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Abstract

Background: Normal or near normal coronary arteries (NNCA) or nonobstructive cor-

onary artery disease (CAD) are commonly found on invasive coronary angiogra-

phy (ICA).

Hypothesis: We aimed to determine long-term outcomes by severity of CAD in a

contemporary cohort of patients undergoing ICA for evaluation for ischemic heart

disease.

Methods: We assessed a consecutive cohort of 925 patients who underwent non-

emergent ICA over 24 months. Cardiac death (CD), nonfatal myocardial infarction

(NFMI), late revascularization, and medication use were assessed.

Results: Follow-up data was available in 850 patients. Of patients without heart fail-

ure, at a median of 6.0 years, there was a significant decrease in survival free from

CD or NFMI, and from all cardiac events, for those with obstructive CAD compared

with patients with NNCAs or nonobstructive CAD (p < .001 for both). No differences

between NNCA and nonobstructive CAD patients in rates of CD or NFMI (2.0% vs.

2.1%/year, p = .58) or all cardiac events (2.4% vs. 2.9%/year, p = .84) were

observed.

Conclusion: Long-term follow-up in a contemporary cohort of consecutive patients

undergoing non-emergent ICA for detection of CAD showed no difference in annual

rates of CD or NFMI, or total cardiac events, in patients with NNCAs versus those

with nonobstructive CAD, whereas patients with obstructive CAD had significantly

more events. Event rates were low and similar by gender. Use of aspirin, lipid lower-

ing therapy, and beta-blockers increased in all subgroups after ICA. We speculate this

may explain the low incidence of subsequent cardiac events, and similar event rates

in patients with NNCA and nonobstructive CAD, even in patients presenting with

non-ST-elevation MI.
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1 | INTRODUCTION

Normal or near normal coronary arteries (NNCA), or non-

obstructive coronary artery disease (CAD), are found on average in

55% of patients referred for invasive coronary angiography (ICA)

for suspected coronary artery disease.1 Similarly, in a recent study

in which coronary computed tomography angiography (CCTA) was

used for identification of patients with CAD, 58% had either

NNCA or nonobstructive disease defined as 10%–50% stenosis.2

In that study, 21% had nonobstructive CAD defined as stenosis

between 10% and 49% luminal narrowing. In the PROMISE trial,

20% of patients enrolled in the CCTA arm had nonobstructive

CAD defined as 30%–50% stenosis.3 The death or nonfatal myo-

cardial infarction (NFMI) rate has universally been reported to be

higher in patients with nonobstructive CAD compared to patients

found to have NNCA.4–10 The death or MI rate for patients with

non-ST-elevation (NSTEMI) and nonobstructive CAD is reported

to be 3.5 times higher than in NSTEMI patients with NNCA.5 Some

prior reports have suggested that cardiac event rates are higher in

women with nonobstructive CAD than in men.11,12

We previously reported, in a cohort of 925 consecutive

patients without known CAD referred for non-emergent ICA after

either a positive stress test, a NSTEMI, unstable or stable angina,

and heart failure (HF), that 45% had either NNCA (0%–20% ste-

nosis) or nonobstructive CAD (21%–49% stenosis).13 After

2 years of follow-up in this clinically high-risk group of patients,

we found no difference in cardiac death (CD), NFMI or late revas-

cularization between those with NNCA and those with non-

obstructive CAD. As expected, event rates were significantly

higher (6.7%/year) in patients with obstructive CAD (>50% steno-

sis). No differences in event rates by sex were observed.13

Because our follow-up was limited in this initial report, we sought

to determine long-term outcomes in this patient population who

were referred for an initial invasive evaluation for suspected CAD.

We also specifically wanted to determine how changes in medical

therapy after coronary anatomy was identified might have influenced

long-term outcomes. Finally, we sought to determine if there were any

disparities in guideline-recommended therapy between men and women

in this cohort.

2 | METHODS

As previously described in the initial short-term follow-up

study,13 all patients who underwent an initial ICA at the Univer-

sity of Virginia for suspected CAD between January 1, 2012

and December 31, 2013 were reviewed (n = 1579). Patients

with known CAD, history of myocardial infarction (MI), or emer-

gent indications for ICA (such as ST-elevation MI, cardiogenic

shock, or post-cardiac arrest) were excluded. ICAs performed for

preoperative evaluation for transplant or cardiothoracic surgery

or evaluation of non-ischemic cardiomyopathy or congenital

heart disease alone was also excluded. The final study cohort

comprised of 925 patients. Figure 1 demonstrates the derivation

of the final study cohort. The University of Virginia Institutional

Review Board gave approval for the study protocol and ren-

dered waiver of informed consent.

Clinical characteristics, such as patient demographics, medical

comorbidities, medications, pertinent laboratory data, stress test

findings, and cardiac imaging findings were entered into the medi-

cal record and reviewed. Ten-year atherosclerotic cardiovascular

disease (ASCVD) risk score was calculated based on the medical

record. ASCVD risk score found to be ≥7.5% were considered ele-

vated risk for cardiac events.14 Outcomes, including all-cause mor-

tality, CD, and cardiac events such as NFMI (NSTEMI or ST-

elevation MI) or coronary artery revascularization procedures were

recorded. Outcomes were collected from the electronic medical

record. If outcomes were uncertain or in subjects in whom follow-

up was unavailable from the medical record, telephone contact

was made. CD was defined as any death with a cardiac cause, or

without a clear noncardiac cause. A NSTEMI, with or without typi-

cal ischemic electrocardiographic changes in the setting of a his-

tory consistent with an acute coronary syndrome, was confirmed

via elevated peak troponin I ≥ 10 times the upper limit of normal

within 30 days preceding ICA. Late revascularization was desig-

nated as any coronary revascularization performed ≥4 weeks after

the initial ICA (excluding planned interventions); revascularization

procedures included percutaneous coronary interventions and cor-

onary artery bypass grafting.

2.1 | Stress testing, cardiac imaging, and ICA

Patients who were referred for ICA following an abnormal stress test

had previously undergone exercise stress electrocardiography, exer-

cise stress electrocardiography with myocardial perfusion imaging

(MPI) with quantitative gated single-photon emission computed

tomography (SPECT), vasodilator stress MPI with SPECT or positron

emission tomography (PET), exercise or dobutamine stress echocardi-

ography, or vasodilator stress cardiac magnetic resonance imaging

(cardiac MRI). All of the aforementioned exercise and pharmacological

stress and imaging protocols were standardized consistent with
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guidelines. All of the studies were interpreted by experienced readers.

Details regarding interpretation of these studies and the criteria for

presence of inducible ischemia have been published previously.13–19

High-risk ischemia observed on MPI was defined as ≥10% left

ventricular (LV) ischemia.20

Likewise, ICA was performed using contemporary clinical proto-

cols. The angiograms were reviewed by two experienced interven-

tional cardiologists who were blinded to the initial reports written by

the physician performing the catheterizations. Referral indications for

ICA were undertaken through review of the available medical record.

The degree of coronary artery stenosis into three categories: NNCAs,

nonobstructive CAD, and obstructive CAD. NNCAs were defined as

≤20% stenosis in all coronary arteries.1,13,21,22 The term “near normal”
is used as it is difficult to distinguish normal coronary arteries from

those with minimal atherosclerotic plaques via ICA alone.13 Non-

obstructive CAD was defined by at least 1 coronary artery with

a 21%–49%.1,21,23 Obstructive CAD was defined by at least

1 coronary artery with a ≥50% stenosis.1,21,23 In patients with

stenosis between 21% and 69%, an experienced interventional

cardiologist, who was blinded to all clinical data, retrospectively

performed quantitative coronary analysis to minimize inter-

observer variability in evaluating intermediate stenosis and to

group them as either nonobstructive CAD or obstructive CAD.

If fractional flow reserve (FFR) was performed, stenoses with

FFR measurements ≥0.8 were considered nonobstructive. If the

FFR measurements were <0.80 the coronary anatomy was con-

sidered to be obstructive. Appropriateness of ICA in patients

without NSTEMI from this cohort was reported previously in a

research letter. For this cohort, ICA was classified as appropriate

in 918 patients (99.2%).24 The seven patients with inappropriate

indications for ICA all had NNCAs.

2.2 | Statistical analysis

Continuous variables were presented as medians (25th, 75th percen-

tiles) where appropriate. Categorical variables were given as percent-

ages and compared using chi-square analysis and Fisher's exact

testing, where appropriate. Alpha level of significance was set at

<0.05. Event rates were calculated through person-years analysis.

Values were adjusted for 1 person-year of follow-up to provide annu-

alized event rates. The calculation of events per patient-years was

performed by the number of events divided by the amount of person-

time at risk for each event measured. Kaplan–Meier survival analysis

was performed to assess rates of cardiac events across degrees of

coronary stenosis, referral indications, and gender. We analyzed out-

comes in the subgroup referred without HF separately from the entire

cohort as patients with HF found to have normal or NNCA or non-

obstructive CAD would be expected to have events driven by their

cardiomyopathy rather than downstream ischemic disease. The rela-

tionship of sex to these outcomes was analyzed through Cox propor-

tional hazards analysis. All statistical analyses were performed using

SAS (version 9.3; SAS Institute Inc, Cary, NC) and MedCalc (version

14; MedCalc, Mariakerke, Belgium).

3 | RESULTS

3.1 | Baseline characteristics

Of the 925 patients who underwent an index ICA for assessment of

CAD, long-term follow-up was available in 850 patients (91.9%). The

baseline characteristics of the original 925 patients has been reported

and analyzed previously.13 The baseline characteristics of the

F IGURE 1 Patient flow diagram showing derivation of final study cohort at time of follow-up including patient selection, excluded patients,
patients lost to follow-up, and the categorization of angiographic stenosis
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850 patients with long-term follow-up are summarized in Table 1. The

baseline characteristics of the 715 patients with long-term follow-up

are summarized in Supplementary Table I. There were no statistically

significant differences in any baseline characteristics between the ini-

tial 925 patients and the 850 patients comprising this follow-up

cohort (p > .05 for all clinical characteristics across all stenosis grades).

Referral indications for ICA included: positive stress testing (32.6%),

NSTEMI (26.8%), unstable angina (13.3%), HF (13.1%), stable angina

(11.5%), and other (2.7%). On ICA, 264 (31.1%) of patients had

NNCAs, 114 (13.4%) patients had nonobstructive CAD, and

472 (55.6%) of the patients had obstructive CAD.

3.2 | Outcomes

Median follow-up was 6.0 years. In those referred for abnormal stress,

NSTEMI, or stable/unstable angina, Kaplan–Meier survival analysis

showed a significant decrease in survival free from CD/NFMI, and

total cardiac events for those with obstructive CAD compared to

patients with NNCAs or nonobstructive CAD, p < .001. Surprisingly,

there was still no difference in annual rates of CD/NFMI (1.6% vs.

1.9% per year, p = .44), or total cardiac events (1.7% vs. 2.2% per

year, p = .61) observed between patients with NNCAs and non-

obstructive CAD, respectively. Even in patients with NSTEMI, those

with nonobstructive CAD did not experience an increase in cardiac

events compared to patients with NNCA 2.6% vs. 2.0% (p = .82).

Annual cardiac event rates were similar by gender over the follow-up

period by Kaplan–Meier survival analysis regardless of stenosis grade

TABLE 1 Study cohort baseline characteristics in total and subdivided by severity of angiographic coronary stenosis

Clinical characteristic Total cohort, n (%)

Severity of coronary stenosis

≤20% (n [%]) 21%–49% (n [%]) ≥50% (n [%])

Total patients 850 264 (31.0) 114 (13.4) 472 (55.6)

Age, yearsa 63.7 (±11.5) 57.2 (±11.8) 64.4 (±10.0) 64.4 (±11.6)

Female 377 (44.4) 143 (54.2) 61 (53.5) 173 (36.7)

Caucasian 691 (81.3) 196 (74.2) 94 (82.5) 403 (85.4)

Diabetes mellitus 297 (34.9) 80 (30.3) 35 (30.7) 182 (38.6)

Hypertension 666 (78.4) 180 (68.2) 85 (74.6) 401 (85.0)

Hyperlipidemia 577 (67.9) 146 (55.3) 65 (57.0) 366 (77.5)

Tobacco use 279 (32.8) 83 (31.4) 31 (27.2) 165 (35.0)

BMI ≥ 30 396 (47.4) 141 (53.4) 50 (43.8) 205 (43.4)

Congestive heart failure 230 (27.1) 76 (28.8) 28 (24.6) 126 (26.7)

Peripheral vascular disease 102 (12.0) 14 (5.3) 8 (7.0) 80 (16.9)

Cerebrovascular disease 31 (3.6) 3 (1.1) 2 (1.8) 26 (5.5)

Chronic kidney disease grade ≥ 3 80 (9.5) 13 (4.9) 6 (5.3) 61 (12.9)

ASCVD risk ≥ 7.5% 549 (75.2) 134 (50.8) 73 (64.0) 342 (72.5)

Chest pain or anginal SOB 680 (80.0) 201 (76.1) 77 (67.5) 402 (85.2)

Note: Baseline characteristics of the study cohort. ASCVD risk was unable to be classified in 120 patients.

Abbreviations: ASCVD, atherosclerotic cardiovascular disease; BMI, body mass index.
aMean ± SD provided for continuous variables.

F IGURE 2 Cumulative events curves of freedom from cardiac
events in patients with NNCA or nonobstructive CAD stratified by
referral indication. Cardiac events include cardiac death, late
revascularization, and NFMI. There was no observed difference in
outcomes in patients with NNCA and nonobstructive CAD those

referred for an abnormal stress test, NSTEMI, stable or unstable
angina (p = .79 for all non-HF referral indications). However, patients
with HF with either NNCA or nonobstructive CAD had more cardiac
events compared to the other referral subgroups (p < .001). CAD,
coronary artery disease; HF, heart failure; NFMI, nonfatal myocardial
infarction; NNCA, normal or near-normal coronary arteries; NSTEMI,
non-ST-elevation MI
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(p = .82 for NNCA; p = .50 for nonobstructive CAD; p = .20 for

obstructive CAD). Event rates by gender and degree of coronary ste-

nosis are summarized in Supplementary Table II. Kaplan–Meier sur-

vival analysis showed no difference in outcomes in the patients with

NNCA versus nonobstructive CAD in those referred for an abnormal

stress test, NSTEMI, HF, stable or unstable angina (p > .05 for all

indications). Patients with HF with either NNCA or nonobstructive

CAD had a worse prognosis than the other referral subgroups

(p < .001) (Figure 2).

Event rates were then calculated in the 715 patients without HF

(given the known attributable risk of HF to cardiovascular events). Results

were similar to the event rates of the entire cohort. At a median of

6.0 years, there were significant decreases in survival free from CD and

from cardiac events for those with obstructive CAD compared with

patients with NNCAs or nonobstructive CAD (p < .001 for both). No dif-

ferences between NNCA and nonobstructive CAD patients in rates of

CD or NFMI (2.0 vs. 2.1%/year, p = .84) or cardiac events (2.4% vs.

2.9%/year, p = .58) were observed (Figure 3). Likewise, event rates were

low, and again similar by gender (p = .70).

3.3 | Medication usage at follow-up

Medication data was available in all 850 patients with available

follow-up. The 715 patients referred without HF were analyzed

separately due to differing goal-directed medical therapy in non-

ischemic cardiomyopathy. Cardiac medication usage in patients

without HF at time of ICA and at time of follow-up is summarized

in Table 2. At a median follow-up of 6.0 years, there was an overall

increase in guideline-directed medical therapy for CAD with aspi-

rin (54%–75%), lipid lowering therapy (48%–72%), and beta-

blocker therapy (40%–65%) (Figure 4). Treatment with these drugs

were more commonly prescribed in the nonobstructive patients

compared to the NNCAs (p < .001 for all medications) and likewise

were also more commonly prescribed in the obstructive CAD

patients compared to the nonobstructive CAD patients (p < .001

for all medications). In the subgroup with nonobstructive CAD,

prevalence of aspirin therapy increased from 51% to 71%, and

statin therapy from 52% to 66%. There were no significant differ-

ences in aspirin, statin or beta-blocker usage by gender in patients

with either NNCAs, nonobstructive CAD, or obstructive CAD

(p > .05 for all) by chi-square analysis.

4 | DISCUSSION

We previously reported the short-term cardiac event rates (CD, NFMI

infarction and late revascularization) in 925 consecutive patients who

underwent non-emergent ICA for either an abnormal stress test, sta-

ble or unstable angina, a NSTEMI or HF.13 Only 55.5% of these

patients had obstructive coronary artery disease, with NNCA found in

31% and nonobstructive CAD found in 13.5%.13,24 More women than

men had NNCA or nonobstructive CAD. Pretest risk was high in 75%

of the cohort. At a median follow-up of 2 year, we found no differ-

ence in annual rates of CD or MI between those with NNCA (1.0%)

and those with nonobstructive CAD (1.1%). No difference in out-

comes between patients with NNCA and those with nonobstructive

CAD was observed even in those with high-risk ischemia on stress

testing or a troponin >1.0 ng. The event rate was significantly higher

F IGURE 3 Cumulative events curves for cardiac death or nonfatal
myocardial infarction (MI) stratified by stenosis grade at time of index
catheterization in patients without HF (A). There was a higher risk of
cardiac death for those with obstructive coronary artery disease
(CAD) compared to those with normal or near-normal coronary
arteries (NNCA, p < .001) or nonobstructive CAD (p < .001). No
difference in cardiac death or nonfatal MI was observed in patients
with NNCA versus nonobstructive CAD (p = .84). Cumulative cardiac
events curves stratified by stenosis grade at time of index
catheterization in patients without HF (B). Cardiac events include

cardiac death, nonfatal myocardial infarction, and late
revascularization. There was a higher risk of cardiac events for those
with obstructive CAD compared to those with normal or p < .001) or
nonobstructive CAD (p < .001). No difference in cardiac events was
observed in patients with NNCA versus nonobstructive CAD
(p = .58). HF, heart failure
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in patients with obstructive CAD (6.7%). We found no sex differences

in outcomes in any of the three groups. The finding that patients with

nonobstructive CAD had a very low-event rate, similar to that of

patients with normal or NNCA, was unexpected, as was the low-event

rate in NSTEMI patients with nonobstructive CAD. In addition,

women with nonobstructive CAD did not have a worse prognosis

than men.

In the current study, we extended the follow-up of this cohort

of patients for a median of 6 years. Kaplan–Meier analysis again

showed no difference between patients with normal or NNCA and

nonobstructive CAD in rates of CD or NFMI or all cardiac events.

In patients referred for ICA with either an abnormal stress test,

stable or unstable angina or a NSTEMI, the annual rates of CD or

NFMI were 2.0% in patients with NNCA versus 2.1% in those with

nonobstructive CAD. As seen at short-term follow-up,13 the long-

term follow-up reported in the present study still showed a higher

subsequent event rate for patients with obstructive CAD. Men and

women in all three anatomic groups still had similar event rates

TABLE 2 Study cohort medications subdivided by severity of angiographic coronary stenosis in patients without heart failure

Medication

Severity of coronary stenosis

Total cohort, n (%) ≤20% (n [%]) 21%–49% (n [%]) ≥50% (n [%])

Baseline Follow-up Baseline Follow-up Baseline Follow-up Baseline Follow-up

Aspirin 397 (53.7) 551 (74.6) 90 (41.1) 114 (52.1) 46 (50.5) 65 (71.4) 257 (59.9) 366 (85.3)

Statin 357 (48.3) 532 (72.0) 86 (39.3) 114 (52.1) 47 (51.6) 60 (65.9) 218 (50.8) 358 (83.4)

PCSK-9 inhibitors 0 (0) 7 (1.0) 0 0 0 0 0 (0) 7 (1.6)

Beta-blocker 296 (40.1) 481 (65.1) 79 (36.1) 110 (50.2) 41 (45.1) 48 (52.7) 171 (39.9) 323 (75.3)

Abbreviation: PCSK-9, proprotein convertase subtilisin/kexin type 9.

F IGURE 4 Percentage of patients on aspirin, lipid lowering therapy (statin or proprotein convertase subtilisin/kexin type 9 [PCSK-9]
inhibitors), and beta-blocker therapy in patients without HF. The frequency of aspirin, lipid lowering therapy, and beta-blocker therapy was
increased in patients with nonobstructive coronary artery disease (CAD) compared to those with normal or near-normal coronary arteries
(NNCAs), p < .001 for all medications). Likewise, these medications were also more commonly prescribed in the obstructive CAD patients
compared to those with nonobstructive CAD (p < .001 for all medications)
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during the longer follow-up period. Interestingly, patients with

NSTEMI and nonobstructive CAD had the same risk of subsequent

events as patients who underwent ICA for either an abnormal

stress test, stable angina or unstable angina. The event rate was

higher in patients who presented with HF and found to have non-

obstructive CAD compared to patients undergoing angiography for

the other indications.

Many prior studies have shown that symptomatic patients

with nonobstructive CAD have a worse prognosis than patients

with normal coronary arteries.4–7 In a meta-analysis of 54 studies

from 1990 to 2015 comprising of patients with stable angina and

NSTEMI, the risk of events was higher in patients with non-

obstructive CAD (>20% and <50% stenosis) than in patients with

normal or NNCA (≤20% stenosis).4 The death or NFMI rate was

0.3%/year in patients with normal or NNCA versus 0.7%/year in

patients with nonobstructive CAD. For the NSTEMI patients with

nonobstructive CAD in this meta-analysis, the death and NFMI

rates were 1.2%/year and 4.1%/year, respectively. In another

meta-analysis of patients with nonobstructive CAD comprising

64 905 patients the cardiac event rate was significantly higher in

patients with nonobstructive CAD compared to patients with nor-

mal coronary arteries (3.17 odds ratio).5 A third meta-analysis of

studies employing CCTA demonstrated that the annual mortality

was 0.74% in patients with nonobstructive CAD compared to

0.15% for patients with normal coronary arteries.6 In a large obser-

vational single center study of 11 000 patients undergoing ICA,

those with nonobstructive CAD had a worse prognosis than

patients with no CAD.7 The risk of cardiovascular events has been

described to be related to the extent of nonobstructive CAD/-

plaque burden and the number of coronary vessels

involved.7,8,25,26 The more extensive the plaque burden in patients

with nonobstructive CAD, the higher the subsequent cardiac event

rate.27–29 Similarly, such patients exhibiting high-risk plaque char-

acteristics (e.g., low-attenuation plaque, positive area remodeling)

have an increased risk of cardiac events.27,30–32

In the SCOT-HEART study, approximately one-half of subse-

quent MIs occurred among patients who had nonobstructive CAD

at baseline.33 In the PROMISE trial, two-thirds of subsequent car-

diac events occurred in patients with nonobstructive CAD.3 CCTA

registry data are consistent with these observations.34,35 Thus,

these studies clearly indicate that for patients with nonobstructive

CAD, although associated with a lower incidence of future cardiac

events compared to patients with obstructive CAD, the risk for a

future ACS or progression of an ischemic chest pain syndrome is

significant. Although stress SPECT MPI or stress echocardiography

may not identify such patients with nonobstructive CAD, abnormal

coronary flow reserve measurements may be revealed by quantita-

tive PET or CMR.11

In contrast to the findings of these prior studies cited above

showing a higher risk for cardiac events for patients with non-

obstructive CAD compared to patients with angiographic normal

or NNCA, we found no difference in NFMI or CD, NFMI or late

revascularization in patients with nonobstructive CAD versus

those with NNCA. Additionally, this excellent long-term prognosis

extended to the subgroup of patients with nonobstructive CAD

who underwent ICA following a NSTEMI. The outcomes for this

group were similar to outcomes in patients who underwent inva-

sive evaluation for CAD after an abnormal stress test, stable

angina or unstable angina. The latter finding in NSTEMI patients

with a troponin elevation prior to coronary angiography was unex-

pected since it was the common belief that such patients have a

worse prognosis than chest pain patients without a troponin eleva-

tion who are referred for ICA. We speculate that statin and aspirin

use in this population may have led to improved outcomes. How-

ever, this finding could be due to the mislabeling of some patients

classified as having truly “normal” coronary arteries. An inherent

limitation of conventional ICA is the inability to assess extraluminal

plaque. CCTA provides better evaluation of extraluminal plaque

and many of our patients with “normal or near normal” coronary

arteries likely had some nonobstructive CAD if imaged by CCTA

prior to ICA; therefore, some of the patients with normal or near

normal designation by ICA could have been labeled as having vary-

ing degrees of nonobstructive CAD by CCTA. Of note, the recently

published VERDICT trial demonstrated CCTA to have a high-

diagnostic accuracy to rule out obstructive CAD (>50% stenosis) in

patients presenting with NSTEMI.36 CCTA may play a future role

in risk stratifying NSTEMI patients prior to ICA to identify those

with obstructive CAD and to diagnose nonobstructive atheroscle-

rosis, which can then be further optimized by medical therapy. Fur-

thermore, coronary vasospasm could have played a role in NSTEMI

is some patients with nonobstructive CAD, which was not evalu-

ated in this cohort. Recent advances in optical coherence tomogra-

phy have demonstrated the ability to evaluate the presence and

characteristics in plaques and other coronary pathologies to allow

for risk stratification in this population.37

With respect to gender, we found no difference in either mortal-

ity, the rate of CD or NFMI or all cardiac events between men and

women with nonobstructive CAD or obstructive CAD. Some prior

studies suggested that women with nonobstructive CAD may have a

worse prognosis than men.11,12

One possible explanation for the excellent prognosis in

patients with nonobstructive CAD in our study may relate to

enhancement of medication usage for secondary prevention after

the invasive diagnostic study. Excluding patients initially referred

for ICA for HF, 75% of the remaining group was taking aspirin and

73% were taking a statin or a PCSK-9 inhibitor at the time of

follow-up. With respect to the subgroup with nonobstructive CAD

in our study, 71% were taking aspirin and 66% were taking a statin

at follow-up. This compared to 85% and 83% of patients with

obstructive CAD who was taking aspirin and a statin, respectively,

at follow-up. There were no gender differences in medication

usage.

Other investigators have proposed that patient and physician

knowledge of coronary anatomy after either ICA or CCTA may guide

more appropriate guideline-based therapy for patients shown to have

coronary atherosclerosis, even though not obstructive. Pooled data
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from the PROMISE and SCOT-HEART registries comprising 86 000

patients revealed a 30% reduction in risk of events when management

was guided by CCTA versus traditional care.38 In another study,

annual all-cause mortality was 0.46% in statin users versus 1.40% in

nonusers in patients found to have nonobstuctive CAD on CCTA.26 A

post-hoc analysis of the SCOT-HEART trial, statin use increased from

43% to 50% in the standard care group at 1 year, whereas it rose from

44% to 59% in the CCTA group.38 The investigators of the SCOT-

HEART found that the major difference in statin usage between the

two arms of the study was the identification of nonobstructive CAD

in the CCTA group, for which enhanced therapy was prescribed.33

The association between statin therapy and better clinical outcomes

in more than 8000 patients with nonobstructive CAD was observed

regardless of age, sex, presence of hypertension or diabetes, coronary

artery calcium score, low-density lipoprotein cholesterol levels, or

renal function.39

The findings in the present study regarding changes in medication

usage after identification of nonobstructive CAD are consistent with

the findings of studies cited above. The major difference between our

study using ICA to detect CAD, rather than CCTA, was a greater post-

procedure increase in aspirin and statin usage. Nearly 70% of patients

with nonobstructive CAD were taking statins and aspirin at a median

of 6 years of follow-up. For patients with obstructive CAD, approxi-

mately 85% of patients were on these medications.

No gender differences in prescribing aspirin or statins were

observed. This is in contrast to the findings of another recently

reported study in patients with nonobstructive CAD identified after

ICA, in which women were less likely than men to report statin use at

follow-up.7

The cardiac event rates observed for patients with NSTEMI who

were found to have either normal or NNCA or nonobstructive CAD at

angiography. Interestingly, the event free survival was similar to

patients referred to ICA after an abnormal stress test, stable angina,

or unstable angina. The annual death or nonfatal infarction rate in this

subgroup of NSTEMI patients was only 2.6%/year and 2.0%/year,

respectively. It is possible, although speculative, that this low-event

rate may have been due to the benefits of guideline-directed medical

therapy after NSTEMI.

4.1 | Limitations of the study

There are several limitations of this study that deserve mention. First,

it is a single-center study with a limited number of patients in the non-

obstructive CAD group, which may limit the ability to detect small sta-

tistical differences with low-event rates. Furthermore, the limited

number of patients may also limit our ability to detect statistical dif-

ferences between outcomes stratified by referral indication (NSTEMI,

abnormal stress testing, etc.) between patients with NNCAs and non-

obstructive CAD. The study was retrospective in design. FFR was not

performed routinely in all patients. Severity of CAD was solely

assessed by quantitative coronary angiography. Approximately 8% of

the original study cohort was lost to follow-up, although the clinical

characteristics of those lost to follow-up were similar to the group for

which follow-up data was obtained. Another limitation of this study is

the lack of reported cholesterol levels at the time of follow-up.

5 | CONCLUSIONS

We present long-term follow-up data in a cohort of consecutive

patients without known prior CAD who underwent non-emergent

ICA for detection of CAD. A major finding of the current study is that

patients who were found to have nonobstructive CAD, defined as

21%–49% stenosis, had similar low-event rates to patients found to

have normal or NNCA at angiography at a median of 6 years of

follow-up. Patients with NSTEMI and either normal or NNCA or non-

obstructive CAD had a prognosis similar to patients referred for coro-

nary angiography for chest pain or following an abnormal stress test.

No gender differences were observed in outcomes regardless of

angiographic classification. We speculate that these low-event rates

may be secondary to enhanced medical therapy after the detection of

coronary plaque at angiography, albeit nonobstructive. This is consis-

tent with what has been observed for patients with nonobstructive

CAD in studies using CCTA.

CONFLICT OF INTEREST

Dr. Bourque is a consultant for Pfizer and GE Healthcare. The other

authors have nothing to disclose.

AUTHOR CONTRIBUTIONS

Christopher A. Hanson: conceptualization, methodology, formal analy-

sis, investigation, writing–original draft. Edwin Lu: formal analysis,

investigation, visualization, writing–review and editing. Saad

S. Ghumman: conceptualization, methodology, investigation. Michelle

L. Ouellette: conceptualization, methodology, investigation. Adri�an

I. Löffler: conceptualization, methodology, investigation. George

A. Beller: conceptualization, methodology, supervision, writing–review

and editing. Jamieson M. Bourque: conceptualization, methodology,

formal analysis, investigation, supervision, writing–review and editing.

DATA AVAILABILITY STATEMENT

The data that support the findings of this study are available on

request from the corresponding author. The data are not publicly

available due to privacy or ethical restrictions.

ORCID

Christopher A. Hanson https://orcid.org/0000-0002-8002-6213

Edwin Lu https://orcid.org/0000-0003-1671-9733

REFERENCES

1. Patel MR, Peterson ED, Dai D, et al. Low diagnostic yield of elective

coronary angiography. N Engl J Med. 2010;362:886-895.

2. Anon. CT coronary angiography in patients with suspected

angina due to coronary heart disease (SCOT-HEART): an open-

label, parallel-group, multicentre trial. The Lancet. 2015;385:

2383-2391.

HANSON ET AL. 1293

https://orcid.org/0000-0002-8002-6213
https://orcid.org/0000-0002-8002-6213
https://orcid.org/0000-0003-1671-9733
https://orcid.org/0000-0003-1671-9733


3. Ferencik M, Mayrhofer T, Bittner DO, et al. Use of high-risk coronary

atherosclerotic plaque detection for risk stratification of patients with

stable chest pain: a secondary analysis of the PROMISE randomized

clinical trial. JAMA Cardiol. 2018;3:144-152.

4. Wang ZJ, Zhang LL, Elmariah S, Han HY, Zhou YJ. Prevalence and

prognosis of nonobstructive coronary artery disease in patients

undergoing coronary angiography or coronary computed tomography

angiography: a meta-analysis. Mayo Clin Proc. 2017;92:329-346.

5. Huang F-Y, Huang B-T, Lv W-Y, et al. The prognosis of patients with

nonobstructive coronary artery disease versus Normal arteries deter-

mined by invasive coronary angiography or computed tomography

coronary angiography: a systematic review. Medicine (Baltimore).

2016;95:e3117.

6. Hulten EA, Carbonaro S, Petrillo SP, Mitchell JD, Villines TC. Prognos-

tic value of cardiac computed tomography angiography: a systematic

review and meta-analysis. J Am Coll Cardiol. 2011;57:1237-1247.

7. Pagidipati NJ, Mudrick DW, Chiswell K, Brucker A, Peterson ED,

Douglas PS. Sex differences in long-term outcomes of patients across

the spectrum of coronary artery disease. Am Heart J. 2018;206:

51-60.

8. Lin FY, Shaw LJ, Dunning AM, et al. Mortality risk in symptomatic

patients with nonobstructive coronary artery disease: a prospective

2-center study of 2,583 patients undergoing 64-detector row coro-

nary computed tomographic angiography. J Am Coll Cardiol. 2011;58:

510-519.

9. Finck T, Hardenberg J, Will A, et al. 10-year follow-up after coronary

computed tomography angiography in patients with suspected coro-

nary artery disease. JACC Cardiovasc Imaging. 2019;12:1330-1338.

10. Min JK, Dunning A, Lin FY, et al. Age- and sex-related differences in

all-cause mortality risk based on coronary computed tomography

angiography findings: results from the international multicenter CON-

FIRM (coronary CT angiography evaluation for clinical outcomes: an

international multicenter registry) of 23,854 patients without known

coronary artery disease. J Am Coll Cardiol. 2011;58:849-860.

11. Ankur G, Taqueti VR, van de Hoef Tim P, et al. Integrated noninvasive

physiological assessment of coronary circulatory function and impact

on cardiovascular mortality in patients with stable coronary artery

disease. Circulation. 2017;136:2325-2336.

12. Dreyer RP, Tavella R, Curtis JP, et al. Myocardial infarction with non-

obstructive coronary arteries as compared with myocardial infarction

and obstructive coronary disease: outcomes in a Medicare popula-

tion. Eur Heart J. 2020;41:870-878.

13. Ouellette ML, Löffler AI, Beller GA, Workman VK, Holland E,

Bourque JM. Clinical characteristics, sex differences, and outcomes in

patients with Normal or near-Normal coronary arteries, non-

obstructive or obstructive coronary artery disease. J Am Heart Assoc

Cardiovasc Cerebrovasc Dis. 2018;7.

14. Goff DC, Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA guide-

line on the assessment of cardiovascular risk: a report of the Ameri-

can College of Cardiology/American Heart Association task force on

practice guidelines. J Am Coll Cardiol. 2014;63:2935-2959.

15. Fletcher GF, Ades PA, Kligfield P, et al. Exercise standards for testing

and training: a scientific statement from the American Heart Associa-

tion. Circulation. 2013;128:873-934.

16. Bourque JM, Holland BH, Watson DD, Beller GA. Achieving an exer-

cise workload of > or = 10 metabolic equivalents predicts a very low

risk of inducible ischemia: does myocardial perfusion imaging have a

role? J Am Coll Cardiol. 2009;54:538-545.

17. Bourque JM, Patel CA, Ali MM, Perez M, Watson DD, Beller GA.

Prevalence and predictors of ischemia and outcomes in outpatients

with diabetes mellitus referred for single-photon emission computed

tomography myocardial perfusion imaging. Circ Cardiovasc Imaging.

2013;6:466-477.

18. Futamatsu H, Wilke N, Klassen C, et al. Evaluation of cardiac mag-

netic resonance imaging parameters to detect anatomically and

hemodynamically significant coronary artery disease. Am Heart J.

2007;154:298-305.

19. Bourque JM, Beller GA. Stress myocardial perfusion imaging for

assessing prognosis: an update. JACC Cardiovasc Imaging. 2011;4:

1305-1319.

20. Hachamovitch R, Hayes SW, Friedman JD, Cohen I, Berman DS.

Comparison of the short-term survival benefit associated with revas-

cularization compared with medical therapy in patients with no prior

coronary artery disease undergoing stress myocardial perfusion single

photon emission computed tomography. Circulation. 2003;107:2900-

2907.

21. Douglas PS, Patel MR, Bailey SR, et al. Hospital variability in the rate

of finding obstructive coronary artery disease at elective, diagnostic

coronary angiography. J Am Coll Cardiol. 2011;58:801-809.

22. Bradley SM, Maddox TM, Stanislawski MA, et al. Normal coronary

rates for elective angiography in the veterans affairs healthcare sys-

tem: insights from the VA CART program (veterans affairs clinical

assessment reporting and tracking). J Am Coll Cardiol. 2014;63:

417-426.

23. Eagle KA, Guyton RA, Davidoff R, et al. ACC/AHA 2004 guideline

update for coronary artery bypass graft surgery: summary article. A

report of the American College of Cardiology/American Heart Associ-

ation task force on practice guidelines (committee to update the

1999 guidelines for coronary artery bypass graft surgery). J Am Coll

Cardiol. 2004;44:e213-e310.

24. Ouellette ML, Beller GA, Löffler AI, Workman VK, Bourque JM. High

rate of appropriateness of coronary angiography despite high preva-

lence of normal coronary arteries or non-obstructive coronary artery

disease. J Am Coll Cardiol. 2017;69:2673-2675.

25. Bittencourt MS, Hulten E, Ghoshhajra B, et al. Prognostic value of

nonobstructive and obstructive coronary artery disease detected by

coronary computed tomography angiography to identify cardiovascu-

lar events. Circ Cardiovasc Imaging. 2014;7:282-291.

26. Chow BJW, Small G, Yam Y, et al. Prognostic and therapeutic implica-

tions of statin and aspirin therapy in individuals with nonobstructive

coronary artery disease. Arterioscler Thromb Vasc Biol. 2015;35:

981-989.

27. Imai S, Kondo T, Stone GW, et al. Abnormal fractional flow reserve in

nonobstructive coronary artery disease. Circ Cardiovasc Interv. 2019;

12:e006961.

28. Mortensen MB, Dzaye O, Steffensen FH, et al. Impact of plaque bur-

den versus stenosis on ischemic events in patients with coronary ath-

erosclerosis. J Am Coll Cardiol. 2020;76:2803-2813.

29. Villines TC, Rodriguez LP. Transitioning from stenosis to plaque bur-

den in the cardiac CT era: the changing risk paradigm. J Am Coll Car-

diol. 2020;76:2814-2816.

30. Opolski MP, Spiewak M, Marczak M, et al. Mechanisms of myocardial

infarction in patients with nonobstructive coronary artery disease:

results from the optical coherence tomography study. JACC Cardi-

ovasc Imaging. 2019;12:2210-2221.

31. Williams MC, Moss AJ, Dweck M, et al. Coronary artery plaque char-

acteristics associated with adverse outcomes in the SCOT-HEART

study. J Am Coll Cardiol. 2019;73:291-301.

32. Ferraro RA, van Rosendael AR, Lu Y, et al. Non-obstructive high-risk

plaques increase the risk of future culprit lesions comparable to

obstructive plaques without high-risk features: the ICONIC study. Eur

Heart J Cardiovasc Imaging. 2020.

33. SCOT-HEART Investigators, Newby DE, Adamson PD, et al. Coronary

CT angiography and 5-year risk of myocardial infarction. N Engl J

Med. 2018;379:924-933.

34. Chang H-J, Lin FY, Lee S-E, et al. Coronary atherosclerotic precursors

of acute coronary syndromes. J Am Coll Cardiol. 2018;71:2511-2522.

35. Hoffmann U, Ferencik M, Udelson JE, et al. Prognostic value of non-

invasive cardiovascular testing in patients with stable chest pain. Cir-

culation. 2017;135:2320-2332.

1294 HANSON ET AL.



36. Linde JJ, Kelbæk H, Hansen TF, et al. Coronary CT angiography in

patients with non-ST-segment elevation acute coronary syndrome.

J Am Coll Cardiol. 2020;75:453-463.

37. Kensuke N, Akira S, Kento F, et al. Prognostic links between OCT-

delineated coronary morphologies and coronary functional abnormali-

ties in patients with INOCA. JACC Cardiovasc Interv. 2021;14:

606-618.

38. Adamson PD, Williams MC, Dweck MR, et al. Guiding therapy by cor-

onary CT angiography improves outcomes in patients with stable

chest pain. J Am Coll Cardiol. 2019;74:2058-2070.

39. Hwang I-C, Jeon J-Y, Kim Y, et al. Statin therapy is associated with

lower all-cause mortality in patients with non-obstructive coronary

artery disease. Atherosclerosis. 2015;239:335-342.

SUPPORTING INFORMATION

Additional supporting information may be found online in the

Supporting Information section at the end of this article.

How to cite this article: Hanson CA, Lu E, Ghumman SS, et al.

Long-term outcomes in patients with normal coronary arteries,

nonobstructive, or obstructive coronary artery disease on

invasive coronary angiography. Clin Cardiol. 2021;44(9):

1286-1295. https://doi.org/10.1002/clc.23686

HANSON ET AL. 1295

https://doi.org/10.1002/clc.23686

	Long-term outcomes in patients with normal coronary arteries, nonobstructive, or obstructive coronary artery disease on inv...
	1  INTRODUCTION
	2  METHODS
	2.1  Stress testing, cardiac imaging, and ICA
	2.2  Statistical analysis

	3  RESULTS
	3.1  Baseline characteristics
	3.2  Outcomes
	3.3  Medication usage at follow-up

	4  DISCUSSION
	4.1  Limitations of the study

	5  CONCLUSIONS
	  CONFLICT OF INTEREST
	  AUTHOR CONTRIBUTIONS
	  DATA AVAILABILITY STATEMENT

	REFERENCES


