
ORIGINAL ARTICLE

Is coronary calcium scoring too late? Total body
arterial calcium burden in patients without
known CAD and normal MPI

Adel H. A. Allam, MD, FASNC,a,p Randall C. Thompson, MD, FASNC,b,c

Michael A. Eskander, MD,d Mohamed A. Mandour Ali, MD,a Ayman Sadek,

MD,a Chris J. Rowan, MD,e M. Linda Sutherland, MD,f James D. Sutherland, MD,g

Bruno Frohlich, PhD,h David E. Michalik, DO,i,j The HORUS research team,

Caleb E. Finch, PhD,k Jagat Narula, MD, PhD, MASNC,l Gregory S. Thomas, MD,

MPH, MASNC,m,n and L. Samuel Wann, MD, FASNCo

a Al Azhar University, Cairo, Egypt
b Saint Luke’s Mid America Heart Institute, Kansas City, MO
c University of Missouri–Kansas City School of Medicine, Kansas City, MO
d University of California, Irvine Health, Orange, CA
e Renown Institute for Heart and Vascular Health, Reno, NV
f Newport Diagnostic Center, Newport, CA
g South Coast Radiological Medical Group, Laguna Hills, CA
h National Museum of Natural History Smithsonian Institution, Washington, DC, DC
i University of California, Irvine School of Medicine, Irvine, CA
j Miller Women’s and Children’s Hospital, Long Beach, CA
k Leonard Davis School of Gerontology and Dornsife College, University of Southern California,

Los Angeles, CA
l Icahn School of Medicine at Mount Sinai, New York, NY
m Long Beach Memorial, Long Beach, CA
n University of California, Irvine, Orange, CA
o Ascension Healthcare, Milwaukee, WI
p Alpha Scan, Giza, Egypt

Received Nov 26, 2016; accepted Apr 26, 2017

doi:10.1007/s12350-017-0925-9

Background. Patients with normal myocardial perfusion imaging (MPI) have a good
prognosis. However, pre-clinical coronary and extracoronary atherosclerosis may exist in the
absence of myocardial ischemia.

Methods. 154 Egyptian patients (mean age 53 years) underwent whole-body non-contrast
CT following normal MPI.

Results. Atherosclerosis in the form of calcification was observed in ‡1 vascular bed in 115
of 154 (75%) patients. This included the iliofemoral (62%), abdominal aorta (53%), thoracic
aorta (47%), coronary (47%), and carotid (25%) vascular beds. Mean total body calcium score
was 3172 ± 530 AU. Extracoronary atherosclerosis in patients with a zero coronary artery
calcium (CAC) score was common, occurring in the above-listed beds 42%, 36%, 29%, and 7%
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of the time, respectively. CAC was rarely present without iliofemoral or abdominal aortic
calcification.

Conclusion. Quantitative assessment of calcification in different vascular beds demonstrates
that extracoronary atherosclerosis is common in patients who have normal MPI. Atherosclerotic
calcifications are most common in the iliofemoral arteries and abdominal aorta, which typically
predate coronary calcifications. An imaging strategy to detect extracoronary atherosclerosis
could lead to greater understanding of the natural history of atherosclerosis in its long pre-clinical
phase and possibly to earlier preventive strategies. (J Nucl Cardiol 2018;25:1990–8.)

Key Words: Atherosclerosis Æ Myocardial perfusion imaging Æ X-ray computed
tomography Æ Coronary artery disease Æ Abdominal aorta Æ Calcium
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TAo Thoracic aorta

CRA Carotid arteries
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INTRODUCTION

Myocardial ischemia and acute myocardial infarction

are late-stage manifestations of atherosclerotic coronary

artery disease (CAD). Atherosclerosis is a ubiquitous

chronic systemic disease beginning early in life, affecting

arteries throughout the body, long before significant

stenoses or occlusions appear. Strategies for primary

prevention very early in the disease cascade prior to the

advent of life-threatening events are needed, and could be

based on identification of pre-clinical atherosclerosis.1–3

We previously foundmulti-vessel bed atherosclerosis to be

common in ancient human mummies from Africa, Asia,

and North and South America, despite their non-western

lifestyle and a dearth of traditional risk factors.4 The

detection of arterial calcification in systemic arteries

outside the coronary circulation is well recognized, not as

a risk factor for atherosclerosis, but rather a prima facie

diagnostic feature of the disease, often in a pre-clinical state

when more individualized and intensive preventive treat-

ment could be employed.2,4–8

In order to assess the prevalence of pre-clinical

atherosclerosis in the vascular beds of a contemporary

Egyptian population, whole-body CT scans were per-

formed in a cohort of individuals without known CAD

and no evidence of myocardial ischemia on MPI.

METHODS

Study Population

One hundred and fifty-four consecutive outpatients with-

out known CAD, whose SPECT MPI, performed for standard

clinical indications, was normal, were recruited at an outpa-

tient imaging center in Cairo, Egypt (Alfa Scan) from April

2014 to April 2015 to undergo a whole-body CT scan for

research purposes. Informed consent of each study subject was

obtained prior to enrollment.

Myocardial Perfusion Imaging

A total of 151 (98%) patients underwent symptom-limited

treadmill exercise stress according to the standard Bruce

protocol, while 3 (2%) patients underwent dipyridamole stress.

Termination of the stress test was performed according to

recommendations in the updated guidelines of exercise testing.9

A total of 152/154 subjects underwent same-day stress-only

MPI imaging in accordance with ASNC 2016 guidelines.9 The

remaining two patients underwent two-day technetium-99m

sestamibi gated SPECT MPI. All images were acquired with a

dual-head Philips JetStreamcamera (PhilipsHealthcare,Milpitas,

California) with low-energy, high-resolution collimators. All

radionuclide images and associated data were processed accord-

ing to the standard protocols.10,11 Myocardial perfusion images

were interpreted using the standard 17-segment model.9–11

At least two experienced nuclear cardiology specialists

interpreted each segment semi-quantitatively using 0 for

normal uptake, 1, 2, and 3 for mild, moderate, and severe

reduction of uptake, respectively, and 4 for absent uptake.

Summed stress, summed difference, and summed rest scores

(SSS, SDS, and SRS) were calculated. High-risk markers were

reported, including increased lung-to-heart ratio, transient left

ventricular cavity dilatation, and abnormal regional and global

wall motion abnormalities. Normal SPECT MPI studies were

defined as follows: ejection fraction above 50%, no left

ventricular dilatation, and normal myocardial perfusion images

(SSS\ 4 and SDS = 0).

CT Imaging Protocol

CT scanning was performed on either a Toshiba Aquilion

One 320 (Toshiba America Medical Systems, Tustin, Califor-

nia) (N = 96) or a Philips ICT 256 (Philips Healthcare,

Bothell, Washington) (N = 58). Gated coronary CT scans

were performed with 2.5 cm slice thickness, 50% overlap,

120 kV, 50 to 100 mA, and 90 to 180 mAs tube current,

automatically selected by Toshiba Sure Exposure Version

V4.74ER016 or Philips iDose Version V3. Low-dose, whole-

body CT scanning (from mandible to mid-calf) was obtained

with a spiral acquisition, 1 mm slice thickness, 128 9 0.625
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mm collimation, and pitch .899, kV 100 to 120. CAC was

quantified using the Agatston scoring method with a Vitrea

Workstation, Version 4 (Toshiba Medical Systems Europe,

The Netherlands) and was confirmed when needed in OsiriX,

Version 3.9 (Pixmeo, Switzerland) 64-bit image processing

software.12 Thoracic aorta (above the diaphragm, TAo),

abdominal aorta (below the diaphragm, AAo), and iliofemoral

(ILF) calcium scores were also performed with OsiriX. A

Philips Extended Brilliance Workspace CT workstation (Phi-

lips Healthcare, Bothell, Washington) was used for calcium

scoring of the carotids. TAo, AAo, and ILF calcium were

scored according to previously described methods and using

coronary calcium scoring software.4–6,13 Hounsfield units

C130 were used as the calcification threshold. Total body

calcium (TBC) is the sum of calcium scores in the five vascular

beds. The AAo and ILF calcifications of one CT scan could not

be quantified because of inadequate image quality due to

patient factors.

Statistical Approach

Results were collected, tabulated, and statistically ana-

lyzed using SPSS version 17 (Softonic International, San

Francisco, California). Differences between continuous vari-

ables and categorical variables were tested with unpaired t tests

and v2 tests. For inter-group comparison, an ANOVA test was

used. Binary logistic regression was used to determine the

strength of the relationship between one dependent variable

and a series of independent variables. Coronary (CA) and

carotid (CR) vascular beds were defined as event-related

vascular beds. A P value of\0.05 was considered statistically

significant.

RESULTS

The study population is characterized in Table 1.

Mean age was 53.0 ± 10.6 years (range 22 to 79 years),

108 (70%) were male, and 91/154 (59%) complained of

chest pain. Traditional risk factors of dyslipidemia,

hypertension, tobacco use, and diabetes were prevalent.

Patients with known CAD were excluded. Mean exer-

cise duration (Bruce protocol) was 7.7 ± 2.6 minutes

with a range of 1 to 16.6 minutes. Twenty-eight of 151

patients (19%) had an abnormal exercise ECG response

and 5 (3%) complained of chest pain during exercise

testing. CT mean radiation dose was 6.2 ± 1.8

millisieverts.

Subclinical atherosclerosis was common. Of the

154 patients, 115 (75%) had C1 vascular bed calcifica-

tion involvement. This was observed in 81/108 (75%) of

men and 34/46 (74%) of women. The ILF and the AAo

were the most frequently involved beds with calcifica-

tions increasing in frequency in an ascending ‘‘south to

north fashion’’ in both sexes. The CR and CA were least

affected, as illustrated in Figure 1. TBC score increased

with age in an exponential fashion in men and women

(Figure 2A, B). Beginning at age 50, the rate of rise was

greater in women than men. The occurrence of calcifi-

cation in all vascular beds also increased with increasing

age. However, there was a substantial delay in the

development of calcification in the CR and CA beds

relative to the other beds (Figure 3). In these ‘‘event-

related’’ arterial beds, the appearance of calcifications

lagged the AAo and ILF beds by &10 years (Table 2;

Figure 3).

The calcium scores in the TAo, AAo, and ILF beds

were considerably higher than those in the CA and CR

beds (Table 2). Upon reaching age 70, almost all arterial

beds were involved. The number of vascular beds

involved increased in a progressive fashion with increas-

ing age for both sexes (Online Appendix Figure 1).

Figure 4A demonstrates the prevalence of calcifi-

cation in the four non-CA vascular beds based on the

presence or absence of CAC and Figure 4B demon-

strates the mean calcium score similarly stratified. Even

when the coronary calcium score was 0, calcification

was frequently present in other vascular beds with the

ILF bed most often involved. The frequency of calci-

fication in patients with CAC = 0 was 42% ILF, 36%

AAo, 29% TAo, and 7% for CR beds (Figure 4A). A

total of 44/83 (53%) of patients with a CAC = 0 had

calcifications in other beds. The mean TBC for patients

with CAC = 0 was 831 AU (Figure 4B).

Online Appendix Figures 2A and B demonstrate

that patients with calcium in the CA and CR arteries

frequently had calcification in non-event-related beds

and that mean calcification scores were much higher in

these beds compared to patients without calcium in the

event-related beds.

Lastly, the mean calcium score of four vascular

beds similarly increased when stratified by increasing

degree of CAC as shown in Figure 5, P\ 0.001.

Table 1. Baseline characteristics of the study
population (N = 154)

Study population N 5 154

Age (years ± SD) 53 ± 11

Male sex, N (%) 108 (70)

Hypertension, N (%) 88 (57)

Hyperlipidemia, N (%) 92 (60)

Diabetes, N (%) 48 (31)

Current or history of smoking, N (%) 60 (39)

Treadmill stress, N (%) 151 (98)

Mean exercise duration (minutes) 7.7 ± 2.6

Abnormal ECG at peak stress, N (%) 28 (18)

CT mean radiation dose, millisievert (mSv) 6.2 ± 1.8

Values presented as mean ± SD or N (%)
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Figure 2. (A) Mean total body calcium score among study population across age group-
s. (B) Mean total body calcium score among men and women across all study age groups.
P\ 0.001 between age groups.

Figure 1. Prevalence of arterial calcification in five vascular beds among men and women.
Adapted with permission from Laclaustra et al19.
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DISCUSSION

This study showed that patients without known

CAD and a normal MPI frequently have subclinical

atherosclerosis on whole-body CT in the form of arterial

calcification. Even in patients without CAC, atheroscle-

rosis was frequent in other vascular beds.

Atherosclerosis was most frequent in the ILF bed and

progressed with age in an ascending ‘‘south to north

fashion’’ to involve the aorta, coronary, and carotid

arteries predominantly later in life. Our findings are

consistent with those of the PESA study, in which

subclinical atherosclerosis, as assessed by 2- and 3-

dimensional ultrasound, was frequent in an asymp-

tomatic middle-aged cohort not undergoing MPI. The

prevalence of atherosclerosis in the PESA population

was comparable to this Egyptian cohort, and most

common in the ILF bed (44%), followed by the CR

(31%) and AAo (25%) beds, with CAC present in

18%.14 Our data extend the work of Allison and

colleagues in which increasing age was a consistent

predictor of atherosclerotic disease as assessed by

whole-body CT across all beds.15

The distribution and progression of atherosclerosis

in autopsy studies was described in the 1950s by Roberts

and Wilkins.16–18 Atherosclerosis of the common iliac

arteries was observed as early as the second to third

decades of life.16–18

The recent Aragon Workers’ Health Study by

Laclaustra et al also suggests that early atherosclerotic

involvement of the femoral and iliac arteries, as assessed

by ultrasound, might be used as an early, sensitive

diagnostic marker for pre-clinical atherosclerosis.19

These investigators observed that femoral subclinical

atherosclerosis was associated with a higher risk of CAC

than was carotid atherosclerosis. Area under the receiver

operating characteristic curve for prediction of positive

(C1) or high (C300) CAC were 0.706 and 0.810,

respectively, for risk factors and femoral plaques. This

was statistically significant compared to prediction using

traditional risk factors.19

Currently, non-contrast thoracic CT is increasingly

used to detect CAC among patients referred for MPI.20

Patients with normal MPI and a CAC of 0 have a better

intermediate-term prognosis compared to patients with

normal MPI and CAC[ 0.13,21–25 The discovery of pre-

clinical CAD offers the opportunity to intervene with

preventive strategies.26–30

The current study, PESA Study, and the Aragon

Workers’ Health studies have demonstrated the frequent

presence of atherosclerosis in extracoronary vessel beds

in individuals without CAC. Thus, should patients with

normal MPI and asymptomatic patients with atheroscle-

rosis in extracoronary beds, but without CAC, be

considered for early preventive therapy?14,19,31,32 We

currently treat asymptomatic patients using a non-

specific risk factor model. This is often implemented

using calculators such as the Framingham risk calculator

or application-based ACC/AHA 10-year and lifetime

risk factor calculator for atherosclerotic cardiovascular

disease.33 A patient-centered paradigm based on the

presence of atherosclerosis could prove to be more

accurate than a population-based risk factor model.34 If

such an approach was used, the findings of this study

and the PESA and Aragon Workers’ Health studies

suggest that the arteries with the earliest onset of

atherosclerosis, the ILF and AAo arteries, would be

prime targets for assessment.14,19

Limitations

This study is a single-center study involving a

selected population of a moderate number of symp-

tomatic patients referred for MPI. It thus represents

patients referred for MPI rather than the general

population. Also, while all MPI exams were normal

in the patients in our study, MPI does not have 100%

sensitivity to detect ischemia. Thus, some of our

patients may indeed have had symptomatic obstruc-

tive CAD.35 Calcium scoring is also an indirect

surrogate for atherosclerotic disease and clinical

outcomes are not available in our particular patient

cohort. While the study raises the possibility that

utility of CT as a modality for calcium scoring

outside of the heart may be useful for the early

diagnosis of atherosclerosis, this approach involves

Figure 3. Mean calcium score (AU) in five vascular beds of
interest across all age groups. Values are presented as means.
P\ 0.001 between age groups.
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radiation exposure and the challenge of incidental

findings.36 Without further work, it is not possible to

evaluate the risk/benefit ratio of such a strategy.

Other non-CT approaches for diagnosing extracar-

diac, pre-clinical atherosclerosis might be developed

and more fully evaluated in such a strategy. For

example, ultrasonography of the iliofemoral arteries,

as performed by the PESA and Aragon Workers’

Health study investigators, or potential novel tech-

niques might be considered.

Table 2. Prevalence and mean calcium score of five vascular beds across age groups in the total study
population, men, and women

Vascular bed

Age group for both sexes

P
value

£39
N 5 15

40–49
N 5 45

50–59
N 5 51

‡60
N 5 43

Carotid arteries

Prevalence (%) 13 2 20 58 \0.001

Mean calcium score

(AU ± SE)

Both sexes (N = 154) 19.8 ± 14.3 0.1 ± 0.1 12.5 ± 4.9 74.1 ± 19.6 \0.001

Men (N = 108) 19.8 ± 14.3 0.0 ± 0.0 10.0 ± 5.3 88.3 ± 32.4 \0.001

Women (N = 46) 0.0 ± 0.0 0.3 ± 0.3 19.3 ± 11.4 60.0 ± 23.0 0.104

Coronary arteries

Prevalence (%) 27 29 49 67 \0.001

Mean calcium score

(AU ± SE)

Both sexes (N = 154) 53.5 ± 51.6 7.0 ± 2.4 40.2 ± 17.2 138.1 ± 31.5 \0.001

Men (N = 108) 53.5 ± 51.6 6.9 ± 2.8 40.2 ± 21.7 172.7 ± 54.9 \0.001

Women (N = 46) 0.0 ± 0.0 7.3 ± 5.5 40.1 ± 26.5 105.0 ± 32.0 0.075

Thoracic aorta

Prevalence (%) 7 13 49 91 \0.001

Mean calcium score

(AU ± SE)

Both sexes (N = 154) 33.0 ± 33.0 15.9 ± 9.9 291.6 ± 84.5 2369.0 ± 664.5 \0.001

Men (N = 108) 33.0 ± 33.0 16.8 ± 12.3 287.7 ± 101.2 2251.4 ± 754.6 0.002

Women (N = 46) 0.0 ± 0.0 12.9 ± 12.9 301.8 ± 158.2 2481.3 ± 1027.0 0.08

Abdominal aorta

Prevalence (%) 20 27 53 93 \0.001

Mean calcium score

(AU ± SE)

Both sexes (N = 154) 204.6 ± 194.6 198.3 ± 121.5 525.1 ± 157.5 3103.3 ± 675.8 \0.001

Men (N = 108) 204.6 ± 199.6 217.3 ± 155.3 608.3 ± 210.0 2466.8 ± 671.4 \0.001

Women (N = 46) 0.0 ± 0.0 131.8 ± 69.8 311.0 ± 153.6 3710.9 ± 1157.4 0.013

Iliofemoral arteries

Prevalence (%) 27 40 71 88 \0.001

Mean calcium score

(AU ± SE)

Both sexes (N = 154) 231.4 ± 136.9 328.3 ± 112.8 1050.9 ± 261.2 2670.3 ± 569.4 \0.001

Men (N = 108) 231.4 ± 136.9 384.5 ± 142.0 1178.0 ± 296.3 2794.0 ± 809.2 \0.001

Women (N = 46) 0.0 ± 0.0 131.3 ± 88.6 723.9 ± 547.0 2552.1 ± 819.1 0.059

Values are presented as mean ± SE. P values represent statistical difference between age groups
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CONCLUSIONS

Quantitative assessment of calcification in different

vascular beds demonstrates that many patients without

known CAD and normal myocardial perfusion, even

those with CAC = 0, often have significant atheroscle-

rosis in extracoronary vessel beds. Atherosclerosis

appeared first in the iliofemoral bed and then, in an

ascending, ‘‘south to north fashion,’’ to other arterial

beds. ILF calcification correlates strongly with coronary

atherosclerosis. Imaging the extracoronary vascular beds

provides a sensitive method for identifying pre-clinical

atherosclerosis, prior to the development of CAC. The

evaluation of atherosclerosis prior to its onset in the

coronary arteries may lead to better understanding of the

progression and natural history of atherosclerosis in its

long, pre-clinical phase. It also raises the potential for a

more patient-centered approach to prevention compared

to the traditional use of CAC or targeting preventive

measures based on more non-specific risk factors.

NEW KNOWLEDGE GAINED

Subclinical extracoronary atherosclerosis was iden-

tified in many patients with normal MPI and without

coronary calcium. Atherosclerosis most frequently

appeared first in iliofemoral bed and typically pro-

gressed in an ascending fashion. Assessment of

extracoronary calcification creates the opportunity to

consider a more patient-specific paradigm than tradi-

tional risk factor evaluation models. Further

investigation of the utility and practicality of imaging

of such a paradigm is warranted.

Figure 4. (A) Prevalence of calcification in four study arterial beds based on the presence of
coronary artery calcium (CAC). (B) Mean calcium score in four arterial beds based on the presence
of coronary artery calcium. Values are mean ± SE. P\ 0.001 between CAC = 0 and CAC[ 0.

Figure 5. Mean calcium score within four arterial beds based
on the degree of coronary artery calcium (CAC). Values are
presented as mean.
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