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Introduction

Aims This study evaluated the clinical prospects of Coronary Artery Disease—
Reporting and Data System (CAD-RADS) scoring in coronary computed tomography
angiography (CTA). The aim of the study was to determine the guidance value of
CAD-RADS scoring in patient follow-up after CTA.

Methods and Materials Reports of cases reported between 2010 and 2013 were
reevaluated with CAD-RADS scoring. Clinical risk analysis was performed with initial
forms of anamnesis. Clinical follow-up was performed on 7 to 10 years (mean: 8 years,
4 months) hospital records. Univariate and multivariate Cox modeling was performed
with Kaplan-Meier method to define the relationship between clinical (age, gender,
diabetes mellitus, hypertension, smoking, family history) and CAD-RADS variables,
and for risk analysis based on these causes. Cox proportional-hazards analysis results
were presented as a hazard ratio with a 95% confidence interval. CAD-RADS scores
were evaluated as meaningful determinants of univariate and multivariate Cox propor-
tional survival analysis.

Results Totally, 359 cases were evaluated in the study. Severe coronary pathology
development rate was observed as CAD-RADS 0to 1%, CAD-RADS 1 to 3%, CAD-RADS
2 to 4%, CAD-RADS 3 to 9%, CAD-RADS 4A to 21%, 4B to 25%, CAD-RADS 5 to 50%.
There were no coronary artery deaths in CAD-RADS 1,2,3 cases in 10 years of follow-up.
Two cases with CAD-RADS 4 A score, three cases with 4 B score, and four patients with
CAD-RADS 5 had a history of death as a result of coronary disease.

Conclusions The cases with a high risk of side effects with CAD-RADS scores were
clearly shown. CAD-RADS score accurately identifies risks in postimaging follow-up
and is a reliable reporting system in the required treatment planning.

diseases (CAD) due to a short examination time. Invasive
coronary angiography (ICA) is the golden standard imaging

Cardiovascular diseases are the highest cause of mortality
and morbidity in Western countries. Coronary computed
tomography angiography (CTA) is a widely used diagnostic
noninvasive imaging method for detecting coronary artery
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method in the diagnosis of CAD (1). Due to the widespread
and increasing use of CTA, a standard reporting method has
been mandatory. The Coronary Artery Disease—Reporting
and Data System (CAD-RADS) classification system is used
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as an international standard in CTA reporting (=Table 1).'?
CAD-RADS standards have been beneficial for the devel-
opment of a common language between radiologists and
clinicians.

Studies on the relationship between survival and CTA
findings in coronary patients have been conducted.? In these
studies, CAD was described as absent, mild, and severe,
according to the state of stenosis. The widespread use of
CAD-RADS classification does not have a very long history.
There are few and short-term follow-up studies on the rela-
tionship between CAD-RADS classification and survival in
the literature in the English language. The longest follow-up
duration is 5 years, a short time to assess coronary patholo-
gies.* This study has a long-term follow-up.

The clinical results of reporting with CAD-RADS scores
are examined with long-term studies.'** Many countries
should work on this issue to develop their health policies in
CAD cases. The main objective of this study is to examine the
guiding potential of CAD-RADS scores in post-CTA follow-up
and treatment.

Methods

Approval was obtained from the ethics committee of
our hospital for the study. This study was designed as a
multi-cantered, retrospective study.

All examinations were performed using 64 slices of Toshiba
Multislice Aquilion systems (Toshiba Medical Systems, Tokyo,
Japan). If the heart rate was 70 beats/min, additional oral
B-blockers (metoprolol, 50 mg, single dose, 1 hour before
scan) were provided if tolerated. First, a coronary calcium
scan was performed before prospectively triggered MSCT
angiography. Images for calcium scoring were acquired by a
noncontract-enhanced scan. With the same parameters for
the 64-section MSCT was Collimation 4 x 3.0 mm, slide rota-
tion time 350 milliseconds, tube voltage and tube current
120 kV and 200 mAs, respectively. The temporal window was
set at 75% after the R-wave for electrocardiogram-triggered
prospective reconstruction. All images were reconstructed at
the Vitrea (Vital, a Toshiba Medical Systems Group company,
Minnesota, United States) workstation. Nonionic contrast
material was administered in the antecubital vein 70 to 95 mL.
It was a flow rate of 4.5 ml/s (Ilomeprol, Imeron 350, Bracco
Altana Pharma Gmbh, Konstanz, Germany). Automated
detection of peak enhancement 120 HU in the aortic root
was used for the timing of the scan. Images analyzed with a
commercially available software package, Vitrea.

Medical records were examined for 565 patients who
were reported as standard between January 2010 and
December 2013. A total of 565 CTA reports were retrospec-
tively reviewed. The cases were rereported by CAD-RADS
standards according to the stenosis percentages and pathol-
ogies defined in the reports. The patients were grouped
according to the CAD-RADS value.® The reporting was done
between 2010 and 2013 by a radiologist who had 4 years
of experience in reporting cardiac CT. Information about
the patient was obtained with the clinical history described
in the first admission and detailed consent forms signed

by the patients before coronary CTA. imaging. Patients
who had invasive cardiac angiography after CTA but not
undergoing vascular treatment were included in the study.
Hospital records were examined using an ID number.
The cases were evaluated with 7 to 10 years of clinical
follow-up information. CTA imaging reports were not evalu-
ated again in the follow-up.

Totally, 359 patients who were reported in the radiol-
ogy clinic between 2010 and 2013 according to the Society of
Cardiovascular Computed Tomography guidelines were reported
again with CAD-RADS scoring (=Table 1). In cases, stent and
vulnerable plaque were not evaluated in CAD-RADS scoring.

Statistical Method

SPSS 24 (IBM) program was used for statistical analysis.
A comparison between CAD-RADS scores was made using
the chi-squared test for variables that can be categorized with
baseline properties and variance analysis for continuous vari-
ables. We predicted survival rate without coronary pathology
using Kaplan-Meier method. Major adverse cardiac events
(MACE) were included in the statistics when they occurred
after CTA. Univariate and multivariate Cox proportional haz-
ards survival models are calculated by reporting the hazard
ratio with a 95% confidence interval. Univariate Cox pro-
portional hazard analysis was shown. Variables such as age,
gender, hypertension, diabetes mellitus, smoking, and family
history were included in the Cox models for multivariate. Since
coronary medical treatment was not followed prospectively,
it was not included in the analysis. For all analyses using SPSS,
the p-value < 0.05 was considered statistically significant.

Results

For this study, 565 patients who underwent CTA between
2010 and 2013 and whose follow-up information was avail-
able in the hospital records were examined. Twenty-five
patients who were given stenosis information in the pre-
vious report but did not have a stenosis percentage were
excluded. The patients monitored for bypass and stent
control (55) were excluded from the evaluation. Patients
with insufficient records at first admission to the hospital
(58 cases) were excluded from the study. A total of 28 patients
who underwent coronary surgery after CTA examination
and 129 patients without hospital follow-up for 3 years or
longer were excluded. Twenty-four cases with CAD-RADS
1,2,3 scoring without adequate coronary anamnesis were
excluded among the cases who were admitted to different
outpatient clinics in the same institution. The physicians of
22 cases with high CAD-RADS scores and insufficient hos-
pital records were consulted. Despite all, six cases without
sufficient clinical information were excluded from the study.
During the follow-up, patients who developed noncoronary
life-threatening pathology and had a history of operation
were excluded from the study. Patients who died of non-
coronary pathology were excluded from the evaluation.
Of the 359 cases that could be examined, 164 were female
(mean: 52 years old) and 195 were male (mean: 56 years old).
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Table 1 Case processing summary: Kaplan-Meier cumulative incidence uneventful table. Cumulative surveys were 98.9 for

CAD-RADS and 55.6% for CAD-RADS

CAD-RADS n Number of events Censored
n %

0 91 1 90 98.9%
1 83 3 80 96.4%
2 75 3 72 96.0%
3 69 7 62 89.9%
4-a 19 4 15 78.9%
4-b 13 3 10 76.9%
5 9 4 5 55.6%
Overall 359 25 334 93.0%

Abbreviation: CAD-RADS, Coronary Artery Disease—Reporting and Data System.

When the previous reports of the cases were reevaluated,
91 cases (25%) were classified as CAD-RADS 0, 83 cases (23%)
as CAD-RADS 1, 75 cases (20%) as CAD-RADS 2, 69 cases
(19%) as CAD-RADS 3, 19 cases (5%) as CAD-RADS 4A,
13 cases (13%) as CAD-RADS 4B, and 9 cases (2%) were reclas-
sified as CAD-RADS 5. The cases were revised in according
to CAD-RADS values based on age, gender, hypertension,
diabetes mellitus history, smoking status, and family history
of cardiac death. All cases were evaluated based on the first
admission records. During the follow-up of the cases, newly
diagnosed hypertension and diabetes mellitus, and altered
smoking status were not evaluated. MACE observed in the
cases were evaluated until January 2020.

The mean follow-up was 8 years and 4 months, the longest
was 9 years and 8 months, and the shortest was 6 years and
8 months. During the follow-up, MACE myocardial infarction,
sudden cardiac death, bypass surgery, other cardiac surger-
ies, or stent administration were recorded. Cases reported as
CAD-RADS 4A, 4B, and 5 and followed by medical treatment
without surgical treatment were also evaluated.

ICA was not applied to any of the patients in the CAD-RADS
0 and 1 group. ICA was performed in CAD-RADS 2 (5%) and
CAD-RADS 3 cases (12%). In all cases, ICA was applied in the
first year after CTA. ICA was applied to CAD-RADS 4A (50%)
and 4B (55%) and CAD-RADS 5 (80%) cases. About 80% of this
examination was done in the first 6 months. Since patients
with a history of coronary surgery were not included in the
study, none of our patients had surgery.

As a result, the risk of developing MACE in follow-up
increased in cases with increased CAD-RADS scores
(=Table 2). MACE was observed in one of the CAD-RADS
0 cases (2%). MACE was observed in three cases with a
CAD-RADS score of 1. MACE was observed in three and
seven cases with CAD-RADS scores of 2 and 3, respectively
(4 and 9%). MACE was detected in four cases with CAD-RADS
4A findings (mean: 3 years and 2 months), three patients
with CAD-RADS 4B (mean: 3 years and 4 months), and four
patients with CAD-RADS 5 classification (mean: 2 years and
5 months). Of the cases in whom MACE was defined, two
cases with CAD-RADS 4A, two cases with CAD-RADS 4B,
and three cases (mean: 2 years) with CAD-RADS 5 died from
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coronary causes. There was death from coronary causes in
CAD-RADS 1,2,3 cases in 10 years.

Twenty-five MACE and seven coronary deaths were seen
in the entire study group. Ten years of cumulative sur-
vival was noted between 1% for CAD-RADS 5 and 50% for
CAD-RADS 0 (=Fig. 1) and (=Table 3). In the multivariate Cox
model, CAD-RADS scores were highly associated with MACE
risk. Hazard ratios were calculated 1.31 for CAD-RADS 1
(p=0.0012)and 7.12 for CAD-RADS 5 (p = 0.0004) (~Table 4).
Kaplan-Meier -Overall MACE incidence Comparisons.
P < 0.005 was found significant. CAD-RADS prognostic per-
formance was estimated by the receiver operating character-
istic curve, and it was found similar to the Duke CAD index
(0.7073) as p = 0.6946.

In the multivariate Cox model, the CAD-RADS scores of
4 and 5 were strongly associated with a high risk of death or
myocardial infarction (~Fig. 2).

Discussion

This study examines the impact of CAD-RADS standard report-
ing on 10 years of the survey. The main result of the study is
that the risk of developing CAD and the risk of coronary death
is increased in patients with high CAD-RADS levels following
the statistical exclusion of other factors. MACE were consid-
ered as myocardial infarction, sudden cardiac death, bypass
surgery, other cardiac surgeries, or stent implementation.*5-1°
Mortality rate due to coronary pathology is high in a 10-year
follow-up, especially at CAD-RADS 4 and 5 levels. In cases
with CAD-RADS 0, 1, and 2, the incidence of MACE is not dif-
ferent compared with the normal population.? This study will
prevent overtreatment for CAD in patients with CAD-RADS
scoring and provide evidence-based foresight for invasive
procedures. Long-term severe MACE development in cases of
high CAD-RADS is an indication for treatment.

Clinical monitoring and treatment planning of coronary
CTA patients are important.®'' With its increasing use in
reporting, CAD-RADS guideline is gaining more and more
importance daily (5). A reliable standardization of radio-
logical reports is helpful for the doctor in making medical
treatment or ICA decision.'"'2 In our study, the high level of

No. 1/2021 ©2021. Indian Radiological Association.
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Table 1 CAD-RADS classification system and further cardiac investigation

Classification Maximal stenosis

Interpretation Further cardiac investigation

CAD-RADS 0 0% No CAD None

CAD-RADS 1 1-24% Minimal nonobstructive None

CAD-RADS 2 25-49% Mild nonobstructive None

CAD-RADS 3 50-69% Moderate stenosis Consider functional assessment

CAD-RADS 4 A 70-99% Severe stenosis Consider ICA or functional
assessment

CAD-RADS 4 B Left main >50% or 3-vessel >70% | Severe stenosis ICA recommended

CAD-RADS 5 100% Total coronary occlusion Consider ICA and|or viability
assessment

CAD-RADS N Nondiagnostic Obstructive CAD cannot be CAD-RADS N

excluded

Abbreviations: CAD, coronary artery disease; CAD-RADS, Coronary Artery Disease-Reporting and Data System; ICA, invasive coronary angiography.

Table 2 Patient characteristic and CAD-RADS

Variable CAD-RADS CAD-RADS CAD-RADS CAD-RADS CAD-RADS CAD-RADS CAD-RADS
0 1 2 3 4a 4b 5
Patient (%, n) 91%, 25 83%, 23 75%, 20 69%, 19 19%, 5 13%, 3 9%, 2
Age (y) 47 £10 51+14 49+ 12 55+9 56+8 51+11 62+10
Gender (n) 56 40 35 27 3 2 1
Hypertension 30 20 43 50 13 8 5
Diabetes mellitus | 7 4 8 9 4 3 3
Smoking 50 55 57 63 17 11 8
Family history 45 20 32 40 12 8 3
MACE + 1 3 3 7 4 3 4
MACE- 99% 98% 96% 91% 79% 75% 50%

Abbreviations: CAD-RADS, Coronary Artery Disease—Reporting and Data System; MACE, major adverse cardiac event.

Table 3 Multivariate models were adjusted for patient age, gender, hypertension, diabetes mellitus, smoking, and family history

Univariable HR p-Value Multivariable HR p-Value
CAD-RADS 0 1.00 Reference 1.00 Reference
CAD-RADS 1 2.54(1.91-3.82) <0.0001 2.53(1.81-3.21) <0.0001
CAD-RADS 2 3.19(2.55-5.01) <0.0001 3.18 (2.35-4.42) <0.0001
CAD-RADS 3 3.43(2.51-4.71) <0.0001 3.42(2.29-5.11) <0.0001
CAD-RADS 4A 3.96 (3.10-4.43) <0.0001 3.91(2.54-5.06) <0.0001
CAD-RADS 4B 7.01 (5.46-9.01) <0.0001 6.19 (4.06-7.77) <0.0001
CAD-RADS 5 7.21(4.94-9.91) <0.0001 6.29 (4.94-9.14) <0.0001

Abbreviation: CAD-RADS, Coronary Artery Disease—Reporting and Data System.

CAD-RADS is sufficient evidence for invasive procedures in
cases. In these cases, the expectation of MACE at follow-up
has increased.

CAD-RADS scoring is important for deciding on treat-
ment.* But this, alone, cannot improve clinical outcomes.
Clinical assessment, risk factors, and noninvasive imag-
ing results are crucial for identifying the appropriate
treatment for patients. The use of ICA has been reduced
with CAD-RADS scoring.* In literature, data similar to
our study have been found in follow-up cases after CTA.
MACE development in patients is classified according
to the lumen stenosis observed in CTA. Pundziute et al
observed MACE in 20 of 32 patients with severe stenosis in

Indian Journal of Radiology and Imaging Vol. 31 No. 1/2021

a study with 16 months mean follow-up time in 100 cases
in 2007.'° Hadamitzky et al followed patients after coro-
nary artery bypass graft with an average of 1,150 cases
for a mean of 18 months in 2009, while Chow et al fol-
lowed patients with an average of 2,076 cases for a mean
of 16 months.'? The common characteristic of these stud-
ies is that they are short-term and CAD-RADS classification
is not used.>'>'3 Xie et al evaluated 5,076 cases in 5 years.
This study is the largest series study using CAD-RADS
scoring.* In this study, we have a longer follow-up period
than Xie et al with our 10-year follow-up. The results of
a meta-analysis in the literature data are compatible with
our study.?

©2021. Indian Radiological Association.
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Detailed risk analysis, clinical and radiological follow-up
guidelines are available for diagnosis and follow-up of CAD.*
These guidelines are updated with new data. Standardization
of radiological reporting with CAD-RADS has caused some
changes in guidelines."”® Stress and perfusion examina-
tions, invasive angiography examinations were applied to
patients with higher CAD-RADS with more precise indica-
tions. Follow-up and medical treatment came to the fore in
patients with low CAD-RADS scores."!! Clinical confidence
in CAD-RADS scoring increases with studies similar to our
study containing long-term clinical data. Radiological exam-
ination and survey studies have been a reliable guide in coro-
nary patients. The high level of foresight with CAD-RADS will
reduce the need for interference in many potential patients

Indian Journal of Radiology and Imaging Vol. 31
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Limitations of the Study

In this study, stent control patients and bypass follow-up
patients could not be evaluated. The use of CAD-RADS scor-
ing in control CTA patients should be investigated in a large
series of patients. Taking clinical data retrospectively in
the study resulted in statistics with clinical findings inter-
preted by multiple researchers. Case follow-ups were made
from hospital records except for 15 patients. Our methods
of accessing clinical data were, therefore, evaluated as lim-
itations. No planned standard clinical examination could be
performed on the patients. One of the major limitations was
that the radiology reports were evaluated through the writ-
ten archive and and CAD-RADS scoring was performed by
reports. Another limitation was that our cases could not be
evaluated in terms of graft, stent, or vulnerable plaque. Failure
to reevaluate cases through PACS was a major limitation.

Conclusion

In this study, the clinical prediction of 10-year CAD-RADS
scores was evaluated. As a result, in long-term follow-up,
CAD-RADS scoring gave very significant results in predicting
side effects related to CAD. In this study, results similar to
that of the literature studies were achieved. It is necessary
to evaluate CAD-RADS scoring reports as a new criterion
in the follow-up of patients after CTA. This study should
be extended to a prospective, multicentered study with a
greater number of patients. The impact of the presence of
stent, bypass, and vulnerable plaques on the survey should
be evaluated.
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