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ABSTRACT: Aims. To investigate the outcomes of percutaneous coronary intervention (PCI) in bifurcation versus non-bifurcation
lesions using the next-generation Resolute zotarolimus-eluting stent [R-ZES). Methods and Results. We analyzed 3-year pooled
data from the RESOLUTE All-Comers trial and the RESOLUTE International registry. The R-ZES was used in 2772 non-bifurcation le-
sion patients and 703 bifurcation lesion patients, of which 482 were treated with a simple-stent technique (1 stent used to treat the
bifurcation lesion) and 221 with a complex bifurcation technigue (2 or more stents used). The primary endpoint was 3-year target
lesion failure [TLF, defined as the compasite of death from cardiac causes, target vessel myocardial infarction, or clinically-indicat-
ed target lesion revascularization [TLR]], and was 13.3% in bifurcation vs 11.3% in non-bifurcation lesion patients (adjusted P=.06).
Landmark analysis revealed that this difference was driven by differences in the first 30 days between bifurcation vs non-bifurca-
tion lesions [TLF, 6.6% vs 2.7%, respectively; adjusted P<.001), which included significant differences in each component of TLF and
in-stent thrombosis. Between 31 daysand 3 years, TLF, its components, and stent thrombosis did not differ significantly between
bifurcation lesions and non-bifurcation lesions (TLF, 7.7% vs 9.0%, respectively; adjusted P=.50). Conclusion. The 3-year risk of TLF
following PCI with R-ZES in bifurcation lesions.was not sigrificantly different from non-bifurcation lesions. However, there was an
increased risk associated with bifurcation lesions during the first 30 days; beyond 30 days, bifurcation lesions and non-bifurcation

lesions yielded similar 3-year outcomes.
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ercutaneous coronary intervention (PCI) of bifurca-
tion lesions represents a challenge: when treated with
bare-metal stent (BMS) implantation, bifurcation lesions
carry a higher risk of periprocedural complications and a lower
acute and long-term success compared with non-bifurcation
lesions.'” Although first-generation drug-eluting stent (DES)
implantation outperformed BMSs in bifurcation lesions,** spe-
cifically by reducing the need for reintervention,’ they only
partially solved the problems associated with this lesion type.*
' Bifurcation lesions were not included in the pivotal studies
on first-generation DESs. However, side-branch restenosis re-
mained an issue in spite of DES use,” and bifurcation PCI was
associated with higher incidence of major adverse cardiac events
(death, myocardial infarction and target vessel revascularization
[TVR]) at 30 days and at 1 year in another study on “off-label”
use of first-generation DES implantation.” Even more worri-
some, two independent studies demonstrated that lesion loca-
tion in a bifurcation was a strong independent predictor of both
subacute and late stent thrombosis (ST) after DES, with point
estimates for hazard ratios ranging from 2.4 to 8.1.>!
These clinical results on the residual risk of PCI with
DES implantation in bifurcation lesions were derived from
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studies -using first-generation stents. Recent studies with
new-generation DESs, however, show substantially better
outcomes than with earlier devices.'""* This improved per-
formance may yield particular benefit in PCI for bifurcation
lesions. To address this question, we analyzed the data from
two large studies using the Resolute zotarolimus-eluting
stent (R-ZES; Medtronic): the RESOLUTE All-Comers
(RAC) trial and the RESOLUTE International (RINT)
registry. We sought to investigate whether the subacute, late,
and very-late risk of PCI in bifurcation lesions compared
with non-bifurcations lesions is still increased with this new
generation of DESs.

Methods

The studies. The design of the RAC and RINT studies,
which were both large, multicenter, open-label, prospective
clinical trials with minimal exclusion criteria, have been pre-
viously described."" Briefly, the RAC trial was a random-
ized, non-inferiority study that compared the R-ZES to the
Xience V everolimus-eluting stent (EES; Abbott Vascular) in
patients with chronic, stable coronary artery disease or acute
coronary syndromes. To be included in the study, patients
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Table 1. Baseline patient and lesion characteristics.

Characteristic

Mean age [years)
Men
History of smoking
Current smoker
Prior PCI
Hyperlipidemia
Diabetes mellitus
Insulin dependent
History of hypertension
Prior myocardial infarction
Prior coronary artery bypass graft
Reason for revascularization
Stable angina
Unstable angina
Myocardial infarction
Silent ischemia
LVEF (%)’
<30%
30%-40%
>40%
Lesion location
Left anterior descending
Left circumflex
Right coronary
Left marginal
Saphenous vein graft
Left internal mammary
Moderate/severe calcification
TIMI flow
0
1
2
3

Mean number of lesions treated/
patient

Mean number of stents per patient

Mean total stent length/patient (mm)

R-ZES
Non-Bifurcation
(N =2772)

63.7 + 111 (2772)
76.9% (2131/2772)
56.6% (1568/2772)
25.2% (698/2772)
30.7% [852/2772)
63.8% (1768/2772)
28.4% (786/2772)

8.9% (247/2772)
68.9% (1910/2772)
27.6% (761/2759)

9.4% (261/2772)

35.8% (992/2772)

24.0% (664/2772)
313% [869/2772)
4.9%(137/2772)

3.2% (54/1697)
10.1% (172/1697)
86.7% (1471/1697)

48.3% (1340/2772)
28.2% (782/2772)
37.2% (1032/2772)
1.5% (42/2772)
2.2% (62/2772)
0.3% (7/2772)
32.6% (1193/3662)

1.5% (424/3690)
6.7% (249/3690])
10.4% (382/3690])
71.4% (2635/3690)
1.34 + 0.65 (2772)

1.64 +1.00 (2772)

30.84 + 20.88 (2770)

R-ZES
Bifurcation
(N =703)

63.9 + 111 (703)
79.4% (558/703)
58.6% (412/703)
24.0% (169/703)
28.9% [203/703)
64.3% (452/703)
27.0% (190/703)
7.7% (54/703)
69.0% (485/703)
27.6% (193/699)
6.5% (46/703)

37.0% (260/703)

23.9% (168/703)

31.3% (220/703)
3.4% [24/703)

2.4% (11/451)
1.3% (51/451)
86.3% (389/451)

64.9% (456/703)
33.4% [235/703)
22.0% (155/703)
6.4% (45/703)
0.1% (1/703)
0.0% (0/703)
38.7% [416/1074)

10.9% (118/1081)
5.0% (54/1081)
8.4% (91/1081)

75.7% (818/1081)

1.55 + 0.78 (703)

1.99 + 1.20 (703)

37.47 + 24.81(703)

Values are presented as percentages [number) or mean + standard deviation [patients).
"LVEF = left ventricular ejection fraction, and was an optional test; ACC/AHA = American College of Cardiology/American Heart Association; NA = not applicable;
PCI = percutaneous coronary intervention; TIMI = Thrombolysis in Myocardial Infarction.
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P-

Value

.63
A7
.35
.56
.36
.83
.51
.33
>99
>.99
.02
.51

.57

<.001
.01
<.001
<.001
<.001
.36
<.001
.02

<.001

<.001
<.001

R-ZES Simple
Bifurcation
(N =482)

63.4 +11.2 (482)
79.9% (385/482)
61.6% (297/482)
24.5% (118/482)
32.2% [(155/482)
63.7% (307/482)
26.8% (129/482)
7.9% (38/482)
67.6% (326/482)
30.6% (147/480)
6.6% (32/482)

37.1% (179/482)

24.3% (117/482)

30.7% (148/482)
3.7% (18/482)

2.2% (7/314)
121% (38/314)
85.7% (269/314)

63.1% (304/482)
32.6% (157/482)
22.2% (107/482)
5.8% (28/482)
0.2% [1/482)
0.0% (0/482)
38.5% (120/312)

8.7% (27/312)
5.8% (18/312)
10.9% (34/312)
74.7% (233/312)
1.45 + 0.73

1.61+1.05
30.83 +21.14

R-ZES Complex
Bifurcation
(N =221)

65.0 +10.9 [221)
78.3% (173/221)
52.0% (115/221)
23.1% (51/221)
21.7% (48/221)
65.6% (145/221)
27.6% (61/221)
7.2% (16/221)
71.9% (159/221)
21.0% [(46/219)
6.3% (14/221)

36.7% (81/221)

23.1% (51/221)

32.6% (72/221)
2.7% (6/221)

2.9% (4/137)
9.5% (13/137)
87.6% (120/137)

68.8% (152/221)
35.3% (78/221)
21.7% (48/221)
7.7% (17/221)
0.0% (0/221)
0.0% (0/221)
33.7% (118/350)]

8.2% (29/353)
6.2% (22/353)
7.4% [26/353)
78.2% (276/353)
177+ 0.84

2.83 +£1.08
51.95 + 26.09

P-

Value

.08
.62
.02
.70
.01
.67
.86
.88
.29
.01
>.99
.92

.67

15
49
.92
41
>99
NA
.22
.45

<.001

<.001
<.001
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Table 2. Clinical outcomes for bifurcation versus non-bifurcation patients.

Clinical Outcome Bifurcation Non- Adjusted Simple Complex Adjusted
(N =703) Bifurcation  2-Group Bifurcation  Bifurcation 3-Group
(N=2772)  P-Valuet (N=482 (N=221 P-Value*
patients)* patients)*
0-30 Days
Death (all) 0.9% 0.3% .05 0.6% 1.4% 27
Cardiac death 0.9% 0.2% .03 0.6% 1.4% .20
TVMI 5.3% 2.2% <.001 4.6% 6.8% <.001
Q-wave 1.3% 0.3% .01 1.0% 1.8% .01
Non-Q wave 4.0% 1.9% .01 3.5% 5.0% .01
Cardiac death + TVMI 5.8% 2.4% <.001 5.0% 7.7% <.001
Stent thrombosis [ARC definite/probable]) 2.0% 0.5% .01 1.3% 3.6% <.001
TLR (clinically driven) 1.9% 0.6% .01 1.7% 2.3% .03
TVR (clinically driven) 2.2% 0.7% .01 1.9% 2.8% .02
TLF (cardiac death, TVMI, TLR] 6.6% 2.7% <.001 5.8% 8.2% <.001
TVF (cardiac death, TVMI, TVR) 6.7% 2.7% <.001 6.0% 8.2% <.001
MACE (death, MI, TLR, emergent CABG]) 6.6% 2.8% <.001 5.8% 8.2% <.001
31-1080 Days
Death (all) 4.0% 5.9% .07 3.6% 4.7% .07
Cardiac death 2.1% 3.7% .06 1.7% 2.8% .048
TVMI 1.2% 1.5% .83 1.5% 0.5% .68
Q-wave 0.5% 0.4% .62 0.4% 0.5% .81
Non-Q wave 0.7% 11% 49 1.1% 0.0% .93
Cardiac death + TVMI 3.1% 4.9% .08 3.0% 3.3% .08
Stent thrombosis [ARC definite/probable) 0.6% 0.7% .93 0.4% 0.9% 41
TLR (clinically driven) 5.5% 4.8% 27 4.8% 71% .38
TVR (clinically driven) 7.9% 6.4% .04 6.5% 10.9% .02
TLF (cardiac death, TVMI, TLR] 7.7% 9.0% .50 6.7% 9.8% n
TVF (cardiac death, TVMI, TVR) 10.0% 10.3% 71 8.4% 13.6% .06
MACE (death, MI, TLR, emergent CABG]) 9.6% M.7% 29 8.5% 12.1% .07
0-1080 Days
Death (all) 4.8% 6.1% 24 4.2% 6.0% 15
Cardiac death 2.9% 3.9% .30 2.3% 4.1% 14
TVMI 6.5% 3.7% <.001 6.1% 7.3% .01
Q-wave 1.7% 0.7% .01 1.5% 2.3% .02
Non-Q wave 4.7% 3.0% .02 4.6% 5.0% .05
Cardiac death + TVMI 8.8% 7% .09 8.0% 10.5% 12
Stent thrombosis (ARC definite/probable) 2.5% 1.2% .02 1.7% 41% .01
TLR [clinically driven) 6.9% 5.3% .05 6.2% 8.4% .23
TVR (clinically driven) 9.6% 7.0% .01 8.1% 12.7% .01
TLF (cardiac death, TVMI, TLR) 13.3% 1.3% .06 12.2% 15.6% 16
TVF [cardiac death, TVMI, TVR] 15.7% 12.6% .01 14.1% 19.3% .01
MACE (death, MI, TLR, emergent CABG) 15.2% 14.1% .20 14.0% 17.8% .25

fComparing bifurcation vs non-bifurcation. *Comparing simple bifurcation approach [only 1 stent used to treat the bifurcation lesion), complex bifurcation
approach (2 or more stents used), and non-bifurcation.

ARC = Academic Research Consortium; MACE = major adverse cardiac events; TLF = target lesion failure; TLR = target lesion revascularization; TVF = target
vessel failure; TVMI = target vessel myocardial infarction; TVR = target vessel revascularization.
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FIGURE 1. Kaplan-Meier estimates of the cumulative incidence of [A] target lesion failure [TLF); (B) cardiac death or target vessel myo-
cardial infarction (TVMI); [C) target lesion revascularization [TLR); and (D) Academic Research Consortium (ARC] definite or probable
stent thrombosis for non-bifurcation and bifurcation lesions. P-values by log-rank test.
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FIGURE 2. Forest plot of clinical endpoints comparing bifurcation and non-bifurca-
tion. See the Methods section for endpoint definitions. ARC def/prob ST = Academic
Research Consortium definite/probable stent thrombosis; MACE = major adverse
cardiac events; TLR = target lesion revascularization; TVF = target vessel failure;

TVMI =target vessel myocardial infarction.

had to have at least one coronary artery stenosis >50% with
a reference vessel diameter of 2.25-4.0 mm; however, there
were no restrictions regarding the total number of treated
lesions, treated vessels, lesion length, or number of stents
implanted. The RINT registry was an observational study
of patients with symptomatic coronary artery disease, all of

Vor. 26, No. 12, DEcemBER 2014

study procedures. Postprocedure dual-anti-
platelet therapy consisted of lifelong daily
aspirin (275 mg) and daily clopidogrel (75
mg) for at least 6 months. Patient follow-up
was performed by telephone or clinic visit
at 1, 6, and 12 months and is planned to
continue annually for 5 years. Both studies
complied with the provisions of the Declaration of Helsinki,
and the study protocols were approved by the institution-
al review board at each study center. All patients provided
written informed consent.

Clinical endpoints and definitions. Similar endpoint
definitions were used in the RAC trial and the RINT registry
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FIGURE 3. Landmark analyses of the cumulative incidence of [A) target lesion failure (TLF). [B) Cardiac death or target vessel myo-
cardial infarction (TVMI). [C) Target lesion revascularization (TLR). (D) Academic Research Consortium [ARC) definite or probable stent
thrombosis for non-bifurcation and simple or compiex bifurcation lesions. P-values by log-rank test.

and have been previously described.'*!> The same definitions
were also used for the bifurcation pooled analysis, and endpoints
were assessed through 3 years. Bifurcation lesion was defined
as a significant lesion in which a coronary artery narrowing
occurred adjacent to and/or involving the origin of a sig-
nificant side-branch vessel.'® Bifurcation status and all other
preprocedure lesion characteristics were assessed by quan-
titative coronary angiography in RAC and site-reported in
RINT. The principal endpoint was target lesion failure (TLF),
defined as a composite of death from cardiac causes, target
vessel myocardial infarction (TVMI), or clinically indicated
target lesion revascularization (TLR). Secondary endpoints
included the individual components of the primary endpoint,
target vessel failure (TVF), and Academic Research Consor-
tium (AR C)-defined definite/probable ST. Target vessel failure
was defined as the composite of death from cardiac causes,
TVMLI, or clinically indicated TVR.

The current analysis included all patients in RINT and the
patients treated with R-ZES in RAC.We stratified this cohort
according to treatment of at least 1 bifurcation lesion or no
bifurcation lesion. In addition, we designated the procedur-
al technique for bifurcation lesions as “simple” or “complex.”
The simple bifurcation group included patients in whom no
multistent bifurcation technique was used and only 1 stent
was implanted. The complex bifurcation group included all
other patients, ie, those in whom a bifurcation technique was
used and/or 2 or more stents were implanted.
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Statistical analysis. All data were analyzed according to
the intention-to-treat principle. The clinical outcomes were
compared-with propensity-score adjusted P-values to adjust
for differences in patient characteristics between groups. We
primarily compared the two groups defined by bifurcation
or non-bifurcation, and secondarily compared the three
groups defined by non-bifurcation, complex bifurcation, and
simple bifurcation. For the primary two-group comparison,
propensity scores were calculated using logistic regression
with treatment group (bifurcation vs non-bifurcation) as the
dependent variable and the following baseline characteristics
as the independent variables: diabetes mellitus, insulin-de-
pendent diabetes, history of hypertension, prior coronary
artery bypass surgery, unstable angina/myocardial infarction,
left ventricular ejection fraction (LVEF) 230%, left anterior
descending vessel, left circumflex vessel, right coronary ar-
tery vessel, left marginal coronary artery vessel, saphenous
vein graft vessel, American College of Cardiology/American
Heart Association (ACC/AHA) lesion class B2 or C, moder-
ate/severe calcification, tortuosity (bend 245°), Thromboly-
sis in Myocardial Infarction (TIMI) flow grade 3, preproce-
dure reference vessel diameter (RVD), and lesion length. The
adjusted P-values were obtained from Cox regression with
treatment group and propensity score quintiles as indepen-
dent variables. For the secondary three-group comparison,
we obtained adjusted P-values from Cox regression with
treatment group (non-bifurcation vs complex bifurcation vs
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simple bifurcation) as the independent variable and the fol-
lowing baseline characteristics as the baseline covariates: pri-
or percutaneous coronary revascularization, hyperlipidemia,
prior myocardial infarction, unstable angina/myocardial in-
farction, left anterior descending vessel, left circumflex ves-
sel, right coronary artery vessel, left marginal vessel, ACC/
AHA lesion class B2 or C, preprocedure TIMI, RVD, mini-
mum lumen diameter, diameter stenosis, and lesion length.
The cumulative incidence of events was analyzed using
the Kaplan-Meier method. We show the incidence curves
with two-sided 95% confidence intervals and log rank
P-values. For each endpoint, treatment groups were com-
pared on time-to-event using Cox proportional hazards re-
gression. All statistical analyses were performed by Harvard
Clinical Research Institute, an independent clinical research
organization, using SAS version 9.1 or higher (SAS Insti-
tute). P-values <.05 were considered statistically significant.

Results

Patient and lesion characteristics.'A total of 3489 pa-
tients were included in the overall pooled analysis, and com-
plete 3-year follow-up data were available for 3475 (99.6%).
Of these patients, a total of 2772 recewed an R=ZES to treat
a non-bifurcation lesion, while 703 patients (20.1%) received
an R-ZES to treat a bifurcation lesion. Among the bifurca-
tion treatment group, the side branch was stented- in 19:0%
of patients. Additionally, a total of 482 of the 703 bifurcated
lesion patients were treated with a simple technique ‘and 221
with a complex technique. The most common techniques
used for complex stenting were T-stent (39%) and crush
(24.5%). Other techniques, such as the culotte, kissing stent,
and V-stent, were used in <10% of patients.

Table 1 provides differences in baseline characteristics.
Compared with non-bifurcation lesions, bifurcation lesions
were more likely to have severe calcification, higher TIMI
flow, and to be located in the left anterior descending coro-
nary artery, left circumflex coronary artery, or left marginal,
and less likely to be located in the right coronary artery.
Patients who underwent bifurcation lesion PCI also had a
higher number of lesions treated, a higher number of stents
used, and a longer total stent length. Non-bifurcation PCI
patients were more likely to have a history of coronary by-
pass surgery and more likely to undergo saphenous vein
graft lesion stenting. Patients treated with simple bifurcation
stenting had a higher incidence of prior smoking, prior per-
cutaneous coronary revascularization, and prior myocardial
infarction. Overall, patients who were stented using a com-
plex bifurcation technique had a greater number of treat-
ed lesions, a greater number of stents, and a longer stented
length (Table 1).

Three-year outcomes in bifurcation versus non-bi-
furcation lesions. The 3-year incidence of TLF for bifur-
cation and non-bifurcation lesions was 13.3% and 11.3%,
respectively (adjusted P=.06) (Table 2 and Figure 2). The
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3-year incidence of TVF was higher in bifurcation com-
pared with non-bifurcation lesions (adjusted P=.01) (Table
2).The higher rates of TLF or TVF with bifurcation lesions
compared to non-bifurcation lesions were driven in part
by a significant difference in TVMI, although there was no
significant difference in the composite of cardiac death and
TVMI (Table 2; Figure 1B).We also found a trend toward a
higher incidence of TLR (Table 2; Figure 1C) and a signifi-
cantly higher incidence of TVR with bifurcation lesions
as compared to non-bifurcation lesions (Table 2). Bifurca-
tion lesions were also associated with a significantly higher
3-year incidence of definite and probable ST (0-1080 days)
than non-bifurcation lesions (Table 2; Figure 1D). Yet, we
did not find any significant difference in cardiac or all-
cause mortality (Table 2).The adjusted hazard ratios shown
in Figure 2 are consistent with the Kaplan-Meier estimates.

Landmark analysis revealed that the incidence of TLE
cardiac death and TVMI, TLR, or definite and probable ST
(Figures 1A-1D) during the first 30 days was higher with
bifurcation lesions as compared with non-bifurcation le-
sions, but similar event rates occurred during subsequent
follow-up over 3 years (Table 2). Use of dual-antiplatelet
therapy was similar between bifurcation vs non-bifurcation
lesion patients (96.7% vs 96.5% at 30 days [P=.91]; 88.8% vs
89.1% at 1 year [P=.84];33.9% vs 35.1% at 2 years [P=.58];
and 26.2% vs 27.7% at 3 years [P=.49]).

Role of simple vs complex bifurcation stenting.
The higher incidence of TLF at 30 days with bifurcation
stenting as compared with non-bifurcation stenting could be
attributed-to lesions that were treated by the complex tech-
nique (Figure 3A;Table 2). The 30-day risk of TLF in bifur-
cation lesions treated by the simple technique was less than
in bifurcation lesions treated with the complex approach,
but greater than the acute rate of TLF in non-bifurcation
lesions (Figure 3A; Table 2). This pattern was observed in
each of the three components of TLF (Figures 3B and 3C;
Table 2) as well-ag in the rates of definite and probable ST
(Figure 3D;Table 2).

From 31 days to 3 years, patients treated with either sim-
ple or complex bifurcation techniques had similar outcomes
to patients treated for non-bifurcation lesions (Figures 3A-
3C;Table 2). There was a small but significant increase in the
rate of TVR with complex bifurcation stenting as compared
with simple bifurcation stenting or non-bifurcation stenting

(10.9%, 6.5%, or 6.4%, respectively).

Discussion

The key findings of our post hoc analysis focusing on
coronary bifurcation lesions in patients treated with the
next-generation R-ZES in the RAC and RINT trials are:
(1) The risk of TLF tended to be higher in bifurcation vs
non-bifurcation lesions, due to a significant difference in
TVR and TVMI, especially with complex bifurcation le-
sions. (2) Bifurcation lesions carried an increased risk of
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acute and subacute ischemic complications. (3) Between
30 days and 3 years, bifurcation and non-bifurcation lesions
yielded similar outcomes.

Despite a high-risk patient cohort in bifurcation patients,
comprising 28% of patients presenting with prior myocar-
dial infarction and 27% with diabetes mellitus, the 3-year
incidence of TLF (13.3%) and TLR (6.9%) in the current
study compared well with the outcomes of previous large
bifurcation lesion DES registries on first-generation DESs
for bifurcation lesions. Specifically, the 3-year TLR rate of
6.9% in bifurcation lesions was lower than the rate in the
Arterial Revascularization Therapies Study (ARTS) II (9%
at 1 year),"” the Bifurcations-Bad-Krozingen registry (15%
at 2 years),’
cations with DES (13% at 2 years)." Comparing these reg-

or the Italian Multicenter Registry on Bifur-

istries with the current data set, there is also no indication
that the favorable efficacy of R-ZES was associated with
any curtailment of safety in terms of the incidences of death,
myocardial infarction, or AR C definite or probable ST.>'7-"

Contrary to what might have been-¢xpected based on the
favorable outcomes with the new-generation R-ZES,"!5
this stent did not completely avert the increased risk of TVF
associated with bifurcation lesions. Thus, our tesults chal-
lenge the conclusion drawn from the ARTS II experience
that “the presence of bifurcation disease had no adverse in-
fluence on 3-year clinical outcomes.”"” Also, a recent post fioc
analysis of the 2-year outcomes of the RAC study pooling
patients randomized to R-ZES or EES did not suggest a
difference in TLF between bifurcation and non-bifurcation
lesions (adjusted P=.26) or in any other endpoint reported.?
Yet, with 324 patients in the bifurcation group of the ARTS
I substudy'”!" and 385 patients in the bifurcation group of
the RAC substudy,® the power to prove small differenc-
es was limited. Additionally, ARTS II enrolled only patients
with multivessel disease, and disease complexity was severe
in both bifurcation and non-bifurcation groups; nonetheless,
in a multivariate analysis, bifurcation lesion was a predictor
of stent thrombosis (P=.06). To improve power, our study
comprised 703 patients with treated bifurcation lesions from
the RAC study and the RINT registry, focused specifical-
ly on the R-ZES, and extended the follow-up to 3 years.
In this respect, it is worth noting that in both the ARTS
II and RAC substudies (and similar to our study),'”'"*" the
outcome with respect to major endpoints was numerically
inferior in bifurcation compared with non-bifurcation le-
sions. Consistent with our findings, the RAC substudy also
demonstrated that the 30-day incidence of TLF was signifi-
cantly increased in bifurcation vs non-bifurcation lesions
(unadjusted P<.001).

Only limited data are available with other new-generation
DESs. However, among small studies that included EES in
bifurcation lesions, 1-year TLR in these patients ranged from
3.4%-6.5%,?> and was similar to the rate seen with R-ZES
implantation. One such study retrospectively compared 235
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bifurcation lesions treated with either R-ZES or EES and
found no significant difterences in clinical endpoints at 1 year
(TLR was 6.4% with EES vs 5.5% with R-ZES; P=.77).%

One of our key findings on the new-generation R-ZES
was that the observed difference in 3-year TLF or TVF be-
tween bifurcation and non-bifurcation lesions was mainly
driven by peri-interventional thrombotic complications.
Early after PCI in bifurcation lesions, there was a higher
incidence of definite or probable ST and myocardial infarc-
tion compared with non-bifurcation lesions. This prompted
more early TLRs and even caused more early deaths. Sub-
sequently, however, the incidence of all-cause death, cardiac
death, myocardial infarction, ARC definite or probable ST,
and late TLR attributable to neointima formation did not
differ between bifurcation and non-bifurcation lesions. Thus,
between 31 days and 3 years, the risks of AR C definite/prob-
able ST and TLR in bifurcation lesions were remarkably low
(0.6% and 5.5%, respectively). This represents a major differ-
ence compared with first-generation DESs, which carried
a substantially increased risk of late thrombotic events and
late restenosis in bifurcation lesions compared with non-bi-
furcation lesions.*'" These late events were likely driven by
delayed healing?* and/or excessive neointima formation®
in response to the stent. Our study suggests that, contrary
to first-generation stents, healing responses and neointima
formation after placement of the new-generation R-ZES
do not differ substantially between bifurcation and non-bi-
furcation lesions. On the other hand, early complications
arc often procedure-related or caused by thrombotic events
in response to specific characteristics of the treated lesion.
Bifurcation interventions are technically more demanding
and the plaque burden is generally greater as compared with
non-bifurcation lesions. Thus, it is not surprising that ear-
ly complications are more frequent with bifurcation lesions
and that this dilemma can hardly be solved by improvements
in stent design:

The early hazard of bifurcation stenting could not be
avoided by adherence to the simple technique. With both
simple and complex techniques, bifurcation stenting carried
a higher 30-day risk than non-bifurcation stenting. Yet, the
observed early risk was higher with complex stenting than
with simple stenting. During late follow-up from day 31 out
to 3 years, the difference between the two stenting tech-
niques in our primary endpoint, TLE was small and did not
reach statistical significance. The trend toward better out-
comes with simple techniques that we report here is consis-
tent with previous registries of first-generation DESs.>'7"
The difference between the two stenting techniques may
be in part related to the higher risk profile of the com-
plex-stenting group. This finding is consistent with several
randomized trials comparing simple with complex stenting
for bifurcation lesions that observed worse outcomes with
complex bifurcation stenting.?*?** In addition, a harmful
effect of unneeded side-branch stents may also contribute
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to inferior outcomes after complex stenting, as suggested by
another randomized trial.*

Study limitations. The data reported herein are derived
from a post hoc analysis of non-randomized subgroups of bi-
furcation and non-bifurcation lesions in the RAC and RINT
studies. The sample size was, therefore, predetermined and
no power calculation could be performed. Thus, the study
may have been underpowered to detect significant differenc-
es in infrequent adverse events between the bifurcation and
non-bifurcation groups, in particular between the two sub-
groups classified according to bifurcation stenting technique.

We can only compare the observed outcomes with
R-ZES to published historic data, which is primarily for
first-generation DESs. Therefore, we cannot clarify the ex-
tent to which the differences noted between R-ZES and
first-generation DESs are to be attributed to advances in
stent design or to advances in procedural aspects and/or
technical skills over the years.

Our study focused exclusively on the R-ZES. Thus, it
remains unclear whether our current findings can be trans-
ferred to other new generation DES.

Conclusion

Clinical implications. Treatment of bifurcation lesions
with R-ZES was associated with low incidence of adverse
clinical events out to 3 years in real-world patients:Although
the risk of adverse clinical events in bifurcation lesions con-
tinues to be higher compared with non-bifurcation lesions,
this excessive risk was confined to thrombotic complications
during the acute and subacute postinterventional phase:
Thus, meticulous optimization of the catheter technique to
achieve the best possible acute result and adequate peri-in-
terventional antithrombotic therapy are of paramount im-
portance. Our findings also suggest that the commonly
accepted paradigm, to adopt a simple technique whenever
possible, also applies to the treatment of bifurcation lesions
with the R-ZES. If early complications can be avoided by
these measures, patients with R-ZES in bifurcation lesions
can be reassured of a favorable long-term prognosis, similar
to outcomes after stenting of non-bifurcation lesions.
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