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A Tale of Two Biomarkers: The Use of Troponin and
CK-MB in Contemporary Practice

AMY K SAENGER

In its Fall, 2009 issue, Clinical Laboratory Science
featured a Focus Series on Cardiovascular Risk Assess-
ment. This series contained articles on B-type
natriuretic peptide and genetic markers of cardiov-
ascular disease and explored the links between decreased
serum vitamin-D levels and cardiovascular disease.
Traditionally, cardiovascular risk assessment has referred
to markers that help predict long-term mortality and
morbidity for heart disease. Markers like LDL, HDL,
triglycerides, total cholesterol, hsCRP, BNP and many
others make up this group. Acutely however, in cases of
suspected  myocardial  infarction,  cardiovascular
assessment relies on a very different class of serum
markers. Measurement of CK-MB and troponin
proteins allows us to confirm or rule out damage to the
myocardium. These markers are in obvious contrast to
risk markers that are used as tools to assess a person’s
future risk for cardiovascular events. When considering
markers for myocardial infarct, laboratorians know that
CK-MB and troponin are both used to give diagnostic
and sometimes even prognostic information. In this
article, which is an extension of the Fall 2009 Focus
series, we review the progress of these two myocardial
markers while contemplating the question, ‘is it time to
phase-out CK-MB testing given the advances and

advantages of troponin testing?’
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Modern diagnosis of myocardial infarction includes the
use of blood biomarkers, which can also be used for risk
assessment and for guiding interventional and non-
interventional therapies. An ideal marker of cardiac
necrosis should exhibit the following characteristics:
cardiac specificity, tissue sensitivity, early and stable
release after necrosis, predictable clearance, and the
ability to be quantitatively and rapidly measured by cost
effective methodologies available in the majority of
clinical laboratories. In addition, the biomarkers should
provide additional novel information pertinent to
clinical care of the patient. This review provides an
overview of the use of creatine kinase MB (CK-MB)
and cardiac troponin (cTn) in contemporary clinical
practice.

Clinical Efficacy of Creatine Kinase MB

The first cardiac biomarker to fit many of the above
criteria was CK-MB. CK-MB is one of three isoenzymes
arising from total creatine kinase (CK). Total CK is a
dimeric enzyme composed of two subunits, termed “M”
to denote muscle origin or “B” to designate brain
origin. There are three major CK isoenzymes; the two
homodimers CK-MM and CK-BB and the heterodimer
CK-MB.! Myocardium is the only tissue that has a high
proportion and concentration of CK-MB (Table 1).
Release of CK-MB only occurs upon death of
myocardial cells and it is not released in the setting of
ischemia.> However, CK-MB is also present in skeletal
muscle and interpretation of the CK-MB activity assay
may therefore be confounded with false positives in the
setting of suspected cardiac disease with concomitant
skeletal muscle disease.”
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Table 1: Tissue Distribution of CK Isoenzymes

CK-1 CK-2 CK-3

(BB) (MB) (MM)
Skeletal 0 1 99
Cardiac 1 20 79
Brain 97 3 0

In the 1970s and 1980s, CK-MB transformed the
diagnosis and treatment of patients with acute cardiac
events.” CK-MB proved 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 ECG pattern
recognition which can be blind to disease 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 injury. Myocardial
infarction was rarely diagnosed in the absence of CK-
MB elevation® and utilization allowed earlier
diagnoses, permitted an uncomplicated mechanism for
detection of reinfarction, encouraged the concept of
serial measurements, and proved to be one of the first
accurate ways to measure infarct volume.

The initial CK-MB assays quantitated activity, but were
analytically imprecise and required a significant amount
of manual technical intervention. Development of CK-
MB immunoassays led to increased analytical precision,
improved clinical sensitivity (approximately 90%,
dependent upon the assay utilized), and allowed for
carlier detection of elevated CK-MB concentrations
following an acute myocardial infarction (AMI). How-
ever, use of immunoassays raised the frequency of CK-
MB interference by acute and chronic skeletal muscle
injuries because the dilutions required for activity assays
were eliminated.'”"” Application of the percent relative
index (RI), as defined below, aided in the interpretation
of CK-MB values when only cardiac injury or skeletal
muscle injury occurred but generated inaccurate
diagnoses in patients presenting with concurrent cardiac
and skeletal muscle injuries.

Relative Index = CK-MB (mass)  x 100
CK (activity)

Macrokinases, broadly defined as either an immune-
globulin complex with CK-BB or mitochondrial CK,
were also discovered to interfere with immunoassays
and led to further attempts at CK-MB assay stand-

ardization.'>"

Although partially successful, poor
standardization still exists and results cannot be easily
compared over time between manufacturers or plat-

forms.

In the absence of myocardial infarction, CK-MB may
be elevated due to poor specificity in patients who
present with multiple co-morbidities or conditions
including renal failure, non-cardiac surgery, chest
trauma, asthma, pulmonary embolism, chronic and
acute muscle disease, head trauma, hyperventilation,
and hypothyroidism.'>'>' Any elevation in CK-MB
becomes confounded with questionable analytical and
biological interferences and restricts the use of CK-MB
as a stand alone diagnostic cardiac marker. In addition,
reporting CK-MB properly requires the use of gender-
specific reference ranges, which many laboratories fail to
do."” By mid-1990 it was evident that better biomarkers
were needed to improve patient care and quality
outcomes.

The Advent of Troponin

Development of cardiac troponin I (¢Tnl) and troponin
T (cTnT) assays in the 1990s revolutionized the use of
biomarkers for diagnosis and risk stratification of
cardiac injury. Troponin consists of three subunits: T, I,
and C (Figure 1). Troponin T is a protein that binds
tropomyosin; troponin I enhances the interaction of
actin and myosin in the myocardium, and troponin C is
responsible for calcium binding within the complex and
results in muscle contraction. Troponin C is present in
both the myocardium and skeletal muscle whereas
troponin T and I are highly specific for cardiac muscle.
There is a cytosolic pool of unbound cardiac troponin
which is released acutely after myocardial infarction,
and mimics the release of other cytosolic proteins like
CK. The smaller cytosolic pool represents about 6% of
cTnT and 3% of ¢Tnl, and a similar percentage of the
cytosolic  pool exists for CK-MB. The increased
sensitivity of cardiac troponin over CK-MB is primarily
due to the fact that the percentage of troponin released
into the blood after an acute cardiac event is greater for
troponin than CK-MB.*" There is a 13-15 fold
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increase in troponin per gram of myocardium that is
primarily complexed and this complexed form is
responsible for the late and not early release of
troponin.””** Troponin elevations persist in the blood
due to the slow release and degradation of the structural
pool, and the half-life of complexed troponin is
approximately 2 hours.

troponin complex

Troponin C Troponin | Troponin T

Ca?*

Figure 1: Structure of Troponin

In 2000 the European Society of Cardiology (ESC) and
American College of Cardiology (ACC) task force
concluded that diagnosis of AMI required biochemical
evidence of necrosis and indicated the marker of choice
was troponin.” Recommendations were also put forth
to utilize troponin for risk stratification and CK-MB
was advocated at that time to be measured in
conjunction with troponin to distinguish acute MI
from an older injury due to troponin persistence. In
2000, there were problems with the analytical aspects of
troponin assays which included poor precision, poor
standardization, and an overall lack of harmonization,
all of which prevented troponin from being
recommended as a stand-alone biomarker.

There is only one manufacturer of the troponin T assay
(Roche Diagnostics), but there are numerous companies
that market troponin 1. The antibodies for each
troponin | assay are directed towards different epitopes
and each manufacturer has a different calibration
standard. These dissimilarities result in troponin I assays
that have different recommended cutoffs, precision
profiles, and positive predictive values. Lack of
standardization among troponin I assays remains a
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source of confusion and potential misclassification of
patients by clinicians who utilize troponin I results from
different laboratories, a common example being an
emergency room point-of-care method versus an
automated core laboratory result. Analytical issues
remain an unsolved problem for many laboratories, and
the majority of assays still suffer from overall
imprecision at very low concentrations, including most
point-of-care assays.

Troponin guidelines were updated in 2007 by both
clinical (ACC/ESC/AHA) and biochemical (NACB)
expert groups to recommend use of a troponin
concentration greater than the 99 percentile for
diagnosis of acute myocardial infarction.”** The
International Federation of Clinical Chemistry and
Laboratory Medicine recognized the definition of the
99" percentile as the upper limit of normal for
troponin. Accepted by the ESC and ACC, the 99*
percentile reference interval for any troponin assay is the
99 percentile generated from a presumably normal
reference population (mean + 3 standard deviations)
and should be used as the cutoff for determining
abnormal values. Analytical guidelines recommend an
optimal coefficient of variation for troponin of <10% at
the 99" percentile. In 2009, only three assays meet these
precision criteria.

The formal definition from the 2007 guidelines
specifies evidence of a changing (delta) pattern of
cardiac markers (preferably troponin) with at least one
value above the 99" percentile reference range. However
there has been substantial confusion about use of the
99™ percentile and a lack of understanding that a single
elevated troponin above the 99" percentile does not
diagnose AMI; instead, a pattern of troponin rise and
fall is required. There are trends toward use of
ultrasensitive troponin assays, which may be achieved
by longer sample incubation times or enhanced signal
amplification techniques. Use of ultrasensitive troponin
assays may result in a 10-fold lower reportable
concentration and allows for the potential to identify
AMI patients at earlier time points.*

As assays have progressively increased in sensitivity, it is
clear that even the most minor elevations are indicative
of cardiac damage (acute or chronic) and thus are
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significant and predictive for patients. This can make
the differential diagnosis difficult in some patients who
may not have a clear etiology for a chronically increased
troponin. Nonetheless, it is clear from several studies
that any troponin concentration greater than the 99*
percentile defines subsequent risk.***° While an
elevation of ¢I'nT or ¢Tnl is specific for cardiac injury,
there are rare exceptions of analytical false positives
most often due to fibrin interference or cross reacting
antibodies.”’ These interferences are less frequent with
current generation assays as technologies have
substantially improved over the last decade. The
majority of interferences are eliminated by re-
centrifuging specimens, performing dilution studies, or
using heterophile antibody blocking tubes.

Troponin  assays have  substantially —improved
analytically in terms of precision, accuracy, and
detection limits, which have enhanced the clinical
utility for earlier diagnosis of AMI, reinfarction, and
risk prediction for future cardiac events. The use of
troponin has gradually superseded CK-MB in the
majority of indications and patients.

Troponin versus CK-MB

It has been observed and well-documented that
troponin concentrations rise quickly after the onset of
chest discomfort. Thus, in upwards of 80% of patients,
a definitive diagnosis can be made in a 2-3 hours using
only troponin.”> The previously touted “rapidly rising”
markers which lack specificity such as myoglobin, CK-
MB, and fatty acid binding protein are no longer
needed.” Values of both CK-MB and troponin
generally peak within 24 hours or even earlier when
reperfusion therapies are effective. For these reasons,
CK-MB is not used definitively for diagnosis without
troponin. When troponin is below the 99™ percentile
but the CK-MB is elevated, the patient prognosis is
excellent.*® However, the opposite statement does not
hold any validity. Individuals with an elevated troponin
but not CK-MB still have a marked increased risk for
development of future coronary events, morbidity, and

mortality.?®**

A rising or falling pattern of cardiac
troponin provides all the pertinent information needed
to time, diagnose, and treat acute events and CK-MB
does not provide any supplemental knowledge to the

physician.

Prognosis after acute myocardial infarction is closely
related to the extent of myocardial damage. Calculations
based on analysis of serial levels of CK or CK-MB have
provided estimate of the infarct size for many years
since the pioneering work of Sobel and Roberts.””** For
clinicians, peak concentrations provide a reasonable
clinical estimate if a sufficient number of data points are
collected and if an accurate assessment of whether
reperfusion (which changes the kinetics and magnitude
of CK-MB release) has occurred. Although peak
concentrations may relate to overall subsequent
cardiovascular risk, there are major limitations in using
these measurements to quantify infarct size.

Recent data suggest that troponin concentrations
provide better estimates of infarct size. Ingkanisorn ez
al"" published the first work investigating the association
between early troponin concentrations and infarct size
in patients with acute coronary syndromes. They
reported that the peak troponin I correlated with acute
infarct mass in patients undergoing acute primary
percutaneous coronary intervention (PCI) (r = 0.83, p
<0.001, 7 = 23). These data were confirmed in a study
by Younger et al* where there was a significant
relationship between infarct size and c¢Tnl in both
thrombolyzed and  non-thrombolyzed  patients.
Troponin provides better information than CK-MB on
infarct size and thus CK-MB should not be ordered for

this purpose.

Recent data on utilization of cardiac biomarkers for
diagnosis of reinfarction are sparse, largely because
modern day contemporary intervention for AMI and
suspected AMI is rapid, aggressive, and predicated on
the use of troponin. Some argue that CK-MB should
still be used to diagnose reinfarction but supportive data
for troponin demonstrates equivalency. The 2007
ACC/ESC/AHA guidelines still suggest that serial
samples for CK-MB may be helpful, yet advocacy for
the use of CK-MB for reinfarction diagnosis likely
represents a widespread level of comfort with CK-MB
rather than evidence based data. The studies which
originally validated CK-MB for diagnosis of reinfarction
were conducted at a time prior to the extensive use of
interventional strategies for AMI. Patients were often
hospitalized for several days and recurrent chest
discomfort rarely triggered coronary angiography and/or
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intervention. Reinfarction criteria still required a rise
from the prior baseline; this information was readily
accessible from commonly obtained surveillance CK-
MB values. The criteria proposed for use of CK-MB in
reinfarction” and modified by many clinical trial groups
have never been validated. Literature comparing CK-
MB and troponin simultaneously in reinfarction is
minimal, with the most comprehensive paper stemming
from Apple et al.** Troponin provides equivalent, if not
superior, information to CK-MB in patients who delay
acute intervention and a 20% change in troponin is
required for diagnosis. Awareness surrounding the
occasional patient who will have a secondary rise in
troponin (especially ¢TnT) after an ST-segment eleva-
tion myocardial infarction, most often in the absence of
symptoms, is essential.

CK-MB has also been promoted as providing crucial
information in patients undergoing interventional pro-
cedures, such as percutaneous coronary intervention
(PCI). While it is true that biomarker monitoring is of
importance in interventional patients, cardiac intervene-
tional experts now advocate changing from CK-MB to a
troponin standard.”> However, elevation in CK-MB or
troponin retains no prognostic importance in patients

who undergo PCI when the baseline CK-MB/troponin

is used for risk stratification,**"

suggesting neither
marker is specifically prognostic. An elevated troponin
can be used to direct specific anticoagulant, anti-platelet
and invasive therapies predicated on results from
multiple large randomized clinical trials, an important

caveat to its use in interventional procedures.”

Troponin concentrations can be elevated in many
situations but observed commonly in renal failure
patients, the critically ill, and with strenuous exercise
(Table 2). These chronic elevations are not “false
positives” but instead provide prognostic significance.
CK-MB testing is not useful in these populations, as
CK-MB will likely also be elevated and should not be
retained for this purpose.'®” In contrast to chronic
troponin elevations, chronic CK-MB elevations have
not been reported to help distinguish risk for further
adverse outcomes. Therefore, although renal patients
can have a chronically elevated troponin, measurement
of troponin should still supersede CK-MB testing to
predict risk of cardiovascular events. Ultimately, it is
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evident that a rising or falling pattern of troponin can
be used to differentiate those with acute disease from
those with chronic troponin elevations.

Table 2: Troponin Elevations in Patients Without Overt Ischemic
Heart Disease

Acute rheumatic fever Hypotension, often with

Amyloidosis arrhythmias
Cardiac trauma (including Hypothyroidism
contusion, surgery, ablation)  Inflammatory disease
Cardiotoxicity from (including myocarditis,
chemotherapy bacterial endocarditis,
Chronic renal failure Kawasaki disease)
Heart failure Acute neurological diseases

Critically illness Post-operative non-cardiac

Diabetes surgery
Drug toxicity Pulmonary embolism,
Hypertension severe pulmonary hypertension
Sepsis
Summary

With the advent of sensitive cardiac troponin assays,
CK-MB no longer provides additional information to
the diagnostic algorithm for acute myocardial
infarction. The ordering patters of CK-MB often
represent a clinical level of comfort which may be
difficult to supersede. Contemporary troponin testing
essentially renders the use of CK-MB as obsolete and
frequent ordering of CK-MB yields unnecessary costs
for the patient and the laboratory. In situations where
litcle, if any, incremental information is provided with
duplicate testing laboratories should focus efforts to-
wards educating clinicians and/or implement strategies
to restrict CK-MB orders. Troponin assays in 2009 are
continually improving in precision, accuracy, sensitivity,
and specificity.
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