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Update on acute pulmonary embolism
O. Sanchez*,#, B. Planquette*,# and G. Meyer*,#

he annual incidence of venous thromboembolic disease
(VTE) is approximately one to two cases per 1,000
persons and is strongly age dependent, as the incidence
rises to nearly 1% per year in those aged .75 yrs [1, 2]. A
recent epidemiological study confirmed that VTE is a major
public health burden with an estimated 370,000 related deaths
in 2004 in six European countries [3]. Moreover, pulmonary
embolism (PE) may lead to persistent chronic disease, i.e.
chronic thromboembolic pulmonary hypertension, which can
be severely disabling [4–8]. Recent published data on risk
factors, diagnosis, prognosis and treatment of acute PE will be
the main focus of this update.

T

RISK FACTORS
VTE is currently considered to be the result of an interaction
between patient-related and setting-related risk factors [9].
Patient-related predisposing factors are usually permanent,
whereas setting-related risk factors are more often temporary
(table 1). However, the predictive values of these factors are
not equal and VTE can occur in patients without any
identifiable predisposing factors.
Pregnancy and post-partum period
VTE is one of the leading causes of maternal morbidity and
mortality. About two-thirds of VTE cases occur during
pregnancy and one-third post-partum. A recent case–control
study showed that the risk of VTE was increased five-fold (OR
4.6, 95% CI 2.7–7.8) during pregnancy and increased 60-fold
(OR 60.1, 95% CI 26.5–135.9) during the first 3 months
following delivery compared with nonpregnant females [10].
The risk was highest in the third trimester of pregnancy and
during the first 6 weeks after delivery. The risk of thrombosis
during pregnancy is affected by the presence of pro-thrombotic
abnormalities. Females with Factor V Leiden or prothrombin
20210A, two common pro-thrombotic genetic variants, have a
30 to 50-fold increased risk of VTE during pregnancy and postpartum relative to nonpregnant noncarriers [10].
Cancer
In patients with cancer, VTE is a common complication.
Compared with persons without malignancy, the risk of

developing symptomatic VTE is seven-fold higher in patients
with cancer [11]. A large population-based study determined
the incidence of VTE among patients diagnosed with cancer
[12]. Among 235,149 cancer cases, confirmed symptomatic VTE
events were diagnosed within 2 yrs in 1.6% [12]. In risk-adjusted
models, metastatic disease at the time of diagnosis was the
strongest predictor of VTE [12]. All haematological and solid
tumour types have been associated with VTE but the VTE risk
varies among the various types of cancer [12, 13]. BLOM et al. [11]
observed the highest risk of VTE adjusted for age and sex among
patients with haematological malignancies (OR 28), lung cancer
(OR 22) and gastrointestinal cancer (OR 20). Adjusting for age,
race and stage, diagnosis of VTE was a significant predictor of
death during the first year for all cancer types [12].
In patients with symptomatic VTE, the prevalence of concomitant cancer, not known before the diagnosis of VTE and
discovered by routine investigation at the time of VTE
diagnosis, varies between 4% and 12% [14]. The risk of occult
cancer is increased three- to four-fold in patients with idiopathic
VTE compared with secondary VTE [14]. Considering the high
incidence of cancer in the initial months following diagnosis
VTE, screening for an underlying malignancy may be clinically
relevant. The literature is, however, not concordant on whether
extensive screening for occult malignancy is indicated. Recently,
CARRIER et al. [15] performed a systematic review on this topic.
They found that previously undiagnosed cancer is frequently
found in patients with idiopathic VTE. The period prevalence of
undiagnosed cancer is 6.1% (95% CI 5.0–7.1%) at baseline and
10.0% (95% CI 8.6–11.3%) from diagnosis of VTE to 12 months
following diagnosis [15]. CARRIER et al. [15] demonstrated that
the use of an extensive screening strategy (computed tomography of abdomen and pelvis) detected more malignancy than
a limited screening strategy. However, due to the lack of detail
in these studies, it is still unclear whether an increase in
detection of new cancer will result in a statistical change in the
detection rate of early stage or occult cancer or a decrease in
cancer related morbidity and mortality.

PROVENANCE: Submitted article, peer reviewed.

Hormone replacement therapy and oral contraceptive
therapy
Most oral contraceptives consist of a combination of oestrogen
and progestogen. The reduction in dose of oestrogen over time
has reduced the risk of VTE in females, although there is still a
two- to five-fold increased risk [16]. Since the absolute risk of
VTE is low in young females, the annual risk in users of oral
contraceptives remains low at two to three cases per 10,000 [16].
The risk is highest during the first year of use. The type of
progestogen affects the risk of venous thrombosis, with a twofold higher risk for contraceptives containing a third generation
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Predisposing risk factors for pulmonary embolism

Risk factor

Transient

Permanent

Strong
Fracture, major trauma

+

Hip or knee replacement

+

Major general surgery

+

Spinal cord injury

+

Moderate
+

Active cancer
Hormone replacement therapy

+

Oral contraceptive therapy

+

Pregnancy/post-partum

+

Previous venous thromboembolism

+
+

Inherited thrombophilia
Weak
Bed rest .3 days

+

Prolonged air travel

+

Age

+

+: indicates that the risk factor is transient or present. Adapted from [4].

(desogestrel and gestodene) than a second generation (levonorgestrel) progestogen [16].
Hormone replacement therapy is prescribed for the treatment of
symptoms of the menopause and increases the risk of VTE by
two- to four-fold [17–19]. However, in contrast to the oral route
of administration, transdermal oestrogen does not have a firstpass effect through the liver and it has been suggested that this
might lead to less risk of thrombosis. Recently, a large
multicenter case–control study and a meta-analysis showed
that oral oestrogen, but not transdermal oestrogen, increased the
risk of venous thromboembolism [17, 18]. Compared with
nonusers of oestrogen, the odds ratio of first diagnosis of VTE in
current users of oral oestrogen was 2.5 (95% CI 1.9–3.4) and in
current users of transdermal oestrogen was 1.2 (95% CI 0.9–1.7)
[18]. The risk of VTE in females using oral oestrogen was higher
in the first year of treatment (OR 4.0, 95% CI 2.9–5.7) compared
with treatment for .1 yr (OR 2.1, 95% CI 1.3–3.8; p,0.05) [18].
Inherited causes
Deficiencies of natural coagulation inhibitors, such as antithrombin, protein C and protein S, are strong risk factors for
VTE but these deficiencies are rare and only account for 1% of
all cases of VTE. Factor V Leiden and prothrombin (factor II)
G20210A are two more common genetic variants that have
been consistently found to be associated with VTE, but still
only explain a small proportion of VTE cases. The search for
new genetic variants associated with VTE is ongoing and is
following several investigative paths. In a recent study, 19,682
single nucleotide polymorphisms (SNPs) distributed over
11,000 genes were tested in three independent datasets derived
from two large population-based, case–control studies (Leiden
Thrombophilia Study and MEGA study), which included
.3,000 patients with a first diagnosis of deep vein thrombosis
(DVT) and 5,000 controls [20]. Several SNPs were identified
and were associated with DVT [20]. The risk-enhancing alleles
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for these variants were associated with a mild increase in
thrombotic risk (OR varying from 1.15 to 1.39) [20].
Since genetic risk factors are either rare or have a weak overall
effect, their usefulness for clinical practice is still minimal and
rarely affects treatment. The search for thrombophilia is not
indicated when an acquired risk factor is identified (i.e. surgery
or cancer) and should be restricted in idiopathic VTE in young
patients (,50 yrs of age) or in patients with recurrent VTE.
DIAGNOSIS
Over the past 20 yrs, many new diagnostic tests and strategies
have been introduced for the diagnostic work-up of patients
with suspected PE. Clinical signs, symptoms and routine tests
such as chest radiography, ECG or arterial blood gases do not
allow the exclusion or confirmation of PE. The available
diagnostic tests also have several limitations [21]. To enforce an
accurate diagnosis, diagnostic tests have now been integrated
into algorithms consisting of clinical pre-test probability, Ddimer testing followed by imaging.
Clinical probability
Clinical probability assessment has become a mandatory step in
the investigation of patients with clinically suspected PE.
Indeed, according to Bayes’ theorem, the post-test probability
of PE depends not only on the intrinsic characteristics of the test
used, i.e. sensitivity and specificity, but also on pre-test
probability, i.e. the prevalence of PE in the population.
Determining clinical pre-test probability of PE can be performed
empirically taking into account patient’s medical history and
risk factors for VTE, clinical signs and routine laboratory tests.
The implicit evaluation of pre-test probability was demonstrated to be relatively accurate in the PIOPED (Prospective
Investigation of Pulmonary Embolism Diagnosis) study [22].
However, the empirical clinical probability is probably dependent on the physician’s experience, cannot be standardised and
is not reproducible. Several clinical prediction rules are
available for the diagnosis of PE; two clinical prediction rules
have been widely used and validated in diagnostic studies: 1)
the Wells’ score (table 2), and 2) the Geneva score [23, 25]. The
Revised Geneva score provides a model that is independent of
clinical judgement and the results of chest radiographs and
arterial blood gases (table 2) [24]. The diagnostic accuracy of
these rules has been shown to be comparable when retrospectively applied in one study [26]. Whichever rule is used, the
prevalence of confirmed PE is ,10% in the low probability
category, 30% in the moderate category and 70% in the high
clinical category (table 2). Recently, attempts to simplify the use
of these rules for PE diagnosis have been made. Dichotomised
version of the Wells’ score (PE ‘‘unlikely’’ and ‘‘likely’’) have
been used in two recent management studies [27, 28]. It has been
proposed to simplify further the computation of these scores,
attributing one point to all criteria regardless of the weight they
carried in the original model [29, 30]. These two studies have
shown that this approach did not alter the diagnostic accuracy
of both the Wells’ and the Revised Geneva scores [29, 30].
D-dimer testing
With its high negative predictive value, the D-dimers represent
an excellent noninvasive triage test in patients with suspected
PE. A large variety of D-dimer assays have been evaluated and it
appears that their diagnostic performances varied substantially
EUROPEAN RESPIRATORY REVIEW
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TABLE 2
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Clinical prediction rules for pulmonary embolism
Wells score [23]

Variable

Revised Geneva score [24]
Points

Variable

Points

Active cancer

+1

Age .65 yrs

Haemoptysis

+1

Active cancer

+2

+1.5

Haemoptysis

+2

Previous DVT or PE

+1

Heart rate .100 beats?min-1

+1.5

Previous DVT or PE

+3

Surgery or bed rest o3 days within 1 month

+1.5

Surgery or lower limb fracture within 1 month

+2

Clinical signs of DVT

+3

Unilateral oedema and pain at palpation

+4

No alternative diagnosis as more likely than PE

+3

Spontaneously reported calf pain

+3

Heart rate 75–94 beats?min-1

+3

Heart rate o95 beats?min-1

+5

Clinical probability

Points

PE %

Clinical probability

Points

PE %

Low

,2

2–6

Low

f3

7–12

Intermediate

2–6

17–24

Intermediate

4–10

22–31

High

o7

54–78

High

o11

58–82

Clinical probability (dichotomised)

PE unlikely

f4

8–13

PE likely

.4

37–56

DVT: deep venous thrombosis; PE: pulmonary embolism.

from one assay to another [21]. In a recent meta-analysis, DI
NISIO et al. [31] calculated the diagnostic accuracy of several Ddimer tests in the diagnosis of VTE. After adjustment for study
characteristics, the sensitivities of the D-dimer enzyme-linked
immunofluorescence assay (Vidas; Biomérieux, Marcy L9Etolie,
France; 97%), microplate enzyme-linked immunosorbent assay
(Asserachrome; Stago International, Parsippany, NJ, USA; 95%)
and latex quantitative assay (Tinaquant (Roche Diagnostics,
Mannheim, Germany) and STA-liatest (Diagnostica Stago,
Asnières-Sur-Seine, France); 95%) were superior to those of
the whole-blood D-dimer assay (SimpliRed; Agen Biomedical
Ltd, Brisbane, Australia; 87%), latex semiquantitative assay
(88%) and latex qualitative assay (75%) [31]. Three large recent
outcome studies using the Vidas D-dimer test showed that the
3-month thromboembolic risk was 0% in patients with a low or
intermediate clinical probability of PE left untreated on the basis
of a negative test result (,500 ng?mL-1) [28, 32, 33]. In the
Christopher study, the 3-month thromboembolic risk was 0.8%
in patients left untreated with the combination of PE ‘‘unlikely’’
(dichotomised Wells’ score) and a normal D-dimer test using the
Tinaquant assay (,500 ng?mL-1) [28]. The whole-blood D-dimer
assay SimpliRed allows ruling out PE, only in patients with low
clinical probability with a 3-month thromboembolic risk of 0.2%
[34]. In patients with a high clinical probability of PE, a D-dimer
test should not be performed due to theoretically limited
negative predictive values of the test in patients with a high
pre-test probability, i.e. prevalence of PE in this category.
Moreover, it would be difficult for physicians to accept that a

normal D-dimer test result over-rules their clinical judgement in
patients with high clinical probability.
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D-dimer tests have low specificity and low positive predictive
value [31]. Indeed, D-dimers are elevated in a wide variety of
conditions such as cancer, inflammation and infection.
Therefore, elevated D-dimers are not useful for confirming
PE and do not increase the clinical suspicion of PE [35].
Compression ultrasonography
Compression ultrasonography (CUS) of the lower limb veins is
used as an indirect method to diagnose PE. The finding of a
proximal DVT in patients suspected of PE is sufficient to
warrant anticoagulant treatment without further testing [35].
The only validated diagnostic criterion for DVT is incomplete
compressibility of the vein which indicates the presence of clots
[35]. The specificity of CUS of proximal lower limb veins is high
(,95%). Therefore, a positive proximal CUS confirms the
diagnosis of proximal DVT. The sensitivity is only 40–50% and
a negative proximal CUS cannot rule out the diagnosis [35]. The
diagnostic yield of CUS in patients suspected of PE might be
increased by performing complete ultrasonography, including
the distal veins. The proportion of patients with PE in whom
DVT could be detected increased from 22% when performing
proximal CUS to 43% using complete CUS, but the specificity
decreased from 96% to 84% [36]. A recent study aimed at
assessing whether performing complete CUS would increase
the diagnostic yield of the test in 855 consecutive outpatients
suspected of PE included in a multicentre, randomised
139
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controlled trial [37]. Patients were investigated by a sequential
diagnostic strategy including clinical probability assessment, Ddimer measurement, proximal CUS and multidetector-helical
computed tomography (MDCT). Proximal CUS was completed
by an examination of the distal veins, the result of which was not
disclosed to the physician in charge of the patient. CUS was
positive in 21% of patients, of whom 10% had proximal DVT
and 11% isolated distal DVT. Of the 59 patients with distal DVT,
21 (36%) had no PE on MDCT [37]. Of those 21 patients, 20 were
not given anticoagulant therapy and had an uneventful followup. Distal CUS has limited diagnostic performance for the
diagnosis of PE (sensitivity 22%, 95% CI 17–29%; specificity 94%,
95% CI 91–96%) [37]. Moreover, it carries a high false-positive
rate which might result in over diagnosis of PE and unnecessary
anticoagulant treatment, impeding the use of distal CUS as a
confirmatory test for PE [37].
Therefore, it appears that proximal CUS can be performed to
avoid CT when CUS is positive in patients with contraindications to contrast dye and/or irradiation [35].
Computed tomography
Over the past 20 yrs, helical CT of the chest has become the
procedure of choice for PE diagnosis. Diagnostic performances
of helical CT have been evaluated in two types of studies:
accuracy and outcome studies. Accuracy studies are designed to
establish the characteristics of a diagnostic test (sensitivity and
specificity) by comparing test results with a reference diagnostic
test (gold standard). Outcome studies evaluate patient outcomes
when a given diagnostic test or strategy is used for clinical
decision-making. In the field of PE, the outcome measurement is
the rate of VTE events (DVT or PE) during a 3-month follow-up
period in patients left untreated by anticoagulants. The
reference for comparison is the rate of DVT or PE in patients
left untreated after a negative pulmonary angiography, which is
1–2%, with an upper limit of the 95% confidence interval of 3%
during a 3-month follow-up [38].
The reported sensitivity of single-detector helical CT ranged
53–100% and specificity ranged 81–100% in a systematic
review of accuracy studies [39]. Therefore, negative singledetector helical CT alone is not sufficient for ruling out PE [21].
Several outcome studies have demonstrated that the combination of a negative single-detector helical CT and the absence of
DVT on proximal lower limb CUS in patients without high
clinical probability of PE left untreated by anticoagulants was
associated with a 3-month VTE risk, which ranged between
1.8% (95% CI 0.8–3.3%) and 1.0% (95% CI 0.5–2.1%) [40, 41].
MDCT has improved the visualisation of the segmental and subsegmental pulmonary arteries. Recently, the PIOPED II study
reported a sensitivity of MDCT of 83% (95% CI 76–92%) and a
specificity of 96% (95% CI 93–97%) [42]. This study also
demonstrated that predictive values varied substantially when
clinical probability of PE was taken into account. In patients
with high or intermediate clinical probability, the positive
predictive value of MDCT was high (96% and 92%, respectively)
but decreased to 58% in the case of low clinical probability [42].
Negative predictive value of MDCT was high in patients with
low or intermediate clinical probability (96% and 89%,
respectively) but was lower in patients with high clinical
probability (60%) [42]. Several outcome studies have assessed
140
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the clinical effectiveness of MDCT [28, 32, 33]. In a study
including 756 consecutive patients with clinically suspected PE,
all patients with or without high clinical probability and positive
D-dimer underwent both proximal CUS and MDCT [32]. Only
three out of 324 patients had a positive CUS and a negative
MDCT [32]. The 3-month risk of VTE in patients left untreated
by anticoagulants without high-clinical probability and negative
MDCT was five out of 294 (1.7%, 95% CI 0.7–3.9%). The overall
failure rate of the diagnostic strategy (D-dimer plus MDCT)
during the 3-month follow-up was eight out of 523 (1.5%, 95% CI
0.9–2.7%) [32]. The Christopher study used a simplified
diagnostic algorithm and included a large population of 3,306
patients with clinically suspected PE [28]. All patients categorised as ‘‘PE likely’’ based on the dichotomised Wells’ clinical
rule and those with positive D-dimer and ‘‘PE unlikely’’
underwent a MDCT. The 3-month risk of VTE in patients left
untreated by anticoagulant on the basis of negative MDCT was
1.3% (95% CI 0.7–2.0%) [28]. Taken together, these two studies
suggest that MDCT alone could be used without addition of
CUS to exclude PE. This was definitively confirmed in a recent
multicentre, randomised non-inferiority trial including 1,819
patients and comparing two strategies: D-dimer plus MDCT
with and without CUS [33]. The 3-month VTE risk was 0.3%
(95% CI 0.1–1.1%) in the D-dimer–CUS–MDCT group and 0.3%
(95% CI 0.1–1.2%) in the D-dimer–MDCT group (difference
0.0%, 95% CI -0.9–0.8%) [33]. Therefore, it appears that a
negative MDCT can exclude PE in patients without high clinical
probability [35]. In patients with high-clinical probability, it is
further investigation is recommended by either CUS, ventilation
perfusion scintigraphy or pulmonary angiography [35].
The role of CT venography remains controversial. In the
PIOPED II study, the sensitivity increased from 83% for MDCT
alone and to 90% for MDCT combined with CT venography
with a similar specificity [42]. However, the clinical usefulness
of additional CT venography is questionable since ,1% of
patients clinically suspected of PE had DVT on CUS and
negative MDCT [32]. Moreover, CT venography substantially
increases the overall examination radiation.
Diagnostic algorithms
Various combinations of clinical probability, D-dimer, CUS,
ventilation perfusion lung scintigraphy and helical CT have
been evaluated. In a recent study, ROY et al. [43] aimed to assess
whether physicians in routine clinical practice used evidencebased diagnostic criteria for managing patients with suspected
PE. They showed that diagnostic management was inappropriate in 43% [43]. The risk for VTE during follow-up was six-fold
higher in these patients than in those who received appropriate
management [43]. Several independent risk factors for inappropriate management were identified: age .75 yrs
(adjusted OR 2.27, 95% CI 1.48–3.47), known heart failure
(OR 1.53, CI 1.11–2.12), chronic lung disease (OR 1.39, CI 1.00–
1.94), pregnancy (OR 5.92, CI 1.81–19.30), current anticoagulant
treatment (OR 4.57, CI 2.51–8.31), and the lack of a written
diagnostic protocol in the emergency department (OR 2.54,
95% CI 1.51–4.28) [43]. Another retrospective cohort study
including hospitalised patients with suspected PE found that
inappropriate diagnostic management was associated with a
nonsignificant increased risk of VTE during follow-up [44].
Recently, the European Society of Cardiology proposed
EUROPEAN RESPIRATORY REVIEW
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Suspected high-risk PE
(shock or hypotension)

Patient unstable?
Yes

No

Echocardiography
RV overload
No

Yes

CT available
and patient
stabilised

No other test available
or patient remains unstable

Search for other causes:
thrombolysis not justified

FIGURE 1.

CT

Positive

PE-specific treatment justified:
consider thrombolysis

Negative

Search for other causes:
thrombolysis not justified

Proposed diagnostic algorithm for patients with suspected high-risk pulmonary embolism (PE), with shock or hypotension. RV: right ventricle; CT: computed

tomography. Reproduced from [35] with permission from the publisher.

diagnostic algorithms for patients with suspected high-risk
and non-high-risk PE (figs 1 and 2) [35].
RISK STRATIFICATION
The severity of PE should be understood as an individual
estimate of risk of early (i.e. in-hospital or 30-day mortality)
death rather than the degree of pulmonary vascular obstruction [35]. Therefore, PE can be stratified into several levels of
early death based on the presence or the absence of risk
markers [35]. Several prognostic markers have been proposed.
Clinical markers
Several years ago, data from two multicentre registries demonstrated that short-term prognosis of PE depends on haemodynamic status [45, 46]. Definitions of haemodynamic instability
varied among the studies: some studies defined it as systolic
blood pressure (SBP) ,90 mmHg or a reduction of o40 mmHg
for o15 min, others defined it as SBP ,100 mmHg and some
used the shock index (cardiac frequency divided by SBP).
Recently, OTERO et al. [47] compared the predictive value of
these three clinical parameters on 30-day mortality in patients
with acute PE included in the ongoing RIETE registry (Registro
Informatizoda de Paciences con Enfermedad TromboEmbolica)
[47]. On multivariate analysis, any of the three parameters were
independently associated with increased 30-day mortality [47].
The shock index had a higher sensitivity (30.5% versus 14.4%
and 7.9% for SBP ,100 mmHg and ,90 mmHg, respectively)
but lower specificity (86.3% versus 93% and 96.6% for SBP
,100 mmHg and ,90 mmHg, respectively) [47].

(table 3) and divides patients into five risk classes for 30-day
all-cause mortality ranging from very low to very high risk
(table 4) [48]. Patients in risk classes I and II have a risk of 30-day
all-cause mortality f2.6% and are considered low risk [48, 49].
The PESI was recently prospectively validated using data from a
randomised trial that compared two diagnostic strategies [33,
50]. In this study, the PESI classified more than half of the
patients with PE as low risk (class I and class II combined) and
these patients had very low overall 3-month mortality (1.1%)
[50]. These results were consistent with the original derivation
and validation studies [48, 49]. Therefore, PESI is reliable and
accurately identifies patients at low risk of death.
D-dimer as a risk marker
A recently published study suggested that D-dimer could be a
good predictor of mortality in patients with PE [51]. Patients
who died had higher median D-dimer levels than patients who
survived (4,578 versus 2,946 ng?mL-1; p50.005) [51]. Mortality
increased with increasing D-dimer level, rising from 1.1% in
the first quartile (,1,500 ng?mL-1) to 9.1% in the fourth quartile
(.5,500 ng?mL-1) [51]. D-dimer ,1,500 ng?mL-1 had a sensitivity of 95% (95% CI 74–100%) and a negative predictive value
for 30-day all-cause mortality of 99% (95% CI 94–100%) [51].

Short-term prognosis of PE also depends on underlying
diseases. Several clinical risk scores using other clinical variables
have been proposed and validated. Using a database of patients
with PE hospitalised in the USA, AUJESKY et al. [48] derived and
validated a clinical prediction rule. The Pulmonary Embolism
Severity Index (PESI) score includes 11 clinical variables

Markers of right ventricular dysfunction
Death related to PE is mainly caused by acute right ventricular
failure. Acute PE induces an abrupt increase in the right
ventricular afterload, which causes dilatation and hypokinesis
of the right ventricle. In the last step, the cardiac output decreases
leading to reduced coronary perfusion and right ventricular
ischaemia. Chronic thromboembolic pulmonary hypertension
may first present as an acute episode and that some characteristics suggest a pre-existing pulmonary hypertension, such as
echocardiographic evidence of right heart hypertrophy, elevated
mean pulmonary artery pressure .40 mmHg or systolic pulmonary artery pressure .70 mmHg [7].
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Suspected non-high-risk PE

Assess clinical probability

Low or intermediate clinical probability
or PE "unlikely"

High clinical probability
or PE "likely"

D-dimer

MDCT

Positive

Negative:
no treatment

MDCT

No PE:
no treatment

FIGURE 2.

PE:
treatment

PE:
treatment

No PE:
further investigation

Proposed diagnostic algorithm for patients with suspected non-high-risk pulmonary embolism (PE). MDCT: multidetector-helical computed tomography.

Reproduced from [35] with permission from the publisher.

Right ventricular dysfunction as evaluated by echocardiography is associated with high risk of mortality in patients
with acute PE in several studies. A right to left ventricular enddiastolic diameter ratio (RV/LV) o0.9 has been shown to be an
independent predictor of in-hospital death (OR 2.7, 95% CI 1.7–
6.0) in a monocentric registry including 950 patients with acute
PE who underwent echocardiography on admission [52]. This
association has been confirmed in patients with normotensive
PE in a recent meta-analysis [53]. The unadjusted risk ratio of
right ventricular dysfunction as assessed by echocardiography
in five studies for predicting early death was 2.5 (95% CI 1.2–
5.5) [53]. However, echocardiographic criteria for right
ventricular dysfunction differed widely from one study to
another and included right ventricular dilatation, right
TABLE 3

Pulmonary Embolism Severity Index variables

Variable

Age

Points

ventricular hypokinesis, increased RV/LV with different
threshold and increased velocity of the jet of tricuspid
regurgitation.
Recent improved CT technology (i.e. MDCT and ECG-gated
helical MDCT) provides information on right ventricular
dilatation only. The pooled unadjusted risk ratio of right
ventricular dilatation as assessed by CT in two studies for
predicting early death was 2.3 (95% CI 0.9–6.0) in a recent
meta-analysis [53].
New appearance of ECG signs of right ventricular strain such
as inversion of T waves in leads V1–V4, S1Q3 pattern and
incomplete or complete right bundle-branch block were found
to be significant predictors of outcome [54]. These findings are
useful but of limited sensitivity [54].
Brain natriuretic peptides
Brain natriuretic peptides (BNPs) and N-terminal pro-BNP
(NT-pro-BNP) are two specific markers of airway wall
ventricular stress. A strong correlation between levels of BNP

1 per year

Male sex

10

Cancer

30

Heart failure

10

Chronic lung disease

10

TABLE 4

Pulmonary Embolism Severity Index risk classes

Risk classes

Points

30-day all-cause mortality

0%

Heart rate .110 beats?min-1

20

Systolic blood pressure ,100 mmHg

30

Class I

,65

Respiratory rate o30 breaths?min-1

20

Class II

66–85

1%

Body temperature ,36uC

20

Class III

86–105

3.1%

Disorientation, lethargy, stupor, coma

60

Class IV

106–125

10.4%

Sa,O2 ,90%

20

Class V

.125

24.4%

Low risk: classes I and II

24.4%

Sa,O2: arterial oxygen saturation. Reproduced from [48] with permission from
Reproduced from [48] with permission from the publisher.

the publisher.
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or NT-pro-BNP and right ventricular dysfunction has been
demonstrated, as assessed by echocardiography [55]. Two
recent meta-analyses demonstrated a significant relationship
between high levels of BNP or NT-pro-BNP and short-term
death or short-term adverse events in patients with PE [53, 55].
Patients with PE and high levels of BNP or NT-pro-BNP were
at higher risk of in-hospital adverse events (OR 6.8, 95% CI 4.4–
10) and 30-day all-cause mortality (OR 7.6, 95% CI 3.4–17) [55].
This association was also demonstrated in patients with
normotensive PE [53].
Cardiac troponins
Cardiac troponins T and I have both been reported to be
elevated in acute PE. The prognostic value of troponins was
evaluated in several studies which have been recently pooled in
three meta-analyses [53, 56, 57]. In the first meta-analysis,
BECATTINI et al. [56] pooled data for normotensive and haemodynamically unstable PE and showed that elevated levels of
troponin were associated with an increased risk of short-term
death (OR 5.2, 95% CI 3.3–8.4) and adverse outcome events (OR
7.0, 95% CI 2.4–20.4). The prognostic role of troponin was also
confirmed in patients with haemodynamically stable PE (OR
8.3, 95% CI 3.6–19.3) [53]. A recent study specifically evaluated
the prognostic role of troponin in 318 patients with stable PE
[58]. Multivariate analysis showed that elevated troponin I was
associated with increased risk of PE-related death (OR 3.7, 95%
CI 1.1–12.8) but not with 30-day all-cause death [58]. A metaanalysis including more recent studies confirmed that elevated
troponin levels were associated with increased risk of all-cause
mortality in patients with normotensive patients (OR 4.3, 95% CI
2.1–8.5) [57]. However, positive and negative likelihood ratios
were not extreme (2.3, 95% CI 1.7–3.1 and 0.6, 95% CI 0.4–0.9,
respectively) [57]. These results indicate that elevated troponin
levels do not adequately detect normotensive patients with PE
at high risk from those at low risk of all-cause death [57].
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Conclusions
Clinical assessment of haemodynamic tolerance remains the
cornerstone of risk stratification of patients with acute PE. The
presence of shock defined as SBP ,90 mmHg or a drop
o40 mmHg for .15 min defines the high-risk PE category
[35]. These patients require rapid diagnosis and specific
management [35]. In the remaining normotensive patients,
defined as the non-high-risk PE category, the next step should
be the assessment of right ventricular dysfunction or injury by
imaging and/or cardiac biomarkers. However, this recommendation is supported by low level of evidence [35]. Nonhigh-risk patients without right ventricular dysfunction or
injury, or with PESI class I and class II can be classified as lowrisk PE category. The presence of right ventricular dysfunction
or injury seems to identify intermediate risk in normotensive
patients with PE but these findings need further confirmation
in large well-designed studies.
TREATMENT
Anticoagulation is the main therapy for acute PE. The main
objectives of anticoagulant therapy in the initial treatment of
PE are to prevent thrombus extension and early and late
recurrences of VTE. The evidence for anticoagulant treatment
is based on a number of studies performed several years ago
including, principally, patients with DVT with or without
symptomatic PE. Patients with PE comprise only a minority of
the patients studied and their outcome is not given separately.
However, patients with PE have higher risk of early death due
to an initial episode or recurrence from VTE than patients with
DVT. Therefore, recent randomised trials have specifically
included patients with PE [62, 63].

Growth differentiation factor (GDF)-15 is a distant member of
the transforming growth factor-b family. Under normal
conditions, myocardium does not produce GDF-15 but its
cardiac expression sharply increases after pressure overload
and ischaemia. The prognostic value of GDF-15 was investigated in a study including 123 patients with acute PE [61]. On
multivariate analysis, cardiogenic shock on admission, cardiac
troponin I and GDF-15 were independently associated with 30day complicated outcome [61]. Further studies are needed to
confirm these preliminary results.

Initial anticoagulant treatment
Rapid anticoagulation can only be achieved with parenteral
anticoagulants, such as unfractionated heparin (UFH), low
molecular weight heparin (LMWH) or fondaparinux. In the
case of high-clinical probability and in the absence of contraindication, this treatment should be considered while awaiting
definitive diagnostic confirmation [35, 64]. Treatment with
UFH followed by warfarin is a safe and effective therapeutic
option for patients with PE. However, its use is hampered by
the need for an intravenous line and frequent dose adjustment
and biological monitoring with activated partial thromboplastin time. The results of the recent FIDO (Fixed Dose
Heparin) study suggest that this approach may be simplified
[65]. In this study, 708 patients with VTE, including 134
patients with PE, were randomised to receive subcutaneous
LMWH twice daily or subcutaneous UFH at a fixed dose
(initial dose of 330 IU?kg-1 followed by 250 IU?kg-1 b.i.d.)
without monitoring and dose adjustment [65]. Recurrence
and bleeding rates were low in both groups and did not differ
significantly, allowing the authors to conclude that fixed-dose
and unmonitored subcutaneous UFH is as effective as fixed
doses of LMWH [65]. Compared with UFH, LMWHs have a
longer plasma half-life and less inter-individual variability in
anticoagulant response to fixed doses. As a result of their
pharmacokinetic properties, a stable and sustained anticoagulant effect is achieved when LMWH is administered
subcutaneously, once or twice daily, without laboratory
monitoring. Several randomised controlled trials have compared fixed doses of subcutaneous LMWH to adjusted doses of
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New markers of myocardial injury
Heart-type fatty acid binding protein (H-FABP) is a small
cytoplasmic protein abundantly expressed in tissues with an
active fatty acid metabolism, such as heart and liver. Because
of its small weight it appears in the circulation shortly after cell
damage and demonstrates both high sensitivity and specificity
in the detection of myocardial injury. Two studies investigated
the prognostic value of H-FABP in patients with acute PE [59,
60]. These two studies reported that H-FABP was superior to
troponin, NT-pro-BNP and myoglobin for risk stratification of
PE [59, 60]. High level of H-FABP (.6 ng?mL-1) had a high
negative predictive value for PE-related death or complication
[60]. These promising preliminary data need to be confirmed in
larger studies.
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UFH for initial treatment of DVT and PE. These results were
pooled in different meta-analyses. QUINLAN et al. [66] found a
nonsignificant trend in favour of LMWH for recurrent VTE
(relative risk (RR) 0.68, 95% CI 0.42–1.09), major bleeding (RR
0.67, 95% CI 0.36–1.27) and death (RR 0.77, 95% CI 0.52–1.55) at
3 months [66]. There is no convincing evidence to suggest that
the risk of recurrent VTE or bleeding depends on anti-factor Xa
activity (anti-Xa) in patients receiving LMWH for the treatment
of VTE. LMWH may accumulate, increasing the risk of
bleeding, in patients with renal failure. Therefore, in these
patients it is recommended to use dose-adjusted UFH rather
than LMWH with anti-Xa measurement. UFH is also the only
available option for the initial treatment of patients with PE for
patients with a high risk of bleeding [64]. Fondaparinux, a
synthetic pentasaccharide, was evaluated in the Matisse PE
study [63]. In this study, 2,213 patients with PE were
randomised to receive fondaparinux subcutaneously once
daily at a fixed dose adjusted to body weight or an intravenous
adjusted dose of UFH [63]. Oral anticoagulant treatment was
started after 1–3 days of treatment in both groups and was
continued for o3 months. Subcutaneous fondaparinux was
associated with a similar rate of recurrent VTE (3.8% versus
5.0% (UFH group) at 3 months; absolute difference -1.2%, 95%
CI -3.0–0.5%), major bleeding (1.2% versus 1.1% (UFH) at the
end of initial treatment) and rate of death (5.2% versus 4.4%
(UFH) at 3 months) as compared with adjusted intravenous
UFH [63]. These results indicate that fondaparinux was not
inferior to UFH for initial treatment of patients with PE [63]. As
no proven heparin-induced thrombocytopenia has ever been
observed with fondaparinux, platelet count monitoring is not
needed with this treatment. Fondaparinux is contraindicated
in severe renal failure (creatinine clearance ,30 mL?min-1).
Taken together, these results allow proposing recommendations on initial anticoagulant treatment for patients with PE
with high level of evidence [35, 64]. In the eighth edition of the
American College of Chest Physicians guidelines, it is
recommended that initial treatment of PE is with subcutaneous
LMWH, i.v. UFH, monitored or fixed dose of subcutaneous
UFH, or subcutaneous fondaparinux (all grade 1A) for
o5 days and until the international normalised ratio is o2
for o24 h [64]. LMWH are recommended over UFH in the
absence of contraindication in patients with non-high-risk PE
[35, 64]. Initiation of vitamin K antagonists (VKA) is
recommended on the first treatment day (grade 1A) [64].
Thrombolytic treatment
There is good evidence that thrombolytic therapy accelerates
resolution of PE and results in more rapid haemodynamic
improvement. The evidence that thrombolytic therapy
improves clinical outcome remains controversial. During the
past 30 yrs, several randomised trials including ,800 patients
have compared the efficacy and the safety of thrombolytic
therapy plus anticoagulation versus anticoagulation alone. The
results of these studies have been summarised in a recent metaanalysis, which included 11 studies totalling 748 patients with
PE of varying severity [67]. Pooled data from five studies (254
patients) that included (not exclusively) patients with haemodynamically unstable PE suggested a trend toward reduction of
recurrent PE (3.9% versus 7.1%; OR 0.61, 95% CI 0.23–1.62) and
death (6.2% versus 12.7%; OR 0.47, 95% CI 0.2–1.1), and an
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increase of major bleeding (21.9% versus 11.9%; OR 1.98, 95% CI
1.00–3.92) with fibrinolysis [67]. The reduction reached statistical signification when combining recurrent PE or death (9.4%
versus 19.0%; OR 0.45, 95% CI 0.22–0.92) [67]. Therefore,
thrombolysis should be prescribed in patients with high-risk
PE unless there are absolute contraindications to its use [35, 64].
Patients with low-risk PE have a good short-term prognosis
under anticoagulant treatment. The results from pooled
studies that included patients with normotensive PE revealed
no clinical benefit in this group [67].
To date, the largest and most recent randomised trial of
thrombolytic therapy versus heparin alone included 256
patients with normotensive PE and either echocardiographic
or ECG evidence of right ventricular dysfunction [68]. The
primary end-point was in-hospital death or clinical deterioration requiring an escalation of treatment, which was defined as
catecholamine infusion, secondary open-label thrombolysis or
cardiopulmonary resuscitation. The incidence of the primary
end-point was significantly higher in the heparin plus placebo
group than in the heparin plus alteplase group (p50.006) [68].
Tissue plasminogen activator, compared with placebo, halved
the frequency of escalation of therapy and did not increase
major bleeding. However, open-label thrombolysis as rescue
therapy was the main form of escalation of therapy, and as the
decision to use open label rescue thrombolysis was subjective
and could be made after unblinding, this component of the
primary outcome has been criticised. Therefore, further studies
are required to determine the risks and benefits of thrombolytic treatment in patients with normotensive PE and right
ventricular dysfunction. A large European multicentre, double
blind, placebo-controlled trial (PEITHO study) has been
initiated and is currently under way. This study will
randomise 1,100 patients with normotensive PE, right ventricular enlargement on echocardiography (RV/LV .0.9) and
elevated level of cardiac troponin to receive either a bolus
regimen of tenecteplase plus heparin or heparin alone.
Therefore, until the results of this trial are published, the
prescription of fibrinolysis in patients with intermediate-risk
PE should not be generalised and should be discussed on a
case by case basis [35, 64].
Is it possible to treat some patients with PE at home?
Randomised controlled trials have shown that the treatment of
DVT with LMWH administered primarily at home is as safe as
treatment with UFH in hospital. However, as suggested in a
recent systematic review including a total of 928 patients with
PE, outpatient treatment of PE is not based on a high level of
evidence [69]. Recently, DAVIES et al. [70] aimed to assess
whether patients with PE could be managed as outpatients
after early discharge from the hospital using LMWH, instead
of remaining as in-patients until effective oral anticoagulation
was achieved. Patients were considered unsuitable for outpatient management in the case of: admission for another
medical reason; additional monitoring or requirement for
oxygen; likelihood of poor compliance; pregnancy; co-existing
major proximal DVT; bleeding disorders; and previous VTE
while on VKA [70]. Finally, 157 out of 225 patients, selected on
the absence of these criteria, received outpatient anticoagulation therapy after a median length of hospitalisation of 1 day
(range 1–4 days) [70]. There were no deaths, bleeding or
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recurrent VTE during the initial phase of treatment [70]. Three
patients required readmission due to complication unrelated to
PE. During the 3-month follow-up, three patients died
unrelated to VTE event, one had a minor bleeding complication and no VTE event occurred [70]. These results suggest that
outpatient management appears safe and feasible for selected
low-risk patients. A randomised controlled trial is under way
to compare treatment given on an outpatient basis with initial
treatment administered at hospital in patients with PE selected
as low risk on the basis of the PESI low-class risk (class I or II).
Long-term treatment
The aim of long-term anticoagulant treatment is to prevent fatal
and nonfatal recurrence of VTE. VKAs, at a dose adjusted to
maintain a target international normalised ratio of 2.5 (range 2–
3), remain the treatment of choice for long-term anticoagulant
therapy. The determination of optimal duration of anticoagulant
treatment represents a balance between the estimated risk of
recurrence after treatment discontinuation and the risk of
bleeding complications under treatment. Following the cessation of anticoagulant treatment after 3–6 months, the rate of
recurrent VTE appears to be higher in patients who initially had
PE than in those who initially had DVT [71–73]. The recurrence
rate after treatment discontinuation is lower after PE associated
with reversible risk factors (surgery, trauma, immobilisation
and oestrogen therapy) than after idiopathic or unprovoked PE
[74, 75]. However, the rate of fatal PE remains low after the
cessation of anticoagulant treatment and does not appear to be
higher than the risk of fatal bleeding during prolonged
anticoagulant treatment [76, 77]. In randomised controlled
trials, the rate of recurrent VTE is generally higher in patients
receiving short-term treatment of 6 weeks to 6 months than in
patients given more prolonged treatment [72, 73, 78]. However,
in most studies, the patients were not followed after treatment
cessation and the number of patients with PE included was
generally small. It remains unclear whether prolonged anticoagulant treatment reduces the long-term rate of recurrent VTE
or simply delays subsequent VTE events. According to the
eighth edition of the American College of Chest Physicians
guidelines, patients with PE secondary to a transient risk factor
should be treated for 3 months and those with idiopathic PE
should be treated for o3 months [64]. These patients should
then be evaluated for the risks versus benefits and indefinite
anticoagulant therapy is recommended in patients with a first
unprovoked PE and a low risk of bleeding [64]. In the case of
recurrence of unprovoked PE, indefinite treatment is recommended [64]. Long-term treatment with LMWH during at least
the first 3–6 months, as compared with warfarin, has been
shown to be more effective in patients with cancer [64, 79, 80].
LMWH is followed by treatment with VKAs as long as the
cancer is active [64].
New antithrombotic agents
Idraparinux is a long-acting synthetic antithrombin inhibitor
administered subcutaneously once per week. In the Van Gogh
PE study, 2,215 patients with symptomatic PE were randomised to receive either idraparinux (2.5 mg?week-1) or standard
anticoagulant treatment (either UFH or LMWH followed by
VKA at a dose adjusted to maintain a target international
normalised ratio of 2.5) [81]. Treatment was administered for
3 or 6 months in the two groups as decided by the local
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investigator. The primary outcome was symptomatic, recurrent of VTE including deaths attributed to PE. The incidence of
the primary outcome at 3 months was expected to be 4% for
the standard treatment group and the study was designed to
demonstrate the noninferiority of idraparinux with respect of
the standard treatment. After 3 months of treatment, recurrent
of VTE occurred in 37 (3.4%) patients on idraparinux and 18
(1.6%) patients on standard treatment (OR 2.14, 95% CI 1.21–
3.78) [62]. The difference in the incidence of recurrence of VTE
events between the groups originated mostly during the first
2 weeks of treatment and was related to objectively recurrent
events and PE-related deaths [62]. The rate of recurrent VTE in
the standard treatment group was lower than expected and
even lower in patients with PE than in patients with DVT
receiving the same standard treatment [62]. The rates of
clinically relevant bleeding at 3 months were 5.8% in the
idraparinux group and 8.2% in the standard treatment group
(p50.02). At 6 months, the rates were similar in both groups.
Oral direct thrombin inhibitors such as dabigatran, and oral
anti-factor Xa inhibitors such as rivaroxaban or apixaban are
currently under phase III trials.
CONCLUSION
To date, several diagnostic algorithms combining clinical
probability assessment, D-dimer testing and imaging have been
validated. The adherence to these algorithms appears important, as inappropriate use can increase the recurrence of VTE
and PE-related death. Clinical assessment of haemodynamic
tolerance remains the cornerstone of risk stratification for
patients with acute PE. The presence of shock defines patients
with high-risk PE. Thrombolytic treatment associated with
anticoagulants is the first-line treatment in these patients.
Patients with normotensive PE and without right ventricular
dysfunction or injury defines a low-risk category and have good
outcome under anticoagulant therapy alone. An outpatient
management appears safe and feasible for selected low-risk
patients. The presence of right ventricular dysfunction or injury
seems to identify intermediate risk in normotensive patients
with PE. Routine use of thrombolysis in these patients is not
recommended but may be considered in selected patients. A
large European randomised, placebo-controlled trial is currently
under way to clarify this question. Whereas initial anticoagulant
treatment is well codified and based on recommendations with
high level of evidence, the optimal duration of long-term
anticoagulant treatment remains an important clinical question
in patients with idiopathic PE. Finally, new promising antithrombotic agents are currently under evaluation.
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