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SOUHRN 

Kalciový sken, tedy stanovení obsahu kalcia v koronárních tepnách (coronary artery calcium, CAC), lze 
provést pomocí výpočetní tomografi e srdce a plic, bez použití kontrastních látek a s poměrně nízkou 
radiační zátěží pro pacienta. Již pouhá nepřítomnost kalcia je u asymptomatických pacientů s nízkým nebo 
středně vysokým rizikem spojena s příznivou prognózou. Hodnotu CAC lze kvantifi kovat různými způsoby, 
přičemž vyšší hodnoty kalciového skóre jsou spojeny s vyšším rizikem. Kalciový sken přináší jak diagnostické, 
tak prognostické informace, které jsou přesnější a spolehlivější než ty, jež lze získat použitím klasických 
rizikových faktorů. Tento článek nabízí přehled současného využívání CAC skenu, jeho předností i nevýhod 
i potenciálního využití v budoucnu.

© 2015, ČKS. Published by Elsevier sp. z o.o. All rights reserved.

ABSTRACT

Coronary artery calcium (CAC) scan can be obtained using chest computed tomography, with no use of con-
trast agents, and with a relatively low radiation exposure. The mere absence of calcium is associated with 
a good prognosis in asymptomatic subjects and in patients at low to medium risk of coronary artery disease. 
CAC can be quantifi ed in different ways, with higher scores being associated with a higher cardiovascular 
risk. CAC carries both diagnostic and prognostic information over and above that determined by classical risk 
factors. This paper presents the overview of the current use of CAC scanning, its advantages and limitations, 
as well as potential future applications.
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Introduction

Coronary artery calcium (CAC) deposits are almost entirely 
due to atherosclerosis. It is, therefore, logical to expect 
that CAC measurement may be a useful tool in excluding 
or confi rming the presence of coronary artery disease 
(CAD) in subjects with or without symptoms, but with no 
proven cardiovascular disease (CVD).

Coronary artery calcium can be reliably assessed by 
means of computed tomography (CT).

By the widely accepted defi nition, coronary calcium is 
present when the threshold of 130 Hounsfeld units is ex-
ceeded in at least 3 adjacent pixels [1]. 

Although multiple quantifi cation criteria can be ap-
plied, the Agatston score, refl ected in Agatston units 
(AU), and determined by the product of the calcifi ed 
plaque area and maximal calcium lesion density is most 
commonly used [2]. 

The lack of coronary calcium deposits does not exclude 
the presence of obstructive changes in the coronary tree, 
especially in patients aged <45 years. For example, in one 
study including a group of 166 subjects with intermediate 
CAD probability and CAC score (CACS) = 0 AU, a non-signif-
icant stenosis was present in 10%, and a signifi cant one in 
2% of patients [3]. In another study [4] no coronary lesions 
were found in asymptomatic subjects, while 0.8% of those 
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with symptoms had soft obstructive changes. When it 
comes to high-risk groups, as patients with symptoms sug-
gestive of ischemia who have clinical indications to inva-
sive coronary angiography, the prevalence of obstructive 
stenoses in those with CACS = 0 may be as high as 19% [5]. 

In the MESA study, a positive CAC was a better predic-
tor of incident coronary events than carotid plaque pres-
ence and increased carotid intima-media thickness [6]. 

In general, patients with no detectable CAC are at very 
low risk of CV events. The presence of CAC increases the 
risk in an incremental mode. In long-term, the relative 
risk of death or MI is about threefold higher in patients 
with CACS 1–10 as compared to those with negative CAC. 
A similar difference is seen between individuals with 
CACS>100 and those with CACS values between 1 and 99 
(RR 3.20; 95% CI 1.17–8.71) [7]. 

Traditionally, people with positive CAC, with the score 
values 1–100, 100–400 and >400 AU, are considered to 
be at low, intermediate and high risk of both ischemia 
and CV events. CACS values >400 AU can be regarded as 
a CAD equivalent, with a 10-year event rate of over 20%, 
even in asymptomatic patients [1].  

However, CACS interpretation should always take into 
account the clinical context, including at least the symp-
toms and age.

Measurement of CAC volume and density may have an 
added value to the CACS measured in the Agatston units. 
In a large cohort of patients in the MESA study, followed 
for the median of 7.6 years, CAC volume showed an inde-
pendent positive association with CAD events, while CAC 
density was associated with an independent inverse as-
sociation at any level of CAC volume [8]. Therefore, CAC 
density should probably be taken into consideration in 
risk evaluation. 

The American appropriateness use criteria for CT scan-
ning [9] give a limited mention to the non-contrast cor-
onary CT as a stand-alone diagnostic method. CACS as-
sessment is deemed appropriate in patients with positive 
family history of premature CAD, and in asymptomatic 
subjects with no known CAD being in the intermediate 
risk group, as assessed by age, sex and symptoms.

The ESC guidelines on the management of patients 
with stable CAD [10] underscore that the amount of calci-
um correlates with the extent of atherosclerotic changes, 
but the correlation with the presence of hemodynamically 
signifi cant stenosis is rather poor. In practice, this means 
that high CACS is not always associated with a signifi cant 
coronary stenosis, and – on the other hand – the CACS = 0 
cannot exclude CAD, especially in young patients present-
ing with an acute coronary syndrome.

A comprehensive overview of the pathogenesis and 
prognostic implications of coronary artery calcifi cation 
can be found in the paper by Madhavan et al. [11]. 

CAC in asymptomatic subjects

In a systematic review including more than 85,000 asym-
ptomatic subjects with CAC score = 0, only 0.56% experi-
enced a cardiovascular event during a mean follow-up of 
51 months [12]. Therefore, the absence of CAC was associ-
ated with a very low risk of cardiovascular events (0.13% 

per year). The absence of CAC had a 93–99% negative 
predictive value for detection of signifi cant coronary lesi-
ons on invasive angiography. 

Even low but positive CACS seems to be associated 
with an increased risk as compared to those with no CAC 
in asymptomatic subjects. In a subpopulation of patients 
from the MESA study with CACS 0–10 AU, in the analysis 
adjusted for age, gender, race and CAD risk factors, the 
subjects with CACS 1–10 AU showed a threefold increase 
in risk of hard CAD events (CAD death or non-fatal myo-
cardial infarction) compared to those with CACS = 0 [13].

Higher CACS value tend to bear an incremental risk of 
CAD events. 

Al Rifai et al. [14] followed-up a group of 4 234 asymp-
tomatic subjects with CAC score >400 AU. Their mean age 
was 64 years, males constituted 65% of the group, and the 
median CAC score was 809. In multivariable analysis age, 
diabetes, smoking, increasing CAC score and dyslipidemia 
were associated with 1-year all-cause mortality (HR for CAC 
1.33; 95%CI 1.11–1.56). Diabetes and smoking showed the 
strongest association (respective HR 2.62 and 2.42), suggest-
ing that in the presence of extensive coronary calcifi cation, 
these risk factors may be most important triggers of acute 
coronary events. Moreover, in the subgroup of 781 individu-
als in whom hypertension was the only risk factor, a posi-
tive CAC, irrespective of the numerical value, was associated 
with an almost fi ve-fold increase in the risk of death (HR 
4.68; 95% CI 2.22–9.87) as compared to those with no CAC. 

In a recent subanalysis of the MESA study [15] CAC val-
ues proved to be additive to the information on hyperlip-
idemia. Subjects with CACS = 0 had cardiovascular event 
rates of 2.7–5.9 per 1 000 person-years, while in those 
with CACS>100 the event rates were 22.7–29.5 per 1 000 
person-years, irrespective of the presence and severity of 
lipid abnormalities. 

CAC proved to be a useful predictor of CV events in 
clinically healthy subjects with a positive family history of 
premature coronary heart disease [16]. Relative to CACS 
= 0, adjusted ratios for hard cardiovascular events were 
signifi cantly increased in those with CACS values of 100–
399 and >400 (HR 2.45; 95% CI 1.31–4.58, and 2.80; 95% 
CI 1.44–5.43, respectively). In subjects with CACS 1–99, 
a similar, non-signifi cant trend was observed. Again, in 
this study, CAC appeared to be a robust marker of abso-
lute and relative risk of CV events. 

Diabetes mellitus and some infl ammatory disorders, 
such as e.g. ankylosing spondylitis and systemic lupus, can 
accelerate coronary atherosclerosis. In this setting, early 
detection of CAC is of special importance, since it may 
trigger introduction of preventative measures at an early 
stage of CAD.

CAC in symptomatic subjects

The data on the value of CAC assessment in symptomatic 
patients are scarce. 

In a large systematic review, symptomatic subjects with 
CACS = 0 had a low probability of an event (1.8% during 
a 42-month follow-up, or 0.51% per year) [12]. 

Sosnowski et al. [17] examined a group of 362 consecu-
tive symptomatic subjects aged 45 years and less, and cor-
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related the presence of CAC with the risk factors, such 
as gender, body mass index (BMI), smoking, blood pres-
sure, lipids concentration, diabetes, physical activity and 
positive family history. Almost 18% of all subjects had 
a positive CAC value. Apart from male gender and the 
presence of diabetes, traditional risk factors were unable 
to identify patients with premature coronary atheroscle-
rosis. Presence of at least four risk factors was associated 
with more frequent positive CAC (26 vs 16%; p<0.05). 
CAC measurement can be justifi ed in young symptomatic 
people with a large number of risk factors, and especially 
in males with diabetes. 

In the setting of an acute coronary syndrome, the ab-
sence of CAC, combined with undetectable high-sensitiv-
ity troponin levels, may be useful in identifying patients 
who do not need further evaluation [18].

In has been suggested that high CAC values are asso-
ciated with higher complication rates in patients under-
going percutaneous coronary interventions [11]. Heavy 
calcifi cations are also linked to a worse coronary artery 
bypass surgery outcome, due to incomplete revasculariza-
tion and higher likelihood of vein graft calcifi cation [11]. 

It needs to be emphasized, however, that there are no 
data that CACS measurement would have any additional 
value over and above the data provided by invasive coro-
nary arteriography.

Changes of CAC score over time

Among 3 112 subjects with CACS = 0 at baseline, with 
mean age of 58 years (64% female) included in the MESA 
study, 1125 (36%) developed a positive CAC score at the 
follow-up ranging from 2 to 10 years. New CAC was ge-
nerally present in one artery only, and the score was low 
(median 7.1). Less than 5% of patients had the CAC sco-
re >100 at the repeated scan. Mean time to new calcium 
detection was 6.1 years [19]. These fi ndings suggest that 
using repeated CAC assessment; coronary atherosclerosis 
can be detected in an early stage, when aggressive preven-
tive strategies may decrease the life-time risk of CV events.

Based on the data from Heinz Nixdorf Recall Study, Erbel 
et al. [20] suggest that progression of coronary calcifi cation 
is inevitable and predictable. They found that CACS tends 
to exponentially increase with age, and the increase is, to 
some extent, also related to blood pressure, lipid-lowering 
medication, diabetes and smoking. The classical CV risk fac-
tors, however, had a limited infl uence on the CACS changes. 
In an accompanying editorial Budoff makes the point that 
formation of coronary calcium deposits may show different 
dynamics, and that the individual progression rate may be 
a strong predictor of cardiovascular events [21]. This view 
is corroborated by the data from the MESA study, showing 
that in patients in whom the increase in CACS exceeded 300 
AU, the likelihood of incident hard coronary events over 7.6-
year follow-up was over 6 times higher than in those with 
no progression [22].

Recommended intervals between the baseline and 
follow-up CAC measurements may vary, depending on 
the clinical setting. It is, however, believed, that asymp-
tomatic subjects with the initial CACS = 0 AU do not need 
a repeat study for at least 4 years [1].

The effect of treatment on CAC

The effect of treatment on CAC has not been adequately 
studied. There are no convincing data that any treatment 
is associated with the decrease in CACS. Although statins 
are known to lower clinical events, their use may be as-
sociated with an increase rather than decrease of CACS. 
In a post hoc patient-level analysis of 8 randomized trials, 
Puri et al. [23] found that statins promote coronary athe-
roma calcifi cation, which may underlie plaque stabiliza-
tion and, at least partially, explain their clinical benefi t.   

Should CAC assessment be supplemented 
with CT angiography?

CAC evaluation can be considered as a stand-alone exa-
mination or in conjunction with CT coronary angiogra-
phy. The knowledge of coronary anatomy is essential in 
a number of clinical settings [9]. Whether CT angiography 
can provide clinically relevant diagnostic and prognostic 
information of the top of CAC measurement in subjects 
with no apparent CAD remains a matter of controversy. 

In the FACTOR-64 trial [24], 900 patients with diabetes 
but no apparent cardiovascular disease were randomized 
to CT angiography or usual care. Standard or aggressive 
care were chosen based on the CT angiography fi ndings. 
The mean follow-up was 4±1.7 years. No signifi cant dif-
ference in the composite outcome including all-cause 
mortality, non-fatal MI or unstable angina requiring 
hospitalization, was observed between CT-angiography-
-driven treatment and the control group (HR 0.8, 95% CI 
0.49–1.32; p = 0.38). Therefore, this study did not support 
the CT angiography screening in this asymptomatic, but 
high-risk population.

On the contrary, in the CONFIRM registry [25] including 
8 627 symptomatic patients without known CAD, who un-
derwent both CAC assessment and CT angiography, the CT 
angiography was shown to have an incremental discrimi-
natory power to identify patients at risk of death or MI. 

A signifi cant progress has been made in limiting ra-
diation exposure during coronary CT. It is likely that even 
with coronary CT angiography, radiation exposure may 
be lower than 0.5 mSv [26]. If this becomes reality, the ap-
plicability of both CAC measurement and CT angiography 
will likely increase. 

Advantages and limitations of CAC 
assessment

Benefi ts and problems related to CAC evaluation, as well 
as the current and potential future application of CAC 
scanning have been excellently addressed by Hecht in his 
recent review paper [1]. Table 1 lists the most important 
benefi ts and limitations of CAC scanning. 

Potential use of CAC

The role of CAC scoring in the current guidelines appears 
to be underplayed. The indications to assess the CAC with 
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no visualization of coronary arteries should be possibly 
extended to include the indications listed in Table 2. 

The value of CAC measurement must be considered in 
the context of multimodality imaging. In a cohort of 988 
asymptomatic or symptomatic low-risk patients without 
prior CAD, followed-up for a median of 6.9 years, relative 
value of Framingham risk score, CACS, exercise tolerance 
test (ETT), and stress myocardial perfusion SPECT results 
were compared as predictors of cardiac events, defi ned as 
a composite of cardiac death, non-fatal MI and the need 
for coronary revascularization [27]. The cardiac event rate 
was 1.6% per year. In this study, CACS signifi cantly im-
proved long-term risk stratifi cation beyond the Framing-
ham risk score. ETT and SPECT results, which supports the 
use of CACS as a fi rst-line test for the assessment of long-
-term risk is this patient group. 

In patients with heart failure, it is important to differ-
entiate between those with the ischemic vs non-ischemic 
etiology. CACS, in most instances accompanied with CT 
angiography, can serve this purpose, avoiding the need 
of invasive coronary artery anatomy assessment.  

Radiation exposure of CAC scoring (<1 mSv) is compa-
rable to mammography, which is widely used as a screen-
ing method to detect breast cancer [28]. In this context, 
CACS measurement may become an acceptable method 
to assess the likelihood of incident cardiovascular events 
at the population level. The defi nition of the cohort qual-
ifying for screening remains to be established. SHAPE in-
vestigators propose to use it in women aged 55–75 and in 
men aged 45–75 years [29].

It has been also postulated that CAC measurement 
may be a useful tool to qualify patients at risk of CAD to 

the polypill preventive treatment [30]. This may be also 
true for more patient-tailored treatment with statins, 
ACE inhibitors or antiplatelet drugs.

Conclusions

The presence of calcium confi rms coronary atherosclero-
sis and is associated with increased incidence of coronary 
events. The presence and extent of CAC tends to be a better 
predictor of future coronary events than the classical risk 
factors. However, the results of CAC scanning should be al-
ways interpreted in the clinical context, taking into account 
patient’s age and the presence or absence of symptoms. 

Clinical usefulness of CAC measurement is likely to in-
crease in the future, especially with the advent of new 
techniques reducing radiation exposure. 
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