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Abstract

OBJECTIVES—The purpose of this study was to develop a risk prediction model for patients 

with nonobstructive CAD.

BACKGROUND—Among stable chest pain patients, most cardiovascular (CV) events occur 

in those with nonobstructive coronary artery disease (CAD). Thus, developing tailored risk 
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prediction approaches in this group of patients, including CV risk factors and CAD characteristics, 

is needed.

METHODS—In Prospective Multicenter Imaging Study for Evaluation of Chest Pain (PROMISE) 

computed tomographic angiography patients, a core laboratory assessed prevalence of CAD 

(nonobstructive 1% to 49% left main or 1% to 69% stenosis any coronary artery), degree of 

stenosis (minimal: 1% to 29%; mild: 30% to 49%; or moderate: 50% to 69%), high-risk plaque 

(HRP) features (positive remodeling, low-attenuation plaque, and napkin-ring sign), segment 

involvement score (SIS), and coronary artery calcium (CAC). The primary end point was an 

adjudicated composite of unstable angina pectoris, nonfatal myocardial infarction, and death. Cox 

regression analysis determined independent predictors in nonobstructive CAD.

RESULTS—Of 2,890 patients (age 61.7 years, 46% women) with any CAD, 90.4% (n = 2,614) 

had nonobstructive CAD (mean age 61.6 yrs, 46% women, atherosclerotic cardiovascular disease 

[ASCVD] risk 16.2%). Composite events were independently predicted by ASCVD risk (hazard 

ratio [HR]: 1.03; p = 0.001), degree of stenosis (30% to 69%; HR: 1.91; p = 0.011), and presence 

of ≥2 HRP features (HR: 2.40; p = 0.008). Addition of ≥2 HRP features to: 1) ASCVD and CAC; 

2) ASCVD and SIS; or 3) ASCVD and degree of stenosis resulted in a statistically significant 

improvement in model fit (p = 0.0036; p = 0.0176; and p = 0.0318; respectively). Patients with 

ASCVD ≥7.5%, any HRP, and mild/moderate stenosis had significantly higher event rates than 

those who did not meet those criteria (3.0% vs. 6.2%; p = 0.007).

CONCLUSIONS—Advanced coronary plaque features have incremental value over total plaque 

burden for the discrimination of clinical events in low-risk stable chest pain patients with 

nonobstructive CAD. This may be a first step to improve prevention in this cohort with the highest 

absolute risk for CV events.
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For patients with low- to intermediate-risk stable chest pain, coronary computed 

tomographic angiography (CTA) has emerged as a diagnostic test with the unique ability 

to noninvasively rule out obstructive disease (1,2). Obstructive CAD presents the highest 

relative risk for future adverse cardiovascular (CV) events and is the cornerstone for current 

invasive and medical treatment recommendations (3–5) although it is found in fewer than 

15% of symptomatic patients (6). In fact, the majority of low-risk chest pain patients 

present with nonobstructive CAD (<50% stenosis) (6,7), which despite its less severe 

appearance, bears a 3-fold higher risk for adverse CV events compared with those without 

CAD (8). Moreover, because of the high prevalence of nonobstructive CAD, this group 

harbors the highest absolute number of events, more than twice as many as individuals with 

obstructive CAD (9). Data from previous multinational and Korean studies demonstrate that 

the number of involved segments (10) and the number of involved segments plus coronary 

artery calcium (CAC) score (11) permit risk stratification within the group of patients with 

nonobstructive CAD. However, the use of more advanced CTA-based CAD assessment to 

provide further risk stratification has not been evaluated. It is desirable to provide these data 

in the setting of a generalizable US cohort of patients with stable chest pain.
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We therefore aimed to determine independent predictors for CV events in patients with 

stable chest pain and nonobstructive CAD with the use of data from the PROMISE 

(Prospective Multicenter Imaging Study for Evaluation of Chest Pain) trial. Our primary 

goal was to determine whether information on advanced characteristics of coronary 

atherosclerosis can improve risk prediction beyond traditional CV risk factors in this 

understudied at-risk population.

METHODS

STUDY COHORT.

The PROMISE trial was a pragmatic comparative effectiveness trial that enrolled patients 

with stable chest pain and without known CAD to determine the presence of obstructive 

disease or myocardial ischemia with the use of either anatomic (i.e., coronary CTA) or 

functional testing. Patients with acute/unstable angina or contraindications to coronary CTA 

were excluded from the trial. Trial details have been described previously (12).

For this analysis, we included all patients from the anatomic testing arm with diagnostic 

coronary CTA as initial test who also had noncontrast calcium scoring. Patients with 

incomplete imaging datasets or non-diagnostic images were excluded. Furthermore, subjects 

with no CAD (defined as no coronary plaque on coronary CTA) or with obstructive CAD 

(≥50% diameter stenosis in left main or ≥70% diameter stenosis in any coronary artery) on 

coronary CTA images were excluded. The selection of patients for this analysis is detailed 

in Figure 1. The primary end point was a composite of all-cause mortality, myocardial 

infarction (MI), and hospitalization for unstable angina pectoris (UAP), as in the PROMISE 

trial. The secondary end point was a composite of MI and CV death.

Local and central institutional review boards approved the study, and all participants 

provided written informed consent.

CORONARY CTA AND IMAGE ANALYSIS.

Coronary CTA was performed with ≥64-slice multidetector CT scanner. Images were 

interpreted on-site and confirmed by a dedicated core laboratory. Confirmed core laboratory 

results were used for analysis. Each coronary segment was evaluated for the presence of 

CAD, segment involvement score (SIS; defined as the total number of diseased segments) 

(13), degree of stenosis (minimal: 1% to 29%; mild: 30% to 49%; moderate: 50% to 69%; 

severe: 70% to 99%; obstruction: 100% diameter stenosis), the presence of high risk plaque 

features (HRP; previously defined as positive remodeling [remodeling index >1.1], low CT 

attenuation (mean CT number <30 Houndsfield units [HU]) or napkin-ring sign (central low 

attenuation with a ring-like periphery of high attenuation) (14), and CAC score (using the 

Agatston method) (15). The presence of at least 2 HRP was used to define a high burden 

of HRP features. Nonobstructive CAD was defined as 1% to 49% stenosis in the left main 

coronary artery or 1% to 69% stenosis in any coronary artery.
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STATISTICAL ANALYSIS.

Continuous variables are described with the use of mean SD or median (interquartile 

range). Categoric variables are given in absolute and relative frequencies. For comparison 

between groups, a 2-sample Student’s t-test or Wilcoxon rank sum test was performed 

for continuous variables, Fisher’s exact test for categoric variables, and the log-rank test 

for equality of survivor functions regarding events. McNemar’s test was used for paired 

dichotomous variables. To determine the relationship of primary end points with traditional 

CV risk factors and CAD characteristics in patients with nonobstructive CAD, we estimated 

hazard ratios (HRs) with 95% confidence intervals (CIs) by constructing Cox proportional 

hazard models. We started with 2 separate models (model 1 including traditional CV 

risk factors, model 2 including CAD characteristics). To determine the final model, we 

included all clinically relevant covariates (defined as p < 0.20) from both prior models. The 

discriminatory ability of adding CAD characteristics to traditional CV risk was assessed 

by the likelihood-ratio test for nested models. The calibration of the model containing: 1) 

atherosclerotic cardiovascular disease (ASCVD), CAC, and ≥2 HRP features; 2) ASCVD, 

SIS, and ≥2 HRP features; or 3) ASCVD, degree of stenosis, and ≥2 HRP features was 

tested by means of the Grønnesby-Borgan test for goodness of fit.

Reclassification into low- versus high-risk groups was performed using statistically 

significant predictors (p < 0.05) from the final model. For the reclassification, we 

dichotomized ASCVD risk into ASCVD <7.5% and ASCVD ≥7.5% categories. Patients 

with ASCVD <7.5%, no HRP features, and minimal stenosis (1% to 29%) were considered 

low-risk, those with ASCVD ≥7.5%, the presence of ≥2 HRP features, and mild/moderate 

stenosis (30% to 69%) were considered high-risk. Cumulative event rates were computed by 

means of the Kaplan-Meier method.

All statistical calculations were done with the use of Stata, version 14.2 (StataCorp, College 

Station, Texas). The p values <0.05 were considered to be statistically significant.

RESULTS

STUDY COHORT AND PATIENT CHARACTERISTICS.

Out of the 10,003 patients enrolled in the PROMISE trial, 4,996 were randomized into the 

anatomic testing arm, and 4,686 underwent coronary CTA. Of those, 4,415 were available 

for image analysis. A total of 2,614 or those 4,415 (59.2%) had nonobstructive CAD and 

were included in this study.

CV RISK FACTORS.

Mean age was 61.6 years and 1,203 of the 2,614 (46.0%) were female. Mean ASCVD 

risk score was 16.2 with high prevalence of obesity (1,223 of 2,614, 47.2%), metabolic 

syndrome (1,030 of 2,614, 39.4%), and diabetes mellitus (601 of 2,614, 23.0%). In addition, 

71.3% had dyslipidemia or were on statin therapy at study entry, 69.9% had a diagnosis 

of hypertension or were on antihypertensive treatment, and 54.6% were former or current 

smokers.
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Among all patients with nonobstructive CAD, 49.5% (1,246 of 2,519) were receiving statin 

treatment at baseline and 63.3% (1,595 of 2,519) at 60 days (p < 0.001). Similar results were 

seen in those with ASCVD risk ≥7.5%.

CAD FEATURES.

Minimal-degree stenosis was observed in 53.2% of patients, while degree of stenosis 30% 

to 49% and 50% to 69% were observed in 33.8% and 13.0%, respectively. At least one 

HRP feature was present in 19.3% and ≥2 HRP features were found in 5.6% of patients. All 

descriptive baseline characteristics and CAD measures are presented in Table 1.

During a median follow-up of 26 months, there were a total of 86 (3.3%) primary end point 

events, including 42 deaths, 17 MIs, and 27 UAP presentations.

RISK FACTORS AND EVENT RATES IN PATIENTS WITH NONOBSTRUCTIVE CAD.

In univariate analysis, there was a significantly higher incidence of primary end point events 

in smokers versus non-smokers (p = 0.022) and in patients ≥60 versus <60 years of age (p = 

0.020). No significant differences in incident events were observed in other risk factor strata, 

including sex (Table 2).

Among CAD characteristics as assessed by coronary CTA, incident primary end point 

events were significantly greater in patients with mild/moderate versus minimal stenosis (p 

< 0.001), ≥2 HRP vs. <2 or no HRP (p = 0.006), and SIS > median vs. SIS ≤ median (p = 

0.001) (Figure 2).

INDEPENDENT PREDICTORS OF CLINICAL EVENTS IN NONOBSTRUCTIVE CAD.

In a multivariate Cox proportional hazard model of traditional CV risk factors (age, sex, 

and ASCVD risk score), only ASCVD risk score (HR 1.03; p = 0.007) was an independent 

predictor of incident events.

In a second multivariate Cox proportional hazard model of CAD features as assessed with 

the use of coronary CTA (HRP features, CAC, SIS, and degree of stenosis), mild/moderate 

stenosis (HR 1.87; p = 0.021) and the presence of ≥2 HRP features (HR 2.24; p = 0.015) 

remained independent predictors of events.

In a third model including both risk factors and CAD variables with p < 0.20 from models 

1 and 2 (ASCVD risk, HRP features, degree of stenosis, and CAC), ASCVD risk (HR: 

1.03; p = 0.001), mild/moderate stenosis (HR: 1.91; p = 0.011), and the presence of ≥2 

HRP features (HR: 2.40; p = 0.008) independently predicted events, but CAC score did not 

(p = 0.096) (Table 3). When limiting the events to MI/CV death in this third model, all 

associations except ASCVD risk were attenuated.

Furthermore, adding the presence of ≥2 HRP features to 3 different baseline models that 

included: 1) ASCVD and CAC; 2) ASCVD and SIS; or 3) ASCVD and degree of stenosis 

resulted in a statistically significant improvement in model fit (p = 0.0036, p = 0.0176, and 

p = 0.0318, respectively). A Grønnesby-Borgan test for goodness of fit of models 1, 2, and 3 

with ≥2 HRP features was also nonsignificant, suggesting no gross model violations.
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INDEPENDENT PREDICTORS OF CLINICAL EVENTS IN NONOBSTRUCTIVE CAD (1% TO 
49% STENOSIS).

In a subanalysis including only patients with 1%–49% stenosis with a total of 58 (2.9%) 

primary end point events, we were able to confirm the results of the combined model 

using risk factors and CAD variables. ASCVD risk (HR: 1.03; p < 0.001), mild/moderate 

stenosis (HR: 1.79; p = 0.035), and the presence of ≥2 HRP features (HR: 2.25; p = 0.046) 

independently predicted events, whereas CAC score did not show a significant association (p 

= 0.235) (Table 4).

When limiting the events to MI/CV death, all associations except ASCVD risk were 

attenuated.

When adding ≥2 HRP features to the 3 different baseline models as mentioned above, we 

found a significant improvement of model fit for the model including ASCVD plus CAC 

(p = 0.0250). However, no significant improvement was seen when the models including 

ASCVD plus SIS or degree of stenosis had HRP added (p = 0.0541 and p = 0.0887, 

respectively).

IDENTIFICATION OF A HIGHER-RISK PATIENT POPULATION WITH NONOBSTRUCTIVE 
CAD.

To enable more pragmatic identification of a higher-risk patient population among those 

with nonobstructive CAD, we dichotomized significant predictors from the third prediction 

model as follows: ASCVD <7.5% versus ≥7.5%, no HRP features versus any HRP features, 

and minimal versus mild/moderate stenosis.

In patients with 1% to 69% stenosis, those with ASCVD ≥7.5%, any HRP features, and 

mild/moderate stenosis had a significantly higher event rate than those that did not meet 

these higher risk criteria (6.2% [16 of 257] vs. 3.0% [70 of 2,357]; p = 0.007). Patients 

that met 2 of these higher risk criteria similarly demonstrated a significantly higher event 

rate than those that did not (4.8% [56 of 1,159] vs. 2.1% [30 of 1,455]; p < 0.001). These 

results were confirmed in patients with 1% to 49% stenosis with a p value of 0.002 for those 

that met 3 higher risk criteria and p < 0.001 for those with 2 higher risk criteria (Central 

Illustration).

DISCUSSION

This study demonstrates, in the PROMISE randomized trial participants, that CAD 

characteristics as determined with the use of coronary CTA can improve risk stratification 

in patients with stable chest pain and nonobstructive CAD. We were able to demonstrate 

that ASCVD risk (HR: 1.03; p = <0.001), mild/moderate stenosis (HR: 1.91; p = 0.011), 

and the presence of ≥2 HRP features (HR: 2.40; p = 0.008) independently predicted the 

occurrence of adverse events in this population. We furthermore showed that the addition of 

adverse plaque characteristics (≥2 HRP) significantly improves discriminatory ability when 

added to a baseline model including ASCVD risk score and information in plaque burden 

(CAC score, SIS, or degree of stenosis). This allowed recognition of a subgroup among the 

heterogeneous cohort of patients with nonobstructive CAD with significantly higher event 
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rates than others in this population. Thus, patients with at least 2 at-risk criteria (ASCVD 

≥7.5%, any HRP, and mild or moderate stenosis) had more than 2-fold higher event rates 

than those who did not (p < 0.001 and p = 0.007 for patients with 2 and 3 higher-risk 

criteria, respectively).

In a subgroup of patients with minimal/mild stenosis (1% to 49%), we were able to confirm 

the results of our prediction model for the occurrence of adverse events. Similarly, ASCVD, 

mild stenosis, and the presence of ≥2 HRP independently predicted events. We think that 

this is relevant for clinical practice, because guidelines do not yet specify the value of CAD 

characteristics in those with <50% luminal narrowing for medical therapy. Puchner et al. 

previously reported that all patients with mild stenosis (1% to 49%) that experienced an 

acute coronary syndrome had at least one high-risk plaque (including spotty calcifications) 

suggesting that these patients cannot be safely discharged from the ED (16). This is in line 

with our findings, showing that degree of stenosis and plaque composition (i.e., HRP) are 

independent predictors of events and that as a result, all of these are important for risk 

stratification.

RISK PREDICTION SCORES IN PATIENTS WITH NONOBSTRUCTIVE CAD.

Although nonobstructive CAD has historically been considered to be less important than 

obstructive CAD, recent reports have identified these patients as a large at-risk group (9,17–

19) carrying a significant socioeconomic burden given the high prevalence and the higher 

absolute number of events (20). Furthermore, patients with more advanced nonobstructive 

CAD and adverse CAD characteristics exhibit a higher risk compared with those with 

minimal disease (9–11,17,18).

Ferencik et al. (14) demonstrated in a subanalysis of their study on the predictive value 

of HRP in patients with stable chest pain that especially in the group of nonobstructive 

CAD patients, the presence of HRP increased the risk of major adverse cardiac events 

compared with those without any plaque (adjusted HR with HRP: 4.31 vs. without HRP: 

2.64; 95% CI: 2.25 to 8.26 vs. 1.49 to 4.69). Nevertheless, there is little data to provide 

further risk stratification based on CAD characteristics in addition to clinical information 

in this heterogeneous cohort and to inform treatment recommendations to those benefiting 

the most. Thus, the novel element of our analysis is that we were able to show that plaque 

characteristics have incremental value over total plaque burden (i.e., degree of stenosis, 

CAC score, and SIS) by adding HRP features to 3 different baseline models (ASCVD risk 

score plus CAC, SIS, or degree stenosis). Discriminatory ability was significantly increased 

by adding HRP to the 3 different baseline models including traditional risk factors and 

information on plaque burden. In a subanalysis of patients with minimal to mild stenosis 

(1% to 49%), we saw an incremental value of HRP in the model including ASCVD plus 

CAC (p = 0.0250), but not in those including ASCVD plus SIS or ASCVD plus degree 

stenosis. This likely reflects the nature of this subpopulation (i.e., stable chest pain patients 

with minimal disease) but also the low sample size.

Two recent studies have approached risk prediction of events with the use of clinical 

characteristics and CAD features in patients with nonobstructive CAD in Western and 

Korean populations (10,11). Both reported that CTA-based CAD findings provide additive 
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value beyond traditional risk factors. For example, in the international CONFIRM registry, 

the number of involved coronary segments (SIS score) was of stronger prognostic 

information than traditional risk factors (i.e., age, sex, body mass index, diabetes, 

hypertension, hypercholesterolemia, smoking, and positive family history) in patients with 

nonobstructive CAD (<50% stenosis). The addition of SIS to a model of clinical risk factors 

led to a significant increase of the C-statistic (0.70 vs. 0.67; p = 0.001) (10).

In the present study of a cohort of U.S. patients with similar demographics, we were 

similarly able to improve the discriminatory ability to predict events by adding CTA-based 

CAD characteristics to ASCVD risk (p = 0.0036, p = 0.0176, and p = 0.0318, respectively, 

for addition of ≥2 HRP features to: 1) ASCVD and CAC; 2) ASCVD and SIS; or 3) ASCVD 

and degree stenosis). Conversely, in our cohort, SIS was no independent predictor of events. 

Moreover, in our model using CAD characteristics only, degree of stenosis and HRP were 

found to be of stronger prognostic information than SIS. Nevertheless, it needs to be 

mentioned that there is likely a high collinearity between CTA-based CAD characteristics. 

However, the predictive value for degree of stenosis and HRP improved in our third model 

of traditional risk factors plus CAD characteristics when not using SIS, demonstrating that 

ASCVD risk remains the best summary measure to predict events and is complemented by 

information on degree of stenosis and the presence of HRP, both known strong predictors of 

events (14,21). Interestingly, CAC did not predict events, most likely because of exclusion of 

those without CAD and those with significant stenosis resulting in crowding of CAC scores 

between 1 and 100 (48.5%). We believe that excluding the extreme phenotypes caused this 

result.

IDENTIFICATION OF HIGHER-RISK PATIENTS WITH NONOBSTRUCTIVE CAD.

Using information on CAD from coronary CTA in stable chest pain patients with 

nonobstructive disease could potentially have a large impact on further risk stratification 

and future patient management. It has been shown that incorporating the information of 

nonobstructive CAD into the pooled cohort equation can lead to reclassification of 14% 

of patients with acute chest pain without acute coronary syndrome toward statin eligibility, 

allowing risk stratification and more precise allocation of statin treatment to those at higher 

clinical and anatomic risk (8). Because patients with chest pain who undergo coronary CTA 

for diagnostic reasons would have information on CAD features readily available at no 

additional cost, a strategy incorporating this information into therapeutic decision making is 

attractive.

Using additional CTA information to identify a higher-risk group of patients with 

nonobstructive CAD may enable a more individualized approach for prevention through 

both lifestyle and medical interventions. Hwang et al. (11) used a model-based scoring 

system with clinical risk factors, involved vessels, and CAC score to stratify a cohort of 

Korean patients with nonobstructive CAD (<50% stenosis) into 4 risk groups (low to very 

high). Patients classified as low risk had similar outcomes to those without any CAD, 

whereas those classified as very high risk had event rates similar to patients with obstructive 

disease after 5 years of follow-up (11). Similarly, we were able to identify a higher-risk 

subpopulation, with the use of intermediate ASCVD risk (≥7.5%) and CAD characteristics 
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(presence of ≥2 HRP features and/or mild/moderate stenosis), with a more than 2-fold 

higher risk for events compared with patients that did not meet these criteria (for example, 

patients with 1% to 69% stenosis meeting all 3 criteria vs. not: 6.2% vs. 3.0%; p = 0.007). 

This elevated event rate is similar to patients with single-vessel obstructive (>70% stenosis) 

disease (6.2% vs. 7.8%) (9).

A 2-fold increase in events is especially relevant considering the relatively low event rates 

of the whole cohort (3.3% after a follow-up of 26 months). Similarly to CAC data, which 

demonstrated the most benefit of statin treatment in patients with a CAC >100 (22), the 

presence of ≥2 higher-risk criteria may be a threshold at which more intense secondary 

prevention should be considered. More supporting evidence for the use of risk stratification 

in patients with nonobstructive CAD to optimize treatment allocation comes from Hwang 

et al. (11), who were able to demonstrate better outcomes in their high- and very-high-risk 

patients with nonobstructive disease on statin treatment (HR: 0.62; 95% CI: 0.39 to 0.96; p = 

0.033) during 5 years of follow-up. However, such strategies need to be tested prospectively.

INCIDENT EVENTS IN RISK STRATA.

In our univariate analysis, there was another noteworthy finding. Namely, outcomes 

stratified by a number of well-known risk factors (e.g., sex, diabetes mellitus, family history 

of premature CAD, and so on) were not significantly different. One explanation may again 

be our cohort itself, a group at low to intermediate risk for the occurrence of events, with 

limited differentiation power. Results would likely be different in a population also including 

patients with no CAD or obstructive disease (i.e., with very low or very high risk for future 

events). Nevertheless, the similar event rate in women and men with nonobstructive CAD 

is remarkable and an interesting approach for further evaluation given the emphasis of 

nonobstructive CAD in women.

STUDY LIMITATIONS.

First, trial participants had a relatively small number of events and a short median follow

up of 26 months. Therefore, confirmation of our results and further development of 

prediction models in other cohort studies are warranted. Second, trial data was acquired 

before management recommendations using pooled cohort equations to calculate 10-year 

ASCVD risk were published (23,24). Based on current guidelines (23), we would expect 

all symptomatic patients with CAD to start lipid-lowering therapy. Nevertheless, use of 

statin treatment at 60 days of follow-up was 63.3% in this study, which may have affected 

outcomes.

CONCLUSIONS

Advanced coronary plaque analysis using coronary CTA can improve risk prediction for 

future events in stable chest pain patients with nonobstructive CAD beyond traditional 

ASCVD risk scoring and have incremental value over total plaque burden for the 

discrimination of clinical events. Careful evaluation of plaque features from coronary CTA 

in this population may be a first step to improve risk stratification. Better risk stratification 

may not only allow for more directed medication use but also for more targeted approaches 
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using intensive lifestyle interventions in this cohort with the highest absolute risk for CV 

events.
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ABBREVIATIONS AND ACRONYMS

ASCVD atherosclerotic cardiovascular disease

CAC coronary artery calcium

CTA coronary computed tomographic angiography

HRP high-risk plaque

HU Houndsfield units

MI myocardial infarction

SIS segment involvement score

UAP unstable angina pectoris
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PERSPECTIVES

COMPETENCY IN PATIENT CARE AND PROCEDURAL SKILLS:

Patients with chest pain who undergo coronary CTA for diagnostic reasons have 

information on CAD features readily available at no additional cost, so a strategy 

incorporating this information into therapeutic decision making is attractive. Using 

information on CAD from coronary CTA in stable chest pain patients with nonobstructive 

disease could potentially have a large impact on further risk stratification and future 

patient management, allowing for more directed medication use but also for more 

targeted approaches using intensive lifestyle interventions in this cohort with the highest 

absolute risk for CV events.

TRANSLATIONAL OUTLOOK:

Further clinical studies are necessary to validate the impact of CT-based CAD 

characteristics to further risk stratification and optimize management in patients with 

nonobstructive CAD.
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FIGURE 1. CONSORT Diagram
Flowchart of patient enrollment from the anatomic testing arm of the PROMISE 

(Prospective Multicenter Imaging Study for Evaluation of Chest Pain) trial. CAD = coronary 

artery disease; CTA = coronary computed tomographic angiography.
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FIGURE 2. Incident Events by CAD Features
Bar graph of incident primary end point events stratified by CTA-detected coronary artery 

disease featured in patients with nonobstructive CAD. CAC = coronary artery calcium; HRP 

= high-risk plaque; SIS = segment involvement score; other abbreviations as in Figure 1.
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CENTRAL ILLUSTRATION. Kaplan-Meier Curves of Higher- Versus Lower-Risk Patients 
With Nonobstructive CAD
Kaplan-Meier curves of higher (ASCVD ≥7.5%, any HRP features, and mild/moderate 

stenosis) versus lower risk in patients with 1% to 69% stenosis (A and B) and those with 

1% to 49% stenosis (C and D). Patients that met 3 criteria versus those that did not are 

displayed in A and C, respectively. Patients that met 2 of these higher risk criteria versus 

those that did not are shown in B and D, respectively. Event rates were significantly higher 

in patients classified as higher-risk nonobstructive CAD: p = 0.007 and p = 0.002 for A and 
C and p < 0.001 for (B) and (D). ASCVD = atherosclerotic cardiovascular disease; other 

abbreviations as in Figures 1 and 2.

Taron et al. Page 16

JACC Cardiovasc Imaging. Author manuscript; available in PMC 2022 November 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Taron et al. Page 17

TABLE 1

Descriptive Baseline Data in Patients With Nonobstructive CAD (1% to 49% Stenosis Left Main or 1% to 

69% Stenosis Any Coronary Artery)

Women 1,203/2,614 (46)

Age (yrs) 61.6 ± 8.4

BMI (kg/m2) 30.4 ± 5.9

CV risk factors

 Obesity (BMI ≥30 kg/m2) 1,223/2,614 (47.2)

 Hypertension/antihypertensive medication (beta-blocker, ACE inhibitor) 1,828/2,614 (69.9)

 Dyslipidemia/statin 1,863/2,614 (71.3)

 Diabetes mellitus 601/2,614 (23.0)

 Metabolic syndrome 1,030/2,614 (39.4)

 Family history of premature CAD (at <55 yrs of age) 885/2,605 (34.0)

 Former/current smoker 1,427/2,614 (54.6)

 History of depression 484/2,614 (18.5%)

CV risk

 ASCVD 16.2 ± 11.7

Events

 Composite clinical events (UAP, MI, death) 86/2,614 (3.3)

 Event type

  Unstable angina pectoris 27/2,614 (1.0)

  Myocardial infarction 17/2,614 (0.7)

  Death 42/2,614 (1.6)

  CV death 22/2,614 (0.8)

Statin treatment

 At baseline 1,246/2,519 (49.5)

 At 60 days follow-up 1,595/2,519 (63.3)

 In ASCVD ≥7.5% at baseline 934/1,895 (49.3)

 In ASCVD ≥7.5% at 60 days follow-up 1,198/1,895 (63.2)

CAD characteristics

 Coronary calcium score

  0 184/2,297 (8.0)

  1–100 1,115/2,297 (48.5)

  101–300 500/2,297 (21.8)

  >300 498/2,297 (21.7)

 High-risk plaque features (defined as positive remodeling, low-attenuation plaque, napkin-ring sign)

  Any HRP 505/2,614 (19.3)

  ≥2 HRP 147/2,614 (5.6)

  Positive remodeling 470/2,614 (18.0)

  Low attenuation 144/2,614 (5.5)

  Napkin-ring sign 100/2,614 (3.8)

 Degree of stenosis
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  Minimal (1%−29%) 1,391/2,614 (53.2)

  Mild (30%−49%) 884/2,614 (33.8)

  Moderate (50%−69%) 339/2,614 (13.0)

 SIS 3 (2–6)

Values are n/N (%), mean SD, or median (interquartile range).

ACE = Angiotensin-converting enzyme; ASCVD = atherosclerotic cardiovascular disease; BMI = body mass index; CAD = coronary artery 
disease; CV = cardiovascular; HRP = high-risk plaque; MI = myocardial infarction; SIS = segment involvement score; UAP = unstable angina 
pectoris.
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TABLE 2

Incident Primary End Point Events Stratified by Risk Factors in Patients With Nonobstructive CAD (1% to 

49% Stenosis Left Main or 1% to 69% Stenosis Any Coronary Artery)

Nonobstructive CAD p Value (Log-Rank Test)

All 86/2,614 (3.3)

 CV risk factors

 Women 41/1,203 (3.4) 0.677

 Men 45/1,411 (3.2)

 Age <60 yrs 28/1,191 (2.4) 0.020*

 Age ≥60 yrs 58/1,423 (4.1)

 No diabetes mellitus 64/2,013 (3.2) 0.532

 Diabetes mellitus 22/601 (3.7)

 Nonobese 53/1,366 (3.9) 0.084

 Obese 33/1,223 (2.7)

 No HTN/no medication for HTN 18/786 (2.3) 0.052

 HTN/antihypertensive medication (beta-blocker, ACE inhibitor) 68/1,828 (3.7)

 No family history 60/1,720 (3.5) 0.504

 Family history of premature CAD 26/885 (2.9)

 No dyslipidemia/no statin 31/751 (4.1) 0.110

 Dyslipidemia/statin 55/1,863 (3.0)

 Nonsmoking 29/1,187 (2.4) 0.022*

 Smoking 57/1,427 (4.0)

 No depression 71/2,130 (3.3) 0.723

 Depression 15/484 (3.1)

 No metabolic syndrome 52/1,584 (3.3) 0.971

 Metabolic syndrome 34/1,030 (3.0)

 ASCVD <7.5% 15/630 (2.4) 0.139

 ASCVD ≥7.5% 71/1,956 (3.6)

CAD features

 <2 HRP 75/2,467 (3.0) 0.006*

 ≥2 HRP 11/147 (7.5)

 Minimal stenosis (1%−29%) 27/1,391 (1.9) <0.001*

 Mild/moderate stenosis (30%−69%) 59/1,223 (4.8)

 No CAC 8/184 (4.4) 0.443

 Any CAC 68/2,113 (3.2)

 SIS (≤median) 31/1,387 (2.2) 0.001*

 SIS (>median) 55/1,227 (4.5)

Values are n/N (%).

*
Significant difference (p < 0.05).

CAC = coronary artery calcium; HTN = hypertension; other abbreviations as in Table 1.
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TABLE 3

Multivariate Analysis for Events in Nonobstructive CAD (1% to 49% Stenosis Left Main or 1% to 69% 

Stenosis Any Coronary Artery)

HR (95% CI) p Value

Model 1: Traditional CV risk (n = 2,586)

 Age (continuous) 1.00 (0.97–1.04) 0.813

 Male sex (vs. female sex) 0.87 (0.55–1.38) 0.561

 ASCVD risk (continuous) 1.03 (1.01–1.05) 0.007*

Model 2: CAD characteristics (n = 2,297)

 ≥2 HRP (vs. <2 HRP) 2. 24 (1.17–4.30) 0.015*

 CAC (continuous)
† 1.00 (1.00–1.00) 0.101

 SIS (continuous) 1.05 (0.95–1.15) 0.343

 Mild/moderate stenosis (vs. minimal stenosis) 1.87 (1.10–3.16) 0.021*

Model 3: Traditional CV risk plus

 CAD characteristics (using covariates with p < 0.20 from models 1 and 2) (n = 2,271)
‡

 ASCVD risk (continuous) 1.03 (1.01–1.04) 0.001*

 ≥2 HRP (vs. <2 HRP) 2.40 (1.25–4.58) 0.008*

 Mild/moderate stenosis (vs. minimal stenosis) 1.91 (1.16–3.16) 0.011*

 CAC (continuous)
† 1.00 (0.9999–1.0006) 0.096

*
Significant (p < 0.05).

†
Similar results are found when using log CAC instead of CAC.

‡
Results are similar when using a full specified model that includes all variables (Supplemental Table 1).

CI = confidence interval; HR = hazard ratio; other abbreviations as in Tables 1 and 2.
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TABLE 4

Multivariate Analysis for Events in Nonobstructive CAD (1% to 49% Stenosis Left Main or 1% to 69% 

Stenosis Any Coronary Artery)

HR (95% CI) p Value

Traditional CV risk plus CAD characteristics (using covariates with p < 0.20 from models 1 and 2) (n = 
1,982)

 ASCVD risk (continuous) 1.03 (1.02–1.05) <0.001*

 ≥2 HRP (vs. <2 HRP) 2.25 (1.01–5.01) 0.046*

 Mild/moderate stenosis (vs. minimal stenosis) 1.79 (1.04–3.08) 0.035*

 CAC (continuous)
† 1.00 (0.9998–1.0006) 0.235

Results are similar when using a full specified model that includes all variables (Supplemental Table 1).

*
Significant (p < 0.05).

†
Similar results are found when using log CAC instead of CAC.

ASCVD = atherosclerotic cardiovascular disease; CAC = coronary Artery Calcium; CAD = coronary artery disease; CI = confidence interval; CV = 
cardiovascular; HR = hazard ratio; HRP = high risk plaque; SIS = segment involvement score
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