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• FFR

• iFR (and other resting 

indices)

• IVUS 

• RF-IVUS (VH-IVUS, iMAP, 

or IB-IVUS)

• OCT

• NIRS

• Some combination of the 

above

• Is this lesion flow-limiting?

 Non-LMCA

 LMCA

• Pre-intervention lesion assessment (ie., what 

is the culprit?)

• Is this “other” lesion a vulnerable plaque that 

is at risk for future events?

• What is the likelihood of embolization during 

stent implantation?

• How do I effectively treat an CTO?

• How do I guide and optimize acute stent 

results (size, length, expansion, edge 

coverage)?

 Is this jailed sidebranch significant?

• Why did this stent thrombose or restenose?

Clinical questionsModalities



Reference Versus # of 

lesions
% 

abn

Inclusion 

criteria

Mean 

MLA 

(mm2)

MLA cut-off

(mm2)

Other independent 

IVUS anatomic 

determinants

PPV NPV Reference Versus # of 

lesions

% abn Inclusion 

criteria

Mean 

MLA 

(mm2)

MLA cut-

off

(mm2)

Other 

independent 

IVUS anatomic 

determinants

PPV NPV

Abizaid

AJC 1998
CFR<2.0 112 40% 4.4 4.0

Waksman

JACC 2013
FFR<0.8 334 25%

40-80% DS 

>2.5mm 

vessels
5.6 3.1

LAD

Plaque burden 40% 83%

Stone

TCT 2013
FFR<0.80 544 31%

40-80% DS 

>2.75mm 

vessels
2.9

LAD vs LCX

RCA vs LCX 47% 81%Nishioka

JACC 1999
SPECT 70 65% 4.3 4.0

Takagi

Circulation 1999
FFR<0.75 51 49% 3.9 3.0

Kwan

CMJ 2012
FFR<0.8 169 59%

40-99% DS 

LAD
3.0 3.0 Plaque burden 84% 82%

Briguori

AJC 2001
FFR<0.75 53 23% 40-70% DS 3.9 4.0 Lesion length 46% 96%

Chen

IJC 2013
FFR<0.8 323 54% ≥40% DS 2.9 3.0

Plaque burden

LAD 73% 76%

Takayama

CCI 2001
FFR 14 50%

>2.5mm 

vessels
3.5

MLA divided by 

lesion length
Yang

CCI 2014
FFR<0.8 206 44%

40-70% DS 

Prox/mid LAD 

>3.0mm 

vessel

3.1
3.2 (Prox)

2.5 (Mid)
Lesion length

Lee

AJC 2010
FFR<0.75 94 40%

30-75% DS

<3mm 

vessels
2.3 2.0

Lesion length

Plaque Burden
Kang

JACCInterv

2013

FFR<0.8 207 females 27% females
>30% DS

LAD

2.6
2.5 63% male 81% male

Kang

Circ Interv 2011
FFR<0.8 236 21% 30-75% DS 2.6 2.4

LAD

Plaque burden 37% 96% 2.5 2.5
42% 

female

93% 

female

Ahn

JACC Interv 2011
SPECT 170 26% 2.1 2.1 39% 91% Lopez-Palop

REspCard

2013

FFR<0.8 61 49%
40-70% DS 

≥20mm length
2.7 3.1 Lesion length 67% 93%

Kang

AJC 2012
FFR<0.8 784 29% 30-90% DS 2.4

LAD

Lesion length

Plaque rupture

Plaque burden

48% 90% Naganuma

CRM 2014
FFR<0.8 169 30% 40-70% DS 3.0 2.7 Plaque burden 59% 90%

Ben-Dor

EuroInterv

2011

FFR<0.75

92 19%

40-70% DS 

>2.5mm 

vessels
3.6

2.8
Lesion length

Voros

AJC 2014
FFR<0.75 323 27% 40-99% DS 3.7 2.7 39% 93%

FFR<0.8 3.2 Cui

CMJ 2013
FFR<0.8 206 26%

40-70% DS 

>2.5mm 

vessels
3.9 3.2 Plaque burden 53% 85%

Ben-Dor

CRM 2012
FFR<0.8 205 26%

40-70% DS 

>2.5mm 

vessels
3.1

Han

Cardiology 2014
FFR<0.8 169 39% 3.1 2.8 49% 73%

Koo

JACC Interv

2011

FFR<0.8 267 33%

30-70% DS 

Proximal or 

Mid
3.0 3.0

Proximal or Mid

LAD 47%
Cho 

Eurointervention 

2015

FFR <0.8 945 40% 30-70% DS
3.1 3.0 50% 72%

Koh

JACCInterv 2012
FFR<0.8

38 37%
40-70% DS 

Ostial MV 3.5 69% 87%
Gonzalo JACC 

2012
FFR <0.8 51 46% 40-70% DS 2.6 2.4 67% 65%

55 27%
40-70% DS 

Ostial SB <50% Kang AJC 2016 FFR<0.8 103 41% 30-80% DS 3.6 2.8
Subtended 

myocardium 71%

Usui. EuroIntervention 

2018

FFR<0.8

203

69%

30-80% 2.4
2.7 78% 46% Kang AJC 2016 FFR<0.75 101 45% 20-80% 3.5 2.8

Subtended 

myocardium 62% 91%

FFR<0.75 35% 2.6 42% 76%
Sakurai Int J 

CVI 2015
FFR<0.8 114 85% 26-90% 2.0

Plaque burden

IB-IVUS lipid

Brown. Int J Cardiol 

2017
FFR<0.8 92 74% 2.7 2.6 Plaque burden

Nishi J Cardiol 

2016
FFR<0.8 42 67% 40-80% DS 1.5 2.2

Matsushita. Heart and 

Vessels 2018

FFR<0.8

80

51%

2.2
2.0

Lee. Rev Esp 

Cardiol 2019
FFR<0.8 365 51-58% 53±15% DS 4.1 3.4-3.8 59-66% 62-69%

iFR<0.89 26% 1.8

IVUS vs “Ischemia” in Non-LMCA Lesions



FLAVOUR: Randomized FFR vs IVUS in 1682 patients with 

intermediate lesions (angiographic DS 40-70%)

FFR IVUS

Stent implantation criteria <0.80 MLA <3mm2 (or 3-4mm2 plus plaque burden >70%)

%PCI 44.4% 65.3%

Stents per patient 0.6±0.9 0.9±1.0

Stent optimization criteria ≥0.88 or a difference 

<0.05 across the stent

MLA ≥5.5mm2 and plaque burden at stent edge ≤55% 

or in-stent MLA ≥ distal reference lumen

% optimized 50.1% 54.8%

24-month MACE 8.1% 8.6%

PCI-optimized 12.3% 8.5%

Suboptimal PCI 11.8% 9.8%

Medical therapy 5.0% 5.9%

Each individual component of the primary endpoint was not different between FFR- and IVUS-guided PCI (all-

cause death: 1.3% vs. 2.3%; MI: 1.9% vs. 1.7%; 5.7% vs. 5.3%; repeat revascularization: 5.7% vs. 5.3%) or 

periprocedural MI (1.2% vs. 0.9%).

Koo et al. N Engl J Med. 2022;387:779-789
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IVUS Predictors of DES Early Thrombosis & Restenosis

Small MSA, MLA, 
or underexpansion

Edge problems
• Geographic miss
• Secondary lesion
• Large plaque burden
• Dissections, etc

Adapted from Mintz. Presented at TCT2013. Image from Yoon, H., et al., Korean J Intern Med 2012 



Predictors of DES Early ST, Restenosis, MACE, or DoCE
IVUS OCT

Early ST Restenosis/MACE Restenosis/MACE/DoCE

Small MSA or underexpansion 

in stable lesions

Small MLA in ACS/MI lesions

•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

•Hong et al. JAMA 2015;314(:2155-63.

•Lee et al. Rev Esp Cardiol 2017;70:88-95

•Katagiri et al. Catheter Cardiovasc Interv. 2019 Jan 31. doi: 10.1002/ccd.28105.

•Kim et al. EuroIntervention. 2020;16:e480-e488

•Park et al. JACC Cardiovasc Interv 2020;13:1403-13

•Ladwiniec et al. EuroIntervention 2020;16:201-9

•Sugane et al. Atherosclerosis 2021;318:70-5

•Kwon et al. EuroIntervention 2021;17:e639-e646

•Cha et al. Coron Artery Dis 2021;32:1541-8

•Fujimura et al. JACC Cardiovasc Interv 2021;14:1639-50

•Lee et al. Circ Cardiovasc Interv. 2021;14:e011124. 

•Komaki et al. Int J Cardiol 2021;334:31-36

•Prati et al. JACC Cardiovasc Imaging 2015;8:1297-305

•Prati et al. Circ Cardiovasc Interv. 2016;9. pii: e003726.

•Soeda et al. Circulation 2015;132:1020-9

•Matsuo et al. Cathet Cardiovasc Interv 2015;87:E9-14  

•Prati et al. EuroIntervention 2018;14:e443-e451

•Katsura et al. Catheter Cardiovasc Interv 2020;96:E501-E507

•Kim et al. JACC Cardiovasc Imaging 2022;15:126-37

•Lee et al. Sci Rep. 2023;13:3781. doi: 10.1038/s41598-023-

30717-6

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. Circ Cardiovasc Interv. 2016;9:e003553

•Calvert et al. Catheter Cardiovasc Interv 2016;88:340-7

•Park et al. JACC Cardiovasc Interv 2020;13:1403-13

•Prati et al. JACC Cardiovasc Imaging 2015;8:1297-305

•Prati et al. Circ Cardiovasc Interv. 2016;9. pii: e003726.

•Ino et al. Circ Cardiovasc Interv. 2016;9:e004231

•Prati et al. EuroIntervention 2018;14:e443-e451

•van Zandvoort et al. Circ Cardiovasc Interv. 2020;13:e008685

Protrusion in ACS/MI

Irregular Protrusion

•Choi et al. Circ Cardiovasc Interv 2011;4:239-47

•Hong et al. Int J Cardiol 2013;168:1674-5

•Prati et al. Circ Cardiovasc Interv. 2016;9. pii: e003726.

•Soeda et al. Circulation 2015;132:1020-9

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

Asymmetry/Eccentricity •Suwannasom et al. JACC Cardiovasc Interv 2016;9:1231-42 (not significant at  long term follow-up: JACC Cardiovasc Interv 

2018;11:1013-5)

Acute malapposition •Watanabe et al. Catheter Cardiovasc Interv. 2022 Oct 27. doi: 10.1002/ccd.30424
•Souteyrand et al. Eur Heart J. 2016;37:1208-16

•Kim et al. JACC Cardiovasc Imaging 2022;15:126-37



Early IVUS observations regarding 

angiography during PCI that are still true today

• Atherosclerosis is ubiquitous and most of it is angiographically 

silent

• The angiogram is often misleading in assessing vessel size

• The angiogram is often misleading in assessing calcification

• A good angiographic result is not a guarantee of a good 

anatomic result



0 10 50mm

b

a

c

76% 74%

69%

67%

a
b
c

Mintz et al. J Am Coll Cardiol 1995;25:1479-85

In 884 native coronary arteries, the plaque burden in the angiographically “normal” reference 

segment was 51±13%; and only 6.8% were truly normal.

Proximal Distal

0 10 50mm

67% 79% 65% 73% 51% 67%



Coronary calcium is a predictor of 
worse prognosis after PCI with DES

0%

5%

10%

15%

20%

25%

30%

35%

40%

Death Death/MI Death/MI/ Any Revasc

Not Severely Calcified

Severely  Calcified

4.4%

10.8% 10.9%

22.9% 22.4%

31.8%

7 DES Trials - 6296 patients

Independent core lab (Cardioalysis, Rotterdam)

20% of patients had severe coronary calcification

Outcomes at 3 years

Bourantas,C et al; abstract EuroPCR 2014: 14A-0P082



Vavarunakis et al. Catheter Cardiovasc Interv 2001;52:164-172 

Hoffmann et al. Eur Heart J 1998;19:1224-31

*There was a similar, albeit less 

strong, correlation after 20 atm 

inflation (r=-0.58, p=0.0007)
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Stent Expansion in Calcified Lesions



Mintz et al. Circulation 1995;91:1959-65.

The only predictor of IVUS calcium was angiographic 
calcification elsewhere in the coronary tree. 

(Tuzcu et al. J Am Coll Cardiol 1996;27:832-8)

In 1155 lesions, angiography was only moderately sensitive for detection of 

extensive lesion calcium (sensitivity 60% and 85% for 3- and 4-quadrant calcium)

Any calcification

%
 o

f 
a

n
g

io
g

ra
p

h
ic

 l
e

s
io

n
s

IVUS quadrants of calcium

Superficial calcification

%
 o

f 
a

n
g

io
g

ra
p

h
ic

 l
e

s
io

n
s

IVUS quadrants of 

superficial calcium

0

5

10

15

20

25

30

None One Two Three Four

Severe

Moderate

None/Mild

0

10

20

30

40

50

60

None One Two Three Four

Severe

Moderate

None/Mild



IVUS Calcium Score

1) Calcium >270° over length >5mm 

3) Calcified nodule

Calcium Score: If ≥2 modification

>270°

360°

Calcium >270° over >5mm 360° of calcium Vessel diameter <3.5mmCalcified nodule

Courtesy of Maehara, A., TCT 2020

4) Vessel diameter <3.5mm

2) Calcium 360° 



IVUS calcium score predicting stent expansion (as a 
continuous variable) in lesions with calcium >270°

Test cohort of 97 pts
Regression Coeff 95% CI P-value Cut-off Calcium Score

Length of calcium >270° (per 5mm) -5.5 -9.7, -1.2 0.01 5.0
≤5mm 0

>5mm 1

Calcium Nodule -10.2 -16.3 to -4.2 0.0009
absent 0

present 1

Vessel diameter (per 1mm) 8.6 2.7 to 14.4 0.004 3.5
>3.5mm 0

≤3.5mm 1

Circumferential calcium -14.3 -25.0 to -3.5 0.009
absent 0

present 1

Stent underexpansion (<70%) in the validation cohort of 97 pts

Cut-off C-statistics Sensitivity Specificity PPV NPV

Score ≥2 0.85 [0.77, 0.93] 89% 63% 48% 94%

In 67 lesions without angiographically visible calcium, but with a maximum IVUS angle of superficial calcium 
>270°, there were none with a calcium score of 4 and only 1 with stent underexpansion.

Zhang et al. Circ Cardiovasc Interv. 2021;14:e010296. doi: 10.1161/CIRCINTERVENTIONS.120.010296



IVUS use is associated with better outcome IVUS use is associated with worse outcome101.1

MI
ULTIMATE
Zhang et al
IVUS-XPL
CTO-IVUS
Tan et al
Kim et al

AVIO
HOME DES IVUS

2018
2016
2015
2015
2015
2013
2013
2010

7/724
1/42
0/700
0/201
1/61
0/269
10/142
1/105

20/2244

11/724
2/42
1/700
2/201
2/62
2/274
12/142
4/105

36/2250

0.64 (0.25, 1.62)
0.51 (0.05, 4.99)
0.14 (0.00, 6.82)
0.13 (0.01, 2.16)
0.52 (0.05, 5.06)
0.14 (0.01, 2.20)
0.82 (0.34, 1.96)
0.29 (0.05, 1.73)

0.55 (0.32, 0.94)

Elgendy et al. Circ J 2019;83:1410-13

Meta-analysis of 10 

IVUS vs Angio-guided 

DES-implantation 

RCTs (5160 pts)  
(weighted mean follow up 13.8±1.4 mos)

IVUS-guided PCI was associated 

with a lower incidence of 
• Cardiac mortality (0.3% vs 1.1%, 

OR 0.44, 95% CI 0.26-0.75, 

P=0.003)

• MI (0.2% vs 0.9%, OR 0.55, 95% CI 

0.32-0.94, P=0.03)

• TLR (2.4% vs 4.5%, OR 0.57, 95% 

CI 0.42-0.77, P<0.001)

• Stent thrombosis (0.3% vs 0.8%, 

OR 0.44, 95% CI 0.24-0.79, 

P=0.006 ). 

2019
2018
2015
2015
2015
2015
2013
2013
2010

0.42 (0.09, 1.89)
0.26 (0.05, 1.30)
1.00 (0.14, 7.11)
0.13 (0.01, 1.30)
0.21 (0.05, 0.87)
0.52 (0.05, 5.06)
1.02 (0.06, 16.33)
7.39 (0.15, 372.38)
0.66 (0.19, 2.34)

0.44 (0.24, 0.79)

Definite/probable stent thrombosis
Liu et al

ULTIMATE
IVUS-XPL
CTO-IVUS
AIR-CTO
Tan et al
Kim et al

AVIO
HOME DES IVUS

2/167
1/724
2/700
0/201
1/115
1/61
1/269
1/142
4/105

13/2484

5/169
5/724
2/700
3/201
7/115
2/62
1/274
0/142
6/105

31/2492

Target lesion revascularization
Liu et al

ULTIMATE
IVUS-XPL
CTO-IVUS
AIR-CTO
Tan et al

AVIO
HOME DES IVUS

2019
2018
2015
2015
2015
2015
2013
2010

2/167
9/724
17/700
5/201
8/115
5/61

13/142
6/105

66/2215

5/169
19/724
33/700
8/201
12/115
12/62
17/274
6/105

112/2218

0.42 (0.09, 1.89)
0.48 (0.23, 1.02)
0.52 (0.29, 0.91)
0.62 (0.21, 1.87)
0.65 (0.26, 1.61)
0.39 (0.14, 1.10)
0.74 (0.35, 1.58)
1.00 (0.31, 3.20)

0.57 (0.42, 0.77)

IVUSOR [95% CI] AngioCardiovascular mortality
Liu et al

ULTIMATE
IVUS-XPL
CTO-IVUS
AIR-CTO
Tan et al
Kim et al

AVIO
Zhang et al

2019
2018
2015
2015
2015
2015
2013
2013
2016

3/167
5/724
3/700
0/201
3/115
2/61
0/269
0/142
0/42

16/2421

10/169
10/724
5/700
2/201
5/115
3/62
1/274
2/142
0/42

38/2429

0.33 (0.11, 1.00)
0.51 (0.18, 1.41)
0.61 (0.15, 2.43)
0.13 (0.01, 2.16)
0.60 (0.15, 2.44)
0.67 (0.11, 4.00)
0.14 (0.00, 6.95)
0.13 (0.01, 2.16)

Excluded

0.44 (0.26, 0.75)
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HR = 0.53 (95% CI = 0.29-0.95)

Log-rank P=0.031
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IVUS-XPL: Five year 

follow-up

Hong et al. JACC Cardiovasc Interv 2020;13:67-71

ULTIMATE: Three year 

follow-up

Gao et al. JACC Cardiovasc Interv 2021;14:247-57

HR: 0.60 (95% CI: 0.42, 0.87)

Log-rank: p=0.01
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RENOVATE-COMPLEX-PCI: 1639 pts with complex 

lesions were randomized (2:1) to IVI (74.2% IVUS or 

25.8% OCT) vs angiography-guided PCI

Primary end point: composite of cardiac death, TV-MI, or clinically 

driven TVR

IVI-

guidance 

(n=1092)

Angiography- 

guidance 

(n=547)

Stable CAD 48.7% 50.3%

ACS 51.3% 49.7%

True bifurcations 21.3% 23%

CTO 20.1% 18.1%

Unprotected LMCA 12.6% 9.9%

Diffuse long lesion 56.5% 51.4%

Multivessel PCI (>2 arteries) 37.5% 38.9%

≥3 stents 19.0% 17.7%

ISR 15.5% 14.3%

Severe calcium 14.4% 13.5%

Ostial lesions 16.7% 12.6%

≥3 complex lesions 32.2% 28.0%Lee et al. N Engl J Med 2023;338, in press
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Mintz et al. EuroIntervention. 2018;14:e467-e47.

Case et al. Int J Cardiol 2021;325:168-175

• The normal LMCA

• Pathogenesis of LMCA disease

• Plaque distribution

• Assessment of LMCA severity 

and indications for treatment

• Step-by-step IVUS-guided LMCA 

PCI and optimization

• Evidence that IVUS guidance 

during LMCA intervention 

improves outcomes

• IVUS vs OCT
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Oviedo et al. Am J Cardiol 2010;105:948-54
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%

MLA <3.7mm2 

• Sensitivity 100%

• Specificity 71%

• PPV 16%

• NPV 100%
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Plaque Burden >56%

• Sensitivity 100%

• Specificity 65%

• PPV 14%

• NPV 100%
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Kang et al. Catheter Cardiovasc Interv 2014;83:545-52

Frequency and IVUS predictors of FFR <0.8 after 43 LMCA bifurcation 

lesions with a pre-PCI LCX ostial DS<50% were treated by single-stent 

cross-over

One stent vs two stents?
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Meta-Analysis of 11 LMCA DES Studies
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British Cardiovascular Intervention Society (BCIS) Registry

Kinnaird et al. JACC Cardiovasc Interv 2020;13:346-357

No imaging: 12.9% 

[95% CI: 11.8-13.9%]
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Imaging: 8.9% 

[95% CI: 8.0-9.8%]

p<0.001
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15 • Overall, there was a 34% mortality 

reduction with IVUS guidance.

• Operators with greater LMCA-PCI 

volumes had better outcomes and 

greater mortality benefit with IVUS 

guidance. 

• There was a 59% mortality benefit 

among operators in the quartile with the 

highest number of LMCA procedures

(11,264 LMCA PCI, 5056 imaging [98% IVUS]-guided, with imaging use 

increasing from 30% in 2007 to 50% in 2014)



Randomized IVUS vs Angiographic Guided 

CTO Intervention
Primary endpoint (Cardiac death, MI, TVR) 

10

0

2

4

6

8

0 3 6 9 12

Follow-up duration (months)
Number at risk

Angiography 

IVUS

201

201

198

198

179

186

HR = 0.35 (95% CI = 0.13-0.97)

P = 0.035

1
2
-m

o
n

th
 

C
u

m
u

la
ti

v
e
 i
n

c
id

e
n

c
e

 (
%

)

7.1% (n=14/201)

2.6% (n=5/201)

Angiography-guided group

IVUS-guided group

10

0

2

4

6

8

0 3 6 9 12

Follow-up duration (months)
Number at risk

Angiography 

IVUS

1
2
-m

o
n

th
 

C
u

m
u

la
ti

v
e
 i
n

c
id

e
n

c
e

 (
%

) HR = 0.26 (95% CI = 0.09-0.71)

P = 0.005 8.4% (n=14/171)

2.2% (n=5/231)
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Intention to Treat Per Protocol
(30 pt x-over from angio to IVUS-guidance)

IVUS Angio P-value

Cardiac death/MI 0% 2% 0.045

TVR 2.6% 5.2% 0.186

IVUS Angio P-value

Cardiac death/MI 0% 2.3% 0.019

TVR 2.2% 6.1% 0.049

Kim et al. Circ Cardiovasc Interv. 2015 Jul;8(7):e002592



Prevalence of and Mortality from

Contrast-Induced Nephropathy

Amin et al. JAMA Cardiol 2017;2:1007-12

Marenzi et al. Ann Intern Med 2009;150:170-7

Dangas et al. Am J Cardiol 2005; 95:13-19

In-hospital mortality was 21.4% among pts 

with CIN vs 0.9% without CIN (p<0.001). 
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Zero Contrast PCI
• Ali et al. Eur Heart J. 2016;37:3090-3095 

 31 pts with median creatinine of 4.2mg/dL (IQR 3.1-4.8)

 Successful zero contrast PCI was performed at least 1 week after diagnostic angiography using real-time IVUS 

guidance and pre- and post-PCI FFR and CRF to confirm physiologic improvement

 No MACE and preservation of renal function in all pts at a median follow-up of 79 days (IQR 33-107). 

• Rahim et al. TCT2019

 99 pts with creatinine of 3.6±1.6mg/dL 

 18% PCI performed at time of diagnostic angio and 82% PCI were staged

 Staged PCI used 1.3±2.8ml contrast with zero contrast in 72%

 One guidewire perforation requiring pericardiocentesis

 Median follow-up of 328 days (IQR 141-365), 21% progressed to RRT - 2 pts in-hospital and 1 within 30 days. 

• Nandhakumar, et al. Int J Cardiol. 2022:353:22-8

 31 vessels in 27 pts at risk of AKI. 

 The primary outcome -- technical success at the end of PCI – was achieved in 87%.

 The median change in eGFR at 1 month was -8.19%(-24.40%, +0.92%) with no newer initiation of RRT

• Kumar et al. Int J Cardiol Heart Vasc 2022 May 16;40:101052. doi: 10.1016/j.ijcha.2022.101052

 42 pts (66 vessels)

 Zero contrast in 61 vessels (92.4%) and the remaining 7.6% were completed with ultra-low volume contrast.

 5 (11.9%) pts developed AKI, but none required dialysis

• Shibata et al. Circ J 2022;86:787-96

 55 pts (78 PCIs)

 Zero contrast in 78 PCIs

 No AKI.

 Follow-up of 437-1460 days, 4 pts required RRT

Also useful for patients with contrast 

allergy



Clinical problem FFR NHPR IVUS RF-IVUS OCT NIRS

Assessing lesion severity

Non-LMCA* ++ ++ + +

Tandem lesions + ++

LMCA* ++ ++

Identifying the culprit lesion ± ++ ±

Identifying vulnerable plaque + + +

PCI Guidance

Predicting distal embolization + + + +

Calcium + ++

Guiding CTO intervention ++

Routine DES optimization* ++ ++

Jailed sidebranch ++

LMCA stenting ++

Minimizing contrast ++

Assessing stent failure + ++

* Personal preference



Pre-

intervention

Lesion 

severity

Reference 

segment 

disease

PCI Guidance

IVI
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Stent thrombosis

Expansion

Geographic 
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Complications
Stent 

length

Stent diameter

Calcium

Lesion

Remodeling

Vulnerable 

plaque

Mintz et al. JACC Cardiovasc Imaging 2022;15:1799-

1820
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