
O R I G I N A L  R E S E A R C H

Impact of Promising Biomarkers on Severity and 
Outcome of Acute Pulmonary Embolism
Gulseren Sagcan1, Zeki Dogan2, Hafize Uzun 3, Caglar Cuhadaroglu1, Gulfer Okumus4, 
Orhan Arseven4

1Department of Chest Diseases, Faculty of Medicine, Acıbadem University, İstanbul, Turkey; 2Department of Cardiology, Faculty of Medicine, Istanbul 
Atlas University, Istanbul, Turkey; 3Department of Medical Biochemistry, Faculty of Medicine, Istanbul Atlas University, Istanbul, Turkey; 4Department 
of Chest Diseases, Faculty of Medicine, Istanbul University, İstanbul, Turkey

Correspondence: Gulseren Sagcan, Department of Chest Diseases, Faculty of Medicine, Acıbadem University, İstanbul, Turkey, Tel +902166495751; 
+905323637953, Fax +902166495373, Email gulserensagcan@yahoo.com 

Background: Acute pulmonary embolism (APE) is a common clinical condition. Its severity ranges from asymptomatic radiological 
findings to fatal obstructive shock. The potential circulating biomarkers have been studied to predict APE outcomes. This study aimed 
to explore their predictive power on prognosis in APE.
Material and Method: It was a prospective observational study between March 2008 and April 2010. All consecutive patients 
diagnosed with APE were categorized as massive/high-risk, submassive/moderate-risk, and non-massive/low-risk. Cardiac troponin 
T (cTnT), myoglobin, N-terminal pro-brain natriuretic peptide (NT-proBNP), heart-type fatty acid-binding protein (H-FABP), growth 
differentiation factor-15 (GDF-15), and D-dimer levels were measured.
Results: Of these patients, 14 (29.8%), 16 (34.0%), and 17 (36.2%) patients were categorized as low-risk, moderate-risk, and high 
risk-patients, respectively. There was no significant difference between the patient groups categorized based on the risk stratification in 
terms of demographic and clinical characteristics. The cTnT, myoglobin, HFABP, and D-dimer levels have also not differed 
significantly between the groups. There was a significant difference between the groups in respect of NT-proBNP and GDF-15 levels 
(p=0.009 and p=0.037, respectively). Nine (19.1%) patients had died by the 3rd-month follow-up. Adverse events were seen in 26 
(55.3%) patients. GDF-15 had the highest area under the curve (AUC) value for predicting any adverse event (cut-off value=9.3 ng/ 
mL, AUC=0.796, CI (confidence interval) 95%: 0.653–0.899). NT-ProBNP was determined as the best predictor for mortality (cut-off 
value=229.2 pg/mL, AUC=0.889, CI 95%: 0.756–0.964).
Conclusion: Higher levels of NT-proBNP and GDF-15 were found to be associated with more severe APE, worse outcomes, and 
mortality.
Keywords: pulmonary embolism, biomarkers, adverse clinical outcome, natriuretic peptides, growth differentiation factor-15

Introduction
Acute pulmonary embolism (APE) is a common clinical condition. Its severity ranges from asymptomatic radiological 
findings to fatal obstructive shock.1 It has significant morbidity and mortality depending on its severity.2 The disease is 
clinically categorized into three main classes considering the patients’ hemodynamic status and the presence of right 
ventricular enlargement or strain: massive/high-risk, submassive-intermediate-risk, and low-risk APE.2 It is generally 
accepted that the risk stratification of APE is an essential step to treat the disease reasonably.3

Several cardiac biomarkers have been studied in predicting the morbidity and mortality of APE (I). These markers, 
including cardiac troponin T (cTnT), myoglobin, N-terminal pro-brain natriuretic peptide (NT-proBNP), heart-type fatty 
acid-binding protein (H-FABP), and growth differentiation factor-15 (GDF-15), have been regarded as helpful in 
predicting the clinical adverse events associated with APE. D-dimer is a cornerstone test in the diagnostic assessment 
of several conditions, like venous thromboembolism (VTE) or aortic syndromes, for both of which the risk of 
misdiagnosis and the possibility of overtesting is high.4 The higher levels of these biomarkers are considered to indicate 
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cardiac dysfunction, and thus more aggressive treatment management is recommended.5 Nevertheless, significant 
discordances have been reported about the changes that occurred in the levels of these biomarkers.6–9 Moreover, 
a more sensitive and specific marker to determine the intermediate- and high-risk patients and predict the prognosis is 
needed in order to improve clinical outcomes.3

This study aimed to evaluate the prognostic impact of the novel biomarkers in patients with high-, intermediate-, and 
low-risk APE and explore the predictive power of these markers regarding the morbidity and mortality of APE.

Materials and Methods
Research Design
This prospective observational study included patients diagnosed with APE in the Emergency Department of Istanbul 
University, Faculty of Medicine between March 2008 and April 2010. The study was approved by the Istanbul 
University, Faculty of Medicine, Clinical Research Ethics Committee (approval number: 2947). The study was conducted 
in accordance with the principles outlined in the Declaration of Helsinki. Written informed consent of the patients who 
volunteered for the study was obtained prior to the study.

Patient Group
All consecutive patients with suspicious clinical symptoms (acute onset dyspnea, chest pain, tachycardia, and tachypnea 
with the need for oxygen supplementation) associated with APE admitted to the emergency department were prospec-
tively evaluated. The diagnosis of APE was confirmed by computed tomography (CT), ventilation/perfusion scintigraphy, 
or pulmonary angiography. The exclusion criteria were determined as follows: coexisting diseases (coronary artery 
disease, congestive heart failure, and chronic renal failure), cardiopulmonary resuscitation, stroke, cancer, pregnancy and 
extensive muscular injury.

Variables
Patients’ demographic and clinical data were collected. The risk factors for APE were determined. Echocardiography 
was performed on all patients to stratify the severity of APE. The echocardiographic parameters related to APE 
include pulmonary arterial pressure, right ventricular motion, and left ventricular ejection fraction (LVEF). Tricuspid 
annular plane systolic excursion (TAPSE) and right ventricular (RV) fractional area change (FAC) were measured 
according to guideline recommendations.10 The development of complications and mortality were evaluated during 
both in-hospital and follow-up periods (up to 90-day). Cardiopulmonary resuscitation, hemodynamic instability 
(systolic blood pressure <90 mmHg or a drop in systolic blood pressure by >40 mmHg for >15 min with signs of 
end-organ hypoperfusion), inotrope use, recurrent or diffuse / peripheral APE, development of lower limb throm-
bosis, the use of mechanical ventilation within one month of admission, newly developed chest pain and dyspnea, 
and bleeding episode due to anticoagulant use were regarded as the adverse events.9 APE-related death was 
considered in the development of death secondary to irreversible right ventricular failure or recurrence of APE.10 

All-cause mortality was also investigated. Accordingly, the causes of the mortalities were determined by the primary 
researcher as cardiac disease, APE, malignancy, respiratory disease, infection/sepsis, cerebrovascular disease, 
dementia, vascular disease, and other causes.

Severity of APE
The patients were grouped as massive/high-risk, submassive/moderate-risk, and non-massive/low-risk groups 
based on the criteria defined previously in the literature.2,5,11,12 Accordingly, APE patients with shock or 
persistent hypotension with hemodynamic instability (ie, systolic blood pressure <90 mmHg or a drop of ≥40 
mmHg for >15 min) were regarded as massive/high-risk patients; APE patients with right ventricular dysfunction 
(end-diastolic diameter of the right ventricle on the parasternal view>30mm and a systolic pulmonary artery 
pressure >30 mmHg) with or without increased troponin levels were regarded as submassive/moderate-risk 
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patients; and APE patients with normal right ventricular function and normal troponin levels were regarded as 
non-massive/low-risk patients.13

Biomarkers
Venous blood samples were collected before the initiation of treatment for APE. After immediate centrifugation, serum 
samples were centrifuged and stored at −80 °C till the laboratory analysis for cTnT, D-dimer (Hyphen Biomed, D-Dimer, 
Catalog Number: RK023A), NT-proBNP (Biomedica Slovakia, NT-proBNP, Catalog Number: SK1204), myoglobin 
(Diagnostic Automation Inc, myoglobin, Catalog Number: SK-1667Z), H-FABP (Biocheck Inc, H-FABP, Catalog 
Number: BC-1123), and GDF-15/MIC-1 (Biovendor Research and Diagnostic Products, Human GDF-15/MIC-1 
ELISA, Catalog Number: RD191135200R).

Follow-Up
All patients included in the study were followed up for 3-months through regular follow-up examinations conducted in 
the outpatient clinics and phone interviews if respiratory or lower limb symptoms were present.

Statistical Analysis
The primary outcome was the development of short-term (in-hospital or 30-day) or long-term (90-day) adverse 
events or death. Post-hoc power analysis was performed for the study, and the power of the study was found to be 
85% at α = 0.05, for the biomarkers. Descriptive statistics were expressed as mean ± standard deviation values and 
as median values along with minimum-maximum in the case of continuous variables depending on whether they 
conform to the normal distribution or not. The Kruskal–Wallis test was used to compare more than two independent 
groups involving numerical variables, which were determined not to conform to normal distribution. The differences 
between the groups were evaluated using the Tukey or Dunn’s tests in case of homogeneous data based on whether 
they conform to the normal distribution. The Mann–Whitney U-test was used in the case of variables that were 
determined not to conform to normal distribution. Pearson’s Chi-Squared test and Fisher’s Exact test were used in 
order to compare the differences between categorical variables in 2×2 tables. Additionally, the Wilcoxon Signed- 
Rank test was used to evaluate the differences between the admission and 90th-day measurements in the case of 
variables that were determined not to conform to normal distribution. The receiver operating characteristic (ROC) 
analysis was used to determine the biomarkers’ cut-off values that can be used to predict mortality. The significance 
level (p-value) was set at 0.05.

Results
Hypertension, which was detected in 20 patients, was the most frequent (42.6%) comorbidity observed in the study 
group. Immobilization was detected as the most common (68.1%) predisposing factor for APE development.

Of the patients included in the study group, 14 (29.8%), 16 (34.0%), and 17 (36.2%) patients were categorized as low- 
risk, moderate-risk, and high risk-patients, respectively. No significant difference was found between the groups in terms 
of demographic and clinical characteristics (p>0.05) (Table 1).

The systolic and diastolic blood pressure values of the patients with high-risk APE were significantly lower than those 
of moderate- and low-risk patients (p<0.001 in both cases) (Table 2).

The comparison of the patients as per the laboratory, CT, and echocardiography findings is shown in Table 3. The 
patients with high-risk APE had significantly lower serum albumin levels than those of moderate- and low-risk patients 
(p=0.031). There was no significant difference between the groups in terms of cTnT, myoglobin, HFABP, and D-dimer 
levels (Table 3). On the other hand, there was a significant difference between the groups in NT-proBNP and GDF-15 
levels (p=0.009 and p=0.037, respectively). NT-proBNP levels of high-risk patients were significantly higher than those 
of moderate-risk and low-risk patients (p=0.012 and p=0.001, respectively). The extension of the thromboembolic lesions 
showed a similar distribution pattern in the lungs between the groups. The pulmonary artery pressure values measured at 
admission and 3rd-month follow-up were significantly higher in the high-risk APE patients (p<0.001 in both cases). The 
interventricular septal deviation and paradoxical movements were significantly more frequent in the high-risk patients 
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(p<0.001). As shown, patients with high-risk APE had significantly lower TAPSE and RV FAC values (p<0.001). As 
shown, patients with high-risk APE had significantly lower TAPSE and RV FAC, and a higher number of patients with 
RV/LV ratio ≥1 (p<0.001).

There were nine (19.1%) mortalities in the study group by the 3rd-month follow-up: one in the low-risk, one in the moderate- 
risk, and seven in the high-risk APE group. APE was the cause of mortality in five of these mortalities. The other causes of 
mortality were postoperative complications in one patient who underwent colorectal surgery, and malignancies (breast, lung, and 
hematological system) in the remaining three patients. There was a significant difference between the high-risk and low-risk 
groups in the serum GDF-15 levels (p=0.013). The comparison of the biomarkers in patients who survived and were exitus 
revealed significant differences (Table 4). The H-FABP, D-dimer, and GDF-15 levels were significantly higher in patients who 
were exitus (p=0.023, p=0.008, and p=0.047, respectively).

The results of the ROC analyses on the biomarkers’ predicting power of the development of adverse events and 
mortality are shown in Table 5 and Table 6. GDF-15 had the highest AUC value for predicting any adverse event (cut-off 

Table 1 Demographic and Clinical Characteristics of the Study Groups

APE Patients with p

Low-Risk (n=14) Moderate-Risk (n=16) High-Risk (n=17)

Age (year)† 49.71±16.59 58.44±15.66 60.88±12.87 0.084

Sex‡

Female 7 (50.0) 4 (25.0) 11 (64.7) 0.071
Male 7 (50.0) 12 (75.0) 6 (35.3)

Smoking (pack/year)† 15.71±21.74 8.13±12.5 17.94±23.46 0.314

BMI (kg/m2)† 27.83±5.54 29.99±4.11 27.87±4.95 0.242

Comorbidities‡

Hypertension 5 (35.7) 8 (50) 7 (41.2) 0.725

Diabetes mellitus 2 (14.3) 3 (18.8) 1 (5.9) 0.531
COPD 3 (21.4) 1 (6.3) 5 (29.4) 0.232

Major risk factors‡

Immobilization 10 (71.4) 10 (62.5) 12 (70.6) 0.839
Long lasting travel 3 (21.4) 3 (18.8) 0 (0) 0.139

Previous major surgery 3 (21.4) 5 (31.3) 5 (29.4) 0.818

CVA 2 (14.3) 1 (6.3) 0 (0) 0.269
Previous APE 2 (14.3) 3 (18.8) 1 (5.9) 0.531

Trauma 0 (0.0) 2 (12.5) 0 (0.0) 0.132

Notes: †Mean ±standard deviation, ‡n (%). 
Abbreviations: APE, acute pulmonary embolism; BMI, body mass index; COPD, chronic obstructive pulmonary disease; CVA, 
cerebrovascular accident.

Table 2 The Distribution of the Clinical Parameters in the Study Groups

APE Patients with p

Low-Risk (n=14) Moderate-Risk (n=16) High-Risk (n=17)

Heart rate per min† 94.79±10.8 87.88±14.19 98.71±19.41 0.072

Respiratory rate per min† 22.21±5.12 23.75±4.91 25.18±5.26 0.191
SBP (mmHg)† 119.29±11.91 120.31±14.66 92.65±13.71 <0.001

DBP (mmHg)† 72.86±8.25 75.31±9.57 59.71±11.79 <0.001

PaO2 (mmHg)† 68.1±11.04 67.31±9.23 59.94±11 0.060

Notes: †Mean ±standard deviation. 
Abbreviations: APE, acute pulmonary embolism; SBP, systolic blood pressure; DBP, diastolic blood pressure; PaO2, partial pressure of oxygen.
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value= 9.3, AUC=0.796, CI 95%: 0.653–0.899) (Table 5). Additionally, the ROC analysis revealed that NT-ProBNP was 
the best predictor in predicting the all-cause mortality (AUC=0.889, CI 95%: 0.756–0.964), with a negative predictive 
value of 100% at >229.2 pg/mL (Table 6).

Table 3 Comparison of the Patients with Different Severity Grades According to the Laboratory, Computed Tomography and 
Echocardiography Findings

APE Patients with p

Low-Risk (n=14) Moderate-Risk (n=16) High-Risk (n=17)

Laboratory parameters
Hemoglobin (g/dl)† 12.44±1.5 10.89±3.3 11.81±2.76 0.353

White blood cell count (/mm³)† 8945±3812.1 9281.88±3466 9730.59±4815.12 0.976

Platelet count. (/mm³)† 273.79±93.67 288.5±164.3 199.29±91.27 0.020
Total protein (g/dl)† 6.76±0.35 6.67±0.4 6.36±0.33 0.007

Albumin. (g/dl)† 3.59±0.29 3.52±0.45 3.01±0.91 0.031

CRP (mg/dl)† 44.64±39.16 54.62±43.93 55.04±44.73 0.749
ESR (mm/hr)† 37.21±21.97 40.31±23.95 44.59±28.34 0.875

Cardiac biomarkers
cTnT (ng/mL)† 0±0.01 0.03±0.09 0.04± 0.09 0.196

Myoglobin (ng/mL)† 109.86±52.5 184.16±111.56 491.24±663.82 0.171

NT-proBNP (pg/mL)† 75.21±67.2 274.32±490.56 809.76±705.12 0.009
H-FABP (ng/mL)† 35.19±14.8 67. 53±77.39 161.84±341.72 0.183

D-dimer (ng/mL)† 4486.64±3415.6 8251.5±5517.6 9624.65±1020.2 0.971

GDF-15 (ng/mL)† 11.71±6.56 15.55±11.36 23.26±12.67 0.037

Involvement on Tomography
Peripheral ‡ 8 (61.5) 7 (43.8) 4 (23.5) 0.864
Central ‡ 2 (15.4) 7 (43.8) 5 (29.4) 0.132

Diffuse ‡ 2 (15.4) 2 (12.5) 8 (47.1) 0.097

Echocardiography
Interventricular septal deviation/paradoxical movements 0 (0) 1 (%6.3) 14 (%82.4) <0.001
Admission PAP (mmHg)† 31.36±7.91 42.88±10.26 59.53±13.69 <0.001

3rd month PAP (mmHg)† 24.29±3.63 28.75±4.93 36.41±5.39 <0.001

TAPSE (cm) 24.2 ± 3.4 22.1 ± 3.4 19.6 ± 4.0 0.005 
<0.001 

0.031

RV/LV ratio ≥1 (n, %) 0 (0) 2 (12.5%) 13 (76.4%)

RV FAC values (%) 56.6 ± 7.9 49.9± 8.2 45.4 ± 8.9

LVEF (%)† 65.64±6.05 61±4.16 59.94±5.73

Notes: †Mean ±standard deviation, ‡n (%). 
Abbreviations: APE, acute pulmonary embolism; CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; cTnT, cardiac troponin T; NT-proBNP, N terminal pro- 
brain natriuretic peptide; H-FABP, heart-type fatty acid-binding protein; GDF-15, growth differentiation factor-15; PAP, pulmonary artery pressure; TAPSE, Tricuspid annular 
plane systolic excursion; RV/LV, right ventricular/left ventricular; FAC, Right ventricular fractional area change; LVEF, left ventricular ejection fraction.

Table 4 The Comparison of the Cardiac Biomarkers in Patients Who Survived 
and Non-Survived Patients

Survived (n=38) Non-Survived (n=9) p

cTnT (ng/mL)† 0.03±0.08 0.02±0.02 0.205

Myoglobin (ng/mL)† 186.86±166.92 254.82±293.75 0.791
NT-proBNP (pg/mL)† 313.03±502.39 910.41±812.35 0.058

H-FABP (ng/mL)† 56.5±59.01 388.14±608.29 0.023

D-dimer (ng/mL)† 6028.79±4458.79 18,299.2±15,223.82 0.008
GDF-15 (ng/mL)† 14.83±9.85 25.72±13.7 0.047

Notes: †Mean ±standard deviation. 
Abbreviations: cTnT, cardiac troponin T; NT-proBNP, N terminal pro-brain natriuretic peptide; H-FABP, 
heart-type fatty acid-binding protein; GDF-15, growth differentiation factor-15.

International Journal of General Medicine 2023:16                                                                             https://doi.org/10.2147/IJGM.S416541                                                                                                                                                                                                                       

DovePress                                                                                                                       
3305

Dovepress                                                                                                                                                           Sagcan et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Discussion
The findings of this study revealed that higher levels of NT-proBNP and GDF-15 were significantly associated with high- 
risk APE. GDF-15 and NT-proPNP levels were found to have high predictive powers in predicting the development of 
adverse events and mortality, respectively, in patients with APE.

The serum levels of the natriuretic peptides indicate increased ventricular load in acute and chronic thromboembolic 
events.11,13,14 In parallel, it was speculated that there is a possible association between the right ventricular dysfunction 
secondary to APE and the increased levels of the natriuretic peptides.5,15 Jenab et al15 and Vuilleumier et al16 found that the 
increased levels of NT-proBNP and APE-related short- and long-term adverse outcomes and mortality were significantly 
associated. Nevertheless, they did not find any significant relation between other markers, including GDF-15, H-FABP, 
tenascin-C, and D-dimer, and the prognosis of APE. Bi et al13 reported that higher BNP, TnI, and D-dimer levels were 
positively correlated with the severity of APE and APE-related mortality. Andresen et al5 found that NT-proBNP decreased 
significantly following the successful treatment of APE using an invasive treatment method. This finding may suggest 
a negative correlation between NT-proBNp levels and revascularization success. Vuilleumier et al6 showed the negative 
predictive power of NT-proBNPon identifying low-risk patients with non-massive APE. In comparison, in this study, NT- 
proBNP was found to be the most potent independent predictive factor for hospitalization during the three-month follow-up 
period compared to other biomarkers, including cardiac troponins, H-FABP, myoglobin, and D-dimer. Additionally, 
increased NT-proBNP levels were found to be associated with high-risk APE, predicting the mortality in APE patients. 
Although the exact pathophysiological mechanisms for the increase in the natriuretic peptide levels and the associations 
thereof with the ventricular dysfunction remain obscure, the findings of this study and the respective findings reported in the 
literature suggest that NT-proBNP can be used as a marker for the severity of APE.6,13

GDF-15 has been identified as a molecule that reflects pressure overload or myocardial ischemia.15,17,18 Increased levels of 
GDF-15 in patients with APE might be related to underlying conditions like heart failure, renal insufficiency, or malignancy. In 
parallel, patients with such conditions were excluded from this study in order to assess the predicting power of GDF-15.15 

A significant relation was found between higher GDF-15 levels and the development of adverse events in the positive 
direction, contrary to some of the findings reported in the literature.15 Similarly, Lankeit et al17 reported that GDF-15 is 

Table 5 The Receiver Operating Curve Analysis of the Cardiac Biomarkers in Predicting the Development of Morbidity

AUC CI 95% Cut-Off Sensitivity Specificity +LR - LR PPV NPV

D-dimer 0.622±0.082 0.469–0.759 10,855 37 95 7.41 0.66 90.9 52.8
GDF-15 0.796±0.064 0.653–0.899 9.3 88.9 65 2.54 0.17 77.4 81.2

H-FABP 0.693±0.077 0.540–0.820 37.8 63 78.9 2.99 0.47 81 60

Myoglobin 0.589±0.084 0.436–0.730 100 77.8 45 1.41 0.49 65.6 60
NT-ProBNP 0.741±0.072 0.592–0.857 9.92 74.1 75 2.96 0.35 80 68.2

Abbreviations: AUC, area under curve; CI, confidence interval; +LR, positive likelihood ratio; -LR, negative likelihood ratio; PPV, positive predictive value; 
NPV, negative predictive value; cTnT, cardiac troponin T; NT-proBNP, N terminal pro-brain natriuretic peptide; H-FABP, heart-type fatty acid-binding protein; 
GDF-15, growth differentiation factor-15.

Table 6 The Receiver Operating Curve Analysis of the Cardiac Biomarkers in Predicting the Development of All-Cause 
Mortality

AUC CI 95% Cut-Off Sensitivity Specificity +LR - LR PPV NPV

D-dimer 0.837±0.115 0.692–0.931 >6688 100 65.8 2.92 0 27.8 100

GDF-15 0.776±0.128 0.623–0.889 >19.7 80 76.3 3.38 0.26 30.8 96.7

HFABP 0.827±0.118 0.679–0.926 >85.8 80 83.8 4.93 0.24 40 96.9
Myoglobin 0.674±0.140 0.514–0.809 >245.8 60 86.8 4.56 0.46 37.5 94.3

NT-ProBNP 0.889±0.099 0.756–0.964 >229.2 100 71.1 3.45 0 31.3 100

Abbreviations: AUC, area under curve; CI, confidence interval; +LR, positive likelihood ratio; -LR, negative likelihood ratio; PPV, positive predictive value; 
NPV, negative predictive value; cTnT, cardiac troponin T; NT-proBNP, N terminal pro-brain natriuretic peptide; H-FABP, heart-type fatty acid-binding protein; 
GDF-15, growth differentiation factor-15.
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a promising marker for the risk stratification of APE. GDF-15 was the only independent predictor for a complicated APE 
course compared with other biomarkers such as cardiac troponins and NT-proBNP. Duran et al18 demonstrated the superiority 
of GDF-15 than NT-proBNP in predicting early death in normotensive APE patients. Although the sensitivity rates of GDF- 
15, cTnT, and NT-proBNP were found to be similar in predicting severe adverse events, GDF-15 may be a promising predictor 
for the early prediction of hemodynamic destabilization and bleeding complications in APE.18 In summary, it would be better 
to interpret the GDF-15 levels together with NT-proPNP levels in the risk stratification of APE patients.

Cardiac troponins are well-known biomarkers for cardiac injury. Several authors demonstrated the relationship 
between higher levels of cTnT and the severity of APE.10,11 Bi et al13 suggested that higher troponin levels may be 
attributed to the impairment of the right ventricular myocardial injury in APE patients. The interval between the onset of 
the symptoms and the peak levels of cardiac troponins seems to be the key indicating the respective levels in these 
patients.17 In parallel, several authors did not find the elevation of cardiac troponins as remarkable in APE patients, 
which is compatible with the findings of this study.3

H-BABF is significantly associated with the severity of APE.3,11,12,15 In Liu’s meta-analysis, higher H-FABP levels 
were reported to be associated with at least a 10-fold increased risk of adverse events in patients with APE.19 Due to the 
close association between H-FABP and cardiac injury, higher levels of this biomarker are likely in APE patients with 
cardiac dysfunction. Qian et al3 demonstrated the superiority of H-FABP as a predictor over cardiac troponins in APE 
patients. Similar results have been reported by other researchers.12

In comparison, no such relation was detected in this study, probably due to the severity of the right ventricular 
dysfunction. Similar findings have also been reported by several other authors.15 These controversial results might be 
attributed to the low number of primary outcomes or different inclusion and exclusion criteria outlined in other studies.

It has been suggested that the elevated levels of biomarkers such as troponins, myoglobin, and H-FABP in association 
with cardiomyocytes damage could provide more significant prognostic information in patients with APE.3,20,21 

Nonetheless, it is evident that the impact of APE on the cardiac system should be given due consideration in this 
suggestion. In this study, NT-proBNP was found to be the most potent predictor of unfavorable outcomes in APE 
compared to troponins, myoglobin, and H-FABP, in line with the literature data.6,20 This finding may be regarded as 
evidence for the presence of right ventricular dysfunction in the study group.

Seropian et al9 studied the impact of high cardiac troponin levels together with low NT-proBNP levels (high troponin 
discordance) on the outcomes of APE patients. They reported that high troponin discordance was significantly associated 
with the worse outcomes in these patients. The use of different cut-off values for these biomarkers might be the reason 
for such contradictory results. Taking the different predictive powers of biomarkers into consideration, Liu et al7 

recommended using a joint test, which included a number of abnormal biomarkers, for a better prediction of the long- 
term risk of APE recurrence and all-cause mortality. Rapid progression of the disease leading to variations in the levels of 
the biomarkers may also be the reason for such controversial outcomes.

The prospective design of this study was one of its major strengths. Nevertheless, there were also some limitations to 
this study. First, it was carried out as a single-center study with a relatively small sample. Secondly, the dynamic and 
quantitative tests of the biomarkers studied within the scope of this study to evaluate the time curve of the changes during 
an APE attack were not conducted. Due to these biomarkers’ short half-lives and circadian rhythm, serial measurements 
might be more effective in monitoring such associations.18,22

In conclusion, the higher levels of NT-proBNP and GDF-15 were found to be associated with more severe APE, 
worse outcomes, and mortality. Thus, these biomarkers can be used as indicators for predicting morbidity and mortality 
in relation to. Further large-scale studies are needed to clarify the potential roles of these biomarkers before they are 
considered for use in the risk stratification system for APE.

Data Sharing Statement
The data supporting the revelations of this study can be retrieved from the corresponding author upon reasonable request.
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Informed Consent Statement
This prospective observational study included patients diagnosed with APE in the Emergency Department of Istanbul 
University, Faculty of Medicine between March 2008 and April 2010. The study was approved by the Istanbul 
University, Faculty of Medicine, Clinical Research ethics committee (approval number:2947). The study was conducted 
in accordance with the principles outlined in the Declaration of Helsinki. Written informed consent of the patients who 
volunteered for the study was obtained prior to the study.
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