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Abstract Chest pain is one of the most common reasons

for presentation to the Emergency Department and the ability

to rapidly and correctly diagnose the minority of patients

who have a myocardial infarction is of critical importance.

We assessed the diagnostic performance of a multi-

marker strategy using heart-type fatty acid binding protein

(H-FABP) in combination with a contemporary sensitive

troponin (cTn) assay. We measured H-FABP (Randox) and a

sensitive cTn (TnI-Ultra, Siemens) at baseline in 343 patients

with chest pain enrolled in the prospective BWH-TIMI ED

chest pain study. Final presenting diagnosis was adjudicated

using all diagnostic data, including the local cTnI results, but

reviewers were blinded to H-FABP and the sensitive cTn

assays. The diagnostic accuracy of H-FABP and local cTn

together (AUC 0.962) was superior to local cTn alone (AUC

0.910, p = 0.0009) with an especially marked improvement

in early presenters (AUC 0.983 vs. 0.840, p = 0.0098). In

contrast, when combined with the sensitive cTn assay, there

was no significant difference in the AUC with H-FABP as

compared with the sensitive cTn alone, either in the overall

cohort (AUC 0.963 vs. 0.956, p = 0.23) or in early pre-

senters (AUC 0.999 for both). In early presenters, the addi-

tion of H-FABP resulted in a NPV of 100 % when combined

with either the local or sensitive cTn assay. In our study, the

addition of H-FABP significantly enhanced the sensitivity

and accuracy of diagnosis as compared to a prior-generation

troponin assay alone, especially in patients who presented

early. H-FABP but did improve overall diagnostic accuracy

when added to a current-generation sensitive troponin assay;

however, their combination offered the best NPV in early

presenters. Further studies are needed to determine the utility

a very rapid ‘‘rule out’’ of MI with a single blood draw of

troponin and H-FABP at presentation.
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Introduction

Acute non-traumatic chest pain is one of the most common

reasons for presentation to the Emergency Department

(ED), accounting for approximately 15 million visits per

year in the United States and Europe [1]. The cost of chest

pain evaluations in the United States has been estimated to

exceed $3 billion annually [2]. While the most pressing
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concern is to rapidly and correctly diagnose the minority of

patients with chest pain who have a myocardial infarction

(MI) [3, 4], there is a growing imperative to avoid exposing

patients to unnecessary testing and expense [5].

Cardiac troponin (cTn) is the cornerstone of diagnosis in

this setting due to its tissue specificity, sensitivity, and

established value for therapeutic decision-making [6, 7].

Emerging more sensitive troponin assays enable earlier

detection of MI; [6, 8, 9] however, this increased sensitivity

comes at cost of reduced clinical specificity, with more fre-

quent elevation in patients without MI [10, 11]. In addition,

since cTn assays appear unable to detect ischemia in the

absence of necrosis, a multimarker strategy leveraging the

diagnostic utility of confirmatory or complementary bio-

markers, offers the potential to enhance diagnostic accuracy

of acute coronary syndromes.

Heart-type fatty acid binding protein (H-FABP) is a small

(15 kDA), stable protein that transports fatty acids from the

cardiomyocyte cell membrane to mitochondria for oxidation

[12]. Due to its small molecular size and cytoplasmic loca-

tion, circulating levels of H-FABP are detectable as early as

30 min after an ischemic episode, potentially enabling very

early recognition of myocardial damage [13].

The diagnostic performance of H-FABP has yet to be

characterized in conjunction with a sensitive troponin assay

in a general population of chest pain patients. We, there-

fore, assessed the diagnostic performance of H-FABP in

combination with a contemporary sensitive troponin assay

in a single center, prospective study of subjects presenting

to the ED with chest pain suspicious for myocardial

ischemia.

Methods

Study design and patient population

We designed a prospective, single center study coordinated

by the Thrombolysis in Myocardial Infarction (TIMI)

Study Group, Brigham and Women’s Hospital (BWH),

Boston, MA. From July 2005 through May 2007, we

enrolled 443 patients C18 years of age who presented

within 24 h of onset of non-traumatic chest pain suspicious

for acute coronary syndrome (ACS). Qualifying symptoms

were to have occurred at rest and lasted at least 10 min or

to have had a clear crescendo pattern culminating in

symptoms occurring with minimal exertion. Exclusion

criteria included recent hospitalization for ACS (with the

previous 28 days), severe renal insufficiency (creatinine

clearance \30 ml/min), and known chronic or acute sys-

temic inflammatory disease or infection. All patients pro-

vided written informed consent and the study was approved

by the hospital institutional review board.

Biochemical testing

Blood samples for determination of H-FABP and cTnI in

serum were collected at enrollment, and serially (if not

already discharged) at 4–6, 12–24, and 36–48 h and were

stored at -70 �C until thawed for analysis. H-FABP was

measured with a quantitative immunoturbidimetric assasy

(Randox Laboratories Limited, Crumlin, Co. Antrim, UK)

with a lower limit of detection 0.747 ng/ml. We used an

optimal cut point of 5 ng/ml derived from receiver-oper-

ating characteristic (ROC) curves.

cTnI was measured using a commercially available

sensitive assay (TnI-Ultra, Siemens Te(0.006 lg/l), an

established 99th percentile reference limit of 40 ng/l

(0.04 lg/l), and a total imprecision of 10 % at a concen-

tration of 30 ng/l (0.03 lg/l) [14]. A prior-generation cTnI

assay (Centaur cTnI, Siemens) was obtained locally as part

of clinical care. This assay has a lower limit of detection of

30 ng/l (0.03 lg/l), an established 99th percentile reference

limit of 100 ng/l (0.1 lg/l) and a total imprecision of 20 %

at that concentration.

Adjudication of final diagnosis

Each patient’s final presenting diagnosis were adjudicated

by a clinical end points committee (CEC) comprised of two

independent reviewers using established criteria for myo-

cardial infarction [7] and all available diagnostic data

during the hospitalization, including the local cTnI results.

Reviewers were blinded to the results of the H-FABP and

sensitive cTnI assays. If there was disagreement about the

final diagnosis, a third reviewer refereed.

Presenting diagnoses was adjudicated and categorized as

follows: acute coronary ischemia (MI, UA, or stable

angina); non-coronary acute cardiopulmonary processes

(e.g. myocarditis, non-ischemic heart failure, pulmonary

embolism); and non-cardiac chest pain. MI was further

categorized into STEMI, NSTEMI or unknown, and by the

Universal MI Classification system: type 1 (spontaneous),

type 2 (demand), type 3 (sudden cardiac death), type 4a

(PCI related), type 4b (stent thrombosis), type 5 (CABG

related) [7]. ACS was defined as MI or UA.

Statistical analysis

Continuous variables are presented as medians (interquar-

tile range) and categorical variables as numbers and per-

centages. Baseline characteristics were compared using the

v2 test for categorical variables and the Wilcoxon rank-sum

test for continuous variables. Sensitivity, specificity, posi-

tive and negative predictive values were calculated using

the 99th percentile cut point for each assay. The diagnostic

accuracy of the assays at baseline were compared using the
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area under the curve derived from ROC curves [15].

McNemar’s test was used to compare sensitivity of the tro-

ponin assays alone compared with the troponin assay plus

H-FABP. Two-tailed P values less than 0.05 were considered

significant. All analyses were performed using STATA

version 12.1 (StataCorp LP, College Station, Texas).

Results

Baseline characteristics

A total of 443 patients were enrolled; of these, the 343

(77 %) patients with complete samples available (H-FABP,

local troponin, and cTnI) were included in these analyses.

Patients were mostly male (60 %), non-smokers (83 %),

and approximately one-third had a prior history of MI

(30 %) or PCI (33 %). The final adjudicated diagnoses in

the analysis cohort are listed in Table 1. A total of 91

(27 %) patients had a final adjudicated diagnosis of MI

with the majority (90 %) being Type 1 (spontaneous)

events, and very few of them (n = 13, 14 % of MIs) pre-

senting with ST-elevation. There were 35 subjects (10 %)

with a final adjudicated diagnosis of unstable angina. There

were 155 (45 %) patients with non-cardiac diagnoses, the

largest components being gastrointestinal (n = 38, 25 %)

and musculoskeletal (n = 16, 10 %). There were 48

(14 %) patients with non-coronary acute cardiopulmonary

chest pain processes (NCACP).

There were no significant differences in baseline char-

acteristics between patients included in this cohort and

those not included (Supplemental Table 1), with the

exception of a slight difference in weight. The median

concentration (25th and 75th percentile) of H-FABP at

baseline was 3.54 ng/ml (2.2–5.69 ng/ml). Initial H-FABP

levels were elevated ([5 ng/ml) at baseline in 111 (32 %)

of the 343 patients (Table 2). H-FABP was more likely to

be elevated in patients who were older, had a history of

hypertension, CABG, impaired renal function, and in those

who presented with ECG changes.

Diagnostic accuracy at presentation

The baseline performance characteristics of individual

assays for the diagnosis of MI are shown in Table 3.

Troponin measured at baseline using the local assay had a

sensitivity of 77 % (95 % CI 67–85) and a specificity of

97 % (95 % CI 94–99). The sensitive cTnI assay was

substantially more sensitive for the diagnosis of MI than

local troponin (92, 95 % CI 85–97) albeit less specific

(92 %, 95 % CI 88–95), translating into a higher negative

predictive value (NPV) (97 vs. 92 %) and a lower positive

predictive value (PPV) (80 vs. 90 %). Considered alone,

H-FABP was less sensitive (63 %, 95 % CI 52–73) and

specific (79, 95 % CI 73–84) than either cTn assay.

The current-generation sensitive cTnI assay demon-

strated the highest diagnostic accuracy (AUC of 0.956)

followed by local troponin (AUC 0.910) and H-FABP

(AUC 0.780) (Table 3). When restricted to patients pre-

senting to the emergency department within 6 h of symp-

tom onset (‘‘early presenters’’), the diagnostic performance

of H-FABP (AUC 0.877) improved substantially and was

comparable to local cTnI (p = 0.67) but was lower than

that of the sensitive cTnI assay (p = 0.007).

Multimarker diagnostic accuracy at presentation

We also assessed whether there was additional diagnostic

value in combining H-FABP and cTn (Table 4). As com-

pared to the performance of local cTn alone, the addition of

H-FABP significantly increased clinical sensitivity for MI

(77–92 %, p = 0.008) and NPV (92–97 %). However,

when compared to the performance of sensitive cTnI, the

combined use of H-FABP and cTnI resulted in similar

sensitivity (92–93 %, p = 0.78) and NPV (97 % for both).

Among early presenters, the addition of H-FABP yielded a

NPV of 100 % when combined with either local or the

sensitive cTnI assay. The addition of H-FABP resulted in

the detection of 14 additional MIs (20 % increase) when

compared to local cTnI alone, and 1 additional MI (1 %

increase) compared to the sensitive cTnI assay alone.

Table 1 Adjudicated final diagnoses in subjects in analysis cohort

Diagnosis N %

Myocardial infarction 91 27

NSTEMI 78 86

STEMI 13 14

Type 1 82 90

Type 2 9 10

Unstable angina 35 10

ACS (MI and UA) 126 37

Stable angina 14 4

Non-coronary acute cardiopulmonary chest pain 48 14

Non-cardiac 155 45

Gastrointestinal 38 25

Musculoskeletal 16 10

Neurogenic 3 2

Pulmonary 2 1

Cocaine use 1 1

Other/unknown 1 61

Patients with H-FABP, local troponin, and sensitive cTnI data

ACS acute coronary syndrome; MI myocardial infarction; N number;

NSTEMI non-ST segment elevation myocardial infarction; STEMI ST

segment elevation myocardial infarction; UA unstable angina
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The diagnostic accuracy of H-FABP combined with the

local cTn (AUC 0.962) was superior to that of local cTn

alone (AUC 0.910, p = 0.0009; Table 4). This improve-

ment was even more marked in early presenters (AUC

0.983 vs. 0.840, p = 0.0098). In contrast, there was no

significant difference in accuracy when H-FABP was

added to sensitive cTnI either in the overall cohort (AUC

0.963 vs. 0.956, p = 0.23) or in early presenters (AUC

0.999 for both). Use of either a positive H-FABP or sen-

sitive cTnI to diagnose MI reduced clinical specificity

compared with sensitive cTnI alone (73 vs. 92 %,

p \ 0.001). Moreover, clinical specificity was significantly

increased by a strategy requiring both biomarkers to be

positive (97 vs. 91 %, p = 0.02).

We performed additional sensitivity analyses on the

diagnostic accuracy of H-FABP alone and in combination

with troponin excluding STEMI patients, in whom clinical

diagnosis is less reliant on circulating biomarkers (Sup-

plemental Tables 2, 3). There were no qualitative differ-

ences observed.

Discussion

We evaluated the diagnostic performance of H-FABP in a

broad population of patients presenting to the ED with chest

pain. When used in combination with a prior generation

assay for cTnI, H-FABP improved diagnostic accuracy,

Table 2 Baseline

characteristics by H-FABP

levels

CABG coronary artery bypass

graft surgery; CHF congestive

heart failure; ECG

electrocardiogram; h hours; IQR

interquartile range; kg kilogram;

M myocardial infarction; min

minute; ml milliliter; N number;

ng nanogram; PCI percutaneous

coronary intervention; y years

Variable H-FABP P value

B5 ng/ml N = 232 [5 ng/ml N = 111

Demographics

Age C65 y (%) 26 56 \0.0001

Male (%) 59 62 0.64

Weight (kg), median (IQR) 85.3 (74.4, 99.8) 83.9 (72.6, 97.1) 0.64

Risk factors

Diabetes mellitus (%) 26 35 0.07

Current smoker (%) 16 20 0.30

History of hypertension (%) 61 77 0.005

History of hypercholesterolemia (%) 63 72 0.08

History of MI (%) 27 35 0.10

History of PCI (%) 31 36 0.35

History of CABG (%) 12 21 0.02

History of CHF (%) 8 15 0.05

Creatinine clearance \60 ml/min (%) 9 30 \0.0001

Presentation and treatment

ECG changes at presentation (%) 17 32 0.002

ST segment elevation (%) 3 14 0.0001

Median time (h) from symptom onset (IQR) 8.6 (5, 14) 8.9 (6.3, 14.8) 0.23

Table 3 Baseline performance for diagnosing myocardial infarction

Biomarker Myocardial infarction

Sensitivity %

(95 % CI)

Specificity %

(95 % CI)

PPV %

(95 % CI)

NPV %

(95 % CI)

AUC full cohort

(N = 343)

P value* AUC early presenters

(B6 h) N = 96

P value*

Local

cTnI

77 (67–85) 97 (94–99) 90 (81–96) 92 (88–95) 0.910 (0.87–0.95) 0.0007 0.840 (0.72–0.96) 0.67

Sensitive

cTnI

92 (85–97) 92 (88–95) 80 (71–87) 97 (94–99) 0.956 (0.93–0.99) \0.0001 0.999 (0.99–1.00) 0.007

H-FABP 63 (52–73) 79 (73–84) 51 (42–61) 85 (80–90) 0.780 (0.72–0.84) NA 0.877 (0.79–0.97) NA

AUC area under curve; CI confidence interval; h hours; N number; NA not applicable; NPV negative predictive value; PPV positive predictive

value
* P value for comparison of H-FABP versus each cTnI assay
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substantially enhancing the NPV over the prior generation

cTn alone. However, when assessed in conjunction with a

current-generation sensitive assay for cTnI, the negative

predictive value of testing was modestly and non-signifi-

cantly enhanced. Therefore, the findings from our cohort do

not suggest a diagnostic advantage of testing for H-FABP in

conjunction with contemporary sensitive assays for cTn.

This study did not address the potential application of

H-FABP for enhanced risk stratification as demonstrated in

our previous work [16].

H-FABP in suspected or established acute coronary

syndromes

Because of its small molecular size, H-FABP has been

hypothesized to enable very early detection of myocardial

[13]. Studies of H-FABP as an early marker of acute MI

pre-date the widespread use of cTn [17–19] Subsequent

studies comparing the performance of H-FABP in combi-

nation with prior generation assays for cTn suggested that

H-FABP may enhance diagnostic accuracy for MI, partic-

ularly in patients presenting early [20–22].

In our study, the addition of H-FABP at presentation to

the ED significantly enhanced the sensitivity and accuracy

of diagnosis as compared to using a prior-generation tro-

ponin assay alone, markedly so in patients who presented

early. However, H-FABP did not offer significant addi-

tional diagnostic information when added to a current

generation sensitive assay for cTn, primarily due to the

excellent performance of high-sensitivity troponin alone in

a cohort that presented predominantly more than 3 h after

onset of symptoms. Our results are consistent with the

limited other data available comparing the addition of

H-FABP to sensitive troponin assays for diagnosis of MI

[23].

The ability to rapidly and correctly triage the majority of

patients without MI for safe discharge to home is a priority

to ensure efficient allocation of resources in the ED envi-

ronment where there is a low tolerance for ‘‘missed MI’s’’

[24–26] Standard protocols have included serial cTn sam-

pling over 6–12 h because the sensitivity of conventional

assays for cTn was insufficient in patients presenting early

after symptom onset. Recent studies suggest an approach

using two closely spaced high-sensitivity troponin mea-

surements that calculate an absolute change in concentra-

tion equal to 50 % of the 99th percentile as an additional

diagnostic criterion along with a value [99th percentile

[27], although there are several potential limitations that

have to be addressed before widespread clinical adoption

[28]. In early presenters, the addition of H-FABP resulted

in an NPV of 100 % when used with either prior-genera-

tion troponin or a contemporary sensitive assay for tropo-

nin. This strategy is interesting, as it suggests a potential

pathway to rule out MI with a single blood draw at

presentation.

Our present study did not evaluate whether there is any

incremental prognostic value of H-FABP when added to

cTn. We have previously shown that elevated levels of

H-FABP at baseline are associated with an increased risk of

death and major cardiac events in patients with ACS inde-

pendent of established clinical risk factors and biomarkers

[16]. Moreover, a subsequent study using a contemporary

sensitive assay for cTnI confirmed the finding that H-FABP,

measured at presentation with ACS, is an independent

predictor of both mortality and recurrent MI [29].

Limitations

There are several limitations of this analysis. We were

unable to assess the very early performance of H-FABP in

combination with troponin as we had very few patients

who presented within 0–3 h from symptom onset. This

study was focused on the diagnostic performance of

H-FABP and thus we are unable to comment on the

Table 4 Baseline performance of combination of H-FABP and troponin for diagnosing myocardial infarction

Biomarker Myocardial infarction

Sensitivity %

(95 % CI)

Specificity %

(95 % CI)

PPV %

(95 % CI)

NPV %

(95 % CI)

AUC P value*

Full cohort (N = 343)

Local cTnI ? H-FABP 92 (85–97) 77 (71–82) 59 (51–67) 97 (93–99) 0.962 (0.94–0.99) 0.0009

Sensitive cTnI ? H-FABP 93 (86–98) 73 (68–79) 56 (48–64) 97 (93–99) 0.963 (0.94–0.99) 0.23

B6 h from symptom onset (N = 96)

Local cTnI ? H-FABP 100 (79–100) 83 (72–90) 53 (34–72) 100 (95–100) 0.983 (0.96–1.00) 0.0098

Sensitive cTnI ? H-FABP 100 (79–100) 81 (71–89) 52 (33–70) 100 (95–100) 0.999 (0.99–1.00) NA�

CI confidence interval; PPV positive predictive value; NPV negative predictive value
* P value for comparison of H-FABP ? troponin assay versus troponin assay alone
� Identical AUC values
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prognostic implications of H-FABP in this cohort. Because

our study enrolled patients with a clinical suspicion for

acute coronary syndrome, the prevalence of MI was higher

than among unselected patients with non-traumatic chest

pain in the US. Additionally, we used an FABP cut point

that was optimized to our study population. However, these

latter two limitations are more likely to have resulted in an

overestimate rather than an underestimate of the diagnostic

potential of H-FABP for MI.

Conclusions

The measurement of baseline H-FABP did not improve

upon the overall diagnostic accuracy of a contemporary

sensitive assay for cTn. Additional studies will clarify

whether there is a role for H-FABP, leveraging its contri-

bution for NPV, for a very rapid ‘‘rule out’’ of MI with a

single blood draw at presentation.
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