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Abstract

Patients with intermediate probability of coronary
disease are a diagnostic challenge and it is precisely in
this population where the degree of uncertainty is greater
that the diagnostic tests have their greater applicability.
However, according to the current definition, subjecting
to tests a population with a disease probability
between 10 and 90% can generate unnecessary tests
and misleading results. Knowing the characteristics of
each test, as well as risks and benefits of drug treatment
for coronary disease and combining this information
through diagnostic thresholds brings a new perspective
to decision making. To review the origin of the currently
recommended concepts of intermediate probability and
to determine the thresholds for diagnosis and treatment
of noninvasive tests and, based on them, propose a new
concept of intermediate probability of coronary disease.
Through the bibliographic review, meta-analyses
were extracted in which data of sensitivity, specificity,
positive and negative likelihood ratio, risks and benefits
of the tests and treatment were provided. Using an
algorithm developed by Pauker et al. it was possible to
obtain the diagnostic and treatment thresholds adjusted
for each tests in question. The concept of intermediate
probability of coronary disease is quite broad, ranging,
according to the authors, between 10 and 90%, 1 and
92%, 15 and 85%, with different rationale. Considering
the discriminatory power of each test, risks and
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treatment benefits, the diagnostic and treatment
thresholds were defined for exercise testing (22-58%),
eco-stress (10-72%), myocardial scintigraphy (12-80%),
nuclear magnetic resonance (16-80%) and coronary
angiotomography (6.7-81%). The decision to submit to
diagnostic tests should be individualized, taking into
account the diagnostic and treatment thresholds of each
method in question.

Introduction

Estimation of the probability that a given event
occurs is a constant challenge to decision making in
virtually all areas of knowledge. Particularly in the
medical field, the first step in the search for a specific
diagnosis arises from a clinical suspicion, based on
anamnesis and physical examination findings and on
the prevalence of a given pathology in a population of
interest. However, the determination of the patient's
probability of presenting the pathology in question may
still express a degree of uncertainty considered too large
for decision-making - by both physicians and patients.
Thus, often the investigation continues to increase the
information pertinent to the case.

This knowledge assists in deciding on the best
course of action: only observing a patient with a
suspected pathology, submitting him to diagnostic
tests or treating him without the need for further
investigation. Few tests are able to completely
determine whether a patient is healthy or sick, since
we do not have diagnostic tests with sensitivity and
specificity of 100%, but it is precisely in patients with
intermediate probability that their greater applicability
is found. Adequate knowledge of the characteristics
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and limitations of the test in question will allow us to
determine the diagnostic and treatment thresholds that
should guide the clinical decision. Bayesian analysis
consists in adjusting a given initial probability given
new information - whether it is a finding at the
clinical examination or the result of a diagnostic test.
It is possible to obtain the post-test probability by
multiplying the likelihood ratio of a test by the a priori
probability. In view of these values, it will be possible
to evaluate the real usefulness in testing a patient and
how much a particular result will be able to promote
changes in the pre-test probability of disease obtained
during the clinical evaluation.!

It is when the degree of uncertainty is larger that
usually a given test is capable of promoting greater
changes between the pre- and post-test probabilities.
However, the definition of these limits is often arbitrary,
reproducing in diagnostic studies ranges as wide as
10 and 90%.

Two thresholds are extremely important in the decision
to observe, test, or treat without testing. When the pre-test
probability of a particular disease is low, even if a particular
test is accurate enough, little change will be observed in the
post-test probability of the patient presenting the disease.
This threshold, below which no diagnostic investigation
or even specific treatment is justified is referred to as
the diagnostic threshold. Certain patients are so likely
to present a pathology that even a negative result from
a diagnostic test will hardly reduce the patient's chance
of developing disease (post-test probability). The value
above which further investigation is dispensable and the
patient should be conducted to the treatment in question
is considered the therapeutic threshold. The establishment
of such thresholds can be intuitively performed by
the attending physician, considering the cost-benefit
relationship of the treatment, using life expectancy data
to calculate this relationship or even assigning value to
the patient's preferences in relation to the possibilities of
outcomes with the disease and its treatment.!

Determining the limits of the intermediate probability
and its rationality is the focus of the present article, since
the adequacy of these values is questionable in a scenario
where the diagnostic tests present different performances.

Objectives

This review article looks for the origins of the concepts
commonly used as an intermediate probability definition

and questions the adequacy of the values most frequently
presented in relation to the variations in the diagnostic
performance of the different tests used in clinical practice,
as well as to determine the diagnostic and treatment
thresholds for each test.

Methods

Through PUBMED/MEDLINE, a bibliographic
research was conducted focusing on articles that
considered the diagnostic performance and risks of the
most frequently used tests for the diagnosis of coronary
artery disease - ergometric test, myocardial perfusion
scintigraphy, echo-stress, nuclear magnetic resonance
and Angiotomography of Coronary Artery Disease; Risks
and benefits of the treatment most frequently advocated
in coronary artery disease - ASA, statin and beta-blocker;
as well as references of intermediate probability of
coronary disease and medical decision - more specifically
the Bayesian analysis.

The search contained the following terms mesh:
diagnostic test/ accuracy/ sensitivity/ specificity/
intermediate probability/ coronary disease/ exercise
test/ myocardial perfusion imaging / magnetic resonance
imaging/ coronary angiography/ medical decision/
Bayesian analysis/ pre-test probability/ post-test
probability / adverse effects/ improvement.

Statistical analysis

For the calculation of the diagnostic and therapeutic
thresholds, the formulas described below were used,
based on the following data: sensitivity, specificity,
risks and benefits of the test, risks and benefits of
the treatment.?

Test Threshold or Diagnostic Threshold (Tt):
Tt = (Ppos/nd) x (Rrx) + Rt
(Ppos/nd) x (Rrx) + (Ppos/d) x (Brx)

Therapeutic Threshold (Ttx):

Ttrx = (Pneg/nd) x (Rrx) - Rt
(Pneg/nd) x (Rrx) + (Pneg/d) x (Brx)
Tt = Diagnostic threshold

Ttrx = Therapeutic threshold

Ppos/nd = Probability of a positive test, when the
patient is healthy (False Positive or 1-Specificity)
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Ppos/d = Probability of a positive test, given that the
patient is sick (True Positive or Sensitivity)

Pneg/nd = Probability of a negative test, given that
the patient is not ill (True Negative or Specificity)

Pneg/d = Probability of a negative test, when the
patient is sick (False Negative or 1-Sensitivity)

Rrx = Treatment risks
Rt = Test risks

Brx = Treatment benefit

Results

Among the studies that considered the delimitation of
the intermediate probability, it is of particular importance
the one realized by Diamond et al. that, in 1980, studied
43 patients submitted to Coronariography, later stratified
with noninvasive tests. Of these, 8 out of 12 patients with
normal coronary angiography had a posttest probability
of less than 10%; While 26 of 31 patients with obstructive
coronary artery disease had a posttest probability greater
than 90%. This was the first work in which the limits of 10
and 90% were established for intermediate probability.?

In a study conducted by Goldman et al.* in 1982, a
pre-test probability of between 1 and 92% was considered
intermediate, considering the probability on which the
ergometric test was able to produce a post-test value
above or below 50%. Also in this same article were
calculated thresholds of pre-test probability on which
non-invasive stratification would be able to generate a
shift to a probability that would allow decision making.*

The Brazilian Guidelines for Stable Coronary Disease
considers as intermediate probability values between
10% and 90%, and Montalescot et al.® at the European
Consensus of Stable Angina, admit as intermediate
probability values between 15% and 85%, considering

that the majority of diagnostic tests show sensitivity
and specificity around 85%.7¢ According to these data,
when applied to a healthy population, 15 out of 100 tests
will give false results and, therefore, it will be more
appropriate not to submit patients with low disease
prevalence (less than 15%) to the methods in question.
In patients with high disease probability the test will
also not bring benefits.

The characteristics of the following diagnostic
tests were then analyzed: ergometric (or stress test),
dipyridamole myocardial scintigraphy, myocardial
scintigraphy with ET, dobutamine echo-stress, magnetic
nuclear resonance and coronary angiotomography,
where sensitivity, specificity, positive likelihood ratio,
negative likelihood ratio, diagnostic and therapeutic
threshold were considered and expressed in Table 1.7
A particularly noteworthy fact is the possibility of
establishing thresholds for diagnosis and treatment for
coronary angiography — until now considered a golben
standard with which all the others are compared when
comparing their performance with the data provided by
the reserve flow fraction (RFF).!

To determine the risks related to the tests analysed only
events with significant repercussion were considered
as those capable of interrupting the test or generating
clinical or hemodynamic repercussions - described
in table 2,"% such as claustrophobia, hypotension,
arrhythmias, infarction, stroke, cardiac arrest and death.

Considering ASA, statin - more specifically simvastatin
and beta-blocker, the drugs most frequently used in the
treatment of coronary artery disease, the risks and the
benefit of the joint use of the 3 drugs were obtained for
1 year, considering the therapeutic adherence and the
probability of each user benefitting from the use of the
drugs in question, values are expressed in table 3.6

Table 1 — Characteristics of the diagnostic tests: sensitivity, specificity, positive and negative likelihood ratio

Diagnostic Tests Sensitivity (%) Specificity (%) LR+ LR-
Ergometric Testing* 67 71 2.31 0.46
Myocardial Scintigraphy” 87 81 4.57 0.16
Eco-stress® 79 87 6.07 0.24
NMR’ 89 76 3.7 0.14
CCTA? 87 91 9.6 0.14

NMR: nuclear magnetic resonance; CCTA: Coronary computed tomography angiography; LR+: Positive likelihood ratio; LR: Negative likelihood ratio.
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Table 2 — Risks and adverse reactions in diagnostic tests

Diagnostic test

Adverse reactions

Incidence (%)

Ergometric Testing* arrhythmia, AMI, death 0.11
Myocardial Scintigraphy! Hypotension, arrhythmia, AMI, death 50
Dobutamine Eco-stress' Hypotension, hypertension, arrhythmia, AMI, death 5.6
Magnetic Nuclear Resonance'? Claustrophobia 15
CCTA™ Serious reactions, Hypotension by Isordil 4.1
Coronary Cineangiography' Dissection, Vessel occlusion, AMI, Bleeding, Stroke 11.5

Table 3 — Risks and benefits associated with treatment

Medicines Benefit (in 1 year) Risks (in 1 year)
ASA 2.47% 04 % (Bleeding)
Statin 6.85% 4.84% (Rhabdomyolysis, Elevation of transaminases)
Beta blocker 4.61% 4.2% (Atrioventricular block, syncope)
Set 13.34% 8.91%

Based on the information about the performance
characteristics of the test, its associated risks, as well as
the benefit of the joint treatment and the inherent risks, it
was possible to establish the diagnostic and therapeutic
thresholds of the five methods in question - ET, MPS
Study, Eco-stress with dobutamine, MRI and coronary
angiotomography, expressed in Table 4.

Discussion

The diagnostic process is configured in a complex
procedure of association of ideas, with inclusion of
positive and negative data. The estimation of the
probability of coronary artery disease begins in a
subjective way already in anamnesis and clinical
examination, where today we search for information
about the main known risk factors for coronary disease
- hypertension, DM, dyslipidemia, smoking and family
history - to know its characteristics and limitations is
crucial. However, the physician often faces a level of
certainty considered insufficient for decision making,
especially when the patient has an "intermediate
probability" of disease.

It is precisely in this larger range where researchers
focus their efforts on a better risk stratification - using,

among other strategies, submission to diagnostic tests.
Effective tests do not guarantee, by themselves, the best
clinical outcome, but help find the best course of action,
with patient benefits and savings for health services
when used properly.

In 1980, Pauker et al.? already advised how to
quantitatively establish thresholds for diagnosis and
treatment based on test performance data - sensitivity,
specificity, risks and benefits, and risks and benefits
of the treatment to be instituted if certain pathologies
are confirmed.?

Thus, taking the ergometric test and its diagnostic
and therapeutic thresholds of 22 and 58%, respectively,
the adequacy of the "static" values from 10 to 90% can be
questioned, since some patients within this range, should be
submitted to the test in question. Thus, we would observe
that patients between 10 and 22% pre-test probability of
CAD would be unnecessarily submitted to the ergometric
test, burdening the health system and without benefits to
the patient. Still within this same perspective, patients with
a probability of 58-90% of pre-test probability would also be
submitted to the test, when the analysis of these thresholds
suggests that rationality exists in treating these patients
without testing them.
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Table 4 — Diagnostic and therapeutic thresholds of the different diagnostic methods

Diagnostic Tests

Diagnostic Threshold (%)

Therapeutic Threshold (%)

Ergometric Testing
Myocardial Scintigraphy
Dobutamine Eco-stress
Magnetic Nuclear Resonance

CCTA

22 58
12 80
10 72
16 80
6.7 81

This phenomenon can also be observed in relation to the
other tests, enough to observe the discrepancy between the
interval between the diagnostic and therapeutic thresholds
of each test and the fixed values adopted in the literature,
be them between 10-90% or 20-70%.

In all the studies analysed to obtain the data regarding
the performance of the diagnostic tests, the methods were
compared with the coronary angiography, considered
gold standard. However, with the advent of the flow
reserve fraction, the coronary angiography was questioned
as the best parameter against which all the others could
be compared, since the functional information showed
a better correlation with adverse events, reflecting a
pathological behavior that extrapolates the phenomenon
of luminal obstruction when considering also the
component of endothelial dysfunction in its evaluation.

Specifically analysing the coronary angiography when
compared to the RFF in a study performed by Sant'Anna
et al.,'* the results showed a 57% and 96% accuracy for
moderate and severe lesions, respectively, with a sensitivity
of 85.7% and a specificity of 36.7%. Extrapolating these
data to the calculation of the thresholds, we highlight
the narrow range of probability where its use would be
justified, between 34% (diagnostic threshold) and 61% of
pre-test probability (therapeutic threshold). This fact is
of particular importance considering that the Brazilian
Consensus of Stable Angina classifies as class II A, level
of evidence C the stratification of high-risk patients with
cineangiocoronariography. However, data in the Brazilian
literature point to a rate of complications that cannot be
neglected, capable of reaching values as expressive as
11.5% during catheterization followed by angioplasty.!®

The submission to an invasive test in patients
whose high probability of CAD would justify the
start of treatment may add an unnecessary risk to the

propaedeutic of these patients. Emblematic works,
such as that carried out by Patel et al."” in 2010, point
to a rate of 39.2% of negative tests for obstructive
coronary disease (lesions lower than 20% of luminal
obstruction) in 398,978 patients referred to coronary
angiography in 663 hospitals, reinforcing the need for
a better diagnostic stratification prior to the indication
of invasive examination.”® Hence, it would be more
appropriate to relocate the indication of the procedure
to those in whom an intervention is planned, may be it
angioplasty or surgery.

Data analysis shows that the risk of the test is the main
determinant of the diagnostic threshold, while the risk
of the treatment influences the therapeutic threshold.
The greater the risk of the test, the greater the pre-test
probability required to justify its use, with a higher
diagnostic threshold and lower therapeutic threshold.
Likewise, the greater the risk of the treatment, the greater
the degree of certainty to start the treatment should be,
raising the therapeutic threshold values.

Limitations

In the present study only the diagnostic role of the
main tests was contemplated - which diverges from the
current clinical practice, where the diagnosis of coronary
artery disease can be obtained by clinical criteria and the
tests play a prognostic role greater than the diagnostic
one, and the catheterization is reserved to those patients
in whom an intervention is planned. However, the
methodology applied reinforces that clinical treatment
can and should be offered and restricts the circumstances
in which the tests are actually needed to obtain the
diagnosis and institute treatment. Although changes in
test performance are observed according to the source
consulted, there is little impact on the observed outcome.
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Conclusion

Considering the performance of the majority of the
diagnostic tests, with sensitivity and specificity around 80%,
itis understood that values between 30 and 70% contemplate
the great majority of the intervals between thresholds of
the different diagnostic methods. However, there is still a
significant portion that is inadequately evaluated, where
the risk of being submitted to a diagnostic test is higher
than the risk of non-treatment and another where the
risk of treatment is lower than the risks related to the test.
Thus, it is necessary that the intermediate probability be
stipulated for each test, including updating it in the light of
the recent advances that make possible a greater accuracy
of the method in question, minimizing the uncertainties
inherent in the decision-making process.
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