
ABC of Vascular Diseases

DEEP VENOUS INSUFFICIENCY AND OCCLUSION

N F G Hopkins, John H N Wolfe

Sequence of events leading to venous ulceration.

Diagnosis

Detection by Doppler ultrasonography of deep
venous insufficiency at the common femoral
vein.

Pulmonary embolus is a serious complication of deep vein thrombosis but
deep venous insufficiency or occlusion, or both, are much more common

long term problems and many venous ulcers occur each year, putting strains
on both the work force and health service resources. It has long been
recognised that deep vein thrombosis is usually followed by
recanalisation of the veins and that this process results in destruction of the
venous valves, which in turn results in deep venous insufficiency. Failure to
recanalise results in chronic venous occlusion with the development of a

collateral circulation that is also without valves. Either event has a

deleterious effect on the function of the calf muscle pump, resulting in high
venous pressure in the leg and foot even during exercise. This is the
fundamental abnormality that results in a postphlebitic limb with venous

ulceration or venous claudication. In addition, some patients have a

congenital absence of competent valves without evidence of previous
thrombosis.

Clinical
A history of deep vein thrombosis should be sought together with a

history of disorders associated with a high incidence of thrombosis, such as

operations on the pelvis or hip, or a complicated obstetric course. Venous
claudication is characterised by severe "bursting" pain in the calf after
exercise. Because the superficial collateral vessels are sometimes important,
elastic stockings-which compress these veins-may sometimes exacerbate
the symptoms. The pain is relieved by rest but-in contrast to arterial
claudication-is often improved by elevation of the limb.

Physical signs associated with deep venous disease include swelling; the
appearance of superficial collateral veins; and thickening, induration, and
pigmentation of the subcutaneous tissues in the gaiter area

(lipodermatosclerosis). The skin itself may be thickened and sclerotic, and
it may be ulcerated or show the scars of healed ulcers.
On examination of the superficial veins there may be varicosities, and the

Trendelenburg tourniquet test will fail to control venous reflux because of
the multiple sites of incompetence between the deep and superficial venous
systems. Perthes' test should be used to see if there is deep venous

obstruction. A tourniquet is applied below the knee to occlude the
superficial collateral veins. If the deep veins are also occluded the patient
will experience pain on exercise.

Doppler ultrasonography
Deep venous obstruction may be detected as described in the article on

thrombosis and pulmonary embolism. Deep venous insufficiency may be
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Quantitative testing for venous incompetence.

Doppler

assessment of
venous system.

uoppler image of veins witn cusps open.

Plethysmography.

diagnosed with a simple hand held Doppler scanner. The test takes only one
or two minutes to do: the patient is examined standing, and the probe
placed over the common femoral vein at the groin. After placement of a
narrow, high thigh tourniquet to occlude the superficial veins, and with the
patient bearing weight on the opposite limb, the venous signal is confirmed
when the patient takes a deep breath; it can be enhanced by squeezing the
patient's calf. When the pressure on the calf is released there should be no
signal, as competent valves prevent reflux ofblood down the limb. Should a
signal last longer than a second, deep venous insufficiency is present. This
reflux signal may be confirmed by the patient carrying out a Valsalva
manoeuvre.
The test can also be done by examining the popliteal vein with a

tourniquet placed at the level of the upper calf; there should be no signal on
release of pressure on the calf.

Although they are less important, the posterior tibial veins may be
examined with a tourniquet above the ankle; when pressure is applied to the
calf there should be no signal, but there should be an enhanced venous
signal when the pressure is released.

In specialist laboratories duplex Doppler scanning may be used to study
the functions of venous valves by imaging the movement of valve cusps
during both respiration and the Valsalva manoeuvre. The Valsalva
manoeuvre snaps the valve cusps together. Bidirectional flow in
incompetent systems is detected by audible signals and spectral analysis.

Direct measurement ofvenous pressure
This remains the most established method of assessing the function of

calfmuscle pumps. A fine needle is inserted into a vein on the dorsum of the
foot and connected to a pressure transducer and thence to a pen recorder.
Pressure is recorded with the patient standing at rest, and during and after a
period of standardised exercise -usually exercises moving on to "tip toe"
once a second for 20 seconds. In normal subjects a fall in venous pressure of
50-90% of the resting pressure is seen with a return to resting pressure
within 20-40 seconds of stopping the exercise. Deep venous obstruction
results in a rise in pressure on exercise, but more commonly deep venous

insufficiency shows a varied but reduced fall in pressure accompanied by a
more rapid return to resting pressure. This standard exercise regimen is
done both with and without tourniquets to occlude the superficial veins. If
initial testing gives abnormal results but the placing of tourniquets returns
calfpump function to normal the abnormality lies within the superficial
venous system and will be suitable for operation. Should the test results
remain abnormal when the tourniquets are used, then deep venous
insufficiency is present.

Plethysmography
Plethysmography is measurement of volume, and changes in volume in

the legs correlate with changes in venous pressure. Several systems are

available, and they are all non-invasive and painless. Foot volume
plethysmography works on the principle of an open water bath
continuously measuring volume by displacement. Air plethysmography
measures changes in calf volume, and strain gauge plethysmography
measures limb circumference (and thereby volume) by assuming the limb to
be a cylinder. In photoplethysmography a small transducer is used that
consists of a diode that emits infrared light into the tissues with an adjacent
photodetector that receives reflected light. This transducer is fixed to the
patient's foot and the output signal is amplified and recorded. A shift from
the baseline measurements represents a change in blood volume, which is in
turn governed by venous pressure. This assessment is largely qualitative,
though the other types ofplethysmography are both easily standardised and
quantitative.

All these measurements are used to assess the calf muscle pump by
exercise testing as described for the venous pressure studies. In normal
subjects exercise reduces the volume in the foot and calf as blood is expelled,
and this returns to normal within 30-40 seconds of stopping exercise.
Abnormal results in patients with deep venous obstruction or deep venous

insufficiency are interpreted in exactly the same way as the direct pressure
measurements.

In each of these quantitative tests the crucial question is whether the calf
pump function returns to normal when the superficial veins are occluded by
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Narrow tourniquet to
occlude superticial veins

Phlebography.

a tourniquet. If it does, then the deep veins are normal. If not, the position
of the tourniquet gives information about site of incompetence.

Phlebography
Ascending phlebography remains the most reliable test of deep venous

anatomy. Similar techniques may be used in the diagnosis ofchronic venous
occlusion and will also show the extent of any collateral circulation.

Descending phlebography is used specifically to assess valvular
incompetence. Under local infiltration anaesthesia the common femoral
vein is cannulated at the groin and contrast medium injected while the
patient carries out a Valsalva manoeuvre with the examination table tilted at
600 foot downwards. x Ray films are taken to determine how far down the
leg the contrast medium has passed, and the results are graded on an
arbitrary scale.

Lipodermatosclerosis and ulceration
The incidence of lipodermatosclerosis and ulceration in patients who

have had deep vein thromboses increases with time. The interval between
the original thrombosis and the development of the postphlebitic syndrome
may be 10-15 years, and probably depends on the tissue response to the
venous hypertension. The actual changes in the venous circulation (either
recanalisation or the development of a collateral circulation) occur much
earlier, and compensation is usually complete within three years. Some
symptoms may precede frank ulceration by a long time, and may start to
develop within three years. Within 5-10 years three quarters ofpatients who
had moderate or severe thromboses will have started to get symptoms and
these will be severe in up to 40% of cases. The ultimate incidence of
ulceration is 4-7%.

It is not possible to correlate accurately the extent of the thrombosis and
the incidence of symptoms. The extent of dysfunction of the calf muscle
pump as measured by plethysmography, however, does correlate with the
incidence of post-thrombotic symptoms. Patients with deep venous

Calf perforating veins, lipodermatosclerosis, and insufficiency are at greater risk of developing these complications than
early ulceration. patients with deep vein obstruction alone. If the venous pressure after

exercise is less than 45 mm Hg the risk of ulceration is negligible, but when
it is more than 60 mm Hg the incidence rises to more than 50%.

Treatment
Support stockings
reduce the risk of
recurrent
thrombosis.

.A.
M

Support stockings
Injury to a deep vein, whether it results in deep venous obstruction or

deep venous insufficiency, requires lifelong treatment as soon as it is
diagnosed if the postphlebitic syndrome is to be avoided. Patients should
avoid prolonged periods of standing, and whenever they have the
opportunity to sit the affected limb should be raised to encourage venous
drainage.
Good quality fitted stockings that provide graduated compression (30-40

mm Hg) should be prescribed. Such stockings reduce the venous
transmural pressure, improve the function of the calf muscle pump, and
stimulate venous flow during recumbency, thereby reducing the risk of
recurrent thrombosis.

Fibrinolytic enhancement
Although compression stockings reverse the skin changes of

lipodermatosclerosis, some patients' condition may be further improved by
the use of drugs which stimulate fibrinolysis, such as stanozolol.

Operation
Accurate assessment of calfpump function is essential before operation is

contemplated. If calfpump dysfunction results from a combination of
superficial varicose veins and incompetent perforating veins, then removal
of varicose veins and ligation of perforating veins will repair the calf muscle
pump and give good prospects for a long term cure. If the deep veins are
incompetent the results ofoperation are poor, because the raised pressure in
the deep veins rapidly leads to the re-emergence of incompetent
communicating veins.
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Replacement of incompetent femoral vein
with valved segment from axilla.
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Diagram and operative photograph showing a
Palma crossover vein bypass operation using
the long saphenous vein from the normal leg
(illustrating a left iliac vein occlusion).

Many patients produce their own femorofemoral
collaterals (note the suprapubic varicose veins).
Operation in such patients is unnecessary.

There are no reliable and safe methods for repairing incompetent valves
in deep veins. Research continues, however, and includes assessment of
transplanting vein valves from the axillary vein into the upper popliteal
segment. This has relieved symptoms in some patients, and calfpump
function has been improved. Additional attempts have been made to repair
femoral vein valves. This may have a place in patients with congenital valve
aplasia, but so far there has been no long term follow up in patients who
have undergone repair of valves after thrombosis in limbs. The support of
incompetent valves with external slings has also been tried, with
encouraging initial results.

Longstanding venous occlusion may be treated by bypass. The
contralateral normal long saphenous vein is dissected out and anastomosed
to the femoral vein on the occluded side. The iliac occlusion is bypassed and
encouraging results have been obtained. The adjunctive use of a temporary
arteriovenous fistula increases flow, and this maintains patency. Bypass of
an occluded superficial femoral vein (using long saphenous vein) does not
give equally good results.

Synthetic materials are rarely used in the venous system except as simple
patches, but externally reinforced polytetrafluoroethylene is the material of
choice for replacement of the iliac veins and the inferior vena cava.

We acknowledge with thanks the assistance of the audiovisual department, St Mary's Hospital,
London, in the preparation of the illustrations.

Mr N F G Hopkins, FRCS, is consultant surgeon, Crawley Hospital, West Sussex, and Mr
John H N Wolfe, FRCS, is consultant vascular surgeon, St Mary's Hospital, London.

The ABC of Vascular Diseases has been edited by Mr John H N Wolfe.

Health and the Environment

Noise: breaking the silence

Fiona Godlee

Last year over 100 000 complaints about noise were
made to environmental health officers in England and
Wales. Every year the number ofcomplaints increases.
Noise is an environmental pollutant, another product
of the technological age. At high levels and over pro-
longed periods it damages hearing. But how dangerous
is it to health?

Noise induced hearing loss
According to the United States National Institutes of

Health, more than 10 million Americans have had their
hearing damaged by noise, and more than 20 million
are regularly exposed to levels of noise that could cause
hearing loss.' Noise at work is the major cause of
hearing loss in adults in the industrialised world.2 In
Britain the Health and Safety Executive estimates that
1*7 million people have deafness due to occupational
exposure to noise. Between 1983 and 1990 almost
10000 people in Britain qualified for disablement
benefit because of noise induced hearing loss sustained
at work (R H McCaig, personal communication).
A dose-response relation between noise and hearing

loss was established in 1970,3 and from experimental
data Professor Douglas Robinson of the Institute of
Sound and Vibration Research in Southampton has
estimated the risks from noise under different circum-
stances.4 5

It is generally accepted that noise levels below
80 dB(A) do not present a risk to hearing. A noise level
of 90 dB(A), on the other hand, experienced every
working day for 40 years, carries a 51% chance of a
30 dB(A) hearing loss. Although this represents only a

Measuring noise
Noise is measured in decibels (dB). The commonly
used A scale (dB(A)) incorporates a weighting to take
account of the ear's varying responses to different
frequencies-humans are less sensitive to low fre-
quency sounds than to high ones. Noise is measured
on a logarithmic scale. This means that a noise of
100 dB(A) has 10 times as much sound energy as one of
90 dB(A). Subjectively, an increase of 10 dB(A) makes
the sound twice as loud.

THE EFFECT OF BACKGROUND NOISE

With background noise at 50 dB(A) two people
standing 6 m apart could engage in normal conversa-
tion. With 85 dB(A) of background noise and taking
into account the fact that the voice automatically rises
to compensate, a reliable face to face conversation
would be possible only at a distance of less than half a
metre.

moderate degree of impairment, it would, says Dr
Ross Coles of the Institute for Hearing Research
in Nottingham, lead to considerable difficulty in
following a conversation in a pub or party where there
is competing background noise. At occupational noise
levels of 85 dB(A) the risk of developing a 30 dB(A)
loss falls to 35%. The Health and Safety Executive
estimates that in Britain 2-4 million workers are
exposed to levels of more than 80 dB(A).

Deafness caused by noise at work is not a twentieth
century phenomenon. It was reported among metal
workers more than 250 years ago and recognised in
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British Medical Journal,
London WC1H 9JR
Fiona Godlee, MRCP,
assistant editor
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