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Abstract

Brain natriuretic peptide (BNP) has potent diuretic, natriuretic, and
vascular smooth muscle-relaxing effects. BNP is elevated in heart fail-
ure and pulmonary disease with acute hypoxemia or cor pulmonale,
and increases in proportion to the degree of right ventricular dysfunc-
tion. In this study we aimed to evaluate the time course of BNP levels
in pulmonary embolism and to assess its correlation with pulmonary
artery pressure (PAP) and hypoxemia. Twenty-seven consecutive pa-
tients with acute pulmonary embolism (APE) and 26 healthy subjects
were enrolled in this study. BNP levels were measured at admittance
and at the end of the treatment. All patients’ arterial blood gas analy-
ses were performed at admittance. Pulse oximetry testing was per-
formed at the end of the treatment. Mean levels of BNP in patients
with APE were significantly higher than those of the control group
(358350 vs 1625 pg/ml, respectively, p<0.001) at admittance.
In all patients, admittance BNP levels were significantly higher than
discharge BNP levels (358350 vs 32+25 pg/ml and 186 pg/ml,
respectively, p<0.001 and p<0.05). Initial BNP levels significantly
correlated with PAP (r=0.695, p<0.01). There was also a significant
negative correlation between the BNP and PO, levels at admittance.
We have shown that BNP levels decrease progressively during the
course of APE, showing a positive correlation with PAP and a negative
correlation with PO, and Sp0,. This finding suggests that frequent
BNP measurement can predict the course of APE and can be used to
closely monitor the patients.
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INTRODUCTION

Brain natriuretic peptide (BNP) is a member of the na-
triuretic peptides family [1]. Although originally isolated
from porcine brains, BNP is a cardiac hormone which is
synthesized by the heart and secreted into the circulation
[2,3]. The mammalian heart synthesizes and secretes BNP,
which has potent diuretic, natriuretic, and vascular smooth
muscle-relaxing effects as well as complex interactions with
the hormonal and nervous systems [4]. Elevated plasma
BNP levels have been reported in patients with congestive
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heart failure and acute myocardial infarction.[5,6] BNP is
also elevated in pulmonary disease with acute hypoxemia
or cor pulmonale, and increases in proportion to the de-
gree of right ventricular dysfunction [7].

Acute pulmonary thromboembolism (APE) can present
as a life-threatening illness typically with signs of right ven-
tricular dysfunction or hemodynamic instability. Elevated
plasma levels of BNP released from myocytes of ventricles
upon stretch have been found in patients with congestive
heart failure and even in those with asymptomatic left ven-
tricular systolic dysfunction [8,9]. Increased plasma BNP
was found in patients with primary pulmonary hyperten-
sion and chronic thromboembolic pulmonary hyperten-
sion [10,11]. Previous studies have reported that BNP lev-
els have correlated with the severity of APE [12-14]. In this
study we aimed to evaluate the time course of BNP levels
in pulmonary embolism and to assess its correlation with
pulmonary artery pressure (PAP), arterial oxygen pressure
(PO,) and oxygen saturation (SpO,).

MATERIALS AND METHODS

Twenty-seven consecutive patients with APE (mean
age 6018 years, M/F: 13/14) were enrolled in this study.
The diagnosis of APE was confirmed by either spiral chest
computed tomography (24 patients) or high probability
ventilation perfusion scan (3 patients). All patients’ arte-
rial blood gas analyses and D-dimer levels were measured
at admittance. Pulse oximetry testing of patients from the
finger tips was performed at the end of the treatment, at
rest while breathing room air.

Echocardiographic and Spirometric Examination

Echocardiographic examination was performed at ad-
mittance and at the end of treatment in all patients. Func-
tions of right and left ventricle, PAP and ejection fraction
(EF) were measured. Patients with EF lower 50% were
excluded. Spirometric evaluation was carried out in all
subjects at stable state, and no obstructive or restrictive
pattern was determined in any patient. FEV1 (forced expi-
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Figure 1. Negative correlation between BNP and PO, at admittance.

ratory volume in first second) and FVC (forced vital capac-
ity) were normal. FEV1/FVC ratio was higher than 70%
in all patients.

Patient Groups

According to systolic arterial blood pressure (SBP)
measured on admission and the echocardiographic exami-
nation, APE patients were divided into two groups. Group
I consisted of 12 patients with massive (APE with SBP<90
mmHg) or sub-massive (APE with SBP>90 mmHg, RV
overload present at echocardiography) APE. Group II con-
sisted of 15 patients with non-massive (APE with SBP>90
mmHg, no echocardiographic signs of RV overload) APE.
Massive and sub-massive patients (n=12) were treated with
streptokinase. Non-massive patients (n=15) were treated
with intravenous heparin. All patients were given oral
anticoagulant treatment. Blood samples (4 ml) for BNP
were collected into a tube containing ethylene-diamine-
tetra-acetate. BNP was measured immediately with a com-
mercially available Triage BNP Test (Abbott Diagnostics,
CA, USA), which uses an ELISA method. BNP levels were
measured at admittance and at the end of the treatment.
Control group consisted of 26 healthy subjects (mean age
6147, 13 male and 13 female). The hospital Ethics Com-
mittee approved the study protocol, and written informed
consent was obtained from all patients.

Statistical Analysis

Continuous variables were presented as mean+SD and
categorical variables as percentage. Mann-Whitney U test
was used to compare continuous variables between two
groups, and Wilcoxon paired t test was used to compare
the variables within each group. Fisher’s chi-square test was
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Figure 2. Positive correlation between BNP and PAP at admittance.

used to compare categorical variables where appropriate. A
p value <0.05 was considered to be statistically significant.
Correlation analysis was performed by using Spearman’s
correlation test.

RESULTS

Mean levels of BNP in patients with APE were signifi-
cantly higher than those of the control group (358+350
vs 16225 pg/ml, respectively, p<0.001) at admittance.
The massive APE group had higher BNP levels compared
to the non-massive group (623376 vs 182+190 pg/ml,
p=0.001) (Table 1). There was no significant difference in
mean D-dimer levels between the two groups (59001744
vs 4760+1656 ng/ml, p>0.05). PAP was significantly high-
er in the massive versus non-massive APE group (476 vs
28+6 mmHg, p<0.001) (Table 1). There was no statisti-
cally significant difference regarding the levels of BNP at
the end of treatment between massive and non-massive
APE groups (17+9 vs 18+12 pg/ml, respectively, p>0.05).
In both groups, admittance BNP levels were significant-
ly higher than discharge BNP levels (Table 2). PO, and
SpO, levels were lower in Group I than Group II patients
(535 vs 70+6 mmHg, p<0.001 and 82+5% vs 92+4%,
respectively). Initial BNP levels significantly correlated
with PAP (r=0.695, p<0.01; Figure 1). There was also a
significant negative correlation between the BNP and PO,
levels at admittance (Figure 2). There were no significant
differences between SpO, and BNP levels in patients after
treatment and the control group.

TURKISH RESPIRATORY JOURNAL




Yetkin O. et al.

Brain Natriuretic Peptide in Acute Pulmonary Embolism

Table 1. Baseline characteristics of patients with pulmonary
embolism

APE Massive- Non-massive Control
submassive APE APE group
Number of
patients 27 12 15 26
Age 60+18 59+11 62+21 617
Male/female 14/13 6/6 7/6 13/13
P02 mmHg 63=+8 53:£5% 70+8 -
Sp02 % 88+6 82+5* 92+4 97+1
:gmmea" BNP 3584350  §23+376* 1824190 16+25
PAP mmHg 3511 47x7* 28+6 -
Eg;mer b 51442386 59001744 47601656 -

*p<0.001 vs non-massive, APE: Acute pulmonary embolism. BNP: Brain natriuretic
peptide. PAP: Pulmonary artery pressure.

DISCUSSION

Secretion of BNP increases in proportion to the severity
of the ventricular dysfunction, and it has been suggested that
the secretion is regulated mainly by the wall tension of the
left ventricle [15,16]. It has been shown that in patients with
congestive heart failure, acute myocardial infarction, cor pul-
monale and pulmonary embolism, the plasma level of BNP
shows a marked increase [17-21]. Many studies have shown
that BNP levels correlate with severity of ventricle dysfunc-
tion [16-19]. In our study, we found that BNP levels in APE
were significantly higher than in the control group and BNP
levels at admittance negatively correlated with PAP. Previous
studies have reported that BNP levels have correlated with
PAP and right ventricle dysfunction in patients with pulmo-
nary hypertension [22,23]. We also found that BNP levels
were negatively correlated with PO, and SpO,. Other stud-
ies showed that BNP levels correlated with severity of system-
ic hypoxemia [24,25]. At the end of treatment, BNP levels
demonstrated no difference compared to the control group,
and mean PAP was in normal range. While BNP levels de-
creased with management of pulmonary embolism, PO, and
SpO, values increased. These findings suggest that decreased
BNP levels and increased PO, and SpO, in APE patients
reflect resolution of thrombus in pulmonary circulation.

The extent of the pulmonary embolism is reflected by
PAP, and this pressure load will affect the right ventricle
and lead to secretion of BNP. Since the elimination half-life
of BNP is relatively short [26,27], BNP levels tending to
decrease suggest that the clinical severity of the pulmonary
embolism also decreases.

In conclusion, we have shown that BNP levels decrease
progressively during the course of APE, showing a positive
correlation with PAP and a negative correlation with PO,
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Table 2. Admittance and discharge values in all patients with APE

n=27 Admittance Discharge
Plasma BNP pg/ml 358+350* 18+6
PO, mmHg 63+10 " 85+4
Sp0, % 88+6 * 971
PAP mmHg 35+11" 262
BNP levels in massive- e

submassive group = b I
BNP levels non-massive 1814169 18+12

group

* p<0.001 vs discharge day ** p<0.001 vs non-massive group

and SpO,. This finding suggests that frequent BNP mea-
surement can predict the course of APE and can be used to
closely monitor the patients.
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