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KEYWORDS Abstract Background: Management of patients with a suspected ACS and LBBB is a challenge to
IMA; the clinician.

LBBB; Aim: To detect the ability of IMA to exclude myocardial ischemia in suspected patients with ACS
ACS and LBBB.

Material and methods: A total of 68 patients with suspected ACS and LBBB (group I) and another
twenty patients age and sex matched known to have LBBB with normal coronary angiography
(group II) were included in this study and subjected to: routine laboratory tests, 12 lead ECG,
echocardiography, and measurement of serum troponin I (Tnl) and IMA (measured by ELISA).
Diagnostic coronary angiography was performed on all patients and scored by severity and mod-
ified Gensini scores.
Results: IMA and Tnl levels are significantly increased in group I compared to group II (P value
<0.001). IMA with a cutoff value >95 could predict significant CAD (lesions >50%) with AUC
of 0.923, sensitivity of 88%, specificity of 83.33%, PPV of 93.6%, NPV of 71.4% and accuracy
86.76%. Moreover, by using both simple and multiple logistic regression analyses IMA could also
independently detect significant CAD. The combined use of IMA and Tnl significantly improved
the sensitivity and the negative predictive value to 98% and 90.9% respectively.
Conclusion: There was a distinct advantage of measuring IMA in patients presenting to the emer-
gency department with acute chest pain and LBBB to rule out a final diagnosis of ACS.
Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Cardiology. This is an open
access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

1. Introduction department (ED) in with acute chest pain or other symptoms
suggestive of ACS in Europe and USA."

Management of patients with a suspected ACS and LBBB
is a challenge to the clinician as they may be at higher risk
for AMI, congestive heart failure, and death compared with
patients without LBBB.*

E-mail address: makder1999@yahoo.com It seems that the current treatment approach exposes a signif-
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The accurate diagnosis of ACS seems to be very important as
about 15-20 million patients per year present to the emergency
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the risks of fibrinolytic therapy or increased rates of false-
positive cardiac catheterization laboratory activation without
the likelihood of significant benefit as data suggest that a signif-
icant proportion of these patients will not have an occluded cul-
prit artery at cardiac catheterization.” So, other diagnostic
modalities are needed to guide selection of appropriate patients
with suspected ACS and LBBB for reperfusion therapy.’

IMA is a form of human serum albumin in which the
N-terminal amino acids have been modified by ischemia® as
the result of hypoxia, acidosis, free-radical injury and
energy-dependent membrane disruption.’

Although most of the biomarkers are negative in acute
myocardial ischemia, IMA is highly sensitive and detectable
in the reversible early phase of ACS.*

The advantage of IMA assay over high sensitivity cardiac
troponin T (hs-cTnT) is that the levels of IMA are positive
within minutes of ischemia and remain elevated for up to sev-
eral hours, allowing detection before the development of
myocardial necrosis.® Hence, a negative IMA result in addition
to initial evaluation based on the clinical presentation may
help in moving the patients into a low-risk category, thereby
providing a major cost saving.’

So, the aim of this study was to detect the ability of IMA to
exclude ischemia in patients presented with ACS and LBBB.

2. Patients and methods

This study was performed in the cardiovascular department at
Al-Minya University Hospital between September 2014 and
March 2016. All patients gave written consent.

This study included 68 patients admitted with suspected
ACS and LBBB (group I). Another twenty patients age and
sex matched known to have LBBB with normal coronary
angiography (done as pre-operative assessment) were taken
as a control group (group II).

Exclusion criteria: Recent cerebrovascular stroke, advanced
peripheral vascular disease, acute limb ischemia, liver cirrhosis,
renal impairment (serum creatinine more than 1.5 mg/dl),
hypoalbuminemia (serum albumin level less than 3.5 mg/dl),
acute heart failure, and skeletal muscle injury.

All patients were subjected to the following:

History taking, clinical examination, 12 lead ECG record-
ing and transthoracic Echocardiography.

Laboratory Investigations include random blood sugar,
renal function tests, liver enzymes (ALT and AST) and serum
albumin, serum troponin I (after 6 h from the onset of chest
pain) and IMA measured at presentation in samples by a com-
mercially available enzyme linked immunosorbent assay.

Coronary angiography: Diagnostic coronary angiography
was performed on all patients via femoral artery with standard
Judkin’s technique. Coronary angiograms were interpreted
visually and scored by two techniques, as follows:

With the severity score, the number of major vessels with
luminal stenosis >70% (lumen diameter reduction) is scored
from 0 to 3 (for right, left anterior descending, and circumflex
arteries). Left main stenosis >70% was scored as one-vessel
disease if there was no lesion >70% in other vessels.'”

The modified Gensini score'' in which the most severe
stenosis in each of eight coronary segments (LMT, LAD, the
main diagonal, the 1st septal perforator, LCX, the main
OM/PL, RCA and PDA) was graded from 1 to 4 (1: 1% to

49% lumen diameter reduction, 2: 50% to 74% stenosis,
3: 75% to 99% stenosis, 4: 100% occlusion) to give a total
score of between 0 and 32. Each point was multiplied with
separate coefficients based on vessel segments.

This score therefore gives a measure of both severity and
extent of coronary atherosclerosis.'”

Statistical Methods: All data were tabulated, digitized, and
fed into a personal computer program of high statistical capa-
bilities (SPSS version 18) for statistical analysis. Parametric
data were expressed as means + standard deviations, while
nonparametric data were expressed as percentages. Parametric
quantitative data were analyzed using Independent sample
test. Nonparametric quantitative data were analyzed by Mann
Whitney test. Qualitative data were analyzed by Chi squared
test. Parametric correlation was done by Pearson and non-
parametric correlation was done by Spearman test. A p-value
of <0.05 was chosen as the level of statistical significance.

3. Results

There is no statistically significant difference between the two
groups either the demographic data or the clinical parameters
(Table 1).

There is statistically significant difference between the two
groups in the IMA level as well as in troponin I levels (P value
<0.001) (Figs. 1 and 2). Moreover, IMA is significantly posi-
tively correlated with troponin I (Table 2) as well as both the
severity and Modified Gensini scores (P value <0.001) (Figs. 3
and 4).

IMA with a cutoff value >95 could predict significant
CAD (lesions >50%) in the patients with ACS and LBBB
with AUC of 0.923, sensitivity of 88%, specificity of 83.33%,
PPV of 93.6%, NPV of 71.4% and accuracy 86.76% (Fig. 5).

Moreover, by using both simple and multiple logistic
regression analyses IMA could also independently detect sig-
nificant CAD in the patients group (Table 3).

Table 1 Demographic and clinical data of both study groups.
Cases Control P value
(n = 68) (n = 20)

Age

Range (34-75) (48-70) 0.356

Mean £ SD 60.32 + 7.64 58.6 + 5.91

Sex

Male 42 (61.8%) 13 (65%) 0.793

Female 26 (38.2%) 7 (35%)

Diabetes mellitus

No 39 (57.4%) 10 (50%) 0.561

Yes 29 (42.6%) 10 (50%)

Hypertension

No 21 (30.9%) 8 (40%) 0.446

Yes 47 (69.1%) 12 (60%)

Smoking

No 34 (50%) 12 (60%) 0.431

Yes 34 (50%) 8 (40%)

Family history

—Ve 63 (92.6%) 20 (100%) 0.212

+Ve 5(7.4%) 0 (0%)
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Fig. 1 Comparison of IMA level between the two study groups.
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Fig. 2 Comparison of troponin I level between the two study
groups.

Table 2 Correlation of IMA level with Troponin I level in the
patients.

A total of 38 patients had negative troponin assay out of 68
patients included in this study. By severity score, 27 patients
with negative troponin assay had obstructive CAD. Even in
troponin negative patients, IMA was significantly positively
correlated with both severity and Modified Gensini scores
(P value <0.001) (Figs. 6 and 7).

Furthermore, IMA with the same cutoff value (>95) could
predict significant CAD (lesions > 50%) in patients with ACS,
and LBBB and have negative troponin assay with sensitivity
96.3%, specificity 72.73%, PPV of 8976%, NPV of 88.9%,
AUC of 0.944 and accuracy 89.47% (Fig. 8).

The performance of IMA and Tnl alone and in combina-
tion for the diagnosis of ACS has been presented in Table 4
and Fig. 9. The sensitivity, specificity, positive predictive value
and the negative predictive value were analyzed. The combined
use of IMA and Tnl significantly improved the sensitivity and
the negative predictive value to 98% and 90.9% respectively.

4. Discussion

More than 50% of patients who present to the emergency
department with acute chest pain are admitted to exclude
ACS.”

The two components of the acute coronary syndrome
(ACS), acute myocardial infarction (AMI) and unstable ang-
ina (USA), are the major causes of death and disability world-
wide.">!* The risk of death and the benefit from early
reperfusion are highest within the first hours; therefore, early
diagnosis is critical.' *'*

The current treatment approach (based on current guideli-
nes) exposes a significant proportion of patients with a sus-
pected ACS and LBBB to urgent reperfusion strategies
without the likelihood of significant benefit, and leads to
increased rates of false-positive cardiac catheterization activa-
tion.” The prevalence of false-positive catheterization labora-
tory activation was 14% overall, but among patients

IMA X . Lo
presenting with LBBB, the rate of false activation was
r P value 39449, 1516
Troponin I 0.200 0.102 Most of the biomarkers of AMI are the products of
myocardial necrosis and thus are detected typically at a later
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Fig. 3 Correlation of IMA level with both severity and Modified Gensini scores.
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Fig. 4 Correlation of IMA level with both severity and Modified Gensini scores.

IMA stage of the myocardial damage.!” Therefore, rapidly detect-
able, highly sensitive markers would be desirable for myocar-
dial ischemia, to identify the patients with only ischemia and
those who are early in the course of an acute coronary syn-
drome without the evidence of any myocardial necrosis espe-
cially in early presenters.

IMA that has the advantages of being positive within min-
utes of ischemia and remains elevated for up to several hours
allowing detection before the development of myocardial
necrosis, has already been licensed by the US Food and Drug
Administration for the diagnosis of suspected myocardial
ischemia.'®

The major strength of our study is that it evaluated the role
of IMA in early detection of ischemia and excluding the diag-
nosis of ACS because the diagnosis of these patients is often
difficult in this category of patients with LBBB. Moreover,
we used an ELISA to measure serum IMA levels, which is fas-
ter, less expensive and comparably reliable with the albumin
cobalt binding assay, which has been used in previous
studies.'”*"
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Fig. 5 ROC analysis for prediction of significant CAD accord-
ing to IMA in the patients group.

Table 3 The regression analysis for diagnosis of significant CAD in the patient group.

Simple logistic regression Multiple logistic regression
OR P value AOR P value
95% CI 95% CI

Age 1.07 0.053 1.23 0.052
(0.99-1.15) (0.99-1.53)

Albumin 0.16 0.056 0.05 0.175
(0.24-1.05) (0.001-3.98)

IMA 0.14 0.001" 0.51 0.001"
(1.13-1.6) (1.18-1.92)

OR: Odds Ratio.

AOR: Adjusted odds ratio.

CI: Confidence Interval.

Bold significant represent the correlation between IMA and CAD.
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Fig. 6 Correlation of IMA level with both severity and Modified Gensini scores in Troponin negative patients.
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Fig. 7 Correlation of IMA level with both severity and Modified Gensini scores in Troponin negative patients.

In the present study, IMA levels were significantly higher in sodium and calcium pump disruptions, and free iron and cop-
group I (ischemic chest pain and LBBB) as compared to group per ion exposures.”>*
II (LBBB without chest pain) (P < 0.001). The most important findings in the current work is that

Our finding supported the results of the studies of IMA with a cutoff value >95 could predict significant obstruc-
others.'®?!"?* Several mechanisms have been postulated for  tive CAD (lesions >50%) in patients with ACS and LBBB
the generation of IMA within minutes after the onset of acute with sensitivity of 88%, specificity of 83.3%, PPV of 93.6%,
myocardial ischemia such as hypoxia, acidosis, free radical NPV of 71.4%, accuracy 86.7% and AUC of 0.923. Also, sig-
damage, release of fatty acids, membrane energy-dependent nificant positive correlation was detected between IMA and
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Fig. 8 ROC curve analysis for prediction of severity According
to IMA (in Troponin —ve patients).

the extent of CAD measured by the Severity score (P value
<0.001) and the severity and complexity of the lesions mea-
sured by Modified Gensini score (P value <0.001).

Moreover, results of this study revealed that IMA is an
independent factor for diagnosis of obstructive CAD in these
patients using both Simple (OR 0.14, P value = 0.001) and
Multiple Logistic Regressions (OR 0.51, P value = 0.001).

Furthermore, this study revealed that 71% of troponin neg-
ative patients have significant obstructive coronary artery dis-
ease while IMA could predict significant obstructive CAD in
those troponin negative patients (with a cutoff value >95)
with sensitivity of 96.3%, specificity of 72.7%, PPV of
89.7%, NPV of 88.9% and accuracy 89.5%.

There was a significant positive correlation between IMA
and both the severity score (P value <0.001) and the Modified
Gensini score (P value = 0.001) in troponin negative patients.

To the best of our knowledge, no previous study uses IMA
for detection of ischemia in patients with LBBB and acute
coronary syndrome.

Our results were in complete conformity to those of Zhong
et al. who enrolled 129 patients and found that IMA levels and
the number of diseased coronary arteries (detected by coronary
angiography) were significantly correlated (P < 0.01). Logistic
regression analysis showed that IMA was an independent pre-
dictor of CHD.>

Bhagwan et al. reported a sensitivity of 88% and a speci-
ficity of 94% for the IMA assay, which were quite close to

Table 4 The performance of IMA & Tnl for diagnosis of ACS in the patients group.

Variable Optimal cutoff AUC P value Sensitivity Specificity PPV NPV Accuracy (%)
IMA >95 0.923 <0.001" 88 83.33 93.6 71.4 86.76
Troponin >0.1 0.549 0.551 46 72.22 85.1 32.5 52.9
IMA & Troponin 0.768 0.001" 98 55.6 86 90.9 86.76
Bold significant represent the correlation between IMA and CAD.
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Fig. 9 ROC curve analysis for prediction of ACS according to IMA, Tnl and combination.



Ischemia modified albumin

189

our results. They also reported an AUC under an ROC plot of
0.95.%°

Similarly, Gurumurthy et al. found that mean serum IMA
levels in 540 patients with STEMI, NSTEMI, and UA were
significantly higher than noncardiac chest pain and also
healthy subjects (P < 0.001). ROC curve analysis revealed
that the cutoff value above which IMA can be considered pos-
itive was 84.4 U/L. The area under the curve was found to be
0.933 with 95% CI (0.911-0.954) (P < 0.0001). The sensitivity
and specificity were found to be 88% and 89%, respectively.”’

Our results shared that previous study of IMA showed that
it is possible to distinguish reliably between the ACS and non-
ACS populations (area under the ROC curve 0.95).>*

Our observations supported also Demirtas et al. who
reported that IMA and BNP may predict the extension of
coronary artery disease before performing coronary angiogra-
phy in the early stage of ACS. The extension of coronary
artery disease was calculated with Gensini score index and
more than 50% stenosis was accepted as severe coronary
artery stenosis.”’

Moreover, Huang et al. showed that IMA level in NSTEMI
patients was significantly higher than that of the healthy con-
trol group, and it had obviously positive correlation with coro-
nary artery stenosis degree.m

Finally, the diagnostic performance of the IMA level in the
ACS patients was greater as compared to that of the Tnl assay.
The sensitivity and the specificity of IMA were significantly
greater than those of Tnl. The combination of the IMA and
the Tnl results improved the sensitivity of the detection of
ACS to 98% with a negative predictive value of 92%.

These results were in complete conformity to those of pre-
vious reports'” which had revealed that a combination of the
IMA, ECG and the Tnl results had improved the sensitivity
to 96% for the detection of ACS. Saif et al., found that the
combination of IMA, Myoglobin, CK-MB and Tnl increased
the sensitivity for detecting ischemia to 97%, with a negative
predictive value of 92%."!

These results of IMA may improve our ability to make
early and accurate decisions for exclusion of ACS in patients
with LBBB.

5. Conclusion

Our findings suggest that IMA can be used as an independent
biomarker or an additional parameter along with Tnl, to aug-
ment the confidence for exclusion of cardiac ischemia in
patients with LBBB. This combination seems to have clear
potentials of saving unnecessary risks, and costs.

However, larger studies are needed to evaluate the value of
IMA as an exclusion test in those patients and to compare its
performance with other cardiac biomarkers and imaging tests.

6. Limitations

Our study has limitations. The study population was relatively
small; therefore, we cannot draw concrete conclusions.
Another limitation is that exact determination of the age of
LBBB as previous ECG is lacking in most of patients.
Finally, another limitation of our findings is that IMA is
not specific for myocardial ischemia because acute infection,

advanced cancer and brain ischemia are also associated with
increased IMA.
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