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The ISCHEMIA trial found no statistical difference in the primary endpoint between ini-
tial invasive and conservative management of patients with chronic coronary disease 
and moderate-to-severe ischaemia on stress testing. However, an invasive strategy in-
creased peri-procedural myocardial infarction (MI) but decreased spontaneous MI with 
continued separation of curves over time. Thus, in order to assess the long-term effect 
of invasive management strategy on mortality, the ISCHEMIA-EXTEND observational 
study was planned including surviving participants from the initial phase of the 
ISCHEMIA trial with a projected median follow-up of nearly 10 years. Recently, an in-
terim report of 7-year all-cause, cardiovascular (CV), and non-CV mortality rates has 
been published showing no difference in all-cause mortality between the two strat-
egies, but with a lower risk of CV mortality and higher risk of non-CV mortality with 
an initial invasive strategy over a median follow-up of 5.7 years. The trade-offs in 
CV and non-CV mortality observed in ISCHEMIA-EXTEND raise many important questions 
regarding the heterogeneity of treatment effect, the drivers of mortality, and the rela-
tive importance and reliability of CV vs. all-cause mortality. Overall, findings from 
ISCHEMIA and ISCHEMIA-EXTEND trials might help physicians in shared decision-making 
as to whether to add invasive management to guideline-directed medical management 
in selected patients with chronic coronary artery disease and moderate or severe 
ischaemia.

Introduction

The aim of the ISCHEMIA trial was to determine whether 
routine cardiac catheterization and revascularization in 
patients with chronic coronary disease (CCD) reduce the 
likelihood of major adverse cardiac events when added 
to guideline-directed medical therapy (GDMT).1 In 
ISCHEMIA, 5179 participants with moderate or severe 
stress-induced ischaemia were randomized to either ini-
tial invasive management with angiography, revasculari-
zation when feasible, and GDMT or initial conservative 
management with GDMT alone and angiography reserved 
for failure of medical therapy. Unlike previous trials,2–4

ISCHEMIA participants required at least moderate 

ischaemia to qualify for the trial, and they were rando-
mized before cardiac catheterization. The primary five- 
component outcome was cardiovascular (CV) mortality, 
myocardial infarction (MI), or hospitalization for unstable 
angina, heart failure, or resuscitated cardiac arrest. Major 
secondary outcomes were the composite of CV mortality 
or MI and angina-related quality of life. Over a median 
follow-up of 3.2 years, the ISCHEMIA trial found no statis-
tical difference in the primary clinical endpoint between 
initial invasive management and initial conservative man-
agement.1 Hazards comparing the treatment strategies 
were non-proportional, with crossing of the event curves 
just before 2 years. An invasive strategy exhibited early 
excess risk, driven by a higher risk of peri-procedural MI, 
relative to a conservative strategy. Conversely, a lower 
risk of spontaneous MI in the invasive strategy emerged 
over time.5 Cardiovascular mortality curves by treatment *Corresponding author. Email: leonardobolognese@hotmail.com
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strategy were suggestive of a late divergence in favour of 
the invasive strategy over the conservative strategy.6 In 
contrast, non-CV mortality rates were higher in the inva-
sive strategy as well as all-cause mortality.6 Given the 
stronger association between spontaneous MI and subse-
quent CV mortality,5,7 an initial invasive strategy might 
prove favourable over a longer period of time. An extended 
follow-up of participants from the ISCHEMIA trial may, 
therefore, inform whether an initial invasive strategy af-
fects the long-term fate of patients with stable ischaemic 
heart disease. Thus, in order to assess the long-term effect 
of invasive management strategy on mortality, the 
ISCHEMIA-EXTEND observational study was planned by in-
cluding surviving participants from the initial phase of the 
ISCHEMIA trial with a projected median follow-up 
of nearly 10 years. Recently, an interim report of 7-year all- 
cause, CV, and non-CV mortality rates for the ongoing 
NHLBI-funded ISCHEMIA-EXTEND study has been published.8

In contrast to the primary trial results, patients treated 
with an initial invasive strategy experienced an estimated 
2.2% absolute reduction in CV mortality at 7 years (esti-
mated number needed to treat 45). This is consistent 
with a prior meta-analysis reporting a 21% reduction in 
the odds of CV mortality associated with an invasive strat-
egy.9 This benefit was offset by an estimated 1.2% absolute 
increase in non-CV mortality over the same timeframe (es-
timated number needed to harm 83). The authors conclude 
that the probability of nearly 50% for either a survival bene-
fit with an invasive strategy or a conservative strategy sug-
gests that there is no clinically meaningful difference in 
7-year all-cause mortality between the groups. Limitations 
acknowledged by the authors include a lack of central event 
adjudication and limited data collection. In particular, no 
data were collected on non-fatal events, use of medications 
or revascularization procedures, angina burden, or quality 
of life after the initial median 3.2 years of follow-up.

A lot of lingering issues remain to be addressed. Are 
these findings from ISCHEMIA-EXTEND likely to change 
clinical practice? Can we identify patients with CCD trea-
ted with an initial invasive strategy for whom the CV mor-
tality benefit meaningfully exceeds the risk of non-CV 
death? Cause of death in clinical research and clinical 
practice: which does matter?

Heterogeneity of treatment effect

The concept of heterogeneity of treatment effect be-
comes relevant whenever we try to apply trial results to 
individual patients. It might be expected that an initial in-
vasive strategy would have a larger impact on CV mortality 
among patients with a higher CV risk. For example, previ-
ous analyses of the ISCHEMIA trial showed that coronary 
artery disease severity was strongly associated with mor-
tality.10 Unfortunately, heterogeneity of treatment effect 
does not appear to inform the interim findings of the 
ISCHEMIA-EXTEND study. In fact, no treatment heterogen-
eity for all-cause mortality was identified in subgroup ana-
lyses that would favour an early invasive strategy, 
including those with multi-vessel coronary artery disease. 
Possible explanations include insufficient power to identify 
this heterogeneity and the potential need for an even longer 
follow-up to identify subgroups for whom an invasive strat-
egy results in an overall mortality benefit. The investigators 

plan to further follow-up for a maximum of 10 years to con-
tinue to monitor for a signal of a mortality difference.

Drivers of mortality in patients with chronic 
coronary disease

The higher rate of non-CV death in the invasive group was 
unexpected and remains unexplained. Understanding 
what drives non-CV mortality following an invasive strat-
egy has important implications. ISCHEMIA investigators 
previously reported that common causes of non-CV death 
in the trial were typically cancer and infection.6

Unfortunately, the ISCHEMIA-EXTEND study cannot pro-
vide more detailed data on the specific causes of death, 
preventing additional inference into a still unknown mech-
anism through which percutaneous coronary intervention 
would increase non-cardiac death.

ISCHEMIA investigators previously reported an increase 
in mortality from malignancy in the invasive group despite 
equal baseline prevalence of cancer in the two groups.6

Furthermore, there was a significant association between 
the number of procedures with radiation exposure (i.e. 
stress nuclear test, computed tomography, cardiac 
catheterization, and coronary angioplasty) and death 
from malignancy. However, the timing of the association 
between radiation exposure, new malignancy, and 
malignancy-related death does not seem biologically 
plausible as the cause of an increase in non-CV death be-
cause the latency period between radiation damage to a 
clinically diagnosable cancer and death is expected to be 
much longer than the trial follow-up period.11 While anti- 
platelet therapy increases the potential for bleeding, 
which could potentially unmask an unrecognized malig-
nancy, the higher use of DAPT in the invasive arm of 
ISCHEMIA was not associated with a higher rate of incident 
malignancy during the trial. On the other hand, DAPT has 
been linked to non-cardiac-related deaths in a large 
trial,12 but not in an individual data meta-analysis.13

Evidence suggests that a longer duration of dual anti- 
platelet therapy is associated with an increased risk of 
non-cardiac mortality.13 The reasons for these associa-
tions have not been fully understood, but may include 
deaths due to major bleeding events (that are often coded 
as non-cardiac) or a higher bleeding-related mortality in 
case of trauma or other acute events in patients receiving 
dual anti-platelet therapy. Despite these potential expla-
nations, the relationship between invasive procedures and 
non-CV mortality deserves further investigation.

What should be the primary endpoint in 
revascularization trials?

Findings from the ISCHEMIA-EXTEND study raise the issue 
of what should be the primary endpoint in revasculariza-
tion trials and meta-analyses. Total mortality has been ad-
vocated to be the best endpoint in clinical trials as it 
embraces both benefits and harms of treatments. 
However, for drawing precise treatment effect estimates, 
primary endpoints should be more specific than total mor-
tality. The use of all-cause mortality in myocardial revas-
cularization trials remains controversial,14 as highlighted 
by the fact that most trials, including the ISCHEMIA trial, 
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used cause-specific rather than all-cause mortality in their 
primary composite outcome.

Long-term mortality tends to be biased towards the 
null, based on competing risks that cannot be influenced 
by the intervention, as well as the uncontrolled effects 
of care after the study intervention.15 The competing 
risk of non-CV modes of death, which may blunt the effect 
of revascularization on all-cause mortality, becomes 
amplified with a longer follow-up, limiting the reliability 
of all-cause mortality as a main endpoint.16 The longer 
the follow-up, the more likely non-CV deaths will occur, 
diluting the impact of a randomized treatment on total 
mortality even if there is an effect on cardiac mortality. 
ISCHEMIA-EXTEND investigators stated that due to the 
low rate of all-cause death, it is unlikely that the observed 
excess risk of non-CV death among patients of the invasive 
group is explained by the phenomenon of competing risks; 
the rate of CV death would have to be substantially higher 
to explain the apparent observed difference in non-CV 
death between the two treatment groups based on com-
peting risks alone. However, a potential issue limiting 
the analysis of non-CV mortality is the above-mentioned 
inadequate data collection for the assessment of non-CV 
risk.

On a research level, it is easier to ascertain all-cause 
death than CV death, constituting a less biased and more 
reliable endpoint. Additionally, the effects of a coronary 
revascularization intervention are not mitigated if we in-
clude all-cause death as a component of the primary out-
come (rather than CV death).

On a clinical/population level, the main utility of death 
surveillance is to plan risk mitigation strategies, aiming to 
reduce the most responsible specific components of all- 
cause death. Applied to the post-coronary revasculariza-
tion setting, these data reinforce the importance of sec-
ondary prevention in preventing new CV events 
particularly in coronary artery disease patients, a popula-
tion at a greater risk of having an MI-related death.

Conclusions

The interim report of the ISCHEMIA-EXTEND study shows 
that there was no difference in all-cause mortality in 7 
years, but there was a lower risk of 7-year CV mortality 
and a higher risk of non-CV mortality with the initial inva-
sive strategy when compared with the initial conservative 
strategy. The higher rate of non-CV death in the invasive 
group was unexpected and remains unexplained, deserv-
ing further investigation. Overall, the trial’s extended 
follow-up provides much more robust evidence for the 
neutral effect on survival of the two strategies. Actually, 
when the ISCHEMIA trial was first designed, the goal of 
the trial was to determine whether a catheter-based strat-
egy could ultimately reduce CV events like CV mortality 
and MI, and this seems to be the case: spontaneous MI at 
the earlier and CV death at the later time point being re-
duced by this strategy.

These findings might help physicians in shared decision- 
making as to whether to add invasive management to 

guideline-directed medical management in selected pa-
tients with chronic coronary artery disease and moderate 
or severe ischaemia.

Funding

None declared.

Conflict of interest: None declared.

Data availability

No new data were generated or analysed in support of this 
research.

References

1. Maron DJ, Hochman JS, Reynolds HR et al. Initial invasive or conserva-
tive strategy for stable coronary disease. N Engl J Med 2020;382: 
1395–1407.

2. Boden WE, O’Rourke RA, Teo KK et al. Optimal medical therapy with or 
without PCI for stable coronary disease. N Engl J Med 2007;356: 
1503–1516.

3. BARI 2D Study Group. A randomized trial of therapies for type 2 dia-
betes and coronary artery disease. N Engl J Med 2009;360:2503–2515.

4. De Bruyne B, Fearon WF, Pijls NH. Fractional flow reserve–guided PCI 
for stable coronary artery disease. N Engl J Med 2014;371:1208–1217.

5. Chaitman BR, Alexander KP, Cyr DD et al. Myocardial infarction in the 
ISCHEMIA trial: impact of different definitions on incidence, prognosis, 
and treatment comparisons. Circulation 2021;143:790–804.

6. Sidhu MS, Alexander KP, Huang Z et al. Causes of cardiovascular and 
noncardiovascular death in the ISCHEMIA trial. Am Heart J 2022; 
248:72–83.

7. Bangalore S, Pencina MJ, Kleiman NS, Cohen DJ. Prognostic implica-
tions of procedural vs spontaneous myocardial infarction: results 
from the Evaluation of Drug Eluting Stents and Ischemic Events 
(EVENT) registry. Am Heart J 2013;166:1027–1034.

8. Hochman JS, Anthopolos R, Reynolds HR. Survival after invasive or con-
servative management of stable coronary disease. Circulation 2023; 
147:8–19.

9. Navarese EP, Lansky AJ, Kereiakes DJ et al. Cardiac mortality in pa-
tients randomised to elective coronary revascularisation plus medical 
therapy or medical therapy alone: a systematic review and 
meta-analysis. Eur Heart J 2021;42:4638–4651.

10. Reynolds HR, Shaw LJ, Min JK et al. Outcomes in the ISCHEMIA trial 
based on coronary artery disease and ischemia severity. Circulation 
2021;144:1024–1038.

11. Linet MS, Slovis TL, Miller DL et al. Cancer risks associated with exter-
nal radiation from diagnostic imaging procedures. Cancer J Clin 2012; 
62:75–100.

12. Palmerini T, Sangiorgi D, Valgimigli M et al. Short- versus long-term 
dual antiplatelet therapy after drug-eluting stent implantation: an in-
dividual patient data pairwise and network meta-analysis. J Am Coll 
Cardiol 2015;65:1092–1102.

13. Palmerini T, Benedetto U, Bacchi-Reggiani L et al. Mortality in patients 
treated with extended duration dual antiplatelet therapy after 
drug-eluting stent implantation: a pairwise and Bayesian network 
meta-analysis of randomised trials. Lancet 2015;385:2371–2382.

14. Lauer MS, Blackstone EH, Young JB, Topol EJ. Cause of death in clinical 
research: time for a reassessment? J Am Coll Cardiol 1999;34:618–620.

15. Seto AH. Limitations of long-term mortality as a clinical trial endpoint: 
time wounds all healing. J Am Coll Cardiol 2020;76:900–902.

16. Austin PC, Lee DS, Fine JP. Introduction to the analysis of survival data 
in the presence of competing risks. Circulation 2016;133:601–609.

B36                                                                                                                                                                                     L. Bolognese et al.


	Long-term follow-up after invasive or conservative management of stable coronary disease: the ISCHEMIA-EXTEND study
	Introduction
	Heterogeneity of treatment effect
	Drivers of mortality in patients with chronic coronary disease
	What should be the primary endpoint in revascularization trials?
	Conclusions
	References


