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ISCHEMIA-CKD Research Question

• In stable patients with advanced CKD and at least moderate 
ischemia on a stress test, is there a benefit to adding cardiac 
catheterization and, if feasible, revascularization to optimal medical 
therapy?



CKD Patients are Under-Represented in Contemporary 
Revascularization vs. Medicine SIHD Trials

FAME 2 
Trial

eGFR <30: 16 Subjects Subjects with serum Cr 
>2 mg/dl excluded

Serum Cr >2 mg/dl: 20
subjects

201220092007



RANDOMIZE
1:1

INVASIVE Strategy
Optimal Medical Therapy + Cath +

Optimal Revascularization (if 
suitable)

CONSERVATIVE Strategy
Optimal Medical Therapy alone

Cath and revascularization (if suitable)
reserved for Optimal Medical Therapy failure

Primary Endpoint: Composite of Death or MI

Patients with moderate or 
severe ischemia and eGFR <30 

or on dialysis

Bangalore et al. Am Heart J. 2018

Study Design



Eligibility Criteria

• At least moderate ischemia on an exercise or pharmacologic stress test (site 
determined)

• End-stage renal disease on dialysis or estimated glomerular filtration rate 
(eGFR) <30mL/min/1.73m2

Bangalore et al. Am Heart J. 2018

Key Inclusion Criteria

Key Exclusion Criteria
• Left ventricular ejection fraction <35%

• NYHA class III-IV heart failure 

• Unacceptable level of angina despite maximal medical therapy

• ACS within the previous 2 months 

• PCI or CABG within the previous 12 months



Optimizing Revascularization

Customized Hydration

LVEDP based (POSEIDON trial)

Ultra low/Zero Contrast PCIHeart/Kidney Team

Cardiology/Nephrology/CV surgery



Endpoints

Primary Endpoint
• Time to death or MI

Major Secondary Endpoints
• Time to Death, MI, Hospitalization for Unstable Angina, Heart Failure or 

Resuscitated Cardiac Arrest 

• Quality of Life (separate presentation)

Safety Outcomes
• Composite of initiation of maintenance dialysis or death
• Initiation of maintenance dialysis 



Statistical Considerations

Power Calculation (N = 777)

• >80% power to detect 22% to 24% relative reduction in primary endpoint 
assuming an aggregate 4-year cumulative rate of approximately 41% to 48%

Pre-Specified Statistical Analysis
• Intention-to-treat

• Nonparametric cumulative event rates accounting for competing risks 

• Cox regression, covariate-adjusted
• Emphasize nonparametric event rates if proportional hazards assumption is violated

• Bayesian analysis 
• Evaluate the probability of possible hypotheses/conclusions in light of a set of minimally 

informative prior probabilities and the current study data



Patient Flow
Enrolled (802)

Randomized (777)

Invasive (388) Conservative (389)

Median follow-up for survivors: 2.3y (1.9 
to 3.2y)
Follow-up completed: 99.2%

Median follow-up for survivors: 2.5y (1.9 
to 3.2y)
Follow-up completed: 99.7%



Key Baseline Characteristics



Key Stress Test and Angiographic Characteristics



Risk Factor Management
No between group differences INV vs CON 

High Level of Medical Therapy Optimization is defined as a participant meeting all of the following goals: LDL < 70 mg/dL and on any statin, systolic blood pressure < 140 mm/Hg, aspirin or other antiplatelet or 
anticoagulant and not smoking. High level of medical therapy optimization is missing if any of the individual goals are missing.
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Medications

Other Anti-anginals DAPT

CCBsBeta-blockers



Coronary Angiography and Revascularization*
Coronary Angiography Revascularization

85% PCI; 15% CABG85%

50%

22%

12%

*Not preceded by endpoint event
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HRadj = 1.01 (0.79, 1.29)
P-value = 0.95 

Subjects at Risk

CON 389 330 213 91 13
INV 388 323 190 80 18

Primary End Point
Death or MI

CON
INVBayesian Analysis: HRadj=1.01 95% CrI (0.79-1.29)

Probability HR <0.90: 19% 36.7%
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Subjects at Risk

CON 389 326 206 87 13
INV 388 315 183 77 18

Major Secondary End Point
Death, MI, Hospitalization for Unstable Angina or Heart Failure or 

Resuscitated Cardiac Arrest

Bayesian Analysis: HRadj=1.02 95% CrI (0.79-1.29)
Probability HR <0.90: 17%
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Secondary End Points
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Procedural MI
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Unstable Angina
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Heart Failure
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INV CON

* In those not on dialysis at baseline



Heterogeneity of Treatment Effect
Death or MI



Heterogeneity of Treatment Effect
Death, MI, Hospitalization for Unstable Angina or Heart Failure or Resuscitated 

Cardiac Arrest



Study Limitations

• Low rates of revascularization in the invasive arm

• Sensitivity and specificity of stress testing in CKD cohort is poor

• No requirement for CCTA in the trial

• Based on exclusion criteria, the trial results do not apply to patients with:

• Acute coronary syndromes within 2 months

• Highly symptomatic patients

• LVEF <35%

• Sites were specifically trained to minimize risk of AKI after cardiac catheterization 
and revascularization. 

• Trial findings not generalizable to centers with higher complication rates



Conclusions

• Largest trial of invasive vs. conservative strategy in patients with 
advanced CKD and SIHD

• Low rates of procedural complications (stroke, AKI)

• Overall, an initial invasive strategy did not demonstrate a reduced risk 
of clinical outcomes as compared with an initial conservative strategy 
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Country Leaders
Country Lead Cardiologist Lead Nephrologist
Argentina Dr. Luis Guzman Dr. Rafael Maldonado
Australia Dr. Joseph Selvanayagam Dr. Magid Fahim
Austria Dr. Herwig Schulenz
Belgium Dr. Kathleen Claes
Brazil Dr. Renato Lopes Dr. Maria Eugenia Canziani and Dr. Sergio Draibe
Canada Dr. Akshay Bagai and Dr. Kevin Bainey Dr. Ron Wald
China Dr. Lixin Jiang Dr. Xuemei Li
France Dr. Emmanuel Sorbets Dr. Eric Daugas
Germany Dr. Rolf Doerr
Hungary Dr. Andras Vertes Dr. Peter Voros
India Dr. Balram Bhargava Dr. Sandeep Mahajan
Italy Dr. Francesco Orso
Lithuania Dr. Jelena Celutkiene Dr. Marius Miglinas
Macedonia Dr. Sasko Kedev
Mexico Dr. Jorge Escobedo Dr. Magdelena Madero
New Zealand Dr. Gerard Devlin Dr. Peter Sizeland
Peru Dr. Walter Mogrovejo Dr. Luis Orrego Guerrero
Poland Dr. Radec Pracon and Dr. Marcin Demkow Dr. Robert Malecki
Portugal Dr. Ruben Ramos Dr. Fernando Nolasco
Russia Dr. Olga Bockeria Dr. Evgeny Shutov
Serbia Dr. Branko Beleslin Dr. Sanja Simic Ogrizovic
Singapore Dr. Kian Keong Poh Dr. Titus Lau
Spain Dr. Almudena Castro Dr. Rafael Selgas
Sweden Dr. Claes Held
Thailand Dr. Srun Kuansapert Dr. Kajornsak Noppakun
UK Dr. David Wheeler
US-VA/North Region Dr. Mandeep Sidhu Dr. Roy Mathew



Coronary Angiography and Revascularization in CON
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Reasons for No Cardiac Catheterization in Invasive

Cath
84%

Physician Preference
1%

Patient Preference
6%

Intercurrent Illness
4%

Died
2%

Other 
2%

Missing/Unknown
1%



Reasons for No Revascularization after Cath in INV

No obstructive 
Disease

75%

Unsuitable anatomy
14%

Patient Preference
3%

Other 
3%

Intended PCI/CABG
4%

Unknown
1% N=134


