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Abstract

Background: The ISCHEMIA trial postulated that patients with stable coronary artery disease 

(CAD) and moderate or severe ischemia would benefit from revascularization. We investigated 

the relationship between severity of CAD and that of ischemia and trial outcomes, overall and by 

management strategy.

Methods: 5,179 patients with moderate or severe ischemia were randomized to an initial 

invasive or conservative management strategy. Blinded, core-laboratory-interpreted coronary CT 

angiography (CCTA) was used to assess anatomic eligibility for randomization. Extent and 

severity of CAD were classified using the modified Duke Prognostic Index (n=2,475, 48%). 

Ischemia severity was interpreted by independent core laboratories (nuclear, echocardiography, 

magnetic resonance imaging, exercise tolerance testing, n=5,105, 99%). We compared 4-year 

event rates across subgroups defined by severity of ischemia and CAD. The primary endpoint 

for this analysis was all-cause mortality. Secondary endpoints were myocardial infarction (MI), 

cardiovascular (CV) death or MI, and the trial primary endpoint (CV death, MI, or hospitalization 

for unstable angina, heart failure, or resuscitated cardiac arrest).

Results: Relative to mild/no ischemia, neither moderate nor severe ischemia was associated 

with increased mortality (moderate ischemia hazard ratio (HR) 0.89, 95% confidence interval [CI] 

0.61– 1.30, severe ischemia HR 0.83, 95% CI 0.57–1.21, p=0.33). Nonfatal MI rates increased 

with worsening ischemia severity (HR for moderate ischemia 1.20 (95% CI 0.86–1.69) vs. 

mild/no ischemia; HR for severe ischemia 1.37, 95% CI 0.98–1.91, p=0.04 for trend, p=NS after 

adjustment for CAD). Increasing CAD severity was associated with death (HR 2.27, 95% CI 1.37–

3.75) and MI (HR 1.69, 95% CI 1.17–2.45) for the most vs. least severe CAD subgroup. Ischemia 

severity did not identify a subgroup with treatment benefit on mortality, MI, the trial primary 

endpoint, or CV death or MI. In the most severe CAD subgroup (n=659), the 4-year rate of CV 

death or MI was lower in the invasive strategy group (difference 6.3%, 95% CI 0.2%−12.4%), but 

4-year all-cause mortality was similar.

Conclusions: Ischemia severity was not associated with increased risk after adjustment for CAD 

severity. More severe CAD was associated with increased risk. Invasive management did not lower 

all-cause mortality at 4 years in any ischemia or CAD subgroup.

Clinical Trial Registration: ClinicalTrials.gov identifier: NCT01471522; https://

clinicaltrials.gov/ct2/show/NCT01471522
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Introduction

The foundational premise of the ISCHEMIA (International Study of Comparative Health 

Effectiveness With Medical and Invasive Approaches) trial was that patients with moderate 

or severe ischemia would be at higher risk for events and would therefore have 

greater potential to benefit from an invasive management strategy incorporating complete 
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revascularization than patients with less severe ischemia.1 This hypothesis was based largely 

on observational data demonstrating that patients’ risk for cardiovascular death was directly 

related to degree of ischemia and that those with >10% left ventricular (LV) ischemia who 

were selected for revascularization had lower risk of cardiovascular death than patients 

with the same degree of ischemia who were not selected for revascularization.2 This 

relationship was reversed for patients with <10% LV ischemia. Observational data using 

stress echocardiography also suggested that revascularization might be most beneficial in 

patients with more extensive ischemia.3 However, analysis of outcomes among participants 

in the COURAGE (Clinical Outcomes Utilizing Revascularization and Aggressive Drug 

Evaluation) trial found that severity of CAD was associated with adverse outcomes but 

extent of ischemia was not.4

The ISCHEMIA trial randomized participants with moderate or severe ischemia on stress 

testing to an initial invasive strategy of routine cardiac catheterization and revascularization, 

if feasible, along with guideline-directed medical therapy consisting of pharmacologic and 

lifestyle measures (INV), or to a conservative strategy of optimal medical therapy alone, 

with cardiac catheterization deferred unless there was failure of medical therapy (CON).1 

Stress testing with several different commonly available modalities was permitted for 

eligibility. Most participants underwent blinded coronary CT angiography (CCTA) before 

randomization to exclude any enrolled participants who either did not have obstructive 

CAD or had at least 50% stenosis in the left main coronary artery. Primary results of the 

ISCHEMIA trial found no statistical evidence of a benefit of the invasive strategy on the 

primary or major secondary endpoints in this stable ischemic heart disease population.5

Leveraging the randomization in ISCHEMIA, we sought to validate prior observational 

studies suggesting risk stratification based on the magnitude of ischemia or extent of 

CAD could identify patients who might benefit more from revascularization. We set out 

to determine whether estimates of severity of CAD and/or ischemia were independently 

associated with increased risk of all-cause mortality, myocardial infarction or other 

cardiovascular outcomes in the ISCHEMIA trial cohort, and whether there was any 

heterogeneity of treatment effect in trial participants based on their severity of CAD on 

CCTA or inducible ischemia on stress testing.

Methods

Deidentified data and a data dictionary will be available starting March 30, 2022. Methods 

of data sharing will be determined based on the National Institutes of Health data sharing 

policy and in discussion with the National Institutes of Health and the National Heart, Lung, 

and Blood Institute program officer.

Detailed methods of the ISCHEMIA trial, baseline characteristics and primary results have 

been reported previously.1, 5–7 IRB approval was obtained at each site, and all participants 

provided informed consent.
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Test performance and interpretation

The trial protocol included definitions of moderate and severe ischemia for each of the 

following testing modalities performed before study enrollment: stress nuclear myocardial 

perfusion imaging (“nuclear”), stress echocardiography (“echo”), stress cardiac magnetic 

resonance imaging perfusion testing (“CMR”) and non-imaging exercise tolerance testing 

(“ETT”). For stress imaging, both exercise and pharmacologic stress were permitted. Tests 

were interpreted at dedicated stress core laboratories according to published guidelines,8–11 

without knowledge of detailed coronary anatomy or detailed clinical characteristics. Severity 

of ischemia was categorized by independent core laboratories using previously defined 

criteria (Table 1).1 Most randomized participants underwent CCTA (76%), which was 

interpreted by a separate independent core laboratory without access to stress test findings. 

Enrolled participants with kidney impairment (estimated glomerular filtration rate <60 

ml/min) or with known coronary anatomy were not required to undergo CCTA. For 

participants randomized without a study CCTA who underwent a prior CCTA within 1 

year of enrollment, those images were requested and, when available, were interpreted by 

the core laboratory and included in this analysis (n = 130).

Segmental interpretation of the CCTA was carried out according to Society of 

Cardiovascular Computed Tomography (SCCT) guidelines, with each segment coded as 

demonstrating no stenosis, 1–24% stenosis, 25–49% stenosis, 50–69% stenosis or 70–100% 

stenosis, if the segment was interpretable.12 Percent diameter stenosis was represented by 

ratio of the maximum lumen diameter at the site of maximal obstruction divided by the 

lumen diameter at the most proximal normal reference vessel x 100. Any coronary artery 

bypass grafts were noted and stenosis within them quantified. The modified Duke prognostic 

index, the segment stenosis score and the segment involvement score were calculated as 

previously described.13 The modified Duke prognostic index categorizes CAD according to 

extent, location and stenosis severity (Table 1).

CCTA was considered not evaluable for severity of CAD as defined by the modified Duke 

prognostic index if certain segments designated a priori by the core laboratory could not 

be interpreted for stenosis severity according to the categories listed above, for example, 

the mid RCA, due to artifact such as cardiac motion. The primary role of CCTA in the 

ISCHEMIA trial was to assess participant eligibility for randomization to the invasive or 

the conservative management strategy based on the presence of obstructive CAD and the 

absence of left main stenosis ≥50%. As published, 76% of participants underwent CCTA;14 

65% of CCTA studies were interpretable for number of vessels diseased using a 70% 

stenosis threshold. Thus 48% of participants had CCTA interpretable for modified Duke 

prognostic index.

Outcomes

The primary endpoint for this analysis was all-cause mortality. Secondary endpoints 

were myocardial infarction (MI), cardiovascular (CV) death or MI (trial major secondary 

endpoint), and the trial primary endpoint (CV death, MI, or hospitalization for unstable 

angina, heart failure, or resuscitated cardiac arrest). Endpoint definitions have been 

previously published.1
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Statistical Methods

Ischemia and CAD severity as predictors of outcomes.: For analyses of ischemia 

severity in relation to outcomes, we included all randomized participants with available 

stress test interpretations. We categorized participants as having severe, moderate, mild 

or no ischemia based on core laboratory interpretation (Table 1). We compared ischemia 

to outcomes using these categories for all participants combined and, as a sensitivity 

analysis, for each modality separately. For analyses of extent and severity of CAD in 

relation to outcomes (referring to both the severity of stenosis and the number of vessels 

or segments affected, and termed CAD severity throughout this paper for simplicity), only 

randomized participants with interpretable CCTA for the modified Duke prognostic index 

were included. We analyzed several measures of CAD severity including modified Duke 

prognostic index, the number of vessels diseased based on 50% and 70% diameter stenosis 

thresholds, segment stenosis score and segment involvement score. The outcomes assessed 

were all-cause mortality, MI, the trial primary composite endpoint (cardiovascular [CV] 

death, myocardial infarction [MI], or hospitalization for unstable angina, heart failure, or 

resuscitated cardiac arrest), cardiovascular (CV) death and MI, CV death, spontaneous MI 

(type 1, 4b or 4c), peri-procedural MI (type 4a or 5), hospitalization for unstable angina, 

and hospitalization for heart failure. To permit adjustment for covariates, the associations 

between categories of ischemia and outcomes, and categories of CAD severity and outcomes 

were assessed in a series of Cox proportional hazards models with assigned management 

strategy incorporated as a stratum variable to account for violation of the model’s underlying 

proportional hazards assumption due to up front risk related to procedures in the invasive 

group that diminished over time.5 Ischemia and CAD severity were included as a series of 

categorical indicator variables. In order to control for other potentially related prognostic 

factors, we also included the following baseline covariates in the models: age, sex, 

geographical region, diabetes, hypertension, smoking, estimated glomerular filtration rate 

(eGFR), body mass index (BMI), ejection fraction, prior MI, heart failure, NYHA class II, 

prior revascularization, Seattle Angina Questionnaire Angina Frequency subscale score at 

baseline (SAQ-AF), and new or increasing angina. To test for a linear trend between the 

ischemia measurements and outcomes, and the CAD measurements and outcomes, the same 

series of Cox models described above were repeated with the ischemia or CAD categorical 

indicators replaced by continuous variables; the p-values from the Wald test are reported.

To understand whether the observed association between CAD and outcomes was 

independent of ischemia severity, we added ischemia severity to the CAD model. We 

also performed a sensitivity analysis in which CAD was added to the ischemia model for 

outcomes. This latter analysis was considered supplemental because not all participants had 

available CAD severity data, given that not all had CCTA.

Ischemia and CAD severity as randomized strategy effect modifiers.: After assessing 

associations between ischemia, CAD severity, and outcomes, we performed a series of 

analyses to assess whether differences in cumulative event rates for initial invasive versus 

conservative strategy varied by levels of ischemia or CAD severity (i.e., heterogeneity 

of treatment effect). All analyses were based on intention to treat. Based on observed 

associations between all measures of CAD severity and all-cause mortality and MI, 
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randomized group comparisons as a function of CAD severity were limited to the modified 

Duke prognostic index. The modified Duke prognostic index was selected a priori by 

the steering committee and performed at least as well as other measures in prediction of 

all-cause mortality and of MI. To explore heterogeneity of treatment effect, event rate curves 

for each randomized group were estimated non-parametrically and plotted within subgroups 

defined by ischemia categories and levels of the modified Duke prognostic score. In light 

of crossing event rate curves, the treatment effect cannot be fully captured by any single 

number. For assessing the presence of a management strategy interaction with ischemia and 

CAD severity we focused on 4-year event rates and we assessed whether differences in 

4-year event rates for invasive minus conservative were consistent across levels of ischemia 

and the Duke prognostic score. Differences between treatment groups are presented with 

95% confidence intervals, without adjustment for multiple comparisons.

In a sensitivity analysis to further explore the potential for heterogeneity of treatment 

effect, we re-estimated event rate curves for each treatment group in a semi-parametric 

Cox modeling framework, both with and without the following covariates: age, sex, eGFR, 

EF, heart failure, diabetes and the number of vessels with 70% stenosis. To account for non­

proportional hazards in these models, treatment group was modeled as a stratum variable. To 

account for the competing risk of non-cardiovascular death in these analyses, we separately 

modeled the cause-specific hazards for endpoint events and competing events. These cause­

specific results were then combined into an appropriate estimate of the event rate of interest. 

Event rate curves adjusting for covariates were obtained by first predicting a curve for each 

individual patient under invasive treatment and again under conservative treatment and then 

averaging across patients. Two approaches were used to account for uncertainty in these 

analyses. First, we used bootstrap resampling to calculate approximate 95% confidence 

intervals around the difference in 4-year event rates across treatments. Second, we used 

Bayesian Markov Chain Monte Carlo to evaluate the posterior probability that the true 

4-year event rate for the invasive group is lower than the conservative group by amounts 

ranging from 0 to 5 percentage points. The Bayesian analysis was implemented with a 

flexible piecewise-constant baseline hazard approximation and non-informative priors, as 

previously described.5

Missing data.: Covariate data were nearly complete with no variable other than ejection 

fraction missing in more than 1.5% of patients and the majority of variables missing in fewer 

than 1.0% of patients. To make full use of the available covariate data, we imputed missing 

ejection fraction values (10.1%) to the average value across 100 imputed data sets, imputed 

other continuous variables to the median value, and imputed categorical variables to the 

most common category.

Results

Patient Population

Among 5,179 randomized participants in the ISCHEMIA trial, core laboratory-determined 

ischemia severity was available for analysis in 5,105 (99%), among whom nuclear imaging 

was the most commonly used stress test modality. Of those, CCTA-defined extent and 

Reynolds et al. Page 6

Circulation. Author manuscript; available in PMC 2022 September 28.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



stenosis severity of CAD based on the modified Duke prognostic index (hereafter referred to 

as “severity of CAD”) was available for analysis in 2,475 (48%, Figure I in the Supplement). 

Participants for whom severity of CAD was not available either did not undergo CCTA 

(n=1,244) or had CCTA that was not interpretable for number of vessels diseased due to at 

least one uninterpretable key segment (n=1,343). Baseline characteristics of the randomized 

ISCHEMIA cohort subdivided by ischemia severity appear in Tables I–II in the Supplement, 

and by CAD severity in III–IV in the Supplement. In general, participants with more 

extensive ischemia and those with more severe CAD were more likely to be male. Patients 

with more severe CAD were more likely to be of Asian race and less likely to be of white 

race. As previously reported, more severe ischemia and more severe CAD were correlated.15 

Characteristics of patients who did or did not have interpretable CCTA for severity of CAD 

appear in Table V of the Supplement. In general, participants who had CCTA interpretable 

for severity of CAD based on the modified Duke prognostic index were more likely to be 

male, to have hypertension and to have stress echocardiography as the qualifying stress test, 

and were more likely to have ETT as the qualifying stress test than participants randomized 

with a CCTA not interpretable for severity of CAD.

Ischemia severity and risk of outcomes

Increasing ischemia severity was not associated with an increase in the 4-year event rates 

for all-cause mortality or the five-component primary endpoint (Figure 1). For all-cause 

mortality, relative to mild or no ischemia as determined by the stress core laboratories, the 

hazard ratio (HR) for moderate ischemia was 0.89 (95% confidence interval [CI] 0.61–1.30), 

and for severe ischemia was 0.83 (95% CI 0.57–1.21), p=0.33. This finding was also evident 

for each individual stress testing modality (nuclear, echo, CMR, ETT; Tables VI–VIII in 

the Supplement). More severe ischemia was associated with higher risk of MI (Figure 1): 

relative to mild/no ischemia, the HR for moderate ischemia was 1.20 (95% CI 0.86–1.69) 

and HR for severe ischemia was 1.37 (95% CI 0.98–1.91), p=0.04. After adjustment for 

CAD, this association was no longer significant (Figure II in the Supplement). There was no 

significant association between severity of ischemia and risk of cardiovascular (CV) death, 

the major secondary trial outcomes of CV death or MI, or hospitalization for heart failure, 

hospitalization for unstable angina, spontaneous MI or peri-procedural MI (Figure III in the 

Supplement).

CAD severity and risk of outcomes

Among the 2,475 participants with CCTA data, there was a graded association between 

the severity of CAD and all-cause mortality (Figure 2; with ischemia severity excluded 

from the model, in Figure IV in the Supplement). More severe CAD was associated with 

increased risk of MI, including both spontaneous and peri-procedural MI subtypes (Figure 

IV in the Supplement). More severe CAD was also associated with higher risk of CV death, 

the trial primary composite endpoint and CV death or MI, but not with hospitalization for 

heart failure or unstable angina. Results were similar when considering other measures of 

CAD severity incorporating stenosis severity and extent of disease, including the number of 

vessels diseased, the segment stenosis score or the segment involvement score (Tables VIII–

X in the Supplement), and when restricting analysis to participants with moderate or severe 

ischemia as determined by the core laboratories (Figure V in the Supplement). Proximal 
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LAD stenosis ≥70% was not associated with increased risk of death (Table IX in the 

Supplement), MI (Table X in the Supplement) or CV death (Table XI in the Supplement).

Cardiac catheterization, revascularization and medication use in subgroups defined 
by severity of ischemia and severity of CAD, by randomized management strategy 
assignment

The use of cardiac catheterization and revascularization during follow-up was low in 

participants assigned to the conservative strategy, in all subgroups defined by ischemia and 

CAD severity (at most 33%, Tables XII and XIII in the Supplement).

Among conservative strategy-assigned participants, the 4-year rate of revascularization 

during follow-up was lowest in those with single vessel moderate CAD (12.4%), and highest 

in those with 3-vessel CAD with ≥70% stenosis or 2-vessel CAD with ≥70% stenosis 

including the proximal LAD (Duke 6 subgroup; 23.5%, Table XIII in the Supplement).

In general, the first revascularization procedure was more likely to be coronary artery bypass 

grafting (CABG) when there was more severe ischemia or CAD, though most invasive 

strategy participants in all CAD subgroups underwent PCI (Tables XIV and XV in the 

Supplement). For example, in the invasive strategy group, the proportion of participants 

undergoing CABG was 2.2% in those with single vessel moderate CAD, 29.8% in the Duke 

5 subgroup and 32.7% in those in the Duke 6 subgroup.

Medication use at enrollment and at the last study visit in subgroups defined by ischemia 

severity appear in Table XVI in the Supplement and, by CAD, in Table XVII in the 

Supplement. Participants with more severe CAD and those with more severe ischemia were 

more likely to receive high-intensity statin therapy, beta blockade and long-acting nitrates 

both at baseline and at 12 months after randomization. Patients with more severe ischemia 

were less likely to receive angiotensin converting enzyme inhibitors or angiotensin receptor 

blockers than those with less severe ischemia.

Management strategy group comparisons in subgroups defined by severity of ischemia

Four-year rates of all-cause mortality, MI (including the subtypes of spontaneous or 

peri-procedural MI), CV death or MI, the trial primary composite endpoint, CV death, 

hospitalization for heart failure or hospitalization for unstable angina in any ischemia 

subgroup are presented in Table 2, Figure 3, and Table XVII and Figure VI in the 

Supplement. No statistical evidence of a difference between treatment groups was identified 

for any ischemia subgroup, but power for subgroup analyses is inherently limited.

Management strategy group comparisons in subgroups defined by severity of CAD

Four-year rates of all-cause mortality are shown in Table 3 and Figure 4, MI in Figure 5, 

the major secondary outcome of cardiovascular death or MI in Figure VII of the supplement 

and the trial primary composite endpoint in Figure 8 of the Supplement. Given that 76% 

of the randomized trial cohort underwent CCTA and that 65% of those participants had 

adequate image quality in all key segments of the major coronary arteries as required for 

assignment of the modified Duke prognostic index, only 48% of randomized participants 
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were included in the analysis of CAD severity and outcomes. In the subgroup of participants 

with Duke score 6, the four-year estimated rate of all-cause mortality was 7.7% in the 

invasive group and 7.7% in the conservative group (difference −0.0%, 95% CI −4.9% to 

4.8%). In the same subgroup, the four-year estimated rate of MI was 9.2% in the invasive 

group and 13.4% in the conservative group (difference −4.2%, 95% CI −9.5% to 1.0%). The 

four-year estimated rate of the major secondary endpoint CV death or MI in this subgroup 

was 11.6% in the invasive group and 17.9% in the conservative group (difference −6.3%, 

95% CI −12.4% to −0.2%). The CAD-by-treatment-strategy interaction p value for 4-year 

event rates was >0.05 for all endpoints evaluated. There was no statistical evidence of a 

difference between randomized management strategy groups identified for any other CAD 

subgroup. Peri-procedural MI was infrequent (Table XVIII in the Supplement).

We conducted several sensitivity analyses of the relationship between CAD severity and 

outcomes by treatment group. Results were similar when analysis was restricted to patients 

with moderate or severe ischemia as determined by the core laboratories (Table XIX in 

the Supplement, Figures IX–X in the Supplement). Results were also similar when CAD 

was categorized according to the number of arteries with at least 70% stenosis on CCTA 

(Figures XI–XII and Table XX in the Supplement). When we modeled outcomes using 

semi-parametric Cox regression, the confidence interval around the difference in 4-year rates 

for invasive versus conservative management among patients in the Duke score 6 subgroup 

favored the invasive group for MI (difference −6.8%, 95% CI −12.4% to −1.3%), CV death 

or MI (difference −8.7%, 95% CI −14.8% to −2.4%), and the trial composite primary 

endpoint (difference −7.6%, 95% CI −14.0% to −1.1%). However, these were not adjusted 

for multiple comparisons. Modeling results were similar when adjusting or not adjusting 

for baseline covariates. In Bayesian analyses, posterior probability of a 5 percentage point 

difference in 4-year all-cause mortality favoring the invasive strategy group was 6% for 

the Duke score 6 subgroup and was ≤2% for all other CAD subgroups (Table XXI in the 

Supplement). The posterior probability that the 4-year event rate of MI was lower by at 

least 5 percentage points in the invasive group compared with the conservative group was 

68% for the Duke score 6 subgroup and was ≤25% for all other CAD subgroups (Table 

XXII in the Supplement). For CV death or MI, the posterior probability of a 5 percentage 

point difference favoring the invasive strategy group was 88% for the Duke score 6 subgroup 

and was ≤20% for all other CAD subgroups (Table XXIII in the Supplement). Additional 

Bayesian analyses are presented in Tables XXIV–XXV in the Supplement.

Discussion

In our large stable ischemic heart disease trial cohort, CAD severity was a highly significant 

predictor of all-cause mortality, MI, the trial primary 5-component composite endpoint, CV 

death or MI, and other individual trial endpoints, independent of ischemia severity and other 

clinical predictors. In contrast, core laboratory-determined ischemia severity was associated 

with only one trial outcome, MI, and this was no longer significant after including CAD 

severity in the model. We did not detect significant heterogeneity of treatment effect in 

the 4-year rates of all-cause mortality, MI or the primary endpoint in relation to ischemia 

severity. In the subgroup of 659 participants with the most severe CAD, there was no 

difference in 4-year all-cause mortality rates, but the rate of CV death or MI was lower 
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among invasive strategy participants. In light of the relatively small size of the subgroup, 

the absence of a graded relationship between CAD extent and the likelihood of benefit, 

the absence of a mortality difference, and the fact that only about half of randomized 

participants had CCTA interpretable for extent and severity of CAD for technical reasons, 

we cannot definitively conclude that those with the most extensive CAD benefit from an 

invasive strategy.

Ischemia severity and outcomes

ISCHEMIA selected participants based primarily on the presence of moderate or severe 

stress-induced ischemia, though approximately 15% had less than moderate ischemia based 

on core laboratory review. We included a narrow range of ischemia by design, and ischemia 

severity within this high range did not discriminate risk further. This was true overall and 

when considering each stress test modality used to qualify patients for the trial individually. 

More severe ischemia was associated with more severe CAD in cross sectional analysis of 

ISCHEMIA at baseline.15 In line with our findings, ischemia severity was not associated 

with risk of adverse outcomes in the COURAGE trial, while extent of CAD was.4 It should 

be noted that patients who were perceived by physicians to be at highest clinical risk 

were less likely to be considered by clinicians for trial enrollment. Patients with left main 

coronary artery disease were excluded from the trial. In the PROMISE trial, moderate or 

severe abnormalities on functional testing among patients with suspected cardiac chest pain 

were associated with increased risk of cardiovascular death or MI.16 By trial design, in 

PROMISE, unlike ISCHEMIA, the clinical assessment of ischemic risk did not influence 

enrollment. Patients with milder degrees of myocardial ischemia were not considered by 

sites for enrollment in ISCHEMIA, resulting in a narrower range of ischemic responses than 

in PROMISE. Future analyses will delve into the relationships between modality-specific 

parameters and outcomes, exercise capacity and outcomes, and the relative impact of 

ischemia and CAD on exercise capacity.

CAD severity and outcomes

The extent of CAD as assessed by coronary angiography has long been known to predict 

adverse outcomes, dating back to early revascularization trials employing bypass surgery 

and persisting in the era of guideline-based medical therapy.17–20 In addition, studies of 

larger cohorts who underwent CCTA have demonstrated that more extensive and severe 

CAD is associated with worse prognosis.13, 16, 21 ISCHEMIA builds on these studies by 

demonstrating a graded association between CAD severity and adverse outcomes, derived 

from a larger sample size of participants who had more extensive CAD on CCTA. Left 

main CAD was also associated with poorer prognosis in prior studies, but could not be 

evaluated in this study because patients with significant left main CAD were excluded from 

randomization and follow-up. CAD remained associated with all-cause mortality, MI and the 

trial primary composite outcome even after adjustment for other clinical variables, including 

ischemia on stress testing. This likely reflects an inherent relationship between the burden of 

atherosclerosis and the likelihood of plaque instability causing fatal and nonfatal events. Of 

note, in ISCHEMIA, there was a broad representation of CAD severity, including 79% with 

multi-vessel CAD overall and 63% in this analysis with multiple vessels affected by ≥70% 

stenosis.
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Ischemia and management strategy effects

There was no significant variation in the effect or the randomized management strategy 

on 4-year outcomes based on ischemia severity. The rates of cardiac catheterization and 

revascularization in the conservative strategy groups were low, at most 33%.

CAD and management strategy effects

The overall trial results extend the findings of COURAGE and the Bypass Angioplasty 

Revascularization Investigation 2 Diabetes (BARI 2D). Randomization in the ISCHEMIA 

trial before cardiac catheterization reduced the potential for enrollment bias related to 

anatomic suitability for revascularization. There was no signal of a mortality benefit overall 

or in any subgroup based on a severity of ischemia or CAD. There was a lower 4-year rate of 

CV death or MI among participants assigned to the invasive strategy within the most severe 

anatomic CAD subgroup (those with 3-vessel CAD with ≥70% stenosis or 2-vessel CAD 

with ≥70% stenosis, including in the proximal LAD), driven by lower rates of spontaneous 

MI; albeit with no adjustment for multiple testing. In the overall trial cohort, there was 

also a lower 4-year rate of CV death or MI among participants assigned to the invasive 

strategy, but the confidence interval of the difference in 5-year rates between the invasive 

and conservative strategy groups included zero (difference, −2.3 percentage points; 95% 

CI, −5.0 to 0.4). Results of the current analysis were consistent across multiple sensitivity 

analyses. The posterior probability of a difference of at least 5 percentage points favoring 

the invasive strategy group in the Duke 6 subgroup was 6% for all cause mortality, 68% for 

MI and 88% for CV death or MI, while the same probability was low for all these endpoints 

in all other CAD subgroups. Our ability to draw conclusions in subgroups is limited by low 

power and by smaller sample sizes, and the possibility of a spurious association cannot be 

excluded.

Older data derived from randomized trials of bypass surgery vs. no bypass surgery did 

show variation in the mortality benefit with bypass surgery based on CAD severity, leading 

to anatomy-based recommendations which are still in effect today, for revascularization 

in stable ischemic heart disease patients to improve survival.22, 23 The relationship 

between coronary anatomy and potential benefit from revascularization on survival was 

not replicated in BARI 2D, but power was limited in that study as well, and there was an 

interaction between angiographic complexity of CAD and treatment effect within the CABG 

stratum.24, 25 As expected, the use of CABG as the first revascularization procedure was 

more common among participants with more extensive CAD as compared with participants 

with less extensive CAD. However, the use of CABG as the first revascularization procedure 

was similar in the Duke 5 and Duke 6 subgroups, suggesting that differences in results 

between the Duke 5 and Duke 6 subgroups are not solely attributable to the use of 

CABG for revascularization. Analysis of outcomes among participants in the COURAGE 

trial showed no interaction between core-laboratory-interpreted ischemia severity or CAD 

severity with outcomes by assignment to a strategy of routine percutaneous coronary 

revascularization or a strategy of initial optimal medical therapy alone.4 Importantly, in 

the ISCHEMIA trial there were no differences between treatment strategies in all-cause 

mortality or CV death in any subgroup defined by CAD severity.
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Pathophysiologic Considerations

Our results underscore the fundamental vascular biology of coronary atherosclerosis, 

specifically, that the vast majority of severe flow-limiting plaques remain quiescent and 

do not cause cardiovascular events. It is possible that the risk conferred by more severe and 

extensive CAD as measured by the modified Duke prognostic index simply reflects a greater 

overall atherosclerotic burden. Within each coronary plaque, whether flow-limiting or not, 

there may be heterogeneous areas at risk to destabilize, and most of these are not severely 

obstructive.26 Medical therapy reduces the pathobiologic risk of the plaque destabilizion, 

regardless of whether a plaque includes a severe flow-limiting obstruction. This conceptual 

model is particularly relevant when considering the effects of revascularization, which is 

directed at ischemia-producing severe arterial narrowing but does not treat areas of adjacent 

plaque that may remain at risk of destabilization.

The method of revascularization in the invasive group, percutaneous or surgical, was not 

randomized in ISCHEMIA. This was instead determined locally by a heart team including 

invasive and non-invasive cardiologists, surgeons and the patient. Approximately 25% of 

patients in the invasive group who had revascularization underwent coronary artery bypass 

grafting, with a higher proportion receiving bypass surgery in subsets with more extensive 

CAD. Our results align with the findings of the BARI 2D trial bypass surgery randomized 

stratum, in which 52% of patients with diabetes had three-vessel CAD. There was no 

difference in mortality between those randomized to CABG versus initial medical therapy 

alone, though the CABG stratum was not powered for mortality.27 In BARI 2D, there was a 

lower rate of cardiac death or MI within the subgroup with the most extensive CAD in the 

CABG stratum, but not the PCI stratum.20

Potential implications for use of testing in patients suspected to have stable ischemic 
heart disease

Our study was not designed as a randomized trial of different testing strategies on 

outcomes. Instead, we blinded detailed study CCTA results to treating physicians, unlike 

the SCOTHEART and PROMISE studies. Among our trial population, selected for at least 

moderate ischemia, CCTA was superior to stress testing for risk prediction. The presence 

of obstructive CAD does not provide certainty that CAD is the cause of symptoms such 

as chest pain, since many patients have extensive CAD without symptoms, including some 

patients in this trial. Conversely, some patients with core laboratory confirmed ischemia 

had no obstructive CAD on CCTA (INOCA). Therefore, stress testing will continue to help 

clinicians and patients define whether ischemic heart disease is the cause of symptoms in a 

particular patient, and may be necessary even after CCTA for this purpose.

Limitations

This analysis is limited by the relatively short duration of follow-up, median 3.2 years. 

Extended follow-up of the ISCHEMIA trial cohort for mortality is ongoing. Outcomes are 

estimated with a statistical margin of error, and power for comparisons of the randomized 

management strategy within subgroups was limited. Subgroup-specific estimates have 

the disadvantage of being less precise, but they have the potential to shed light on 

treatment effects that differ depending on patient characteristics. Anatomy was defined 
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by noninvasive CCTA rather than conventional invasive angiography, limiting the potential 

for selection bias in enrollment and ascertainment bias related to knowledge of coronary 

anatomy. In some participants, clinicians had knowledge of the severity of CAD prior to 

randomization. Patients with left main coronary artery stenosis were excluded from the trial. 

In general, CCTA and invasive angiography provide similar but not identical results, and 

recommendations in SIHD guidelines are based on conventional invasive angiography.14 

Detailed plaque characterization was not available for this analysis, but is an active area 

of investigation and results are forthcoming. CCTA was not performed in all participants, 

mostly due to renal dysfunction. Some CCTA studies (35%) had uninterpretable segments 

that prevented scoring of the modified Duke prognostic index and number of vessels 

diseased at the 70% stenosis threshold. Ischemia testing was performed with mutliple 

modalities, increasing applicability to real world practice, but introducing heterogeneity. 

Physicians may have been unlikely to enroll patients with very severe ischemia, such as 

those with a fall in blood pressure with exercise, or those perceived by clinicians to be at 

highest risk. ISCHEMIA was an unblinded trial. There was no adjustment for multiple 

comparisons. Patients with an unacceptable degree of angina were excluded, as were 

patients with left main disease, recent ACS or heart failure, or EF less than 35%. One-fifth 

of patients assigned to the invasive strategy did not undergo revascularization, though the 

most common reason for this was no obstructive CAD at angiography. Heterogeneity of 

health status outcomes by severity of ischemia and CAD will be reported separately.

Conclusions

Ischemia severity was not associated with increased risk of adverse outcomes after 

adjustment for CAD severity. More severe CAD was associated with increased risk for 

all-cause mortality, but the invasive strategy did not lower that risk at 4 years.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Non-standard Abbreviations and Acronyms

BARI-2D Bypass Angioplasty Revascularization Investigation 2 

Diabetes trial

BMI body mass index

CCTA coronary CT angiography

CMR stress cardiac magnetic resonance imaging perfusion 

testing

CON Conservative Strategy

COURAGE Clinical Outcomes Utilizing Revascularization and 

Aggressive Drug Evaluation

ECHO stress echocardiography

eGFR estimated glomerular filtration rate

ETT non-imaging exercise tolerance testing

INOCA ischemia have no obstructive CAD on CCTA

INV Invasive Strategy

ISCHEMIA The International Study of Comparative Health 

Effectiveness with Medical and Invasive Approaches

LAD left anterior descending artery

Nuclear stress nuclear myocardial perfusion imaging

PROMISE Prospective Multicenter Imaging Study for Evaluation of 

Chest Pain

Proximal LAD [pLAD] Proximal left anterior descending coronary artery

RCA Right coronary artery

SAQ-AF Seattle Angina Questionnaire Angina Frequency

SCCT Society of Cardiovascular Computed Tomography

SCOT-HEART Scottish COmputed Tomography of the HEART Trial

SIHD stable ischemic heart disease
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Clinical Perspective

What is new?

• In the ISCHEMIA trial of stable ischemic heart disease (SIHD), severity of 

coronary artery disease (CAD), but not ischemia severity, predicted 4-year 

mortality.

• CAD severity, but not ischemia severity, was independently predictive of 

4-year myocardial infarction (MI) risk.

• There was no evidence of a difference between treatment groups in 4-year 

rates of mortality, MI or the trial primary or major secondary endpoint in any 

ischemia subgroup.

• In the subgroup with the most severe CAD (n=659), there was no difference 

between treatment groups in 4-year mortality rates, but the CV death or MI 

rate was lower among invasive-strategy-assigned participants.

What are the clinical implications?

• Among patients with stable CAD, coronary CT angiography (CCTA) may be 

superior to stress testing for risk prediction.

• Within the narrow range of ischemia severity enrolled in the trial, 

ischemia severity may not identify SIHD patients who benefit from invasive 

management over 4 years.

• Stress testing may be necessary to determine whether ischemia is likely to be 

the cause of symptoms in a particular patient, even after CCTA.

• CCTA may be a more efficient method than ischemia testing for risk 

stratification and may inform decision making for potential benefits of an 

invasive approach for patients with severe CAD.
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Figure 1. Association between Ischemia Severity and Outcomes
See Table 1 for details of ischemia severity categories. Covariates for adjustment included: 

age, sex, region (North America and Europe, Asia, Other), diabetes, hypertension, 

current smoking, prior MI, heart failure or New York Heart Association Class II, 

prior revascularization, angina frequency (Seattle Angina Questionnaire angina frequency 

subscale score ≤60, 61–90, 91–100), new or increasing angina, eGFR, ejection fraction and 

body-mass index.
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Figure 2. Association between CAD Severity and Outcomes
V denotes vessel. Covariates for adjustment included: ischemia severity, age, sex, region 

(North America and Europe, Asia, Other), diabetes, hypertension, current smoking, prior 

MI, heart failure or New York Heart Association Class II, prior revascularization, angina 

frequency (Seattle Angina Questionnaire angina frequency subscale score ≤60, 61–90, 91–

100), new or increasing angina, eGFR, ejection fraction and body-mass index.
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Figure 3. Ischemia Severity and Outcomes by Treatment Group
Shading indicates the half-width of confidence bands for the difference between treatment 

groups. CON = conservative strategy, INV = invasive strategy.
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Figure 4. Anatomic Severity of Coronary Artery Disease and All-Cause Mortality by Treatment 
Group
Shading indicates the half-width of confidence bands for the difference between treatment 

groups. CON = conservative strategy, INV = invasive strategy, V=vessel.
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Figure 5. Anatomic Severity of Coronary Artery Disease and Myocardial Infarction by 
Treatment Group
Shading indicates the half-width of confidence bands for the difference between treatment 

groups. CON = conservative strategy, INV = invasive strategy, V=vessel. The trial primary 

endpoint was a composite of CV death, MI, hospitalization for heart failure, hospitalization 

for unstable angina, and resuscitated cardiac arrest.
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