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Management of pulmonary embolism

H H Gray, S Firoozan

Pulmonary embolism may be subclinical,
representing an apparently incidental finding
at necropsy,l ormay result in varying degrees of
haemodynamic disturbance. In the United
States around 650 000 symptom producing
cases of pulmonary embolism have been
estimated to occur each year, contributing to
the death of around 200 000 patients2 and
representing the sole cause of death in 50 OOO.3
In the United Kingdom an estimated 20 000
patients die each year in hospital as a con-
sequence of pulmonary embolism and 40 000
have non-fatal episodes.4 Others have reported
pulmonary embolism as contributing to 15-
20% of deaths in an acute general hospital.5
Individual reports of the mortality and
incidence of pulmonary embolism disappoin-
tingly have shown little change over the years
despite the advent of new treatments,67 in part
perhaps because of the increase in the elderly
population. An overview of more than 70
randomised trials with 16 000 patients does,
however, suggest that the perioperative use of
subcutaneous heparin can prevent about halfof
pulmonary embolisms and about two thirds of
deep venous thromboses, with a substantial
reduction in fatal episodes.8 The diagnosis of
pulmonary embolism is usually made on clin-
ical grounds but accurate confirmation depends
on the results of pulmonary angiography,
radionuclide lung scanning, or necropsy. Such
confirmatory evidence is often unavailable,
which explains why figures cited for the
incidence and mortality of pulmonary embol-
ism must be regarded at best as approxima-
tions. Because of its ubiquitous nature, the
responsibility for managing patients with pul-
monary embolism falls to clinicians of many
specialties; perhaps not surprisingly, the man-
agement of such patients varies considerably,
and is at times less than ideal.9
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Aetiology
Virchow described the classical clinical triad
that predisposes to venous thromboembolism
-namely, local trauma to a vessel wall, hyper-
coagulability, and blood stasis.'0 Most patients
with pulmonary embolism have clinical condi-
tions known to be associated with

posing factors, including maior trauma, rPrP t
surgery, obesity and immobility, inerPreag
age, ma ignant disease, use of the oral con-

tracept latepregnancy and the first few

weeks after delivery, and less common condi-

tions, such as the hyperviscosity and nephrotic
syndromes.
A few patients with pulmonary embolism

have an underlying primary clotting abnor-
malitytrercoa
1 L..h as defe i.tiv

Tm mbin III denciency, the presence of lupus
anticoagulant,'1'6 and congenital deficiencies
in protein C and its cofactor protein S. These
coagulation abnormalities are uncommon
when taken in the context ofpulmonary embol-
ism as a whole and routine investigation for all
patients may not be cost effective. In younger
patients, however, thosewimtha family history
ofthromboembolism, and those with recurrent
embolic episodes withi no obvious cause,
screening is justified. Air; amniotic fluid; and
deposits of tumour, fat, and foreign materials
such as fragments of central venous catheters
may all embolise to the lungs; but by compar-
ison with embolisation of thrombus these
causes are rare and will not be considered
furtherF.

Pathophysiology
The clinical effects of pulmonary thromboem-
bolism depend on the extent of pulmonary
vascular obstruction; whether vasoactive and
bronchoconstricting humoral agents, such as

serotonin and thromboxan A2,'7 are released
from activated platelets; whether anyu re-ex-

present; and the
a~an~general jealtflpatient. These
factors help to explain the widely varying
clinical presentation of patients with pulmon-
ary embolism and reinforce the need for a

flexible approach towards management. Thus a

young and otherwise fit individual may tolerate
and re

occlusion -of the pulmonary circulation,
whereas an elderly or infirm individual may

suffer severe circulatory collapse.
Of these factors, the most important and the

most amenable to therapeutic intervention is
the extent of pulmonary vascular obstruction.
It has been'-estimate, that right
afterload increases when more than a quarter of
the pulmonary ccirculation is obstructed.
Initially right ventricular pressure rises, lead-
ing to di attion and tricuspid regLiurgitation. As
die rightventricle begins to fail pressure falls.

Hence the finding of only a slight rise in
pulmonary artery pressure may indicate either
a modest degree of obstruction of the pulmon-
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ary artery or severe obstruction with failure of
the right ventricle. In the largest studies
observations made during the course of pul-
monary embolism suggest that an otherwise
normal right ventricle is incapable of acutely
increasing the pressure of the pulmonary

arterial much above 50-60 mm Hg in response
to sudden major o?bstruction of the-pulmonary
circulation. By contrast, in chronic vascular
obstruction, such as occurs in thromboembolic
or primary pulmonary hypertension, right ven-
tricular pressure may rise radually to su-

systemic eve s.
The haeffodynamic effect of pulmonary

embolism are not confined to the right heart.
Obstruction ofpulmonary arterial flow causes a

reduction lld)8 and
dilatation of a failing right ventricle resiItn-m

displacement of theintnt-septum
into the left ventricular cavity,'9 further
impairing left ventricular filling and reducing
end diastolic voiume.'5 These effects Help

explain why the dyspnoea of patients with
acute sever ITfU-con of the pilmnay

circueuvres that

increase systemic venous return and -

seque tly left ventricular preload such as lying
flat,TrendeMenbergLilting, and infusing colloid
intravenously. This in contrast to the dys-
pnoea of patients with left ventricular failure,
which is eased by sitting upright and by
interventions aimed at reducing left ventricular
preload, such as diuretic treatment.

Clinical presentations
Many small emboli are likely to go undetected
clinically.20 Because pulmonary embolism so

frequently occurs under conditions of
associated illness, its effects may go unnoticed
by both patient and clinician. A high level of
clinical suspicion is required if such oversight
is to be avoided, expecially in patients who fall
within the high risk categories discussed
earlier.

Various classifications of the severity of pul-
monary embolism have been used, such as the
Walsh score2' in the United States and the
Miller score22 in Europe. These represented
attempts to quantify angiographically the
degree of pulmonary obstruction and were

aimed, in part, at measuring the change in

obstruction brought about by treatment. They
served a useful purpose, but the clinical man-
ifestations of pulmonary embolism depend on

more than the extent of pulmonary arterial

ob~fruction. For this reason a clinical classifica-
tion has been suggested23 that aims to describe
the haemodynamic consequences of the
embolus in an individual patient and thus assist
in the choice of treatment.
Acute minor pulmonary embolism is a con-

sequence ofobstruction of small distal pulmon-
ary arteries, often resulting in infarction. When
symptoms occtr they include mild tachypnci

plerit-ic chest pain, and haemoptysis. There is
usually no haemodynamic disturbance.
Physical examination often shows no abnor-
mality but may reveal tachycardia, a pleural
rub, and mild pyrexia.
Acute major pulmonary embolism results from
substantial obstruction of the proximal ul-
monary arteries and usua y causes severe dys-
pnoea, dull central chest pain, tachycardia,
gallop rhythm, raised venous pressure, and
Lachypi1u:a. When the degree of pulmonary
arterial obstruction is sudden and severe, syn-

cope or death may ensue.

Chronic thromboembolic pulmonary hypertension
frequently presents with a gradual onset of
dyspnoea, with or without a prior history of
venous thrombosis or pulmonary emboli, and
is due to chronically increasing pulmonary
arterial obstruction resulting from factors such
as unresolved acute massive embolism,
recurrent smallleremboli, and thrombosis in
situ. Chest discomfort may occur during exer-

tion. The findings produced by examination
depend on the severity ofpulmonary hyperten-
sion, and are representative of the degree of
right ventricular pressure overload.

These consequences of pulmonary embolism
determine the clinical differences in presenta-
tion (table I). Unfortunately clinica symptoms
and signs discriminate poorly between the
presence and the absence of pulmonary embol-
ism as determined by pulmonary angiogra-
phy,24 and if clinical suspicion exists further
investigations are indicated.

Investigations
Electrocardiography shows characteristic
abnormalities only in massive pulmonary
embolism as a result of the acute increasein
r i e seaftealuad.These include the
classical S 1, Q3, T3 pattern; right bundle
blranchbloac;p pulmonale; and right axis
deviation. One or a combination of these
occurred in only 26% of patients in the lagg:

olunase rulmonary Embolism Trial.25 Other

changes include sinus tachycardia, atrial

Table 1 Clinical differences between the various presentations ofpulmonary embolism

Acute minor Acute major Chronic

Dyspnoea Mild Severe Chronic, progressive
Chest pain Pleuritic Acute, dull, central Exertional, dull, central
Tachycardia Mild Usually severe Variable
Blood pressure Normal Low Normal until late
Cyanosis No Common Common
Oedema No Not acutely Common
Jugular venous pressure Normal Raised Raised
Heart sounds Normal S3 S3, S4, P2 +
Chest radiograph Often normal Usually abnormal Abnormal
Electrocardiogram Usually normal Usually abnormal Abnormal
Systolic pulmonary artery pressure Normal 30-50 > 70
(mm Hg)
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Table 2 Differential diagnosis ofpulmonary embolism

Myocardial infarction
Pneumonia
Asthma
Pneumothorax
Acute pulmonary oedema
Aortic dissection
Pleurisy
Fractured rib
Musculoskeletal pain
Right or left heart disease
Cor pulmonale

fibrillation, and T wave inversion in the
anteroseptal leads.
Chest radiographic changes are also frequently
non-specific. Dilatation of 5i major proximal
pulmonary artery and areas of pulmonary
oligaemia may suggest major arterial obstruc-
tion. Wedge shapedaal
lung fields due to pulmonary infarction, with or

without a small pleural effusion, may occur
with minor pulmonary embolism. In chronic
thromboembolic pulmonary hypertension the
cardiothoracic ratio may be increased with
feaiures suggestng dilatation of the right ven-
tricle. Patchy oligaemia -and dilatation of the
main pulmonary arteries may be present.
Overall, if pulmonary embolism is suspected
the chest radiograph is more helpful in exclud-
ing airernative diagnoses, such as lobar

pneumonia (table 2).
Measurement of arterial blood gas tensions is
relatively unhelpful diagnostically but may be
useful ina ILI_t.Iesponse Io UMMUNe.
Patients with pulmonary embolism are not
always hypoxaemic, though this becomes
increasingly Tiiely with increasing degrees of
pulmonary arterial obstruction. Hypoxaemia
may obviously be due to several other causes.

A blood test that could be easily pertormed to
diagnose pulmonary embolism has long been
sought, but there is so far no equivalent of the
creatinine phosphokinase MB test used in the
diagnosis of myocardial infarction. In condi-
tions where thrombus is formed plasmin
mediated proteolysis of fibrin releases D

dimeric fragments (D dimer), which can be
quantified. D dimer has been found in 89%/ ot

patients with pulmonary embolism confirmed
by ventilation (V)/perfusion (Q) isotope lung
scanning, but also in 56% of those with
negative scans, rendering it relatively non-

specific. A D dimer concentration below 500
ng/ml has been suggested as excluding pul-
monary embolism,26 though a negative isotope
lung scan is a better criterion.
Pulmonary function tests may give abnormal
results, but are again non-specific, though they
may be of some benefit in assessing fimctional
recovery after pulmonary embolism.27
Physiological dead space (VD) and the ratio of
VD to tidal volume (VT) increase. In one

investigation VD/VT was found to be over 40%
in 16 patients with pulmonary embolism but
40%ori m
was excluded.28
Isotope radionuclide ventilation-perfusion (V/Q)
lung scanning is perhaps the most widely avail-
able investigation currently used in suspected
pulmonary embolism, but it has its limitations.

Often only a perfusion scan is obtained, which
if normal essentially rules out pulmonary
embolis It r
management decisions. Abnormal perfusion,
however, occurs in conditions other than pul-
monary embolism, such as chronic lung disease
and pneumonia. When an assessment of ven-
tilationis made simultaneously, evidence ofV/
Q mismatch greatly increases the likelihood of
pulmonary embolism. Radionuclide scans are
usually reported as representing a low,
moderate, or high likelihood of pulmonary
embolism. Iniideterminate scans may arise when
the chest radiograph shows chronic pulmonary
disease or is abnormal in the region of the
perfusion defect. Ehtv 'six ner cent of.patients
with high probabi scans have eenshn to
have angiographic evidence of pulmonary
emboll, wHereas only 3 o !those with scans
of lFowe'r'probability had angiogr-apnillc
evidence.9 In the large prospective investiga-
tion of pulmonary embolism diagnosis
(PIOPED) trial"'"1 only 41% of patients with
angiographically proved pulmonary embolism
had high probability isotope scans, 59%/o having
scans of lower probabilty. Pents with high,
intermediate, and low probability scans had
positiveprhic
proved pulmonary embolism of 87%, 32%,
and 16%. Near normal scans were associated
with Eulmonary embolism-in-9°o of cases.

radionuclide scans tend to underestimate the
associated angiographic severity and
haemodynamic aisturbance of pulmonary
embolism.3-
Other radionuclide techniques include labelling
platelets33 or monoclonal antifibrin antibodies'
with indium, but these are probably more
relevant to the diagnosis ofdeep venous throm-
bosis than pulmonary embolism.
Pulmonary angiography has historically been
regarded as the diagnostic gold standard, but it
is a highly invasive procedure and is not
available in many hospitals.35 It would be
foolish to suggest that all patients suspected of
having puImonary embolism should have such
an investigation merely because isotope lung
scanning is imperfect. A more practical
approach is required. Patients with a normal
isotope perfusion scan are extremely unlikelv to
have pulmonary embolism, and in those cases
where the index ofclinical suspicion is high and
the isotope lung scan suggests that pulmonary
embolism is probable the diagnosis can be
considered confirmed. These two groups of
patients require angiography only exception-
ally. Where the index of clinical suspicion is
moderate or high and the isotope scan is
equivocal, however, pulmonary angiography
should be considered.76 If the angiogram is
negative anticmagulation can be avoided and if
it is positive the extent and severity ofpulmon-
ary arterial obstruction can be determined and
consideration given to the various treatments
available. Pulmonary angiography has
acquired a reputation for being a dangerous
procedure, probably because some deaths were
associated with the procedure in the early days
of its use. With advances in technique and
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newer contrast media, however, the risk of the
procedure is small.37 Of the 755 patients under-
going angiography in the PIOPED trial the
procedure contributed to death in two (0 3%),
both of whom had the most severe disease.30 In
experienced hands pulmonary angiography is
also safe in those with chronic thromboembolic
pulmonar r itrain-
dications include pregnancy, known right atrial
thrombus, andf_hypersensitivity to contrast
media. Abnoro ts
include filling defects, suggesting thrombus,
and areas of pulmonary oligaemia. Multiple
images of the lung fields should be obtained,
magnified views being used if necessary. Cut
films and digital imaging techniques are
superior t'o cineangiography. Digital subtrac-
tion angiography may be adequate for showing
proximal pulmonarv arterial occlusio is
less good at detecting more peripheral obstruc-
tion.394
Echocardiography is widely available but
usually contributes little diagnostically. In
breathless adults the quality of the images may
not be good. Right heart dilatation may be
noted and if tricuspid regurgitation is found by
means of Doppler techniques right ventricular
pre-ssure can be estimated. -Thrombus in the
right-affiuorr-1i-ferior vena cava may be seen,
especially it transoesophageal echocaridio-
graphy is used.4'
Investigations of the deep venous system As the
primary source of pulmonary emboli is from
thrombus arising in the deep veins of the pelvis
and legs and the risk ofpulmonary embolism at
least partly depends on the location and extent
of deep vein thrombosis,9 several investigations
aimed at the deep venous -system- have been
developed. Contrast venography has been the
historic gold standard against which the newer
techniques of impedance plethysmography,
radiofibrinogen leg scanning, and Duplex
(Doppler flow assessment combined with
ultrasound scanning) have been assessed.
Their accuracy in detecting deep vein throm-
bosis depends to a large extent on the
experience of the operator. As pulmonary
embolism at deep vein thrombosis '

present and both conditions dictate anti-
coagulation, little may be gained from -
tigations speci c to the deep venous system.
Thrombolytic agents achieve more rapid
resolu ion o d ein thromb01sis tn
heparin, but have not been shown to be better
thh anticoa ening the
risk of further episodes or in reducing post-
phlkii ymtm.; hr h clinical sus-
picion of pulmonary embolism is not high and
radionuclide lung scans are equivocal, positive
results of investigations suggesting deep vein
thrombosis, especially proximal to the calf,
dictate anticoagut`iofaf--
Computed tomography44 and magnetic reson-
ance imaging4546 have been used in the diag-
nosis of pulmonary embolism but their place
remains uncertain.

Treatments
Apart from supportive treatment such as anal-
gesia and oxygen, the three treatment options

for pulmonary embolism are anticoagulation,
thrombolytic treatment, and pulmonary
embolectomy.

ANTICOAGULATION
Heparin accelerate§ the action of antithrombin
III and prevents d
allowing the body's fibrinolytic system to lyse
existing clot. If the partial thromboplastin time
is prolonged before heparin is started the
possibility of lupus anticoagulant should be
considered, and in these circumstances the
concentration of heparin itself can be assayed.
There is a tendency to use too little anti-
coagulant47 and those with deep vein throm-
bosis and pulmonary embolism may require
more heparin to achieve adequate anticoagula-
tion than those without active thrombosis.48
Only one randomised trial has compared

heparin with placebo in the management of
pulmonary embolism, which was halted after
35 patients had been enrolled because of a
significantly higher mortality in the placebo
group.49 The investigators concluded that
he duce the imwe&linormrahty
of pulmonary embolism, but probably reduced
deaths due to further emboli. Despite this,
many still_use heparin as a single drug for
patients with circulatory collapse after massive
pulmnary emboli'sm, even though at best this
prevents further emboli only while fthe
patient's fibrinolytic system acts to dissolve the
obstructing thrombus.

THROMBOLYSIS
When thrombolytic agents became available a
National Institutes of Health consensus con-
ference concluded that they represented "a
significant advance in the management of the
more severe forms of pulmonary embolism,50
though even now such agents are used
infrequently. Several controlled trials have
compared thrombolytic agents with heparin,
their unequivocal conclusion being tthat pul-
mona eoli clear more rapidly with thefr-
mer.2 Although mortality tended to be
lower in the thrombolysis group, the difference
nevertheless failed to achieve statistical sig-
nificance. This may have been due to the fact
that patients who survived long enough to be
entered into the trial represented a group witGa
bettberpnosis6,because the most severely
aftected patnints would have died before receiv-
ing thrombolytic therapy.57 As the randomised
groups then became those with a better prog-
nosis, the number of patients required to detect
a difference was probably greater than the trials
enrolled.52 Despite the lack of statistical proof
of prognostic benefit, achieving more rapid
resolution of pulmonarv emboli seems desira-
ble as prolonged haemodynamic disturbance
can only harm the patient and further emboli,
should they occur, would have an adverse
haemodynamic effect. A second potential
advantage of thrombolysis is that potentially
dangerous iiemora venous t rombi may be
lysed, though there is always the concern (not
proved to have any substance) that this may
result in detachment of a clot from the vessel
wall, resulting in further pulmonary embolism.
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There is no evidence that thrombolytic treat-
ment results in better long term restoration of
pulmonary blood flow than heparin.

PULMONARY EMBOLECTOMY
The place of pulmonary embolectomy remains
controversial.37 The prognostic benefit of sur-
gical removal ofemboli has never been tested in
a clinical trial and is unlikely ever to be so, given
the ethical imposslbillty of randomising
patients to surgery when the less invasive
treatment of thrombolysis has been shown to
be effective. Thus surgery can only be justified
if the patient is thought unlikely to survive
without operation. Some patients are so
severely compromised haemodynamically that
the clinician may teel that they will not survive
the hour or two required to derive initial benefit
from thrombolysis. 'lhrombolytic drugs may
also be contraindicated in some patients, and
others may deteriorate despite their aaminis-
tration. For the few patients with m-assive
pulmonary embolism who fall into these
groups pulmonary embolectomy may be
lifesaving.59
Using the suril technique of venous

inflow oclusion, which oes no require car-
diopulmonary bypass, Clarke and Abrams have
shown that embolectomy can be performed
successfully in any hospital with surgical
facilities, with an in nospitai morraiity-of
arolind 20%.60 In those centres with the neces-
sary equipment the procedure is usually under-
taken on cardiopulmonary bypas, with similar
results.6' Embolectomy can also be undertaken
transvenously62 using a suction device, though
this techni-que has not been widely used. If

Clinical assessment, chest radiograph, and ECG

Low probability lntermec

High clinical
suspicion

V/Q scan

diate pro)bability High
probability

Pulmonary Pulmonary
angiogram angiogram

-ye +ve \4Sv

Treat for
pulmonary
embolism

No
pulmonary
embolism

Treat for
pulmonary
embolism

4b,-- Treatment of

.W-~ pulmonary emoblism

Acute minor
(analgesia, oxygen),
heparin, warfarin

Acute major
intravenous colloid, oxygen,

heparin (inotropes)
thrombolysis (embolectomy),

warfarin

embolectomy is considered, pulmonary angio-
graphy must be undertaken, partly to identify
the site and extent of pulmonary arterial obs-
truction, but mainly to ensure that the diag-
nosis is correct. Patients mistakenly undergo-
ing surgical embolectomy for alternative diag-
noses, such as myocardial infarction, have a
high mortality.

PROCEDURES ON THE INFERIOR VENA CAVA
Once a pulmonary embolism has occurred,
residual thrombus is almost always present in
the deep veins, having been found at necropsy
in over 90% of cases.9 Attenpts have been
made to prevent further emboli bv surgical
interruption or plication of the inferior vena
cava, but nowadays percutaneous insertion of
devices such as filters and umbrellas is more
common. T ese techniques have been applied
more widely in the United States than Europe
and their effic'cy has never been established in
a randcomise cltnical trial. it mignt be diuticult
to show prognostic benefit because the rate of
recurrence of pulmonary embolism with treat-
ment regimens not using these devices is
remarkably low (around 5%) and patients
rarely die from further embolism after hospital
dischuarge.lAer acute massive pulmonary
embolism in 71 patients treated without
inferior vena cava intervention recurrent
emboli were uncommon (6%) and no cases of
clinical pulmona rtension were found in
nine years.59 In the absence of continuing risk
factors progression to chronic thromboembolic
pulmonary hypertension is rare. In patients
with persistent venous thrombosis following
pulmonary embolism thrombolytic treatment
has been suggested to be more effective than
inferior vena cava interruption in reventing
further epis In the acute phase of mas-
sive pulmoniary embolism any procedure that
reduces venous return is potentially detrimen-
tal. For those patients at high risk of further
emboli and in whom anticoagulation is con-
traindicated, or for those who have recurrent
emboli despite adequate anticoagulation, an
inferior vena cava filter may be beneficial.

Management (figure)
A clear history should be obtained, both of the
patient's symptoms and of potential risk fac-
tors. With few exceptions, patients suspected
of having pulmonary embolism should have
chest radiography and electrocardiography,
and be,reterred for a radionuclide V/Q lung
scan. Where this is negative and clinical cir-
cumstances allow, it may be appropriate to
manage the patient at home, but the vast
majority of patients should be admitted to
hospital. Thrombus in the pulmonary arteries
has almost always come from elsewhere in the
venous system and the first episode ofpulmon-
ary embolism may only be one of many. Until
the clinical position is clearer patients should
be investigated, monitored, and treated in
hospital. As many of the risk factors for pul-
monary embolism apply solely to hospitalised
patients most individuals are likely to be
inpatients already.

All those managing patients who fall into the

Low clinical
suspicion

No pulmonary
embolism

Management ofpulmonary embolism.
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risk categories for pulmonary embolism, which
encompasses most hospitalised patients, must
be alert to the diagnosis because clinical susp-
icion is the first step towards appropriate
investigation and treatment. Once pulmonary
embolism is suspected confirmation should
always be sought. An incorrect diagnosis com-
mits the patient to m o o t
treatment and its associated risks, and as the
presenting ndiitins
may be similar to pulmonary embolism it is
vital to make an accurate diagnosis. Given that
the patient is not haemodynamically com-
promised and radionuclide scanning can be
obtained, it is reasonable to wait until the result
of this is known before anticoagulation is
started. The subsequent management depends
upon the degree ofhaemodynamic disturbance.

ACUTE MINOR PULMONARY EMBOLISM
Patients with no haemodynamic disturbance
can be given analgesia and oxygen as Initlal
treatment. Those with evidence of peripheral
pulmonary emboli from V%/Q scanning should
have heparin initially as there is evidence that
this is sup oral anti-coagulation alone.5
The' degree of anticoagulation required is
another uncertainty but it should probably be
sufficient to keep the activated partial thrombo-
plastin time in the range 1 5-2 5 times control
values. Loading with an oral anticoagulant is
usually undertaken simultaneously. A reasona-
ble strategy is to give 100 IU/kg heparin as a
loading dose, followed by an infusion of 1000-
2000 IU/hour. This conventional policy of
anflcoagulation has not been shown to alter
prognosis but it seems logical to attempt to
prevent further clot propagation in the deep
veins while the patient's fibrinolytic system
gradually removes existing thrombus in the
veins and pulmonary circulation. Whether
heparinisation for longer than is required to
achieve adequ'ate oral anticoagulation has any
advantage is unknown. Oral anticoagulation is
given to achieve an international normalised
ratio (INR) of 2-0-30 and is usually continued
for 3-6 months, though the ideal duration is
unknown.' Low molecular weight subcutan-
eous heparin has a longer half life, less
variabi teantic
fixed dose, and a more favourable antithrom-
botic to haemorrhagic ratio than conventional
unfractionated heparin and it has been shown
to be as effe r the
treatment of deep vein thrombosis, allowing
patients to be treated at home without the need
for regular measurements of clotting indices.67
Whether such treatment is appropriate for
patients with minor pulmonary embolism is
unknown. Some but not all trials have shown
that the risk of bleeding complications
increases with the degree of anticoagulation,68
and the risk of bleeding may be lower with
continuous intravenous heparin than with
intermittent intravenous bolus doses.69 The
half life ofhepar
the partial thromboplastin time returns to
normal in around two to four hours. The effect
of heparin can be reversed more rapidly with
protamine sulphate (1 mg/100 IU heparin) if

serious bleeding occurs. A mild reduction in
platelet count is often seen in patients, which is
reversed when treatment ceases. More rarely,
thrombocytopenia is associated with throm-
bosis and may have serious consequences.70 7

ACUTE MAJOR PULMONARY EMBOLI
Patients presenting with haemodynamic dis-
turbances (pronounced dyspnoea, hypoten-
sion, raised venous pressure, and hypoxaemia)
require different management and resuscita-
tion should be undertaken before investigation.
Patients should be placed supine, if necessary
in the Trendelenburg position, given oxygen,
and moved to an intensive care or high depen-
dency unit where appropriate haemodynamic
and respiratory monitoring can be performed.
The outcome of acute massive pulmonary
embolism must be better in an environment
where the clinical progress of patients can be
closely observed by medical and nursing staff,
and management decisions reassessed at
frequent intervals. A central venous line should
be inserted to allow the measurement ofvenous
pressure and the administration of intravenous
colloid and inotropes.72 Where thrombolytic
treatment is consdered a jugla rather than
infraclavicular approach should be used. When
centrafen7'ous access is achieved the possibility
of inserting a flow directed, balloon tipped
thermodilution pulmonary artery catheter
should be considered as this permits serial
measurments of cardiac output to be made.
Pulmonary artery pressure and mixed venous
oxygen saturation can also be monitored, which
helps to assess the rate of resolution of the
pulmonary arterial obstruction in response to
treatment. Where central venous monitoring is
not available transcutaneous oximetry may
provide an assessment of resolution. Where
thrombolytic treatment is considered, the
insertion of arterial lines should be avoided if
possible.

In some cases the diagnosis of pulmonary
embolism may be so certain on clinical grounds
and the patient in need of such urgent treat-
ment that a decision may be made to start
thrombolytic treatment without radionuclide
scanning or pulmonary angiography. This
should not be undertaken lightly in view of the
potential hazards of such potent drugs,
especially where the diagnosis is incorrect.
Although some patients with major pulmon-

ary embolism may recover spontaneously,73
many die soon after the onset of symptoms. Of
those who survive an hour or more, many die in
the succeeding hours or days.74 75 Vigorous
treatment may hasten the resolution of a major
embolus and should be offered to all suitable
patients. They should receive thrombolytic
treatment unless contraindicated and pulmon-
ary embolectomy should be considerea it this
cannot beused or is ineffective. Results from
trials of streptokinase have suggested that an
intravenous loadng dose of 250 000600 000
IU over 20-30 minutes, with or without 100mg
hydrocortisone, followed by 100 000 IU/hour
intravenously for up to 72 hours is appropriate,
followed by warfarin and if necessary heparin
until adequate oral anticoagulation is achieved.
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Whether 1-5 MU streptokinase, as in the
treatment of myocardial infarction, has the
same effect is unknown. Urokinase has been
used in the United States in preference to
streptokinase and has been compared with
tissue plasminogen activator. Trials have sug-
gested more rapid resolution of pulmonary
thrombus with tissue plasminogen atiyator
than urokinase but their effects are similar after
12-24hours-

CHRONIC THROMBOEMBOLIC PULMONARY
HYPERTENSION
The insidious nature of chronic thromboem-
bolic pulmonary hypertension means that it
often presents late, at a stage where there is
often little alternative to pulmonary thrombo-
endarterectomy76 or lung or heart-lung trans-
plantation. Although vasodilators have been
used to treat chronic pulmonary hypertension
these might be expected to be relatively ineffec-
tive where the primary abnormality is pulmon-
ary arterial occlusion by fixed organised throm-
bus, though they may help to recruit the
remaining pulmonary vessels. Domiciliary
oxygen may help symptomatically.

Conclusion
Despite prophylactic measures pulmonary
embolism remains a common problem, presen-
ting to a wide range of clinicians. The man-
agement of patients varies considerably, partly
because of the absence of data from randomised
clinical trials but also through a lack of
familarity with the management of such
patients. In most areas of medicine increasing
the practice of a skill improves performance. A
similar improvement in the management and
outcome of pulmonary embolism might be
achieved if experience were concentrated in the
hands of fewer clinicians. Such a strategy
would facilitate the performance of clinical
trials and help to answer some of the many
outstanding questions relating to pulmonary
embolism.
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