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Mechanisms of coronary artery bypass grafting (CABG) and percutaneous coronary intervention

(PCI) differ as CABG provides surgical collateralization and may prolong life by preventing future
myocardial infarctions (MI). However, CABG benefits are unclear in octogenarians, where surgical

risk is often perceived as higher and PCl is chosen more liberally. We performed a meta-analysis of
studies comparing outcomes in octogenarians with left main or multivessel disease who underwent
CABG or PCIl. Primary outcome was late mortality (> 5 years). Secondary outcomes were perioperative
mortality, MI, re-revascularization (R-R), acute renal failure (ARF), and stroke. Fourteen studies with
17,942 patients were included. CABG was associated with lower late mortality (hazard ratio, HR:
1.23, 95% confidence interval: Cl 1.05-1.44, p <0.01). In the pooled Kaplan—Meier analysis CABG
showed significantly lower risk of death in the follow-up compared to PCI (HR: 1.08, 95%Cl 1.02-1.41,
p=0.005). Landmark analyses confirmed the survival advantage of CABG over PCl after 21.5 months
of follow-up (HR: 1.31, 1.19-1.44, p<0.0001), but suggested advantage of PCl over CABG in the first
30-days (HR: 0.72, 0.64—0.82, p <0.0001) and comparable survival from 1 to 21.5 months (HR: 0.98,
0.92-1.05, p=0.652). We found lower risk for Ml and R-R after CABG but higher perioperative mortality
and no differences in ARF and stroke. CABG appears superior to PCl over time in octogenarians with
complex CAD. This survival advantage is associated with fewer events of Ml and R-R; however, it
comes with an increased risk in perioperative mortality.

Recent data suggest that mechanisms of coronary artery bypass grafting (CABG) surgery and percutaneous
coronary intervention (PCI) differ'. Guideline-conform PCI is focused on treating flow-limiting lesions, but
the majority of myocardial infarctions occur at non-flow-limiting stenoses’. Thus, PCI cannot be expected to
significantly limit new myocardial infarctions (MI). In contrast, CABG may do so by bypassing most coronary
lesions providing downstream “collateralization” to the grafted vessel and possibly to other coronary arteries,
which may prevent myocardial infarctions caused by ruptured plaque thrombosis or sudden progression of
plaques that were not flow limiting at the time of surgery"?. This potential mechanism was confirmed by a recent
meta-analysis of all randomized studies comparing PCI and CABG, which showed that the observed survival
advantage of CABG over PCI in randomized trials was associated with a significant reduction of spontaneous
MIs in the surgical arm’.

As one ages, the likelihood of experiencing an acute MI progressively increases. In the United States, indi-
viduals aged 65 and older account for over 60% of all cases of acute MI, with approximately one third of cases
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occurring in those over 75 years old*. The mortality rates following an acute MI also increase significantly with
age. This means that about 60% of all MI-related deaths in the United States occur among the 6% of the popula-
tion aged 75 years or older*.

Due to the increased risk of MIs in octogenarians it might be well conceivable that surgical collateralization
through CABG might be the superior invasive treatment. However, in those patients surgical risk is often per-
ceived as prohibitively high and PCI is chosen more liberally. So far, there is no clear recommendation addressing
the invasive treatment options for coronary artery disease in octogenarians. Therefore, in this analysis we set out
to systematically review the literature on the impact of the invasive treatment modality on clinical outcome in
octogenarians with coronary heart disease.

Methods

Ethical approval of this analysis was not required as no human or animal subjects were involved. This review
was registered with the National Institute for Health Research International Registry of Systematic Reviews
(PROSPERO, CRD42022345249).

Search strategy

We performed a comprehensive literature search to identify contemporary studies reporting short-, mid- and
long-term outcomes between CABG and PCI in octogenarians with left main or multivessel coronary disease.
Searches were run on June, 2022 in the following databases: Ovid MEDLINE (2008 to present); Web of Science
(2012 to present); and The Cochrane Library (1993 to present). The search strategy for Ovid MEDLINE is avail-
able in Supplementary Table 1.

Study selection

The study selection followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
strategy. After de-duplication, records were screened by two independent reviewers (TC and LR). Any discrep-
ancies and disagreements were resolved by a third author (HK). Titles and abstracts were reviewed against pre-
defined inclusion and exclusion criteria.

Eligibility criteria

Studies were considered for inclusion if they were written in English and reported direct comparison between
CABG and PCI in octogenarians with left main or multivessel coronary disease. Animal studies, abstracts,
case reports, commentaries, editorials, expert opinions, conference presentations, and studies not reporting
the outcomes of interest were excluded. The full text was pulled for the selected studies for a second round of
eligibility screening. References for articles selected were also reviewed for relevant studies not captured by the
original search.

Risk of bias assessement and data extraction

The Risk of Bias in Non-Randomized Studies of Interventions tool (ROBINS-I) was systematically used to assess
included studies for risk of bias’. The studies and their characteristics were classified into low, moderate and seri-
ous risk of bias. Two independent reviewers (TC and LR) assessed risk for bias. When there was a disagreement,
a third reviewer (HK) checked the data and made the final decision (Supplementary Fig. 1).

Two reviewers (TC and LR) independently performed data extraction. Accuracy was verified by a third author
(HK). The extracted variables included study characteristics (publication year, country, sample size, study design,
mean follow-up, presence or absence from population adjustment and outcome definitions) as well as patient
demographics (age, sex, mean left ventricular ejection fraction—LVEEF, hypertension, diabetes, smoking status,
prior cerebrovascular accident—CVA, prior myocardial infarction MI, prior PCI, renal failure and chronic
obstructive pulmonary disease—COPD).

Outcomes

Primary outcome was long-term all-cause mortality defined by studies with follow-up > 5 years. Secondary
outcomes were perioperative all-cause mortality (30-day/in-hospital), acute renal failure, myocardial infarction,
re-revascularization and stroke.

Statistical analysis

We conducted meta-analyses to compare the outcomes of CABG versus PCI. Relative risks (RR) and 95% con-
fidence intervals (CI) were calculated for each outcome. A RR greater than 1 indicated that the outcome was
more frequently present in the CABG arm. Inherent clinical heterogeneity between the studies was balanced via
the implementation of a random effects models. Results were displayed in forest plots. Between-study statistical
heterogeneity was assessed with the Cochran Q statistic and by estimating 12. High heterogeneity was confirmed
with a significance level of p <0.10 and I2 of at least 50% or more. Publication bias was assessed via funnel plots
and Eggers’ test for the primary outcome and p <0.10 was considered statistically significant. Leave-one-out
sensitivity analyses were also performed for the primary outcome. All analyses were performed using STATA
IC17.0 (StataCorp LLC, College Station, Texas).

Reconstruction of individual patient survival data
We used the methods described by Wei et al. to reconstruct IPD from the Kaplan-Meier curves of all eligible
studies for the long-term outcomes®’. Raster and Vector images of the Kaplan-Meier survival curves were
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pre-processed and digitized, so that the values reflecting to specific timepoints with their corresponding survival/
mortality information could be extracted. Where additional information (e.g., number-at-risk tables or total
number of events) were available, they were used to further calibrate the accuracy of the time-to-events. Depar-
tures from monotonicity were detected using isotonic regression and corrected with a pool-adjacent-violators
algorithm®”. To confirm the quality of the timing of failure events captured, we thoroughly checked the consist-
ency with the reported survival or morality data provided in the original publications.

meta-analysis of reconstructed data—one-stage survival meta-analysis

The Kaplan-Meier method was used to calculate the overall survival. The Cox proportional hazards regression
model was used to assess between-group differences. For these Cox models, the proportional hazards assump-
tion was verified by plotting scaled Schoenfeld residuals, log-log survival plots, and predicted versus observed
survival functions. We plotted survival curves using the Kaplan-Meier product limit method and calculated
the Hazard Ratios (HRs) and 95% CIs of each group. A HR greater than 1 indicated that the outcome was more
frequently present in the PCI arm.

Presentation
This work has been selected to be presented at the 103rd AATS Annual Meeting.

Results
Study characteristics
A total of 112 studies were retrieved from the systematic search, of which 14 met the criteria for inclusion in the
final analysis. Figure 1 shows the PRISMA flowchart for study selection. Included studies were published between
1991 and 2021, all studies were observational cohorts, and 6 were multicentric. One study was multinational, 4
originated from the United States, 2 from Canada, 2 from Japan, and 1 each from England, Netherland, Finland,
Italy and China.

Tables 1, 2 shows the details of the included studies. Thirteen studies were based on risk-adjusted popula-
tions. A total of 17,942 patients were included in the final analysis. The number of patients in each study ranged
from 128 to 10,141.

Patient characteristics

Supplementary Table 3 summarizes the demographic data of the patient population in each study. Percentage
of female patients ranged from 22.7 to 71.4%; percentage of mean LVEF ranged from 48 to 60.6%; percentage
of hypertension ranged from 26 to 90%; percentage of diabetes ranged from 14.6 to 93%; percentage of positive
smoking status ranged from 3 to 34.9%; percentage of prior CVA ranged from 4.2 to 17.4%; percentage of prior
MI ranged from 17.8 to 67.1%; percentage of prior PCI ranged from 7.8 to 17.4%; percentage of renal failure
ranged from 1 to 13.5% and the percentage of COPD ranged from 2 to 18.9%. Supplementary Table 3 shows the
specific description of the included outcomes.

Meta-analysis
Figure 2 and Table 3 outline the detailed results of the meta-analysis.

Primary outcome
Figure 3 shows the forest plot for long-term all-cause mortality. The patients who underwent CABG showed
lower incidence of long-term all-cause mortality (HR=1.23, 95% CI 1.05-1.44, p<0.01).

Supplementary Fig. 2 shows the leave-one-out analysis showing that most of the studies confirm the robust-
ness of the analysis, with minimal variations of the confidence interval. Supplementary Fig. 3 provides the funnel
plot for the publication bias assessment.

Supplementary Fig. 4 shows a sub-group analysis dividing studies according to the publication year. There
was no significant difference between the two therapy groups in studies published before and after 2010
(p-interaction=0.49).

Individual patient data and survival curve reconstruction

Opverall, 12 Kaplan-Meier curves were processed, digitalized, and reconstructed. A side-by-side comparison of
our reconstructed Kaplan-Meier curves and those found in the original publications is provided in Supplemen-
tary Fig. 5. Using the previously described methodology, we extracted the IPD from these curves.

Overall survival analysis

Figure 4 shows the pooled Kaplan-Meier curves of reconstructed IPD. Patients who underwent CABG had
significantly lower risk of death in the follow-up compared to those who underwent PCI (HR: 1.08, 95% CI
1.02-1.41, p=0.005).

Violation of the proportional hazards assumption was observed between scaled Schoenfeld residuals and
follow-up time, as well as in log-log survival plots (Supplementary Fig. 6). This indicated that the HR is not
constant over time.

Since we observed that the proportional hazards assumption was violated, we proceeded with landmark
analysis, designating 21.5 months (the point where both curves crossed in Fig. 4A) as the landmark timepoint.

Figure 4B shows the 30-day survival analysis, which suggested that PCI offers a survival advantage compared
to CABG (HR: 0.72, 0.64-0.82, p<0.0001).
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram.

Figure 4C shows the landmark analysis from 1 to 21.5 months, which suggested that the two techniques offer
comparable survival outcomes compared (HR: 0.98, 95% CI 0.92-1.05, p=0.652).

Figure 4D shows the landmark analysis after 21.5 months of follow-up, which revealed a statistically signifi-
cant survival advantage in favor of CABG over PCI (HR: 1.31, 95% CI 1.19-1.44, p <0.0001).

Secondary outcomes
Supplementary Fig. 7 shows the forest plot for perioperative all-cause mortality. The patients who underwent
CABG showed higher incidence of perioperative all-cause mortality (RR 1.21, 95%CI 1.07-1.36, p<0.01).

Supplementary Fig. 8 shows the forest plot for acute renal failure. There was no significant difference between
the two therapy groups (RR 1.21, 95%CI 0.54-2.72, p=0.64).

Figure 5 shows the forest plot for myocardial infarction. The patients who underwent CABG showed lower
incidence of myocardial infarction (RR 0.51, 95%CI 0.46-0.56, p <0.01).

Supplementary Fig. 9 shows the forest plot for re-revascularization. The patients who underwent CABG
showed lower incidence of re-revascularization (RR 0.31, 95%CI 0.22-0.45, p<0.01).

Supplementary Fig. 10 shows the forest plot for stroke. There was no significant difference between the two

therapy groups (RR 1.52, 95%CI 0.96-2.39, p=0.07).
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Population
Author Year of publication | Country No of patients | Study design Mean follow-up | comparability Reported outcomes
Italy, Korea, Netherlands | 304 Retrospective, multi- Propensity score match- 11\\/11;';:;5(;;? ;i:;:allctt);on
Conrotto® | 2014 Lativa, USA, France, 86 CABG ’ 3y . R larizati
G 218 PCI center ing e-revascularization
ermany
Stroke
1,693 Retrospective, multi- Cox proportional hazard | All-cause mortalit
Dacey?! 2007 England 991 CABG P ’ 8y : ¥
center regression Stroke
702 PCI
All-cause mortality
239 Retrospective, single Multivariant regression Acute renal failure
Garza? 2003 USA 128 CABG t rp > SIng 1.8y nalvsi 8 Myocardial infarction
111 PCI cente analysis Stroke
Re-revascularization
597 All-cause mortality
Gimbel® 2020 Netherlands 551 CABG Retrospective, single 4y Cox prpportlonal hazard | Myocardial 1nfargt10n
center regression Re-revascularization
346 PCI
Stroke
983
Graham?2 2002 Canada 133 CABG Retrospective, multi- 4y Propensity score match- All-cause mortality
289 PCI center ing
561 OMT
669 Retrospective, single Propensity score match-
Gunn® 2012 Finland 274 CABG pective, sing 3.6y ; ropensity All-cause mortality
center ing
393 PCI
527 All-cause mortality
Hara® 2021 Japan 151 CABG Retrospective, multi- 5y Cox ?rpportlonal hazard | Myocardial 1nfargt10n
center regression Re-revascularization
376 PCI
Stroke
Table 1. Summary of included studies—part 1. CABG coronary artery bypass grafting, PCI percutaneous
coronary intervention, OMT optimal medical therapy.
Author Year of publication | Country | No of patients Study design Mean follow-up | Population comparability | Reported outcomes
128 Cox proportional hazard
Kamiya? 2007 Japan 28 CABG Retrospective, single center | 5y prop All-cause mortality
100 PCI regression
. All-cause mortality
28 310 R Cox proportional hazard .
Kaul 1994 USA 205 CABG 105 pC1 | Retrospective, single center | 8y regression é\;l;{(ee renal failure
All-cause mortality
195 Myocardial infarction
Mick? 1991 USA 142 CABG Retrospective, single center | 3y Not adjusted Re-revascularization
53 PCI Stroke
Acute renal failure
1,388 All-cause mortality
Nicolini* 2015 Italy 441 CABG Retrospective, multicenter | 7y Propensity score matching | Myocardial infarction
947 PCI Stroke
249 All-cause mortalit
Rodes-Cabau® | 2008 Canada 145 CABG Retrospective, single center | 2y Propensity score matching M dial inf Y
104 PCI yocardial infarction
All-cause mortality
10,141 Myocardial infarction
Sheridan® 2010 USA 5803 CABG Retrospective, Multicenter | 3y Propensity score matching 4 o
Re-revascularization
4338 PCI
Stroke
519
33 . 110 CABG . . Multivariant regression B .
Wu 2019 China 292 PCI Retrospective, single center | 2.1y analysis Alll-cause mortality
117 OMT

Table 2. Summary of included studies—part 2. CABG coronary artery bypass grafting, PCI percutaneous
coronary intervention, OMT optimal medical therapy.

Discussion

Our analysis suggests that for the treatment of octogenarian patients with left main or multivessel disease CABG
is associated with significantly lower risk of death in the long-term follow-up compared to PCI (survival advan-
tage after the first 21.5 months of follow-up). This superiority of CABG is associated with fewer events of myo-
cardial infarction and re-revascularization. However, perioperative mortality is higher with CABG.

Our results are relevant as they provide valuable information, affecting the treatment of a substantial num-
ber of patients. Currently, there are aproximately 147 milion octogenarians worldwide, representing 1.9% of
the global population®. This global number of octagenarians has risen significantly over the last decades and
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Coronary Artery Bypass Grafting and Percutaneous Coronary Intervention in
Octogenarian Patients with Left Main or Multivessel Disease

CABG vs.

META-ANALYSIS

17,942 Patients
(14 studies)

PCI

Long-term Mortality
Re-revascularization
Myocardial Infarction

Perioperative Mortality

Acute Renal Failure

Stroke

gt

Lower rates in CABG

i

Lower rates in PCI

e

No significant difference

Figure 2. (Central Picture). Graphical abstract showing the main findings of the analysis.

Outcome Number of studies | Number of patients | Effect estimate (95%CI, p-value)
Long-term all-cause mortality 12 15,461 HR=1.23,1.05-1.44, p<0.01
Perioperative all-cause mortality 7 12,454 RR=1.21, 1.07-1.36, p<0.01
Acute renal failure 3 744 RR=1.21,0.54-2.72, p=0.64
Myocardial infarction 8 12,844 RR=0.51, 0.46-0.56, p<0.01
Re-revascularization 6 12,003 RR=0.31, 0.22-0.45, p<0.01
Stroke 9 14,598 RR=1.52,0.96-2.39, p=0.07

Table 3. Outcomes summary. CI confidence interval, HR hazard ratio, RR relative risk.

Two-Stage Survival Meta-Analysis

HR Weight
Study with 95% ClI (%)
Conrotto —‘IJ[— 1.07[0.66, 1.75] 6.22
Dacey — 0.86[0.68, 1.09] 11.53
Gimbel ‘[ —W—  181[134, 245] 997
Graham —m—— 201[1.25, 3.23] 6.48
Gunn —j— 1.20[0.81, 1.79] 7.87
Hara —— 1.24[0.91, 1.69] 9.81
Kamiya 4H+ 0741035, 1.58] 3.40
Kaul —— 1.49[0.98, 2.26] 7.51
Mich { - 1.41[057, 3.47] 257
Nicolini Hl- 1.49[1.23, 1.80] 12.82
Rhodes —I——} 0.80[0.50, 1.28] 6.54
Sheridan I} 1.08[1.01, 1.15] 15.29
Overall 2 1.23[1.05, 1.44]
Heterogeneity: 12 = 0.04, 12 = 69.32%, H? = 3.26 t
Test of 6, = 6;: Q(11) = 35.85, p = 0.00 |
Testof 6 =0:z=2.53, p=0.01 {

172 1

Random-effects DerSimonian—Laird model

Figure 3. Forest plot for long-term all-cause mortality. CI confidence interval, HR hazard ratio.

Scientific Reports |

(2023) 13:22323 |

https://doi.org/10.1038/s41598-023-49069-2

nature portfolio



www.nature.com/scientificreports/

A B P:%Lvs CAB!G
lay survival
PCl vs CABG T —
100 £
go . 3 & HR: 0.72, 95% CI: 0.64 - 0.82, p<0.0001
60
80 501, :
70+ Number at risk ' DL?S N
i 60 - RS e 0% o
$ 504 c Fols ohsS
30 = z; gg HR: 0.98, 95% CI: 0.92 - 1.05, p=0.652
20- HR: 1.08, 95% CI: 1.02-1.41, p=0.005 5
10 n 1(0)
0 N Number at risk ’ o ’
T T T T T T T T T T T ! ! i Gaor Soon S 5
0o 1 2 3 4 5 6 7 8 9 10 11 12 e
Years D After 21.5 months
Number at risk o0
CABG 8176 5888 1097 322 46 2 1 o
PCl 7285 5255 1333 430 38 3 0 E ‘Z§
95% CI 95% CI %E HR: 1.31, 95% CI: 1.19-1.44, p<0.0001
CABG —PCI 0012345Vs7591011|z
Figure 4. Pooled Kaplan-Meier curves showing the cumulative risk of all-cause mortality following CABG and
PCL CI confidence interval, HR hazard ratio.
Myocardial Infarction
CABG PCI RR Weight
Study Event Total Event Total with 95% CI (%)
T
Conrotto et al. 2014 6 86 13 218 -‘; 1.16[0.45, 2.96] 1.04
Garza et al. 2003 18 128 41 111 —'*‘— 0.46[0.28, 0.76] 3.57
Gimbel et a. 2020 12 251 33 346 —‘*— 0.52[0.28, 1.00] 2.22
Hara er al. 2021 9 151 26 376 —+—— 0.87[0.42, 1.81] 1.69
\
Nicoini et al. 2015 36 296 104 296 — 0.42[0.29, 0.59] 745
Rodes Cabau et al. 2008 3 145 11 104 : 0.21[0.06, 0.74] 0.58
Sheridan et al. 2010 505 5,803 811 4,338 - 0.51[0.46, 0.56] 82.99
Mick et al. 1991 5 142 3 53 } 0.63[0.16, 2.57] 0.47
Overall ¢ 0.51[ 0.46, 0.56]
Heterogeneity: T° = 0.00, I” = 0.00%, H’ = 1.00 }
Test of 8, = 8: Q(7) = 8.39, p = 0.30 |
Test of 8 = 0: z=-13.97, p = 0.00 Favors CABG | Favors PCI
T T T T

T
116 1/8 1/4 1/2 1 2
Random-effects REML model

Figure 5. Forest plot for myocardial infarction. CI confidence interval, RR relative risk.

is projected to rise further. As age is the strongest factor connected with the development of coronary artery
disease (CAD)?, this relates in millions of patients worldwide faced with a with a potential treatment choice
between CABG or PCI. Necropsy studies for example, have demonstrated a high prevalence (~ 60%) of obstruc-
tive CAD in patients > 80 years of age, often with features of advanced disease [e.g., calcification (80% to 90%),
multivessel disease (40%)]>'°. The prevalence of CAD (defined as coronary insufficiency, myocardial infarction,
angina pectoris, or CAD-related death) in octogenarins was reported with 31.2% for the age group 85-89 by
the Franmingham Heart Study and similar rates were observed by the Cardiovascular Health Study (30.9% for
80-84 years and 35.8% for 85-89 years)'’.
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In this context, one of the main findings of our work is the fact that the survival curves of CABG and PCI
in octogenarian patients cross (similar to other known studies comparing CABG and PCI) after approximately
2 years.

Currently treatment recommendations and guideliens for CAD outlining when to recommend which treat-
ment option (e.g., CABG or PCI) are mostly based on randomized trials, which are bound to reflect the average
treatment effect for an often selected patient population'!. Despite the huge number of octagenarians affected
by CAD worldwide, they have been typically under-represented in randomized cardiovascular clinical trials as
many studies have either excluded older patients or only included those at lower risk'2. For example, the mean
age of the randomized patients in the EXEL trial was 66 years'® and and 65 years in the FAME 3 clinical trial™.
Thus our work may fill the evidence gap resulting from the underrepresentation of octogenarian patients in such
trials, as it summarizes the current data and presents information not provided by randomized trials.

However, it is so far unknown if quality of life measures, functional status, and overall well-being also follow
this trend. Understanding how these factors are affected by CABG or by PCI in octogenarians can provide valu-
able insights for personalized treatment recommendations and should be a matter of future research.

Our results, once again put center stage the question of the underlying mechanisms leading to and explain-
ing them. As mentioned earlier, the concept of surgical collateralization might explain the life-prolonging (i.e.,
prognostic) effect of CABG, which appears to be due to prevention of future myocardial infarctions'. Our work
once more confirms this concept, as the survival advantage for CABG was as expected associated with fewer
events of myocardial infarctions and re-revascularization. This infarct-preventing mechanism through CABG
collateralization might be also the explanation, why the long-term survival of elderly patients after CABG is
superior to that of their age-matched population'>'¢.

CABG has always been considered the more invasive treatment option compared to PCI, and in octogenar-
ian patients physicians have often been reluctant to recommend it, especially in cases with other comorbidities.
However, in our analysis we did not find any significant difference in the rates of acute kidney injury and stroke
between the groups. Furthermore, recent data has illustrated that generally CABG might be the superior treat-
ment in patients with diabetes'” or chronic kidney disease'® and/or dialysis'®. Thus, it seems that the treatment
benefit of CABG does not diminish in patients of advanced age and/or comorbidities, and our results support
that probability.

One of the main findings of our work is the fact that the survival curves of CABG and PCI in octogenarian
patients cross (similar to other known studies comparing CABG and PCI) after approximately 2 years. However,
it is so far unknown if quality of life measures, functional status, and overall well-being also follow this trend.
Understanding how these factors are affected by CABG or by PCI in octogenarians can provide valuable insights
for personalized treatment recommendations and should be a matter of future research.

Nevertheless, this information is essential as it may enable individualized approach in octogenarians- ones
with clearly limited life expectancy might be be mor suiutable for PCI, but octogenarians with longer life expec-
tancy should be informed about this trade-off between initial risk and survival advantage.

Study strength and limitations

This is the first meta-analysis of reconstructed time-to-event data to address this important topic. Moreover, we
analyzed 4 different outcomes besides mortality. However, this work has the intrinsic limitations of observational
series, including the risk of methodological heterogeneity of the included studies and residual confounders. In
addition, treatment allocation bias is likely present in all observational series comparing two therapies with dif-
ferent operative risk and invasiveness. Moreover, one study contributed significantly for the final sample size,
which could contribute strongly for the final treatment effect.

Conclusion

The results support the concept that CABG provides a survival advantage over PCI for complex CAD over time
even in octogenarians. This survival advantage is associated with fewer events of myocardial infarction and
re-revascularization; however, it comes with an increased risk in the perioperative mortality after CABG. Since
survival curves cross after approximately 2 years, octogenarians with longer life expectancy should be informed
about this trade-off between initial risk and survival advantage.

Data availability

The data underlying this article are available in the article and in its online supplementary material.
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