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25 ¢ Chronic Venous Insufficiency and Leg
Ulceration: Principles and Vascular Biology
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DEFINITIONS
Chronic Venous Insufficiency

Chronic venous insufficiency (CVI) is a term
that is used to describe changes in the leg
that include a variety of different clinical
problems, which are caused by several types
of abnormalities in the veins, and which may
occur at a number of different locations in
the leg.! For these reasons it has been difficult
to make accurate comparisons of reports of
chronic venous insufficiency from different
institutions. As a result attempts have been
made to formulate systems of classification
that enable accurate comparisons to be
made.

The most recent classification, referred
to as the CEAP classification, was devised
by an international panel and encompasses
features of some of the eatlier classifica-
tions.” This classification has four categor-
ies which include — Clinical (C), Etiology
(E), Anatomy (A) and Pathophysiology (P).
Within each category the different levels
are each given a number or a letter or both.
The clinical classification has seven levels
from no visible or palpable signs of venous
disease through to skin changes with active

ulceration (Table 25.1). In addition the
Clinical categories are further character-
ized according to the presence or absence
of symptoms. The Etiological classification
recognizes the roles of congenital (E), primary
(E) and secondary (E) causes in venous dys-
function. The Anatomical classification can
be represented as a simple or more detailed
form. The simple form refers to the site at
which the veins are involved as superficial
(A), deep (A or perforating (Ap)' The more
detailed form identifies the specific veins that
are involved and has 18 segments that can
be identified. The Pathophysiologic classifica-
tion identifies the cause of venous dysfunc-
tion being either reflux (P,) or obstruction
(P,), or both (P, ). This classification can be
used in part or in whole when describing the
patients in a published report.

Leg Ulceration

Leg ulceration may occur as a result of many
different aetiological factors (Table 25.2).
For patients presenting with an ulcer on the
leg it is imperative to determine the aetiology
since the treatment may differ according to
the cause. For ulcers on the leg, not including
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TABLE 25.1: Clinical classification of chronic venous disease of the lower extremity.
The presence or absence of symptoms is denoted by the addition of ‘s’ for
symptomatic, or ‘a’ for asymptomatic.

Class Definition

0 No visible or palpable signs of venous disease

1 Telangiectases or reticular veins

2 Varicose veins

3 Oedema

4 Skin changes ascribed to venous disease (e.g. pigmentation, eczema,

lipodermatosclerosis)

5 Skin changes as above in conjunction with healed ulceration

6 Skin changes as above in conjunction with active ulceration
TABLE 25.2: Commonest causes of leg 1) History — to determine the presence of
ulceration. other known diseases that might result

: in an impairment of the healing process.

Venous disease These include disease processes listed in

Arterial disease Table 25.2

Rheumatoid arthritis a e. o

Diabetes 2) Examination —

Vasculitis a. General examination to assess for

Scleroderma evidence of diseases in Table 25.2

Pyoderma grangrenosum b. Examination of the lower limbs to

Trauma assess for

Infective . .

. . 1. Venous disease
Ulcerating skin cancer . . .
ii. Arterial disease

iii. Examination of the ulcer, specif-

the foot, the commonest aetiology is chronic ically documenting
venous disease either alone or in common 1. Location
with another cause of impaired healing such a. Gaiter region — likely
as arterial disease, diabetes or rheumatoid venous
arthritis. The venous abnormality that b. More proximal on the leg
leads to venous leg ulceration may involve — consider other actiologies
abnormalities at different locations in the c. Foot — not commonly
venous system, of different extent and venous actiology
different aetiologies. 2. Skin surrounding the ulcer

a. Lipodermatosclerosis —
Assessment of Cause of Leg Ulceration venous disease
In order to determine the aetiology of a leg b. Atrophie blanche — venous
ulcer, a standardized assessment is strongly disease or vasculitis
recommended.> That assessment should c. Atrophic skin changes —

consist of the following arterial
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d. Normal skin — consider
other actiologies
3. Ulcer edge
Raised — neoplastic
Punched out — arterial
Undermined — infective
Sloping — venous
Dusky — vascilitis,
pyoderma grangenosum
4. Ulcer base
a. Necrotic tissue — arterial;
large or small vessel disease
b. Granulating — multiple
aetiologies including
venous

opon o

c. Fibrotic slough — venous,
multiple aetiologies

3) Investigations
a. Ankle: brachial Doppler
pressure index
b. Confirmation of venous disease
i. Venous plethysmography
ii. Venous duplex scan to assess for
sites of venous reflux
iii. Blood tests — anemia, renal failure,
liver failure, diabetes, vasculitis
iv. Ulcer biopsy — if suspicious
appearance or if not responding to
adequate compression therapy

arterial

Epidemiology

A number of epidemiological studies of leg
ulceration have been conducted in different
Western countries and have found a similar
prevalence of leg ulceration ranging from
0.11% to 0.18% of the population.® These
studies have confirmed that chronic venous
disease is the commonest cause, representing
approximately 65% of ulcers on the leg. These
occur most commonly in elderly people with
a mean age in excess of 65 years. There are
nearly twice as many women as men with
leg ulcers, however, when these are related to
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age, the prevalence for males and females is
similar because there are more women than
men in the older age groups.*

An Australian epidemiological study
found that venous ulcers are associated with
delayed healing (with a median duration of
26 weeks) and also tend to recur in over 70%
of patients.*

Pathophysiology

Venous Abnormality

The basic underlying physiological abnormal-
ity in chronic venous disease is altered return
of blood in the veins of the leg, which results
in ambulatory venous hypertension in the
superficial veins.” When venous pressures
are measured in the surface veins in the foot
or ankle, the pressure is normally highest
(approximately 100mmHg) when standing
immobile, and drops to 30 to 40mmHg when
walking (Figure 25.1). This occurs because
the ‘calf muscle pump’ assists the return of
blood from the leg by compression of the
deeper veins during muscle contraction.
When the muscles relax, the emptied deeper
veins have a lower pressure which allows
more blood to flow into them from the
surface veins, thereby reducing the pressure
in those veins (Figure 25.2).

In patients with chronic venous insuffi-
ciency the pressure in the surface veins drops
only a small amount, hence the term ‘ambu-
latory’ venous hypertension (Figure 25.1).
An increase in the pressure in the surface
veins above that present on standing is very
uncommon, and only occurs when there is
extensive proximal venous occlusion. The
failure to reduce superficial venous pres-
sure on exercise occurs when there is reflux
in either the deep veins or the surface veins.
Reflux in the deep veins results in rapid refill-
ing of the deep veins when the calf muscles
relax (Figure 25.3). This results in only a
small increase in the amount of blood that
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FIGURE 25.1: Superficial venous pressures in normal legs and legs with chronic venous disease.
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FIGURE 25.2: Pressure in the deep and superficial veins in a normal leg after calf muscle contraction.
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FIGURE 25.3: Pressure in the deep and superficial veins in a leg with chronic venous disease after contraction

of the calf muscle.

flows from the surface veins into the deep
veins. If the reflux is primarily in the super-
ficial veins, the superficial veins refill quickly
and the ambulatory venous pressure remains
elevated even though more blood may be
flowing into the deep veins."

Reflux in veins is caused either by destruc-
tion of the valves when a venous thrombo-
sis recanalizes, or by primary incompetence
of the valves. The relative proportions of
the two causes in the deep veins remain a
point of debate. Definite evidence of previ-
ous deep vein thrombosis has been reported
in 40 —50% of patients with venous ulcer-
ation.'™! In chronic venous insufficiency
the venous reflux may involve the deep veins
or may involve only the surface and perfor-
ating veins. Involvement of the deep veins
has also been variously reported at between
40 and 90%.'""* The major reason for this
variation in reporting is the use of different
techniques for assessing the deep veins. The
rate of deep vein involvement was reported

at higher rates when the standard method
of assessing veins was venography."" Duplex
scanning has now become the major method
for assessing veins, and the quoted rates of
deep vein involvement have dropped.'? This
possibly relates to the difficulty in visualizing
the calf veins with duplex scanning.

Effect of Ambulatory Venous
Hypertension on the Tissues in the
Leg

The obvious clinical finding in CVI is the
pigmentation and fibrosis that occurs in the
skin in the gaiter region of the leg, referred
to as lipodermatosclerosis (Figure 25.4).
Histologically there is also an increase in
the extent of the capillary bed in the skin,
although there is some debate as to whether
the capillaries are all perfused.’' This is
particularly the case in areas of atrophie
blanche (white atrophy) in which there
are tufts of capillaries interspersed within
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relatively avascular skin (Figure 25.5). This
condition is common in venous ulceration,
but may also be present in other conditions
such as vasculitis.”

A number of hypotheses have been pro-
posed over the years to try and explain how
ambulatory venous hypertension affects the
tissues and thereby leads to impaired heal-
ing. It has generally been acknowledged
that there must be some impairment to
the nutrition to the skin cells either due

to reduced nutrients or reduced oxygen-
ation. To date such reduced skin nutrition
has not been conclusively demonstrated.
Many studies have shown reduced transcu-
taneous oxygen measurements,' however
because of the change to the structure of the
skin this may not be an accurate reflection
of tissue oxygenation.

Theories that have been proposed to
support the concept of reduced nutrition
to the skin are arteriovenous shunting,' the

FIGURE 25.4: Lipodermatosclerosis and ulceration in a leg with chronic venous disease.

FIGURE 25.5: Atrophie blanche in a leg with chronic venous disease.
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presence of a diffusion barrier to oxygen
by fibrin and other proteins that deposit
around skin capillaries,"” and the occlusion
of capillaries by activated white cells becom-
ing ‘trapped’ in the capillary bed.'® Other
theories have hypothesized that growth fact-
ors are trapped in the pericapillary protein
deposits which therefore impedes the healing
process (Figure 25.6)." Localised reperfusion
injury has also been hypothesized in associa-
tion with intermittent periods of ambulatory
venous hypertension and lower venous pres-
sures.”” Other hypotheses have focused on
the presence of factors that directly damage
the tissue by activation of white cells which
subsequently release factors such as cyto-
kines, proteases and oxygen free radicals that
can impede healing.*"** To date there is no
conclusive support for any given hypothesis,
although the presence of an excessive inflam-
matory response has been repeatedly demon-
strated in venous ulcers.

Influence of Venous Disease on the
Wound Healing Process

The cause of impaired healing in venous
ulceration remains uncertain. This is in
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spite of the clinical observation that non-
healing venous ulcers begin to heal once
patients are admitted to hospital for bed
rest. Efforts are continuing to try and
determine what is occurring at a cellular
and molecular level to impede the healing
process. These have demonstrated a highly
inflammatory environment with high levels
of inflammatory cytokines, proteases and
large numbers of immune cells.”?** The
proteases that are elevated in venous ulcers
compared to acute wounds include matrix
metalloprotease-2 and -9 (MMP-2 and 9)
(Figure 25.7) and collagenases (Figure 25.8).
It is possible that this highly inflammatory
environment may result in destruction of
factors that are important in the normal
healing process. These factors may include
growth factors, cell surface receptors, the
matrix in the base of the wound and cellular
adhesion molecules.

Bacteria that colonise open wounds
may contribute to the increased inflamma-
tory wound environment. No clear link has
been shown between the presence of bac-
teria and healing ability in venous ulcers.”>*
Bacteria are known to form biofilms which
consist of a matrix that is secreted by the

FIGURE 25.6: Pericapillary deposit of protein — fibrinogen.
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FIGURE 25.7: Matrix metalloprotease levels in wound fluid from acute and chronic wounds.
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FIGURE 25.8: Collagenase levels in wound fluid from chronic venous ulcers.

bacteria which enables the bacteria to persist
in an environment in which they are pro-
tected from the body’s defense mechanisms.

The underlying causes of venous ulcer-
ation may affect both the ability to develop
ulcers and the ability to heal ulcers; however,
it is likely that additional factors will contrib-
ute to the impaired healing process once an
ulcer has occurred. Further understanding of
the factors that impede the healing process
may lead to better treatments to improve
ulcer healing.

Genetic Associations with Venous
Ulceration

A number of research groups have now
demonstrated that genetic polymorphisms
are associated with the development of
venous ulceration. Working independently,
groups have demonstrated that the following
polymorphisms to be associated with venous
ulceration — tumour necrosis factor alpha 308
(a regulatory polymorphism),”” fibroblast
growth factor receptor type 2, oestrogen
receptor beta® and haemochromatosis
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factor.® There is also a suggestion that a
polymorphism in coagulation factor XIII
may be associated with delayed healing of
venous ulceration following venous surgery.”!
All of these studies have been performed on
relatively small samples sizes and do require
further confirmation in larger samples sizes.
It is likely that a number of genetic factors
will ultimately be shown to be associated
with the ability to heal wounds.

ASSESSMENT OF VENOUS
FUNCTION

In patients with venous ulceration, the
history and clinical signs on the leg will
give a strong indication of the presence of
venous disease. When surgical treatment is
to be considered it is imperative to have a
clear outline of the veins with reflux and
the presence of venous obstruction. If the
deep veins are involved, the benefits of
operating on surface and or perforating
veins are limited and appear to be dependent
on the extent of the venous reflux.’>* The
commonest current method that is used to
assess for sites of incompetence is Duplex
scanning. Venography and imaging with
contrast CT scan or MR venography are
used infrequently and usually only when
there is uncertainty about the information
from the Duplex scan. Other methods
of diagnosing venous disease such as
plethysmography and hand held Doppler
do not give a good indication of the sites
of venous incompetence.*** When perform-
ing a Duplex scan for chronic venous
disease, the deep veins, superficial veins,
and the communicating veins should all be
evaluated.
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TREATMENT OF VENOUS
ULCERATION

The objective of the treatment of venous
ulceration is to improve the physiological
abnormality of ambulatory venous hyper-
tension. The two methods available are
compression therapy applied to the leg
or direct treatment of the veins by surgery
or other ablative techniques such as sclero-
therapy, laser or radiofrequency ablation.*
There are also ongoing studies to identify
topical and systemic therapies that will have
a direct influence on improve the healing
process in the ulcers. The only such therapy
that has been used in clinical practice in some
parts of the world is topical platelet derived
growth factor.””

Compression Therapy

Compression applied to the leg improves
the venous return in the leg, primarily by
reducing venous reflux into the leg and also
by reducing the leg volume.*® Compression
bandages have also been shown to significantly
improve the time taken to heal venous
ulcers.* This reduces oedema in the leg that
is considered to impede the healing process.
The compression is applied to the leg below
the knee from the base of the toes to just
below the knee, and the level of compression
that is recommended is to achieve a pressure
of between 25 and 45mmHg at the ankle
with a graduated reduction in pressure up
the leg. The compression may be applied by
either bandages or by compression stockings.
In patients with an open ulcer, bandages
are normally preferred because the exudate
damages the stockings and shortens their
lifespan.

There are many different types of bandage
systems that have been employed for venous
ulcers. Most benefit has been shown to
occur with systems that are multilayered. 4
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The first layer consists of orthopaedic wool
or similar padding that is placed beneath a
plaster cast. This is to help protect the skin
overlying bony prominences from excessive
pressure. The next one or preferably two
layers are the compression bandages that
may be elastic or inelastic or a combina-
tion of the two. The top layer is one to help
prevent slippage of the bandage. This may
be a bandage that adheres to itself or a tubu-
lar stockingette. To date no difference has
been shown in the efficacy of inelastic (short
stretch) or elastic bandages (long stretch),
as long as these are used as part of a multi-
layered system.

If a compression stocking is used this
should be either class 2 (25-35mmHg at the
ankle) or class 3 (35-45mmHg), and should
aim to provide graduated compression. These
come in a variety of sizes and should be fit-
ted to the individual’s leg. They come with
and without zippers on one side that help
with applying and removing the stocking.
Patients with small or very large legs may
need to have stockings custom made to fit
their legs. Stockings can be difficult to both
apply and to remove, particularly in patients
with arthritis or in frail patients. To assist
with application there are frames onto which
the stockings can be placed and into which
the patient then places their foot. Stockings
are often useful in younger patients who
have active jobs and for whom wearing bulky

bandages is difficult.

Dressings

The dressing applied to the ulcer may be
chosen from any that are available. No
dressing, including those dressings containing
silver and other topical antibacterial agents,
have been shown to have a direct effect on
improving the healing process.”’ Dressings
are chosen according the needs of the
patient and their wound. Different dressings

may be chosen to absorb exudate, reduce
pain, help liquefy slough, reduce bacterial
contamination, reduce odour from the
wound, or to protect the surrounding skin
from maceration. The cost of the dressing
also needs to be considered when making
a selection. For patients who are using
stockings a dressing that adheres to the skin
is preferable as this aids with applying the
stocking over it.

The dressings and compression may be
left on the leg and for up to one week and
even longer in cooler climates. Commonly
however, the bandages and dressings may be
changed anything from daily to weekly. The
main determinants of the duration of appli-
cation are the amount of exudate, the state of
the wound and odour from the bandages.

Surgery

Surgery to the veins in the lower leg may
procedures on the superficial
varicose veins, incompetent communicating
veins or the deep veins in the leg. Surgery to
the superficial veins includes surgery to the
long and/or short saphenous vein by ligation
and stripping, together with avulsion of
varicosities.** Incompetent communicating
veins can be accurately located by Duplex
scanning and may be approached directly by
a small incision over the site and subfascial
ligation. In order to avoid making incisions
through areas of lipodermatosclerosis or
ulceration, the perforators in the lower leg
may be treated by subfascial endoscopic
perforator surgery (SEPS) (Figure 25.9).%
The deep veins may be treated by direct
repair of intact but incompetent valves. The
repair may be directly by suture®®
involve applying a cuff around the valve
to reduce the diameter of the vein and to
restore competence.’® Veins that have had
previous venous thrombosis and which have
recanalised with destruction of the valve can

include

or may
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have a segment of vein containing competent
valves taken from the arm and inserted to
replace a segment of the femoral or popliteal
vein.¥

The roles of a number of these opera-
tions in patients with venous ulcers has in
part been clarified by recent clinical trials
and reviews of published data.’*3 The
benefits of surgery to the deep veins for
patients with open or healed venous ulcers
remain unproven and should be confined to
studies assessing their efficacy rather than
be used in routine clinical practice. Surgery
to the superficial veins in combination with

| |
i v |
Fl

FIGURE 25.9: Subfascial endoscopic perforator surgery —
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IH
instruments in position and clip on a perforator.

compression does not result in any improve-
ment in venous ulcer healing compared to
compression therapy alone.*> However, sur-
gery to the superficial veins in combination
with compression does result in a significant
reduction in venous ulcer recurrence. Indi-
viduals who are most likely to benefit from
surgery to the superficial venous system are
those with superficial venous incompetence
and no deep incompetence or in patients
with superficial incompetence and segmen-
tal deep incompetence. In both groups of
patients there is a significant reduction in
ulcer recurrence compared to compression
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therapy alone. For patients with extensive
deep vein incompetence, there was not a
significant reduction in the rate of ulcer
recurrence.’>3342

The need to treat incompetent com-
municating veins at the same time as treat-
ing superficial veins remains uncertain.*
Studies on patients with superficial venous
incompetence and incompetent communic-
ating veins, but without deep vein abnorm-
alities, have indicated that in a majority of
patients, the communicating veins cease to
be incompetent after the superficial veins are
ablated.*®* Another study has indicated that
in the presence of deep vein reflux, ablation
of superficial veins does not result in a return
to competence in incompetent communic-
ating veins.”

Anecdotal reports have suggested that
operating on the superficial and perforating
veins does improve the healing of venous
ulcers. Randomised controlled trials have
however, shown no improvement in venous
ulcer healing when surgery is combined with
compression bandaging compared to com-
pression bandaging alone.**’' However, in
patients who are not responding to optimal
compression therapy and who have no or
minimal reflux in the deep veins, the author’s
anecdotal experience is that surgery to the
superficial and perforating veins does result
in an active healing process. In addition, in
patients with very painful ulcers, this surgery
appears to reduce their level of pain. It is still
important to continue the compression after
the surgery.

Surgery to correct venous obstruction has
included vein bypass, transposition of a vein
to bypass an obstruction,* or balloon dila-
tation with stenting.”® The efficacy of these
procedures remains uncertain due to the
infrequency with which they are performed,
and the consequent anecdotal nature of
reports.

Prevention of Venous Ulcer
Recurrence

Once an ulcer has healed continued treatment
should be implemented to help reduce the
risk of ulcer recurrence. The simplest method
is to use compression stockings.’* These have
been shown to significantly prolong the time
before venous ulcers recur, however, they
do not remove the risk completely. The
stockings that are used are class 3, however, it
is generally considered that class 2 stockings
will have a similar benefit.

Surgery to the leg veins in patients with
venous ulcers is most commonly used to
reduce the risk of ulcer recurrence. This sur-
gery is usually performed after ulcers have
healed, to prevent the potential for wound
contamination and infection from an open
ulcer. As indicated above the only form
of surgery that is used in routine practice
is surgery to the surface and/or perforat-
ing veins. The benefits of this surgery are
greatest in patients who have no evidence of
post-thrombotic damage to the deep veins.

Sclerotherapy and Other Techniques
to Obliterate Surface and Perforating
Veins

Techniques other than surgery have been
used to treat varicose veins and incompet-
ent perforating veins. These include sclero-
therapy,” ultrasound guided sclerotherapy to
incompetent perforating veins and saphenous
veins,’® and laser or radiofrequency ablation of
the long saphenous vein.”” These techniques
have not been specifically evaluated in
the treatment of venous ulceration or the
prevention of ulcer recurrence. It is likely
that the benefit with
would be commensurate with their efficacy
in obliterating the appropriate
compared to that achieved with the surgical
techniques.

these treatments

veins
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Other Therapies

The use of other systemic or topical therapies
is an area in which there is ongoing research.
Many different therapies have been evaluated;
however, to date no single therapy has been
shown to be of sufficient benefit to be used
in routine clinical practice. Therapies that
have or are being assessed include aspirin,
oxpentifylline, platelet lysate or releasate, a
number of different recombinant growth
factors, growth factors derived from bovine
whey, protease inhibitors, topical antibacterial
preparations or dressings,
topical antibacterials, and various vasoactive
preparations.” There is some evidence that
oxpentifylline does improve ulcer healing.”
Other topical methods include ultrasound,
magnetic therapy, ultraviolet light, electrical
stimulation, and topical laser therapy.®
To date there is no convincing evidence to
support the efficacy of any of these therapies.
Many therapies that have been proposed to
aid venous ulcer healing have been selected
on theoretical grounds rather than detailed
knowledge of the cellular and molecular
abnormalities that result in venous ulcers
forming and that impede their healing.
There is a need to better understand these
processes so that this knowledge can be
used to help identify improved methods for

treating venous ulcers.

systemic  or
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