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Patients with pulmonary embolism
(PE) present with a wide spec-
trum of clinical acuity that neces-

sitates different therapeutic strategies.
Most patients maintain normal systolic
arterial pressure and normal right ven-
tricular function. With therapeutic levels
of anticoagulation, they will likely have
a benign clinical course. Unfortunately,
some PE patients suffer rapid clinical
deterioration with adverse clinical
events, including death from right ven-
tricular failure or the need for cardiopul-
monary resuscitation, mechanical venti-
lation, or administration of pressors for
systolic arterial hypotension. Selected
patients will benefit from thrombolysis
or surgical embolectomy in addition to
anticoagulation.1,2
Severe dyspnea, cyanosis, and syn-

cope indicate life-threatening PE. The
clinical examination may reveal signs
of acute right ventricular dysfunction,
including tachycardia, a low arterial
blood pressure, distended neck veins,
an accentuated P 2, or a tricuspid
regurgitation murmur. On the ECG,
T-wave inversion or a pseudoinfarc-
tion pattern (Qr) in the anterior prec-
ordial leads indicates right ventricular
dilation and dysfunction.3 Chest com-
puted tomography or magnetic reso-
nance imaging may not only confirm

PE but also demonstrate right ventric-
ular dilation.
Echocardiography has emerged as

the principal tool for risk stratification
in acute PE. From a prognostic point of
view, echocardiography helps to clas-
sify patients with PE into 3 groups:
Low-risk PE (no right ventricular dys-
function), with a hospital mortality of
!4%, submassive PE (right ventricu-
lar dysfunction and a preserved arterial
pressure), with a hospital mortality of
5% to 10%, and massive PE (right
ventricular dysfunction and cardio-
genic shock), with a hospital mortality
of approximately 30%.4 Right ventric-
ular dysfunction on the echocardio-
gram is an independent and powerful
predictor of early death in patients
with acute PE.5 Indirect signs are sys-
tolic pulmonary artery hypertension
manifested by an increased tricuspid
regurgitant velocity "2.6 m/sec and
reduced inspiratory collapse of a di-
lated inferior vena cava due to elevated
central venous pressure.6
The major drawbacks of echocardi-

ography are its limited round-the-clock
availability and its cost. Another prob-
lem is occasional poor imaging quality
of the right ventricle, particularly in
patients with obesity or chronic lung
disease. This latter problem can be

circumvented by transesophageal
echocardiography, an imaging modal-
ity requiring even more specialized
skills, expense, and procedure-related
risk.
Cardiac biomarkers, including tro-

ponins and natriuretic peptides, have
emerged as promising tools for risk
assessment of patients with acute PE.
We will summarize results of contem-
porary trials on cardiac biomarkers for
risk stratification, and we will provide
practical recommendations on how to
incorporate biomarker test results into
the management strategy of patients
with acute PE.

Pathophysiology of Cardiac
Biomarker Elevation in
Pulmonary Embolism

Troponins
Cardiac troponins are the most sensi-
tive and specific biomarkers of myo-
cardial cell damage, reflecting micro-
scopic myocardial necrosis.7 Elevated
troponin levels predict adverse out-
comes in patients with acute myocar-
dial infarction and in critically ill pa-
tients without acute coronary
syndromes.8
Troponin is a regulatory protein of

the thin filament of striated muscle,
and consists of three subunits: C at 18
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kDa, I at 21 kDa, and T at 37 kDa. The
concentration of the troponin I and T
subunits is increased in blood for many
days after myocardial infarction, be-
cause release from the structural ele-
ments requires degradation of the
myofibril itself.9 Elevations of tropo-
nin levels in PE patients are mild and
of short duration compared with eleva-
tions in patients with acute coronary
syndromes.10 In acute PE, troponin
levels correlate well with the extent of
right ventricular dysfunction.11–14
Some PE patients have initially nega-
tive troponin test results but may show
a release of troponin 6 to 12 hours
later.10,11,13 Myocardial ischemia and
micro-infarction due to alterations in
oxygen supply and demand of the fail-
ing right ventricle probably play a
major role in the pathogenesis of tro-
ponin release (Figure 1). Release of
troponin can occur in patients with PE
in the absence of angiographic coro-
nary artery disease.12 An abrupt in-
crease in right ventricular wall tension

with compression of the right coronary
artery and direct myocardial micro-
injury is a possible explanation.

Natriuretic Peptides
The natriuretic peptides are useful di-
agnostic and prognostic biomarkers for
patients with congestive heart failure.
In contrast to atrial natriuretic peptide
that originates mainly from atrial tis-
sue, brain natriuretic peptide (BNP) is
produced to a larger degree from ven-
tricular myocytes. The principal stim-
ulus for BNP synthesis and secretion is
cardiomyocyte stretch. BNP is a 32
amino acid peptide hormone first iso-
lated from porcine brain tissue. The
human BNP gene is located on chro-
mosome 1. In plasma, the intact 108
amino acid prohormone (proBNP), the
biologically active BNP (plasma half
life 20 minutes), and the remaining
part of the prohormone, N-terminal
(NT)-proBNP (76 amino acids, plasma
half life 60 to 120 minutes), can be
measured by immunoassay.

Prohormones in normal ventricular
myocytes are not stored to a significant
amount. Thus, it takes several hours
for the plasma natriuretic peptide lev-
els to increase significantly after the
onset of acute myocardial stretch.15
This process includes myocardial BNP
messenger ribonucleic acid (mRNA)
synthesis, prohormone synthesis, and
prohormone release into the circula-
tion (Figure 1). Similar to cardiac tro-
ponins, elevations in BNP and NT-
proBNP are associated with right
ventricular dysfunction in acute
PE.16–18 Natriuretic peptide levels are
also increased in patients with right
ventricular pressure overload due to
causes other than PE, including pri-
mary pulmonary hypertension, chronic
thromboembolic pulmonary hyperten-
sion, and chronic lung disease.19–22

Accuracy of Cardiac
Biomarkers for the
Prediction of Adverse
Clinical Outcomes

Troponins and natriuretic peptides are
accurate in identifying low-risk PE
patients and have a high negative pre-
dictive value for in-hospital death (Ta-
ble). The cut-off levels for troponins
are the lower detection limits for myo-
cardial ischemia reported by the man-
ufacturer. However, the cut-off level
for the BNP Triage assay to predict a
benign clinical outcome in PE pa-
tients is lower (!50 pg/mL) than the
congestive heart failure cut-off level
of 90 pg/mL.

Figure 1. Mechanism of cardiac biomarker level elevation in pulmonary embolism. RV
indicates right ventricular.

Accuracy of Cardiac Biomarkers for the Prediction of In-Hospital Death in Pulmonary Embolism

Reference n Biomarker Assay Cut-Off Level Test #, % NPV, % PPV, %

Konstantinides et al11 106 cTnI Centaur (Bayer) 0.07 ng/mL 41 98 14

Konstantinides et al11 106 cTnT Elecsys (Roche Pharmaceuticals) 0.04 ng/mL 37 97 12

Giannitsis et al12 56 cTnT TropT (Roche Pharmaceuticals) 0.10 ng/mL 32 97 44

Janata et al24 106 cTnT Elecsys (Roche Pharmaceuticals) 0.09 ng/mL 11 99 34

Pruszczyk et al13 64 cTnT Elecsys (Roche Pharmaceuticals) 0.01 ng/mL 50 100 25

ten Wolde et al25 110 BNP Shionoria (CIS Bio International) 21.7 pmol/L 33 99 17

Kucher et al18 73 NT-proBNP Elecsys (Roche Pharmaceuticals) 500 pg/mL 58 100 12

Kucher et al17 73 BNP Triage (Biosite Technologies) 50 pg/mL 58 100 12

Pruszczyk et al26 79 NT-proBNP Elecsys (Roche Pharmaceuticals) 153 to 334* pg/mL 66 100 23

NPV indicates negative predictive value; PPV, positive predictive value.
*Age and gender adjusted cut-off levels according to the manufacturer.
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At this time, none of the biomarkers
have been proven superior over others.
Keeping in mind that troponin and
BNP release into the circulation may
take several hours after the onset of
myocardial injury, a second biomarker
test 6 to 12 hours after an initially
negative test should be obtained in a
PE patient with a symptom duration
!6 hours.17 Similar to troponin assays,
bedside point-of-care BNP assays, us-
ing whole blood or plasma samples,
have precision, analytical sensitivity,
stability, and a rapid turnaround
time.23

Incorporation of Cardiac
Biomarkers Into
Risk Stratification

The principal role for cardiac biomar-
kers in PE patients is to differentiate
between low risk and intermediate risk
(Figure 2). Biomarker tests are not
necessary in patients with obvious PE-
related shock. According to the Euro-
pean Pulmonary Embolism Task Force
Guidelines4 and the results from the
largest PE thrombolysis study (Man-
agement Strategy and Prognosis in
Pulmonary Embolism Trial-3),1 fibri-
nolysis should be considered not only
for patients with PE-related shock but
also for patients with a preserved arte-
rial pressure and evidence of right
ventricular dysfunction in the absence
of an increased bleeding risk. In hemo-
dynamically stable PE patients with
increased troponin and/or BNP levels,
further risk stratification with echocar-
diography should be undertaken. Ele-
vated cardiac biomarkers have not yet

been incorporated into formal guide-
lines for treatment decisions (anticoag-
ulation alone versus thrombolysis ver-
sus embolectomy) regarding PE
patients. In patients with normal bi-
omarker levels, echocardiography
need not ordinarily be ordered because
right ventricular function will almost
always be normal.

Future Research Perspectives
on Cardiac Biomarkers

An elevated biomarker level in combi-
nation with echocardiographic right
ventricular dysfunction may help to
identify a subgroup of hemodynam-
ically stable patients at especially high
risk of adverse clinical events. Future
research will investigate whether the
natriuretic peptides have incremental
prognostic information in the presence
of troponin release. Because of the
short half-life of the natriuretic pep-
tides, particularly BNP, these biomar-
kers may also be helpful in serial
monitoring and gauging the success of
different PE treatment regimens.
In conclusion, low cardiac troponin

and natriuretic peptide values identify
low-risk patients through their high
negative predictive value for adverse
outcomes. In PE patients with normal
biomarker levels, echocardiography
may not be necessary. In hemodynam-
ically stable PE patients with increased
cardiac troponin or BNP levels, how-
ever, right ventricular dysfunction
should be confirmed by echocardiog-
raphy. Finally, the prognostic implica-
tions of elevated biomarkers and ab-

normal echocardiography require
further investigation.24–26
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