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Comparison of Clinical Outcomes after Implantation of First- and Second-Generation
Overlapping Drug-Eluting Stents to Treat Diffuse Long Coronary Lesions

Kyung Soo Oh"’, Myung Ho Jeongl, Jung Ae Rhee’, Jin Su Choi’, Doo Hwan Lee', Jeong Hun Kim', Soo Hwan Park’,
In Soo Kim', Dae Yong Hyun', Yun Ah Jeongl, Hae Chang Jeong', Keun-Ho Park', Doo Sun Sim', Hyun Ju Yoon',
Kye Hun Kim', Hyung Uk Park', Young Joon Hong', Youngkeun Ahn', Jeong Gwan Cho', and Jong Chun Park'

'The Heart Center of Chonnam National University Hospital, Chonnam National University Medical School;
ZDepartment of Preventive Medicine, Chonnam National University Medical School, Gwangju, Korea

Background/Aims: Despite improved revascularization techniques, the clinical outcomes of patients with diffuse coronary artery
lesions after percutaneous coronary intervention are unsatisfactory. However, few studies have compared the efficacy of first- and
second-generation drug-eluting stents (DES) in patients with diffuse long coronary artery lesions.

Methods: Between January 2006 and July 2012, 364 patients who were treated with DES for long coronary artery stenosis (> 30
mm) were enrolled in this study and assigned to either Group I (first-generation DES, 62.3 + 10.4 years, 136 males, n = 183) or
Group II (second-generation DES, 64.3 & 10.7 years, 134 males, n = 181). The incidence of major adverse cardiac events (MACE)
was compared between the two groups over 2 years of follow-up, and predictive factors associated with MACE were evaluated
through a multivariate analysis.

Results: Although several coronary angiographic characteristics were different between the two groups, most demographic and
baseline clinical variables were the same. The cumulative incidence of MACE was significantly higher in Group I than in Group II
(25.7 vs. 6.6%; p <0.001), mainly due to reduced target lesion revascularization (21.9 vs. 2.2%; p <0.001). According to the results
of the multivariate analysis, the use of a paclitaxel-eluting stent (PES) (hazard ratio [HR], 5.168; 95% confidence interval [CI],
2.515-10.617; p < 0.001), decreased left ventricular function (< 45%; HR, 3.586; 95% CI, 1.839-6.990; p < 0.001), and diabetes
mellitus (HR, 2.984; 95% CI, 1.605-5.548; p < 0.001) were independent contributors to MACE.
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Conclusions: For patients with diffuse long coronary artery stenosis, the use of second-generation DES improved the clinical out-
come compared with first-generation DES. In addition, the use of a PES, left ventricular dysfunction, and diabetes were predictors
of MACE after overlapping stenting. (Korean J Med 2015;89:192-200)
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A =2 & 2 2WR ] A wEe AR 2 3647 T
Joz 5otk o] T MY FE8E SHES Iikn = 183,
wsmdee] A AMEShe AHIE(stent)= F 62.3 £ 104, & = 136°)), 2A|tf| oF=-8= SAHIES NEn =
ol BTHS Sk EA S T OB S gl Wk 181 643 £ 107, W = 1340 o® BRelo] Takd RS
uheE A2 4 QlolAl, NSl WHol A ks o  Waslch 14T oFE8E ~HlEL palitaxel eluting-stent
3l&S tAlste] AR 2SS 278k 4= Qo 1,2]. WA (PES; Taxus stent”, Pico elite stent”, Coroflex please stent”)2}
ZAA %0 QoA AEIE Ago] TA BAke e H|s) sirolimus eluting-stent (SES; Cypher stent*)S AR2-3}931, 24
o] A& 27| U A7] AHo] 22 AoF TR HA AH  eFE-8E AEIEE zotarolimus eluting-stent (ZES; Endeavor
E A&2 J73] SAHE QT3] Z2ol= Yl A"HE stent”, Resolute integrity stent)2} everolimus eluting-stent (EES;
HU} kR Z AHEY 27] FHZS ol PHAES Xience stent”, Promus stent")2 ARE-3F3Ich o, 9 o] 804
SEte QAT Bk doi4] ey 3 S ol 1Pl = AlQjsit). g oz ST-2#4E A5
o] AMRE= R85 AHIES EAHS AHE YRZ Al A7 AS(ST elevation myocardial infarction, STEMI), H]ST-
Ayjate] =3t FAzolch ] dATtol|A] AlLFM= 3 A A% A7 M5 (non-ST elevation myocardial infarction,
Aol M A4t OFRgE AHES] AUAES 10% o2 NSTEMI), 2.2l 417 4150ld myocardial infarction, OMD),
BT QST cokel okE g% AElEl ARAS 7 B F41%(unstable angina pectoris, UAP), M43 H4
AA71= Z3HAQ oy WY = S ER AQE2E §7)F Z(stable angina pectoris, SAP)©. 2 EZ35l3c}t 98 92lo
o FaAAon olE AP Bdo] AWHOR ¢ i T, G, DU AUF & 2ot Eal
of Q1[8], 3] 71 TAFEW W st AHE A& & Y8 A E YEM+= Thrombolysis In Myocardial Infarction
o AHIE AR AQFPRME0] =ris dA Ay Yo (TIMI) flow [12] 0, 1, 2, 3, ZAA L8 E(left ventricular ejection
oItk oFE8E ~HIESL Aukas 2dEo] o) APAE  fraction, LVEF) [13,14], B t4o] 4 AL o 5 9
o AAE| GAAE Fo] SYEolh Qo 7 @A = TSN 2old 94 4 (quantitative coronary angiography
Rojol 2] ol4fe] kg ~HIES FH ALSIIS A analysis, QCA), 0] H4E(American College of Cardiology!
o] Fjx] AA; Adof A AHE 23 HQjo Adt = ke American Heart Association lesion type, [ACC/AHA]S ZA}
3} Aot sk et u dokol. @A 2 waEE s
oA ofe] Ffe] AHES FHARI & A714 =

AT AT WA Gor810, 53 AAT W oAl of  ©°
B85 ~HEY YYFNS vlwF AT A QeHIll  QCAE 29 ode] & A} AR YER

A
o QAAME 71 TASH o] AU FEEE 26 FeHUS BAE YR Rolsk A& A, T 24 By
EE SH Ae T A AE welsl 2ara skqich T 2 Al ZIR = G0l thste] QCA &4
A|2~Ell(Centricity Cardiology CA1000 V2.0, GE Medical systems,

CHAF QU HHH Eindhoven, Netherlands)S- AFRSlo] S X5 7|&0 2 K

Aslo], ZzE 3 2] A (reference diameter, mm) I FZ| HH

2006\ 1475 20129 79714 Aty o A EyAl o] W7 & 2Hdiameter stenosis, %) 7 4> E¥k %7 (minimal
EloflA 71 s Wl e85 ARES SHAIA Al lumen diameter, mm) 5-& Z75H3Ith
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WA} AT B AA1SA W YA BA9 By
B 2 /1% 9 GAke AR Brksm ol o]
FOE B A RS sk on], A3 Zut Sl
| 7S B 7170 ERSHiTh $4 BAkE T 2
2 A& 192 ASCF F2 BAL 717k 306 + 2129
sfo] Al 518 4ol Gl ASolt YA B
Foll 2] Alstedrh 34 BAEY 9<o] B4 gk 7
Sollie 24 oft) 8 AR W AbES RSk 71 B
AFEU WL 30 mm ol YRS TR Hmate R,
) BB 294 o) A A restenosio) & T T
W x0je AHE Wi 29lRet A915e] 242} 5 mm
ol EHe] Fet o] HEBT M7l Hl3 50% ol
Fobl 452 AHolsterk ©, Aol 804 o4 12 B
Ap= Alelstct. AEEH] ol wrel [F(AID), 173, 11
3, VYo R BRSNS, ARdel dows duF 5

2}
Afo] Q7L Ral AAME A Sdo] EWE A A&
7F el JRol| ofsf A7l EES Alskiek A 71X 4
A 717 599 F8 AFAPA(major adverse cardiac events,
MACE)®| WM& 7}3191, MACE'= 41914 A1, 54 ¥
wlah ghels AAA sl 34 W AN target lesion
revascularization, TLR)Z %] 2]5}9ic}.

£7) 24

EABAS- Q]5}o] SPSS for Windows 20.0 (Statistical Package
for the Social Sciences, SPSS INC., Chicago, IL, USA)2 ©]-&-
SEATh A5F ARe Hatdh £ 22U PO #A
SFAAL, WG A= RIE Y H[E(%) 2 7]ssiith o
AHH] 3= independent #test, Chi-square testS A| Y5} L, 2
% MACE®| ¥a= mlAl= o5 AdA el tis) 24571 $1st
o] T EA(univariate analysis)3} THHEF E-A(multivariate

analysis)2 Al3H5F3Ict FA14 o4 p < 0.05= S}3iTh

2 o

U FAl BAe] g o= STEMI= I 347(18.6%),
T 3078(16.6%), UAPE= T 64TH(35.0%), TI- 727(39.8%),
OMI= I 5H(2.7%), I 58(2.8%) .24 ok 7hol| Zjo]
7} Q11T SAPE= I 4378(23.5%), T 1978(10.5%), NSTEMI

—

Table 1. Baseline clinical characteristics

Variable (Sr:()lllg 31 ) griull; ?) p value
Age, yr 623+104 643+10.7  0.068
Male, % 136 (74.3) 134 (74.0) 0.951
Clinical diagnosis, % 0.009
Unstable angina 64 (35.0) 72 (39.8) 0.343
Stable angina 43 (23.5) 19 (10.5) <0.001
STEMI 34(18.6)  30(16.6) 0.615
NSTEMI 37(20.2)  55(30.4) 0.026
OMI 5(2.7) 5(2.8) 0.986
Risk factor, %
Smoking 67(36.6)  65(35.9) 0.889
Diabetes mellitus 61 (33.3) 72 (39.8) 0.202
Hypertension 89 (48.6) 100 (55.2) 0.207
Dyslipidemia 29 (15.8) 19 (10.5) 0.131

Echocardiographic findings
LVEF, %

Discharge medication, %

60.5+11.5 59.1+12.0 0.254

Aspirin 168(97.7)  77(975) 0921
Clopidogrel 159 (92.4)  69(87.3)  0.193
Statin 158 (91.9)  71(89.9)  0.605
ACEVARB 132(76.7)  60(75.9)  0.890
B-blocker 141 (82.0)  70(88.6)  0.183

Values are presented as mean = SD unless otherwise indicated.
STEMI, ST-segment elevation myocardial infarction; NSTEMI,
non ST-segment elevation myocardial infarction; OMI, old my-
ocardial infarction; LVEF, left ventricular ejection fraction; ACEI,
angiotensin converting enzyme inhibitor; ARB, angiotensin re-
ceptor blockers.

£ It 37'5(20.2%), LI 558(30.4%)2 Mol A HWkthp =
0.026). F4(74.3% vs. T4.0%)-2 Ft 7ol ZFo)7F §19Ithp =
0.951). =W A3}=o] ¢ lxjel 1EA(48.6% vs. 55.2%),
FH(33.3% vs. 39.8%), &(36.6% vs. 35.9%), LA|ES
(15.8% vs. 10.5%) =t Tl &pol7} QiSith #HAAd -4
E(LVEF)& 9k 7ol o]z} 9IITH60.5 £ 11.5 vs. 59.1 +
12.0%, p = 0.254). E|Y A] E-8 2Fof|A aspirin (97.7% vs.
97.5%), clopidogrel (92.4% vs. 87.3%), statin (91.9% vs. 89.9%),
angiotensin converting enzyme inhibitor or angiotensin receptor
blockers (76.7% vs. 75.9%), B-blocker (82.0% vs. 88.6%)+= %F
= bl ol #pol7h QIgiEH(Table 1).
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AW =S A e A5 A](66.1% vs.

53.0%, p = 0.015), J}Q/‘\jX](TI% vs. 7.7%, p = 0.818), 94}
TM(26.8% vs. 39.2%, p = 0.012) = [0 A IRt 245}
YA, s JRo] et Also] EWlth Als A TIMI
flows= TIMI 0 (23.0% vs. 33.1%, p = 0.030), TIMI T (5.0% vs.
4.4%), TIMI 1T (26.8% vs. 29.8%), TIMI III (45.4% vs. 32.6%,
p = 0.013)= I3} TIE Abolofl A TIMI 1, TIe] 7-9- 2to] 7}
}13ic}t. ACC/AHA lesion type-2- type Bl (6.0% vs. 3.9%), Type
B2 (35.5% vs. 69.6%, p < 0.001), Type C (58.5% vs. 26.5%,
p < 0.001) % 1ol 4 type B2 o]49] 3t wlo] wrokct
T b waf HRH9.3% vs. 13.8%)2 ZFe]7F IATHp =
0.177). B¥l O] == TP HR(44.8% vs. 43.6%), T+
W HH(31.1% vs. 41.4% p = 0.041) Al BHH(24.0% vs.
14.9%, p = 0.028) F IetoflA] F&uk W o] doll A Zpol7t
A ATHTable 2).

Table 2. Coronary angiographic findings

Groupl  Group II

Variable (n=183) (n=181) p value
Pre-procedure TIMI flow, % 0.076
0 42(23.0)0 60(33.1) 0.030
1 9(5.0) 8(44) 0.786
2 49 (26.8) 54(29.8) 0.517
3 83(454) 59(32.6) 0.013
Target vessel, % 0.031
LAD 121 (66.1) 96 (53.0) 0.015
LCX 13(7.1) 14 (7.7) 0.818
RCA 49 (26.8) 71(39.2) 0.012
ACC/AHA type, % <0.001
Bl 11 (6.0) 7(3.9) 0.346
B2 65(35.5) 126(69.6) <0.001
C 107 (58.5) 48 (26.5) <0.001
CTO, % 17(9.3) 25(13.8) 0.177
Extent of coronary artery 0.834
disease, %
One-vessel 82(44.8) 79(43.6) 0.823
Two-vessel 57(31.1) 75(414) 0.041
Three-vessel 44 (24.0) 27(149) 0.028

TIMI, thrombolysis In myocardial infarction; LAD, left anterior
descending artery; LCX, left circumflex artery; RCA, right coro-
nary artery; ACC/AHA, American College of Cardiology/American
Heart Association classification; CTO, chronic total occlusion.

Ay & Ak A=W X

s Ao A
stent 95 22T WA (3.1 £ 0.39 mm vs. 3.1 £ 0.50 mm),
W Z4 Y74(0.5 £ 0.39 mm vs. 0.4 + 0.36 mm), stent %]
B2 S Y424 + 1.00 mm vs. 2.2 + 1.15 mm), A
ZH81.9% vs. 82.0%), W Z0](47.3 £ 12.59 mm vs. 46.2 +
9.65 mm)= Gt 7ol FAZ e = o7t ol= U, Stent
B WAL o)A Z9K3.1 + 0.26 mm vs. 3.0 + 0.28 mm,
p = 0.023). Stent F+ Z0](57.4 = 13.30 mm vs. 59.5 + 12.88
mm, p = 0.124)= EAH O Solg Mol gIic. F7] A
HE @N( 32+ 0.02 mm vs. 0.41 = 0.04 mm, p = 0.806),
7] 24 } £41(0.27 £ 0.02 mm vs. 0.24 + 0.02 mm, p
=0.061)= —“i'—’ﬁ, o] Ft} Stent OFE8= AR 73 = SES
(18.0%), PES (81.9%), ZES (52.4%), EES (47.5%)2 5-4]0] &
ItHTable 3).

=X
T =

]
Yl
O
2

zgs A7

252 25190|0]| 4] 306 + 2127 o] A3y

Table 3. Procedural findings

. Group I Group II

Variable (= 12 3) (= 1pg 1 p value
QCA

Proximal RD, mm 3.1£0.39 3.1+£050  0.849

MLD, mm 0.5+0.39 04+036 0.175

Distal RD, mm 24+1.00 22+1.15 0.246

DS, % 81.9 82.0 0.959

Lesion length, mm 473+12.59 46.2+9.65 0467
Stent

Diameter, mm 3.1+£0.26 3.0+£0.28 0.023

Length, mm 574+13.30 59.5+12.88 0.124
In-stent late loss, mm 0.32+0.02 0.41+0.04 0.806
In-segment late loss, mm  0.27+0.02 0.24+0.02  0.061
Stent type, % -

SES 33 (18.0) -

PES 150 (81.9) -

ZES - 95 (52.4)

EES - 86 (47.5)

Values are presented as mean + SD unless otherwise indicated.
QCA, quantitative coronary angiographic analysis; RD, reference
diameter; MLD, minimal lumen diameter; DS, diameter stenosis;
SES, sirolimus-eluting stent; PES, paclitaxel-eluting stent; ZES,
zotarolimus-eluting stent; EES, everolimus-eluting stent.
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Table 4. Follow-up coronary angiographic findings

Table 5. Clinical outcomes

Variable (Sr:cnllg ; ) f;lm:ug SI)I p value Variable (Sr:mll}g 31 ) ((zrzul% ?) p value
ISR, % 45 (26.2) 7(8.9) 0.002 In-hospital death, % 3(1.6) 1(0.6) 0.320
ISR type, % Six-month clinical outcome, %
Focal 0.010 MACE 10 (5.5) 3(L.7) 0.050
1A 1(2.2) 0(0.0) 0.497 One-year clinical outcome, %
IB 7 (15.5) 1(142) 0240 MACE 40 (21.9) 11(6.1) <0.001
IC 11 (24.4) 2 (28.5) 0.200 Two-year clinical outcomes, %
ID 1(2.2) 0(0.0) 0.497 MACE 47 (25.7) 12(6.6) <0.001
Diffuse 0.001 MI 3(1.6) 5(2.8) 0.465
I 17 (37.7) 3(42.8) 0.098 TLR 40 (219) 4(2.2) <0.001
I 3 (6.6) 1(14.2) 0.779 Ischemia-driven TLR 18 (10.5) 4(2.2) 0.160
v S5(11.1) 0(0.0) 0.126 CABG 1(0.5) 0(0.0) 0.319
Restenosis location, % Cardiac death 3(1.6) 4(2.2) 0.692
Proximal edge 8(4.7) 2(2.5) 0.425 Non-cardiac death 2 (1.1 3(1.7) 0.644
Proximal body 11 (6.4) 1(1.3) 0.077 Stent thrombosis 1(0.5) 1(0.6) 0.994
Overlapping site 23(13.4) 4(5.1) 0.048 MACE, major adverse cardiac event; MI, myocardial infarction;
Distal body 10 (5.8) 1(1.3) 0.102 TLR, target lesion revascularization; CABG, coronary artery by-
Distal edge 4(23) 0(0.0)  0.172 pass graft.

ISR, in-stent restenosis.

=9, AEE W AEEH26.2% vs. 8.9%, p = 0.002)2 I+
oAl ket Btk Als & A"IE W AR {3161
Focal 1A (2.2% vs. 0.0%, p = 0.497), IB (15.5% vs. 14.2%, p =
0.240), IC (24.4% vs. 28.5%, p = 0.200), ID (2.2% vs. 0.0%, p
= 0497)2A] &F o= 7kl F-o3t Zpol= i3Itk Diffuse 11
(37.7% vs. 42.8%, p = 0.098), III (6.6% vs. 14.2%, p = 0.779),
IV (11.1% vs. 0.0%, p = 0.126)8L oF o 71o]] 523t 2jo|=
U A”E f A2 B2 Ueeles o 295 2HE
TVIALR)(4.7% vs. 2.5%), T AHIE 0} HE(6.4% vs.
1.3%), 995 AHE Zof HE(58% vs. 1.3%), Y95 A=
E 7FAE(2.3% vs. 0.0%)= BAH o2 Fo5t xlo]= ¢l
ot} Iy AHE 23 BE(13.4% vs. 5.1%, p = 0.048)2)
AAzE B S-S 1ol A IE Tt EWotthTable 4).

fo
1}

=IAFA

oM -

L

Y] U APH(1.6% vs. 0.6%, p = 0.320), =2 32 7|7+ %
AAALR Q1EE AFH1.6% vs. 2.2%, p = 0.692), A4kt v

L AFH(1.1% vs. 1.7%, p = 0.644), 37] ~BEIE FAZ0.5%
vs. 0.6%, p = 0.994)2 =t 1t Zpol7} igich 6713t
21¥] MACE:= oF 2 7Hol| ZFol7} Q1ItH5.5% vs. 1.7%, p =

0.050). 137+ 32 MACE= [0l A It o) 4=9k31(21.9%
vs. 6.1%, p < 0.001), 2187t ¥H2HE MACE+= [0l A] It
T} =90 1(25.7% vs. 6.6%, p < 0.001), TLR (21.9% vs. 2.2%,
p <0.001)2 Itoll A =AY A HSH(1.6% vs. 2.8%, p
= 0.465), T 2 3]4:(0.5% vs. 0.0%, p = 0.319) 52 F
2 7hof| 2Fo|7} 2T Table 5).

ZFo HEAH S 0Ix|

rr

21X}

R o8& AHE S Ale F2d 5
2 A 9 Aol Bl ol39IAE
o}5l7] Q5te] thH=F E-X(univariate analysis)of|A] paclitaxel-
eluting stent (hazard ratios [HR], 3.140; 95% confidence interval
[CT], 1.787-5.517; p < 0.001), LVEF < 45% (HR, 2.904; 95% CI,
1.586-5.317; p < 0.001), Y= H(HR, 1.977; 95% CI, 1.185-3.299;
p = 0.009)°] 23t &A= Ao H Tk 37]¢] F-2ofet
| &R0IAE tjAro 2 i EX(multivariate analysis)2 Sk
A1} paclitaxel-eluting stent (HR, 5.168; 95% CI, 2.515-10.617;
p < 0.001), 45% o]5}2] FAA LEEMHR, 3.586; 95% CI,
1.839-6.990; p < 0.001), Fr=HHHR, 2.984; 95% CI, 1.605-5.548;
p < 0.001)0] FAHLE {7t A EQIAtE FA 0] H It
(Table 6).
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Table 6. Univariate and multivariate regression analyses for variables predictive of major adverse cardiac events

Variable Univariate Multivariate

HR 95% CI p value HR 95% CI p value
Paclitaxel-eluting stent 3.140 1.787-5.517 <0.001 5.168 2.515-10.617 <0.001
LVEF <45% 2.904 1.586-5.317 <0.001 3.586 1.839-6.990 <0.001
Diabetes mellitus 1.977 1.185-3.299 0.009 2.984 1.605-5.548 <0.001
ACC/AHA type C 1.524 0.911-2.549 0.108 - - -
Multi-vessel disease 1.303 0.769-2.208 0.326 - - -
Dyslipidemia 0.707 0.304-1.644 0.420 - - -

HR, hazard ratio; CI, confidence interval; LVEF, left ventricular ejection fraction; ACC/AHA, American College of Cardiology/ American
Heart Association.

o 3 ALORA[27:29], 71 PAREY o] thate] B Al
e vl avtel AR Yolehs 22 Slg 5 9l
o Aol 71 TAIEY ol A oFE8E AHIE Al Atk thik ARAIT SFEGE AHIE F At AL
2k, AN oFE8E AUE A&7} lmslo] 4] okE  OFEEE AUE FH AlkolM ABHE| tha B2 o]F
8% AUETL e 2o A BAE L ARAE A 39 Shbs ARAIY) oREeE AHE FH Ase) 24 B
BEe wol F9Ut) AFF ZodZro] Wey] whitel T 2 7kl Xol7t 9 2
TAE FA% Hoks Akstel WHS ASL O AZHEIck  HY AT{12eI4 Fa AP 2 A
Qukad AUES Hol okEgE AUEY} AE gy of 0L ST 54T BAEUY ACUAHA lesion
) A M| go] e WAlo] Ugick SR of W] BAYF  type C B AFolN FAH T fol7t Aol gtk o]
u 93lsnct BRG] A oFBEE & & A AEBA I Y BYEY 29eS N B
Rl=o] A7|7E 24 pHo] thet A Aol FARL A A SIHEH ORA, MR e R BB 2%
o 3] SHE BE SUEY APEL ofE Fask o] shte aglo® gzt
AR OE AZhE olo] A ALEUR 14 kg PN Qi B0 PAREE Agke] SRR 2 o
selEd] vl HAE Wol AMHL Qi 24T oFE8E A FwHe MY ATA Folr UKAXITI0], o] Ao
SEIEO] Abgo] ofeid BAES AASkE & o Lhe P4 A Aolrk fldieh ol TS Suke 71 s
S S 5 S A0 AZEUTE ANE vmat 7F HS s B ulgol Weby) mhitolel Azbert
2he] {17:20]0A1 24ol A ek ZukE MojFA QUAFAIEIY © 2 myocardial infaretion”} % 7ol 23k
Hlstehs A7 AN B B 7o) Avtet nialgdeh Aol Bel R IZRct IZelA o BekeelE 22 4
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