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Abstract

Background: Guidelines recommend that in suspected stable coronary artery disease (CAD), a clinical (non-invasive)
evaluation should be performed before coronary angiography.

Objective: We assessed the efficacy of patient selection for coronary angiography in suspected stable CAD.

Methods: We prospectively selected consecutive patients without known CAD, referred to a high-volume tertiary center.
Demographic characteristics, risk factors, symptoms and non-invasive test results were correlated to the presence of
obstructive CAD. We estimated the CAD probability based on available clinical data and the incremental diagnostic
value of previous non-invasive tests.

Results: A total of 830 patients were included; median age was 61 years, 49.3% were males, 81% had hypertension and
35.5% were diabetics. Non-invasive tests were performed in 64.8% of the patients. At coronary angiography, 23.8% of
the patients had obstructive CAD. The independent predictors for obstructive CAD were: male gender (odds ratio [OR],
3.95; confidence interval [CI] 95%, 2.70 - 5.77), age (OR for 5 years increment, 1.15; Cl 95%, 1.06 - 1.26), diabetes (OR,
2.01; CI 95%, 1.40 - 2.90), dyslipidemia (OR, 2.02; Cl 95%, 1.32 - 3.07), typical angina (OR, 2.92; Cl 95%, 1.77 - 4.83)
and previous non-invasive test (OR 1.54; Cl 95% 1.05 - 2.27).

Conclusions: In this study, less than a quarter of the patients referred for coronary angiography with suspected CAD had
the diagnosis confirmed. A better clinical and non-invasive assessment is necessary, to improve the efficacy of patient
selection for coronary angiography. (Arq Bras Cardiol. 2015; 105(5):466-471)
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for the invasive procedure is subject to the non-invasive test
results or the assistant physician’s judgment.

Introduction

Despite major advances in the identification of risk
factors and diagnostic approach, defining the presence of
coronary artery disease (CAD) with significant obstruction
using only clinical and noninvasive methods, is often a
difficult task for the physician. It is well known that the
standard procedure for studying the coronary anatomy is
the coronary angiography. Nevertheless, this test should be
judiciously requested, as it is an invasive procedure and
not free from complications'.

In a recent North-American Registry®, only 37.6% of the
stable patients without previous CAD diagnosis and referred
for coronary angiography had significant obstructive lesions,
suggesting that better risk stratification strategies are needed.
As far as we know, there are no such data available in Brazil.

The objective of the present study is to analyze, in a
population of consecutive patients, the efficacy of patient
selection for coronary angiography for suspected stable CAD.
Moreover, we aim to estimate obstructive CAD probability
based on available clinical data before the invasive procedure,
as well as determine the incremental diagnostic value of
previous non-invasive tests.

For patients in stable clinical condition, the current
guidelines recommend straight forward coronary angiography
in those considered to have a high probability of CAD, and
clinical follow-up in those with low probability of CAD**.
However, the majority of patients are classified as having an

intermediate probability of CAD and, in these cases the need Methods

Design
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This is a cross-sectional observational study that collected
prospective data from consecutive patients referred by
physicians from centers included in the Brazilian Unified
Health System (Sistema Unico de Satde - SUS) network to a
tertiary cardiology center to undergo coronary angiography
between July 2012 and January 2013.
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Study Population

The eligible patients had suspected stable obstructive
CAD, and were electively referred for coronary angiography.
Patients with ongoing acute coronary syndromes (ACS),
patients with = 50% obstruction in a previous coronary
angiography, patients with a history of myocardial infarction,
surgical or percutaneous myocardial revascularization were
excluded. We also excluded patients who were being
evaluated for valvular surgery or heart transplantation.

The information on demographic characteristics, risk
factors for CAD, symptoms and the results of non-invasive
tests were collected by a team of cardiologists before coronary
angiography was performed.

Symptoms were categorized as typical angina, atypical chest
pain, ischemic equivalent or no symptoms. The typical angina
was defined as (1) substernal chest pain or discomfort that is (2)
caused by exertion or emotional stress and (3) relieved by rest
and/or nitroglycerine. Atypical chest pain included patients with
atypical angina (only two out of the above mentioned criteria)
and those with non-anginal chest pain (one or none of the above
mentioned criteria)®’. Ischemic equivalents were considered
as any collection of clinical findings (dyspnea, dizziness,
arrhythmias) that the physician thought to be consistent with
obstructive CAD.

The presence or absence of classical risk factors for CAD was
established according to the patients” information. Non-invasive
diagnostic tests were considered to be any test suggesting
ischemic disease, performed before the coronary angiography,
such as resting electrocardiogram, ECG stress testing, myocardial
radionuclide imaging, rest or stress echocardiogram, or coronary
computed tomography angiography.

Obstructive Artery Disease

Obstructive CAD was defined as stenosis = 70% in a
major epicardial vessel or its branches, or = 50% in the left
main coronary artery, according to recommendations from
AHA/ACC®®.

Statistical Analysis

Baseline demographic characteristics, risk factors for CAD,
symptoms and non-invasive test results of patients with or
without obstructive CAD were compared. The continuous
variables were presented as medians and interquartile
ranges; the categorical variables were presented as absolute
numbers and percentages. The continuous variables were
compared using the non-parametric Mann-Whitney test
and the categorical variables were compared using the
chi-square test.

Models for logistic regression (univariate and multivariate
analysis) were adjusted to identify associated factors and
independent predictors for obstructive CAD. The variables
with p < 0.10 in the univariate analysis were selected for
the multivariate analysis. To assess if the risk factors and
the performance of previous non-invasive tests had any
incremental power for predicting the presence of obstructive
CAD, three models were considered: a basic model (with
gender, age and symptoms); a clinical model, which is the

basic model added by risk factors (diabetes, dyslipidemia,
hypertension, and smoking); and a third model called the
extended model, which adds the performance of previous
non-invasive tests to the clinical model. The area under the
ROC (receiver operating characteristics) curve was used to
compare the discriminatory capacity of the 3 models and a
non-parametric test was used to compare the values of the
statistical C among the models®.

P values < 0.05 were considered statistically significant in
the multivariate analysis. Statistical analyses were performed
using the software SPSS for Windows version 13.0.

Ethical Aspects

This study was approved by the Institutional Ethics
Committee (protocol number 4250).

Results

Between July 2012 and January 2013, 3,817 coronary
angiographies were performed at the Invasive Cardiology
Service of Instituto Dante Pazzanese de Cardiologia, which
had been requested by 118 different centers of the SUS
network. Of these patients, 2,987 (78.3%) were excluded
from this analysis, as the test had been requested during
ongoing ACS, for patients with a previous diagnosis of
CAD, or for pre-surgical assessment for heart surgery.
Our study analyzed 830 patients submitted to elective
coronary angiography with suspected obstructive CAD,
which represented 21.7% of all patients referred for coronary
angiography during this period.

Baseline Characteristics

The median age was 61 years (interquartile interval
54 — 69 years), and 49.3% of the patients were males.
The prevalence of hypertension was 81.0%, dyslipidemia
was 66.6%, diabetes was 35.5% and 16.5% of them declared
being current smokers (Table 1).

Of the patients referred for coronary angiography, 33.5%
had typical angina, 23.9% had atypical chest pain (atypical
angina or non-anginal chest pain), a similar proportion,
23.9%, had ischemic equivalent symptoms (dyspnea,
dizziness, arrhythmias), and 18.8% had no symptoms.

It was observed that 538 patients (64.8%) had been
submitted to non-invasive diagnostic tests before the
coronary angiography, but only 464 of them (55.9%) had
undergone cardiac stress tests (ECG stress testing, stress
echocardiography, and radionuclide stress myocardial
perfusion imaging). The most frequently performed test was
the ECG stress testing, in 32.5% of them.

Prevalence of Obstructive Coronary Artery Disease

Obstructive CAD (stenosis = 50% on the left main
coronary artery, or = 70% in a major epicardial vessel) was
found in only 198 (23.8%) patients. Of these patients, 54.5%
had single-vessel disease, 27.8% had two-vessel disease,
13.1% had three—vessel disease lesions, and 5.6% had a
significant lesion in the left main coronary artery. Considering
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Table 1 - Baseline Characteristics of the patients

Characteristic Total
n=2830
Age, years
Median 61
Interquartile range 54-69
Male gender, n (%) 409 (49.3)
Body mass index, kg/m2
Median 278
Interquartile 24.9-31.2
Smoking, n (%)
Current 137 (16.5)
Former 318 (38.1)
Diabetes, n (%) 295 (35.5)
Hypertension, n (%) 672 (81.0)
Dyslipidemia, n (%) 553 (66.6)
Creatinine clearance *, mg/dL
Median 83.2
Interquartile range 64.0-103.9
Peripheral arterial disease, n (%) 23(2.8)
Cerebrovascular disease, n (%) 20 (24)
Chronic obstructive pulmonary disease, n (%) 76 (9.2)
Clinical presentation, n (%)
No symptoms 156 (18.8)
Typical angina 277 (33.5)
Atypical chest pain 198 (23.9)
Ischemic equivalent * 198 (23.9)
Non-invasive diagnostic test$, n (%) 538 (64.8)
ECG Stress testing 270 (32.5)
Myocardial radionuclide imaging 182(21.9)
Stress echocardiography 12 (1.4)
Computed tomography coronary angiography 9(1.1)
Resting electrocardiogram 30 (3.6)
Resting echocardiography 33 (4.0)

*Cockcroft-Gaultformulawasusedtoestimatecreatinine clearance. tAtypical
symptoms were defined as atypical angina and non-anginal chest pain.
1 Ischemic equivalent was defined as dyspnea, dizziness or arrhythmias.
§ Resting electrocardiogram, resting echocardiography, computed
tomography coronary angiography, ECG stress testing, myocardial
radionuclide imaging or stress echocardiography.

the alternative definition of obstructive CAD as a lesion with
stenosis = 50% in any epicardial vessel, the prevalence
increased to 32.2%. Therefore, two thirds (67.8%) of the patients
submitted to the invasive coronary angiography for suspected
stable obstructive CAD did not have significant lesions at the
coronary angiography.
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Predictors for the Obstructive Coronary Artery Disease

The univariate analysis showed 6 variables significantly
associated (p < 0.10) with the presence of obstructive
CAD: age, male gender, diabetes, dyslipidemia, presence
of typical angina, and having undergone some previous
non-invasive test. The patients that reported arterial
hypertension (OR, 1.23; C1 95% 0.81 - 1.88, p = 0.33) or
current smoking (OR, 1.06; C1 95% 0.70-1.63, p = 0.77)
were associated with a greater probability of obstructive
CAD, but without statistical significance.

In the multivariate analysis (Table 2), male gender (OR,
3.95; C195%, 2.70 - 5.77, p < 0.001), age (OR for each 5
incremental years, 1.15; Cl 95%, 1.06 — 1.26, p = 0.002),
diabetes (OR, 2.01; C | 95%, 1.40 — 2.90, p < 0.001),
dyslipidemia (OR, 2.02; Cl 95%, 1.32 — 3.07, p < 0.001),
typical angina (OR, 2.92; Cl 95%, 1.77 — 4.83, p < 0.001),
and having undergone some non-invasive test (OR, 1.54;
Cl 95%, 1.05 — 2.27, p = 0.027), were shown to be
independent predictors for obstructive CAD.

Models for Predicting CAD

Table 3 summarizes the performance of each of the
3 prediction models. The basic model, which only uses
the clinical variables age, gender and the presence of
typical angina, showed a statistical C of 0.703 (Cl 95%,
0.652 — 0.0754). The clinical model, which added the
presence of risk factors (diabetes, dyslipidemia, hypertension,
and active smoking) to the basic model, had a statistical C
of 0.728 (Cl 95%, 0.678 — 0.778). The third model, the
extended one, which added the performance of non-invasive
tests to the clinical model, revealed a statistical C of 0.739
(C195%, 0.701 —0.778). The comparative analysis of the area
under the ROC curve did not show any significant difference
among them (Table 4).

Discussion

In this study, which included patients without known
CAD submitted to coronary angiography, the efficacy of
patient selection for coronary angiography was low.

Table 2 - Predictors of obstructive CAD (stenosis = 50% in left
main coronary artery or 2 70% any epicardial vessels)

Variable 0dds Ratio Iﬁ;’:ﬂ:fg‘g‘fj’ p Value
Age, every 5 years increase 1.15 1.06-1.26 0.002
Male gender 3.95 2.70-5.77 <0.001
Diabetes 2.01 1.40-2.90 <0.001
Dyslipidemia 2.02 1.32-3.07 0.001
Typical angina* 2.92 1.77-4.83 <0.001
Non-invasive diagnostic test 1.54 1.05-2.27 0.027

*Compared with asymptomatic patients. T Resting electrocardiogram, resting
echocardiography, computed tomography coronary angiography, ECG
stress testing, myocardial radionuclide imaging or stress echocardiography.
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Table 3 — Odds ratio and 95% confidence intervals of the prediction model for the presence of obstructive CAD (stenosis = 50% in left main

coronary artery or 2 70% any epicardial vessels)

Basic Model Clinical Model Extended Model
Age by 5 years 1.09 (0.98-1.21) 1.07 (0.96-1.20) 1.07 (0.96-1.20)
Male gender 4.31(2.69- 6.90) 4.44 (2.75-7.18) 4.39 (2.71-7.10)
Typical angina 3.00 (1.83- 4.94) 2.80 (1.68- 4.69) 2.94 (1.75-4.93)
Diabetes - 1.90 (1.20- 3.02) 1.91(1.20-3.03)
Dyslipidemia - 1.80 (1.06- 3.07) 1.82(1.07- 3.10)
Hypertension - 0.66 (0.36- 1.22) 0.66 (0.36-1.20)
Current smoker - 0.90 (0.48-1.70) 0.92 (0.49- 1.75)
Non-invasive diagnostic test” - - 1.43 (0.87-2.34)
C statistic 0.703 (0.652 a 0.754) 0.728 (0.678 2 0.778) 0.739 (0.701a 0.778)

* Resting electrocardiography, resting echocardiography, computed tomography coronary angiography, ECG stress testing, myocardial radionuclide imaging or

stress echocardiography

Table 4 — Comparison of areas under the ROC curve between the basic, clinical and extended models

Model p Value
Basic* versus clinicalt 0.12
Basic versus extendedt 0.09
Clinical versus extended 0.62

* Basic model: gender, age, stable angina. 1 Clinical model: gender, age, stable angina, hypertension, diabetes, current smoker and dyslipidemia. $ Extended model:
gender, age, stable angina, hypertension, diabetes, current smoker, dyslipidemia and any previous non-invasive diagnostic test.

Of the 830 patients assessed for suspected clinical
significant CAD (stenosis = 50% in the left main coronary
artery or = 70% on any other epicardial vessel), only
198 (23.9%) had this hypothesis confirmed by the
coronary angiography. The percentage was a little higher
(32.3%) when the CAD definition was expanded to
include stenosis = 50% in any other epicardial vessel.
In approximately two thirds of the patients (67.7%),
coronary angiography revealed coronaries without any
obstructive atherosclerotic process.

The comparison of our results with the ones found in
other studies is difficult because of the different definitions
used for obstructive CAD, as well as different inclusion
criteria. Most previous publications report information on
populations from high-income countries, and just a few
of them were carried out in middle-income countries,
such as Brazil. Galon et al'® conducted an overview of the
clinical-angiographic profile of 1,282 patients submitted
to 1,410 coronary angiographies in Sao Paulo, Brazil,
between March 2007 and May 2008. In this study, 72.7% of the
procedures showed coronary arteries with significant obstructive
lesion. However, approximately half of the patients submitted
to coronary angiography had ACS, and 16% had already been
diagnosed for previous CAD. Besides that, the authors considered
obstructive CAD as the presence of lesions with stenosis = 50%.

The CASS (Coronary Artery Surgery Study) Registry,
published in 1986, involving 21,487 coronary angiographies,

showed that 81.2% of the patients had a coronary obstruction,
defined as a lesion = 50% in any vessel''. More recently, Patel
et al® published a registry with 398,978 patients without a
previous CAD diagnosis, in the absence of ACS, submitted to
coronary angiography in 663 hospitals, between January 2004
and April 2008. As in our study, the presence of obstructive
CAD (stenosis =70%) found was low (37.6%). Absence of
coronary disease was found in 39.2% of the patients.

Not surprisingly, we observed that the stronger independent
predictors for the presence of obstructive CAD at the coronary
angiography were the traditional risk factors age, male gender,
presence of diabetes and dyslipidemia, in addition to the
presence of typical angina. On the other hand, in our study,
reported arterial hypertension and smoking did not show any
association with obstructive CAD in the univariate analysis.
Regarding hypertension, a possible explanation could have
been the high prevalence detected in our sample in both
groups. As for smoking, it was assessed only qualitatively
through patient reports, whereas quantitative characteristics
such as exposure time and intensity of consumption were
not considered.

It is well known that non-invasive tests are useful tools for
the decision-making process in daily clinical practice, due to
its important negative predictive value in patient populations
with intermediate pre-test probability?, preventing these
individuals from being unnecessarily exposed to the risks of
the invasive test.
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In our study, we observed that approximately 35% of the
individuals were directly referred to coronary angiography,
without any previous non-invasive tests. This percentage
represents approximately twice the one found by Patel
(16%)°. Many are the possible reasons for, in the SUS network
context, a patient with suspected stable CAD to be directly
referred to coronary angiography before a functional test is
performed. Although the official data show that the number
of non-invasive tests performed by the SUS network' has
almost doubled, it is likely that there is still a great repressed
demand, increasing the delay to performing these tests, thus
making it longer than that observed for coronary angiography.

The Forrest and Diamond classification™, created in 1979,
is still currently recommended by the cardiology societies for
assessment of pre-test probability of finding obstructive CAD
(stenosis = 50%) at the coronary angiography, using only age,
gender and type of chest pain. Although it is useful for being
practical, it is criticized for not considering the presence of
other traditional factors'. In our study, we observed that the
statistical C value was greater (from 0.703 to 0.728) when
the presence of traditional risk factors such as diabetes and
dyslipidemia were added to the basic model (age, gender and
symptoms), but without significant statistical difference. In a
study that assessed models for estimating the presence of CAD
(stenosis > 50%) in a low prevalence population, Genders
et al" found results similar to ours. Adding traditional risk
factors (diabetes, dyslipidemia, hypertension and smoking)
to the basic model (age, gender, symptoms) showed a greater
discriminatory capacity (statistical-C from 0.77 to 0.79).

It should be mentioned that our study had several limitations.
We could not assess the performance of the non-invasive stress
test (ECG stress testing, stress echocardiogram, myocardial
radionuclide imaging) as we did not have any information on
patients submitted to noninvasive testing that were not referred
for catheterization. Moreover, the interpretation of the test results
was performed by the assistant physician. Important information,
such as maximum heart rate, Duke score, percentage of ischemic
area, which help the interpretation of the non-invasive stress
testing, was not available. Furthermore, the characterization of
chest pain was simplified to typical angina or atypical symptoms
(atypical angina or non-anginal chest pain).
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clinical approach for patients with suspected stable CAD in
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clinical decision making process of more than 100 secondary
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Conclusions

In a scenario of clinical practice of the Brazilian SUS
network, the efficacy of patient selection without previous
diagnosis of CAD for coronary angiography was low,
with the diagnosis being confirmed in less than a quarter
of the patients. The incremental diagnostic value of a
previous non-invasive test was low and non-significant.
A better clinical and non-invasive assessment is needed and
it should be available for SUS patients to improve the efficacy
of the selection for the invasive test.
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