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Background

* Both randomized and observational studies have
reported the clinical advantages of IVUS-guided PCI
In patients who have complex lesions.

* The benefits of IVUS guidance over angiography
guidance in all-comers who receive 2"9 generation
DES implantation still remain understudied.



Study Design

1448 all-comer patients

1:1 Randomization

| !

IVUS guidance Angiography guidance
(n=724) (n=724)

Primary endpoint: TVF at 12 months



Major Inclusion Criteria

* Silent ischemia, Stable angina or unstable angina
* Acute myocardial infarction >24 h
* De novo lesion
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Major Exclusion Criteria

Life expectancy <12 months
Intolerant of DAPT
CTO not re-canalized

* Severe calcification needing rotational atherectomy



Angiography-guided PCI

PMV: RVD 3.27, LL: 7.74
DMV: RVD 2.67, LL: 22.08
SB: RVD 2.08, LL: 27.05
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DK crush Technique

MV: ZES 3.0/30
SB: ZEZ 2.25/30

Stent size by visual estimation

Routine post-dilation

Angiographic success
v TIMI 3 flow
v Residual stenosis <20%

v Dissection <Type B



IVUS-guided PCI

Pre-stenting IVUS assessment

LD: 3.3 mm
VD: 4.4 mm
PB: 40.9%

LD: 2.1 mm
VD: 3.9 mm
MLA: 3.85 mm?2

LD: 2.5 mm
VD: 3.9 mm
PB: 55.9%

LD: 2.8 mm
VD: 3.1 mm
PB: 19.6%
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A proximal
landing zone

IVUS-guided PCI

Post-stenting IVUS Assessment

LA: 10.95 mm? LA: 5.44 mm? LA: 6.05 mm?
VA: 15.14 mm2 MSA: 523 mm? yA:-12.33mm2  VA: 7.53 mm?
PB: 27.7% PB: 55.9% PB: 19.6%
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IVUS-defined Criteria for The

Optimal Stent Deployment

Plggug rden<50% [ Expansion satisfactory
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1. Minimal lumen CSA in stented segment
>5.0 mm?2, or 90% of distal reference
lumen CSA:;

2. Plaque burden at the 5-mm proximal or
distal to the stent edge <50%;

'l 3. no edge dissection involving media with
length >3mm.
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Sample Size Calculation

IVUS guidance Angiography guidance

l 1-year TVF l
2.8-3.1% Prior studies 6.0-6.5%

<« Conservative ____,
assumption

2.9% 6.1%

80% power with a 2-sided alpha of 0.05
N=658 pts/group, 10% lost = total 1448 pts




ULTIMATE Enrollment

1795 all-comers from Aug 2014 to May 2017

l_ _______________________ > 347 patients excluded
261 refused to participate
86 met exclusion criteria
1448 all-comers from 8 Chinese centers

I 1:1 Randomization
IVUS guidance Angiography guidance
=) (n=r24) 8 patients crossover
_____ 4patientslostto FU ) ___________, 3 CTO lesions
with 2 in each group 2 LM lesions
__ = 1 rupture plaque
Clinical FU at 12-mo Clinical FU at 12-mo 1 diffused lesion

(n=722) (n=722) 1 calcified lesion



Baseline Clinical Data

IVUS guidance Angiography guidance

(n=724) (n=724) P
Age 65.21+-10.9 65.91+-9.8 0.19
Male 73.9% 73.2% 0.77
Hypertension 70.7% 72.0% 0.60
Diabetes 30.0% 31.2% 0.61
Current smoker 34.9% 31.5% 0.16
UAP 67.4% 64.4% 0.22
AMI 11.2% 14.0% 0.11
LVEF, % 60.9+7.9 60.31+-9.3 0.19



Core Lab Lesions Data ()

IVUS Angiography
guidance guidance P
(n=962) (n=1016)
Lesion location 0.51
LM 9.9% 8.6%
WD) 47.5% 46.7%
LCX 17.3% 16.8%

RCA 25.4% 28.0%



Core Lab Lesions Data (ll)

IVUS Angiography
guidance guidance P
(n=962) (n=1016)
Multi-vessel disease 52.6% 57.2% 0.08
B2/C 66.1% 67.7% 0.45
Bifurcation 23.5% 26.5% 0.13
CTO 8.8% 9.0% 0.93
Moderate to severe 25 304 24 20 0.59

calcification



Procedural Data (1)

IVUS Angiography

guidance guidance P
(n=724) (n=724)
Per patient, n (%)
Stent number 2.40+1.55 2.47+1.56 0.39
Mean stent length, mm 66.42+46.17 66.49+44.36 0.98
Mean stent diameter, mm 3.15+0.42 2.99+0.38 <0.001

Max balloon diameter, mm 3.84+0.52 3.62+0.51 <0.001
Max Post-dilation pressure, atm 19.8+3.7 19.2+3.6 0.003




Procedural Data (ll)

IVUS Angiography

guidance guidance P
(n=962) (n=1016)
Per lesion, n (%)
Stent number 1.81+0.80 1.76+0.77 0.16
Mean stent length, mm 49.99+25.10 47.38+22.42 0.02
Mean stent diameter, mm 3.14+0.51 2.97+0.48 <0.001

Max balloon diameter, mm 3.73+0.56 3.51+0.53 <0.001
Max post-dilation pressure, atm 19.7+£3.7 19.0+£3.7 <0.001




Procedural Data (Il

IVUS Angiography
guidance guidance P
(n=724) (n=724)
Radial access 94.8 96.8 0.07
2"d generation DES 99.2% 98.8% 0.44
Post-dilation 96.6% 94.9% 0.11
Procedural time, min 60.88 45.49 <0.001
Contrast volume, ml 178.29 161.96 <0.001
CIN’ 7.9% 5.8% 0.12
Complete revas. 73.3% 75.0% 0.47
Angiographic success 98.0% 97.8% 0.77

*, contrast induced nephropathy




Clinical Outcome

10

= [VUS-guidance (n = 724) ® Angio-guidance (n=724)

7.5

1-year rate (%)

0.7
0.1-

TVF(1° EP) Cardiac death TV-MI CD-TVR ST(def/prob)



ULTIMATE Primary Endpoint
TVF at 12 months

Hazard ratio: 0.530 (95% CI : 0.312, 0.901)

Log-Rank: p =0.019

6 -
5.4%
Angiography-guided PCI 47%
IVUS-guided PCI reduction
In TVF

Cumulative proportion of TVF(%)
D

|| || || ||
0 3 . 6 9 12
Time (months)
Number at risk
Angiography 724 706 698 685 676
IVUS 724 715 710 704 696

Zhang JJ, Chen SL, et al. JACC 2018



\tnMATE]  Secondary Endpoint

CD-TLR or Definite ST at 12 months

87 From Lesion - level

Hazard ratio: 0.407 (95% CI : 0.188, 0.880)

Log rank: p =0.018

Angiography-guided PCI

IVUS-guided PCI

Cumulative proportion(%o)
s

2.3%
2=
O- B —
|| 1 1 1 |
0 3 . 6 9 12
Time (months)
Number at risk
Angiography 1016 1003 995 979 969
IVUS 963 957 953 946 938

Zhang JJ, Chen SL, et al. JACC 2018



On-site Post-procedure IVUS Assessment

Optimal group Suboptimal group P

Number of patients, n (%) 384 (53.0) 340 (47.0)
Number of lesions, n (%) 578 (60.1) 384 (39.9)
MSA, mm? 6.09 5.45 <0.001
Prox. edge plaque burden 37.2% 51.2% <0.001

Dist. edge plaque burden 24.2% 35 1% <0.001

Zhang JJ, Chen SL, et al. JACC 2018
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Suboptimal vs. optimal IVUS-guided PCI

Edge dissegan Plaque burden <50% § Expansion satisfactory
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HR: 0.35
95% Cl: 0.14-0.90

1-Year TVF

Suboptimal PCL Optimal PCL

Zhang JJ, Chen SL, et al. JACC 2018



Pre-specified Subgroup Analysis

IVUS guidance Angiography guidance P for IVUS guidance  Angiography guidance HR p for
HR (95% CI . i iz (95% CI)
(N=724) (N=724) (95%CN |nteraction (N=724) (N=724) Interaction

Age ACC/AHA classification
R o dE Lk — 058(030,110) .0 A/B1 3219 14 7/203 34 —t 0.40(0.10,1.52)
275 7/167 42 14/151 93 - 0.45 (0.19, 1.09) B2/C 18/505 3.6 32/521 61 —— 0.58 (0.33, 1.02) 623
Sex Chronic total occlusion
Male  15/535 2.8 26/530 4.9 —— 0.57 (0.31, 1.07) 0.635 No 16/641 2.5 30/635 4.7 —— 0.53 (0.29, 0.96) e
Female 6/189 3.2 13/194 6.7 — 0.47 (0.18, 1.22) ' Yes 5/83 6.0 9/89 10.1 — 0.60(0.21, 1.70) :
ziabms Ee/gggs 28 26/498 5.2 0.53 (0.28, 1.00) Bifurcation lesion —o
v:s o 32 i o8 - 056 (023 138 092 No 15/509 2.9 21/469 45 ] 0.66 (0.34, 1.26) o

. : —r SRS, S Yes 6/215 2.8 18/255 7.1 0.40 (0.16, 0.98) :
Acute coronary syndrome Moderate to severe calcification
No 3/155 19 7/157 45 —_— 043(0.11,165) (.. No 11/517 21 23/521 44 A 0.48 (0.24, 0.98) e
Yes  18/569 3.2 32/567 56 —— 0.56(0.32,0.99) Yes 10/207 4.8 16/203 7.9 e 0.61(0.28, 1.32) ’
Multi-vessel disease Lesion length —t
No 9/343 26 12/310 39 — 068(0.29,159) - <25 7/29 2.4 12/293 41 — 0.59 (0.24, 1.48) a0
Yes  12/381 3.1 27/414 65 —— 0.48(0.25,0.94) 225 14/434 3.2 27/431 63 0.51(0.27, 0.97) ‘

1 3 CRUSADE score ——

t:ﬂ/ Mz;::emegzlan e 24 s <40 15/610 2.5 25/612 41 —— 0.60(0.32, 1.13) i

’ ’ —— . e 0.388 240 6/114 53 14/112 125 0.42 (0.17, 1.06) :
Yes  17/545 3.1 35/556 6.3 0.50 (0.28, 0.87)

bos 0512 s ' P
: - 005 05125
B — -

Favors IVUS guidance Favors angiography guidance
Favors IVUS guidance Favors angiography guidance



Pre-specified Subgroup Analysis

IVUS guidance Angiography guidance P for IVUS guidance  Angiography guidance p for
HR (95% CI
(N=724) (N=724) sz dl Interaction (N=724) (N=724) HA (35%.0) Interaction
Age .
! ; — ; X . ACC/AHA classification
T2 e A2 upm a8 —] 0as (05,109 0% MEL 0 14 723 34—t 040010150 0,
h ) : A B2/C 18/505 3.6 32/521 6.1 == 0.58 (0.33, 1.02) :
Sex Chronic total occlusion
Male 15/535 2.8 26/530 49 —— 057(031,107) o coc No 16/641 2.5 30/635 47 — 0.53 (0.29, 0.96)
Female 6/189 3.2 13/194 6.7 — 0.47 (0.18,1.22) Vi 5/83 6.0 9/89 101 —ls 0.60 (0.21, 1.70) 0.881
Diabetes mellitus - - S
No  14/507 28 26/498 52 —d 053(028,100 (oo E:f uri catlgg (!geszl g" S Al T
Yes 7/217 3.2 13/226 5.8 ——t 0.56 (0.23, 1.38) Yes 6/215 28 18/255 71 — 0.40 (0.16, 0.98) 0.362
Acute coronary syndrome Moderate to severe calcification
No 3/155 1.9 7/157 4.5 —_—— 0.43 (0.11, 1.65) 0.737 ) 11/517 2.1 23/521 4.4 ) L, 0.48 (0.24, 0.98) 0678
Yes 18/569 3.2 32/567 5.6 —— 0.56 (0.32, 0.99) = Yes 10/207 4.8 16/203 79 0.61(0.28, 1.32) ;
Multi-vessel disease Lesion length —
No 9/343 26 12/310 39 — AT 0.68 (0.29, 1.59) 0.737 <25 7/290 2.4 12/293 4.1 —— 0.59 (0.24, 1.48) 0.800
Yes 12/381 3.1 27/414 6.5 —— 0.48 (0.25, 0.94) : 225 14/434 3.2 27/431 6.3 0.51 (0.27, 0.97) .
LM/LAD intervention — S:gSADE sw;eslﬁlo 25 25/612 4.1 _._+ 0.60 (0.32, 1.13)
No 4/179 22 4/168 24 0.94(0.24,3.69) ; 2 2 FEo 0.881
: 240 6/114 53 14/112 125 0.42 (0.17, 1.06
Yes  17/545 31 35/556 63 o 0.50(0.28,0.87) 0388 4 / ¢ )
| =l | [
005 0512 5 005 05125
———p <4 —————

Favors IVUS guidance ~ Favors angiography guidance
Favors IVUS guidance Favors angiography guidance
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Check for
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Intravascular ultrasound guidance reduces cardiac death and coronary
revascularization in patients undergoing drug-eluting stent
implantation: results from a meta-analysis of 9 randomized trials

and 4724 patients

Xiao-Fei Gao'? - Zhi-Mei Wang' - Feng Wang' - Yue Gu' - Zhen Ge' - Xiang-Quan Kong' - Guang-Feng Zuo' -
Jun-Jie Zhang'2 - Shao-Liang Chen'-?

9 randomized studies with 4724 patients
IVUS- vs. Angio-guided DES implantation

Int J Cardiovasc Imaging 2019




Study Design of 9 RCT

Year Sample size (n) Center Key inclusion criteria DES type FU (mo) Primary endpoint MACE

HOME DES IVUS 2010 105/105 Single center AHA defined lesion type First generation 18 MACE Death, MI, TLR
B2/C, proximal LAD. LM,
RVD < 2.5 mm. lesion
length > 20 mm. ISR, insulin
dependent DM and ACS

142/142 Multicenter  Long lesions (>28 mm), CTO, First generation Post-PCI MLD Cardiac death, MI, or TVR
bifurcation lesions, small ves-
sels (£2.5 mm), patients requir-
ing 4 or more stents

269/274 Multicenter  De novo lesion requiring Second generation 2 Cardiac death, MI, TVR or ST
a stent length> 28 mm
(RVD>2.5 mm)
AIR-CTO 115/115 Multicenter  CTO First/second generation In-stent late lumen loss Death, MI
TLR, ST
CTO-IVUS 201/201 Multicenter  CTO Second generation Cardiac death Cardiac death
MI, or TVR
Tan et al. 61/62 Single center Unprotected LM First generation MACE Cardiac death
MI, or TLR
IVUS-XPL 5 700/700 Multicenter  Long lesions requiring stent Second generation MACE Cardiac death, target lesion MI, or
length > 28 mm(RVD TLR
2.5-4 mm)
Zhang et al. 2016 42/42 Single center De novo lesion in a small vessel ~ NR 2 Post-PCI MLD Cardiac death
(diameter 2.25-2.75 mm) MI, or TVR
ULTIMATE 2018 724/724 Multicenter ~ All comers Second generation TVF (cardiac death, Cardiac death, TVMI or TVR
TVMI or TVR)

Gao XF, et al. Int J Cardiovasc Imaging 2019




HOME DES IVUS, 2010
AVIO, 2013

RESET, 2013

IVUS-XPL, 2015

ya

Events, Events, %

RR (95% Cl) IVUS Angiography Weight

0.92 (0.42, 1.98) 11/105  12/105

0.73 (0.45, 1.17) 24/142  33/142

0.61(0.30, 1.23) 12/269  20/274

0.49 (0.28, 0.83) 19/700  39/700

Zhang et al, 2016 <
ULTIMATE, 2018

Overall (I-squared = 0.0%, p = 0.534)

0.33 (0.10, 1.15) 3/42 9/42
0.54 (0.32,0.91)21/724  39/724

0.61 (0.49, 0.74) 128/2359 212/2365

Favor IVUS-guidance

Favor Angio-guidance

Gao XF, et al. Int J Cardiovasc Imaging 2019



Events,

Cardiac Death

AVIO,2013 0.20 (0.01, 4.13) 0n142

RESET,2013 0.34 (0.01,8.30) 0/269

RR : 0.49 ( 95%ClI : 0.26-0.92 )

IVUS-XPL,2015 - 0.60 (0.14, 2.50) 3/700
ULTIMATE, 2018 : 0.50 (0.17, 1.46) 5/724
Zhang et al,2016 ' (Excluded) 042

Overall (I-squared = 0.0%, p = 0.985) O 0.49 (0.26,0.92) 13/2254

Favor IVUS-guidance Favor Angio-guidance

Gao XF, et al. Int J Cardiovasc Imaging 2019




Events, Events, %

RR (85% CI) IVUS  Angiography Weight

HOME DES IVUS,2010 - 1.00(0.33,3.00) 6105 6&/105

AVI0,2013 [ 0.76 (0.39, 1.51) 131142 17142

RR : 0.59 ( 95%CI : 0.44-0.80)

Tan et a,2015 . 0.42(0.16,1.13) 561  12/62 11.13

IVUS-XPL 2015 0.52(0.29,0.92) 177700 33700 30.87
ULTIMATE,2018 : 047(0.22,1.04) 9724  19/724 17.77

Overall (I-squared = 0.0%, p = 0.871) <> 0.59 (0.44, 0.80) 6372048 107/2049 100.00

Favor IVUS-guidance Favor Angio-guidance

Gao XF, et al. Int J Cardiovasc Imaging 2019



HOME DES IVUS,2010

AVIO,2013

RESET,2013

Events, Events,

RR (95% CI) IVUS  Angiography

067 (0.19,2.29) 4/105 6/105

3.00(0.12,73.03) 1/142 01142

1.02 (0.06, 16.20) 1269 1/274

0.23-0.87

Tan et al, 2015

IVUS-XPL,2015

0.51 (0.05, 5.46) 1/61 2/62

1.00 (0.14,7.08) 2/700 2/700

ULTIMATE,2018

Overall (I-squared = 0.0%, p = 0.655)

020 (0.02,1.71) 1/724 5/724

0.45 (0.23,0.87) 11/2317 26/2323

T

T

Favor IVUS-guidance Favor Angio-guidance

Gao XF, et al. Int J Cardiovasc Imaging 2019



ULTIMATE

Conclusion

The randomized ULTIMATE trial demonstrated that IVUS-guided DES
Implantation in all-comers resulted in lower incidence of TVF at 12
months, compared with angiography guidance, particularly for patients
who had an IVUS-defined optimal procedure.

The present meta-analysis, including 9 RCTs and 4724 patients,
demonstrated that IVUS-guided DES implantation were associated with

a significant lower risk of MACE, cardiac death, TVR, TLR, and ST.



Thanks for Your
Attention



