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ardiovascular disease is the leading cause of death in men
Cand women worldwide, accounting for approximately
31% of all deaths (1). Statins (3-hydroxy-3-methylglutaryl
coenzyme A reductase inhibitors) are the primary preventive
treatment of coronary heart disease and are recommended
for asymptomatic subjects based on a predicted risk greater
than 7.5% for cardiovascular events (2). This risk may be
predicted using the Pooled Cohort Equations, but other risk
scores are appropriate if they apply to the patients demo-
graphics. Currently, the most commonly used score in the
United States is the American College of Cardiology/Ameri-
can Heart Association (ACC/AHA) Pooled Cohort Equa-
tion Risk Score Estimator (3). Risk estimators use clinical
factors such as age, sex, race, blood pressure, serum choles-
terol levels, tobacco use, and diabetes to determine the indi-
vidual patient’s risk for future cardiovascular events, rather
than direct assessment of the extent of atherosclerotic disease
in the coronary and carotid arteries. The 2019 ACC/AHA
guideline acknowledges the limitations of risk scores and
states that imaging using coronary artery calcium (CAC)
score may be useful in certain intermediate-risk patients (2).
Of note, in contrast to a risk score that attempts to predict
cardiovascular events based on statistical assumptions, an
imaging test detects actual presence and extent of athero-
sclerotic disease. Actual risk for future cardiovascular events

is heavily correlated with presence and extent of disease and
may be additionally modified by clinical risk factors. New
antiatherosclerotic therapies emerging on the market prom-
ise large reductions of low-density lipoprotein levels but at
high costs, also creating the need for more precise identifica-
tion of at-risk subjects.

CAC and coronary CT angiography are noninvasive
modalities to image atherosclerosis that have been studied
as prognostic indicators of coronary artery disease (CAD) in
subjects with subclinical disease (4-7). The strong predictive
value of imaging becomes apparent in large-scale analyses
(44052 patients) in which individuals without any clinical
risk factors but a CAC greater than or equal to 400 expe-
rienced a significantly higher event rate than subjects with
three or more risk factors but a CAC of 0. Thus, imaging
presence of significant disease “overpowered” three or more
risk factors (8).

Previous studies have examined the relationship of ath-
erosclerotic disease in the coronary and carotid arteries us-
ing coronary CT angiography and carotid US, indicating
low-to-moderate correlation of disease (9,10). Studies have
also shown that carotid MRI may be a superior noninvasive
modality to measure carotid wall thickness and characterize
composition and high-risk features of plaque (11,12). How-
ever, prior studies have not compared coronary and carotid
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Abbreviations

ACC/AHA = American College of Cardiology/American Heart As-
sociation, CAC = coronary artery calcium, CAD = coronary artery
disease

Summary

A quarter of subjects had an atherosclerotic phenotype at imaging
that did not correlate with their American College of Cardiology/
American Heart Association risk score; coronary CT angiography
and carotid MRI may reveal presence of atherosclerosis in asymptom-
atic individuals even if not expected based on risk scores alone.

Key Points

= Approximately 25% of subjects were determined to have large
discrepancies between American College of Cardiology/American
Heart Association risk and actual plaque burden at imaging, with
approximately equal halves under- and overclassified.

= Clinical risk score models alone do not fully reflect the amount of
atherosclerotic disease present.

= These findings encourage further research on the role of athero-
sclerotic phenotype imaging in cardiovascular risk prediction.

disease burden as determined by coronary CT angiography and
carotid MRI with the most recent ACC/AHA risk scores in as-
ymptomatic individuals.

The purpose of this study was to determine the relationship
between ACC/AHA risk and plaque phenotype directly assessed
with CT angiography and MRI of the coronary and carotid ar-
teries in asymptomatic subjects. Of note, CT angiography and
carotid MRI are not currently indicated for asymptomatic indi-
viduals. We hypothesized that assessment of coronary vasculature
with CT angiography and CAC and the carotid arteries with
MRI would show that a subset of asymptomatic subjects has sig-
nificantly more or less coronary and/or carotid plaque than their
ACC/AHA risk score suggests. Such subjects would potentially ei-
ther be overtreated (no disease is present) or undertreated (marked
disease burden) in relationship to their actual disease burden.

Materials and

Methods

This study was approved
by our institutional review
board in accordance with
the Health Insurance Por-
tability and Accountability
Act, and written informed
consent was obtained
from all participants. We
prospectively  enrolled
242 asymptomatic men
and women over the age
of 55 years as part of the
Randomized Trial of Im-
aging Versus Risk Factor-
Based Therapy for Plaque
Regression  (Clinical Tri-
als.gov. NCT01212900).
A subset of 106 subjects

Figure 1:

in a coronary free model. B, A curved multiplanar view of the left anterior descending artery, with lumen wall in yellow and external

with follow-up data at carotid MRI was previously reported (no
CT angiography data or no baseline comparisons between modal-
ities) (13). The main inclusion criteria of this trial were age of 55
years or older and qualification for lipid-lowering therapy based
on Adult Treatment Panel III guidelines (14). Main exclusion
criteria were contraindication for statin therapy, use of nonstatin
lipid-lowering therapy, ineligibility for MRI scan, and liver failure.
Clinical information and blood analysis results were collected at
baseline. Ten-year atherosclerotic cardiovascular disease risk was
calculated via the 2013 ACC/AHA Guidelines on the Assessment
of Cardiovascular Risk (3).

Image Acquisition

Coronary CT angiography.—CT angiography was performed
with a 320-detector row volumetric scanner. Baseline calcium
scoring was performed with noncontrast CT and the Agatston
method (120 kV, 140 mA, 3-mm collimation at 3-mm slice in-
crements) (15). Angiography was performed with a 350-msec
gantry rotation, a 100-kV tube voltage, and scanner-adapted tube
current (300-580 mA). Intravenous iodinated contrast material
(Isovue-370; Bracco Diagnostics, Singen, Germany) was admin-
istered based on weight: 50 mL for subjects up to 59 kg, 60 mL
for subjects 60-100 kg, and 70 mL for subjects weighing more
than 100 kg.

Carotid MRI.—All subjects also underwent carotid MRI exami-
nations using a 3-T scanner (Magnetom Verio; Siemens) and a
four-channel carotid artery phased-array coil. Isotropic three-di-
mensional time-of-flight noncontrast MR angiography was used
to locate the carotid bifurcation and the internal carotid artery.
Axial T1- and T2-weighted black-blood sequences were per-
formed prior to contrast material administration to determine
internal carotid artery wall thickness. Slices were taken at the
proximal 10 mm of the internal carotid artery (five slices with
2-mm slice thickness, no slice gap). Gadopentetate dimeglumine

An example analysis of left anterior descending coronary artery in a 7 1-year-old man. A, Coronary artery segmentation

vessel wall in orange. C, A cross-secfional view of a noncalcified plaque. D, A cross-secfional view of a calcified plaque.
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Figure 2:  Assessing carotid wall volume at MRI in a 72-year-old patient. A, Axial slices at the bifur-
cation of the right common carotid artery into the internal carotid and external carotid artery show wall
thickening and plaque formation in the internal carotid artery wall. B, The lumen and outer wall of the
infernal carotid artery were traced in five continuous axial slices (three shown), and the average wall
volume was calculated. Red circle indicates the lumen, green circle the outer wall. ECA = external carofid

artery, ICA = internal carofid artery.

(Magnevist; Bayer) was administered at 0.1 mmol/kg, and post-
contrast T1-weighted black-blood sequences were acquired using
the same slice positions and acquisition parameters as precon-
trast images, but the inversion times were reduced by 100-200
msec to compensate for the T1 shortening effect of blood after
administration of gadolinium-based contrast material.

Image Analysis

CT angiography.—Analysis of CT angiographic images for
calcified, noncalcified, and total plaque was performed using
a QAngioCT workstation (Research Edition, version 2.0.5;
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Medis Medical Imaging Systems, Leiden, the
Netherlands). QAngioCT performed longitu-
dinal contouring of the inner lumen and outer
wall automatically, and manual adjustments
were made as needed (Fig 1). Clinical infor-
mation was not available to the reader. Results
of automated contouring of the inner lumen
and outer wall were also reviewed on transverse
reconstructed cross sections of the artery on a
section-by-section basis at 0.5-mm increments.
Thresholds for plaque characterization were
adaptively corrected based on lumen attenua-
tion, reducing the impact of different contrast
agent concentrations in the lumen on plaque
measurements.

In addition to these quantitative analyses, all
CT angiograms were reviewed for presence or
absence of any (calcified and/or noncalcified)
coronary plaque by an experienced cardiologist

(V.S).

MRI analysis.—MRI analysis for average wall
carotid volume was performed using QPlaque
1.0.16 (Medis). Clinical information was not
available to the reader. Images were aligned us-
ing the carotid bifurcation as a landmark, and
the lumen and outer wall of the internal carotid
artery were traced in five continuous axial slices
(Fig 2). T1-weighted precontrast images were
the first choice for wall volume measurements.
If image artifact was present, T2-weighted or
postcontrast images were used. Interscan repro-
ducibility for carotid wall volume measurement
at 3 T was previously assessed and is excellent
(coefhicient of variance 5.7%) (16).

Statistical Analysis

Statistical analysis was performed with R version
3.0.3 (https://www.r-project.org). Baseline patient
summary statistics for continuous variables were
reported as means with standard deviations. The
log-transformed CAC score ([1 + absolute CAC
score]) was used for calcium score analysis be-
cause of the skewed distribution of the calcium
score. Noncalcified plaque at CT angiography
was used for analysis because previous studies
have shown an improved risk stratification in asymptomatic
subjects over the use of the CAC score alone (5, 25). In addition,
noncalcified plaque is modifiable by drug treatment.

Because there were no clinically known severity grades for sev-
eral parameters, and to avoid issues with nonnormality and outli-
ers, each patient’s noncalcified coronary plaque, coronary calcium
score, average carotid wall volume, and ACC/AHA risk was sorted
into four quartiles (with quartile 1 being the lowest 25% of the
study sample and quartile 4 being the highest 25%) and com-
pared with risk quartile in a table and graphical format. Baseline
characteristics for subjects with a risk score misclassification two
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or more degrees away from their corresponding noncalcified coro-
nary plaque, coronary calcium score, and/or average carotid wall
volume quartile were summarized with means with standard de-
viations (and median for coronary calcium score).

The Kendall rank correlation coefficient (Kendall tau) was
used to calculate the correlation between the risk scores and

plaque phenotype.

Study Sample Characteristics

Of the 242 subjects enrolled, 203 underwent all imaging studies
and were included in this analysis. Baseline participant charac-
teristics are shown in Table 1. The study sample was predomi-
nantly male (60%). Average age was 65 years old. Relatively few
participants had diabetes (8%). History of smoking was reported
in 43% of subjects, but only a small portion (6%) was currently
smoking. Most of the participants were overweight, and the
mean body mass index was 27.7 kg/m? (overweight designated
as body mass index of 25-29.9 kg/m?). Hypertension was pres-
ent in nearly half of the participants (46%), but blood pressure
was reasonably well controlled (median systolic blood pressure
was 129 mm Hg, and median diastolic blood pressure was 73
mm Hg). The study sample had a median ACC/AHA risk score
of 12%, indicating moderate to high risk.

Coronary and Carotid Disease at Imaging Compared with
Clinical Risk Score

Subjects were independently sorted into ranked quartiles accord-
ing to their ACC/AHA risk, noncalcified coronary plaque, CAC,
and average carotid wall volume. The percentage of the cohort in
each quartile for noncalcified coronary plaque, CAC, average ca-
rotid wall volume, and presence of coronary plaque was compared
with the corresponding ACC/AHA risk quartile (Fig 3).

There were moderate-to-low correlations between ACC/
AHA risk score and average carotid wall volume (Kendall tau
=0.29), CAC score (Kendall tau = 0.33), and presence of non-
calcified coronary plaque (Kendall tau = 0.22). Subjects in the
third average carotid wall volume quartile were most poorly
matched to their corresponding ACC/AHA risk quartile, with
21.6% matched. Subjects in the highest average carotid wall
volume quartile were best matched at 46%. Across all four
quartiles, carotid wall volume was correctly matched to ACC/
AHA risk in an average of 32.6% of subjects.

Correlation between ACC/AHA risk score and noncalcified
coronary plaque (Kendall tau = 0.16), and correlation between av-
erage carotid wall volume and calcium score (Kendall tau = 0.15)
were weak. Subjects in the second noncalcified coronary plaque
volume quartile were most poorly matched to their correspond-
ing ACC/AHA risk quartile, with 21.6% matched. Subjects in
the lowest noncalcified coronary plaque volume quartile were the
best matched, with 39.2% correctly matched. Averaged across all
four quartiles, noncalcified coronary plaque volume was correctly
matched to ACC/AHA risk in 30.1% of subjects. Clinical risk cor-
related slightly worse with CAD (Kendall tau = 0.16) assessed with
imaging compared with carotid artery disease (Kendall tau = 0.29).

Table 1: Baseline Patient Characteristics

Parameter

All Subjects (7 = 203)

Physical examination result or demo-

graphic

Visit age (y) 65.0 £ 6.6
No. of men* 122/203 (60.1)
Weight (kg) 80.6 + 15.3
Height (cm) 170.3+9.3
Body mass index (kg/m?) 27.7 £4.6
Systolic blood pressure (mm Hg) 128.9 + 13.6
Diastolic blood pressure (mm Hg) 72.9 +10.4
LDL cholesterol level (mg/dL) 96.9 +33.5
HDL cholesterol level (mg/dL) 60.9 +20.3
Triglyceride level (mg/dL) 117.2 +70.1
Total cholesterol level (mg/dL) 181.2 + 40.4

ACC/AHA risk score (%)*
ACC/AHA risk score = 7.5%*

12.2 + 8.3 (1.2-44.9)
133/203 (65.5)

Medical history
Diabetes* 15/203 (7.4)
Hypertension* 93/203 (45.8)

86/203 (42.4)
12/203 (5.9)

History of tobacco use*

Current tobacco use*
Imaging assessment

Coronary artery calcium (Agatston 68.0 (0-390.5)
units)*
Subjects with coronary artery calcium ~ 53/203 (26.1)
score of 0*

160/203 (78.8)

Presence of any plaque*

Noncalcified coronary plaque volume 1173.9 + 322.6
(mm?)
Average internal carotid artery wall 246.7 + 62.1

volume (mm?)

Note.—Data are means + standard deviations, unless otherwise
noted. ACC/AHA = American College of Cardiology/American
Heart Association, HDL = high-density lipoprotein, LDL = low-
density lipoprotein.

* Data are number of patients, with percentages in parentheses.

" Range in parentheses.

# Median score with interquartile range in parentheses.

Imaging Correlations

Quartiles comparing coronary and carotid artery disease (as
assessed with coronary CT angiography and carotid MRI, re-
spectively) are seen in Figure 4. On average, 30.6% of subjects
had the same quartile of coronary and carotid disease, with the
greatest correlation in subjects having either very low or very
high disease in both vascular beds.

Underclassified and Overclassified Clinical Risk Score

Misclassified risk was defined as a subject having an imaging-as-
sessed measurement fall two or more quartiles away from their
clinical risk quartile. Clinical risk was misclassified when com-
pared with average carotid wall volume, CAC, and noncalcified
coronary plaque in 22.1%, 24.1%, and 29.6% of subjects, re-
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Non-Calcified Coronary Plagque Volume vs
ACC/AHA Risk
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subjects were correctly classified, 11.3% were underclassified, and
10.8% overclassified compared with ACC/AHA risk. CAC score
correlated to ACC/AHA risk the best at 40.8% of subjects cor-
rectly classified, 12.3% underclassified, and 11.8% overclassified.
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Figure 5:

Imaging quartile versus risk quartile by percentage of total study subjects. Green line represents line of identity where American

College of Cardiology,/American Heart Association (ACC,/AHA) risk quartile and imaging quartile are the same. Overclassified risk and
underclassified risk were defined as being two or more quartiles away from the line of identity. (@) ACC /AHA risk compared with noncalcified
coronary plaque volume: 14.8% were underclassified, 14.8% were overclassified, and 30.1% were correctly classified. (b) ACC/AHA risk
compared with average carotid wall volume: 11.3% were underclassified, 10.8% were overclassified, and 32.5% were correctly classified.
() ACC/AHA risk compared with coronary artery calcium score: 12.3% were underclassified, 11.8% were overclassified, and 40.8% were

correctly classified.
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Subanalysis of Misclassified Patient Characteristics

Subgroup analysis of severely misclassified subjects (defined as
under- or overclassification with two or more imaging modali-
ties) was also done. Twenty subjects (9.9%) had either under-
classified risk or overclassified risk with two or more imaging
methods. Underclassified subjects were significantly younger
and, as expected, had greater noncalcified coronary plaque vol-
ume and lower ACC/AHA risk. Overclassified subjects were
significantly older, of lower body height, weighed less, and had
lower noncalcified coronary plaque volume and higher ACC/
AHA risk (Table 2).

Di on
The 2013 and 2019 ACC/AHA guidelines for primary preven-
tion of cardiovascular disease increased the number of asymp-

tomatic subjects eligible for antiatherosclerotic therapy (17).
Current guidelines encapsulate current and future risk over 10
years, whereas imaging defines the current atherosclerotic phe-
notype actually present. In this study of asymptomatic subjects
eligible for antiatherosclerotic therapy, we hypothesized that
greater risk would be associated with greater atherosclerotic
disease burden at imaging. In general, about 75% of subjects
showed some agreement between disease risk and disease bur-
den, whereas 25% had a large discrepancy in risk category. The
risk score showed slightly worse correlation to CAD (Kendall
tau = 0.16 for noncalcified plaque, 0.22 for any plaque) than to
carotid disease (Kendall tau = 0.29); the extent of CAC and ca-
rotid wall disease were poorly correlated (Kendall tau = 0.15).

The use of CAC score and CT angiography as noninvasive
modalities to image atherosclerosis and as indicators of CAD
have been widely described in the literature (4-7). CAC has
been shown to improve coronary heart disease risk prediction
in asymptomatic individuals when added to clinical risk mod-
els based on the Framingham risk score (7,18). Zavodni et al
showed that vulnerable carotid plaque features and morphology
at MRI are associated with cardiovascular events in asymptom-
atic subjects, which suggests that this modality could be used to
reclassify baseline risk in this patient population (19).

Unlike previous studies that compared carotid wall thickness
measured by heavily operator-dependent two-dimensional US

ACC/AHA Risk Quartile

u 25/203  11/203
(12.3%) (5.4%) 4
E 11/203 21/203 9/20

(5.4%)  (10.3%) (4.4%)
137203 9/203 16/203  14/703

(6.4%) (4.4%) (7.9%) (6.9%)
2/203 }/}N\IHZOS 21/203
(1.0%) (4.9%) (8.4%)  (10.3%)

Under-classified risk

(3.0%) )
9/203 classified

Calcium Score
Quartile

o

imaging to CAD diagnosed by using coronary CT angiography
(9,10), the current study compared MRI carotid wall volume
to CAC and CT angiography three-dimensional noncalcified
plaque volume, which, to our knowledge, has not been reported
in the past.

In the current study, clinical risk was greater than two quar-
tiles away from the imaging quartile in 22.1%, 24.1%, and
29.6% (for average carotid wall volume, CAC, and noncalcified
coronary plaque, respectively) of subjects. Age was a significant
factor in subjects with severely misclassified clinical risk (as de-
fined by under- or overclassification with two or more imaging
modalities). Younger subjects tended to be more frequently un-
derclassified, and older subjects tended to be more frequently
overclassified by using risk scores.

The mismatch between clinical risk and noncalcified plaque
is especially of note as it is a target for high-intensity statins and
has previously been linked to cardiovascular risk factors such as
low-density lipoprotein cholesterol level, systolic blood pressure,
and diabetes and it appears to be modifiable by drug therapy
(20). Correlation between ACC/AHA risk score and noncalcified
coronary plaque was weak (Kendall tau = 0.16), highlighting the
additional diagnostic information noncalcified coronary plaque
measurement may provide distinct from clinical risk score. These
results are also consistent with previous studies correlating coro-
nary atherosclerosis with subclinical carotid plaque (21).

The current study demonstrated that clinical risk score sub-
stantially over- or underestimates plaque in a significant portion
of asymptomatic subjects. Although this study did not ana-
lyze actual treatment decision, preventative treatment is usually
based on risk score. Previous studies have shown that clinical risk
score is a largely effective method for determining whether an

rctirsna.org = Radiology: Cardiothoracic Imaging Volume 2: Number 1—2020
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Table 2: Underclassified and Overclassified Patient Characteristics

wall volume (mm?)

Overclassified by

Underclassified by Two or More Im-

Two Imaging or aging Methods

More Methods ~ Not Underclassi- (n =20) Not Overclassified

Parameter (n =20) fied (7 = 183) P Value (n=183) P Value
Physical examination results or
demographic
Visit age (y) 59.5 65.61 <.001* 71.8 64.3 <.001*
No. of men' 15/20 (75) 107/183 (58) .23 10/20 (50) 112/183 (61) 47
Weight (kg) 80.4 80.6 94 74 81.3 04
Height (cm) 173 170.1 18 165.3 170.9 01*
Body mass index (kg/m?) 26.9 27.8 41 27.2 27.8 .57
Systolic blood pressure (mm 125.5 129.3 .24 130.4 128.7 .62
Hg)
Diastolic blood pressure (mm  76.2 72.6 .14 69.3 73.3 Bl
Hg)
LDL cholesterol level (mg/dL) ~ 91.9 97.5 48 104.3 96.1 3
HDL cholesterol level (mg/dL) 64.3 60.5 43 62 60.8 .8
Triglyceride level (mg/dL) 107.9 118.2 .53 123.2 116.5 .69
Total cholesterol level (mg/dL)  177.7 181.6 .69 190.9 180.1 .26
Average ACC/AHA risk score 5.7 12.9 <.001* 20.9 11.2 <.001*
(%)
Medical history
Diabetes’ 0/20 (0) 15/183 (8) .38 4/20 (20) 11/183 (6) 07
Hypertension' 7120 (35) 86/183 (47) 43 13/20 (65) 80/183 (44) 12
History of tobacco use’ 8/20 (40) 78/183 (43) <.99 8/20 (40) 78/183 (43) <.99
Current tobacco use’ 1/20 (5) 11/183 (6) <.99 2/20 (10) 10/183 (5) 75
Imaging assessment

Median coronary artery calcium 212 57 11 42 73.5 .78
score (Agatston units)
Noncalcified coronary plaque 1366.8 1152.9 .005* 926.3 1201 <.001*
volume (mm?)
Average internal carotid artery ~ 261.9 245.1 25 223.6 249.3 .08

density lipoprotein, LDL = low-density lipoprotein.
* P <.05.
" Data are numbers of patients, with percentages in parentheses.

Note.—Data are means unless noted otherwise. ACC/AHA = American College of Cardiology/American Heart Association, HDL = high-

antiatherosclerotic treatment is needed when averaged over a large
population (22,23). However, the results of this study show that a
risk score alone may be insufficient for determining the individual
patient’s cardiovascular risk. This view is also reflected in the 2019
ACC/AHA guidelines, which affirms the use of imaging, calcium
scoring specifically, in certain subgroups and within a patient-phy-
sician discussion (2). Asymptomatic subjects may have an ACC/
AHA risk score of less than or equal to 7.5% and not be prescribed
statin therapy but in actuality have atherosclerosis that may be bet-
ter identified with imaging. Improved selection of patients who
may benefit from newer treatment options is needed, as adjunctive
therapies to statins have greater adverse effect profiles and newer
antiatherosclerotic medications such as proprotein convertase sub-
dlisin/kexin type 9, or PCSK9, inhibitors cost upward of $14530

annually (24). Clinicians should consider supplementing a clinical
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risk score with direct assessment of vasculature with imaging in
selected cases.

One limitation of this study was the small sample size of 203
subjects who were recruited from a single center, which may not
be generalizable. However, the smaller sample size allows for
more accurate phenotyping compared with larger epidemiologic
studies. Another limitation was the lack of follow-up cardiovas-
cular event data to assess the long-term clinical outcome of un-
der- and overclassified subjects. The application of our findings
may also be restricted by the cost and limited access to carotid
MRI in the greater patient population.

In conclusion, our results showed that roughly a quarter of
all subjects were determined to have large discrepancies between
ACC/AHA risk and actual plaque burden at imaging, with ap-
proximately equal halves under- and overclassified. These results
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suggest that clinical risk score models alone do not fully reflect
the amount of atherosclerotic disease present and do encourage
further research on the role of atherosclerotic phenotype imaging
in cardiovascular risk prediction.
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