
Introduction

The triage and treatment of patients who present to emer-
gency departments (EDs) with symptoms potentially 
indicative of acute cardiac ischemia remain problematic 
and continue to challenge clinicians. More than 6 million 
patients present annually to US EDs with suspected acute 
coronary syndromes (ACS) of whom only 17% are finally 
diagnosed with coronary artery disease. Patients are 
hospitalised or held for observation and, although ACS 
is often ruled out, this imposes a substantial financial 
burden and inconvenience to the patient and medical 
system (Duseja&Feldman 2004, Roy et al. 2004, Peacock 
et al. 2006).

Failure to recognise ACS has unfavourable con-
sequences not only for patients, but for physicians 
too. Missed acute cardiac ischemia continues to be 
one of the major causes of malpractice litigation 
against emergency physicians. Twenty percent of 
ED-related malpractice compensation is expended 
on patients with complications because of myocardial 
ischemia (Duseja&Feldman 2004). Non-hospitalised 
patients with acute myocardial infarction (AMI) have 

a three times higher risk of death than those who are  
hospitalised. Missed AMIs result for several reasons, 
including atypical presentation, or the initial insensitiv-
ity of the current tools,i.e. electrocardiogram (ECG) and 
biomarkers (Pope et al. 2000).

The diagnostic approach to ACS remains one of the 
most difficult and controversial medical challenges. 
Traditionally, the diagnosis of acute cardiac ischemia 
relies on the combination of chest pain, ECG changes 
and serum marker elevation. Clinical symptoms and 
characteristic ECG alterations have been useful tools in 
the diagnosis of AMI (Rajappa & Sharma 2005). However, 
symptoms may be non-specific in up to one-third of 
chest pain patients, and the ECG misses up to 50% of 
the patients who have had an AMI (Ryan et  al. 1996, 
Christenson & Azzazy 1998, Storrow & Gibler 2000). 
Hence, the diagnosis of ACS has become increasingly 
dependent on serum markers of myocardial injury (Lippi 
et al. 2006a). Although troponins have greater sensitivity, 
they are unsuitable for early diagnosis, as nearly 50% of 
patients may present at the ED with non-diagnostic con-
centrations. This happens either because patients present 
early after the onset of AMI and troponin levels are not 
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yet detectable or patients present with acute myocardial 
ischemia without necrosis (Morrow et al. 2003).

Patients with myocardial ischemia pose a greater chal-
lenge than patients with AMI because the patient may 
have acute chest pain, a non-diagnostic ECG and normal 
levels of troponins. Thus, despite the fact that patients 
with myocardial ischemia are at high risk for subsequent 
coronary events, they are often discharged because there 
is not enough evidence to justify hospital admission 
(Lippi et al. 2006b). Hence, the usefulness of the standard 
biomarkers of myocardial necrosis for the early and con-
fident exclusion of the diagnosis of myocardial ischemia 
is limited. New markers capable of identifying early myo-
cardial ischemia before it progresses to the irreparable 
myocardial cell damage might play an important role in 
the clinical setting because they will give the emergency 
physician the opportunity to intervene and prevent pro-
gression to infarction (Figure 1) (Anwaruddin et al. 2005, 
Lippi et al 2006a).

The ideal biochemical marker of myocardial ischemia 
should be released solely from the myocardium 
and should achieve high concentrations and rapid 
release into the blood stream at the time of ischemia. 
Furthermore, its concentrations should be related to the 

extent of injury and should be detectable in the blood 
for long enough to be measured even in late-presenting 
patients. Another feature of the ideal biomarker is a 
steep decrease after a period of 24 h, so that recurrent 
ischemia can be easily detected. Optimally, detection 
of the biomarker should be simple to perform with a 
turnaround time of 30–60 min or less and it should have 
a reliable analytic performance at a reasonable cost 
(Morrow et al. 2003).

We performed a comprehensive literature search 
using electronic bibliographic databases (MEDLINE, 
EMBASE and the Cochrane Library) and combinations 
of the following keywords: ischemia modified albumin 
AND acute coronary syndrome OR acute myocardial 
infarction OR emergency department. Bibliographies of 
all selected articles and reviews were searched for other 
relevant articles.

Ischemia-modified albumin

ACS represents a continuum of disease ranging from 
unstable angina, associated with reversible myocardial 
cell injury, to ST-segment elevation myocardial infarc-
tion, associated with irreversible myocardial necrosis. 
The common pathophysiological feature of the ACS 
spectrum is the rupture or erosion of an atheromatous 
plaque (Libby 2001, Toutouzas & Stefanadis 2006). 
The consequences of plaque rupture and subsequent 
vascular occlusion can be divided into three phases. 
There will be an initial phase of myocardial ischemia. 
If it is prolonged, this will then result in cardiac necro-
sis. Finally, there will be a phase of repair and vascular 
remodelling.

The detection of ischemia prior to infarction represents 
a diagnostic and therapeutic challenge. Theoretically, if 
ischemia can be detected prior to progression to necrosis, 
it may be possible to intervene earlier than at present to 
either limit or prevent myocardial damage (Collinson &  
Gaze 2007). Currently, three markers have been pro-
posed: choline, free fatty acids and ischemia-modified 
albumin (IMA) (Apple et al. 2005). Of these, only IMA is 
currently available as a licensed test for routine clinical 
application, measured using the Albumin Cobalt Binding 
(ACB®) assay (Bar-Or et al. 2000).

The postulated mechanisms of IMA generation 
include: (1) reduced blood flow due to ruptured 
atherosclerotic plaques results in insufficient oxygen to 
tissue and causes a lower pH; (2) copper II is released 
from weak binding sites on plasma proteins and metal 
bound at the N-terminus; (3) in the presence of ascor-
bic acid (AA), copper II is converted to copper I and 
this reacts with oxygen to form superoxide radicals 
(O

2
º-); (4) the enzyme superoxide dismutase (SOD) 

dismutates the superoxide radicals, forming hydrogen 
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Figure 1.  Temporal sequencing and functional in acute coronary 
syndrome: ischemia-modified albumin (IMA) as an early ischemia 
marker.ED, Emergency department.
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peroxide (H
2
O

2
); this is harmlessly degraded into water 

and oxygen by the action of a second enzyme, cata-
lase; (5) in the presence of metals such as copper or 
iron, hydrogen peroxide undergoes a Fenton reaction, 
forming hydroxyl free radicals (OHº); (6) the copper 
II is scavenged by human serum albumin, on which 
it binds tightly to the N-terminus; (7) hydroxyl free 
radicals are highly reactive and capable of damaging 
nucleic acids, lipids and proteins, including albumin; 
one site of damage is the N-terminus, where hydroxyl 
free radical alters amino acids; (8) altered albumin 
is incapable of binding to copper II; and (9) bound 
copper is released from the albumin, where it may be 
taken up again by the N-terminus of another albumin 
in a chain reaction so that the process of albumin bind-
ing and hydroxyl free radicals formation is repeated 
(Figure 2) (Gaze 2009).

There is little doubt, if any, that IMA levels increase 
during myocardial ischemia triggered by a primary 
reduction of blood flow, as seen in patients during per-
cutaneous coronary intervention. Several studies have 
shown a good correlation among objective markers 
of myocardial ischemia, such as lactate levels (Sinha 

et  al. 2006), isoprostane concentrations (Sinha et  al. 
2003) and IMA levels, in this setting. The production of 
reactive oxygen species during balloon occlusion and 
reperfusion in patients undergoing percutaneous coro-
nary intervention (Iuliano et al. 2001) and in the ACS 
setting (Sinha et al. 2004), where intracoronary throm-
bosis causes serious reductions in coronary blood flow, 
may result in the chemical modification of albumin that 
leads to IMA production. A recent study, by our group, 
correlating IMA with levels of melatonin in ST-segment 
elevation myocardial infarction patients, supports the 
suspicion that reactive oxygen species may be respon-
sible for the creation of IMA (Dominguez-Rodriguez 
et al. 2008b). Moreover, the combination of ischemia–
reperfusion causes numerous and complex reactions in 
tissues which culminates in the mutilation of essential 
molecules and organelles in a number of cells includ-
ing components of the coronary endothelium and 
myocardium with the recruitment of circulating blood 
elements, e.g. leukocytes and platelets (Iuliano et  al 
2001). During the transient ischemia and the period of 
reperfusion many cells generate derivative products of 
oxygen that are toxic to the heart. Indeed, the partially 
reduced oxygen metabolites, referred to as reactive 
oxygen species, are accepted as accounting for much 
of the cardiac damage that occurs during ischemia–
reperfusion injury in patients with ST-segment eleva-
tion myocardial infarction(Iuliano et  al 2001). In 
vivo, modifications of the albumin N-terminus are 
proposed to be related to the reactive oxygen species 
production during myocardial ischemia–reperfusion 
(Sinha et al 2006). In vivo generation of IMA might be 
interpreted as an efficient endogenous mechanism of 
response to ischemia, preventing myocardial damage 
or limiting the extent of myocytenecrosis (Lippi et al  
2006a).

Measuring IMA

The analytical methods of IMA assay are based on the 
ability of protein to chelate the cobalt cation. In proteins, 
several sites exist that have the ability to bind divalent 
metals. The most interest to date has been focused on 
the bindingof the N-terminal region of the protein with 
transition metals, for example cobalt (Bhagavant et  al. 
2003). Bar-Or et  al. (2000), found that serum albumin 
of patients with myocardial ischemia exhibited lower 
metal-binding capacity for cobalt than serum albumin 
of normal subjects. The principle of this test measures 
the cobalt capacity to bind to albumin in a serum sample. 
A cobalt chloride solution is added to serum and, after 
incubation, cobalt not bound to the N-terminus of the 
albumin is detected using dithiothreitol as a developer of 
colour in a spectrum ranging between 470 and 500 nm. 

Rupture of atherosclerotic plage → ↓ pH

Cu2+ release from proteins

Cu2+ is reduced to Cu+

Cu2+ + AA + O2 → O2
O−

O2
O−

SOD

H2O2OHoOH−

Oxidative damage
on biomolecules

Albumin chemical
structure altered

↓ scavening Cu2+

Human serum
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H2O + ½ O2
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Fe2+/Cu2+

+
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Figure 2.  Scheme of ischemia-modified albumin (IMA) generation 
with direct involvement of free radicals in acute coronary syndrome.
AA, ascorbic acid; SOD,superoxide dismutase.
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An inverse relationship exists between the amount of 
albumin-bound cobalt and the intensity of the colour 
formation. In serum of normal subjects, the added cobalt 
binds to the N-terminus of the albumin, leaving a small 
amount of free cobalt that reacts with dithiothreitol pro-
ducing a low-intensity chromogen colour. In contrast, 
in the serum of ischemic patients, less cobalt binds to 
the N-terminus of albumin, leaving more free cobalt to 
react with dithiothreitol to produce a high intensity in 
the chromogen colour.

The manual assay for detecting IMA, developed by 
Bar-Or et  al. (2000), has been adapted to run on the 
Roche Cobas Mira® Plus and CobasFara® automated 
clinical chemistry platform and designated as ACB® 
(Fagan et al. 2002). Although technically both tests have 
the same chemical principle, some differences exist in 
the expression of results that make it difficult to compare 
the results obtained by different research groups. The 
ACB® assay gives IMA values with arbitrary units (kU l−1) 
instead of absorbance units (A.U.) as in the manual assay. 
The optimum IMA cut-off value for ruling out ACS also 
differs from study to study (Pantazopoulos et al. 2009). At 
this time, the main problem is the absence of calibrators 
based on the mass concentration of IMA. Standardization 
of the ACB® assay by a human albumin universal calibra-
tor could improve that assay performance and transfer-
ence of results (Hakligor et al. 2010).

There is evidence that IMA measurement is influenced 
by some analytical matrix, especially the presence of 
serum albumin concentrations outside the reference 
interval (Gaze et al. 2006). Serum albumin concentration 
may show great variance among individuals, therefore 
serum albumin concentration should be included in the 
interpretation of IMA results (Lee et al. 2007). The adop-
tion of a corrective formula, which takes into account 
the concentration of protein in the sample, could have 
an effect on this interference, allowing the generaliza-
tion of this parameter in any population (Lippi et  al. 
2007). Therefore, Jalan et al. (2009), use the term IMAR 
(ischemia-modified albumin, expressed as an albumin 
ratio) in individuals with advance cirrhosis with damage 
to the circulating albumin. In their study, IMAR was bet-
ter correlated than IMA with the severity of cirrhosis and 
it may have a prognostic role in acute-on-chronic liver 
failure. Other serum parameters such as haemoglobin 
and triglycerides had no any effect on the IMA assay 
(Gidenne et al. 2004). With respect to the conditions of 
the IMA samples, they should be stored prior to analysis. 
It may be critical in influencing the results. Therefore, 
each laboratory should establish a time period and tem-
peratures (range −20 to −70ºC) of storage of samples for 
reliable results (Beetham et al. 2006).

The biological variation of IMA has been studied. 
Gender differences in IMA among healthy individuals 
do not occur but IMA levels are statistically different 

between Caucasian and Black populations (Govender 
et al. 2008). Moreover, there have been reports of elevated 
IMA under other conditions where cardiac ischemia 
and troponin elevation may also occur, including acute 
stroke, pulmonary embolus, polytrauma, end-stage renal 
disease, and vascular and non-vascular surgery (Gaze 
2009). Likewise, data exist suggesting that the presence of 
co-existing lactic acidosis might affect assay performance 
(Zapico-Muñiz et al. 2004, Hakligor et al. 2010).

Various studies have shown that IMA increases within 
minutes after the onset of ischemia, remains elevated for 
6–12 h, and returns to normal within 24 h (Pantazopoulos 
et al. 2009). Thus, it may be a valuable aid for the clinician 
because it enables early detection of ischemia before the 
development of myocardial ischemia.

Clinical applications of IMA in cardiac ischemia

Most patients brought to the hospital with chest pain 
and suspected of ACS are eventually ruled out for AMI 
and active unstable coronary disease. The ideal role of 
an ischemia marker would thus be as a rule-out test. The 
most logical place to use such a test is in the ED (Gaze 
2009). Table 1 shows test characteristics of IMA in com-
bination with traditional diagnostic markers of ACS.

Christenson et al. (2001) demonstrated that the ACB® 
assay has a high negative predictive value and sensitiv-
ity at the time of presentation at the ED for predicting 
troponin-negative or -positive results 6–24 h later. A 
study on ED presentations examined 208 patients and 
the diagnostic sensitivity of IMA measurement alone 
was 82% at 46% specificity in samples taken within 
the first 3 h. A combination of ECG, cardiac troponin T 
and IMA showed 95% sensitivity for diagnosis of ACS 
at presentation (Sinha et  al. 2004). A study involving 
patients with symptoms suggestive ofACS but with 
normal or non-diagnostic ECGs who came to the ED 
within 3 h of chest pain documented outcomes at 30 
days of ACS (unstable angina or myocardial infarc-
tion with non-ST-segment elevation) or non-ischemic 
chest pain. They measured IMA at presentation and 
reported positive (odds ratio (OR) 2.96, 95% confidence 
interval (CI) 1.91–4.56) and negative (OR 0.33, 95% CI 
0.21–0.52) OR using a threshold of 93.5 U ml−1 (Roy et al. 
2004a). In a subsequent study on 538 patients admitted 
for chest pain evaluation, admission measurement of 
IMA, plus cardiac troponin T indicated 100% sensitiv-
ity for prediction of a final diagnosis of AMI (Collinson 
et al. 2006). The presence of elevated IMA and elevated 
cardiac troponin T on admission predicted 21% risk of 
major adverse cardiac events compared with patients 
for whomneither were elevated, even in patients where 
the final diagnosis excluded AMI by troponin-based 
criteria.
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Not all investigators consider the diagnostic perform-
ance of IMA either alone or in combination with cardiac 
troponin, or other biomarkers of necrosis, to be adequate. 
A prospective observational study assessing low-risk 
patients with chest pain showed that the measurement 
of IMA and cardiac troponin I at presentation had a high 
sensitivity rate (97.6%) but markedly lower specificity 
rates (13.6%) (Keating et al. 2006).Another large prospec-
tive study on 189 patients presenting at the ED with chest 
pain indicated elevated IMA to be a poor predictor of 
cardiac events within the next 72 h (Worster et al. 2005). 
Likewise, Hjortshøj et  al. (2010) enrolled 107 subjects 
admitted with suspected ACS;the sensitivity of admis-
sion IMA for a final diagnosis of ACS was 86%, specificity 
49% and a negative predictive value 88%. Recently, a large 
prospectivestudy on 248 patients presenting at the ED 
with symptoms suggestive of ACS, did not support the 
use of IMA as a negative predictor for ACS. All patients 
had positive IMA results using the 85 Uml−1 cut-off value 
recommended by the manufacturer. Receiver-operating 
characteristic curves failed to show improved cut-off 
points for diagnosis with raised 12 h troponin levels or 
ACS; the area under the curve was 0.52 and 0.53, respec-
tively (Ming-Hui Lin et al. 2010).

Conversely, in a study by Aparci et al. (2007), 50 ACS 
patients were followed for 1 year after the ischemic event. 
In patients with IMA values above 477 Uml−1, mortality 
was significantly higher than in those with values below 
477 Uml−1. The sensitivity and specificity for 1-year mor-
tality at the cut-off point of 477 Uml−1were 70% and 82%, 
respectively. The most consistent finding in all the stud-
ies of IMA was a high negative predictive value. This has 
been highlighted in a meta-analysis of more than 1800 
patients which concluded that, in a large ED cohort with 
suspected myocardial ischemia, the combination of 
ECG, troponin and IMA has 94.4% sensitivity and 97.1% 
negative predictive value for the final diagnosis (Peacock 
et al. 2006). Nevertheless, several issues have slowed the 
progress of IMA as a standard marker in the ED. First, 

the general concept of a marker of ischemia and its 
possible flaws has been regarded with suspicion within 
the cardiology community. Second, complicated issues 
regarding handling and storage of samples have limited 
widespread use in automated laboratories and clinical 
trials (Hjortshøj et al. 2010).

IMA has been investigated in different study popula-
tions. Research from our group has shown that IMA is 
related significantly to left ventricular ejection fraction 
and represents an early marker of left ventricular dysfunc-
tion in patients with ST-segment elevation myocardial 
infarction undergoing percutaneous coronary interven-
tion (Dominguez-Rodriguez et al. 2008a). Studies have 
also shown that IMA may be a useful biomarker for the 
identification of incomplete ST-segment resolution in 
patients with ST-segment elevation myocardial infarc-
tion presenting to hospital within 6 h of the onset of pain 
(Dominguez-Rodriguez et al. 2009b). Likewise, we have 
demonstrated that IMA level obtained at admission is a 
powerful indicator of short-term mortality in patients 
with AMI, but it does not seem to be a marker that adds 
prognostic information to the validated Thrombolysis in 
Myocardial Infarction risk score (Dominguez-Rodriguez 
et al. 2009a). Recently, Ven Bell et al. (2010) have demon-
strated that in patients with AMI, IMA measured within 
24 h is a strong and independent predictor of cardiac 
outcome at 1 year and may help identify those requiring 
more aggressive medical management.

Other clinical applications of IMA

There have been reports that increases in IMA may also 
reflect conditions other than cardiac ischemia (Roy 
et  al. 2004b, c, d, Borderie et  al. 2004, Can et  al. 2006, 
Falkensammer et  al. 2007, Sbarouni et  al. 2009, 2010). 
Moreover, some evidence suggests that IMA levels might 
be used in the diagnosis of pulmonary embolism (Turedi 
et al. 2009). There are only two studies in the literature 

Table 1.  Test characteristics of ischemia-modified albumin(IMA) in combination with traditional diagnostic markers of acute coronary  
syndrome (ACS).

First author (year) Sample size Combination of test Sensitivity (%) Specificity (%)
Composite ischemic 
end point

Christenson et al., 2001 224 IMA, cTnI 83 69 ACS

Sinha et al., 2004 208 IMA, cTnT, ECG 95 42 ACS

Roy et al., 2004a 131 IMA, cTnT 75 75 ACS

Collinson et al., 2006 538 IMA, cTnT 100 34.5 AMI

Keating et al., 2006 399 IMA, cTnI 97.6 13.6 Ischemic cardiac chest 
pain

Worster et al., 2005 189 IMA 92.3 24.3 Serious cardiac events

Hjortshøjet al., 2010 107 IMA 86 49 ACS

Aparci et al., 2007 50 IMA 70 82 Mortality

Peacock et al., 2006 1800 IMA, cTn, ECG 94 - ACS

AMI, acute myocardial infarction; ECG, electrocardiogram; cTn, cardiac troponin; cTnT, cardiac troponin T; cTnI, cardiac troponin I.
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about the use of IMA for diagnostic purposes in pulmo-
nary embolism. Turedi et al. (2007) examined the serum 
IMA levels of 60 individuals, consisting of 30 patients with 
pulmonary embolism and 30 healthy individuals, and 
demonstrated that IMA levels were significantly higher 
than those in healthy individuals in 97% of patients. 
Recently, the same group demonstrated that IMA levels 
may be useful as a discriminative marker to exclude pul-
monary embolism in consecutive patients presenting to 
the ED (Turedi et al. 2008).

Investigators have also reported IMA to be a sensi-
tive measure of the magnitude and duration of ischemia 
induced during percutaneous coronary intervention 
(Quiles et al. 2003, Sinha et al. 2003). A subsequent per-
cutaneous coronary intervention study supported this 
finding and also demonstrated a greater increase in IMA 
level from baseline in patients without collateral coro-
naryartery circulation than in those with it (Garrido et al. 
2004).

Similarly, a decrease in IMA values has been docu-
mented after muscle ischemia (Zapico-Muñiz et  al. 
2004, Roy et  al. 2004b). It has been demonstrated that 
an increase in lactate concentration, which occurs after 
a forearm ischemia test, decreases true IMA values and 
therefore the diagnostic sensitivity. Clinicians must be 
careful when interpreting IMA negative values in patients 
with sepsis and renal failure, all of which are associated 
with increased lactate concentrations (Pantazopoulos 
et al. 2009). In patients with type 2 diabetes mellitus who 
demonstrate poor glycaemic control have higher IMA 
concentrations than those with good glycaemic control 
(Piwowar et al. 2008).

Conclusion

Many questions about IMA remain unanswered. Although 
the main limitation of IMA at present is its low specificity, 
it may be a useful test to rule out ACS from low to moder-
ate pre-test probability conditions with negative cardiac 
troponins and a negative ECG. For efficient provision of 
care in the ED, a high negative predictive value may be 
most critical, for while false negatives are undesirable, 
true negatives are of greater importance, because the cor-
rect exclusion of myocardial infarction preserves limited 
and expensive resources. A test like IMA may be enor-
mously valuable to the emergency physician assessing 
chest pain patients but we require a better understanding 
on this marker before it is ready for prime time use.

Further studies are required to investigate the role of 
IMA in cardiac ischemic diseases in the ED setting. An 
example is the large multicentre, randomised, controlled 
trial evaluating the utility of IMA for risk stratification in 
1250 patients presenting with chest discomfort and pos-
sible ischemic heart disease, and evaluating the diagnosis 

and prognostic implication of IMA for major adverse  
cardiac events (the IMAgine trial –NCT00355992). This 
will probablyprovide a definitive answer.
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