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Agatston score of the descending aorta
is independently associated with
coronary events in a low-risk population
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Joachim Wildberger,* Justin G L M Luermans,' Bob Weijs," Harry J G M Crijns’

ABSTRACT

Objectives A standard coronary artery calcium scan
includes part of the aorta. This additional information

is often not included in routine analyses. We aimed to
determine the feasibility of assessing the Agatston score
of the descending aorta calcification (DAC) on standard
coronary calcium scans and the association of this score
with coronary events in a low-risk study population.
Methods Between January 2008 and March 2011, 390
consecutive patients who were referred for cardiac CT
as part of work-up for pulmonary vein isolation (n=115)
or assessment of presence of coronary artery disease
(n=275) were included. At baseline, all patients were free
of a history of cardiovascular disease. Two independent
observers determined the Agatston score of the ascending
aorta and descending aorta.

Results A total of 16 patients (4.1%) developed coronary
events (acute coronary syndrome (n=6) and symptomatic
significant coronary artery disease requiring treatment
(n=10)) during a follow-up of 67+12 months, with more
events in patients with calcifications in the descending
aorta than in those without (8.4% vs 3.7 %; p=0.08).
Multivariable Cox regression, corrected for Framingham
Risk Score (FRS) and coronary Agatston score (CAC),
revealed that DAC was independently associated with
coronary events (per 100 units; HR: 1.06, 95% Cl 1.02

t0 1.09; p=0.001). DAC furthermore increased the
identification of patients that will experience a coronary
event (area under the curve: 0.68 for FRS only, 0.75 for
FRS+CAC and 0.78 for FRS+CAC+DAC).

Conclusions The Agatston score of the descending aorta
could be included in the standard analysis of cardiac

CT scans of low-risk patients since it holds valuable
information for the prediction of coronary events.

INTRODUCTION

Determination of the presence and extent
of coronary artery calcium (CAC) on cardiac
CT is currently used to stratify the risk of
future coronary heart disease (CHD), on
top of clinical risk scores. The standard CAC
scan includes parts of the ascending and
descending aorta, which can also be analysed
for the presence of calcifications (thoracic
aorta calcification (TAC), consisting of

Key questions

What is already known about this subject?

» A first assessment of a patient’s risk of future cor-
onary events can be done using the Framingham
Risk Score. In addition, coronary CT angiography,
including coronary calcium scoring scanning, can
be used to assess the risk of future coronary events
in patients at medium risk for these events. As the
radiation dose needed for a coronary calcium score
is rapidly decreasing using new techniques, this
technique could be used in lower risk patients.

What does this study add?

» Addition of the Agatston score of the descending
aorta to the Framingham Risk Score and the coro-
nary Agatston score further improves the prediction
of the incidence of coronary events in a low-risk
population.

How might this impact on clinical practice?

» Future clinical studies should show whether im-
proved identification of patients at risk for coronary
events, using descending aorta Agatston score,
could prevent coronary events in these patients by
initiation of lifestyle changes and vascular protective
therapy.

ascending aorta calcification (AsAC) and
descending aorta calcification (DAC)),
leading to further information on the vascular
status without an increase in radiation dose.

The presence of TAC has been shown to
correlate with age, systolic blood pressure,
smoking and high levels of low-density lipo-
protein-cholesterol.! Previous studies have
shown varying results for the value of TAC
in predicting future coronary events in inter-
mediate-risk clinical populations,” heavy
smokers who were screened for lung carci-
noma’ and large population-based studies.*®
It is, however, not known whether aortic calci-
fication precedes the occurrence of coronary
events in a lowrisk population without a
history of overt vascular disease.
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In this paper, we present data on the value of TAC,
AsAC and DAC in predicting future clinical coronary
artery disease (CAD) in a low-risk population of young
age, without hypertension and hypercholesterolaemia,
without a history of cardiovascular disease, referred for
a CT scan as part of work-up for pulmonary vein isola-
tion (PVI) or for the assessment of the presence of CAD.
Furthermore, we assess the value of TAC on top of the
Framingham Risk Score (FRS) and CAC.

MATERIALS AND METHODS

Patient selection

The patients in this cohort were described previously.” In
short, 390 consecutive patients who underwent coronary
calcium scanning in our centre between January 2008 and
March 2011 were included: 115 patients with atrial fibril-
lation as part of work-up for PVI and 275 healthy patients
in permanent sinus rhythm who underwent cardiac CT to
assess the presence of CAD.

Low risk was defined as being free from hypertension
(defined as antihypertensive drug use, systolic blood
pressure 2140 mm Hg or diastolic blood pressure =90
mm Hg during CT visit or left ventricular hypertrophy),
diabetes mellitus, and hypercholesterolaemia. Statin
use was allowed if initiated as primary prevention in
absence of hypercholesterolaemia before initiation, and
beta blocker and non-dihydropyridine calcium channel
blockers use was allowed if initiated as rate control of
atrial fibrillation in absence of hypertension before initi-
ation of therapy. Patients had no history of CAD, renal
dysfunction, stroke, malignancy, thyroid or pulmonary
disease and no evidence of structural CVD on echocar-
diogram, including valvular heart disease. Angina or
abnormal stress test were never an indication for CT;
all patients were asymptomatic. All patients underwent
transthoracic echocardiography at baseline.

Gomputed tomography

At baseline, a prospective unenhanced coronary calcium
scan was performed in all patients as described previously.®
Scans performed with a Philips Brilliance 64-slice CT scan
were analysed with dedicated EBW Heartbeat CS soft-
ware (Philips Healthcare, Best, the Netherlands). Scans
performed with a Siemens Somatom Definition Flash
2#128-slice CT scan were analysed with syngo.via software
(Siemens Healthcare, Forchheim, Germany). The tube
current was 240-400 mA (depending on body weight) at
80-120 kV. Aortic annulus diameter was measured at the
hinge points of the valve leaflets. Aortic sinus diameter,
sinotubular junction diameter and ascending aorta diam-
eter were measured at their respective maximum diame-
ters, and descending aorta diameter was measured at the
level of the pulmonary artery bifurcation.”

Two independent observers determined the Agatston
score of the ascending and descending aorta. Calcium
present above the origin of the right coronary artery
to the end of scan range or up to the origin of the

brachiocephalic artery was considered to be localised in
the ascending aorta and calcium present distal from the
origin the left subclavian artery up to the diaphragm in
the descending aorta. The Agatston scores were calcu-
lated using a 3 mm CT slice thickness and detection
threshold 2130 Hounsfield units involving =1 mm?> area/
lesion (three pixels).® All terminology was used in accor-
dance with recommendations by the Society of Cardiovas-
cular Computed Tomography.’

Echocardiographic examination

At baseline, all patients underwent echocardiography,
consisting of a standard two-dimensional echocardio-
gram, including M-mode and Doppler echocardiography
(Sonos 5500, Philips Medical Systems, Andover, Massa-
chusetts, USA) during continuous ECG monitoring
according to the recommendations as described in the
American Society of Echocardiography guidelines.'’

Follow-up

The primary end point—occurrence of coronary
events during follow-up—was defined as acute coronary
syndrome or stable angina, requiring percutaneous coro-
nary intervention, coronary bypass grafting or medical
treatment. The end point was obtained and cross-checked
by two independent observers; in case of discrepancies,
consensus was reached. Data were derived from patient
records as kept by the (referring) hospital and general
practitioner.

Statistical analyses

Statistical analyses were performed using SPSS statistical
software (IBM SPSS statistics V.23.0). Correlations are
presented as Pearson’s r and p value. Continuous varia-
bles are presented as mean+SD and are compared with an
independent t-test (two tailed) for normally distributed
variables and as median with IQR and compared using
Mann-Whitney test (two tailed) for not-normally distrib-
uted variables. Agatston scores were not transformed as
they remain skewed due to many patients having a score
of zero and to retain clinical usability. Categorical varia-
bles are reported as number of patients and percentage
and compared using y testing or two-tailed Fisher’s exact
test in case of an expected count below 5. Event rates are
shown as events per 1000 patient years and compared
using Z-scores. All baseline and CT characteristics were
tested for a relation with the occurrence of coronary
events during follow-up using univariable Cox regression.
All significant covariates were included in multivariable
Cox regression. Results were checked for collinearity and
interaction among covariates. Manual backwards elimi-
nation was used to construct the final models (retention
level set at 0.10). Proportional hazards were checked.
HRs and 95% CIs were calculated. The discriminatory
abilities of the models were assessed using c-statistics
and compared using Net Reclassification Index (NRI)
and Integrated Discrimination Improvement (IDI), for
patients with and without events separately. A p value
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There is a weak correlation between the Agatston score of the thoracic aorta and the Agatston score of the coronary

arteries, as there are patients with coronary calcification but no aortic calcification and vice versa (top left; r=0.016, p=0.001).
The Agatston score of the thoracic aorta is partly explained by the Agatston score of the ascending aorta (top right; r=0.499,
p<0.001), but mainly by the Agatston score of the descending aorta (bottom left; r=0.997, p<0.001). In some patients, there is
a correlation between the Agatston score of the ascending aorta and descending aorta, while others have no calcium in the
ascending aorta but do have a high Agatston score of the descending aorta (bottom right; r=0.425, p<0.001).

of 0.05 was considered statistically significant. The first
author had full access to all the data in the study and
takes responsibility for its integrity and the data analysis.

RESULTS

Follow-up was complete in 327 patients; the other patients
(n=63) were considered lost to follow-up. Patients in
whom follow-up was not complete did not differ signifi-
cantly from the study patients on baseline characteristics
(data not shown).

The median Agatston score of the thoracic aorta was 0
(IQR 4.72, range 0-1421), of the ascending aorta was 0
(IQR 0, range 0-364) and of the descending aorta was 0
(IQR 0.24, range 0-1421). TAC was mainly determined by
the DAC, reflected by a very strong correlation between
TAC and DAC (r=0.997; p<0.001). AsAC correlated less
strongly with both DAC (r=0.425; p<0.001) and TAC
(r=0.499; p<0.001), as there was a subset of patients that
show calcification of the descending aorta but not of the

ascending aorta (figure 1). There was a significant yet weak
correlation between CAC and TAC (r=0.16; p=0.001).

On average, patients with calcifications in the ascending
aorta were older (60.1+6.9 years vs 53.8+10.4 vyears;
p<0.001), more often female (46.2% vs 29.8%; p=0.01)
and used more statins (17.9% vs 6.9%; p<0.001) than
those without (table 1).

Patients with calcifications in the descending aorta
were also on average older (61.1+7.2 years vs 53.4+£10.0
years; p<0.001) and more often female (44.6% vs 30.3%;
p=0.02) than those without. Echocardiography showed a
smaller end diastolic volume (108+253 mL vs 118+27 mL,;
p=0.03).

CT showed a smaller aortic valve diameter and a higher
coronary Agatston score both in patients with calcifica-
tions in the ascending (26+3 mmvs 27+3 mm, p=0.001; 0
IOQR 1.38 vs 36 IQR 296, p=0.002) and descending aorta
(2642 mm vs 27+3 mm, p<0.001; 0 IQR 4.90 vs 0 IQR 198,
p=0.001) than in those without.
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AsAC- (n=248) AsAC+ (n=78) P values DAC- (n=244) DAC+ (n=83) P values

Age (years) 53.8+10.4 60.1+6.9 <0.001 53.4x10.0 61.1x7.2 <0.001

Systolic blood pressure 126+11 126+11 0.22 12611 126+10 0.59
(mm Hg)

BMI (kg/m?) 26 (3) 26 (6) 0.09 26 (5) 27 (4) 0.49

Medical history

AF duration (months) 26 (68) 30 87) 0.74 18 (68) 43 (114) 0.05

Family history CAD 78 (31.5) 25 (32.1) 0.92 77 (31.6) 26 (31.3) 0.97

Medication use

Aspirin 65 (26.4) 19 (24.0) 0.68 63 (26.1) 20 (24.7) 0.80

Digoxin 5(2.0) 6(8.0) 0.02 5(2.1) 6(7.4) 0.02

ACE inhibitor 0(0.0 0(0.0) - 0(0.0 0(0.0) -

Diuretics 0(0.0) 0(0.0) - 0(0.0) 0(0.0 -

Statin 17 (6.9) 14 (17.9) 0.004 19 (7.8) 12 (14.5) 0.07

Left atrial diameter (cm) 3.8+0.5 3.9+0.4 0.09 3.8+0.5 3.8+0.5 0.93

LVPWd (mm) 8.5+0.9 8.5+1.0 0.98 8.4+1.0 8.5+0.8 0.37
S ENVm)  118=27  110:25 040 187 10825 003
ESV (ml) 43+16 39+12 0.14 43+15 40+14 0.24
CWEF®) e @ o8 6@ 6@ 02
CT diameters
. DiameterAoV(mm) 273 23 0001 =3 2%z <0001
Diameters sinus valsalva ~ 35+3 34+3 0.03 35+3 35+3 0.18
(mm)
. DiameterSTJ(mm)  30:3 2823 006 30s3 323 019
I()iam)eter ascending aorta  32+4 32+3 0.94 32+4 32+3 0.13
mm

Agatston score coronary 0(1.38) 36 (296) 0.002 0(4.90) 0(198) 0.001
arteries

Continued

-
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Table 1 Continued

AsAC- (n=248) AsAC+ (n=78) P values DAC- (n=244) DAC+ (n=83) P values
Agatston score descending 0 [0] 6 (87) <0.001 - 10 (334) -
aorta
Events

Stenosis >70% on CAG 6 (2.4) 4(5.1) 0.13 5(2.8) 5(4.8) 0.60
uAP 1(0.4) 0(0.0) 0.57 1(0.4) 0(0.0) 0.56
NSTEMI 3(1.2) 1(1.3) 0.96 3(1.2) 1(1.2) >0.99
STEMI 1(0.4) 0(0.0) 0.57 0(0.0) 1(1.2) 0.09
Patients with coronary 11 (4.4) 5(6.4) 0.49 9(3.7) 7(8.4) 0.08
event

Medication only 7(2.8) 3(3.8) 0.98 6 (2.5) 4 (4.8) 0.20
PCI 3(1.2) 2(2.6) 0.40 3(1.2) 2(2.4) 0.68
CABG 1(0.4) 0(0.0) 0.57 0(0.0) 1(1.2) 0.25

Shown is n (%), mean+SD or median (IQR).

ARB, angiotensin receptor blocker; AoV, aortic valve; AsAC, ascending aorta calcification; BMI, body mass index; BSA, body surface
area; CABG, coronary artery bypass grafting; CAD, coronary artery disease; CAG, coronary angiogram; CCB, calcium channel blocker;
DAC, descending aorta calcification; EDV, end diastolic volume; ESV, end systolic volume; IVSd, interventricular septum diameter; LVEF,
left ventricular ejection fraction; LVPWd, left ventricular posterior wall diameter; NSTEMI, non-ST elevation myocardial infarction; PCI,
percutaneous coronary intervention; STEMI, ST elevation myocardial infarction; STJ, sinotubular junction; VKA, vitamin K antagonist; uAR,

unstable angina pectoris.
AF, atrial fibrillation.

During a median follow-up duration of 67 months,
16 patients experienced a coronary event, with a trend
towards a higher number and more severe events in
the patients with calcifications in the descending aorta
(8.4% vs 3.7%; p=0.08). No difference was found in the
incidence of coronary events between patients with and
without AsAC (6.3% vs 4.4%; p=0.49).

DAC in addition to coronary artery calcification

To further unravel the additional value of DAC over CAC
to predict the occurrence of coronary events during
follow-up, we analysed the difference in event rate
between patients with and without calcifications in the
coronary arteries and descending aorta (figure 2). In
patients without coronary artery calcification, the event
rate was higher in the patients with calcification of the
descending aorta than in those without (11.95 per 1000
patient years vs 2.90 per 1000 patient years; p=0.06),
which is comparable with patients with coronary artery
calcification without DAC (14.67 per 1000 patient years;
p=0.77). The event rate in patients with calcification in
both coronary arteries and the descending aorta was the
highest (18.26 per 1000 patient years).

Prediction of coronary events

Univariable Cox regression analysis showed a relation
with the occurrence of coronary events for the following
predictor variables: age, coronary Agatston score,
descending aorta Agatston score and the combined
Agatston score of the ascending and descending aorta
(all continuous) and the FRS. The Pooled Cohort Equa-
tions (HR 1.059, 95% CI 0.983 to 1.138; p=0.14) and the
Agatston score of the ascending aorta (HR 1.005, 95% CI

0.998 to 1.013; p=0.14) showed no significant association
with the occurrence of coronary events (table 2). Age
and the combined Agatston score of the ascending and
descending aorta were excluded from the analysis, due
to strong correlations with FRS (r=0.50; p<0.001) and the
Agatston score of the descending aorta (r=0.99; p<0.001),
respectively. Multivariable Cox analysis regression

CAC - CAC +
25+

Events / 1000 patient years

Figure 2 The rate of coronary events per 1000 patient years
in patients with and without coronary artery calcification

and descending aorta calcification. CAC—, absence of
coronary artery calcification; CAC+, presence of coronary
artery calcification; DAC—, absence of descending aorta
calcification; DAC+, presence of descending aorta
calcification.
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Table 2 HRs from univariate and multivariate Cox regression with coronary event during follow-up as endpoint

Univariate Multivariate

HR (95% CI) P values HR (95% CI) P values
Age 1.09 (1.02 to 1.16) 0.01 - -
Agatston coronary arteries (per 100 units) 1.32(1.16 10 1.52) <0.001 1.30 (1.13t0 1.51) <0.001
Agatston descending aorta (per 100 units) 1.07 (1.03t0 1.10) <0.001 1.06 (1.02 to 1.09) 0.001
Agatston combined ascending and descending aorta 1.07 (1.03 to 1.10) <0.001 - -
(per 100 units)
Framingham Risk Score 1.25 (1.07 to 1.46) 0.005 1.24 (1.04 t0 1.48) 0.02
Pooled Cohort Equations 1.06 (0.98 t0 1.14) 0.14 - -

Only significant predictors are shown.

revealed that all three remaining parameters are associ-
ated with the incidence of coronary events (table 2).
The predictive value of the FRS in this population
was moderate (c-statistic: 0.68). Addition of the coro-
nary Agatston score improved the c-statistic to 0.75
(AAUC+0.07), with an improvement in both NRI and
IDI for both patients with events and without (NRI__ :
125, IDI__ : 0.38, NRI = - 736, IDI . 0.02).
Adding the Agatston score of the descending aorta to
this model increased the c-statistic even further to 0.78
(AAUC+0.03) and further increased NRI for non-events
and IDI for both events and non-events (NRI__ : 0, IDI

events®

:0.24, NRI :65.9, IDI : 0.04; figure 3).

vents” non-events” non-events”

DISCUSSION

This study shows that it is feasible to determine the
Agatston score of the thoracic aorta in clinically avail-
able cardiac CT scans (with calcium scoring) of low-risk
patients that were referred for CAD screening or work-up
for PVI. The Agatston score of the descending aorta has
predictive value for future coronary events—acute coro-
nary syndrome or symptomatic significant CAD requiring

100+
— FRS
804 (AUC=0.68)
) FRS + CAC
> 60- (AUC=0.75)
3 — FRS + CAC + DAC
2 404 (AUC=0.78)
5
@ 201
0 T

LI | LI |
S P R S

100 - Specificity (%)

Figure 3 The receiver operating curve of three prediction
models for the occurrence of coronary events during 5 years
of follow-up: Framingham Risk Score (FRS) only, FRS+the
Agatston score of the coronary arteries calcium (CAC) and
FRS+CAC+the Agatston score of the descending aorta
calcification (DAC). AUC, area under the curve.

treatment—on top of the FRS and the Agatston score of
the coronary arteries.

From our results, one may be hypothesise that aortic
calcification is associated with early, subclinical forms of
cardiovascular disease processes. As such, the presence
of DAC may identify a subgroup of patients that appears
healthy clinically yet harbours an early form of cardio-
vascular disease, explaining why the presence of DAC is
associated with future coronary events. As there is little
correlation between CAC and DAC, there might be
different processes leading to CAC on the one hand and
DAC on the other.

Both in the Framingham Heart Study and in the Heinz
Nixdorff Recall study—a population-based study that
aims to improve the prediction of cardiovascular events—
it was shown that TAC predicts incident CAD but that it
is outperformed by the coronary Agatston score.'' ¥ In
the ‘Multiethnic study of atherosclerosis’ (MESA), aortic
calcification was studied intensively: it was shown that TAC
only has independent predictive value for incident CAD
in women but not in men,4 that the number of affected
vascular structures is predictive of future events,13 14
but that it does not have additional value if no CAC is
present."”” From the same study, it is known that both inci-
dence and progression of TAC were associated with the
presence of traditional clinical risk factors, such as age,
hypertension and smoking.'® In contrast to the popula-
tion included in MESA, Framingham Heart Study and in
the Heinz Nixdorff Recall study, in our study population,
only patients were included that did not yet have any of
the traditional cardiovascular risk factors. This further
underlines that aortic calcification may be a very early
marker of atherosclerosis, suggesting that determining
aortic calcification in patients with classical risk factors
may be too late, while in low-risk patients, aortic calci-
fication may still identify those patients that soon will
develop coronary events.

In previous reports, carotid intima-media thickness
(c-IMT) has been proposed as a means to detect subclin-
ical atherosclerosis and thus to use c-IMT to improve
risk prediction.17 However, a large meta-analysis showed
very limited value of c-IMT over the FRS in predicting
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coronary events.' Interestingly, it has been shown that
there is only a weak correlation between c-IMT with aortic
calcification on CT," indicating that c-IMT either identi-
fies other pathophysiological processes than TAC or that
the stage in which atherosclerosis is detected is different.
This report suggests that the assessment of aortic calcifi-
cation, in combination with coronary calcification, may
be a good alternative to c-IMT in predicting coronary
events.

Currently, according to European guidelines, CAC
should be used in the lower range of pretest probability
and mainly in case of doubt about risk category and the
associated treatment.”” US guidelines indicate that cardio-
vascular risk prediction in asymptomatic patients using
coronary calcium scanning should be used in moderate
risk patients®' and only for low risk patients with a family
history of premature CAD.'” However, in daily practice,
CAC is frequently used in low-risk patients as well.** In
this study, we confirm that the predictive value found in
moderate risk patients® ** also holds true in a low-risk
population. The coronary calcium scoring increases the
discriminatory value of the FRS, with addition of DAC
leading to a further increase. Since the majority of coro-
nary heart disease occurs especially in those patients at
low to intermediate risk, aortic and coronary calcium
scoring might guide proper prescription of aspirin for
primary prevention of CHD in this population.”” Natu-
rally, radiation exposure has to be taken into consider-
ation while performing CT calcium scoring in low-risk
patients. However, ongoing improvement in CT scanners
and advances in radiation dose reduction®® have enabled
submillisievert cardiac calcium scoring scans, alleviating
this concern. It can thus be concluded that the balance
might be shifting in low-risk patients as the radiation dose
is steadily decreasing, and the prognostic information
acquired is increasing through measures such as DAC
that are freely available in the acquired images.

These study results were obtained in a relatively small,
selected population and should be reproduced. Due to
the strict definition of patients free of any form of overt
vascular disease, the rates of coronary events during
the first 5 years of follow-up are low. Longer follow-up
may reveal the use of CT in predicting all major adverse
cardiac and cerebrovascular events in low-risk patients.
Follow-up CT was not performed routinely, making anal-
ysis of the progression of aortic calcification impossible.

CONCLUSION

It is feasible to determine the Agatston score of the
descending aorta in the images acquired during a
standard cardiac CT for coronary calcium assessment.
The Agatston score of the descending aorta appears to
improve the identification of those patients—of both
sexes—that will experience coronary events in a low-risk
population on top of the combination of clinical risk
scores (FRS) and the coronary Agatston score. Future,
larger studies should confirm the value of adding the

Agatston score of the descending aorta to the standard
analysis of cardiac CT scans of low-risk patients.
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