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Early diagnostic value of combined detection of ischemia-modified albumin and other biochemical markers for acute coronary syndrome

ZHANG Qi, WENG Zhi-yuan, HUANG Ya-hui// First Department of Cardiology, Central Hospital of Jiamusi City, Jiamusi, Heilongjiang, 154002, China

Abstract: Objective: To explore early diagnostic value of combined detection of ischemia-modified albumin and other biochemical markers for acute coronary syndrome (ACS). Methods: A total of 156 patients, who received treatment within 4h because of chest pain onset, were divided into ACS group (n=112) and non-ischemic chest pain group (NICP group, n=44) according to coronary angiography (CAG). Blood sample was taken within 4h and during 4~8h after chest pain to measure cardiac biochemical markers, including ischemia-modified albumin (IMA), LDH, CK, CK-MB and cardiac troponin I (cTnI), comprehensive analysis was performed by detected results of above biochemical markers and CAG. Results: For diagnosis of ACS, within 4h after onset IMA possessed highest sensitivity (87.50%) and highest accuracy (80.77%), cTnI possessed highest specificity (95.45%); In 4～8h IMA still possessed highest sensitivity (91.07%), cTnI still possessed highest specificity（97.73%）, CK（85.90%），and IMA（85.25%）possessed highest accuracy （both CK and IMA had no significant difference）; According to comprehensive analysis, regardless of within 4h or during 4~8h after chest pain, IMA possessed highest sensitivity and highest accuracy, cTnI possessed highest specificity. Within 4h after chest pain, detection of IMA combined above-mentioned other four indexes increased sensitivity (89.28%), specificity （95.45%） and accuracy （91.02%）to highest level. Conclusion: For diagnosis of ACS, IMA possesses highest sensitivity and highest accuracy, cTnI possesses highest specificity; IMA combined above-mentioned other four indexes may increase sensitivity, specificity and accuracy to highest level.
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联合测定缺血修饰白蛋白等生化标志物对急性冠脉综合征早期诊断的价值/张奇，翁志远，黄亚辉//佳木斯市中心医院心内一科, 黑龙江 佳木斯  154002

摘要：目的：探讨生化标志物联合检测对急性冠脉综合征(ACS) 的早期诊断价值。方法：对156例因胸痛4 h就诊患者, 以冠状动脉造影(CAG)为诊断依据, 分为 ACS 组（112例）和非缺血性胸痛(NICP) 组（44例）。在胸痛 ＜4 h 和 4～8 h分别抽血测定缺血修饰白蛋白(IMA)，乳酸脱氢酶( LDH)，肌酸激酶(CK)，肌酸激酶同工酶(CK-MB)及心脏肌钙蛋白I（cTnI）等心脏生化标志物，并结合CAG检查结果进行综合分析。结果：在发病4h内对ACS诊断敏感性最高的是IMA (87.50%)，特异性最高的是cTnI 达95.45%，准确性最高的是IMA达80.77%；4～8h对ACS诊断敏感性最高的是IMA，达91.07%，特异性最高的是cTnI (97.73%)，准确性最高的是CK和 IMA，二者分别为85.90%，85.25%，无显著差异，并列第一。综合判断，无论是＜4h，还是4～8h，敏感性和准确性最高的是IMA，特异性最高的是cTnI。4 h 内IMA等5项指标联合检测可提高敏感性达89.28%，特异性达95.45%，准确性达91.02%，均为最高水平。结论：对于诊断急性冠脉综合征，IMA的敏感性和准确性最高，cTnI的特异性最高，IMA等5种指标联合检测可将其诊断提高到最高水平。
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Patients with acute chest pain are the most frequent population in emergency department and department of cardiology, and incidence rate of acute coronary syndrome (ACS) is the highest among them, and it gradually increases and seriously threatens life safety of people. In recent years, myocardial injury markers widely used in clinic, such as cardiac troponin, myoglobin, creatine kinase isoenzyme (CK-MB), increase only 4~6 h after onset, the troponin detection is usually negative in stage of reversible ischemia. How to early diagnose patients with acute chest pain is still a focused problem in clinic. 

Ischemia modified albumin (IMA) is a more studied index in recent studies and it possessed features of ideal marker. Now, there are still few reports on IMA in China. Some researches proved that IMA increases within several minutes since ischemia, and the peak lasts for 6~12h and recovers to normal after 24h [1～3]. This rule makes detection of early myocardial ischemia before myocardial infarction possible, and it’s of important significance for prompt diagnosis and treatment of ACS patients. Because human plasma albumin generally exists in systemic blood; therefore ischemia of every system can all lead to IMA increase in theory. There are researches finding that IMA increase also existed in skeletal muscle ischemia, gastrointestinal ischemia, cerebral stroke, pulmonary embolism, end-stage renal diseases, liver cirrhosis, some serious infectious diseases and patients with some progressive tumor [4-6]. So IMA possesses poor specificity in diagnosis of acute myocardial ischemia. The present study explored diagnostic value of combined detection of biochemical markers for acute myocardial ischemia in order to overcome this disadvantage. 

1  Data and methods

1.1 Clinical data

A total of 156 patients with or without ECG changes and suspected of ACS, admitted within 4h after acute chest pain from Oct 2011 to Oct 2012 were enrolled and underwent coronary angiography (CAG). There were 118 males and 38 females with age (55.36±10.73) years. According to CAG results, they were divided into ACS group [n=112, 75 males and 37 females with age (62.68±11.34) years] and non-ischemic chest pain [NICP group, 33 males and 11 females with age (50.30±5.87) years, CAG results were normal and coronary heart disease (CHD) was exclude after relative examinations]. There were no significant difference in age and gender between two groups (P>0.05),

1.2 Methods

1.2.1 Coronary arteriography: Digital subtraction angiography machine produced by American GE Company was used. Selective left and right CAG was performed in multiple positions and angles using Judkin’s method via femoral artery. Positive change was regard as inner diameter of any one main branch of coronary artery stenosis ≥50% and treated as diagnostic standard of CHD. According to anatomical definition, coronary artery were divided into left main coronary artery, left anterior descending artery, left circumflex coronary artery and right coronary artery [7]. 

1.2.2 Detection of biochemical markers：The 10 ml peripheral venous blood was taken within 4h and 4~8h after onset of acute chest pain, slowly injected into vacuum tube without any anticoagulants, centrifuged at 5 000 rpm for 5min. Upper layer serum was taken and put in 1.5ml EP serum tube, frozen in -80℃ fridge. When samples were all collected, lactate dehydrogenase (LDH), creatine kinase (CK), CK-MB and cardiac troponin I (cTnI) of a same patch were measured by enzyme linked immunosorbent assay (ELISA) strictly according to instructions of kits. 

Measurement of IMA: IMA was measured using albumin cobalt binding assay (ACB). The instrument and procedures were: automatic biochemical analyzer with 480nm wavelength； Sample (30μl) reacted with reagent 1 (cobalt chloride) 200μl at 37℃, after reaction 5 min reagent 2 (DTT, dithiothreitol) 100μl was added, after 5 min. absorbance was measured and result was calculated. IMA <64.4 U/ml is regard as negative [8]. Exceeding upper limit of normal reference was regard as positive for other four biochemical markers. The normal reference values are: LDH 114~240 U/L; CK 30~135.0 U/L; CK-MB 0.0~16.0U/L; cTnI<0.1μg/L.

1.3 Statistical method

SPSS 13.0 software was used to perform statistical analysis. Measurement data were expressed as mean ± standard deviation (
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) and its comparison between two groups was performed using t test. Mean comparison among multiple groups was performed using analysis of variance, further pairwise comparison was performed using SNK-q test. Numeration data were expressed as percentage and its comparison was performed using chi-square test. P<0.05 was regard as possessing significant difference. 

2  Results

2.1 Comparison among IMA, LDH, CK, CK-MB and cTnI in diagnostic value of ACS

For diagnosis of ACS, within 4h after onset, IMA possessed highest sensitivity (87.50%) and highest accuracy (80.77%), cTnI possessed highest specificity (95.45%); In 4～8h IMA still possessed highest sensitivity (91.07%), cTnI still possessed highest specificity（97.73%）, CK（85.90%），and  IMA（85.25%）possessed highest accuracy（both CK and IMA had no significant difference）; According to comprehensive analysis, regardless of within 4h or during 4~8h after chest pain, IMA possessed highest sensitivity and highest accuracy, cTnI possessed highest specificity. They were shown in table 1. 

Table 1 Comparison of diagnostic value of five biochemical markers on ACS during different period (%)

	Marker
	0～4h
	4～8h

	
	Sensitivity
	Specificity
	Accuracy
	Sensitivity
	Specificity
	Accuracy

	IMA
	87.50
	63.63
	80.77
	91.07
	70.45
	85.25

	LDH
	73.91
	36.36
	64.74
	56.25
	72.73
	60.90

	CK
	72.32
	86.36
	76.28
	85.71
	86.36
	85.90

	CK-MB
	69.6
	90.91
	76.64
	78.57
	93.18
	82.69

	cTnI
	33.93
	95.45
	51.28
	49.11
	97.73
	62.86


ACS: Acute coronary syndrome, IMA: Ischemia modified albumin, LDH: lactate dehydrogenase, CK: Creatine kinase, CK-MB: CK isoenzyme, cTnI: cardiac troponin I. Similarly hereinafter. 

2.2 Early diagnosing value of various combined detection of cardiac markers on ACS  
Various combined detection of above-mentioned five cardiac markers can increase sensitivity and specificity for ACS diagnosis; Within 4h after chest pain, detection of IMA combined above-mentioned other four indexes increased sensitivity（89.28%） specificity（95.45%） and accuracy （91.02%）to highest level. They were shown in table 2. 

Table 2  Early diagnostic value of various combined detection of cardiac markers on ACS (%)

	Combined detection of biochemical markers
	0~4h

	
	Sensitivity 
	Specificity 
	Accuracy 

	IMA+LDH
	88.39
	61.36
	80.76

	IMA+CK
	89.28
	59.09
	80.77

	IMA+CK-MB
	87.50
	63.63
	80.77

	IMA+cTnI
	87.50
	68.18
	82.05

	IMA+LDH+CK
	89.28
	64.03
	82.05

	IMA+LDH+CK-MB
	88.39
	68.15
	82.69

	IMA+LDH+cTnI
	88.39
	75.45
	84.61

	IMA+CK+CK-MB
	89.28
	79.50
	86.54

	IMA+CK+cTnI
	89.28
	79.85
	86.54

	IMA+CK-MB+cTnI
	89.28
	86.26
	88.46

	IMA+LDH+CK+CK-MB
	89.28
	81.75
	87.18

	IMA+LDH+CK+cTnI
	89.28
	88.65
	89.10

	IMA+LDH+CK-MB+cTnI
	88.39
	91.45
	89.74

	IMA+CK+CK-MB+cTnI
	89.28
	95.45
	91.02

	IMA+LDH+CK+CK-MB+cTnI
	89.28
	95.45
	91.02


3. Discussion

Patients with acute chest pain are the most frequent population in emergency department and department of cardiology, who occupy about 5%~20% in these departments and about 20%~30% in grade 3 hospitals. Foreign researches reported that 3% patients diagnosed as non-cardiogenic chest pain on emergency occurred malignant cardiac events within 30d. But non-cardiogenic chest pain with good prognosis was wrongly diagnosed as severe cardiogenic chest pain, will lead to unnecessary mental pressure and economic loss. High risk patients with chest pain should have extra attention and rapid judgment among various chest pains, including ACS, dissection of aorta, pulmonary embolism and tension pneumothorax. Incidence rate of ACS is the highest among them and gradually increases, seriously threatens life safety of people. In clinic, symptom of considerable patients with coronary heart disease is concealed, their mortality rate is one time higher than that of common inpatients. Therefore, a sensitive myocardial ischemic marker, which can detect myocardial ischemia in early reversible stage of ACS, is the key to prompt, correct diagnosis and treatment of patients with acute ischemia. 

Though ST segment, T wave change, abnormal local ventricular wall motion or myocardial perfusion infect may appear in myocardial ischemia, patients with acute chest pain lack above objective signs at times. In order to identify ACS, especially in patients with chest pain and without obvious change in ECG, CAG or coronary artery 64-slice CT angiography is usually needed, but which not only increase economic burden of patients but also increase work amount of medical staff. Therefore, it has become an urgent request to look for a rapid, simple and economic diagnostic method in order to quickly diagnose ACS.

 Morrow et al pointed out that ideal marker reflecting myocardial ischemia should possess following characteristics: ① Above all, sensitivity and specificity must be high; ② Level of the marker quickly increases after myocardial ischemia; ③ Very stable in circulation; ④ Blood concentration recovers to baseline level within 24h; ⑤ Easy to detect and results can be obtained quickly; ⑥ It possess good analyzing characteristic [low coefficient of variation (CV)]. 
When tissue ischemia and reperfusion occur, increase of tissue local reactive oxidative products, acidosis and various ion pump destruction on cell membrane lead to structure change of albumin （flowing through ischemia tissue）and decrease of albumin binding capacity with transition metal cobalt. The albumin decreased binding capacity with metal ion is called IMA. 
Bar-Or was the first man who found that IMA level increased during myocardial ischemia [9]. IMA is the first biochemical marker used for diagnosis of myocardial ischemia approved by Food & Drug Administration (US) (FDA) in 2003 [10]. . The specificity of IMA is poor in diagnosing acute myocardial ischemia as mentioned above. Sinha et al studies 208 patients with acute chest pain, who received ECG examination at visit, blood was taken to measure IMA and cTnI in order to diagnose ACS, and single IMA was not ideal in diagnosis of ACS [11]. Therefore, the present clinical trial further explored diagnostic significance of combined detection of IMA, LDH, CK, CK-MB and cTnI in diagnosis of acute myocardial ischemia. 如上所述

In the present study, following conclusions can be obtained: ① IMA is a sensitive, specific biochemical marker in early stage of acute myocardial ischemia; ② Sensitivity and accuracy of IMA are better than currently usual biochemical markers (LDH, CK, CK-MB, cTnI) in early acute myocardial ischemia; ③Detection of IMA combined above-mentioned other four indexes may increase sensitivity, specificity and accuracy to highest level.. 

Because sample in present study was not enough, IMA detection is not standardized yet, so multi-center and large samples are needed to provide more evidence-based medicine proofs for IMA diagnostic value in acute myocardial ischemia.  
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