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ABSTRACT
Objective: To evaluate the importance of combination of biochemical markers in
patients with Acute Coronary Syndrome (ACS) and to determine the optimal
biochemical strategy for highly sensitive, early diagnosis of myocardial injury.
Patients and methods: This study was carried out in coronary care unit in Ibn- Sena
Teaching Hospital in Mosul city from January to November, 2008. Two hundred
and forty nine patients with (ACS) presented with chest pain and one hundred and
eleven apparently healthy subjects. Four cardiac markers Creatine Kinase (CK) and
Creatine Kinase-MB (CK-MB) activities (markers of necrosis), myoglobin (marker of
muscle injury), and troponin I (marker of necrosis) were estimated in addition to CKMB index. The collected data were analyzed by chi square, unpaired t-test and
analysis of variance (ANOVA). Receiver Operating Characteristics (ROC) analysis
was used to assess the role of selected parameters in the diagnosis of ACS and to
determine optimal cut-off values for all biochemical markers.
Results: The optimal cut-off value of each of 5 parameters with reasonable validity
were used to define single test criteria. The serum troponin I was with highest validity
among other parameters. The serum troponin I was used in combination with each of
the remaining 4 criteria and the test performance was assessed. All combinations were
associated with higher specificity than that of serum troponin I alone. However, the
accuracy of serum troponin I alone 94.0% was higher than the accuracy of all other
combinations.
Conclusion: The study has suggested that combining troponin I, myoglobin and CKMB index yields satisfactory diagnostic sensitivity and thus provide valuable
information for clinicians in managing Acute Coronary Syndrome (ACS).
Key words: Troponin I, myoglobin, Creatine Kinase (CK), Creatine Kinase-MB
(CK-MB), CK-MB index, acute coronary syndrome, biochemical markers.

اﻟﺨﻼﺻﺔ
 ﺗﻘﻴﻴﻢ أهﻤﻴﺔ رﺑﻂ اﻟﻮاﺳﻤﺎت اﻟﻜﻴﻤﻴﺎوﻳﺔ اﻟﺤﻴﻮﻳﺔ ﻣﻊ ﺑﻌﻀﻬﺎ ﻓﻲ ﺗﺸﺨﻴﺺ ﻣﺮﺿﻰ ﺗﻨﺎذر اﻟﺸﺮاﻳﻴﻦ اﻟﺘﺎﺟﻴﺔ:اﻷهﺪاف
.اﻟﺤﺎد اﻟﺬﻳﻦ ادﺧﻠﻮا وﺣﺪة اﻟﻌﻨﺎﻳﺔ اﻟﻤﺮآﺰة
 ﻣﺮﻳﻀﺎ ﻳﻌﺎﻧﻮن ﻣﻦ اﻟﻢ اﻟﺼﺪر ﺑﻌﺪ أن ﺗﻢ إدﺧﺎﻟﻬﻢ وﺣﺪة اﻟﻌﻨﺎﻳﺔ249  ﺷﻤﻠﺖ اﻟﺪراﺳﺔ ﻋﻠﻰ: ﻃﺮﻳﻘﺔ اﻟﻌﻤﻞ
 أﻇﻬﺮ.اﻟﻤﺮآﺰة ﻓﻲ ﻣﺴﺘﺸﻔﻰ اﺑﻦ ﺳﻴﻨﺎ اﻟﺘﻌﻠﻴﻤﻲ وذﻟﻚ ﻟﻮﺟﻮد أﻋﺮاض اﺣﺘﻤﺎﻟﻴﺔ اﺣﺘﺸﺎء اﻟﻌﻀﻠﺔ اﻟﻘﻠﺒﻴﺔ اﻟﺤﺎد
 ﻣﺮﻳﻀﺎ ﻣﺼﺎﺑﺎ ﺑﺬﺑﺤﺔ56  ﻣﺮﻳﻀﺎ ﻣﺼﺎﺑﺎ ﺑﺎﺣﺘﺸﺎء اﻟﻌﻀﻠﺔ اﻟﻘﻠﺒﻴﺔ اﻟﺤﺎد و193 اﻟﺘﺸﺨﻴﺺ أﻟﺴﺮﻳﺮي أن هﻨﺎﻟﻚ
.ﺻﺪرﻳﺔ ﻏﻴﺮ ﻣﺴﺘﻘﺮة
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 ) داﻟ ﺔTroponin I ﺗﻢ اﺣﺘﺴﺎب ﻋﺪد ﻣﻦ اﻟﻮاﺳﻤﺎت اﻟﻜﻴﻤﻴﺎوﻳ ﺔ اﻟﺤﻴﻮﻳ ﺔ ﻷﻣ ﺮاض اﻟﺸ ﺮاﻳﻴﻦ اﻟﺘﺎﺟﻴ ﺔ وﺷ ﻤﻠﺖ ﻋﻠ ﻰ
 ) داﻟ ﺔ ﻣ ﻮت اﻷﻧﺴ ﺠﺔ ( ﺗﻤ ﺖCK-MB & CK  ) داﻟ ﺔ أذى اﻟﻌﻀ ﻠﺔ( وMyoglobin ﻣ ﻮت اﻷﻧﺴ ﺠﺔ ( و
 ﺗﻢ ﺗﺤﻠﻴﻞ اﻟﻨﺘ ﺎﺋﺞ ﺑﻮاﺳ ﻄﺔ اﺧﺘﺒ ﺎر ﻣﺮﺑ ﻊ.( ﻣﻦ اﻷﺷﺨﺎص اﻷﺻﺤﺎء اﻟﻌﺎدﻳﻴﻦ111) اﻟﻤﻘﺎرﻧﺔ ﻣﻊ ﻣﺠﻤﻮﻋﺔ ﺳﻴﻄﺮة
 ﻟﺒﻴ ﺎن ﺣﺴﺎﺳ ﻴﺔ و ﺧﺼﻮﺻ ﻴﺔ اﻟﻤﺘﻐﻴ ﺮاتROC واﺳ ﺘﺨﺪﻣﺖ ﻃﺮﻳﻘ ﺔ أل. آﺎى و ﺟﺪول ﺗﺤﻠﻴﻞ اﻟﺘﺒﺎﻳﻦ و اﺧﺘﺒﺎر ﺗ ﻰ

.وﻹﺛﺒﺎت دورهﺎ ﻓﻲ ﺗﺸﺨﻴﺺ اﻟﻤﺮض واﻟﺘﻔﺮﻳﻖ ﺑﻴﻦ اﺣﺘﺸﺎء اﻟﻌﻀﻠﺔ اﻟﻘﻠﺒﻴﺔ واﻟﺬﺑﺤﺔ اﻟﻘﻠﺒﻴﺔ ﻏﻴﺮ اﻟﻤﺴﺘﻘﺮة
 ﻗ ﻴﻢ اﻟﺤ ﺪ اﻟﻘ ﺎﻃﻊ اﻟﻤﻨﺎﺳ ﺐ ﻟﻠﻮاﺳ ﻤﺎت ﺑﺎﻟﺼ ﻼﺣﻴﺔ اﻟﻤﻌﻘﻮﻟ ﺔ اﺳ ﺘﻌﻤﻠﺖ ﻟﺘﻌﺮﻳ ﻒ ﻣﻌ ﺎﻳﻴﺮ اﻻﺧﺘﺒ ﺎر ﻟﻠﻮاﺳ ﻤﺔ: أﻟﻨﺘﺎﺋﺞ
 أن اﻟﻤﺘﻐﻴﺮ اﻟﻤﺜﺎﻟﻲ ﻟﻠﺘﻔﺮﻳﻖ ﺑﻴﻦ اﺣﺘﺸﺎء اﻟﻌﻀﻠﺔ اﻟﻘﻠﺒﻴﺔ اﻟﺤ ﺎد و اﻟﺬﺑﺤ ﺔ اﻟﻘﻠﺒﻴ ﺔ ﻏﻴ ﺮ اﻟﻤﺴ ﺘﻘﺮة ه ﻮ ﻣﺴ ﺘﻮى. اﻟﻮاﺣﺪة
. ﻣﻊ ﺑﻘﻴﺔ اﻟﻮاﺳﻤﺎت اﻟﻜﻴﻤﻴﺎوﻳﺔ واﺟﺮي اﺧﺘﺒﺎر ﻗﻴﺎس ﻗﻴﻢTroponin I  ﺗﻢ ﺟﻤﻊ. ﻓﻲ اﻟﻤﺼﻞTroponin I
 ﺗﺸﻴﺮ اﻟﻨﺘﺎﺋﺞ إﻟﻰ أن ﻋﻨﺪ اﻟﺠﻤﻊ ﺑﻴﻦ.%94.8  ﻟﻮﺣﺪﻩ ﻳﺤﻤﻞ أﻋﻠﻰ ﺣﺴﺎﺳﻴﺔTroponin I إﺿﺎﻓﺔ إﻟﻰ آﻮن
 ﺗﻜﻮن هﻨﺎك ﺧﺼﻮﺻﻴﺔ أﻋﻠﻰ ﻣﻤﺎ ﻋﻠﻴﻪ ﻓﻲ ألTroponin I اﻟﻮاﺳﻤﺎت اﻟﻜﻴﻤﻴﺎوﻳﺔ اﻟﺤﻴﻮﻳﺔ آﻞ ﻋﻠﻰ ﺣﺪة ﻣﻊ أل
(%94.0)  ﻟﻮﺣﺪﻩ هﻲ اﻷﻋﻠﻰTroponin I  ﻟﻮﺣﺪﻩ وﻣﻊ ذﻟﻚ ﻓﺎن اﻟﺪﻗﺔ ﻓﻲTroponin I
( ﺣﻴﻦMyoglobin + Troponin I+ CK-MB index)  إن ﺟﻤﻊ اﻟﻮاﺳﻤﺎت اﻟﻜﻴﻤﻴﺎوﻳﺔ اﻟﺤﻴﻮﻳﺔ:اﻻﺳﺘﻨﺘﺎج
.دﺧﻮل اﻟﻤﺮﺿﻰ ﻓﻲ اﻟﻌﻨﺎﻳﺔ اﻟﻤﺮآﺰة ﻳﺴﺎﻋﺪ آﺜﻴﺮا ﻓﻲ ﺗﺸﺨﻴﺺ اﺣﺘﺸﺎء اﻟﻌﻀﻠﺔ اﻟﻘﻠﺒﻴﺔ اﻟﺤﺎد
and signs suggestive of
S ymptoms
acute myocardial infarction (AMI)

useful in early diagnosis of acute
coronary syndrome
when patients
admitted to coronary care unit (CCU)3.
Use of the combination of a marker
that appears early (myoglobin) and
either Creatine Kinase CK-MB
isoenzyme (CK-MB) or cardiac
troponin I (TnI) may facilitate rapid
exclusion of AMI and enable discharge
of patients who do not require
prolonged observation4. Myoglobin is
advantageous because it appears 1 to 2
hours after symptom onset, and studies
have demonstrated its high sensitivity
for detection of AMI within the first
few hours after presentation(4).
However, use of myoglobin alone has
significant limitations. Myoglobin has
low specificity for cardiac necrosis in
patients with renal failure or skeletal
muscle trauma5. Also, given that
serum myoglobin rises and falls
quickly in AMI, a single measurement
at presentation may be normal for
patients who present early and who
present
24 hours after symptom
onset6. On the other hand, CK-MB
and cTnI appear 3 to 6 hours after
symptom onset and remain elevated for

and unstable angina which constitute
acute coronary syndrome (ACS) are
non specific and have low sensitivity
for diagnosis of this condition1. The
World Health Organization (WHO)
definition and diagnosis of AMI, is
currently
two
out
of
three:
characteristic chest pain, diagnostic
electrocardiogram
changes
and
elevation of the biochemical markers
in the blood samples2.
The electrocardiogram (ECG) may
never show the classical features of ST
elevation and new Q waves. Hence, in
the early stage, there is no enough
evidence in these patients for clear
diagnosis and risk stratification3.
Biochemical marker identification
which is sensitive and specific for
myocardial ischemia and can easily
and rapidly measured in serum would
be clinically valuable3. Elevated levels
of cardiac markers: Creatine kinase
(CK-MB) activities (marker of
necrosis), in addition to troponin I
(marker of necrosis), and myoglobin
(marker of muscle injury), could be
9
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systolic blood pressure > 140 mmHg
or if diastolic blood pressure> 90
9
mmHg ; "Diabetes" as patients on
insulin or taking oral hypoglycemic
10
agent ; " Hypercholesterolemia " as
total cholesterol of >5.0 mmol/L on
11
admission . A family history for
CHD is considered positive if relatives
have experienced an MI prior to the
1
age of 50 in men, and 55 in women .
History of ischemic heart diseases
is defined as any group of acute or
chronic cardiac disabilities resulting
from insufficient supply of oxygenated
blood to the heart, or is a group of
diseases characterized by reduced
blood supply to the heart muscle
usually due to coronary artery disease (
11
atherosclerosis of coronary arteries) .
Male gender and obesity were also
1
considered as risk factors .
All patients had cardiac markers
tested within 12 hours post chest
12
pain . Their ECG was assessed and
any ischemic or progressive changes
12
were documented . Anthropometric
Measurements were also taken. The
socioeconomic state was grouped into
low, medium and good. The study was
carried out with the cooperation of
senior cardiologist in Coronary Care
Unit (CCU). On admission, patients
satisfying two out of the three criteria
of WHO were considered as having
2
myocardial infarction . The definitive
diagnosis of myocardial infarction
required all three criteria to be
satisfied. Patients with chest pain and
non-Q ECG pathology but with no
changes in cardiac enzymes were
13
diagnosed as having unstable angina .
The case notes were analyzed and

24 to 36 hours and 7 to 10 days,
respectively7. However, these markers
must be ordered as a panel in the ED
because no single marker meets all
criteria for an ideal marker of AMI
diagnosis for all patients who arrive at
the ED at various times after the onset
of the symptoms8.
The aim of this study was to
evaluate
the
importance
of
combination of biochemical markers in
patients
with
Acute
Coronary
Syndrome (ACS) and to determine the
optimal biochemical strategy for
highly sensitive, early diagnosis of
myocardial injury.
Subjects and methods
This study was carried out in Ibn- Sena
Teaching Hospital in Mosul from
January 2008 to November 2008. It
was carried out on 249 patients with
Acute Coronary Syndrome (ACS) who
were presented with chest pain where
193 (77.5%) patients with a diagnosis
of
possible
Acute
Myocardial
Infarction (AMI) and 56 (22.5%)
patients with Unstable Angina (UA) .
A control group that includes 111
apparently healthy subjects who
attended the Out-Patient department
was chosen for comparison. None of
the control subjects had any chronic
diseases and they were not taking
regular medicine. All patients who
admitted to the CCU were with
provisional diagnosis of ACS. The
patients were looked for risk factors,
"Smokers" were defined as patients
currently smoking at the time of
admission; Hypertension was defined
by self-report of a diagnosis and use of
an anti-hypertensive medication, or if
10
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inform
mation regaarding the duration
d
of
chestt pain, risk factorss, socioecono
omic status, Body mass index and
ECG changes were
w
obtainned on a
purpoose designedd data collecttion sheet.
Ab
bout 10 ml of venous blood
b
were
colleccted from paatients on addmission to
the CCU.
C
The blood sam
mples were
colleccted in vialls. Blood allowed
a
to
clot fully
f
by leav
ving for 15 minutes in
7 °C, then serum
waterr bath at 37
s
was
separrated by ceentrifugationn at 3000
rpm for
f 10 minuttes. The seru
um sample
was divided intto two aliqquots and
storedd at -20 °C.. The first aliquot was
for analysis
a
of (CK) and CK-MB
activiities using BIOLABO CK-NAC
UV method
m
and
d BIOLABO
O CK- MB
(in the
UV method respectively
r
14
deparrtment of biochemistry
b
y) . The
seconnd aliquot was for annalyses of
tropoonin I and myyoglobin usiing ELISA
monooclonal antibbody (Biochhek, Foster
City, USA) for both param
meters15,16.
The upper refeerence limitts for the
quanttitative carddiac markerrs used in
this study
s
were: CK activitty 174U/L
omen; CKfor men
m and 140 U/L for wo
MB activity
a
2 IU ; Trroponin
25
0.4 ng/mL
n
and myoglobinn
54.5
ng/m
mL. CK ratioo value or inndex (CK0 ≥ 6% is considered
× 100
MB /CK)
/
c
suggeestive for AM
MI.
Statiistical analyses: The collected
data were analyzzed statisticaally by chi
a
of
squarre, unpaired t-test and analysis
variannce (ANOV
VA) test. The cut-off
valuees for all biochemical markers
Receiver
determinned
were
by
Operating Characcteristics (ROC) curve
analyysis. A RO
OC is a graphical
representation off the tradeofff between
the true
t
positivve and falsee positive

rates for every poossible cut off
o of the
test reesult. In esseence, the ROC
R
curve
is the tradeoff beetween sensiitivity and
specifficity17. A laarge area unnder curve
(AUC
C), as shownn in the table, means
the teest being assessed to a better
diagnoostic test. Iff the area is 1.0, the
test has
h
both 100% sensittivity and
100%
% specificityy and repreesents an
ideal test.
t
If the arrea is 0.5, thhe test has
50% sensitivity
s
aand 50% speecificity –
the saame as gettinng heads on the flip of
a coin
n. Thereforee, the closerr the AUC
is to 1.0, the bbetter the teest is for
diagnoosis17.
The valuues for:
sppecificity,
positive
sensitivity,
predicctive valuee (PPV), negative
predicctive value (NPP) were
w
also
18
calcullated .
All resullts were
considdered signifiicant at p <0.05.
Thhe study recceived the agreement
a
of thee Ethical coommittee off Nineveh
Goverrnorate Heaalth Departm
ment and
approvval of M
Mosul College of
Studies
MediccinePosstgraduate
Comm
mittee. Subjjects were informed
about the purposee of the studyy and oral
he patients
consennt was obtaiined from th
and the controlls after the study had
been explained
e
to them.
Resullts
Descrription of Sttudy Samplee
As sh
hown in Table 1, the agee of study
subjeccts ranged between 266 and 90
years.. The meaan age in MI, UA
patiennts and conttrols were 55.4±10
5
,
56.6±
±12.2 and 57.3±11.9 years
respecctively.
T
There
waas
male
preponnderance am
mong MI caases (male
to fem
male ratio 1.76/1) whilee the ratio
in UA
A cases was (0.65/1) whiich means
that UA
U is moree frequent in
n females
11
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than males. BMI 25-30 kg/m2 was
present in 52.3% and 53.6% of MI and
UA respectively, while 24.4 and 10.7%
of MI and UA respectively were
obese. The mean duration of UA was
shorter than that of MI.
Frequency distribution of the risk
factors among the studied patients
There were no significant differences
between MI and UA cases in the
prevalence rate of diabetes mellitus,
hypercholesterolemia,
cigarette
smoking and family history of
myocardial ischemia. Obesity and
history of previous attack of
myocardial ischemia were more
frequent among MI cases (24.4% and
30.6%) compared to unstable angina
cases (10.7% and 14.3% respectively).
More than 30% of patients had more
than four risk factors (Table 2).
Using Test Combinations
At time of admission to coronary care
unit, the combination of serum
troponin I, myoglobin, CK activity,
CK-MB activity and CK-MB index
was performed. The optimal cut-off
values determined by selecting the
point on each curve at maximum
curvature in ROC curve for each of 5
parameters with reasonable validity
(Figure 1).
As shown in Table 3. serum
troponin I was the most valid test when
used alone in differentiating MI from
unstable angina cases. The optimal cutoff value of each of 4 tests with
reasonable validity were used to define
single test criteria. After that,
combination test criteria were used to

improve the specificity of diagnosis by
considering a subject as positive if the
test positive on both criteria, otherwise
the subject will be considered negative.
The serum troponin I was used in
combination with each of the
remaining 4 criteria and the test
performance was assessed. All
combinations were associated with
higher specificity than that of serum
troponin I alone. However, the
accuracy of serum troponin I alone
94.0% was higher than the accuracy of
all other combinations (Table 4). In
this study, a large proportion of
unstable angina ( 33 patients from 89
unstable angina patients), which is
13.2% of total (249 ACS patients),
would be reclassified as having acute
myocardial infarction due to utilizing
cardiac markers. All combinations
were associated with higher or equal
specificity than that of serum troponin
I alone (91.1%), while the accuracy of
serum troponin I alone (94.0%) was
higher than the accuracy of all other
combinations.
Cardiac
Biochemical
Markers
Combination
Triple combination of TnI, myoglobin
with CK-MB/CK Ratio offered a high
improvement over the combination of
TnI and myoglobin testing recording
(triple panel sensitivity, 91.2%;
specificity, 96.45% and highest
accuracy 92.4%) for diagnosis of
myocardial infarction which means the
best combination among others (Table
4).
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Table 1. Frequency distribution of the study sample by socio-demographic variables

1. Age (years)
<50
50-59
60-69
>70
Mean ± SD
Range
2. Gender
Male
Female
Male to Female ratio
3. BMI (kg/m2)
Normal (18.5-25)
Overweight (25-30)
Obese (>30)

Control (n=111)

MI (n=193)

No.

No.

%

UA (n=56)

%

No.

%

24
21.6
26
23.4
43
38.7
18
16.2
57.3 ± 11.9
30-79

32
16.6
75
38.9
58
30.1
28
14.5
55.4 ± 10.0
26-80

11
19.6
23
41.1
13
23.2
9
16.1
56.6 ± 12.2
26-90

58
53

52.3
47.7

123
70

63.7
36.3
1.76:1

22
34

39.3
60.7
0.65:1

46.8
51.4
1.8

45
101
47

23.3
52.3
24.4

20
30
6

35.7
53.6
10.7

1.09:1

52
57
2

4.Socio-economic status
Low

44

39.7

84

43.5

32

57.1

Medium

46

41.4

56

29.0

16

28.6

High

21

18.9

53

27.5

8

14.3

5. Duration of pain
Mean±SD (hour)

7.63±2.61

*Significant differences from MI data at P <0.05

13
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Table 2. Frequency distribution of the risk factors among the studied patients
Risk factors
Hypertension
Diabetes mellitus
Hypercholesterolemia
Family
history
of
Ischemic heart disease
Previous attack of
Ischemic heart disease
Cigarette smoking
Obesity
Gender (male)

MI (n=193)

UA (n=56)

No.
107
67
61

%
55.4
34.7
31.6

No.
24
21
11

%
42.9
37.5
19.6

35

18.1

10

17.9

NS

59

30.6

8

14.3

0.008

64
47
123

33.2
24.4
63.7

19
6
22

33.9
10.7
39.3

NS
0.014
0.001

p-value
NS
NS
NS

NS = Not significant according to Chi-square test

Table 3. ROC area for the measured parameters for the differentiation of MI from
UA in cases with ischemic heart disease.
Parameters
Serum CK (U/L)

Area
0.886

p-value
<0.001

95% C.I.
0.840-0.931

0.865

<0.001

0.815-0.915

0.896

<0.001

0.847-0.945

0.924

<0.001

0.874-0.973

0.794

<0.001

0.736-0.852

147.0 Optimal cut-off value

Serum CK-MB (U/L)
9.0 Optimal cut-off value

Serum myoglobin (ng/mL)
52.5 Optimal cut-off value

Serum troponin I (ng/mL)
1.55 Optimal cut-off value

CK-MB/CK Ratio or
Index
2.18 Optimal cut-off value
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Table 4. The validity parameters of the cut-off value for troponin alone and in
combination with the other measured parameters when used to
differentiate MI from UA in cases with ischemic heart disease

Serum

PPV at PPV at NPV at
pretest pretest pretest
prob. = prob. = prob. =
Sensitivity Specificity Accuracy
50%
90%
10%

Troponin I (ng/mL)

94.8

91.1

94.0

91.4

99.0

99.4

Troponin I+ CK

88.1

94.6

89.6

94.2

99.3

98.6

Troponin I + Myoglobin

88.1

91.1

88.8

90.8

98.9

98.6

Troponin I + CK-MB

80.8

96.4

84.3

95.7

99.5

97.8

Troponin I +CK-MB/CK
Ratio or Index

93.8

91.1

93.2

91.3

99.0

99.3

Table 5. The validity parameters of the cut-off value for the triple combination of the
measured parameters when used to differentiate MI from UA in cases
with ischemic heart disease

Combinations of parameters

PPV at PPV at NPV at
pretest pretest pretest
prob. = prob. = prob. =
Sensitivity Specificity Accuracy
50%
90%
10%

CK + CK-MB + Myoglobin

77.2

94.6

81.1

93.5

99.2

97.4

CK + CK-MB + Troponin I

78.9

96.4

82.7

95.6

99.5

97.6

CK + CK-MB + Ratio*

83.4

83.9

83.5

83.8

97.9

97.9

CK-MB + Myoglobin +Troponin

75.1

98.2

80.3

97.7

99.7

97.3

CK-MB + Myoglobin + Ratio*

79.3

94.6

82.7

93.6

99.3

97.6

Myoglobin + Troponin I+ Ratio*

91.2

96.4

92.4

96.2

99.6

99.0

*Ratio= CK-MB/CK Ratio or Index
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Figure 1. ROC curve for different cut-off values of selected parameters when used to
diagnose MI from UA in subjects with ischemic heart disease

applying a panel of biochemical
markers reflecting different aspects
in ACS appears to be a promising
option
for
improving
risk
21
In
contrast
stratification .
multimarker strategies incorporating
CK-MB
or
myoglobin
in
combination with troponin I results
have only been evaluated by few
authors20-24. However, it makes
intuitive sense that combinations of
two or more cardiac biomarkers
increase the early predictive value of
these types of strategies25.
In this study, four markers
were used in addition to CM-MB
index as criteria that favor the
diagnosis and differentiation of MI
from UA in cases of ACS, when
equal to or higher than an optimal
cut-off value. When the subject is
positive in at least three of these

Discussion
The National Academy of Clinical
Biochemistry
(NACB)
has
recommended that the protocol for
using cardiac markers in evaluation
of patients with possible ACS should
include an" early marker such as
myoglobin or CK-MB, which is
reliably increased in the blood within
6 h after symptoms onset, and a
"definitive" marker ( such as TnI or
TnT), which is increased in the blood
after 6-9 h with a high sensitivity and
specificity for myocardial injury and
remains with abnormal levels for
several days thereafter19. The use of
combination of marker that appears
early [myoglobin] and either CK-MB
or cardiac troponin I may facilitate
rapid exclusion of MI and enable
discharge of patients20.
As for
diagnostic purposes, an algorithm
16
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triple marker panel of myoglobin,
TnI and CK-MB had a sensitivity of
93% and specificity of 95% and the
study of Rathore et al which showed
a sensitivity of 85.7% and specificity
of 96.5% and positive predictive
value 92.3% for the same
combination20,29.
Most studies have compared
only two or three markers at the
same time and have not compared
them
with
the
initial
electrocardiogram.
In conclusion, no single
biochemical marker can be used to
predict diagnosis in AMI patients,
therefore, it is conceivable that
combination
of
biochemical
markers may help for this purpose.
Combination of Troponin I,
myoglobin and CK-MB index can
achieve the best diagnostic yield.

tests he is considered to have
diagnosis of AMI. Troponin I
sensitivity was the highest one
among other parameters with
(99.4%) negative predictive value.
But however, at these cut-off
values, the diagnostic predictive
value for combination of two tests
was less significant (Table 4).
In the
present study,
a
combination of TnI and CK-MB
index can achieve a diagnostic
sensitivity of 93.8% for AMI with a
99.3% negative predictive value at
time of admission to CCU, which is
the highest diagnostic sensitivity
among other combination. This is
consistent with the study of Engel
and Rockson where the sensitivity of
combination of TnI and CK-MB
index was 90.6% at time of
presentation24.
However,
the
combination of myoglobin and TnI
can achieve a diagnostic sensitivity
of 88.1% for AMI with a 98.6%
negative
predictive
value,
at
presentation to CCU which similar to
the results of others 23,27,28. Thus, the
combination of a highly sensitive
marker such as myoglobin with a
highly specific marker such as
troponin might optimize diagnostic
accuracy.
The triple combination of the
measured parameters when used to
diagnose patients with ACS showed
combination of myoglobin,troponin I
and CK-MB ratio recorded high
sensitivity 91.2% with a specificity
of 96.45% and highest accuracy
92.4% and high positive predictive
value 99.6%. These results are in line
with the study of Hsu et al where a
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