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BACKGROUND: Whether revascularisation (REV) improves outcomes in patients with three-vessel coronary artery 
disease (3V-CAD) is uncertain. 

AIMS: Our objective was to evaluate outcomes with REV (percutaneous coronary intervention [PCI] or coronary 
artery bypass graft surgery [CABG]) versus medical therapy in patients with 3V-CAD.

METHODS: ISCHEMIA participants with 3V-CAD on coronary computed tomography angiography without prior 
CABG were included. Outcomes following initial invasive management (INV) with REV (PCI or CABG) versus 
initial conservative management (CON) with medical therapy alone were evaluated. Regression modelling was used 
to estimate the outcomes if all participants were to undergo prompt REV versus those assigned to CON. Outcomes 
were cardiovascular (CV) death/myocardial infarction (MI), death, CV death, and quality of life. Bayesian posterior 
probability for benefit (Pr [benefit]) for 1 percentage point lower 4-year rates with REV versus CON were evaluated. 

RESULTS: Among 1,236 participants with 3V-CAD (612 INV/624 CON), REV was associated with lower 4-year 
CV death/MI (adjusted 4-year difference: −4.4, 95% credible interval [CrI] −8.7 to −0.3 percentage points, Pr 
[benefit]=94.8%) when compared with CON, with similar results for PCI versus CON (−5.8, 95% CrI: −10.8 to 
−0.5 percentage points, Pr [benefit]=96.4%) and CABG versus CON (−3.7, 95% CrI: −8.8 to 1.5 percentage points,
Pr [benefit]=84.7%). Adjusted 4-year REV versus CON differences were as follows: death −1.2 (95% CrI: −4.7 to
2.2) percentage points, CV death −2.3 (95% CrI: −5.5 to 0.8) percentage points, with similar results for PCI and
for CABG. The Pr (benefit) for death with REV (PCI or CABG) versus CON was 49-63%. The adjusted 12-month
Seattle Angina Questionnaire-7 summary score differences favoured REV: REV versus CON 4.6 (95% CrI: 2.7-6.4)
percentage points; PCI versus CON 3.6 (95% CrI: 1.2-5.8) percentage points and CABG versus CON 4.3 (95% CrI:
1.5-6.9) percentage points with high Pr (benefit).

CONCLUSIONS: In participants with 3V-CAD, REV (either PCI or CABG) was associated with a  lower 4-year CV 
death/MI rate and improved quality of life, with similar results for PCI versus CON and CABG versus CON. The 
differences in all-cause mortality between REV and CON were small with wide confidence intervals. (ClinicalTrials.
gov: NCT01471522)
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ISCHEMIA 3-vessel disease

In patients with stable coronary artery disease (CAD), 
revascularisation (REV) improves angina-related quality 
of life (QoL)1-3. Whether REV improves cardiovascular 

outcomes in patients with stable CAD, and especially in 
those with three-vessel CAD (3V-CAD), is unknown and 
has been hotly debated4,5. Randomised trials in the 1970s 
and 1980s showed an improvement in survival with coro-
nary artery bypass graft surgery (CABG) when compared 
with medical therapy in patients with 3V-CAD6. However, 
medical therapy was very limited compared with contempo-
rary practice. The outcomes of patients with 3V-CAD in con-
temporary practice with guideline-directed medical therapy 
(GDMT) are not known. 

In the ISCHEMIA trial, there was no heterogeneity of 
treatment effect in the comparison of randomised treatment 
groups (initial invasive [INV] vs initial conservative [CON] 
strategy) for the primary endpoint based on the number 
of diseased vessels on coronary computed tomography 
angiography (CCTA)7. However, a  subgroup of interest was 
identified in an analysis of randomised participants who had 
CCTA evaluable for the modified Duke prognostic index. In 
that prior analysis, the 4-year rate of cardiovascular (CV) death 
or myocardial infarction (MI) was lower with the INV strategy 
(INV vs CON difference 6.3% [95% confidence interval CI : 
0.2-12.4%]; pinteraction=0.33) in the most severe CAD subgroup 
(defined as Duke 6: three-vessel disease [3VD] based on ≥70% 
stenosis or two-vessel disease [2VD] based on ≥70% stenosis 
including the proximal left anterior descending artery [LAD])8. 
However, the outcomes based on actual REV received (only 
80% of participants randomised to INV were revascularised) 
or outcomes restricted to 3VD were not explored. Accordingly, 
in the current analysis we sought to evaluate what the 
outcomes of REV would be if all participants were to receive 
REV compared with CON, as well as separately evaluating 
percutaneous coronary intervention (PCI) versus CON and 
CABG versus CON in the subset of participants with 3V-CAD 
who were randomised in the ISCHEMIA trial. 

Editorial, see page e1260

Methods
The authors declare that all supporting data are available 
online. A  list of non-author collaborators for indexing in 
PubMed is included in Supplementary Appendix 1.

STUDY POPULATION 
The design and principal results of the ISCHEMIA trial have 
previously been published7,9. The study was approved by 
the institutional review boards of the participating sites. In 
brief, 5,179 participants with stable CAD and site-determined 
moderate or severe ischaemia were randomised 1:1 to either 

INV, consisting of coronary angiography and REV (PCI or 
CABG) if suitable, plus GDMT, or to CON of GDMT alone, 
with coronary angiography and REV reserved for failure of 
GDMT. Notable exclusion criteria included participants with 
known left main disease, recent acute coronary syndrome, 
left ventricular ejection fraction (LVEF) <35% or participants 
with an unacceptable level of angina at enrolment. Among 
participants randomised to INV, 80% were revascularised: 
76% of them with PCI and 24% with CABG7.

Participants who had a  core laboratory-interpreted CCTA 
with 3V-CAD based on ≥50% stenosis severity and without 
prior CABG were included in the present analysis. Participants 
with CCTA of poor quality that were not evaluable for 
diseased vessels were excluded. We note that the available 
number of evaluable CCTA studies for this analysis is larger 
than in a prior ISCHEMIA trial CCTA analysis that used the 
modified Duke prognostic index, because that index requires 
assessment of whether stenosis severity is ≥70%8. 

STUDY PROCEDURES
Participants randomised to INV underwent coronary 
angiography and were scheduled to undergo REV, if feasible, 
using contemporary techniques, including 2nd-generation 
drug-eluting stents, physiology guidance for PCI and use of 
at least the left internal mammary artery graft for CABG. 
Coronary angiography and revascularisation were only 
allowed in the CON group in case of refractory symptoms 
or a suspected primary endpoint event. Both groups received 
secondary prevention measures that included lifestyle and 
pharmacological interventions. 

STUDY ENDPOINTS
Endpoints of interest were the composite of CV death or 
MI, composite of death or MI, other composite outcomes 
including stroke, and individual components of the composite 
outcome. Health status outcomes included symptoms, 

Impact on daily practice
This post hoc analysis of participants with three-vessel 
coronary artery disease (3V-CAD) randomised in the 
ISCHEMIA trial suggests that revascularisation (with either 
percutaneous coronary intervention or coronary artery bypass 
graft surgery) was associated with a  lower 4-year rate of 
cardiovascular death or myocardial infarction, despite early 
procedural risk, and with a significantly improved quality of 
life, but the impact on overall mortality was similar with wide 
confidence intervals when compared with initial conservative 
management. These associations should be considered in the 
management of patients with 3V-CAD.

Abbreviations
CABG	 coronary artery bypass graft surgery

CAD	 coronary artery disease

CON	 conservative management

CV	 cardiovascular

INV	 invasive management

MI	 myocardial infarction

PCI	 percutaneous coronary intervention

QoL	 quality of life
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function and QoL. The definitions of outcomes have been 
described previously7. MI included the study’s primary 
definition of both procedural MI and spontaneous MI. 

Participants’ health status at 12 months post-randomisation 
was assessed using the 7-item Seattle Angina Questionnaire 
(SAQ-7), the Rose Dyspnea Scale (RDS), and the European 
Quality of Life-5 Dimension visual analogue scale (EQ-5D 
VAS). The SAQ-7 encompasses 3 domains assessing angina-
related health status over the previous 4 weeks, quantified 
by angina frequency, physical limitation, and QoL scores; 
a summary score was also derived integrating all 3 domains10. 
All scores range from 0 to 100, with higher scores denoting 
better health status. The RDS assesses the presence of 
dyspnoea with 4 common physical activities, with a  score 
of 0 indicating no dyspnoea and a  score of 4 indicating 
significant limitations due to dyspnoea11. The EQ-5D VAS 
assesses general health status; scores range from 0 to 100, 
with a  score of 0 indicating the worst possible health and 
a score of 100 indicating perfect health12. 

STATISTICAL ANALYSIS
Detailed statistical methods are presented in Supplementary 
Appendix 2. Briefly, we studied the hypothesis that, on average, 
patients resembling ISCHEMIA participants with 3V-CAD 
and no prior CABG would benefit from a strategy of upfront 
REV compared to CON. Outcomes of REV and CON were 
based on data from the randomised INV and CON groups, 
respectively. INV-assigned participants were excluded if they 
had missing data for key invasively measured angiographic 
covariates (n=47). Statistical adjustments were implemented 
to account for this exclusion and to address the fact that not 
all remaining INV-assigned participants underwent prompt 
upfront revascularisation. We also adjusted for censoring (i.e., 
incomplete follow-up) in the analysis of time-to-event clinical 
endpoints. By making these adjustments, we sought to recover 
the true treatment effect that would be observed in an ideal 
setting of no missing angiographic covariates, no censoring, 
and 100% adherence to an INV strategy of prompt upfront 
revascularisation. 

We performed separate analyses for each method of 
revascularisation and each endpoint. For clinical endpoints, 
the statistical framework was a set of discrete-time longitudinal 
logistic regression models adjusting for the covariates 
listed in Supplementary Table 1. We used these models to 
estimate a  patient’s weekly risk as a  function of time since 
randomisation, time since INV-assigned revascularisation, and 
baseline covariates. Weekly risk estimates were then combined 
to produce an estimate of each patient’s cumulative risk 
over a  4-year time horizon. This calculation was performed 
twice per patient. The first estimate described the patient’s 
risk if assigned to INV and given prompt REV. The second 
estimate described the patient’s risk if assigned to CON. We 
then averaged each of these estimates across participants to 
produce an overall estimate of the difference in risk under 
a strategy of REV compared to CON.

For QoL outcomes, the statistical framework was a set of 
proportional odds models. Missing health status scores were 
imputed using multiple imputation methods, as described in 
Supplementary Appendix 2. We performed separate analyses 
for each method of REV and for each outcome. For each 

analysis, we estimated separate models for INV and CON, 
adjusting for the covariates listed in Supplementary Table 1 as 
well as the baseline health status score for the given outcome. 
Using these models, we predicted the score for each participant 
in the study’s INV cohort under each treatment strategy. We 
then estimated the standardised outcome for each treatment 
strategy as the average of the predicted scores. We defined the 
primary measure of treatment effect for each QoL outcome to 
be the between-group difference in the REV versus CON, PCI 
versus CON, and CABG versus CON standardised outcomes 
at 12 months.

We used a Bayesian statistical approach to implement the 
above analyses. This methodology allows us to calculate 
the probability of various outcomes directly, making the 
results especially relevant and understandable in clinical and 
practical terms13,14. For example, we were able to calculate the 
probability that REV produces a 4-year cumulative risk that 
is lower than CON by a margin of at least 1 (defined in this 
report for simplicity as probability for benefit [Pr benefit ]), 3, 
or 5 percentage points. Details are presented in Supplementary 
Appendix 2.

Results
A total of 1,283 participants with no prior CABG, with 
a  prerandomisation CCTA that was evaluable for diseased 
vessels, revealing 3V-CAD, were identified, among whom 
47 participants randomised to INV but with missing key 
angiographic covariates were excluded (Supplementary 
Figure 1). Among the remaining 1,236 participants included in 
this analysis, 612 were randomised to INV and 624 to CON. 
Among those in the INV group, 510 (83.3%) underwent REV, 
including 292 who underwent PCI and 218 who underwent 
CABG, within 180  days post-randomisation. In the CON 
group, 89 participants (14.3%) underwent REV within the 
4-year follow-up.

BASELINE CHARACTERISTICS
Baseline characteristics of the INV versus CON groups and 
the comparisons of REV versus CON, PCI versus CON, and 
CABG versus CON are presented in Table 1, Supplementary 
Table 2 and Supplementary Table 3. There were no major 
differences except for a  higher proportion of participants 
with prior stroke, higher estimated glomerular filtration 
rate (eGFR) and lower SAQ angina frequency score (more 
angina) among those randomised to INV compared with 
CON. For the PCI versus CON comparison, there were no 
major differences except for QoL domains, with a  lower 
SAQ summary score, lower SAQ angina frequency score and 
lower SAQ QoL score, indicating worse symptoms in the 
PCI group. Conversely, the PCI group had lower proportions 
of participants with left main disease and proximal LAD 
disease when compared with CON (Supplementary Table 3). 
For the CABG versus CON comparison, there were no 
major differences between the groups except for a  greater 
proportion of participants with prior stroke, a  greater 
proportion from Europe, a  lesser proportion from Asia and 
North America, and a greater proportion of participants with 
severe ischaemia and left main disease in the CABG group 
when compared with CON (Table 1, Supplementary Table 2, 
Supplementary Table 3). 
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There were no major differences in physiological 
measurements, risk factor goals, medication use at baseline 
and at the last visit, or procedural details between the groups, 
except for a greater use of clopidogrel in the PCI group and 
a higher medication adherence in the REV, PCI, and CABG 
groups when compared with the CON group at the last visit 
(Supplementary Table 4, Supplementary Table 5). The overall 
4-year mortality rate was 9.0% for CON in patients with 
3V-CAD, compared with 6.4% for CON in the overall trial, 
reflecting the higher anatomical risk of this subset.

CLINICAL OUTCOMES: REV VERSUS CON
Compared with CON, REV was associated with a  lower 
4-year CV death or MI rate (4-year between-group 
difference: −4.4 percentage points, 95% credible interval 
[CrI]: −8.7 to −0.3 percentage points, Pr [benefit]=94.8%) 
(Figure 1, Table 2, Supplementary Table 6). REV was 
associated with an early procedural risk with a  6-month 

CV death/procedural MI (pMI) difference of 6.0 (95% CrI: 
4.0 to 8.3) percentage points but lower 4-year CV death/
spontaneous MI (sMI) (−8.1 percentage points, 95% CrI: 
−12.0 to −4.5 percentage points, Pr [benefit] >99.9%) 
(Supplementary Table 6). For other composite endpoints, 
the Pr (benefit) with REV was between 73% and 87% 
(Table 2, Supplementary Table 7).

In contrast, the estimated between-group differences for 
all-cause death (4-year between-group difference, REV 
minus CON, −1.2 percentage points, 95% CrI: −4.7 to 
2.2 percentage points, Pr [benefit]=55.6%) (Supplementary 
Figure 2) and CV death (−2.3 percentage points, 95% 
CrI: −5.5 to 0.8 percentage points, Pr [benefit]=78.7%) 
(Table 2, Supplementary Figure 2, Supplementary Figure 3) 
were imprecise with wide credible intervals. However, the 
probability for harm (Pr [harm]) with REV for the all-cause 
death rate and CV death rate was only 10.6% and 1.9%, 
respectively. 

Table 1. Baseline characteristics. 

INV
N=612

INV: REV
N=510

INV: PCI
N=292

INV: CABG
N=218

CON
N=624

p-value 
INV vs CON

p-value
REV vs CON

p-value 
PCI vs CON

p-value
CABG vs CON

Age, years 64
 (57-70)

63
 (57-69)

63
 (55-69)

64 
(59-70)

64 
(57-69) 0.56 0.92 0.28 0.26

Male 521/612 
(85.1)

432/510 
(84.7)

238/292 
(81.5)

194/218 
(89.0)

526/624 
(84.3) 0.74 0.91 0.34 0.11

Hypertension 438/610 
(71.8)

370/508 
(72.8)

212/292 
(72.6)

158/216 
(73.1)

449/622 
(72.2) 0.93 0.86 0.96 0.85

Diabetes 261/612 
(42.6)

216/510
 (42.4)

121/292 
(41.4)

95/218 
(43.6)

289/624 
(46.3) 0.22 0.20 0.19 0.54

Current smoker 80/611 
(13.1)

59/509 
(11.6)

33/292 
(11.3)

26/217 
(12.0)

78/623 
(12.5) 0.94 0.85 0.45 0.69

Previous myocardial 
infarction

105/612 
(17.2)

85/510 
(16.7)

46/292 
(15.8)

39/218 
(17.9)

104/623 
(16.7) 0.89 1.00 0.79 0.76

Known heart failure 20/612 
(3.3)

18/510 
(3.5)

11/292 
(3.8)

7/218 
(3.2)

13/624 
(2.1) 0.26 0.19 0.21 0.49

Previous stroke 22/612 
(3.6)

19/510 
(3.7)

9/292 
(3.1)

10/218 
(4.6)

10/624 
(1.6) 0.04* 0.04* 0.22 0.03*

History of peripheral arterial 
disease

32/610 
(5.2)

23/509 
(4.5)

12/291 
(4.1)

11/218 
(5.0)

20/621 
(3.2) 0.10 0.33 0.62 0.31

Previous percutaneous 
coronary intervention

108/611 
(17.7)

81/509 
(15.9)

50/292 
(17.1)

31/217 
(14.3)

101/624 
(16.2) 0.53 0.97 0.79 0.58

Left ventricular ejection 
fraction, %

60 
(55-64)

60 
(55-65)

60 
(56-65)

60 
(55-65)

60 
(55-65) 0.95 0.59 0.26 0.67

eGFR, mL/min/1.73 m2 88 
(74-103)

88 
(74-102)

88
(73-102

88 
(74-102)

84
 (72-98) 0.02* 0.03* 0.07 0.09

SAQ-7 summary score 76
 (62-89)

75 
(62-88)

74 
(58-88)

77 
(65-89)

78 
(64-90) 0.10 0.06 0.02* 0.68

SAQ-7 angina frequency 
score

80 
(70-100)

80 
(70-100)

80 
(60-100)

80 
(70-100)

90 
(70-100) 0.02* 0.003* 0.0002* 0.38

SAQ-7 physical limitation 
score

92 
(67-100)

92
 (67-100)

92
(67-100)

92 
(75-100)

92 
(75-100) 0.85 0.94 0.55 0.55

SAQ-7 quality of life score 63 
(50-88)

63 
(50-85)

63 
(38-75)

63 
(50-88)

63 
(50-88) 0.07 0.06 0.04* 0.36

History of angina 549/612 
(89.7)

457/510
 (89.6)

259/292 
(88.7)

198/218 
(90.8)

553/624 
(88.6) 0.60 0.66 1.00 0.44

Data are presented as n/N (%) or mean (95% credible interval). *Value holds statistical significance. CABG: coronary artery bypass graft surgery; 
CON: conservative management; eGFR: estimated glomerular filtration rate; INV: invasive management; PCI: percutaneous coronary intervention; 
REV: revascularisation; SAQ: Seattle Angina Questionnaire 
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CLINICAL OUTCOMES: PCI VERSUS CON
Compared with CON, PCI was associated with a  lower 
4-year CV death or MI rate (4-year between-group difference: 
−5.8 percentage points, 95% CrI: −10.8 to −0.5 percentage 
points, Pr [benefit]=96.4%) (Figure 2, Table 2, Supplementary 
Table 8). PCI was associated with an early procedural risk 
with a  6-month CV death/pMI difference of 3.5 (95% CrI: 
1.4 to 6.1) percentage points but lower 4-year CV death/sMI 
(−7.4 percentage points, 95% CrI: −11.6 to −2.9 percentage 
points, Pr [benefit]=99.8%) (Supplementary Table 8). For other 
composite endpoints the Pr (benefit) with PCI was between 
90% and 95% (Table 2, Supplementary Table 7).

In contrast, the estimated between-group differences for 
all-cause death (−0.9 percentage points, 95% CrI: −5.0 to 

3.4 percentage points, Pr [benefit]=49.2%) and CV death 
(−1.5 percentage points, 95% CrI: −5.3 to 2.6 percentage 
points, Pr [benefit]=60.1%) (Table 2, Supplementary Figure 4, 
Supplementary Figure 5) were imprecise with wide credible 
intervals. However, the Pr (harm) with PCI for the all-cause 
death rate and CV death rate were only 18.6% and 9.8%, 
respectively. 

CLINICAL OUTCOMES: CABG VERSUS CON
Compared with CON, the effect of CABG on CV death or 
MI (4-year between-group difference −3.7 percentage points, 
95% CrI: −8.8 to 1.5 percentage points, Pr [benefit]=84.7%) 
was directionally similar to that observed with PCI (Figure 3, 
Supplementary Table 9). CABG was associated with an early 
procedural risk with 6-month CV death/pMI difference of 9.2 
(95% CrI: 5.9 to 13.1) percentage points but lower 4-year 
CV death/sMI (−9.8 percentage points, 95% CrI: −13.9 to 
−5.6 percentage points, Pr [benefit] >99.9%) (Supplementary 
Table 9). For other composite endpoints, the Pr (benefit) with 
CABG was between 50% and 69% (Table 2, Supplementary 
Table 7).

In contrast, the estimated between-group differences for 
all-cause death (−1.7 percentage points, 95% CrI: −5.6 to 2.6 
percentage points, Pr [benefit]=63.1%) (Table 2, Supplementary 
Figure 6) and CV death (−3.3 percentage points, 95% CrI: 
−6.8 to 0.3 percentage points, Pr [benefit]=90.3%) (Table 2, 
Supplementary Figure 7) were imprecise with wide credible 
intervals. However, the Pr (harm) with CABG for the all-
cause death rate and CV death rate were only 10.6% and 
0.9%, respectively. 

QUALITY OF LIFE OUTCOMES
The effects of REV, PCI and CABG when compared with CON 
on 12-month health status are outlined in Figure 4. REV, PCI 
and CABG improved the 12-month SAQ-7 summary score 
when compared with CON. The between-group differences 
were 4.6 points (95% CrI: 2.7 to 6.4) for REV versus CON: 
3.6 points (95% CrI: 1.2 to 5.8) for PCI versus CON and 4.3 
points (95% CrI: 1.5 to 6.9) for CABG versus CON. There 
was a 90% probability that REV, PCI and CABG improved 
SAQ-7 scores by 3.4, 2.1 and 2.6 points, respectively, when 
compared with CON. The effects of PCI and CABG compared 
with CON were directionally consistent for other SAQ QoL 
endpoints (Figure 4). 

Discussion
In this analysis, comparing outcomes with the specific mode 
of revascularisation received compared to the conservative 
strategy, among participants with 3V-CAD (≥50% stenosis) 
and no prior CABG in the CCTA-evaluable ISCHEMIA 
trial cohort, REV was associated with a >90% probability 
of at least a  1 percentage point lower 4-year CV death 
or MI rate when compared with CON. PCI had a  >90% 
probability of at least a 1 percentage point lower 4-year CV 
death or MI rate when compared with CON, and CABG 
had an 85% probability of at least a  1 percentage point 
lower 4-year CV death or MI rate when compared with 
CON. Moreover, angina-related QoL was substantially 
improved by REV, PCI and CABG compared with CON 
(Central illustration).
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Figure 1. Revascularisation versus CON in participants with 
3-vessel disease. A) Cumulative risk estimates for the 
outcome of CV death or MI; (B) the posterior distribution of 
the absolute difference in the risk of CV death or MI at 
4 years for REV versus CON. The concentration of values 
around −4 indicates a benefit of revascularisation rather 
than CON by ~4 percentage points. CON: conservative 
strategy; CrI: credible interval; CV: cardiovascular; 
MI: myocardial infarction; REV: revascularisation
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However, the posterior probability of at least a 1 percentage 
point lower 4-year rate of all-cause death with REV, PCI or 
CABG was estimated at 49-63% when compared with CON. 
For context, a  coin flip has a  50% probability of either 
outcome. The estimated differences in death were imprecise, 
with wide credible intervals indicating uncertainty. Of note, 
the probability for harm (at least a 1 percentage point higher 
rate of death over 4  years) with either revascularisation 
modality was 11-19%.

A meta-analysis by Yusuf et al of trials of CABG versus 
no CABG that were done in the 1970s and 1980s showed 
a  mortality benefit with CABG at 5  years (p<0.001) that 
narrowed at 10 years (p=0.03) of follow-up6. Two of the 3 large 
trials included in this meta-analysis failed to show a statistically 
significant reduction in mortality with CABG (Supplementary 
Table 10). Of note, the studies included a proportion of patients 
with left main disease (which was excluded in ISCHEMIA). 
Medical therapy has greatly advanced since that time, and in 
ISCHEMIA, 95% of participants were on statins, 66% were 
on high-intensity statin therapy, the median achieved low-
density lipoprotein cholesterol was 64 mg/dl, and the median 
achieved systolic blood pressure was 129 mmHg. Despite this, 

the 4-year mortality rate of 9.0% for CON in the current 
analysis, which excluded those without CCTA, e.g., high-risk 
chronic kidney disease patients, was higher than the 4-year 
mortality rate of 6.4% for CON in the overall trial, reflecting 
the higher anatomical risk subset of patients with 3V-CAD. In 
the current analysis, restricted to participants with 3V-CAD, 
REV, PCI and CABG were associated with an early procedural 
risk. The posterior probabilities of a 1 percentage point lower 
4-year rate of death were 55.6%, 49.2% and 63.1% with 
REV, PCI and CABG, respectively, when compared with CON, 
indicating uncertainty regarding whether there is a lower rate 
of all-cause mortality. Randomised trials published since the 
meta-analysis by Yusuf et al have shown similar findings. 
In the BARI2D trial, neither the PCI nor the CABG stratum 
reduced death when compared with medical therapy (CABG 
vs medical therapy; p=0.33)15. Similar results of no significant 
difference between CABG and medical therapy for death 
were observed in the MASS II trial at 10 years of follow-up16 
and in other trials of patients with chronic coronary disease 
and preserved left ventricular (LV) function (Supplementary 
Table 10). Meta-analyses of randomised trials in chronic 
coronary disease and preserved LV function have similarly 

Table 2. Posterior probability for revascularisation, PCI or CABG versus CON in participants with 3-vessel disease.

Treatment effect, % CV death/MI All death/MI All death CV death All death/MI/stroke CV death/MI/stroke

REV vs CON
>5% lower 39.5 23.4 2.0 4.2 13.6 25.2

>3% lower 74.7 56.2 16.0 31.7 41.4 59.5

>1% lower 94.8* 85.2 55.6 78.7 73.4 87.2

Any lower 98.3* 93.1* 75.5 92.4* 84.8 94.0*

Any higher 1.7 6.9 24.5 7.6 15.2 6.0

>1% higher 0.5 2.6 10.6 1.9 7.1 2.1

>3% higher <0.1 0.2 0.8 <0.1 1.0 0.2

>5% higher <0.1 <0.1 <0.1 <0.1 0.1 <0.1

PCI vs CON
>5% lower 61.8 49.4 2.6 3.5 44.0 56.9

>3% lower 85.9 76.8 16.4 22.0 72.2 82.0

>1% lower 96.4* 93.2* 49.2 60.1 90.3* 95.2*

Any lower 98.4* 96.4* 67.7 78.2 95.0* 97.9*

Any higher 1.6 3.6 32.4 21.8 5.1 2.1

>1% higher 0.7 1.7 18.6 9.8 2.4 0.7

>3% higher 0.1 0.3 3.8 1.5 0.3 0.1

>5% higher <0.1 <0.1 0.3 0.1 <0.1 <0.1

CABG vs CON
>5% lower 32.0 18.4 5.3 17.3 8.7 17.0

>3% lower 61.0 43.0 27.1 57.5 24.7 40.3

>1% lower 84.7 69.0 63.1 90.3* 50.0 67.2

Any lower 91.9* 79.6 78.4 96.5* 62.9 79.1

Any higher 8.1 20.4 21.6 3.5 37.1 20.8

>1% higher 3.9 12.1 10.6 0.9 26.2 12.6

>3% higher 0.6 3.4 1.8 0.1 9.3 3.7

>5% higher 0.1 0.7 0.2 <0.1 2.4 0.9

The treatment effect is defined as the difference in the cumulative risk for REV, PCI or CABG vs CON at 4 years post-randomisation. *Indicates 
probabilities that are high (defined as >90%). CABG: coronary artery bypass graft surgery; CON: conservative management; CV: cardiovascular; 
MI: myocardial infarction; PCI: percutaneous coronary intervention; REV: revascularisation
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shown no significant difference in overall mortality with 
revascularisation (PCI or CABG)17, or with CABG, when 
compared with medical therapy18. However, in an individual 
patient-level data meta-analysis of 4 randomised controlled 
trials (MASS I, MASS II, STICHES and BARI2D), CABG 
increased mortality within 30  days (hazard ratio [HR] 4.81, 
95% CI: 1.95-11.83) but reduced long-term death (HR 0.79, 
95% CI: 0.69-0.89) when compared with medical therapy. In 
the subgroup with preserved LV function (≥50%), there was 
a non-significant reduction in mortality with CABG (HR 0.81, 
95% CI: 0.60-1.10)19.

 Navarese et al, in a meta-analysis that included older trials, 
showed a 21% reduction (risk ratio [RR] 0.79, 95% CI: 0.67-
0.93) in CV death with revascularisation, with a  consistent 

effect even when trials of CABG were excluded20. In the 
current analysis from ISCHEMIA, REV, PCI and CABG were 
associated with an imprecise lower 4-year rate of CV death. 
The posterior probabilities of a  1 percentage point lower 
4-year CV death rate were 78.7%, 60.1% and 90.3% with 
REV, PCI and CABG, respectively, versus CON. In the interim 
longer-term follow-up of the entire trial cohort (ISCHEMIA-
EXTEND), there was a lower 7-year CV mortality (HR 0.78,  
95% CI: 0.63-0.96) but a higher non-CV mortality (HR 1.44, 
95% CI: 1.08-1.91) with INV compared with CON, with no 
difference in overall mortality21.

 Finally, REV with either PCI or CABG for 3V-CAD was 
associated with a lower 4-year rate of the composite of CV 
death or MI despite an early procedural risk (Supplementary 
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Figure 2. PCI versus CON in participants with 3-vessel 
disease. A) Cumulative risk estimates for the outcome of CV 
death or MI; (B) the posterior distribution of the absolute 
difference in the risk of CV death or MI at 4 years for PCI 
versus CON. The concentration of values around −6 
indicates a benefit to PCI rather than CON by ~6 
percentage points. CON: conservative strategy; CrI: credible 
interval; CV: cardiovascular; MI: myocardial infarction; 
PCI: percutaneous coronary intervention
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Figure 3. CABG versus CON in participants with 3-vessel 
disease. A) Cumulative risk estimates for the outcome of CV 
death or MI; (B) the posterior distribution of the absolute 
difference in the risk of CV death or MI at 4 years for 
CABG versus CON. The concentration of values around −4 
indicates a benefit to CABG rather than CON by ~4 
percentage points. CABG: coronary artery bypass graft 
surgery; CrI: credible interval; CON: conservative strategy; 
CV: cardiovascular; MI: myocardial infarction
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ISCHEMIA 3-vessel disease

Table 6, Supplementary Table 8, Supplementary Table 9). 
Bayesian analysis showed that the probability of at least 
a  3 percentage point lower 4-year rate of CV death or MI 
was >80% with PCI when compared with CON and was 
61% with CABG when compared with CON, whereas the 
probability of at least a  1 percentage point lower 4-year 
rate of CV death or MI was >80% with both modalities. 
The relatively lower posterior probability of the advantage 
of CABG versus CON for the outcome of CV death or MI 
was driven by the higher upfront risk of CV death and an 
even higher risk of procedural MI when compared with PCI 
versus CON. For the composite outcomes that excluded 
procedural MI, there was a  >90% probability of at least 
a  3 percentage point lower 4-year CV death or sMI rate 
with PCI and at least a 5 percentage point lower 4-year CV 
death or sMI rate with CABG when compared with CON 
(Supplementary Table 7). 

Finally, both PCI and CABG improved angina-related QoL 
when compared with CON, a critical outcome from patients’ 
perspectives. There was a 90% probability that REV, PCI and 
CABG improved SAQ-7 scores by 3.4, 2.1 and 2.6 points, 
respectively, when compared with CON. 

Taken in aggregate, the results from this analysis and those 
of other contemporary trials indicate uncertainty regarding 
whether there is a  lower rate of death with either routine 
prompt PCI or CABG when compared with a  strategy of 
GDMT and revascularisation reserved for failure of medical 
therapy. As medical therapy has further advanced since 
ISCHEMIA with the use of low-dose rivaroxaban, sodium-
glucose cotransporter-2 inhibitors, proprotein convertase 
subtilisin/kexin type 9 inhibitors and glucagon-like peptide-1 
receptor agonists, the absolute difference in mortality between 
REV plus medical therapy versus medical therapy alone 
may be even lower. Nonetheless, revascularisation was safe, 
with a  low probability of higher mortality when compared 
with CON. The decision to consider REV in patients with 
3V-CAD should thus be based on symptom control and 
other outcomes including a  potential reduction in the 
composite of CV death or MI, as well as patient preferences 
weighing the upfront risks of REV versus improved long-
term outcomes. This is concordant with the 2021 ACC/AHA/
SCAI revascularisation guidelines that downgraded CABG 
to a  Class 2b recommendation to improve survival based 
on a  detailed review of prior trials (such as BARI2D) and 

10070 75 80 85 90 95 100–10 5–5

SAQ-7 summary score

   CON 83.6 (82.2, 84 9) 0.0 (0.0, 0.0)

   REV 88.1 (86.8, 89.3) 4.6 (2.7, 6.4)

   PCI 87.1 (85.2, 88.9) 3.6 (1.2, 5.8)

   CABG 87.9 (85.4, 90.0) 4.3 (1.5, 6.9)

SAQ-7 angina frequency score

   CON 89.8 (88.3, 91.2) 0.0 (0.0, 0.0)

   REV 94.4 (93.2, 95.4) 4.6 (2.8, 6.4)

   PCI 92.9 (91.1, 94.4) 3.1 (0.8, 5.3)

   CABG 93.5 (91.3, 95.4) 3.7 (1.1, 6.1)

SAQ-7 quality of life score

   CON 75.0 (73.0, 76.8) 0.0 (0.0, 0.0)

   REV 81.3 (79.3, 83.1) 6.3 (3.6, 9.0)

   PCI 80.7 (77.9, 83.3) 5.8 (2.4, 9.0)

   CABG 80.8 (77.4, 83 9) 5.9 (2.0, 9.6)

SAQ-7 physical limitation score

   CON 85.7 (84.1, 87.3) 0.0 (0.0, 0.0)

   REV 89.2 (87.5, 90.8) 3.5 (1.1, 5.8)

   PCI 87.7 (85.2, 89.9) 2.0 (–1.0, 4.8)

   CABG 88.3 (84.9, 91.4) 2.6 (–1.2, 6.1)

Rose Dyspnea Scale (rescaled)

   CON 79.8 (77.2, 82.2) 0.0 (0.0, 0.0)

   REV 85 0 (82.5, 87.3) 5.2 (1.7, 8.6)

   PCI 82.7 (86.0, 79.0) 2.9 (−1.5, 7.1 )

   CABG 85.3 (80.6, 89.3) 5.5 (0.3, 10.2)

EQ-5D visual analogue scale

   CON 74.2 (73.1, 75.4) 0.0 (0.0, 0.0)

   REV 77.8 (76.6, 79.0) 3.6 (1.9, 5.3)

   PCI 75.6 (73.7, 77.5) 1.4 (–0.8, 3.6)

   CABG 77.9 (75.6, 80.0) 3.7 (1.1, 6.1)

Predicted mean 12-month score Difference vs CON

95% CrI 95% CrI

Figure 4. Effect of revascularisation, PCI, CABG versus CON on QoL outcomes. CABG: coronary artery bypass graft surgery; 
CON: conservative strategy; CrI: credible interval; PCI: percutaneous coronary intervention; QoL: quality of life; 
REV: revascularisation ; SAQ: Seattle Angina Questionnaire
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newer evidence including meta-analyses with and without 
ISCHEMIA4. The analysis is also concordant with the 
newer Class 2a recommendation by the 2021 guidelines for 
revascularisation to lower the risk of cardiovascular events 
such as spontaneous MI, unplanned urgent revascularisations, 
or cardiac death4. Similarly, the 2018 European Society of 
Cardiology (ESC) and European Association for Cardio-
Thoracic Surgery (EACTS) guideline on myocardial 
revascularisation lists 2V- or 3V-CAD with stenosis >50% 
as an indication for revascularisation to improve prognosis 
in patients with impaired LV function (LVEF ≤35%) but not 
in those without impaired LV function22. Patients with LVEF 
<35% were excluded from ISCHEMIA. Finally, the 2023 
ACC/AHA Guideline for the Management of Patients with 
Chronic Coronary Disease gave a  Class 1 recommendation 
for CABG to improve survival in patients with multivessel 
disease only in the setting of severe LV dysfunction5. 

Limitations
This study has a  number of important limitations. First, 
despite using data from a  randomised trial, the current 
ISCHEMIA analysis was observational and susceptible to 
bias. After randomising patients to INV versus CON, the 
timing of REV and the choice of PCI versus CABG for 
INV was left to the local Heart Team. The clinical profiles 
of patients selected for PCI and CABG differed from one 
another and from the overall INV group. We used regression 
modelling combined with direct standardisation to adjust 

for non-random treatment selection. This technique can 
only control for differences that were explicitly measured 
and incorporated in the adjustment procedure. Residual 
bias from unmeasured differences may have influenced 
the findings. An additional assumption is that all INV 
participants were eligible to receive REV. If REV was not 
an option for some INV participants due to unmeasured 
anatomical or clinical factors, the observed differences in 
outcomes may be partly a  reflection of different patients 
rather than different treatments. Moreover, this observational 
analysis estimated outcomes for a patient population 
enrolled in ISCHEMIA. Of the 4,976 participants in the 
ISCHEMIA cohort with no prior CABG, 2,911 (58.5%) 
had a core lab-interpreted CCTA that was evaluable for the 
number of diseased vessels based on the 50% threshold. To 
extend results to the general 3V-CAD population with no 
prior CABG with or without an evaluable CCTA, one must 
assume that there were no systematic differences affecting 
the outcomes for participants who did versus did not have 
an evaluable CCTA. Notwithstanding these considerations, 
the results are consistent with meta-analyses of randomised 
trials showing lack of a  significant reduction in death with 
REV when compared with medical therapy alone in patients 
with chronic coronary disease without left main involvement 
or LV dysfunction. Second, ISCHEMIA was not powered 
to demonstrate a  difference in all-cause death. Given the 
wide credible intervals, we cannot exclude a  clinically 
meaningful lower (or higher) mortality with either PCI or 
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ISCHEMIA 3-vessel disease

CABG in patients with 3V-CAD. Third, we used a  50% 
diameter stenosis severity threshold for the inclusion criteria 
(in addition to at least moderate ischaemia on a  stress 
test), consistent with the majority of trials of CABG versus 
medical therapy listed in Supplementary Table 10 and also in 
the recently published FAME 3 trial24; whether the results 
would be different were REV restricted to more severe 
lesions is unknown. Fourth, the use of internal mammary 
artery grafting was ~92%, and it is not known if the results 
would have been different with greater use of this or with 
multiarterial grafts. Fifth, we used a  CCTA definition of 
3VD for entry criteria, given that patients randomised to 
CON did not routinely undergo coronary angiography. 
However, this should not differentially affect the INV and 
CON groups. Finally, longer-term follow-up from this trial 
(presently planned up to 10  years) is required to examine 
whether a late survival difference emerges with REV.

Conclusions
In this analysis, among participants with 3V-CAD 
randomised in ISCHEMIA without prior CABG, 
revascularisation (PCI or CABG) was associated with 
a  lower 4-year rate of CV death or MI despite an early 
procedural risk. Moreover, REV improved angina-related 
quality of life. However, the estimated difference in the rate 
of death with revascularisation (PCI or CABG) compared 
with conservative management was imprecise, with wide 
credible intervals indicating uncertainty. The posterior 
probability of at least a  1 percentage point lower 4-year 
rate of death with revascularisation overall, with PCI, or 
with CABG was estimated at 49-63% when compared 
with conservative management. The probability of at least 
a 1 percentage point higher rate of death over 4 years with 
either REV modality was 11-19%. 
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Dalisa 

Espinosa, MBS 
Arun Singh Paul Gordon 

Providenc

e, RI 

Miriam 

Hospital 

(2) 

 

 

Lori-Ann 

Desimone, BSN 
  

 
Paul C. Gordon, 

MD 

Lina Felix-

Stern 
  

 

Thomas Crain, MD Jassira Gomes   
 

 Catherine 

Gordon, BSN 
  

 

Aimee Mann   



 

 

Robert Stenberg, 

MD 

Theresa 

McCreary 
  Johnstown

, PA 

Conemau

gh Valley 

Memorial 

Hospital 

(2)  

Ronald P. Pedalino, 

MD 

Stanley E. 

Cobos, BA 

Alfred 

Culliford 
James Slater 

Brooklyn, 

NY 

NYU-

HHC 

Kings 

County 

Hospital 

Center (2) 

 
Raven R. 

Dwyer, MPH 

Leora 

Balsam 
 

 
Dalisa 

Espinosa, MBS 

Aubrey 

Galloway 
 

 
Kirsten J. 

Quiles, MS 

Gene 

Grossi 
 

 

 Didier 

Loulmet 
 

 

 

Charles 

Schwartz 
 

 

Joseph Wiesel, MD 

Stanley E. 

Cobos, BA 

Michael 

Hall 
Bruce Rutkin 

Flushing, 

NY 

New 

York 

Universit

y - 

Langone 

Cardiovas

cular 

Associate

s (2) 

 
Raven R. 

Dwyer, MPH 
  

 
Dalisa 

Espinosa, MBS 
  

 

Kirsten J. 

Quiles, MS 
  

 

George J. Juang, 

MD 

Candace 

Gopaul, BS 

Alfred 

Culliford 

Prabhu 

Sudhakar 

Brooklyn, 

NY 

Coney 

Island 

Hospital 

(2) 

 

Karen Hultberg 
Leora 

Balsam 
 

 

Tauqir Huk 
Aubrey 

Galloway 
 

 

Afshan Hussain 
Gene 

Grossi 
 

 

 Didier 

Loulmet 
 

 

 

Charles 

Schwartz 
 

 

Mohammed Al-

Amoodi, MD 

Yesenia 

Zambrano, BS 
  

Yuma, AZ 

Yuma 

Regional 

Medical 

Center (2) 

 
Sarah Medina 

Rodriguez 
  

 

Trudie Milner   
 

David Wohns, MD 

Abbey Mulder, 

RN 
  

Grand 

Rapids, 

MI 

Spectrum 

Health (2) 

 
Stacie Van 

Oosterhout, 

MEd 

  

 

Ellis W. Lader, MD 
Martha Meyer, 

RN, MSN 
  Kingston, 

NY 

Mid 

Valley 

Cardiolog

y (1)  

Michael Mumma, 

MD 

Nancy L. 

Clapp, RN, BA, 

CCRC 

  Sarasota, 

FL 

Sarasota 

Memorial 



 

 
Heather 

Barrentine 
  Hospital 

(1)  

Lekshmi 

Dharmarajan , MD 

Jenne M. Jose, 

PA 

Alfred 

Culliford 
James Slater 

Bronx, 

NY 

NYU-

HHC 

Lincoln 

Medical 

and 

Mental 

Health 

Center (1) 

 
Stanley E. 

Cobos, BA 

Leora 

Balsam 
 

 
Raven R. 

Dwyer, MPH 

Aubrey 

Galloway 
 

 
Dalisa 

Espinosa, MBS 

Gene 

Grossi 
 

 
Kirsten J. 

Quiles, MS 

Didier 

Loulmet 
 

 
Jenne 

Manchery 

Charles 

Schwartz 
 

 

Joseph F.X. 

McGarvey Jr, MD 

Vera 

McKinney, RN    
  

Doylestow

n, PA 

Doylesto

wn 

Health 

Cardiolog

y (1) 

 

Linda Schwarz, 

RN    
  

 
Thomas R. 

Downes, MD (till 

Dec. 2016) 

Scott M. 

Kaczkowski 
  

Loveland, 

CO 

Medical 

Center of 

the 

Rockies 

(1) 

 
Gary J. Luckasen, 

MD (from Dec. 

2016) 

Adam J. 

Jaskowiak 
  

 
 Joel Klitch   

 

Benjamin Cheong, 

MD 
Debra Dees   Houston, 

TX 

Baylor St. 

Luke's 

Medical 

Center (1)  

Srinivasa Potluri, 

MD 

Precilia 

Vasquez 
  Plano, TX 

Baylor 

Research 

Institute 

at Legacy 

Heart 

Center (1) 

**  
Ronald A. 

Mastouri, MD  

Arthur 

Coffey Jeffery Breall 

Indianapol

is, IN 

Indiana 

Universit

y/Kranner

t Institute 

of 

Cardiolog

y (1) 

 

Jeffery A. Breall, 

MD, PhD 

Elise L. 

Hannemann, 

RN, CCRC 

Daniel 

Beckman 
 

 
George E. Revtyak, 

MD 

Judy Mae Foltz, 

RN,CCRC 

Yousef 

Mahomed 
 

 
Jonathan W. 

Bazeley, MD 
   

 

Dayuan Li, MD 

Emily DeRosa   

St. Paul, 

MN 

HealthEas

t Saint 

Joseph's 

Hospital 

(1) 

 

Beth Jorgenson   
 

Joyce 

Riestenberg-

Smith 

  

 
Kenneth Giedd, 

MD  
   New 

York, NY  

Beth 

Israel 



 

Medical 

Center (1)   

Wayne Old, MD 
Rebecca 

Bariciano 
  Chesapeak

e, VA 

Cardiovas

cular 

Associate

s, Ltd. (1)   

Francis Burt, MD     Bethlehem

, PA  

Saint 

Luke's 

Hospital 

and 

Health 

Network 

(1)   

Kozhaya Sokhon, 

MD  

Jessica Waldron   

Sugar 

land, TX 

Medicus 

Alliance 

Clinical 

Research 

Org., Inc. 

(1)  

 

Michelle 

Mayon 
  

 

Deepika Gopal, 

MD 
   Plano, TX 

The Heart 

Hospital 

Baylor 

(1) 

 

Uma S. Valeti, MD 
Gretchen Ann 

Peichel, RN 
  Minneapol

is, MN 

Universit

y of 

Minnesot

a (1) 

 
Jon Kobashigawa, 

MD 

Brandy Starks   

Beverly 

Hills, CA 

Cedars 

Sinai 

Medical 

Center (1) 

 Lucilla Garcia   

 Maria Thottam   

India (941)  

      

Country 

Leader 

      

Balram 

Bhargava, 

DM 

      

 

 

Anjali Anand, 

MSc 
 Chakanalil 

Sajeev 

Calicut 

Governm

ent 

Medical 

College  

(208) 

 
Sajeev Chakanalil 

Govindan, MD, 

DNB, DM, PhD 

Janitha Raj, 

B.Tech 
  

 
Rajesh Gopalan 

Nair, MD, DNB, 

DM  

Reshma 

Ravindran, MSc 
  

 

 
Rajalekshmi 

VS, MSc, 

MScCRRA 

  

 
Cholenahally 

Nanjappa 

Manjunath, MD, 

DM  

Nandita 

Nataraj, 

BE(Biotech) 

PGDICRCDM 

 Cholenahally 

Manjunath 
Bengaluru 

Sri 

Jayadeva 

Institute 

of 

Cardiovas

cular 

 
Nagaraja Moorthy, 

MD, DM  

Soundarya 

Nayak, 
  



 

BE(Biotech) 

PGDICRCDM 

Sciences 

and 

Research 

(149) 

 
Satvic 

Cholenahally 

Manjunath, MD, 

DM  

Mahevamma 

Mylarappa, 

GNM (General 

Nursing) 

  

 
Suryaprakash 

Narayanappa, 

MBBS 

   

 
Neeraj Pandit, MD, 

DM 

Sheromani 

Bajaj 

Vijay 

Gupta 
Neeraj Pandit 

New Delhi 

Dr Ram 

Manohar 

Lohia 

Hospital 

(101) 

 

Ranjit Kumar Nath, 

MD, DM 

Vandana 

Yadav, 

Msc,PGDACR 

Vijay 

Grover 
 

 

 Girish Mishra, 

Msc, PGDACR 
  

 

S.K. Dwivedi, DM 
Roma Tewari, 

PG 
 Sudhanshu 

Dwivedi 

Lucknow 

King 

George's 

Medical 

Universit

y, 

Departme

nt of 

Cardiolog

y (100) 

 

V.S. Narain, DM 
Meenakshi 

Mishra, PG 
  

 
Sharad Chandra, 

DM 
Shivali Patel    

 

 Suman Singh, 

PG 
  

 
Gurpreet S. 

Wander, DM   

Sarju 

Ralhan  

Ludhiana 

Hero 

DMC 

Heart 

Institute, 

Dayanand 

Medical 

College 

and 

Hospital 

(83) 

 

Rohit Tandon, MD  
 

Rajiv 

Gupta   

Sarju Ralhan, M.Ch 

(CTVS) 

Baljeet Kaur, 

MSc 

(Biotechnology) 

  

 

Naved Aslam, DM  

Sonika Gupta, 

MBA, B. 

Pharmacy  

  

 
Abhishek Goyal, 

DM  
   

 
Balram Bhargava, 

DM 

Chandini 

Suvarna, BDS 

Milind 

Hote 

Balram 

Bhargava 

New Delhi 

All India 

Institute 

Of 

Medical 

Sciences 

(67) 

 

G.Karthikeyan, DM   
 

S.Ramakrishnan, 

DM 
  

 

Sandeep Seth, DM   
 

Rakesh Yadav, DM   
 

Sandeep Singh, 

DM 
  

 

Ambuj Roy, DM   
 

Neeraj Parakh, DM   
 

Sunil Kumar 

Verma, DM 
  

 

Rajiv Narang, DM   
 

Sundeep Mishra, 

DM 
  



 

 

Nitish Naik, DM   
 

Gautam Sharma, 

DM 
  

 
Shiv Kumar 

Choudhary, M.Ch 
  

 

Chetan Patel, DNB   
 

Gurpreet Gulati, 

MD 
  

 
Sanjeev Sharma, 

MD 
  

 

V K Bahl, DM   
 

Anoop Mathew, 

MD Binoy 

Mannekkattuku

dy Kurian 

 Louie Fischer 

Kolencher

y 

MOSC 

Medical 

College 

Hospital 

(39) 

 

Eapen Punnoose, 

MD 
  

 
Milind Avdhoot 

Gadkari, MD 

Sheetal Rupesh 

Karwa, BHMS 
 Milind 

Gadkari 

Pune 

KEM 

Hospital 

Pune (35) 

 
Siddharth Gadage, 

MD DNB  

Suvarna Kolhe, 

MSc 
  

 
Tapan Umesh 

Pillay, BHMS MSc  
   

 

Santhosh Satheesh, 

MBBS, MD, DM 

R. J. Vindhya, 

B.Sc. (Bio-

Technology), 

MSc (Bio-

Informatics) 

Saichandra

n BV 

Santhosh 

Satheesh 

Pondicherr

y 

Jawaharla

l Institute 

of 

Postgradu

ate 

Medical 

Education 

& 

Research 

(JIPMER

) (31)  

 

Peeyush Jain, 

MD 

Zile 

Meharwal 
Atul Mathur 

New Delhi 

Fortis 

Escort 

Heart 

Institute  

 

Ashok Seth, 

MD 
  -31 

  
Zile Singh 

Meharwal, MD 
   

 

Atul Mathur, MD 
Atul Verma, 

MD 
   

 

Upendra Kaul, MD 
Mona Bhatia, 

MD 
   

  
Ankush 

Sachdeva, MD 
   

  
Thounaojam 

Indira Devi, RN 
   

 

 Nungshi Jungla, 

RN 
   

 
Johann Christopher, 

MD, DNB 

K. Manjula 

Rani, MSc. 
 Johann 

Christopher 
Hyderabad 

Gurunana

k CARE 



 

 
Rajeev Menon, 

MD, DNB 

M. Sowjanya 

Reddy, BSc 
  Hospital 

(27)  
Nirmal Kumar, 

MD, DNB 
K. Preethi, BSc   

 

Abraham Oomman, 

MD, DM, DNB 

Rinu R sidh, 

MSc (Clinical 

Research) 

 Robert Mao 

Chennai 

Apollo 

Research 

and 

Innovatio

n (23) 

 

Robert Mao, MD, 

DM 

Ramakrishnan 

T., 

B.Tech(Biotech

nology) 

  

 

Hilda Solomon, 

PhD 

Rajesh Francis, 

MSc (Clinical 

Research) 

  

 
Sudhir Naik, MD, 

DM 
Vamshi Priya 

P., MSc 

Sanjay 

Agarwal 

Pratap 

Chandra 

Hyderabad 

Apollo 

Research 

& 

Innovatio

ns (13) 

 
Sajeeda Parveen 

Khan, MBBS, 

(Dip.Card) 

  

 
Johann Christopher, 

MD Kotiboinna 

Preethi 

Rajashekar 

Rao 

Johann 

Christopher 
Hyderabad 

CARE 

Nampally 

(11) 

 

Nirmal Kumar, MD  Nirmal 

Kumar  

Purvez Grant, MD  

Shweta Hande, 

BHMS, 

PGDCR 

Ranjeet 

Jagtap 
Purvez Grant 

Pune 

Ruby 

Hall 

Clinic,Gr

ant 

Medical 

Foundatio

n (10) 

 
Poonam 

Sonawane, 

B.ScMicrobiolo

gy, ACCR 

Vinayak 

Karmarkar 
 

 

 

Manoj 

Pradhan 
 

 

Ranjan Kachru, 

MD 

Abhishek 

Dubey 
 Tapan Ghose 

New Delhi 

Fortis 

Healthcar

e Fl.t Lt. 

Rajan 

Dhall 

Hospital 

(4) 

 

Kavita Rawat   

 

Ajit Kumar VK, 

MD, DM 
 

Jayakumar 

Karunakara

n 

Harikrishnan 

Sivadasanpill

ai 

Trivandru

m 

Sree 

Chitra 

Tirunal 

Institute 

for 

Medical 

Sciences 

and 

Technolo

gy (3) 

 
Sanjay Ganapathi, 

MD, DM     
Jayakumar K, MS, 

M.Ch 
Vineeth CP   

 
Harikrishnan 

Sivadasanpillai, 

MD, DM 

Manas Chacko, 

RN 
  

 
Bijulal Sasidharan, 

MD, DM 
Suresh Babu   

 
Kapilamoorthy TR, 

MD 

   

 
Johann Christopher, 

MD 

Sowjanya 

Reddy 

Rajashe 

Khas 

Rajeev 

Menon 
Hyderabad 



 

 

Praneeth Polamuri, 

MD 
Manjula Rani   

CARE 

Hospital 

(3)  

Upendra Kaul, MD 

Priyadarshani 

Arambam 

Sanjay 

Pandey 

Upendra 

Kaul 

New Delhi 

Batra 

Hospital 

and 

Medical 

Research 

Centre 

(BHMRC

) (3) 

 

Bebek Singh   

United 

Kingdom 

(539) 

      

Country 

Leaders 

      

Roxy Senior, 

MBBS, MD, 

DM 

      

Keith AA 

Fox,  

MBChB 

(past) 

      

Country 

Coordinators 

      

Grace M. Young , MSc, BSc (Hons)   
  

Kathryn 

Carruthers 

(past) 

      

 
Roxy Senior, 

MBBS, MD, DM  

Richard 

Trimlett 

Ahmed 

Elghamaz 

Harrow 

Northwic

k Park 

Hospital 

Harrow/ 

Royal 

Brompton 

Hospital 

London 

(202) 

 
Ahmed Elghamaz, 

MB BCh     
Sothinathan 

Gurunathan, 

MBChB     
Nikolaos 

Karogiannis, 

MBBS 

Grace M. 

Young, MSc, 

BSc (Hons) 

  

 
Benoy N Shah, 

MD, MBBS, BSc 

(Hons)  

Christopher 

Kinsey 
  

 
Richard HJ 

Trimlett, MBBS, 

CCST 

Raisa 

Kavalakkat, 

MSc, BSc, RN 

  

 
Michael B Rubens, 

LRCP, MRCS, 

MBBS, DMRD 

Jo Evans, RN   

 
Edward D Nicol, 

MD, BMedSci, 

MBBS, DTM&H   

Ikraam Hassan, 

RN 
  

 
Tarun K Mittal, 

MD 

   



 

 
Reinette Hampson, 

BSc (Hons), BA 

(Hons)  

   

 

Reto Andreas 

Gamma, MBBS 

Sarah Williams, 

RN 

Inderpaul 

Birdi 
Reto Gamma 

Chelmsfor

d 

Broomfie

ld 

Hospital 

(39) 

 
Kim Holland, 

RN 
  

 
Karen Swan, 

RN 
  

 
Mark A de Belder, 

MD 

Bev Atkinson, 

RN 

Andrew 

Owens 
 

Middlesbr

ough 

The 

James 

Cook 

Universit

y 

Hospital, 

Middlesb

rough 

(37) 

 
Jeet Thambyrajah, 

MD 

Enoch 

Akowuah 
 

 

 Jonathan 

Ferguson 
 

 

 Andrew 

Goodwin 
 

 

 

Simon 

Kendall 
 

 
Thuraia Nageh, 

BSc (Hons) MBBS 

MD MRCP 

Swapna 

Kunhunny, 

MRes Clin Res, 

BSc (N), RN 

 Thuraia 

Nageh Westcliffe 

on Sea 

Southend 

Universit

y 

Hospital 

(34) 

 
John R Davies, 

MBBS, PhD 
  

 
Steven J. Lindsay, 

MD 

Craig Atkinson, 

RN 

Kalyana 

Javagula 

Steven 

Lindsay 

Bradford 

Bradford 

Royal 

Infirmary 

(20) 

 

John Kurian, MD 
Carita Krannila, 

RN 
  

 

Haqeel Jamil, MD 
Manitha Vinod, 

RN 
  

 
Osama Raheem, 

MD 
   

 

Angela Hoye, MD 

Lisa Chaytor 
Mahmoud 

Loubani 
Angela Hoye 

Cottingha

m 

The 

Universit

y of 

Hull/Cast

le Hill 

Hospital 

(19) 

 

Leanne Cox 
Mobi 

Chauhdry 
 

 

Julie Morrow 
Steven 

Griffin 
 

 
Kay Rowe   

 
Patrick Donnelly, 

MD 

Stephanie 

Kelly, RN 
  

Belfast 

South 

Eastern 

Health 

and 

Social 

Care (17) 

 
Bernardas Valecka, 

MD 

Susan Regan, 

RN 
  

 
 Dawn Turnbull   

 

Anoop Chauhan, 

MD 

Catherine 

Fleming 

Andrew 

Duncan 

Anoop 

Chauhan 

Blackpool 

Blackpoo

l 

Teaching 

Hospitals 

(16) 

 

Arijit Ghosh 
Joseph 

Zacharias 
 

 
Karen Gratrix   

 
Stephen Preston   

 

Craig Barr, MD 
Anne 

Cartwright 

Maciej 

Matuszews

ki 

Matthew 

Banks 
Dudley 

Russells 

Hall 



 

Hospital 

(15)  

Khaled Alfakih, 

MBBS, MD 

Abigail 

Knighton, BSc., 

PG Dip. 

Max 

Baghai 

Jonathan 

Byrne 

London 

King's 

College 

NHS 

Foundatio

n 

Hospital 

(14) 

 

Jonathan Byrne, 

PhD 

Katherine 

Martin, RGN, 

Dip. N, MSc 

Jatin Desai  

 
Ian Webb, PhD, 

MA 
 Ranjit 

Deshpande 
 

 

  Lindsay 

John 
 

 

  Olaf 

Wendler 
 

 

 

 Donald 

Whitaker 
 

 

Peter Henriksen, 

PhD, MB ChB, 

BSc(Hons) 

Laura Flint, 

RGN 
  

Edinburgh 

Royal 

Infirmary 

of 

Edinburg

h (13) 

 
James Harrison, 

BSc(Hons), PG 

dip 

  

 

Peter OKane, MD 

Nicki Lakeman 
Geoff 

Tsang 
Peter OKane 

Bourneout

h 

Royal 

Bournem

outh 

Hospital 

(13) 

 

Anja Ljubez   

 
Ramesh de Silva, 

MB ChB, MD 
 John 

Dunning 

Ramesh de 

Silva 
Bedford 

Bedford 

Hospital 

NHS 

Trust (11) 

 

 

 Yasir Abu-

Omar 
 

 

Dwayne S. G. 

Conway, MD 

Judith Wright 
David 

O'Regan 

Dwayne 

Conway 

Wakefield 

Pinderfiel

ds 

Hospital 

(11) 

 

Donna Exley 
Betsy 

Evans 
 

 

 Kalyana 

Javagula 
 

 

 Pankaj 

Kaul 
 

 

 
Joe 

McGoldric

k 

 

 

 

Chris 

Munsch 
 

 

Alexander A 

Sirker, MB BChir, 

PhD  

   

London 

 
 

Mervyn 

Andiapen, RN 
  

Universit

y College 

London 

Hospitals 

NHS 

Foundatio

n Trust   

Amy J. 

Richards, BSc 

Shyam 

Kolvekar 
Alex Sirker 

BartsHeal

th NHS 

Trust       



 

 
  Elliot Smith  

 

   -11  

Stephen P Hoole, 

MD 

Lisa Wong, 

MSc 

John 

Dunning 

Stephen 

Hoole Cambridg

e 

Papworth 

Hospital 

(10) 

 

 

Yasir Abu-

Omar 
 

 

Fraser N. 

Witherow, MD  

Melanie J. 

Munro, RGN 
Sunil Ohri 

Fraser 

Witherow 
Dorchester 

Dorset 

County 

Hospital 

(8) 

 

 

Geoff 

Tsang 
 

 
Nicola Johnston, 

MB, Bch BAO, 

MRCP, MD  

Alastair 

Graham Simon Walsh 

Belfast 
Belfast 

Trust (7) 

 
Mark Harbinson, 

MB, Bch BAO, 

MRCP, MD 

Michelle 

McEvoy, RN 
Mark Jones  

 
Simon Walsh, MB, 

Bch BAO, MD 

Caroline 

Brown, RN 

Simon 

MaGowan 
 

 
Hanna Douglas, 

MB, Bch BAO, 

MRCP, MD 

 Onyekwelu 

Nzewi 
 

 

  Harry 

Parissis 
 

 

 

 Pushpinder 

Sidhu 
 

 

Matthew Luckie, 

MD 

Thabitha 

Charles 
 Nadim Malik 

Mancheste

r 

Central 

Manchest

er 

Universit

y 

Hospital 

(7) 

 
Laurel 

Kolakaluri 
  

 

Hannah Phillips   

 

Jolanta 

Sobolewska, MD 

Louise Morby, 

RN 
  

Oldham 

The 

Pennine 

Acute 

Hospitals 

NHS 

Trust (6) 

 
Karen Hallett, 

RN 
  

 
Carolyn 

Corbett, RN 
  

 
Lynne 

Winstanley 
  

 
Paramjit Jeetley, 

MD 

Angelique Smit, 

RN 

Shyam 

Kolvekar 
Niket Patel 

London 

Royal 

Free 

London 

NHS 

Foundatio

n Trust 

(6) 

 
Niket Patel, MD    

 

Tushar Kotecha, 

MBChB, Mpharm 
  

 
Christopher Travill, 

MBBS, MD 

Susan Gent, 

SRN RGN 

Toufan 

Bahrami 

Mahmud Al-

Bustami 

Luton 

Luton and 

Dunstable 

Universit

y 

Hospital 

NHS FT 

(5) 

 
Iqbal Karimullah, 

MBBS 

Nafisa Hussain, 

BSc  

Fabio De 

Robertis 
 

 

Mahmud Al-

Bustami, MBBS 
 Julien Gaer  



 

 

Denise Braganza, 

MD 

Fiona Haines 
Yasir Abu-

Omar 

Denise 

Braganza Peterborou

gh 

Peterboro

ugh City 

Hospital 

(5) 

 

Joanne Taaffe  Nick West 
 

Robert Henderson, 

MD 
Jane Burton 

David 

Richens 

Robert 

Henderson 

Nottingha

m 

Nottingha

m 

Universit

y 

Hospitals 

(4) 

 
Kate Pointon, 

MBBS 
Maria Colton Raj Jutley  

 
Surendra Naik, 

PhD 
Rachel King 

Surenda 

Naik 
 

 
Thomas Mathew, 

MBBS, MD, DM 
   

 

 

Ammani 

Brown, MSc 

BA RN 

  

Clydebank 

Universit

y of 

Glasgow 

(4) 

 

 

Andrew 

Docherty, RN 
  

 
Colin Berry, BSc 

MB ChB, PhD 

Lisa McCloy, 

RN 
  

 
Damien Collison, 

MB ChB 
Kate Robb, RN   

 
Giles Roditi, MB 

ChB 

Craig Paterson, 

PhD 
  

  
Wenda 

Crawford, RN 
  

  
Joanne Kelly, 

RN 
  

 

 Lorraine 

McGregor, RN 
  

 

Andrew J Moriarty, 

BSc MB PhD 

Anne Mackin, 

RN, BSc  

Alastair 

Graham 
Ian Menown Craigavon 

Cardiovas

cular 

Research 

Unit, 

Craigavo

n Area 

Hospital 

(2)  
Jason D. Glover, 

MBBS 

Janet P Knight, 

RN 

Tony De 

Souza 
Jason Glover 

Basingsto

ke 

Hampshir

e 

Hospitals 

NHS 

Foundatio

n Trust 

(2) 

 

Jiwan Pradhan, 

MBBS 
  

 

Ghada Mikhail, 

MD 

Tuhina Bose 

Andrew 

Chukwuem

eka 

Ghada 

Mikhail 

London 

Imperial 

College 

Healthcar

e NHS 

Trust (1) 

 
Darrel P. Francis, 

MD, MA 

Jonathan 

Anderson   

 

Roberto 

Casula 
 

*Canada 

(447) 

      

Country 

Leaders 

      



 

Vladimir 

Dzavik, MD 

      

Shaun 

Goodman, 

MD, MSc 

      

Gilbert 

Gosselin, MD 

      

 

Gilbert Gosselin, 

MD 

Anna Proietti, 

RN 

Raymond 

Cartier 

Gilbert 

Gosselin 

Montreal, 

QC 

Montreal 

Heart 

Institute 

(90) 

 

Myriam 

Brousseau, RN 

Denis 

Bouchard 
 

 
Magalie 

Corfias, RN 

Michel 

Carrier 
 

 

Patricia Blaise 
Philippe 

Demers 
 

 

Luc Harvey 
Michel 

Pellerin 
 

 

Ariel Diaz, MD 
 

Raymond 

Cartier 

Vincent 

Dangoisse 

Trois-

Rivieres, 

QC 

Centre 

Hospitali

er de 

Regional 

Trois-

Rivieres 

(71) 

 
Philippe Rheault, 

MD  

Denis 

Bouchard 

Gilbert 

Gosselin  
Miguel Barrero, 

MD  

Michel 

Carrier   
Carl-Éric Gagné, 

MD 
Patricia Alarie 

Philippe 

Demers 
 

 
Yanek Pépin-

Dubois, MD 
Linda Arcand 

Michel 

Pellerin 
 

 
Ricardo Costa, MD Isabelle Roy   

 

Ying Tung Sia, MD 
Estelle 

Montpetit 
  

 
Catherine Lemay, 

MD 

   

 
Alejandro Gisbert, 

MD 

   

 
Pierre Gervais, MD 

   

 
Alain Rheault, MD    

 

 

Katia Drouin, 

RN 
  

Terrebonn

e, QC 

CISSSL - 

Hopital 

Pierre-Le 

Gardeur 

(42) 

 
Denis Carl 

Phaneuf, MD 

Christine 

Bergeron, RN 
  

 
Gilbert Gosselin, 

MD 

Christine 

Shelley 
  

 

 Christine 

Masson 
  

 

Pallav Garg, 

MBBS, MSc 

Sandy Carr, RN   

London, 

ON 

London 

Health 

Sciences 

Centre 

(35) 

 

Catherine Bone, 

RN 
  

 
Benjamin J.W. 

Chow, MD 
Ermina Moga Marc Ruel 

Marino 

Labinaz Ottawa, 

ON 

Universit

y of 

Ottawa 

Heart 

 
Renee C. Hessian, 

MD 

Janetta 

Kourzenkova 

Fraser 

Rubens 
 



 

 
Rob S. Beanlands, 

MD 
Olga Walter   Institute 

(29)  
Richard F. Davies, 

MD 
   

 

Kevin R. Bainey, 

MD, MSc 

Norma Hogg, 

RN 
 Kevin Bainey 

Edmonton

, AB 

Universit

y of 

Alberta 

(28) 

 
Suzanne Welsh, 

RN 
  

 
Asim N. Cheema, 

MD, PhD  

Mark 

Peterson 

Asim 

Cheema 

Toronto, 

ON 

St. 

Michael's 

Hospital 

(27) 

 
Akshay Bagai, MD, 

MHS  

Daniel 

Bonneau   
Ron Wald, MDCM, 

MPH  Lee Erret   

Shaun Goodman, 

MD, MSc 

Khrystyna 

Kushniriuk, 

HBSc, MD 

David 

Latter 
 

 
John Joseph 

Graham, MRCP, 

MB ChB, BSc 

Mohammed 

Hussain  

Subodh 

Verma 
 

 
Mark Peterson, 

MD, FRCSC, PhD 

Olugbenga 

Bello 
  

 
Chi-Ming Chow, 

MD, CM, MSc 

   

 
Beth Abramson, 

MD, MSc 
   

 
Asim Nazir 

Cheema, MD 

Ishba Syed, 

MBBS 

Mark 

Peterson 

Asim 

Cheema 

Mississau

ga, ON 

Dixie 

Medical 

Group 

(24) 

 

Mohammad Tariq 

Vakani, MD 

Mohammed 

Hussain, 

BSc(H) 

Daniel 

Bonneau 
 

 

 
Khrystyna 

Kushniriuk, 

MBBS 

Lee Erret  

 

  David 

Latter 
 

 

  Subodh 

Verma 
 

 
 

 
  

 

James Cha, MD 

Judy Otis, CRC 
Mark 

Peterson 

Asim 

Cheema 

Oshawa, 

ON 

Dr. James 

Cha (21) 

 
Rebecca Otis, 

CRC 

Daniel 

Bonneau 
 

 
 Lee Erret  

 

 David 

Latter 
 

 

 Subodh 

Verma 
 

 

 
  

 

Andrew G 

Howarth, MD, PhD 

Michelle M 

Seib, RN 
  

Calgary, 

AB 

Universit

y of 

Calgary 

(15) 

 
Sandra M 

Rivest, RN 
  



 

 
Rosa 

Sandonato, 

BSCN 

  

 

Graham Wong, MD 

Jackie Chow 
Richard 

Cook 

Jacqueline 

Saw 

Vancouver

, BC 

Vancouve

r General 

Hospital 

(15) 

 
Andrew 

Starovoytov 

Michael 

Janusz 
 

 

Naomi Uchida 
Peter 

Skarsgard 
 

 
Ngaire 

Meadows 
  

 

Amar Uxa, MD 

Nadia Asif Vivek Rao 
Vladimir 

Dzavik 

Toronto, 

ON 

Universit

y Health 

Network 

(14) 

 

Suzana Tavares 
Robert 

Cusimano 
 

 

 Chris 

Feindel 
 

 

 
Anthony 

Ralph-

Edwards 

 

 

 

Terrence 

Yau 
 

 
Paul Galiwango, 

MD 

Bev Bozek, RN, 

CCRC 

Mark 

Peterson 

Saleem 

Kassam 

Scarborou

gh, ON 

Scarborou

gh 

Cardiolog

y 

Research 

(9) 

 

Saleem Kassam, 

MD 
Maria Shier 

Daniel 

Bonneau 

Ram 

Vijayaraghav

an  
Ashok Mukherjee, 

MD 

Lori-Ann 

Larmand 
Lee Erret  

 
A. Joseph Ricci, 

MD 

Amir 

Janmohamed 

David 

Latter 
 

 

 Brenda Hart 
Subodh 

Verma 
 

 

Andy Lam, MD 

Jane Marucci 
Irene 

Cybulsky 

Shamir 

Mehta 

East 

Grimsby, 

ON 

West 

Lincoln 

Memorial 

Hospital 

(8) 

 
Sharon Tai Victor Chu  

 

 Andre 

Lamy 
 

 

 

Lloyd 

Semelhago 
 

 

Shamir Mehta, MD 

Sonya Brons, 

RN 

Irene 

Cybulsky 

Shamir 

Mehta 

Hamilton, 

ON 

Hamilton 

General 

Hospital 

(7) 

 
Chris Beck, RN Victor Chu  

 
Glenda Wong, 

RN 

Andre 

Lamy 
 

 
Krystal 

Etherington 

Lloyd 

Semelhago 
 

 
Thippeekaa 

Arumairajah 
  

 

Jacob Udell, MD 

Maria Aprile Vivek Rao 
Vladimir 

Dzavik Toronto, 

ON 

Women's 

College 

Hospital 

(7) 

 

Sara Karlsson 
Robert 

Cusimano 
 



 

 

Susan Webber 
Chris 

Feindel 
 

 

 
Anthony 

Ralph-

Edwards 

 

 

 

Terrence 

Yau 
 

 
Philippe Généreux, 

MD 

Chantale 

Mercure 

Hugues 

Jeanmart 

Philippe 

Généreux 

Montréal, 

QC 

Centre 

Intégré 

Universit

aire de 

Santé et 

de 

Services 

Sociaux 

du 

Montréal 

(2) 

 

  Philippe 

Demers 
 

 

  Ismael El 

Hamamsy 
 

 

  Yoan 

Lamarche 
 

 

  

Pierre Pagé  

 

Adnan Hameed, 

MD 
Nancy Aedy 

Irene 

Cybulsky 

Shamir 

Mehta 

St. 

Catharines

, ON 

Saint 

Catharine

s General 

Hospital 

(2) 

 
Victor Chu  

 
Andre 

Lamy 
 

 
Lloyd 

Semelhago 
 

 

Ledjalem Daba, 

MD 

Fran 

Farquharson 
Vivek Rao 

Vladimir 

Dzavik 

Vaughan, 

ON 

Northwes

t GTA 

Cardiovas

cular and 

Heart 

Rhythm 

Program 

(1) 

 

Anam Siddiqui 
Robert 

Cusimano 
 

 

 Chris 

Feindel 
 

 

 
Anthony 

Ralph-

Edwards 

 

 

 

Terrence 

Yau 
 

Brazil (399)  
      

Country 

Leaders 

      

Antonio Carlos Carvalho, MD, PhD   
  

Renato D. 

Lopes, MD, 

PhD 

      

 

Whady Hueb, MD 

Myrthes Emy 

Takiuti, RN 

Noedir 

Stolf 

Expedito 

Ribeiro da 

Silva 

Sao Paulo 

Heart 

Institute 

(InCor) 

Universit

y of São 

Paulo 

(127) 

 

Paulo Cury 

Rezende, MD 
Luiz Dallan  

 
Expedito Eustáquio 

Ribeiro Silva, MD 

Alexandre 

Hueb 
 

 
Alexandre Ciappina 

Hueb, MD 
  



 

 
Paola Emanuela 

Poggio Smanio, 

MD, PhD 

Leonardo 

Pizzol Caetano, 

PhD 

Luiz Carlos 

Souza 

Alexandre 

Abzaid 

São Paulo 

Instituto 

Dante 

Pazzanese 

de 

Cardiolog

ia (98) 

 

  
Camilo 

Abdulnassi

f Neto 

 

 

  Renato 

Arnone 
 

 

  Paulo 

Chaccur 
 

 

  
Jabras 

Dinkunkse

n 

 

 
  Mario Issa  

 

  Paulo 

Paulista 
 

 

  

Magaly 

Santos 
 

 
Alexandre Schaan 

de Quadros, MD  

Renato 

Kalil 

Alexandre de 

Quadros 

Porto 

Alegre 

Instituto 

de 

Cardiolog

ia de 

Porto 

Alegre 

(41) 

 
Renato Abdala 

Karam Kalil, MD 

Aline Peixoto 

Deiro 

Rogerio 

Abrahao 
 

 
José Luiz da Costa 

Vieira, MD 

Alice Manica 

Muller 

Alvaro 

Albrecht 
 

 

Gabriel Grossmann, 

MD 

Maria 

Antonieta 

Pereira de 

Moraes 

Alexsandra 

Balbinot 
 

 
Pedro Píccaro de 

Oliveira, MD 

Bruna Maria 

Ascoli 

Guaracy 

Filho 
 

 
Leonardo Bridi, 

MD 

Sílvia Zottis 

Poletti 

Ivo 

Nesralla 
 

 
Simone Savaris, 

MD 
 Paula 

Nesralla 
 

 

  Flavio 

Oliveira 
 

 

  Paulo 

Prates 
 

 

 

 Joao 

Sant'Anna 
 

 
João V Vitola, MD, 

PhD  

Francisco 

Costa 

Newton 

Souza Filho 

Curitiba 

Quanta 

Diagnosti

co & 

Terapia 

(33) 

 
Rodrigo J Cerci, 

MD, Msc  

Sandra S. Zier, 

BSc 

Claudinei 

Collatusso 
 

 
Fabio R Farias, 

MD, Msc  

Vilmar Veiga 

Jr, BSc 

Andrea 

Ferreira 
 

 
Miguel M 

Fernandes, MD, 

PhD 

   

 
José Antonio 

Marin-Neto, MD, 

PhD  

Alfredo 

Rodrigues 

Jose Marin-

Neto 
Ribeirao 

Preto 

Hospital 

das 

Clinicas 

da 

Faculdade 

 
André Schmidt, 

MD, PhD 
   



 

 
Moysés de Oliveira 

Lima Filho, MD, 

PhD 

Diego Franca 

da Cunha 
  

de 

Medicina 

de 

Ribeirão 

Preto da 

Universid

ade de 

São Paulo 

(31) 

 
Ricardo Mendes 

Oliveira, MD 
   

 

João Reynaldo 

Abbud Chierice, 

MD 

   

 

Carísi A. 

Polanczyk, MD 

Guilherme G 

Rucatti, PsyD 

Orlando 

Wender 

Marco 

Wainstein 

Porto 

Alegre 

Hospital 

de 

Clínicas 

de Porto 

Alegre  

Mariana V. 

Furtado, MD 

Fernanda 

Igansi, BSc 

Cristiano 

Blaya 

Martins 
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Luis F. Smidt, MD 
Mauren P 

Haeffner, BSc 

Marcelo 

Corcio Gib 
  

 

  
Luiz 

Henrique 

Dussin 

  

 

  

Leandro 

Moura 
  

 
Antonio Carlos 

Carvalho, MD 

Viviane 

Almeida 
  

Sao Paulo 

Unifesp - 

Hospital 

Sao Paulo 

(9) 

 

Gustavo Pucci, MD 

Gabriela 

Sanchez de 

Souza 

  

 
Flavio Lyra, MD    

 

Alvaro Rabelo 

Alves Junior, MD 

Mayana 

Almeida 

Filinto 

Cerqueira 

Neto 

Antonio 

Gilson Lapa 

Godinho Salvador 

Fundacao 

Bahiana 

de 

Cardilogi

a (9) 

 
Viviane dos 

Santos 

Marcio 

Guedes 
 

 
Marianna D. A. 

Dracoulakis, MD, 

PhD 
Natalia S 

Oliveira, RN 

Marco 

Antonio 

Guedes 

Jose Carlos 

Brito 

Salvador 

Hospital 

da Bahia 

(8) 

 
Rodolfo G. S. D 

Lima, MD 

Soares 

Leonardo 
 

 

 

Pablo 

Spinola 
 

 

Estevao Figueiredo, 

MD 

Bruna Edilena 

Paulino 

Azevedo 

Claudio 

Gelape 
Jose Carlos 

Belo 

Horizonte 

Hospital 

Lifecenter 

(8)  

Paulo Ricardo 

Caramori, MD 

Marco Bizzaro 

Santos 

Joao 

Batista 

Petracco 

Paulo 

Ricardo 

Caramori 

Porto 

Alegre 

Hospital 

Sao 

Lucas da 

Pontificia 

Universid

ade 

Catolica 

do Rio 

 

Amanda 

Germann 

Marco 

Antonio 

Goldani 

 

 

Vitor Gomes 
Ricardo 

Pianta 
 

 
Rosa Homem   



 

 

Ellen Magedanz   Grande 

do Sol (7)  

Rogerio Tumelero, 

MD 

Rosane Laimer 
Luis 

Fragomeni 

Rogerio 

Tumelero 

Fundo 

Hospital 

Sao 

Vicente 

de Paulo 

(5) 

 

Alexandre 

Tognon 
  

 
Frederico 

Dall’Orto, MD 
 Tiago 

Bregues 

Ricardo 

Bergo 

Pocos de 

Caldas 

Hospital 

Maternida

de e 

Pronto 

Socorro 

Santa 

Lucia (4) 

 

 

 Mauricio 

Gomes 
 

 

Claudio T. 

Mesquita, MD 

Roberta P 

Santos, RN 

Alexandre 

Colafrance

schi 

Luiz 

Carvalho 

Botafogo 

Hospital 

Pró-

Cardíaco 

(3) 

 

Alexandre S. 

Colafranseschi, MD 

Bruno 

Miranda 

Marques 

 

  
  

 
Amarino C. 

Oliveira Jr., MD 
  

 
Luiz A. Carvalho, 

MD 
  

 
Isabella C. Palazzo, 

MD 
  

 
Andre S. Sousa, 

MD 
  

 
Expedito Eustáquio 

Ribeiro da Silva, 

MD, PhD  

Expedito 

Ribeiro da 

Silva 

Expedito 

Ribeiro da 

Silva 

Sao Paulo 

Hospital 

TotalCor 

(2) 

 
Pedro Gabriel Melo 

de Barros e Silva, 

MD, PhD 

Mariana Yumi 

Okada, RN 
Ivo Richter  

 
Luciana de Pádua 

Silva Baptista, MD, 

PhD 

Ana Paula 

Batista, RN 

Noedir 

Stolf 
 

 
Marcelo Jamus 

Rodrigues, MD 

Aline Nogueira 

Rabaça, BS 

Paulo 

Chaccur 
 

 
Marcos Valério 

Coimbra de 

Resende, MD, PhD 

 Roger 

Godinho 
 

 

  Kenji 

Nakiri 
 

 
  Luiz Puig  

 

 

 Andre 

Spadaro 
 

 

Jose Francisco 

Saraiva, MD 

Larissa Miranda 

Trama 

Gustavo 

Ribeiro 

Jose 

Francisco 

Saraiva Sao Paulo 

Hospital 

Celso 

Pierro (1) 
 

Talita Silva 
Mauricio 

Lopes 
 



 

 
Camila Thais de 

Souza Ormundo 
  

 
Carla Vicente   

 

Costantino 

Costantini, MD, 

PhD  

Caroline 

Pinheiro 
  

Curitiba 

Hospital 

Cardiolog

ico 

Costantin

i (1)  
Daniele Komar    

Poland (333) 
      

Country 

Leaders 

      

Witold 

Ruzyllo, MD 

      

Hanna 

Szwed, MD, 

PhD 

      

Country 

Coordinator 

      

Radoslaw 

Pracon, MD, 

PhD 

      

 
Marcin Demkow, 

MD, PhD  

Zbigniew 

Juraszynski  

Warsaw 

Coronary 

and 

Structural 

Heart 

Diseases 

Departme

nt, 

Institute 

of 

Cardiolog

y (127) 

 
Radoslaw Pracon, 

MD, PhD     
Cezary Kepka, MD 

PhD 

   

 
Anna Teresinska, 

MD PhD 
Olga Walesiak   

 
Karolina Kryczka, 

MD PhD 

Katarzyna 

Malinowska 
  

 
Jan Henzel, MD 

PhD 

   

 
Mateusz Solecki, 

MD PhD 

   

 
Edyta Kaczmarska, 

MD PhD 
   

 

Tomasz Mazurek, 

MD, PhD 

Jakub Maksym, 

MD 

Franciszek 

Majstrak 

Tomasz 

Mazurek 

Warszawa 

Medical 

Universit

y of 

Warsaw 

(48) 

 

Karolina 

Wojtera, MD 

Wojciech 

Szczawinsk

i 

 

 

Anna Fojt, MD 
Radoslaw 

Wilimski 
 

 
Ewa Szczerba, 

MD 
  

 
Jaroslaw Drozdz, 

PhD   

Jan Zbigniew 

Peruga 

Lodz 

Cardiolog

y Clinic, 

Medical 

Universit

y in Lodz 

(43) 

 
Bartosz Czarniak, 

MD     
Malgorzata Frach 

(formerly Stasiak), 

MD 

   



 

 
Konrad Szymczyk, 

MD 

   

 
Iwona 

Niedzwiecka, MD 

   

 
Sebastian Sobczak, 

MD 

   

 
Tomasz Ciurus, 

MD 

   

 
Piotr Jakubowski, 

MD 

   

 
Magdalena Misztal-

Teodorczyk, MD 

   

 
Dawid Teodorczyk, 

MD 

Marta 

Swiderek, MA 
  

 
Aleksandra 

Fratczak, MD 

Ewelina 

Wojtala, MA 
  

 
Marcin Szkopiak, 

MD 

   

 
Patrycja Lebioda, 

MD 

   

 
Michal 

Wlodarczyk, MD 

   

 
Anna Plachcinska, 

MD 

   

 
Jacek Kusmierek, 

MD 

   

 
Magdalena Miller, 

MD 

   

 
Halina Marciniak, 

MD 

   

 
Karolina Wojtczak-

Soska, MD 

   

 
Katarzyna Łuczak, 

MD  

   

 
Tomasz Tarchalski, 

MD  

   

 
Anna Cichocka-

Radwan, MD 
   

 
Hanna Szwed, MD, 

PhD 

Jaroslaw 

Karwowski, 

MD 

  

Warsaw 

National 

Institute 

of 

Cardiolog

y, 

Warsaw 

(35) 

 

Grazyna Anna 

Szulczyk, MD 
  

 
Adam Witkowski, 

MD, PhD 
 Zbigniew 

Juraszynski 
 

Warsaw 

Departme

nt of 

Interventi

onal 

Cardiolog

y & 

Angiolog

y, 

Institute 

of 

 
Krzysztof Kukuła, 

MD, PhD 

   

 
Małgorzta 

Celińska-Spodar, 

MD 

   

 

Joanna Zalewska, 

MD 
   



 

Cardiolog

y (20)  
Grzegorz Gajos, 

MD, PhD 
 Jerzy 

Sadowski 

Grzegorz 

Gajos 

Krakow 

Departme

nt of 

Coronary 

Disease, 

John Paul 

II 

Hospital, 

Jagielloni

an 

Universit

y Medical 

College (

16) 

 

Krzysztof Bury, 

MD, PhD 
 Boguslaw 

Kapelak 
 

 
Piotr Pruszczyk, 

MD, PhD 

Andrzej Łabyk, 

MD 

Romuald 

Cichon 
Marek Roik 

Warszawa 

Departme

nt of 

Internal 

Medicine 

and 

Cardiolog

y, Infant 

Jesus 

Teaching 

Hospital, 

Medical 

Universit

y of 

Warsaw 

(15) 

 

Marek Roik, MD, 

PhD 

Agnieszka 

Szramowska, 

MD 

Franciszek 

Majstrak 
 

 

 Olga Zdończyk, 

MD 

Wojciech 

Szczawinsk

i 

 

 

 

 

Radoslaw 

Wilimski 
 

 
Krystyna Łoboz-

Grudzień, MD, 

PhD 

Joanna Jaroch, 

MD, PhD 

Pawel 

Kwinecki 

Leszek 

Sokalski 

Wrocław 

T.Marcini

ak 

Hospital  

(11) 

 
Leszek Sokalski, 

MD, PhD 

Arkadiusz 

Farmas 
 

 
Barbara 

Brzezińska, MD, 

PhD 

  

 
Maciej Lesiak, 

Professor, MD 
   

Poznan 

Szpital 

Kliniczny 

Przemieni

enia 

Pańskieg

o (10) 

 

Magdalena 

Łanocha, MD 
   

 

Krzysztof W. 

Reczuch, MD 

Adam 

Kolodziej, MD 
  Wroclaw 

Military 

Hospital / 

Medical 

Universit

y (4)  
Zbigniew Kalarus, 

MD                        
 Marian 

Zembala 

Zbigniew 

Kalarus 

Zabrze 

Medical 

Universit

y of 

Silesia, 

School of 

 

Andrzej 

Swiatkowski, MD 

 
Jan 

Borzymow

ski 

 



 

 
Mariola Szulik, 

MD 

 
Krzysztof 

Filipiak 

 
Medicine 

with the 

Division 

of 

Dentistry, 

Departme

nt of 

Cardiolog

y, 

Congenit

al Heart 

Diseases 

and 

Electrothe

rapySilesi

an Center 

for Heart 

Diseases 

(3) 

 

 

 
Tomasz 

Hrapkowic

z 

 

 

 

 
Wojciech 

Karolak 

 

 

 

 
Krzysztof 

Kubacki 

 

 

 

 
Jerzy 

Pacholewic

z 

 

 

 

 
Szymon 

Pawlak 

 

 

 

 
Roman 

Przybylski 

 

 

 

 Jacek 

Wojarski 
 

 

Wlodzimierz J. 

Musial, MD 

Marta 

Marcinkiewicz-

Siemion, MD 

Tomasz 

Hirnle 

Slawomir 

Dobrzycki 

Bialystok 

Universit

y 

Hospital 

in 

Bialystok 

(1) 

 

  Krzysztof 

Matlak 
 

 

  
  

Russia (303) 
      

Country 

Coordinator 

      

Olga 

Bockeria, 

MD, PhD 

      

 
Leo Bockeria, MD, 

PhD 

Olga Bockeria, 

MD, PhD 
  

Moscow 

National 

Medical 

Research 

Center for 

Cardiovas

cular 

Surgery  

(113) 

 
Karen Petrosyan, 

MD, PhD 

Zalina 

Kudzoeva, MD 
  

 

Tatiana Trifonova, 

MD 

Nodira Aripova, 

MD 
  

 
Alexander M. 

Chernyavskiy, MD, 

PhD 

Ivan A. 

Naryshkin, MD 
  

Novosibirs

k 

E. 

Meshalki

n 

National 

Medical 

Research 

Center of 

the 

Ministry 

of Health 

of the 

Russian 

Federatio

n (101) 

 
Evgeniy I. Kretov, 

MD 

Alena 

Kuleshova, MD 
  

 

Igor O. 

Grazhdankin, MD 

Dastan Malaev, 

MD 
  



 

 
Leonid L. 

Bershtein, MD, 

PhD  

Kirill 

Kuznetcov 

Igor 

Kochanov 

Saint 

Petersburg 

North-

Western 

State 

Medical 

Universit

y (50) 

 
Sergey A. 

Sayganov, MD, 

PhD 

Irina 

Subbotina   
 Alexandre 

Volkov 
 

Anastasia M. 

Kuzmina-

Krutetskaya, MD 

Victoria 

Gumerova 
  

 
Elizaveta V. 

Zbyshevskaya, 

MD, PhD 

   

 
Nana O. 

Katamadze, MD, 

PhD 

   

 
Elena A. 

Demchenko, MD, 

PhD 

Olga B. 

Nikolaeva, MD 

  

Saint 

Petersburg 

Federal 

Almazov 

North-

West 

Medical 

Research 

Centre 

(39) 

 
Pavel S. Kozlov, 

MD 
  

 
Vikentiy Y. 

Kozulin, MD 
  

 
Ekaterina I. 

Lubinskaya, MD 
  

*Spain (286) 
      

Country 

Leader 

      

Jose Luis Lopez-Sendon, MD, PhD   
  

Country 

Coordinator 

      

Almudena 

Castro, MD  

      

 
Jose Lopez-Sendon, 

MD, PhD  

Virginia 

Fernández-

Figares, Pharm 

Jose Mesa Raul Moreno 

Madrid 

Hospital 

La Paz. 

IdiPaz 

(118) 

 
Almudena Castro, 

MD 

Ulises 

Ramirez 
 

 
Elena Refoyo 

Salicio, MD 
  

 
Gabriela Guzman, 

MD 
  

 
Gabriel Galeote, 

MD 
  

 
Silvia Valbuena, 

MD 
  

 
Jesús Peteiro, MD, 

PhD  

Jose 

Cuenca 

Xacobe 

Flores-Rios 

A Coruna 

Complex

o 

Hospitala

rio 

Universit

ario A 

Coruña 

(CHUAC

) Sergas, 

 
María Dolores 

Martínez-Ruíz, MD  

Francisco 

Estevez   
Ruth Pérez-

Fernández, MD 

Moisés Blanco-

Calvo, PhD 

Jose 

Herrera 
 

 

José J Cuenca-

Castillo, MD 

Encarnación 

Alonso-

Álvarez, BSc 

Victor 

Mosquera 
 



 

 
Xacobe Flores-

Ríos, MD 

Paula García-

González, BSc 

Carlos 

Velasco 
 Departme

nt of 

Cardiolog

y. INIBIC 

A 

Coruña. 

CIBER-

CV. 

Universid

ad de A 

Coruña, 

Spain 

(112) 

 
Óscar Prada-

Delgado, MD 

   

 

Gonzalo Barge-

Caballero, MD 
   

 
Jose Ramon 

Gonzalez Juanatey, 

MD, PhD 

Jose Seijas 

Amigo, Pharm 

Jose Rubio 
Belen Cid 

Alvarez 

Santiago 

de 

Compostel

a 

Hospital 

Clinico 

Universit

ario de 

Santiago 

(17) 

 

Miguel Souto 

Bayarri, MD, PhD 
 

Ramiro 

Trillo-

Nouche  
Virginia Pubull 

Nuñez, MD 
  

 
Raymundo 

Ocaranza Sanchez, 

MD, PhD 

  

 
Belen Cid Alvarez, 

MD 
  

 
Carlos Peña Gil, 

MD, PhD 
  

 
Amparo Martinez 

Monzonis, MD 
  

 
Alessandro Sionis, 

MD 

Ana Fernández 

Martínez, RN 

  

Barcelona 

Hospital 

de la 

Santa 

Creu i 

Sant Pau 

(11) 

 
Montserrat Vila 

Perales, MD 
  

 
Josep Maria Padró, 

MD 
  

 
Antonio Serra 

Peñaranda, MD 
  

 
Joan García Picart, 

MD 
  

 
Antonino Ginel 

Iglesias, MD 
  

 
Xavier Garcia-Moll 

Marimon, MD 
  

 
Guillem Pons 

Lladó, MD 
  

 
Francesc Carreras 

Costa, MD 
  

 

Vicente Miro, MD 

Begoña Igual, 

MD 

Anastasio 

Montero 

Jose Luis 

Diez Gil 

Valencia 

Hospital 

Universit

ario y 

Politecnic

o La Fe 

(10) 

 

Jose L Diez, MD 
Tomas 

Heredia 
 

 

Pilar Calvillo, MD 
Juan 

Margarit 
 



 

 

 Manuel 

Perez 
 

 

 

Alejandro 

Vazquez 
 

 
F. Marin Ortuño, 

MD, PhD  

Francisco 

Garcia 

Mariano 

Chavarri 

Murcia 

HUVA, 

Hospital 

Clínico 

Universit

ario 

Virgen 

De La 

Arrixaca 

(8) 

 
M. Valdés 

Chávarri, MD, PhD 

M. Quintana 

Giner, MD 

Jose Maria 

Romero 
 

 
A. Tello Montolliu, 

MD, PhD 

A.I. Romero 

Aniorte, MD 
  

 
E. Pinar Bermudez, 

MD, PhD 

JM. Rivera 

Caravaca, MD 
  

 
G. De La Morena, 

MD, PhD 
   

 

Montserrat Gracida 

Blancas, MD 

Olga Cañavate 
Albert 

Miralles 

Angel 

Cequier 

Barcelona 

Hospital 

De 

Bellvitge 

(4) 

 

Sonia Guerrero 
Daniel 

Ortiz 
 

 
Silvia Riera   

 

Jose Enrique 

Castillo Luena, MD 

Jose Enrique 

Castillo Luena 

Ana Barral 

Varela 

Jose Antonio 

Diarte de 

Miguel 

Zaragoza 

Hospital 

Universit

ario 

Miguel 

Servet (4) 

 

Maria Lasala 

Javier 

Fananas 

Mastral 

 

 

 
Marta 

Matamala 

Adell 

 

 

 
Fernando 

Sorribas 

Berjon 

 

 

 Jose Maria 

Vallejo Gil 
 

 

 

Manuel 

Vasquez 

Sancho 

 

 

Francisco 

Fernandez-Aviles, 

MD 

Maria Lorenzo 

Angel 

Gonzalez 

Pinto 

Enrique 

Gutierrez 

Madrid 

Hospital 

General 

Universit

ario 

Gregorio 

Maranon 

(2) 

 

Olga Sobrino 
Gregorio 

Cuerpo 
 

 

Alexandra 

Vazquez 

Hugo 

Rodriguez 

Abella 

 

 

 
Jorge 

Rodriguez-

Roda 

 

 

 

Manuel 

Ruiz 
 

China (246) 
      

Country 

Leader 

      

Lixin Jiang, 

MD, PhD 

      



 

 

Jiyan Chen, MD 

Haojian Dong 
Huiming 

Guo 
Jiyan Chen 

Guangzho

u 

Guangdo

ng 

General 

Hospital 

(102) 

 
Peiyu He 

Jinsong 

Huang 
 

 

Chunli Xia 
Mingjie 

Mai 
 

 
Junqing Yang Bing Xie  

 

Qi Zhong 
Xiaoshen 

Zhang 
 

 

 

Shaoyi 

Zheng 
 

 

Yongjian Wu, MD, 

PhD 

Yanmeng Tian, 

MD 
  Beijing 

Chinese 

Academy 

of 

Medical 

Sciences, 

Fuwai 

Hospital 

(17)  
 Dongze Li Qiang Huo Yining Yang 

Urumqi 

First 

Affiliated 

Hospital 

of 

Xinjiang 

Medical 

Universit

y (15) 

 
Yitong Ma, MD Xiaomei Li   

 
Yining Yang, MD Xiang Ma   

  
Zixiang Yu   

  

Qian Zhao   

 

Zheng Ji, MD 

Chunguang Li 
Lihui 

Wang 
Zheng Ji 

Tangshan 

Tangshan 

Gongren 

Hospital 

(15) 

 
Lei Zhang   

 
Yu Zhao   

 
Bolin Zhu   

 

Xinchun Yang, MD 

Mulei Chen Pixiong Su Lefeng Wang 

Beijing 

Beijing 

Chao-

yang 

Hospital, 

Capital 

Medical 

Universit

y (12) 

 
Hongjie Chi Jie Gao  

 
Yang Wang Song Gu  

 
Jing Zhang Yan Liu  

 
 Rui Xing  

 
 Jun Yang  

 

 

Xitao 

Zhang 
 

 

Wenhua Lin, MD 

Rui Jing 
Xiaocheng 

Liu 
Wenhua Lin 

Tianjing 

TEDA 

Internatio

nal 

Cardiovas

cular 

Hospital 

(12) 

 

Jingjing Liu   

 

Hesong Zeng, MD 

Qiang Zhou, 

MD 
Xiang Wei Hesong Zeng 

Wuhan 

Tongji 

Medical 

College 

(11) 

 
Chang Xu, MD   

 
Zhuxi Li, MD   



 

 
Junhua Li, MD   

 
Luyang Xiong, 

MD 
  

 

Xin Fu, MD 

Dan Gao Chao Liu 
Chunguang 

Qiu 

Zhengzho

u 

The First 

Affiliated 

Hospital 

of 

Zhengzho

u 

Universit

y (11) 

 

Dengke Jiang 
Chenhui 

Qiao 
 

 
Ran Leng Gang Su  

 
Xutong Wang   

 
Qianqian Yuan   

 
Lili Zhang   

 

Bin Yang, MD 

Ziliang Bai 
Shunye 

Zhang 
Bao Li 

Taiyuan 

Shanxi 

Cardiovas

cular 

Hospital 

(10) 

 

Jianhua Li 
Yongzhi 

Deng 
 

 
Jie Qi Jicheng Xi  

 
Fei Wang   

 
Haitao Wang   

 
Bin Yang   

 
Zhou Yue   

 
Zhulin Zhang   

 

Songtao Wang, MD 

Yumei Dong Wei Feng Kefei Dou 

Qingdao 

Qingdao 

Fuwai 

Hospital 

(8) 

 

Jiajia Mao 
Xiaojun 

Liu 
 

 

Bin Zhang 
Zhenqian 

Lv 
 

 
 Shiwei Pan  

 

 

Yunhu 

Song 
 

 

Gong Cheng, MD 

Xiuhong Li 
Gong 

Cheng 
Gong Cheng 

Xian 

Shanxi 

Provincia

l People’s 

Hospital 

(6) 

 
Xiaowei Yao   

 
Nier Zhong   

 
Ning Zhou   

 

Yulan Zhao, MD 

Yaping Huang, 

MS 
Chao Liu Janmin Tang 

Zhengzho

u 

The 

Second 

Affiliated 

Hospital 

of 

Zhengzho

u 

Universit

y (6) 

 

Panpan Zhou, 

MS 
  

 

Xuehua Fang, MD Wei Su Zhe Zheng Qing Yu Beijing 

Liangxian

g 

Hospital, 

Beijing 

Fangshan 

District 

(6) 



 

 

Qiutang Zeng, MD 

Yu Kunwu 
Nianguo 

Dong 
Qiutang Zeng 

Wuhan 

Wuhan 

Union 

Hospital, 

Tongji 

Medical 

College, 

Huazhong 

Science 

and Tech 

Universit

y (3) 

 

Yudong Peng 
Xionggang 

Jiang 
 

 

Xin Su 
Zongquan 

Sun 
 

 

 

Kailun 

Zhang 
 

 

Xi Su, MD 

Chen Wang Xufa Chen Xi Su 

Wuhan 

Wuhan 

Asia 

Heart 

Hospital 

(3) 

 

Yunhai Zhao 
Xueguo 

Feng 
 

 

 

Huadong 

Yu 
 

 

Qingxian Li, MD 

Yaming Geng  Yanfu Wang 

Jining 

Affiliated 

Hospital 

of Jining 

Medical 

Universit

y (3) 

 

Yanfu Wang   

 

Shao-ping Nie, 

MD, PhD 

Jing-yao Fan, 

MD 
Ran Dong 

Shao-ping 

Nie 

Beijing 

Beijing 

Anzhen 

Hospital 

(2) 

 
Si-ting Feng, 

MD,PhD 
  

 
Xiao Wang, 

MD,PhD 
  

 
Yan Yan, 

MD,PhD 
  

 
Hui-min Zhang, 

MD,PhD 
  

 

Qin Yu, MD 

Lingping Chi 
Xiaoming 

Bian 
Dachuan Liu 

Dalian 

Affiliated 

Zhongsha

n 

Hospital 

of Dalian 

Universit

y (2) 

 

Fang Liu   

 

Jian'an Wang, MD 

Han Chen  Jun Jiang 

Hangzhou 

The 

Second 

Affiliated 

Hospital 

Zhejiang 

Universit

y School 

of 

Medicine 

(1) 

 
Jun Jiang   

 
Huajun Li   

 

Jian'an Wang   

 

 

Yechen Han, 

MM 
Qi Miao Zhenyu Liu 

Beijing 

Peking 

Union 

Medical 

College 

 

 Lihong Xu, RN Mei Liang  
 

Shuyang Zhang, 

MD, PhD 
Zhenyu Liu 

Jianzhou 

Liu 
 



 

 
Zhenyu Liu, MD Gang Chen   Hospital 

(1) 
 

 Rongrong Hu   

*Italy (139) 
      

Country 

Leader 

      

Aldo P. 

Maggioni, 

MD 

      

       

 
Gian Piero Perna, 

MD 

Francesca 

Pietrucci, PhD 

Lucia 

Torracca 

Gabriele 

Gabrielli 

Ancona 

Cardiolog

y and 

CCU - 

Ospedali 

Riuniti 

Ancona 

(54) 

 

Marco Marini, MD 
Fabio 

Bianchini 
 

 
Gabriele Gabrielli, 

MD 

Mauro 

Borioni 
 

 

 Sante 

Bucari 
 

 

 Michele 

Pierri 
 

 

 

Giuseppe 

Rescigno 
 

 
Stefano Provasoli, 

MD 

Anna Di 

Donato 

Cesare 

Beghi 
 

Varese 

Ospedale 

di Circolo 

e 

Fondazio

ne 

Macchi 

(23) 

 

Edoardo Verna, 

MD  
  

 
Lorenzo Monti, 

MD 
   

Rozzano 

Humanita

s 

Research 

Hospital, 

Rozzano 

(MI)  (17) 

 

Barbara Nardi, MD    

 

Antonio Di Chiara, 

MD 

Francesca 

Pezzetta, MD 
  Tolmezzo 

Azienda 

Servizi 

Sanitaria 

n.3 Alto 

Friuli-

Collinare-

Medio 

Friuli (9)  
Andrea Mortara, 

MD 

Valentina 

Casali, MD 

Guido 

Lanzillo 

Carla 

Auguadro 

Monza 

Policlinic

o di 

Monza, 

Monza 

MB (8) 

 

  Luciano 

Barbato 
 

 

  

Francisco 

Guerra 
 

 
Marcello Galvani, 

MD 

Chiara 

Attanasio 

Giorgio 

Noera 

Filippo 

Ottani 

Forli 

Ospedale 

“G.B. 

Morgagni 

– L. 

Pieranton

i” Forli 

 

Filippo Ottani, MD   



 

(AUSL 

della 

Romagna

) (8)  

Marco Sicuro, MD 

Gianpiero 

Leone, MD 

Mauro 

Rinaldi 

Francesco 

Pisano 

Aosta 

Ospedale 

Regionale 

Umberto 

Parini (5) 

 
Francesco 

Pisano, MD 

Massimo 

Boffini 
 

 
Cristina Bare, 

BSc 

Paolo 

Centofanti 
 

 

 Elio Di 

Rosa 
 

 

 Michele La 

Torre 
 

 

 Giovanni 

Marchetto 
 

 

 

Giorgio 

Trucano 
 

 

Paolo Calabro, MD 

Fabio Fimiani 

Giannanton

io Nappi 

Paolo 

Calabro 

Napoli 

AORN 

Dei Colli 

"V. 

Monaldi" 

UOC 

Cardiolog

ia 

Universit

à della 

Campania 

"L.Vanvit

elli" (4) 

 

Tiziana Formisano, 

MD 
  

 
Giuseppe Tarantini, 

MD 

Alberto Barioli, 

MD 

Gino 

Gerosa 

Giuseppe 

Tarantini 

Padua 

Universit

y of 

Padua- 

Cardiolog

y Clinic 

(3) 

 
Umberto Cucchini, 

MD 

Federica 

Ramani 

Tommaso 

Bottio 
 

 
Anto Luigi Andres, 

MD 
 Cosimo 

Gulglielmi 
 

 

Emanuela Racca, 

MD 

Fabrizio Rolfo, 

MD 

Francesco 

Rosato 

Giuseppe 

Steffenino 

Cuneo 

Azienda 

Ospedalie

ra S. 

Croce e 

Carle (3) 

 

Cecilia Goletto   

 

Carlo Briguori, MD 
Francesca De 

Micco 
  Naples 

Clinica 

Mediterra

nea (2)  
Roberto Amati, 

MD 

Stefano Di 

Marco, MD 

Stefano 

Bevilacqua 

Marco 

Comeglio 

Pescia 

UO 

Cardiolog

ia 

Ospedale 

SS 

Cosma e 

Damiano 

(2) 

 
William Vergoni, 

MD  
Martina Tricoli 

Alfredo 

Cerillo 
 

 

  Pierandrea 

Farneti 
 

 

  Matteo 

Ferrarini 
 

 

  Enkel 

Kallushi 
 



 

 

  Marco 

Molinas 
 

 

  

Filippo 

Santarelli 
 

 

Aldo Russo, MD 

Massimo 

Villella, MD 

Sergio 

Caparrotti 
Carlo Vigna 

San 

Giovanni 

Rotondo 

IRCCS 

"Casa 

Sollievo 

della 

Sofferenz

a" (1) 

 
Raffaele Fanelli, 

MD  

Domenico 

Benvenuto 
 

 

 Carmine 

Carbone 
 

 

 Giuseppe 

Chiarella 
 

 

 Massimo 

Gagliardi 
 

 

 Francesco 

Merlicco 
 

 

 

Enrico 

Moranti 
 

*Singapore 

(61) 

      

Country 

Leader  

      

Harvey Douglas White, MD   
  

Country Coordinator    
  

Caroline 

Alsweiler 

      

 
Kian-Keong Poh, 

MD  

Kristine 

Teoh Joshua Loh 

Singapore 

National 

Universit

y Heart 

Center 

Singapore 

(33) 

 

Ping Chai, MD 
 

Theodoros 

Kofidis Edgar Tay  
Titus Lau, MD     
Joshua P. Loh, MD 

   

 
Edgar L. Tay, MD 

   

 

Kristine Teoh, MD 
Sik-Yin V Tan, 

BSc 
  

 
Lynette L. Teo, 

MD 

Winnie C Sia, 

BSc 
  

 
Ching-Ching Ong, 

MD 

Audrey W 

Leong, BSc 
  

 
Raymond C. Wong, 

MD 

   

 
Poay-Huan Loh, 

MD 

   

 
Theodoros Kofidis, 

MD 

   

 
Wan Xian Chan, 

MD 

   

 
Koo Hui Chan, MD    

 
David Foo, MBBS 

Li Hai Yan, RN 

 Fahim Jafary 

Singapore 

Tan Tock 

Seng 

Hospital 

(22) 

 
Jason Loh Kwok 

Kong, MD 
  

 
Ching Min Er, MD   



 

 
Fahim Haider 

Jafary, MD 
  

 

Terrance Chua, MD 

Nasrul Ismail Chong Lim 
Chin Chee 

Tang 

Singapore 

National 

Heart 

Centre 

Singapore 

(6) 

 
Min Tun Kyaw   

 

Deborah Yip   

Germany (54) 
      

Country 

Leader 

      

Rolf Doerr, 

MD 

      

 

Rolf Doerr, MD  
 

Klaus 

Matschke 

Jurgen 

Stumpf 

Dresden 

Praxisklin

ik Herz 

und 

Gefaesse 

(29) 

 
Juergen Stumpf, 

MD 
Dorit Grahl 

Kosta 

Alexiou 
 

 
Klaus Matschke, 

MD, PhD  

Franziska 

Guenther 

Omar 

Allham 
 

 
Gregor Simonis, 

MD, PhD 
Kerstin Bonin 

Stefan 

Brose 
 

 
Clemens T. 

Kadalie, MD 
 Romuald 

Cichon 
 

 

  Michael 

Kanut 
 

 

  Utz 

Kappert 
 

 

  Sems 

Tugtekin 
 

 

 

 Thomas 

Waldow 
 

 

Udo Sechtem, MD 
Ina 

Wenzelburger 

Ulrich 

Franke 
Peter Ong 

Stuttgart 

Robert-

Bosch-

Krankenh

aus (22) 

 

Peter Ong, MD 

Susanne 

Gruensfelder, 

RN 

Ragi Nagib  

 

  

Adrian 

Ursulescu 
 

 

P. Christian 

Schulze, MD, PhD 
 Torsten 

Doenst 

Sven 

Mobius-

Winkler 

Jena 

Universit

y 

Hospital 

Jena (2) 

 

Bjoern Goebel, MD 

 
Mahmoud 

Diab 

 

 

Karsten Lenk, MD 

 
Gloria 

Farber 

 

 

 

 Markus 

Richter 
 

 

Georg Nickenig, 

MD 

Jan-Malte 

Sinning, MD 

Armin 

Welz 

Georg 

Nickenig 

Bonn 

Universit

atskliniku

m Bonn 

(1) 

 
Marcel Weber, 

MD 

Oliver 

Dewald 
 

 

Nikos Werner, 

MD 

Bahman 

Esmailzade

h 

 



 

 

 Fritz 

Mellert 
 

 

 Chris 

Probst 
 

 

 Wilhem 

Roell 
 

 

 

Wolfgang 

Schiller 
 

Austria (50) 
      

Country 

Leaders 

      

Irene Marthe Lang, MD   
  

Kurt Huber, 

MD 

      

 
Herwig 

Schuchlenz, MD 

Gudrun 

Steinmaurer 

Heinrich 

Maechler 

Herwig 

Schuchlenz 

Graz 

LKH 

Graz 

West 

Austria 

(35) 

 

Stefan Weikl, MD 

Michael 

Anelli 

Monti 

 

 

 Drago 

Dacar 
 

 
 Igor Knez  

 

 Peter 

Oberwalder 
 

 

 L 

Salaymeh 
 

 

 

Amely 

Yates 
 

 
Irene Marthe Lang, 

MD 

Max-Paul 

Winter, MD 

Alfred 

Kocher 
Irene Lang 

Vienna 

Medical 

Universit

y of 

Vienna, 

Departme

nt of 

Cardiolog

y (8) 

 

  Marek 

Ehrlich 
 

 

  

Gunther 

Lauter 
 

 

 

Tijana, Andric, 

MD 

Martin 

Grabenwog

er 

Alexander 

Geppert 

Vienna 

Wilhelmi

nen 

Hospital 

Vienna 

(7) 

 

Kurt Huber, MD 
Maximilian, 

Tscharre, MD 

Sandra 

Folkmann 
 

 

Gabriele, Jakl-

Kotauschek, MD 

Claudia, 

Wegmayr, MSc 

Marie-

Luise 

Harrer 

 

  
Bernhard, 

Jäger, MD 

Reinhard 

Moidl 
 

  
Florian, Egger, 

MD 

Markus 

Thalmann 
 

  
 Franz Veit  

 

 

 

Gabriel 

Weiss 
 

Hungary (49) 
      



 

Country 

Leader  

      

Matyas Keltai, MD, PhD, DSc   
  

 

Andras Vertes, MD 

Judit Sebo, MD   

Budapest 

Eszszk- 

Szent 

Istvan 

Hospital 

(20) 

 
Zoltan 

Davidovits, MD 
  

 
Laszlone 

Matics 
  

 
Albert Varga, MD, 

PhD 

Gergely 

Ágoston, MD 

Gabor 

Bogats 
Imre Ungi 

Szeged 

Universit

y of 

Szeged 

(12) 

 

  

Laszlo 

Csepregi 
 

 

Geza Fontos, MD 
Gabor Dekany, 

MD 

Laszlo 

Szekely 
Geza Fontos 

Budapest 

George 

Gottsegen 

National 

Institute 

of 

Cardiolog

y (9) 

 

  Boglarka 

Juhasz 
 

 

  

Zoltan 

Szabo 
 

 

Bela Merkely, MD, 

PhD, DSc 

Andrea 

Bartykowszki, 

MD 

Ferenc 

Horkay 
Bela Merkely 

Budapest 

Heart and 

Vascular 

Center, 

Semmelw

eis 

Universit

y (8) 

 

Pal Maurovich-

Horvat, MD, 

PhD, MPH 

Istvan 

Hartyanszk

y 

 

 

Gabor Kerecsen, 

MD 
Agnes Jakal   Budapest 

Military 

Hospital, 

Budapest 

(1) 

Serbia (47)  
      

 
Sasa  Hinic, MD, 

BSc 

Jelena Djokic, 

MD 

Predrag 

Milojevic 
Sasa Hinic 

Belgrade 

Universit

y 

Hospital 

Center 

Bezanijsk

a Kosa 

(13) 

 
Marija Zdravkovic, 

MD, PhD 

Miodrag 

Peric 
 

 
Vladan 

Mudrenovic, MD 

Sinisa 

Gradinac 
 

 
Bogdan Crnokrak, 

MD 
  

 
Branko D. Beleslin, 

MD, PhD  

Aleksandar 

Mikic 

Branko 

Beleslin 

Belgrade 

Faculty of 

Medicine, 

Universit

y of 

Belgrade; 

Cardiolog

y Clinic, 

Clinical 

Center of 

Serbia 

(10) 

 

Nikola N. 

Boskovic, MD 

Ana D. 

Djordjevic-

Dikic, MD, 

PhD 

Svetozar 

Putnik 

Miloje 

Tomasevic 

 
Marija T. Petrovic, 

MD 

Vojislav L. 

Giga, MD, PhD 

Miljko 

Ristic 
 

 

Milan R. Dobric, 

MD 

Jelena J.  

Stepanovic, 

MD, PhD 

  

 
Zeljko Z. 

Markovic, MD, 

PhD    



 

 
Ana S. Mladenovic, 

MD, PhD 
   

 

Nada Cemerlic-

Adjic, MD 

Lazar Velicki, 

MD 

Aleksandar 

Redzek 

Milan 

Petrovic 

Sremska 

Kamenica 

Institute 

of 

Cardiovas

cular 

Diseases 

Vojvodin

a, 

Sremska 

Kamenica

, Serbia 

and 

Faculty of 

Medicine, 

Universit

y of Novi 

Sad (9) 

 

Ljiljana Pupic 
Lazar 

Velicki 
 

 
Goran Davidović, 

MD, PhD Stefan M. 

Simović, MD 

Petar 

Otasevic 
Rada Vucic 

Kragujeva

c 

Clinical 

Center 

Kragujev

ac (7) 

 

Rada Vučić, MD   

 

Milica Nikola 

Dekleva, MD PhD 

Miroslav Stevo 

Martinovic, MD 

Miljko 

Ristic 

Aleksandra 

Arandjelovic 

Belgrade 

Universit

y Clinical 

Hospital 

Zvezdara 

(6) 

 

Gordana 

Stevanovic  

Svetozar 

Putnik 
 

 
Goran Stankovic, 

MD 
Milan Dobric 

Petar 

Djukic 

Branko 

Beleslin 

Belgrade 

Clinical 

Center of 

Serbia (1) 

 

  Svetozar 

Putnik 
 

 

  Milos 

Velinovic 
 

 

  

Mile 

Vranes 
 

 

Svetlana 

Apostolovic, MD 

Sonja Salinger 

Martinovic 

Predrag 

Milojevic 

Svetlana 

Apostolovic 

Nis 

Clinic for 

Cardiovas

cular 

Diseases, 

Clinical 

Center 

Nis (1) 

 

Dragana 

Stanojevic 
  

Mexico (46) 
      

 
Jorge Escobedo, 

MD 

Ramon de 

Jesús-Pérez, RN 

  

Benito 

Juarez 

Instituto 

Mexicano 

del 

Seguro 

Social 

(35) 

 
Rubén Baleón-

Espinosa, MD  
  

 
Arturo S Campos-

Santaolalla, MD 
  

 
Elihú Durán-

Cortés, MD  
  

 
José M Flores-

Palacios, MD  
  

 
Andrés García-

Rincón, MD  
  



 

 
Moisés Jiménez-

Santos, MD  
  

 
Joaquín V Peñafiel, 

MD  
  

 
José A Ortega-

Ramírez, MD  
  

 
Aquiles 

Valdespino-

Estrada, MD  

  

 

Erick Alexánderson 

Rosas, MD 

María Fernanda 

Canales 

Brassetti, MD 

  

Mexico 

City 

Instituto 

Nacional 

de 

Cardiolog

ía 

"Ignacio 

Chávez" 

(11) 

 
Diego Adrián 

Vences Anaya, 

MD 

  

 
María Pérez 

García  
  

 
Isabel Estela 

Carvajal Juarez 

, MD 

  

 
Magdalena 

Madero Rovalo, 

MC 

  

 
Erick Donato 

Morales 

Rodríguez, MD 

  

Australia (45)  
      

Country 

Leaders 

      

Joseph B. Selvanayagam, MBBS (Hons), DPhil   
  

Jamie Rankin, MBBS (past)   
  

Country 

Coordinator 

      

Deirdre 

Murphy  

      

 
Joseph B. 

Selvanayagam, 

MBBS (Hons), 

DPhil 

Sau Lee, PhD 
Jayme 

Bennetts 
Derek Chew 

Adelaide 

Flinders 

Medical 

Centre 

(30) 
 

Majo X. Joseph, 

MBBS 

Prince Thomas, 

RN 
 Ajay Sinhal 

 

Suku T. Thambar, 

MBBS 

Melissa D 

Chaplin, RN 
Peng Seah 

Suku 

Thambar 
New 

Lambton 

Heights 

John 

Hunter 

Hospital 

(8) 
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Supplementary Appendix 2. Statistical appendix. 

 

SECTION I: CLINICAL OUTCOMES 

 

Statistical analyses focused on adjusting for potential biases arising from non-randomized 

treatment comparisons, censoring of time-to-event endpoints, and missing data. In particular, we 

sought to recover the treatment effect that would be observed in an ideal setting if all eligible 

INV participants adhered to a strategy of prompt upfront revascularization and all eligible INV 

and CON participants were followed for 4 years. We performed separate parallel analyses for 

three methods of revascularization (PCI, CABG, and either PCI or CABG, abbreviated REV) 

and ten endpoints (death, CV death, death or MI, CV death or MI, death or procedural MI, CV 

death or procedural MI, death or spontaneous MI, CV death or spontaneous MI, death or MI or 

stroke, CV death or MI or stroke). 

 

Among those who had a core lab interpreted CCTA (N=3826) that was evaluable for number of 

diseased vessels based on a 50% stenosis threshold (N=2911), we analyzed a subset of 1283 

participants with 3V-CAD and no prior CABG. Of the 1283 studied participants, 624 were 

randomized to CON, and 659 were randomized to INV. From the INV group, we excluded 47 

participants who had missing data for key invasively measured angiographic covariates. 

Statistical adjustments were implemented to account for this exclusion and to address the fact 

that not all remaining INV-assigned participants underwent prompt upfront revascularization. 

The final study cohort consisted of 612 INV participants and 624 CON participants (total n = 

1236). 

 

To facilitate computation, follow-up time was discretized into weekly time intervals. The 

analysis dataset was structured to contain a record for each combination of patient ID and week 

of follow-up, with follow-up beginning at randomization and ending at first occurrence of the 

endpoint of interest or censoring. Logistic regression models were used to estimate a patient's 

weekly risk as a function of time since randomization, time since INV-assigned 

revascularization, and baseline covariates. These models were estimated separately for INV and 

CON. The outcome variable was a binary indicator of whether the event of interest did or did not 

occur in a given  week. Time since randomization was modeled as a piecewise-constant 

function with cut-points at weeks 52 and 156 (1 and 3 years). Time since revascularization in 

INV was modeled as a piecewise-constant function with a cut-point at week 4.  

 

After fitting the above models, weekly event probability functions from the models were 

converted into treatment- and covariate-specific cumulative incidence functions (CIFs). The CIF 

represents the cumulative probability of an event as a function of follow-up time conditional on 

treatment group, timing of revascularization in INV, and patient covariates. Risk estimates were 

calculated twice per patient. The first estimate described the patient's risk if assigned to INV and 

given prompt REV. The second estimate described the patient's risk if assigned to CON.  

 

Standardized CIFs were calculated by applying the treatment- and covariate-specific CIF 

equations to covariate data from 612 participant in the study's INV cohort. For each of these 

participants, we predicted their cumulative event probability if assigned to CON and again if 

assigned to INV and given prompt revascularization. A standardized CIF for each treatment was 



 

then obtained by calculating the average of the 612 covariate-specific CIFs. The treatment effect 

was estimated by subtracting the standardized CIFs for CON minus REV.  

 

A Bayesian statistical was adopted for the above analysis. A key advantage of the Bayesian 

approach is the ability to express analysis results in terms of clinically relevant probabilities 

(e.g., the probability that revascularization is associated with lower 4-year risk compared to 

CON). Some accessible and well-written introductions to Bayesian analysis include O'Hagan and 

Luce (2003), Spiegelhalter, Abrams, and Myles (2004), and Goodman (1999).  

 

Bayesian inference uses probabilities to express beliefs about model parameters before and after 

observing the study data. Pre-study beliefs are represented mathematically in the form of a "prior 

distribution". Briefly, the prior distribution expresses the relative likelihood of different possible 

numerical estimates of all unknown model parameters before observing study data. After 

specifying the prior distribution, a formula known as Bayes' Theorem is then used to combine 

prior beliefs with study data to arrive at an updated set of post-study beliefs, i.e., the "posterior 

distribution". The posterior distribution is then manipulated to produce appropriate summary 

estimates and to determine the likelihood of various clinical hypotheses.  

 

A key step in Bayesian analysis is the specification of the prior distribution. Due to limited prior 

information, our goal was to select a prior distribution that would allow inferences to be driven 

by the study data as opposed to strong prior beliefs. Toward this end, we specified a set of 

diffuse independent normal distributions with mean = 0 and SD = 100 for all regression 

parameters.  

 

Technical Details 

 

Causal inference considerations 

 

We used the framework of potential outcomes (Hernán and Robins, 2020; Imbens and Rubin, 

2015) to define and clarify the "treatment effect" parameter that our study sought to estimate. 

Under the potential outcomes framework, each patient is assumed to have an unobserved set of 

variables describing what the patient's outcome status would be (i.e., their time from 

randomization to the event of interest) hypothetically under each possible treatment strategy. For 

example, let 𝑌(𝑎) denote a patient's potential outcome under a strategy of "revascularization at 

week 𝑎 for all patients who survive until week 𝑎", where 𝑎 is a whole number such as 1,2,3, etc. 

Similarly, let 𝑌(con) denote a patient's potential outcome hypothetically if assigned to 

ISCHEMIA's CON treatment strategy. The potential outcomes of interest in the current study are 

𝑌(𝑎=1) and 𝑌(con). They are referred to as potential outcomes (aka, counterfactual outcomes) 

because they describe what would be observed, perhaps contrary to fact, if the patient were to 

receive a particular treatment. A key challenge for causal inference is the fact that variables 

𝑌(𝑎=1) and 𝑌(con) are never observed simultaneously for the same patient. For example, if a 

patient is randomized to CON, then 𝑌(con) is observed and 𝑌(𝑎=1) is missing. If a patient is 

randomized to INV and receives revascularization during week 1, then  𝑌(𝑎=1) is observed and 

𝑌con is missing. If a patient is randomized to INV and receives revascularization after week 1, 

then both 𝑌(𝑎=1) and 𝑌(con) are missing.  

 



 

In order to define the treatment effect of interest, we assume that patients in ISCHEMIA are a 

random sample from a hypothetical large population, i.e., a super-population. Analysis then 

focuses on inferring population-level distributions of 𝑌(𝑎=1) and 𝑌(con) subject to the limitations 

of observational analysis. Estimation of 𝑌(con)'s population-level distribution is relatively 

straightforward because the ~50% of patients for whom 𝑌con is observed are a representative 

random sample from the larger ISCHEMIA population. Inference for 𝑌(𝑎=1) is relatively more 

challenging because INV participants with non-missing 𝑌(𝑎=1) are a small and non-

representative subset. To the extent that INV patients undergoing prompt revascularization might 

differ from others assigned to INV or CON (e.g., being systematically lower or higher risk), a 

simple unadjusted comparison with CON may reflect differences in patient selection rather than 

the true treatment effect of interest. Our statistical adjustment was designed to recover the true 

treatment effect that would be observed hypothetically if patients receiving each treatment 

strategy were similar in terms of observable baseline characteristics.  

 

The statistical literature on causal inference describes conditions for valid treatment effect 

estimation using non-randomized observational data. In general, valid inference is possible when 

patients who receive each treatment are exchangeable in the sense of having identical 

counterfactual outcome distributions within strata formed by the cross-classification of a set of 

pre-treatment covariates. Loosely speaking, this means that patients with a given combination of 

covariates who are selected for a particular treatment are like a random sample from the overall 

population of patients who have that combination of covariates. When treatment decisions are 

made repeatedly over time (e.g., receiving or not receiving revascularization at week 2 after not 

receiving revascularization at week 1), the exchangeability condition must be met at all time 

points when the treatments are given. Moreover, if the outcome data for some patients are 

censored, the patients with and without censoring must be exchangeable at all time points at 

which censoring occurs.  

 

In a randomized treatment group comparison, randomization guarantees that the treatment 

groups are exchangeable. When treatment comparisons are not randomized, as in the current 

analysis, we must assume that the key determinants of receiving treatment were measured and 

included in the adjustment procedure. Although this exchangeability condition is unlikely to be 

true in a literal sense, we sought to reduce the risk of large violations of exchangeability by 

adjusting for a large number of relevant pre-treatment covariates.  

 

In the current analysis, variables measured by invasive angiography are critical in order for the 

exchangeability assumption to be plausible. A complicating factor is that data from invasive 

angiography were missing for 100% of CON participants and for 47 of this study's INV 

participants. Addressing this challenge required the use of customized statistical methodology, as 

detailed below.  

 

Mathematical form of regression models 

 

Let 𝑋 denote baseline covariates that are available for all patients; let 𝑍 denote angiographic 

covariates; let 𝑀 be an indicator of whether 𝑍 is observed (𝑀 = 1) or missing (𝑀 = 0); let 𝐺 

denote the patient's randomization assignment (inv, con); let 𝑌𝑡 denote a patient's event status at 

week 𝑡 (1=event on or before week 𝑡, 0=no event as of week 𝑡); let 𝐶𝑡 be an indicator of whether 



 

𝑌𝑡 is  observed (𝐶𝑡 = 1) or unobserved due to prior censoring (𝐶𝑡 = 0); and let 𝑅𝑡 = one plus the 

number of weeks between an INV patient's revascularization procedure and week 𝑡, or set 𝑅𝑡 =
0 if an INV patient has not yet undergone revascularization by week 𝑡. As usual when analyzing 

time-to-event outcomes, we assumed that censoring is non-informative. For patients in the INV 

group, we assumed that a patient's missing data status 𝑀 is ignorable conditional on covariates 𝑋 

and 𝑍; in other words, 𝑀 does not add prognostic information above and beyond the covariate 

information encoded in 𝑋 and 𝑍.   

 

Modeling focused on the following sets of weekly event probabilities: 

• 𝑝𝑡
con(𝑥) = 𝑃(𝑌𝑡 = 1|𝑌𝑡−1 = 0, 𝐶𝑡 = 1, 𝑋 = 𝑥, 𝐺 = con)    

 (CON) 

• 𝑝𝑡
inv(𝑥, 𝑧, 𝑟𝑡) = 𝑃(𝑌𝑡 = 1|𝑌𝑡−1 = 0, 𝐶𝑡 = 1, 𝑋 = 𝑥, 𝑍 = 𝑧, 𝑀 = 1, 𝑅𝑡 = 𝑟𝑡, 𝐺 = inv)

 (INV) 

 

The specific modeling assumptions were: 

• log
𝑝𝑡

con(𝑥)

1−𝑝𝑡
con(𝑥)

= 𝛽1𝐼(𝑡 ≤ 52) + 𝛽2𝐼(52 < 𝑡 ≤ 156) + 𝛽3𝐼(𝑡 > 156) + 𝑥̃′𝛽4 

• log
𝑝𝑡

inv(𝑥,𝑧,𝑟𝑡)

1−𝑝𝑡
inv(𝑥,𝑧,𝑟𝑡)

= 𝛽5𝐼(𝑡 ≤ 52) + 𝛽6𝐼(52 < 𝑡 ≤ 156) + 𝛽7𝐼(𝑡 > 156) + 𝑥̃′𝛽8 + 𝑧̃′𝛽9 

+𝛽10𝐼(1 ≤ 𝑟𝑡 ≤ 4) + 𝛽11𝐼(𝑟𝑡 > 4) 

where 𝑥̃ and 𝑧̃ represent functions that translate 𝑥 and 𝑧 into specific mathematical 

representations, and 𝛽1, … , 𝛽11 represent unknown coefficients to be estimated from the data. 

Note that 𝛽10 describes the difference in the (log) odds of an event at week 𝑡 for a patient who 

was event-free the prior week and was recently revascularized (1 ≤ 𝑅𝑡 ≤ 4) compared to a 

patient with the same combination of covariates who was event-free the prior week and has not 

yet received revascularization (𝑅𝑡 = 0). Parameter 𝛽11 has a similar interpretation but pertains to 

patients with remote (𝑅𝑡 > 4) rather than recent (1 ≤ 𝑅𝑡 ≤ 4) revascularization.  

 

Covariate-specific CIFs 

 

After fitting the above models, weekly event probability functions from the models were 

converted into treatment- and covariate-specific cumulative incidence functions (CIFs). The CIF 

represents the cumulative probability of an event as a function of follow-up time conditional on 

treatment group, timing of revascularization in INV, and patient covariates. For CON, the 

covariate-specific CIF was calculated as 

𝐹𝑡
con(𝑥; 𝛽) = 1 − 𝑞1

con(𝑥; 𝛽) × 𝑞2
con(𝑥; 𝛽) × ⋯ × 𝑞𝑡

con(𝑥; 𝛽) 

where 𝑞𝑡
con(𝑥; 𝛽) = 1 − 𝑝𝑡

con(𝑥; 𝛽) and 𝑝𝑡
con(𝑥; 𝛽) is as defined above. For INV, weekly 

probability functions were evaluated under the condition that revascularization was performed at 

the time of randomization (𝑡 = 1), such that 𝑅𝑡 = 𝑡 for all 𝑡. The covariate-specific CIF for 

prompt revascularization was then calculated as  

𝐹𝑡
a=1(𝑥, 𝑧; 𝛽) = 1 − 𝑞1

inv(𝑥, 𝑧, 𝑟𝑡 = 1; 𝛽) × 𝑞2
inv(𝑥, 𝑧, 𝑟𝑡 = 2; 𝛽) × ⋯ × 𝑞𝑡

inv(𝑥, 𝑧, 𝑟𝑡 = 𝑡; 𝛽) 

where 𝑞𝑡
inv(𝑥, 𝑧, 𝑟𝑡; 𝛽) = 1 − 𝑝𝑡

inv(𝑥, 𝑧, 𝑟𝑡; 𝛽) and 𝑝𝑡
inv(𝑥, 𝑧, 𝑟𝑡; 𝛽) is as defined above.  

 

Standardized CIFs 

 



 

Standardized CIFs were calculated by applying the treatment- and covariate-specific CIF 

equations to covariate data from 612 patients in the study's INV cohort. We assumed that all 612 

patients were eligible to receive revascularization at the time of randomization. For each of these 

patients, we then predicted their cumulative event probability if assigned to CON and again if 

assigned to INV and given prompt revascularization. A standardized CIF for each treatment was 

obtained by calculating the average of the 612 covariate-specific CIFs. Let (𝑥𝑖, 𝑧𝑖) denote 

covariates for the 𝑖-th patient from the study's INV cohort, 𝑖 = 1,2, … ,612. The standardized CIF 

for CON was calculated as 𝐹𝑡
con(𝛽) = (1/612) ∑ 𝐹𝑡

con(𝑥 = 𝑥𝑖; 𝛽)612
𝑖=1 . The standardized CIF for 

prompt revascularization was calculated as 𝐹𝑡
𝑎=1(𝛽) = (1/612) ∑ 𝐹𝑡

𝑎=1(𝑥 = 𝑥𝑖, 𝑧 = 𝑧𝑖; 𝛽)612
𝑖=1 . 

Our primary measure of treatment effect was the difference in standardized CIFs for CON versus 

prompt revascularization at 𝑡∗ = 208 weeks (4 years), that is, 𝛿𝑡∗(𝛽) = 𝐹𝑡∗
𝑎=1(𝛽) − 𝐹𝑡∗

con(𝛽). 

 

Bayesian computation 

 

Bayesian computation was based on Markov Chain Monte Carlo (MCMC) sampling as 

implemented in the Rstan software package 'brms'. Sampling was run for 6000 iterations after an 

initial burn-in period; thus, we obtained 6000 sets of sampled regression parameters. 

Convergence of the MCMC procedure was confirmed through evaluation of trace plots, 

autocorrelation plots, and effective sample size. 

 

To calculate estimates and measures of uncertainty for CIFs and related quantities, we noted that 

each unknown single-number quantity of interest (e.g., the CIF at a single time point) could be 

expressed as a function 𝑓(𝛽) of the unknown model coefficients, 𝛽. Point estimates (posterior 

means) were calculated as 𝑓 = (1/6000) ∑ 𝑓6000
𝑚=1 (𝛽(𝑚)), where 𝛽(𝑚) is the set of regression 

coefficients sampled on the 𝑚-th iteration of the MCMC procedure. A two-sided equal tail 95% 

credible interval for 𝑓(𝛽) was obtained by calculating the 2.5th and 97.5th empirical quantiles 

across the set of numbers 𝑓(𝛽(1)), 𝑓(𝛽(2)), … , 𝑓(𝛽(6000)), i.e., the 150th smallest value and 

150th largest value, out of 6000. 

 

Additional information for research statisticians 

 

Conditions for valid causal interpretation 

 

In order to relate 𝐹𝑡
con and 𝐹𝑡

𝑎=1  to counterfactual outcomes, some additional notation is 

required. Recall that 𝑌(con) represents a patient's counterfactual outcome if assigned to CON, and 

𝑌(𝑎) represents a patient's counterfactual outcome under an INV strategy of revascularization at 

week 𝑎 for all patients who survive until week 𝑎. Let 𝑌𝑡
(con)

= 𝐼(𝑌(con) ≤ 𝑡) indicate a patient's 

counterfactual event status at week 𝑡 under CON, and let 𝑌𝑡
(𝑎)

= 𝐼(𝑌(𝑎) ≤ 𝑡) indicate a patient's 

counterfactual event status at week 𝑡 under an INV strategy of revascularization at week 𝑎. Let 

𝑝𝑡
(con)(𝑥) = 𝑃(𝑌𝑡

(con)
= 1|𝑌𝑡−1

(con)
= 0, 𝑋 = 𝑥) 

be the counterfactual weekly event probability at week 𝑡 conditional on covariates 𝑋 = 𝑥 if 

assigned to CON and let 

𝑝𝑡
(𝑎)(𝑥, 𝑧) = 𝑃(𝑌𝑡

(𝑎)
= 1|𝑌𝑡−1

(𝑎)
= 0, 𝑋 = 𝑥, 𝑍 = 𝑧) 



 

be the counterfactual weekly event probability at week 𝑡 conditional on covariates 𝑋 = 𝑥, 𝑍 = 𝑧 

under a strategy of revascularization at week 𝑎 for all patients. Let 𝑟̅𝑡(𝑎) be a function that 

returns the value of 𝑅𝑡 at week 𝑡 hypothetically if revascularization is given at week 𝑎, i.e., 

𝑟̅𝑡(𝑎) = 1 + 𝑡 − 𝑎 if 𝑡 ≥ 𝑎 and 𝑟̅𝑡(𝑎) = 0 if 𝑡 < 𝑎. Finally, let 𝑀(inv) denote a patient's 

counterfactual missing data status for angiography variables hypothetically if randomized to INV 

(0=missing, 1=non-missing). According to this definition, a patient's actual observed missing 

data status for angiography variables is 𝑀 = 𝐼(𝐺 = inv) × 𝑀(inv).  

 

In the paragraphs below, our goal is to outline conditions leading to the equalities 𝑝𝑡
con(𝑥) =

𝑝𝑡
(con)(𝑥) and 𝑝𝑡

inv(𝑥, 𝑧, 𝑟𝑡 = 𝑟̅𝑡(𝑎)) = 𝑝𝑡
(𝑎)(𝑥, 𝑧), in other words, conditions that allow 𝑝𝑡

con(𝑥) 

and 𝑝𝑡
inv(𝑥, 𝑧, 𝑟𝑡̅(𝑎)) to be interpreted in terms of counterfactual outcomes, i.e., causally. 

 

For patients who are assigned to CON, the outcome 𝑌(con) is observed and so 𝑌𝑡 = 𝑌𝑡
(con)

 for all 𝑡. 

Hence, we can replace 𝑌𝑡 with 𝑌𝑡
(con)

 in the 𝑝𝑡
con(𝑥) definition; that is, 𝑝𝑡

con(𝑥) =

𝑃(𝑌𝑡
(con)

= 1|𝑌𝑡−1
(con)

= 0, 𝐶𝑡 = 1, 𝐺 = con, 𝑋 = 𝑥). Due to randomization, it is reasonable to 

assume that the distribution of 𝑌𝑡
(con)

 is identical among patients in both randomized treatment 

groups. This allows us to drop the condition 𝐺 = con from the right-hand side of the above 

probability. If we further assume that censoring is non-informative, this allows us to also drop 

the condition 𝐶𝑡 = 1 from the right-hand side of the above probability. After dropping both of 

the above, we have  

𝑝𝑡
con(𝑥) = 𝑃(𝑌𝑡

(con)
= 1|𝑌𝑡−1

(con)
= 0, 𝑋 = 𝑥) = 𝑝𝑡

(con)(𝑥).  

Under the same conditions, it follows that  

𝐹𝑡
con(𝑥) = 𝑃(𝑌(con) ≤ 𝑡|𝑋 = 𝑥) = 𝐸(𝑌𝑡

(con)
|𝑋 = 𝑥) 

and, hence,  

𝐹𝑡
con =

1

612
∑ 𝑃(𝑌(con) ≤ 𝑡|𝑋 = 𝑥𝑖)

612

𝑖=1

=
1

612
∑ 𝐸(𝑌𝑡

(con)
|𝑋 = 𝑥𝑖)

612

𝑖=1

. 

 

This shows that 𝐹𝑡
con is an average of covariate-specific counterfactual means and probabilities. 

 

For INV patients who have revascularization status 𝑅𝑡 = 𝑟̅𝑡(𝑎) on week 𝑡, the observed 

outcomes through week 𝑡 are 𝑌1
(𝑎)

, … , 𝑌𝑡
(𝑎)

 so 𝑌𝑗 = 𝑌𝑗
(𝑎)

 for 𝑗 ≤ 𝑡. Hence, we can replace 𝑌𝑡 with 

𝑌𝑡
(𝑎)

 in the 𝑝𝑡
inv(𝑥, 𝑧, 𝑟𝑡 = 𝑟̅𝑡(𝑎)) definition; that is, 𝑝𝑡

inv(𝑥, 𝑧, 𝑟𝑡 = 𝑟̅𝑡(𝑎)) =

𝑃(𝑌𝑡
(𝑎)

= 1|𝑌𝑡−1
(𝑎)

= 0, 𝑅𝑡 = 𝑟̅𝑡(𝑎), 𝐶𝑡 = 1, 𝐺 = inv, 𝑀 = 1, 𝑋 = 𝑥, 𝑍 = 𝑧). The equality 

𝑝𝑡
inv(𝑥, 𝑧, 𝑟𝑡 = 𝑟̅𝑡(𝑎)) = 𝑝𝑡

(𝑎)
(𝑥, 𝑧) then follows by assuming that counterfactual outcomes are 

independent of assigned treatments 𝑅𝑡, censoring status 𝐶𝑡, randomization group 𝐺, and 

missingness status of angiographic covariates 𝑀 within strata formed by the cross-classification 

of baseline variables represented by 𝑋 and 𝑍. Under these conditions, it follows that  

𝐹𝑡
𝑎=1(𝑥, 𝑧) = 𝑃(𝑌(𝑎=1) ≤ 𝑡|𝑋 = 𝑥, 𝑍 = 𝑧) 

and, hence,  

𝐹𝑡
𝑎=1 =

1

612
∑ 𝑃(𝑌(𝑎=1) ≤ 𝑡|𝑋 = 𝑥𝑖 , 𝑍 = 𝑧𝑖)

612

𝑖=1

=
1

612
∑ 𝐸(𝑌𝑡

(𝑎=1)
|𝑋 = 𝑥𝑖, 𝑍 = 𝑧𝑖)

612

𝑖=1

. 



 

This shows that 𝐹𝑡
𝑎=1 is an average of covariate-specific counterfactual means and probabilities. 

 

Finally, the above results allow us to rewrite 𝛿𝑡 as  

𝛿𝑡 =
1

612
∑ {𝐸(𝑌𝑡

(𝑎=1)
|𝑋 = 𝑥𝑖, 𝑍 = 𝑧𝑖) − 𝐸(𝑌𝑡

(con)
|𝑋 = 𝑥𝑖)}

612

𝑖=1

. 

 

Justification for different covariates in models for revascularization and CON 

 

The quantity 𝛿𝑡 differs from conventional model-based direct standardization because the 

standardization for prompt revascularization conditions on both 𝑋 and 𝑍 whereas the 

standardization for CON only conditions on 𝑋. In order for 𝛿𝑡 to be a meaningful summary 

measure of treatment effect, an additional assumption is required. Specifically, we assume that 

the probability of non-missing invasive angiography data depends only on baseline covariates 𝑋 

and not on the results of the angiography itself, 𝑍. In probability notation, the assumption is 𝑀 ⊥
𝑍|𝑋.  

 

To justify 𝛿𝑡 under the above assumption, re-write it as  

𝛿𝑡 = 𝐹𝑡 
𝑎=1 − 𝐹𝑡

con =
∑ {𝐹𝑡

𝑎=1(𝑥𝑖, 𝑧𝑖) − 𝐹𝑡
𝑐𝑜𝑛(𝑥𝑖)}𝑁

𝑖=1 𝐼(𝐺𝑖 = inv, 𝑀𝑖 = 1)

∑ 𝐼(𝐺𝑖 = inv, 𝑀𝑖 = 1)𝑁
𝑖=1

, 

where 𝑁 = 1283 is the total sample size across both treatment groups, and subscript 𝑖 is re-

defined to refer to the 𝑖-th of these 𝑁 participants. Also, let 𝛿𝑡
∗ be the quantity to which 𝛿𝑡 

converges in probability as 𝑁 grows large if the study cohort was a random sample, i.e., 𝛿𝑡

𝑝
→  𝛿𝑡

∗.  

From the above 𝛿𝑡 expression, we can see that 

𝛿𝑡
∗ = 𝐸{𝐹𝑡

𝑎=1(𝑋, 𝑍) − 𝐹𝑡
𝑐𝑜𝑛(𝑋)|𝐺 = inv, 𝑀 = 1}. 

Under conditions already given above, we will show that   

𝛿𝑡
∗ = 𝐸{𝑌𝑡

(𝑎=1)
− 𝑌𝑡

(con)
|𝑀(inv) = 1}. 

In other words, 𝛿𝑡
∗ is the population average of the causal contrast 𝑌𝑡

(𝑎=1)
− 𝑌𝑡

(con)
 among 

patients who would have non-missing angiography data if assigned to INV. To establish the 

above equality, first note that the event 𝐺 = inv, 𝑀 = 1 is equivalent to 𝐺 = inv, 𝑀(inv) = 1. 

Also, by randomization, we have 𝐺 ⊥ (𝑋, 𝑍, 𝑀(inv)). Finally, the assumption 𝑀 ⊥ 𝑍|𝑋, together 

with the above assumptions, implies that 𝑃(𝑋, 𝑍|𝐺 = inv, 𝑀 = 1) =
𝑃(𝑍|𝑋)𝑃(𝑋 = 𝑥|𝑀(inv)  = 1). It follows that 

𝛿𝑡
∗ = ∑ ∑{𝐸(𝑌𝑡

(𝑎=1)|𝑋 =  𝑥, 𝑍 = 𝑧)

⬚

𝑧

⬚

𝑥

− 𝐸(𝑌𝑡
(con)|𝑋 =  𝑥)}𝑃(𝑍 = 𝑧|𝑋 = 𝑥)𝑃(𝑋 = 𝑥|𝑀(inv)  = 1) 

     = ∑ {(∑ 𝐸(𝑌𝑡
(𝑎=1)|𝑋 =  𝑥, 𝑍 = 𝑧)𝑃(𝑍 = 𝑧|𝑋 = 𝑥)

⬚

𝑧
)

⬚

𝑥

− 𝐸(𝑌𝑡
(con)|𝑋 =  𝑥)} 𝑃(𝑋 = 𝑥|𝑀(inv)  = 1) 



 

     = ∑{𝐸(𝑌𝑡
(𝑎=1) − 𝑌𝑡

(con)|𝑋 =  𝑥)}𝑃(𝑋 = 𝑥|𝑀(inv)  = 1)

⬚

𝑥

 

     = 𝐸(𝑌𝑡
(𝑎=1) − 𝑌𝑡

(con)|𝑀(inv)  = 1). 
 

The above discussion shows that 𝛿𝑡
∗ represents the average causal effect of the two treatments 

within a defined subgroup of the overall population. Estimation of 𝛿𝑡 is justified by the 

observation that it is a sample analog of 𝛿𝑡
∗ and that 𝛿𝑡

∗ has a well-defined causal interpretation 

under the assumptions we outlined. 

 

Alternative estimands 

 

The main limitation of 𝛿𝑡
∗ is that the subgroup it pertains to is not directly observable or of 

inherent clinical interest. Ideally, we would instead prefer to estimate the overall population 

treatment effect, 𝛿𝑡
overall = 𝐸(𝑌𝑡

(𝑎=1) − 𝑌𝑡
(con)).   

 

In a frequentist analysis, estimation of the quantity 𝛿𝑡
overall would be relatively straightforward. 

For example, an inverse probability weighting (IPW) adjustment could be applied to the 612 

INV participants with non-missing invasive angiography data. Let 𝑤(𝑥) = 1/𝑃(𝑀 = 1|𝑋 = 𝑥) 

and define 

𝛿𝑡
ipw

=
∑ 𝑤(𝑥𝑖){𝐹𝑡

𝑎=1(𝑥𝑖, 𝑧𝑖) − 𝐹𝑡
𝑐𝑜𝑛(𝑥𝑖)}𝑁

𝑖=1 𝐼(𝐺𝑖 = inv, 𝑀𝑖 = 1)

∑ 𝑤(𝑥𝑖)𝐼(𝐺𝑖 = inv, 𝑀𝑖 = 1)𝑁
𝑖=1

. 

This quantity would have the desirable property 𝛿𝑡
ipw 𝑝

→ 𝛿𝑡
overall.  

 

Targeting 𝛿𝑡
overall in a fully Bayesian statistical analysis is not straightforward, as it would require 

modeling and/or assigning a prior distribution to the unknown probability mass function 

𝑃(𝑋, 𝑍, 𝑀). The chosen approach avoids estimating 𝑃(𝑋, 𝑍, 𝑀) by standardizing outcomes 

according to an observed empirical covariate distribution.  

 

 

 

 

SECTION II: QUALITY-OF-LIFE OUTCOMES 

Statistical methods 

 

The statistical analyses for quality-of-life (QoL) focused on predicting outcomes hypothetically 

if a large patient population resembling the study's INV cohort (i.e., the subset with non-missing 

angiography data) were all to undergo revascularization or all assigned to CON. Again, analyses 

of the INV cohort were limited to 612 patients who had non-missing data for key invasively 

measured angiographic covariates. As previously noted, treatment was not randomized, as the 

timing of revascularization and choice of PCI or CABG was left to the local heart time. 

Consequently, we assume that the key determinants of receiving treatment were measured and 

included in the adjustment procedure. Although this exchangeability condition is unlikely to be 

true in a literal sense, we aim to reduce the risk of large violations of exchangeability by 

adjusting for a large number of relevant pre-treatment covariates.  



 

 

For QoL outcomes, the statistical framework was a set of proportional odds models. We 

performed separate analyses for each method of revascularization (REV, PCI, CABG) and 

outcome (SAQ-7, RDS, EQ-5D). For each analysis, we estimated separate models for INV and 

CON, adjusting for the covariates listed in eTable 8 as well as the baseline health status score for 

the given outcome. Using these models, we predicted the score for each patient in the study’s 

INV cohort under each treatment strategy. We then estimated the standardized outcome for each 

treatment strategy as the average of the predicted scores. We defined the primary measure of 

treatment effect for each QoL outcome to be the between group difference in the REV vs. CON, 

PCI vs. CON and CABG vs. CON standardized outcomes at 12 months. 

 

We estimated the model parameters in a Bayesian statistical framework using Markov Chain 

Monte Carlo (MCMC) sampling. We specified diffuse Student’s t prior distributions (degrees of 

freedom = 3, mean = 0, standard deviation (SD) = 10 times the SD of the respective covariate) 

for all regression parameters. We summarized between group differences by posterior means and 

equal-tailed 95% credible intervals (CrIs).  

 

In the QoL analyses, we imputed missing health status scores using multiple imputation 

methods. Imputation models included all baseline and angiographic covariates listed in eTable 8, 

as well as treatment strategy and health status scores through 12 months. Thirty-two randomly 

imputed data sets were generated, models were fit on each data set, and the resulting posterior 

predicted outcomes were combined to obtain final posterior distributions incorporating 

uncertainty due to missingness.  

 

  



 

Supplementary Table 1. Adjustment covariates for regression models. 

 

 

  

 Clinical 

Outcomes 

Quality-of-Life 

Outcomes 

 INV CON INV CON 

Baseline Covariates     

Region X X X X 

Age X X X X 

Sex X X X X 

Hypertension X X X X 

Diabetes X X X X 

Smoking X X X X 

Prior MI X X X X 

History of Cerebrovascular Disease or Stroke X X X X 

History of Peripheral Artery Disease X X X X 

Prior PCI X X X X 

Left Ventricular Ejection Fraction X X X X 

Body Mass Index X X X X 

Estimated Glomerular Filtration Rate X X X X 

Seattle Angina Frequency Score X X X X 

New York Heart Association Functional Class X X X X 

Degree of Ischemia on Stress Test X X X X 

     

Angiographic Covariates     

Duke Jeopardy Score X  X  

SYNTAX Score X  X  

Chronic Total Occlusion X  X  

Moderate/Severe Calcification X  X  

Moderate/Severe Tortuosity X  X  

Number of Anatomic Lesions X  X  

Number of Ischemic Lesions X  X  

Left Main Disease X  X  

Proximal Left Anterior Descending Artery Stenosis X  X  

     

Time-Dependent Covariates     

Time Since Randomization X X   

Time Since Revascularization X    



 

Supplementary Table 2. Baseline characteristics. 

 

 

 

INV 

N=612 

INV: REV 

N=510 

INV: PCI 

N=292 

INV: CABG 

N=218 

CON 

N=624 

P-value 

INV vs. 

CON 

P-value 

REV vs. 

CON 

P-value 

PCI vs. 

CON 

P-value 

CABG vs. 

CON 

Race      0.87 0.90 0.82 0.11 

   White 386 / 606 (63.7%) 324 / 506 (64.0%) 174 / 291 (59.8%) 150 / 215 (69.8%) 382 / 617 (61.9%)     

   Black 21 / 606 (3.5%) 17 / 506 (3.4%) 9 / 291 (3.1%) 8 / 215 (3.7%) 22 / 617 (3.6%)     

   Asian 195 / 606 (32.2%) 161 / 506 (31.8%) 104 / 291 (35.7%) 57 / 215 (26.5%) 207 / 617 (33.5%)     

   Other or 

multiple  

   races reported 

4 / 606 (0.7%) 4 / 506 (0.8%) 4 / 291 (1.4%) 0 / 215 (0.0%) 6 / 617 (1.0%)     

Hispanic or 

Latino  
98 / 612 (16.0%) 83 / 510 (16.3%) 44 / 292 (15.1%) 39 / 218 (17.9%) 97 / 624 (15.5%) 0.88 0.80 0.93 0.48 

Region      0.75 0.66 0.53 0.03 

   North America 150 / 612 (24.5%) 118 / 510 (23.1%) 67 / 292 (22.9%) 51 / 218 (23.4%) 156 / 624 (25.0%)     

   Europe 186 / 612 (30.4%) 157 / 510 (30.8%) 84 / 292 (28.8%) 73 / 218 (33.5%) 192 / 624 (30.8%)     

   Asia 197 / 612 (32.2%) 168 / 510 (32.9%) 112 / 292 (38.4%) 56 / 218 (25.7%) 208 / 624 (33.3%)     

   Other 79 / 612 (12.9%) 67 / 510 (13.1%) 29 / 292 (9.9%) 38 / 218 (17.4%) 68 / 624 (10.9%)     

Insulin-dependent 

diabetes 
58 / 608 (9.5%) 50 / 506 (9.9%) 27 / 290 (9.3%) 23 / 216 (10.6%) 71 / 618 (11.5%) 0.31 0.44 0.38 0.83 

History of 

cerebrovascular 

disease 

49 / 611 (8.0%) 40 / 510 (7.8%) 23 / 292 (7.9%) 17 / 218 (7.8%) 36 / 621 (5.8%) 0.15 0.21 0.29 0.38 

Body mass index, 

kg/m2,  
28 (25--31) 28 (25--31) 28 (25--31) 28 (25--31) 28 (25--31) 0.81 0.45 0.33 0.88 

SAQ7 Angina 

Frequency score 
     0.03 0.007 0.0005 0.66 

   100 169 / 612 (27.6%) 132 / 510 (25.9%) 67 / 292 (22.9%) 65 / 218 (29.8%) 207 / 624 (33.2%)     

   70 to 90 318 / 612 (52.0%) 269 / 510 (52.7%) 153 / 292 (52.4%) 116 / 218 (53.2%) 318 / 624 (51.0%)     

   0 to 60 125 / 612 (20.4%) 109 / 510 (21.4%) 72 / 292 (24.7%) 37 / 218 (17.0%) 99 / 624 (15.9%)     

Heart Failure 

Status Over the 

Past Month 

     0.69 0.59 0.80 0.51 

   None 386 / 612 (63.1%) 326 / 510 (63.9%) 185 / 292 (63.4%) 141 / 218 (64.7%) 386 / 624 (61.9%)     

   NYHA Class I 120 / 612 (19.6%) 93 / 510 (18.2%) 53 / 292 (18.2%) 40 / 218 (18.3%) 128 / 624 (20.5%)     

   NYHA Class II 106 / 612 (17.3%) 91 / 510 (17.8%) 54 / 292 (18.5%) 37 / 218 (17.0%) 110 / 624 (17.6%)     

Type of stress 

testing 
     0.75 0.52 0.49 0.77 



 

   Nuclear 265 / 612 (43.3%) 213 / 510 (41.8%) 120 / 292 (41.1%) 93 / 218 (42.7%) 286 / 624 (45.8%)     

   

Echocardiograph

y 

130 / 612 (21.2%) 113 / 510 (22.2%) 67 / 292 (22.9%) 46 / 218 (21.1%) 121 / 624 (19.4%)     

   Cardiac 

magnetic  

   resonance 

imaging 

25 / 612 (4.1%) 18 / 510 (3.5%) 12 / 292 (4.1%) 6 / 218 (2.8%) 22 / 624 (3.5%)     

   Exercise 

treadmill    

   test 

192 / 612 (31.4%) 166 / 510 (32.5%) 93 / 292 (31.8%) 73 / 218 (33.5%) 195 / 624 (31.2%)     

 

 

 

  



 

Supplementary Table 3. Baseline stress test and CCTA results for each analysis group. 

 Total INV INV: REV INV: PCI INV: CABG CON 

    (1236) (612) (510) (292) (218) (624) 

Stress test modality       

Stress imaging 849 / 1236 (68.7%) 420 / 612 (68.6%) 344 / 510 (67.5%) 199 / 292 (68.2%) 145 / 218 (66.5%) 429 / 624 (68.8%) 

    Severe 426 / 848 (50.2%) 209 / 420 (49.8%) 174 / 344 (50.6%) 95 / 199 (47.7%) 79 / 145 (54.5%) 217 / 428 (50.7%) 

    Moderate 353 / 848 (41.6%) 178 / 420 (42.4%) 150 / 344 (43.6%) 90 / 199 (45.2%) 60 / 145 (41.4%) 175 / 428 (40.9%) 

    Mild 42 / 848 (5.0%) 21 / 420 (5.0%) 14 / 344 (4.1%) 8 / 199 (4.0%) 6 / 145 (4.1%) 21 / 428 (4.9%) 

    None 27 / 848 (3.2%) 12 / 420 (2.9%) 6 / 344 (1.7%) 6 / 199 (3.0%) 0 / 145 (0.0%) 15 / 428 (3.5%) 

    Uninterpretable 0 / 848 (0.0%) 0 / 420 (0.0%) 0 / 344 (0.0%) 0 / 199 (0.0%) 0 / 145 (0.0%) 0 / 428 (0.0%) 

Exercise stress test 387 / 1236 (31.3%) 192 / 612 (31.4%) 166 / 510 (32.5%) 93 / 292 (31.8%) 73 / 218 (33.5%) 195 / 624 (31.2%) 

    Severe 331 / 385 (86.0%) 161 / 191 (84.3%) 140 / 165 (84.8%) 77 / 93 (82.8%) 63 / 72 (87.5%) 170 / 194 (87.6%) 

    Moderate 32 / 385 (8.3%) 21 / 191 (11.0%) 16 / 165 (9.7%) 10 / 93 (10.8%) 6 / 72 (8.3%) 11 / 194 (5.7%) 

    Mild 5 / 385 (1.3%) 3 / 191 (1.6%) 3 / 165 (1.8%) 2 / 93 (2.2%) 1 / 72 (1.4%) 2 / 194 (1.0%) 

    None 5 / 385 (1.3%) 3 / 191 (1.6%) 3 / 165 (1.8%) 2 / 93 (2.2%) 1 / 72 (1.4%) 2 / 194 (1.0%) 

    Uninterpretable 12 / 385 (3.1%) 3 / 191 (1.6%) 3 / 165 (1.8%) 2 / 93 (2.2%) 1 / 72 (1.4%) 9 / 194 (4.6%) 

       

Coronary anatomy by 

CCTA (≥50% stenosis) 
      

    Left main 10 / 1231 (0.8%) 4 / 610 (0.7%) 4 / 509 (0.8%) 1 / 291 (0.3%) 3 / 218 (1.4%) 6 / 621 (1.0%) 

    Left anterior descending 1236 / 1236 (100.0%) 612 / 612 (100.0%) 510 / 510 (100.0%) 292 / 292 (100.0%) 218 / 218 (100.0%) 624 / 624 (100.0%) 

      Proximal LAD 715 / 1210 (59.1%) 344 / 601 (57.2%) 284 / 503 (56.5%) 157 / 287 (54.7%) 127 / 216 (58.8%) 371 / 609 (60.9%) 

    Left circumflex 1235 / 1236 (99.9%) 612 / 612 (100.0%) 510 / 510 (100.0%) 292 / 292 (100.0%) 218 / 218 (100.0%) 623 / 624 (99.8%) 

    Right coronary artery 1236 / 1236 (100.0%) 612 / 612 (100.0%) 510 / 510 (100.0%) 292 / 292 (100.0%) 218 / 218 (100.0%) 624 / 624 (100.0%) 

CABG= coronary artery bypass graft surgery; CCTA = coronary computed tomography angiography; CON = conservative; INV= invasive; PCI= percutaneous 

coronary intervention; REV= revascularization



 

Supplementary Table 4. Physiological measurements, risk factors, and medications for each analysis group at baseline and the last 

visit. 

Baseline Measurements Total INV INV: REV INV: PCI INV: CABG CON 

    (1236) (612) (510) (292) (218) (624) 

Systolic blood pressure       

    N 1227 607 506 290 216 620 

    Median 130.0 131.0 131.5 131.5 131.5 130.0 

    (Q1, Q3) (120.0, 143.0) (120.0, 145.0) (120.0, 145.0) (120.0, 144.0) (120.0, 146.0) (120.0, 141.0) 

Diastolic blood pressure       

    N 1227 607 506 290 216 620 

    Median 79.0 80.0 80.0 80.0 80.0 78.0 

    (Q1, Q3) (70.0, 82.0) (70.0, 83.0) (70.0, 83.0) (70.0, 84.0) (70.0, 80.0) (70.0, 82.0) 

Total cholesterol (mg/dL)       

    N 1216 599 500 289 211 617 

    Median 155.0 156.0 157.0 157.0 155.0 154.7 

    (Q1, Q3) (130.6, 185.7) (131.0, 187.0) (131.5, 188.1) (131.5, 186.0) (132.0, 192.5) (129.5, 185.6) 

HDL cholesterol (mg/dL)       

    N 1209 595 497 287 210 614 

    Median 41.0 41.0 41.0 41.0 40.8 41.4 

    (Q1, Q3) (35.0, 49.5) (35.0, 49.9) (35.0, 49.1) (35.6, 49.9) (34.8, 48.3) (34.8, 49.1) 

LDL cholesterol (mg/dL)       

    N 1195 591 493 286 207 604 

    Median 85.0 85.0 85.0 85.0 84.0 85.0 

    (Q1, Q3) (64.0, 111.0) (64.0, 111.5) (65.0, 114.0) (66.2, 113.0) (65.0, 119.0) (64.0, 109.2) 

Triglycerides (mg/dL)       

    N 1205 594 495 287 208 611 

    Median 126.0 130.1 131.0 132.7 125.2 124.0 

    (Q1, Q3) (93.0, 182.0) (95.7, 185.0) (98.0, 185.8) (101.4, 186.0) (94.8, 184.0) (91.0, 177.0) 

HbA1c (%)       

    N 873 425 350 197 153 448 

    Median 6.4 6.4 6.4 6.4 6.4 6.4 

    (Q1, Q3) (5.8, 7.6) (5.8, 7.6) (5.8, 7.5) (5.7, 7.4) (5.8, 7.5) (5.8, 7.6) 

Body mass index       

    N 1220 606 505 292 213 614 

    Median 27.6 27.7 27.8 28.0 27.6 27.6 

    (Q1, Q3) (24.8, 31.1) (25.0, 31.1) (25.1, 31.2) (25.1, 31.4) (25.2, 30.9) (24.6, 31.2) 

Current smoking 
158 / 1234 

(12.8%) 
80 / 611 (13.1%) 59 / 509 (11.6%) 33 / 292 (11.3%) 26 / 217 (12.0%) 78 / 623 (12.5%) 



 

Medications       

    Aspirin or aspirin 

alternative 

1184 / 1220 

(97.0%) 
583 / 601 (97.0%) 488 / 503 (97.0%) 280 / 287 (97.6%) 208 / 216 (96.3%) 601 / 619 (97.1%) 

    Clopidogrel 
324 / 1236 

(26.2%) 
176 / 612 (28.8%) 149 / 510 (29.2%) 87 / 292 (29.8%) 62 / 218 (28.4%) 148 / 624 (23.7%) 

    Anticoagulant 37 / 1226 (3.0%) 25 / 608 (4.1%) 18 / 506 (3.6%) 11 / 291 (3.8%) 7 / 215 (3.3%) 12 / 618 (1.9%) 

    Antiplatelet or 

anticoagulant 

1200 / 1200 

(100.0%) 

594 / 594 

(100.0%) 

495 / 495 

(100.0%) 

285 / 285 

(100.0%) 

210 / 210 

(100.0%) 

606 / 606 

(100.0%) 

    Statin 
1165 / 1235 

(94.3%) 
579 / 612 (94.6%) 482 / 510 (94.5%) 274 / 292 (93.8%) 208 / 218 (95.4%) 586 / 623 (94.1%) 

    High-intensity statin 
502 / 1194 

(42.0%) 
242 / 584 (41.4%) 203 / 485 (41.9%) 118 / 278 (42.4%) 85 / 207 (41.1%) 260 / 610 (42.6%) 

    Ezetimibe 41 / 1236 (3.3%) 19 / 612 (3.1%) 16 / 510 (3.1%) 9 / 292 (3.1%) 7 / 218 (3.2%) 22 / 624 (3.5%) 

    Ace inhibitor / ARB 
806 / 1235 

(65.3%) 
400 / 611 (65.5%) 330 / 509 (64.8%) 187 / 292 (64.0%) 143 / 217 (65.9%) 406 / 624 (65.1%) 

    Adherent to medications 
880 / 1177 

(74.8%) 
435 / 581 (74.9%) 364 / 485 (75.1%) 206 / 280 (73.6%) 158 / 205 (77.1%) 445 / 596 (74.7%) 

Last Visit Measurements Total INV INV: REV INV: PCI INV: CABG CON 

    (1236) (612) (510) (292) (218) (624) 

Systolic blood pressure       

    N 1186 584 493 283 210 602 

    Median 129.0 130.0 130.0 130.0 130.0 127.5 

    (Q1, Q3) (120.0, 139.0) (120.0, 138.0) (120.0, 139.0) (119.0, 138.0) (120.0, 140.0) (119.0, 139.8) 

Diastolic blood pressure       

    N 1186 584 493 283 210 602 

    Median 75.0 74.0 74.0 75.0 74.0 75.0 

    (Q1, Q3) (69.0, 80.0) (69.0, 80.0) (69.0, 80.0) (69.0, 80.0) (70.0, 80.0) (69.0, 80.0) 

Total cholesterol (mg/dL)       

    N 1169 574 486 278 208 595 

    Median 128.0 128.0 128.0 128.5 128.0 128.0 

    (Q1, Q3) (112.1, 150.8) (112.1, 150.8) (112.2, 150.8) (113.0, 151.0) (112.0, 148.1) (112.0, 151.0) 

HDL cholesterol (mg/dL)       

    N 1167 573 485 277 208 594 

    Median 42.0 42.0 42.0 42.5 41.7 42.0 

    (Q1, Q3) (34.9, 49.9) (34.8, 50.0) (34.8, 50.0) (35.2, 50.0) (34.0, 49.3) (35.0, 49.4) 

LDL cholesterol (mg/dL)       

    N 1166 573 485 277 208 593 

    Median 63.0 63.0 63.0 64.0 62.3 62.0 

    (Q1, Q3) (50.0, 81.0) (50.3, 81.2) (51.0, 81.0) (51.0, 81.6) (50.3, 78.9) (49.9, 79.0) 

Triglycerides (mg/dL)       



 

    N 1168 573 486 278 208 595 

    Median 115.0 118.0 120.3 122.0 119.0 115.0 

    (Q1, Q3) (85.0, 159.3) (86.7, 164.6) (86.2, 165.9) (88.1, 164.9) (84.1, 168.0) (82.7, 155.4) 

HbA1c (%)       

    N 929 452 388 218 170 477 

    Median 6.4 6.4 6.3 6.3 6.4 6.4 

    (Q1, Q3) (5.8, 7.4) (5.7, 7.4) (5.7, 7.4) (5.8, 7.5) (5.7, 7.3) (5.8, 7.4) 

Body mass index       

    N 1166 575 486 282 204 591 

    Median 27.3 27.4 27.7 28.0 27.3 27.2 

    (Q1, Q3) (24.6, 30.8) (24.8, 30.6) (24.8, 30.7) (24.7, 31.1) (24.9, 30.4) (24.2, 30.9) 

Current smoking 
118 / 1152 

(10.2%) 
53 / 567 (9.3%) 38 / 482 (7.9%) 28 / 277 (10.1%) 10 / 205 (4.9%) 65 / 585 (11.1%) 

Medications       

    Aspirin or aspirin 

alternative 

1135 / 1166 

(97.3%) 
560 / 576 (97.2%) 476 / 489 (97.3%) 277 / 283 (97.9%) 199 / 206 (96.6%) 575 / 590 (97.5%) 

    Clopidogrel 
345 / 1190 

(29.0%) 
189 / 585 (32.3%) 168 / 494 (34.0%) 117 / 284 (41.2%) 51 / 210 (24.3%) 156 / 605 (25.8%) 

    Anticoagulant 62 / 1188 (5.2%) 33 / 583 (5.7%) 25 / 493 (5.1%) 10 / 283 (3.5%) 15 / 210 (7.1%) 29 / 605 (4.8%) 

    Antiplatelet or 

anticoagulant 

1159 / 1159 

(100.0%) 

569 / 569 

(100.0%) 

481 / 481 

(100.0%) 

278 / 278 

(100.0%) 

203 / 203 

(100.0%) 

590 / 590 

(100.0%) 

    Statin 
1139 / 1190 

(95.7%) 
564 / 585 (96.4%) 476 / 494 (96.4%) 272 / 284 (95.8%) 204 / 210 (97.1%) 575 / 605 (95.0%) 

    High-intensity statin 
829 / 1188 

(69.8%) 
412 / 584 (70.5%) 350 / 493 (71.0%) 200 / 283 (70.7%) 150 / 210 (71.4%) 417 / 604 (69.0%) 

    Ezetimibe 
309 / 1190 

(26.0%) 
142 / 585 (24.3%) 121 / 494 (24.5%) 73 / 284 (25.7%) 48 / 210 (22.9%) 167 / 605 (27.6%) 

    Ace inhibitor / ARB 
833 / 1190 

(70.0%) 
421 / 585 (72.0%) 356 / 494 (72.1%) 209 / 284 (73.6%) 147 / 210 (70.0%) 412 / 605 (68.1%) 

    Adherent to medications 
968 / 1164 

(83.2%) 
492 / 573 (85.9%) 422 / 487 (86.7%) 245 / 280 (87.5%) 177 / 207 (85.5%) 476 / 591 (80.5%) 

ACE= angiotensin converting enzyme; ARB= angiotensin receptor blocker; CABG= coronary artery bypass graft surgery; CCTA = coronary computed 

tomography angiography; CON = conservative; HDL=high density lipoprotein; INV= invasive; LDL= low density lipoprotein; PCI= percutaneous coronary 

intervention; REV= revascularization



 

Supplementary Table 5. Procedural details. 

CABG Details  

Variable CABG (N = 218) 

No. of grafts 3 (3--4) 

Any arterial grafts 203 / 218 (93.1%) 

Internal mammary artery  

     Yes, left only 162 / 218 (74.3%) 

     Yes, right only 5 / 218 (2.3%) 

     Yes, bilateral 33 / 218 (15.1%) 

Concomitant valve procedure 3 / 218 (1.4%) 

Cardio Pulmonary Bypass used 123 / 216 (56.9%) 

  

PCI Details  

PCI performed on all ischemic lesions RV >=2.25 

mm? 

 

    Yes 244 / 292 (83.6%) 

    No 48 / 292 (16.4%) 

        Technically difficult 6 / 46 (13.0%) 

        Attempted but failed 15 / 46 (32.6%) 

        Intervening procedural complication 3 / 46 (6.5%) 

        Patient refused NA 

        Staged procedure planned 5 / 46 (10.9%) 

        Distal disease not addressed 3 / 46 (6.5%) 

        Other 14 / 46 (30.4%) 

        For unknown/missing reason NA 

Was PCI performed on any non-ischemic lesion 

<=80% stenosis 

 

    No 274 / 292 (93.8%) 

    Yes 18 / 292 (6.2%) 

        FFR not done: severe lesion by IVUS - MLA <4.0 

mm2 

1 / 18 (5.6%) 

        FFR not done: technical reasons 0 

        FFR not done:  intervening procedural 

complications 

0 

        FFR not done: other reasons 1 / 18 (5.6%) 

        FFR <=0.80 14 / 18 (77.8%) 

        FFR >0.80 2 / 18 (11.1%) 

             With severe lesion by IVUS - MLA <4.0 mm2 0 

             And IVUS not performed 2 / 2 (100.0%) 

Stent use 273 / 292 (93.5%) 

    Drug-eluting stent use 264 / 272 (97.1%) 

    Bare metal stent use 9 / 272 (3.3%) 

Drug-eluting stents  

    Xience 117 / 264 (44.3%) 

    Promus Element 32 / 264 (12.1%) 

    Endeavor 4 / 264 (1.5%) 

    Resolute 105 / 264 (39.8%) 

    Taxus 1 / 264 (0.4%) 

    Biomatrix 3 / 264 (1.1%) 

    Other 19 / 264 (7.2%) 

 



 

Supplementary Table 6. Cumulative risk estimates of outcomes over time for 

revascularisation versus CON in patients with 3-vessel disease. 

Event Time REV CON Treatment Effect: REV-CON 

(95% Credible Interval) 

All Death 6 Months 1.9% 1.0%  0.9% (-0.2% to 2.2%) 

All Death 1 Year 2.6% 1.9%  0.7% (-1.0% to 2.5%) 

All Death 2 Years 4.0% 3.8%  0.2% (-1.8% to 2.2%) 

All Death 3 Years 5.2% 5.5% -0.3% (-2.9% to 2.4%) 

All Death 4 Years 7.6% 8.8% -1.2% (-4.7% to 2.2%) 

All Death 5 Years 9.7% 11.8% -2.1% (-7.1% to 2.8%) 

CV Death 6 Months 1.6% 0.9%  0.7% (-0.3% to 2.0%) 

CV Death 1 Year 2.1% 1.7%  0.4% (-1.2% to 2.0%) 

CV Death 2 Years 2.9% 3.3% -0.4% (-2.3% to 1.4%) 

CV Death 3 Years 3.6% 4.8% -1.2% (-3.5% to 1.1%) 

CV Death 4 Years 5.2% 7.5% -2.3% (-5.5% to 0.8%) 

CV Death 5 Years 6.6% 9.8% -3.2% (-7.8% to 1.0%) 

All Death/MI 6 Months 7.9% 4.1%  3.8% (1.5% to 6.3%) 

All Death/MI 1 Year 9.3% 7.9%  1.4% (-1.8% to 4.6%) 

All Death/MI 2 Years 11.2% 11.5% -0.3% (-3.6% to 3.1%) 

All Death/MI 3 Years 13.0% 14.9% -1.8% (-5.8% to 2.2%) 

All Death/MI 4 Years 15.5% 18.8% -3.4% (-7.9% to 1.0%) 

All Death/MI 5 Years 17.7% 22.4% -4.8% (-10.5% to 0.7%) 

CV Death/MI 6 Months 7.6% 4.1%  3.6% (1.3% to 6.0%) 

CV Death/MI 1 Year 8.7% 7.8%  0.9% (-2.2% to 3.9%) 

CV Death/MI 2 Years 10.1% 11.2% -1.1% (-4.4% to 2.2%) 

CV Death/MI 3 Years 11.5% 14.4% -2.8% (-6.7% to 0.9%) 

CV Death/MI 4 Years 13.2% 17.6% -4.4% (-8.7% to -0.3%) 

CV Death/MI 5 Years 14.8% 20.7% -5.9% (-11.2% to -0.8%) 

All-Cause Death/ Procedural MI 6 Months 7.5% 1.4% 6.2% (4.1% to 8.4%) 

All-Cause Death/ Procedural MI 1 Year 8.3% 2.7% 5.6% (3.1% to 8.2%) 

All-Cause Death/ Procedural MI 2 Years 9.7% 4.8% 4.8% (2.1% to 7.7%) 

All-Cause Death/ Procedural MI 3 Years 10.9% 6.8% 4.1% (0.8% to 7.5%) 

All-Cause Death/ Procedural MI 4 Years 12.8% 10.2% 2.7% (-1.3% to 6.5%) 

All-Cause Death/ Procedural MI 5 Years 14.6% 13.2% 1.4% (-3.8% to 6.2%) 

CV Death/ Procedural MI 6 Months 7.3% 1.3% 6.0% (4.0% to 8.3%) 

CV Death/ Procedural MI 1 Year 7.8% 2.4% 5.3% (3.0% to 7.9%) 

CV Death/ Procedural MI 2 Years 8.6% 4.3% 4.3% (1.7% to 7.0%) 

CV Death/ Procedural MI 3 Years 9.4% 6.0% 3.3% (0.2% to 6.4%) 

CV Death/ Procedural MI 4 Years 10.5% 8.7% 1.8% (-1.8% to 5.3%) 

CV Death/ Procedural MI 5 Years 11.5% 11.1% 0.4% (-4.2% to 4.8%) 

All-Cause Death/Spontaneous MI 6 Months 2.4% 3.8% -1.3% (-2.9% to 0.2%) 

All-Cause Death/Spontaneous MI 1 Year 3.7% 7.3% -3.6% (-6.1% to -1.1%) 



 

All-Cause Death/Spontaneous MI 2 Years 5.2% 10.3% -5.1% (-7.9% to -2.4%) 

All-Cause Death/Spontaneous MI 3 Years 6.5% 13.1% -6.5% (-9.9% to -3.2%) 

All-Cause Death/Spontaneous MI 4 Years 9.4% 16.4% -7.0% (-11.0% to -3.2%) 

All-Cause Death/Spontaneous MI 5 Years 11.9% 19.5% -7.6% (-12.8% to -2.6%) 

CV Death/Spontaneous MI 6 Months 2.2% 3.8% -1.6% (-3.0% to 0.0%) 

CV Death/Spontaneous MI 1 Year 3.1% 7.2% -4.1% (-6.5% to -1.6%) 

CV Death/Spontaneous MI 2 Years 4.1% 10.0% -5.9% (-8.6% to -3.2%) 

CV Death/Spontaneous MI 3 Years 5.0% 12.6% -7.5% (-10.9% to -4.4%) 

CV Death/Spontaneous MI 4 Years 7.1% 15.2% -8.1% (-12.0% to -4.5%) 

CV Death/Spontaneous MI 5 Years 8.9% 17.6% -8.7% (-13.7% to -4.0%) 

All Death/MI/Stroke 6 Months 9.2% 4.2%  5.0% (2.6% to 7.6%) 

All Death/MI/Stroke 1 Year 10.5% 8.0%  2.5% (-0.7% to 5.7%) 

All Death/MI/Stroke 2 Years 12.8% 12.0%  0.7% (-2.7% to 4.2%) 

All Death/MI/Stroke 3 Years 14.8% 15.7% -0.9% (-5.0% to 3.3%) 

All Death/MI/Stroke 4 Years 17.5% 19.9% -2.5% (-7.0% to 2.2%) 

All Death/MI/Stroke 5 Years 19.9% 23.7% -3.9% (-9.7% to 1.8%) 

CV Death/MI/Stroke 6 Months 8.9% 4.1%  4.8% (2.3% to 7.4%) 

CV Death/MI/Stroke 1 Year 10.0% 7.9%  2.1% (-1.2% to 5.3%) 

CV Death/MI/Stroke 2 Years 11.7% 11.7%  0.0% (-3.4% to 3.4%) 

CV Death/MI/Stroke 3 Years 13.3% 15.2% -1.9% (-5.8% to 2.1%) 

CV Death/MI/Stroke 4 Years 15.2% 18.7% -3.5% (-7.9% to 0.8%) 

CV Death/MI/Stroke 5 Years 16.9% 22.0% -5.0% (-10.5% to 0.3%) 

CON= conservative; CV= cardiovascular; MI= myocardial infarction; REV= revascularization 

 

 



 

Supplementary Table 7. Posterior probability for revascularisation, PCI or CABG versus CON 

in patients with 3-vessel disease for MI separated into procedural (p) or spontaneous (s). 

Treatment Effect (%)  All Death/pMI CV Death/pMI All Death/sMI CV Death/sMI 

REV vs. CON     

>5% lower <0.1 <0.1 83.8 95.1 

>3% lower 0.2 0.4 97.9 99.6 

>1% lower 3.5 6.2 99.9 >99.9 

Any lower 9.1 16.2 >99.9 >99.9 

Any higher 90.9 83.8 <0.1 <0.1 

>1% higher 80.2 67.4 <0.1 <0.1 

> 3% higher 43.3 25.3 <0.1 <0.1 

> 5% higher 11.6 3.6 <0.1 <0.1 

PCI vs. CON     

>5% lower 0.8 0.8 75.7 85.6 

>3% lower 5.5 8.2 93.3 97.3 

>1% lower 24.2 31.3 98.9 99.8 

Any lower 39.0 50.3 99.7 99.9 

Any higher 61.0 49.7 0.3 0.1 

>1% higher 43.5 32.9 <0.1 <0.1 

> 3% higher 17.0 9.3 <0.1 <0.1 

> 5% higher 4.0 1.7 <0.1 <0.1 

CABG vs. CON     

>5% lower <0.1 <0.1 91.1 98.8 

>3% lower 0.2 0.3 98.3 99.9 

>1% lower 1.6 3.7 99.8 >99.9 

Any lower 4.4 8.5 99.9 >99.9 

Any higher 95.6 91.5 0.1 <0.1 

>1% higher 90.3 82.4 <0.1 <0.1 

> 3% higher 69.0 51.8 <0.1 <0.1 

> 5% higher 39.0 22.0 <0.1 <0.1 



 

Supplementary Table 8. Cumulative risk estimates of outcomes over time for PCI versus CON 

in patients with 3-vessel disease. 

Event Time PCI CON Treatment Effect: PCI-CON  

(95% Credible Interval) 

All Death 6 Months 1.6% 1.0%  0.5% (-0.6% to 2.0%) 

All Death 1 Year 2.7% 1.9%  0.8% (-1.1% to 3.0%) 

All Death 2 Years 4.1% 3.8%  0.3% (-2.0% to 3.0%) 

All Death 3 Years 5.4% 5.5% -0.1% (-3.1% to 3.3%) 

All Death 4 Years 7.9% 8.8% -0.9% (-5.0% to 3.4%) 

All Death 5 Years 10.1% 11.8% -1.7% (-7.3% to 4.0%) 

CV Death 6 Months 1.4% 0.9%  0.5% (-0.6% to 2.0%) 

CV Death 1 Year 2.4% 1.7%  0.7% (-1.1% to 2.8%) 

CV Death 2 Years 3.4% 3.3%  0.0% (-2.2% to 2.5%) 

CV Death 3 Years 4.2% 4.8% -0.6% (-3.5% to 2.5%) 

CV Death 4 Years 6.0% 7.5% -1.5% (-5.3% to 2.6%) 

CV Death 5 Years 7.5% 9.8% -2.3% (-7.4% to 3.1%) 

All Death/MI 6 Months 5.8% 4.1%  1.7% (-0.8% to 4.5%) 

All Death/MI 1 Year 8.5% 7.9%  0.6% (-3.0% to 4.5%) 

All Death/MI 2 Years 10.2% 11.5% -1.3% (-5.3% to 3.0%) 

All Death/MI 3 Years 11.8% 14.9% -3.1% (-7.7% to 1.9%) 

All Death/MI 4 Years 13.9% 18.8% -4.9% (-10.2% to 0.7%) 

All Death/MI 5 Years 15.8% 22.4% -6.6% (-13.0% to -0.2%) 

CV Death/MI 6 Months 5.5% 4.1%  1.4% (-1.1% to 4.4%) 

CV Death/MI 1 Year 8.0% 7.8%  0.2% (-3.6% to 4.0%) 

CV Death/MI 2 Years 9.2% 11.2% -2.0% (-5.9% to 2.3%) 

CV Death/MI 3 Years 10.5% 14.4% -3.9% (-8.5% to 0.9%) 

CV Death/MI 4 Years 11.9% 17.6% -5.8% (-10.8% to -0.5%) 

CV Death/MI 5 Years 13.2% 20.7% -7.4% (-13.4% to -1.4%) 

All-Cause Death/ Procedural MI 6 Months 5.0% 1.4%  3.6% (1.4% to 6.3%) 

All-Cause Death/ Procedural MI 1 Year 7.1% 2.7%  4.4% (1.5% to 7.7%) 

All-Cause Death/ Procedural MI 2 Years 8.2% 4.8%  3.4% (0.1% to 7.1%) 

All-Cause Death/ Procedural MI 3 Years 9.3% 6.8%  2.5% (-1.4% to 6.7%) 

All-Cause Death/ Procedural MI 4 Years 10.9% 10.2%  0.7% (-3.9% to 5.5%) 

All-Cause Death/ Procedural MI 5 Years 12.4% 13.2% -0.9% (-6.6% to 5.0%) 

CV Death/ Procedural MI 6 Months 4.7% 1.3%  3.5% (1.4% to 6.1%) 

CV Death/ Procedural MI 1 Year 6.5% 2.4%  4.0% (1.2% to 7.3%) 

CV Death/ Procedural MI 2 Years 7.2% 4.3%  2.9% (-0.2% to 6.4%) 

CV Death/ Procedural MI 3 Years 7.8% 6.0%  1.8% (-1.8% to 5.9%) 

CV Death/ Procedural MI 4 Years 8.7% 8.7%  0.1% (-4.1% to 4.7%) 

CV Death/ Procedural MI 5 Years 9.6% 11.1% -1.5% (-6.6% to 3.8%) 

All-Cause Death/Spontaneous MI 6 Months 2.4% 3.8% -1.4% (-3.1% to 0.4%) 

All-Cause Death/Spontaneous MI 1 Year 4.2% 7.3% -3.1% (-5.8% to -0.1%) 



 

All-Cause Death/Spontaneous MI 2 Years 5.6% 10.3% -4.6% (-7.7% to -1.3%) 

All-Cause Death/Spontaneous MI 3 Years 7.0% 13.1% -6.0% (-9.8% to -2.0%) 

All-Cause Death/Spontaneous MI 4 Years 9.8% 16.4% -6.6% (-11.3% to -1.9%) 

All-Cause Death/Spontaneous MI 5 Years 12.2% 19.5% -7.2% (-13.2% to -1.1%) 

CV Death/Spontaneous MI 6 Months 2.2% 3.8% -1.5% (-3.2% to 0.3%) 

CV Death/Spontaneous MI 1 Year 3.8% 7.2% -3.4% (-6.2% to -0.5%) 

CV Death/Spontaneous MI 2 Years 4.8% 10.0% -5.1% (-8.2% to -1.9%) 

CV Death/Spontaneous MI 3 Years 5.8% 12.6% -6.7% (-10.4% to -3.0%) 

CV Death/Spontaneous MI 4 Years 7.8% 15.2% -7.4% (-11.6% to -2.9%) 

CV Death/Spontaneous MI 5 Years 9.6% 17.6% -8.0% (-13.3% to -2.4%) 

All Death/MI/Stroke 6 Months 6.6% 4.2%  2.5% (-0.1% to 5.5%) 

All Death/MI/Stroke 1 Year 9.5% 8.0%  1.5% (-2.1% to 5.4%) 

All Death/MI/Stroke 2 Years 11.4% 12.0% -0.7% (-4.7% to 3.6%) 

All Death/MI/Stroke 3 Years 13.1% 15.7% -2.6% (-7.3% to 2.3%) 

All Death/MI/Stroke 4 Years 15.3% 19.9% -4.6% (-9.8% to 0.9%) 

All Death/MI/Stroke 5 Years 17.4% 23.7% -6.3% (-12.7% to 0.1%) 

CV Death/MI/Stroke 6 Months 6.3% 4.1%  2.2% ( -0.3% to 5.1%) 

CV Death/MI/Stroke 1 Year 8.9% 7.9%  1.0% ( -2.6% to 4.8%) 

CV Death/MI/Stroke 2 Years 10.4% 11.7% -1.3% ( -5.3% to 2.9%) 

CV Death/MI/Stroke 3 Years 11.7% 15.2% -3.5% ( -8.1% to 1.4%) 

CV Death/MI/Stroke 4 Years 13.3% 18.7% -5.4% (-10.5% to -0.2%) 

CV Death/MI/Stroke 5 Years 14.8% 22.0% -7.2% (-13.2% to -1.0%) 

CON= conservative; CV= cardiovascular; MI= myocardial infarction; PCI= percutaneous coronary intervention 



 

Supplementary Table 9. Cumulative risk estimates of outcomes over time for CABG versus CON in patients with 3-vessel disease. 

Event Time CABG CON Treatment Effect: CABG-CON 

(95% Credible Interval) 

All Death 6 Months 2.6% 1.0%  1.6% (0.0% to 3.6%) 

All Death 1 Year 3.2% 1.9%  1.2% (-0.8% to 3.6%) 

All Death 2 Years 4.2% 3.8%  0.4% (-2.0% to 3.1%) 

All Death 3 Years 5.2% 5.5% -0.3% (-3.3% to 3.0%) 

All Death 4 Years 7.2% 8.8% -1.7% (-5.6% to 2.6%) 

All Death 5 Years 8.9% 11.8% -2.8% (-8.2% to 2.8%) 

CV Death 6 Months 2.1% 0.9%  1.2% (-0.2% to 3.2%) 

CV Death 1 Year 2.4% 1.7%  0.7% (-1.1% to 2.9%) 

CV Death 2 Years 2.8% 3.3% -0.5% (-2.6% to 1.9%) 

CV Death 3 Years 3.2% 4.8% -1.6% (-4.2% to 1.2%) 

CV Death 4 Years 4.1% 7.5% -3.3% (-6.8% to 0.3%) 

CV Death 5 Years 4.9% 9.8% -4.9% (-9.6% to -0.2%) 

All Death/MI 6 Months 11.2% 4.1%  7.1% (3.4% to 11.2%) 

All Death/MI 1 Year 12.4% 7.9%  4.5% (0.3% to 9.2%) 

All Death/MI 2 Years 13.7% 11.5%  2.2% (-2.4% to 7.0%) 

All Death/MI 3 Years 14.9% 14.9%  0.0% (-5.1% to 5.4%) 

All Death/MI 4 Years 16.4% 18.8% -2.4% (-8.1% to 3.4%) 

All Death/MI 5 Years 17.9% 22.4% -4.6% (-11.3% to 2.1%) 

CV Death/MI 6 Months 10.8% 4.1%  6.7% (3.2% to 10.5%) 

CV Death/MI 1 Year 11.6% 7.8%  3.8% (-0.3% to 8.1%) 

CV Death/MI 2 Years 12.3% 11.2%  1.1% (-3.1% to 5.6%) 

CV Death/MI 3 Years 13.1% 14.4% -1.3% (-5.9% to 3.5%) 

CV Death/MI 4 Years 13.9% 17.6% -3.7% (-8.8% to 1.5%) 

CV Death/MI 5 Years 14.7% 20.7% -6.0% (-11.9% to 0.0%) 

All-Cause Death/ Procedural MI 6 Months 11.0% 1.4% 9.6% (6.2% to 13.6%) 

All-Cause Death/ Procedural MI 1 Year 11.7% 2.7% 9.0% (5.2% to 13.2%) 

All-Cause Death/ Procedural MI 2 Years 12.5% 4.8% 7.7% (3.8% to 12.0%) 



 

All-Cause Death/ Procedural MI 3 Years 13.3% 6.8% 6.5% (2.2% to 11.3%) 

All-Cause Death/ Procedural MI 4 Years 14.5% 10.2% 4.3% (-0.6% to 9.5%) 

All-Cause Death/ Procedural MI 5 Years 15.6% 13.2% 2.4% (-3.6% to 8.5%) 

CV Death/ Procedural MI 6 Months 10.5% 1.3% 9.2% (5.9% to 13.1%) 

CV Death/ Procedural MI 1 Year 10.8% 2.4% 8.4% (4.8% to 12.3%) 

CV Death/ Procedural MI 2 Years 11.1% 4.3% 6.8% (3.1% to 10.9%) 

CV Death/ Procedural MI 3 Years 11.4% 6.0% 5.4% (1.3% to 9.7%) 

CV Death/ Procedural MI 4 Years 11.8% 8.7% 3.2% (-1.4% to 7.9%) 

CV Death/ Procedural MI 5 Years 12.3% 11.1% 1.2% (-4.2% to 6.5%) 

All-Cause Death/Spontaneous MI 6 Months 2.9% 3.8% -0.9% (-2.8% to 1.3%) 

All-Cause Death/Spontaneous MI 1 Year 4.0% 7.3% -3.2% (-6.0% to -0.3%) 

All-Cause Death/Spontaneous MI 2 Years 5.1% 10.3% -5.1% (-8.3% to -1.8%) 

All-Cause Death/Spontaneous MI 3 Years 6.2% 13.1% -6.9% (-10.7% to -3.0%) 

All-Cause Death/Spontaneous MI 4 Years 8.2% 16.4% -8.2% (-12.7% to -3.4%) 

All-Cause Death/Spontaneous MI 5 Years 10.0% 19.5% -9.5% (-15.1% to -3.4%) 

CV Death/Spontaneous MI 6 Months 2.5% 3.8%  -1.3% (-3.1% to 0.9%) 

CV Death/Spontaneous MI 1 Year 3.2% 7.2%  -4.0% (-6.7% to -1.2%) 

CV Death/Spontaneous MI 2 Years 3.7% 10.0%  -6.2% (-9.2% to -3.2%) 

CV Death/Spontaneous MI 3 Years 4.3% 12.6%  -8.3% (-11.8% to -4.7%) 

CV Death/Spontaneous MI 4 Years 5.4% 15.2%  -9.8% (-13.9% to -5.6%) 

CV Death/Spontaneous MI 5 Years 6.4% 17.6% -11.3% (-16.3% to -6.1%) 

All Death/MI/Stroke 6 Months 13.1% 4.2%  8.9% (5.1% to 13.1%) 

All Death/MI/Stroke 1 Year 14.4% 8.0%  6.4% (2.0% to 11.0%) 

All Death/MI/Stroke 2 Years 15.9% 12.0%  3.8% (-0.8% to 8.7%) 

All Death/MI/Stroke 3 Years 17.3% 15.7%  1.5% (-3.8% to 6.9%) 

All Death/MI/Stroke 4 Years 19.0% 19.9% -1.0% (-6.7% to 4.9%) 

All Death/MI/Stroke 5 Years 20.6% 23.7% -3.2% (-9.9% to 3.6%) 

CV Death/MI/Stroke 6 Months 12.6% 4.1%  8.5% (4.7% to 12.8%) 

CV Death/MI/Stroke 1 Year 13.6% 7.9%  5.7% (1.4% to 10.5%) 

CV Death/MI/Stroke 2 Years 14.5% 11.7%  2.8% (-1.7% to 7.9%) 

CV Death/MI/Stroke 3 Years 15.5% 15.2%  0.3% (-4.7% to 5.7%) 



 

CV Death/MI/Stroke 4 Years 16.4% 18.7% -2.3% (-7.7% to 3.6%) 

CV Death/MI/Stroke 5 Years 17.4% 22.0% -4.6% (-10.8% to 2.2%) 

CABG= coronary artery bypass graft surgery; CON= conservative; CV= cardiovascular; MI= myocardial infarction  

 

 

 

 

  



 

Supplementary Table 10. Trials of stable coronary artery disease testing revascularisation versus medical therapy with CABG as 

one of the revascularisation modalities. 

Trial Publication 

Year 

Number of patients 

who underwent 

CABG 

Follow-up Stenosis Criteria for 

Inclusion 

Mortality 

Reduction 

with CABG 

P-value for 

Mortality 

Difference 

Trials with GDMT      

MASS II (20)  2010 203 10 years >70%+documented 

ischemia 

No 0.17 

BARI 2D CABG Stratum (21) 2009 378 5 years ≥50%+documented 

ischemia 

No 0.33 

ISCHEMIA (5) 2020 530* 4 years ≥50%+documented 

ischemia 

No  

       

Trials without GDMT      

CASS Study (22) 1983 390 10 years ≥70% No 0.25 

VA Study (23) 1984 332 11 years ≥50% No 0.45 

European Study (24) 1988 394 12 years ≥50% Yes 0.02 

* Represents participants randomized to invasive management who underwent CABG not restricted to whether they underwent CCTA or had 3-vessel disease 

  



 

 
 

Supplementary Figure 1. Consort diagram. 

 

 

 

N=5179 in ISCHEMIA

N=4976 with no prior CABG

N=3826 with a core lab 
interpreted CCTA

N=2911 with a quality CCTA 
evaluable for diseased 

vessels

N=1283 with 3V-CAD (≥50% 
stenosis) on CCTA

N=659 randomized to INV

N=612 with non-missing 
data for key covariates

N=624 randomized to CON
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Supplementary Figure 2. Revascularisation versus CON in patients with 3-vessel disease: outcome 

of death.  

A) Cumulative risk estimates for the outcome of death; B) Posterior probability for the outcome of 

death. 
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Supplementary Figure 3. Revascularisation versus CON in patients with 3-vessel disease: outcome 

of CV death.  

A) Cumulative risk estimates for the outcome of CV death; B) Posterior probability for the outcome 

of CV death. 
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Supplementary Figure 4. PCI versus CON in patients with 3-vessel disease: outcome of death.  

A) Cumulative risk estimates for the outcome of death; B) Posterior probability for the outcome of 

death. 
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Supplementary Figure 5. PCI versus CON in patients with 3-vessel disease: outcome of CV 

death.  

A) Cumulative risk estimates for the outcome of CV death; B) Posterior probability for the 

outcome of CV death. 
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Supplementary Figure 6. CABG versus CON in patients with 3-vessel disease: outcome of death.  

A) Cumulative risk estimates for the outcome of death; B) Posterior probability for the outcome of 

death.  



 

A) 

 

 

 

 

 

 

 

 

 

 

 

       B) 

 

 

 

 

 

 

 

 

 

 

 

 

Supplementary Figure 7. CABG versus CON in patients with 3-vessel disease: outcome of CV 

death.  

A) Cumulative risk estimates for the outcome of CV death; B) Posterior probability for the outcome 

of CV death. 

 
 


