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Abstract

Background: ISCHEMIA-CKD reported an initial invasive strategy (INV) did not reduce the 

risk of death or nonfatal myocardial infarction (D/MI) compared with a conservative strategy 

(CON) in patients with advanced chronic kidney disease, stable coronary disease, and moderate 

or severe myocardial ischemia. The cumulative frequency of different MI type after randomization 

and subsequent prognosis have not been reported.
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Methods: MI classification was based on the Third Universal Definition for MI (UDMI). For 

procedural MI, the primary MI definition used CK-MB as the preferred biomarker whereas the 

secondary MI definition used cardiac troponin; both definitions included elevated biomarker-only 

events with higher thresholds than non-procedural MIs. The cumulative frequency of MI type 

according to treatment strategy was determined. The association of MI with subsequent all-cause 

death and new dialysis initiation was assessed by treating MI as a time-dependent covariate.

Results: The 3-year incidence of type 1 or 2 MI with the primary MI definition was 11.2% in 

INV and 13.6% in CON (difference −2.39 [95% CI: −7.88, 3.10]) (HR 0.64, 95% CI 0.41, 1.01). 

Procedural MIs were more frequent in INV and accounted for 9.5% and 27.1% of all MIs with 

the primary and secondary MI definitions, respectively. Patients had an increased risk of all-cause 

death after type 1 MI (adjusted HR (aHR)=4.35; 95% 2.73, 6.93), and after procedural MI with 

the primary (aHR=2.75; 0.99,7.60) and secondary MI definitions (aHR=2.91; 1.73, 4.88). Dialysis 

initiation was increased after a type 1 MI (HR 6.45 [2.59, 16.08]) compared with patients without 

an MI.

Conclusions: In ISCHEMIA-CKD, the invasive strategy had higher rates of procedural MIs, 

particularly with the secondary MI definition, and lower rates of type 1 and 2 MIs. Procedural 

MIs, type 1 and type 2 MIs were associated with increased risk of subsequent death. Type 1 MI 

increased the risk of dialysis initiation.
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Introduction

Cardiovascular disease is the leading cause of death in patients with advanced CKD and 

associated with more rapid progression of coronary atherosclerosis and cardiovascular 

events compared with patients without this condition.1–7 Most prior studies in this 

population report MI as a single entity and do not report MIs by type as described in 

the UDMI. The UDMI classifies MI type according to pathophysiology, an important 

consideration when comparing an invasive to a conservative treatment strategy.8–10 The 

frequency of MI types, in-hospital complications after MI, and outcomes of all-cause death, 

cardiovascular death, or composite of cardiovascular death or admission for heart failure 

according to treatment strategy in this population with moderate to severe myocardial 

ischemia and contemporary guideline based medical management are unavailable.

In the International Study of Comparative Health Effectiveness with Medical and Invasive 

Approaches—Chronic Kidney Disease (ISCHEMIA-CKD), 777 patients with advanced 

CKD and moderate or severe ischemia on non-invasive testing were randomized to an initial 

invasive strategy of coronary angiography and revascularization if suitable or a conservative 

strategy with coronary angiography reserved for use after adverse cardiovascular events or 

refractory symptoms.11 After a median follow-up of 2.2 years, there were no statistical 

differences observed between strategies in the primary endpoint of all-cause death or MI, 

or in the major secondary composite endpoint of death, nonfatal MI, or hospitalization for 

unstable angina, heart failure, or resuscitated cardiac arrest.12 MIs accounted for slightly less 

than half of the primary endpoint events and the analysis plan prespecified that the primary 

and major secondary endpoints would be examined using two different MI definitions.11, 12 

The specific aims of this report are to examine: (i) the incidence of MI and type of MI using 

two different procedural MI definitions, and (ii) to determine the prognostic implication of 

MI types on death and renal outcomes.

Methods

The ISCHEMIA-CKD Trial

The data were assembled and analyzed by the Statistical and Data Coordinating Center 

located at Duke Clinical Research Institute. The data that support the findings of this study 

are available from the corresponding author on reasonable request. Detailed descriptions 

of the ISCHEMIA-CKD trial design, protocol, baseline demographics, and outcomes have 

been published.11–14 The patient flow diagram is found in Figure S1. The protocol was 

approved by the Institutional Review Board at each institution. All patients provided written 

informed consent. The trial was funded by the National Heart, Lung, and Blood Institute 

of the National Institutes of Health with industry support providing some pharmacologic 

therapies and devices.

A total of 777 patients were randomized between April 29, 2014 and January 31, 2018. 

Follow-up after randomization was scheduled at 1.5, 3, 6, and 12 months and every 6 

months thereafter.
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Event Definitions

All primary endpoints were adjudicated by a Clinical Events Committee (CEC). The CEC 

process and definitions for cardiovascular death, non-cardiovascular death, resuscitated 

cardiac arrest, and hospitalizations for MI, unstable angina, and heart failure were identical 

to those used in the ISCHEMIA trial.12, 15, 16

Myocardial Infarction

MI types were classified according to the Third UDMI (Supplemental Material).8 The 

diagnosis of MI types 1, 2, 4b, and 4c used cardiac troponin (cTn) as the preferred 

biomarker (unless only CK-MB values were available) and included ancillary evidence of 

myocardial ischemia. The primary MI definition used the site-determined MI decision limit, 

and the secondary MI definition used the manufacturer’s recommended 99th percentile of 

the upper reference limit (URL) with specific clinical, angiographic, electrocardiographic 

(ECG), and imaging criteria as described in the supplement. For procedural MI, the primary 
MI definition used CK-MB as the preferred biomarker, whereas the secondary MI definition 

used cTn. A post-procedural biomarker value >5-fold the upper limit of normal (ULN) 

within 48 hours associated with specific ECG, angiographic, or imaging findings indicating 

myocardial ischemia defined a type 4a PCI-related MI. The ECG and angiographic criteria 

required either new ST segment depression of ≥1mm for the primary definition and ≥0.5 mm 

for the secondary definition or Q waves, or a new coronary dissection ≥NHLBI grade 3. For 

type 5 CABG-related MI, a post-procedural biomarker value >10-fold the ULN within 48 

hours associated with new Q waves or persistent left bundle branch block defined an MI.. 

Both procedural MI definitions included a category of biomarker-only events with much 

higher thresholds (cTn >70-fold or >100-fold 99th percentile upper reference limit (URL) 

for type 4a and type 5 MI respectively). The CEC prospectively classified each suspected 

MI according to the primary and secondary MI definition blinded to treatment assignment as 

previously described.15 The definition of heart failure required the presence of heart failure 

symptoms, signs, and treatment.16

Statistical Analysis

Continuous variables are presented as medians (Q1, Q3) and categorical variables are 

presented as counts (percentages). The number of MI events (first MI events; overall and 

by type for primary and secondary definitions) are summarized with counts and percentages 

among all randomized patients. To account for the competing risk of any type of death in 

the analysis of individual non-fatal MI endpoints, cumulative incidence rates (95% CI) were 

estimated for the invasive and conservative strategies and Gray’s test was applied to compare 

incidence rates over the duration of follow-up.17

Cox proportional hazards regression modeling was used to characterize the association 

between randomized treatment strategy and time to first occurrence of an MI. Unadjusted 

and adjusted hazard ratios (95% CI) and p-values are reported for comparing invasive vs 

conservative strategies. Each model was adjusted for a set of pre-specified prognostically 

important baseline covariates that included age at randomization, sex, kidney function 

(dialysis status and eGFR in patients not receiving dialysis), left ventricular ejection fraction 

(LVEF), and diabetes. To maximize the amount of information each covariate provides to a 
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covariate-adjusted analysis, multiple imputation, using the same approach as was used in the 

main trial was used to impute missing covariate data12 (Supplemental Material). To allow for 

non-linear covariate effects, the continuous variables of age, LVEF and eGFR were modeled 

as restricted cubic splines with knots at the approximate 10th, 50th, and 90th percentiles of 

each variable’s empirical distribution. The association of MI vs. no MI with subsequent 

events of death, cardiovascular death, hospitalization for heart failure, and initiation of new 

dialysis was characterized by reporting the adjusted hazard ratio (95% CI) and p-value from 

a Cox regression model in which MI during follow-up was treated as a time-dependent 

covariate. We extended this Cox model to include time-varying coefficients for different 

time intervals from the occurrence of an MI. Models were adjusted for age at randomization, 

sex, kidney function (dialysis status and eGFR in patients not receiving dialysis), LVEF, 

diabetes, and randomized treatment strategy.

Results

As previously reported, baseline characteristics of the study population were similar in both 

treatment groups (Table S1).12 A baseline history of diabetes (70.1% vs 54.6%; p=0.001), 

prior MI (27.6% vs 15.1%; p<0.001), and prior PCI (32.3% vs 16.2%; p<0.001) was more 

common in patients who had an MI during follow-up compared with patients who did not.

Frequency of MI by Type, Definition, and Management Strategy

The frequency of first MI events was greater in the conservative strategy using the primary 

MI definition and greater in the invasive strategy using the secondary MI definition (Figure 

1; Table S2). The difference was related to the greater number of procedural MIs identified 

with the secondary MI definition: procedural MIs accounted for 9.5% of the total number 

of MIs during follow-up with the primary MI definition and 27.1% with the secondary MI 

definition. There were 83 type 1 or 2 MIs and 11 procedural MIs with the primary MI 

definition and 83 and 39 MIs respectively, with the secondary MI definition (Tables 1, 2). 

The number of types 1 and 2 MI exceeded the number of procedural MIs with both MI 

definitions regardless of treatment strategy; the difference was less in the invasive strategy.

Using the primary MI definition, the 3-year cumulative incidence of type 1 or 2 MIs was 

11.2% with the invasive strategy and 13.6% with the conservative strategy (cumulative 

difference −2.39 [−7.88, 3.10]; the adjusted HR was 0.64 [0.41, 1.01]. The results were 

similar using the secondary MI definition. There was no statistical evidence of a reduction 

in the primary or major secondary composite endpoint (all-cause death, MI, resuscitated 

cardiac arrest, or hospitalization for unstable angina or heart failure) with the invasive 

strategy regardless of MI definition. (Figure 2).

Prognostic Significance of MI Type

Type 1 MI—The cumulative incidence of all-cause death, cardiovascular death, and 

cardiovascular death or hospitalization for heart failure was significantly increased in 

patients with a type 1 MI compared with patients without an MI (Figures 3,4). During 

follow-up, 27.5% of patients with a type 1 MI died within 30 days of the event. Initiation 

of dialysis was increased after a type 1 MI (HR 6.45 [2.59, 16.08]). Compared with patients 
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without an MI during follow-up, those with MI types 1 and 2 experienced significantly 

greater risk of all-cause death, cardiovascular death, and the composite of cardiovascular 

death or admission for heart failure (Figure 4). The risk of death was higher within 90 days 

following an MI as compared with 90 days or more after an MI.

Procedural MI—Procedural MIs were also associated with an increased risk of all-cause 

death, cardiovascular death, and the composite of cardiovascular death or hospitalization 

for heart failure. (Figures 3,4). The HR for subsequent all-cause and cardiovascular death 

was 2.75 [0.99, 7.60] and 2.52 [0.78, 8.14] for the primary MI definition, and 2.91 [1.73, 

4.88] and 3.31 [1.93, 5.68] for the secondary MI definition. The relationship between 

preprocedural biomarkers and death is shown in Tables S3 and S4. After adjustment for 

elevated pre-procedure or missing biomarkers, the risks of all-cause and cardiovascular 

death after procedural MI remained significant with the secondary MI definition.

Cumulative Incidence of Death after Type 1 and Procedural MIs in the ISCHEMIA-CKD and 
ISCHEMIA trials

The cumulative incidence of all-cause death was greater in patients that had a type 1 MI 

compared with those that did not during follow-up in both trials regardless of MI definition 

used. The cumulative incidence of all-cause death was greater among patients that had 

a procedural MI, regardless of definition used compared with those that did not during 

follow-up in the ISCHEMIA-CKD trial. The incidence of all-cause death was similar among 

patients that had a procedural MI compared with those that did not during follow-up in the 

lower risk population enrolled in the ISCHEMIA trial.

Discussion

In this prespecified analysis from the ISCHEMIA-CKD trial, procedural MIs were more 

frequent with the invasive strategy, particularly with the secondary MI definition, and were 

associated with higher death rates compared with no MI during follow-up. There were 

fewer type 1 and 2 MIs with the invasive compared with the conservative strategy. Type 

1 and 2 MIs were associated with increased all-cause death, cardiovascular death, and the 

composite of cardiovascular death or heart failure and for type 1 MIs, new initiation of 

dialysis compared with not having an MI during follow-up.

Impact of MI Type on Cardiovascular and Renal Outcomes

Type 1 MI increased the risk of cardiovascular death or heart failure hospitalization and 

the need for new dialysis confirming earlier observations of the adverse impact of an MI 

on cardiovascular and renal function.6 Overall survival in dialysis patients has improved 

in recent years, and survival after an acute MI has improved.1, 5 Although the death rate 

observed after spontaneous MI (type 1) at 1-year follow-up in ISCHEMIA-CKD was high, it 

was lower than earlier studies that did not report MI by type.2–4

Procedural MI

More procedural MIs in ISCHEMIA-CKD were identified using the secondary MI definition 

with the majority having ancillary evidence of myocardial ischemia. Procedural MIs were 
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associated with an increased risk of all-cause death, cardiovascular death and the endpoint 

of cardiovascular death or heart failure compared with patients without an MI during 

follow-up. We observed particularly high frequencies of death in patients with elevated 

biomarkers pre-procedure similar to other reports.18 The definition of procedural MI used 

in the ISCHEMIA-CKD trial differs from the Third and Fourth UDMI by inclusion of 

biomarker-only criteria with markedly increased thresholds.8, 9 The threshold used in the 

ISCHEMIA and ISCHEMIA-CKD trials for biomarker-only criteria is substantially greater 

than the 5-fold threshold recommended by the ESC Working Group on Cellular Biology 

of the Heart and European Association of Percutaneous Cardiovascular Interventions 

(EAPCI) that define important acute myocardial injury associated with increased death 

regardless of presence or absence of overt myocardial ischemia.19 The use of a much higher 

biomarker threshold without overt evidence of myocardial ischemia used in ISCHEMIA 

and ISCHEMIA-CKD would be associated with even greater specificity for the diagnosis 

of severe acute myocardial injury, an adverse outcome that occurred more frequently in the 

invasive strategy.

The frequency of procedural MI and subsequent death in a general population of patients 

with chronic coronary disease undergoing a revascularization procedure can vary depending 

on the definition of MI used.19–24 Two recent studies of patients undergoing PCI or CABG 

using the UDMI, Academic Research Consortium-2 (ARC), and Society for Cardiovascular 

Angiography and Interventions (SCAI) showed more procedural MIs were detected using 

the UDMI definition compared with the ARC-2 or SCAI definition.23, 24 All three 

definitions were associated with increased death rates although death tended to be greater 

with the ARC-2 or SCAI definitions in patients undergoing PCI and similar in patients 

undergoing CABG.23, 24 Patients with advanced CKD are often underrepresented in studies 

of this type and additional research on different MI definitions and their subsequent impact 

on death and cardiovascular death are needed.

In the ISCHEMIA-CKD trial, the CEC prospectively classified all procedural MIs using 

the third UDMI definition with the added category of markedly elevated biomarkers. The 

primary MI definition for procedural MIs used CK-MB as the preferred biomarker and the 

secondary MI definition used cardiac troponin as the preferred biomarker for classification. 

The intent of having the CEC prospectively classify all procedural MIs using two different 

MI definitions was to allow an analysis of the primary trial endpoint (death or MI) with two 

commonly used procedural MI definitions at the time the trial was designed. The outcome 

showed that regardless of the MI definition used, the overall conclusions of the trial were 

similar (Figure 2).

MI Frequency and Prognosis in the ISCHEMIA-CKD and ISCHEMIA Trials

Spontaneous type 1 MIs were the most frequent type of MIs in the ISCHEMIA and 

ISCHEMIA-CKD trials with the primary MI definition. In ISCHEMIA-CKD, they were 

associated with a 2-fold increase in the rate of death compared with the rates observed in 

the ISCHEMIA trial using the same definitions and the same CEC (Table 3).15, 16 While 

both trials showed that type 1 MI were associated with subsequent death, CV death and 

CV death or HF hospitalization, the absolute rate of death was far higher in ISCHEMIA 

Chaitman et al. Page 7

Circ Cardiovasc Interv. Author manuscript; available in PMC 2024 February 14.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



CKD. The higher risk nature of the ISCHEMIA-CKD cohort is illustrated by the fact that 

the cumulative incidence of death in patients after a type 1 MI or a procedural MI in 

ISCHEMIA-CKD exceeded that observed in the ISCHEMIA patients that had a type 1 MI 

or procedural MI In the ISCHEMIA-CKD population, procedural MI by both definitions 

was associated with increased risk of death or CV death, whereas in the ISCHEMIA trial, 

the cumulative risk of all-cause death after a procedural MI was similar to that of patients 

without an MI during follow-up (Figure 5a,5b).

Limitations

The diagnosis of MI in the setting of advanced CKD is often challenging since many 

patients have chronic myocardial injury and diminished renal clearance of elevated cardiac 

troponins. The Third UDMI that was used in the ISCHEMIA trials requires a rising and/or 

falling pattern of cardiac troponin accompanied by ischemic symptoms, new ischemic ECG 

changes, or loss of viable myocardium on imaging, thus increasing the likelihood of an 

MI diagnosis.8 Acute myocardial injury patterns can also occur with acute heart failure 

exacerbations. For example, in the patients that had a type 2 MI in ISCHEMIA-CKD, 

the initial cTn value exceeded the 99th percentile URL in 90% of patients and 40% of 

the patients had heart failure on admission. Baseline ECGs were abnormal in 1/3 of the 

ISCHEMIA-CKD population. The diagnosis of heart failure in advanced CKD can also be 

difficult as can distinguishing volume overload from an acute heart failure episode.

Although ISCHEMIA-CKD is the largest trial of its type in advanced CKD, the number of 

events for some MI types was relatively small. Our results do not apply to patients who 

were excluded from participation in the ISCHEMIA-CKD trial such as those with left main 

coronary artery disease (CAD), LVEF <35%, or NYHA Class 3 or 4 heart failure.

Conclusions

An invasive strategy in patients with advanced CKD and moderate or severe myocardial 

ischemia did not reduce the risk of death or MI over a median 2.2 years of follow-up 

regardless of the definition of MI. Procedural MIs were more frequent with the invasive 

strategy, particularly with the secondary MI definition, and were associated with higher 

death rates. There were fewer type 1 and 2 MIs with the invasive compared with the 

conservative strategy which were associated with increased death, cardiovascular death 

or heart failure hospitalization and new dialysis initiation compared with no MI during 

follow-up.
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Refer to Web version on PubMed Central for supplementary material.
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Nonstandard Abbreviations and Acronyms

CKD Chronic kidney disease

CON Conservative treatment strategy

cTn Cardiac troponin

CAD Coronary artery disease

INV Invasive treatment strategy

LVEF Left ventricular ejection fraction

MI Myocardial infarction

UDMI Universal Definition of Myocardial Infarction
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Clinical Perspective

WHAT IS KNOWN

• In the ISCHEMIA-CKD trial, an initial invasive strategy in patients with 

stable coronary disease, moderate or severe ischemia, and advanced CKD, did 

not reduce the risk of death or nonfatal myocardial infarction (MI) compared 

with an initial conservative strategy.

WHAT THE STUDY ADDS

• The most frequent type of MI after a median 2.2 year follow-up in patients 

with advanced CKD are type 1 and 2 MIs regardless of initial treatment 

strategy

• Patients with advanced CKD randomized to an invasive strategy had fewer 

type 1 and 2 MIs but more procedural MIs, particularly with the secondary 

MI definition, compared with those randomized to a conservative strategy.

• Both spontaneous and procedural MIs were associated with significant 

increase in subsequent all-cause death, cardiovascular death and composite 

of cardiovascular death or heart failure hospitalization.

• Type 1 MI increased the risk of dialysis initiation
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Figure 1. Frequency distribution of first myocardial infarction (MI) by type and definition 
according to treatment strategy.
A) Primary MI Definition; B) Secondary MI Definition. Spontaneous type 1 (dark blue) 

and type 2 (red) MIs were less frequent in the invasive strategy regardless of which MI 

definition was used. Procedural MIs (type 4a-green; type 5- olive) were more common 

in the invasive strategy and with the secondary MI definition. Stent related type 4b (stent 

thrombosis-related and 4c MIs (in-stent restenosis–related) shown in brown/violet were 

more frequent in the invasive strategy. Silent MIs were infrequent (n=5) and are not shown.
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Figure 2. Cumulative incidence of primary and secondary outcomes by randomized treatment 
group and by MI definition.
A) All-cause Death or MI (Primary MI Definition). B) All-cause Death or MI (Secondary 

MI Definition). C) All-cause Death, MI, or Hospitalization for UA, HF, or RCA (Primary 

MI Definition). D) All-cause Death, MI, or Hospitalization for UA, HF, or RCA (Secondary 

MI Definition). There were no treatment differences observed using the primary MI 

definition (Panel A) or secondary MI definition (Panel B). The results were similar for 

the major secondary composite endpoint of death, nonfatal myocardial infarction (MI), 

hospitalization for unstable angina (UA), heart failure (HF), or resuscitated cardiac arrest 

(RCA) (Panels C, D).
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Figure 3. MI type and relationship with subsequent all-cause death.
A) Cumulative incidence of subsequent all-cause death after types 1,2 MI and no MI for the 

primary MI definition; B) Cumulative incidence of subsequent all-cause death after types 1,2 

MI and no MI for the secondary MI definition; C) All-cause Death (Primary MI Definition); 

D) All-cause Death (Secondary MI Definition). Procedural MIs were associated with an 

increased risk of death compared with those without an MI during follow-up regardless of 

MI definition.
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Figure 4. Forest Plots for Death/Hospitalization for Heart Failure.
CV=cardiovascular; MI=myocardial infarction. Multivariate adjusted risks of MI on 

subsequent all-cause death, cardiovascular death, or cardiovascular death or heart failure 

admission, according to MI definition. A) Prognosis of MI Types in ISCHEMIA CKD 

(Primary MI Definition); B) Prognosis of MI Types in ISCHEMIA CKD (Secondary 

MI Definition). Total number of MI events and subsequent deaths are shown in the 

second column. The adjusted risk of subsequent all-cause death, cardiovascular death, or 

cardiovascular death or admission for heart failure was increased for patients that had a type 

1 MI and type 2 MI and no procedural MI compared with patients that had no MI during 

follow-up. The risk for all 3 endpoints was increased for patients with a procedural MI 
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(p=0.001) using the secondary MI definition. There were a limited number of procedural 

MIs using the primary MI definition.
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Figure 5. Relationship between Type 1 MI and Procedural MI vs No MI and all-cause death in 
the ISCHEMIA and ISCHEMIA-CKD trials.
Main refers to the ISCHEMIA trial. CKD refers to the ISCHEMIA-CKD trial. A) All-cause 

Death (Primary MI Definition); B) All-cause Death (Secondary MI Definition). Top Panel: 

The cumulative incidence of all-cause death was greater in patients that had a type 1 MI 

compared with those that did not during follow-up in both trials regardless of MI definition 

used. The higher risk population in the ISCHEMIA-CKD trial is illustrated by the fact that 

the cumulative incidence of death in patients without an MI during follow-up exceeded that 

observed in the ISCHEMIA population with a type 1 MI.

Bottom Panel: The cumulative incidence of all-cause death after procedural MI was greater 

compared with those that did not have an MI during follow-up, regardless of MI definition 

used. In contrast, in the ISCHEMIA trial which enrolled a lower-risk population, the 

cumulative incidence of all-cause death after procedural MI was similar compared with 

those that did not have an MI during follow-up, regardless of MI definition used.
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