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ABSTRACT

BACKGROUND: An early identification of the patients with the Acute Coronary Syndrome (ACS) is of
prime importance, due to the associated very high mortality. Only about 22% of the patients, who present at
the emergency cardiology care centers with chest pain, have coronary disease. Ischemia modified albumin
(IMA) is emerging as an exciting early marker of myocardial ischemia for diagnostic use in patients with
suspected acute coronary syndrome (ACS). During an ischemic event, IMA concentrations in blood rise quickly
above normal levels and remain elevated, returning to normal levels several hours after cessation of ischemia.
IMA has recently been shown to be an early and sensitive marker of myocardial Ischemia. OBJECTIVE: The
current study was to validate IMA or Albumin Cobalt Binding (ACB) assay when used together with standard
markers of myocardial necrosis for the diagnosis and early detection of patients with ACS. METHODS: We
enrolled 45 patients admitted to intensive cardiac care unit (ICCU) within 6 hours having acute chest pain and 15
healthy age and sex matched volunteers who didn't have any evidence of coronary artery disease to form the
control group. The serum IMA level was estimated by the albumin cobalt binding test by using a digital
spectrophotometer. At presentation serum IMA in conjunction with electrocardiogram (ECG) and cardiac
enzymes Troponin | (¢cTnl) and CK-MB were evaluated. RESULTS: IMA levels were significantly higher in
ischaemic patients compared to healthy controls. The sensitivity of IMA to detect ischaemia was 83.4% when
IMA was combined with cTnl and CKMB, the sensitivity increased to 93%. CONCLUSIONS: IMA has been
found to be a highly sensitive, early diagnostic marker of acute chest pain and earlier rule out test in ACS
patients. The combined use of IMA and cardiac troponin | enhances the sensitivity and specificity. Hence, a
combination of IMA and cardiac troponin | can be used as a more precise diagnostic marker for ACS.

Key words: Acute coronary syndrome (ACS), Cardiac ischemia, Cardiac biomarkers, Ischemia modified

albumin (IMA)

1. INTRODUCTION electrocardiograms. The identification and diagnosis
Acute coronary syndrome (ACS) refers to a of ACS, including acute myocardial infarction
spectrum of clinical syndromes ranging (AMI), in these patients pose significant challenges.
from those for ST-segment elevation myocardial Rates of missed ACS among patients who present to
infarction (STEMI) to presentations found in non- the emergency department remain inappropriately

ST- segment elevation myocardial infarction high, ranging from 2 to 5% (5, 6).
(NSTEMI) or unstable angina. It is  almost Assessment of the cardiac biomarkers levels
always  associated  with rupture of an (Myoglobin, CK-MB and Troponin) are one of the
atherosclerotic plague with partial  or complete most essential and effective ways for detecting
thrombosis of the infarction related artery (1). myocardial damage. The current conventional
ACS is a sequence of pathophysiologic cardiac markers, CK-MB, Troponin (I) and (T) are
processes in coronary arteries, where inflammatory sensitive and specific tests for the detection of
cytokines plays an important role causing plaque’s myocardial necrosis, but they show a greater rise
destabilization and rupture, myocardial ischemia approximately 3-6 hours after the onset of the
and infarction (2). A gold standard in diagnosis of myocardial cell injury and thus, the patients
the necrosis of myocardium is Troponin due to its may wait before they are diagnosed and treated;
high sensitivity and specificity. However, Troponins moreover, the usual biomarkers may not rise
are not very early markers, and up to 4 hours from during reversible myocardial ischemia and other
the onset of symptoms their sensitivity does not diagnostic tools such as stress testing, and echo
exceed 50% [3]. cardiology are not routinely available (7). Recent
Chest pain is a common presentation to the efforts have focused on improving the accuracy of
emergency department and accounts  for identifying patients with ACS who are at high risk
approximately 5-10% of all visits [4]. Most of these of having an adverse event within the short term
patients have relatively unremarkable after assessment. During acute ischemia of

-725-




Z.U.M.J.Vol. 20; N.5; September; 2014

Ischaemia-Modified Albuminm Measured

myocardium, the ability of binding ions such as
copper, zinc and cobalt is decreased, therefore a
form of albumin is produced, which is described as
ischemia modified albumin (IMA). In recent years,
a number of studies have been conducted on the use
of IMA in the diagnosis of ACS with variable
results (8). Previous studies shown that IMA levels
rises within minutes after cardiac ischemia. IMA is
a serum albumin in which the N-terminus has been
chemically modified. The diagnostic albumin CO,"
binding (ACB) test for IMA is based on the
observation that affinity of serum albumin for CO,"
is reduced after N-terminus modifications (9). The
amino terminal of plasma albumin normally has an
affinity to cobalt, copper, and other heavy metal
ions, and the N-terminal of albumin is modified
during exposure to ischemic condition, due to the
generation of oxidative free radicals and reactive
oxygen species, resulting in the generation of IMA
with a low binding affinity to heavy metals (10).
Reports that IMA is increased within a few minutes
after the onset of myocardial ischemia and
continues to increase for 6-12 h suggest that it
could be applied effectively to the detection of
myocardial ischemic condition prior to the
progression to myocardial necrosis (11).

Therefore, we measured IMA by applying the
albumin cobalt binding (ACB) by Inverness
Medical Innovations (Waltham, MA) to evaluate its
usefulness as an early screening marker of ACS in
patients having chest pain. In this indirect
measurement method, a constant amount of cobalt is
allowed to react with the patient serum and thus
bind to albumin in the serum, and the remaining
non-bound cobalt is measured (12). Therefore, it
was anticipated that IMA would be influenced by
the albumin concentration in the patients' blood, and
that its clinical usefulness as a marker of ACS could
be evaluated by designating the value that the
measured IMA value of the patients was adjusted by
the serum albumin concentration of the patients.

I1. PATIENTS AND METHODS
Patients' selection

The current study was conducted in the
Intensive Cardiac Care Unit (ICCU), of Zagazig
University Hospital. The enrollment was between
March 2012 and July 2012.

Inclusion criteria:

A total of 45 patients with age range of 38-67 years
who admitted in the ICCU within 6 hours of acute
chest pain were enrolled in the study (Group A).
Fifteen age and sex matched healthy individuals'

volunteers who didn't have any evidence of

coronary artery disease were taken as the control

group (Group B). Ethical formal consent from every
patient was obtained after explanation the aim,
benefits and the procedure of the work.

The patients were monitored and the diagnosis
of ACS was confirmed as per the following criteria
in compliance with the guidelines (13):
= Clinical symptoms or new ECG abnormalities are

consistent with ischemia and one biomarker is
elevated above the 99" percentile of the upper
reference limit.

= ST-segment elevation or presumed new LBBB is
characterized by ST-segment > 0.5 mm elevation
in 2 or more contiguous leads.

» Ischemic ST-segment depression > 0.5 mm
(0.05mV) or dynamic T wave inversion with pain
or discomfort. Non-persistent or transient ST-
segment elevation of >0.5 mm for < 20 minutes.

» Imaging evidence of new loss of viable

myocardium or new regional wall motion
abnormality.
» Evidence of fresh thrombus by coronary

angiography.

The data include a thorough history taking
including (age, sex, duration of chest pain, and
presence of risk factors for ACS as diabetes mellitus
and hypertension), full physical examination, family
history considering DM, hypertension and ischemic
heart disease, serial 12-lead ECG and measurement
of the cardiac markers.

Exclusion criteria:

A number of clinical conditions which could
interfere with IMA levels were excluded:

chest pain duration for more than 24 hours,
hypoalbuminemia, serum creatinine more than 3.0

mg/dl, patients with symptomatic peripheral
vascular disease, patients with malignancy, patients
with  cerebrovascular strokes, patients with
pulmonary embolism and patients with acute
infections.

Methods:

All subjects included in the study were subjected to
the following:

Routine biochemical and hematological profile:
CBC, liver function tests, fasting and 2 hours pp
glucose level, blood urea and serum creatinine, lipid
profile, and urine analysis. To identify any of the
following; hypoalbuminemia, anemia, elevated liver
enzymes, elevated s.creatinine, dyslipidemia and
albuminuria.
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Assessment _or _measuring IMA by Albumin
cobalt binding assay (ACB test)

IMA was measured by the ACB test on an
automated  biochemical instrument  (Digital
Spectrophotometer). Colorimetric  detection of
cobalt binding to albumin: this colorimetric method
measures quantitatively the unbound cobalt
remaining after cobalt-aloumin binding has
occurred with reduced cobalt-albumin cobalt
bindings (14).

Cardiac Enzymes

A. Troponin: measured by (Quantitative detection
of cardiac Troponin | (cTnl) by EISA.

CK-MB: The MB isozyme of Creatinine Kinas
was measured by electrochemi luminescence
immunoassay (ECLIA)

Lactate dehydrogenase (LDH): LDH was
measured by colorimetric assay L-lactate
substance.

Statistical Analysis

The results are presented as means * standard
deviation or numbers and percentages. The data
generated were analyzed with the help of computer
statistical software packages namely EPI-INFO (ver
6.0) and SPSS (ver 16.0). The statistical
significance of the differences between the study
groups was assessed using student t-test (for
parametric variables) The association of IMA and
CK-MB levels with the clinical findings was
compared by Chi-Square (y°) and ANOVA. The
interrelationship of the variables was also assessed
using Spearman’s rank correlation coefficient. We
adopted a p value of < 0.05 as statistically
significant.

I11. RESULTS:

The baseline demographic and clinical
characterizations of the patients and the healthy
controls groups are given in Table (1). Sufficient
data were available in 45 patients with ACS (36
men and 9 females, mean age 51.4 £8.6 years) and
15 healthy controls (11 men and 4 females, mean
age 55 + 8.6 years). Smoking was prevalent in 60%
of cases followed by hypertension in 55.6% of
cases. 48.9% of cases were diabetic, and ischemic-
ECG was recorded in 82.2% of cases. Our finding
showed that, there was no statistically significant

B.

difference between both groups regarding age and
gender (p > 0.05). There were statistically
significant increase in hypertensives, smokers, and
diabetics among studied groups (p < 0.05). Also,
there were statistically significant increases in
ischemic-ECG changes in cases with ACS (p <
0.05).

The  results of routine  biochemical
investigations are shown in Table (2). Our finding
showed that, there was no statistically significant
difference regarding liver and kidney parameters
between the two studied groups (p < 0.05).
However, all lipid profile parameters were
significantly higher in ACS patients compared with
healthy control group (p < 0.001).

The results of cardiac enzymes levels showed
that ACS patients had higher CK-MB, Troponin |
(cTnl) and LDH compared to the control group with
highly significant difference (p< 0.001). We also
documented a significantly higher level of serum
IMA in ACS patients compared to healthy controls,
with a mean value of 95.7 +15.2 U/mL (Table 3).

Clinical performance of IMA when analyzed
alone as well as in combination with other
biomarker was shown in Table 4. Our finding
shows high sensitivity, high specificity, high PPV of
IMA in ACS patients. On the other hand, the results
show moderate sensitivity and specificity, with high
positive predictive value (PPV) and low negative
predictive value (NPV) of CK-MB in diagnosis of
ACS patients. Our finding shows highly sensitivity,
moderate specificity and high PPV and NPV of
cTnl.

Serum IMA assays registered high sensitivity in
comparison to CK-MB and c¢Tnl whereas IMA in
combination with cTnl or CK-MB revealed better
sensitivity as compared to combination of CK-MB
and cTnl. When all these three markers were
included together, the analysis showed the highest
sensitivity with a high NPV in comparison to IMA
alone or combined with either CK-MB or cTnl.
However, its specificity remained low in
comparison to CK-MB and cTnl when analyzed
alone or in combination. The NPV of IMA also
revealed high value in comparison to both CK-MB
and cTnl and also in conjunction with these
together.
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Table 1: Baseline characteristic and clinical data for subjects groups

. Control Cases
Variable (n = 15) (n = 45) T P value

Age (years)
X+SD 55.0+8.6 51.4+8.6 t=1.29 0.19
Range 32-69 38-67

Sex
Male 11 (73.3%) 36 (80.0%) x2=0.03 0.85
Female 4 (26.7%) 9 (20.0%)

Hypertension
+ve 3 (20.0%) 25 (55.6%) =571 <0.016"
-ve 12 (80.0%) 20 (44.4%)

DM
+ve 3 (20.0%) 22 (48.9%) v =3.86 <0.049"
-ve 12 (80.0%) 23 (51.1%)

Smokers
+ve 3 (20.0%) 27 (60.0%) ¥=72 0.007"
-ve 12 (80.0%) 18 (40.0%)

ECG
Normal 15 (100.0%) 8 (17.8%) ¥*=32.17 0.001"
Ischemia 0 (0.0%) 37 (82.2%)

DM: Diabetes mellitus ECG: Electrocardiography *: Significant (p <0.05)

NS: No significant (p > 0.05)
Table 2: Comparison of routine biochemical investigation in subjects groups

. Control Cases
Variable (n = 15) (n = 45) T P value
S. Albumin (mg/dl)
X+SD 4.8+0.7 4.2+0.4 1.96 0.54
Range 4.5-5.6 3.8-5.1
Total protein (mg/dl)
X£SD 7.8+8.6 7.1+0.46 0.16 0.87
Range 6.5-8.9 6-8.1
SGPT (U
X+SD 29.6+5.7 34.7£13.5 142 0.15
Range 18-37 21-65
SGOT (u/l)
X+SD 25.6+5.5 30.6+13 0.56 0.57
Range 16-37 20-58
Total bilirubin (mg/dl)
X+SD 0.64+0.17 0.98+0.2 0.11 0.91
Range 0.72-1.15 0.87-1.7
Creatinine (mg/dl)
X+SD 0.76+0.2 0.7+£0.14 1.32 0.18
Range 0.5-1.2 0.5-1
Total cholesterol (mg/dl)
X£SD 192.4+218 291+72 5.17 <0.001"
Range 167-220 17.5-430
Triglyceride (mg/dl)
X+SD 110.4+25.8 189.5+62.3 4.7 <0.001"
Range 77-145 90-310
LDL (mg/dl)
X+SD 98+32.3 203+51.2 7.46 <0.001"
Range 50-140 100-290
SGPT or AST: aspartate aminotransferase  SGOT or ALT: alanine aminotransferase
LDL: Low density of lipoprotein *: highly significant (p <0.001) S: Significant (p < 0.05)
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Table 3: Levels of cardiac enzymes (CK-MB, Troponin I, and LDH) and IMA on admission in

the ACS and control group

Control

Cases

Variable (n = 15) (n = 45) T P value
CK-MB (ng/ml)
X+SD 3.1+0.57 23.2+17.7 4.38 <0.001"
Range 2.2-3.8 2.4-47
cTnl (ng/ml)
X+SD 0.02+0.03 2.5+1.4 6.47 <0.001"
Range 0.006-0.08 0.01-5.01
LDH (1U/L)
X+SD 93+14.8 159.34+62.7 5.86 <0.001"
Range 40-80 85-250
IMA (1IU/mL)
X+SD 76.5%6.3 95.7£15.2 3.22 0.001
Range 52-116 79-200
cTnl: Troponin | LDH: Lactate dehydrogenase IMA:  ischemia  modified
albumin
Table 4: Clinical performance of IMA alone and in combination subjects groups
Test Sensitivity (%)  Specificity (%) PPV (%) NPV (%)
IMA 83.4 87.5 90 72
CK-MB 76.01 72.6 79.6 60.3
cTnl 87.6 79.2 89 74
IMA + CK-MB 86.5 85 89.2 78.4
IMA + cTnl 92.2 91.7 93 84
CK-MB +cTnl 78 90 89 55
IMA + CK-MB + cTnl 93 63 74 91
cTnl: Troponin | LDH: Lactate dehydrogenase IMA: ischemia  modified

albumin

IV. DISCUSSION:

Ischemia is a common under diagnosed vascular
emergency, which is associated with an adverse
prognosis. It is initiated whenever the arterial flow
cannot supply sufficient oxygen resulting to ir-
reversible damage and cell death. The clinical
assessment is essential for the timely diagnosis and
intervention of this disorder. Yet, no laboratory test
for ischemia is available for the early diagnosis of
this clinically challenging situation (15).

IMA is regarded as a new sensitive marker of
myocardial ischemia, in contrast to cardiac enzymes
which are released when cardiac necrosis occurs.

During an acute ischemic event, structural changes
occur in the amino terminus of albumin, rapidly
reducing its capacity to bind transition metal ions
and generate a metabolic variant of the albumin
referred as IMA (16). IMA was studied primarily as
a diagnostic marker in selected populations with
ACS. IMA measurements have demonstrated high
sensitivity of detecting even sub-clinical myocardial
ischemia and strong predictive power of subsequent
cardiac troponin results in ACS patients (17).

The IMA measurement as a marker of
myocardial ischemia without myocardial necrosis
and/or  preceding myocardial necrosis has
introduced the hope for improved diagnosis in
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patients with ACS without or with non-specific
ECG changes [18&19]. The evaluation of patients
presenting with chest pain or symptoms suggestive
of cardiac ischemia remains a diagnostic challenge.
These patients are often a heterogeneous group with
varying risk factors for coronary artery disease. In
many clinical settings, including the emergency
department, the ability of a diagnostic test to rule
out the diagnosis of ACS is important (20).
However, IMA may increase in conditions of non
cardiac ischemia, such as skeletal muscle, cerebral,
pulmonary and gastrointestinal ischemia and in
diseases which are potent producers of free radicals,
such as liver cirrhosis, infections. Systemic sclerosis
and advanced neoplasm. Therefore, the specificity
of IMA concentrations alone in the detection of
cardiac ischemia is quite limited (21&22).

Our study aimed to validate IMA or ACB assay
when used together with standard markers of
myocardial necrosis for the diagnosis and early
detection of patients with ACS.

Again in cases with cardiac ischemia, it may be
more difficult to reach at a diagnosis when the
patient has acute chest pain with a non-diagnostic
ECG and alteration in normal markers for necrosis.
In such cases patients are at increased risk for
subsequent coronary events but they may often be
discharged because there is insufficient evidence to
justify hospital admission (23).

The current study shows that IMA has a
comparatively high specificity for prediction of a
discharge diagnosis of ACS; we studied the value of
IMA, either alone or in combination with other
well-known cardiac biomarkers, namely CK-MB
and cTnl, in the early diagnosis of ACS.

In our study, 45 cases were confirmed as ACS
using follow-up test, the study confirmed the
previously reported value of both CK-MB and ¢Tnl
as early biomarkers of ACS. The sensitivity,
specificity, positive predictive value (PPV) and
negative predictive value (NPV) of CK-MB for the
diagnosis of ACS for patients with acute chest pain
are 76%, 72.6%, 79.6% and 60.3% respectively.

The combination of IMA assay with either CK-
MB or cTnl increased the diagnostic validity of the
test, compared to either test alone, with the highest
sensitivity, specificity, PPV and NPV estimated for
the combined IMA/cTnl assay (92.2%, 91.7%, 93%,
and 84 respectively). IMA assay showed sensitivity,
specificity, PPV, and NPV higher than those for
CK-MB and compared to those for cTnl. These
results are in a concordance with the result of

a study, which evaluated IMA for the diagnosis of
cardiac ischemia in 208 patients attending
emergency department ; who concluded that, the
diagnostic performance of the IMA level in the
ACS patients was greater as compared to that
of the cTnl assay (25). The sensitivity and the
specificity of IMA were significantly greater
than those of cTnl. The combination of the IMA
and the cTnl results improved the sensitivity of the
detection of ACS to 96% (26& 27).

A higher specificity and sensitivity along with a
higher positive and negative predictive value for
IMA as compared to the CK-MB for the detection
of ischemic heart condition reinforces the postulate
that the two tests have different roles to play in the
management of patients with ACS where IMA
appears to establish itself as the marker for cardiac
ischemia (20). Whereas CK-MB and cTnl should be
used to follow up the cases with overt infraction, the
sensitivity, specificity, PPV and NPV of cTnl for
the diagnosis of ACS for patients with acute chest
pain are 87.6%, 79.2%, 89% and 74% respectively
(28). Furthermore, the sensitivity was additionally
improved by adjusting the IMA measurement with
the serum albumin of the patient. For the screening
of ACS, the sensitivity and negative predictive
value of IMA were higher than those of the
conventional cardiac markers, CK-MB and cTnl,
and its specificity was lower, which were similar to
the results of previous studies (sensitivity, 80—90%;
negative prediction rate, 85-92%; specificity, 31—
49%) (29).The increase of IMA sensitivity could be
explained by its theoretical increase under ischemic
condition prior to the development of tissue
Necrosis.

The findings of our work agree with several
other publications that have evaluated the clinical
utility of IMA in patients presenting to the
Emergency Department (ED) with suspected ACS.
Takshid et al, (28), enrolled 256 ACS patients at
four centers and examined samples taken on
admission and 6-24 hours later. All patients had a
negative cardiac cTnl result at presentation and
cTnl was used as the outcome measure. At the
optimum cutoff point of75 units/mL, the sensitivity
and specificity of the ACB Test were 83% and 69%,
respectively. The negative predictive value was
96% and the positive predictive value was 33%.
Sinha et al, (30) also evaluated IMA for the
diagnosis of cardiac ischemia in 208 patients
attending the Emergency Department within 3 hours
of the onset of chest pain. In this study, the final

-730-



Z.U.M.J.Vol. 20; N.5; September; 2014

Ischaemia-Modified Albuminm Measured .........

diagnosis was based on the history, clinical
examination, serial cardiac cTnl results, and data
from medical records. The sensitivity of IMA at
presentation for an ischemic origin of chest pain
was 82%, the specificity was 46%, the negative
predictive value was 59%, and the positive
predictive value was 72%. Furthermore, IMA had a
higher sensitivity than the 12-lead ECG and initial
cTnl levels for the diagnosis of ACS, whereas the
combination of ECG, cTnl and IMA identified 95%
of patients whose chest pain was attributable to
ischemic heart disease.

A prospective observational study assessing low

risk patients with chest pain showed that the
measurement of IMA and cTnl at presentation had
high sensitivity rates (97.6%) but markedly lowers
(13.6%) specificity rates (31).
A subsequent study of 538 patients admitted
because of acute chest pain, evaluation unit found
admission measurement of IMA plus cTnl-lI had
100% sensitivity for prediction of a final diagnosis
of acute Ml (32).

A meta-analysis of current data has shown that
when the IMA result is used alone it has a 91%
negative predictive value for excluding ACS in the
ED, which increases to 97% when it is used in
combination with negative cTnl measurements and a
normal or non-diagnostic ECG (33).

However, as promising as the IMA assay
appears, some degree of caution is still indicated.
The currently accepted strength of IMA lies in its
negative predictive value for excluding the presence
of ischemia. Unfortunately, predictive values can't
necessarily be translated into clinical practice; in
reality, predictive value is less a measure of test
performance than it is a reflection of disease
prevalence in the population being tested (34).

In conclusion; this work confirms the
previously reported value of IMA assay, especially
when used in combination with negative troponin
measurement and a normal or non-diagnostic ECG,
for the evaluation of patients with acute chest pain
or symptoms in ICCU, suggestive of cardiac
ischemia. IMA has evaluated as highly sensitive,
early diagnostic marker of acute chest pain and
earlier rule out test in IMA patients. However,
several novel biomarkers have the potential to
improve the sensitivity of diagnosing ACS when
combined with cardiac-specific troponin.

The prognostic significance of IMA needs further
evaluation in large population and randomized

studies before it can be used for risk stratification in

patients with ACS.
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