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Diagnosing pulmonary 
embolism

Summary

No single non invasive test has sufficient diag-
nostic accuracy to be used alone for diagnosing
or ruling out pulmonary embolism. Therefore,
modern diagnostic strategies for pulmonary
embolism rely on combinations of non invasive
tests such as plasma D-dimer measurement,
lower limb venous compression ultrasono-
graphy, ventilation-perfusion lung scan and/or
spiral CT, the results of which should be inter-
preted according to the clinical likelihood of
pulmonary embolism. Pulmonary angiography
is rarely necessary. Clinical probability of pul-
monary embolism can be assessed with fair
accuracy, either implicitly or by clinical pre-
diction rules. Management studies in which
patients deemed not to have pulmonary em-
bolism are left untreated and followed up to as-
sess their 3-month thromboembolic risk have
become the benchmark for the validation of
diagnostic algorithms. Haemodynamically un-
stable patients should be managed by quick
strategies including echocardiography and
ventilation-perfusion scintigraphy or spiral
CT.

Key words: pulmonary embolism; deep
venous thrombosis; D-dimer; lower limb venous
ultrasonography; ventilation-perfusion scinti-
graphy; spiral computed tomography; pulmo-
nary angiography; clinical assessment; echo-
cardiography

Résumé

Les tests non invasifs ne sont pas suffisam-
ment précis pour permettre de diagnostiquer
ou d’exclure l’embolie pulmonaire lorsqu’ils
sont employés isolément. C’est pourquoi les
stratégies diagnostiques modernes reposent
sur une combinaison de tests tels le dosage des
D-dimères plasmatiques, l’échographie de
compression veineuse des membres inférieurs,
la scintigraphie de ventilation-perfusion et/ou
le scanner spiralé. Les résultats de ces tests

doivent être interprétés en tenant compte de
la probabilité clinique d’embolie pulmonaire,
qui peut être déterminée par le jugement cli-
nique implicite ou par des règles de prédiction
explicites. L’angiographie pulmonaire n’est
plus qu’exceptionnellement nécessaire. Les
études pragmatiques avec suivi des patients
classés sans embolie pulmonaire et non traités
par anticoagulants pour évaluer leur risque
thromboembolique à 3 mois sont devenues la
référence pour la validation de toute stratégie
diagnostique de l’embolie pulmonaire. Les pa-
tients instables sur le plan hémodynamique
doivent être investigués par des schémas
rapides reposant sur l’échocardiographie et la
scintigraphie de ventilation-perfusion ou le CT
spiralé. 

Mot-clefs: embolie pulmonaire; thrombose
veineuse profonde; D-dimères; échographie
veineuse; scintigraphie de ventilation-perfu-
sion; scanner spirale; angiographie pulmo-
naire; évaluation clinique; échocardiographie

Introduction

Over the last fifteen years, an increasing num-
ber of tests have become available to diagnose
pulmonary embolism. The North American
Prospective Investigation On Pulmonary Em-
bolism Diagnosis (PIOPED) study has defini-
tively established the criteria for interpreting
the results of ventilation-perfusion scintigra-
phy [1]. Plasma D-dimer measurement is now
a validated and widely accepted first-line test
for ruling out pulmonary embolism, provided
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it is used in combination with clinical proba-
bility and in the appropriate clinical setting
[2–4]. Lower limb venous compression ultra-
sonography is a useful adjunct because of its
high specificity for proximal deep venous
thrombosis, the most frequent source of pul-
monary embolism [5]. Finally, the advent of
spiral computed tomography (CT) is without
question a revolution in this diagnostic arma-
mentarium [6, 7]. This has, paradoxically, com-
plicated the workup for suspected pulmonary
embolism, due to the variety and complexity of
diagnostic algorithms proposed in the litera-
ture [3, 8–10]. Moreover, most algorithms were
developed for the haemodynamically stable pa-
tient while the approach for suspected massive
pulmonary embolism should be more direct and
provide a central role to echocardiography. The
aim of this article is therefore to provide a guide
for combining those tests in a rational and cost-
effective way and review validated diagnostic
strategies for the haemodynamically stable and
unstable patient, respectively. 

Why are diagnostic strategies 
necessary?

Pulmonary angiography is the only test with
nearly ideal sensitivity and specificity for pul-
monary embolism. Therefore, it was until re-
cently the only test able to both rule in or out
pulmonary embolism as a single procedure.
However, it is invasive [11] and costly [12], and
because it is but rarely performed, expertise
for interpreting this difficult test is rapidly de-
creasing except in specialised centres. There-
fore, it is generally a last resort. No single non
invasive test allows reaching a definite diag-
nosis in all patients suspected of pulmonary
embolism and it is therefore necessary to com-
bine them. Multidetector-row CT [13] may
serve that purpose, but even if this is estab-
lished by further studies, it will still be more
cost-effective to combine D-dimer to CT in
order to spare unnecessary imaging studies.
Moreover, the prevalence of pulmonary em-
bolism has decreased from around 35% in the
early 1990’s [1] to 20 to 25% in Europe [14] and
even 10% in some North American centers
[15]. Hence, cost-effective diagnostic strate-
gies are required to avoid submitting a num-
ber of patients to a cascade of potentially costly
tests. Finally, there is not one, but several 
valid diagnostic algorithms for suspected pul-
monary embolism and individual institutions
must select a strategy suited to their particu-
lar logistics and test availability. 

What is a validated diagnostic 
strategy for pulmonary 
embolism?

There is no absolute reference diagnostic cri-
terion for pulmonary embolism and even pul-
monary angiography is not completely accu-
rate, due to frequent interobserver disagree-
ment, especially at the subsegmental arterial
level [1]. Furthermore, patients in whom anti-
coagulant treatment is withheld based on a an-
giogram negative for pulmonary embolism and
followed-up during 3 months have a 1 to 2%
rate of deep venous thrombosis or a pulmonary
embolism during that period [16]. Therefore,
the ultimate reference to judge the security of
an exclusion criterion for pulmonary embolism
is no longer the comparison with pulmonary
angiography considered as the gold standard,
but the results of clinical follow-up. The out-
comes of follow-up should be at least as good
as that associated with a negative pulmonary
angiogram, ie a 1 to 2% 3-month thromboem-
bolic risk in patients left untreated, with an
upper limit of the 95% confidence interval be-
low 4%. A rule-out criterion (whether a single
test or a combination of tests) satisfying that
condition does not exclude a small pulmonary
embolus, but it allows ensuring the patient a
safe outcome without anticoagulant treat-
ment. Such studies are called outcome or man-
agement trials. Exclusion criteria validated in
outcome studies are summarised in table 1. 

The role of ventilation-perfusion
scintigraphy

This first rational diagnostic strategy for pul-
monary embolism was based on the results 
of the PIOPED study [1]. That series which 
established the performance of ventilation-
perfusion scintigraphy in comparison with
pulmonary angiography showed that a normal
perfusion lung scan had an almost 100% 
negative predictive value for pulmonary em-
bolism. The safety of that rule-out criterion
has been verified by several outcome studies
[17–19]. At the other end of the spectrum, a so-
called “high-probability” scintigraphic pattern
has a high specificity and positive predictive
value for pulmonary embolism and is gener-
ally considered as an adequate rule-in crite-
rion. Other scintigraphic results, ie low or 
intermediate probability according to the 
PIOPED interpretation criteria do not allow 
a definite conclusion and should be reported 
as non diagnostic. Therefore, performing ven-
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tilation-perfusion lung scintigraphy followed
when non conclusive by an angiogram is ra-
tional. However, although well validated, that
scheme is no longer widely used because of the
high proportion (50 to 70%) of non diagnostic
scintigraphic results. 

The role of clinical probability 
assessment

In the PIOPED study [1], clinicians assigned
each patient to one of three clinical probability
categories (low, intermediate or high), based
on an implicit clinical judgment incorporating
the history and risk factors, physical examina-
tion and non specialised tests (chest X-ray,
arterial blood gases and electrocardiogram).

This clinical classification proved surprisingly
accurate (prevalence of pulmonary embolism
in the low probability group, 9%; in the inter-
mediate probability group, 30%; and in the
high probability group, 68%). Moreover, al-
though the overall prevalence of PE was 13%
in patients with a “low-probability” ventila-
tion-perfusion scan, it was only 4% in patients
with such a result and a low clinical probabil-
ity of pulmonary embolism [1], low enough to
rule out the disease without further testing.
Hence, clinical probability is essential for in-
terpreting the results of lung scintigraphy, but
also for any diagnostic test for pulmonary
embolism. The efficacy of various diagnostic
criteria for ruling out pulmonary embolism ac-
cording to clinical probability is shown in table
2. Clinical probability can be validly assessed

Diagnostic criterion patients 3-month thromboembolic  
(n) risk (%); [95% CI]

Normal pulmonary angiogram [16] 1050 1.7 [1.0 to 2.7]
Normal perfusion lung scan [17–19] 1031 0.7 [0.3 to 1.4]
D-dimer 
– negative highly sensitive D-dimer and 671 0 [0 to 0.6] 

low-moderate clinical probability of PE [14,22,23] 
– less sensitive negative D-dimer and low clinical 437 0.2 [0 to 1.3]

probability of PE [15]
Non diagnostic lung scintigraphy 864 2.3 [1.5 to 3.5]
– and absence of proximal deep venous thrombosis
– and low clinical probability of PE [29, 30]
Negative single-detector CT scan 975 1.7 [1.2 to 2.6]
– and absence of proximal deep venous thrombosis 
– and low-moderate clinical probability of PE [14, 33]
Negative multidetector-row CT scan 318 1.7 [0.7 to 3.9]
and low-moderate clinical probability of PE [23]
PE = pulmonary embolism

Table 1
3-month thromboembolic
risk associated with ruling
out pulmonary embolism by
various diagnostic criteria.

Diagnostic criterion clinical probability of 
pulmonary embolism
low moderate high

Pulmonary embolism absent
Pulmonary angiogram negative + + +
Normal perfusion lung scan + + +
Negative D-dimer
– ELISA or other highly sensitive assay + + –
– less sensitive assay or whole blood agglutination assay + – –
Non diagnostic lung scintigram and absence of proximal DVT + – –
Negative single- or multidetector-row CT and absence of proximal DVT + + –
Negative single-detector CT + – –
Negative multidetector-row CT* + + –
Pulmonary embolism present
Pulmonary angiogram positive + + +
High-probability ventilation-perfusion lung scan + + +
Proximal DVT (and symptoms of pulmonary embolism) + + +
Positive single- or multidetector-row CT + + +
* preliminary evidence.
In the table, “+” designates a valid diagnostic criterion, “–” an invalid criterion.
DVT = deep venous thrombosis

Table 2
Appropriateness of diag-
nostic criteria for pulmonary
embolism according to
clinical probability. 
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either implicitly or by prediction rules [15, 20,
21]. Table 3 shows the revised Geneva score
[21] which attempts to combine the strengths
of the Wells’ rule [15], which was based only on
clinical variables, and of the former Geneva
rule [20], which was entirely standardised. 

The role of D-dimer

Plasma D-dimer is a product of the degrada-
tion of cross-linked fibrin and its measurement
by a biological test is inexpensive. Acute ve-
nous thromboembolism provokes an elevation
of plasma D-dimer in almost all patients be-
cause of the activation of coagulation and fib-
rinolysis. Therefore it carries a high sensitiv-
ity and is a good rule-out instrument. Its speci-
ficity is poor and an elevated D-dimer level
does not rule in pulmonary embolism. Since
most patients with suspected pulmonary em-
bolism do not have the disease, it is logical to
use D-dimer as a first-line test, after having
assessed clinical probability of pulmonary em-
bolism. When using a highly sensitive ELISA
assay (sensitivity 95 to 100%), a negative re-
sult allows safely ruling out pulmonary em-
bolism in patients with a low or moderate clin-
ical probability as shown by several outcome
studies [14, 22, 23]. Less sensitive assays (sen-
sitivity 85 to 95%) should be restricted to pa-
tients with a low clinical probability (table 2).
D-dimer rules out pulmonary embolism in
around one of every three patients suspected
of pulmonary embolism in the emergency de-
partment. Due to a higher rate of false positive
results, it rules out pulmonary embolism only

in around one out of ten patients over 80 years,
patients with cancer and inpatients [24] and
performing a D-dimer test in such situations
should be decided on a case-by-case basis.
Whatever the diagnostic tests and sequence
selected in patients with an elevated D-dimer,
its use is highly cost-effective in emergency de-
partment patients, reducing costs by approxi-
mately 20% [12]. 

The role of lower limb venous 
compression ultrasonography

Most pulmonary emboli originate from clots
located in the deep veins of the lower limbs,
especially the proximal veins. Hence, finding a
deep venous thrombosis in a patient admitted
because of thoracic symptoms evocative of pul-
monary embolism may be considered diagnos-
tic, if not of pulmonary embolism, at least of
acute venous thromboembolism, and warrants
anticoagulant treatment. Since 40 to 50% of
patients with pulmonary embolism have an
ultrasound sowing a proximal deep venous
thrombosis, performing ultrasonography be-
fore thoracic imaging allows a definite diagno-
sis in around one patient out of 10 given an
overall prevalence of pulmonary embolism of
20%. The Dutch and North American teams
reserve compression ultrasonography for pa-
tients with a negative CT or non diagnostic
ventilation-perfusion scintigraphy. The diag-
nostic yield of ultrasonography in such pa-
tients is much lower. However, lower limb ul-
trasonography must be performed in patients
with a negative single-detector CT because of
the low 70% sensitivity of first-generation CT
scans (see further section). The only well-vali-
dated rule-out criterion in well-designed out-
come studies using single-detector CT is the
combination a negative ultrasound and CT in
a patient with a low or moderate clinical prob-
ability of pulmonary embolism. Ultrasonogra-
phy is probably no longer necessary in patients
with a negative multi-detector row CT because
of that test’s high sensitivity. However, even in
centers equipped with multi-detector row CT,
ultrasound might still be useful to reduce costs
and avoid unnecessary irradiation in patients
with suspected pulmonary embolism and a
deep venous thrombosis [12].

The role of echocardiography

Doppler echocardiography has several uses in
suspected pulmonary embolism and it may

Table 3
The revised Geneva score
[21].

Variable points
Demographics
Age >65 years +1
Risk factors
Previous DVT or PE +3
Surgery or fracture within one month +2
Active malignancy +2
Symptoms
Unilateral lower limb pain +3
Haemoptysis +2
Signs
Heart rate
– 75 to 94 beats per minute +3
– ≥95 beats per minute +5
Pain on lower limb deep vein palpation +4
and unilateral edema
Clinical probability low: 0 to 3 points; 
intermediate: 4 to 10 points; 
high: 11 points or more.
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play a role in risk stratification [25]. In a very
small subset of patients with pulmonary
embolism, transthoracic echocardiography
allows a direct visualisation of the clot in the
right heart chambers or in the right main
pulmonary artery. The most frequent echocar-
diographic manifestations of pulmonary em-
bolism are indirect and reflect the haemody-
namic changes caused by an acute increase in
pulmonary arterial resistance and pulmonary
hypertension. Pulmonary arterial pressure
may be estimated in most patients by the tri-
cuspid regurgitation velocity. Signs of right
ventricular strain include dilation of the right
ventricle, right ventricular hypokinesis, and 
in severe cases, paradoxical motion of the
interventricular septum. Several echocardio-
graphic measurements have been proposed to
quantify right ventricular dilation, of which
the most standardised is the right ventricle
over left ventricle diameter ratio. The sensitiv-
ity of these signs which are often combined,
lies between 40 and 70% in clinically suspected
pulmonary embolism, and their specificity is
approximately 90%, provided the patient does
not have another disease causing chronic pul-
monary hypertension [26]. Echocardiography
is the first-line test in suspected massive
pulmonary embolism (see further section).
Whether echocardiography should also be per-
formed in haemodynamically stable patients

with confirmed pulmonary embolism is still
controversial. Patients with submassive pul-
monary embolism, ie echocardiographic signs
of right ventricular strain despite a normal ar-
terial blood pressure, have a higher mortality
compared with those who have a normal right
ventricular function. That subset of patients
can only be identified by echocardiography, but
the evidence that thrombolytic treatment im-
proves their prognosis is still scarce and relies
on a single randomised trial [27]. 

Diagnostic strategy based 
on ventilation-perfusion lung 
scintigraphy

The diagnostic algorithm illustrated in figure 1
is derived from the scintigraphy-angiogra-
phy strategy described in a previous section.
Measuring D-dimer as the initial test allows
ruling out pulmonary embolism in around 
30% of patients in the emergency department.
D-dimer is negative in only 10% of patients
with a high clinical probability [28]. As only
10% of all patients had a high clinical likeli-
hood of pulmonary embolism, the overall diag-
nostic yield of measuring D-dimer in such 
patients is negligible (around 1%) and the ab-
solute number of patients with that combina-
tion was too low to establish the safety of this
rule-out criterion. Therefore, D-dimer mea-
surement is not recommended in patients with
a high clinical probability. A negative D-dimer
is an adequate rule-out criterion in patients
with a low-moderate clinical probability when
using a highly sensitive assay, and in patients
with a low clinical probability with a less sen-
sitive assay. In this scheme, lower limb venous
compression ultrasonography is the second-
line test in patients with an elevated D-dimer
level and the initial test in patients with a high
clinical probability. It discloses a deep venous
thrombosis in around 10% of patients, there-
fore ventilation-perfusion scintigraphy must
be performed in only 50 to 60% of patients, es-
tablishing a definite diagnosis in around 15%
of the entire cohort. The 3-month thromboem-
bolic risk is less than 2% in patients who have
a low clinical probability, a non diagnostic ven-
tilation-perfusion scan and absence of proxi-
mal deep venous thrombosis [29, 30]. That
combination is found in around 20% of patients
and is an adequate rule-out criterion. In an
outcome study evaluating this algorithm, pul-
monary angiography was required in only 10%
of patients and the 3-month thromboembolic
risk in patients left untreated based on the

Figure 1
Validated diagnostic algorithm for suspected pulmonary embolism (PE) 
including ventilation-perfusion (V/Q) scan. 
Note that ELISA D-dimer is not useful in high-probability patients. Also, venous ultrasound
must be performed when using V/Q scan and the result of V/Q scan is non diagnostic,
whether before or after that test.
Rx = treatment.
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rule-out criteria of the strategy was around 1%
[22]. According to test availability, D-dimer
measurement may be forfeited without com-
promising patient safety although global costs
and the number of necessary angiograms will
be increased. In contrast, lower limb venous
ultrasound is required to rule out pulmonary
embolism in case of a non diagnostic ventila-
tion-perfusion scan and a low clinical probabil-
ity. Despite the growing utilisation of CT, this
algorithm remains of interest in centers with
easier access to scintigraphy than CT, and in
patients with contraindications to CT (mainly
renal failure and allergy to contrast dye).

Diagnostic strategy based 
on spiral computed tomography

That algorithm is illustrated in figure 2. The
initial steps are the same as those of the algo-
rithm based on ventilation-perfusion scintig-
raphy (fig. 1) but CT is performed instead in
patients with an elevated D-dimer level and a
negative lower limb venous ultrasound. CT is
required in 50 to 60% of patients. Due to its low
sensitivity (70%) [31, 32], a negative single-de-
tector CT does not allow ruling out pulmonary
embolism, while the combination of a negative
CT, a negative lower limb ultrasound and a

low-moderate clinical probability safely rules
out pulmonary embolism as shown by recent
outcome studies [14, 33, 34]. For high clinical
probability patients who have a negative CT
and ultrasound, further testing by ventilation-
perfusion scintigraphy and/or pulmonary an-
giography is still recommended. However, this
combination is rare: in the French multicentre
“Evaluation du Scanner Spiralé dans l’Em-
bolie Pulmonaire” (ESSEP) study, only 76 of
the 1041 patients (7%) had such findings, of
whom only 4 had a pulmonary embolism [33].
In the CTEP2 study, a three-centre outcome
study by the Geneva group validating the al-
gorithm shown in figure 2, an angiogram was
required in only 2% of patients [14]. Data on
multi-detector row CT (fig. 3) are still scarce
and well-designed prospective outcome stud-
ies are lacking. In the latest study from the
Geneva group, all patients with elevated D-
dimer levels or a high clinical probability un-
derwent both multi-detector row CT and lower
limb ultrasonography [23]. The main study
hypothesis was that if multi-detector row CT
has a nearly ideal sensitivity, the proportion of
patients with a negative CT despite an ultra-
sound showing a proximal deep venous throm-
bosis and the 3-month thromboembolic risk in
patients with a negative CT should be low. CT
and ultrasonography were negative in 318 pa-
tients, of whom 3 had a definite thromboem-
bolic event and 2 died of possible pulmonary
embolism during follow-up (three-month risk
of thromboembolism 1.7%; 95% CI 0.7 to 3.9).
Only two patients had proximal deep venous
thrombosis and a negative CT scan (0.6%; 95%
CI 0.2 to 2.2). Therefore, the overall three-
month risk of thromboembolism in patients
without pulmonary embolism would have been
1.5% (95% CI 0.8 to 3.0) if D-dimer and multi-
detector row CT had been the only tests used
to rule out pulmonary embolism and ultra-
sonography had not been performed. This sug-
gests that multi-detector row CT might be
used as a stand-alone test for suspected pul-
monary embolism, but should be confirmed in
proper large-scale outcome studies, such as the
CHRISTOPHER study, the results of which
have just been published [35]. 

Diagnostic strategy for 
the haemodynamically unstable 
patient

The algorithms described in the previous
sections do not apply to patients admitted with
arterial hypotension and/or shock because

Clinical probability of PE assessment
implicit or prediction rule

9500 mg/L
no Rx

no DVT
spiral CT

no PE
no Rx

PE
Rx

>500 mg/L
venous ultrasound

DVT
Rx

low or intermediate

ELISA D-dimer

no PE
V/Q scan or
angiography

no PE
no Rx

PE
Rx

high

venous ultrasound

no DVT
spiral CT

DVT
Rx

PE
Rx

Figure 2
Validated diagnostic algorithm for suspected pulmonary embolism (PE) including spiral CT. 
Note that ELISA D-dimer is not useful in high-probability patients. Also, venous ultrasound
must be performed when using single-detector spiral CT but it can be done either before 
or after CT if CT is negative. Venous ultrasound is probably unnecessary when using multi-
detector CT.
Rx = treatment.
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patients with suspected massive pulmonary
embolism have a very high mortality rate and
require emergent thrombolytic treatment if
pulmonary embolism is confirmed. Since the
D-dimer result is very unlikely to be negative
and a negative venous ultrasound would re-
quire further testing, those tests would only
delay life-saving therapy. In patients with
shock, echocardiography is extremely effective
for differential diagnosis with tamponade and
cardiogenic shock. Moreover, absence of pul-
monary hypertension and/or right ventricular
dilation and hypokinesis in that situation ren-
ders pulmonary embolism as the cause of
shock unlikely. Therefore, the logical initial
test in such patients is transthoracic echocar-
diography. An echocardiogram showing signs
of acute pulmonary hypertension and right
ventricular strain in a shocked patient with a
normal left ventricular contractility is a very
strong argument in favor of massive pul-
monary embolism. In fact, most clinicians
would readily begin thrombolytic treatment in
such a patient without awaiting further diag-
nostic information, if the patient were highly

unstable. On the other hand, in a patient tem-
porarily stabilised by vasopressive drugs, con-
firmation may be sought by either ventilation-
perfusion lung scan or spiral CT, whichever 
is the most rapidly available. Angiography
should be avoided whenever possible since it
carries the highest risk in this patient popula-
tion [11] and increases the risk of a major bleed
at the puncture site due to thrombolytic treat-
ment [36]. 

Conclusions

Numerous algorithms now exist for suspected
non massive pulmonary embolism. Clinical
probability assessment has become an incon-
trovertible first step, generally followed by
plasma D-dimer measurement. Venous ultra-
sound may precede or follow thoracic imaging,
which may consist of ventilation-perfusion
scintigraphy or spiral CT. In both cases, a neg-
ative venous ultrasound is required to rule out
pulmonary embolism in patients with a non
diagnostic lung scintigraphy or a negative
single-detector CT. Pulmonary angiography 
is now rarely necessary. Finally, echocardio-
graphy is very useful in haemodynamically un-
stable patients, but its role in stable patients
is still controversial.
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