
Editorial

Understanding causes of death in trials of coronary 
artery bypass grafting versus percutaneous coronary 
intervention

Entendiendo las causas de muerte en estudios de cirugía de 
revascularización miocárdica frente angioplastia coronaria con stents
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Despite recent evidence that managing coronary artery disease with an initial invasive strategy may not improve car-
diovascular outcomes in the long term (1), selected groups of patients still bene�t of a revascularization procedure 
along the course of their disease. Although coronary artery bypass gra�ing (CABG) surgery and percutaneous coro-
nary intervention with stent (PCI) share the same intent of providing coronary revascularization, these methods are 
considerably di�erent on their approach (2).
CABG bypasses a large portion of the diseased coronary artery, treating not only the �ow-limiting obstructions but 
also other adjacent smaller lesions that might become unstable and lead to future cardiovascular events (3). PCI is a 
focal procedure, targeted only at the perceived high-risk or symptom-generating lesion, leaving untreated the other 
segments. Both strategies are meant to be combined with optimal medical therapy, including adequate control of cho-
lesterol, blood pressure, glycemia, smoking cession, and weight loss (4). Medical therapy acts systemically, including in 
the coronary territories not directly treated by the revascularization procedure. In fact, the role of these therapies post-
PCI seems to be even more important than post-CABG, likely due to the aforementioned di�erences (5).
Numerous clinical trials have compared CABG and PCI in diverse populations. �e �ndings usually indicate that 
in patients with chronic coronary artery disease, CABG, compared to PCI, reduces the combined incidence of ma-
jor cardiovascular events, through reductions mainly in myocardial infarction, and the need of a new revasculariza-
tion procedure (6). On the other hand, in patients with diabetes from the Future Revascularization Evaluation in Pa-
tients with Diabetes Mellitus: Optimal Management of Multivessel Disease (FREEDOM) trial, it was observed an 
excess of periprocedural stroke following CABG, but this was not consistent across all revascularization trials (7,8). 
Individual trials are generally not powered to detect di�erences in all-cause mortality between the two strategies, at 
least within the �rst few years of follow-up (9). An individual-patient level pooled analysis of 11 randomized studies 
and 11,518 patients showed a mortality increase following PCI compared to CABG over a mean follow-up of 3.8 years 
(HR: 1.20; 95% CI: 1.06 to 1.37; p=0.0038) (10). �is result was signi�cant particularly in the subgroups of patients 
with diabetes and multivessel coronary artery disease.
It would be logical to think that the mortality bene�t of CABG over PCI is derived from reductions in cardiovascu-
lar mortality, but this has not been extensively investigated. A recently reported meta-analysis by Gaudino et al sou-
ght to evaluate the di�erences in cardiac versus non-cardiac mortality following the two procedures. (11) A total of 23 
trials were included and, similarly to the patient-level analysis, PCI was associated with increased all-cause mortality 
(incidence rate ratio [IRR]: 1.17; 95% CI: 1.05 to 1.29) (11). Moreover, this study revealed that PCI was linked to ex-
cess both in cardiac and non-cardiac mortality (IRR: 1.24; 95% CI: 1.05 to 1.45 and IRR: 1.19; 95% CI: 1.00 to 1.41, 
respectively) (11). 
More granular data regarding cardiovascular mortality a�er CABG and PCI was obtained in a sub-analysis of the 
TAXUS Drug-Eluting Stent Versus Coronary Artery Bypass Surgery for the Treatment of Narrowed Arteries (SYN-
TAX) trial, involving 1,676 patients (12). Half (49.4%) of the deaths a�er CABG were cardiovascular, with the most 
prominent causes being heart failure and arrhythmia. A�er PCI, most deaths were also cardiovascular (67.5%), but 
predominantly due to myocardial infarction. �e hazard rate of dying due to a myocardial infarction was 8 times grea-
ter in PCI versus CABG patients (HR: 8.43; 95% CI: 2.99 to 23.67) (12). A similar observation was inferred from 
the Bypass Angioplasty Revascularization Investigation (BARI) trial using a di�erent statistical approach (multi-sta-
te modelling) (13). �is study compared CABG vs percutaneous old balloon angioplasty (POBA) and signi�cantly 
more patients who develop a myocardial infarction following POBA ended up dying compared to those a�er CABG 
(13). As discussed above, CABG leads to a more complete coronary revascularization compared to PCI, which may 
explain these reductions in cardiovascular and myocardial infarction-related death.
�e reductions in non-cardiac death found in the meta-analysis by Gaudino et al are perplexing and need to be further 
investigated. �is study, being a trial-level meta-analysis, cannot provide more detailed data on speci�c causes of dea-
th, preventing additional inference into a still unknown mechanism through which PCI would increase (or CABG 
would decrease) non-cardiac death (11). It seems likely that mis-categorization of cardiac deaths as non-cardiac dea-
ths might be the case (14). Interestingly, initial results of the International Study of Comparative Health E�ectiveness 
with Medical and Invasive Approaches (ISCHEMIA) trial identi�ed an increase in non-cardiovascular death due to 
cancer in patients undergoing an invasive strategy with coronary revascularization (74% of which with PCI), compa-
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red to a conservative strategy with optimal medical therapy (adjusted HR: 2.11, 95% CI: 1.24 to 3.61) (15). �e signi-
�cance of these results remain unknown and more studies are warranted.
Based on the previous studies in patients with complex chronic coronary artery disease, CABG, compared to PCI, 
leads to reductions in long-term all-cause mortality, primarily due to reductions in cardiovascular death and, more 
speci�cally, reductions in myocardial infarction-related death. But what would be the importance of studying cau-
ses of death a�er a coronary revascularization procedure? On a research level, it is important to note that all the afo-
rementioned analyses utilized clinical trial data, and events were usually ascertained by adjudication committees, ha-
ving medical experts assigning cause of death. �is approach is more accurate than public health surveillance data 
where causes of death are extracted from death certi�cates (16-18). Even in these adjudication committees, howe-
ver, it may be di�cult to determine the exact cause of death, particularly if reliable source documentation is pending. 
As pointed out by Gaudino et al, all-cause death is easier to be ascertained than cardiovascular death, constituting a 
less biased and more reliable endpoint (11). Additionally, the e�ects of a coronary revascularization intervention are 
not mitigated if we include all-cause death as a component of the primary outcome (rather than cardiovascular dea-
th) (11). �is should be considered to be the standard approach in clinical trials of coronary revascularization going 
forward.
On a population level, the main utility of death surveillance is to plan risk mitigation strategies, aiming to reduce the 
most responsible speci�c components of all-cause death. Applied to the post-coronary revascularization setting, the-
se data reinforce the importance of secondary prevention in preventing new cardiovascular events particularly in post-
PCI patients, a population at greater risk of having a myocardial infarction-related death.
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