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ABSTRACT
Acute myocardial infarction, the major cause of death in developed countries is becoming
more prevalent in developing countries due to rapid urbanization and change to western life style.
Myocardial infarction occurs due to occlusion of the coronary artery leading to myocardial necrosis,
heart failure and arrhythmias, causing an increase in morbidity. Early recognition of acute
myocardial infarction (AMI) leads to early treatment by means of thrombolysis, percutaneous
intervention or coronary artery bypass surgery leading to decrease in the size of infarct and thereby
reducing the complications of AMI. This article would focus on the currently used cardiac
biomarkers for acute myocardial infarction and emerging role of high sensitive troponin in future
and clinical usefulness of creatine kinase MB isoform.
Keywords : Cardiac biomarker, Troponin, High sensitive troponin, Creatine kinase MB (CK MB),
Multi marker testing.
INTRODUCTION:

T

he Myocardial infarction which was a
major cause for mortality and morbidity in
western world has been catching up as an
important cause of death in developing countries
where communicable disease was the major cause
of death. The reason for increase in coronary artery
disease in the developing countries is due to
westernization of the lifestyle. The traditional
theory for causation of coronary artery disease
centers on complex interplay between genetic and
environmental, modifiable and non modifiable risk
factors setting into motion an inflammatory
cascade of monocyte migration, lipid oxidation and
1
atheromatous plaque formation.
The cascade of thrombotic events following
atherosclerotic plaque rupture causes occlusion of
the coronary artery, interrupting blood supply and
oxygen to myocardium resulting in infarction.
Myocardial necrosis results in heart failure,
myocardial rupture or arrhythmias. Early treatment

of acute myocardial infarction with treatment as
fibrinolysis, percutaneous coronary intervention
and coronary artery bypass grafting has improved
outcome.2
For early diagnosis and initiation of treatment,
cardiac biomarkers play a major role. This article
would review the new biomarkers available and the
advantage over the previously used biomarkers.
CURRENT CARDIAC BIOMARKERS:
Troponin:
The widely used biomarker for myocardial injury is
cardiac troponin cTn . The troponin is made up of 3
subunits namely C, I and T which together control
calcium mediated interaction of actin and myosin
leading to contraction and relaxation of striated
muscle. Troponin I and troponin T are expressed
only in cardiac muscle; therefore these biomarkers
have a high specificity for myocardial damage.
CTn are detectable in peripheral circulation when
damage to cardiac myocyte first leads to release of
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cytoplasmic cTn which accounts for 3% to 5% of
cTnI and 7% cTn T.3,4 After infarction cTn is
detectable in blood after a delay of 2 to 4 hrs and
cTn remain detectable for 4 to 7 days for cTn I and
10 to 14 days for cTn T, cleared from circulation by
reticuloendothelial system and fragmented into
molecules that are cleared renally.
The sensitivity of cTn I and cTn T at initial
presentation for acute myocardial infarction was
3.7% and 33.3% respectively which improved to
82% and 89% after 6 hrs and to 89% and 96%after
5
12 hrs, leading to development of new generation
of high sensitive assays called hsc Tn ((high
sensitive troponin) with a 10 to 100 fold lower limit
of detection. The hscTn assays have allowed the
diagnostic cut off to be lowered to the level of 99th
percentile or lower.6, 7
Creatine Kinase (CK) and Creatine Kinase MB
(CK MB)
Creatine kinase and its MB isoformCK-MB were
the most commonly used serologic test for the
diagnosis of myocardial infarction prior to
widespread adoption of troponin. With the
development of high sensitive troponin the use of
creatine kinase and its isoform creatine kinase MB
utility has markedly diminished over time.
Increases in CK usually begin 4–6 h after the onset
of MI, and peaks at around 18–24 h, while returning
to baseline levels by 36–48 h.8 A total CK elevation
of twofold above normal, with a simultaneously
elevated CK-MB is required for the diagnosis of an
MI. However, the important drawback of this is a
false positive result, which can be due to skeletal
muscle damage from trauma, cardiopulmonary
resuscitation, defibrillation, cardiac and
noncardiac surgical procedures, cocaine abuse,
intramuscular injections, convulsions, alcohol
intoxication, hypothyroidism, renal failure and
9
pulmonary embolism. In the diagnosis of Acute
coronary syndrome, CK is comparatively less
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sensitive and specific than troponin. Several trials
in the past have compared troponin with CK-MB. A
review of around 30,000 patients in the multicenter,
'Can Rapid Risk Stratification of Unstable Angina
Patients Suppress Adverse Outcomes with Early
Implementation of the American College of
Cardiology (ACC)/American Heart Association
(AHA) (CRUSADE)' trial, showed that troponin
was more sensitive and has an enhanced prognostic
10
value than CK-MB. Clinical scenario where CKMB measurement scores over troponin is in the
setting of periprocedural PCI or CABG myocardial
infarction. Also some clinicians prefer the use of
CK–MB for the detection of early reinfarction,
since CK-MB levels return to baseline in 36 to 48
hrs after infarction. Troponin does not normalize
that rapidly and is elevated in plasma for 10 to 14
days.
Troponin VS CK-MB
A number of studies have shown that troponin have
enhanced prognostic value compared with CK-MB
measurements. The GEACE registry which studied
more than 10,000 ACS patients, the in hospital
11
mortality was highest when troponin was elevated
as shown in table 1.
Table 1. Troponin Vs CK-MB
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Myoglobin
Myoglobin is a small cytoplasmic heme protein
found in all muscles. Myoglobin increases within 1
to 3 hr in the setting of myocardial necrosis, peaks
within 6 to 9 hr and become normal in 24 hr.12
Myoglobin is the earliest marker to rise after acute
myocardial infarction (2 hr from the onset of chest
pain) because of its relatively small size and high
cytoplasmic content. A single myoglobin
measurement has been shown to have a sensitivity
of 70 % and a negative predictive value of 97.4%
for predicting acute myocardial infarction in
patients suspected to have ACS. The disadvantage
of myoglobin as novel biomarker is the rapid
increase and normalization of myoglobin after AMI
may lead to normal values for patient who presents
24 hrs after symptoms. Also myoglobin has limited
specificity for myocardial necrosis in patients who
have renal insufficiency and skeletal muscle
trauma.13
Heart fatty acid binding protein (HFABP)
HFABP is a small low molecular weight (15kda),
132 amino acid, soluble protein with general
characteristic resembling myoglobin, involved in
fatty acid transport and metabolism. Although
majority of HFABP is expressed in myocardium, a
small quantity can be found in brain, kidney and
14
skeletal muscle. HFABP has an early rise after an
AMI, detected as soon as 30 minutes after onset of
ischemia episode, peaks in blood after 6-8 hrs and
returns to baseline value after nearly 24 to 30 hrs.
Disadvantage of HFABP is that it is unsuitable as a
diagnostic tool for patients presenting greater than
6 hrs from onset of symptoms due to rapid renal
clearance. When HFABP was added to troponin for
risk stratification, patient who has elevated
15
troponin and HFABP has high mortality , as shown
in Table 2.
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Table 2. HFABP Vs Troponin

HFABP is a promising biomarker to be used in
combination with conventional troponin test
readily available as a rapid bedside diagnostic tool.
Ischemia modified albumin(IMA)
IMA is a biomarker for acute ischemia that is
approved by U.S. FDA. When exposed to ischemic
condition, the N terminal of albumin is damaged,
which makes it unable to bind metal and capable of
being measured by albumin cobalt binding test.16 Its
level in the blood increases within minutes of
ischemia and return to normal within 6 to 12 hrs.
IMA has been implicated in the detection of acute
ischemia prior to necrosis.
Lactate dehydrogenase (LDH)
Lactate dehydrogenase was commonly used in past
in combination with aspartate aminotransferase
and creatine kinase in diagnosis of acute
myocardial infarction. LDH activity rises to
abnormal levels approximately 10 hrs after the
onset of MI, peaks at 24 to 48 hrs and remain
elevated for 6 to 8 days. Since troponin are more
specific than LDH current recommendation no
longer suggest LDH for the diagnosis of AMI.
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MULTI MARKER TESTING:
The future of biomarker in the detection of
myocardial injury call for a multimarker approach
for diagnosis and prognosis. Current AHA
guidelines for cTn measurement recommend
testing on presentation and again at 8 to 12 hr post
symptom onset. National Academy of clinical
Biochemistry recommends an early marker at 0 to 6
hr and definitive marker 6 to 9 hr post presentation.
Multiple markers analyzed on presentation and or
repeated within a shorter time interval to comply
with emergency department guideline may be
sufficient for appropriate risk stratification.
sensitivity for AMI 80 to 100% for CK MB
/myoglobin up to 4 hr post presentation, 94 to
96.7% for cTn I/myoglobin upto 1.5 hr post
presentation, 92.6% for cTnI/ CK MB upto 8 hr
post presentation and 100% for cTn I, CK MB ,
myoglobin upto 2 hr post presentation compared
17
with sensitivities for cTn alone of 86 to 92.3%.
The emerging generation of high sensitive
troponin assays obviate the need of other assays
particularly myoglobin and CK MB as elevated
high sensitive troponin may precede clear cut
myocardial necrosis making it a single biomarker
for acute myocardial infarction in the future.
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