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 Early diagnosis of acute coronary syndrome (ACS) is crucial, owing to the 

high mortality rate associated with it. Failure in diagnosis of ACS is a 

concern for both the patients and the clinicians. Ischemia modified albumin 

(IMA) has been proposed as a useful marker for the diagnosis of acute 

coronary syndrome (ACS) in the emergency department (ED). This study 

assessed the utility of IMA in early diagnosis of ACS in patients with acute 

chest pain, and evaluated its diagnostic performance compared to creatine 

kinase-MB (CK-MB) and electrocardiogram (ECG). The study included 

127 patients presenting to the ED within three hours of acute chest pain. 

Depending on the final diagnosis, patients were classified into acute 

myocardial infarction group (n=45), unstable angina group (n=52) and non-

ischemic chest pain group (NICP) (n=30). Ischemia modified albumin 

value was significantly higher in ACS patients compared to NICP. 

According to ROC curve, the optimal cutoff of IMA was 71.3 u/ml, which 

had a sensitivity and specificity of 86.5% and 76.7% respectively. The 

sensitivity of IMA assay (86.5%) was significantly higher compared to 

ECG (54.6%), and CK-MB (11.3%). IMA used together with CK-MB or 

ECG, increased their own sensitivity to reach 88.7% and 90.7% 

respectively. All three tests combined identified 95.9% of patients whose 

chest pain was attributable to ACS. Our findings revealed that IMA is a 

sensitive marker for early detection of ACS in patients presenting with 

symptoms of acute chest pain. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. INTRODUCTION 

Annually, about 6 million people are hospitalized with acute chest pain. Approximately 17% of these patients 

are diagnosed with acute coronary syndrome (ACS) caused by rupture of the atherosclerotic plaque [1], [2]. 

ACS is a term describe a group of life-threatening conditions ranging from unstable angina (UA), associated 

with reversible heart damage, to myocardial infarction (MI) with irreversible heart cell injury [3]. Diagnosis 

of ACS is typically depending on clinical history, cardiac biomarkers levels and electrocardiogram (ECG) 
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findings [4]. However, early detection of ACS is a challenge for physicians since current diagnostic 

approaches have some limitations. Cardiac biomarkers such as creatine kinase-MB (CK-MB) is only released 

when cardiomyocytes are injured, and detected in bloodstream within 3-6 hours of myocardial necrosis [5]. 

ECG is a fast diagnostic tool but it may be normal at the time of admission [6]. Therefore, there is a need to 

find early and sensitive markers to detect myocardial ischemia even in the absence of necrosis. In this context, 

ischemia modified albumin (IMA) is among the several biomarkers which are under investigation. 

 

The N-terminal region of human serum albumin include amino acid sequence, N-(Aspartate) Asp - (Alanine) 

Ala - (Histidine) His - (Lysin) Lys, which is the binding site for transition metal such as cobalt (Co+2), copper 

(Cu+2) and nickel (Ni+2) [7]. In the course of ischemia, reactive oxygen species (ROS) are produced and 

generate highly reactive hydroxyl free radicals that damage the N-terminal site of albumin. As a result, 

significant change occurs in the ability of albumin to bind transition metals, especially cobalt. This variant of 

albumin was called ischemia modified albumin (IMA) [8], [9]. It has been shown that IMA levels increase 

during 2 min from the onset of ischemia, remain elevated until 12 h and return to its normal level after 24 h 

[10]. Therefore, if rapid and reliable, the measuring of IMA might represent a promising marker for the 

identification of patients with ACS, which, together with standard practice, might provide a superior screening 

method to evaluate patients with acute myocardial ischemia. Accordingly, we studied the role of IMA in 

conjunction with CK-MB, and ECG among patients admitted to the ED with symptoms suggestive of acute 

myocardial ischemia. 

 

2. Materials and Methods 

 

2.1 Patients 

This study was carried out at Albassel's Hospital, Lattakia, Syria, and was approved by Tishreen University 

Board, written consent was obtained from all participants. The enrollment period was between January 2021 

and December 2021. The study included 127 patients who arrived to the emergency department within 3 

hours of acute chest pain suggested of ACS. All included patients underwent routine ECG and measurement 

of serum CK-MB on admission as a part of standard care and patient’s management in the hospital. Of 127 

patients admitted, 97 were discharged with final diagnosis of ACS and 30 patients with NICP. Among the 

ACS patients, 45 had MI and 52 had UA. Patients with liver disorders, renal disorders, and pregnant women 

were excluded from the study. 

 

2.2 Discharge diagnosis 

Coronary angiography was carried out on all ACS patients. A positive angiogram was defined as stenosis 

≤70% diameter reduction in any major epicardial vessels. Positive ECG findings for ischemia were those with 

ST segment depression or elevation >0.1 mV, or T wave inversion >0.2 mV (in > two contiguous leads). Each 

ECG was evaluated by the ED physician. Final diagnosis was based on the history, clinical examination, 

serial CK-MB results, ECG, exercise stress testing and coronary angiography. 

 

2.3 Blood sampling 

Blood samples from all patients were drawn on dry tubes. Specimens were allowed to clot and then 

centrifuged for 10 min at 3000 g. One part of the serum was taken to analyze CK-MB immediately. Remaining 

part of the serum was stored at -20 C for IMA analysis. 

 

2.4 Laporatory measurements 

IMA levels were determined by the rapid colorimetric method developed by [11]. In brief, the methodology 

involved the addition of 200 µl of patient’s serum to 50 µl of 1 g/L cobalt chloride solution (Phytotecholab, 
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CoCl2.6H20), followed by vigorous mixing and 10-min incubation, 50 µl of 1.5 g/L dithiothreitol (Titan 

Biotech Ltd, DTT) was then added and mixed. After 2 min of incubation, 1.0 mL of 9.0 g/L solution of NaCl 

was added. The absorbance of assay mixtures was read at 470 nm on the spectrophotometer. The blank was 

prepared similarly with the exclusion of DTT. Standard curve of CoCl2 was prepared in the range 10 to 40 

µg/ml. One IMA unit was defined as "µg of free Co+2 in the reaction mixture per ml of serum samples [12]. 

Serum CK-MB activity was measured by the principle of kinetic method using Biosystem kit. 

 

2.5 Statistical Analysis 

Statistical analysis was performed using SPSS statistical software (version 24). Data are expressed as mean 

± standard deviation (SD) for continuous variables and percentage for categorical variables. For evaluation 

of normality, Shapiro Wilk test was used. ANOVA test was used to assess relationship between normally 

distributed variables. Mann-whitney test and Kruskal- wallis test were applied for non-normally distributed 

variables. Receiver operating characteristic curve (ROC) analysis was performed to determine the optimum 

cutoff point of IMA. For determination of diagnostic performance of CK-MB, ECG or combined variables, 

McNemar test was applied. P value> 0.05 was considered statistically significant. 

 

3. Results 

 

3.1 Subject characteristics 

Baseline characteristics of the participants are presented in Table 1. No significant difference was observed 

between the two groups with regard to age, gender, diabetes mellitus, hypertension, hypercholesterolemia, 

hypertriglyceridemia, and smoking (p< 0.05). The mean CK-MB levels in MI group was significantly higher 

than UA and NICP groups (p <0.05). 

 

Table 1. Characteristics of the study population 

  UA 

(n=52) 

 MI 

(n=45) 

NICP 

(n=30) 

P value 

Age (mean ± SD) 58 ± 11.7 56.9 ± 9 55.2 ± 11.5 0.33 

Male % 64.5 77.8 63.3 0.12 

Diabetes mellitus % 32.7 46.4 30 0.24 

Hypertension % 59.6 68.9 56.7 0.49 

Hypercholesterolemia % 38.1 40 26.6 0.5 

Hypertriglyceridemia % 34.5 44 36.7 0.31 

Smoking % 63.5 66.7 63.3 0.93 

CK-MB (mean ± SD) 14.4 ± 4.5 21.4 ± 8.2 13.2 ± 4.8 0.001 

 

3.2 Ischemia modified albumin levels in patients with ischemic versus non ischemic chest pain 

The mean serum IMA level was significantly higher in patients with ACS compared to NICP, either in 

patients with MI compared to NICP (P<0.001), or in patients with UA compared to NICP (p<0.001), but no 

significant difference in IMA levels has been shown between UA and MI patients (p=0.2) (Table 2) 

 

Table 2. Mean IMA values in study groups (UA, MI, and, NICP) 

 UA MI NICP P value 
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IMA (u/ml) 75.5 ± 6  77.1 ± 5.6 58.6 ±11.4 NICP vs UA, p<0.001 

NICP vs MI, p<0.001 

UA vs MI, p= 0.2 

IMA: ischemia modified albumin, UA: un stable angina, MI: myocardial infarction, NICP: non ischemic chest 

pain  

 

3.3 Diagnostic performance of IMA comparing to other parameters  

Receiver operating characteristic curve analysis of IMA found that the best cutoff point, with the maximum 

sensitivity (86.5%) and specificity (76.7%), was determined to be 71.3 u/ml, with an AUC 0.92 (confidence 

interval: 0.87 – 0.96) (figure2). Thus, we considered 71.3 u/ml as an optimal diagnostic cutoff value of IMA 

in our study. 

 

At presentation to ED, IMA identified 84 of 97 ACS patients (sensitivity 86.5 %) compared to 53 of 97 

(sensitivity 54.6%) by admission ECG, and 11 of 97 (sensitivity 11.3%) by admission CK-MB. When ECG 

and CK-MB used in combination (standard practice in the hospital), only 59.8% of patients with ACS were 

identified. Regarding the specificity, we observe a decrease in the specificity of IMA (76.7%) compared to 

CK-MB and ECG, when used each alone (93.3%, 90% respectively) or combined (83.3%). Positive predictive 

value (PPV) of IMA was (92.3 %) which was relatively comparable of those observed with ECG or CK-MB 

alone or combined. However, although the negative predictive value (NPV) for IMA did not exceed (63.9 

%), it was better than NPVs observed with ECG or CK-MB each alone or combined as shown in table 3. 

 

 
Fig 1. ROC curve for the ability of IMA to diagnose ACS 

 

Table 3. Comparison of presentation diagnostic tests for diagnosis of ACS 

TEST Sensitivity for ACS 
% 

Specificity for ACS 
% 

PPV for ACS 
% 

NPV for ACS 
% 

IMA 86.5 76.7 92.3 63.9 

ECG 54.6 90 94.7 38.6 

CKMB 11.3 93.3 86.7 24.6 
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ECG+CK-MB 59.8 83.3 92.1 39.1 

 

3.4 Diagnostic performance of IMA combining with other parameters 

Performance of IMA, ECG and CK-MB used in combination for diagnosis of ACS is presented in table 4. 

When IMA was used with ECG, the ECG sensitivity significantly increased to 90.7% and this was statistically 

similar to that when IMA was used with CK-MB, 88.7% (p=0.8). Sensitivity of the three tests combined was 

95.9%, which was significantly greater than the sensitivity of both IMA and CK-MB combined (p=0.03) and 

IMA and ECG combined (p=0.031). However, the sensitivity of IMA was not significantly improved when 

IMA was used in combination neither with ECG nor with CK-MB. Only the combination of the three tests 

showed a significantly increased sensitivity (95.9%) compared to IMA alone. The effects of the various 

combinations of IMA with the other parameters on the specificity, NPV and PPV are summarized in table 4. 

 

Table 4. Diagnostic performance of IMA in conjunction with other parameters (ECG and CK-MB). 

TEST Sensitivity 
% 

Specificity 
% 

PPV 
% 

NPV 
% 

IMA 86.5 
a
 76.7 

a
 92.3 

a
 63.9 

a
 

CK-MB 11.3 
b
 93.3 

b
 86.7 

b
 24.6 

b
 

IMA+CK-MB 88.7 
a
 73.3 

a
 91.8 

a
 66.7 

a
 

ECG 54.6 
c
 90 

b
 94.7 

a
 38.6 

c
 

IMA+ECG 90.7 
a
 73.3 

a
 91.6 

a
 71 

d
 

IMA+ECG+CK-MB 95.9 
d
 70 

a
 91.2 

a
 84 

e
 

Values with different letters (a-d) within the same column are significantly different (P<0.05) 

 

3.5 The relationship between IMA and other variables in ACS patients 

To study the relationship between IMA and age, we divided ACS patients into 6 age groups of 10 years and 

we calculated the mean of IMA in each group as shown in table 5. No significant difference was observed in 

IMA means between age groups (P=0.6). Concerning other variables, there was no significant difference in 

IMA means between males and females (p=0.6), hypertensive and non-hypertensive ACS patients (p=0.7). 

In addition, there were no statistically significant differences in the means of IMA levels between 

hypertriglyceridemic and non-hypertriglyceridemic (p=0.38), and between smokers and non-smokers ACS 

patients (p=0.16). 

 

However, our study showed a statistically significant difference in IMA mean between diabetics and non-

diabetics (p=0.03), and between hypercholesterolemic and non-hypercholesterolemic ACS patients (p=0.004) 

(table 5) 

 

Table 5: Relationship between IMA and variables in ACS patients (n=97) 

Age groubs 

(years) 

[34 – 43] [44 – 53] [54 – 63] [64 – 73] [74 – 83] [84 – 93] P 
value 

Number of 
patients 

7 33 28 19 6 4  

Mean IMA 

(u/ml) ± SD 
76.9 ±5.8 75.1 ±5.2 77.8 ± 6.6 75.8 ±6.8 76 ± 2.9 74.9 ±6.8 0.6 
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Characteristics N Mean IMA ± SD P value 

Males 

Females 
68 
29 

76.3 ± 5.3 
75.8 ± 6.7 

0.6 

Diabetic patients 

Non-diabetic patients 
38 
59 

77.8 ± 6.6 
75.2 ± 4.9 

0.03 

Hypertensive patients 

Non-hypertensive patients 
62 
35 

76 ± 6.2 
76.5 ± 4.9 

0.7 

Hypercholesterolemic patients 

Non- hypercholesterolemic patients 

37 

60 

78.3 ± 5.4 

74.8 ± 5.6 

0.004 

Hypertriglyceridemic patients 
Non- hypertriglyceridemic patients 

44 
53 

75.6 ± 6.1 
76.6 ± 5.4 

0.38 

Smoker patients 

Non-smoker patients 
63 
34 

76.8 ± 5.1 
75.1 ± 6.3 

0.16 

 

4. Discussion 

Many acute chest pain patients, who attend ED, may present with myocardial ischemia in the absence of 

myonecrosis. Most of biomarkers are products of myocardial necrosis and thus are detected at a later stage of 

myocardial damage. Furthermore, prolonged ischemia can lead to myocardial cell death and it is a pre-

condition to infarction. Therefore, the identification of myocardial ischemia at the earliest stage is substantial 

to prevent the devastating consequences of the disease. In this study, we assessed the role of IMA in early 

diagnosis of ACS among patients with acute chest pain. 

 

As highlighted by previous studies [13- 15], the results of our study showed that serum IMA level was 

significantly higher in UA and MI patients compared to NICP group. This finding supports the fact that 

patients with myocardial ischemia have reduced cobalt binding to serum albumin. Furthermore, our study 

revealed that IMA is a poor discriminator between ACS categories, contrary to the study done by [16] which 

reported that IMA levels were significantly higher in patients with UA compared with MI. They supposed 

that less albumin will be exposed to free radicals in myocardial necrosis compared to non-necrotic damage. 

Therefore, less IMA will be made. Furthermore, they supposed that myocardial necrosis causes limiting IMA 

access to circulation. However, in line with our results, the study done by [17] showed that there was no 

significant difference in IMA levels between UA and MI patients. In a similar way, [18] studied the 

correlation between IMA levels and Gensini scores; which classify ACS patients according to the severity of 

coronary disease, they found that IMA levels were not associated with the severity of ACS. 

 

Based on the results of ROC curve analysis for IMA, the sensitivity and specificity were found to be 86.5% 

and 76% respectively with cutoff point of 71.3 u/ml. In our population, the sensitivity of IMA was 

significantly greater than ECG and CK-MB used alone or combined. UA with normal CK-MB (cutoff = 25 

u/ml) accounted for (53.6%) of the positive ACS patients diagnosed in this study, only (61.5%) of them were 

identified by ECG, while IMA identified (82.7%) of those patients. In MI group with CK-MB >25 u/ml, CK-

MB was negative in 34 patients at admission, whereas IMA was positive in 28 patients of those 34 patients. 

These findings suggest that IMA is an early marker for ischemia, increases before any detectable change in 

other cardiac biomarkers and is elevated even in the absence of myocardial necrosis. 
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Although several studies have reported highly sensitivity of IMA, different results related to specificity have 

been shown. In [19] study, which included 208 patients presenting to the ED within three hours of symptoms 

of acute chest pain, the sensitivity of IMA was 82%, and the specificity was 46% with cutoff point of 85 u/ml. 

In [20] study, with 413 patients who have visited ED with symptoms of ACS, the sensitivity and specificity 

of IMA were 93% and 35.6% respectively, and the cutoff point was 83 u/ml, while the study of [17] showed 

that the sensitivity and specificity of IMA were 92% and 87% respectively. This study involved 89 patients 

with acute chest pain and used cutoff point of 80 u/ml. When comparing the three mentioned studies with our 

study, the disparity seen in the specificity of IMA might reflect the differences in sample size, baseline 

population characteristics, and the optimal cut-off value used. Indeed, it is recommended that each study 

should establish its own reference value and the optimal cut-off point of IMA, which might vary depending 

upon geographic, dietary and environmental factors. 

 

For ruling out ACS, the NPV is the most important. False negatives are undesirable results. In our study, we 

found that NPV was only 63.9%, which mean that one cannot safely rely on a negative IMA as a single test 

for excluding ACS, contrary to the study of [17], [21] both studies have reported high NPV for the test, 91.8% 

and 96% respectively. 

 

For efficient management in ED, we studied the diagnostic performance of IMA in conjunction with ECG 

and CK-MB, the sensitivity of the three tests combined was 95.9%, which was significantly higher than using 

each test alone or two tests combined. In addition, the NPV increased to 80%. This finding was in support to 

the study of [19]. [22] in their study showed that the combination of IMA, myoglobine, CK-MB, cTnI (cardiac 

troponin I), increased the sensitivity of IMA from 80% to 97% for detecting ischemia. [23] in their study also 

showed a significant increase in the sensitivity of IMA from 84% to 96% when IMA was used in combination 

with cTnI and ECG. However, [13] have shown that the sensitivity of IMA alone (92%) was significantly 

equal to sensitivity of combination of IMA, cTnI, CK-MB and ECG. 

 

Our study revealed that IMA levels are not affected by age, gender, hypertension, hypertriglyceridemia, and 

smoking. However, higher levels of IMA were observed in diabetic ACS patients compared to nondiabetic 

ACS patients. Similarly, Hypercholesterolemic ACS patients had higher IMA levels compared to non 

hypercholesterolemic patients. This finding suggests the presence of oxidative stress associated with diabetes 

mellitus and hypercholesterolemia. Oxidative stress itself means an increased production of reactive oxygen 

species (ROS), which might damage the N-terminal site of albumin. 

 

Our study had some limitations. First, the study was conducted in a single center, which might limit the 

generalizability of our results. Second, our study did not consider all cases that cause acute chest pain because 

of the relatively small sample size. 

 

In conclusion, in our population of chest pain patients, we found that IMA is a sensitive marker for detection 

ACS during three hours of symptoms. In addition, the use of IMA improved the current diagnostic strategies 

in the emergency department to make safer decision for ruling in or ruling out ACS. 
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