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It is difficult to assess the incidence of deep vein thrombosis accurately and
the figures that are available are probably underestimates. By using
objective diagnostic techniques, however, deep vein thromboses are
detectable in 25-35% of patients after operations, and in 20-50% of patients
after myocardial infarctions or strokes. Pulmonary embolism kills 1/10000
men and 1 5/10 000 women every year in England and Wales.
Venous thrombi are initiated by changes in the coagulation mechanisms

of the blood, damage to the endothelial lining of blood vessels, and by
reduction in blood flow-the three components of Virchow's triad that was
first described in 1846. A fourth component should now be added-the
fibrinolytic state of the patient.

Chest radiograph showing Certain factors alter the balance of these mechanisms; immobility is the
pulmonary embolism. most important (particularly if it lasts for four days or longer), and a

previous deep vein thrombosis will have caused intimal scarring and venous
pooling, and therefore will predispose to further thrombosis. Malignant
disease may result in the production of procoagulant material or reduced

Risk factors fibrinolytic activity. Operations are associated with many of the factors-
Immobility the trauma activating the clotting factors and the stasis occurring during the
Age >40 years procedure and recovery period. The extent and duration of the operation
History of deep vein thrombosis also influence the degree of risk. The type of procedure influences the
Varicose veins probability of local damage to vessels, which is particularly common in
Obesity operations on the lower limb and in the pelvic region. Some patients are
Malignant disease predisposed to deep vein thrombosis because of deficiencies in blood and
Pregnancy
The puerperium tissue factors including antithrombin II, protein C, protein S, and
Oral contraception plasminogen activator-a substance released from vein walls and blood,
Surgery and vital for the activation of the fibrinolytic system. Conversely, high
Traurma concentrations of plasminogen inhibitor have also been detected in patients
Myocardial infarction with iliofemoral thromboses.
Heart failure Many patients will have more than one risk factor, and it is important to
Polycythaemia realise that the overall risk is the product rather than the sum of the
Thrombocythaemia individual factors; thus the risk is greatly increased by the coexistence of
Connective tissue disease two or more factors.
Congenital coagulation disorders

rophylaxis
Prophylaxis is probably the most important aspect when considering

thromboembolic disease; it is directed towards reducing venous stasis and
combating the changes in the blood that promote coagulation.
Venous stasis may be reduced by physical methods, many of which are

simple. For patients having operations they include careful positioning of
the patient on the operating table to avoid pressure on the calves, avoiding
restriction of venous outflow, and early ambulation after the operation.

External compression by elastic stockings is an inexpensive and safe
method of increasing venous velocity but it is important that the
compression is graduated. Intermittent pneumatic compression with a

Single chamber intermittent pneumatic single or multichamber device and electrical calf muscle stimulation also
compression boots. improve venous flow.
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Subcutaneous bruising after prolonged
treatment with subcutaneous heparin.
Patients who develop such problems should
be given the injections into their backs.

Idiopathic
thrombocythemic
reaction to heparin
resulting in
ischaemia of the
leg.

Of the pharmacological methods available, low dose heparin is the most
widely used and thoroughly evaluated. The heparin is given subcutaneously
in a dose'of 5000 units at 8 or 12 hourly intervals starting before the
operation and continuing until the patient is ambuilant. A large multicentre
trial showed significant reductions in the incidence ofdeep vein thrombosis
and pulmonary embolism when patients receiving this regimen were
compared with a control group receiving no prophylaxis. The only
complication is wound haematoma, and this makes the'method
unacceptable for neurosurgical operations and operations in which a lot of
dissection is necessary. Results have also been disappointing in the high risk
group of patients having hip prostheses inserted.

Dihydroergotamine causes venous vasoconstriction thus increasing
blood flow, and trials have shown that this may be useful when combined
with heparin given subcutaneously. Side effects are rare but skin gangrene
has been reported, and the drug should be avoided in patients with
myocardial infarction, vasospastic disorders, peripheral arterial disease, or
sustained hypotension.

Dextran is also effective. Its use does, however, require the intravenous
infusion of 500-1000 ml of fluid before and on at least alternate days after
operation. This is cumbersome and may interfere with fluid balance;
furthermore, complications associated with bleeding are common.

In summary, a prophylactic regimen for a particular patient should be
adopted after balancing the degree of risk against the potential'
complications ofthe prophylaxis. All patients at risk should wear graduated
compression stockings and heparin should be given subcutaneously to
patients at particularly high risk.

Presentation and diagnosis

A patient with extensive deep vein
thrombosis may present with venous
gangrene.

Ventilation and perfusion lung scans showing
"mismatch" in right upper lobe.

Deep vein thrombosis
The appearance ofcommon clinical signs of deep vein thrombosis should

arouse suspicion, particularly if the patient is in a high risk group, but other
conditions may present in similar ways. Fever and tachycardia are of little
diagnostic importance; less than halfof the patients with local tenderness or
Homan's sign have deep vein thrombosis; and only half the limbs in which
there are clinical signs below the knee contain thrombi. Conversely, more
than half of all deep vein thromboses are clinically silent anid are detected
only by screening.
The diagnosis should therefore always be confirmed before treatment is

started. Ultrasound scanning will show only occlusive thrombi, and is
unhelpful if the thrombus is confined to the calf. Venography is the
standard technique and provides anatomical information, an estimate of the
age of the thrombus, and a measure ofwhether it is fixed to the wall of the
vessel or floating free. Impedance plethysmography is an accurate,
non-invasive diagnostic test for thrombosis at or proximal to the popliteal
vein, but false positive results may occur in patients who have arterial
insufficiency.

Scanning the uptake of fibrinogen labelled with iodine- 125 is a sensitive
test, especially for early thrombosis confined to the calf, and permits serial
analysis on consecutive days. Preparation for the test includes blocking the
uptake of iodine by the thyroid, however, which makes the test suitable
only for screening.

Pulmonary embolism
Pulmonary embolic disease also presents in various ways depending on

the extent and age of the embolism. It can be classified as "massive" (more
than half of the pulmonary arterial tree is occluded) or "minor," and as
"acute" (of less than 48 hours' duration), "subacute," or "chronic." Acute
massive embolism results in sudden reduction in cardiac output and
circulatory collapse. Patients with subacute massive embolism and chronic
thromboembolic disease- are rare and present with increasing dyspnoea,
pulmonary hypertension, and right heart failure.

Acute minor embolism is most commonly seen, and may warn of an
impending fatal embolus.
Minor embolism does not cause serious haemodynamic disturbance but

patients present with pleuritic pain, haemoptysis, and signs such as pleural
rub, effusion, or collapse/consolidation. The diagnosis may be difficult soon
after an operation and if there is pre-existing cardiorespiratory disease. The
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Pulmonary angiogram
showing pulmonary
embolism.

Management

removed at
thrombectomy
showing site of
valve.

Venogram from the same patient taken one
year later showing competent deep venous
system with no damage to valves.

Greenfield inferior
vena cava filter
containing a clot,
and with a clot
extruding from it.

chest radiograph may show pulmonary opacities, elevation of the
diaphragm, effusion, atelectasis, and-in larger emboli-areas of
oligaemia. Perfusion lung scans show deficits where the artery is
obstructed, but in patients with coexistent respiratory disease simultaneous
ventilation and perfusion scars are essential to see if there is normal
ventilation in the areas of oligaemia. The SI Q3 T3 electrocardiographic
pattern is pathognomonic of a large pulmonary embolus and reflects right
heart strain, but it is present in less than half of patients with large emboli.
Changes in blood gas tensions are non-specific but may offer a guide to the
extent of the embolism. Pulmonary arteriography is the definitive
investigation, but is indicated only in critically ill patients to confirm the
diagnosis so that the correct treatment may be started.

The three main aims of treatment of deep vein thrombosis are to prevent
extension of the thrombus, to reduce the risk of embolism, and to avoid the
long term complications of the postphlebitic limb. The treatment
will depend on the site and extent of the thrombus, which should be
confirmed objectively. In about 80% ofcases the thrombus is confined to the
calf veins, but it may propagate into the veins of the popliteal fossa, thigh,
and pelvis. In some cases the thrombus arises in the iliofemoral segment,
and may extend distally.

If the thrombi are small and confined to the calf treatment should be
conservative and comprise limb exercise in bed, raising the foot of the bed,
and wearing elastic compression stockings. For more-extensive thrombi the
patient should be given heparin intravenously to maintain the activated
partial thromboplastin time at 2-3 times the normal value. Recent studies,
however, have suggested that calcium heparin given subcutaneously may be
equally effective in preventing propagation of thrombi. Oral anticoagulant
drugs should be started at the same time and continued for 8-12 weeks.
Warfarin is given in a loading dose of 20-30 mg and then daily, the dose
being adjusted to maintain a prothrombin time of 1-7-3-0 times the normal
value by using international reference thromboplastin.

Thrombolytic treatment with streptokinase or urokinase should be
reserved for more extensive thrombosis. It is most effective when the
thrombus is reasonably fresh and only partially occlusive, and may salvage
deep veins-thus reducing the incidence of postphlebitic changes. These
agents require careful monitoring, however, and carry a greater risk of
haemorrhage than simple anticoagulant drugs. Furthermore, streptokinase
may (rarely) cause an anaphylactic reaction, and urokinase-which does not
have this drawback-is extremely expensive.
Thrombectomy should be reserved for cases of extensive proximal

thrombosis in which anticoagulants are contraindicated or the viability of
the limb is threatened. The temporary construction of an arteriovenous
fistula, or intermittent pneumatic compression, have been used to maintain
venous patency with some success.

Interruption of vena caval flow should be reserved for patients who
develop emboli while receiving anticoagulant drugs; those in whom
anticoagulation is contraindicated; and, possibly, those with life
threatening, large, proximal, non-adherent thrombi. Early techniques
required major operations and resulted in a high incidence of extensive
distal thrombosis, peripheral oedema, and postphlebitic change. Modern
equipment such as the Greenfield and Gunther filters do not have these
disadvantages because they permit continued caval flow and may be
inserted through the jugular vein with the patient under local anaesthesia.
The management of minor pulmonary emboli is aimed at preventing

recurrence or extension. Anticoagulant drugs should be prescribed.
Patients with massive established emboli should initially be resuscitated.

Pulmonary arteriography should be considered to confirm the diagnosis and
assess the extent of the embolus. If resuscitation has been successful and the
patient is stable, treatment is by thrombolytic drugs; if not, pulmonary
embolectomy offers the only hope of survival.
The illustration of idiopathic thrombocythemia was first published in Surgery (Oxford) 1987;1:

967-71 and is reproduced by kind permission of The Medicine Group (UK). 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.
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