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Background: Percutaneous coronary intervention (PCI) has been established as an alternative treatment option to
coronary artery by-pass graft (CABG) surgery in patients with left main coronary artery disease (LMCAD).
Whether the findings of randomized controlled trials are applicable to a real-world patient population is unclear.
Methods:We compared the outcomes of PCI with new-generation DES in the all-comer, international, multicen-
ter DELTA-2 registry retrospectively evaluating mid-term clinical outcomes with the historical CABG cohort en-
rolled in the DELTA-1 registry according to the EXCEL key inclusion or exclusion criteria. The primary endpoint
was the composite of death, myocardial infarction, or stroke at the median time of follow-up time of 501 days.
The consistency of the effect of DELTA-2 PCI versus DELTA-1 CABG according to the EXCEL enrollment criteria
was tested using propensity score-adjusted Cox regression models.
Results: Out of 3986 patients enrolled in the DELTA-2 PCI registry, 2418 were EXCEL candidates and 1568 were
not EXCEL candidates. The occurrence of the primary endpoint was higher among non-EXCEL candidates com-
pared with EXCEL candidates (15.4% vs. 6.9%; hazard ratio 2.52; 95% confidence interval 2.00–3.16; p b 0.001).
Among 901 patients enrolled in the historical DELTA-1 CABG cohort, 471 were EXCEL candidates and 430 were
not EXCEL candidates. When comparing the DELTA-2 PCI with the DELTA-1 CABG cohort, the occurrence of the
primary endpointwas lower in the PCI group comparedwith thehistorical CABG cohort amongEXCEL candidates
(6.9% vs. 10.7%; adjusted hazard ratio: 0.65; 95% confidence interval: 0.45–0.92), while no significant difference
was observed among non-EXCEL candidates (15.4% vs. 12.5%; adjusted hazard ratio: 0.94; 95% confidence inter-
val: 0.67–1.33) with evidence of statistical interaction (adjusted interaction p-value= 0.002).
Conclusions: In a real-world population, PCI can be selected more favorably as an alternative to CABG in patients
fulfilling the enrollment criteria of the EXCEL trial.

© 2018 Elsevier B.V. All rights reserved.
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1. Introduction

Percutaneous coronary intervention (PCI) with drug-eluting stents
(DES) for LMCAD has become an acceptable alternative to coronary ar-
tery bypass graft (CABG) in selected patients [1–6]. Newer generation
DES demonstrated to have improved clinical outcomes compared to
first generation DES [7,8], however, data regarding the efficacy and
safety of new-generation DES in patients with LM disease is limited
[9–11]. Recently, the Evaluation of XIENCE versus Coronary Artery By-
pass Surgery for Effectiveness of Left Main Revascularization (EXCEL)
trial demonstrated the non-inferiority of PCI with the new-generation
everolimus-eluting stent compared with CABG in terms of death, myo-
cardial infarction (MI) or stroke at 3 years in selected patients with
LMCAD and with site-assessed low- or intermediate SYNTAX score [9].

The DELTA-2 registry, which is an all-comers, international, multi-
center registry of unprotected LM PCI with new-generation DES,
showed favorable outcomes of PCI over 1.5 years of follow-up. Of note,
this real-world registry included patients who are commonly excluded
from randomized controlled trials investigating revascularization strat-
egies in LMCAD, such as thosewith high anatomical complexity or those
presenting with acute MI (either ST-segment elevation MI or non-ST-
segment elevation MI and/or cardiac shock) [12]. Therefore, the aim of
this study was to evaluate the generalizability of the findings from the
EXCEL trial among a real-world patient population of patients with
LMCAD undergoing invasive revascularization with either PCI or CABG.

2. Methods

2.1. Study design

Themethods of theDELTA-2 registry have been previously published [12]. In brief, the
registry was an international, all-comers, multicenter registry that retrospectively evalu-
ated clinical outcomes of unprotected LM coronary artery PCI with new-generation DES
between March 2006 and December 2015 at 19 centers in 7 countries. All data related
to clinical characteristics, procedures, and outcomes were collected at each center from
hospital record, and clinical follow-up was collected by clinical visits and telephone inter-
views. All patients provided informed consent for the procedure and subsequent data col-
lection and analysis. The inclusion of patientswas approved in each center by a local ethics
committee.

Among all patients of the DELTA-2 registry (n= 3986), those whomet the key exclu-
sion criteria of the EXCEL trial [9], including SYNTAX score of 33 or higher, presentingwith
acute MI, and prior CABG, were classified into non-EXCEL candidates (n = 1568). The
remainder, who did not have any exclusion criteria of the EXCEL trial or data regarding
the criteria, were classified into EXCEL candidates (n= 2418) in this study (Supplemental
Fig. 1).

2.2. Study endpoints and definitions

The primary composite endpoint was the occurrence of all-cause death, MI, or cere-
brovascular accident (CVA). Secondary endpoints included target vessel revascularization
(TVR) and definite/probable stent thrombosis. As described previously [12], study defini-
tions of the DELTA-2 registry were consistent with the DELTA-1 registry [13]. MI was de-
fined as any of the following: 1) any Q-wavemyocardial infarction occurring either before
or after hospital discharge, or (2) any post-discharge spontaneous myocardial infarction
(defined as any increase in troponin and/or CK-myocardial band greater than the upper
limit of normal if associated with clinical and/or electrocardiogram change). The occur-
rence of stent thrombosis was defined according to the Academic Research Consortium
criteria [14]. Diagnostic angiogramswere scored according to the SYNTAX score algorithm
at each site catheterization laboratory [15].

2.3. Comparison with historical DELTA-1 CABG cohort

As described previously [12], the DELTA-2 registry did not include a parallel contem-
porary CABG group, and the CABG cohort of the DELTA-1 registry was used as a historical
surgical group for comparison [13]. In this study, the DELTA-1 CABG patients were also di-
vided into two groups; EXCEL candidate (n = 471) and non-EXCEL candidate (n= 430)
(Supplemental Fig. 1), to be compared with each respective group of the DELTA 2 PCI
population.

2.4. Statistical analysis

Data are reported as number (percentage), mean ± SD, or median (interquartile
range). Differences in categorical data were tested with chi-square test or Fisher exact
test, and differences in continuous variables were tested with unpaired t-test. Event
rates with 95% confidence intervals (CI) and absolute rate differences at follow-up were
estimated using the Kaplan-Meier method as time to first event. As described previously
[12], considering the difference in follow-up duration (median 501 days in DELTA-2 and
1524 days in DELTA-1 CABG), endpoints were compared at 501 days of follow-up. To ac-
count for pre-treatment difference between the DELTA-2 cohort and the historical
DELTA-1 CABG cohort, a propensity score was generated bymeans of a logistic regression
model. Calibration of the logistic regression model was assessed using the Hosmer-
Lemeshow test. The following covariates were included in the logistic regression model
to generate the propensity score: age, male sex, diabetes, smoking history, family history
of coronary artery disease, acute MI (ST-segment elevation MI or non-ST-segment eleva-
tion MI), previous CABG, previous PCI, and right coronary artery disease. The propensity
score model was well calibrated (goodness-of fit test, p = 0.12; C-statistic 0.74). Subse-
quently, Cox regressionmodels stratified by quintiles of propensity scorewere performed
to estimate adjusted differences between treatments (PCI vs. CABG). The interaction be-
tween revascularization strategies (DELTA-2PCI versusDELTA-1 CABG) and the EXCEL en-
rollment criteria was evaluated using Cox regressionmodels that included the interaction
term, stratified by quintiles of propensity score. In order to assess the robustness of our
findings we repeated all analyses excluding all patients for whom the SYNTAX score was
not available. A p-value b0.05 was considered to indicate statistical significance. Analyses
were performed using SPSS version 21.0 (SPSS, Chicago, Illinois).

3. Results

The baseline clinical characteristics of the DELTA-2 population are
shown in Supplemental Table 1. EXCEL candidates were younger than
non-EXCEL candidates (68.9 ± 10.6 vs. 70.6 ± 11.2 years; p b 0.001).
The rate of diabetes (28.5% vs. 34.2%; p b 0.001) was lower in EXCEL
candidates than in non-EXCEL candidates, aswell as chronic kidney dis-
ease (26.8% vs. 38.2%; p b 0.001), previous MI (26.1% vs. 31.5%; p b

0.001), and previous CABG (0% vs. 21.2%; p b 0.001). Mean left ventric-
ular ejection fraction was higher (55.5 ± 10.1 vs. 49.7 ± 12.2%; p b

0.001) in EXCEL candidates. In EXCEL candidates, most of the cases
were stable angina or silent ischemia, while N50% of cases were acute
myocardial infarction in non-EXCEL candidates (p b 0.001).

Lesion and procedural characteristics are summarized in Supple-
mental Table 2. EXCEL candidates less frequently had multivessel dis-
ease (69.2% vs. 82.1%; p b 0.001), urgent/emergent procedures (13.2%
vs. 51.5%; p b 0.001) and involved distal bifurcation of LM than non-
EXCEL candidates (83.1% vs. 86.9%; p = 0.001). Mean stent diameter
for left main was larger (3.62 ± 0.36 vs. 3.54 ± 0.39 mm; p b 0.001)
and total stent length was shorter (25.3 ± 16.6 vs. 29.9 ± 23.1 mm; p
b 0.001) in EXCEL candidates than in non-EXCEL candidates.

3.1. Clinical outcomes according to the EXCEL criteria in the DELTA-2
registry

The median follow-up term was 501 days (interquartile range: 318
to 1002 days; clinical follow-up rate 88.1%) in the DELTA-2 population.
Kaplan-Meier estimates for the primary endpoint of all-cause death,MI,
or CVA and the secondary endpoints are illustrated in Table 1 and Fig. 1.
The risk for the primary endpoint of death, MI, and CVA was higher in
the non-EXCEL candidates (15.4% vs. 6.9%; hazard ratio 2.52; 95% CI:
2.00–3.16; p b 0.001). In particular, non-EXCEL candidates had higher
risk for death (11.8% vs. 5.2%; hazard ratio 2.55; 95% CI: 1.97–3.32; p
b 0.001) and MI (4.5% vs. 1.8%; hazard ratio: 2.74; 95% CI: 1.73–4.32;
p b 0.001). There was no significant difference in the occurrence of
TVR between the 2 groups (15.0% vs. 13.6%; hazard ratio 1.17; 95% CI:
0.96–1.42; p = 0.13), while definite/probable ST occurred more fre-
quent in non-EXCEL candidates (2.5% vs. 0.9%; hazard ratio 2.90; 95%
CI 1.61–5.23; p b 0.001).

3.2. Comparison between DELTA-2 PCI and DELTA-1 CABG patients among
EXCEL candidates and non-EXCEL candidates

Baseline differences between DELTA-2 and historical DELTA-1 CABG
cohort among EXCEL candidates and non-EXCEL candidates respec-
tively are summarized in Supplemental Table 3. Comparisons of clinical
outcomes between the DELTA-2 PCI and historical DELTA-1 CABG co-
horts according to the EXCEL criteria are illustrated in Table 2 and Fig.



Table 1
EXCEL candidates vs. non-EXCEL candidates in DELTA-2 PCI cohort.

Outcome EXCEL Non-EXCEL ARD (95% CI) Univariate HRa(95% CI) p-Value

Death, myocardial infarction or
cerebrovascular accident

120 (6.9% [5.7% to 8.1%]) 192 (15.4% [13.4% to 17.4%]) −8.5% [−9.3% to −7.7%] 2.52 (2.00–3.16) b0.001

Death 91 (5.2% [4.2% to 6.2%]) 149 (11.8% [10.0% to 13.6%]) −6.6%[−7.4% to −5.8%] 2.55 (1.97–3.32) b0.001
Myocardial infarction 29 (1.8% [1.2% to 2.4%]) 50 (4.5% [3.3% to 5.7%]) −2.7% [−3.3% to −2.1%] 2.74 (1.73–4.32) b0.001
Cerebrovascular accident 12 (0.7% [0.3% to 1.1%]) 10 (0.9% [0.3% to 1.5%]) −0.2% [−0.4% to 0%] 1.30 (0.56–3.01) 0.54
Target vessel revascularization 232 (13.6% [12.0% to 15.2%]) 170 (15.0% [12.8% to 17.2%]) −1.4% [−2.0% to −0.8%] 1.17 (0.96–1.42) 0.13
Definite/probable ST 17 (0.9% [0.5% to 1.3%]) 32 (2.5% [1.7% to 3.3%]) −1.6% [−2.0% to −1.2%] 2.90 (1.61–5.23) b0.001

Failure estimates reported as n (% [95% confidence interval]) by Kaplan-Meier analysis. All endpoints evaluated at 501 days of follow-up. ARD= Absolute Risk Difference; CABG= Cor-
onary Artery Bypass Grafting; CI= Confidence Interval; HR: Hazard Ratio.

a HRs are shown with EXCEL candidates as reference group.
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2. The occurrence of the primary endpoint was lower in PCI patients
compared to the historical CABG cohort among EXCEL candidates
(6.9% vs. 10.7%; adjusted hazard ratio: 0.65; 95% CI: 0.45–0.92), while
no significant difference was observed among non-EXCEL candidates
(15.4% vs. 12.5%; adjusted hazard ratio: 0.94; 95% CI: 0.67–1.42) with
evidence of statistical interaction (adjusted interaction p-value =
0.002). PCI was associated with lower risk for MI among EXCEL candi-
dates (1.8% vs. 3.9%; adjusted hazard ratio: 0.45; 95% CI: 0.23–0.85),
but not among non-EXCEL candidates (4.5% vs. 1.9%; adjusted hazard
ratio: 1.31; 95% CI: 0.59–2.91) with evidence of statistical interaction
(adjusted interaction p-value = 0.001). Of note, PCI was associated
with lower risk for CVA among EXCEL candidates, while no significant
difference was observed among non-EXCEL candidates with tendency
of statistical interaction (adjusted interaction p-value = 0.06). There
were no significant differences in the occurrence of death between PCI
and CABG amongboth EXCEL and non-EXCEL candidateswithout statis-
tical interaction (adjusted interaction p-value = 0.29). PCI was associ-
ated with higher risk for TVR among both EXCEL and non-EXCEL
candidates without statistical interaction (adjusted interaction p-
value = 0.61). When excluding patients who were classified into
EXCEL candidates without SYNTAX score data (1108 DELTA-2 PCI pa-
tients and 292DELTA-1 CABGpatients), the results of analysiswere con-
sistent with the main analyses (Supplemental Table 4).

4. Discussion

The main findings of this study are as follows; 1) In DELTA-2 PCI pa-
tients, non-EXCEL candidates had worse clinical and/or angiographic
characteristics as compared to EXCEL candidates; 2) EXCEL candidates
had lower incidence of death, MI, and stroke than non-EXCEL candi-
dates; 3)When comparing the DELTA-2 PCIwith the DELTA-1 CABG co-
hort according to the EXCEL criteria, PCI was associated with lower risk
of death, MI or stroke at 501 days of follow-up only among EXCEL
candidates.

4.1. EXCEL candidates and non-EXCEL candidates in PCI cohort

The DELTA-2 registry included patients usually excluded from ran-
domized clinical trials investigating the comparative effectiveness of in-
vasive revascularization strategies. This study showed that about two-
fifth of DELTA-2 patients had at least one major exclusion criteria of
the EXCEL trial [9], including patients with high SYNTAX score, and
those presenting with acute MI, among others. Non-EXCEL candidates
had worse clinical and angiographic characteristics as compared to
EXCEL candidates. They were older, with higher prevalence of comor-
bidities including diabetes, chronic kidney disease, and previous MI,
lower left ventricular ejection fraction, and more frequently presenting
with acute MI (ST-segment elevation MI or non-ST-segment elevation).
In addition non-EXCEL candidates more frequently hadmultivessel dis-
ease and higher SYNTAX score. Consistently, patients fulfilling the
criteria for enrollment in the EXCEL trial had lower rates of adverse
events over time compared with those who would not have been
eligible for enrollment. These results suggest that in a real-world setting,
a significant proportion of patients whowould not be eligible for enroll-
ment in randomized controlled trials receive treatment with either PCI
or CABG.

4.2. Comparison between PCI and CABG patients among EXCEL candidates
and non-EXCEL candidates

In the EXCEL trial, PCI with new-generation DES had similar rates of
death, MI, or stroke compared with CABG at 3 years [9]. In our study,
when comparing the DELTA-2 PCI cohort versus the DELTA-1 CABG co-
hort according to the EXCEL major inclusion and exclusion criteria, we
observed that PCI was associated with lower incidence of death, MI, or
stroke up to 501 days as compared to CABG among EXCEL candidates.
The difference between the two groups seems to gradually decrease
over time, therefore longer follow-up might abrogate the early advan-
tage observed with PCI and the event rates might have become compa-
rable up to 3 years, consistently with the EXCEL trial. In terms of repeat
revascularization, CABG was more advantageous than PCI, regardless of
the fulfillment of the EXCEL trial inclusion or exclusion criteria. How-
ever, as previously proposed [16], important differences exist in terms
of the prognostic impact of repeat revascularization versus other hard
clinical endpoints such as death, MI or stroke.

In this study, a benefit for PCI was observed among EXCEL candi-
dates (primary endpoint; absolute risk difference between PCI and
CABG: −4.8%), while a benefit of CABG was suggested among non-
EXCEL candidates (primary endpoint; absolute risk difference between
PCI and CABG:+2.9%). Therefore, PCImay not be always an appropriate
alternative to CABG among non-EXCEL candidates. However, we also
appraise the heterogeneity of non-EXCEL candidates. In particular,
non-EXCEL candidates in this real-world population include acute MI
(ST-segment elevation MI or non-ST-segment elevation) as well as car-
diogenic shock patients. In emergency setting, PCI is inevitably selected
in most situations and CABG is infrequently performed because time to
reperfusion becomes longer, and emergent coronary revascularization
is associated with very high risk for morbidity and mortality [17]. Fur-
thermore, at the time of clinical decision-making between revasculari-
zation strategies one should consider not only clinical risk factors or
anatomical characteristics but also other factors such as frailty or
patient's preference [18], when selecting PCI or CABG. Thus, PCI is not
necessarily inappropriate for LMCAD revascularization among all non-
EXCEL candidates, and further characterization of the outcomes of
LMCAD PCI in acute settings is required.

4.3. Study limitations

As previously described [12], there are several limitations in the
DELTA-2 registry. Briefly, 1) given its observational, retrospective design
these results have to be considered hypothesis-generating; 2) given the
large number of participating centers and countries, and a large timepe-
riod, substantial heterogeneity may exist in terms of patient population
and local standard of care; 3) comparisons between PCI and CABG are



33A. Tanaka et al. / International Journal of Cardiology 280 (2019) 30–37



Table 2
DELTA-2 PCI vs DELTA-1 CABG within EXCEL candidate and non-EXCEL candidate.

Outcome DELTA-2 CABG ARD (95% CI) Univariate HR Adjusted HRa Adjusteda

p-value
Adjusted
pinteraction

b

(95% CI) (95% CI)

Death, MI or CVA
EXCEL 120 (6.9% [5.7% to 8.1%]) 48 (10.7% [7.8% to 13.6%]) −3.8% (−5.5% to−2.1%) 0.57 (0.41–0.80) 0.65 (0.45–0.92) 0.02 0.002
Non-EXCEL 192 (15.4% [13.4% to 17.4%]) 53 (12.5% [9.4% to 15.6%]) 2.9% (1.8% to 4.0%) 1.19 (0.88–1.62) 0.94 (0.67–1.33) 0.73

Death
EXCEL 91 (5.2% [4.2% to 6.2%]) 25 (5.7% [3.5% to 7.9%]) −0.5% (−1.7% to 0.7%) 0.86 (0.55–1.33) 1.04 (0.66–1.65) 0.87 0.29
Non-EXCEL 149 (11.8% [10.0% to13.6%]) 43 (10.2% [7.3% to 13.1%]) 1.6% (0.5% to 2.7%) 1.14 (0.81–1.60) 0.97 (0.66–1.42) 0.86

MI
EXCEL 29 (1.8% [1.2% to 2.4%]) 17 (3.9% [2.1% to 5.7%]) −2.1% (−3.3% to−0.9%) 0.40 (0.22–0.73) 0.45 (0.23–0.85) 0.01 0.001
Non-EXCEL 50 (4.5% [3.3% to 5.7%]) 8 (1.9% [0.5% to 3.3%]) 2.6% (2.4% to 2.8%) 2.12 (1.01–4.49) 1.31 (0.59–2.91) 0.51

CVA
EXCEL 12 (0.7% [0.3% to 1.1%]) 13 (2.9% [1.3% to 4.5%]) −2.2% (−3.4% to−1.0%) 0.20 (0.09–0.45) 0.19 (0.08–0.45) b0.001 0.06
Non-EXCEL 10 (0.9% [0.3% to 1.5%]) 4 (1.0% [0% to 2.0%]) −0.1% (−0.5% to 0.3%) 0.80 (0.25–2.55) 0.64 (0.17–2.41) 0.51

TVR
EXCEL 232 (13.6% [12.0% to15.2%]) 12 (2.9% [1.3% to 4.5%]) 10.7% (10.7% to 10.7%) 4.77 (2.67–8.52) 4.17 (2.31–7.54) b0.001 0.61
Non-EXCEL 170 (15.0% [12.8% to 17.2%]) 11 (2.8% [1.2% to 4.4%]) 12.2% (11.6% to 12.8%) 5.57 (3.03–10.26) 7.84 (4.10–14.97) b0.001

Failure estimates reported as n (% [95% confidence interval]) by Kaplan-Meier analysis. All endpoints evaluated at 501 days of follow-up.
ARD=Absolute Risk Difference; CABG= Coronary Artery Bypass Grafting; CI= Confidence Interval; HR: Hazard Ratio.

a Adjusted hazards ratios generated with Cox models stratified by quintiles of propensity score.
b The interaction between revascularization strategies (DELTA-2 PCI versus DELTA-1 CABG) and the EXCEL enrollment criteriawas evaluated using Cox regressionmodels that included

the interaction term, stratified by quintiles of propensity score.
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based on contemporary and historical cohorts, respectively, so the
comparative effectiveness of contemporary CABG versus PCI in a con-
temporary real-world setting remains unclear. Furthermore, a propen-
sity score was generated by means of a logistic regression model to
account for pre-treatment difference, but potential selection biases
and unmeasured cofounders might exist. Our results can only be con-
sidered as hypothesis generating; 4) data were collected at each center
and adjudication of the outcomes was largely dependent on individual
institutions, therefore we cannot exclude that in the absence of site
monitoring and a formal clinical event committee adjudication
misreporting or underreporting of major adverse events may have oc-
curred; 5) the length of follow-up for comparisons between the
DELTA-2 PCI and the DELTA-1 CABG cohorts was relatively short,
therefore long-term follow-up is needed to better evaluate the com-
parative effectiveness of these revascularization strategies over time.
6) In this registry, site-determined SYNTAX scores were used and cen-
tral core-laboratory analyses for angiograms and SYNTAX score calcu-
lations were not performed. 7) Due to retrospective study design and
using historical CABG cohort, some data regarding inclusion/exclusion
criteria of the EXCEL trial were not available. In particular, 1108 pa-
tients were classified into EXCEL candidates without SYNTAX score.
However, in a sensitivity analysis excluding all patients for whom
the SYNTAX score was not available the results were consistent with
our primary analysis. 8) we also could not use same definitions as
EXCEL trial with regard to MI.
5. Conclusions

In the all-comers, international, multicenter DELTA-2 registry pa-
tients with LMCAD fulfilling the inclusion criteria of the EXCEL trial
had lower risk of major adverse cardiac events compared with patients
that would have been excluded in the EXCEL trial. For this selected pa-
tient population, PCI can be selected more favorably as an alternative
to CABG. Uptake of evidence-based findings into real-world clinical
practice requires a careful evaluation of the applicability and
Fig. 1.Kaplan-Meier failure curves for the primary endpoint of death,myocardial infarction (MI)
in EXCEL candidates and non-EXCEL candidates in theDELTA-2 PCI cohortMI=myocardial infa
thrombosis.
generalizability of the individual randomized trial design to optimally
inform clinical decision-making.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.ijcard.2018.12.003.
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Fig. 2.Kaplan-Meier failure curves for theprimary endpoint of death,myocardial infarction (MI), or cerebrovascular accident (CVA), and death,MI, CVA or target vessel revascularization in
DELTA-2 PCI and DELTA-1 CABG cohorts among EXCEL candidates and non-EXCEL candidates.
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