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Abstract

BACKGROUND—In the ISCHEMIA-CKD trial, the primary analysis showed no significant 

difference in the risk of death or myocardial infarction with initial angiography and 

revascularization plus guideline-based medical therapy (invasive strategy) as compared with 

guideline-based medical therapy alone (conservative strategy) in participants with stable ischemic 

heart disease, moderate or severe ischemia, and advanced chronic kidney disease (an estimated 

glomerular filtration rate of <30 ml per minute per 1.73 m2 or receipt of dialysis). A secondary 

objective of the trial was to assess angina-related health status.

METHODS—We assessed health status with the Seattle Angina Questionnaire (SAQ) before 

randomization and at 1.5, 3, and 6 months and every 6 months thereafter. The primary outcome of 

this analysis was the SAQ Summary score (ranging from 0 to 100, with higher scores indicating 

less frequent angina and better function and quality of life). Mixed-effects cumulative probability 

models within a Bayesian framework were used to estimate the treatment effect with the invasive 

strategy.
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RESULTS—Health status was assessed in 705 of 777 participants. Nearly half the participants 

(49%) had had no angina during the month before randomization. At 3 months, the estimated 

mean difference between the invasive-strategy group and the conservative-strategy group in the 

SAQ Summary score was 2.1 points (95% credible interval, −0.4 to 4.6), a result that favored the 

invasive strategy. The mean difference in score at 3 months was largest among participants with 

daily or weekly angina at baseline (10.1 points; 95% credible interval, 0.0 to 19.9), smaller among 

those with monthly angina at baseline (2.2 points; 95% credible interval, −2.0 to 6.2), and nearly 

absent among those without angina at baseline (0.6 points; 95% credible interval, −1.9 to 3.3). By 

6 months, the between-group difference in the overall trial population was attenuated (0.5 points; 

95% credible interval, −2.2 to 3.4).

CONCLUSIONS—Participants with stable ischemic heart disease, moderate or severe ischemia, 

and advanced chronic kidney disease did not have substantial or sustained benefits with regard to 

angina-related health status with an initially invasive strategy as compared with a conservative 

strategy. (Funded by the National Heart, Lung, and Blood Institute; ISCHEMIA-CKD 

ClinicalTrials.gov number, NCT01985360.)

Patients with stable ischemic heart disease and advanced chronic kidney disease represent a 

high-risk population with unique challenges. Because these patients have been 

systematically excluded from most clinical trials of invasive treatment strategies,1,2 there is 

no credible evidence from randomized trials of the benefits of revascularization, when added 

to medical therapy, on their health status (symptoms, functional status, and health-related 

quality of life). Several observational studies have suggested that patients who have 

moderate or advanced chronic kidney disease have worse health status in the context of 

stable ischemic heart disease3,4 and have less improvement from coronary bypass surgery5 

than patients who do not have advanced chronic kidney disease. In contrast, other 

prospective cohort studies and post hoc analyses from clinical trials have suggested that the 

health-status benefits of revascularization are similar between patients with moderate 

chronic kidney disease and those with normal or nearly normal kidney function.6,7 The 

Society for Cardiovascular Angiography and Interventions has explicitly called for more 

research into the benefits of revascularization on quality-of-life outcomes in patients with 

chronic kidney disease.8

To address this gap in knowledge, we assessed participants’ health status at baseline and 

during follow-up in the International Study of Comparative Health Effectiveness with 

Medical and Invasive Approaches — Chronic Kidney Disease (ISCHEMIA-CKD) trial. 

Participants in the trial were randomly assigned to undergo initial coronary angiography and 

revascularization, if feasible, plus receive guideline-based medical therapy (invasive 

strategy) or to receive guideline-based medical therapy alone (conservative strategy). The 

primary analysis of the effects of treatment strategy on the risk of death or myocardial 

infarction revealed no benefits with an invasive strategy.9 In this article, we report the results 

from our analysis of health status, a key secondary objective of the ISCHEMIA-CKD trial.
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Methods

Trial Population

We randomly assigned participants with stable ischemic heart disease, moderate or severe 

ischemia, and advanced chronic kidney disease (an estimated glomerular filtration rate of 

<30 ml per minute per 1.73 m2 of body-surface area or receipt of dialysis) to an invasive or a 

conservative strategy. The design of the trial has been described previously.10,11

Health-Status Outcomes

To determine the effects of the invasive and conservative strategies on patients’ health status, 

we administered a survey that was completed by participants before randomization and at 

1.5, 3, and 6 months and every 6 months thereafter until termination of the trial. This 

included the Seattle Angina Questionnaire (SAQ), the Rose Dyspnea Scale,12 and the 

European Quality of Life–5 Dimensions (EQ-5D) visual analogue scale.13

Linguistically and culturally certified translations of the SAQ (www.cvoutcomes.org) were 

used in each participating country. The 7-item version of the SAQ was used; this shortened 

version of the original 19-item SAQ has been shown to be similar to the parent instrument in 

terms of validity, reliability, and sensitivity to change.14–16 The SAQ captures the frequency 

of angina (Angina Frequency score) and the disease-specific effect of angina on patients’ 

physical function (Physical Limitation score) and quality of life (Quality of Life score). All 

three scores are averaged to calculate the SAQ Summary score, which is used as an overall 

measure of patients’ stable ischemic heart disease–specific health status; SAQ Summary 

scores range from 0 to 100, with higher scores indicating less frequent angina, greater 

physical function, and better quality of life. To convert SAQ results into clinically familiar 

terms, ranges of scores can be used as benchmarks. For the SAQ Angina Frequency score, 

ranges of 0 to 30, 31 to 60, 61 to 99, and 100 have been shown to be valid measures of daily, 

weekly, monthly, and no angina, respectively, as assessed with daily angina diaries.17 These 

ranges are strongly and independently correlated with risk of subsequent death, risk of 

myocardial infarction, and health care costs.18,19

The Rose Dyspnea Scale consists of four items that assess whether patients feel breathless 

with different activities; scores range from 0 to 4, with higher scores indicating shortness of 

breath with milder activities. On the EQ-5D visual analogue scale, patients rate their current 

health status along a continuum that ranges from 0 (worst) to 100 (best).

Trial Oversight and Organization

The trial was sponsored by the National Heart, Lung, and Blood Institute. An independent 

data and safety monitoring board approved the trial protocol (available with the full text of 

this article at NEJM.org) and monitored participant safety. The protocol was approved by the 

institutional review boards at New York University Grossman School of Medicine, Duke 

University, Saint Luke’s Hospital, and all other participating sites. All participants provided 

written informed consent. Data collection was performed by investigators at 118 sites from 

30 countries, with administrative support from the clinical coordinating center at New York 

University, and data management was performed by the Duke Clinical Research Institute. 
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All health-status analyses were conducted at Saint Luke’s Mid America Heart Institute. The 

first author vouches for the accuracy and completeness of the data on health status and for 

the fidelity of this analysis of health-status outcomes to the protocol.

Statistical Analysis

The full statistical analysis plan (available with the protocol) was finalized in September 

2019, after the feasibility of the planned analyses had been confirmed in a preliminary 

pooled data set that did not indicate treatment assignments. All analyses were performed in 

the intention-to-treat population, which included participants according to the group to 

which they were randomly assigned, regardless of the treatment received. We prespecified a 

single primary outcome for these analyses, the SAQ Summary score, but did not specify a 

time point because we sought to describe the differences in health status throughout follow-

up.11,20 No adjustment for multiplicity was planned for these analyses. The prespecified 

plan was to provide results for both the overall population and the population stratified 

according to baseline angina frequency, as assessed with the SAQ Angina Frequency score. 

Although the analyses included all available health-status assessments through 60 months, 

we present the results through the first 36 months since the median follow-up was 2.2 years. 

The sample size for this trial was driven by the projected clinical-event rates and not the 

health-status analyses.

For descriptive purposes, unadjusted mean scores over time are reported. The effect of 

treatment was evaluated with the use of cumulative probability models (also called 

“cumulative link models”), which do not impose distributional assumptions on the outcome.
21 After exploration of alternative approaches with blinded data, a logit link function was 

selected that produces odds ratios for having a higher SAQ Summary score.

Blinded review of the trial data revealed nonlinear changes in health-status scores over time, 

with larger changes early after randomization and with substantial heterogeneity of 

individual participants’ changes over time. We therefore used mixed models, within the 

framework of a cumulative probability model, that included fixed effects for baseline health-

status score, treatment group, time since randomization, and treatment-by-time interaction, 

as well as patient-level random intercepts and time effects. Piecewise linear splines were 

used to model time trends, with knots at 3, 6, 12, 18, and 24 months for the fixed effect of 

time and with knots at 6 and 12 months for patient-level random effects. Restricted cubic 

splines were used to allow for nonlinear effects of baseline scores. The mixed models 

allowed estimation of the effects of treatment assignment on patient-specific health-status 

outcomes, in addition to marginal or population-averaged outcomes.

All models were fit with the use of Bayesian methods. In addition to facilitating estimation 

of more complex models than those produced with traditional frequentist methods, Bayesian 

analysis directly estimates the probability distribution of the treatment effect, which can be 

interpreted as the probability of different effect sizes given the observed data. Weakly 

informative prior distributions (e.g., heavy-tailed t distributions around 0 with standard 

deviations of 10) were used for all fixed and random effects, so that inference was driven 

predominantly by the observed data. The effect of treatment over time was estimated for a 

typical patient, with a baseline score equal to the population mean and a random effect of 0. 
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In addition to odds ratios being reported at each time point, effects were transformed back to 

the scale of the instrument scores by integrating over the predicted probabilities of each 

possible value for each patient. As prespecified in the protocol, expected time-averaged 

scores through 48 months were also calculated, with the use of area-under-the-curve 

analyses. Results are presented as posterior means and 95% highest posterior distributions 

(credible intervals), which indicate the 95% most plausible values of the parameter being 

estimated. These distributions are presented for all assessments between 3 months and 36 

months and, as prespecified, stratified according to baseline angina frequency.20 Since we 

used Bayesian methods for analyses of the health-status outcomes, no P values are reported.

Rates of intermittent skipped assessments varied from 8 to 20% over time, with no 

appreciable differences between treatment groups in rates of missing scores or reasons for 

missing scores. In the primary analysis of treatment effect, missing scores were assumed to 

be missing at random, conditional on treatment group and other available scores, because the 

mixed model implicitly imputes missing data through participants’ estimated health-status 

trajectories. However, because death may be an informative reason for a missing score, we 

conducted a prespecified sensitivity analysis of the SAQ Summary score by fitting a joint 

shared-parameter model of health-status scores and death, in which the patient-level random 

effects from the health-status model were included as covariates in a Weibull regression 

model of time to death from any cause.22

Finally, in a post hoc analysis, we assessed differences in the odds ratios for benefit with an 

invasive strategy between the main ISCHEMIA trial,10 which excluded patients with 

advanced chronic kidney disease, and the ISCHEMIA-CKD trial. We conducted this 

analysis by taking 20,000 draws each from the posterior distributions of the ISCHEMIA and 

ISCHEMIA-CKD trials and calculating the proportion of draws in which the odds ratio from 

the ISCHEMIA-CKD trial was less than that from the ISCHEMIA trial. This analysis was 

performed in the overall population and stratified according to baseline angina frequency. 

All analyses were conducted with the use of SAS software, version 9.4; R software, version 

3.5.3; Stan software, version 2.18.1; and R software packages “rstan,” “rstanarm,” “brms,” 

and “tidyverse.”23–28

Results

Participants

Of the 777 participants included in the trial, 42 were excluded from this analysis because of 

improper form completion and 30 were excluded for missing either the baseline assessment 

or all follow-up assessments (Fig. S1 in the Supplementary Appendix, available at 

NEJM.org). There were no substantial differences in baseline characteristics between 

participants with survey data and those without survey data (Table S1). Health-status follow-

up data were available through 3 years for more than 80% of the participants (Table S2). The 

baseline characteristics of the 705 participants included in this analysis were well balanced 

between treatment groups (Table 1). The mean age was 62 years, two thirds of the 

participants were male, and the majority were white. Hypertension was present in 93% of 

the participants, and 55% had diabetes. The mean (±SD) baseline SAQ Summary score was 

76.0±20 in the invasive-strategy group and 76.7±19 in the conservative-strategy group. A 
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total of 12% of the participants had daily or weekly angina, 39% had angina one to three 

times per month, and 49% had had no angina during the month before randomization. The 

median follow-up was 2.2 years.

Primary Outcome

The unadjusted mean health-status scores in each treatment group are shown in Figure 1; all 

SAQ scores and the scores on the Rose Dyspnea Scale and the EQ-5D visual analogue scale 

are similar in the two groups. The odds of a better health-status score at each time point 

throughout 3 years of follow-up generally favored the invasive strategy over the conservative 

strategy, as indicated by a mean odds ratio of more than 1, but wide posterior distributions 

indicated substantial residual uncertainty around those estimates (Table S3). An analysis of 

treatment effect on the mean SAQ Summary score at 3 months favored the invasive strategy 

(Table 2, Fig. 2, and Fig. S2), a result that reflects the combination of a large benefit among 

the 83 participants who had daily or weekly angina at baseline (estimated mean difference 

between invasive-strategy group and conservative-strategy group in SAQ Summary score, 

10.1 points; 95% credible interval, 0.0 to 19.9), a smaller benefit among the 276 participants 

who had angina one to three times per month at baseline (mean difference in score, 2.2 

points; 95% credible interval, −2.0 to 6.2), and no benefit among the 345 participants 

without angina at baseline (mean difference in score, 0.6 points; 95% credible interval, −1.9 

to 3.3). By 12 months, the mean difference in the SAQ Summary score among participants 

who had daily or weekly angina at baseline was 2.2 points (95% credible interval, −8.0 to 

13.1), whereas the mean difference in the overall population was 0.1 points (95% credible 

interval, −3.0 to 3.1). Posterior distributions of the mean differences in the SAQ Summary 

score after 12 months were consistent with no appreciable treatment benefit of an initially 

invasive strategy over a conservative strategy. The absence of a difference between treatment 

groups was confirmed in an analysis of mean health-status scores over time, with a time-

averaged difference in the SAQ Summary score of 0.7 points (95% credible interval, −2.0 to 

3.4) (Table S4).

Joint Model of Death and Health Status

Because of the high mortality in this population of patients with advanced chronic kidney 

disease, we performed a sensitivity analysis using joint models of death and health-status 

scores. Table S5 shows odds ratios for having a higher SAQ Summary score, as well as the 

probability of any benefit with an invasive strategy, as calculated in models that did not 

include death and in joint models that included death and health status. Because mortality 

was similar in the two treatment groups, the findings in the joint models were virtually 

identical to the findings in the models that did not include death as an outcome.

Benefits of Invasive Strategy According to Kidney Disease Status

To assess the health-status benefits of an invasive strategy in participants with and in those 

without advanced chronic kidney disease, we obtained samples from the distributions of the 

odds ratios for having a higher SAQ Summary score in the ISCHEMIA-CKD trial and the 

ISCHEMIA trial. Our analysis showed an at least 93% probability that the health-status 

benefits of the invasive strategy would be larger among participants without advanced 

chronic kidney disease (in ISCHEMIA) than among those with advanced chronic kidney 
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disease (in ISCHEMIA-CKD) (Fig. S3). Table S6 shows data, according to angina frequency 

at baseline and time point, regarding the probability that the odds ratio for better health 

status with the invasive strategy in the ISCHEMIA-CKD trial would be less than the odds 

ratio observed in the ISCHEMIA trial; the results all support a larger benefit in patients 

without advanced chronic kidney disease.

Discussion

In this large, multicenter trial, which compared an initially invasive strategy with a 

conservative strategy in participants with stable ischemic heart disease, moderate or severe 

ischemia, and advanced chronic kidney disease, an analysis of treatment effect on 

cardiovascular events did not reveal benefits of the invasive strategy. A secondary objective 

of the trial was to assess health status, since improvement in health status is a major goal of 

treatment for all patients with stable ischemic heart disease. In the overall trial population, 

we found little evidence of improvement in angina-related health status with an invasive 

approach. Nearly half the participants had had no angina during the month before 

randomization, and this group had no evidence of health-status benefits from an invasive 

strategy, a finding that heavily weighted the results in the overall intention-to-treat 

population toward the null. However, even participants with angina at baseline had only 

transient health-status benefits from an invasive strategy that were less consistent than the 

benefits seen in the main ISCHEMIA trial,10 which excluded patients with advanced chronic 

kidney disease. Although participants with advanced chronic kidney disease who had daily 

or weekly angina during the month before randomization had a substantial estimated mean 

improvement in their 3-month SAQ Summary scores with the invasive strategy as compared 

with the conservative strategy, the difference was no longer apparent after 6 months, after 

which the credible intervals included a substantial possibility of no benefit from an invasive 

strategy. Combined with the absence of a clinical benefit from the invasive strategy with 

respect to death or myocardial infarction, the results of this analysis suggest that an initially 

invasive strategy does not lead to better outcomes than a conservative strategy in patients 

with stable ischemic heart disease and advanced chronic kidney disease.

Because of the systematic exclusion of patients with advanced chronic kidney disease from 

most previous trials of management strategies for stable ischemic heart disease, clinicians 

have had to extrapolate from results of clinical trials involving patients with preserved renal 

function to treat patients with advanced chronic kidney disease.29–32 In the COURAGE 

(Clinical Outcomes Utilizing Revascularization and Aggressive Drug Evaluation) trial, 

patients with chronic kidney disease (defined as an estimated glomerular filtration rate of 

<60 ml per minute per 1.73 m2) had a slight benefit from an invasive approach through 6 

months with respect to the SAQ Physical Limitation and Quality of Life scores, and that 

benefit dissipated by 12 months. No difference in the SAQ Angina Frequency score between 

the group that received percutaneous coronary intervention plus medical therapy and the 

group that received medical therapy alone was observed at any time.7 Given the paucity of 

data from randomized trials, most of the evidence regarding the health-status benefits of 

invasive treatment for stable ischemic heart disease has come from observational studies, 

which have had conflicting results.3–7 In the largest of these studies, James et al.6 used an 

observational registry in Alberta, Canada, to assess the health-status benefits of 
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revascularization in 9394 patients according to their kidney function, although patients 

receiving dialysis were excluded. In that study, the observed mean improvement in SAQ 

scores over a 1-year period was greater in patients treated with coronary-artery bypass 

grafting than in those treated with percutaneous coronary intervention or medical therapy 

alone. There were no significant interactions of SAQ score with severity of chronic kidney 

disease, a finding that suggests health-status benefits do not vary according to kidney 

function. Despite the rigor of these observational analyses, selection bias cannot be ruled 

out, and the randomized ISCHEMIA-CKD trial provides little confidence in any sustained 

health-status benefit from an initially invasive treatment strategy.

The results of our analysis should be interpreted in the context of several limitations. First, 

there were some missing health-status assessments, although less than 20% of assessments 

were missing at any point in time. Our models included participants with missing follow-up 

assessments, and only 72 participants were excluded from the entire analysis; 160 patients 

died before the 36-month assessment, but all available data up to the point of death were 

included. Second, although participants underwent randomization before angiography, 

exclusion of participants who had other clinical features that their physicians thought would 

require an invasive approach may have occurred. Third, a substantial proportion of 

participants who were randomly assigned to the invasive strategy did not undergo 

revascularization (a higher proportion than in the main ISCHEMIA trial33), and further 

analyses are needed to help us understand the effect of this observation on health-status 

outcomes. It is noteworthy that the participants in the ISCHEMIA-CKD trial had a low 

angina burden at the time of randomization, which limited the precision of our estimates of a 

treatment benefit in more symptomatic patients. Finally, the results of this analysis do not 

apply to patients with advanced chronic kidney disease who meet criteria for exclusion 

specified in the protocol, such as those with left main coronary artery disease, acute 

coronary syndromes, or heart failure.

In conclusion, patients with stable ischemic heart disease, moderate or severe ischemia, and 

advanced chronic kidney disease did not have substantial or sustained benefits with regard to 

their health status with an initially invasive management strategy as compared with a 

conservative strategy, regardless of angina frequency at baseline.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Unadjusted Mean Health-Status Scores Over Time.
Shown are mean health-status scores among participants who were randomly assigned to 

undergo initial coronary angiography and revascularization plus receive guideline-based 

medical therapy (invasive strategy) or to receive guideline-based medical therapy alone 

(conservative strategy). Shading represents the 95% confidence interval. On the Seattle 

Angina Questionnaire (SAQ), the Summary score (Panel A) is an average of the Angina 

Frequency, Quality of Life, and Physical Limitation scores (Panels B, C, and D, 

respectively); SAQ scores range from 0 to 100, with higher scores indicating better health 

status. On the Rose Dyspnea Scale (Panel E), scores range from 0 to 4, with higher scores 

indicating shortness of breath with milder activities. On the European Quality of Life–5 

Dimensions (EQ-5D) visual analogue scale (Panel F), scores range from 0 to 100, with 

higher scores indicating better health status.
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Figure 2. Distributions of Differences between Treatment Groups in SAQ Summary Scores.
Shown are posterior distributions of estimated mean differences between the invasive-

strategy group and the conservative-strategy group in the SAQ Summary score, according to 

angina frequency at baseline (as assessed with the SAQ Angina Frequency score) and time 

point. Positive numbers on the x axis show the magnitude of benefits with an invasive 

strategy, and the y axis shows the probability of those benefits.
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