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Objective: The present study aims to investigate whether the serum levels of brain 
natriuretic peptide (BNP), troponin I (TnI), and D-dimer, in addition to the neutrophil-to- 
lymphocyte ratio (NLR), can be used to determine the prognosis of patients with acute 
pulmonary embolism (APE).
Methods: Data were collected from 72 patients that were diagnosed with APE in our 
hospital from January 2015 to December 2018. These patients were divided into three 
groups: a high-risk group (n = 10), a moderate-risk group (n = 33), and a low-risk group 
(n = 29). The serum levels of BNP, TnI, and D-dimer were determined, and the NLR was 
measured. The receiver operating characteristic (ROC) curve was used to analyze the 
diagnostic value of the single and combined detection of BNP, TnI, and D-dimer, and the 
NLR was used to determine the prognosis of patients with APE.
Results: The serum levels of BNP, TnI, and D-dimer were significantly higher in the high- 
risk group than they were in the moderate-risk and low-risk groups (P < 0.05). The serum 
levels of BNP, TnI, and D-dimer were also significantly higher in the moderate-risk group 
than they were in the low-risk group (P < 0.05). The serum levels of BNP, TnI, and D-dimer, 
as well as the NLR, were all significantly higher in the death group than they were in the 
survival group (P < 0.05). For the combined detection of the four indices, the area under the 
ROC curve was 0.92, the sensitivity was 0.889, and the specificity was 0.904; each of these 
values was higher than the corresponding values of single detection.
Conclusion: In patients with APE, higher serum levels of BNP, TnI, D-dimer and NLR are 
associated with a higher risk stratification, greater severity of disease, and an increased risk 
of death.
Keywords: brain natriuretic peptide, troponin I, D-dimer, neutrophil-to-lymphocyte ratio, 
pulmonary thromboembolism, acute pulmonary embolism

Introduction
Pulmonary thromboembolism, a clinical and pathophysiological disorder of the 
pulmonary circulation, occurs when an endogenous or exogenous embolus blocks 
the trunk or branch of a pulmonary artery. It is associated with high clinical 
mortality. Previous work has shown that the incidence and mortality of acute 
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pulmonary embolism (APE) are high in China.1 Because 
APE is often misdiagnosed, it is of great clinical signifi-
cance for patients with APE to obtain a definite diagnosis 
and assessment as soon as possible. Although right heart 
catheterization and pulmonary angiography can be used to 
determine the location of the embolus and the condition of 
the collateral circulation, these procedures are expensive, 
difficult, and associated with poor compliance in patients. 
In the present study, the serum levels of brain natriuretic 
peptide (BNP), troponin I (TnI), and D-dimer, in addition 
to the neutrophil-to-lymphocyte ratio (NLR), were mea-
sured in patients with APE at our hospital. The aim was to 
explore the correlation of the severity of APE with these 
three serum levels and to determine whether the combined 
detection of these indices with the NLR can aid the eva-
luation of prognosis and, in doing so, provide a reference 
for the clinical treatment of APE.

Materials and Methods
Study Objects
The study enrolled 72 patients that were treated for APE in 
our hospital from January 2015 to December 2018. The 
patient group included 31 males and 41 females. The 
inclusion criteria were as follows: (1) The diagnosis was 
in accordance with the relevant diagnostic criteria for 
pulmonary embolism as formulated by the respiratory 
branch of the Chinese Medical Association,2 and (2) the 
diagnosis was confirmed by a computed tomography pul-
monary angiogram and pulmonary angiography. The 
exclusion criteria were as follows: (1) patients with cor-
onary atherosclerotic heart disease, left ventricular dys-
function, myocarditis, myocardial disease, chronic 
pulmonary hypertension, or chronic obstructive pulmonary 
disease; (2) patients with hematological diseases; (3) 
patients with obvious symptoms of infection; (4) patients 
that had used immunosuppressants or steroids within the 
previous two weeks; and (5) patients with severe hepatic 
or renal disease.

In accordance with the standards of the cardiovascular 
branch of the Chinese Medical Association, patients were 
classified as high-risk (n = 10) if they exhibited shock or 
persistent hypotension with hemodynamic instability. 
Patients were classified as moderate-risk (n = 33) if they 
had right ventricular dysfunction, an elevated serum level 
of TnI, or both. Patients were classified as low-risk (n = 
29) if they had normal right ventricular function, a normal 
serum level of TnI, or both.

Detection Methods
Blood samples were collected from the elbow vein at 
admission to detect the serum levels of BNP, TnI, and 
D-dimer. The levels of BNP and TnI were measured 
using chemiluminescence with the Access 2 immunoassay 
system (Beckman Coulter, Inc., Fullerton, CA, USA). The 
level of D-dimer was measured using transmission immu-
noturbidimetry with the ACL TOP 700 hemostasis testing 
system (Instrumentation Laboratory, Bedford, CA, USA). 
The levels of neutrophils and lymphocytes were measured 
using the LH 750 hematology analyzer (Beckman Coulter, 
Inc., Fullerton, CA, USA). The normal reference range of 
BNP was <250 μg/mL, the normal reference range of TnI 
was 0–0.1 ng/mL, and the normal reference range of 
D-dimer was 0–300 ng/mL.

Statistical Analysis
SPSS 19.0 software (IBM Corp., Armonk, NY, USA) was 
used for data analysis. The measurement data were 
expressed as mean ± standard deviation (x̄ ± s). A χ2 test 
was used to compare the enumeration data between 
groups, and a one-way ANOVA was used for comparison 
within groups. The ROC curve was used to analyze the 
diagnostic value of the single and combined detection of 
BNP, TnI, D-dimer, and the NLR for determining the 
prognosis of patients with APE. P < 0.05 was considered 
statistically significant.

Results
Comparison of the General 
Characteristics of the Three Groups
The general characteristics of the patients in the three 
groups were compared. As shown in Table 1, there was 
no statistical difference in the age or gender makeup of the 
three groups (P > 0.05).

Table 1 Comparison of the General Characteristics of the 
Three Groups

Groups n Gender Age(y, x±s)

Male Female

High-risk 10 4(40%) 6(60%) 60.10±0.99

Moderate-risk 33 14(42.4%) 19(57.6%) 59.23±0.87

Low-risk 29 13(44.83%) 16(55.17%) 59.26±0.82

Statistical value χ2=0.944 F=5.595

P >0.05 >0.05
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Comparison of the Serum Levels of BNP, 
TnI, and D-Dimer in the Three Groups
In patients with APE, the serum levels of BNP, TnI, and 
D-dimer in the high-risk group were 418.23 ± 29.68, 2.69 ± 
0.7730, 1327.89 ± 463.62, respectively. The serum levels of 
BNP, TnI, and D-dimer in the moderate risk group were 
287.35 ± 46.74, 1.71 ± 0.2961, 876.45 ± 305.63, respectively. 
The serum levels of BNP, TnI, and D-dimer in the low-risk 
group were 119.10 ± 16.41, 0.04 ± 0.0118, 643.00 ± 291.83, 
respectively. In the high-risk and moderate-risk groups, the 
serum levels of BNP, TnI, and D-dimer were significantly 
higher than they were in the low-risk group (P < 0.05). In 
addition, the levels of BNP, TnI, and D-dimer were signifi-
cantly higher in the high-risk group than they were in the 
moderate-risk group (P < 0.05). The results are presented in 
Table 2. These results suggest that higher serum levels of BNP, 
TnI, and D-dimer are associated with a higher risk stratifica-
tion and a greater severity of disease.

Comparison of the Serum Levels of BNP, 
TnI, and D-Dimer Combined with the 
NLR in Patients with Different Prognoses
The serum levels of BNP, TnI, D-dimer and NLR in the death 
group were significantly higher than those in the survival 
group (P < 0.05). The results are presented in Table 3.

The Diagnostic Value of the Single and 
Combined Detection of BNP, TnI, 
D-Dimer, and the NLR for Determining 
Patient Prognosis
As shown in Table 4, the area under the ROC curve (AUC) 
for BNP, TnI and D-dimer were between 0.7 and 0.85, the 

serum levels of these three indices were of certain value 
for the assessment and prognosis of acute pulmonary 
embolism. The AUC for NLR was 0.861 (greater than 
0.85), the sensitivity was 0.779, and the specificity was 
0.890. Compared with BNP, TnI and D-dimer, NLR has 
a higher value in the assessment and prognosis of acute 
pulmonary embolism. For the combined detection of the 
four indices, the AUC was 0.92, the sensitivity was 0.889, 
and the specificity was 0.904. Each of these values was 
higher than the corresponding values of single detection.

Discussion
As a disease with a high incidence and mortality, pulmon-
ary embolism is a serious health threat. Epidemiological 
studies conducted outside of China have found the inci-
dence of pulmonary embolism to be 122–146 cases per 
10 million individuals.3 No precise epidemiological data 
have been collected in China, but the number of reported 
cases has gradually increased in recent years. While indi-
viduals with mild cases may experience only transient 
dyspnea or no symptoms at all, cardiogenic shock or 
even sudden death is possible in severe cases. 
Unfortunately, the rates of missed diagnosis and 

Table 2 Comparison of the Serum Levels of BNP, TnI, and D-Dimer in the Three Groups (x±s)

Groups BNP (μg/mL) TnI (ng/mL) D-Dimer (ng/mL)

High-risk 418.23 ±29.68*Δ 2.69±0.7730*Δ 1327.89±463.62*Δ

Moderate-risk 287.35 ±46.74# 1.71±0.2961# 876.45±305.63#

Low-risk 119.10 ±16.41 0.04±0.0118 643.00±291.83

Notes: High-risk group compared with low-risk group, *P < 0.05; moderate-risk group compared with low-risk group, #P < 0.05; high-risk group compared with moderate- 
risk group, ΔP < 0.05.

Table 3 Comparison of the Serum Levels of BNP, TnI, and D-Dimer and the NLR in Patients with Different Prognoses

Groups BNP (μg/mL) TnI (ng/mL) D-Dimer (ng/mL) NLR

Death 434.25 ±17.65* 2.7814±0.84* 1488.56±458.76* 8.1856±3.53*
Survival 205.38 ±98.43 0.8871±0.94 759.65±325.91 3.5242±1.69

Note: Compared with survival group, *P < 0.05.

Table 4 The Diagnostic Value of the Single and Combined 
Detection of BNP, TnI, D-Dimer, and the NLR for Determining 
Patient Prognosis

Variables AUC 95% CI Sensitivity Specificity

BNP 0.836 0.628–0.870 0.776 0.692

TnI 0.787 0.692–0.846 0.778 0.705

D-dimer 0.811 0.673–0.861 0.746 0.617

NLR 0.861 0.665–0.882 0.779 0.890

Combined detection 0.920 0.808–0.950 0.889 0.904
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misdiagnosis are very high in the early stage of the dis-
ease. However, mortality can be significantly reduced with 
a timely diagnosis and effective treatment according to 
risk stratification.

BNP is a neuropeptide active substance that is primar-
ily produced by ventricular myocardial cells. The serum 
level of BNP is low in healthy individuals, but a large 
amount of BNP can be secreted into the blood when 
pressure increases and the ventricular myocytes are 
stretched to an abnormal degree; thus, an elevated level 
of BNP can indicate ventricular dysfunction and reflect the 
degree of injury to the myocardial cells.4 When 
a pulmonary embolism occurs, the mechanical blockage 
that it causes can reduce the effective pulmonary vascular 
bed, increase the resistance of pulmonary circulation, and 
lead to pulmonary hypertension. This results in increased 
tension in the right ventricular wall and, in turn, causes the 
synthesis and secretion of BNP to increase.5

Because the serum level of BNP is a sensitive indicator 
of an increased ventricular load, an increase in the level of 
BNP may appear earlier than other clinical symptoms; as 
a result, the level of BNP is an early indicator of the risk 
and degree of right ventricular dysfunction and pulmonary 
embolism.6 In line with other studies conducted in China,7 

the present study found that the low, moderate, and high- 
risk groups of patients with APE had significantly different 
serum levels of BNP (P < 0.05). In addition, the serum 
level of BNP was significantly higher in patients in the 
high-risk group than it was in either the low-risk or mod-
erate-risk groups (P < 0.05). Furthermore, with the pro-
gression from low-risk to high-risk, the level of BNP 
increased significantly. This suggests that the serum level 
of BNP is positively correlated with the severity of APE. 
The reason for this correlation might be that high-risk 
patients with APE have a wider range of embolism, 
which causes more obvious hypoxemia. The aggravation 
of pulmonary hypertension would increase the right heart 
load and cause the right ventricular myocardial cells to 
stretch abnormally, resulting in a significant increase in the 
serum level of BNP. Thus, BNP can be used as an index of 
the severity in APE.

As a specific marker of myocardial injury, TnI has 
a high sensitivity and specificity for myocardial injury.8 

An increase in the level of TnI indicates the necrosis of the 
myocardium at a microscopic level, a process that is often 
used to diagnose acute myocardial infarction. Previous 
work has shown that both pulmonary artery and right 
ventricular pressure may rise sharply as a result of the 

pulmonary vascular blockage and contraction that occur 
during APE. This sudden rise can lead to right ventricular 
dilatation, right ventricular myocardial ischemia, and even 
myocardial infarction, which causes the level of TnI to 
increase.9 In addition, pulmonary embolism causes a sharp 
increase in tension in the right ventricle and pericardium, 
which can squeeze the coronary artery and lead to partial 
myocardial ischemia and the injury and necrosis of myo-
cardial cells; these processes also lead to the release of 
TnI.10 Thus, a higher serum level of TnI in patients with 
APE indicates an impairment of the right ventricular func-
tion, which is associated with a marked increase in the risk 
of right heart failure and cardiogenic shock. Walter et al11 

found that the serum level of TnI increased in patients with 
APE with right ventricular dysfunction, where the magni-
tude of this increase was positively correlated with the risk 
of death. As a result, patients with APE and an elevated 
level of TnI have a higher risk of death even if their 
hemodynamics remain stable.12,13 The present study 
found that the serum level of TnI was significantly higher 
in the high-risk group than it was in either the low-risk or 
moderate-risk groups (P < 0.05), where a higher level of 
TnI corresponded to more severe APE. Therefore, if 
patients with APE are found to have a significantly ele-
vated level of TnI, then they may have a right ventricular 
myocardial injury, which is a serious condition with a high 
mortality rate.

D-dimer is derived from the cross-linked fibrin clot that 
is dissolved by plasmin. Although the serum level of 
D-dimer has long been known to have diagnostic value 
in cases of pulmonary embolism, the level of D-dimer can 
also be elevated in patients with thrombosis, which may 
occur as a result of surgery, trauma, infection, hepatic 
disease, pregnancy, convulsion, heart disease, and certain 
cancers. Whereas it has generally been suggested that 
D-dimer has a high negative predictive value for 
APE,14,15 the present study demonstrates that there are 
significant differences in the serum levels of D-dimer in 
the low, moderate, and high-risk groups, thus concluding 
that the level of D-dimer is positively correlated with the 
severity of APE. This result is in line with the results of 
another study conducted in China.16 In addition, the level 
of D-dimer was significantly higher in the death group 
than it was in the survival group, which suggests that 
a higher level of D-dimer corresponds to more severe 
APE and a higher risk of death.

Some studies also indicate that pulmonary embolism in 
patients with plasma osmolality is higher than normal. The 
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change in plasma osmolality may increase the activity of 
the immune system with proinflammatory effects.17 The 
development of thrombosis is closely associated with 
inflammation,18 which can stimulate the production of 
neutrophils and accelerate the apoptosis of lymphocytes. 
The status of activation of neutrophil refers to the process 
by which neutrophils adhere to the vascular endothelium 
through adhesion molecules on the cell surface. This 
results in neutrophil accumulation in the microvasculature 
and the release of lysosomal enzymes, histamine, leuko-
trienes, and other active substances, as well as cytokines, 
such as IL-6, IL-10, and TNF. These active substances and 
cytokines can damage endothelial cells and the vessel wall 
and promote vasoconstriction, platelet adhesion and aggre-
gation, finally inducing thrombosis.

Neutrophils produce oxygen free radicals, elastase, 
myeloperoxidase, and other inflammatory mediators. 
High levels of inflammatory mediators cause tissue injury 
and release tissue factors, leading to the onset of 
embolism.19 The NLR represents the balance between 
neutrophils and lymphocytes, and a high NLR indicates 
a high degree of inflammation.20 A high NLR has been 
proposed to be an inflammatory index that can predict the 
short-term mortality of patients with APE.21–23 The pre-
sent study shows that the NLR of the patients in the death 
group is higher than it is in the survival group. This result 
suggests that the NLR can be used as a risk predictor of in- 
hospital mortality in patients with APE, a conclusion that 
would be consistent with previous studies.24 The research-
ers found that PNI, calculated based on serum albumin 
level and lymphocyte count, is an independent prognostic 
factor for survival of patients with APE.25 Therefore, 
whether NLR can be used as a long-term prognostic factor 
for patients with APE remains to be further researched.

The present study has found that the serum levels of 
BNP, TnI, and D-dimer and the NLR were all higher in the 
death group than they were in the survival group. This 
suggests that these four indices can be used as indicators to 
evaluate the prognosis of patients with APE. In addition, 
the results of analysis using the ROC curve demonstrates 
that the AUC, sensitivity, and specificity of the combined 
detection of the serum levels of BNP, TnI, and D-dimer 
and the NLR were higher than they were for single detec-
tion. This suggests that the combined detection of the four 
indices may improve the prognostic evaluation of patients 
with APE. However, the present study has certain limita-
tions: For some patients, it was difficult to distinguish 
between pulmonary embolism alone and pulmonary 

embolism complicated by infection; this has the potential 
to result in biased results. Furthermore, because it is 
a single-center, retrospective case-control study, the sam-
ple size is limited. Also, the strict inclusion and exclusion 
criteria of this study, as well as the difficulty in clinical 
case collection, has further limited the sample size. 
However, the results of our study are consistent with 
results reported in the published literature. Thus, though 
small sample size is a major limitation, our study still has 
good value in prognosis of patients with APE. We will 
continue to collect related cases and further expand the 
study samples.

In conclusion, the serum levels of BNP, TnI, and 
D-dimer in patients with APE can predict the severity of 
APE. In addition, the combined detection of the serum 
levels of BNP, TnI, and D-dimer and the NLR can improve 
the evaluation of the clinical prognosis of patients with 
pulmonary embolism.
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