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INTRODUCTION

For the past 40 years, the use of biomarkers has been extremely valuable
in the early diagnosis of acute myocardial infarctions (AMI). Sensitiv-
ity, specificity and the clinical utility have continued to increase and
current research suggests that this trend will continue. This article will
revicw the use of previous and current AMI markers and will conclude
with a review of promising new markers.

AMI BIOMARKER PROTOCOL

o detect M1 markers, venous blood is routinely drawn from patients
with chest pain who are suspected of having symptoms of acute coro-
nary syndrome (ACS).' The marker of interest is presumed to be re-
{cased from the cardiac tissue which is under ischemic stress and thus
may be detected in the blood sample.? A detected elevation in a particu-
lar marker may lead to early diagnosis and treatment and thus improved
patent outcomes.!

Characteristics of biomarkers centre around three main elements,
namely. kinetics of release, specificity and sensitivity.' An ideal marker
ot cardiac necrosis should exhibit the following characterstics: cardiac
speciticity, early and stable release after necrosis, predictable clearance,
and be measurable quantitatively using rapid, cost effective methodolo-
gies avatlable in the majority of clinical {aboratories !

PAST AND PRESENT AMI BIOMARKERS
Myoglobin

Myoglobin is a heme protein found 1 almost all muscle types and is
especially high in cardiac and skeletal muscle * Quantitative immunoas-
says are currently available. This marker’s strength is its high and early
sensitrvity post-MI. The marker’s obvious weakness is the low specific-
ity due to the presence of high levels of myoglobin in skeletal muscle.®
Theretfore, myoglobin is suggested not to be used on its own but only in
the context of other markers, EK Gs and clinical evaluation.

Lactate Dehydrogenase

Lactate Dehydrogenase (LD) is an enzyme involved in anaerobic me-
labolism, reversibly converting pyruvate fo lactate.® 1.D is fairly ubiqui-
tous; however, one of the five isoenzymes, LD1, is highest in cardiac tis-
sue. LD 1s elevated post-MI and the LD 1:LD2 ratio when greater than
1.0 is diagnostic of an AMI. D1 elevation and LD1:LD2 ratio changes
are detectable 8-12 hours post MI and peak at 24-72 hours.’

Creatine Kinase

Creatine Kinase (CK) is an enzyme found in high amounts in muscle
tissue due to its role in muscle contraction.® CK has two subunits, M
and B, which are combined to form three isoenzymes; CK-BB (CK-1).
CK-MB (CK-2) and CK-MM (CK-3).¥ CK-MB is specific to cardiac
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tissue while CK-BB is found in brain tissue and CK-MM is in skeletal
and cardiac tissue.® Furthermore, release of CK-MB only occurs upon
death of myocardial cells and it is not released in the setting of isch-
cmia.’ Therefore, CK-MB was considered to be the most useful bio-
marker for detecting myocardial injury. Kinetic studies have shown that
CK-MB 1s detectable 4-8 hours after the first onset of chest pain and
peaks at 18-24 hours post ML* ® However, (he CK-MB Immunoassay
lacks absolute specificity, is absent in minor myocardial infarctions. and
has poor prognostic value m ACS patients. Despite these weaknesses il
1s currentlv a routine part of the cardiac work-up.

In the 1970s and 1980s, CK-MB transformed the diagnosis and treat-
ment of patients with acute cardiac events, CK-MB proved ¢ven more’
specific than an accurate clinical history, which is often unattainable in
the critically ill or is atypical in the elderly and diabetics. CK-MB was
more reliable than EKG pattern recognition which can be blind to dis-
case depending on the location of the ischemia. CK-MB also improved
specificity over myoglobin (90% vs 70% specificity, respectively) and
consequently became the gold standard for identification of cardiac inju-
ry. In the absence of myocardial infarction, CK-MB may be elevated due
to poor specificity in patients who present with multiple co-morbiditics
or conditions including renal failure, non-cardiac surgery, chest (rauma,
asthma, pulmonary embolism, chronic and acute muscle disease, head
trauma, hyperventilation. and hypothyroidism !> "

Troponin

While troponin proteins are present in both cardiac and skeletal mus-
cle, the cardiac isoforms of troponin T and 1 are highly specific to the
myocardium. Assays using specific antibodies against cardiac troponin
T or I allow measurement of troponin release from the myocardium.* In
2000, the European Society of Cardiology (ESC) and American Col-
lege of Cardiology (ACC) task force conctuded that diagnosis of AMI
required biochemical evidence of necrosis and indicated the marker of
choice as troponin.’

The increased sensitivity of cardiac troponin over CK-MB is primar-
ily due to the fact that the percentage of troponin released into the blood
afler an acute cardiac event is greater for troponin than CK-MB. Tropo-
nin concentrations rise quickly after the onset of chest discomfort. Thus.
in upwards of 80% of patients, a definitive diagnosis can be made within
6 hours from the onset of chest pain. Furthermore, peak concentration
of CK and troponin give a reasonable estimate of infarct size. More re-
cenlly, novel prototype cardiac troponin assays have been developed
that are up to 10-fold more sensitive than the currently used assay and
yield prognostic value on potential future Mls. ' ' For comparison of
troponin and other available markers please see Table 1.

Troponin has become the biochemical marker of choice for the de-
tection of cardiac injury. But still tacks sensitivity within the first hour
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Table 1: Summary of AMI biomarkers

T

L L . : M n £l
Creatine Kinas CK-MB <6U/L 4-8h 18-24h 90%/80%
Lactate Dehydroge- LD1/LD2 ratio <1.0 8-12h 24-72h 90%/90-99%
nase

Myoglobin N/A 15-120 ug/L. 2-4h 10-12h 99%/70%
Troponin ¢Tnl, ¢TnT <0.08 ug/L. 2-8h 18-241 99%/99%

of an AML." Furthermore, clinical guidelines still dictate that Troponin
results should be interpreted with clinical findings and EKG results and
not in isolation. '

FUTURE MARKERS

While current markers have greatly improved the diagnosis and quick-
ened the treatment of AMI patients. there is still room for improvement,
especially in the area of early detection.” The following markers are
some of the potential M1 markers of tomorrow that may improve sen-
sitivity, spectficity, prognostication and decrease time between (or even
predict) chest pamn onset and diagnosis/treatment.

\yeloperoxidase

Myeloperoxidase (MPO) ts a haemoprotein produced by polymor-
phonuclear neutrophils (PMN) and macrophages. It converts chloride
and hydrogen peroxide to hypochlorite which is released during inflam-
mation and is involved in lipid oxidation that is contained in LDL par-
ticles. This process promotes formation of foam cell in atherosclero-
sis. MPO 1s a marker of plaque instability and thercfore presents as a
potential strong prognostic marker of an MI in the near future. MPO is
lowest in patients with stable coronary artery disease, higher in patients
with unstable angina, and highest in patients with AMILY

Copeptin

Copeptin is the C-terminal [ragment of the vasopressin precursor
hormone which is released in response to low blood pressure. Also, the
measurement of copeptin has been shown to have very strong negative
predictive value, along with troponin, for AML' Additionally, copeptin
tevels are elevated early after AMI and are detectable in patients who
present soon after symptom onset while troponin is still negative."”

Crrowth differentiation Jactor 15

Growth differentiation factor 15 (GDF-13) 1s a transforming growth
lactor. Cardiomyocytes express and secrete GDF-15 in the setting of
ischemia and reperfusion, suggesting that it might be a proteclive fac-
tor. As well, GDF-15 has been identified in activated macrophages, and
a distinct up-regulation has been found in many tissues following injury,
ischemia, and other forms of stress.™

Heart-type fatty acid-binding protein (H-FABP)

F-FAB main advantage 1s that it is released soon after cardiac in-
Jury and thus may be a great potential improvement from myoglobin
as an carly biomarker. The main disadvantage is that it is not exclusive
to heart (also is found in skeletal muscle — although in much smaller
amounts) *' Additionally, it is useful in distinguishing risk even in pa-
tients without elevated BNP or Troponin.?

B-type natrivretic pepticle (BNP) and N-Terminal fragment of pro-BNP
(NT-proBNP)

BNP 1s a neurohormone released from cardiac cells following ver-
tical wall stress and myocyte stretching.” Both the active form BNP,
and the inactivated N-Terminal peptide “NT-proBNP” can be mea-
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sured as markers of hemodynamic stress). While investigations have
shown that elevated BNP and NTproBNP levels are predictive of death
and heart tailure. they are not useful as indicators of new or recurrent
AMI.** More research 1s being conducted to establish the use of these
biomarkers for selecting treatment of acute coronary syndromes.*

high sensitivity C-reactive protein (hsCRP)

C-reactive protein is a marker of inflammation and may be part of
the mechanism of atherosclerotic plaque producing thrombus. Elevated
levels are predictive of death and heart failure post MI. hsCRP is non-
spectfic for cardiac inflammation: however, measurements of forms spe-
cific to vascular inflammation are being developed and may be more
specific for AML*

placental growth factor (PIGF)

PIGF 1s also a useful indicator of plaque instability ~ more specifi-
cally — may be a determinant/cause of plaque instability and thus is a
potential drug target (o prevent AMI1.=¢

WBCHO and plasma choline (PLCHO)

Whole blood choline (WBCHOQ) includes measurement of choline in
hemolysed erythrocytes. Choline leaks from 1schemic tissues into plas-
ma. In plasma, it is eventually taken up by blood cells (hence the differ-
entiation between these two measurements). Both whole blood choline
and plasma choline levels are of use for predicting cardiac ischemia in
patients with negative troponin. The use of whole blood choline may
also extend to determining plaque stability. Thus, these markers might
be of use for predicting myocardial infarct (detection pre-necrosis).”

CONCLUSIONS

Over the past several decades. the use of cardiac biomarkers has
greatly improved the diagnosis of AMIs.  As more markers have
emerged, sensitivity and specificty has increased and time to diagno-
sis and treatment has decreased. Currently, the best marker avail-
able in clinical practice is troponin; however, even troponin results
should be interpreted within a clinical context and not used in isola-
tion.  Furthermore. there is still room for improvement and cur-
rent research seems to suggest there are more markers still to come
which will improve AMI diagnostics, prognostics and prediction.
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