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INTRODUCTION

Despite technical and pharmaceutical advancements

and achievements in the last two decades and some

decrease in overall mortality rate from cardiovascular

disease (CVD), it remains the leading cause of death and

economic burden.1

Among all other reasons, this problem may be

attributed to the inability to control risk factors leading

to CVD.2,3 According to the INTERHEART study, a

case-control study that enrolled over 29,900 subjects,

there are nine significant modifiable risk factors con-

tributing to cardiovascular disease: smoking, low fruit

and vegetable intake, exercise, hypertension, diabetes,

abdominal obesity, psychosocial factors, and lipid levels

(P\ 0.0001).4

In addition, more than 80% of patients with

established CVD have a history of at least one of these

major modifiable risk factors: smoking, hypertension,

and dyslipidemia.5 Major non-modifiable and modifiable

risk factors of CVD are summarized in Figure 1.

A clear understanding a patient’s pre-test or pre-

treatment probability of a significant cardiovascular

disease or adverse cardiac outcome (such as death or

MI), is an important part of the daily clinical decision-

making process we encounter in our practice. Of course,

we want to have prognostic assessment tools we can

utilize with maximal available precision, especially

when we estimate future cardiovascular risk. However,

extensive evidence gained from the research based on

large patient population databases in the late 20th

century, demonstrated incremental value of multivari-

able risk assessment models as compared to a prognostic

assessment of cardiovascular risk using just a few

demographic variables. Furthermore, in the last decade,

the concept of treating patients based on separated

individual risk factors has changed to a management

concept based on the patients’ overall/global cardiovas-

cular risk.5 With the advent of multivariable prognostic

assessment tools, individual CVD risk factors have

shown to follow a synergistic and multiplicative effect

on global cardiovascular risk rather than an additive

effect.6,7 However, novel risk factors and prognostic

markers are emerging and are currently being imple-

mented for optimal risk stratification, such as coronary

artery calcium score, blood and/or urine biomarkers, and

ethnicity.8–12 This has led to the derivation and valida-

tion of more than 50 cardiovascular risk predictive

models.13,14 We summarized some of these models in

Table 1. The importance of risk stratification allows

clinicians to manage patients’ risk factors according to

their global cardiovascular risk by applying cost-effec-

tive, preventive, and medical measures while

simultaneously considering the cost-to-benefit risk ratio.

Since CVD is a consequence of multiple risk factors, the

optimal risk assessment tools are those that provide

physicians with a total cardiovascular risk, allowing

clinicians to tailor their management accordingly. It is

extremely important to utilize appropriate predictive

models for specific prognostic goals; thus, a prognostic

model created for prediction of obstructive CAD should
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not be used to predict future outcome (especially

mortality) and vice versa.15

As shown in the Table 1, the majority of traditional

CVD risk assessment tools are based on a consideration

of demographic and historical data, while newer pre-

dictive models implement concept of multivariable

analysis with a more complex selection process of the

most powerful predictive variables included in the

model.

A more sophisticated predictive risk analysis is

frequently based on a stepwise forward logistic regres-

sion model, with the initial model including

demographic/non-modifiable variables (Figure 1), and

adding historical, hemodynamic, and imaging data on

each subsequent step.16,17 Calculation of added predic-

tive power of the model (expressed as a total Chi-

square) in prior imaging studies has clearly shown a

significant incremental predictive value of the model

after counting in imaging data (such as coronary calcium

and cardiac CTA results) on top of all other ‘‘tradi-

tional’’ risk factors of CVD.18

In this regard, many previously published papers

from well-known research centers utilized risk assess-

ment models on imaging data from the studies read by

experts in the field. A difference in reading/interpreta-

tion of the imaging studies by imagers with a different

level of expertise may lead to a lack of standardization

in imaging data acquisition, and to a potential difference

in the accuracy of total CVD risk assessment, while

taking in consideration imaging data obtained in differ-

ent medical centers.

In this issue of the Journal, Martineau et al,

described a newly developed and validated cardiovas-

cular risk assessment tool (CRAX) utilizing both clinical

and automatically analyzed single photon emission

computed tomography (SPECT) myocardial perfusion

imaging (MPI) variables for predicting acute myocardial

infarction (AMI) or death in patients at risk for coronary

artery disease (CAD).19 The authors retrospectively

created a validation set and analyzed the effect of adding

the myocardial perfusion variable as an additional

imaging variable to the clinical variables and looked at

the net reclassification risk effect. The following were

their respective conclusions19:

A. Overall, the two predictive models using the CRAX

for AMI and death outcomes proved to be more

accurate in capturing events when using the combi-

nation of clinical variables and automated MPI

results compared to either one variable alone.

B. When applying the Net Reclassification Improve-

ment (NRI) analysis, there was an improvement in

terms of risk stratification of patients who developed

or had not developed events into lower or higher risk

in both models of the CRAX after combining the

clinical and automated MPI variables.

C. The common CRAX predictors for both AMI and

death included age, number of recurrent hospitaliza-

tions in three years prior to MPI, and left ventricular

ejection fraction. Additional predictors for AMI were

transient ischemic dilation and ischemic total perfu-

sion deficit while other predictors for death were

utilization of pharmacological stress test and global

stress total perfusion deficit.

Strengths of the article include the authors’ selec-

tion of the combination of both clinical and

automatically calculated imaging parameters for pre-

dicting AMI and death.19 Previous studies have
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Figure 1. Demographic, historical, and clinical factors associated with increased risk of
developing CVD.
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highlighted that the combination of imaging and clinical

variables showed better results in terms of predicting

acute cardiovascular events.20–22 A similar concept was

developed using the coronary artery calcium (CAC)

score in improving risk stratification when combined

with a cardiac risk calculator/predictor.23 A landmark

study by Detrano et al, found that when adding the

clinical result of the CAC score to traditional cardiac

risk factors, there was a clinical significant improvement

in predicting adverse coronary events.24 The importance

of combining a predictor marker such as the CAC score

to traditional risk factors was highlighted in the multi-

ethnic study of atherosclerosis (MESA) by Lakoski et al,

that found that in asymptomatic women who were

labeled as having a low Framingham risk score (FRS)

with a detectable CAC were found to have a higher risk

of developing coronary heart disease (CHD) compared

to women with no detectable CAC and low FRS (hazard

ratio [HR], 6.5; 95% CI 2.6-16.4; HR, 5.2; 95% CI 2.5-

10).25

Another strength that was highlighted by the authors

is the use of the net reclassification index (NRI)

methodology.19 The NRI was first presented in 2008

by Pencina et al; its main purpose was to show that by

adding new clinical variables to an existing prediction

model, it will provide better risk stratification.26,27

Recently, NRI is frequently utilized in cardiovascular

research, especially with the use of new biomarkers.26,28

In this study, the greatest re-stratification effect was on

death, with the total NRI of 14.5% (P \ 0.001),

emphasizing that the CRAX tool provided better prog-

nostic reclassification when combining both clinical and

imaging variables. A less impressive result was observed

in patients with AMI, where the total NRI was 7.5%. (P
= 0.046) The CRAX tool was also able to provide

improved risk recertification in patients with no events,

reclassifying these patients into the lower risk

categories.

However, similar to other previously described CV

risk assessment tools, the CRAX tool is not perfect.19

For example, CRAX did not include hemodynamic

variables or ethnicity as a risk factor for developing

CAD. The association of ethnicity as a novel risk factor

for cardiovascular disease has been well-established in

the literature.29–31 A study by Meadows et al, compared

major cardiovascular event rates among patients with

atherothrombotic disease in 46,602 individuals from 44

countries from the REACH Registry and found that the

major cardiovascular event rates among patients with

atherothrombotic disease were 4.5% of whites vs 6.1%

of blacks and were lowest for all three Asian groups

(1.8-2.2%).32 Since the 2013 ACC/AHA risk calculator

lacks validation on a population other than whites and

African Americans, a study by Rana et al, evaluated the

applicability of the 2013 ACC/AHA risk calculator on

more than 300,000 non-diabetic patients of diverse

ethnicity (Blacks Asian/Pacific Islanders, and Hispanics)

and with no prior history of CVD or use of statins; they

found that the 2013 ACC/AHA risk calculator overes-

timated the risk of developing CVD and that was

consistent among all ethnic groups.33–35 The same

finding was consistent in two other studies that evaluated

the validity of the ASCD risk calculator on patients from

the MESA (Multi-Ethnic Study of Atherosclerosis) and

the REGARDS (Reasons for Geographic and Racial

Differences in Stroke) sample.36,37 Moreover, this has

led to a recent update of the ASCVD risk calculator

which brought an improvement to the validity of

ASCVD risk calculator.38

In summary, the study by Martineau et al, presents a

new perspective approach for cardiac risk stratification.

By combining both clinical and automatically calculated

MPI variables, the CRAX tool is able to achieve a more

powerful CVD risk prediction score compared to either

variable alone. It is very important to consider a possible

variability in the MPI accuracy among different medical

centers. Use of the CRAX cardiovascular risk assess-

ment tool with the automated calculation of perfusion

defect eliminates challenge of variable access to a good

quality MPI and a lack of standardization in the MPI

interpretation (and any other imaging study when used

for risk stratification). In addition, the role of profes-

sional societies guiding the methodology, acquisition,

and interpretation of the cardiac imaging studies in a

standardized fashion as well as use of machine learning/

artificial intelligence becomes an important factor in the

overall improvement of the CVD outcomes prediction in

modern clinical practice.39
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