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Abstract: Introduction: Pulmonary thromboembolism (PTE) is one of the most prevalent medical disorders, with a no-
table annual fatality rate. This study aimed to evaluated the accuracy of serum pro-BNP and troponin I levels in
PTE diagnosis. Methods: This cross-sectional study was implemented on 267 patients with suspected PTE (sud-
den chest pain or sudden dyspnea) in Imam Reza Hospital in Mashhad, Iran. All patients underwent pulmonary
computed tomography (CT) angiography (as the gold standard test) and their serum levels of troponin I and
pro-BNP were measured. The screening performance characteristics of pro-BNP in detection of PTE cases were
measured and reported using receiver operating characteristic (ROC) curve analysis. Results: Two-hundred-
sixty-seven patients with a mean age of 67.7 £11.5 years were evaluated (60.1% male). PTE was confirmed via CT
angiography in 121 patients. The area under the ROC curve of troponin I and pro-BNP in detection of PTE was
0.501 ng/mL and 0.972 pg/mL, respectively. The sensitivity and specificity of proBNP at the best cut-off point
(100 pg/ml) were 85.4% and 80.2%, respectively. The sensitivity and specificity of troponin I at the best cut-off
point (0.005 ng/ml) were 65.5% and 42%, respectively. Conclusion: Due to the comparatively good sensitiv-
ity and specificity of proBNP in diagnosis of pulmonary thromboembolism, it can be employed as a diagnostic
determinant in patients with suspected pulmonary thromboembolism along with other laboratory tests.
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1. Introduction troponins, have recently been considered for risk stratifica-
tion of suspected PTE cases (6). Pro-BNP is mainly secreted
Pulmonary thromboembolism (PTE) can range from being p (©) Y
. . .. . . from ventricles that are under the stress of altered hemody-
asymptomatic to extensive emboli with a high mortality rate. . . . .
. . namic status and congestive heart failure. Pro-BNP is a spe-

In the United States, 300,000 people die from PTE every year,
and in China, PTE is much more common than it was 10 years
ago (1). Smoking cigarette, malignancies, obesity, age, hered-
ity, prolonged comorbidities, and surgical history are intro-
duced as some of the risk factors of PTE (2). Most PTEs are

associated with respiratory distress, chest pain, presyncope

cific and sensitive indicator for evaluating ventricular func-
tion. It is also a suitable indicator for diagnosing heart failure
in heart disease (7, 8). Kucher et al. showed that pro-BNP
higher than 90 pg/ml could predict the risk of mortality as
well as need for cardiopulmonary resuscitation and mechan-
ical ventilation in PTE patients (9). In a meta-analysis by Lega
et al., increased pro-BNP and troponin levels were directly
related to worse prognosis in PTE patients (10). In addition,
troponin I and T are known to increase in PTE and its levels

or syncope, and bloody sputum (3-5). Several biomarkers, in-
cluding pro brain natriuretic peptides (pro-BNP) and cardiac

. correlated with mortality rate (11-15).
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monary embolism, no studies have yet been performed to
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evaluate the appropriate cut-off point for BNP and troponin
in diagnosis of PTE (16). Therefore, this study aimed to eval-
uated the accuracy of serum pro-BNP and troponin I levels in
PTE diagnosis.

2. Methods
2.1. Study design and setting

This cross-sectional study was performed on patients with
suspected PTE, who referred to the emergency department
of Imam Reza Hospital, Mashhad, Iran, from January 2017 to
January 2018, to evaluate the diagnostic accuracy of serum
troponin I and pro-BNP in detection of at-risk patients for
PTE. Before enrolment of patients, the research process was
explained and informed consent was obtained from them.
Throughout the study, researchers adhered to the principles
of the Helsinki Declaration and the confidentiality of patient
information. All costs of the project were covered by the re-
searchers and no additional costs were incurred by the pa-
tients. This study was approved by the ethics committee of
Mashhad University of Medical Sciences under the ethical
code IRRMUMS.REC.1395.

2.2. Participants

The study was performed based on the Standards for Report-
ing of Diagnostic Accuracy Studies (STARD) checklist. The
sampling method was non-random and purposive conve-
nience sampling was performed, including all patients who
were eligible for study during the study period. Patients with
sudden shortness of breath and chest pain and positive D-
dimer levels were included. Not agreeing to participate in
the study, pregnancy, renal failure, treatment with anticoagu-
lants, myocardial infarction, need for intubation, myocardi-
tis, massive embolism, hypertrophic cardiomyopathy, and
negative D-dimer were considered as exclusion criteria.

2.3. Procedure

After history taking and comprehensive clinical examination
of all patients, 5 cc of venous blood was drawn from the
brachial vein to assess the serum level of troponin I, using
Quantitative ELISA test kit (Diagnostic Automation Inc. the
US), and N-Terminal pro-BNP, using CLIA Kit for Human
(Cloud clone, US). The reference standard for PTE diagnosis
was pulmonary CT angiography.

2.4. Data gathering

Medical record review was performed by ME ME, and MMA
for assessment of eligibility. Medical records belonging to pa-
tients with suspected PTE, who had undergone CT angiogra-
phy and whose pro-BNP and troponin levels were available,
were considered for data extraction by HZM and MJY using a
checklist of study variables.

2.5. Statistical analysis

Patients’ demographic and paraclinical information were
coded and entered into SPSS software version 18. Chi-square
test was used to analyze the qualitative variables and Fisher’s
exact test was used if necessary. Receiver operating charac-
teristic (ROC) curve was used to determine the best cut-off
point for pro-BNP and troponin I in diagnosis of PTE. P-value
less than 0.05 was considered significant. Screening perfor-
mance characteristics of pro-BNP and troponin I at the best
cut-off points were calculated and reported.

3. Results

Two-hundred-sixty-seven patients with a mean age of 67.7
+11.5 years were evaluated (60.1% male). PTE was confirmed
via pulmonary CT angiography in 121 patients. Patients with
and without PTE were similar regarding age (p = 0.775) and
gender distribution (p = 0.28). Mean pro-BNP level was 282.6
+109.6 pg/ml in PTE cases and 49.6 + 42.3 pg/ml in others (p
=0.001). Mean troponin I level in patients with and without
PTE was 0.04 + 0.09 and 0.04 + 0.07 ng/ml, respectively (p =
0475).

3.1. Screening performance characteristics

The area under the ROC curve of troponin I and pro-BNP in
detection of at-risk patients for PTE was 0.501 ng/mL and
0.972 pg/mL, respectively (figure 1). The best cut-off points
of troponin I and pro-BNP in this regard were calculated to
be 0.005 ng/ml and 100 pg/ml, respectively. The sensitiv-
ity and specificity of proBNP at the best cut-off point (100
pg/ml) were 85.4% and 80.2%, respectively. The sensitivity
and specificity of troponin I at the best cut-off point (0.005
ng/ml) were 65.5% and 42%, respectively.

4, Discussion

In this study, we investigated the diagnostic accuracy of PRO-
BNP and troponin in comparison to CT angiography as the
gold standard to estimate the best fitting cut off levels of PRO-
BNP and troponin in diagnosis of PTE. PRO-BNP had a sen-
sitivity and specificity of 85.4% and 80.2% for PTE prediction
in cut off level of 100 pg/ml. While in cut off level of 0.005
ng/ml, troponin I (Tpi-I) had low sensitivity and specificity
(65.5% and 42%, respectively) in predicting the risk of PTE.

In line with what we found in our study, in 2009 a meta-
analysis by Lega et al. showed that elevated BNP and tro-
ponin levels were significantly associated with a worse prog-
nosis in PTE patients (10). In Kucher's study, the cut-off point
of BNP in predicting the occurrence of adverse events in pa-
tients with PTE was 50 pictograms per ml with 85% sensitiv-
ity and 75% specificity (9). In another review study by Klok,
subjects with acute pulmonary embolism experienced an in-
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The area under the receiver operating characteristic (ROC) curve of troponin I (left) and pro-BNP (right) in detection of at-risk cases

for pulmonary thromboembolism.

crease in BNP levels in 51% of cases. Also, a direct relation-
ship was found between increased BNP levels and right ven-
tricular failure (P <0.001). In their study, patients with higher
levels of BNP stayed in the hospital for a longer time and had
more hospital complications, and also had higher mortality
in 30-day follow-up (17). In our study, the diagnostic value of
BNP and troponin in acute embolism was investigated and
it was shown that an increase in BNP level to greater than
100 pg/ml had a sensitivity and specificity of 85% and 80%,
respectively. But troponin had low specificity in diagnosis
of acute embolism. It seems that pulmonary thromboem-
bolism can increase BNP by acting on the right ventricle and
causing some degree of ventricular failure, which can be used
as a diagnostic marker in the acute phase, but the increase in
troponin in the acute phase was not significant, as it takes
more time for tissue ischemia to be developed.

5. Limitations

We know that history of previous medical conditions is very
important in PTE development, so the generalization of our
results to all patients with dyspnea and positive D-Dimer
should be done with caution.

6. Conclusion

Due to the relatively good sensitivity and specificity of PRO-
BNP in diagnosis of pulmonary thromboembolism, it can be
used as a diagnostic factor in patients with suspected pul-
monary thromboembolism along with other laboratory tests.
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