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Objectives

• Present a case of a post-STEMI patient who had multiple DES PCI 
without intracoronary imaging guidance

• Present the IVUS findings in this case during follow-up CAG

• Demostrate the role of IVUS guidance in the management of multiple 
stent underexpansion

• Emphasize the importance of intracoronary imaging in optimizing PCI 
outcomes
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Case

• 51/male

• Dyslipidemic

• Substernal heaviness for about 3 hours

• Anterior wall STEMI

• Immediate STEMI team activation
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Initial CAG and PCI of culprit lesion

Post-proximal DES deployment20
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Post PCI with 3 stents!

• Final STEMI angio post PCI
Ultimaster 2.25 
2.25 x 28

Ultimaster 2.25 2.25 x 33

Synergy 2.25 x 28
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3 months later

• Vague/atypical chest discomfort 
associated with physical exertion

• Compliant with cardiac rehab, 
DAPT plus statins, B-blockers/ARBs

• No new ECG changes

• Advised CAG and IVUS assessment 
of coronary stents 
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IVUS (manual pullback)

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

.

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

.

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s  

20
18

. A
ll r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



A AB
B

C

C

E
F

G

H

I

J

D

K

D E F

G H I

J K

L

L

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

.

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

.

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s  

20
18

. A
ll r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

.

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

.

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s  

20
18

. A
ll r

igh
ts 

re
se

rve
d -

 A
ny

 re
pr

od
uc

tio
n e

ve
n i

n p
ar

t is
 pr

oh
ibi

ted
] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .

20
18

 ©
 A

IC
T C

on
gr

es
s 2

01
8. 

All r
igh

ts 
re

se
rve

d -
 A

ny
 re

pr
od

uc
tio

n e
ve

n i
n p

ar
t is

 pr
oh

ibi
ted

] .



Distal RVD and Distal Stent diameter

RVD:  2.7-2.8 mm Stent diameter:  1.9-2.2 mm
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Distal RV-MLA and Distal MSA

MLA = 5.1 mm2 MSA = 3.2 mm2

MSA=60% of MLA of distal reference vessel
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Prox RVD and Prox Stent Underexpansion

RVD:  3.7-4.9 mm Stent diameter:  2.3-2.5 mm
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Prox RV-MLA and Prox MSA

MSA = 4.2 mm2MLA = 6.1 mm2

MSA < 70% of MLA of proximal reference vessel
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Strategy

• Review over-expansion capacity of previously deployed stents:

• Ultimaster 2.25 mm:  4.3 mm

• Synergy 2.25:  3.5 mm

• Non-compliant balloons used:  Accuforce 3.0, 3.5, 4.0 inflated to 
maximum pressure of 22 ATM

• Caution on stent edges

• Use of stent boost
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Post-Balloon Fluoro and IVUS
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Distal LAD RV-MLA and MSA Post-POBA

MLA = 5.1 mm2 MSA = 5.6 mm2

Final MSA > 100% of smallest reference lumen area!
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Prox LAD MSA Pre- and Post- POBA

MSA = 10.0 mm2MSA = 4.2 mm2

Final prox LAD MSA = 10 mm2!
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Final 
Chromaflo
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IVUS Predictors of Early DES Thrombosis & Restenosis

Early Thrombosis Restenosis

Small MSA or 

underexpansion in stable 

lesions

Small MLA in ACS/MI lesions 

(accounting for 

plaque/thrombus protrusion)

•Fujii et al. J Am Coll Cardiol 2005;45:995-8

•Okabe et al. Am J Cardiol. 2007;100:615-20

•Liu et al. JACC Cardiovasc Interv. 2009;2:428-

34

•Choi et al. Circ Cardiovasc Interv 2011;4:239-

47

•Sonoda et al. J Am Coll Cardiol 2004;43:1959-63

•Hong et al. Eur Heart J 2006;27:1305-10

•Doi et al JACC Cardiovasc Interv. 2009;2:1269-75

•Fujii et al. Circulation 2004;109:1085-1088

•Kang et al. Circ Cardiovasc Interv 2011;4:9-14

•Choi et al. Am J Cardiol 2012;109:455-60

•Song et al. Catheter Cardiovasc Interv 2014;83:873-8

•Kang et al. PLoS One 2015;10(10):e0140421

Edge problems (geographic 

miss, secondary lesions, 

large plaque burden, 

dissections, etc)

•Fujii et al. J Am Coll Cardiol 2005;45:995-8

•Okabe et al., Am J Cardiol. 2007;100:615-20

•Liu et al. JACC Cardiovasc Interv. 2009;2:428-

34

•Choi et al. Circ Cardiovasc Interv 2011;4:239-

47

•Sakurai et al. Am J Cardiol 2005;96:1251-3

•Liu et al. Am J Cardiol 2009;103:501-6

•Costa et al, Am J Cardiol, 2008;101:1704-11

•Kang et al. Am J Cardiol 2013;111:1408-14

•Kobayashi et al. ACC2014

Stent length (>40mm) •Hong et al. Eur Heart J 2006;27:1305-10
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Definite/Probable ST

D
e
fi

n
it

e
/P

ro
b

a
b

le
 S

T
 (

%
)

Time in Months
3361 3260 3182 3065 1791

5221 5019 4886 4713 2279

Number at risk:

IVUS Used

IVUS Not Used

HR: 0.47 [95% CI: 0.28, 0.80]
P = 0.004

0.55%

1.16%

0

1

2

0 6 12 18 24

IVUS Used

IVUS Not Used

M
y
o

c
a

rd
ia

l 
In

fa
rc

ti
o

n
 (

%
)

0

5

10

Time in Months
3361 3209 3120 2991 1739

5221 4916 4744 4541 2179

Number at risk:

IVUS Used

IVUS Not Used

HR: 0.62 [95% CI: 0.49, 0.77]
P < 0.001

3.47%

5.59%

0 6 12 18 24

IVUS Used

IVUS Not Used

Myocardial Infarction

3361 3206 3117 2988 1739

5221 4912 4740 4537 2177

Number at risk:
IVUS Used

IVUS Not Used

M
A

C
E

 (%
)

0

5

10

Time in Months
0 6 12 18 24

HR: 0.65 [95% CI: 0.54, 0.78]
P < 0.001

4.90%

7.45%

IVUS Used

IVUS Not Used

MACE (Definite/Probable ST, Cardiac Death, 
MI)

Two year follow-up data from ADAPT-
DES (3361 pts treated with IVUS-
guidance vs 5221 pts treated with 

angiographic guidance)

Maehara et al. J Am Coll Cardiol 2013;62:B21-B22
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Is IVUS better than ANGIO to guide PCI for long lesions?

IVUS criteria for stent optimization after PCI was defined as a minimal lumen cross-sectional area greater than the lumen 

cross-sectional area at the distal reference segments

Hong SJ, et al. JAMA. 2015; 314: 2155-2163.
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Is IVUS better than ANGIO to guide PCI for long lesions?

Hong SJ, et al. JAMA. 2015; 314: 2155-2163.
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Meta-Analysis:  IVUS vs Angio DES
Meta-analysis of the eight 
randomized IVUS-guided 
versus angiography-guided 
DES implantation studies 
showed that IVUS 
guidance was associated 
with a reduction in risk of 
MACE by 41%,
mortality by 54%, ST 
by 51%, 
and ischemia-driven 
target lesion 
revascularization by 
40% 

Elgendy IY, Mahmoud A, Elgendy AY, Bavry A. Outcomes With Intravascular
Ultrasound-Guided Stent Implantation: A Meta-Analysis of Randomized Trials in

the Era of Drug-Eluting Stents. Circ Cardiovasc Interv 2016
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The larger the better?

“…small vessels treated with 
a smaller stent were 
associated with greater 
adverse events, suggesting 
that aggressive selection of 
larger stents, with 
appropriate attention to 
edge effects, may optimize 

long- term outcomes”20
18
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Take Home Message

• Coronary angiography has limitations

• Stent underexpansion is highly associated with poor outcomes

• The benefits of IVUS utilization in PCI are irrefutable
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Thank You and 
Have a

Good Day!
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