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Abstract
Coronary computed tomography angiography (CCTA) is becoming the primary method for diagnosing/excluding coronary disease (CD), particularly in patients 
with a low to intermediate probability. Its sensitivity(Ss), specificity(Sp) and predictive(PV) value are well known. However, local diagnostic acuity of the method 
is not always tested but should be known by each center. We started a CCTA program and describe our experience with a 64-detector, single-source scanner. We 
studied the first 700 consecutive patients, aged 64±10 years, 64% men, with a BMI of 27±4. The technical quality of the study was good in 609 patients (87%), fair in 
84 patients (12%) and poor in 7 patients (1%). In 42 of the patients, a subsequent invasive coronary angiography (ICA) was necessary. In this group, the two methods 
were correlated. The time difference between the two examinations was 35±28 days. A total of 168 coronary arteries were analyzed (only native and non-stented 
arteries). Coronary stenosis ≥ 50% in the main trunk and ≥ 70% in the other arteries (LAD, Cx and RCA) were regarded as significant lesions, by both methods 
on a semi-quantitative basis. Ss, Sp, +PV and –PV results of 91%, 80%, 83% and 89% by patient and 83%, 93%, 74% and 95% by artery, were respectively obtained. 

Conclusion: CCTA proved to be a simple and effective, method for assessing coronary anatomy. In our study, conducted under local conditions, we achieved a 
diagnostic capacity similar to that described in the main reference studies. This assessment is regarded as vital, contributing to the credibility of the technique used 
in each center.
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Introduction
Coronary computed tomography angiography (CCTA) is 

gradually becoming the primary method for diagnosing or excluding 
coronary artery disease, particularly in patients with a low to 
intermediate probability, in a wide variety of clinical contexts. The 
sensitivity, specificity and positive and negative predictive value of this 
technique are well known, having been published in several single-
and multi-center studies [1-3]. However, these correlation studies do 
not always reflect the local day-to-day situation, which is why it is 
extremely important that each center initiates a CCTA program and 
tests the usability of the examination as well as its diagnostic acuity 
under local conditions and daily clinical practice. This was what we 
proposed to do.

Objectives
Our proposed objectives were to: 1 - Analyze the clinical 

indications for CCTA; 2 - Assess the pre-test probability of coronary 
disease (where applicable) in the population studied; 3 - Describe 
the study protocol; 4 - Assess the radiation doses used; 5 - Assess the 
quality of the study; 6 - Compare the results with invasive coronary 
angiography in a selected group of patients who underwent both 
examinations.

Material and methods
Type of study

This was a consecutive, observational, prospective study of patients 
referred for CCTA.

Clinical indications and pre-test probability of coronary disease
The indications for the study were arranged into seven main 

groups: Group 1: Chest pain to be explained and/or ischemia tests with 
alterations. Group 2: Risk stratification with calcium scoring. Group 
3: Assessment of coronary artery bypasses. Group 4: Assessment of 
coronary stents. Group 5:

Assessment of the thoracic aorta. Group 6: Exclusion of myocardial 
coronary disease/heart valve

diseases. Group 7: Other situations.
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The pre-test probability of coronary disease was assessed using 
the Diamond Forrester [4] tables, according to age, sex and type of 
precordial pain complaint (Table 1).

Equipment used and study protocol

A SOMATOM Perspective® CT scanner (Siemens AG) was used, 
which had the following technical characteristics: single source: 110-
130 kV; collimation: 64 detectors x 0.6 mm slice; spatial resolution 
- 0.35 mm; temporal resolution - 165 to 195 ms (due to the type of 
protocol used); iterative reconstruction (SAFIRE®), and other low-dose 
algorithms (Care Dose kV® and ECG pulse®). The target heart rate (HR) 
was less than 60 bpm, with oral and/or intravenous beta-blockers being 
freely used, unless contraindicated. To ensure acquisition during the 
lowest and most stable HR possible, the apnea method following a 
double breath was used. The contrast agent used was iopromide 370 at a 
flow rate of 6 cc/s, preferably through a straight 18G antecubital catheter, 
followed by the same volume and flow rate of saline solution (double 
bolus). All the patients were given 0.5 mg of sublingual nitroglycerin, 
unless contraindicated or if only calcium scoring was carried out. 
The sequential or spiral acquisition protocol was determined using 
the ECG Check® tool, which, by analyzing the HR and its stability, 
recommended a protocol through a semaphore-type suggestion (green 
- recommended protocol; yellow - recommended with reservations, 
and red - protocol not recommended). After acquisition, the images 
were reconstructed for calcium scoring in 3 mm slices of the best 
diastole and for the CCTA in 0.75 mm thin slices of the best diastole 
and best systole (chosen automatically by the equipment), in a high-
definition matrix of 512 lines. The left ventricular function was obtained 
(in the spiral studies) by reconstructing 10 phases of the cardiac cycle 
(every 10%) in a matrix of 256 lines. Finally, the mediastinum and 
lung were reconstructed in 4 mm slices. Where necessary, additional 
reconstructions were carried out in other cardiac cycle phases to 
improve the image quality. These images were then post-processed and 
analyzed using the syngo.via® version VA11. Orthogonal and oblique 
two-dimensional reconstructions, curved plane reformatting (Figure 
1), thin-slice maximum intensity projections (MIP) (Figure 1), three-
dimensional reconstructions (volume rendering technique - Figure 
1) and AngioView® reconstructions (Figure 1) were carried out. The 
ventricular function, volumes and masses were assessed and the left 
ventricle was segmented according to the recommendations of the 
American Society of Echocardiography with 16 segments.

Radiation doses used

The ALARA (As Low As Reasonably Achievable) principle was 
used. The total dose was measured as DLP (dose length product) and 
the constant of 0.014 was used as the millisievert conversion factor, by 
which the DLPs were multiplied. The first and second years of use of 
the equipment were separated in order to compare the total dose used.

Assessment of the study quality

The study quality was assessed subjectively by the operator 
according to the following general principle: Good quality - high-
quality display of all epicardial coronary segments (up to the vascular 
diameter of 1.5 mm); Reasonable quality - presence of slight movement 
artifacts not significantly compromising the interpretation of the study; 
Deficient quality - presence of artifacts or poor vascular opacification 
not allowing diagnosis in arteries with a diameter in excess of 1.5 mm.

Assessment of the study safety

All complications or adverse events recorded were assessed.

Analysis and comparison of the coronary assessment results

The coronary assessment results were analyzed according to 
the recommendations of the Society of Cardiovascular Computed 
Tomography, revised in 2014 [5]. A subjective classification was used, 
with those coronary stenoses equal to or exceeding 50% in the main 
trunk (MT) and equal to or exceeding 70% in the other coronary arteries 
(left anterior descending - LAD, circumflex - Cx, right coronary artery 
RCA) and respective branches being regarded as significant stenoses. 
The criteria used in the coronary angiography were the same (50% in 
the main trunk and 70% in the other arteries). The ICA assessment was 
also conducted semi-quantitatively by two observers, with the final 
decision being made by a third observer, where necessary. The results 
were subsequently compared with those from the CCTA. The arteries 
that could not be interpreted due to artifacts were regarded as having 
significant coronary stenoses. Coronary artery bypasses and coronary 
arteries with stents were excluded from the comparison.

Statistical analysis

The means and standard deviation of the demographic variables 
of the population were analyzed. In the comparison of the CCTA and 
coronary angiography results, the sensitivity, specificity, and positive 
and negative predictive value were analyzed by a dichotomic variation 
(with or without disease) according to Bayes’ theorem, and the ROC 
(receiver operating characteristics) curves were assessed to analyze the 
probability of disease. The IBM SPSS Statistics software, version 20.0, 
was used and the significance level was set at 5%.

Results
From 6/13/2012 to 10/13/2014 we studied 700 consecutive patients, 

aged 64±10 years, with 64% men. The Body Mass Index (BMI) was 
27±4. The heart rate during acquisition was 55±8 bpm. The clinical 
indications are shown in Table 2. The pre-test probability of coronary 
disease was 42±18%.

The type of study carried out was as follows: calcium scoring only in 
18% of patients; CCTA only in 14% of pts; calcium scoring and CCTA in 
67% of patients. The CCTA protocol (according to the results suggested 
by ECG Check®) was as follows: Spiral - 90%; Bi-segment spiral - 6%; 
Sequential - 4%. The average radiation dose (only taking into account 
studies with a “cardiac window”, i.e. from the carina to the diaphragm) 

Asymptomatic Non-anginal 
chest pain Atypical angina Typical angina

Age Men      Women Men       Women Men        Women Men        Women
30-39 1.9%        0.3% 5.2%           0.8% 21.8%         4.2% 69.7%        25.8%
40-49 5.5%        1.0% 14.1%         2.8% 46.1%         13.3% 87.3%         55.2%
50-59 9.7%        3.2% 21.5%        8.4% 59.9%         32.4% 92.0%         79.4%
60-69 12.3%      7.5% 28.1%       18.6% 67.1%         54.4% 94.3%          90.6%

Table 1. Probability of coronary disease based on sex, age and type of symptoms

Figure 1: Coronary reconstructions: 1.1 Curved plane reconstruction (normal RCA). 1.2 
Thin-slice maximum intensity projection (MIP) (normal LAD). 1.3 Volume rendering 
technique (VRT). 1.4 AngioView 
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was 5.7 msV. Analyzed by year, in the first year this value was 7.05 msV 
and in the second and subsequent years it was 4.96 msV. The study 
quality was deemed to be “good” in 609 patients (87%), “reasonable” in 
84 patients (12%) and “deficient” in 7 patients (1%).

A coronary angiography was carried out on 42 of the patients 
referred for a CCTA. The pre-test probability of coronary disease in this 
group was 52±18%. The time difference between the two examinations 
was 35±28 days, during which there was no change in the clinical status 
of patients.

A total of 168 coronary arteries were analyzed (only native and non-
stented arteries). In six of these, stenoses could not be quantified due to 
CCTA artifacts. For comparison purposes, these cases were regarded by 
default as having significant coronary disease. The comparison between 
the two techniques according to the methodology described is shown 
in Table 3.

T﻿he ROC curve for the CCTA was estimated (Figure 2) and the 
area under the ROC curve was calculated (AUC=0.899), together with 
the respective 95% confidence interval (CI=0.789;1.00). In order to 
assess the correlation between the CCTA and coronary angiography, 
the McNemar’s test (p-value=0.99) and the Kappa coefficient (k=0.798, 
p-value<0.001) were applied.

The study proved to be very safe with only one minor skin allergic 
reaction, one vasovagal reaction and one subcutaneous infiltration 
of contrast agent due to extravascular extravasation being recorded 
as complications. No cases of contrast-induced nephropathy were 
recorded.

Discussion
Coronary computed tomography angiography using a SOMATOM 

Perspective® scanner (Siemens AG) proved to be simple to carry out 
and the results of the coronary ICA, when compared with coronary 
angiography, were in line with the main reference studies using 
64-detector scanners [1-3]. In the comparative analysis by patient, the 
high sensitivity and negative predictive value of the CCTA stood out, 
i.e. its robust capacity to exclude coronary disease, which is an aspect 
pointed out by several authors as its main advantage. The analysis 
by artery revealed a slightly lower sensitivity and a higher specificity 
(particularly in the RCA and Cx), which was slightly different from the 
usual finding and for which we could not find a valid explanation. The 
acuity in the LAD was in line with the majority of studies. The small 
sample may partly explain these findings.

This was a “real world” study in which the patients who underwent 
coronary angiography were selected based on the CCTA results and 
proposed for invasive study according to the opinion of the attending 
physician and the recommendation resulting from the final conclusions 
of the CCTA report. This fact may naturally create a bias in the selection 
of patients. However, we worked according to the “intention to diagnose” 
principle and considered that it would have been inappropriate, in the 
current state of knowledge, to carry out any other type of study (such as, 
for example, systematic assessment of all patients using both methods).

This methodology, despite being open to criticism, reflects current 
common clinical practice in terms of the diagnostic decision tree in 
most cases, i.e. the patient is referred for a CCTA due to a clinical or 
functional (non-invasive tests) suspicion of ischemia: if the CCTA 
does not reveal significant plaques or lesions, this diagnosis is excluded 
and the diagnostic process ends as the negative predictive value of 
this examination and its favorable prognostic value in terms of the 
risk of future cardiovascular events are well-known6. If the CCTA 
reveals suspected or definite lesions, the patient is proposed for 
coronary angiography and/or functional imaging tests (SPECT/Stress 
echocardiogram/stress MRI), depending on the practice and degree of 
suspicion as a result of the CCTA.

This diagnostic process model is recommended in the most recent 
guidelines, particularly by the National Institute of Clinical Excellence 

Indication Number %
Precordial pain to be explained and/or non-invasive tests 
for suspected ischemia 406 58%

Risk stratification with calcium scoring 128 18%
Assessment of coronary artery bypasses 78 11%
Assessment of coronary stents 28 4%
Assessment of the aorta 22 3%
Exclusion of myocardial coronary disease/heart valve 
diseases 22 3%

Other 16 2%

Table 2. Indications for CCTA

Acuity by patient Angio + Angio - Total Sensitivity 91%
CCTA + 20 4 24 Specificity 80%
CCTA - 2 16 18 PPV 83%
Total 22 20 42 NPV 89%
Acuity by artery - all Angio + Angio - Total Sensitivity 83%
CCTA + 29 10 39 Specificity 93%
CCTA - 6 123 129 PPV 74%
Total 35 133 168 NPV 95%
Acuity by artery - LM Angio + Angio - Total Sensitivity 100%
CCTA + 1 1 2 Specificity 98%
CCTA - 0 40 40 PPV 50%
Total 1 41 42 NPV 100%
Acuity by artery - LAD Angio + Angio - Total Sensitivity 91%
CCTA + 10 6 16 Specificity 81%
CCTA - 1 25 26 PPV 63%
Total 11 31 42 NPV 96%
Acuity by artery - Cx Angio + Angio - Total Sensitivity 73%
CCTA + 8 2 10 Specificity 94%
CCTA - 3 29 32 PPV 80%
Total 11 31 42 NPV 91%
Acuity by artery - RCA Angio + Angio - Total Sensitivity 83%
CCTA + 10 1 11 Specificity 97%
CCTA - 2 29 31 PPV 91%
Total 12 30 42 NPV 94%

Table 3. Acuity of CCTA compared to coronary angiography by patient and by artery

Figure 2: ROC curve for the CCTA in the analysis of CD by patient.
Curva ROC = ROC curve, Sensibilidade = Sensitivity, Especificidade = Specificity
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(NICE) [7] and in the myocardial revascularization recommendations 
of the European Society of Cardiology (ESC) at Level of Evidence A, 
Class IIa. This diagnostic strategy has recently been tested in major 
prospective and multi-center studies. In one of these the PROMISE 
study – the CCTA was no worse than traditional methods [9] and 
in another – the SCOT-HEART [10] study – it proved to be better, 
avoiding “clean” coronary angiographies. It is well-known that the 
use of coronary angiography in patients without significant coronary 
disease represents a significant cost for health services, as well as 
posing the risks and disadvantages inherent in the procedure. Some 
studies indicate that the cost of coronary angiographies where there 
is no significant disease is very high [11], partly due to inappropriate 
prescription, but also due to the low specificity of certain functional 
studies.

In this respect, the CCTA offers a precious advantage as it allows 
the selection, on an anatomical basis, of those patients who need to be 
sent for a coronary angiography, thus avoiding a significant number of 
unnecessary examinations [12].

Another advantage of the CCTA is the fact that, in patients with 
as yet non-obstructive coronary disease, it allows early atherosclerosis 
to be identified and opens an important therapeutic window in terms 
of “lifestyle” changes and intensive pharmacological intervention. This 
potentially allows the natural history of the coronary disease to be 
modified by stabilizing and even regressing the coronary plaque [13]. 
However, this theory has not yet been fully proven in large prospective 
studies, when compared with the conventional intervention strategies 
for traditional risk factors.

Despite this, in our opinion the identification of these non-
obstructive plaques is essential because, as is well-known, it is these that 
are the most unstable and that will rupture and cause thrombosis, which 
is part of the physiopathological genesis of acute coronary syndromes 
[14]. The CCTA allows plaques to be detected non-invasively in the non-
obstructive phase and in the future, thanks to the gradual improvement 
and development of the image quality, it will allow the identification of 
“vulnerable” plaques that are at higher risk of instability. Some studies are 
already pointing in this direction, having identified certain anatomical 
characteristics in addition to merely quantifying the coronary stenoses. 
These include the positive remodeling of plaque and the low density 
(in Hounsfield units) of the atheromatous deposits, resulting in a lipid 
core [15], spotty calcifications [16] and the “napkin-ring” sign, which is 
indicative of a thin endothelial layer coating atheromatous plaque [17].

Another very important area for the CCTA is the assessment of 
coronary artery bypasses [18]. This method is excellent at precisely 
characterizing the anatomy and patency of bypasses, which simplifies 
the study protocol for these patients and avoids exposure to multiple, 
unnecessary and technically more demanding coronary angiographies.

Areas that need to be further developed are the diagnosis of 
coronary stenoses in the presence of highly calcified plaques and the 
assessment of coronary stents, particularly small diameter stents (< 
3 mm) as well as those that are placed over calcified plaques. In both 
situations, the presence of bright artifacts is a known limitation of the 
CCTA, which we hope to see overcome shortly with the introduction 
of technological improvements in the configuration of scanners, both 
through more accurate detectors and through ways of eliminating 
calcium artifacts, particularly using dual energy [19]. The incorporation 
of functional coronary information extracted from the CCTA, such as 
the coronary fractional flow reserve (CFFR) study [20] or CT coronary 
perfusion studies [21], is a rapidly expanding field that could transform 
the CCTA into a one-stop shop for cardiac and coronary anatomy and 
function, through a single examination.

Conclusion
Coronary CT angiography proved to be a simple, effective, non-

invasive and safe method for assessing the coronary anatomy. In our 
study, conducted under local conditions, it proved to have a diagnostic 
capacity similar to that described in the main reference studies. This 
assessment is regarded as vital because it contributes to the credibility 
of the technique used in each center.
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