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Abstract 
Introduction: Elevated serum troponin levels are a reliable indicator of right ventricular wall stress in patients with 
acute pulmonary artery embolism (PE). Raised troponin levels have been shown to predict adverse clinical outcome 
in these individuals. In this context it was our aim to determine the additional role of the heart-type fatty acid-
binding protein (H-FABP) in patients with acute PE.  

Methods: 87 consecutive patients with confirmed PE were included in the present study. On arrival a qualitative H-
FABP-test (positive cut-off 7ng/ml) and a detailed echocardiographic study were performed in all patients. These 
findings were related to both in hospital and 30 days mortality. 

Results: Of the included 87 patients, 17 had positive H-FABP-tests. Right ventricular function was severely 
deteriorated in 10 patients (59%) in the H-FABP-positive group but only in 2 patients (3%) of the H-FABP-negative 
group (p<0.005). 15/17 patients (88%) of the H-FABP-positive group needed inotropic support, of these, 14 (82%) 
died in hospital. Only one patient with a H-FABP-negative test (n= 70) needed vasoactive drugs, and none of these 
patients died (p<0.005). 

Conclusion: H-FABP showed a better correlation with in-hospital mortality and RV-function than troponin I. Our data 
show that H-FABP significantly correlates with in hospital and 30-day mortality in patients with PE. Furthermore, it is 
associated with impaired right ventricular function and showed better correlation with mortality in patients with PE 
as compared to Troponin I. Thus, it may be viewed as a novel and promising tool to optimise the management 
strategy in these patients. 
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Introduction 

 

Despite recent advances in diagnosis and treatment, 

assessment of risk and appropriate management of pa-

tients with acute pulmonary embolism (PE) remain diffi-

cult due to the variability of clinical presentation and 

degree of hemodynamic instability [1, 2]. Recent studies 

focussed on a better definition of patients at higher risk 

in whom the use of a more aggressive therapy (e.g. 

thrombolysis) might confer clinical benefit.   

Echocardiography plays an important role in the diagno-

sis and risk stratification of PE, showing that right ven-

tricular dysfunction strongly correlates with in-hospital 

mortality [3, 4]. But echocardiography may not be avail-

able anytime; therefore the attention was drawn to the 

more easily available serum measurement of bi-

omarkers. Recently, it has been proposed that the de-

gree of right ventricular wall stress with consecutive re-

lease of cellular proteins from injured cadiomyocytes 

correlates with the clinical impairment and with mortality 

in patients with PE. Of the proposed biomarkers, tro-

ponin I and troponin T have been shown to correlate 

with right ventricular dysfunction and moreover with in 

hospital mortality. Moreover, elevated troponin levels 

predicted a complicated in-hospital course of patients 

with PE, as compared to other biomarkers such as 

CKMB, D-Dimers or NT-Pro-BNP [5, 6]. 

Lately, several studies reported that heart-type fatty acid 

binding protein (H-FABP), a novel low molecular weight 

cytosolic protein, enables earlier and precise diagnosis 

and risk assessment in patients with acute coronary syn-

dromes as compared to other biomarkers [7, 8]. Recent 

data could even demonstrate an association of elevated 

levels of H-FABP with increased risk of death and major 

cardiac events in this setting, thus having important 

prognostic power [9].  

There are only few data regarding the diagnostic and 

prognostic value of H-FABP in patients presenting with 

PE [10, 11]. It was therefore our aim to assess the prog-

nostic value of H-FABP in acute pulmonary embolism 

and to correlate it to other established biomarkers such 

as troponin I and to echocardiographic data.  

 

Methods 

 

Study Population and Design  

A total of 87 consecutive patients (51 women, 36 men, 

mean age 65±17 years) with acute pulmonary embolism 

were prospectively included in this trial over a period of 

20 months. No patient had connective tissue or pre-

existent severe lung disease.  

Typical clinical presentation, elevated D-Dimers and the 

presence of deep venous thrombosis suggested the 

presence of PE, which was confirmed by ventilation-

perfusion lung scan or spiral CT-scan. All patients with 

potential PE were screened, but only when PE was con-

firmed they were included in the study. In patients in 

whom transport was not possible due to hemodynamic 

instability (n=4), diagnosis was based on echocardio-

graphic findings of acute pulmonary hypertension and 

right ventricular pressure overload together with the 

presence of deep venous thrombosis. In case of death, 

post-mortem autopsy was performed; in all autopsies 

with suspected PE the diagnosis was confirmed. PE was 

classified according to the current PE guidelines by the 

European Society of Cardiology in following severity lev-

els: high risk and non-high risk PE, whereas non-high 

risk can further be classified in low risk and intermediate 

risk PE [12].  

 

Echocardiographic Criteria 

On admission, experienced echocardiographers blinded 

to the result of the H-FABP-test performed transthoracic 

(Continued on page 33) 

http://www.openaccesspub.org/
http://openaccesspub.org/
http://openaccesspub.org/journals/index.php?jid=2
http://dx.doi.org/10.14302/issn.2329-9487.jhc-12-63


 

 

Freely Available  Online 

www.openaccesspub.org  |  JHC    CC-license   DOI : 10.14302/issn.2329-9487.jhc-12-63      Vol-1 Issue –1  Page No-  33  

echocardiography using the Hewlett Packard SONOS 

5500 system, with the patient in left lateral decubitus 

position when patient was awake.  

To detect right ventricular overload, the following pa-

rameters were determined as described previously in 

detail [13]: Briefly, dilatation of the right ventricle was 

defined when end-diastolic diameter was greater than 

30mm from the parasternal view; the RV/LV-ratio was 

defined abnormal when greater than 0,6 [10]. Another 

recent trial reported an RV/LV-ratio >0,78 as a cut-off 

[14]. In the recently published guidelines of the Europe-

an Society of Cardiology a cut-off value >1 was suggest-

ed [12]. Parameters for detecting right ventricular over-

load and dysfunction were a right ventricular end systol-

ic pressure >35mmHg, the grade of tricuspid regurgita-

tion, the presence of a paradoxical septal movement, a 

tricuspid annular plane systolic excursion (TAPSE) 

<20mm and the presence of typical wall motion with 

normokinesia of the apical segment, akinesia of the free 

mid-wall and abnormal wall motion of the base segment, 

also known as the McConnell sign [15]. After measuring 

all these parameters, visual estimate of RV-function and 

the modified Simpson’s method for estimation of RV 

ejection fraction was performed [16]. An impaired right 

ventricle was defined when RV ejection fraction was 

<45% according to a recent report [17]. 

Biochemical Analyses 

On admission, blood samples were obtained prior 

to initiation of treatment in all patients with suspected 

pulmonary embolism. Plasma concentrations of Troponin 

I, CK, CK-MB and D-Dimers were measured quantitative-

ly. All patients gave their consent for measurement of H-

FABP, which was done only once on admission with rou-

tine blood samples. For Troponin I, a quantitative chemi-

luminescence assay (Ortho-Clinical Diagnosis) was per-

formed. Reported values in normal healthy adults were 

<0,08 ng/ml. The manufacturer proposed a cut-off point 

of 0,4 ng/ml as a diagnostic limit for myocardial infarc-

tion. We considered an elevated Troponin I when the 

cut-off exceeded the cut-off of 0,07 ng/ml like described 

previously [5]. For Creatine kinase (CK), a kinetic UV-

Test, and for CK-MB isoenzyme, an enzymatic immuno-

logical inhibition-test (both on Olympus-Analyzer) were 

performed. Normal values for CK are < 2,85µkat/l, for 

CK-MB < 0,4 µkat/l. For D-Dimers a quantitative auto-

mated latex agglutination test for fibrin D-Dimer was 

performed on Hitachy analyser (trinity Biotech plc, Ire-

land). The normal cut-off value is <0,25 µg/ml. Plasma 

concentrations of H-FABP were measured qualitatively 

using a sandwich ELISA purchased from Rennesens 

GmbH, Berlin. The clinical cut-off value for H-FABP was 

7ng/ml, as previously established by several independ-

ent researchers and as proposed by the manufacturer 

[18]. The H-FABP levels were not used for therapeutic 

decisions. Glomerular filtration rate (GFR) was estimated 

by the Modification of Diet in Renal Disease (MDRD) for-

mula [19]. Neither the treating clinician nor the echocar-

diographers were aware of the patients’ H-FABP levels 

on admission. Our study did not influence diagnostic or 

therapeutic decisions.    

 

Statistical Analysis 

The data were expressed as mean followed by standard 

deviation. Comparison of mean values in 2 groups was 

made using the unpaired Student’s t-test. The Chi 

square test with Fischer’s exact test was used to com-

pare discrete variables. Univariate in-hospital mortality 

hazard risk ratios were estimated for prognostic factors. 

Kaplan-Meier curve was performed for H-FABP and Tro-

ponin I to show survival. A p-value less than 0.05 was 

considered to be statistically significant. These analyses 

were performed using the SPSS statistical program pack-

age (SPSS version 15.0) 
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Results  

Baseline Demographics 

H-FABP was elevated (≥7µg/l) in 17 of the 87 patients 

(20%). The baseline characteristics of the study popula-

tion are displayed in Table 1. Concerning baseline char-

acteristics, patients with elevated levels of H-FABP did 

not differ substantially from those with normal H-FABP 

levels. To the best of our knowledge none of the pa-

tients received known medication which could possibly 

influence the H-FABP test.  

The great majority of patients presented with intermedi-

ate-risk PE. Most patients presenting with high-risk PE 

where H-FABP positive, while none presenting with non-

high-risk PE had a positive H-FABP test. 

Clinical Presentation 

Patients with elevated H-FABP on Admission: 

Of the 17 patients with elevated H-FABP levels, 6/17 

required vasopressor support on admission. The vasoac-

tive substances used were dobutamine and, if not effec-

tive alone, norepinephrine as adjunctive therapy. Vaso-

pressors were administered when patients were hypo-

tensive <90/60mmHg though presenting with normal 

volume status. 5 of these patients requiring vasopressor 

support on admission also got thrombolysis directly after 

confirmed diagnosis. One patient had a contraindication  

for thrombolysis because of a recent operation on a re-

current cerebral astrocytoma. The number of patients 

needing vasopressor support rose to 15/17 during the 

hospital stay. In 14 patients cardiopulmonary resuscita-

tion (CPR) during the hospital stay was needed. 12/17 

patients received thrombolysis because they all became 

hemodynamically unstable and had no contraindications 

against thrombolysis. Thrombolysis was performed 

straight away as soon as it was indicated. Nevertheless, 

14/17 died during hospital stay. Mechanism of death 

(Continued on page 35) 

  

FABP pos          

(≥7ng/ml)   n=17 

FABP neg  

(<7ng/ml)   n=70 
p-value 

Age 63±17 67±17 n.s. 

Females n (%) 11 (65) 40 (57) n.s. 

Hypertension   n (%) 11 (65) 41 (59) n.s. 

Diabetes mellitus n (%) 7 (41) 23 (33) n.s. 

Hyperlipoproteinaemia n (%) 7 (41) 27 (39) n.s. 

BMI >30   n (%) 4 (24) 14 (20) n.s. 

Smoker n (%) 0 (0) 3 (4) n.s. 

Cancer n (%) 3 (18) 11 (16) n.s. 

Renal insufficiency (GFR<30) n (%) 2 (12) 6 (9) n.s. 

Provoked vein thrombosis n (%) 7 (41) 23 (33) n.s. 

High-risk PE 6 (35) 1 (1) p<0.05 

Intermediate-risk PE 11 (65) 51 (73) n.s. 

Non-high-risk PE 0 18 (26) p<0,05 

 

Table 1: Baseline characteristics in 87 consecutive 
patients with confirmed PE:  
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was either prolonged CPR or congestive right heart fail-

ure.  

Patients with Non-elevated H-FABP on Admission: 

Of the 70 patients with normal H-FABP levels, only 1 

needed vasopressors (1%) on admission due to low 

blood pressure. None needed CPR or deteriorated hemo-

dynamically during the hospital stay. Only 5 patients got 

thrombolytic therapy because of massive thrombus over-

load, none of these patients was hemodynamically un-

stable. Two of them had a floating thrombus in the right 

atrium and ventricle which fortunately dissolved with 

thrombolysis so that surgical removal was not needed. 

No other patient was a potential candidate for acute sur-

gical removal.  None of these individuals died during 

hospital stay. The differences in need for vasopressors, 

hemodynamic instability and in-hospital mortality be-

tween the 2 H-FABP-groups were statistically significant 

(Figure 1).  

The 30-day survival curves of both positive and negative 

H-FABP-groups are displayed in Figure 2a.  

Echocardiographic Findings 

Echocardiographic data of the 2 groups are shown in 

Figure 3. Of the patients with elevated H-FABP levels, all 

(100%) had moderate to severely impaired right ventric-

ular ejection fraction compared to only 19/70 patients 

(27%) of the negative H-FABP group (p<0.001). Para-

doxic septal movement and McConnell sign were both 

seen in 16/17 (94%) of the H-FABP positive group. This 

is in contrast with the H-FABP negative group, where 

paradoxic septal movement was seen in only 22/70 

(31%) and a positive McConnell sign in only 28/70 

(40%) patients (p<0.001). Regarding the RV/LV ratio, 

[14] 17/17 patients (100%) of the H-FABP positive 

group and 31/70 patients (44%) of the H-FABP negative 

group had a ratio >1 (p<0,001). Also moderate or se-

vere tricuspid insufficiency was significantly more often 

seen in the H-FABP positive group than in the H-FABP 

negative group: 17/17 (100%) and 19/70 (27%), re-

spectively (p<0.001). (Figure 3) When TAPSE was 

measured, all patients of the H-FABP positive group had 

a TAPSE <20mm, while in only 15/70 patients (21%) 

TAPSE <20 mm could be detected. (p<0.001) The mean 

TAPSE was 13 ± 5mm in the H-FABP positive group and 

21± 4 in the H-FABP negative group (p<0.001). Of the 

36 patients with moderate to highly impaired RV-

function, 14 (39%) died during hospital stay, none died 

within the next 30 days after onset. No patient of those 

who died had a normal right ventricular function (data 

not shown). 

Troponin I and other biomarkers:  

Elevated Troponin I levels did not correlate significantly 

with mortality (Figure 2b), although a trend towards 

greater mortality could be seen in patients with elevated 

(Continued on page 36) 

 

 

Figure 1: Significant dif-
ferences between the 
two groups in regard of 
mortality, acuteness of 
symptom onset and cate-
cholamine use.  
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Troponin I levels. Regarding the severity of PE, 6/7 

(86%) patients with high-risk PE, 36/62 (58%) patients 

with intermediate risk PE and 6/18 (33%) patients with 

non-high-risk PE were Troponin I positive. For echocar-

diographic parameters, we could detect a significant cor-

relation between elevated Troponin I levels and an im-

paired RV-ejection fraction as well as the presence of 

paradoxical septal movement. The other right ventricular 

parameters like TAPSE, LV/RV-ratio and a significant 

tricuspid insufficiency did not correlate to raised Tro-

ponin I levels (Figure 4), although there is a trend to-

wards greater RV-impairment in Troponin I positive pa-

tients. For the other biomarkers such as CK, CKMB and 

D-Dimers, no significant differences could be detected 

between patients who died and those who survived 

(data not shown). Negative values of troponin, CK and 

CKMB correlated well with the absence of significantly 

impaired RV function and with survival, resulting in a 

negative predictive value for troponin I of 88% (data not 

shown).  

 

 

 

Discussion 

 

One salient finding of our prospective study is that H-

FABP seems to be an important prognostic parameter in 

patients presenting with acute PE. In fact, elevated H-

FABP levels were significantly associated with in hospital 

and 30-day mortality as well as with hemodynamic insta-

bility in the course of acute PE. H-FABP correlates signif-

icantly with each of the measured echocardiographic 

parameters of acute right ventricular impairment. It cor-

relates better than troponin, CK, CKMB and D-Dimers 

with right ventricular dysfunction. At last, negative H-

FABP levels had a high predictive value for positive in- 

hospital and 30-day outcome.   

Despite important advances in diagnosis and risk stratifi-

cation, PE remains an underdiagnosed entity with poten-

tially life-threatening complications. Due to their correla-

tion with in hospital mortality, both echocardiography 

and raised biomarkers such as troponins have become 

indispensable tools in the management of patients with 

PE [5,20]. There are, however, some limitations and 

caveats for echocardiography and troponin measure-

ments: Echocardiography may not always be available 

(Continued on page 37) 

Figure 3: Echocardiographic parameters on admis-
sion for H-FABP. The presence of mentioned parame-
ters significantly correlates with H-FABP level.  

Figure 2: The Kaplan-Meier-Curves (30-day mortality) 
for H-FABP  

(a) and Troponin I (b) are displayed. There was no sig-
nificant difference in 30-day mortality for Troponin 
≥ or <0.08 ng/ml.  
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on admission, it requires special training and owing to 

limited transthoracic window may not be applicable to all 

patients. Troponin has been shown to be the most relia-

ble biomarker so far; nevertheless, if elevated, it does 

not necessarily predict bad outcome in all cases. 

The abovementioned reasons illustrate that there is still 

the need for better tools to enable precise risk stratifica-

tion and thereby permitting early therapeutic and poten-

tially life-saving decisions. This is the reason why our 

attention was drawn to H-FABP, a biomarker that has 

gained increasing importance because of its specificity 

for myocardial damage and its early release. It is consid-

ered to be equal or superior to CK, CK-MB, cardiac tro-

ponins and myoglobin in the detection of myocardial 

injury and diagnosis for unstable coronary artery disease 

[21]. Furthermore, elevation of H-FABP is associated 

with an increased risk of death and major cardiac events 

in coronary patients [7, 21, 22]. Being a small soluble 

protein, which is abundantly present in the cytoplasm of 

cardiomyocytes, it rises earlier than the other bi-

omarkers after the onset of sarcolemmal injury [7].  

In our study, many patients with confirmed PE had nor-

mal H-FABP-levels suggesting that this parameter is not 

suitable for the diagnosis of PE. But in view of our data 

it proved to be a very reliable marker in the prognostic 

assessment of this study population. This is in accord-

ance with recent reports, where, compared to troponin 

or N-terminal pro-brain natriuretic peptide, H-FABP was 

the only biomarker reliably predicting an adverse out-

come [11]. Collectively, there is accumulating evidence 

that H-FABP may become an important tool for the man-

agement of patients with PE.   

In 5 patients with massive thrombus overload the result 

of the H-FABP test was surprisingly negative. It is tempt-

ing to speculate on possible explanations: the visible 

floating thrombus in the right atrium and ventricle which 

did not (yet?) embolize into the pulmonary circulation or 

PE happened several days before, and with H-FABP be-

ing positive only until 24 hours after the onset of PE, we 

may have missed the positive period.  

In regard to echocardiographic findings it has been pre-

viously shown that right ventricular dysfunction is as an 

(Continued on page 38) 

Figure 4: Echocardiographic parameters on admission for Troponin I. Only for RVEF and the presence of paradoxi-
cal septal movement there was a statistically significant difference.  
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independent predictor of early mortality in PE. This 

seems true not only in patients presenting with arterial 

hypotension and cardiogenic shock, but also in normo-

tensive patients [3, 4, 11, 20]. In the reported studies, 

an at least twofold elevation of risk for PE-related mor-

tality could be found in patients with right ventricular 

dysfunction. Similar results were found in the present 

study: Of the 36 patients with moderate to highly im-

paired RV-function, 14 (39%) died during hospital stay. 

No patient with a normal right ventricular function died 

in the course of the disease. Thus echocardiography has 

a very high negative predictive value, although having a 

low positive predictive value. The present study argues 

for the additional use of H-FABP in this setting because 

it permits a better risk stratification since mortality was 

demonstrated to significantly correlate with elevated H-

FABP-levels. Nevertheless we should remember that H-

FABP is also elevated in other conditions of myocardial 

necrosis such as myocardial infarction. Thus, a combina-

tion of echocardiography and H-FABP may facilitate the 

identification of high-risk patients with PE and could 

thereby help the clinician to consider a close cardiopul-

monary monitoring together with aggressive medical 

therapy including thrombolysis and/or vasoactive thera-

py. 

It has been reported that H-FABP could be falsely posi-

tive in patients with renal impairment. In our study, pa-

tients with a glomerular filtration rate (GFR) <60ml/min 

were equally distributed in both groups. By leaving out 

patients with a GFR <60ml/min from calculations, still 

the same conclusions of H-FABP could be done. O’Dono-

ghue et al have previously described this same finding in 

patients with acute coronary syndromes [22].  

Ghanima et al recently found a relationship between D-

Dimer-levels and the severity of pulmonary embolism in 

a cohort of 100 consecutive patients based on radio-

graphic and echocardiographic data [11]. Although we 

did not measure the radiographic extent of PE, there 

was no difference between the D-Dimer levels in the two 

groups and thus no correlation with echocardiographic 

data and H-FABP-level.  

Despite very promising data, some limitations and cave-

ats should be mentioned: First, although prospective 

and blinded to the clinician and echocardiographer, it is 

a single centre trial of consecutive patients. Second, H-

FABP was tested only on admission; no further testing 

was performed during the hospital stay. It seems con-

ceivable that patients who deteriorated during hospital 

stay due to repetitive emboli could have been detected 

by serial testing H-FABP. Since this interesting question 

was beyond our initial study protocol we aim to evaluate 

this point in detail in the near future.Third, the bi-

omarker NT-pro-Brain natriuretic peptide was not tested, 

because it has been extensively studied in the past. Ad-

ditionally, it has been considered as non-specific be-

cause associated with a multitude of possible risk fac-

tors. Our aim was to compare H-FABP with already es-

tablished measurements such as the association be-

tween troponin I and echocardiography, which has been 

previously shown to be a reliable predictor for outcome, 

with NT-pro BNP not showing marked additional ad-

vantages. At last, it is a relatively small patient popula-

tion though similar to other studies with patients pre-

senting with PE. Of course these results will have to be 

confirmed in a larger cohort of patients.  

Conclusion 

H-FABP is a promising and very early parameter showing 

a high correlation with both in hospital and 30-day mor-

tality in patients with acute PE. Furthermore, echocardi-

ographic signs of RV- dysfunction correlated with elevat-

ed H-FABP on admission in these patients. It therefore 

permits rapid risk assessment of patients presenting 

with PE, thus helping to identify patients most likely to 

benefit from a more aggressive therapy. Being easily 

available, it should be performed routinely in every 

emergency department.  

(Continued on page 39) 
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Although being a small study, it showed a great poten-

tial benefit in identifying patients at greater risk which 

should be evaluated further in bigger studies. 
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