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ABSTRACT: Modern treatment of acute pulmonary embolism requires rapid and
accurate diagnosis followed by risk stratification to devise an optimal management
strategy. Patients at low risk have good outcomes simply with intensive anticoagulation
treatment. Higher-risk patients may require more aggressive intervention with
thrombolysis or embolectomy.
Clinical risk factors for an adverse outcome include increasing age, cancer, con-

gestive heart failure, systemic arterial hypotension, chronic obstructive pulmonary
disease and right ventricular dysfunction. A promising approach is the Geneva
Prognostic Score, which is based upon a rapid clinical assessment.
On physical examination, signs of right ventricular failure, including distended

jugular veins and a right-sided S3 gallop, should be looked for. The electrocardiogram
may show evidence of right ventricular strain with a new right bundle branch block or T
wave inversion in leads V1–V4. The troponin level may be elevated as a marker of
cardiac injury and right ventricular microinfarction, even in the absence of coronary
artery disease. The most useful imaging marker of high risk is the presence of moderate
or severe right ventricular dilatation and hypokinesis on the echocardiogram, especially
with progressively worsening right ventricular function despite intensive anticoagulation
treatment.
Patients at high risk should be considered for thrombolytic therapy or embolectomy

rather than management with anticoagulation therapy alone. Special care must be
taken to avoid thrombolytic therapy among patients who might be susceptible to
intracranial haemorrhage. Intracranial haemorrhage reached a surprisingly high rate of
3.0% in the International Cooperative Pulmonary Embolism Registry of 2,454
prospectively evaluated acute pulmonary embolism patients at 52 hospitals in seven
countries. An alternative approach to patients at high risk is a catheter-based or open
surgical embolectomy. It is crucial to refer these patients as quickly as possible, rather
than delaying intervention until cardiogenic shock has ensued. Fortunately the current
tools for risk stratification provide an "early window" for prognostication and can help
the coordination of a definitive treatment plan with optimal results.
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Modern treatment of pulmonary embolism (PE)
relies upon rapid identification, risk stratification
and anticoagulation treatment as the foundations of
therapy. Patients identified as at high risk of adverse
outcomes often benefit from early intervention with
thrombolytic therapy or embolectomy. Depending
upon the severity and specific problems related to the
acute PE, special expertise might be required from
radiologists, vascular medicine specialists, cardio-
logists, pulmonologists, critical care intensivists, inter-
ventional angiographers or cardiac surgeons. Optimal
management requires a coordinated interdisciplinary
approach that follows algorithms established by
consensus at individual hospitals.

Clinical outcome

The International Cooperative Pulmonary Embo-
lism Registry (ICOPER) enrolled 2,454 consecutive
PE patients from 52 participating hospitals in seven

countries. The aims were to establish a 3-month all-
cause mortality rate and identify factors associated
with death [1].

The 3-month follow-up was completed in 98% of
patients. The all-cause mortality rate was 11.4%
during the first 2 weeks after diagnosis and 17.4% at
3 months. After exclusion of patients in whom PE was
first discovered at autopsy, the mortality rate was
15.3%. Importantly, most patients who died had
succumbed to PE, and not to other comorbidities
such as cancer. Specifically, regarding the most
common causes of death, 45% of deaths were ascribed
to PE, 18% were due to cancer, 12% were sudden
cardiac deaths (which undoubtedly included some
undiagnosed PEs) and 12% were considered due to
respiratory failure, which may also have included
some deaths due to PE. Nonfatal recurrent PE
occurred in 4% of patients.

Age w70 yrs increased the likelihood of death by
60%. Six other risk factors independently increased
the likelihood of mortality two- to three-fold (table 1):
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cancer, clinical congestive heart failure, chronic
obstructive pulmonary disease, systemic arterial hypo-
tension with a systolic blood pressure ofv90 mmHg,
tachypnoea (defined asw20 breaths?min-1) and right
ventricular hypokinesis on the echocardiogram, an
especially useful sign for identifying high-risk patients
who might be suitable for aggressive interventions
such as thrombolytic therapy or embolectomy.

In Japan, a recently completed PE registry showed
remarkable similarities to the ICOPER [2]. The in-
hospital mortality rate was 14% among the 533 PE
patients enrolled in the registry. Predictors of morta-
lity included male sex, cardiogenic shock, cancer and
prolonged immobilization.

Risk stratification

In patients with massive PE, right ventricular dys-
function can be identified at the bedside. Findings
include a left parasternal heave, distended jugular
veins, and a systolic murmur of tricuspid regurgitation
that increases with inspiration and is best heard at the
left lower sternal border. The electrocardiogram may
demonstrate a new right bundle branch block or other
evidence of right ventricular strain, such as inverted T
waves in leads V1–V4.

The Geneva Risk Score was developed using data
from 296 PE patients [3]. It predicts the risk of major
adverse outcomes, defined as death, recurrent PE and
major bleeding. Six prognostic variables are consi-
dered. Patients receive a point for each variable and
an estimate of the likelihood of an adverse outcome
(tables 2 and 3). Cancer and hypotension receive the
greatest weight, followed by congestive heart failure,
prior venous thromboembolism, hypoxaemia and
evidence of acute deep vein thrombosis (DVT) on
ultrasound examination.

Right ventricular dysfunction has been reliably
established as a predictor of increased likelihood of
death from PE. Identification of moderate or severe
right ventricular dysfunction is usually carried out
qualitatively and is ordinarily readily apparent to
observers with only modest experience. The most
commonly employed quantitative standards are: 1) a
right ventricular to left ventricular end-diastolic
diameter ratio of w1 in the apical four-chamber

view; 2) a right ventricular end-diastolic diameter of
w30 mm; and 3) paradoxical right ventricular septal
systolic motion.

Among 209 consecutive PE patients, 65 (31%) pre-
sented with the combination of normal systemic
arterial pressure and echocardiographic evidence of
right ventricular dysfunction. Of this group, six (10%)
developed cardiogenic shock within 24 h of diagnosis
and three (5%) died during the initial hospitalization.
Conversely, none of the 97 normotensive patients with
normal right ventricular function on echocardiogra-
phy suffered PE-related mortality [4].

When Doppler echocardiography gives an estimated
pulmonary artery systolic pressure ofw50 mmHg at
the time of PE diagnosis, chronic pulmonary hyper-
tension is likely to ensue. Such patients are less likely
to survive during the ensuing 5 yrs than those whose
pulmonary arterial pressure and right ventricular
function normalize during the first 5–6 weeks after
the acute PE [4].

Right ventricular microinfarction can result from
the right ventricular pressure overload caused by
acute PE and can be diagnosed by means of elevated
troponin levels. Such patients may have no underlying
atherosclerosis of the right coronary artery. Troponin
level elevation in acute PE is associated with right
ventricular dysfunction [5]. Furthermore, troponin
level elevations help identify PE patients with an
otherwise poor prognosis in whom aggressive inter-
vention may be warranted. In a prospective study of
56 PE patients, those with elevated troponin levels
were more likely to die, suffer cardiogenic shock,
require inotropic agents and need mechanical ventila-
tion [6]. The mortality rate from PE was 44% in
troponin-positive patients (i.e. those with elevated

Table 1. –Risk factors for mortality after pulmonary
embolism in the International Cooperative Pulmonary
Embolism Registry: a multivariate analysis

Variable Hazard ratio
(95% CI)

Agew70 yrs 1.6 (1.1–2.3)
Cancer 2.3 (1.5–3.5)
Clinical congestive heart failure 2.4 (1.5–3.7)
Chronic obstructive pulmonary disease 1.8 (1.2–2.7)
Systolic blood pressurev90 mmHg 2.9 (1.7–5.0)
Respiratory frequencyv20 breathe?min-1 2.0 (1.2–3.2)
Right ventricular hypokinesis 2.0 (1.3–2.9)

The final model included 815 patients. CI: confidence
interval. (From [1].)

Table 2. – The Bounameaux pulmonary embolism point
score

Variable Point score

Cancer z2
Heart failure z1
Prior DVT z1
Hypotension z2
Hypoxaemia z1
DVT on ultrasound z1

DVT: deep vein thrombosis. (From [3].)

Table 3. – The Bounameaux adverse outcome score

PatientsPoints

n cumulative % adverse outcome % (n)

0 52 19.4 0 (0)
1 79 48.9 2.5 (2)
2 49 67.2 4.1 (2)
3 56 88.1 17.8 (10)
4 22 96.3 27.3 (6)
5 7 98.9 57.1 (4)
6 3 100 100 (3)

(From [3].)
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troponin levels), compared with 3% in troponin-
negative patients (i.e. those without elevated troponin
levels). Interestingly, coronary angiography revealed
obstructive coronary artery disease equally distributed
between troponin-positive and troponin-negative
patients.

Thrombolytic therapy and embolectomy

Thrombolytic therapy and embolectomy should be
considered after risk stratification in the follow-
ing four scenarios: 1) haemodynamic instability; 2)
moderate or severe right ventricular dysfunction; 3)
elevation of the troponin level; and 4) a high Geneva
Risk Score. Both thrombolytic therapy and embolec-
tomy are enjoying a renaissance because of improve-
ments in pharmacological understanding and the
timing of referrals for aggressive intervention. It is
imperative that attempts to intervene in high-risk
patients are made as early as possible, prior to the
onset of cardiogenic shock. The "watch and wait"
approach is usually not warranted. When thromboly-
tic therapy is administered, a high concentration and
short infusion of the fibrinolytic agent should be
prescribed, rather than a prolonged infusion of a
low-to-moderate concentration of drug. Embolectomy
should be considered for those patients with contra-
indications to thrombolytic therapy.

Thrombolytic therapy: overview

The ideal thrombolytic agent has not yet been
developed. Such a drug would rarely cause major
bleeding and could be administered at low cost with
precisely defined indications. Currently, only one con-
temporary Food and Drug Administration (FDA)
thrombolytic regimen is available: alteplase (tissue
plasminogen activator) 100 mg given as a continuous
peripheral intravenous infusion over 2 h.

The hypothesis that alteplase followed by anti-
coagulation therapy accelerates the improvement of
right ventricular function and pulmonary perfusion
more rapidly than anticoagulation therapy alone was
tested [7]. A multicentre trial of 101 PE patients
without initial haemodynamic instability was under-
taken and the patients randomized as follows: 46 to
alteplase 100 mg over 2 h followed by heparin and 55
to heparin alone. Most were enrolled on the basis of
high-probability lung scans. Only 20% of the patients
underwent diagnostic pulmonary angiography, thus
minimizing bleeding complications from groin hae-
matomas (at the femoral vein puncture site used for
angiography) among patients who received throm-
bolytic therapy.

No clinical episodes of recurrent PE occurred
among the alteplase patients, but there were five
(two fatal and three nonfatal) clinically suspected
recurrent PEs within 14 days in patients randomized
to heparin alone (p=0.06). All five presented initially
with right ventricular hypokinesis on echocardio-
graphy, despite a normal systemic arterial pressure
at baseline. Thus, echocardiography identified a

subgroup of patients with impending right ventricular
failure at high risk of adverse outcomes if treated with
heparin alone. Such patients, in particular, may be
excellent candidates for aggressive intervention.

It was subsequently shown quantitatively that most
patients who receive thrombolytic therapy for PE
achieve recovery of regional as well as global right
ventricular function [8]. At baseline, right ventricular
areas were significantly larger than normal at end-
diastole and end-systole. Diastolic and systolic right
ventricular areas decreased after thrombolytic therapy.
The area of the right ventricle most severely affected
(and most improved after therapy) was the mid-right
ventricular free wall.

Thrombolytic therapy: bleeding complications

Catastrophic bleeding can occur with thrombolytic
therapy, regardless of specific drug or specific indica-
tion. Therefore, all patients being considered for any
thrombolytic regimen should be subjected to a meti-
culous evaluation for possible contraindications such
as intracranial disease, recent surgery or trauma.
Randomized controlled trials tend to underestimate
bleeding complication rates, because these trials
usually have multiple safeguards to ensure appro-
priate exclusion of poor candidates for thrombolytic
therapy. However, registries that record "real world"
results, including bleeding complications, may be
more realistic with respect to the limitations and
problems of thrombolytic therapy.

In a series of 312 patients receiving thrombolytic
therapy for PE in five clinical trials, there was a 1.9%
risk (95% confidence interval 0.7–4.1%) of intracranial
bleeding [9]. Two of the six patients received
thrombolytic therapy in violation of the trial protocol,
because they had known pre-existing intracranial
disease. Diastolic blood pressure on admission was
significantly elevated in patients who developed
intracranial haemorrhage compared with those who
did not (90.3 versus 77.6 mmHg; p=0.04). No patient
under the age of 55 yrs was affected. These data
reinforce the message that meticulous patient screen-
ing before administering thrombolytic therapy is
imperative.

In carefully conducted observational studies, throm-
bolytic therapy for PE emerges as a strategy with a
higher risk of major haemorrhagic complications than
is reported in controlled clinical trials. At the Laennec
Hospital in Paris, France, 132 consecutive patients
received alteplase for massive PE [10]. Two (1.5%)
suffered intracranial bleeding, and one of the two
died. Pericardial tamponade was equally problematic
and occurred in two (1.5%) other patients, one
of whom died. Other major bleeding complications
included two gastrointestinal haemorrhages, three
cases of haemoptysis and 11 hematomas at the
puncture site for pulmonary angiography.

In the ICOPER, the prospective registry of 2,454
patients with PE conducted at 52 hospitals in seven
countries, 304 patients received thrombolytic therapy
[1]. Three per cent of patients who received throm-
bolytic therapy suffered intracranial bleeding. Overall,
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22% of those receiving thrombolytic therapy experi-
enced major bleeding and 12% required transfusions.

In an overview of the five PE thrombolytic therapy
trials conducted by the present author and colleagues
[7, 11–14], the mean age of patients with major
bleeding was 63 yrs, whereas that of patients with
no haemorrhagic complication was 56 yrs (p=0.005).
There was a 4% increased risk of bleeding for each
additional year of age. Increasing body mass index
and pulmonary angiography were also significant
predictors of haemorrhage [15].

Thus, to minimize bleeding risk, a fastidious history
must be taken prior to administering thrombolytic
therapy so that patients with prior moderate or severe
hypertension, head trauma or seizures can readily be
identified. The use of arterial puncture should be
minimized. Finally, increasing age and a high body
mass index should be recognized as risk factors for
bleeding and should be factored into the decision
regarding thrombolytic therapy versus the alternative
intervention of embolectomy.

Embolectomy

Embolectomy can be undertaken in the interven-
tional angiography laboratory or in the operating
room. Catheter embolectomy is hindered by devices
that are designed normally to remove small arterial
clots rather than decompress massive PE. Available
strategies for catheter embolectomy include frag-
mentation, rheolysis and aspiration [16]. For example,
the Hydrolyser1 device (Cordis Corporation,
Miami Lakes, FL, USA) for massive PE consists of
a 135-cm long 6–7 F double lumen catheter with a
closed atraumatic tip and a distal 6-mm oval side hole
[17]. Saline is injected through the narrow lumen using
a mechanical injector. The narrow lumen ends in a
hairpin loop at the distal end of the catheter, near the
side hole. As the high-speed retrograde fluid jet crosses
the side hole, the resulting Venturi effect fragments
the adjacent thrombus and sucks the debris into the
larger evacuation lumen.

Because of the limitations of catheter embolectomy,
the Collaborative Pulmonary Embolism Management
Team at Brigham and Women9s Hospital has shifted
the emphasis of mechanical intervention towards open
surgical embolectomy. This approach is usually suc-
cessful if undertaken in patients who enter the operat-
ing room with stable haemodynamics [18]. Inv2 yrs,
operations have been performed on 26 patients, with a

92% 30-day survival rate. The operation is performed
with a median sternotomy, continuous transoesopha-
geal echocardiographic monitoring and cardio-
pulmonary bypass with a warm beating heart. Using
this approach, the cardiac surgeons can visualize all
lobar and most segmental pulmonary arteries.

Inferior vena caval filters

There are two indications for insertion of an
inferior vena caval filter: 1) massive bleeding that pre-
cludes anticoagulation therapy; and 2) recurrent PE
despite prolonged intensive anticoagulation therapy.
It is important to acknowledge that filters do not halt
the thrombotic process. Furthermore, they are asso-
ciated with a marked increase in the frequency of
subsequent DVT [19, 20].

Optimal anticoagulant regimen

Low-molecular-weight heparins offer high and
sustained plasma antithrombin activity when adminis-
tered in therapeutic doses, with only moderate pro-
longation of the activated partial thromboplastin time
[21]. Low-molecular-weight heparins have pharmaco-
kinetic advantages over unfractionated heparin [22],
as detailed in table 4.

The FDA has approved two low-molecular-weight
heparins for outpatient treatment of acute DVT
(without PE) as a bridge to warfarin. However,
neither the strategy of using a low-molecular-weight
heparin nor an abbreviated length of hospital stay has
been approved for patients presenting with sympto-
matic PE.

The largest trial of low-molecular-weight heparin
for patients with symptomatic acute PE was con-
ducted in France [23]. Overall, 612 patients were
randomly assigned to once daily tinzaparin or to
adjusted-dose intravenous unfractionated heparin.
These heparin regimens were given as a bridge to a
stable and therapeutic dose of oral anticoagulant.
During the 90 days of follow-up, the complication
rates were similar in the two groups. Importantly,
those patients assigned to tinzaparin remained hospi-
talized for a mean of 7 days. Therefore, the strategy of
outpatient therapy or reduced duration of hospitaliza-
tion was not tested in this trial.

Oral anticoagulation therapy with warfarin remains
unsatisfactory. There is a high rate of major bleeding
despite optimal attempts at dose adjustment using the

Table 4. –Mechanisms responsible for the pharmacokinetic advantages of low-molecular-weight heparins over
unfractionated heparin

Advantage Mechanism

More predictable anticoagulant
response

Less binding to plasma proteins and to proteins released
from activated platelets and endothelial cells

Better bioavailability at low doses Less binding to endothelium
Dose-independent clearance mechanism Less binding to macrophages
Longer half-life Less binding to macrophages

(From [22].).
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International Normalized Ratio. In the Anticoagula-
tion Service at Brigham and Women9s Hospital, there
were 10 patients with major bleeding out of 676 who
were followed prospectively over a 2-yr period. Of the
ten patients, two bled while their prothrombin times
were within the target range and three bled with
subtherapeutic prothrombin times.

Potential replacements for warfarin include oral
direct thrombin inhibitors. Ximelagatran, which has
a molecular weight of 474 Da, is an oral prodrug
that is rapidly converted to melagatran, a direct
thrombin inhibitor. Ximelagatran can achieve a thera-
peutic anticoagulant effect with fixed twice daily
dosing, without dose adjustment. This drug is currently
being studied in multiple phase III trials. It appears
to have a wide "therapeutic window", predictable
pharmacokinetics and minimal drug/drug and food/
drug interactions.

Optimal duration of anticoagulation therapy

The optimal duration of anticoagulation therapy
after acute PE remains extremely controversial, espe-
cially after idiopathic PE that occurs without relation
to cancer, surgery or trauma. SCHULMAN et al. [24]
found that 6 months of oral anticoagulation therapy
halved the recurrence rate over the ensuing 2 yrs,
compared to 6 weeks of anticoagulation therapy.
Consequently, 6 months is the usual duration of
anticoagulation therapy under these circumstances.
However, in the provocative study of KEARON et al.
[25], patients with venous thromboembolism were
randomized to 3 months or 2 yrs of anticoagulation
therapy. The trial was stopped early because of the
markedly lower rate of recurrence in the group
receiving prolonged anticoagulation therapy. After a
mean follow-up period of 10 months, there were 17
recurrences among those on 3 months of anticoagula-
tion therapy compared with one event among those on
long-term anticoagulation therapy.

However, prolonged anticoagulation therapy may
simply forestall but not prevent recurrent thrombosis.
Furthermore, the increased bleeding with prolonged
anticoagulation therapy may negate any potential
benefit of fewer recurrences. In the Warfarin Optimal
Duration Italian Trial (WODIT), 267 patients with
idiopathic proximal DVT were randomized to either 3
or 12 months of anticoagulation therapy [26]. They
were followed clinically for o2 yrs. The mortality
and recurrence rates were the same in both groups.
The mean time to recurrence was 11 months among
patients who received 3 months of anticoagulation
therapy, compared with 16 months in the group
that received 12 months of anticoagulation therapy.
Importantly, 3% of patients receiving 12 months of
anticoagulation therapy had major nonfatal bleeding
during months 4–12 of therapy. Thus, in WODIT,
extending the 3-month course of anticoagulation
therapy to 1 yr was not associated with long-term
clinical benefit.

Recently, PINEDE et al. [27] reported a randomized
trial of 736 patients with venous thromboembolism.
For patients with temporary risk factors such as

surgery or trauma and without predisposing factors
for recurrence (such as thrombophilia), they found
that isolated calf DVT could be safely treated with
6 weeks rather than 3 months of anticoagulation
therapy. For proximal DVT, they found that 3 months
of anticoagulation therapy was as effective and safe as
6 months.

It is possible that a lower intensity of anticoagu-
lation therapy, after the initial phase of full-dose
warfarin, might reduce bleeding complications asso-
ciated with long-term therapy and yet maintain a low
frequency of recurrent events. To test this hypothesis,
the Prevention of Recurrent Venous Thrombo-
embolism (PREVENT) trial is evaluating the efficacy
of prolonged treatment with low-intensity warfarin
for the prevention of recurrent events [28]. This trial
is sponsored by the National Institutes of Health,
Bethesda, MD, USA. Patients with a history of
documented idiopathic venous thrombosis who have
completed a standard course of anticoagulation
therapy are being enrolled in an ongoing randomized
double-blind placebo-controlled trial comparing
low-intensity anticoagulation therapy, target Interna-
tional Normalized Ratio 1.5–2.0, to usual care with-
out anticoagulants. Trial end points include recurrent
venous thromboembolism, major bleeding and all-
cause mortality. To date, w450 patients have been
enrolled. Follow-up will continue for o3 yrs [29].

Despite the high rate of recurrent venous thrombo-
sis after discontinuation of anticoagulation therapy,
there are currently insufficient data to recommend
indefinite warfarin therapy following an initial acute
pulmonary embolism [30]. Ongoing clinical trials
are testing the strategy of prolonged anticoagula-
tion therapy, particularly with less than the standard
intensity of anticoagulation. The hope is that this
approach will reduce both the recurrent events and
haemorrhagic risk associated with long-term anti-
coagulation therapy.
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