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Abstract

Testing for the diagnosis of acute myocardial infarction and other diseases included in the spectrum of the so-called
Aacute coronary syndromeB is rapidly changing from the traditional enzymatic assays to mass measurement of more specific

Ž .and sensitive markers cardiac troponins, CK-MB and myoglobin . Several questions have arisen since the introduction of
these new markers into the clinical setting: the choice of strategies for optimizing the utilization of biochemical assays

Ž .combining different early and specific markers, the rationale for sampling specimens and the identification of clinically
useful turnaround times. The impressive clinical specificity and sensitivity assured by the measurement of cardiac troponins
should be used for improving the effectiveness of patients’ diagnosis and treatment. Troponins could be the paradigm of how
a new diagnostic test and a therapeutic advance can be combined to the benefit of patients with acute coronary syndromes. In

Ž .fact, in acute myocardial infarction AMI patients as well as in patients suffering from stable and unstable angina, the
measurement of troponins alone, or combined to that of other biochemical markers, should be of practical value for the
diagnosis, for the prognosis and for selecting the most effective therapeutic treatment. Limitations in cardiac markers should

Ž .be classified into two groups: temporary and intrinsic limitations. Temporary limitations are: a current assays are not
Ž .specific as to the analyte, b the limited standardization precludes a comparison between results obtained with different

techniques. Intrinsic limitations are the elevation of troponins in the so-called Aminor myocardial damageB, which often
cannot be confirmed by other techniques, the evidence that other heart diseases, such as congestive heart failure and
myocarditis, can lead to an increase in troponin concentrations, and finally that troponin is not an early marker. A sound
cooperation between cardiologists, physicians and laboratory specialists in explaining and understanding the advantages and
limitations of current biochemical markers should allow us to move from efficiency to clinical effectiveness. q 2001
Elsevier Science B.V. All rights reserved.
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1. Introduction

Cardiovascular disease will continue to be a very
important cause of mortality, morbidity, and rising
costs far into this new century. In industrialized
countries, we will continue to have a high incidence
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Ž .of cardiovascular disease for two main reasons: 1
more patients are kept alive during the acute phase
of ischaemic heart disease, thus becoming patients
with a chronic disease who often develop heart

Ž .failure; and 2 ageing in the population will result in
increasing numbers of patients with degenerative
conditions, including some cardiovascular diseases.

ŽIn developing countries, AwesternizationB e.g.
smoking, changes in dietary habits, a more sedentary
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.life-style, etc. will increase the incidence of heart
disease. The predictions for deaths from ischaemic
heart disease at all ages in developing countries are
appalling. In 1990, 1.8 million men and 1.7 million
women in the developing world died from coronary
disease. Those figures are likely to reach 4.3 million

w xand 3.5 million, respectively, by the year 2020 1 .
This trend toward an increase in patients with

chronic illnesses will create a very costly health
problem. In fact, although we have seen formidable
improvements in our diagnostic and therapeutic abili-
ties, most of the treatment we give is only palliative.

This has prompted us to make a rigorous evalua-
tion of the value and costs of tests and treatment, and
to develop guidelines in an effort to achieve the most

Ž .efficient care for acute coronary syndromes ACS
patients. In an era of evidence-based coronary care,
for example, the length of hospital stay being a

w xmajor component of costs, Newby et al. 2 have
published a paper in which they estimate the addi-
tional cost per year of life saved by prolonging
hospitalization beyond day 3 for patients with un-
complicated MI. After comparing this price tag with
other life-saving interventions for which there is
general acceptance of the associated costs to society,
they concluded that hospitalization beyond three days
after thrombolysis is economically undesirable by
conventional standards.

However, we will see in the next century and
beyond that palliative treatment will gradually be
replaced by curative treatment, eventually leading to
a marked reduction in and then the disappearance of
cardiovascular diseases through the use of preventive

w xmeasures 3 .
The evaluation of patients admitted to hospital

with acute chest pain is time-consuming and expen-
sive, and a substantial proportion of these patients do

Ž .not really have an acute coronary syndrome ACS .
The primary aim of risk stratification, which is usu-
ally carried out in the Emergency Room, is to iden-
tify or rule out life-threatening conditions such as
myocardial infarction or unstable angina. The unifi-
cation of different pictures of coronary artery disease
under the single term Aacute coronary syndromesB
reflects the understanding that these conditions are
caused by a similar pathophysiology, characterized
by erosion, fissuring, or rupture of a pre-existing
plaque, leading to intravascular thrombosis and an

w ximpaired myocardial blood supply 4 . The presence
or absence of mechanical obstruction by the plaque
and its content, the amount and extent of associated
thrombus formation, and the degree of collateral
circulation, determine the outcome of patients, par-
ticularly if myocardial ischemia resolves completely
or results in minor or major myocardial infarction.
The common pathophysiology of different presenta-
tions of ACS logically requires a new approach to
their diagnosis and treatment.

Over the past few years, laboratory research in the
field of acute coronary syndromes has moved along
two complementary lines: the search for improved
specificity and sensitivity of biochemical markers.
The identification and development of assays for the
determination of cardiac troponins has been the most
important innovation in the field of cardiovascular
laboratory diagnostics in the last decade. Does this
discovery, together with other insights on cardiac
biochemical markers, represent a simple laboratory
improvement or does it represent a breakthrough
with a high clinical impact?

The definition of myocardial infarction and the
related utilization of biochemical markers were
strictly associated to the previous knowledge of the
natural history of ACS as well as to the limited
therapeutic armamentarium. Thrombolytic treatments
as well as angioplasty, on the one hand, and a new
generation of pharmacological agents on the other
have dramatically changed the scenario. Indeed, the
dilemma we have to solve is: what now is the role of
laboratory testing in ACS, or rather, what are the
ACS patients’ needs regarding laboratory testing?

We know, for certain, that in all patients with
chest pain suggesting evolving myocardial infarction
of less than 12 h’s duration and with persistent ST
elevation, immediate reperfusion therapy is indicated
w x5 . Cardiac markers have no role in either the diag-
nosis, or in the therapeutic decision, for these pa-
tients. However, a baseline value can be useful for
prognostic purposes, for evaluating the success of
therapy and for clinical monitoring.

2. The ST-segment elevation group

In the Gusto IIa cTnT substudy, in-hospital mor-
tality was only 5% in the 324 AMI-patients with a
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normal cTnT on admission, while mortality was as
high as 12% in the 176 AMI-patients who presented
with an elevated cTnT value on admission. Also, the
rate for cardiogenic shock and frequency of conges-
tive heart failure were much higher in patients admit-
ted for AMI who already had elevated cTnT levels
w x6 . The observed hazard persisted for up to 3 years
of follow-up. In the Gusto-III-study, the 30-day mor-
tality rate was 6.2% in patients who were cTnT-
negative on admission versus 15.5% in cTnT-posi-

w xtive patients 7 .

3. ACS patients without ST-segment elevation

The role of laboratory information is less clear
and debated Aon the other side of the moonB: in
patients with ACS without persistent ST-segment
elevation, immediate thrombolytic treatment is not
beneficial but, even in the presence of an atypical or
negative ECG, the risk, the medical outcome and
therapeutic decision in the individual patient may be

w xquite different 8 .
The contribution of biochemical markers to a

better understanding of pathogenetic mechanisms un-
derlying ACS is well recognized, while the use of
the same markers is debated and varies in different
institutions.

However, several studies have evaluated the use
of cardiac troponins in patients with non-Q wave

Ž .infarction or unstable angina UA , and have demon-
strated that there is an association between an ele-
vated troponin value and the risk of coronary events.
Among patients with UA and non Q-wave MI, there
is an increased risk of death within 6 weeks in those

Ž .with a troponin I level of 0.4 mgrl or higher 3.7%
and the risk continues to increase as the cTnI level

w xincreases 9 . The risk of death persists after adjust-
ments have been made for other baseline character-
istics that are independently predictive of mortality.

In patients with angina at rest, a substantial haz-
ard has been demonstrated at different follow-up

w xintervals. In the study by Ottani et al. 10 , in the
Ž .total cohort of patients studied, overall 10.7% had

an adverse event within 30 days. The mortality rate
was 2.7% and the MI rate was 8%. The frequency of
the composite end-point of death and non-fatal MI
was 27.7 for individuals with elevated cTnI levels

and 17 for patients with elevated cTnT. The relative
risk was 3.2 for patients with an increase in cTnI and
1.7 for patients with elevated cTnT levels.

More importantly, a treatment benefit was recor-
ded in an increasing number of trials for troponin I
and T-positive patients receiving the glycoprotein

Ž .IIbrIIIa antagonist e.g. abciximab and tirofiban
and the low-molecular weight heparin, dalteparin
w x11,12 .

4. Troponins as a new paradigm

Thus, troponins are the paradigm for how a new
diagnostic test and a therapeutic advance can be
combined for the benefit of patients with acute coro-
nary syndromes.

As yet, no other clinical information nor any other
diagnostic tests can replace the information assured
by the measurement of troponins, and probably this
is a source of concern for cardiologists and clini-
cians: they have to believe in a biochemical marker.

ŽThis state of affairs has led to two opposite and
.erroneous types of behavior: some clinicians have

rejected the troponins because of their supposedly
over-high sensitivity and the utilization of CK-MB
measurement has even been proposed to counteract
and decrease the disadvantages of the over-high sen-
sitivity of troponins’ assay. On the other hand, other
clinicians have dismissed any clinical judgment for
applying a troponin-centered vision to the manage-
ment of patients. However, no laboratory test, even
if it is highly sensitive and specific, can replace
clinical reasoning, and this also applies to troponins.
In fact, some reports have described cases of false-
positive troponins underlying the limitation of the
marker.

w xAs stated by Bock 13 in a recent editorial,
concerning troponins, we must ask ourselves how
specific is specific. There are several limitations to
the information assured by the measurement of tro-
ponins, and they are partly temporary and partly
AintrinsicB, and without any solution.

Ž .Temporary limitations: a current assays are not
specific as to the analyte. In fact, some assays are
subject to interference from rheumatoid factors, from
circulating antibodies, from hemoglobin, bilirubin

w x Ž .and other constituents 14,15 . b The limited stan-
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dardization of troponin I assays precludes a compari-
son between results obtained with different tech-
niques and, therefore, by different laboratories. Of
course, these limitations are temporary and efforts
are being made to overcome them. Regarding stan-
dardization, scientific organizations as well as manu-
facturers are striving to adopt standardized antibod-
ies and calibrators. The AintrinsicB limitations of

Ž .troponins are: a small elevations in troponins can
be ascribed to Aminor myocardial damageB, an entity
essentially defined by a small elevation in these
cardiospecific markers. In some of these situations,
clinicians cannot confirm the biochemical finding

Ž .because of the current imperfect Agold standardB; b
other heart diseases, such as congestive heart failure
and myocarditis can lead to an increase in troponin
concentrations in serum, and, in some cases, the
levels have been shown to be correlated with disease

Ž .severity; c despite its impressive specificity, tro-
ponin is not an early marker; its main drawback is
therefore that, like CK-MB, it does not appear in the
circulation until a few hours after myocardial infarc-
tion. However, a diagnostic strategy which combines
the specificity of troponins with the sensitivity of the
best early available marker, myoglobin, may over-

w xcome this supposed limitation 16 . There is, in fact,
wide consensus on the utilization of two biochemical

w xmarkers 17,18 .
The question regarding the supposedly Aover-

elevated sensitivityB of troponins is related to our
imperfect knowledge of how much necrosis is re-
quired to cause myocardial damage severe enough to
be considered AinfarctionB. In a pure physiologic
sense, in fact, any detectable necrosis is acute my-

w xocardial infarction, as stated by Jesse 19 and, more
convincingly, it becomes increasingly difficult to
distinguish between outcomes in patients with minor
AMIs and in those with Aminor myocardial damageB
due to unstable angina. Probably, less emphasis
should now be given to the definition of Amyocardial
infarctionB and we should identify and treat, with
different therapeutic strategies, all ischemic myocar-
dial injuries by translating into clinical practice the
evidence of the continuum of ACS. In other words,
the categorization of patients with ACS must not be
an obstacle to any improvement in medical outcome
that can be achieved through a more accurate diag-
nosis and an adequate treatment. The utilization of a

very sensitive biochemical marker, should, more-
over, allow us to adopt different clinical cut-offs so
as to identify different degrees of myocardial dam-
age requiring different therapeutic approaches. This
cannot be done by adopting traditional markers,
which are only sensitive enough to confirm massive
transmural infarctions.

From a clinical viewpoint, currently the greatest
limitation seems to be the evidence that troponins are
cardiospecific, but not Aischemia or atherosclerosis-

w xspecificB 20 . Basically, this is a relative limitation
and increasing interest is being shown in the mea-
surement of troponins as a marker of myocardial
damage occurring in myocarditis, congestive heart
failure, stunning and chemotherapy. Fortunately, the
kinetics of the marker can help in differentiating
between this type of damage and that occurring in
evolving ischemic diseases, and this reaffirms the
difference between morphology as well as imaging
techniques and biochemical testing, the latter being
more adequate for the monitoring of disease evolu-
tion through serial measurements. In practical terms,
this means that clinical reasoning should be based at
least on two serial measurements of biochemical
markers, mainly when clinical symptoms and other

Ž .diagnostic information ECG are equivocal.

5. Search for early markers

The other field of study is the search for early
markers. The state-of-the-art is that among the com-
mercially available markers, myoglobin is the earli-
est indicator. Other recent advances have been the
discovery of glycogen phosphorylase BB, for which
no real-time assay is available, and new insights on

w xthe early expression of HIF and VEGF 21 .
Therefore, in patients with chest pain and equivo-

cal ECG patterns, the adoption of a diagnostic strat-
egy which combines the sensitivity of myoglobin,
which has a high negative predictive value, with the
specificity of troponins allows cardiologists to effi-
ciently and effectively diagnose and treat most ACS

w xpatients 22 23 . Other AearlyB indicators are markers
Žof plaque rupture e.g. markers of pro-coagulant

activity such as Thrombus Precursor Protein and D
.dimer and markers of inflammation, C reactive pro-
Ž .tein CRP in particular.
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An increasing body of evidence indicates that
CRP is a potent predictor of risk, irrespective of
other clinical and biochemical markers. We must
adopt the new biochemical markers in clinical prac-
tice in order to improve upon medical outcome, and
this calls for a sound cooperation in explaining and
understanding the limitations and the advantages of
these biochemical tools in the clinical setting. Fi-
nally, because in this field Atime is lifeB, there
should be no further delay before introducing the
new diagnostic strategy into clinical practice.
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