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Abstract

Background—Ischemia with Non-Obstructive Coronary Arteries (INOCA) is common 

clinically, particularly among women, but its prevalence among patients with at least moderate 

ischemia and the relationship between ischemia severity and non-obstructive atherosclerosis 

severity are unknown.

Objective—We investigated predictors of INOCA in enrolled, non-randomized ISCHEMIA trial 

participants, sex differences and the relationship between ischemia and atherosclerosis in patients 

with INOCA.

Methods—Core laboratories independently reviewed screening noninvasive stress tests (nuclear 

imaging, echocardiography, magnetic resonance imaging or non-imaging exercise tolerance 

testing), and CCTA, blinded to results of the screening test. INOCA was defined as all stenoses 

<50% on CCTA in a patient with moderate or severe ischemia on stress testing. INOCA patients, 

who were excluded from randomization, were compared to randomized participants with ≥50% 

stenosis in ≥1 vessel and moderate or severe ischemia.

Results—Among 3,612 participants with core laboratory-confirmed moderate or severe ischemia 

and interpretable CCTA, 476 (13%) had INOCA. Patients with INOCA were younger, 

predominantly female, and had fewer atherosclerosis risk factors. For each stress testing modality, 

extent of ischemia tended to be less among patients with INOCA, particularly with nuclear 

imaging. There was no significant relationship between severity of ischemia and extent or severity 

of non-obstructive atherosclerosis on CCTA. On multivariable analysis, women odds ratio 4.19 

(95% confidence interval, 3.37–5.20) for INOCA compared with men.

Conclusions—Among participants enrolled in ISCHEMIA with core laboratory-confirmed 

moderate or severe ischemia, the prevalence of INOCA was 13%. Severity of ischemia was not 

associated with severity of non-obstructive atherosclerosis.

Condensed Abstract:

We investigated predictors of ischemia with non-obstructive coronary arteries (INOCA) and 

the relationship between stress test findings and atherosclerosis in INOCA (defined as all 

stenoses <50%) in ISCHEMIA enrolled, non-randomized participants. Among 3,612 enrollees 

with core laboratory-confirmed moderate or severe ischemia and interpretable coronary computed 

tomography angiography (CCTA), 476 (13%) had INOCA. Ischemia tended to be less extensive 

with INOCA vs. obstructive coronary artery disease, particularly for nuclear imaging. On 
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multivariable analysis, women had >4-fold odds of INOCA vs. men. INOCA was common with 

moderate or severe ischemia. There was no correlation between severity of ischemia and of 

non-obstructive atherosclerosis.

Keywords

ischemia; stress testing; coronary CT angiography; INOCA

Introduction

Increasingly, clinicians encounter patients with demonstrable myocardial ischemia who have 

no obstructive coronary arteries as defined by the absence of any 50% or greater stenosis on 

noninvasive anatomic imaging or invasive coronary angiography (INOCA). These patients 

are at increased risk for major adverse cardiac events (1–3) and all-cause mortality as 

compared with people who have normal coronary arteries. (4,5) In addition, patients with 

INOCA suffer from impaired functional status and decreased quality of life. (6) Evidence 

to guide treatment in these patients is currently limited. (1,7) The American College of 

Cardiology-National Cardiovascular Data Registry and National Heart, Lung, and Blood 

Institute–sponsored Women’s Ischemia Syndrome Evaluation (WISE) study estimated that 

at least 3–4 million women and men with signs and symptoms suggestive of ischemia have 

INOCA in the United States. (8) The WISE demonstrated a 13% risk of 10-year all-cause 

mortality among patients with signs and symptoms of INOCA, higher than the 2.8% 10-year 

mortality in a nationally representative cohort of controls without symptoms who were 

approximately the same age during a similar time period.(4) The risks of death and of major 

adverse cardiovascular events were higher in those with angiographic evidence of non-

obstructive atherosclerosis than with angiographically normal coronary arteries in multiple 

studies of symptomatic patients, but the relationship between the degree of atherosclerosis 

and ischemia in INOCA patients was not explored in these analyses.(9,10)

Despite the requirement for moderate or severe ischemia on a stress test as a prerequisite 

for entry into the ISCHEMIA trial, 21% of enrolled participants who underwent 

coronary computed tomography angiography (CCTA) were found to have trial-defined non-

obstructive CAD, and were therefore not randomized.(11)

The ISCHEMIA trial provides a unique opportunity to better understand and clarify this 

common clinical entity and evaluate its prevalence in a large, multicenter, international 

study that included independent core lab assessment of both ischemia and anatomy. In this 

analysis, we characterized patients enrolled in ISCHEMIA with myocardial ischemia and no 

coronary stenosis ≥50% on CCTA, including sex differences, predictors of INOCA and the 

relationship between ischemia on stress testing and severity of atherosclerosis on CCTA.

Methods and patient population

The ISCHEMIA trial screened and enrolled 8518 patients who had moderate or severe 

ischemia on stress testing at baseline, as determined locally at 320 enrolling sites in 

37 countries.(11) Blinded CCTA was performed in most enrolled participants (68%) and 
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was reviewed by a core laboratory to exclude left main stenosis of at least 50% and to 

confirm obstructive CAD meeting trial criteria before randomization. CCTA was not usually 

performed if the estimated glomerular filtration rate (eGFR) was less than 60 mL/min or 

if invasive coronary angiography had been recently performed.(11) For the purposes of this 

analysis, we considered ≥50% stenosis in any vessel to indicate obstructive CAD, regardless 

of the type of stress test used to qualify the participant for the trial.

Stress testing was performed for clinical indications and included imaging modalities 

(nuclear myocardial perfusion imaging (MPI), either single-photon emission computed 

tomography [SPECT] or positron emission tomography [PET]), stress echocardiography 

and cardiac magnetic resonance [CMR]) or non-imaging exercise tolerance testing (ETT). 

Ischemia severity was interpreted in a blinded fashion by core laboratories, whether or not a 

participant was ultimately randomized, according to criteria in Supplemental Table 1. Only 

core laboratory determination of ischemia is included in these analyses. The imaging core 

laboratories also identified any infarcted segments. In supplemental analyses, we included 

participants who had mild or no ischemia based on core laboratory review.

CCTA scans were interpreted according to Society of Cardiovascular Computed 

Tomography (SCCT) guidelines for segmental stenosis of 0%, 1–24%, 25–49%, 50–69% or 

70–100%.(12,13) In ISCHEMIA, CCTA anatomic eligibility criteria after positive imaging 

stress tests required at least 50% stenosis in at least 1 major coronary artery. The CCTA 

eligibility criteria for patients with positive non-imaging stress tests required at least 70% 

stenosis in a proximal or middle segment of a coronary artery. Non-imaging stress tests were 

used to qualify for ISCHEMIA in 23% of enrollees. However, in this study we used the 50% 

stenosis threshold to define INOCA regardless of stress test type.

The segment stenosis score was used as a measure of overall CAD plaque extent and 

the segment involvement score was used as a measure of overall coronary artery plaque 

distribution.(14) To calculate the segment stenosis score, each individual coronary segment 

was graded as having no to severe plaque (scores from 0 to 4) based on extent of obstruction 

of coronary luminal diameter. Then the extent scores of all 16 individual segments were 

summed to yield a total score ranging from 0 to 64. The segment involvement score was 

defined as the total number of coronary artery segments exhibiting plaque, irrespective of 

the degree of luminal stenosis within each segment (minimum = 0; maximum = 16). Normal 

CCTA was defined as segment involvement score equal to zero (i.e., no plaque).

For this analysis, we excluded enrolled participants if they did not have a CCTA performed, 

if they had prior CABG or PCI or if CCTA was not evaluable for the presence of 50% 

stenosis. We also excluded those with no or mild ischemia based on stress core laboratory 

interpretation. The study cohort therefore consisted of 476 INOCA participants and 3,136 

randomized ISCHEMIA trial participants who had at least 50% stenosis on CCTA according 

to the CT core laboratory and had moderate or severe ischemia according to the stress core 

laboratories.

Enrolled participants who were excluded from randomization were not followed up after 

exclusion. However, those who had stress echocardiography as the qualifying stress test 
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were eligible for enrollment into the CIAO-ISCHEMIA ancillary study (NCT01471522)

(15).

Statistical analysis

Baseline characteristics, including patient demographics, medical history, and ischemia 

severity by stress test modality are presented for enrolled participants with vs. without 

obstructive CAD on CCTA and by sex among those with no obstructive CAD (“INOCA”). 

Categorical variables are presented as counts (percentages), and differences between groups 

are assessed using the Chi-Square test or Fisher’s exact test. For categorical variables with 

ordered levels, the Cochran-Armitage test for trend was applied. Continuous variables are 

presented as the number of non-missing values and median (Q1, Q3); differences between 

groups are assessed using the Wilcoxon rank-sum test.

CCTA findings including segment stenosis score, segment involvement score, number of 

vessels with >0% stenosis, and percentage of participants with entirely normal CCTA (i.e., 

all visualized segments had 0% stenosis) were compared between women and men who had 

no obstructive CAD using the Wilcoxon rank-sum for continuous measures or a Chi-square 

test or Fisher’s exact test for categorical measures. Similar analysis methods were used when 

comparing ischemia severity between patients with vs. without obstructive CAD.

A multivariable logistic regression model was fit to assess the association between 

demographics and clinical characteristics with the presence of INOCA. Odds ratios (95% 

CI) and associated p-values were reported for each covariate. To account for possible 

nonlinear relationships, continuous covariates were modeled as restricted cubic splines with 

3 knots at the 10th, 50th, and 90th percentiles of each covariate’s empirical distribution. 

Missing data were accounted for using multiple imputation (100 imputations). When 

analyzing stress-imaging tests, we did not incorporate type of stress or exercise testing 

parameters for exercise stress tests in multivariable models, due to frequently missing data 

in many participants who were excluded from randomization. Discrimination ability of the 

model was assessed by reporting the C-index, which was calculated over all 100 “imputed” 

models. All analyses were performed using SAS version 9.4 (Cary, NC).

Results

Patient population

There were 8,518 enrolled patients in the ISCHEMIA trial. After initial exclusion of 2,760 

persons who had no study CCTA performed and 455 patients not evaluable for obstructive 

CAD ≥ 50%, 147 with a prior CABG, and 945 with prior PCI, there were 4,211 participants, 

of whom 688 (16.3%) had no CCTA-defined coronary stenosis ≥50% (Figure 1). We then 

excluded 212 participants with mild or no ischemia according to the stress core laboratories, 

yielding a final cohort of 476 patients with INOCA for this analysis. We excluded 387 

participants with no or mild ischemia from the comparator CAD cohort, resulting in a 

total of 3411 participants with obstructive CAD. Baseline characteristics of patients with 

no obstructive CAD who did or did not have moderate or severe ischemia according to the 
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stress core laboratories appear in Supplemental Table 2. Overall, 27.3% of INOCA patients 

had entirely normal coronary arteries, and the remainder had some degree of atherosclerosis.

Enrolled participants with INOCA and moderate or severe ischemia (n=476, 13%) were 

younger than the 3,136 participants with obstructive CAD and moderate or severe ischemia 

(median age 60 vs. 63 years, p<.001) (Central Illustration). As compared with participants 

with obstructive CAD, participants with INOCA were more likely to be female (53.6% vs. 

20.6%, p<.001) and less likely to have history of hypertension (59.4% vs. 66.5%, p=.002) or 

diabetes (25.4% vs. 39.7%, p<.001) (Table 1).

The proportion of participants with INOCA was 110/1381 (7.9%) among those who 

had stress nuclear imaging as the qualifying stress test, 174/851 (20.4%) for stress 

echocardiography, 183/1258 (14.5%) for ETT and 9/112 (8.0%) for CMR. There was no 

significant difference in the proportion of participants for whom ETT was the qualifying 

stress test modality between those with INOCA vs. obstructive CAD. However, overall 

there were fewer stress nuclear tests and more stress echocardiograms among INOCA 

participants.

The proportion of participants with INOCA who had at least one infarcted segment on 

stress imaging was 16.4% (18/110) for nuclear imaging and 8.0% (14/174) for stress 

echocardiography.

Stress test results in participants with INOCA vs. obstructive CAD

For each of the stress test modalities, the proportion of patients with no obstructive CAD 

was higher when there was moderate rather than severe ischemia, and this relationship 

was strongest for stress nuclear, the largest subset (Figure 2 and, excluding those with 

normal coronary arteries on CCTA, in Supplemental Figure 1; including patients rated by 

core laboratories as having mild or no ischemia, in Figure 3). For both stress echo and 

stress nuclear testing, there was a lower likelihood of INOCA with increasing ischemia 

severity using modality-specific parameters (Supplemental Figure 2). This relationship was 

not evaluated for ETT, which does not provide a quantitative measure of ischemia, or for 

CMR, due to low sample size.

On multivariable analysis, in participants with core laboratory-determined moderate or 

severe ischemia, the finding of no obstructive CAD on CCTA was associated with younger 

age, female sex, absence of diabetes, absence of prior MI, lower ischemia severity and stress 

test modality (Table 2). In particular, the odds ratio for diagnosing INOCA among women 

vs. men was 4.19 (95% CI: 3.37, 5.20, p<.001). The C-statistic for this model was 0.763 

(95% CI: 0.761, 0.765).

Relationship Between Ischemia Severity and Extent of Non-Obstructive Atherosclerosis on 
CCTA

There was no significant correlation between ischemia severity and the severity of non-

obstructive atherosclerosis as measured by either the segment involvement score or the 

segment stenosis score, which includes the number of segments affected and severity of 

stenosis (Figure 4). The median segment involvement score was 3 (IQR, 0–8).
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Sex Differences in Clinical Characteristics and Imaging Findings Related to INOCA

Women with INOCA were older than men with INOCA (median age 61 years vs 59, 

p=0.026), and more women than men with INOCA had never smoked (71.9% vs. 49.5%; p 

<.001). Among the 476 participants with INOCA, a greater proportion of men had a nuclear 

(SPECT/PET) qualifying stress test compared to women (29.0% vs. 18.0%, p=0.005, Table 

3) and a lower proportion had stress echocardiography (25.8% vs. 45.9%, p<0.001), similar 

to usage of the various stress testing modalities in the trial overall.(16) Women were more 

likely than men to have no obstructive CAD regardless of the stress test modality: INOCA 

was present in 15.1% of women vs. 5.9% of men undergoing stress nuclear testing, p<0.001; 

41.2% of women vs. 10.1% of men undergoing stress echocardiography p<0.001; and 30.3% 

of women vs. 10.1% of men undergoing ETT, p<0.001).

Sex Differences in the Extent of Non-Obstructive Atherosclerosis on CCTA

The segment stenosis score and segment involvement score were significantly higher in men 

compared to women (all p<0.001) (Table 4). There was no interaction between sex and 

ischemia severity with respect to segment stenosis score or segment involvement score.

Discussion

In this analysis of ISCHEMIA trial enrollees, we observed that INOCA was present in 

13%, defined here as no coronary stenosis ≥50% in a participant with moderate or severe 

ischemia and a fully evaluable CCTA with no prior PCI or CABG. Thus, mechanisms 

other than advanced atherosclerosis may be responsible for ischemia, even when a high 

degree of ischemia is present. For each stress test modality, extent of ischemia tended to 

be less among patients with INOCA than in patients with obstructive CAD, particularly 

for participants undergoing stress nuclear imaging. There was no significant correlation 

between severity of ischemia and severity of non-obstructive atherosclerosis on CCTA. 

On multivariable analysis, females had 4.2-fold odds of INOCA compared with men and 

were younger. INOCA patients were less likely to have cardiac risk factors including 

hypertension, diabetes, or cigarette smoking.

In this study the proportion of patients with no obstructive CAD was far lower than in 

series of patients undergoing clinically indicated CCTA or invasive angiography, due to the 

requirement for core laboratory confirmed moderate or severe ischemia.(10,17–19) It was 

lower than the overall proportion excluded from randomization due to lack of trial-defined 

obstructive CAD (21%) because we restricted this analysis to participants with moderate or 

severe ischemia according to core laboratories and with interpretable CCTA. In addition, the 

trial definition required ≥70% stenosis for participants enrolled after ETT. (20)

One proposed mechanism for stress-induced ischemia in the absence of epicardial coronary 

obstruction is coronary microvascular dysfunction.(3) Reduced coronary flow reserve (CFR) 

has been observed across the entire spectrum of CAD, from severe atherosclerosis to 

those with normal appearing angiograms. (21) Reduced coronary flow reserve is also 

found in patients with systemic inflammation and endothelial dysfunction. (22) Many pro-

inflammatory conditions have been associated with INOCA such as chronic pulmonary 
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disease, heart failure with preserved ejection fraction, systemic lupus erythematosus, 

rheumatoid arthritis, and inflammatory bowel disease. Coronary artery spasm is another 

mechanism of INOCA and may coexist with coronary microvascular dysfunction. (23) 

Given that coronary artery spasm is often not identified on non-invasive testing and that both 

endothelial dysfunction and microvascular coronary disease may be associated with mild 

ischemia, or no ischemia, on stress testing, the prevalence of INOCA in our study is likely 

an underestimate of the true prevalence in the general population.

Female sex and lower degrees of ischemia severity were the strongest independent predictors 

of INOCA on multivariate analysis. Women were approximately 4-fold more likely than 

men to have INOCA and were more frequently excluded from trial randomization due 

to INOCA.(24) However, it should be noted that INOCA is not exclusively a disease of 

females, and 46% of patients with INOCA in this analysis were male. This represents 

a reason that equal representation of women in trials of revascularization for CAD is 

challenging, and cannot be remedied by equitable screening. However, it is consistent with 

data from over 6,000 patients in the Advanced Cardiovascular Imaging Consortium registry 

without known CAD, in which female sex was independently associated with the absence of 

obstructive CAD on CCTA performed within 3 months of a positive stress test.(25) In that 

study, stress test results were not predictive of obstructive CAD, in contrast to the current 

analysis.

The likelihood of INOCA was highest for participants enrolled after stress 

echocardiography, followed by ETT and then nuclear or CMR perfusion imaging. For 

both stress nuclear and stress echocardiography, the likelihood of INOCA was lower 

with increasing ischemia severity, but this relationship was more striking for nuclear 

than echocardiography. When considering ETT, it should be noted that trial eligibility 

required severe ischemia. The differences between modalities in the relationship between 

ischemia severity and no obstructive CAD were most apparent in supplemental analyses that 

considered the entire enrolled cohort, without restricting to tests verified to show moderate 

or severe ischemia by the core laboratories. This may relate to variability in interpretation 

between sites and core laboratories, inherent differences between stress test modalities, or 

both.

Patients with no obstructive CAD had lower degrees of ischemia on average than patients 

with obstructive CAD on CCTA in ISCHEMIA for every stress testing modality, most 

notably for nuclear imaging. Only 1.3% of patients with severe ischemia on stress nuclear 

imaging had INOCA. Perfusion imaging appears to have better specificity for obstructive 

CAD at the upper range of ischemia severity than wall motion imaging, though we cannot 

formally test this due to the selected nature of our trial-eligible population. For example, an 

unacceptable level of angina was an exclusion criterion. Prior studies have shown that stress 

echocardiography had a mean sensitivity of 84% and mean specificity of 87% for detecting 

obstructive CAD.(26) Because stress echocardiography has been documented to have higher 

specificity and lower sensitivity than stress nuclear imaging, a referral pattern may exist such 

that lower-risk patients were sent more frequently for stress echocardiography.(27,28) In 

addition, stress echocardiography may be preferred in women, particularly younger women, 

to avoid radiation exposure (29). Women enrolled in ISCHEMIA were less likely to have 
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had nuclear imaging performed, more likely to have had stress echocardiography and overall 

in the trial, women had less severe ischemia as compared with men.(24) Women are well 

known to have higher prevalence of INOCA. Women also develop atherosclerotic disease 

later than men in general.(30) Alternatively, these findings may represent true differences 

in the diagnostic accuracy of the various stress test modalities for obstructive CAD, and/or 

the severity of inducible wall motion abnormalities that aligns with a particular severity 

of perfusion defect may be different than that reflected by the inclusion criteria for the 

ISCHEMIA trial. The accuracy of stress echocardiography may be reduced in cases with 

exercise-induced hypertension, and hemodynamic data were not incorporated into the 

interpretation at the stress echocardiography core laboratory in ISCHEMIA. There may 

be greater variability in interpretation of stress echocardiography than perfusion imaging 

between sites and core laboratories. It is also possible that stress echocardiography and/or 

exercise tolerance testing have greater sensitivity for microvascular ischemia than stress 

perfusion imaging. Studies describing the sequence of events in the ischemic cascade 

(namely, perfusion abnormality followed by abnormal wall motion, ECG changes and then 

symptoms) were performed in the setting of epicardial stenosis.(31,32) Epicardial stenosis 

by its nature creates regional abnormalities in perfusion, while microvascular ischemia may 

be more widespread across the myocardium and yet patchy in its effects on a particular 

segment.(33) These inherent differences in the mechanism of ischemia have the potential to 

lead to different patterns of stress testing abnormalities, an area for further study. Finally, it 

may be the case that at least some of these stress tests were falsely positive for ischemia, 

such as due to artifacts. Furthermore, given these observations, it would be important to 

determine in future studies the potential differences in association with independent markers 

of ischemia such as myocardial flow reserve by PET or invasive CFR measurements. as well 

as prognosis based upon the modality used to identify patients felt to have INOCA.

On CCTA, there was a median of three segments affected by atherosclerosis in our 

patients with INOCA. In line with prior studies, most INOCA patients did have some 

demonstrable atherosclerosis.(34,35) However, neither the number of involved segments 

(segment involvement score) nor the segment stenosis score, which takes into account the 

severity of stenosis by segment, was associated with ischemia severity for any stress testing 

modality. This suggests that atherosclerosis may not be the main contributor to ischemia 

in these patients. However, our analysis is limited by the multiple methods of ischemia 

testing employed and the limited range of ischemia severity based on trial entry criteria. 

More importantly, atherosclerotic plaque features other than stenosis severity (e.g., low 

attenuation, positive remodeling, napkin ring sign, spotty calcification), and lumen volume 

may be more closely associated with ischemia than stenosis severity.(36) We did not have 

access to these parameters for the present analysis. In addition, atherosclerosis is common at 

sites of coronary spasm.(37)

The CorMicA study investigated underlying mechanisms of ischemia in patients with 

INOCA. In CorMicA, coronary microvascular disease, coronary artery spasm or both 

was identified in 89% of consecutive male and female patients who were referred for 

coronary angiography for evaluation of typical or atypical chest pain and found to have no 

obstructive CAD.(23) This was even higher than a prior study at the Mayo Clinic, in which 

63% of patients had abnormalities on invasive testing; noninvasive stress tests had limited 
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accuracy for identifying invasive testing abnormalities(38). Using invasive and noninvasive 

methods, the WISE program demonstrated that many patients with INOCA have ischemia 

on gold-standard testing, and that abnormal coronary flow reserve is associated with adverse 

cardiovascular outcomes(39,40). Based on this prior literature and because independent core 

laboratories confirmed moderate or severe ischemia without knowledge of CAD status, it is 

likely that most patients with INOCA enrolled in the ISCHEMIA trial had true ischemia.

Our study results reinforce the need to address gaps in knowledge about INOCA diagnosis 

and management, including the diagnostic accuracy of the various non-invasive modalities 

as compared with the reference standards of invasive coronary reactivity testing or 

positron emission tomography, how non-invasive test findings relate to future risk, and 

the best medical therapy and lifestyle measures to improve symptoms and reduce risk of 

cardiovascular events, among others.

Limitations

CCTA was not performed in all enrolled patients, which could bias toward a higher 

prevalence of INOCA in patients with moderate or severe ischemia, since lower eGFR is 

associated with increased risk of CAD (41). Stress testing methods are subject to artifacts 

that have the potential to mimic ischemia; thus, some patients may have had false positive 

stress tests. CCTA and invasive angiography do not always agree on stenosis severity. 

We have not yet assessed FFR by CCTA, or quantified plaque volume or plaque length 

as a measure of plaque diffuseness, or examined lumen volume. However, we found no 

relationship between segment involvement score, a marker of the diffuseness of plaque 

and ischemia severity. We did not perform invasive testing to investigate mechanisms of 

INOCA, which was outside the scope of the trial. Angina and clinical outcomes were not 

recorded in patients excluded from trial randomization in ISCHEMIA, but were reported 

separately in the Changes in Ischemia and Angina over One year among ISCHEMIA 

trial (CIAO-ISCHEMIA) ancillary study(15). Many patients with INOCA as proven by 

invasive testing in clinical practice do not have abnormal stress imaging, and may have mild 

ischemia, exercise ECG abnormalities alone or normal stress test results. In some cases, 

calcification could have resulted in overestimation of stenosis severity, so some patients 

included in the obstructive CAD group may in fact have had INOCA. Breast attenuation 

on perfusion imaging, and alteration in lead placement to avoid breast tissue on ETT, may 

contribute to false positive stress test results in women. Sample size was limited. Other 

determinants of myocardial ischemia such as valvular heart disease, left ventricular outflow 

tract obstruction, left ventricular hypertrophy, or diastolic function were not recorded. 

Therefore, our population may possibly include some patients with different cardiac and 

systemic conditions associated with ischemia other than intrinsic coronary dysfunction.

Conclusions

Among patients with core lab determined moderate or severe ischemia at baseline who were 

enrolled but not randomized in ISCHEMIA, the prevalence of INOCA was 13%. INOCA 

was more common among women, younger patients and patients with relatively less severe 

ischemia. Women had less extensive non-obstructive atherosclerosis than men. There was 
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no relationship between extent of non-obstructive atherosclerosis and severity of ischemia in 

patients with INOCA.
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INOCA ischemia with non-obstructive coronary arteries

ISCHEMIA International Study of Comparative Health Effectiveness 

with Medical and Invasive Approaches

PCI percutaneous coronary intervention

SIHD stable ischemic heart disease

WISE Women’s Ischemia Syndrome Evaluation
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Core Clinical Competencies and Translational Outlook implications

Competency in Medical Knowledge 1:

Ischemia with no obstructed coronary arteries (INOCA) is observed in both men and 

women, including with all degrees of ischemia on stress testing.

Competency in Medical Knowledge 2:

INOCA is more common among women than men, 4-fold in this study. Still, 46% of 

INOCA patients in this study were male.

Competency in Interpersonal & Communication Skills:

It is important to explain to patients that a CT showing non-obstructive atherosclerosis 

does not equate to the absence of heart disease.

Translational Outlook 1:

Severity of ischemia in INOCA patients was not correlated with severity of non-

obstructive atherosclerosis in this study. Future studies will investigate whether 

atherosclerotic plaque features other than stenosis severity, and lumen volume, may be 

more closely associated with ischemia than stenosis severity or the number of arterial 

segments with plaque.
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Figure 1. Study Flow Diagram
This analysis included participants enrolled in the ISCHEMIA trial. Those without a 

coronary CT angiogram (CCTA) were excluded. We excluded participants with prior 

coronary artery bypass grafting (CABG) or prior percutaneous coronary intervention (PCI), 

because they had obstructive coronary artery disease (CAD) at one time. We compared 

participants with no obstructive CAD, defined as all stenoses on CCTA <50%, who were 

excluded from randomization in the trial, to randomized trial participants with at least one 

stenosis of ≥50% on CCTA, termed obstructive CAD. The final cohort for analysis consisted 

only of participants with moderate or severe ischemia as determined by core laboratories.
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Figure 2. Likelihood of INOCA based on ischemia severity and stress imaging modality
See Supplemental Table 1 for definitions of moderate and severe ischemia.
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Figure 3. Ischemia severity in patients with no obstructive CAD vs. obstructive CAD, including 
those rated by core laboratories as showing no or mild ischemia.
See Supplemental Table 1 for definitions of moderate and severe ischemia. Note that in the 

remainder of analyses in this article, INOCA is defined as moderate or severe ischemia with 

<50% stenosis in all major epicardial vessels.
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Figure 4. Relationship between severity of ischemia and extent and severity of non-obstructive 
stenosis on CCTA
The bean plots show the severity of non-obstructive atherosclerosis as measured by the 

segment stenosis score (left) and the segment involvement score (right). For each bean, 

patients with moderate ischemia as determined by core laboratories are shown on the left in 

blue and those with severe ischemia in gray on the right. The median value is shown with 

a horizontal black line, and the width illustrates the frequency of each value on the y-axis. 

To calculate the segment stenosis score, each individual coronary segment was graded as 

having no to severe plaque (i.e., scores from 0–4) based on extent of obstruction of coronary 

luminal diameter. Then the extent scores of all 16 individual segments were summed to 

yield a total score ranging from 0–64. The segment involvement score was defined as the 

total number of coronary artery segments exhibiting plaque, irrespective of the degree of 

luminal stenosis within each segment (minimum=0; maximum=16). Data are presented for 

each stress testing modality.

P-values comparing segment stenosis score between participants with moderate vs. severe 

ischemia overall for each modality were all >0.05. The same was true for segment 

involvement score.
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Central Illustration. 
We analyzed the prevalence of INOCA, defined as coronary CT angiogram (CCTA) showing 

< 50% diameter stenosis in all coronary arteries, among participants enrolled in ISCHEMIA. 

Participants with INOCA identified on CCTA were excluded from randomization in the 

trial. Clinical and stress test variables associated with INOCA are shown. Female sex was 

strongly associated with INOCA on multivariable analysis. Ischemia severity and extent of 

non-obstructive coronary artery disease (CAD) on CCTA were not correlated, whether CAD 

was assessed based on the number of segments with plaque, or incorporated the severity of 

plaque and the number of segments affected, in the segment stenosis score.
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Table 1.

Enrolled Participant Baseline Characteristics by Presence of Obstructive Coronary Artery Disease on CCTA.

No Obstructive
CAD (INOCA)

(N=476)

Obstructive
CAD

(N=3,136)

P-value

Demographics

Age at Enrollment (yrs.) <.001

 Median (25th, 75th) 60 (53, 68) 63 (56, 69)

Female Sex 255/476 (53.6%) 646/3,136 (20.6%) <.001

Race 0.107

 American Indian or Alaskan Native 2/467 (0.4%) 7/3,112 (0.2%)

 Asian 155/467 (33.2%) 1,103/3,112 (35.4%)

 Native Hawaiian or Other Pacific Islander 2/467 (0.4%) 9/3,112 (0.3%)

 Black or African American 27/467 (5.8%) 108/3,112 (3.5%)

 White 281/467 (60.2%) 1,873/3,112 (60.2%)

 Multiple Races Reported 0/467 (0.0%) 12/3,112 (0.4%)

Ethnicity 0.381

 Hispanic or Latino 78/451 (17.3%) 456/2,909 (15.7%)

 Not Hispanic or Latino 373/451 (82.7%) 2,453/2,909 (84.3%)

Clinical History

Hypertension 281/473 (59.4%) 2,081/3,127 (66.5%) 0.002

Diabetes 121/476 (25.4%) 1,244/3,136 (39.7%) <.001

Prior Myocardial Infarction 16/474 (3.4%) 245/3,109 (7.9%) <.001

Cigarette Smoking <.001

 Never Smoked 278/452 (61.5%) 1,452/3,087 (47.0%)

 Former Smoker 131/452 (29.0%) 1,265/3,087 (41.0%)

 Current Smoker 43/452 (9.5%) 370/3,087 (12.0%)

Qualifying Stress Test Modality

 Nuclear 110/476 (23.1%) 1,281/3,136 (40.8%) <.001

 Echocardiogram 174/476 (36.6%) 677/3,136 (21.6%) <.001

 CMR 9/476 (1.9%) 103/3,136 (3.3%) 0.102

 ETT 183/476 (38.4%) 1,075/3,136 (34.3%) 0.075
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Table 2.

Factors Associated with INOCA on Multivariable Analysis

Characteristic Odds Ratio (95% CI) P-value

Age at Enrollment (per 10-year change) 0.72 (0.64, 0.81) <.001

Female Sex 4.19 (3.37, 5.20) <.001

Race (White vs. Non-white) 1.27 (0.96, 1.68) 0.089

Hypertension 0.84 (0.67, 1.06) 0.146

Diabetes 0.56 (0.44, 0.71) <.001

Prior MI 0.57 (0.33, 0.98) 0.042

Cigarette Smoking
1 0.097

 Former Smoker vs. Never Smoker 0.85 (0.66, 1.09)

 Current Smoker vs. Never Smoker 0.68 (0.47, 0.99)

Estimated GFR from Enrollment (per 30-mL/min higher) 1.09 (0.93, 1.27) 0.292

Severe vs. Moderate Ischemia 0.45 (0.35, 0.58) <.001

Imaging Modality
1 <.001

 Echocardiogram vs. Nuclear 2.97 (2.23, 3.94)

 CMR vs. Nuclear 1.11 (0.53, 2.34)

 ETT vs. Nuclear 2.59 (1.85, 3.61)

1
P-value reported is for the overall effect of the variable

C-statistic for this model = 0.763 (95% CI: 0.761, 0.765)
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Table 3.

Baseline Characteristics and Stress Test Findings of Women and Men with No Obstructive Coronary Artery 

Disease on CCTA.

Characteristic
Women
(N=255)

Men
(N=221) P-value

Demographics

Age at Enrollment (years, median, 25th, 75th) 61 (53, 68) 59 (52, 66) 0.026

Race 0.014

 American Indian or Alaskan Native 2/249 (0.8%) 0/218 (0.0%)

 Asian 68/249 (27.3%) 87/218 (39.9%)

 Native Hawaiian or Other Pacific Islander 0/249 (0.0%) 2/218 (0.9%)

 Black or African American 16/249 (6.4%) 11/218 (5.0%)

 White 163/249 (65.5%) 118/218 (54.1%)

 Multiple Races Reported 2/249 (0.8%) 0/218 (0.0%)

Hispanic or Latino Ethnicity 49/241 (20.3%) 29/210 (13.8%) 0.068

Clinical History

Hypertension 161/253 (63.6%) 120/220 (54.5%) 0.045

Diabetes 64/255 (25.1%) 57/221 (25.8%) 0.862

Prior Myocardial Infarction 7/253 (2.8%) 9/221 (4.1%) 0.432

Cigarette Smoking <.001

 Never Smoked 174/242 (71.9%) 104/210 (49.5%)

 Former Smoker 53/242 (21.9%) 78/210 (37.1%)

 Current Smoker 15/242 (6.2%) 28/210 (13.3%)

Qualifying Stress Test Modality

 Nuclear 46/255 (18.0%) 64/221 (29.0%) 0.005

 Echocardiogram 117/255 (45.9%) 57/221 (25.8%) <.001

 CMR 8/255 (3.1%) 1/221 (0.5%) 0.042

 ETT 84/255 (32.9%) 99/221 (44.8%) 0.008

Left Ventricular Ejection Fraction, Median (25th, 75th) N=150
62 (57, 67)

N=100
60 (55, 64)

0.007

Exercise Stress Test Details*

Peak METs Achieved N=94 N=67 <.001

 Median (25th, 75th) 7.0 (5.9, 8.7) 8.4 (7.0, 10.2)

Heart Rate at Peak Stress (bpm) N=107 N=76 0.341

 Median (25th, 75th) 149 (137, 160) 148 (142, 162)

Systolic Blood Pressure at Peak Stress (mmHg) N=100 N=71 0.314

 Median (25th, 75th) 161 (150, 186) 170 (150, 192)
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Characteristic
Women
(N=255)

Men
(N=221) P-value

Diastolic Blood Pressure at Peak Stress (mmHg) N=83 N=67 0.729

 Median (25th, 75th) 81 (77, 90) 80 (79, 90)

*
includes ETT and exercise stress imaging
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