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ABSTRACT

It is to evaluate the diagnostic ability of the serum cardiac markers in myocardial ischemia by
analyzing high sensitive troponin I, N-terminal pro-brain natriuretic peptide, Creatine Kinase, Creatine kinase-
MB, Myoglobin, ischemia modified albumin and heart type fatty acid binding protein. Total no of 56 cases and
33 healthy individuals were enrolled in the study and the preliminary blood samples were collected. The
subsequent blood samples were collected from the 38 ischemic patients at one hour who had shown positive
TMT for ischemia, where other patients does not meet criteria of ischemia. A comparative study for the
markers was done between control and cases, pre and post TMT of ischemic cases; finally area under the
receiver operator curve was constructed to see the diagnostic efficiency for the markers. NTproBNP, IMA,
hscTnl and CK-MB significantly raised in ischemia. NTproBNP (92.98 + 18.76 and 112.52 + 21.36) and hscTnl
(1.80+0.61 and 2.12 + 0.60), shown significant elevation in post exercise (p<0.0001) compared to pre exercise.
Receiver operating curve analysis indicates NTproBNP (AUC, 0.830), hscTnl (AUC 0.86), CK-MB (AUC 0.81), and
IMA (AUC, 0.79), better diagnostic efficacy. Marked increase of serum hscTnl, NTproBNP, CK-MB and IMA with
more AUC, can be considered as effective diagnostic makers in ischemia.
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INTRODUCTION

Coronary artery disease develops when there is damage due to fatty streak formation in which there
is a focal increase in the lipoprotein contents in the intima of artery, followed by adhesion, penetration and
accumulation of leucocytes forming the plaque. Inflammation in the walls of the coronary arteries leads to
narrowed vessels, hence decreased blood flow and oxygen supply to the myocardium, known as ischemia
resulting in angina [1]. In the diagnosis of ischemia primarily, ECG is widely used which is highly specific and
effective in localizing the region of ischemia, however it is estimated that in one third of patients with AMI is
not recognized by the physician or the patient because chest pain is atypical or absent [2]. The ECG can be
misleading in 8% and 50% of the patients are arriving at emergency department with non-diagnostic ECG and
it is also difficult to identify ischemia that occurs for short period which causes reversible effects by recovering
the myocardium[3]. TMT is useful to identify the myocardial ischemia after exercise by observing ECG during
exercise. It is said to be positive for myocardial ischemia when the horizontal or down sloping ST-depression of
>1mm, 60 or 80ms after the J-point, ST elevation of > 1.0 mm [4]. In addition to ECG and other non-invasive
procedures, serum biochemical cardiac markers are more helpful in the diagnosis rather than this high end and
other expensive techniques [2]. During myocardial ischemia, there is increase in the serum biomarkers due to
cardiac myocyte damage which are released in detectable range but the elevation is not similar at different
time periods for each marker because of different release kinetics.

METHODS

This study was approved by Institutional Ethical Committee of Maharajah’s Institute of Medical
Sciences (MIMS) and informed consent was obtained from all the subjects.

Study Population

Total 56 subjects were enrolled complaining with chest pain and other ischemic symptoms for the
first time without prior medication or treatment. These subjects were considered and enrolled in the study
based on the criteria or guidelines of myocardial ischemia. To establish the diagnosis, blood samples were
drawn from the individuals and on the advice of the cardiologist and physician, they were subjected to TMT-
ECG. On confirmation of ischemia on TMT-ECG based diagnostic criteria, a second blood sample was collected
from 38 patients within one hour after TMT. The serum samples of 18 subjects collected before TMT, who do
not show any abnormality pertaining to IHD i.e., chest pain of non cardiac origin and two patients were unable
to perform TMT due to dyspnoea, were discarded and excluded from the study. Finally, out of 56 cases, 38
patients with an age group ranging from 31 to 70 years and 33 age and sex matched healthy individuals
comprises control were enrolled for the study.

Exclusion Criteria

The patients with renal failure, renal transplantation, pregnancy, arrhythmias, aortic dissection, acute
heart failure, cardiac contusion, chemotherapy, myocarditis, diabetes mellitus, sepsis, severe neurological
disorders, pericarditis, extreme exertion, old AMI cases, non atherosclerotic M, left ventricular hypertrophy,
muscular dystrophy and infectious diseases like HIV, Hepatitis.., were excluded from our study as these
conditions lead to changes in some of the cardiac biomarkers. After preliminary screening for HIV and HbsAg,
all the samples of controls, and ischemia groups were centrifuged and preserved with necessary precautions at
-70° C until analysis.

Assay for Cardiac Markers

The parameters analysed were Fasting Blood Sugar (GOD -POD method, normal range: 70-
110mg/dL)[5], blood urea (Urease method, normal range: 15-45mg/dL) [6], serum creatinine (Jaffe’s method,
normal range:0.8-1.4mg/dL) [7], liver function tests (total bilirubin - diazo method, normal range:0.4-1.2mg/dL
[8]; serum glutamate oxaloacetae transamianse (SGOT- IFCC kinetic method, normal range: up to 46 IU/L) [9];
serum glutamate pyruvate transamianse (SGPT- IFCC kinetic method, normal range; up to 49 IU/L) [10] ;
alkaline phosphatase — IFCC method, normal range: 42-141 U/L [11], were assayed routinely in consideration
of exclusion and inclusion criteria. Serum lipid profile (total cholesterol - CHOD-PAP method, normal range:
140-230 mg/dL [12]; triglycerides (TAG - GPO-Trinder method, normal range: 25-160 mg/dL) [13] ; HDL —
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phosphotungstic acid method, normal range: 30-65 mg/dL (The values of LDL 60-160 mg/dL and VLDL=TAG/5
were calculated as per Friedewald formula) [14]. Standard controls and samples were assayed routinely and
analysed on the Transasia Erba fully automated analyser. Analysis of these parameters in post TMT samples
were not carried out as these are not muscle leak enzymes.

Total CK activity was quantified by use of automated analyser assay based on N-acetyl cysteine active
(NAC) with a normal limit of 24-170 IU/L [15]. The CK-MB was measured by immunoinhibition kinetic method
of Erba kit with a reference range <25 IU/L [16]. Serum Myoglobin was determined by the Accubind Enzyme
Immunoassay method with an normal limit <96ng/mL supplied by Monobind Inc (Lake Forest, CA, USA) kit for
analysis [17]. Serum hscTnl was assayed by using Acculite CLIA microwells supplied by Monobind Inc (Lake
Forest, CA, USA) with an upper limit of <1.3ng/ml [17]. Serum H-FABP was measured by double antibody
sandwich ELISA using the kit of SunRed H-FABP ELISA kit (Shanghai) with minimum detection limit was
0.05ng/ml, serum NTproBNP was measured by double antibody sandwich ELISA by using the kit of SunRed
NTproBNP assay (Shanghai) with an assay range of 2 to 360pg/ml. IMA was analysed by colorimetric method
based on albumin-cobalt binding assay and standardisation was carried out [18].

Statistical Analysis

Independent sample t-test was used for the comparison of markers between normal and ischemic
groups. Paired sample t- test was used for comparing between pre and post ischemic cases by using SPSS
version 17.0 software. A value of P<0.0001 was considered significant. To evaluate the ability of marker levels
in ischemic patients, receiver operator characteristic curves (ROC) has been constructed for each marker and
the area under the curves (AUC) for all the markers were obtained. Exact 95% confidence interval (Cl) for
binomial proportions was calculated to determine the diagnostic ability of the markers.

RESULTS

Sex distribution for males in control (n=33) and cases (n=38) 63.6% and 63.2% and the females
contributed in control and cases 36.4% and 36.8% respectively, with a mean age in years in control was 50.76
12.23, where as in ischemic cases was 53.16 + 7.17. Out of the 56 cases enrolled, ischemia was confirmed in
38 subjects and rest of the subjects do not meet the criteria of diagnostic guidelines of ischemia and two cases
were unable to perform TMT procedure due to dyspnoea.

Table 1: serum levels of parameters in control group demonstrating range and mean values (n=33).

Parameters Minimum Maximum Mean Std. Deviation

AGE 31 70 50.76 12.23

UREA (mg/dl) 18 44 34.58 6.75
CREATININE(mg/dl) 0.8 1.2 1.03 0.15
FBS(mg/dl) 75 106 92.97 6.61
T.CHOLESTEROL(mg/dI) 136 226 178.86 32.01
TAG(mg/dl) 73 184 151.58 45.61
HDL(mg/dl) 28 56 42.48 4.39
LDL(mg/dI) 54 149 115.21 35.54
VLDL(mg/dl) 15 41 29.55 8.345
TB(mg/dl) 0.8 1.2 0.98 0.14
DB(mg/dl) 0.1 0.4 0.40 0.13
AST(1U/I) 25 42 38.79 10.98
ALT(1U/1) 20 36 36.73 8.79
ALP(IU/I) 25 102 94.55 29.07

The characteristics of the basic parameters are shown in Table 1and 2 for control and ischemia cases
respectively. The total cholesterol, TAG, HDL, LDL and VLDL (p<0.0001) were statistically significant, whereas,
no significant difference is observed in FBS, urea, creatinine, bilirubin, AST, ALT and ALP in comparison with
control. The ischemic patients having the levels of FBS ranging from 88 to 112 mg/dl with a mean of 92.58 +
8.94 showing a significant difference of FBS from the control. Serum creatinine 1.0 to 1.4 mg/dl with a mean of
1.095 + 0.18 and blood urea 22 to 48 mg/dl with a mean of 35.63 + 6.09 do not show significant elevation in
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ischemic cases. In case of lipid profile, total serum cholesterol ranging from 157 to 270 mg/dl with a mean of
227.8 + 32.98, TAG 120 to 249 mg/dl having mean 191.8 + 39.58, HDL 30 to 48 mg/dl with a mean of 35.66
$3.98, LDL 93 to 181.87 mg/dl with a mean of 145.32 + 26.21, VLDL 24 to 50 mg/dl with a mean of 38.47 +
7.98, were registered in the present study were statistically significant (p<0.0001). The liver function test (LFT)
panel, serum TB 1.0 to 1.5 mg/dl with mean value 1.02 + 0.15, DB 0.2 to 0.4 mg/dIl with a mean of 0.39 = 0.09,
AST 15 to 44 U/l with a mean of 38.34 + 5.35, ALT 20 to 42 U/l with mean 36.32 + 8.44, ALP 25 to 122 U/l with
a mean of 95.45 + 12.56. LFT do not show any significant change in ischemia cases as compared to control in
our study.

Table 2: serum levels of parameters in ischemic group showing the range and mean values (n=38).

Parameters Minimum Maximum Mean Std. Deviation
Age 39 68 53.16 7.17
UREA(mg/dl) 22 48 35.63 6.09
CREATININE(mg/dl) 1.0 1.4 1.09 0.18
FBS(mg/dl) 88 112 92.58 8.94
T.CHOL(mg/dI) 157 270 227.82 32.98
TAG(mg/dl) 120 249 191.87 39.58
HDL(mg/dl) 30 48 35.66 3.98
LDL(mg/dI) 93 181 145.32 26.21
VLDL(mg/dl) 24 50 38.47 7.98
TB(mg/dl) 1.0 1.5 1.02 0.15
DB(mg/dl) 0.2 0.4 0.39 0.09
AST(1U/I) 15 44 38.34 5.35
ALT(1U/1) 20 42 36.32 8.44
ALP(1U/1) 28 122 95.45 12.56

Table 1 and 2 shows that the analysis of blood samples in ischemia cases and controls for total cholesterol, TAG, HDL, LDL,
VLDL the difference were statistically significant(p<0.0001), but there is no significant difference is observed in FBS, blood
urea, serum creatinine, total bilirubin, AST, ALT and ALP in comparison with healthy subjects.

Table 3: comparison of serum cardiac parameters between normal and ischemic group

Parameters normal vs. Ischemic No. Of cases Mean Std. Deviation
NORMAL 33 64.06 11.66
IMA (units/mi) ISCHEMIC 38 92.68 13.63

NORMAL 121.21 29.

cK(iu/1) IS?HEMIC :Z 124.89 4:32
NORMAL 33 18.36 4.32
CK-MB(1U/1) ISCHEMIC 38 31.63 13.90
myoglobin(ng/mi) NORMAL 33 73.86 17.55
ISCHEMIC 38 75.63 25.19
I
NToroBNPlpg/ml) | chriiic e | v
T e - S

Table4: Comparison of serum marker levels in ischemia patients of pre and post TMT stages.

Parameter Pre TMT Post TMT t- test P value
Mean * SD Mean = SD
Myoglobin(ng/ml) 75.63 £25.19 79.00 £ 24.60 1.40 =0.17
IMA(units/ml) 92.68 £ 13.63 90.76 £ 15.06 1.60 =0.11
CK(1U/L) 124.89 +48.72 128.79 + 46.55 1.66 =0.70
CK-MB(1U/I) 31.63 £13.90 31.93+£13.35 0.43 =0.66
hscTnl(ng/ml) 1.80+0.61 2.12+£0.60 6.82 <0.0001
NTproBNP(pg/ml) 92.98 £18.76 112.52+21.36 791 <0.0001
H-FABP(ng/ml) 3.32+1.72 3.40+1.59 1.30 =0.20
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Table 3. Contains the serum values of confirmed ischemic cases (before conducting of TMT) shows the
statistical significance for HscTnl (p<0.0001), NTproBNP (p<0.0001), CK-MB (0.66) and IMA (p<0.11). There is
no statistical difference between myoglobin (p=0.17), CK (p=0.70) and H-FABP (p=0.20). In ischemic subjects in
comparison with control, NTproBNP with a mean of 56.11 + 35.51 in control against IHD cases with 92.98 +
18.76 indicates the significant elevation. The hscTnl showing with a mean of 0.49 £ 0.27 in control and mean of
1.80 £ 0.61 in IHD cases registered a significant raise. IMA with a mean of 64.06 + 11.66 in control group and a
mean of 92.68 + 13.63 in IHD cases shows significantly raised level. Control group demonstrating the mean
serum CK 121.21 + 29.90 against IHD 124.89 + 48.72 which is though raised but not significant. Serum CK-MB
with a mean of 18.36 + 4.32 in control in comparison with a mean of 31.63 * 13.90 in IHD cases showed
significant variation. The control group shows serum myoglobin with a mean of 73.86 + 17.55 and in IHD cases
a mean of 75.63 £ 25.19 which is statistically non significant. Serum H-FABP with a mean of 2.73 £ 1.06 in
control and 3.32 £ 1.72 in IHD cases showed no statistically significant difference. The comparisons of serum
cardiac parameters in pre and post TMT cases of ischemia are in Table 4. NTproBNP (p<0.0001) and hscTnl
(p<0.0001) shows significant elevation in post TMT condition indicates the influence of exercise in elevation of
markers.

The receiver operator (ROC) for the area under the curve (AUC) was constructed (Table 5 and Figure
1.) for each serum marker to evaluate the diagnostic ability in ischemic patients. The AUC for hscTnl is 0.86
(95% ClI 0.70 — 0.98), NTproBNP 0.83 (95% ClI 0.74 to 0.96) and CK-MB 0.81 (95% Cl 0.74 to 0.92) (p<0.001)
showed more area under the curve, when compared to other markers in ischemic subjects.

Table 5: Area under the curve for the parameters of ischemic subjects.

Test result Area Std. Error® Asymptotic Sig.b Asymptotic 95% Confidence Interval
variables Lower bound Upper bound
NTproBNP 0.83 0.056 0.000 0.74 0.96
IMA 0.79 0.054 0.000 0.77 0.88
CK 0.66 0.067 0.051 0.57 0.78
CK-MB 0.81 0.047 0.000 0.74 0.92
Myoglobin 0.65 0.045 0.000 0.56 0.79
H-FABP 0.57 0.069 0.268 0.46 0.68
hscTnl 0.86 0.046 0.000 0.70 0.98
ROC Curve

1.0
- Source of the
Curve

— A
—CK
024 CK-MB
— MYOGLOBIM
J TROPONIM |

/ ~— NTproBNP
/ H-FABP
J
A

Sensitivity
o
1

N

0.2+

0o T T T T
0o 02 04 08 08 1.0

1 - Specificity
Figure 1: AUC of parameters in ischemic cases.
DISCUSSION
The ischemic patients demonstrating the serum levels of parameters rose significantly for lipid profile
(p<0.0001) and there is no significant difference for FBS, urea, creatinine and liver functions test parameters.

Our Study showed normal fasting glucose level in ischemic patients as diabetes mellitus is one of the exclusion
criteria. However, hyperglycemia is a common associated phenomenon in ischemia and worsening the angina
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has been reported by Ishihara M et al, 2003[19], Lickerman A et al, 1997 [20]. Serum creatinine and blood urea
did not show significant elevation in ischemic cases and our results are similar to the study of Robert ostfeld et
al 2010, reported that, urea and creatinine has no diagnostic influence on ischemia, and the elevation in some
cases may be due to renal impairment and have no influence on ischemia [21]. In case of lipid profile, the
serum values of lipids, is one of the risk factor of ischemia, increased in chronic stable IHD but there is no
change with HDL when compared to control group, which is cardiac protective [22,23]. HDL reduces the
oxidized lipid particles in LDL and turns them as less atherogenic and low HDL increases the risk of CAD [24].
The oxidised LDL has got sticky nature and infiltrates into intimal region of arterial wall and taken up by
macrophages to cause foam cell formation followed by atherosclerosis. The LFT panel, do not show any
significant change in ischemia cases as compared to control in our study. Some studies observed slight rise in
liver enzymes especially AST and ALT in IHD due to fatty infiltration in the liver cell associated with obesity
[25].

Comparison of serum levels of cardiac parameters of ischemic subjects (pre-TMT) with control group,
ischemic cases in the present series had their serum levels of cardiac parameters raised significantly.
NTproBNP, hscTnl, IMA and CK-MB were significantly elevated in ischemic group in comparison with control
(p<0.0001). The increase of NTproBNP in serum samples of ischemic patients attributed to ventricular stretch
of myocardium in ischemic patients. Studies show that IMA is a potential marker of recognising unstable
angina rather than ECG but lacks specificity [26]. In one study, IMA is an ideal marker with high sensitivity in
myocardial ischemia which can be detectable in the reversible early phase of acute coronary syndrome (ACS)
where other markers are absent [27]. CK-MB showed significant variation (p<0.0001) and CK and myoglobin
demonstrated a slight raise in comparison with healthy group but not significant. Our study correlates with
study observed no variation of serum myoglobin (p=0.73) in angina and in healthy individuals [28]. H-FABP
showed no statistical significant difference and our study do not correlate with the findings reported that, a
significant rise of H-FABP in IHD and considered it as a sensitive marker in ischemia [29]. The hscTnl in IHD
cases registered a significant raise and explains that it has diagnostic role in detecting stable angina and
multiple vessel disease and our observations are in concurrence with the study by Eryol NK et al 2002[30]. To
summarize the data in comparison between control and ischemic cases, it infer that NTproBNP, hscTnl, IMA
and CK-MB showing significant rise in their serum levels.

In comparing the pre TMT samples with post TMT, the ischemia cases had their post TMT serum levels
of cardiac parameters NTproBNP (p<0.0001) and hscTnl (p<0.0001) were raised significantly when compared
to pre TMT of ischemic cases. Our study claims that, post exercise stress test increases the serum NTproBNP
and cardiac troponins and in agreement with other studies [31]. The assessment of NTproBNP along with
stress test improves the prediction of CAD, Suggesting that exercise-induced ischemia or its associated regional
wall stretch abnormalities triggers the release of NT-pro-BNP before and immediately after exercise can
distinguish patients with and without ischemia [32, 33]. Cardiac troponin (cTn) is sensitive and specific for the
detection of myocardial damage but may not rise during reversible myocardial ischemia. Heavy exercises like
stress test may severely lead to myocardial damage. The study of post-stress test troponin readings, in patients
with stable angina pectoris as well as in patients with negative stress test result, may be of great help in
detecting the patients with ischemia [34]. Ischemia Modified Albumin (IMA) has recently been shown to be a
sensitive and early biochemical marker of ischemia. In our study we did not observe any significant difference
between pre and post states of TMT and not correlating with the study of Z.P Koc et al 2012 [35], who
reported a significant increase in post-TMT IMA levels as compared with pre-TMT IMA levels. Previous reports
of post-exercise elevations in serum concentrations of CK-MB could result in cardiac injury [36]. Our study
found that there is modest elevation of CK-MB in post TMT conditions of IHD cases however not showing
significant variation as compared to pre TMT condition. In contrast to our study, Alon T Marmor [37] stated
that, there was elevation of total CK after exercise but there is no rise in case of CK-MB in myocardial ischemia
induced by treadmill exercise. Studies reported that there is no rise of CK, CK-MB and troponin followed by 20
minutes exercise session which does not result in myocardial necrosis [38].

Myoglobin was not found in detectable range in ischemic patients when compared with control and
there is no statistical difference in pre and post TMT conditions. Baadsqgaard et al 1984, reported that there is
no change in the myoglobin in IHD before and after exercise induced angina pectoris and our results were
concurrence with the study, that there is slight difference in serum of myoglobin in pre and post exercise
states but not statistically significant in ischemic patients [39]. H-FABP shows no variations in our study and we
accord with the study demonstrated that there is no significant elevation of H-FABP in ischemia as there is no
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significant changes in the serum levels of ischemic patients in pre TMT and post TMT states[29]. To summarize
the data in comparison between pre and post TMT serum levels of parameters, NTproBNP and hscTnl
registered significant elevation in post TMT conditions (P<0.001) as compared to pre TMT, rather than other
markers. From our study, it is clear that, the levels of markers in the serum shows significant variation,
especially for hscTnl, NTproBNP, CK-MB and IMA. These markers may be released in ischemia due to transient
damage of myocardium.

The receiver operator characteristic curves (ROC) for each marker demonstrated and more area for
hscTnl, NTproBNP and CK-MB when compared to other markers in ischemic subjects. Our results were
correlated with the study of Haaf P et al, reported, AUC for NTproBNP 0.79 (95% Cl, 0.75-0.83), improves the
diagnosis of suspected cases [40]. Milenko J. Tanasijevic et al, have found that the area under the receiver
operating characteristic (ROC) curve was 0.71, 0.70 and 0.71 for myoglobin, cTnl and CK-MB [41], but in our
study it was observed that, CK, H-FABP and myoglobin shows smaller AUC indicates less diagnostic significance
and hscTnl showed more diagnostic efficacy with 0.86 AUC (p<0.0001) in identifying the ischemic condition.
AUC demonstrated for IMA is 0.79, highly sensitive but poor specific for the presence of ischemia and results
were similar to the study of Shu-ming, shown AUC for suspected ischemia cases was 0.75 [42].

CONCLUSION

In ischemia cases, the markers hscTnl, NTproBNP and CK-MB showed significant diagnostic ability in
detection of ischemia. IMA also registered significant diagnostic efficiency. In view of multi marker strategy, as
the release kinetics of the markers were different hence it is evident from our study that the combinations of
hscTnl, NTproBNP and CK-MB increases the diagnostic ability ischemia. The assessment of these markers
helpful in understanding the disease stage in IHD or predict the future trends to prevent the progression of
IHD into full fledged myocardial infarction.
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