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Necropsy studies have shown that pulmonary
embolism has continued to be a major cause of death in
hospital patients in developed countries during the
1980s.' 2 A recent study in the United Kingdom found
that 9% of patients admitted to a general hospital died
and that 10% of these deaths (09% of all admissions)
were due to pulmonary embolism.2 Most fatal emboli
arise from deep vein thrombosis in the lower limb2
which can also cause both acute and chronic symptoms
in the limb (pain, swelling, chronic dermatitis, and
ulceration). However, in most patients with fatal
embolism, preceding non-fatal thromboembolism
was not recognised by clinicians.' 2 Screening for
asymptomatic thrombosis has been advocated2 but is
not cost effective in most patients.3 The most efficient
way to prevent both fatal and non-fatal venous
thromboembolism is to use routine prophylaxis for
moderate to high risk hospital patients. There is
increasing evidence that such prophylaxis is not only
life saving' but also cost effective in preventing
non-fatal symptomatic thromboembolism, which
requires investigation and treatment.3"-

Despite the recommendations of North American
consensus conferences89 that prophylaxis be used more
widely recent surveys in the United Kingdom sug-
gested that effective prophylaxis is used routinely by
only a minority of surgeons,4 10 11 although its use may
be increasing.'2 We therefore thought it appropriate to
review the incidence of venous thromboembolism in
various groups of hospital patients; the effects of
individual risk factors as well as ofdiagnostic groups on
the risk of thromboembolism; and the efficacy of

Subcutaneous heparin (or low molecular weight heparin) is the prophylactic method that has the greatest
efficacy in preventing deep vein thrombosis and pulmonary embolism

various prophylactic methods. We hope that our
recommendations will stimulate practice and debate
about a problem which we think has been insufficiently
recognised by clinicians in the United Kingdom.

Risk groups for venous thromboembolism
In the past 20 years many studies of the incidence of

deep vein thrombosis have been performed in various
groups of hospital patients, with leg scanning with
fibrinogen labelled with iodine-125 (which has been
validated at necropsy'3) or venography (which is
regarded as the standard diagnostic method in life), or
both. These studies have disclosed the high incidence
of thrombosis in hospital patients (only a few are
symptomatic in the acute stage); compared the incid-
ence in various patient groups; shown associations with
certain risk markers; and, finally, established the
efficacy ofprophylaxis for several agents in randomised
controlled trials. Several pooled analyses, or meta-
analyses, have combined the available data to give
more reliable estimates of the incidence in various
groups and of the efficacy of prophylactic agents than
are available from single studies.414-20 Most studies
have been performed in patients undergoing general
surgery, followed by orthopaedic, urological, gynaeco-
logical, and neurological surgery. There are few
studies in cardiovascular or emergency surgery,
multiple trauma, pregnancy, or in medical patients;
although medical patients have the highest risk.2
The risk of thromboembolism in a hospital patient

depends not only on the illness, trauma, or planned
surgical procedure which was the reason for admission
but also on pre-existing patient-related variables which
also increase the risk in the general population (table I).
Epidemiological, necroscopic, and screening (1251I
fibrinogen leg scanning) studies have each shown that
the risk of venous thromboembolism increases
exponentially with age. This risk becomes appreciable
after the age of about 40 years in the presence of major
illness, trauma, or surgery: hence this age is often used
to define a higher risk group which merits prophylaxis.
However, many other variables also increase risk (table
I); hence high risk groups of patients aged under 40
should also be recognised as meriting prophylaxis. In
this context it should be recognised that the younger
the patient who dies of pulmonary embolism, the
greater the life years lost.
An important (but neglected) part of history taking

on admission is inquiry about previous episodes of
venous thromboembolism. Patients with previous
episodes form a high risk group, with a risk of
postoperative deep vein thrombosis of over 50%,2122
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TABLE I -Risk factors for venous thromboembolism in inpatients

Patient factors Disease or surgical procedure

Age Trauma or surgery, especially of pelvis,
Obesity hip, lower limb
Varicose veins Malignancy, especially pelvic,
Immobility (bed rest over 4 days) abdominal, metastatic
Pregnancy Heart failure
Puerperium Recent myocardial infarction
High dose oestrogen therapy Paralysis of lower limb(s)
Previous deep vein thrombosis Infection

or pulmonary embolism Inflammatory bowel disease
Thrombophilia Nephrotic syndrome

Deficiency of antithrombin Polycythaemia
III, protein C, or protein S Paraproteinaemia

Antiphospholipid antibody or Paroxysmal nocturnal haemoglobinuria
lupus anticoagulant Behcet's disease

Homocystinaemia

and should therefore receive prophylaxis after surgery,
trauma, or illness. Patients with venous thrombo-
embolism which is premature (those aged under 45),
recurrent, or familial merit screening for thrombo-
philias (table I). Such patients have a high risk of
thromboembolism after surgery, trauma, or medical
illness and also merit prophylaxis.23 Women with
thrombophilia should not receive oral contraceptives
containing oestrogen and should be assessed for pro-
phylaxis during pregnancy and the puerperium.23 24
A widely quoted classification of degree of risk in

hospital patients is that of Salzman and Hirsh25; table II
gives a modified version. Low risk patients have a risk
of deep vein thrombosis of under 10%, with propor-
tionally low risks of proximal extension (from calf
veins to popliteal, femoral, or iliac veins) and of
embolism (which usually arises from proximal
thrombi). Routine prophylaxis in such low risk
patients probably does not justify the costs and risks of
prophylaxis.3 Moderate risk patients have an incidence
ofthrombosis of 10-40%, with a risk of fatal pulmonary
embolism up to the average risk in a hospital patient-
that is, 1%.2 High risk patients have an incidence of
deep vein thrombosis of 40-80%, with proportionally
high risks of proximal thrombi and of fatal embolism
(the risk of the latter being up to 10%). Routine
prophylaxis in moderate and high risk patients is
advisable (particularly in high risk patients) and cost
effective.3 S-7 There may still be a significant incidence of
venous thrombosis despite routine prophylaxis in high
risk patients; hence screening tests for asymptomatic
thrombi may be useful, but this requires further study.

TABLE II-Incidence of venous thromboembolism in hospital patients
according to risk group (modifiedfrom Salzman and Hirsh")

Deep vein Proximal vein Fatal pulmonary
thrombosis thrombosis embolism

Low risk groups <10% <1% 0-01%
Moderatq risk groups 10-40% 1-10% 0-1-1%
High risk groups 40-80% 10-30% 1-10%

Low risk r Minor surgery (<30 min); no risk factors other than agegrowups J Major surgery (>30 min); age <40; no other risk factors*
o Minor trauma or medical illness

Major general, urological, gynaecological, cardiothoracic,
vascular, or neurological surgery, age :40 y or other risk
factor*

Moderate Major medical illness: heart or lung disease, cancer,

risk groups inflammatory bowel disease
Major trauma or burns
Minor surgery, trauma, or illness in patients with previous

- deep vein thrombosis, pulmonary embolism, or
I thrombophilia

Fracture or major orthopaedic surgery of pelvis, hip, or
lower limb
Major pelvic or abdominal surgery for cancer

High risk Major surgery, trauma, or illness in patients with previous
groupsk deep vein thrombosis, pulmonary embolism, orgroups ~thrombophilia

Lower limb paralysis (for example, hemiplegic stroke,
paraplegia)

l Major lower limb amputation

*Table I.

Prophylaxis
Prophylaxis includes mechanical and pharmaco-

logical methods.

MECHANICAL METHODS

Mechanical methods of prophylaxis include
graduated elastic compression stockings and intermit-
tent pneumatic compression devices, which increase
emptying of blood from venous valve pockets and
increase the rate of blood flow in leg veins. Their
advantage is that they do not increase the risk of
bleeding; hence they may be preferred in patients at
increased risk of bleeding with anticoagulant prophy-
laxis. They are effective in moderate risk surgical
patients'7 (table III) and may also be combined with

TABLE III-Meta-analysis of incidence of deep vein thrombosis after
major general surgery (defined by '25I fibrinogen scanning)'7

Mean incidence (%)
(95% confidence interval)

No prophylaxis 25-1 (23-9 to 26 5)
Low dose heparin 8-7 (7-8 to 9-7)
Graduated elastic compression stockings 9-3 (6-4 to 13-3)
Intermittent pneumatic compression 9-9 (6-9 to 13-9)
Dextran 16 6(13-1 to 18 4)
Aspirin 20-4 (16-5 to 25-0)

anticoagulant prophylaxis to increase efficacy of pro-
phylaxis in high risk patients.20 The limitations of
mechanical methods are that: (1) unlike anticoagulant
or dextran prophylaxis they have not been shown to
reduce the risk of fatal pulmonary embolism; (2) there
is little experience in medical patients; (3) compliance
may be reduced in some patients who find them
uncomfortable; and (4) stockings are contraindicated
in overt leg ischaemia. In view of their ease of use,
stockings might also be considered in low risk patients,
but further studies are required in this group.

PHARMACOLOGICAL METHODS

Anticoagulant drugs reduce thrombin formation
and hence reduce the initiation and extension of fibrin-
rich venous thrombi.
Low dose subcutaneous heparin (5000 units 8-12

hourly; laboratory monitoring not usually required) is
most widely used for prophylaxis of venous thrombo-
embolism in moderate risk and high risk patients and is
effective and generally safe in both medical and
surgical patients, reducing not only the incidence of
deep vein thrombosis but also fatal embolism and
consequently total hospital mortality.4926-28 About two
thirds ofdeep vein thrombi (table III) and two thirds of
fatal pulmonary emboli are prevented by low dose
heparin,426 and hospital mortality is reduced by about

26l28 Bruising at injection sites can be minimised
by use of a concentrated solution (25000 units/ml),
small bore needle (25 gauge), and careful technique.
There is an increased risk of wound haematomas after
surgery (2/100 patients),41726 which can be minimised
by avoiding injection close to wounds: however there is
no increase in major bleeding or fatal bleeding.4
Contraindications to heparin include uncorrected
bleeding disorders (for example, thrombocytopenia,
defective platelet function, haemophilia, and hepatic
or renal failure); bleeding or potentially bleeding
lesions such as active peptic ulcer, oesophageal varices,
aneurysm, severe hypertension, endocarditis, or
surgery to the brain, eye or spinal cord; and history of
hypersensitivity or heparin induced thrombocytopenia
or thrombosis. Whether or not there is an increased
risk of spinal haematoma after central nerve blockade
(with spinal or epidural analgesia) with low dose
heparin is controversial29 30; some anaesthetists recom-
mend caution (avoiding instituting blockade within
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Leg scanning with 125I
fibrinogen: a sensitive method of
detecting deep vein thrombosis
(asymptomatic or symptomatic)
for studies ofincidence, risk
factors, and prophylaxis

four to six hours of heparin administration by omitting
the preoperative dose or by giving the first dose after
the block has been instituted).30 Thrombocytopenia
occurs in about 0 3% of patients given prophylactic
porcine heparin3: the Committee on Safety of
Medicines advises that the platelet count is monitored
in patients receiving heparin for more than five days
and that treatment is stopped immediately if thrombo-
cytopenia occurs.32 Arterial or venous thrombosis
occurs in 0 4% of patients with heparin induced
thrombocytopenia.3 Other allergic reactions (includ-
ing skin necrosis) and raised serum concentrations of
transaminases may occur, as well as osteoporosis with
long term heparin, especially in pregnancy.31

Adjusted low dose subcutaneous heparin (for example,
3500 units eight hourly, starting two days before
surgery and adjusted to maintain the activated partial
thromboplastin time in the upper normal range31) is
more effective than fixed low dose heparin in prevent-
ing deep vein thrombosis in high risk patients (for
example, those undergoing hip surgery33-35) but is more
complicated to manage.
Low molecular weight heparins-Two low molecular

weight heparins have recently been licensed in the
United Kingdom for prophylaxis of deep vein
thrombosis (enoxaparin and dalteparin). At doses
recommended for prophylaxis low molecular weight
heparins and heparinoids have little effect on the
activated partial thromboplastin time compared with
anti-factor Xa assays. They have the logistic advantage
over standard heparin that their longer biological half
life allows once daily injection instead of injections
every eight to 12 hours. To date, controlled trials have
shown that several low molecular weight heparins or
heparinoids are at least as effective in preventing deep
vein thrombosis as standard heparin in moderate and
high risk patients and may have a greater efficacy in
high risk patients, such as those undergoing hip
surgery, without increased risk of bleeding.'8-20 36-38 38a
Different low molecular weight heparins are not neces-
sarily equivalent, and published reports on individual
products should be consulted. Higher doses of low
molecular weight heparin are recommended for high
risk patients compared with moderate risk patients. At
present, the same contraindications (and monitoring of
platelet count) are recommended for low molecular
weight heparin as for standard heparin.

Oral anticoagulants such as warfarin are also effective
in preventing deep vein thrombosis after major
gynaecological surgery,3940 elective hip replacement,4'
and hip fractures,42 whether started preoperatively or
postoperatively.'8'945 Starting with a low dose before
surgery4' or starting after surgery45 may reduce the risk
of bleeding compared with full anticoagulation at the

time of surgery. The recommended postoperative
international normalised ratio of the prothrombin time
is 2 0-2 5 (2-0-3-0 for hip surgery).45 Because of the
increased risk of bleeding and need for daily laboratory
control anticoagulation is usually reserved for high
risk patients such as those with previous thrombo-
embolism, or those undergoing major orthopaedic
surgery.18-2045 Contraindications to full dose oral anti-
coagulation include bleeding disorders and bleeding or
potentially bleeding lesions as for heparin (see above);
and pregnancy (see below) in which fetal complications
may occur. Caution is required with spinal or epidural
analgesia because spinal haematomas have been
reported in patients receiving full anticoagulation
treatment.2930 Perioperative minidose warfarin (1 mg
daily) may be effective in major gynaecological
surgery,4O but further studies are required; it has
shown little effect in elective hip replacement.47

Dextran 70, given as perioperative intravenous
infusions, may have several antithrombotic effects
including effects on blood flow, platelets, endo-
thelium, and lysability of fibrin."45 Dextran has not
been evaluated in medical patients; shows limited
efficacy in prevention of deep vein thrombi in general
surgery (table III)'"; but seems more effective in
preventing thrombosis after hip fractures.8120 In con-
trolled trials dextran also seems more effective in
preventing pulmonary embolism than venous throm-
bosis, possibly by increasing the lysability of venous
thrombi"4011720; in a large multicentre study of dextran
versus heparin the mortality was similar in both
groups.48 Limitations of dextran include the need for
intravenous infusions, increased risk of bleeding
(contraindications are similar to those for heparin),
risk of fluid overload (hence caution is required in
heart failure), and allergic (including anaphylactic)
reactions. The risk of allergic reactions can be reduced
by pretreatment with a hapten; however, this is not
licensed for use in the United Kingdom.

Antiplatelet agents such as aspirin or hydroxychloro-
quine show limited efficacy in preventing deep vein
thrombosis (table III)` 17 19; their effects on pulmonary
embolism and mortality are not yet published.

Drugs stimulating endogenous fibrinolysis such as
anabolic steroids also seem of limited efficacy in
preventing deep vein thrombi.49

Recommendations for prophylaxis in surgical and
medical patients
We recommend that all medical and surgical

patients admitted to hospital should be assessed for
clinical risk factors (table I) and for overall risk of
venous thromboembolism (table II). All patients
should receive prophylaxis, the intensity of which is
related to the risk. Low risk patients should be
encouraged to mobilise early after immobilisation.
Patients at moderate and high risk (especially) should
receive specific prophylaxis in addition to early mobili-
sation.

Individual clinicians, units, and hospitals in the
United Kingdom should develop written policies for
prophylaxis, and the use of prophylaxis should be
included in clinical audit and plans for patient care.

Prophylaxis should continue at least until discharge,
rather than for any predetermined time. Continued
prophylaxis after discharge should be considered in
individual patients at continued high risk.50 Further
studies are required to establish the efficacy ofdifferent
prophylactic methods in outpatients, but graduated
stockings, low dose heparin, low molecular weight
heparins, and oral anticoagulants have each been used.

Selection of particular methods of prophylaxis in
moderate and high risk patients is influenced by many
factors and varies widely between clinicians and
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between specialties. Our recommendations are based
on the following preconceptions.

(1) To minimise the risks of acute and chronic
symptoms in the leg the preferred methods are those
which have been shown in randomised controlled trials
with objective diagnostic methods, to reduce the risk of
deep vein thrombosis to less than 10% (that is, to the
risk of"low risk" patients). (2) To minimise the risks of
pulmonary embolism and death the preferred methods
should ideally have been shown in randomised control-
led trials to reduce these risks significantly, as well as
the risk ofdeep vein thrombosis. (3) Preferred methods
should be simple to use, acceptable to patients, and
have minimal adverse effects. The choice between
antithrombotic drugs and mechanical methods of
prophylaxis often depends on the balance of risks of
thromboembolism and bleeding in the individual
patient.

GENERAL SURGERY

Meta-analyses of the many controlled trials in
patients undergoing major general surgery (usually
patients aged over 40 years) have shown that the
incidence of deep vein thrombosis on screening was
about 25% in patients who did not receive specific
prophylaxis (table III).4 1 In such patients we recom-
mend either low dose subcutaneous heparin or a low
molecular weight heparin of proved efficacy. Sub-
cutaneous heparin reduces the risk of deep vein
thrombosis by 60-70% (to about 9%; table III), reduces
the incidence of fatal pulmonary embolism by 60-70%
(from 0-7% to 0 2%), and reduces mortality in
hospital.4726 Eight hourly heparin may be more
effective than 12 hourly heparin'7 and hence may
be preferred in high risk patients (for example, those
with malignancy). Low molecular weight heparins
seem equally effective in preventing deep vein
thrombosis,203638386 and one placebo controlled trial
reported reduction in mortality in hospital.5' Graduated
compression stockings may be added to treatment with
low dose heparin or low molecular weight heparin
because this combined approach increases efficacy.20
This may be particularly appropriate in high risk
patients and in acute abdominal surgery, in which few
studies have been performed: one trial showed an
incidence of thromboembolism of 15% in the low dose
heparin group and 3% in the heparin and stockings
group.52

In moderate and high risk patients in whom heparins
are contraindicated (for example, owing to general or
local high risk of bleeding) we recommend intermittent
pneumatic compression, graduated compression
stockings, or both (table III). 17 The confidence
intervals for reduction in risk of deep vein thrombosis

are wider for these methods than for low dose heparin'7
or low molecular weight heparins (table III), and their
effect on pulmonary embolism is unknown. Dextran
reduces the risk of pulmonary embolism but has
limited efficacy in preventing deep vein thrombosis
(table III)'7 20 as well as risks of fluid overload,
anaphylaxis, and bleeding.

UROLOGICAL SURGERY

The incidence of deep vein thrombosis after
urological surgery (including renal transplantation)
seems comparable to that after general surgery.4 1519
Abdominal prostatectomy carries a moderate risk
(40%) compared with transurethral resection (10%).'5 19
The administration of antifibrinolytic drugs such as
tranexamic acid to reduce postoperative bleeding does
not increase risk of thrombosis.'5 In moderate and high
risk patients we recommend either low dose sub-
cutaneous heparin or intermittent pneumatic compres-
sion combined with graduated compression stockings.
Both methods are effective in reducing the risk of deep
vein thrombosis; there is more evidence that sub-
cutaneous heparin reduces the risk of pulmonary
embolism,4 but heparin, low molecular weight
heparins, and heparinoids carry a higher risk of
bleeding from theraw prostatic surface after prosta-
tectomy than of bleeding in general surgery.4 '5''

GYNAECOLOGICAL SURGERY

The incidence of deep vein thrombosis after gynae-
cological surgery seems comparable to, or less than,
that in general surgery.'5 The risk is highest in
operations for malignancy (35%), less in abdominal
hysterectomy (12%), and lowest for vaginal hysterec-
tomy.53 In moderate and high risk patients we
recommend either low dose heparin or intermittent
pneumatic compression combined with graduated
compression stockings.'" The recommended dose of
subcutaneous heparin is 5000 units eight hourly in high
risk patients (for example, those with malignancy)54
and 5000 units 12 hourly in moderate risk patients.

CARDIOVASCULAR SURGERY

Few studies of the incidence of venous thrombosis
have been performed after cardiothoracic or peripheral
arterial surgery; however, the incidence seems similar
to that in general abdominal surgery-that is, the risk
is moderate.'9 Antiplatelet agents such as aspirin are
increasingly used to maintain graft patency post-
operatively: their effects on risk of postoperative
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Acute leg swelling in a patient
with acute deep vein thrombosis:
only a minonrty ofpatients with
thrombosis have symptoms or
signs

General recommendations for
prophylaxis for thromboembolism
All hospital inpatients:

* Should be assessed for clinical risk factors and
overall risk of thromboembolism

* Should receive prophylaxis, according to degree
of risk, at least until discharge

Low risk patients:
* Should be mobilised early

Moderate risk and high risk patients:
* Should receive specific prophylaxis
* Should be mobilised early

Clinicians, units, and hospitals:
* Should develop written policies for prophylaxis
* Should include prophylaxis in clinical audit and

in patient care plans

Efficacy of prophylactic methods should be assessed in
outpatients

570
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Proximal vein thrombosis in a
patient who died ofpulmonary
embolism: most emboli arisefrom
proximal veins

venous thromboembolism have not been established.
Subcutaneous low dose heparin seems effective in the
few studies of arterial surgery which have been per-
formed.'5 Guidelines for central nerve blockade in such
patients who receive preoperative heparin have been
suggested.3" Leg amputation for critical ischaemia
carries a high risk of pulmonary embolism, and
subcutaneous heparin is recommended in patients with
critical leg ischaemia to reduce this risk.5 No syste-
matic studies have been performed after surgery to
lower limb veins,'5 perhaps because of the limitations
of '151 fibrinogen scanning, but there is a risk of venous
thromboembolism.

NEUROSURGERY

Few studies of the incidence of thrombosis after
neurosurgery have been reported, but it seems similar
to the incidence after general surgery.'5 "' Because of
the dangers of bleeding to the brain or spinal cord few
studies of anticoagulant prophylaxis have been
performed; however, heparin seemed effective.'9
Intermittent pneumatic compression or graduated
compression stockings, or both, seemed effective
without increasing the risk of bleeding and are there-
fore recommended.'9 56

ACCIDENT AND ORTHOPAEDIC SURGERY

In patients with major trauma subcutaneous heparin
and intermittent pneumatic compression each seem
effective in reducing the risk of deep vein thrombosis57:
intermittent pneumatic compression may be preferred
in patients at high risk of bleeding but is not always
practical. The balance ofrisk ofthromboembolism and
bleeding should be considered in each patient.

In studies of major orthopaedic surgery on the
hip or knee without specific prophylaxis the incidence
of deep vein thrombosis was 40-80%; the incidence of
proximal thrombi was 20%; the risk of fatal pulmonary
embolism in hip surgery was 1-10%; and the risk
of the post-thrombotic syndrome also seemed
high.4 5 13 15 18-20)2 42 43 50 The high risk of proximal
thrombi (and hence pulmonary embolism and the
post-thrombotic syndrome) may reflect local mechani-
cal damage to the femoral vein in hip surgery59 (or to
the popliteal vein in knee arthroplasty) and local
activation of blood coagulation.64 Routine venography
is required for diagnosis of non-occlusive proximal
venous thrombi. 13 18-20 61 62

Despite this high thromboembolic risk prophylaxis
in such patients has been controversial, perhaps for
two reasons. Firstly, because use of standard methods
of prophylaxis which are effective in other types of

surgery, such as low dose heparin4 18-20 or intermittent
pneumatic compression,62 still leaves a substantial
residual risk of deep vein thrombosis (typically, a
reduction in incidence from 50% to 20-25%), possibly
owing to the limited effect of such prophylactic
methods on proximal venous damage and hence on
proximal thrombi. Secondly, because some surgeons
fear the risk of bleeding with anticoagulant prophy-
laxis, which may occasionally result in deep joint
infection and failure of the implant. 12 63 In recent years
the reductions in risk with low dose heparin (60-70%)4
and intermittent pneumatic compression (50%)62 have
been established as similar in orthopaedic surgery and
in general surgery; moreover, because of the higher
risk of deep vein thrombosis without specific pro-
phylaxis the absolute benefit of such prophylaxis in
orthopaedic patients is greater than in general surgery.4
Furthermore, the use of anticoagulant prophylaxis
with heparin or warfarin by orthopaedic surgeons
seems to be increasing in the United Kingdom,'0 '2
perhaps because of the lesser risk of bleeding with
heparin or delayed dose or low dose warfarin compared
with earlier use of full dose oral anticoagulants.8 19 42 43

Elective hip surgery-For elective hip surgery we
recommend high efficacy regimens: either a regimen
of a low molecular weight heparin shown to reduce the
risk of total deep vein thrombosis towards that in low
risk hospital groups (5-15%) as well as the risk of
proximal thrombosis towards that in moderate risk
groups (2-8%)18-21 36-38 38a 64-69 or an adjusted dose regimen
of subcutaneous heparin,93437 which is similarly
effective in reducing the risk of total deep vein
thrombosis but may be less effective in preventing
more proximal thrombi and is more complicated to
manage. Alternative regimens which show only
moderate efficacy in preventing deep vein thrombosis
(residual incidence 15-30%) include fixed low dose
subcutaneous heparin (which reduces the risk of fatal
pulmonary embolism4 20), adjusted dose warfarin,181941
intermittent pneumatic compression,'8 62 or dextran.'I
Hip fractures--We recommend either adjusted dose

warfarin9 184245 or dextran 70.9 14 1518-20 Each of these
methods prevents 40-50% of deep vein thrombi and
reduces the risk of pulmonary embolism. Warfarin
may be preferred in patients with heart disease because
of its efficacy in prophylaxis of cardiogenic and arterial
thromboembolism in such patients,45 as well as the
patients' risk of fluid overload with dextran. Fixed low
dose heparin may be similarly effective in preventing
deep vein thrombosis, but its efficacy in prevention of
pulmonary embolism has not been shown in this
group.420 There are encouraging preliminary results
from trials of low molecular weight heparins and
heparinoids, 120363838b some of which may prove to be
the best agents in such patients if they are effective and
safe in fixed doses.
Knee replacement surgery-There are few studies of

prophylaxis in knee replacement surgery; however,
intermittent pneumatic compression70 or low dose
warfarin4' may be effective.

MEDICAL PATIENTS

Only one in four patients dying of pulmonary
embolism in hospital has had recent surgery,2 which
emphasises the importance of prophylaxis in medical
patients. Low dose subcutaneous heparin seems
equally effective in preventing deep vein thrombosis
and fatal pulmonary embolism in general medical and
in surgical patients, reducing mortality in hospital
from 4-2% to 3-3% in surgical patients,4 but from
10-9% to 7-8% in medical patients,27 consistent with
their threefold greater risk of fatal embolism.2

Acute myocardial infarction-We recommend low
dose subcutaneous heparin as prophylaxis for venous
thromboembolism7' in patients who are not already
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receiving higher doses of heparin (25 000 units/day
intravenously or subcutaneously) for maintaining
patency after thrombolytic therapy or for prophylaxis
for mural thrombosis and reinfarction, or both. 19 31

Acute stroke-In patients with acute stroke causing
lower limb weakness we recommend low dose sub-
cutaneous heparin as prophylaxis for venous thrombo-
embolism,2872 provided that intracranial haemorrhage
and intracranial neoplasia have been excluded by
computed tomographic brain scanning.73 Though low
dose heparin and some low molecular weight heparins
or heparinoids are effective in preventing deep vein
thrombosis after stroke,727475 their effects on intra-
cranial bleeding, functional outcome, and mortality
remain to be established by larger studies.72 In patients
in whom computed tomography is not performed, or
who have intracranial haemorrhage or neoplasia or
other contraindications to heparin, we recommend
graduated compression stockings with or without
intermittent pneumatic compression, extrapolating
from controlled trials in neurosurgical patients.95 6

Other groups at moderate or high risk-In other groups
(for example, those immobilised with chest infection,
heart failure, respiratory failure, malignancy, inflam-
matory bowel disease and other conditions in table I)
we recommend prophylaxis with low dose subcutane-
ous heparin'927; warfarin (in high risk patients-for
example, those with previous thromboembolism); or
in patients with contraindications to heparin and
warfarin graduated compression stockings with or
without intermittent pneumatic compression (extra-
polating from trials in surgical patients'8-20 56).

Recommendations for prophylaxis: use of oral
contraceptives, hormone replacement therapy, and
during pregnancy and puerperium
SURGERY AND CONTRACEPTIVE PILL

Whether or not to stop the combined contraceptive
pill before major surgery is a controversial issue.7'79
The combined pill is associated with changes in the
coagulation system which can be regarded as pro-
thrombotic.8' These changes correlate directly with its
oestrogen content80; however, even the low dose (30-35
[tg ethinyloestradiol) preparations are associated with
significant changes in coagulation.808' Epidemiologic-
ally, use of the high dose combined pill was associated
with idiopathic82 and postoperative venous thrombo-
embolic complications.798283 There is more recent
evidence to suggest that the risk of thromboembolic
complications is lower with low dose (<50 [ig
ethinyloestradiol) preparations, although this is not
conclusive.83-86 The most recent study puts the risk of
postoperative thromboembolism at 0-96% for pill users

Pulmonary emboli in a patient
who diedofpulmonary embolism.
Left: majorpulmonary embolism
causing death. Lower right:
minor pulmonary embolism
causing pulmonary infarction.
Upper right: patentforamen
ovale through which emboli may
cause systemic arterial embolism

and 0 5% for non-users.83 Hence young women taking
the combined pill are at low risk presumably because
they are young and fit and mobilise early.

Against this small absolute risk of postoperative
venous thromboembolism in combined pill users must
be balanced the risks of stopping the pill four to six
weeks before major surgery.7787 These include
unwanted pregnancy, the effects of surgery and
anaesthesia on the pregnancy, and possibly also the
risks ofa subsequent termination. Those who advocate
stopping the pill must therefore communicate these
risks to the patient and ensure adequate and effective
alternative contraception.79
We suggest that without other risk factors there is

insufficient evidence to support a policy of routinely
stopping the combined pill before major surgery.
However, each case should be judged on its merits,
weighing both additional risk factors and contraceptive
difficulties. Similarly, there is insufficient evidence to
support routine specific thromboembolic prophylaxis
in women without additional risk factors who are
taking the combined pill, although prophylaxis may be
a prudent measure when additional risk factors are
present (table I). Again, this is best judged in the
individual patient. In emergency surgery, when the
risk of venous thromboembolism is greater, thrombo-
prophylaxis should be employed.52 There is no need to
stop the combined pill or to use thromboprophylaxis
for uncomplicated minor procedures such as diagnostic
curettage or laparoscopy when there are no other risk
factors. Finally, there is no evidence to suggest that
progesterone only preparations are associated with any
excess risk of venous thromboembolism.88

HORMONE REPLACEMENT THERAPY

In contrast to the findings for contraceptive pills
containing oestrogen, there are no reliable data to
suggest that postmenopausal oestrogen replacement
therapy increases the risk of venous thrombo-
embolism.89"' This lack of effect may be related to the
lower oestrogen content of such preparations com-
pared with the combined contraceptive pill. There is
no information to suggest that hormone replacement
therapy should be stopped before surgery, although
many patients in the age group likely to receive such
therapy will receive specific thromboprophylaxis after
surgery because of their age or other risk factors.

PREGNANCY

Pregnancy is a risk factor for venous thrombo-
embolism, and it seems to increase the risk sixfold
compared with the non-pregnant state,9' although the
absolute risk is still low and does not merit routine
thromboprophylaxis. However, until recently, long
term administration of anticoagulants was often
employed in the antenatal period as prophylaxis in
women with a past history of thromboembolism or
thrombophilia occurring during pregnancy or other-
wise. This was because the incidence of recurrence of
this potentially lethal complication was thought to be
around 12%,92 whereas the risks of long term anti-
coagulants in pregnancy were not appreciated. More
recent studies, however, suggest that the risk of
recurrence during pregnancy in patients who have had
a single episode of thromboembolism in the past and
who do not receive prophylaxis antenatally is much
lower93'95 and is probably between 1-5% whatever the
original circumstances. When this is balanced against
the hazards of anticoagulation in pregnancy prophy-
lactic therapy is questionable9 and perhaps is best
reserved for those with recurrent thrombosis, certain
congenital thrombophilias,23 24 or post-thrombotic
venous insufficiency. Additionally, pregnancy is not
contraindicated in women with such a history. Some
authorities, however, still advise prophylactic anti-
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coagulant therapy if previous thrombosis occurred
during pregnancy, starting four to six weeks before the
gestation time when the previous thromboembolic
problem occurred.96 7 As thromboembolism is a poten-
tially fatal condition and prophylaxis is not without
hazard it seems prudent to discuss with the patient the
various risks of these problems before pregnancy (or at
least in early pregnancy), no matter which prophylactic
strategy is taken, especially as neither approach has
been fully evaluated in a large controlled clinical study.
All authorities do agree, however, on postnatal pro-
phylactic therapy in patients with a history ofthrombo-
embolism or thrombophilia.
The adverse effects of anticoagulants during preg-

nancy include osteoporosis and thrombocytopenia
with heparin; and teratogenesis, nervous system mal-
formations, and fetal and maternal bleeding with oral
anticoagulants.98"'0 Because most cases of thrombo-
embolism occur postnatally and because of the risks of
adverse effects of heparin and oral anticoagulants, a
compromise has been adopted'04 of no antenatal pro-
phylaxis in patients with a single previous episode of
thromboembolism; explanation to the patient of the
relative risks and instruction that she should report any
symptoms suggesting deep vein thrombosis or pul-
monary embolism immediately; and subcutaneous
heparin 5000 units eight hourly (or 7500 units 12
hourly), starting at the onset of labour and continuing
for at least one week post partum. If the activated
partial thromboplastin time is not significantly
prolonged, instrumental delivery, caesarean section,
and epidural block do not seem to carry any increased
risk of bleeding.'5 105 Prophylaxis should continue until
six weeks post partum. One week after delivery the risk
of secondary postpartum haemorrhage associated with
warfarin therapy is much less, and it is reasonable to
change from heparin to warfarin should the patient
wish to do so. If the patient does take warfarin, breast
feeding is not hazardous for the neonate."06 This
regimen is not universally accepted, and some authori-
ties still advise prophylactic heparin if the previous
thromboembolism occurred during pregnancy, start-
ing four to six weeks before the gestation time when the
previous problem occurred.'97

Patients who have had more than one episode of
thromboembolism or who have had thromboembolism
in association with thrombophilia may be at higher risk
than those who have had an isolated single episode, and
antenatal prophylaxis should be considered.2324 107

PUERPERIUM

In addition to the conditions discussed above,
caesarean section increases the risk of puerperal
thromboembolism by fivefold to 10-fold, especially
when performed as an emergency; elective caesarean
section probably only doubles the risk. There have
been no controlled trials of prophylaxis at the time of
delivery, largely because of the difficulty of screening
for deep vein thrombosis with radioactive isotopes in
puerperal women who may be breast feeding. The risk
of dying of pulmonary embolism is much greater in
older, multiparous women,'08 and bed rest and obesity
are additional risk factors. Therefore it would seem
reasonable to use specific prophylaxis against venous
thromboembolism for women who have: (a) had bed
rest for at least one week immediately before delivery,
or (b) are obese, or (c) are aged more than 35 years, or
(d) are in their 3rd pregnancy or more (excluding
abortions).

Because of the efficacy of low dose subcutaneous
heparin in other surgical procedures we recommend it
in a dose of 5000 units eight hourly (or 7500 units 12
hourly), starting at the onset of the procedure and
continuing until the patient is fully mobile. This may
require prophylaxis to be continued after discharge

(most women who die of postnatal thromboembolism
do so after discharge). This practice should be evalu-
ated by future clinical trials.
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