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Background: Evaluation of patients who present to the hospital with acute undifferentiated chest pain or other symptoms 
and signs suggestive of Acute Coronary Syndrome (ACS) is often a clinical challenge.

The initial assessment, requiring a focused history (including risk factors analysis), a physical examination, an electrocar-
diogram (EKG) and serum cardiac marker determination, is time-consuming and troublesome. Recent investigations have 
indicated that increases in biomarkers of necrosis, infl ammation, ischemia and myocardial stretch may provide earlier 
assessment of overall patient risk, help in identifying the adequate diagnostic and therapeutic management for each patient 
and allow for prevention of substantial numbers of new events.

Approach and Content: The purpose of this review is to provide an overview of the characteristics of several biomarkers 
that may have potential clinical utility to identify ACS patients. Patho-physiology, analytical and clinical characteristics 
have been evaluated for each marker, underlying the properties for potential routine clinical use.

Summary: The biomarkers discussed in this review are promising and might lead to improved diagnosis and risk stratifi ca-
tion of patients with ACS, however their clinical application requires further studies. It is important to defi ne their clinical 
role as diagnostic markers, their predictive value and the specifi city, standardization and detection limits of the assays.

Introduction
The term “acute coronary syndrome” (ACS) encompasses a range of thrombotic coronary artery diseases, 
including unstable angina (UA) and both ST-segment elevation (STEMI) and non-ST-segment elevation 
myocardial infarction (NSTEMI).

Current estimates are that 1.7 million patients with ACS are admitted each year to hospitals in the 
United States (American Heart Association: 2004 Heart and Stroke Statistical Update). Of these, only 
one-quarter present with STEMI; three quarter, or approximately 1.4 million patients, have UA or 
NSTEMI. It’s further estimated that 4% of patients admitted to the Emergency Department (ED) with 
Acute Myocardial Infarction (AMI) have an inadequate discharge with considerable risk of cardiac 
events at home for patients (Lee TH et al. 1987).

It is evident that the epidemiological importance of the phenomenon, the potentially lethal 
consequences for the patient, and the economical and legal implications for clinicians make the need 
of an adequate strategy of diagnostic and therapeutic management, including risk stratifi cation and 
prevention of possible new events.

However, the defi nition of the assessment protocol in the evaluation of patients with chest pain or 
other symptoms suspected for ACS is diffi cult. ACS requires early identifi cation, adequate risk strati-
fi cation and management: patients with ongoing chest pain and persistent ST-segment elevation (or 
new-onset left bundle branch block) require immediately recanalization by fi brinolytic treatment or 
primary angioplasty in patients with chest pain and EKG abnormalities suggesting acute ischemic heart 
disease, the strategy is to value the likelihood of ACS and to confi rm or rule out myocardial necrosis, 
to alleviate ischemia and symptoms, to observe with serial EKG, to repeat measurements of markers 
of myocardial necrosis and to initiate appropriate therapy. However, suggested approach consistent of 
history, EKG and serum cardiac markers determination is time-consuming and not necessarily accurate: 
clinical presentation of ACS is often atypical, EKG abnormalities are not always present (Pope JH et al. 
1998) and markers of myocardial necrosis may be negative at admission.

Recent investigations have indicated that increases in several biomarkers upstream may provide 
earlier assessment of overall patient risk, help in identifying the adequate diagnostic and therapeutic 
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enzymes that participate in numerous physiological 
and pathological processes including embryogenesis, 
connective tissue turn-over, healing, angiogenesis 
(Dabek J et al. 2007). Disturbances in matrix 
activity are observed in carcinogenesis, in some 
degenerative processes, and in infl ammatory con-
ditions, including atherogenesis. The role of matrix 
in the pathology of the cardiovascular system 
seems to be particularly important in two pro-
cesses: (1) atherosclerotic plaque development and 
rupture (leading to an acute coronary event) and 
(2) post-infarction remodelling of myocardium, 
leading to heart failure. Human atherosclerotic 
lesions overexpress human interstitial collage-
nases, members of the matrix metalloproteinase 
family (Dollery CM and Libby P, 2006). Infl am-
matory stimuli augment the production of the 
interstitial collagenases MMP-1, MMP-13, MMP-
8 from several cell types found in atherosclerotic 
plaques. Human atherosclerotic plaque also con-
tains elevated levels of MMP-9 active form, an 
enzyme with gelatinolytic activity that can con-
tinue the catabolism of collagen cleaved by inter-
stitial collagenases (Galis Z et al. 1994a). 
Infl ammatory mediators regulate this enzyme, 
which can also degrade elastin ( Galis Z et al. 
1994b). Recently, Fiotti et al. (Fiotti N et al. 2007) 
have studied patients with stable angina and 
patients with ACS undergoing PCI and have 
assessed MMP-2, MMP-9 and TIMP-1 expres-
sions. They have found that MMP-9, but not 
TIMP-1 or MMP-2 expression is increased in 
plaques causing ACS. MMP-9 is localized in the 
plaque shoulder, the thinner area prone to rupture. 
So MMP-9 may be the most promising, among 
MMP, as marker.

Kai H et al. ( Kai H et al. 1998) measured MMP-9 
concentration in ACS patients and stable angina 
patients compared with healthy controls. Patients 
with stable angina had a MMP-9 concentration 
similar to healthy controls; all patients with UA 
had elevated levels of MMP-9 at entry, that 
decreased gradually during hospitalization. 
Intriguing data from Inokubo’s group (Inokubo Y 
et al. 2001) showed a substantial gradient of both 
MMP-9 and tissue inhibitor of metalloproteinases 
1 (TIMP-1) across the coronary sinus suggesting 
a local release/production of these molecules.

The potential role of MMP-9 as a marker for 
risk stratification of patients with ACS was 
examined by Blankenberg et al. (Blankenberg S 
et al. 2003): they studied 1127 patients with 

stable (n = 795) and unstable (n = 332) angina 
and found that MMP-9 values were related to 
future cardiovascular death. Its prognostic value 
was also maintained after correction for CRP, 
fi brinogen, IL-6, IL-18. Indeed, MMP production 
seemed to be important for reparative process of 
cardiac tissue after injury, although previous data 
showed that transgenic animals susceptible to 
ventricular rupture are protected by deletion of 
MMP-9 gene ( Heymas S et al. 1999).

Briefl y, preliminary studies suggest that MMP-9 
may be of value in evaluating ACS patients but 
additional investigations will be necessary for 
better acceptance of MMP-9 commercialization 
and clinical application.

Markers of Ischemia-Necrosis

Fatty acid binding proteins (FABPs)
FABPs are low-molecular-mass proteins that are 
abundant in the cytoplasm of tissues having active 
fatty acid metabolism, including the heart, striated 
muscle, liver and intestine. FABPs are the major 
vehicle for cytosolic transport of long-chain unester-
ifi ed fatty acids (Ockner RK et al. 1972) . Myocardium 
and skeletal muscle contain the same isoform of 
FABP, termed heart-type FABP (H-FABP), but the 
content of this protein in skeletal muscle is only 
10% –30% of that found in cardiac muscle. H-FABP 
concentration in healthy donors is relatively low 
(2–6 μg/l) and it has a very good tissue/plasma ratio. 
Age, sex and circadian rhythm signifi cantly infl u-
ence H-FABP reference value. Probably because of 
their larger muscle mass, men have higher plasma 
H-FABP concentration than women. Because 
H-FABP has predominantly a renal clearance and 
renal function decreases with age, plasma H-FABP 
may increase with age (Tsuji R et al. 1993).

H-FABP appears in blood soon after the onset 
of infarction, so it has been proposed as an early 
marker for the MI diagnosis (Kleine AH et al. 
1992). Its plasma concentration increase within 
2–3 h after MI and return to the normal range 
within 12–24 h in individuals without renal 
impairment.

In general, H-FABP was found to perform better 
than or similar to myoglobin in diagnosis of ACS 
(Okamoto F et al. 2000), probably due to the higher 
cardiac tissue content of H-FABP compared with 
myoglobin. Seino et al. (Seino Y et al. 2004) 
compared blood rapid test for H-FABP with rapid 
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cTnT test regarding diagnostic accuracy in cardiac 
ischemia: rapid H-FABP assay seemed to effec-
tively exclude non-AMI patients within 3 h of 
onset. Therefore, H-FABP may be useful in the 
diagnostic assessment of ACS patients in ED, in 
combination with troponin, along with the electro-
cardiographic and clinical evaluation. Because of 
different amounts of H-FABP and myoglobin in 
myocardial and skeletal muscle tissue a low mio-
globin/H-FABP ratio might have myocardial 
specifi city. In fact, myoglobin/H-FABP ratio was 
found to be low (values in the range of 2–10) in 
plasma from patients with myocardial injury and 
high (values in the range of 20–70) in patients with 
skeletal muscle damage (Van Nieuwenhoven FA 
et al. 1995). However, strategies to improve detec-
tion of myocardial injury by calculating myoglo-
bin/H-FABP ratio haven’t yielded a clear advantage 
over the measurement of H-FABP alone. Nakata 
et al. have shown that H-FABP has greater diag-
nostic value and sensitivity than cTnT, CKMB and 
myoglobin in patients with suspected ACS within 
6 h from acute chest pain onset (Nakata T et al. 
2003) and an early or sustained elevation in H-
FABP could indicate unfavourable clinical out-
come (Suzuki M et al. 2005), as confi rmed by 
Nagahara (Nagahara D et al. 2006), too, who found 
a higher positive predictive value (84%–91%), a 
higher sensitivity (75%–77%) and a better negative 
predictive value (nearly 40%) for H-FABP vs cTnT, 
CK-MB and myoglobin. However, in these studies 
low sensitivity troponins were used, therefore 
reducing cTnT sensitivity for ACS. In a recent 
study O’Donoghue et al. (O’Donoghue et al. 
2006), have evaluated H-FABP, Troponin and BNP 
levels of 2287 patients with ACS from the OPUS-
TIMI 16 trial and have found that elevation of 
H-FABP is associated with an increased risk of 
death and major cardiac events at 10 months 
of follow up, independently from other established 
clinical risk predictors and biomarkers. Indeed, it 
provides incremental prognostic information 
regardless of baseline troponin or BNP status.

Because H-FABP rapidly return to the normal 
range within 24 h after AMI, it can be also used to 
assess a recurrent infarction within 10 h after fi rst 
AMI, possibly missed by CK-MB, cTnT and cTnI 
evaluation because plasma concentration of these 
markers returns more slowly to reference values. 
H-FABP has a renal clearence, therefore impaired 
renal function potentially impact its clinical utility; 
however, data from de Groot et al. (de Groot et al. 

1999) indicate that H-FABP, after correction for 
estimated renal function, can be applied successfully 
for infarct size estimation.

The rapid release of H-FABP can also be used 
for the detection of successful coronary reperfusion 
in patients with AMI (Suzuki M et al. 2005). Both 
plasma H-FABP and myoglobin levels were found 
to increase sharply after successful reperfusion, 
slowly after failed reperfusion.

Suzuki and coll. (Suzuki M et al. 2005) have 
recently showed that a positive H-FABP test is an 
independent predictor of adverse events within 
30 days in patients with ACS. Increased plasma 
H-FABP concentration signifi cantly correlate with 
cardiac events and mortality (Ishii J et al. 2003). 
Although H-FABP is generally considered a 
marker of myocardial necrosis, a recent study has 
indicated its additional potential utility as a marker 
of ischemia, also in absence of myocardial necrosis, 
therefore it could be useful for early identifi cation 
of ACS in patients with chest pain of uncertain 
origin (Tambara K et al. 2004).

Free fatty acids unbound
to albumin (FFAu)
Free fatty acids unbound to albumin (FFAu) were 
also evaluated for early identifi cation of cardiac 
ischemia. FFAs are localized in the cytoplasm, 
bound to fatty acid binding protein (FABP) and 
represent the primary metabolic sources for 
myocardium. During hypoxia and ischemia, 
elevated blood cathecolamines increase FFAu 
concentration through adipose lipolyses activation. 
Increased non-esterifi ed fatty acids/FFA levels have 
damaging effects on heart tissue and have been 
associated with an increased incidence of ventricular 
dysrhytmias and death in patients with AMI.

Several investigators have preliminarily evaluated 
the sensitivity of this marker on admission to emer-
gency room and have shown that FFAu elevation 
occurs before other, more traditional, markers of 
cardiac necrosis (Adams JE et al. 2002). In the TIMI 
II trial FFAu concentration were measured in 
458 patients on admission and 50 min, 5 h and 8 h 
after the initiation of tissue Plasminogen Activator 
(tPA) treatment (Kleinfeld AM et al. 2002). Sensitiv-
ity of FFA was 91% at admission and 98% 50 min 
after tPA (cut-off 5 nmol/l); specifi city, compared 
with healthy individuals and patients with non car-
diovascular disease, was 93%. FFAu were increased 
in 100% of MI patients on admission, whereas only 
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22% of these patients had increased cTnI at 
presentation, indicative of earlier appearance of this 
analyte in the circulation before traditional markers 
of myocite necrosis (Apple FS et al. 2005).

FFAu have also been studied for risk stratifi cation 
of ischemic heart disease (IHD). In the Paris 
Prospective Study I, increased plasma FFAu con-
centration were found to be an independent risk 
factor of sudden death, but not of fatal MI in a cohort 
of men without known ischemic cardiac disease 
(Jouven X et al. 2001). Pirro et al. (Pirro M et al. 
2002) studied the relationship between circulating 
FFAu concentration and risk of IHD in 2130 men 
with insulin resistance syndrome and without IHD 
at enrollment. During a 5-year follow-up, 114 of 
these individuals developed IHD. After adjustment 
for nonlipid risk factors, increased circulating FFAu 
levels conferred a 2-fold increase of IHD risk (odds 
ratio, 2.1; P = 0.05). However, after adjustment for 
triglyceride concentrations, HDL-cholesterol, small 
and dense LDL, apolipoprotein B, and fasting 
plasma insulin, the relationship between plasma 
FFAu concentration and IHD development didn’t 
achieve statistical signifi cance.

Pilz et al. (Pilz S et al. 2006) studied 3315 
Caucasians from LURIC study to elucidate the 
relationship between FFAu and mortality in 
subjects undergoing coronary angiography at a 
median follow up of 5.38 years. This follow-up 
study demonstrated that high levels of FFAu may 
predict total and cardiovascular mortality and its 
predictive value for all-cause and cardiovascular 
mortality remains stable even after multivariable 
(CRP, creatinine, homocysteine, NT-proBNP) 
adjustments. These support the idea of a direct 
involvement of FFAu in atherosclerotic patho-
physiological process.

In conclusion, current data, although limited, 
suggest that monitoring FFAu concentrations in 
patients presenting with ischemia symptoms may 
provide an early indication of cardiac ischemia. 
Additional studies are needed to fully evaluate the 
true potential of this biomarker.

Ischemia modifi ed albumin (IMA)
Ischemia modifi ed albumin (IMA), measured by 
the albumin cobalt binding test (ACB), has been 
shown to be a marker of myocardial ischemia. 
A multicenter study (Christenson RH et al. 2001), 
involving 224 patients, who arrived at the ED within 
3 h after symptoms onset, examined the ability of 

the ACB test to predict a positive or negative cTnI 
result within 6–24 h after presentation. All patients 
had a negative cTnI result at presentation. At the 
optimum cut-off for the ACB test, sensitivity and 
specifi city were 70% and 80%, respectively, with 
a negative predictive value of 96%. In the study by 
Bhagavan et al. (Baghavan NV et al. 2003) the 
sensitivity and specifi city for myocardial ischemia 
were 88% and 94%, respectively, and the positive 
and negative predictive values were 92% and 91%. 
Another study (Sinha MK et al. 2004) evaluated 
IMA in conjunction with EKG results and cTnT 
concentrations (�0.05 μg/L) in 208 patients 
presenting to the ED within 3 h of acute chest pain. 
In the whole patient group, sensitivity of IMA at 
presentation for an ischemic origin of chest pain 
was 82%, specifi city was 46%, the negative predic-
tive value was 59%, and the positive predictive 
value was 72%. IMA, EKG, and cTnT combined 
identifi ed 95% of patients whose chest pain was 
attributable to ischemic heart disease.

The positive predictive value of the ACB assay 
seems to be too low for use in ruling in ischemia. 
At present, whether patients with negative EKG 
results and necrosis markers, i.e. cardiac troponins, 
and a positive IMA result might benefi t from early 
triage and intervention according to stratifi ed pre-
test probabilities is not known. In clinical practice, 
this lack of information can potentially lead to 
overtreatment of low-risk patients with a positive 
result.

Recent fi ndings suggest that IMA may be also 
useful in risk stratifi cation of emergency chest pain 
patient (Pollack CV et al. 2003). Peacock et al. 
(Peacock et al .  2006) have performed a 
meta-analysis of IMA in ACS risk stratifi cation. In 
the presence of a triple negative prediction test 
(nondiagnostic electrocardiogram, negative 
troponin, and negative IMA) they found that 
sensitivity and negative predictive value for ACS 
were 94.4% and 97.1% and, for long-term out-
comes, were 89.2% and 94.5%, respectively. 
However, in the short term, in patients presenting 
with chest pain who have not yet experienced a 
serious cardiac event, IMA is a poor predictor of 
serious cardiac outcomes (death, myocardial 
infarction, congestive heart failure, serious 
arrhythmia, or refractory ischemic cardiac pain) 
(Worster A et al. 2005).

IMA appears to be indicative of oxidative stress 
and, therefore, might not be specifi c for cardiac isch-
emia. Increased IMA values are also found in patients 

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight

userr
Highlight



465

Biomarkers in acute coronary syndrome

Biomarker Insights 2008:3

with cancer, infections, end-stage renal disease, liver 
disease, and brain ischemia (Wu AH, 2003).

In summary, many questions remain unanswered 
regarding IMA and the ACB test. The highest 
expected benefi t of the test would be to rule out 
ACS in low to moderate pre-test probability 
conditions with negative myocardial necrosis mark-
ers and a negative EKG. However, the test seems 
to have limited specifi city, with many false posi-
tives. Additional information, including a better 
understanding of IMA kinetics in the fi rst hours 
after ACS and an optimum diagnostic cut-off value 
assessment, is needed for clinical validation of this 
new assay.

Conclusions
Increasing evidence suggests that the use of 
biomarkers, refl ecting distinct pathophysiological 
features such as oxidative stress, vascular infl am-
mation, platelet activation, plaque destabilization 
and rupture along with more sensitive biomarkers 
of necrosis, may improve the traditional diagnostic 
and risk stratifi cation approach in order to apply 
tailored treatment. However, no available biomarker 
offers ideal properties such as very early raise, very 
high sensitivity and specifi city, easy and cheap 
assay. These observations suggest a multi-marker 
strategy, employing patho-biologically different 
biomarkers, that might help signifi cantly in the 
identifi cation of the “vulnerable” patient at risk for 
CHD, as suggested by a recent National Institutes 
of Health (NIH) panel (Morrow DA et al. 2003). 
A multi-marker strategy, based on the use of a 
combination of two or more markers to enable the 
detection of myocardial infarction in patients who 
seek care early and late after symptom onset, could 
consent an early diagnosis and facilitate identifi ca-
tion of patients standed for aggressive interventions. 
However there is no evidence that a strategy based 
on measurement of more than two markers (besides 
troponin and CRP or natriuretic peptides) might 
improve diagnostic and prognostic power of a two 
markers strategy. So far, indeed, consistent and 
reliable data on diagnostic and prognostic value of 
these markers are available only for Troponin, BNP 
and CRP. Further studies are need to establish the 
role of new biomarkers and to cross boundaries 
from research to clinical practice.

Disclosure
The authors report no confl icts of interest.
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