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Objectives
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* Present a case of aﬁost -STEMI patient who had multiple DES PCI
without mtracm;@nary imaging guidance &
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* Present the LWS findings in this case during follow-up CAG

. Demostrawte the role of IVUS guidance in the managemenf of multiple
stent u,cr?derexpansmn &
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. Emﬁhasue the importance of intracoronary |mag|9§ in optimizing PCI
outcomes

&
$



.Ooe’@
06060
* 51/male &
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* Dyslipidemic & N
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* Substernal I;éavmess for about 3 hours &
&
. Anterlorgx?(/all STEMI &
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. Imm@ﬁhate STEMI team activation @&Q
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Initial CAG and Pcfgf culprit lesion
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Post-proximal DES deployment




Post PCl with 3 sto,\@ﬁ@ts!

~

Ultimaster 2.25
2.25x28

Ultimaster 2.25 2.25 x 33

Synergy 2.25 x 28 /




3 months later &

* Vague/atypical chest gﬁ‘scomfort
associated with phy’smal exertion

* Compliant W|thof’ard|ac rehab,
DAPT plus s’gatlns B-blockers/ARBs

* No new EﬁG changes

o Adwgé%l CAG and IVUS assessment
of coronary stents
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IVUS (manual puI,\Lb@gck)
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AVIO Criteria

Table 1. IVUS Criteria for Optimal Stent Deployment e
&
MUSIC Criteria
» Complete apposition of stent @@Q
.
\\\@

» Adequate stent expansion

\9

MSA =90% of the average reference Iumen area or =100% of reference

» Minimal post-stent area >70% of the balloon cross-sectional area used to post -dilate the stent

 The noncompliant post-dilation balloon size selected according to thg;z'ﬁerage of the maximum
and minimum media-to-media diameter at the following pomts

Q(\
segment with the lowest areamﬁen the MSA is <9 mm’ 1. Distal in-stent segment &

o /\00(9 2. Proximal in-stent segment QQ@&’O
MSA 280% of the avgfage reference lumen area or 290% of reference 3. In-stent of maximal narrowing by@

segment with the lowest area when the MSA is >9 mm? @f"’
» Symmetrical stent expansion Defined by minimum umen diameter v\\@

N
divided by maximum lumen diameter 0.7 5
00%&
The criteria for optimal stent deployment used in the MUSIC (33) and AVIO (46) studies. v\o’\o
©

AVIO = Angiography Versus [VUS Optimization study; IVUS = intravascular ultrasound; MSA = minimgabStent area; MUSIC = Multicenter Ultrasound Guided Stent Implantation in the Coronaries study.
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Distal RVD and DL§f§I Stent diameter

Stent diameter: 1.9-2.2 mm
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L ivlin Dia: 1.9mm
Max Dia: 2.2mm

— Difference

3.6mm? (52.8%)

Areaz
Area: 6.8mm?
Min Dia: 2.8mm
Max Dia: 3. 1mm
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Distal RV-MLA arl\,\d@ﬁistal MSA
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MLA='S T-mm?2

=3.2. mm?2

Areal

Area. 3.2mm? y : Area: 6.8mm?
Min Dia: 1.9mim — Difference — Ilin Dia: 2.8mn
Max Dia; 2.2inm 3.6mm? (62 8% Max Dia: 3.1mr

Area: 5. 1mm?
Min Dia: 2.4mm
Max Dia: 2.6mm

A

MSA=60% of MLA of@d?éftal reference vessel



40mm

Z 49mm
3 3.7mm

39mm
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Ste lt dlameter 2 3 2.5 mm

Area: Hamln
Min Dia: 4 0mm
Max Dia: 4. 4mm

Difference

1 1 19.8mm? (70 .2%)]
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MLA = 651 mrry/ MSA=2+2"mm?2

Aread - Area2 Area’l Area?
Area. 6. 1mm? : ' Area: 13.8mm? Area. 4 2mm? , . Area. 13.9mm?
iin Dia: 2.5mm . Difference = Iin Dia: 3.9mm iin Dia: 2.3mm — Difference — iin Dia: 4.0mm
Max Dia: 29mm | [7.6mm?Z (£5.6%) Max Dia: 46mm Max Dia: 2.5mm 9.8mm? (/0.2%) Max Dia: 4. 4mm

MSA < 70% of MLA o%’glvroximal reference vessel




Strategy

* Review over- expan&fon capacity of previously deployed stents:

\06‘

e Ultimaster 2. 25@4'?1m 4.3 mm &

&%

* Synergy 2. 25«‘@b 3 5mm QQ%

* Non- cormbllant balloons used: Accuforce 3.0, 3.5, 4.0 |@oﬂated to
mammﬁm pressure of 22 ATM &

. Ca;titlon on stent edges &
* Use of stent boost &
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and IVUS

Post-Balloon Fluord
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Max Dia: 26mm |
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Final MSA > 100% of smallest reference lumen area!



Prox LAD MSA Pre- nd Post- POBA
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Final prox LADMSA = 10 mm?2!
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IVUS Predictors of Early DES Thrgfnbosis & Restenosis

@
r\(b{\
O . .
Early Thrombosis Restenosis
Sm al | MSA or F&Bﬁl et al. J Am Coll Cardiol 2005;45:995-8 *Sonoda et al. J Am Coll Cardiol 2004;43:1959-63
d . . i bl @Q‘Okabe et al. Am J Cardiol. 2007;100:615-20 *Hong et al. Eur Heart J 2006;27:1305-10
un ] erexpansion in stable v | °Liuetal. JACC Cardiovasc Interv. 2009;2:428- *Doi et al JACC Cardiovasc Interv. 2009;2:1269-75
lesions e 34 *Fujii et al. Circulation 2004;109:1085- 1{5@8
*Choi et al. Circ Cardiovasc Interv 2011;4:239- «Kang et al. Circ Cardiovasc Interv ‘Il -4:9-14
Small MLA in ACS/MI legidns | o X &
O *Choi et al. Am J Cardiol 2012; 1Q9 455-60
(accounting for \75\ -Song et al. Catheter Cardlomgc Interv 2014;83:873-8
P | aqu e/thrombus pmtru Sio n) *Kang et al. PLoS One 2(5.\% 10(10):e0140421
*Fujii et al. 3 Am Coll Cardiol 2005;45:995-8 *Sakurai et a Am J Cardiol 2005;96:1251-3
Edge probl 1S (geographlc
G d | *Okabe et al., Am J Cardiol. 2007;100:615-20 *Liu et aléé?n J Cardiol 2009;103:501-6
m ISS secon ary eSIO ns, *Liu et al. JACC Cardiovasc Interv. 2009;2:428- -Costqzieet’ al, Am J Cardiol, 2008;101:1704-11
large plaque burden, 34 "Kgfg et al. Am J Cardiol 2013;111:1408-14
d iSSGCti ons, etc) ;C7:h0| et al. Circ Cardiovasc Interv 2011;4:239- ! v‘?‘(obayashl et al. ACC2014
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Stent Iength (>40m m) \O/\ Hong et al. Eur Heart J 2006;27:1305-10
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MACE (Definite/Probable ST, Cardiac Death,

10] MI)
HR: 0.65 [95% CI: 0.54, 0.78]
e P < 0.001 7.45%
L
< 5] e 4.90%
- /_///_/-ﬂjs Used
0% 6 12 18 24
Number at risk: Time in Months
IVUS Used 3361 3206 D 2988 1739
IVUS Not Used 5221 4912 4740 4537 2177

Defiriite/Probable ST

—~ 2]

S

% HR: 0.47 [95% CI: 0.28, 0.80]

) P =0.004

o 1

S

o

[ IVUS Used — 0.55%

o

D O-I T T T T

0] 6 12 18 24

Number at risk: Time in Months
IVUS Used 3361 3260 3182 3065 1791
IVUS Not Used 5221 5019 4886 4713 2279

Two year follow-up data from ADAPT-

]

(3361 pts treated with IVUS-

guidance vs 5221 pts treated with

Myocardial Infarction (%)

Number at r:5k:
IVUS Used

angiographic guidance)

10 Myocardcial Infarction
HR: ¢.62 [95% Cl: 0.49, 0.77]
P < 0.001
5.59%
ff/ 3.47%
""" IVUS Used
0 -| T T T T
(0] 6 12 18 24
Time in Months
3361 3209 3120 2991 1739
5221 4916 4744 4541 2179

IVUS ot Used

Maehara et al. J Am Coll Cardiol 2013;62:B21-B22



Is IVUS better than ANGI@to guide PCl for long lesions?

N

&
The IVUS-)éPi Randomized Clinical Trial

<
I 372 Patients who underwent coronary

<}3 angiography during the screening period
6\)
©
@vQ i > 11972 Excluded?
R
C\Q 1400 Randomized b) .\\\@
g _ — — N
(‘Q o T — N é
700 Ran ized to undergo intravascular 700 Randomized to undergo angiography-guided PCI @
ultr@@ound—guided PCI 670 Underwent angiography-guided PCI rz)(\'
Underwent intravascular ultrasound-guided as randomized .QQ
PCl as randomized 30 Underwent intravascular ultrasound- (\\
Q'\ 22 Underwent angiography-guided PCI guided PCI 4®
o 17 Physician decision due to unfavorable 22 Physician preference due to complex Q@
00" coronary artery anatomy lesions ;QO
d~ (eg, severe tortuosity) 8 Angiographically ambiguous anatom%\)o
Oo(\ 5 Technical failure to deliver intravascular o)
A ultrasound-guided catheter @Q&
\O <
?\ v ¥ (\\*
‘b© 698 Received =1 everolimus-eluting stent with 699 Received =1 everolimus-eluting g:e?ft with
Q'\ total stent length 228 mm total stent length 228 mm %)
YV 1 Received =1 everolimus-eluting stent with 1 Received non-study drug-eluéﬁg stent with
total stent length <28 mm total stent length 228 mm e@
1 Underwent PCI but did not receive a stent \0}
N
¥ A "\\Q
36 Lost to follow-up 34 Lost tcy&-llow-up
4 Withdrew consent 3 Wit@rew consent
Q
v v
D
‘ 700 Included in primary analysisP ‘ ‘ 700 Ing@%’ded in primary analysisP ‘
O\
=

IVUS criteria for stent optimization after PCl was defined as a minigqcél lumen cross-sectional area greater than the lumen
cross-sectional area at the digcb&\I reference segments

P
Hong SJ, et al. JAMA. 2015; 314: 2155-2163.



Is IVUS better than ANG@tho guide PCl for long lesions?

&
The IVUS-)éPi Randomized Clinical Trial

IVU&&uided PCI Angiography-Guided PCI Risk Difference Hazard Ratio
n n= © (] alue
( R 00)* ( 700)* (95% CI) (95% CI)® P Value©
Primary End Point IS4
Major adverse cardiac event® (QQ 19 (2.9) 39 (5.8) -2.97 (-5.14 to —-0.79) 0.48 (0.28 to 0.83) .007
Secondary End Point ?3\*
Cardiac death 06' 3(0.4) 5 (0.7) -0.30 (-1.11 to 0.52) 0.60 (0.14 to 2.52) \Qb’ .48
Target lesion-related myocardial i;g?\:tion 0 1(0.1) -0.15 (-0.45 to 0.14) “‘\0\ 32
(ischemia-driven target lesion < 17 (2.5) 33 (5.0) =2.39 (-4.43 t0 ~0.36) ___ 0.51 (0.28 to 0.9%) 02}
> e
Definite or probable stent t\Q’(&nbosis 2 (0.3) 2 (0.3) 0 (-0.57 to 0.56) 1.00 (0.1460 7.10) >.99
Acute 5 1(0.1) 1(0.1) 8
N
Subacute (19 1(0.1) 0 0\\6
) O
Late “69 0 1(0.1) (,}O
I A | All patie&ﬁ(\ [ﬂ Patients in IVUS-guided PCI group bg
- A underwent IVUS-guided stent im%gnta‘tion‘1
<
?30 8 - 8- (\*\
\(‘b© Egé_?;:‘?(giuggg Qi2B:0.83 Patrents not ‘rne‘etir'lg IVUS criteria
Q =V > .6 stent optimization
q’ g L g 3\_ @" Patients meeting IVUS criteria
=5 = E (@~ for stent optimization
£ a3 = O 2 i TN =
x4 . . e
) Angiography-guided PCI =] &\Q
2 : £ & VHR,0.31;95%Cl, 0.11-0.86
LB 2B V] Log-rankP=.02
g2 E 22
; Q
|vu§ ided PCI 9(]/ \
' _ I
0 F_' T T Q'UI € 1 &Q)% 0 T T T 1
0 3 6 9 12 (\Q (0] 3 6 9 12
Time Since Randomization, mo QO Time Since Randomization, mo
&
No. at risk \Glo. at risk
PCI @‘?* IVUS criteria
Angiography-guided 700 673 660 643 624 > Not meeting 315 299 297 394 285
IVUS-guided 700 671 665 654 641 Q'\ Meeting 363 362 345 338 334

Hong SJ, et al. JAMA. 2015; 314: 2155-2163.



Reference
Zhangetal
(Eurointervention) **

Propensity score

matched subanalysis |

©

Zhangetal | C i
ardiovasc ders) |

Propensity score

matched subanalysis

Complex lesionsor
acute coronary
syndrome

Elgendyetal **

Elgendy IY, Mahmoud A, Elgendy AY, Bavry A. Outcomes With Intravascular

Hazard Ratio/ p-values

Ultrasound-Guided Stent Implantation: A Meta-Analysis of Randomized Trials in

the Era of Drug-Eluting Stents. Circ Cardiovasc Interv 2016

p=03

0.81
p=0.046

0.81
p=0.005

092
p=0.34

i Revascular-

ization

p=03

0.82

| p=0022

0.86
p=0.012

. 2
0.82 ﬁe

p=0.

2

Meta-Analysis: IVUS vs Angio DES

Meta-analysis of the eight
randomized I\VUS-guided
versus angiography-guided
DES implantation studies
showed tkat IVUS
guidance was associated
with s reduction in risk of

MACE by 41%,
mortality by 54%, ST
by 51%,

and ischemia-driven
target lesion
revascularization by
40%



The larger the better?

Impact of Stent Size Selectigff on Acute and Long-Term “...small vessels treated with
Outcomes After Drug-Efuting Stent Implantation 2 smaller stent were

. .
in De Nov@&oronary Lesions ted with
&6 | associated with greater
Hideki Kitahara, MD, PhD;J&:zo Okada, MD, PhD; Takumi Kimura, MD, PhD; d "t t
Paul G. Yock, MD; Alexanclrz{éf\.\ Lansky, MD; Jeffrey J. Popma, MD; Alan C. Yeung, MD; adverse even SI Sugges Ing
ne oers / 2 1S (15 . .
Peter Jé§tzberald, MD, PhD; Yasuhiro Honda, MD that aggrESSIve Selectlon Of
N .
Background—Although signiﬁca@qﬁndersizing often results in incomplete stent apposition or underexpansion, the possible Ia rge r Ste ntS, W|th
impact of oversized stent in@?ﬁmlalion on arterial wall injury has not been systematically investigated with drug-eluting \ - .
stents. The aim of this sn@?{\was to investigate the impact of stent oversizing on acute and long-term outcomes after drug- d p pi (0) p ri ate atte nt| on tO
eluting stents implantgfdon in de novo coronary lesions. . .
Methods and Result "—?§Sen'al (baseline and 6-12 months) coronary angiography and intravascular ultrasound were ed g (S Effe CtS ) may (0) pt| mize
performed in f-_-"‘_akﬂél%esioms treated with drug-eluting stents (355 sirolimus, 846 paclitaxel, 1387 zotarolimus, and 343
everolimus). T@: percentage of stent oversizing to angiographic reference vessel diameter (RVD) was calculated as
(nominal stent diameter—RVD)/RVDx100 . Clinical outcomes, including target lesion revascularization and stent
thrombosis, were followed for 1 year. Overall, smaller preintervention RVD was associated with higher percentage of xo
stent oversizing (P<0.001). The significant oversizing group underwent less post-dilatation (P=0.002) but achieved greateg®
stent expansion (P<0.001) and less incomplete stent apposition (P<0.001) without increase of edge dissection a@r
procedure. When stratified by vessel size and stent oversizing, progressive decreases of restenosis (P=0.002) andxRiget
lesion revascularization rates (P=0.007) were found in favor of larger vessel size and oversized stents. Stent t gmbosis
was observed the most in small RVD with low percentage of stent oversizing group among the subgroups (_P@?.(M()).
Conclusions—The positive impact of stent oversizing was documented on procedural and clinical outcomeg1 particular,
small vessels treated with smaller stents were associated with greater adverse events, suggesting that aggiessive selection

long- term outcomes”

of larger stents, with appropriate attention to edge effects, may optimize long-term outcomes, even i ug-eluting stents

implantation. (Circ Cardiovasc Interv. 2017;10:e004795. DOI: 10.116’1)’CIRCINTERVENTI% 16.004795.)
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Take Home Message
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* Coronary anglogragﬁy has limitations
* Stent underexpgﬁsmn is highly associated with poor outcomesy g

* The beneﬂtg«%f IVUS utilization in PCl are irrefutable &
99(19 ,006&(\
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