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Abstract

Resumo

The coronary artery calcium score plays an important role in cardiovascular risk stratification, showing a significant association with the
medium- or long-term occurrence of major cardiovascular events. Here, we discuss the following: protocols for the acquisition and quan-
tification of the coronary artery calcium score by multidetector computed tomography; the role of the coronary artery calcium score in
coronary risk stratification and its comparison with other clinical scores; its indications, interpretation, and prognosis in asymptomatic
patients; and its use in patients who are symptomatic or have diabetes.

Keywords: Calcinosis/diagnosis; Cardiomyopathies/diagnosis; Tomography, X-ray computed; Cardiovascular diseases/epidemiology; Coro-
nary artery disease/epidemiology.

0 escore de calcio coronariano tem papel relevante na estratificagcao de risco cardiovascular, apresentando significativa associagdo com
a ocorréncia de eventos cardiovasculares maiores no acompanhamento de médio e longo prazo. Séo discutidos: os protocolos de
aquisicao e quantificagédo por meio da tomografia computadorizada multidetectores; seu papel na estratificacéo de risco coronariano e
relagédo com os demais escores clinicos; suas indicagoes, interpretagéo e progndstico em pacientes assintomaticos; sua utilizagdo em
pacientes sintomaticos e em diabéticos.

Unitermos: Calcinose/diagnéstico; Cardiomiopatias/diagnéstico; Tomografia computadorizada; Doencas cardiovasculares/epidemiologia;

Doenga da artéria coronaria/epidemiologia.

INTRODUCTION

Cardiovascular disease is the leading cause of death world-
wide, coronary artery disease (CAD) accounting for half of
all such deaths".

At least 25% of patients experiencing nonfatal acute myo-
cardial infarction or sudden death had no previous symp-
toms®. The identification of asymptomatic individuals at
greater risk of experiencing future cardiovascular events is
fundamental for the implementation of preventive strategies.

“Total risk scores” are very useful and should be used as
the initial method of stratification, although they are able to
predict only 65-80% of future cardiovascular events ?. The
Framingham risk score is one of the most widely used®.

The characterization of coronary-artery calcification by
computed tomography shows equivalence with the total coro-
nary atherosclerosis load and the risk of cardiovascular
events®.

This review on the coronary artery calcium (CAC) score
addresses the following topics: acquisition and quantifica-
tion protocols; stratification of coronary risk and correlation
with other clinical scores; use of the CAC score in asymp-
tomatic patients, including indications, interpretation, and
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prognosis; use of the CAC score in symptomatic patients;
and use of the CAC score in patients with diabetes.

ACQUISITION AND QUANTIFICATION
PROTOCOLS

The CAC score was initially studied by electron beam
computed tomography, a good part of the scientific litera-
ture then being based on that technique'®. However,
multidetector computed tomography subsequently became
the modality of choice for CAC evaluation. As a conse-
quence, electron beam computed tomography is now prac-
tically unavailable.

The determination of the CAC score by computed to-
mography is based on axial slices, with a thickness of 3 mm,
without overlapping or gaps, limited to the cardiac region,
acquired prospectively in synchrony with the electrocardio-
gram at a predetermined moment in the R-R interval, usu-
ally in the mid/late diastole", without the use of intrave-
nous contrast medium.

The effective dose of radiation is usually low, typically
less than 1.5 mSv® | which is the highest effective dose rec-
ommended for use in image acquisition, according to the
Society of Cardiovascular Computed Tomography'".

Calcification is identified as areas of hyperattenuation
of at least 1 mm>—with > 130 Hounsfied units (HU) or > 3
adjacent pixels™.

The main systems for the quantification of the CAC score
are the Agatston method™, determination of the volume of

( (6)

calcium®, and determination of the calcium mass score®.

The first two are the most widely used, especially the Agatston
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method, which is used as a reference for most population
databases and publications involving risk stratification and
is therefore the method most often used in clinical practice.
The calcium volume score and calcium mass score have
shown better reproducibility”.

Agatston method — The Agatston method uses the
weighted sum of lesions with a density above 130 HU, mul-
tiplying the area of calcium by a factor related to maximum
plaque attenuation: 130-199 HU, factor 1; 200-299 HU,
factor 2; 300—399 HU, factor 3; and = 400 HU, factor 4.

Therefore, the slice thickness and the interval must fol-
low the original protocols in order to reduce the noise varia-
tion and, consequently, the maximum attenuation of the
plaques, allowing the original published scores to be repro-
duced.

Calcium volume score — The calcium volume score
has proven to be the most robust and reproducible method®.
It is calculated by multiplying the number of voxels with cal-
cification by the volume of each voxel, including all voxels
with an attenuation > 130 HU. However, this method is
particularly sensitive to the partial volume (especially in
plaques with high attenuation) and subject to variability be-
tween tests, depending on the position of the plaque in the
axial slice acquired.

Relative calcium mass score — The relative calcium
mass score is calculated by multiplying the mean attenua-
tion of the calcified plaque by the plaque volume in each
image, thus reducing the variation caused by the partial vol-
ume. The absolute calcium mass score uses a correction factor
based on the attenuation of water®.
STRATIFICATION OF CORONARY RISK
AND RELATIONSHIP OF THE CAC SCORE
TO OTHER CLINICAL SCORES

The CAC score plays a relevant role in the stratification
of cardiovascular risk. Several studies have shown that the
CAC score is significantly associated with the occurrence of
major cardiovascular events (all-cause mortality, cardiac mor-
tality, and nonfatal myocardial infarction) in the medium-
and long-term follow-up.

In an American College of Cardiology Foundation/
American Heart Association (ACCF/AHA) consensus® | data
from six large studies that collectively included 27,622 as-
ymptomatic patients were aggregated and the relative risk
of major cardiovascular events was calculated for patients with
a positive CAC score and for those with a CAC score of zero.
The following results were obtained:

— CAC score of 100-400—relative risk of 4.3 (95% CI.:
3.1-6.1);

— CAC score of 401-999—relative risk of 7.2 (95% CI:
5.2-9.9);

— CAC score = 1000—relative risk of 10.8 (95% CI.:
4.2-27.7).

The CAC score was studied in association with other
well-established traditional risk score systems, especially the
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Framingham risk score, showing the following advantages:
independent added value in the prediction of all-cause mor-
tality and mortality due to coronary disease in asymptom-
atic individuals”; and reclassification in the category of
coronary artery disease risk—60% of atherosclerotic coro-
nary events occur in patients categorized as being at low or
intermediate risk according to the Framingham risk score.
As an example, among patients at intermediate risk accord-
ing to the Framingham risk score and with a CAC score >
300, the annual frequency of myocardial infarction or coro-
nary death would be 2.8%, which would place them in a high
risk category, the 10-year event frequency therefore being
approximately 28% %),

The Framingham risk score is a simple, low-cost method
of cardiovascular risk stratification that can be determined
in the doctor’s office and establishes the 10-year risk of CAD.
The method takes into consideration age, gender, systolic
blood pressure, ratio of total cholesterol to high-density li-
poprotein fraction, smoking status, and the presence or ab-
sence of diabetes.

The CAC score adds value to the Framingham risk score
and to other methods, providing a substantial increase in the
accuracy of the risk stratification>'=!3), It is of note that
the incidence of cardiovascular events reported for patients
classified as being at intermediate risk by the Framingham
risk score and with an elevated CAC score is equal to or
greater than that reported for patients classified as being at
high risk by the Framingham risk score and with a low CAC
score.

In the United States, only 1% of women between 50 and
59 years of age and 9% of men between 60 and 69 years of
age would be classified as intermediate or high risk accord-
ing to the Framingham criteria. However, the incidence of
events in those groups is < 60% and < 92%, respectively'¥.

The CAC score is also an independent predictor of the
risk of major cardiovascular events, with demonstrated su-
periority over the Framingham risk score, C-reactive pro-
tein level, and carotid intima-media thickness!"1315-18),

Various studies have used the receiver operating char-
acteristic (ROC) curve C-statistic—also known as the area
under the curve—to compare different methods of predict-
ing cardiovascular events. The ROC curve is a graph of sen-
sitivity (rate of true-positive results) versus specificity (rate
of false-positive results) and allows two or more diagnostic
tests to be compared. The area under the curve ranges from
0.5 to 1.0, values > 0.7 being indicative of satisfactory per-
formance.

A study by Detrano et al."”, who followed 6722 patients
for a mean of 3.9 years and compared clinical risk factors
(age, gender, blood pressure, serum cholesterol, smoking,
diabetes, family history of CAD, serum triglycerides, serum
creatinine, body mass index, waist circumference, and hip
circumference), alone and in combination with the CAC
score, found area under the curve values of 0.79 and 0.83,
respectively. Other studies"'~'32% are quoted in Table 1.
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Table 1—Comparison of the CAC score and Framingham risk score, alone and in combination, as predictors of major cardiovascular events, based on the area under
the curve.

Sample Follow-up Area under the (ROC) curve*
Study Number of patients / age Years (mean) CACS FRS CACS + FRS
Raggi et al.?? 10377 5 — 0.68 (M) / 0.67 (F) 0.72 (M) / 0.75 (F)
Greenland et al.*? 1312/ > 45 years 7 — 0.63 0.68
Arad et al.®V 4613 / 50-70 years 4.3 0.79 0.69 —
Becker et al.*® 1726/ 57.7 + 13.3 years 3.3 0.81 0.63 —

* Area under the (ROC) curve > 0.7: satisfactory performance. CACS, coronary artery calcium score; FRS, Framingham risk score; M, males; F, females.

THE CAC SCORE IN ASYMPTOMATIC Interpretation of the CAC score result
PATIENTS: INDICATIONS, INTERPRETATION,
AND PROGNOSIS

Indications for the use of the CAC score

The values obtained from the CAC score can be inter-
preted and classified in two ways: using the absolute values
with fixed cut-off points; and adjusting values for patient age,

The use of the CAC score in asymptomatic subjects at  gender, and ethnicity, as well as calculating distribution
intermediate risk, as determined by traditional clinical strati-  percentiles in the general population through the use of sev-
fication methods, such as the Framingham risk score, is con-  eral population databases, the Multi-Ethnic Study of Ath-
sidered appropriate/recommended with a good level of evi-  erosclerosis (MESA)®?® being the most widely used.

dence by the I Guidelines of the Brazilian Society of Cardi- The MESA was a prospective cohort designed to inves-
ology/Brazilian College of Radiology and Diagnostic Imag-  tigate the prevalence, risk factors, and progression of sub-
(18,21-25)

ing and other international consensus statements clinical cardiovascular disease, following 6814 initially as-
The use of the CAC score is not indicated in high-risk ~ ymptomatic patients, 45—84 years of age, including White,

patients, because aggressive preventive measures would al-  Black, Hispanic, and Chinese-American residents of various
ready be indicated in such patients". communities within the United States®®.

Within the group of patients classified as being at low The MESA demonstrated that coronary calcifications are
risk, we have attempted to identify a subgroup with a sig-  more common in men. In the MESA sample, a score of zero

nificant long-term risk of a cardiovascular event, for which ~ was observed in nearly two thirds (62%) of the women and
preventive measures should be adopted. Recent evidence has  in 40% of the men. In terms of ethnicity, the prevalence of
shown that a family history of premature CAD (in a male  CAC, regardless of gender, was highest among the White
first-degree relative < 55 years of age or female first-degree  subjects. Among the males, that prevalence was lowest for
relative < 65 years of age) is an independent risk factor and  Black individuals, whereas it was lowest for Hispanic indi-
), viduals among the females. Among the older patients (men

Table 2 summarizes the recommendations for the use  over 70 years of age and women over 75 years of age), the
of the CAC score in asymptomatic patients, according to the  prevalence of CAC, regardless of gender, was lowest for the

is associated with increased atherosclerotic burden

main guidelines published. Chinese-American individuals?®.
Table 2—Recommendation for the use of the CAC score in asymptomatic patients.
Low risk Low risk + family
Authority guidelines Low risk + DM history* of early CAD Intermediate risk High risk
2010 ACCF/SCCT/ACR®@Y Inappropriate — Appropriate Appropriate Uncertain
2014 ACR®?? Typically inappropriate — Can be appropriate Appropriate Typically inappropriate
2010 ACCF/AHA®Z®) Il — — lla —
2012 ESC®¥ — — — lla —
2014 |l Diretriz da SBC/CBR®® I lla lla I Il
2013 ACC/AHA®® lb: If, after risk assessment, the treatment based on the decision is uncertain, evaluation with the CAC score can be

considered in order to define the most appropriate therapeutic strategy’

DM, diabetes mellitus; CAD, coronary artery disease; ACCF, American College of Cardiology Foundation; SCCT, Society of Cardiovascular Computed Tomography; ACR,
American College of Radiology; AHA, American Heart Association; ESC, European Society of Cardiology; SBC, Sociedade Brasileira de Cardiologia (Brazilian Society of
Cardiology); CBR, Colégio Brasileiro de Radiologia (Brazilian College of Radiology and Diagnostic Imaging).

Classes of recommendation: Class | — Conditions for which there is conclusive evidence or, in the absence thereof, general agreement that the procedure is safe and
useful/effective; Class Il — Conditions for which there is conflicting evidence and/or divergence of opinion on safety, and utility/effectiveness of the procedure; Class lla
— Weight of divergences in favor of the use/effectiveness of the method. Most approve; Class IIb — Safety and utility/effectiveness less well established, with no
predominance of opinions in favor. Class lll — Conditions in which there is evidence, general agreement or both, that the procedure is not useful and effective, and in
some conditions may even be harmful.

* First-degree male relative < 55 years of age or first-degree female relative < 65 years of age. ™ After discussing with the patient, when the decision to initiate statin
therapy is difficult to make in selected individuals who are not in one of the four groups benefiting from the use of statin, defined as described: atherosclerotic
cardiovascular disease (ACD); primary elevation of low-density lipoprotein cholesterol (LDL-C) = 190 mg/dL; 40-75 years of age with diabetes and an LDL-C of 70—
189 mg/dL; and 40-75 years of age without ACD or diabetes, with an LDL-C of 70-189 mg/dL and a = 7.5% estimated 10-year risk of ACD.
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The percentile can be calculated on the MESA website
(http://www.mesa-nhlbi.org/Calcium/input.aspx) by insert-
ing the patient CAC score (according to the Agatston method),
age, gender, and ethnicity. Patients with known cardiovas-
cular disease (acute myocardial infarction, angina, stroke, or
atrial fibrillation), those using nitroglycerin, and those with
a pacemaker, as well as those having undergone angioplasty,
myocardial revascularization, or any other cardiac/arterial
surgery, together with those under treatment for diabetes,
should not be included in this analysis, given that they were
not included in the MESA population (Figure 1).

The most widely used classification systems for the cat-
egorization of calcium scores—one using absolute values and

QPesA

Back to MESA CAC

The Multi-Ethnic Study of Atherosclerosis

Age [45-84):

Gender: female v

Race/Ethnicity: black

Observed Agatston Calclum Sesss famtiamai:

Calculate

Figure 1. Tool for calculating the CAC score in percentiles, according to the
distribution by age, gender, and ethnicity, as per the MESA.

one using those based on percentiles adjusted for gender, age,
and ethnicity—are shown in Table 3, together with their
clinical interpretation'>'®. Both classification systems pro-
vide valuable prognostic information that should be included
in the reports. Figures 2 and 3 illustrate examples of the use
of the CAC score in two patients, showing absolute values
and those based on percentiles adjusted for gender, age, and
ethnicity according to the MESA.

Various studies have demonstrated the utility of CAC
scores in guiding the clinical management of CAD in asymp-
tomatic patients. The (U.S.) National Cholesterol Educa-
tion Program guidelines recommend intensification of low-
density lipoprotein cholesterol reduction in patients with
multiple risk factors and a CAC score above the 75th per-
centile®”. Other studies have correlated CAC scores with
the use of statins and aspirin in primary prevention?$2%),
Table 4 summarizes some of those studies.

Prognostic value of a CAC score of zero
in asymptomatic patients

Various studies have shown that asymptomatic patients
with a CAC score of zero have a low risk of cardiovascular
events or all-cause mortality in the medium and long term®®.

A meta-analysis, published in 2009%? included 13 stud-
ies with a collective total of 29,312 patients and an average
follow-up of 50 months. The authors found that, on average,
a cardiovascular event occurred in 0.47% of the patients with
a CAC score of 0 and in 4.14% of those with a positive score,

Table 3—Degree of coronary artery calcification by absolute CAC scores and CAC scores adjusted for gender, age and ethnicity, with clinical interpretations.

Degree of coronary  Absolute CAC score

artery calcification (Agatston method) age and ethnicity — percentile

CAC score adjusted for gender,

Clinical interpretation

Absent 0 0

Discrete 1-100 <75
Moderate 101-400 76-90
Accentuated > 400 > 90

Very low risk of future coronary events
Low risk of future coronary events; low probability of myocardial ischemia

Increased risk of future coronary events (aggravating factor); consider reclas-

sifying the individual as high risk
Increased probability of myocardial ischemia

Table 4—CAC score. Prognosis and recommended treatment strategies.*

CAC score = 0 CAC score 1-100 CAC score > 100
Population (% patients)@® 56% 26% 18%
Annual frequency of events®9 0.1% 0.5% 1.9%
Annual frequency of cardiovascular events®® 0.4% 0.8% 2.4%
Number needed to treat (to prevent one cardiovascular event over a five year period)
N e RS <10% 2036 571* 173
Treatment with aspirin — Number needed to treat®®
FRS = 10% 808 146* 92
Treatment with statins — Number needed to treat®? 549 94 24

Treatment recommendations

CAC score = 0

CAC score 1-100 CAC score > 100

Recommended None

Tailored use of statins + aspirin Statins + aspirin

Recommendation for all patients

Life style change + monitoring of cardiovascular risk factors

* The estimated number needed to produce damage from aspirin use (one episode of major bleeding over the five year period) is 442 patients®®. Therefore, when the
anticipated benefit exceeds the risk (e.g., when the FRS is = 10% in patients with a calcium score of 1-100), the use of aspirin should be considered. CAC score

(Agatston method). FRS, Framingham risk score.

Radiol Bras. 2017 Mai/Jun;50(3):182-189
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The Muiti-Ethinic Study of Atherosclerosis

it score sad elick “Caleulme”

Age (4584 51

Gender: | famals v

Race/Ethnicity: | wi

Olbsarved Agatsine Calei

Caleuiate

The estimated probability of a non-zero calcium score for a white female
ofage51is

Percentiles and Calcium Scores for:  white female of age 51

25th 50th 75th 80th

The observed calcium score of Is at parcentile 94
for subjects of the same age, gender, and race/ethnicity who are free of clinical cardiovascular disease and treated diabetes.

Chart 1: Percantiles

Figure 2. CAC score in a 51-year-old White female. A: Calcified plaque in the anterior descending artery. CAC score = 36 (Agatston method), consistent with discrete
coronary calcification, indicating low cardiovascular risk. B: However, if the CAC score adjusted for age, gender, and ethnicity is used, according to the MESA, the score
should be considered as being accentuated, indicating marked cardiovascular risk, because it is above the 90th percentile for this group.

The Mut-Ethnic Study of Athercacieross.

A 4584 5

Racebmmcey: =it ¥ —
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Cakadue
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28 som 10m

The cbsarved calcium seede of 105 is a2 percentile Tha observed calcium score of 15 ks a1 parcentile
fae subjeets o1 the S3me 3ge, gender, 3nd
dizease and treated diaseces.

Yor SuBJRCEs of the $3me 56, GINGH, 3nd FAcAWINRSIEY Whe 3re free of clinical carglavascular
sue2te and Led1ed diabetes

st free of clinies)

Char 1: Pascantiles Chart 1: Percentiles

Figure 3. CAC score in a 65-year-old white male. A: Calcified plaques in the anterior descending artery, in addition to others (not shown) in the other coronary arteries.
CAC score = 285 (Agatston method), consistent with moderate coronary calcification, indicating moderate cardiovascular risk. B: However, if the CAC score adjusted
for age, gender, and ethnicity is used, according to the MESA, the calcium score should be considered discrete, indicating a low cardiovascular risk because it is below
the 75th percentile for this group. C: If this same CAC score (Agatston 285) had been found in a woman of the same age and ethnicity, her adjusted score would be
considered pronounced, indicating marked cardiovascular risk (above the 90th percentile).

corresponding to a relative risk of 0.15 (95% CI: 0.11-0.21;
p <0.001).

In a 2007 cohort study conducted by Budoff et al.!'®,
25,253 patients were followed for up to 12 years (mean, 6.8
years). The authors found that, among the patients with a CAC
score of 0, the mortality rate was low (0.4%), confirming the
low long-term risk of mortality associated with such a score.

However, there are still no recommendations to limit
the use of preventive measures, such as lipid-lowering medi-
cations, if the patient is classified as being at intermediate
or high risk by the traditional scores®!'®,

186

When should the use of the CAC score be repeated?

Some studies have demonstrated that an increase in the
CAC score can have value in clinical practice to evaluate the
progression of atherosclerotic plaques and the future cardio-
vascular risk1:3132),

There is no well-defined method for calculating the pro-
gression of atherosclerotic plaques. The higher the CAC
score is, the greater is the variability across studies®273%,

The progression of atherosclerotic plaques is overesti-
mated when absolute values are used in patients with a high

initial CAC score. If the percentage increase in relation to

Radiol Bras. 2017 Mai/Jun;50(3):182-189
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the initial examination is used, the progression will be over-
estimated in patients with a low score. For example, if a
patient had a baseline CAC score of 10 and a score of 15 in
the follow-up evaluation, the proportional progression would
be 50%, which would correspond to a progression from 100
to 150 in a patient with a higher score®*3?.

Preliminary studies have shown that an annual increase
of 2 15% in the volume of coronary calcium would be re-
lated to a 17-fold increase in the risk of a cardiovascular
event?®. Currently, the most widely accepted method is the
one proposed by Hokanson et al.®¥ who suggested a math-
ematical regression model, with transformation of the square
root of coronary calcium volume, considering an increase
> 2.5 mm? to be a significant degree of progression.

Some authors have suggested that the volume of calcium
be included in the report for possible future comparisons.
However, more prospective studies are needed, and there are
as yet insufficient data to use the progression of the CAC
score in clinical practice. The use of the CAC score to moni-
tor treatment with drugs, especially statins, has been specu-
lated. Preliminary retrospective studies and prospective co-
hort studies have suggested that statin use slows the progres-
sion of the CAC score. However, these results were not re-
produced in randomized controlled trials*?. Although statin
therapy can reduce fibrolipid plaques, its effect on calcified
plaques is questionable. Pathophysiologically, statins can
promote microcalcifications in the plaques and might even
increase the CAC score®?. The consensus statements issued
to date do not indicate that the CAC score should be deter-
mined as a method of monitoring therapeutic interventions.

Studies have shown that a follow-up examination of pa-
tients with a CAC score of zero would not be needed until
four or five years after the initial examination®®2?. Min et
al.®% showed a progression from a CAC score of zero to a
positive CAC score, the score increasing by 0.5% in the first
year, 1.2% in the second year, 5.7% in the third year, 6.2% in
the fourth year, and 11.6% in the fifth year, with mean time
to conversion of 4.1 £ 0.9 years. The authors found that the
time to conversion tended to be shorter among patients with
diabetes, smokers, and individuals over 40 years of age.

USE OF THE CAC SCORE IN SYMPTOMATIC
PATIENTS

A meta-analysis based on articles published between 1990
and 2008 analyzed the CAC score in symptomatic patients,
correlating it with the occurrence of cardiovascular events,
the presence of significant stenosis on angiography, the diag-
nostic accuracy of the calcium score for myocardial ischemia,
and the detection of acute coronary syndrome in the emer-
gency room®?, Those correlations will be discussed below.

A CAC score of zero and the occurrence
of cardiovascular events

On the topic of the occurrence of cardiovascular events
in patients with a CAC score of zero, we identified seven stud-
ies, collectively involving 3924 patients, with an average
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follow-up of 42 months. On average, cardiovascular events
occurred in of 1.8% of the patients with a CAC score of zero
and in 8.99% of those with a positive score, corresponding
to a relative risk of 0.09 (95% CI: 0.04 to 0.20; p <0.001).6%
Despite the small number of studies involving symptom-
atic patients, there is evidence that the risk of cardiovascular
events is lower in individuals with a CAC score of zero. How-
ever, more studies are needed in order to determine the true
role of the CAC score, along with other diagnostic methods,
such as coronary computed tomography angiography and stress
myocardial perfusion imaging, in symptomatic patients.

A CAC score of zero and significant stenosis
on coronary angiography

On the topic of significant stenosis on coronary angiog-
raphy in patients with a CAC score of zero, we identified 18
studies, involving a collective total of 10,355 symptomatic
patients undergoing catheterization due to suspected CAD
or acute coronary syndrome; stenosis > 50% was observed
in 56% of the patients, of whom 98% had a positive CAC
score. These data, taken together, show that a positive CAC
score, as a predictor of stenosis > 50%, has a sensitivity of
98%, a specificity of 40%, a negative predictive value (NPV)
of 93%, and a positive predictive value (PPV) of 68%13%).
Based on that high NPV, some authors suggest that patients
with a CAC score of zero would not require further ancil-
lary examinations. However, other studies have demonstrated
that the absence of coronary calcification is not a reliable
indicator of the absence of significant luminal reduction.
Two studies stand out:

— Subgroup of the CORE64 study: Gottlieb et al.*® dem-
onstrated an NPV of 68%, concluding that a CAC score of
zero does not exclude coronary disease. However, it should
be borne in mind that the patients in that study had a higher
pretest probability of coronary disease.

— Subgroup of the CONFIRM registry®”, which in-
cluded 10,037 symptomatic patients and showed coronary
stenosis = 50% and 2 70% in 3.5% and 1.4%, respectively,
of the patients with a CAC score of zero.

A CAC score of zero and myocardial ischemia
in myocardial perfusion studies

On the topic of myocardial ischemia in myocardial per-
fusion studies in patients with a CAC score of zero, we iden-
tified eight studies, collectively involving 3717 patients un-
dergoing stress myocardial perfusion imaging, among whom,
on average, myocardial ischemia occurred in 7% of the pa-
tients with a CAC score of zero and in 13% of those with a
positive score, corresponding to an odds ratio of 0.086 (95%
CI: 0.024-0.0311; p < 0.0001). The NPV was 93%1?,

A CAC score of zero and acute coronary syndrome
in the emergency room

On the topic of acute coronary syndrome in the emer-
gency room in patients with a CAC score of zero, we identi-
fied three studies, involving a collective total of 431 patients
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with acute chest pain, testing negative for troponin, and with
inconclusive electrocardiography results. Acute coronary
syndrome was observed in only 1.1% of the patients with a
CAC score of zero, a positive CAC score showing a sensitiv-
ity of 99%, a specificity of 57%, an NPV of 99%, and a PPV
of 24% as a predictor of acute coronary syndrome. Because
the sample analyzed was small, it was not possible to draw
any conclusions regarding the role of the CAC score in the
emergency room?),

The ACCF/AHA consensus' suggested that the CAC
score can be used as a filter before the indication for coro-
nary angiography or for hospitalization of patients with chest
pain, especially those with atypical symptoms.

The consensus published by The National Institute for
Health and Clinical Excellence recommends that the CAC
score be applied in patients with chest pain who are classi-
fied as being at low to intermediate risk. If the CAC score is
zero, no other examination would be indicated; if the score
is between 1 and 400, the consensus recommends coronary
angiography; and if the score is > 400, coronary angiogra-
phy would be indicated®®.

The determination of the CAC score, in isolation, is quite
limited for the evaluation of patients with suspected acute
coronary syndrome. Therefore, the pre-test probability of
cardiovascular events should always be given weight in the
interpretation of the CAC score as a filter or tool to deter-
mine the clinical practice and to recommend other more or
less invasive diagnostic methods in symptomatic individuals.

USE OF THE CAC SCORE IN PATIENTS
WITH DIABETES

Patients with diabetes present a risk of cardiovascular
events similar to that of patients with a clinical history of
atherosclerotic disease'®,

Despite the higher cardiovascular risk and higher preva-
lence of ischemia on functional tests, there is no evidence so
far that routine screening for silent ischemia reduces mor-
tality in this group of patients.

The presence of any degree of CAC in patients with dia-
betes mellitus translates to a higher risk of all-cause mortal-
ity than in patients without diabetes®3.

Kramer et al.®” reviewed eight studies involving a col-
lective total of 6,521 patients and found that individuals with
diabetes and a CAC score < 10 were 6.8 times less suscep-
tible to all-cause mortality and cardiovascular events, as well
as to cardiovascular events alone, than were those with dia-
betes and a CAC score > 10. A CAC score > 10 was associ-
ated with an increased risk of mortality and cardiovascular
events in such individuals, with high sensitivity and low speci-
ficity®?.

Several international guidelines have shown that screen-
ing for silent ischemia is not warranted in patients with dia-
betes and a CAC score < 100, although it is recommended
in those with a CAC score > 400 %),

The CAC score allows better stratification of cardiovas-
cular risk in the heterogeneous population of individuals with
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diabetes, allowing identification of the individuals at the
greatest risk, who could benefit from screening for silent is-
chemia and from more aggressive clinical treatment.

The absence of CAC indicates a low risk of death in the
short term, and the annual mortality rate is similar to that of

individuals without diabetes'%33,

CONCLUSION

The CAC score is an independent marker of risk for
cardiac events, cardiac mortality, and all-cause mortality. In
addition, it provides additional prognostic information to
other cardiovascular risk markers.

The well-established indications for the use of the CAC
score include stratification of global cardiovascular risk for
asymptomatic patients: intermediate risk based on the
Framingham risk score (class I); low risk based on a family
history of early CAD (class Ila); and low-risk patients with
diabetes (class Ila).

In symptomatic patients, the pre-test probability should
always be given weight in the interpretation of the CAC score
as a filter or tool to indicate the best method to facilitate the
diagnosis. Therefore, the use of the CAC score alone is lim-
ited in symptomatic patients.

In patients with diabetes, the CAC score helps identify
the individuals most at risk, who could benefit from screen-
ing for silent ischemia and from more aggressive clinical
treatment.
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