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Abstract
Purpose of Review This review aims to provide an overview
of how cardiovascular imaging can help individualize preven-
tive cardiovascular care, while focusing on the implications of
various recent noninvasive and invasive imaging studies for
the field of preventive cardiology.
Recent Findings Coronary artery calcium (CAC) has
established itself as a well-validated tool for detecting the
presence or absence of coronary atherosclerosis and thus can
provide a more precise measurement of risk than many com-
monly used risk scores. While individuals with no CAC have

an excellent prognosis, those with evenminimal CAC have an
increased risk of adverse cardiovascular outcomes. These
findings have now been extended across several different pa-
tient cohorts, including younger patients (e.g., age 35–
46 years), for whom the presence of any plaque is associated
with a substantially higher risk. Aside from helping to guide
the need for various preventive therapies, the detection of
CAC may lead to improved risk factor modifications and en-
hance patient compliance. The implications of these studies
include the fact that the incidental identification of CAC on
nongated chest CT scans in patients without prior known
CAD should prompt intensification of preventive therapies.
Recent trials have suggested that among patients with stable
symptoms, coronary CTA, as compared to functional testing,
leads to higher initiation and intensification of preventive
strategies, and a lower incidence of future myocardial infarc-
tion. As such, it imperative to use the results of cardiovascular
imaging tests—which are often ordered to evaluate symp-
toms, and not necessarily for implementing preventive thera-
pies—in a way that would promote more aggressive preven-
tive therapies to individuals who have evidence of subclinical
atherosclerotic cardiovascular disease.
Summary Cardiovascular imaging in both asymptomatic and
symptomatic patients can have significant implications on
long-term preventive treatments and allows for a more precise
assessment of risk. Consequently, physicians should routinely
incorporate the results of any available imaging studies to-
gether with clinical data, when deciding on the role and inten-
sity of various pharmacologic and lifestyle changes.
Communication of such findings with patients could enhance
adherence and is essential for optimal patient-centered care.
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Introduction

Atherosclerotic cardiovascular disease (ASCVD) is the lead-
ing cause of morbidity and mortality in the world, and repre-
sents a continuing crisis of epidemic proportions. With esca-
lating health care costs, there has been an increasing emphasis
on how to improve efforts to prevent ASCVD. In healthy
individuals without prior history of ASCVD, the risk of de-
velopment of ASCVD is highly influenced by the interplay
between multiple risk factors. These risk factors, which in-
clude hypertension, dyslipidemia, diabetes mellitus, and obe-
sity, form the cornerstone of ASCVD prevention.

Cardiovascular prevention efforts are often guided by the
assessment of a patient’s overall cardiovascular risk based on
probabilistic risk scores which utilize cardiovascular risk fac-
tors to estimate future ASCVD risk. For instance, the widely
utilized Framingham risk score (FRS) uses age, gender, total
cholesterol, high-density lipoprotein cholesterol, smoking sta-
tus, systolic blood pressure and blood pressure treatment sta-
tus to estimate the 10-year risk of a myocardial infarction in
patients without heart disease or diabetes. However, limita-
tions have emerged regarding the FRS, including concerns
about whether it can be generalized to nonwhite populations,
and its applicability to women [1]. Accordingly, the more
recently released 2013 American College of Cardiology/
American Heart Association (ACC/AHA) has developed an
ASCVD risk equation that was derived from multiple patient
cohorts, and provides equations for men and women, in addi-
tion to different equations for white and African-American
individuals [2].

The traditional paradigms for the prevention of ASCVD
have embraced such risk-based approaches, linking the inten-
sity of preventive therapy with a calculation of an individual’s
absolute risk. However, multiple studies have now highlighted
the underlying shortcomings when applying these probabilis-
tic scores derived from large populations to an individual pa-
tient. For example, it is estimated that current pooled cohort
equation may broadly overestimate ASCVD risk [3], poten-
tially leading to overtreatment in individuals unlikely to ben-
efit from long-term treatment with statins and aspirin, with
potential for increased cost and adverse clinical consequences.

In order to better match the intensity of preventive therapies
with an individual’s risk, more refined approaches to risk as-
sessment are needed. Ideally, we should be able to accurately
assess the absolute cardiovascular risk of an individual patient,
calculate the likelihood of benefit or harm from an interven-
tion, and prescribe therapies after a frank discussion of specif-
ic risks and benefits. Indeed, such a process would allow for a
model of shared decision making between providers and pa-
tients. Cardiovascular imaging can provide an objective as-
sessment of the extent and severity of atherosclerosis, and
offers the strongest measure of future risk. This may be due
to the fact that the burden of plaque represents the interplay of

multiple pathways resulting from the lifetime exposure to both
known and unknown risk factors. Early detection and visual-
ization of disease may represent an opportunity for patients
and health care providers alike to modify the disease process
by implementing evidence-based therapies and adoption of a
healthy lifestyle.

Over the past few years, there have been a number of clin-
ical studies in the field of cardiovascular imaging, which have
important implications for the prevention of ASCVD events.
In addition, several studies have highlighted that incorporating
imaging into the primary prevention decision making strategy
may result in superior diagnostic accuracy with improved
cost-effectiveness. The role of this current review is to provide
an overview of these cardiovascular imaging-based clinical
studies and highlight the potential implication of these studies
for the paradigm of primary prevention of ASCVD.

Detection of Underlying Coronary Artery Disease

Coronary Artery Calcium Scoring Studies

Coronary artery calcium (CAC) scoring provides a quantita-
tive and reproducible measurement of the calcified portion of
coronary plaque that, when elevated, is pathognomonic for
coronary atherosclerosis and strongly predictive of future cor-
onary heart disease events. Measurement of CAC allows for a
score which integrates the effect of exposure to both known
and unknown risk factors in an individual patient. Unlike risk
factors, CAC scanning can be used to accurately estimate
actual atherosclerotic disease burden, as previously shown
by Rumberger et al. [4]. In the 2010 American College of
Cardiology Foundat ion (ACCF)/American Heart
Association (AHA) Task Force on Practice Guidelines for
the assessment of cardiovascular risk in asymptomatic adults,
measurement of CAC with CT imaging received a Class IIa
recommendation stating that “measurement of CAC is reason-
able for cardiovascular risk assessment in asymptomatic
adults at intermediate risk (10% to 20% 10-year risk).” [5]
The potential role of CAC assessment was also stated in the
updated 2013 ACC/AHA Guideline on the Assessment of
Cardiovascular Risk, which stated that “assessing CAC is
likely to be the most useful of the current approaches to im-
proving risk assessment among individuals found to be at
intermediate risk after formal risk assessment” [2].

To date, CAC screening has been studied in more than
100,000 patients, including multiple large prospective studies
with long-term follow-up of up to 10 years [6, 7]. A common
theme across all these studies has been the consistent ability of
CAC to assess cardiovascular risk in asymptomatic patients
beyond that provided by other noninvasive tests and risk
calculators. Multiple studies have demonstrated that
assessment of CAC can reclassify patients deemed
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intermediate risk by the traditional risk calculators, into low-
and high-risk categories—an important distinction when
counseling patients and directing therapies. In two large stud-
ies, Multi-Ethnic Study of Atherosclerosis (MESA) and
Heinz-Nixdorf Recall studies, net reclassification improve-
ment was achieved in 54.4 and 65.6% of patients, respective-
ly, who were deemed “intermediate” risk by standard assess-
ment [8]. Assessment of CAC can also highlight the discor-
dance between assessment of traditional risk factors and un-
derlying CAC [9•]. Data from MESA has highlighted the
discordance of risk factors and CAC severity, where
CAC = 0 was observed in 35% of patients with ≥3 modifiable
risk factors, compared with 12 and 5% of patients with no risk
factors having CAC >100 and >300, respectively [10].
Importantly, patients with CAC but no risk factors have a
substantially higher event rate than those who have multiple
risk factors but no CAC [10] (Fig. 1). Thus, even patients with

low and high risk by traditional risk assessment tools may
benefit from CAC testing.

An important feature of CAC testing is its high sensitivity
level, and subsequently its greatest value lies in its negative
predictive value when the CAC score is 0. Numerous studies
have now shown that individuals with CAC = 0 have an ex-
cellent prognosis. Across studies, patients with CAC = 0 have
a very low risk of future events (<0.1%/year risk of coronary
heart disease [CHD]). Conversely, patients with CAC ≥ 100
are at significant risk of CHD with a tenfold increased event
rate compared with CAC = 0. Even minimal CAC (CAC = 1–
10) carries a twofold increase in CV events (stroke, myocar-
dial infarction, or cardiac death) over 10 years compared with
CAC = 0 [11].

While most of the trials have established the role of CAC in
patients older than 45 years, the recently published Coronary
Artery Risk Development in Young Adults (CARDIA) Study

Fig. 1 Discrepancy between
CAC and traditional risk factor
burden. Total (a) and hard (b)
coronary heart disease event rates
(per 1000 person-years) with
increasing coronary artery
calcium (CAC) score according to
risk factor burden in the Multi-
Ethnic Study of Atherosclerosis
(MESA) evaluating a prospective
observational cohort of 6814 men
and women, aged 45–84 years
without known cardiovascular
disease. The overall event rate is
low among patients with zero
CAC score even with the
presence of significant risk
factors. (Used with permission
from European Heart Journal
(2014) 35, 2232–2241)
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established the prognostic role of CAC among young patients
with potential implications on primary prevention [12]. This
study evaluated CAC in 3043 adults aged 32 to 46 years, with
a mean age of only 40.3 years. In this young cohort, 10.2% of
patients were noted to have any CAC, which 5-years later
increased to 20.1%, and 10-years later increased to 28.4%.
During the 12½ years of follow up, among the 309 partici-
pants (10.2%) who were noted to have any CAC there was a
higher incidence of coronary heart disease (hazard ratio 5.0)
and cardiovascular disease (hazard ratio 3.0), after adjusting
for CVD risk factors and demographic variables. Even low
CAC scores (i.e., 1–19 and 20–99) at young age were associ-
ated with CHD events by middle age. It has long been recog-
nized based on autopsy studies that most persons between 20
and 29 years of age have some degree of coronary fatty
streaks, regardless of sex, race, or national origin [13]. While
this fatty streaking is clinically harmless and potentially re-
versible, progression to fibrous plaques and more advanced
lesions often leads to a critical stage of atherosclerosis in
which clinical disease develops. The CARDIA study is an
important step forward which has highlighted the increase in
the prevalence of CAC among adults from their third to fifth
decade of life. This striking increase of CAC suggests that
aggressive medical management of risk factors and imple-
mentation of preventive measures at an early age may be a
key component for improving outcomes related to ASCVD.

The role of CAC in primary prevention was explored in the
Early Identification of Subclinical Atherosclerosis by
Noninvasive Imaging Research (EISNER) trial, which
highlighted the potential role of CAC scoring in guiding phy-
sician behavior for primary prevention of ASCVD [14]. In the
EISNER study, 2137 subjects with underlying coronary artery
disease risk factors were randomized to either a CAC scan at
baseline or no CAC scan at baseline in a 2:1 ratio. In addition,
all subjects received a one-time risk factor counseling session
after risk assessment. During a follow-up period of 4 years, the
CAC scan group manifested a net favorable improvement in

serum low-density lipoprotein, systolic blood pressure, and
weight (for those who were overweight at baseline) with an
overall more favorable change in FRS, as compared to the
group that was randomized to risk factor counseling without
CAC scanning (Tables 1). Notably, the observed benefit in the
scan group was attributable to a favorable increase in medica-
tions among those with increasing CAC scores.

Since cardiac imaging tests themselves do not directly in-
fluence patient outcomes, the proposed mechanism for any
benefits is via improved downstream lifestyle changes and
medical management. As suggested by the EISNER study
and others, CAC scanning can provide a unique opportunity
to not only provide a better estimation of an individual’s risk,
but also to initiate more aggressive medical management
based on the presence and magnitude of CAC abnormality.
The direct visualization of plaque can concretize the reality of
disease for patients, thus serving to increase patients’ motiva-
tion. This may serve asmotivation to adopt a healthier lifestyle
and adhering to both, pharmacological treatments as shown by
Kalia et al. [15], or to non-pharmacological interventions,
such as dietary changes and exercise, as shown by Schawrtz
et al. [16]. In the latter study, after a mean of 6 years, those
with a CAC score greater than 0 were more likely to increase
their exercise (19 vs 12%,P < .01) and change their diet (33 vs
21%, P < .01). A recent meta-analysis evaluated the changes
in pharmacological and lifestyle cardiovascular preventive
therapies in patients with non-zero versus zero CAC score
[17]. This meta-analysis, which evaluated six studies, found
that identifying calcified coronary plaque, significantly in-
creased the likelihood of initiation of aspirin and blood pres-
sure lowering medications, initiation and continuation of lipid
lowering medications, as well as intensification of exercise
and dietary changes.

While the prognostic role of measured CAC score has been
widely described and validated, in recent years there have
been a few studies which have highlighted the finding of in-
cidental coronary artery calcium on non-contrast chest CT

Table 1 Changes in key clinical
parameters in the Early
Identification of Subclinical
Atherosclerosis by Noninvasive
Imaging Research (EISNER) trial

Parameter Changes as
compared to baseline

No CAC scan CACS = 0 CAC Score

0–100

CAC Score

100–400

CAC Score

> 400

SBP (mm Hg) −5 −4 −9 −10.5 −9
DBP (mm Hg) −4 −4 −7 −5 −8
LDL (mg/dl) −11 −12 −18.5 −25 −29
HDL (mg/dl) −1 −1 −2 0 0

Exercise + 36% + 32% +40% +41% +47%

New Lipid Rx +25% +19% +35% +43% +65%

New BP Rx +18% +20% +25% +30% +46%

New ASA Rx +7% +5% +9% +12% +21%

Lipid Meds Adherence 86% 80% 90% 93% 88%

SBP systolic blood pressure, DBP diastolic blood pressure, LDL low density lipoprotein cholesterol, HDL high
density lipoprotein, BP blood pressure, ASA aspirin, Rx prescription
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scans obtained for indications other than evaluation of coro-
nary artery disease. Prior studies have shown that there is a
good correlation between the CAC score obtained from 3 mm

thick slices ECG-gated CT scans performed exclusively for
CAC score evaluation, vis-à-vis 6 mm thick non-gated chest
CT scans which are routinely performed for other clinical
indications. In a nested case study by Hughes-Austin et al.
which evaluated 157 deaths and 494 controls in a cohort of
4544 symptomatic individuals undergoing both 6 mm non-
contrast non-gated CT scans and 3 mm non-contrast gated
electron beam CT scans, the correlation coefficient for
Agatston CAC scores was 0.93 (p < 0.001); with median
CAC Agatston scores lower for the 6 mm scans (22 vs.
104), as would be expected with thicker slices [21]. In addi-
tion, each SD higher CAC score on 6 mm CTs was associated
with 50% higher odds of death (odds ratio 1.5; 95% confi-
dence interval 1.2 to 1.9), similar to the 50% higher odds for
the 3 mm electrocardiography-gated CTs (odds ratio 1.5; 95%
confidence interval 1.1 to 1.9). Similar hazard ratios were
noted for CAC categories between the non-gated and gated
scans: 1.9 and 2.1 for CAC 1 to 100, 2.3 and 2.1 for CAC 101
to 300, and 2.6 and 2.9 for CAC >300. This study highlights
that it is important for radiologists to report and treating phy-
sicians to use any data which may be available to them from
chest CT scans, and how incidental CAC can play a pivotal
role in tailoring primary prevention strategies for prevention
of ASCVD related morbidity and mortality.

There is now an increasing number of non-gated chest CT
scans that are expected to be performed, due to the recent
endorsement by the 2014 US Preventive Services Task
Force for low-dose lung CT scanning for cancer detection,
and the 2014 Center for Medicare and Medicaid Services de-
cision to provide coverage for lung scans in a defined high-
risk population estimated to be >7 million individuals [22].
This represents a substantial opportunity to expand primary
prevention strategies among patients found to have incidental
CAC. However, there remain challenges regarding both the
reporting, and the interpretation of incidentally noted CAC
score. These challenges were highlighted in a study published
by Uretsky et al., in which 201 patients without a history of
ASCVD who were referred for a noncoronary chest CT scan
for noncardiac indications were evaluated for the presence of
CAC [23]. In this study, 53% patients (108/201) had inciden-
tally noted CAC, of which 69% patients (74/108) had the
presence of incidental CAC mentioned on their report. Of
note, among the 74 patients with reported incidental CAC,
there was an increase in statin and aspirin prescription of only
4 and 5%, respectively, prior to hospital discharge. These
findings underscore the importance of both, training imager
to detect and report CAC on non-cardiac CT studies, and
educating clinicians and patients regarding the prognostic
and clinical implications of detecting CAC. It is also important
to recognize that despite the high correlation for CAC score
between non-gated and gated chest CT scans, non-gated chest
CT is not as sensitive as the standard ECG-gated 3 mm CAC
[21]. Low CAC scores detected by standard CAC scans may

Table 2 Clinical implication of cardiac imaging studies on preventive
cardiology

Cardiac imaging study Implications for primary prevention
of ASCVD

Multi-Ethnic Study
of Atherosclerosis
(MESA)

• Use of traditional risk factors can
lead to an overestimation or
underestimation of actual risk.

• Patients with underlying CAC
have an increased risk of
ASCVD events, irrespective of
the presence of underlying
traditional risk factors.
Conversely, patients with a CAC
score of zero have a very low risk
of ASCVD events (unless
baseline ASCVD risk >20%) [9•]

Coronary Artery Risk
Development in Young Adults
(CARDIA) Study [12]

• There is a marked increase in the
prevalence of CAC among adults
from their third to fifth decade of
life. Consequently, preventive
efforts should be implemented at
earlier ages.

Early Identification of Subclinical
Atherosclerosis by Noninvasive
Imaging Research (EISNER)
trial [14]

Kalia et al. [15]
Schwartz et al. [13, 16]
Guptal et al. [17]

• CAC identification, and
communication of such findings
with patients and referring
physicians, may lead to more
aggressive risk factor
modifications than routine
counseling.

• CAC identification may lead to
improved long term medication
compliance, and adoption of
healthy life style behavior

PROspective Multicenter Imaging
Study for Evaluation of chest
pain (PROMISE) trial [18]

Scottish COmputed Tomography
of the HEART (SCOT-HEART)
trial [19]

• Among symptomatic patients
referred for cardiac testing,
greater emphasis should be
placed on how to best utilize the
study results to implement
preventive therapies.

• When functional testing is
performed, additional methods to
classify the underlying burden of
sub-clinical ASCVD, may
enhance preventive efforts.

Global Assessment of Plaque
Regression With a PCSK9
Antibody as Measured by
Intravascular Ultrasound
(GLAGOV) trial [20••]

• Achieving very low LDL
cholesterol levels can be
associated with coronary plaque
regression

• This benefit may occur regardless
of baseline LDL-C level

• A future use of cardiac imaging
may be to identify those at the
greatest need for PCSK9
inhibitors, given the high cost of
such therapy.

CAC coronary artery calcium, LDL serum low density lipoprotein, SBP
systolic blood pressure, CTA computer tomographic imaging
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not be visible. Thus, it would not be appropriate to use these
scans for purposes of downscaling treatment.

Coronary CTA Studies

Coronary CTA has emerged as a powerful tool for the diag-
nosis of CAD and has been shown in multiple large trials to
have the highest sensitivity of all noninvasive tests for detect-
ing obstructive CAD and a high negative predictive value
(>95%). CTA has the unique advantages over CAC testing
of detecting non-calcified coronary plaque and assessing the
presence and degree of coronary stenosis. However, while the
utility of coronary CTA in patients with underlying symptoms
is well established, its routine use in asymptomatic patients is
not currently recommended, given the lack of demonstrable
benefits [24, 25], particularly when compared with CAC test-
ing [26, 27].

Over the last few years, coronary CTA is being increasingly
utilized for the evaluation of patients with chest pain. A few
recently concluded multicenter studies which evaluated pa-
tients with stable chest pain, including the PROspective
Multicenter Imaging Study for Evaluation of chest pain
(PROMISE) trial [18] and the Scottish COmputed
Tomography of the HEART (SCOT-HEART) trial [19], pro-
vide important information about the potential impact of cor-
onary CTA on the downstream clinical outcomes. In the
SCOT-HEART study, during a median follow up period of
1.7 years, patients were randomly assigned to either standard
care—which was most commonly an exercise treadmill test,
or to standard care plus CAC score and coronary CTA. This
imaging based arm was associated with a 38% reduction in
fatal and nonfatal myocardial infarction (HR 0·62, 95% CI 0·
38–1·01; p = 0·0527). The reduction in MI was even more
significant (HR 0.50 p = 0.02) when differences in outcomes
were only compared after 50 days in a post-hoc analysis, giv-
en that changes in patient management did not occur directly
after the imaging tests were performed. Subsequently, in a
small meta-analysis, involving a cohort of 14,637 patients

among three studies, a statistically significant reduction in
the risk of myocardial infarction after coronary CTAwas not-
ed compared to usual standard of care (relative risk 0.68; 95%
CI 0.49–0.98; P = 0.038) (Fig. 2) [28•].

Although these studies are not sufficiently powered to de-
termine the possible reason for lower incidence of myocardial
infarction during follow-up, one proposed hypothesis is that
since coronary CTA has high sensitivity to detect any coro-
nary artery plaque, this aids in the early detection of coronary
artery disease and subsequently leads to a higher utilization of
primary prevention strategies, including aggressive risk factor
modification and promotion of healthy behaviors [29••]. The
data from the SCOT-HEART and PROMISE trials provide
credence to this hypothesis. In the SCOT-HEART trial, there
was an increase in the use of preventive strategies in the cor-
onary CTA arm as compared to the usual standard of care arm
(18 vs. 4% respectively; p < 0·0001). Similarly, in the
PROMISE trial, at a median of 60 days after the initial test,
the coronary CTA strategy was associated with a higher pro-
portion of patients newly initiating aspirin (11.8 vs. 7.8%),
statins (12.7 vs. 6.2%), and b-blockers (8.1 vs. 5.3%), com-
pared to functional testing (P < 0.0001 for each) [29••].

These results highlight that in appropriately selected pa-
tients, use of coronary CTA may help guide patient manage-
ment and implement preventive therapies. Interestingly, in a
secondary analysis of the PROMISE study, a positive initial
test result, either CCTA or functional testing, and early revas-
cularization, compared with negative initial test results or no
early revascularization were associated with higher aspirin
(71.2 vs. 49.4%), statin (70.7 vs. 50.6%), and b-blocker
(48.8 vs. 26.8%) use at 60 days (P < 0.0001 for each) [29••].
The authors of this study concluded that positive initial test
results and revascularization are primary drivers of changes in
preventive medical and lifestyle practices, with test type only
making secondary contributions.

It is important to emphasize that other clinical data, such as
risk factors can also drive primary prevention management,
among patients undergoing cardiac imaging procedures. This

Fig. 2 Three meta-analysis
studies. Forest plot of the pooled
weighted annualized incidence
rate ratio for myocardial
infarction, demonstrating the
reduced incidence of myocardial
infarction among stable chest pain
patient randomized to coronary
CT as compared to usual care or
functional testing. (Used with
permission from Circ Cardiovasc
Imaging. 2016
Apr;9(4):e004419)
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ability is well illustrated in a study by Uretsky et al., in which
patients admitted to hospital with acute chest pain and unre-
markable troponins and electrocardiographic findings were
randomized to either cardiac imaging stress test or CCTA
[30]. Following hospital admission, there was a similar overall
increase in the use of medical therapy between the CCTA arm
and the stress test arm, including aspirin (24 vs. 16%; p = 0.3),
statin (18 vs. 17%, p = 0.7), and beta blockers (8 vs. 6%,
p = 0.9). It is interesting to highlight that while only 5% of
the stress tests were abnormal, the absolute increase in the use
of aspirin and statins was 24 and 18%, respectively. Among
patients undergoing coronary CTA, 49% of patients had un-
derlying coronary artery disease, while the prevalence of ob-
structive CAD (>50%) was 11%. In the coronary CTA arm,
the absolute increase in the use of aspirin and statins was 16
and 17%, respectively.

Invasive Coronary Imaging

Invasive cardiovascular imaging with intravascular ultra-
sound (IVUS) has played a central role in one of the
recent clinical trials evaluating the role of PCSK-9 in-
hibitors. The GLAGOV (Global Assessment of Plaque
Regression With a PCSK9 Antibody as Measured by
Intravascular Ultrasound) study evaluated 968 patients
with underlying ASCVD who were treated with
evolocumab, a PCSK-9 inhibitor, or placebo for
76 weeks, and who underwent serial intravascular

ultrasound studies for determination of coronary athero-
ma volume [20••]. In this study, the use of evolocumab
was associated with a marked reduction in LDL choles-
terol as well as a reduction in percent atheroma volume.

The use of IVUS in the GLAGOV study provided evi-
dence that achieving very low LDL cholesterol levels (time
weighted mean LDL cholesterol of 36.6 mg/dl) can lead to
small, yet significant, plaque regression, and that this ben-
efit may occur regardless of baseline LDL cholesterol level.
In addition, the study results suggest that there may be a
linear association between achieved LDL cholesterol and
plaque volume regression for LDL-C levels ranging from
110 mg/dl to as low as 20 mg/dl. Importantly, the use of
evolocumab has also been shown to decrease cardiovascu-
lar events in the FOURIER trial [31]. Both of these studies
suggest that plaque regression may play a mechanistic role
in reducing CV events. While both the GLAGOV and
FOURIER studies were conducted in patients with known
ASCVD, PCSK9 inhibitors may ultimately have a role in
primary prevention, especially in patients with sub-optimal
LDL-C levels despite high dose statins or those who are
intolerant of statins. However, given the increased cost of
PCSK9 inhibitors, these agents are likely to be most cost
effective in those who have the highest absolute risk.
Importantly, CV imaging has the greatest potential to iden-
tify such patients, as patients who have a significant burden
of CAC or ischemia, often have an event rate which is
comparable to those who have established ASCVD. The

Fig. 3 Conceptual frameworks of how cardiovascular imaging may influence ASCVD prevention efforts
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salient clinical features of the important clinical trials
discussed in this review are summarized in Table 2.

Conclusions

Although the rate of death from ASCVD has been on
the decline over the past several decades, ASCVD still
remains the most common cause of morbidity and mor-
tality in most countries. Thus, there is a need to im-
prove our ability to assess patient risk and improve risk
factor management. As the options and costs of preven-
tive therapies increase, such as the recent advent of
PCSK9 inhibitors, it is becoming ever more imperative
that we improve our accuracy in ascertaining which pa-
tients are at high or low risk for adverse cardiac
events—both to maximize the usage of prevention man-
agement for those at greatest risk and decrease unnec-
essary therapies for those at low risk. Based on data
reviewed herein, we propose a conceptual framework
by which cardiovascular imaging may improve
ASCVD risk assessment and management through mul-
tiple avenues and across different patient populations
(Fig. 3). In asymptomatic subjects, coronary calcium
scanning may be used to guide the intensity of risk
factor management. Among patients with chest pain
symptoms, either work-up through atherosclerotic imag-
ing (coronary CTA or CAC scanning) or ischemia test-
ing (either using exercise ECG or more advanced stress
imaging) may be used to determine if CAD is present
and guide patient management according to the presence
and magnitude of atherosclerotic disease or ischemia.
Improved risk assessment can assist physicians by help-
ing them to identify those patients who are at high and
low risk, thereby helping them to better gauge the re-
quired need and intensity of risk factor management and
the required degree of follow-up and monitoring that
will be required of their patients. Similarly, more accu-
rate and confident risk assessment can help improve
patient self-management by making patients cognizant
of their clinical risk, motivating those at identified high
risk to make necessary lifestyle changes, and assisting
patients in making meaningful shared decisions about
their care with their physicians.
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