers with both standard wound care and
offloading techniques.

CONCLUSION

Although LSEs have demonstrated improved
wound healing rates and improved wound closure,
their use imparts a considerable financial cost and
therefore should be reserved for recalcitrant,
noninfected foot ulcers that have failed to respond with
standard care. However, the large financial cost of foot
ulceration suggests that even expensive new modali-
ties may be cost-effective when evaluated over the long
term.47,48 Until statistically rigorous cost analysis stud-
ies are performed, LSEs will remain an adjunct for the
management of DFUs that are resistant to the currently
available standard of care. If a foot wound does not
demonstrate significant progress in healing (closing at
less than 0.1 cm2/week, after 4 weeks of standard
wound care), then the use of a proven adjunctive ther-
apy, such as LSEs, may enhance the healing potential.
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ODURNYTREATMENT OF THE CRITICALLY ISCHEMIC LIMB

Radiological Investigation
and Treatment of the Critically

Ischemic Limb—A Review

Allan Odurny, MB, ChB
Southampton University Hospitals Trust NHS, Southampton, UK

The contribution of radiological investigation and treatment
in the management of the critically ischemic lower limb is re-
viewed. The methods of classifying and assessing the cause,
level, and severity of the arterial disease causing the ischemia
are discussed with comparison of the relative merits of the
various invasive and noninvasive techniques of investiga-
tion. The development of the methods of interventional ra-

diological management is described with an indication of the
relative success of the different techniques. Newer
interventional developments, including intravascular
brachytherapy and gene therapy are discussed.

Key words: arteries, stenosis or obstruction, arteries,
interventional procedures, review

Critical ischemia of the leg develops when the per-
fusion pressure in the arterial system is insuffi-

cient to maintain “muscular nutrition,” resulting in ei-
ther severe, continuous ischemic pain or trophic
changes such as ulceration and gangrene (Fig. 1). Ob-
structive arterial disease secondary to atherosclerosis is
the usual cause. Improvement of arterial flow can re-
lieve symptoms of critical limb ischemia (CLI).

The management of CLI is a multidisciplinary exer-
cise. It involves a preliminary assessment to confirm
the etiology of the symptoms, investigation of the spe-
cific and associated causes, primary vascular treat-
ment, local treatment, and pain relief. Radiological in-
put is crucial to the investigation of CLI and plays an
important part in its management.

Obstructive arterial disease is only one cause of dis-
tal limb ulceration, and a full clinical examination and
assessment is required to confirm the arterial nature of
the symptoms. Frequently, several pathologies coexist;
for example, diabetes, arterial and venous disease, and
treatment of each may be required to achieve symptom-
atic relief. The nature of pain, site of ulceration, and
signs of generalized arterial disease are all indicators of
an arterial cause, but confirmation requires specific
vascular assessment.

Investigation

Initial investigation should be measurement of the
ankle/brachial pressure index (ABPI). If CLI is present,

the ABPI is usually less than 0.5. Falsely increased val-
ues may occur in patients with extensive vascular
calcification, especially diabetics, and ABPI measure-
ments are less reliable in this situation. Levels in excess
of 0.9 effectively exclude significant major vessel dis-
ease. Ankle pressure measurements may give a more
accurate estimation of the severity of vascular disease
with pressures of 40 mm of Hg or less generally being
found in patients with CLI. Inaccurate levels may again
be found in diabetic patients.

Classification of the severity of vascular disease
helps in deciding on the most appropriate treatment,
monitoring success, and analyzing the results of treat-
ment. Stratification of patients with CLI is particularly
important in trials of new techniques and treatments.1

Various definitions of CLI have been used. There are
2 systems of classification of chronic limb ischemia in
common use based on a combination of clinical symp-
toms and ankle pressures. The Fontaine system divides
patients into 4 stages; patients with CLI are included in
stages III and IV.2 The Rutherford Classification is simi-
lar but expands the categories and uses a more objec-
tive measurement of a patient’s symptoms.3 A more ob-
jective definition of CLI based on clinical symptoms,
ankle, and toe pressures has been formulated in the
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Second European Consensus Document on Chronic
Critical Limb Ischaemia.4 None of these systems deals
particularly well with diabetic patients or with those
patients with CLI and high ankle pressures.

The limitations of ankle pressure measurements
have prompted investigation into other measurements
of distal limb perfusion. Ubbink et al demonstrated a
more accurate classification of patients with CLI who
required invasive treatment, using a combination of toe
pressure and transcutaneous oxygen tension measure-
ment (TcPO2) compared to ankle pressure measure-
ment.5 There have been several reports predicting the
likelihood of wound healing on the basis of a TcPO2 >
30 mmHg6,7 and of the benefits of TcPO2 monitoring in
determining success and complications of
percutaneous transluminal angioplasty (PTA).8 Laser
Doppler has been used to measure foot skin perfusion
and can demonstrate the postural change of
precapillary sphincter resistance in the skin of the foot
due to the venoarterial reflex (VAR). Using laser Dopp-
ler, Cisek et al demonstrated loss of the VAR and signifi-
cant microcirculatory compensation in critically
ischemic limbs.9 Castronuovo et al also reported that la-
ser Doppler measurement of skin perfusion pressure
can diagnose the presence of CLI more accurately than
clinical evaluation and ankle pressures.10 However,
while these techniques have achieved some success in
laboratory and experimental situations, consistency of
results has not been obtained in clinical practice and
they are not used for routine assessment.

Once the presence of occlusive arterial disease has
been confirmed, an assessment of the site and severity
of the disease needs to be made. Color duplex ultra-
sound scanning provides an overview of the peripheral
vascular tree and can identify the site and severity of

disease, enabling a preliminary assessment to be made
of the suitability for intervention. It should be the ini-
tial imaging investigation of CLI. Vascular ultrasound
is a time-consuming investigation requiring skilled op-
erators. Although treatment can be undertaken solely
on the basis of ultrasound, the technique has limita-
tions, particularly in visualization of the aortoiliac and
crural vessels.11,12

Intra-arterial digital subtraction angiography re-
mains the “Gold Standard” for delineation of periph-
eral vascular disease; when using small diameter 3 or 4
French catheters, it is a low risk procedure. CLI is gen-
erally secondary to occlusive atherosclerotic disease,
with most patients having disease at more than one
site. Angiography must therefore demonstrate the
whole of the peripheral vascular system from aorta to
pedal vessels to enable a treatment plan to be formu-
lated (Fig. 2).

The iodinated contrast agents used for arteriography
are mildly nephrotoxic. Many patients with peripheral
arterial occlusive disease (PAOD) have coexisting
renovascular disease and poor renal function, and in
these patients, arteriography can also be undertaken
using CO2, a nonnephrotoxic agent (Fig. 3).

Several noninvasive techniques have been devel-
oped that are increasingly being used as an alternative
to angiography. Magnetic resonance angiography
(MRA) using time of flight and phase contrast se-
quences has been practiced for several years. However,
the usefulness of these techniques is limited by long ac-
quisition times and imaging artifacts. The introduction
of ferromagnetic contrast agents and increasingly so-
phisticated magnets has enabled contrast-enhanced
MRA to be performed.13 Peripheral vascular images that
are virtually on a par with conventional arteriographic
studies can now be obtained (Fig. 4). The development
of new long-lasting blood pool contrast agents will fur-
ther enhance the ability to acquire MRA images.

Arteriographic images can also be obtained using
computed tomography (CT). With the current genera-
tion of CT scanners, peripheral vascular imaging is lim-
ited to the aortoiliac and femoral vessels. With new de-
velopments in “multislice” imaging systems,
acquisition of arteriographic images of the distal circu-
lation will also be possible (Fig. 5).

In the foreseeable future, it is likely that the majority
of arteriographic investigation will be undertaken us-
ing noninvasive methods, with conventional
arteriography being undertaken as an immediate pre-
cursor to therapeutic intervention.
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Treatment

Prior to any radiological intervention, it is impor-
tant, where possible, to modify any risk factors predis-
posing to PAOD. Although the extent of intervention
required can, to a certain degree, be predicted by the
Fontaine or Rutherford classification, CLI is usually
caused by multisegmental disease, and healing of
trophic changes in the foot usually requires restoration
of foot pulses. A combined radiological and surgical
approach may be required to achieve limb salvage. Up-
dated recommendations of the American Heart Associ-
ation and Society of Cardiovascular and Interventional
Radiologists recommending treatment based on mor-
phological criteria have recently been published.14

Angioplasty

Dotter first described PTA of aortoiliac and
femoropopliteal occlusive disease in 1964.15 The proce-
dure was developed and popularized by Grüntzig in
1974.16 The technique has been standardized since the
1980s.

When undertaken for limb salvage, aortoiliac PTA
has a primary technical success rate and 1-month
patency rate of between 80% and 91%. In the
femoropopliteal segment, comparable figures are 73%
to 88%.17 The reported range of medium and long-term
patency is extremely variable, with different reporting
criteria and disease classification affecting the results.
Lammer has reported a weighted-average 5-year
patency rate in the femoropopliteal segment of 48%.18

The following factors are generally predictive of a
better result: nondiabetics, short lesions, stenoses ver-
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Fig. 2. Peripheral digital subtraction angiogram demonstrating
atherosclerotic disease of the superficial femoral, popliteal, and
tibial arteries.

Fig. 3. Peripheral angiogram, using carbon dioxide as the con-
trast agent, showing occlusion of the superficial femoral artery.



sus occlusions, good distal runoff, and a good initial
technical result.

It is unusual for aortoiliac PTA per se to result in
healing of a critically ischemic limb, but it may achieve
healing when combined with more distal angioplasty
or surgical revascularization.19

Patients with trophic changes in the foot almost in-
variably have disease in crural vessels in addition to
aortoiliac and femoropopliteal disease, and treatment
of the crural disease may be required to achieve heal-
ing. Angioplasty of tibial vessels is technically more
challenging, with an increased incidence of vasospasm
and acute thrombosis. These complications are re-
duced by the use of low-profile guide wire and catheter
systems and the judicious use of calcium channel
blockers and nitroglycerine (Fig. 6). Schwarten and
Cutcliff reported the first large series of infrapopliteal
PTA.20 Using low-profile systems, a 1-year patency of
51% was reported by Lofberg et al.21 Interestingly, the
same authors reported a 3-year secondary patency of
44% but a limb salvage rate of 72%. This indicates that
continued patency is not always necessary to achieve
limb salvage, possibly due to alteration in the
microvascular circulation between healed and ulcer-
ated limbs. Continuing limb salvage has also been
noted following occlusion of femorodistal bypass
grafts.22

Reduced technical success and lower patency rates
occur with long-segment femoropopliteal and tibial oc-
clusive disease compared to aortoiliac and short-seg-
ment femoropopliteal disease. To overcome some of
the technical difficulties experienced with these types
of lesions, angioplasty via the subintimal route has
been developed. The technique has been popularized
by Bolia et al.23 The guide wire, rather than passing
intraluminally through an occlusion as in conven-
tional angioplasty, is deliberately positioned in the
subintimal space. The subintimal plane is frequently
the path of least resistance, allowing easy guide wire
passage. Guide wire reentry into the true lumen is per-
formed below the occlusion followed, by balloon dila-
tation of the track created (Fig. 7). A technical success
rate of 80% and 1-year patency of 71% for long
femoropopliteal occlusions has been reported.24 This
compares with a technical success rate of 72% for con-
ventional angioplasty of long femoropopliteal occlu-
sions reported by Matsi et al.25 The 1-year patency was
only 23% in this series. The technique may have partic-
ular benefit in the re-canalization of occluded crural
vessels in patients with ischemic ulcers and limited
surgical options.26,27

Several other techniques have been developed to try
to increase the technical success and patency rates of
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Fig. 4. Three-dimensional Gadolinium-enhanced magnetic res-
onance peripheral angiogram demonstrating occlusion of the left su-
perficial femoral artery (long arrow) and of the anterior and posterior
tibial arteries (short arrows).



angioplasty. These include laser angioplasty, rotational
wires/catheters, and atherectomy devices. While many
of these have shown promising technical success, there
is, to date, no convincing evidence that patency rates
with these techniques are superior to conventional
angioplasty.28,29

The mechanism of successful angioplasty is a rup-
turing of plaque tissue and overstretching of the vessel
wall. This activates the intrinsic coagulation cascade,
encouraging thrombus formation. Platelet activation
releases platelet-derived growth Factor (PDGF) that
precipitates neointimal formation. These processes can
result in acute thrombosis after PTA or lead to intimal
hyperplasia and late re-stenosis. The initial lumen gain
following angioplasty can also be lost by elastic recoil.

The increased thrombotic tendency that occurs
acutely following angioplasty is reduced by peri-
procedural anticoagulation. There has been extensive
research into the effects of platelet inhibition following
angioplasty, with most of the evidence relating to coro-
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Fig. 5. Maximum intensity projection computed tomography angiogram of the pelvic and femoral arteries.

Fig. 6. Atherosclerotic stenosis of the tibio-peroneal trunk before
(arrow) and after transluminal angioplasty.



nary vessels. However, aspirin and possibly
Dipyridamole improve patency and reduce mortality
following peripheral revascularization.30 Evidence for
the benefit of the newer antiplatelet agents such as
Clopidogrel and Abciximab further improving patency
following peripheral interventions is lacking, although
these agents probably further reduce vascular mortality
and morbidity, mainly due to prevention of coronary
and cerebral events.31

Intravascular Stenting

To overcome the flow-limiting problem of elastic re-
coil after PTA, intravascular stents were developed.
First described by Charles Dotter in 1969, stents are
made from a variety of materials and can be either bal-
loon expandable or self-expandable. They mechani-
cally prevent elastic recoil or acute closure due to
intimal dissection flaps (Fig. 8).

Good long-term primary patency of 86% at 4 years
following stenting of aortoiliac disease has been re-
ported.32 However, there have been very few random-
ized trials comparing primary stenting against
angioplasty. The Dutch Iliac Stent Trial Study Group
demonstrated no substantial differences in clinical out-
comes of patients with intermittent claudication and
aortoiliac disease randomized to either primary
stenting or angioplasty followed by selective stenting.33

For patients with CLI, iliac stenting performed either as
a primary or secondary procedure is unlikely, on its
own, to achieve limb salvage but may be employed in
combination with more distal revascularization (Fig. 9).

Despite improvements in stent design, the results for
femoropopliteal stenting are less satisfactory, with
Strecker et al reporting a 3-year primary patency of
48%.34 The same thrombotic and intimal repair pro-
cesses initiated by PTA occur with stenting with a
greater magnitude. This is probably due to the smaller
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Fig. 7. Occluded peroneal and anterior tibial arteries before (A) and after (B) subintimal angioplasty.

Fig. 8. Self-expanding vascular stent made from Nitinol.
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diameter of the femoropopliteal vessels and reduced
flow compared to the iliac vessels, with the benefit of
stenting being due to an initial net lumen gain com-
pared to angioplasty. This gain is proportionally less in
smaller diameter vessels.3 5 While aggressive
antiplatelet therapy following stenting improves
patency by reducing acute thrombosis and increases
survival by reducing the incidence of cardiovascular
events, it is unclear whether restenosis can be pre-
vented by drug therapy.36

As with the aortoiliac system, comparative data of
stenting versus angioplasty is lacking. In a small, ran-
domized trial, Vroegindeweij et al reported 1-year pri-
mary patency rates in patients with intermittent
claudication randomized to PTA or stent of 74% and
62%, respectively.37 In a larger trial of patients with
both claudication and CLI, Cejna et al showed similar
cumulative 1-year primary patency and concluded that
the best results were obtained with primary
angioplasty, with stenting reserved for PTA failures38

(Fig. 10). Currently, stenting is not suitable for treat-
ment of occlusive crural disease.

In the femoropopliteal segment, improved patency
in patients with long occlusions or diffuse stenotic dis-
ease may be achieved using covered “stent grafts.”. As
with “bare” stents, they may improve initial technical
success by compressing intimal flaps, dissections, and
ruptured plaque, and prevent elastic recoil. The cover-
ing also prevents in-growth of hyperplastic intima
through the stent with resultant in-stent restenosis.

Covered stents have a greater thrombotic tendency
than bare stents, and aggressive antiplatelet therapy is
probably required to achieve satisfactory results.
Covered stents may have the potential to improve
patency following intervention in long femor-
opopliteal obstructions with encouraging short-term
primary and secondary patency rates of 79% and 93%
being reported.39 However, there is, as yet, limited long-
term evidence of their effectiveness, and further trials
of their use are required.

Coated Stents

Combining the mechanical properties of stents with
pharmacological treatment of intimal hyperplasia may
be possible using drug eluting, coated stents. Polymer-
coated stents loaded with antiproliferative drugs such
as Paclitaxel, 7-hexanoyltaxol, and Sirolimus have pro-
duced significant inhibition of neointimal prolifera-
tion in animal studies and in coronary arteries in pre-
liminary human trials.40-42 The kinetics of drug release
can be modified by the binding properties of the drugs
and polymers. Late thrombosis due to delayed
endothelialization may be a problem, but this may be
overcome by prolonged antiplatelet medication. There
are no published reports of the implantation of coated
stents in the peripheral circulation for the treatment of
CLI. However, if the technology is successful in the car-
diac field, there would be a logical progression to using
the devices in the femoropopliteal and tibial vessels.
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Fig. 9. Common iliac occlusion before (A) and after (B) implantation of a Nitinol stent.



Intravascular Brachytherapy

An alternative means of modifying the intimal
hyperplastic response is the use of endoluminal radia-
tion therapy to inhibit smooth muscle cell prolifera-
tion. Several studies have shown a reduction in the de-
gree of neointimal hyperplasia following brachy-
therapy. Several methods of delivering therapy have
been employed, ranging from bare radioactive 90Sr,
90Y, and 192Ir wires; balloons filled with 32P, radioac-
tive 32P, and 90Y stents; and external beam irradiation.
Most experience has been gained in preventing in-stent
re-stenosis in the coronary circulation, although en-
couraging results have also been seen following pe-
ripheral brachytherapy.43-45

Bare wires and stents have significant handling
problems for staff, and uniformity and control of dose
delivery is problematical. These difficulties can be
overcome by the use of automated afterloading cathe-
ter-based systems.

One problem with brachytherapy is the develop-
ment of “edge-effects”: stenotic lesions at the edge of
the irradiated segment producing a “candy-wrapper”
effect. Edge effects seem to be particularly frequent
with 32P stents, probably related to endothelial injury
at the stent margins produced during stent deploy-
ment.46 There is also a higher incidence of subacute

thrombosis, although this may be reduced by aggres-
sive antiplatelet therapy.

While preliminary results are encouraging, in the
coronary circulation, medium-term follow-up suggests
a small reduction in caliber in treated vessels compared
to control groups.47,48 Thus, brachytherapy may only de-
lay intimal proliferation and have adverse long-term
effects.

Gene Therapy

The prospect of growing new blood vessels to over-
come critical limb ischemia, particularly in areas inac-
cessible to conventional treatment, is an exciting one.
Angiogenesis is a natural function in wound healing
controlled by a variety of angiogenic growth factors
(VEGF) and angiostatic substances. Direct local deliv-
ery of VGEF to vascular endothelium in animals has
produced encouraging results.49 However, local deliv-
ery of growth factor is cumbersome, and administra-
tion of the gene encoding these factors using viral vec-
tors may be more effective. It is unclear whether
delivery of the gene to the vascular endothelium using
catheter and balloon techniques or delivery of the gene
to the vascular endothelium using direct injection into
ischemic tissue is the most effective method of gene
transfer. Trials of these methods are ongoing.50
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Fig. 10. A: Occluded femoropopliteal artery before and after angioplasty. A significant eccentric plaque remains (arrow). B: Following inser-
tion of a balloon-expandable stent (arrow), the stenosis is abolished.
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Gene therapy is currently experimental and of un-
certain benefit in the management of CLI.

CONCLUSIONS

The management and treatment of the critically
ischemic limb require a multidisciplinary approach.
Radiological input is a key component of both investi-
gation and treatment. Increasingly, noninvasive meth-
ods of investigation are being used to assess the extent
and severity of vascular disease. Angioplasty remains
the mainstay of radiological therapeutic intervention,
with the subintimal technique expanding the role of
this procedure. In selected cases, vascular stenting may
be beneficial.

Although long-term patency may not be a prerequi-
site for limb salvage or ischemic wound healing, a
number of new techniques are being developed to over-
come the high restenosis rate following vascular inter-
vention in the femoropopliteal and crural vessels.
These need further assessment to clarify their
effectiveness.
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Pyoderma Gangrenosum
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Pyoderma Gangrenosum is cutaneous manifestation of a sys-
temic problem that should be systematically diagnosed and

managed with care. When such lesions appear on legs, it is
important to study and treat the systematic problem.

Key words: pyoderma gangrenosum, ulcerative colitis, ar-
thritis, corticosteroids, immunosuppressives, graftskin

Pyoderma gangrenosum (PG) is a noninfectious cu-
taneous disorder of unknown pathogenesis. In

1930, Burnsting and colleagues1 published their obser-
vation of skin lesions in 5 patients, 4 of whom had ul-
cerative colitis. They defined the lesion as pyoderma
gangrenosum and considered bacterial infection to be
the most likely etiological factor in their causation.
Since then, in the last 6 decades several studies have
associated the lesion with many other chronic systemic
inflammatory disorders, classified its various forms,
and studied in depth its pathogenesis including the
likely immunological basis. This has lead to various ac-
ceptable therapeutic modalities although complete
cure has not yet been achieved. Ulcerative lesions that
are PG may occur anywhere on the body including the
lower extremities. As this journal is concerned with
lower extremity wounds, this review seeks to update
readers on the diagnosis and management of the prob-
lem as a whole.

Definition

The original definition, pyoderma gangrenosum,
implied pustular skin lesions, presumed to be infec-
tive, leading to an ulcer with a necrotic base. The defi-
nition of the lesion has stayed despite the studies that
have failed to show an infective organism responsible
for it.

ETIOLOGY

Incidence of PG

Various studies have looked at the incidence of PG
principally in association with systemic diseases,
mostly with inflammatory bowel disease (IBD)2 and
rheumatoid diseases.3 The incidence in IBD varies from

0.5% to 4%,2 though an incidence of 12% was also re-
ported.4 This variation is likely to be due to the stage the
lesion was at the time of inclusion. Early pustular le-
sions can easily get missed since they can be difficult to
diagnose and may not evolve to loss of skin and ulcer-
ation. The strong association of PG with rheumatoid ar-
thritis and other inflammatory conditions is well docu-
mented, but its incidence in these conditions is
difficult to assess and is likely to be lower than in IBD.
Most cases of PG occur without any underlying dis-
ease, but it is important to realize that PG can predate
its association and such factors make it difficult to pre-
cisely assess the correct incidence. Adults are mostly
affected5 though PG also occurs in children.6 Both sexes
are affected equally.7

Association of PG

In patients with inflammatory bowel disease, PG de-
velops in approximately 5% of patients with ulcerative
colitis and 1% of patients with Crohn’s disease.8 In a
more recent study, PG has been shown to occur in about
a third of the IBD population, affecting both ulcerative
colitis and Crohn’s disease with equal frequency.5 Both
conditions run independently, and PG may appear at
either the active or the quiescent stage of IBD. PG has
rarely been noted in patients after proctocolectomy for
ulcerative colitis.9 PG has also been shown to heal and
not recur after total colectomy.

Arthritis

Powell et al7 showed that arthritis occurs in 37% of
patients with ulcerative PG. The arthropathy they de-
scribe is mostly asymmetric, seronegative mono-
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articular involving large joints, the severity fluctuating
independently of the skin lesion. Arthritis in PG associ-
ated with IBD has a similar distribution to “colitic” ar-
thritis. The other types of arthritidis include rheuma-
toid arthritis, Felty’s syndrome, and sacroileitis.

Blood Dyscrasias

Myeloid leukemia, both acute and chronic, has been
reported in PG.10 Other hematological diseases include
IgA myeloma, polycythemia rubra vera11 lympho-
mas,12,13 and myelofibrosis.14 Other associations include
chronic obstructive pulmonary disease, chronic active
liver disease, gastric ulcer, paraproteinemias,
sarcoidosis, and visceral neoplasia, to mention a few.7

Chronic Leg Ulcers

Harland and Millard15 reported 3 patients with
chronic venous leg ulcers complicated by PG. Two of
them had Crohn’s disease and rheumatoid arthritis, re-
spectively, the third had bowel resection for perfora-
tion. It is likely that PG was more in association with
the systemic disorders in the first 2 patients. Figure 1
shows a leg lesion in a patient with PG.

Causes of PG

Role of Infection

Brunsting and colleagues1 in their original study
proffered infection as one of the main factors in the cau-
sation of PG, since they reproduced similar lesions in
experimental animals by injecting the organisms cul-
tured from the lesion. However, their work was not re-
producible by subsequent workers.16 The increased
presence of leucocytes in the lesion, as it happens in
any bacterial infection, added further support to their
hypothesis. It would seem more likely that increase in
leucocytes was a reflection of the activity of the associ-
ated colitis. The postulation of viral etiology17 has not
been confirmed.

CLASSIFICATION

Four different variants of PG have been clearly de-
fined and documented elegantly by Powell and col-
leagues.7 They are ulcerative, pustular, bullous, and
vegetative.

Ulcerative

This lesion is the classical ulcerogenous one with
undermined violaceous border and a necrotic base.
The lesion tends to be aggressive, its frequent associa-
tions being inflammatory bowel disease, arthritis, and
monoclonal gammapathy.

Pustular

A typical lesion is a 2- to 8-mm size pustule and fre-
quently associated with IBD and has a tendency to re-
mit with the treatment of the underlying bowel disease.

Bullous

This lesion is a painful superficial bullous eruption
leading to an ulcer and is associated with blood
dyscrasias. It tends to respond better to immunosup-
pressive therapy.

Vegetative

This is the most benign of all variants, progressing
slowly to a superficial ulcer without an undermining
border, usually responding to topical or intralesional
therapy. This lesion is more often idiopathic.

OTHER PATHOGENIC MECHANISMS

Various theories have been postulated in the
pathogenetic mechanism of PG. These include
Schwartzmann phenomenon,18 increased stool and se-
rum lysozymes,19 and proteolytic enzymes20 as noted in
patients with PG in association with IBD. A dermato-
necrotic factor in the sera of patients with PG when in-
jected into guinea pigs has been shown to cause necro-
sis at the site of injection,21 but this factor has also been
shown to be present in normal population.

IMMUNOLGY

In recent years, many immunological abnormalities
have been shown to occur in patients with PG, as in as-
sociated conditions such as ulcerative colitis, and so
on. From the available data, it is possible to accept that
the skin lesion in these systemic diseases is resultant of
an altered immune mechanism in the primary disease,
setting off an antigen-antibody reaction at the skin
level, but a specific immune defect has not been dem-
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onstrated to date. Abnormalities in the humoral immu-
nity include hypo-gammaglobulinemia22 and hyper-
immune globulin E syndrome.23 Disturbed cell
mediated immunity has also been implicated in PG.
Cutaneous anergy to candida, purified protein deriva-
tive, mumps, and inability of lymphocytes to produce
macrophage inhibitory factor have been demonstrated
by Lazarus and coworkers.24

Several studies demonstrated defective neutrophil
function in PG. These include reduced chemotaxis,
disturbed phagocytosis, and diminished oxygen up-
take.25,26 PG has been described in the rare condition of
congenital deficiency of leucocyte adherence
glycoprotein (CDLG) as well as in immune deficiency
disease, HIV infection. It has been described in im-
mune suppressed patients following renal and bone
marrow transplants. Check et al also demonstrated T-
Helper/Suppressor cell imbalance in PG.27

The lesion in PG occurs after a minor trauma to the
area of the skin involved as a result of altered immune
reactivity where the skin reacts in an exaggerated man-
ner to trauma, the phenomenon termed as pathergy.28

Random neutrophil migration to the area is facilitated
by a “streaking neutrophil factor,” which has been
shown to be present in the serum. Dwarakanath et al
hypothesized that the neutrophil migration is a result
of increased stickiness of the endothelium or neutro-
phils.29

Role of Cytokines

At the ulcer site in PG, leucocyte chemotaxis results
in cytokine production, the more important ones being

interleukins IL-1 and IL-8 and tumor necrotic factor.
These are responsible for leucocyte recruitment, cell
activation, and up-regulation of expression molecules
on phagocytes and on endothelial cells.30,31 Number of
events that follow include platelet activation, comple-
ment, endothelial disruption, and impaired micro-
circulation leading to necrosis.32

HISTOPATHOLOGY

The lesion first appears following a minor trauma as
discrete nodules, which multiply and coalesce, and
this is followed by the disruption of the overlying skin
leading to a full-fledged ulcer with a necrotic base. A
typical ulcer has an undermined violaceous border and
is surrounded by a rim of erythema. Any part of the
body might be involved, but the more common sites of
affliction appear to be the lower limbs, cubital fossae
following IV sites and venepuncture, head, neck, and
rarely the scalp, forehead, scrotum, and eyes.

Histological appearances are nonspecific depending
on the type of lesion and the site, and timing of the bi-
opsy. The microscopic appearance is well described by
Powell et al.7 Earlier description is that of intra-
epidermal pustulation with dermal perivascular cellu-
lar infiltration. Subsequent studies have shown non-
specific cellular infiltration without blood vessel
involvement to later reports of necrotizing cutaneous
vasculitis and of lymphocytic vasculitis. Powell de-
scribed predominant neutrophil infiltration and ab-
scess formation centrally at the base of the ulcer. The
cellular infiltrate becomes mixed toward the periphery
and becomes lymphocytic nearer the erythematous re-
gion. Damage to the vasculature with fibrin deposition
and thrombus formation has been noted. In the
pustular form, the pustule is perivascular, the follicles
dilated with neutrophils and intradermal abscesses.
The histology in the vegetative type is pseudo-
epitheliomatous hyperplasia, focal dermal neutro-
philic abscesses, and giant cell formation.

DIFFERENTIAL DIAGNOSIS

Detailed examination followed by investigations for
other systemic diseases are mandatory. The PG ulcer
should be differentiated from other skin ulcers such as
vasculitic, acute, and chronic infective skin lesions;
drug reaction; and neoplastic ulcers.

TREATMENT

Once the diagnosis has been made, it is essential to
investigate the underlying associated chronic disor-
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Fig. 1. Pyoderma Gangrenosum on leg of patient.



ders the patient is likely to have. As PG sometimes is
known to appear at the height of the activity of the sys-
temic disease, therapy aimed at controlling the primary
condition, for example, ulcerative colitis, helps to heal
the early benign pyodermal lesion with less chance of
recurrence. In an established ulcerous lesion, it is es-
sential to investigate for super added microbial infec-
tion by regular swab cultures and to treat with appro-
priate antibiotics.

Treatment of PG can be divided into local treatment,
at the site of the lesion, and systemic treatment.

Local Therapy

In early minor lesions, cure can be easily achieved
with local therapy administered intralesionally.33 In
large and multiple lesions, the local therapy can be ei-
ther primary or as an adjuvant to systemic therapy. Lo-
cal treatment involves injection of the drug in and
around the ulcer to effect healing.

Corticosteroids

Intralesional injections of corticosteroid triamcino-
lone has been shown to be beneficial. Triamcinolone
diacetate at a dose of 6 mg (1 ml), mixed with lidocaine
injected into each quadrant of the ulcer every 2 days for
14 days has been shown to heal the lesion completely.34

Other workers have shown similar good results with
intralesional triamcinolone at varying doses and regi-
men. As an adjuvant to systemic corticosteroids,
intralesional triamcinolone, 100 mg, has helped heal-
ing in 5 to 8 weeks.35,36 Similar good results have also
been achieved with the same drug locally alongside
systemic steroids, immunosuppressive agents as
azathioprine and cyclosporin.37 The major complica-
tion of cyclosporin administered locally is tissue atro-
phy that occurs with high-dose regimen, but it is re-
ported to be low in concentrations not exceeding 10
mg/ml. Immunosuppressive drugs have also been used
intralesionally, but they are not recommended because
of toxicity. Topical usage of drugs has also been shown
to be effective when applied locally over ulcerous le-
sions in pyoderma gangrenosum. Corticosteroids ap-
plied locally are less effective,38 although good re-
sponses to complete healing have been reported in
some studies.39 Mesalazine (Oral 5-Amino salicylic
acid), which is extensively used in the treatment of
IBD, used topically as a cream (10%) over the PG ulcer
in a patient with Crohn’s disease, has healed the lesion
completely.40 Another drug that has been used topically
is nitrogen mustard. In general, local topical therapy
used alone has very little place in the management of
PG.

Systemic Therapy

Corticosteroids

Systemic corticosteroids have continued to remain
as the mainstay therapy in inflammatory bowel disease
and rheumatoid arthritis. These drugs have been
shown to be consistently effective in the acute and se-
vere forms of the disease. Rapid healing is effected
when used in high doses. Prednisolone in high doses
(40-120 mg) intravenously daily has induced rapid and
complete healing and immediate reduction of toxic
manifestation.33 Once the improvement becomes evi-
dent, the dose should be reduced gradually (less than
10 mg/wk) to prevent relapse and to avoid side effects.
A small maintenance dose of prednisolone may some-
times be required to prevent recurrence. In resistant
cases, very high doses of prednisolone (1 gm) given in-
travenously as pulse therapy from 3 to 5 days has been
effective and has shown to lessen steroid side effects.41

Caution needs to be exercised with this form of therapy,
as some studies have described severe anaphylactic
shock and even death due to cardiac arrhythmias.42,43

Ideally, patients should be managed in the hospitals for
pulse therapy, with careful cardiac and electrolyte
monitoring and patient observation for toxic side ef-
fects such as seizures, hypertension, and signs of bleed-
ing. This form of therapy should not be offered to peo-
ple with cardiac and renal dysfunction and should be
reserved for refractory PG where other initial therapies
have failed.

Immunosuppressive Agents

The indications for immunosuppressive drugs are
when the corticosteroids have failed to heal or if the pa-
tient becomes intolerant of the drug. They are also indi-
cated in patients who have become resistant to steroids,
needing high doses to control the lesion at the expense
of serious side effects. The drugs used mostly are
azathioprine and more recently cyclosporin.

Azathioprine is mostly used as adjuvant in steroid-
dependent subjects. The onset of action is slow, up to 6
to 8 weeks. Azathioprine when used alone has also
been effective in healing. Results of the combined ther-
apy are favorable in some studies but are failures in oth-
ers.33 Its serious side effects include bone marrow de-
pression and, rarely, pancreatitis. Caution should be
exercised all the time during treatment; regular moni-
toring of platelet and leucocyte count are mandatory.

Cyclosporin has also been proven to be effective ei-
ther administered alone or in combination with
corticosteroids. At a dosage of 10 mg/kg/day, it has
helped healing of the lesion, refractory to other treat-
ments, but relapse was evident when the dose was re-
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duced to 3 mg/kg/day.44 Several studies showing suc-
cess with cyclosporin have been published in the last
few years, and the drug appears to have a major role in
the future in the treatment of PG. Cyclosporin needs to
be used with extreme caution because of its toxic side
effects. The more important ones are microbial infec-
tions (which may lead to fatal septicemia if diagnosis
and treatment are delayed), hypertension, hyper-
trichiosis, and convulsions.

Tacrolimus (FK506) is a newer macrolide group of
antibiotic with immunosuppressive properties, more
potent than cyclosporin, and is used extensively in
transplant patients. Abu-Elmagd and colleagues have
demonstrated complete healing of PG lesions with
Tacrolimus given at a dose of 0.15 mg/kg twice daily in
8 out of 9 patients. The ninth patient was intolerant of
the drug.45 This drug would appear to have earned an
important place in the treatment of pyoderma
gangrenosum. Long-term side effects with this drug in-
clude neuropathy, diabetes mellitus, and renal
dysfunction.

The drugs belonging to the group described as
alkylating agents have been rarely used in PG.
Cyclophosphamide, chlorambucil, and melpalan have
been tried with good results but are not recommended,
as more recent and widely tried, less toxic drugs as de-
scribed above are available. Other more recent thera-
pies that have been tried successfully are hyperbaric
oxygen therapy and plasma exchange, as well as thalid-
omide, cyproheptadine, and potassium iodide.33

Reports of heparin healing PG lesions by reducing
leucocyte or endothelial adhesion are encouraging and
serve as a message for future investigators.29 The prosta-
glandin (PgI2) analogue (iloprost) given intravenously
has also shown promising results in PG by its varied
immune modulatory functions.46

Surgical treatment should be considered in the treat-
ment of PG as an adjuvant to medical treatment to has-
ten healing. After initial debridement of the ulcer base,
skin grafting needs to be considered especially in dis-
figuring large lesions. Treatment with bioengineered
skin (graftskin) alongside immunosuppression with
cyclosporin in an acute progressive lesion has has-
tened healing.47 In patients whose lesions are on lower
extremities, advice should be obtained from vascular
surgeons.

CONCLUSION

Since the first description of pyoderma gangren-
osum in 1930, we have gained a considerable knowl-
edge and insight into the study and understanding of
the disease. The lesion appeals differently to the differ-

ent specialities. A gastroenterologist views the lesion
as a manifestation of IBD, whereas a rheumatologist
may view it as part of the arthritic disease process. The
significance of the lesion becomes more obvious when
the lesion appears abruptly, expands rapidly, and fails
to heal. This causes considerable patient morbidity
and, in turn, leads to the patient having to attend differ-
ent specialist clinics. Increased attempts to correct both
macroscopic and microscopic diagnoses and exclusion
of infection as the cause have been further strengthened
by the better understanding of the immunological pro-
cess involved in its causation. Astute patient observa-
tion has led to the diagnosis of its various associated
conditions. Consequently, therapy of PG has advanced
from an empirical approach to a more specific one.
Systemic corticosteroids and immunosuppressive
treatments head the list as satisfactory of all the
available drugs. Both these groups of drugs are anti-
inflammatory and also possess immune-modulatory
action. Recently, more specific immune modulatory
drugs have been developed that have been shown to be
beneficial in refractory Crohn’s disease as well as rheu-
matoid arthritis (anti-TNF alpha antibody), and it is
possible that this will work in PG. The recent success-
ful treatments with iloprost (Pg I2 analogue) as well as
bioengineered skin grafting are encouraging. These ad-
vances appear to have paved the way toward aiming at
immune modulation as a near specific therapy in re-
fractory pyoderma gangrenosum for the future.
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Systemic Vasculitis
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The systemic vasculitides are a heterogeneous group of disor-
ders characterized by inflammation of blood vessel walls.
They can be classified according to the size of vessel affected
and also into primary de novo vasculitides and secondary to
other disease processes. Treatments differ and overlap de-
pending on the type of vasculitis. It is therefore important to

make the correct diagnosis and treat appropriately to achieve
remission as there is a substantial mortality implication.

Key words: vasculitis, arteritis, cytotoxic, glucocorticoid,
cyclophosphamide, methotrexate

Patients with systemic vasculitis get chronic ulcer-
ative lesions of the legs or hands. Patients with

rheumatoid arthritis (RA) are predisposed to chronic
leg wounds. These wounds may have multifactorial
etiology,1 although venous disease is common. In a re-
cent study of the etiology of patients with RA and
chronic leg ulcers, it was observed that 15 out of 19 pa-
tients had evidence of venous insufficiency, 4 out of 19
had arterial insufficiency, and 2 out of 19 had insulin-
dependent diabetes. In 1 out of 19, no etiological cause
could be attributed to the lesion.1 The focus of this new
journal is on lower extremity wounds. This article re-
views an underlying systemic disease in patients with
chronic wounds who may be treated in nurse-led clin-
ics, in vascular outpatient centers, or in the rheuma-
tology department. With this review, our aim is to
promote multidisciplinary management of chronic
wounds.

The systemic vasculitides are a collection of hetero-
geneous disorders characterized by inflammation and
necrosis of blood vessel walls, with subsequent impair-
ment of circulation by vessel occlusion, end organ
ischemia, or vessel wall weakening. They can be di-
vided into a group of primary conditions and as sec-
ondary consequences of certain disease entities, for ex-
ample, rheumatoid arthritis or systemic lupus
erythematosis. Treatment modalities differ depending
on the type of vasculitis. The most commonly used
group of drugs are the glucocorticoids. Often, however,
the disease process requires more aggressive treatment
in the form of the cytotoxic agents, most commonly

cyclophosphamide, methotrexate, and azathioprine, to
achieve remission and maintenance.

Pathophysiology

There is infiltration of the vessel wall by neutro-
phils, mononuclear cells, and giant cells resulting in
panmural destruction of the vessel wall with fibrinoid
necrosis. This vessel wall destruction can lead to hem-
orrhage and perforation into adjacent structures.

Classification

The vasculitides are most commonly classified ac-
cording to the size of vessel affected. Most commonly
used is The Chapel Hill Classification2 system (Table 1).
Other classification systems include the ACR (Ameri-
can College of Rheumatology) classification criteria,3

which have been devised for the individual primary
vasculitides. These are classification criteria only and
not diagnostic criteria; however, it is hoped that pa-
tients fitting the criteria would have the disease. Other
classification systems divide the de novo vasculitides
into those that are ANCA (antineutrophil cytoplasmic
antibody) positive or negative.

It is recognized that small- and large-vessel disease
can also affect medium-sized arteries, but the large- and
medium-vessel vasculitides do not involve vessels
smaller tha4n arteries.

LARGE VESSEL VASCULITIS

Giant Cell (Temporal) Arteritis

This is relatively common, with an annual inci-
dence of 0.49 to 27.3 per 100,000 persons aged 50 years
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or older. The incidence increases with age, being un-
common under the age of 50 years. Giant cell (tempo-
ral) arteritis (GCA) is twice as common in women as in
men, and siblings with GCA are at a 10-fold risk of de-
veloping the disease.

Clinical Features

Most patients present with symptoms and signs re-
lated to inflammation and ischemia in the territory of
the affected vessel. The extracranial vessels are usually
involved and may be thickened and tender. Headache
is the most common feature, usually temporal and uni-
lateral. Often, there is associated scalp tenderness and
jaw and possibly tongue claudication on chewing or
prolonged speaking. The temporal arteries may be
thickened, erythematous, and tender, with abnormal or
reduced pulsation.

Visual symptoms may be transient or fixed and in-
clude visual loss due to ocular artery involvement and
also diplopia. An early fundoscopic change in blind-
ness is ischemic optic neuritis followed by atrophy. Vi-
sual loss may be unilateral or bilateral and also may oc-
cur without headache. It is a medical emergency and
should be treated without delay. Neurological sequelae
occur in up to 30% of patients. Most commonly vertigo,
hearing loss, transient ischemic attacks, and stroke oc-
cur when the internal carotid and vertebrobasilar arte-
rial supply are affected. Peripheral and mono-
neuropathies may occur in upper or lower extremities.
Large artery involvement is present in up to 15% of pa-
tients. Aortic involvement can present with upper ex-
tremity claudication, bruits over large arteries, and de-
layed or absent pulses. Thoracic or abdominal
inflammatory aortic aneurysms may occur and rarely
present as acute dissection. Constitutional features are
often seen, for example, fever, weight loss, malaise.

Features of polymyalgia rheumatica are seen in 20% to
50% of patients.

Investigations

The ESR and C-reactive protein are markedly ele-
vated in the majority of patients and are useful tools for
monitoring disease following initiation of treatment.
Normochromic, normocytic anemia of chronic disease
and thrombocytosis are commonly seen. Abnormal
liver function (AST, ALT, and alkaline phosphatase)
may be detected. This normalizes rapidly with
glucocorticoid treatment. Diagnosis is confirmed by bi-
opsy, which shows a granulomatous inflammatory re-
action. A negative biopsy, given good clinical suspi-
cion, does not exclude the diagnosis, as there is
generally patchy involvement of the artery with skip
lesions.

Treatment

Treat with high-dose prednisolone 1 mg/kg/day if
eye involvement is suspected. Patients usually respond
within 48 hours of commencing treatment. The steroid
dose can be tapered once clinical and laboratory mea-
sures have normalized. Most patients reduce down to 5
to 10 mg/day by 6 months and continue to reduce over
the next 18 months.

Methotrexate4 and Azathioprine5 can be used as
corticosteroid-sparing drugs in resistant cases, al-
though the evidence for these drugs is limited. All pa-
tients on high-dose corticosteroid for more than 3
months should be on osteoporosis prevention treat-
ment (whatever their diagnosis).

Takayasu’s Arteritis

This is a large-vessel vasculitis predominantly in-
volving the aorta and its main branches. Onset is usu-
ally aged 10 to 30 years with a female to male ratio of
4:1.6 Predominantly Asian and Latin American popula-
tions are affected. Figure 1 shows large vessel stenosis
typical of Takayasu’s arteritis.

Clinical Features

Classically (as described by Takayasu), there is in-
volvement of the ascending aorta, resulting in dizzi-
ness and visual abnormalities. Syncope, absent pulses
or blood pressure inequality, is also a presenting fea-
ture. In Western countries, involvement of the abdomi-
nal aorta is more common, causing renovascular hyper-
tension and often localized pain and regional ischemia
from stenosis and thrombosis. Musculoskeletal symp-
toms are common (50%). Constitutional symptoms,
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Table 1 Chapel Hill Classification

Large vessel Giant Cell Arteritis (GCA)
vasculitis Takayasu’s Arteritis

Medium vessel Polyarteritis nodosa (PAN)
vasculitis Kawasaki’s disease

Small vessel Wegener’s granulomatosis*
vasculitis Churg-Strauss syndrome*

Microscopic polyangiitis (MPA)*
Henoch Schönlein Purpura (HSP)
Essential cryoglobulinaemic vasculitis
Cutaneous leukocytoclastic angiitis

*These vasculitides are associated with the presence of ANCA
(antineutrophil cytoplasmic antibodies).



malaise, weight loss, and fever are seen in 43%7 and
20% of patients present with cerebrovascular disease.8

Investigations

Lab tests are nonspecific: 72% of NIH patients had
an elevated ESR, and only 56% of patients in remission
had a normal ESR.7 An electrocardiogram showing QT
dispersion appears to be indicative of coronary in-
volvement.9 Hypergammaglobulinemia is often seen
during active disease. Radiological assessment should
include magnetic resonance angiography and com-
puted tomography angiogram. For cerebrovascular dis-
ease, transcranial doppler and single photon emission
computed tomography (SPECT) imaging are advised.8

In one study, 70% of patients had abnormal
transcranial duplex (noted by increased velocities in
the anterior circulation) and 100% had abnormal
SPECT. The gold standard investigation remains
angiography, however.

Treatment

High-dose prednisolone has been shown to have a
dramatic effect (1 mg/kg/day).10 Numerous small stud-
ies have looked at immunosuppressive treatments—
cyclophosphamide,7 methotrexate,11 mycophenolate,12

and cyclosporin. Methotrexate seems to have the most
wide and accepted use. Aggressive treatment of hyper-

tension is mandatory to prevent cardiac and renal
morbidity. Surgical techniques have classically been
limited to vascular bypass surgery, but more recently
there have been good results in small trials using bal-
loon angioplasty ± stent to a variety of vessels, includ-
ing carotid, aortic, renal, and subclavian arteries.13

With earlier diagnosis and improved medical/surgi-
cal management, long-term survival is greater than
90%. However, the morbidity remains high, and we
need to remember that acute inflammation of the ves-
sels causes accelerated atherosclerosis and all the prob-
lems associated with this.

MEDIUM VESSEL VASCULITIS

Classical Polyarteritis Nodosa (PAN)

PAN was the first recognized form of vasculitis, de-
scribed in 1866. Since that time, it has been stream-
lined to a precise definition of a medium-sized vessel
vasculitis with no small-vessel involvement. Those
with small-vessel involvement or glomerulonephritis
without granulomatous change have been classified as
microscopic polyangiitis (MPA) and those with lung
involvement as Churg-Strauss syndrome.

PAN is a rare condition in the United Kingdom, with
an annual incidence of 2.4 per million population.14 In-
creasing numbers are found worldwide in areas with a
high incidence of hepatitis B infection (HBV). It most
commonly presents in men and women in their fifth
and sixth decades but can present at any age. It is
slightly more common in men.

Clinical Features

Most patients present with nonspecific signs of mus-
cle pain or weakness, weight loss, arthralgia, fever, and
malaise. Acute involvement of the medium-sized ves-
sels of the nervous system (multifocal mono-
neuropathies, polyneuropathies), skin (ulcers, infarcts,
palpable purpura, livedo reticularis), gastrointestinal
tract (hemorrhage, perforation, infarction), kidneys (re-
nal infarcts, hypertension, renal failure), and heart (an-
gina, myocardial infarction) can also develop. Hepati-
tis is seen in most patients at postmortem but rarely
symptomatic unless complicated by HBV.

To attempt to identify those patients at greatest risk
of a poor outcome, Guillevin et al studied 342 patients
and were able to identify 5 factors associated with a
higher mortality:15

1. renal failure (creatinine > 1.58 mg/dl)
2. proteinuria > 1 g/dl
3. gastrointestinal involvement
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Fig. 1. Arch aortogram showing major vessel stenosis typical of
Takayasu’s arteritis.



4. cardiomyopathy
5. central nervous system involvement

There was an 88% 5-year survival in patients with
none of these factors present, which fell to 54% if more
than 2 were present. Using this information, we may be
able to stratify treatment to each individual patient’s
requirement.

Investigations

Lab tests are nonspecific, often with an elevated ESR
and C-reactive protein and abnormalities specific to the
system involved. Hepatitis B and C infection should be
looked for, as this will alter management if positive.
ANCA is negative. Neurophysiology tests may confirm
neuropathy. Tissue biopsy, generally of the sural nerve,
may show vasculitic lesions. PAN, however, has patchy
involvement of the artery and therefore a negative bi-
opsy does not exclude the diagnosis. Angiography may
show aneurysmal dilatation, most commonly seen in
the renal circulation (Fig. 2).

Treatment

Glucocorticoids remain the mainstay of treatment
(prednisolone 1 mg/kg/day). Controversy exists over
the benefit of adding cyclophosphamide to the treat-
ment regime. Several small trials have looked at com-
bined therapy, and it would appear that patients with a
poor prognosis at outset should receive combination
therapy with prednisolone and cyclophosphamide.
However, no large controlled trials have confirmed
this. Patients without poor prognostic indicators had as
much benefit from treatment with prednisolone alone
as with combined cyclophosphamide/prednisolone.16

In patients with confirmed HBV infection and PAN-
type vasculitis, the aim of therapy is to treat the
vasculitis and also treat the HBV with antiviral treat-
ment and plasma exchange to remove immune com-
plexes.17,18 With treatment, the outlook in PAN has im-
proved immensely. Untreated, the 5-year survival was
as low as 13%,19 rising to 73% at 10 years with treat-
ment.20

Kawasaki’s Disease

This is a disease of childhood first described in Japa-
nese children in 1967 by Tomisaku Kawasaki.21 It oc-
curs predominantly in Japanese children although
does have a worldwide distribution and is unusual
over the age of 10 years. It appears to have an infec-
tious trigger that has not yet been identified, although
Staphylococcus aureus has been isolated in many
individuals.

Clinical Features

This is a febrile illness with conjunctival congestion,
mucocutaneous involvement, and changes of the pe-
ripheral extremities, a macular rash, and swollen cervi-
cal lymph nodes. The most serious manifestation of the
disease is coronary involvement, which occurs in a
smaller proportion of patients. This can take the form
of myocarditis, infarction, and aneurysm formation.

Investigations

Investigations are nonspecific, with elevation of
acute phase markers in the early stages of the disease.
Thrombocytosis is often seen. Cardiac aneurysms are
detected using 2D echocardiography. Angiography is
used in selected cases.

Treatment

Therapy is 2-fold with 1) aspirin, first as an anti-in-
flammatory and then as an antiplatelet agent, and 2)
high-dose intravenous immunoglobulin.22

Poor prognostic features are male gender, Japanese
ancestry, young age at onset (<18 months), and early
clinical myocarditis; however, treatment has reduced
both mortality and morbidity substantially.

SMALL VESSEL DISEASE

Wegener’s Granulomatosis (WG)

WG was first recognized in 1931, and in 1936
Frederic Wegener recognized 3 cases of necrotizing
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Fig. 2. Coeliac angiogram showing multiple microaneurysms
typical of polyarteritis nodosa.



granulomata involving the lower and upper respiratory
tract and put his name to the disease. Although most
commonly affecting the upper and lower respiratory
tract and kidney, it is in fact a multisystem small vessel
vasculitis that can affect virtually any system.

The cause is unknown, but an infectious etiology
has been postulated, as there appears to be a seasonal
variation noted, with the incidence being higher in the
winter months. There also appear to be peaks of ANCA-
associated disease every 3 to 4 years.23

It is predominantly a disease of Caucasians and can
present at any age but most commonly in the fifth de-
cade of life. It was thought to be a rare condition but
more likely rarely diagnosed. In the United Kingdom,
the Norwich Health Authority survey gave an annual
incidence of 8.5 per million.

Clinical Features

Classically, there is a triad of

1. upper airways disease: nasal and sinus disease pre-
senting as nasal discharge, epistaxis, ulceration and
thickening, destruction of the nasal septum, and sad-
dle nose,

2. lung involvement of the parenchyma, bronchi, and
pleura. There may be transient flitting infiltrates and/
or nodules that may cavitate and alveolar hemorrhage.
Endobronchial disease may present with cough,
wheeze, breathlessness, or hemoptysis,

3. kidney involvement with necrotizing glomerulo-
nephritis. This may initially present as abnormal uri-
nalysis with an active sediment, proteinuria (which
should be quantified), hematuria, and red cell casts.
Renal function tests may be abnormal, with a decrease
in creatinine clearance. Renal disease is uncommon at
the onset of WG, about 20% of patients, but in several
series it has been found to develop in up to 100% of
cases.

In a series of 216 patients, 87% had upper respira-
tory tract involvement, 69% lung involvement, 48%
kidney involvement, and <15% had other systems in-
volved (skin, joints, CNS, eye and orbit, heart, salivary
gland, gastrointestinal tract, spleen, and urogenital).24

Those presenting with gastrointestinal disease, al-
though rare, typically present with signs of peritonitis
or abdominal distension within the first 2 years of their
disease.25

“Limited disease” is defined as upper respiratory
tract/sinus involvement with no kidney disease.
Subglottic stenosis is seen in 16% to 25% of patients
and can present as an acutely compromised airway.

Constitutional symptoms of arthralgia, myalgia, fever,
weight loss, and malaise are also often found.

Investigations

These can be divided into blood test, urine tests, im-
aging, and histology. Blood tests should include full
blood count (normochromic, normocytic anemia, or
microcytic anemia in those with pulmonary or gastro-
intestinal hemorrhage). ESR and C-reactive protein
will be elevated at presentation in most cases and can
be used to monitor disease activity and response to
treatment. Renal function should be monitored at regu-
lar intervals, as renal failure is more common once the
disease is established.

ANCA are circulating antibodies with 2 distinct pat-
terns seen on immunofluorescence (cANCA and
pANCA). cANCA directed against proteinase-3 is both
sensitive and specific for WG. There is controversy
over ANCA being a cause of vasculitis or merely a
marker for it.

cANCA is found in more than 90% of patients pre-
senting with classical WG and in 43% to 70% of those
with limited disease. IgM cANCA is associated with
pulmonary hemorrhage and may change to IgG ANCA
on resolution.

Nonspecific ANCA can be found in many other con-
ditions, infection, malignancy, and subacute bacterial
endocarditis, and has been demonstrated in up to 90%
of cystic fibrosis patients. ANCA therefore cannot be
used as a diagnostic tool without clinical suspicion for
the disease.

Urine dipstick should be performed at the outset and
at each hospital visit, as it is a sensitive marker of early
renal involvement. Red cell casts and active sediment
can easily be detected. Proteinuria should be formally
quantified with a 24-hour urine collection, and urinary
measurements of creatinine clearance will detect renal
involvement before any change in routine blood test-
ing. Chest X-ray should be performed in all patients.
This may be normal or demonstrate pulmonary pathol-
ogy. High-resolution computed tomography (CT) scan
has been shown to be superior in following lung in-
volvement in WG as compared with conventional
chest X-ray.

CT or magnetic resonance imaging (MRI) of the si-
nuses may be useful in patients with upper respiratory
tract involvement. The diagnosis of WG should be con-
firmed with positive histology (small vessel
necrotizing vasculitis with granulomata present) if at
all possible, as the treatment for WG has a high degree
of morbidity in itself. The likelihood of a positive yield
is best obtained from renal biopsy. Nasopharyngeal bi-
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opsy is often performed in limited disease with a vari-
able yield. The yield from transbronchial biopsy is very
poor; however, open lung biopsy reveals disease in up
to 90% of patients.26

Treatment

Prior to treatment, mortality in WG was greater than
80% at 1 year and 90% by the end of the second year,
death occurring primarily from renal and/or pulmo-
nary disease.2 Treatment with glucocorticoid alone did
not improve the outcome of renal morbidity and mor-
tality. In the 1970s to 1980s, patients treated with daily
glucocorticoid and oral cyclophosphamide achieved
an 80% survival, thus revolutionizing the treatment for
this disease.27,28 However, complications of treatment
were seen to arise, particularly bladder cancer, super-
imposed infections, and other malignancies in those
treated with cyclophosphamide. An incidence of 16%
at 15 years was the projected estimate for bladder can-
cer in patients treated with cyclophosphamide on a
daily basis.29 Intermittent dosing with intravenous
cyclophosphamide was therefore looked at in an at-
tempt to decrease the significant morbidity associated
with daily oral dosing. It was found that there was less
morbidity with intermittent dosing but a higher relapse
rate seen.30-32 Currently it is suggested that for life-
threatening or fulminant disease, high-dose cortico-
steroid (1 mg/kg/day) and either daily oral cyclo-
phosphamide (2-4 mg/kg/day) or pulse intravenous
cyclophosphamide (15 mg/kg) is given at onset.

Low-dose methotrexate (20-25 mg once weekly)
with glucocorticoid has been used with good effect in
non-life-threatening disease and in those patients un-
able to tolerate cyclophosphamide to induce
remission33,34 and also as a means of maintaining remis-
sion.35 There was a higher incidence of pneumocystis
carinii pneumonia in this group, and it is recom-
mended that prophylaxis with trimethoprim/
sulphamethoxazole be given.

Other cytotoxics used include azathioprine and
mycophenolate mofetil, which have predominantly
been used in patients as maintenance following induc-
tion with cyclophosphamide and are probably best
kept for those patients intolerant of methotrexate until
further information is forthcoming. Etanercept, a pow-
erful antagonist of TNF, has been used in preliminary
work in conjunction with conventional treatment and
has been found to be well tolerated, and patients may
be able to stop prednisolone at an accelerated schedule
without immediate disease recurrence.36,37

Other treatments used include monoclonal
antibodies38 and intravenous immunoglobulin.39 Both

of these treatments have been used in small numbers
with reasonable outcome.

Plasma exchange is a useful addition to conven-
tional treatment in patients with acute hemorrhagic
pulmonary vasculitis or those presenting with a serum
creatinine greater than 500 mmol/l, with a mortality
benefit seen in these patients.

Trimethoprim/sulphamethoxazole has been re-
ported to be useful in the treatment of limited disease
and may also play a role in reducing relapse rates.
Pneumocystis carinii infection is seen not infrequently
in WG patients on cytotoxic and glucocorticoid treat-
ment, and trimethoprim/sulphamethoxazole will also
act as prophylaxis against this.

Microscopic Polyangiitis (MPA)

This is a small vessel necrotizing vasculitis with a
predilection for kidney (100%), lung (50%), and skin
(40%-44%). Many patients have systemic and consti-
tutional symptoms for many months prior to organ
presentation.

The age at onset is generally fourth to fifth decade,
but this can affect any age and may be insidious or
acute. There is a slight male preponderance of cases.

Clinical Features

Renal disease with a necrotizing glomerulonephritis
is almost universal. Lung involvement usually takes
the form of diffuse alveolar hemorrhage, often in the ab-
sence of frank hemoptysis. Skin involvement is often
seen as palpable purpura. Neurological involvement
occurs in the form of peripheral neuropathy, multifocal
mononeuropathy, and seizures.

Investigations

The diagnosis is based on clinical suspicion, labora-
tory findings, and positive histology. pANCA directed
against myeloperoxidase is positive in 60% to 85% of
patients. Other lab investigations are the same as those
for WG. Microscopic hematuria is commonly seen.

Histology is nonspecific but will feature a necrot-
izing small-vessel vasculitis with few or no immune
complexes and differs from WG, as no granulomata are
present.

Treatment

Treatment is as for life-threatening Wegener’s
granulomatosis. Combined therapy with high-dose
glucocorticoids and cyclophosphamide is employed.
Few studies have examined the treatment of MPA.
There is evidence to suggest a high degree of relapse in
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MPA40 and therefore rigorous follow-up is required,
monitoring renal function carefully, and urinalysis.

Churg-Strauss Syndrome

Churg and Strauss first defined this in 1951. In 1994,
the Chapel Hill International Consensus Conference
classified it as a small-vessel vasculitis with an
eosinophil-rich and granulomatous inflammation in-
volving the respiratory tract and necrotizing vasculitis
affecting the medium-sized vessels in association with
asthma and eosinophilia.2

As a disease entity, it is less common than WG and is
linked to atopic individuals.

Clinical Features

The American College of Rheumatology criteria for
classification are: asthma, eosinophilia greater than
10%, neuropathy (multifocal mononeuropathy, sym-
metrical or asymmetrical polyneuropathy), pulmonary
infiltrates, paranasal sinus abnormality, and extra-
vascular eosinophils. Four or more criteria are re-
quired. Asthma and allergic rhinitis may precede the
vasculitis by many years.

Investigations

Peripheral eosinophilia > 1.5 × 109/liter is seen in the
initial stages associated with asthma. ESR and C-reactive
protein are elevated. ANCA is positive in up to 70% of
patients, predominantly p-ANCA. Histology, often of
sural nerve, is nonspecific showing necrotizing vascul-
itis, eosinophilic infiltration, and extravascular
granulomata.

Treatment

Trials are limited but would suggest that limited dis-
ease should be treated with high-dose glucocorticoids
and severe disease with combined glucocorticoid and
cyclophosphamide.15,41 Interferon-alpha has been
shown to be effective in treatment-resistant Churg-
Strauss syndrome.42 Five factors were associated with
poor outcome:15 renal failure, proteinuria, gastrointesti-
nal tract involvement, cardiomyopathy, and CNS
involvement.

RHEUMATOID VASCULITIS

This is seen in conjunction with longstanding rheu-
matoid arthritis in 1% to 5% of patients. It is most often
noticed as tissue ischaemia,43 being a small-vessel
vasculitis. Variables associated with its development
are male gender, extra-articular features, destructive

joint disease, subcutaneous nodules, number of dis-
ease-modifying antirheumatic drugs previously
prescribed, and treatment with corticosteroids at the
time of diagnosis. The strongest association, however,
was found with high titers of rheumatoid factor.43

Rheumatoid synovitis does not have to be active for
the vasculitis to present or persist. If vasculitis is pres-
ent at diagnosis of RA, it is associated with a much
worse outcome. Limited vasculitis is more common
than systemic vasculitis and tends to present as
nailfold infarcts and lower leg ulcers (Fig. 3).

It has been demonstrated that there is an excess mor-
tality in patients with rheumatoid vasculitis as com-
pared with patients without.44

Investigations

Biopsy of any vascular lesion is required for diag-
nostic certainty. Blood tests will confirm a high acute
phase response and elevated rheumatoid factor. Pa-
tients affected are more likely to have erosive joint dis-
ease demonstrated on X-ray.

Treatment

Patients with severe systemic vasculitis classically
have been treated with intravenous pulse methyl-
prednisolone and cyclophosphamide and low-dose as-
pirin. This regimen is effective but has no survival ben-
efit.45 Combination azathioprine and prednisolone,
however, has been shown to induce remission in pa-
tients with severe rheumatoid vasculitis, with few ad-
verse events and a low rate of relapse.46

Patients with limited disease only would benefit
from combined azathioprine and prednisolone treat-
ment. There was no outcome benefit from treating this
group of patients with aggressive immunosuppressive
treatment.45
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Fig. 3. Splinter hemorrhages seen in rheumatoid vasculitis.
(The authors thank Dr R. Armstrong for this slide from his
collection.)



All patients who smoke should be strongly advised
to stop.

DISCUSSION

The focus of this article is on systemic vasculitis, a
condition that describes as a potential risk factor (P <
.005) in the recurrence of chronic lower extremity
wounds.47 The diagnosis and management of lower ex-
tremity lesions must be achieved using the vascular
and pathology laboratories and the involvement of vas-
cular surgeons and other wounds specialists. New
treatments of such wounds in patients with RA may in-
volve the use of nerve growth factor48 shown to have po-
tential in treating chronic lesions in the legs, hands,
and cornea.49
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Leg ulcers are an important clinical condition and are often
difficult to treat. The treatment has to continue for long peri-
ods, and the associated morbidity leads to significant loss of
work. The successful treatment of leg ulcers or chronic
wounds depends upon accurate diagnosis and treatment of
the underlying cause. In Western societies, most leg ulcers are
due to venous insufficiency, arterial disease, neuropathy
(usually diabetic), or some combination of these factors. In

tropical countries, however, there have been no large series of
leg ulcers reported. The prevalence of leg ulcers and etiology
are unknown. In this article, a short review is presented of the
etiology and management of lower extremity ulcers as seen in
the tropical countries.

Key words: ulcer, chronic lower extremity wounds, skin ul-
cer (diseases), tropical diseases

Chronic lower extremity wounds comprise leg ul-
cers and foot ulcers in the main. There is a paucity

of data relating to the prevalence and natural history of
lower extremity wounds in tropical countries. These
data can only be obtained by screening a large popula-
tion for chronic ulceration of the leg. A study based in
one center suggested that leprosy (40%), diabetes
(23%), venous disease (11%), and trauma (13%) were
among the causes of lower extremity wounds in pa-
tients attending this hospital.1 Thirteen percent of
wounds were not directly linked to any known cause.
The reported prevalence of leg ulcers in Europe varies
between 0.18% and 1%,2-4 caused mostly by venous
disease, arterial disease, and diabetes. Tropical ulcers
are described though little epidemiological data are
available. This study highlights the commonly encoun-
tered lower extremity ulcers in tropical countries, clin-
ical presentation, and treatment.

ETIOLOGY

Arterial disease accounts for 10% to 25% of leg ul-
cers in Western countries,5-9 whereas venous ulcers ac-
count for nearly 80% of all leg ulcers.10,11 Among the
various causes of lower extremity wounds listed in Ta-
ble 1, it can be seen that infection leads to cutaneous ul-
ceration. The presentation and management of ulcers
of such etiology are described in the sections to follow.

TROPICAL PHAGEDENIC ULCER

Tropical ulcers are an acute, nonspecific localized
necrosis of the skin and subcutaneous tissues, endemic
in tropical countries.12 This ulcer has a reported preva-
lence of 0.4%.9 These are distinct from necrotizing
fascitis in that in tropical ulcers, the infection is usually
more superficial except in cases where it spreads rap-
idly causing muscle necrosis and osteomyelitis. A
chronic ulcer may persist after the acute stage.

ETIOLOGY

The precise etiology is unclear. A minor trauma may
be the initiating factor. It is prevalent in patients of
lower socioeconomic status especially in agricultural
communities. Fusiform bacilli and Vincent’s spiro-
chaetes (Borrelia vincenti) are found fairly constantly,
though they may be secondary pathogens. Proteus,
pseudomonas, staphylococci, and streptococci have
also been cultured from these ulcers, but they are prob-
ably contaminants. Pseudomonas aeruginosa is often
present. It is likely that some unidentified infective
agent is involved.

EPIDEMIOLOGY

With a reported prevalence of 0.4%, the highest inci-
dence is seen in children in the age range of 5 to 15
years. It appears to be more common in young men
compared to women. Outbreaks can occur when peo-
ple live in crowded conditions, who are debilitated,
and suffer trauma. Tropical ulcers are seen in war refu-
gees, prisoner of war camps, and communities affected
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by famine. A low intake of vitamin A and of protein has
been observed in some cases.

CLINICAL FINDINGS

A solitary ulcer is usually seen; occasionally there
may be multiple ulcers. It spreads rapidly and has
raised edges that are undermined, and the surrounding
tissues are edematous. There is a foul-smelling dis-
charge of blood-stained pus. The tropical ulcer is very
painful. It may be associated with widespread necrosis
of skin, subcutaneous tissue, gangrene of muscles, and
even osteomyelitis.

Regional lymph nodes may be enlarged due to sec-
ondary infection, and patients may have associated fe-
ver. Following the acute stage, a chronic phase super-
venes in which the edges become firm and sclerotic;
the floor shows unhealthy pinkish granulation tissue.
The surrounding skin is thin, atrophic, and de-pig-
mented, and there is fibrosis in and around the ulcer.
Healing is very slow and seldom occurs under natural
circumstances. Epithelioma of the skin may occur in a
chronic leg ulcer.

DIAGNOSIS

In the acute stage, the ulcer has a typical appearance.
This is usually diagnostic. Fusiform bacilli and
Borrelia vincenti may be found. In the chronic stage, a
biopsy is helpful.

TREATMENT

Medical treatment is mainly useful in acute cases
and to prepare chronic ulcers for surgery, whereas sur-
gical treatment is preferred for the chronic stage.

LOCAL

Complete rest to the affected part is very helpful. A
wound swab for culture of organisms and their sensi-
tivity pattern is essential. Topical dressings with
Sofratulle® is helpful and needs to be changed 3 to 4
times daily. Antibiotic cream (metronidazole) or 0.5%
silver nitrate is also essential. Small ulcers usually re-
spond to this treatment.

SYSTEMIC

Systemic antibiotics, depending upon the sensitiv-
ity profile of the organisms isolated, should be used
early. Metronidazole 200 mg 3 times a day for 7 to 10
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Table 1. Causes of Leg Ulcers
(adapted from Phillips TJ6)

Vascular diseases
Venous
Arterial

Atherosclerosis
Thromboangitis obliterans
Arterio venous malformation

Vasculitis
Small vessel

Hypersensitivity vasculitis
Rheumatoid arthritis
Scleroderma
Lupus erythematosus

Medium and large vessel
Polyarteritis nodosa
Nodular vasculitis
Wegner’s granulomatosis

Lymphatics
Lymphoedema

II. Neuropathic
Diabetes
Tabes dorsalis
Syringomyelia

III. Metabolic
Diabetes
Gout

IV. Hematological disease
A. Red blood cell disorders

Sickle cell anemia
Thallasemia
Hereditary spherocytosis

B. White blood cell disorders
Leukemia

C. Dysproteinemias
Cryoglobulinemia
Cold agglutinin disease

V. Trauma
Pressure
Cold injury
Burn (thermal/chemical)
Radiation dermatitis

VI. Neoplastic
A. Epithelioma

Squamous cell carcinoma
Basal cell carcinoma

B. Sarcoma (eg, Kaposi’s sarcoma)
Lymphoproliferative

Lymphoma cutaneous
T cell lymphoma

D. Metastatic tumors
VII. Infection

A. Bacterial
B. Fungal
C. Protozoal leishmania
D. Infestation and bites

VIII. Pyoderma gangrenosum



days added to the appropriate antibiotic leads to faster
healing. Commonly used antibiotics include injectable
penicillin and streptomycin. In chronic ulcers, surgical
treatment is usually essential.

Excision of small obstinate ulcers followed by split
skin grafting (SSG) leads to a complete cure. Large ul-
cers should be treated medically until clean and granu-
lating, and then SSG or pinch grafts are applied. For
some large ulcers, it is necessary to remove necrosed
bone and tendon followed by excision of the ulcer and
skin grafting. Nutritional deficiency and anemia are
contributing factors and should be corrected. Recently
zinc deficiency has been shown to delay wound heal-
ing, and this aspect may be important.14

VELD SORE

This is an ulcer usually of the leg caused by
corynebacterium diphtheria.14 It presents as a painful
vesicle full of straw-colored fluid, which on bursting
leaves a shallow, punched-out circular ulcer with un-
dermined edges and thick margins with a chamois
leather slough. Subsequently, the edges become
indurated and thickened and surrounding tissue has a
cyanotic appearance. The ulcer may persist for many
months. Healing leads to a thin parchment-like scar.
Diagnosis is established by wound swabs. The treat-
ment is 20,000 units of Diphtheria antitoxin given sub-
cutaneously/intramuscularly. Penicillin or erythro-

mycin (500 mg q 6 hours) for 7 to 10 days is the pre-
ferred antibiotic.

BURULI ULCER

It is an infection caused by Mycobacterium ulcerans,
the likely route being bites from mosquitoes or other in-
sects. The Buruli ulcer is commonly seen in young peo-
ple.15 It has been reported from several parts of Africa,
notably Uganda, Zaire, Sudan, Nigeria, and Ghana.

The lesions are usually situated on an extremity.
There is an initial papular stage in which a hard, cir-
cumscribed mass can be felt deep in the dermis and
subcutaneous tissues. This is followed by ulceration.
Ulcers have undermined edges, a necrotic base, and
concomitant pitting edema of the leg, but
lymphadenopathy is usually absent. Most ulcers tend
to heal spontaneously over months or years. Some ul-
cers progress slowly, and necrosis of skin, muscle, fas-
cia, and bone may follow. Occasionally, massive le-
sions have required limb amputation.

Ziehl Nelson staining of the wound smear will dem-
onstrate the presence of the acid fast mycobacteria,
thus confirming the diagnosis of Buruli ulcer. Treat-
ment is by surgical excision and antitubercular treat-
ment in the form of intramuscular streptomycin injec-
tion or isoniazid, rifampicin, and ethambutol.
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ULCER

Tropical Ulcer Non Tropical Ulcer

History – Trauma/Poor Hygiene/Under Nutrition

Clinical Examination – Legs & Feet, Usually Solitary,
       Raised Edge, Surrounding Oedema

Venous
Arterial
Neuropathic
Others

C   Bacteroides & 
Wound
Swab

S  Vincent’ s spirochaetes
Treatment

Medical treatment in the form of IV
Penicillin+metronidazole+wound dressings

Heals Non healing

Ulcer excision + split skin grafting

(Manage accordingly)

Fig. 1. Algorithm for management of tropical ulcers.



ERYTHEMA INDURATUM
(BAZIN’S NODULAR VASCULITIS)

This is a chronic recurrent nodular ulcerative condi-
tion of the lower legs, and 90% to 95% of the reported
cases were in women. Peaks are seen in adolescence
and at menopause. Painful lesions 1 to 2 cm or larger
appear over the lower calves. Symmetric indolent nod-
ules or subcutaneous plaques are seen, and there is
edema. Such ulcers may persist for 3 to 4 months then
tend to dry and heal. Overlying skin has a dusty/bluish
color and may ulcerate occasionally.

Ulcers are irregular in shape and deeply excavated
with undermined edges. Some ulcers heal while others
persist as chronic ulceration. Histopathological exami-
nation shows lobular panniculitis. Tuberculin test is
positive. Isoniazid (INH) is recommended for treat-
ment. An algorithm for clinical management is pre-
sented in Figure 1.

DISCUSSION

Lower extremity wounds commonly seen in tropical
countries have been described in this article. Although
little hard epidemiological data are available, clinical
observations and tests suggest that infectious agents are
principally responsible for such wounds. Occa-
sionally, lack of nutrition is also responsible. There is a
pressing need to study wounds of this nature that affect
populations in tropical countries as well as the more
described chronic wounds due to circulatory insuffi-
ciency or diabetes.
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RYANLOW-COST MANAGEMENT

Common Denominators for the Low-Cost
Management of Leg Conditions

Terence J. Ryan, MD, FRCP
Oxford Centre for Health Care Research and Development, Oxford, UK

Diseases of blood supply and drainage of the leg are common,
and they frequently contribute to poverty. Management must
include self-help low-cost therapy. The phlebologist,
lymphologist, angiologist, or dermatologist must seek to dis-
till their knowledge for the health worker in the general health
services. Such knowledge should focus on the venous system,
which is amenable to simple maneuvers such as breathing,
elevation, and movement. However, the mechanisms under-
lying the functions of the blood vessels and lymphatics and
the organ they supply or drain are inextricably interwoven.

Care of the veins, the lymphatics, and the epidermis depends
on attention to each together and at the same time. New
knowledge of cytokines produced by the epidermis and their
effects on angiogenesis and permeability suggest that care of
the epidermis by washing and emollients has equal value as
elevation and movement. Such maneuvers cost little and are
usually available.

Key words: leg ulcers, low-cost therapy in the developing
world

INTRODUCTION

The majority of lower extremity wounds may be cat-
egorized as chronic disease. The care of patients suffer-
ing with chronic wounds is heavily dependent on well-
organized health care systems as found in many west-
ern societies. Self-support becomes necessary for pa-
tients when organized health care is inadequate. Since
lower extremity wounds affect legs thereby impairing
mobility, the drive of individual patients to seek health
care support may be further diminished when health
care provision is poor. Lower extremity wounds em-
brace problems due to circulatory dysfunction, those
resulting from excess contact pressure on foot surfaces,
walking inadvertantly over landmines, road traffic ac-
cidents, all exacerbated by a spectrum of infections and
comorbid conditions, notably diabetes.

Lower extremity wound care involves different spe-
cialists. As such, it is well suited to multidisciplinary
team management. Some teams are very large, as for ex-
ample, the Global Alliances for the elimination of
leprosy1,2 or lymphatic filariasis.3 There are organiza-
tions such as World Walk for the foot ulcers of diabetes
mellitus.4 However, in general health services, exper-

tise may be limited to one nurse whose skills should be
the distillate of experiences of the team—which in ef-
fect is the best practice of all members of the team.
Written guidelines have been found to be mostly un-
used,5 but good practice must be provided as part of an
oral tradition practiced by the whole community. The
leg condition itself may have a variety of causes such as
ischemia and/or diabetes as presented in Table 1, and
its management may fall anywhere in a range of com-
plex therapies. Systematic analyses of these therapies
should yield fundamental features which constitute
the basis of management.

THE STRUCTURAL UNIT AND
COMMON DENOMINATORS OF PRACTICE

Most chronic lower extremity wound conditions
will require a functioning blood supply with an intact
arterial venous and capillary component that interacts
with the tissue supplied, which in the context of this
article is the epidermis. The unit of tissue is supported
by a drainage system provided by the lymphatic sys-
tem. The care provider may be taught with different
emphasis by different members of the team—
phlebologist, lymphologist, angiologist, or dermatolo-
gist—but it should be possible to distill and synthesize
their common practices and deliver management prin-
ciples or guidelines for each profession. Such guide-
lines are ultimately generalizable to all conditions to
the legs. As a consequence, there should be community
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acceptance of the principles of management, which are
elevation, movement, and care of the skin as well as
cessation of harmful practices such as smoking. These
practice principles will increasingly have evidence-
based support as well as insights into pathogenesis
from the fields of genetics and molecular biology.

The venous system is the most easily managed of all
the components of blood supply and drainage. Good
management of the venous system has important per-
ceivable effects on the health of arteries, lymphatics,
and the organ supplied. In simple terms, elevation and
movement are good, sitting immobile with the legs
down is bad. The conditions illustrated in Figure 1 all
benefit from such a simple common precept message

that must become part of the oral tradition of all com-
munities. Thus, patients with lower extremity wounds
who may access health care as well as those who are
self-reliant because of circumstances can benefit from
simple principles.

VENOUS SYSTEM OF THE LOWER LEG

The main objective is to empty the venous system.
This objective is encouraged by emptying the veins in
the thorax by taking deep breaths. Leg elevation above
the level of the heart as well as movement of ankles and
toes are essential to maintain venous circulation.
Moving ankles and knees contracts the muscles of the
leg that act as a pump to compress the veins, thereby
propelling blood through the valvular system of the
main veins. Damage to the valves or excessive dilata-
tion of the veins so that the veins are incompetent is
one cause of venous failure; immobility is another. The
consequences of venous hypertension and inadequate
emptying of the venous system is leakage. Such leakage
leads to a chronic inflammatory state, and fibrotic re-
pair is epitomized by lipodermatosclerosis.

LYMPHATIC SYSTEM

The lymphatic system6 of the peripheries is structur-
ally a low resistance pathway through major lymphatic
trunks in the deep tissues draining into the lymph
nodes of the groin and axilla. This system may fail be-
cause of blockage caused by cancer or its treatment by
surgery and radiotherapy, or because of parasitic infes-
tations such as the filaria worm. The consequence of
such a block is the need to open up collaterals, which
are the lymphatic network of initial lymphatics in the
upper dermis. The latter normally drain into the main
lymphatic trunks. They are initially effective as a drain-
age system following blockage of the deep lymphatic
system, and they function well enough to prevent
swelling of the limbs, sometimes for many years.

The lymphatic system is a drainage system that re-
moves excess water and macro molecules such as pro-
teins and lipids, inclusive in such are many mediators
of inflammation and most of the waste products of liv-
ing and dying cells. When as described above the ve-
nous system fails, lymphatics have to manage the addi-
tional load consequent on the leakage from the veins
and the generation of an inflammatory process. The
later consequence of lymphatic failure is gradual orga-
nization of the tissues so that elastin becomes replaced
by fibrosis and the tissues become hard and inelastic.
Limbs affected by such a process become immobile and
dependant, processes that encourage venous failure,
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Table 1 Causes of Non Healing

Local
Inadequate blood supply
Haematoma formation
Foreign body implantation
Necrotic tissue
Wound infection
Radiation therapy
Recurrent trauma
Experience of surgeon
Suture material
Wound tension
Absence of nature’s secret remedy (idiopathic)

General
Age
Malnutrition
Vitamin and trace metal deficiency
Anaemia
Systemic infection
Steroid therapy
Anti-inflammatory drugs
Cancer and/or its chemotherapy
Diabetes mellitus
Jaundice
Uraemia
Obesity
Hypothermia
Factors related to gender including pregnancy
Genetic defects

Global
Hospital building inadequate
No access and no transport
Health care worker’s knowledge and availability deficient
Patient unable to comply with therapy
Management and governance of health services defective
Support services inadequate



thereby setting up a vicious circle of increasing lym-
phatic load and further failure. The factors that contrib-
ute to venous failure in the lymphoedematous limb are
listed in Table 2.

ARTERIAL SYSTEM

The arterial system maintains blood flow to the pe-
ripheries via a balance between peripheral resistance
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and cardiac output; blood flow and pressure are finely
tuned. While in general venous disease presents
mostly in middle age, failure of the arterial system oc-
curs some 20 to 40 years later in old age. A healthy ar-
tery has an elastic wall and a lymphatic system that
clears the arterial wall from any undesirable
macromolecules. When the lymphatic system fails, the
fibrosis that results, as well as accumulation of waste
materials, affects the arterial wall as much as any other
tissue.7 Thus, venous and lymphatic diseases play a
part in the aging process of the artery whereby elastic
tissue is replaced by a fibrotic tissue and lipid among
other molecules becomes deposited in its wall, eventu-
ally leading to arterial disease.

EPIDERMIS AND ITS BLOOD SUPPLY

Over a period of 40 years, this author has described
the relationship between the epidermis and its blood
supply.8 A healthy epidermis performs functions such
as communication and cosmesis factors9 as well as pro-
tection of the tissues within. The last function is
achieved by having a closely knit surface, which acts as
a barrier to environmental exogenous irritants and pre-
vents leakage from the inside. The epidermis perceives
the environment owing to the sensory nervous system
and an immunological surveillance system that uses
the macrophage and lymphatic systems. It acts as a
thermoregulatory system employing sweating and per-
spiration as well as shunting of blood. In venous dis-
ease, all of these functions can fail. The diseased state is
manifested by a loss of barrier function and a change in
the rate of turnover, and repair of the epidermis. It is
also seen as a change in the water content of the upper
dermis and in the structure of its blood supply and lym-
phatic drainage. Some of this is due to loss of control of
the factors controlling permeability of the capillary
bed, and this is, in part, due to a change in the cytokine
balance.

A novel observation that has profoundly influenced
understanding of the control of blood supply to the
skin is the realization that the epidermis is a factory for
the production of cytokines.10 This production is corre-
lated with the barrier function and the epidermal cell
turnover.11 It is also correlated with the behavior of the
upper dermal blood supply. The latter ranges from a
pattern of atrophy to hypertrophy. It is a pattern that
helps the skin to respond to mechanical and biochemi-
cal stimuli controlling the preservation of its healthy
status quo or enabling it to repair. At rest, the epider-
mis, being a largely anaerobic organ, requires very little
oxygen, but when it is injured, it requires an instant in-
crease in blood supply mediated by the axon reflex
vasodilatation. If the repair has to be a prolonged pro-
cess, then a new organ has to be grown, this is granula-
tion tissue. A part of the protective mechanism that al-
lows the skin to respond to its mechanical and
chemical environment is the elasticity and pliability of
the epidermis induced by its moisturization, most of
which is generated from its underlying blood supply.12

Arguably, therefore, the most important role of blood
supply is the control of the water content of the epider-
mis and upper dermis, and its role as a provider of all
that is necessary for repair becomes a secondary func-
tion. Ultrasound imaging has enabled the understand-
ing of the water content of the upper dermis by demon-
strating the features of the water reservoir at this level.13

Ultrasound use shows diurnal and regional variation in
water content of the epidermis and the dermis, and this
is affected by age and influenced by postural factors,14

external mechanical factors,15 or even by the transfu-
sion of a liter of saline.16 The control of the permeability
of the vascular bed supplying the epidermis is depend-
ant on Starling’s Law (1905), but the way in which the
epidermis can also modify the permeability of the
blood vessels as a result of production of mediators of
inflammation that include prostaglandin or cytokines
has become increasingly well understood. The fact that
permeability is linked to maintenance of barrier func-
tion as well as the turnover of the epidermis is relevant
to venous disease. Gravitational eczema is the end
point of overhydration and impairment of the relation-
ship between the epidermis and its underlying capil-
lary bed when there is venous hypertension due to poor
venous drainage. It is characterized by a hugely in-
creased water content, a loss of barrier function, and a
disturbance of the rate of epidermal turnover. The al-
tered structure of the venous bed has much in common
with the changes that are seen in other inflammatory
conditions of the epidermis such as psoriasis, and
mostly it is characterized by torturosity and elongation
of the papillary vessels of the upper dermis. Such
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Table 2 The Venous Component of Lymphoedema

Failure of thoracic venous emptying
Venous filling and hypertension gravitationally induced
Loss of venoarteriolar response
Failure to remove and consequent accumulation of

mediators of inflammation
Ischemia-reperfusion with the loss of protective antioxidant

systems
Angiogenesis and overgrowth of highly permeable venular

capillaries stimulated by a damaged epidermis and/or
mechanical expansion of the upper dermis



angiogenesis has much to do with the release of a vas-
cular endothelial growth factor from the epidermis17,18

which is at the same time a hugely effective vascular
permeability factor in severe lymphoedema. The ef-
fects of angiogenesis are perhaps the most prominent,
with enormous torturosity and overgrowth of the
vasculature in the upper dermis.

ADIPOSE TISSUE AND THE LOWER LEG

One of the features of the lower leg is that adipose
tissue is part of the subcutaneous structure of the skin
playing a part in thermoregulation while acting as a
pressure transducer, especially in the sole of the foot.
The generation of adipose tissue is not entirely a sepa-
rate function to that of the generation of the lymphatic
system. When the latter fails, there is often an increase
in adipose tissue or at least in fat cells.19 The typical pa-
tient with venous disease or with lymphatic disease
has an increased component of adipose tissue in the
lower leg; thick ankles and thick calves are part of this
picture as is the condition lipodermatosclerosis. In its
purest form, lipoedema is a condition of overgrowth of
the adipose tissue, especially of the lower legs in which
there is always a venous and lymphatic component. In
gross lymphoedema, there is usually a lipodermatous
component.

MANAGEMENT OF CONDITIONS OF THE LEG

The venous, lymphatic, and arterial systems may be
considered to closely interact with the tissues sup-
plied, which include the epidermis and adipose tissue.
It can also be seen that one of the elements upon which
management can be focused is the venous system.
Components of the management include breathing,
movement, elevation, and care of the skin by washing
and emollients.

Breathing

Breathing empties the venous system of the thorax,
promoting free drainage of the blood in the veins from
the periphery while it lowers the pressure in the ve-
nous system just above the heart, thereby encouraging
the lymph to exit through the thoracic duct. In the
subclavian or innominate veins, lymphatic function is
best promoted by rapid inspiration, holding the breath,
and prolonged expiration.20 This is a system of breath-
ing common in Asian medicine and may have much in
common with the yawn.

Movement Versus Exercise

Movement is emphasized because it is culturally ac-
cepted by almost everyone, whereas exercise can be
misunderstood. Exercise is aimed at promoting an in-
crease in cardiac output and muscle strength, and it is
usually intermittent. What the legs need is frequent
small movements to promote constant emptying of the
venous system. Of all the maneuvers that are most
needed, ankle movement is perhaps the foremost.21 The
author promotes the concept of about 40 paces per min-
ute being the rate of movement that is satisfactory pro-
vided there is a full range of movement at the ankle. It is
important for all the conditions mentioned above in-
cluding venous disease, lymphatic disease, and arterial
disease.

Elevation

Elevation instantly empties the venous system. In an
elevated limb, increased gravitational drainage has a
slow effect on the lymphatic system. However, eleva-
tion rapidly albeit indirectly offers relief by reducing
the overload of leakage into the venous system. Leg ele-
vation should be above the level of the heart ideally. In
practice this may not be achievable; it is vital to remem-
ber that every inch of elevation is helpful to the venous
system, and insistence that it must be above the level of
the heart is a goal that cannot always be achieved. In-
deed, the ideal elevation may not be desirable in a pa-
tient experiencing discomfort in an enlarged limb. In
circumstances where the arterial blood supply to the
limb is affected, the degree of elevation should be care-
fully considered.

Care of the Skin

The close relationship between the epidermal pro-
duction of cytokines and the stimulus to abnormal ves-
sel growth and excessive leakage that leads to overload
of the venous system renders a constant need to soothe
the epidermis. Gentle washing and emollients have
been shown to be effective in all forms of eczema/
dermatitis. They help to restore the barrier function
and reduce the role of infective organisms as a cause of
damage. Washing for about 10 minutes twice a day is
optimal. Water just above body temperature is most
desirable, and the more natural the emollient soap, the
more supportive it is of the epidermis. The vernix
caseosa is effective in the newborn, sebum is effective
in the adult, and natural wool fats such as lanolin are
good substitutes. Most aging skin requires a substitute.
Age is accelerated by exposure to sunlight, and the
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lower legs of women in particular show severe aging ef-
fects leading to dry cracked skin unable to produce its
own emollients. The cosmetic industry has long em-
phasized that antioxidants are helpful. The literature
on ischemia and reperfusion phenomena underlying
venous disease also suggests a role for antioxidants.

The epidermis is a rich reservoir of interleukin-1
and quickly generates other cytokines such as tumor
necrosing factors when irritated. The cosmetic and
soap industries have led the way in our understanding
of irritancy. The new knowledge that the cytokine pro-
file in the dermis is a product of a complex interactions
and that production of cytokines by the epidermis has
to be taken into account sheds light on the failure of the
removal of such by the lymphatic system. A buildup of
the cytokines in the dermis affects the relationship be-
tween the epidermis and its blood supply; the increase
in demand leads to angiogenesis. These effects also
serve to explain why failure of the venous system in the
human leg can affect both the lymphatic system and the
epidermis.

DISCUSSION

Lower extremity wounds are widespread through-
out our global community. Care of this problem has far-
reaching consequences since all practices must be
based on the simple concepts of good hygiene and
physiology as well as sophisticated scientific develop-
ments. The epidermis and its substructures are con-
nected to and dependent on functional arterial, ve-
nous, and lymphatic circulation. The latter
components are mostly dysfunctional in venous dis-
ease—the underlying pathology for a majority of lower
extremity wounds.

Giving up smoking helps the arterial system. Eleva-
tion and movement are beneficial to venous and lymph
circulations, both essential to maintain the structure of
the skin and its functions.
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WOUND RESEARCH IN THE FUTUREHUNT and HOPF

Quantification and Stratification:
Wound Research in the Future

T. K. Hunt, MD, and Harriet Hopf, MD
University of California, San Francisco

Advances in wound healing have been slow—from the real-
ization of a concept through to its adoption into clinical prac-
tice. There are well-known and understood reasons for this
conservative approach. One less well-tried thought is to strat-

ify the patient’s physiological status with regard to the
wound. This may be the key to quantify changes in wound
milieu and therefore to progress.

Key words: hypoxia, moist wound healing, stratification

INTRODUCTION

Wounds have always been a matter of major concern
to ectothermic, terrestrial animals who, from some sort
of instinct or experience, learned long ago to keep their
wounds moist, warm, and clean.1 In contrast, humans
have overridden that instinct and have treated our
wounds with an astonishing menu of toxic and irrele-
vant substances. The value of cleanliness was realized
only in the 18th century, and the value of moisture
came slowly in the 20th century. As for warmth—well,
perhaps any day now. Most astonishing, despite our
traditional and severe wound problems, it occurred to
humans to quantify wounds only in the 20th century—
about 85 years ago.

Nevertheless, the first known prospective trial in
history (circa 1740), though focused on scurvy, began
the modern era of wound-healing science.2 On a British
naval vessel, the HMS Salisbury, the ship’s surgeon hy-
pothesized that fresh fruits and vegetables would cure
scurvy. He chose 4 groups of 2 subjects each. The 2 who
received fruits and vegetables recovered quickly from
their scurvy and began to heal their previously un-
healed sores. The other subjects, treated with remedies
then popular, remained unimproved. The study was
imperfect in its design. Complete healing was not the
end point, and the result was not statistically signifi-
cant since the sample size was too small. Nevertheless,
the captain, who had supported the experiment with a
grant of the fruits and vegetables, was convinced and

rescinded the unused portion of the grant. The British
Navy waited to act on the finding for 50 years.

About 1920, the structure of vitamin C was deduced,
and about 1925, Wolbach3 discovered links between vi-
tamin C depletion and impaired collagen deposition
using only histologic evidence gained from animals. In
1947, in an experimental study, Crandon and Lund es-
tablished the clinical importance of vitamin C in hu-
man wound healing.4

SLOW PROGRESS IN RESEARCH

Lack of quantifiable data and apathy have slowed
wound research. For 150 years or so after the scurvy
trial, wound measurement was almost entirely con-
fined to infection and mortality rates in human pa-
tients. Gradually, nutrition, cleanliness, and asepsis be-
came the preferred therapy to prevent wound
problems. However, only asepsis was graced with a
convincing prospective demonstration, by Joseph Lis-
ter. In this case, reducing the rate of deaths due to “hos-
pital gangrene” was the endpoint. Again, about 50
years elapsed before Lister’s work on asepsis was recog-
nized and became generally adapted into practice.

Wound Measurement

Actual objective measurement of human wounds
combined with mathematical analysis began during
World War I when Du Nouy5 constructed an analyzable
curve for the healing of open human wounds. He noted
that once a wound was established on this curve, any
major departure from the curve was a warning of signif-
icant comorbidity or complications in the patient that
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needed attention.6 This is an extremely important ob-
servation that needs reemphasis.

Pertinent animal studies had begun a few years ear-
lier. Rudolf Virchow determined histologically the as-
sociation of inflammatory cells with injury and healing
in the late 19th century, and this had been quantified in
human wounds by 1930. Stanley Levenson, an honoree
of the Wound Healing Society, and John Schilling de-
duced the presence of growth factors in wounds as
early as about 1940 from animal studies. Animal stud-
ies also demonstrated the importance of nutrition, but
after Du Nouy, objective data from human wounds
were slow in collecting for the next half century.

Wound Strength

The tensile strength assay of wound closure was first
applied in animals in about 1930 and finally was ap-
plied to human subjects in the 1950s. Implanted
sponges of various sorts, the most informative tech-
nique currently available, followed the same cycle ex-
cept that it was not systematically applied to humans
until about 1980. Since then, the porous poly-
tetrafluoroethylene tube and the Cellstick® method
which is a cellulose sponge in a plastic tube, have been
the most informative research tools in human wounds.
Although it is often thought that acute wounds and
chronic wounds are unrelated entities, the above meth-
ods have been used to document in humans the effects
of uremia, steroids,7 hypoxia, low blood volume,
warmth, smoking, age and growth hormone, arginine
administration, nutrition, magnitude of injury or oper-
ation, and others.8-14 All these data affect management
of chronic wounds. Substances measured include col-
lagen and its types, cell infiltration, DNA, total protein
deposition, proteoglycans, and angiogenesis.

Healing assays are tedious on account of the dura-
tion of studies, since 72 hours are needed to accrue nec-
essary data. The authors’ group introduced the mea-
surement of oxygen in animal and, soon after, human
studies. This was significant partly because it reduced
to periods of minutes the time required to collect clini-
cally significant data leading to a link between healing
and systemic human physiology. This had been sought
after for sometime. One of our first demonstrations was
the deleterious effect of dehydration, an effect that was
noted in 1932 and forgotten for want of a convincing
explanation.

The concept of moist wound healing was intro-
duced many years ago and has just grown since then,
mainly in the last 15 years. William Stewart Halsted
made a point of it in his papers in about 1890. Maibach
and Hinman15 demonstrated it in human studies in

1963. Since then it has gained wide acceptance. The
concept of moist wound healing is based mainly on hu-
man observations, particularly from measurement of
epithelium on human skin graft donor sites. Moist
wound healing helps to decrease pain. Nevertheless,
dry dressings are still used by a discouragingly large
part of the medical world, even on skin graft donor
sites.

Stratification in Wound Research

Wound healers have been trying for about 15 years
without much success to stratify wounds for compari-
son purposes. They have laboriously recorded size,
depth, volume, exudate, appearance of inflammation,
duration until therapeutic intervention, location, bi-
opsy appearance, and others without finding a method
that allows us to make efficient distinctions on healing
agents. Wound scores are useful, but under current reg-
ulatory conditions, they are not acceptable tools for
demonstrating healing. Scoring of wounds may de-
serve a more circumspect appraisal by wound healers.
Quantitative attempts to define wounds more precisely
are being pursued.

In addition to wound scores, however, there are
other methods of measuring human wounds yielding
semi-quantitative data. Furthermore, as we currently
select human subjects into studies, even the best meth-
ods of assessment yield a prohibitively large scatter of
data. Standard deviations are big necessitating large
sample sizes to detect significant changes with an ap-
preciable power. Cost and labor are prohibitive; studies
are often statistically insensitive. The variability of re-
sults will not be reduced until we make serious at-
tempts to minimize variation in the wound
environment.

A simple change is suggested. It may be advanta-
geous to stratify the wound milieu. To achieve this end,
it might serve to stratify the circulation of a leg, for ex-
ample. Subjects could be stratified according to the
transcutaneous oxygen pressure (TcPO2) of the peri-
wound environment. Exclusion of patients with heart
failure, chronic steroids, renal failure, and so on, will
inevitably reduce variability.

Some of the variables that are profitably stratifiable,
that is, proved or suspected to be responsible for a vari-
ability of more than about plus or minus 10% from a
hypothetical mean, are listed:

• Diagnosis (venous, ischemic, mixed arterio-venous
neuropathic, etc.)

• Age
• Sex (sex hormones)
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• Medications (steroids, Beta blockers, diuretics, etc.)
• Co-morbidity (renal, diabetes, cardiac, pulmonary, etc.)
• Depth, size, complexity of the wound (any tunelling?)
• Hemodynamics/TcPO2/perfusion
• Smoking
• Recent weight loss

The most immediate and profound influences are me-
diated by disorders of inflammation and the state of
oxygenation/perfusion, in other words, the local hemo-
dynamic. These are

• Peri-wound TcPO2

• Ankle/brachial index
• Smoking
• Habitual state of hydration (diuretics, etc)
• Systemic hypoxia
• Chronic pain
• Hypertension

TcPO2 is best measured in a supine position, on a warm
leg (temperature 21°C-24°C), well past the postprandial
diversion of blood flow, more than 1 hour after smok-
ing, with an oxygen challenge and pain control.

Local infection could be defined as an increase of
temperature in the local area greater than 1°C. Alterna-
tively, a Doppler value showing high perfusion com-
bined with low TcPO2 indicating that the patient has a
greater ability to deliver oxygen than is being measured
could be used to stratify.

Most of these variables are a result of autonomic acti-
vation. The concept remains to be tested, however.

The suggested distinction between hypoxia caused
by ischemia and that due to excessive oxygen con-
sumption to combat active infection needs further
characterization. It does offer a basis to eliminate vari-
ables due to infection. Patients with low TcPO2 and
high perfusion should not be included in a chronic
wound study until acute infection is well controlled, or
cured.

There remains, of course, the problem of end point.
The authors propose that there is a need for more subtle
standards for vulnerary agents. Complete healing must
not be all. Wound stratification permits improvement
to be documented even in the absence of total healing.
Pain relief needs careful examination and study as this
symptomatic improvement is very important.

In practice, important stratifications can make large
differences. For instance, the likelihood is small that a
wound in a tissue that has a transcutaneous oxygen
pressure less than 20 mm Hg will heal. The only ther-
apy that has been shown to affect TcPO2 on a permanent

basis is hyperbaric oxygen. New or unproven agents to
improve oxygenation are difficult to test under ran-
domized controlled conditions since it appears unethi-
cal not to offer a hypoxic limb every chance to recover.
Stratification as discussed above may offer a way
ahead.

In general, studies in which large amounts of stratified
data are collected have succeeded far better in illustrat-
ing the defined aims than others. One study illustrates
the power of patient stratification. To address the ques-
tion whether perioperative maintenance of
normothermia would reduce the incidence of wound
infection and enhance collagen deposition, patients
were stratified for age and type of operation. With this
robust design using colon surgery to take advantage of
the high infection rate and the uniformity of injury, sig-
nificant differences between groups were demon-
strated in 200 patients.

In the above study, we did not stratify for sex or
smoking. As it was, we were able to distinguish be-
tween premenopausal women and all others in terms
of collagen deposition, a measure of wound strength.
Premenopausal women deposit about 10% more colla-
gen than men.

DISCUSSION

Quantification of wound healing, especially chronic
wound healing, has been difficult. Many studies fail to
reach statistical significance. We submit that not only
should the wound be stratified for size, duration, etc,
but the patient-wound milieu should be stratified as
well from the point of view of perfusion and oxygena-
tion. These are perhaps the most important variables
that can be measured.
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WOUND HEALING MEETINGS 2002

INDIA

Indian Society of Wound Management—
WOUNDCON 2002

13-14 April 2002

Organizers:
Dept of Surgical Oncology
Regional Cancer Centre
Medical College P.O.
Thiruvananthapuram 695 011
Kerala, India

Tel: +91-471-442541, and 522367
Fax: +91-471-447454
e-mail: oncosurgery@rcctvm.org
oncosurgery@hotmail.com

DIABETIC FOOT CONFERENCES

Wound-Infection-Amputation: How to Break the
Cycle Conference

Monday/Tuesday April 15/16, 2002 - Glasgow Royal
Concert Hall

Monday/Tuesday September 30/October 1, 2002 -
Commonwealth Institute

London

Organizers:
Lucy Bennett
Conference Coordinator
SB Communications Group
15 Mandeville Courtyard
142 Battersea Park Road
London SW11 4NB

Fax: 020 7627 1570

The Malvern Diabetic Foot Conference

May 15-17, 2002

Organizers:
Anne Roscoe
C/O Professor AJM Boulton
Dept of Medicine
Manchester Royal Infirmary
Oxford Road

Manchester
M13 9WL

9th Annual Diabetic Foot Conference

July 7, 2002

Royal College of Physicians, UK

Details:
Profile Productions Ltd
Northumberland House
11 The Pavement
Popes Lane
London W5 9NG
Tel: 020 8832 7300

ITALY

Associazione Italiana Ulcere Cutanee (AIUC)
Annual Meeting

November 2002
Taormina
Italy

Organizers:
Dr Marco Romanelli
e-mail: m.romanelli@med.unipi.it

SCANDINAVIA

International Workshop on Multidisciplinary
Concepts in Wound Healing

April 24, 2002, Helsinger (Elsinore) Denmark
Language: English

Organizers:
www.congress-consult.com/mcwh

10 Years Anniversary Symposium of the Danish
Wound Healing Society

April 25-27, 2002, Helsinger (Elsinore) Denmark
Language: Scandinavian with some English-speaking
lecturers

Organizers:
www.congress-consult.com/dsfs
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EUROPEAN TISSUE REPAIR SOCIETY FOCUS
MEETING

September 12-14, 2002, Nice, France
September 11-12, 2002, Monte Carlo, France

Organizers:
ETRS Business Office
Dept of Dermatology
Churchill Hospital
Oxford OX3 7LJ

Tel: ++44 (0) 1865 228269/64
Fax: ++44 (0) 1865 228233
e-mail: OxfordWoundHealingInstitute@compuserve.
com

2002 Joint Conference of the Wound Healing Society
and the European Tissue Repair Society

May 28-June 1, 2002, Renaissance Harborplace Hotel,
Baltimore, Maryland

Organizers:
www.woundheal.org

6th European Pressure Ulcer Advisory Panel Open
Meeting

September 18-21, 2002, Budapest, Hungary

Organizers:
EPUAP Business Office
Dept of Dermatology
Churchill Hospital
Oxford OX3 7LJ

Tel: ++44 (0) 1865 228269/64
Fax: ++44 (0) 1865 228233
e-mail: OxfordWoundHealingInstitute@compuserve.
com

12th Conference of the European Wound
Management Association

GNEUAPP/EWMA 2002 Conference

Chronic Wounds and Quality of Life
May 23-25, 2002, Granada, Spain
Language: Spanish/English

Organizers:
EWMA, PO Box 864, London Se1 8TT
www.unicongress.com/granada2002

4TH AUSTRALIAN WOUND MANAGEMENT
ASSOCIATION CONFERENCE

March 7-10, 2002
Adelaide, South Australia

Hosted by the South Australian Wound Manage-
ment Association. The conference will address the
theme 2002: A Wound Odyssey, and will update dele-
gates on the latest practices and research data. The sci-
entific program will be built around a number of key ar-
eas that will include, but not be limited to, the
management of chronic and problem wounds, pharma-
cological and nutritional considerations in wound
management, problems associated with wound man-
agement in Australia, management of pediatric
wounds, repair of noncutaneous tissue, skin manage-
ment and cosmetics, and complementary and alterna-
tive methods of wound management.

Deadline for submitting abstracts is November 2001.
Further information can be obtained from the Con-

ference Secretariat:

Intermedia Convention and Event Management
P.O. Box 1280, Milton QLD 4064

Tel: (07) 3858 5531
Fax: (07) 3858 5510
e-mail: wm@im.com.au
Web site: http://www.wound.sa.edu.au
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Instructions to Authors

THE JOURNAL

The aim of the journal is to promote the science, educa-
tion, and practice of wound management through review arti-
cles, seminars/debates on contentious topics, and letters to
the editor. The journal is a multidisciplinary medium for a
similar readership. The vision of the editorial board is to offer
a constantly updated textbook through the contents of the
journal. Submissions will be subjected to peer review.

Review papers should be in excess of 5000 words and may
cover all areas of diagnosis, management, basic wound sci-
ence, and health economics of wounds. Review papers
should be a critical synthesis of the knowledge base, seeking
to offer an original perspective. Papers should include line
diagrams and high-quality black-and-white reproductions.
Authors are encouraged to discuss the use of color
reproductions.

Seminars/debates on contentious themes relevant to
wound management are sought. These features will be over
5000 words, well-illustrated, and will serve to update experts
on changing perspectives. These features will serve as
tutorials.

Letters will not be subject to the referee process and will
present authors’ views; not necessarily in concord with those
of the editors/journal management.

MANUSCRIPT PREPARATION

Style

Papers should be highly readable while clearly presenting
messages.

The page size for this journal is 8.5 × 11 inches.

Title Page

Authors are encouraged to choose an informative though
catchy title. Please also supply a condensed title no more
than 5 words for the running head. Include addresses
(+ e-mail) of all contributing authors with one nominee for
correspondence.

Authors are requested to supply 3 to 6 key words for in-
dexing purposes using headings as in Index Medicus.

Abstract

There should be an abstract serving to introduce readers to
the aim and message implicit in the paper.

References

References should be in Vancouver style. In the manu-
script, referenced material will be credited as superscripted
numerals in the text. In the final reference list, authors are
presented in order of appearance in the text.

(eg: increased blood pressure8,9)

8. Fisher CM, Gore I, Okabe N, et al. Atherosclerosis of the
carotid and vertebral arteries: extracranial and intracranial. J
Neuropathol Exp Neurol 1965;124:455-76.

9. Isnard RN, Pannier BM, Laurent S, et al. Pulsatile diam-
eter and elastic modulus of the aortic arch in essential hyper-
tension: a noninvasive study. J Am Coll Cardiol
1989;13:399-405.
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