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CLINICAL RESEARCH

Impact of stent overlap on long-term clinical outcomes in
patients treated with newer-generation drug-eluting stents
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Abstract

Aims: Early-generation drug-eluting stent (DES) overlap (OL) is associated with impaired long-term clinical
outcomes whereas the impact of OL with newer-generation DES is unknown. Our aim was to assess the
impact of OL on long-term clinical outcomes among patients treated with newer-generation DES.

Methods and results: We analysed the three-year clinical outcomes of 3,133 patients included in a pro-
spective DES registry according to stent type (sirolimus-eluting stents [SES; N=1,532] versus everolimus-
eluting stents [EES; N=1,601]), and the presence or absence of OL. The primary outcome was a composite of
death, myocardial infarction (MI), and target vessel revascularisation (TVR). The primary endpoint was more
common in patients with OL (25.1%) than in those with multiple DES without OL (20.8%, adj HR=1.46, 95%
CI: 1.03-2.09) and patients with a single DES (18.8%, adj HR=1.74, 95% CI: 1.34-2.25, p<0.001) at three
years. A stratified analysis by stent type showed a higher risk of the primary outcome in SES with OL (28.7%)
compared to other SES groups (without OL: 22.6%, p=0.04; single DES: 17.6%, p<0.001), but not between
EES with OL (22.3%) and other EES groups (without OL: 18.5%, p=0.30; single DES: 20.4%, p=0.20).

Conclusions: DES overlap is associated with impaired clinical outcomes during long-term follow-up. Com-
pared with SES, EES provide similar clinical outcomes irrespective of DES overlap status.
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Switzerland. E-mail: stephan.windecker@insel.ch
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Introduction

Stent overlap occurs in up to 30% of patients undergoing percutane-
ous coronary intervention (PCI) in contemporary clinical practice for
a variety of reasons including excessive target lesion length, incom-
plete lesion coverage, edge dissections and residual thrombus'. The
use of overlapping bare metal stents (BMS) is associated with infe-
rior clinical outcomes compared to patients treated with a single
BMS or overlapping drug-eluting stents (DES), mainly due to higher
rates of target lesion revascularisation (TLR)*”. The marked improve-
ments in angiographic and clinical indices associated with DES in the
treatment of single de novo lesions led to a broadening of their indi-
cation to include longer and more complex lesions® 2. However, stud-
ies assessing clinical outcomes among patients treated with
early-generation overlapping DES have yielded mixed results.
Among early-generation overlapping DES-treated patients there are
clear reductions in the need for repeat revascularisation as compared
to patients treated with overlapping BMS, albeit with an increased
risk of periprocedural myocardial infarction among patients treated
with overlapping paclitaxel-eluting stents (PES)*”3. In the largest
study to date addressing long-term clinical outcomes among patients
treated with the unrestricted use of early-generation overlapping
DES, patients with DES overlap had a higher incidence of major
adverse cardiac events (MACE) (cardiac death, myocardial infarc-
tion, ischaemia-driven TLR) and impaired angiographic results as
compared with non-overlapping or single DES control groups'*. As
compared with early-generation devices, newer-generation DES,
such as the everolimus-eluting stent (EES), have improved upon the
safety and efficacy profile of early-generation devices and are now
widely used™ 8. Indeed, patients with de novo coronary lesions
treated with EES have a significantly reduced risk of MI, ST and
repeat revascularisation compared to those treated with early-genera-
tion DES and BMS in both short and long-term follow-up'®. How-
ever, the impact of newer-generation DES on long-term clinical
outcomes among patients with DES overlap is unknown. Using data
from the prospective, unrestricted LESSON (Long-term comparison
of Everolimus-eluting and Sirolimus-eluting Stents for cOronary
revascularizatioN) registry®’, we sought to compare the long-term
clinical outcomes among patients treated with newer (i.e., EES) and
earlier-generation DES overlap (i.e., SES) with non-overlapping
DES controls stratified according to stent type.

Methods

STUDY POPULATION

Patients treated with coronary DES at Bern University Hospital,
Bern, Switzerland, were prospectively enrolled into the Bern DES
registry. In total, 1,532 consecutive patients were treated with siroli-
mus-eluting stents (SES) (CYPHER™; Cordis, Miami Lakes, FL,
USA) between May 2004 and January 2006, and 1,601 consecutive
patients were treated with EES (XIENCE V®; Abbott Vascular, Santa
Clara, CA, USA; or PROMUS; Boston Scientific, Natick, MA, USA)
between November 2006 and March 2009. Patients included in the
SIRTAX (Sirolimus-Eluting Versus Paclitaxel-Eluting Stents for
Coronary Revascularization) trial were not eligible in view of man-
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dated angiographic follow-up. The study was in accordance with the
Declaration of Helsinki and was approved by the institutional ethics
committee at Bern University Hospital, Switzerland. Patients gave
written informed consent to be followed up prospectively.

DATA COLLECTION

Data were collected as previously described®.The final follow-up
was performed between July 2007 and June 2008 in patients who
underwent SES implantation, and between June 2009 and March
2010 in patients treated with EES. All baseline clinical and proce-
dural characteristics in addition to follow-up data were entered into
a dedicated database, maintained at an academic clinical trials unit
(CTU Bern, Bern University Hospital, Bern, Switzerland), which is

responsible for central data audits and database maintenance.

PROCEDURES

The diameters and lengths of available EES ranged from 2.25 to
4.0 mm and 8 to 28 mm, respectively. SES were available in diam-
eters ranging from 2.25 to 3.5 mm and in lengths from 8 to 33 mm.
The patient treatment guidelines, including the periprocedural and
post-procedural medication regimen, were carried out according to
current best practice guidelines; they did not alter between the
inclusion of the first patient into the SES cohort and inclusion of the
last patient into the EES cohort. PCI and the use of stents were
guided by angiography and in limited cases by intravascular ultra-
sound during the course of the study period. Balloon predilation
was done at the discretion of the operator with a target balloon-to-
artery ratio of 1:1. Stents were implanted with the goal of covering
the complete lesion. If stent overlap was performed, the operator
aimed to achieve an overlapping margin of at least 2 mm. High-
pressure balloon post-dilation was performed in cases of incom-
plete stent expansion or stent overlap. Each patient, regardless of
stent type implanted, received a loading dose of clopidogrel 300 mg
to 600 mg during or immediately after the procedure and was pre-
scribed aspirin once daily lifelong and clopidogrel for 12 months.
Glycoprotein IIb/IIla antagonists were used at the discretion of the
operator. Creatine kinase (CK), CK-myocardial band (CK-MB),
and troponin were assessed regularly at baseline and 12 to 24 hr
post PCI, in addition to a 12-lead electrocardiogram (ECG). Bio-
markers were evaluated every six to eight hours in patients with

signs of ischaemia until peak levels were identified.

DEFINITIONS
The primary endpoint comprised death, myocardial infarction (MI),
and target vessel revascularisation (TVR) up to a maximum follow-
up of three years. The secondary endpoints comprised the single
components of the primary endpoint, in addition to cardiac death,
target lesion revascularisation (TLR), and definite and definite or
probable ST according to Academic Research Consortium criteria?'.
Stent overlap was defined as the presence of >2 stents within a sin-
gle treated lesion and an overlapping stent zone of at least 1 mm, as
determined by angiography. Cardiac death, Q-wave MI, TVR, TLR
and acute coronary syndrome were defined as previously described?.
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STATISTICAL ANALYSIS

We performed an analysis of clinical outcomes depending on the
presence or absence of stent overlap. Among patients without
overlap, we pre-specified two control groups: the first group com-
prised patients with multiple DES within a vessel without over-
lap, and the second group comprised patients with a single DES
per vessel. Baseline characteristics were compared among the
three patient groups or two stent types using chi-square tests for
binary variables and analyses of variance for continuous varia-
bles. Clinical outcomes were compared among patient groups
using full-factorial (patient group x stent type) Cox proportional
hazard models (crude analyses). Thereafter, clinical outcomes
were compared among patient groups using full-factorial Cox
proportional hazard models, weighting each patient with the
inverse probability of their actual full-factorial treatment (inverse
probability treatment weighting [IPTW], adjusted analyses). All
p-values and 95% confidence intervals (Cls) are two-sided. Anal-
yses were performed using STATA version 12 software (Stata-
Corp, Inc., College Station, TX, USA).

RESULTS

BASELINE CLINICAL CHARACTERISTICS

A total of 3,133 patients received treatment with SES (N=1,532) or
EES (N=1,601) (Figure 1). The reasons for DES overlap are shown
in Table 1. There were significant differences between groups in
type of indication with more patients presenting with acute coronary
syndrome in the DES overlap group and a lower ejection fraction in
the group of patients without overlap (Table 2). Of the 969 patients

1,601 EES
(3-year follow-up:
1,583/1,601
[98.9%])

with DES overlap, 389 patients were treated with SES and 580
patients with EES.

The procedural characteristics are listed in Table 3. When compar-
ing patients with EES and SES overlap, patients with EES overlap
appeared to have a greater overall degree of coronary complexity as
indicated by more frequent multivessel treatment, more vessels and
lesions treated per patient and a greater number of stents implanted
per patient. Conversely, patients with SES overlap had a greater total
stent length per patient despite having fewer stents implanted.

The medications at the time of discharge are listed in Table 4.
There were differences in the use of oral anticoagulation and ACE
inhibitors among patients with and without overlap.

Table 1. Reasons for overlap.

Overall | EES SES | p-value 2l LAl
p-value

Number of overlaps N=1213 | N=767 | N=Ad6

(100) (63) 37)

Reason for overlap <0.001 | <0.001
1. Excessive lesion length 570 (47) | 379 (49) | 191 (43) | 0.027 0.08
2. Incomplete lesion coverage | 217 (18) | 122 (16) | 95(21) | 0.02 0.03
3. Distal dissection 174 (14) | 125(16) | 49(11)| 0.011 0.01
4. Abutting lesions/stents 149(12) | 74(10)| 75(17)| <0.001 | 0.00
5. Proximal dissection 96 (8) 63 (8) 33(7) | 0.66 0.62
6. Residual thrombus 3(0) 2(0) 1(0) | 1.00 0.90
7. Guiding catheter dissection 4(0) 2(0) 2 (0) 0.63 0.59

Values are n (%). EES: everolimus-eluting stents; SES: sirolimus-eluting stents

1,532 SES
(3-year follow-up:
1,523/1,532
[99.4%])

3,133 patients (EES & SES combined)
(3-year follow-up: 3,106/3,133 [99.1%])

A A

A

969 stent overlap
(3-year follow-up:
958/969 [98.9%])

446 >1 stent per vessel, no overlap
(3-year follow-up:
446/446 [100%])

1,718 1 stent per vessel
(3-year follow-up:
1,702/1,718 [99.1%])

Yy A A Yy \ A
580 EES 389 SES 210 EES 236 SES 811 EES 907 SES
(3-year follow-up: | | (3-year follow-up: | |(3-year follow-up: || (3-year follow-up: | |(3-year follow-up: | | (3-year follow-up:
572/580 386/389 210/210 236/236 801/811 901/907
[98.6%]) [99.2%]) [100%]) [100%]) [98.8%]) [99.3%])

Figure 1. Patient flow chart and rates of successful 3-year clinical follow-up. EES: everolimus-eluting stents; SES: sirolimus-eluting stents
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Table 2. Baseline characteristics.

Overall DES overlap
Single stent* | p-value p-value®
No overlap"

Number of patients (%) 969 (30.9) 446 (14.2) 1,718 (54.8) 580 (59.9) 389 (40.1)
Age (yr) 64.4+11.9 64.9+11.6 64.1+11.5 0.44 65.4+11.8 62.9+11.8 0.001
Male gender 739 (76) 355 (80) 1,312 (76) 0.32 429 (74) 310 (80) 0.045
Body mass index (kg/m’) 27.4+45 27.2+3.9 27.4+4.4 0.72 27.3+4.6 27.6x4.4 0.35

Obese (>30 kg/m’) 209 (25) 92 (23) 360 (23) 0.68 103 (22) 106 (28) 0.045
Insulin-requiring diabetes 166 (17) 81(18) 312 (18) 0.82 93 (16) 73 (19) 0.34
Hypertension 546 (57) 254 (57) 988 (58) 0.90 343 (60) 203 (52) 0.017
Hypercholesterolaemia 439 (51) 247 (56) 896 (52) 0.27 304 (53) 185 (48) 0.087
Current smoking 506 (53) 216 (49) 890 (52) 0.34 297 (52) 209 (54) 0.65
Impaired renal function (GFR <60 ml/min) 97 (12) 55 (16) 194 (14) 0.28 61 (12) 36 (13) 0.65
Acute coronary syndrome 601 (62) 233 (52) 915 (53) <0.001 363 (63) 238 (61) 0.64
Left ventricular ejection fraction <40% 249 (27) 84 (20) 326 (20) <0.001 160 (30) 89 (24) 0.07
Values are n (%) or mean+SD. * Patients with multiple drug-eluting stents in a vessel with overlap. " Patients with multiple stents in a vessel without overlap. * Patients with a single stent in
a vessel. * p-values are for differences among groups. EES: everolimus-eluting stents; SES: sirolimus-eluting stents

CLINICAL OUTCOMES

Clinical outcome data were complete for 3,106 (99.1%) patients at
three years of follow-up.

OVERALL (EES & SES COMBINED)

Overall crude and adjusted analyses of adverse events at three years
of follow-up are summarised in Tahle 5A. Compared with controls,
patients with DES overlap were more likely to experience the pri-
mary endpoint of death, MI or TVR in crude (p<0.001) and adjusted

Tahle 3. Procedural characteristics.

(p<0.001) analyses. The individual hazard ratio (HR) comparing
DES overlap with multiple DES in a vessel without overlap was
1.32 in crude (95% CIL: 0.94-1.85, p=0.11) and 1.46 in adjusted
analyses (95% CI: 1.03-2.09, p=0.04). Similarly, the HR comparing
DES overlap patients with a single DES in a vessel was 1.77 in
crude (95% CI: 1.37-2.28, p<0.001) and 1.74 in adjusted analyses
(95% CI: 1.34-2.25, p<0.001). Differences in rates of the primary
endpoint were driven by a higher risk of MI (overlap vs. no overlap:

Overall DES overlap
Single stent
No overlap"

Number of patients (%) 969 (30.9) 446 (14.2) 1,718 (54.8) 580 (59.9) 389 (40.1)
Multivessel treatment 239 (25) 106 (24) 284 (17) <0.001 160 (28) 79 (20) 0.01
Number of vessels treated per patient 1.3£0.5 1.3+0.5 1.2+0.4 <0.001 1.3+0.5 1.2+0.4 0.011
Number of lesions treated per patient 2.1x1.1 2.3+0.7 1.2+0.5 <0.001 2212 1.8+0.9 <0.001

1 lesion 352 (36) 28 (6) 1,395 (81) <0.001 179 (31) 173 (44) <0.001

2 lesions 329 (34) 283 (64) 260 (15) <0.001 195 (34) 134 (34) 0.79

3 lesions 192 (20) 112 (25) 44 (3) <0.001 126 (22) 66 (17) 0.069

>4 lesions 96 (10) 22 (5) 15(1) <0.001 80 (14) 16 (4) <0.001
Target vessel <0.001 0.037

Left main 3(0) 2(0) 52 (3) <0.001 2(0) 1(0) 1.00

Left anterior descending 347 (36) 152 (34) 654 (39) 0.12 204 (35) 143 (38) 0.46

Left circumflex 198 (21) 83 (19) 399 (24) 0.031 139 (24) 59 (15) 0.001

Right coronary artery 384 (40) 181 (41) 521 (31) <0.001 217 (37) 167 (44) 0.047
Arterial bypass graft 1(0) 0(0) 4(0) 0.698 1(0) 0(0) 1.00
Saphenous vein graft 28 (3) 24 (5) 45 (3) 0.012 17 3) 11(3) 0.97
Number of stents per patient 2.9+1.0 2.4x0.7 1.2+0.5 <0.001 3.0£1.0 2.7+0.9 <0.001
Average stent diameter per patient, mm 2.9+0.3 2.9+0.3 2.9+0.4 <0.001 2.9+0.3 2.9+0.3 0.84
Total stent length per patient, mm 48.1+20.2 39.0+15.2 21.4+10.4 <0.001 46.2+20.7 51.0£19.2 <0.001
Glycoprotein IIb/llla antagonist 352 (36) 127 (28) 445 (26) <0.001 199 (34) 153 (39) 0.11
Values are n (%) or mean+SD. * Patients with multiple drug-eluting stents in a vessel with overlap. " Patients with multiple stents in a vessel without overlap. * Patients with a single stent in
a vessel. §p-values are for differences among groups. EES: everolimus-eluting stents; SES: sirolimus-eluting stents
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Table 4. Discharge medications.

Overall DES overlap
Single stent* | p-value p-value’
No overlap"

Number of patients (%) 969 (30.9) 446 (14.2) 1,718 (54.8) 580 (59.9) 389 (40.1)
Aspirin 941 (97) 437 (98) 1,680 (98) 0.42 565 (97) 376 (97) 0.49
Clopidogrel 943 (97) 438 (98) 1,684 (98) 0.41 565 (97) 378 (97) 0.82
Oral anticoagulation 9(1) 10(2) 50 (3) 0.004 3(1) 6(2) 0.17
Beta-blocker 615 (64) 285 (64) 1,049 (61) 0.31 370 (64) 245 (63) 0.88
ACE inhibitor 546 (56) 228 (51) 877 (51) 0.025 303 (52) 243 (63) 0.001
AT Il inhibitor 139 (14) 73 (16) 272 (16) 0.49 91 (16) 48 (12) 0.15
Calcium antagonist 95 (10) 44 (10) 162 (9) 0.93 59 (10) 36 (9) 0.66
Statin 798 (83) 386 (87) 1,447 (84) 0.083 467 (81) 331 (86) 0.044
Treatment of diabetes 116 (12) 68 (15) 247 (14) 0.13 67 (12) 49 (13) 0.60

Not insulin 68 (7) 34 (8) 139 (8) 0.60 40 (7) 28 (7) 0.84

Insulin 27 (3) 17 (4) 57 (3) 0.56 13(2) 14 (4) 0.20
Diuretics 177 (18) 76 (17) 324 (19) 0.69 110 (19) 67 (17) 0.52
Proton pump inhibitor 195 (20) 92 (21) 351 (20) 0.96 130 (22) 65 (17) 0.033
Values are n (%) or mean+SD. * Patients with multiple drug-eluting stents in a vessel with overlap. " Patients with multiple stents in a vessel without overlap. * Patients with a single stent in
a vessel. *p-values are for differences among groups. EES: everolimus-eluting stents; SES: sirolimus-eluting stents

5.8% vs. 3.1%, adj HR=1.5, 95% CI: 0.70-3.22; overlap vs. single
DES: 5.8% vs. 3.1%, adj HR=2.24, 95% CI: 1.25-4.01) and TVR
(overlap vs. no overlap: 14.7% vs. 11.1%, adj HR=1.80, 95% CI:
1.10-2.95; overlap vs. single DES: 14.7% vs. 9.3%, adj HR=1.92,
95% CI: 1.35-2.72) compared with both control groups.

DEFINITE STENT THROMBOSIS

Compared with controls there was an overall trend towards higher
rates of stent thrombosis in the DES overlap group (24 events
[3.2%]) vs. 4 events [1.1%] vs. 15 events [1.1%]) but this did not
reach conventional levels of statistical significance in crude
(p=0.07) or adjusted analyses (p=0.08).

Table 5A. Clinical outcomes at 3 years (overall: EES & SES).

SES OVERLAP

Clinical event rates at three years of follow-up in patients undergoing
SES implantation are summarised in Table 5B and Figure 2. Com-
pared with controls, patients with SES overlap were more likely to
experience the primary endpoint of death, MI or TVR in crude
(p<0.001) and adjusted (p<0.001) analyses. The individual HR com-
paring SES overlap patients with patients with multiple DES in a ves-
sel without overlap was 1.31 in crude (95% CI: 0.94-1.85, p=0.12),
but 1.46 in adjusted analyses (95% CI: 1.02-2.08, p=0.04). Similarly,
the HR comparing SES overlap patients with a single SES in a vessel
was 1.77 in crude (95% CI: 1.37-2.27, p<0.001) and 1.73 in adjusted

Multiple stents Crude analysis Adjusted analysis
Overlap | No overlap Single stent| Avs.B Avs.C 0 Avs.B Avs.C .

(W HR (95% C1) | R (95%c1) | """ | 4R (a5% cl) | HR (95%cp | AVl
Number of patients (%) 958 (30.6) | 446 (14.2) [1,702 (54.3)
Death 84(104) | 35(9.2) 146 (9.9) |1.28(0.76-2.16)|1.47 (1.00-2.14)|  0.140 | 1.34(0.79-2.29) | 1.37 (0.93-2.01) |  0.257
Cardiac death 65 (8.2) 23(6.2) 103 (7.1) |1.58 (0.83-3.01)|1.62 (1.04-2.52)| 0.084 | 1.60 (0.83-3.07) | 1.50 (0.96-2.35) |  0.157
Myocardial infarction 44 (5.8) 11(3.1) 43 (3.1) |1.43(0.68-3.00)|2.38 (1.34-4.21)| 0.012 | 1.50(0.70-3.22) | 2.24 (1.25-4.01) | ~ 0.026
Target lesion revascularisation 77(10.2) 25(7.0) 76 (5.5 |1.93(1.06-3.54)(2.20 (1.46-3.34)| 0.001 |2.21(1.18-4.12) | 2.24 (1.47-3.42) | <0.001
Target vessel revascularisation 112 (14.7) | 40(11.1) | 130(9.3) |1.52(0.95-2.46)|1.87 (1.33-2.64)| 0.002 | 1.80(1.10-2.95) | 1.92 (1.35-2.72) |  0.001
Death or MI 120(14.8) | 45(11.9) | 181(12.3) |1.30(0.84-2.01)|1.73 (1.25-2.39)| 0.004 | 1.37(0.88-2.14) | 1.62 (1.17-2.25) | 0.015
Death, Ml or TLR 175(21.3) | 65(17.0) | 232(15.6) |1.44(0.99-2.09)|1.87 (1.42-2.47)| <0.001 | 1.54(1.04-2.28) | 1.81 (1.37-2.39) | <0.001
Death, Ml or TVRY 207 (25.1) | 80(20.8) | 280(18.8) |1.32(0.94-1.85)|1.77 (1.37-2.28)| <0.001 | 1.46 (1.03-2.09) | 1.74 (1.34-2.25) | <0.001
Definite stent thrombosis 24(3.2) 4(11) 15(1.1) |2.20(0.72-6.67)|2.29 (1.10-4.74)|  0.067 | 2.60(0.84-7.99) | 2.16 (1.03-4.53) |  0.075
Definite or probable stent thrombosis | 72 (9.2) 16 (4.4) 75(5.3) |1.54(0.83-2.87)|2.12 (1.35-3.34)|  0.005 | 1.51(0.80-2.85) | 1.90 (1.20-3.01) |  0.023
Values are n (%).* Patients with multiple drug-eluting stents in a vessel with overlap. ¢ Patients with multiple stents in a vessel without overlap. * Patients with a single stent in a vessel.
§ Adjusted for diabetes, lesion length, reference vessel diameter, number of lesions, stent allocation, lesion classification, and the presence of acute coronary syndrome.  p-values are for
differences in hazards among groups in crude and adjusted analyses. " Composite primary endpoint. Cl: confidence interval; HR: hazard ratio; MI: myocardial infarction; TLR: target lesion
revascularisation; TVR: target vessel revascularisation
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Table 5B. Clinical outcomes at 3 years (SES).

Multiple stents
Overlap

Crude analysis Adjusted analysis
No overlap [Si Avs.B Avs.C Avs.B Avs.C

p-value*
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W | B HR (95% C1) | HR (5% C) | PV | 4R (95%cl) | HR (85% CI)
Number of patients (%) 386 (25.2) | 236(15.4) | 901 (58.8)
Death 43 (12.3) 21(9.7) 71(8.6) |1.28(0.76-2.15)|1.47 (1.00-2.14)| 0.140 | 1.34(0.79-2.29) | 1.37(0.93-2.01) |  0.260
Cardiac death 33(9.6) 13(6.2) 49 (6.0) |1.58(0.83-3.00)|1.62 (1.04-2.52)| 0.086 | 1.60 (0.83-3.06) | 1.49 (0.96-2.33) | 0.161
Myocardial infarction 23(1.1) 10 (5.0) 24 (3.0) |1.43(0.68-3.00)|2.40 (1.35-4.25)| 0.011 | 1.50(0.70-3.23) | 2.25(1.25-4.03) |  0.025
Target lesion revascularisation 2 (13.0) 14 (6.9) 48(6.1) |1.93(1.06-3.54)|2.21 (1.46-3.35)| 0.001 |2.20(1.18-4.10) | 2.24 (1.47-3.42) | <0.001
Target vessel revascularisation 57(17.5) | 24(11.8) 77(9.7) |1.52(0.94-2.45)1.87 (1.33-2.64)| 0.002 | 1.79(1.10-2.93) | 1.91 (1.35-2.71) |  0.001
Death or MI 3(17.9) | 30(13.9) | 90(10.8) |1.30(0.84-2.01)|1.73 (1.26-2.39)| 0.004 | 1.37(0.88-2.14) | 1.62 (1.17-2.25) | 0.015
Death, Ml or TLR 8(249) | 39(18.0) | 119(14.3) |1.43(0.98-2.09)|1.88 (1.42-2.47)| <0.001 |1.54(1.04-2.27) | 1.81(1.37-2.39) | <0.001
Death, Ml or TVR' 102 (28.7) | 49(22.6) | 147(17.6) |1.31(0.94-1.85)|1.77 (1.37-2.27)| <0.001 | 1.46(1.02-2.08) | 1.73 (1.34-2.23) | <0.001
Definite stent thrombosis 14 (4.3) 4(2.0) 15(1.9) |2.20(0.73-6.69)|2.30 (1.11-4.77)|  0.065 | 2.60(0.85-8.01) | 2.17 (1.03-4.55) |  0.073
Definite or probable stent thrombosis | 35 (10.3) 14 (6.8) 40 (5.0) |1.54(0.83-2.87)|2.13 (1.35-3.36)| 0.005 | 1.51(0.80-2.85) | 1.90 (1.20-3.01) |  0.023
Values are n (%).* Patients with multiple drug-eluting stents in a vessel with overlap. ¢ Patients with multiple stents in a vessel without overlap. * Patients with a single stent in a vessel.
¢ Adjusted for diabetes, lesion length, reference vessel diameter, number of lesions, stent allocation, lesion classification, and the presence of acute coronary syndrome. * p-values are for
differences in hazards among groups in crude and adjusted analyses. " Composite primary endpoint. Cl: confidence interval; HR: hazard ratio; MI: myocardial infarction; TLR: target lesion
revascularisation; TVR: target vessel revascularisation

analyses (95% CI: 1.34-2.23, p<0.001). The differences were largely
driven by TVR (crude and adjusted analyses of TVR: p=0.002 and
p=0.001, respectively) and MI (crude and adjusted analyses of MI:
p=0.01 and p=0.03, respectively).

DEFINITE STENT THROMBOSIS

Compared with controls there was a trend towards higher rates of
stent thrombosis in the SES overlap group (14 events [4.3%]) vs.
4 events [2.0%] vs. 15 events [1.9%]) which did not reach conven-
tional levels of statistical significance in crude (p=0.07) or adjusted
analyses (p=0.07).

EES OVERLAP

Clinical event rates at three years of follow-up in patients undergoing
EES implantation are summarised in Tahle 5C and Figure 2. There
were no significant differences between patients with EES overlap
compared with EES controls in the primary endpoint of death, MI or
TVR in crude (p=0.42) and adjusted (p=0.32) analyses. The individ-
ual HR comparing EES overlap patients with patients with multiple
EES in a vessel without overlap was 1.28 in crude (95% CI: 0.86-
1.91, p=0.22), and 1.24 in adjusted analyses (95% CI: 0.83-1.85,
p=0.30). Similarly, the HR comparing EES overlap patients with

Table 5C. Clinical outcomes at 3 years (EES).

Multiple stents Crude analysis Adjusted analysis
Overlap | No overlap (Single stent Avs.B Avs.C q Avs.B Avs.C q

(ny* HR (95% CI) | HR (5% c) | PY"®" | wR(a5%cl) | WR(95% 1) | PV
Number of patients (%) 572(35.7) | 210(13.1) | 801 (50.0)
Death 41(9.0) 14 (8.6) 75(11.7) | 1.06(0.58-1.95) | 0.76 (0.52-1.11) | 0.256 | 0.89 (0.48-1.64) | 0.71 (0.48-1.05) | 0.222
Cardiac death 32(1.1) 10(6.2) 54 (8.6) | 1.16(0.57-2.36) | 0.82 (0.53-1.28) | 0.493 | 0.99 (0.48-2.04) | 0.78 (0.50-1.22) | 0.497
Myocardial infarction 21(4.8) 1(0.6) 19(3.2) |7.84(1.05-58.27)| 1.55(0.83-2.88) | 0.073 [9.97 (1.34-74.03)| 1.74 (0.93-3.26) |  0.029
Target lesion revascularisation 35(8.1) 11(7.0) 28 (4.7) |1.20(0.61-2.36) | 1.77 (1.08-2.91) | 0.077 | 1.21(0.60-2.43) | 1.94 (1.17-3.22) | 0.035
Target vessel revascularisation 55(12.6) 16(10.1) | 53(8.8) |1.30(0.74-2.26) | 1.47 (1.01-2.14) | 0.130 | 1.34(0.76-2.36) | 1.70 (1.16-2.50) | 0.026
Death or MI 57 (12.4) 15(9.2) 91(14.1) | 1.41(0.80-2.49) | 0.88 (0.63-1.22) | 0.217 | 1.24(0.70-2.21) | 0.85(0.61-1.20) | 0.336
Death, Ml or TLR 87(18.6) | 26(15.7) | 113(17.4) |1.26(0.81-1.95) | 1.10(0.83-1.45) | 0.564 | 1.18(0.76-1.83) | 1.12(0.84-1.50) | 0.657
Death, Ml or TVRY 105(22.3) | 31(18.5) | 133(20.4) |1.28(0.86-1.91) | 1.13(0.87-1.45) | 0.419 | 1.24(0.83-1.85) | 1.21(0.93-1.57) | 0.324
Definite stent thrombosis 10(2.3) 0(0.0) 01(0.0) na na na na na na
Definite or probable stent thrombosis | 37 (8.3) 2(13) 35(5.7) |6.93(1.67-28.77)| 1.49 (0.94-2.37) | 0.012 |6.15(1.47-25.70)| 1.51(0.95-2.42) |  0.018
Values are n (%).* Patients with multiple drug-eluting stents in a vessel with overlap. ° Patients with multiple stents in a vessel without overlap. * Patients with a single stent in a vessel.
§ Adjusted for diabetes, lesion length, reference vessel diameter, number of lesions, stent allocation, lesion classification, and the presence of acute coronary syndrome. * p-values are for
differences in hazards among groups in crude and adjusted analyses. " Composite primary endpoint. Cl: confidence interval; HR: hazard ratio; MI: myocardial infarction; TLR: target lesion
revascularisation; TVR: target vessel revascularisation
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Figure 2. Time-to-event curves for the composite primary endpoint.
Kaplan-Meier cumulative event curves for the composite primary
endpoint (death, myocardial infarction [MI] and target vessel
revascularisation [TVR]) through three years among patients treated
with everolimus-eluting stents (A) and sirolimus-eluting stents (B).
CI: confidence interval; HR: hazard ratio; PCI: percutaneous
coronary intervention

asingle EES in avessel was 1.13 in crude (95% CI: 0.87-1.45,
p=0.36) and 1.21 in adjusted analyses (95% CI: 0.93-1.57, p=0.16).
DEFINITE STENT THROMBOSIS

Compared with controls there were no significant differences in
rates of stent thrombosis in the EES overlap group (10 events
[2.3%]) vs. 0 events [0%] vs. 0 events [0%]) in crude (p=ns) or
adjusted analyses (p=ns).

PATTERN OF RESTENOSIS AMONG PATIENTS UNDERGOING TLR
Seventy-seven patients with 77 lesions treated with either SES
(n=42) or EES (n=35) overlap underwent TLR during the follow-up
period. Angiograms obtained before TLR were available for 67 of

the 77 patients. Of the 67 patients, 12 patients underwent TLR for
stent thrombosis, of which seven occurred in patients with SES and
five occurred in patients with EES. Of the remaining 55 TLR epi-
sodes related to in-stent restenosis, 29 occurred in patients with
SES and 26 occurred in EES. Figure 3 presents the distribution of
restenoses across the different zones of the treated lesions. Of the
55 in-stent restenosis lesions, 36 (65%) lesions were classified as
focal, 4 (7%) lesions were classified as multifocal, and the remain-

ing 15 (27%) lesions were classified as diffuse in-stent restenosis.

SES (n=29) EES (n=26)

Proximal : ! Distal |Proximal ! Distal
stent Prg{g:]ntal Overlap Elt?at:tl stent | stent Overlap Eltztnatl stent
border border | border border

Figure 3. Pattern of restenosis in patients with overlapping sirolimus
(vellow) and everolimus (blue) stents. The lesions of 55 patients with
overlapping stents who underwent target lesion revascularisation
within the follow-up period are shown. The figure shows a schematic
representation of all 55 lesions, and the locations of binary restenosis
represented by a yellow-coloured bar (overlapping sirolimus-eluting
stents [n=29]) or a blue-coloured bar (overlapping everolimus-
eluting stents [n=26]).

Discussion

To date, there are little published data on long-term clinical outcomes
following newer-generation overlapping DES implantation. Using
data from a prospective, unrestricted DES registry?, we found over-
all that patients with DES overlap were at an increased risk of the
composite endpoint of death, MI and TVR as compared with non-
overlapping DES controls during three-year follow-up. However,
this finding was driven primarily by a higher incidence of the com-
posite primary endpoint in the early-generation SES overlap patient
cohort when compared with non-overlapping SES controls. Con-
versely, among patients treated with the newer-generation EES, rates
of the composite primary endpoint were similar among patients with
and without overlap. These findings are clinically relevant for several
reasons. First, DES overlap is relatively common in real-world clini-
cal practice. In this unrestricted DES registry, overlap was employed
in almost one third of patients undergoing PCI, a figure consistent



with previous studies'*. Second, the increase in adverse long-term
clinical outcomes associated with early-generation SES overlap com-
pared with non-overlapping SES controls corroborates our previ-
ously published study' in an entirely separate cohort of patients. The
SIRTAX trial was designed to compare the safety and efficacy of the
SES and PES*. Using data from this trial we had previously exam-
ined the impact of early-generation stent overlap on eight-month
angiographic and long-term clinical outcomes and reported higher
rates of major adverse cardiac events among patients with DES over-
lap as compared to controls'. Third, we were able to show that the
impairment in long-term clinical outcomes associated with early-
generation DES overlap is no longer apparent in patients treated with
unrestricted newer-generation EES overlap. The mechanisms under-
lying the improved long-term clinical outcomes with EES overlap are
unclear but may be related to the lower strut thickness resulting in
less arterial injury and more rapid and complete endothelialisation,
a biocompatible polymer less prone to hypersensitivity reactions, and
a lower dose of the antiproliferative drug thereby causing less vascu-
lar toxicity at the site of overlap'>?’. These improvements may be of
particular importance at sites of overlap due to the higher drug and
polymer concentration. Potential mechanistic explanations for the
association of first-generation DES overlap with impaired clinical
outcomes have come from both pathologic (animal and human) and
imaging studies®?. Finn et al, in an animal model comparing early-
generation DES overlap with BMS overlap, reported delayed arterial
healing, increased inflammation and fibrin deposition at the site of
DES overlap®. Ahuman autopsy study demonstrated that both
endothelial coverage and a >30% ratio of uncovered struts to total
stent struts were powerful histological and morphometric predictors,
respectively, of ST?.

These findings may have important clinical implications for
patients undergoing PCI who require overlapping DES for various
clinical indications, because this study suggests that they are no
longer at a higher risk of MACE compared to patients receiving
non-overlapping or single stents. The lower risk of ST among EES-
treated patients may also have important implications for the dura-
tion of dual antiplatelet therapy.

Limitations

First, this study was not a randomised comparison of EES and SES
and therefore the findings may have been subjected to bias. Second,
there was a sequential enrolment period. However, results were
obtained at a single institution and treatment protocols did not change
during the enrolment period. Third, systematic angiographic follow-
up was not performed. Fourth, the selection of control patients is
inherently related to prognosis. Similar to our previous overlap study,
we opted for comparing patients with stent overlap with two different
groups: one group of patients with multiple DES within a vessel but
no overlap and one group with implantation of a single DES only
within a vessel. We present results from both unadjusted analyses and
analyses adjusted for the most important confounding factors to
ensure full transparency. Additionally, we compared earlier and
newer-generation overlapping DES with controls from within their

Stent overlap among patients treated with newer-generation DES

respective stent generational group rather than a direct comparison of
overlapping SES versus overlapping EES to minimise any intergen-
erational bias. Finally, the SYNTAX score was not prospectively cal-
culated in patients included in this registry and therefore worse
clinical outcomes among patients with SES overlap might be related
to underlying coronary complexity. However, based on indirect
markers of coronary complexity, it appears that patients undergoing
EES overlap had a higher degree of coronary complexity, yet there
remained no significant differences in clinical outcomes between

EES overlapping and non-overlapping groups.

Conclusions

DES overlap is associated with impaired clinical outcomes during
long-term follow-up. Compared with early-generation SES, newer-
generation EES appear to overcome this limitation and provide
similar clinical outcomes irrespective of DES overlap status.
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