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Aims: Computed tomographic attenuation correction (CTAC) scans for single photon emission computed
tomography myocardial perfusion imaging (SPECT-MPI) may reveal coronary artery calcification. The
independent prognostic value of a visually estimated coronary artery calcium score (VECACS) from these
low-dose, non-gated scans is not established.
Methods & Results: VECACS was evaluated in 4,720 patients undergoing SPECT-MPI with CTAC using a 4-
point scale. Major adverse cardiac events (MACE) were defined as all-cause mortality, acute coronary syn-
drome, or revascularization > 90 days after SPECT-MPI. Independent associations with MACE were
determined with multivariable Cox proportional hazards analyses adjusted for age, sex, past medical his-
tory, perfusion findings, and left ventricular ejection fraction. During a median follow up of 2.9 years
(interquartile range 1.8 – 4.2), 494 (10.5%) patients experienced MACE. Compared to absent VECACS,
patients with increased VECACSweremore likely to experience MACE (all log-rank p < 0.001), and findings
were similar when stratified by normal or abnormal perfusion. Multivariable analysis showed an increased
MACE risk associated with VECACS categories of equivocal (adjusted hazard ratio [HR] 2.54, 95% CI 1.45–
4.45, p = 0.001), present (adjusted HR 2.44, 95% CI 1.74–3.42, p < 0.001) and extensive (adjusted HR 3.47,
95% CI 2.41–5.00, p < 0.001) compared to absent. Addition of VECACS to themultivariable model improved
risk classification (continuous net reclassification index 0.207, 95% CI 0.131 – 0.310).
Conclusion: VECACSwas an independent predictor ofMACE in this large SPECT-MPI patient cohort. VECACS
from CTAC can be used to improve risk stratification with SPECT-MPI without additional radiation.

� 2021 The Authors. Published by Elsevier B.V. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Single photon emission computed tomography myocardial per-
fusion imaging (SPECT-MPI) is a well-established and widely uti-
lized non-invasive imaging modality for the diagnosis and
prognostication of coronary artery disease (CAD) [1–4]. SPECT-
MPI provides a functional assessment of CAD through evaluation
of stress-induced perfusion abnormalities [1,5]. Traditional prog-
nostic findings on SPECT-MPI include the extent and severity of
ischemia, scar burden, left ventricular systolic function and volume
[6–8]. Contemporary SPECT-MPI systems incorporate non-gated
low-dose computed tomography imaging for attenuation correc-
tion. This innovation allows for correction of soft tissue attenuation
artifacts inherent to myocardial nuclear imaging and has become
the standard of care. Computed tomography attenuation correction
(CTAC) improves diagnostic accuracy [9], and can decrease the
number of patients who require rest imaging after a stress-first
protocol[10].

CTAC imaging with SPECT-MPI also allows for visualization of
coronary artery calcium (CAC) [11], but this is not routinely evalu-
ated or reported. In contrast, the quantitative Agatston coronary
artery calcium score (CACS) is a well-established prognostic mar-
ker for CAD[2,3,12–15]. Agatston CACS imaging requires a dedi-
cated, ECG-gated non-contrast CT-scan. CTAC imaging contains
thicker slices, which is known to influence CACS [16], and is not
ECG-gated. SPECT-MPI and Agatston CACS provide complementary
functional and anatomic information and yield independent risk
stratification [2,13]. Since CTAC is embedded within the SPECT-
MPI workflow, with no additional cost or radiation, it may be
beneficial to extract similar anatomic information. Visual CAC esti-
mates derived from CTAC imaging correlate well with the Agatston
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CACS [17,18]. However, it is unclear whether a visually estimated
coronary artery calcium score (VECACS) from CTAC imaging can
provide incremental prognostic value. The aim of this study was
to determine if a VECACS derived from CTAC has independent
prognostic value in SPECT-MPI.
2. Methods

2.1. Study population

This was a retrospective study of consecutive patients who
underwent SPECT-MPI with CTAC between September 1, 2014 to
December 31, 2018 at a single tertiary academic hospital system.
SPECT-MPIwasperformed in twoaffiliatednuclear testing laborato-
ries and the population included both outpatients and inpatients
with suspected or knownCAD. Patientswho underwent early revas-
cularization (revascularization within 90 days of SPECT MPI) were
excluded (n = 304) because SPECT MPI results may influence the
decision to pursue revascularization [1], which may alter long-
term outcomes [19,20]. The study was approved by University of
Calgary Research Ethics Board (REB-ID ASD-7564), includingwaiver
of consent. Data will be shared upon receipt of reasonable written
request.

Past medical history and family history were prospectively col-
lected in the Alberta Provincial Project for Outcome Assessment in
Coronary Heart Disease (APPROACH) database [21]. History of CAD
was classified as history of previous myocardial infarction or revas-
cularizationwith either percutaneous coronary intervention (PCI) or
coronary artery bypass grafting (CABG)[22]. Information about rest-
ing ECG and stress induced ECG changes were also recorded
prospectively.

2.2. Myocardial perfusion imaging protocol/scoring

Patients underwent a 99mTc-Sestamibi rest-stress acquisition
protocol with CTAC [23]. All studies were reported by experienced
cardiologists with at least 5 years of experience in CACS and SPECT-
MPI. Stress testing was conducted with symptom-limited exercise
stress (n = 2,954) or pharmacological stress using dipyridamole
(n = 1,534), adenosine (n = 17) or dobutamine (n = 91).

Weight-adjusted stress and rest dosages of 99mTc-Sestamibiwere
used. The resting dosageswere: standard-one day, 259MBq (7mCi);
350 MBq (9.5 mCi) for patients > 100 kg; and two-day each at
777 MBq (21 mCi) > for patients > 136 kg. The stress dosages corre-
sponded to: standard-one day, 777 MBq (21 mCi); 1050 MBq
(28.4 mCi) for patients > 100 kg. For pharmacological stress testing,
both stress and rest SPECT images were obtained at least 45 min
after tracer injection. For patients who underwent treadmill stress
testing the SPECT images was acquired 15–30 min after stress. In
total, 2,951 (61.9%) patients were scanned using the GE Discovery
570 CZT scanner (GE, Boston, USA). The remaining patients
(n = 1,817, 38.1%) were imaged with a Ventri camera system (GE,
Boston, USA).

The interpretation of SPECT-MPI was performed unblinded to
clinical history and VECACS, using a 17-segment model [24].
Summed stress score (SSS), summed rest score (SRS), and summed
difference score (SDS) were calculated for each patient as previ-
ously described [24]. Normal myocardial perfusion was defined
as SSS < 4 [25]. Left ventricular ejection fraction was calculated
from gated images.

2.3. CTAC image acquisition and interpretation

CTAC was performed using a built in CT scanner (Lightspeed
VCT 64, GE, Boston, USA). CTAC study was performed after the rest
2

acquisition during end-expiratory breath hold with no ECG-gating,
in helical mode with a slice thickness of 5-mm, tube voltage of 120
kVp and 30 mA, using a 512x512 matrix. CTAC images were
reviewed at the time of SPECT-MPI reporting and graded as:
absent, equivocal, present or extensive. Extensive calcification
was defined as estimated Agatston CACS>400 [26,27]. Fig. 1 shows
a representative case from each group. We did not assess interob-
server agreement, but previous studies have demonstrated excel-
lent interobserver agreement for similar estimates (kappa 0.89 to
0.94) [17,18].
2.4. Clinical outcomes

Follow up for major adverse cardiovascular events was obtained
through the Discharge Abstracts/National Ambulatory Care Report-
ing system and Alberta Vital Statistics. MACE was defined as late
revascularization (PCI or CABG, >90 days after SPECT-MPI), non-
fatal acute coronary syndrome (non-fatal myocardial infarction
or admission for unstable angina), or all-cause mortality. Follow-
up was established up until December 31, 2019. However, these
databases due not capture emigration and it’s possible that some
patients were lost to follow-up on this basis. Patients undergoing
early revascularization were excluded. Event rates for VECACS
score categories (absent, equivocal, present, and extensive) were
determined. SPECT-MPI and VECACS findings were combined to
assess whether VECACS yielded incremental prognostic informa-
tion and resulted in risk re-classification beyond SPECT-MPI find-
ings alone.
2.5. Statistical analysis

Continuous variables were summarized as mean (standard
deviation [SD]) if normally distributed and compared using a Stu-
dent’s t-test or analysis of variance. Continuous variables that were
not normally distributed were summarized as median (interquar-
tile range [IQR]) and compared using a Mann-Whitney U test or
Kruskal-Wallis test. Associations with MACE were assessed for cat-
egories of perfusion abnormality and VECACS in bivariable and
multivariable Cox proportional hazards analyses. There was mini-
mal missing data (0.04%). Missing variables were imputed with
the population mean value for continuous variables and a distinct
missing category for categorical variables.

The multivariable model included VECACS in addition to age,
sex, past medical history (hypertension, diabetes, dyslipidemia,
smoker, CHF, stroke, CKD, or prior CAD), mode of stress, inpatient
status, SRS, SDS and LVEF similar to previous studies [2,8,28,29].
We assessed for interactions between perfusion and VECACS with
all other variables included in the multivariable model.

The analysis was repeated to assess associations with each of
the components of the composite outcome. The proportional
hazards assumption was assessed for all models using Schoen-
feld residuals and was found to be valid in all analyses. Lastly,
we assessed the net reclassification index of adding VECACS to
the full multivariables model. Net re-classification index (NRI)
was used to assess the additive prognostic utility of VECACS
when added to the other components of the multivariable
model.[30]. Bootstrapping was used to calculate 95% confidence
intervals (CI) for event, non-event, and continuous NRI.[31] Cat-
egorical NRI was also assessed. Model goodness-of-fit was com-
pared with a likelihood ratio test and calibration was assessed
using Brier scores.

All statistical tests were two-sided and a p-value < 0.05 was
considered statistically significant. All analyses were performed
using Stata/IC version 13.1 (StataCorp, College Station, Texas, USA).



Fig. 1. Examples of visually estimated coronary artery calcium groups. A) absent, no coronary artery calcification B) equivocal, possible calcification in proximal right
coronary artery C) present, calcification in the left anterior descending and right coronary artery ostium D) extensive, calcification in the left main, left anterior descending,
and left circumflex arteries.
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3. Results

3.1. Patient characteristics

A total of 4,720 patients who underwent SPECT MPI between
September 1, 2014 and December 31, 2018 were included. Popula-
tion characteristics are shown in Table 1. The patients who experi-
enced MACE were older (69.9 ± 11.1 vs 64.9 ± 11.7, p < 0.001) and
more likely to be male (64.0 %vs 52.4%, p < 0.001) or have a history
of diabetes (35.8% vs 23.8%, p < 0.001). Patients experiencing MACE
were more likely to have extensive VECACS (42.7% vs.18.8%,
p < 0.001). Patients without MACE were more likely to have absent
VECACS at baseline (32.7% vs 8.9%, p < 0.001). Characteristics of
patients with and without MACE are shown in Table S1.
3.2. Associations with MACE

During median follow-up of 2.9 years (IQR 1.8 – 4.2), at least
one MACE occurred in 494 (10.5%) patients including a total of
322 (6.8%) deaths, 155 (3.3%) acute coronary syndromes, and 111
(2.4%) late revascularizations. Kaplan-Meir survival estimate
curves stratified by VECACS in the overall population are demon-
strated in Fig. 2. Patients with equivocal, present, or extensive
VECACS were more likely to experience MACE during follow-up
compared to patients without VECACS (all log-rank p < 0.001).
Patients with extensive VECACS were more likely to experience
MACE than patients with equivocal or present VECACS (log rank
p < 0.001). Annualized MACE rates across categories of perfusion
and VECACS are shown in Fig. 3.

Kaplan-Meier survival curves stratified by VECACS in patients
with normal (SSS < 4) and abnormal (SSS � 4) stress perfusion
are shown in Fig. 4a and 4b respectively. Differences between
groups of VECACS were similar to the overall results in patients
with normal SPECT perfusion. However, in patients with abnormal
perfusion, only extensive VECACS was associated with increased
MACE compared to patients with absent VECACS (log-rank
p < 0.001) or compared to patients with equivocal or present
3

VECACS (both log-rank p < 0.03). We also assessed results in
patients without a history of CAD (Fig. 4c) and with known CAD
(Fig. 4d). In patients without CAD, patients with equivocal, present,
or extensive VECACS were more likely to experience MACE during
follow-up compared to patients with absent VECACS (all log-rank
p < 0.001). There were no significant differences in patients with
a history of CAD (all log-rank p > 0.05).

Results of univariable and multivariable Cox proportional haz-
ard analysis for the primary outcome are shown in Table 2. VECACS
categories of equivocal (adjusted HR 2.54, 95% CI 1.45–4.45,
p = 0.001), present (adjusted HR 2.44, 95% CI 1.74–3.42,
p < 0.001) and extensive (adjusted HR 3.47, 95% CI 2.41–5.00,
p < 0.001) were all independently associated with increased MACE
events compared to absent. Additionally, increasing SDS was inde-
pendently associated with increased risk of MACE (adjusted HR
1.05 per point, 95% CI 1.02–1.07, p < 0.001).

The multivariable analysis was repeated for each of the compo-
nents of the MACE outcome with results in Table 3. Associations
with non-fatal outcomes were assessed using a Fine Gray compet-
ing risk analysis and death as the competing risk. There was an
independent association with increased all-cause mortality associ-
ated with VECACS categories of equivocal (adjusted HR 2.39,
p = 0.007), present (adjusted HR 1.75, p = 0.004) and extensive (ad-
justed HR 2.44, p < 0.001) compared to a VECACS category of
absent. For the non-fatal outcomes there was a more stepwise
increase in risk associated with increasing VECACS categories.
Associations with VECACS in patients with and without history of
CAD are shown in Table S2.
3.3. Net reclassification

We assessed the net risk reclassification when VECACS was
added to the remainder of the multivariable model (as shown in
Table 2). Addition of VECACS using the four-group system
improved overall reclassification (continuous NRI 0.207, 95% CI
0.131– 0.310), with improvement in model fit (increase LR chi2

44.9, p < 0.001). This was driven by improved reclassification of



Table 1
Baseline Population Characteristics that stratified by VECACS score.

Absent
(n = 1,427)

Equivocal
(n = 128)

Present
(n = 2,181)

Present-extensive (n = 1,032) P-Value

Age, mean ± SD 68.5 ± 11.3 63.4 ± 12.6 66.9 ± 10.6 72.1 ± 9.2 <0.001
Male, n(%) 571 (40.0) 66 (51.6) 1,254 (57.5) 673 (65.2) <0.001
Past Medical History
Hypertension, n(%) 646 (45.3) 54 (42.2) 1,332 (61.1) 712 (69.0) <0.001
Diabetes, n(%) 229 (16.1) 28 (21.9) 597 (27.4) 344 (33.3) <0.001
Dyslipidemia, n(%) 446 (31.3) 43 (33.6) 1,093 (50.1) 621 (60.2) <0.001
Current Smoker, n(%) 143 (10.0) 11 (8.6) 224 (10.3) 133 (12.9) 0.077
History of CAD, n(%) 41 (2.9) 22 (17.2) 258 (11.8) 272 (26.4) <0.001
CHF, n(%) 28 (2.0) 6 (4.7) 98 (4.5) 81 (7.9) <0.001
Stroke, n(%) 9 (0.6) 4 (3.1) 19 (0.9) 11 (1.1) 0.035
CKD, n(%) 6 (0.4) 2 (1.6) 32 (1.5) 19 (1.8) 0.008
Family History, n(%) 613 (43.0) 24 (18.8) 963 (44.2) 422 (40.9) <0.001
Exercise Stress, n(%) 1,017 (71.3) 82 (64.1) 1364 (62.5) 525 (50.9) <0.001
Inpatient, n(%) 470 (32.9) 54 (42.2) 829 (38.0) 418 (40.5) 0.001
SSS 0 (0 – 0) 0 (0 – 2) 0 (0 – 2) 2 (0 – 6) <0.001
SRS 0 (0 – 0) 0 (0 – 0) 0 (0 – 0) 0 (0 – 3) <0.001
SDS 0 (0 – 0) 0 (0 – 1) 0 (0 – 1) 0 (0 – 2) <0.001
LVEF 69 (61 – 74) 69 (60 – 75) 66 (57 – 73) 63 (49 – 71) <0.001

Categorical variables presented as n (%), continuous variables presented as mean ± SD or median (interquartile range). MACE - major adverse cardiac event, CAD-coronary
artery disease, CKD-chronic kidney disease, SSS-summed stress score, SRS-summed rest score, SDS- summed difference score, LVEF-left ventricular ejection fraction, LVESV-
left ventricular end systolic volume, VECACS- Visually estimated coronary artery calcium score

Fig. 2. MACE-free survival based on visually estimated coronary artery calcium score in the overall patient population. Significance assessed using log-rank p-values.
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the proportion of patients with events to higher predicted risks
(event NRI 0.219, 95% CI 0.165– 0.297) but not patients without
events to lower predicted risks (non-event NRI �0.012, 95% CI
�0.052 to 0.038). Model calibration was similar with (Brier score
0.102) and without VECACS (Brier score 0.108). VECACS with 4
groups resulted in better model fit compared to the presence/ab-
sence of coronary calcification alone (increase LR chi2 11.4, likeli-
hood ratio test p-value = 0.003). Results of the categorical NRI
analysis are shown in Table S3.
4. Discussion

In patients who underwent SPECT-MPI, VECACS was a signifi-
cant and independent predictor of MACE, which persisted after
4

adjusting for traditional SPECT-MPI results. We found an indepen-
dent increase in death, ACS, and late revascularization that
occurred in a stepwise fashion with progressively increased
VECACS category. VECACS stratified risk of MACE in patients with
normal and abnormal regional perfusion. Additionally, reporting
of extensive VECACS significantly improved risk estimation when
added to other SPECT MPI variables. Our findings suggest that a
VECACS should be reported on SPECT-MPI studies using CTAC.

There is growing evidence that physicians should incorporate
both anatomical and functional information when assessing
patients with known or suspected CAD. Although a sensitive mar-
ker for coronary atherosclerosis, the Agatston CACS has modest
predictive value for obstructive CAD on cardiac catheterization
[32]. In contrast, SPECT-MPI identifies flow limiting CAD but is



Fig. 3. Incidence of major adverse cardiovascular events (MACE), stratified by stress perfusion and visually estimated coronary artery calcium (VECACS). SSS – summed stress
score.

Fig. 4. MACE-free survival based on visually estimated coronary artery calcium score in patients with a) normal SPECT-MPI b) abnormal SPECT-MPI c) no history of coronary
artery disease (CAD) d) known CAD. Significance assessed using log-rank p-values.
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insensitive to subclinical atherosclerosis [33]. When combined,
SPECT-MPI and quantitative CACS provide both anatomical and
functional assessment of CAD, which may improve sensitivity
and specificity compared with each test alone [3]. Chang et al.
(2009) demonstrated that quantitative CACS combined with
SPECT-MPI findings provided independent and complementary
information among a cohort of 1,126 patients without prior CAD
[13]. The prevalence of abnormal perfusion increased with increas-
ing CACS, and CACS score predicted cardiovascular risk among
5

patients with both normal and abnormal perfusion. Engbers et al.
evaluated combined Agatston CACS and SPECT-MPI in 4,897 symp-
tomatic patients without prior CAD[2], demonstrating a stepwise
increase in MACE with increasing CACS among patients with both
normal and abnormal perfusion. Our study is in line with these
findings and confirms that anatomical data from the VECACS has
a added prognostic value when combined with SPECT-MPI.

The strong prognostic value of VECACS on CTAC has implica-
tions for reporting of CAC detected through other non-dedicated



Table 2
Results of Cox proportional hazard analysis for primary outcome.

Variable Unadjusted HR
(95% CI)

p-value Adjusted HR
(95% CI)

p-value

Age (per 10 years) 1.46(1.35–1.58) <0.001 1.16 (1.05 – 1.27) 0.002
Male 1.60 (1.33–1.92) <0.001 1.15 (0.94 – 1.40) 0.179
Hypertension 1.24(1.03–1.48) 0.020 0.95 (0.77 – 1.16) 0.587
Diabetes 1.82 (1.51–2.19) <0.001 1.43 (1.17 – 1.74) <0.001
Dyslipidemia 1.11(0.93–1.33) 0.247 0.78 (0.64 – 0.95) 0.012
Current Smoker 1.01(0.76–1.33) 0.953 1.00 (0.75 – 1.33) 0.982
History of CAD 3.52 (2.91–4.27) <0.001 2.06 (1.67 – 2.53) <0.001
CHF 2.72 (2.04, 3.64) <0.001 1.33 (0.62 – 2.86) 0.461
Stroke 2.14 (1.15 – 4.01) 0.017 1.42 (0.75 – 2.68) 0.282
CKD 1.94 (1.07 – 3.53) 0.029 1.12 (0.61 – 2.06) 0.707
Exercise Stress 0.41 (0.34 – 0.49) <0.001 0.56 (0.47 – 0.68) <0.001
Inpatient 1.69 (1.41 – 2.01) <0.001 1.34 (1.11 – 1.60) 0.002
SSS 1.07 (1.06 – 1.08) <0.001 – –
SRS 1.07 (1.06 – 1.08) <0.001 1.02 (1.00 – 1.03) 0.049
SDS 1.10 (1.08 – 1.13) <0.001 1.05 (1.02 – 1.07) <0.001
LVEF 0.97 (0.96–0.97) <0.001 0.99 (0.98 – 1.00) 0.003
VECACS
Absent Reference Reference Reference Reference
Equivocal 3.81 (2.20 – 6.59) <0.001 2.54 (1.45 – 4.45) 0.001
Present 3.51 (2.54 – 4.85) <0.001 2.44 (1.74 – 3.42) <0.001
Extensive 7.61 (5.50 – 10.5) <0.001 3.47 (2.41 – 5.00) <0.001

CAD: coronary artery disease, CHF: congestive heart failure, CKD: chronic kidney disease, SSS: summed stress score, SRS: summed rest score, SDS: summed difference score,
LVEF: left ventricular ejection fraction, VECACS: visually estimated coronary artery calcium score.

Table 3
Results of multivariable Cox proportional hazard analysis MACE components.

Unadjusted HR (95% CI) p-value Adjusted HR (95% CI) p-value

All-cause mortality
Absent Reference Reference Reference Reference
Equivocal 3.50 (1.89 – 6.50) <0.001 2.39 (1.26 – 4.54) 0.007
Present 2.65 (1.84 – 3.83) <0.001 1.75 (1.19 – 2.56) 0.004
Extensive 5.57 (3.85 – 8.05) <0.001 2.44 (1.61 – 3.69) <0.001
Acute coronary Syndrome
Absent Reference Reference Reference Reference
Equivocal 3.84 0.054 2.51 (0.62 – 10.2) 0.196
Present 6.18 (2.83 – 13.5) <0.001 4.90 (2.12 – 11.3) <0.001
Extensive 13.2 (6.04 – 28.8) <0.001 7.37 (2.95 – 18.4) <0.001
Late revascularization
Absent Reference Reference Reference Reference
Equivocal 6.88(1.52 – 31.2) 0.012 4.13 (0.86 – 19.8) 0.076
Present 8.56 (3.09–23.7) <0.001 6.80 (2.27 – 20.4) <0.001
Extensive 18.8 (6.82 – 52.1) <0.001 11.6 (3.50 – 38.5) <0.001

Results of univariable and multivariable Cox proportional hazard analysis for each of the components of MACE. Association with non-fatal outcomes modeled with a
competing hazard of death and values representing sub-hazard ratio estimates. CI – confidence interval, HR- hazard ratio.
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CT scans. Coronary calcification has significant prognostic value on
lung cancer screening CT scans [34]. Recent Society of Cardiovascu-
lar CT guidelines recommend the routine reporting of incidental
CAC detected on non-cardiac chest CT [35]. The suggested visually
estimated Coronary Artery Calcium Data and Reporting System
(CAC-DRS) parallels the VECACS score used in our study [36]. Our
study highlights the significance of incidental CAC detected during
clinical practice and supports recommendations for reporting
VECACS.

VECACS from low-dose CTAC scans have shown good correla-
tion with the quantitative Agatston CACS [17,18]. Einstein et al.
compared these values in 492 patients who underwent both
SPECT-MPI and quantitative CACS imaging [18]. Experienced read-
ers scored VECACS using a six-level scale (0, 1–9, 10–99, 100–399,
400–999 and > 1,000). The CACS score was within the visually esti-
mated range in 63% of cases and within one category in 93% of
cases (weighted kappa 0.89, p < 0.0001). Mylonas et al. assessed
VECACS and CACS in 91 patients who underwent positron emission
tomography MPI and CACS within 6 months [17]. VECACS from
CTAC images had good intraclass correlation with CACS (0.844),
6

and demonstrated excellent interobserver agreement using a 4-
point scale (kappa 0.941) [17]. Therefore, while VECACS is inher-
ently subjective there seems to be reasonable accuracy and
interobserver agreement. The radiation exposure from CTAC
(<1mSv) is lower compared to dedicated CAC scanning which
average ~ 1 mSv [37,38]. However, both are associated with rela-
tively low radiation exposure compared to a 1-day myocardial rest
stress study using Tc-99 m sestamibi (~9 mSv) [39].

In addition to improving risk estimation, reporting VECACS may
influence patient management decisions. Current guidelines
recommenced use of CACS to identify intermediate risk patients
who may benefit from lipid lowering therapy [40]. In a randomized
trial use of the Agatston CACS to guide therapy improved vascular
risk profile versus conventional management alone [41]. It is likely
that patient knowledge of CACS improved compliance with medi-
cations and lifestyle changes. CACS also identifies patients most
likely to benefit from statin therapy, with an NNT of 12 to prevent
10-year MACE with CACS > 100 [42]. Detecting coronary calcium
may facilitate preventative interventions, facilitating appropriate
therapy intensification but also enabling de-escalation of low-
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yield strategies. In our study, patients with absent VECACS had a
low risk of MACE independent of SPECT-MPI findings. Additionally,
even equivocal VECACS, which represents patients with a small
burden of coronary calcification, was associated with increased
risk. Reporting VECACS could help physicians target medical ther-
apies, but also be used to engage patients in their care.

Our study has a few important limitations in addition to its ret-
rospective design. Readers were not blinded to VECACS and this
likely influenced interpretation of perfusion findings. In spite of
this, VECACS was an independent predictor of MACE. Some
patients may have been lost to follow-up due to emigration; how-
ever, this is less common in the older age groups represented in our
study [43]. VECACS was reported by individual readers experi-
enced in MPI and quantitative CACS imaging. While there was
inherent interobserver variability, previous studies of VECACS have
shown this variability is low. The simple visual VECACS classifica-
tion scale utilized in this study was readily integrated into a clini-
cal workflow and provided meaningful risk stratification. However,
the development of automated methods to quantify CAC, for exam-
ple using artificial intelligence techniques [34,44], may provide
more precise estimates of CACS and remove the need for visual
estimation. Future studies could investigate novel risk scores
incorporating VECACS, with dedicated derivation and validation
cohorts. Finally, VECACS was reported clinically which could have
influenced patient management and decisions to pursue revascu-
larization. However, increasing VECACS was also associated with
increased risk for all-cause mortality and ACS.
5. Conclusion

The VECACS is an independent predictor of MACE, complemen-
tary to traditional clinical and SPECT-MPI risk-markers. SPECT-MPI
readers should consider routinely evaluating and reporting
VECACS based on CTAC. Future SPECT-MPI reporting guidelines
may consider recommendations for VECACS assessment as well
as standardized reporting criteria.
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