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Randomized FFR/iFR trials in Non-LMCA lesions 

• DEFER showed that it was safe to defer PCI in lesions with FFR >0.75 
• Bech et al. Circulation 2001;103:2928-34 

• Pijls et al. J am Coll Cardiol 2007;49:2105-11 (5 year data) 

• Zimmerman et al. Eur Heart J 2015;36:3182-8 (15 year data) 

• FAME-I showed that treating lesions with FFR >0.80 with first generation DES 

was harmful and that a deferred PCI strategy was safer and cost-saving 
• Tonino et al. N Engl J Med. 2009;360:213-24  

• Pijls et al. J am Coll Cardiol 2010;56:177-84 (2 year data) 

• Van Nunen et al. Lancet 2015;386:1853-60 (5 year data) 

• Fearon et al. Circulation 2010;122:2545-50 

• FAME-II showed that even optimum medical therapy in lesions with FFR <0.80 

was harmful. While more expensive at the beginning, the cost of a PCI 

strategy decreased by 50% at 1 year. In addition, FAME-II confirmed the 

findings of DEFER. 
• De Bruyne et al. N Engl J Med 2012;367:991-1001 

• De Bruyne et al. N Engl J Med 2014;371:1208-17 (2 year data) 

• Xaplanteris et al N Engl J Med 2018, in press (5 year data) 

• Fearon et al. Circulation 2013;17:1335-40 

• DEFINE-FLAIR and iFR-SWEDEHEART showed that iFR was equivalent to FFR, had 

fewer side effects, and (perhaps) was cost-saving 
• Davies et al. N Engl J Med 2017;376:1824-34  

• Gotberg et al. N Engl J Med 2017;376:1813-23 

• Patel. ACC 2018 
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% abn Inclusion 

criteria 

Mean 

MLA 

(mm2) 

MLA 

cut-off 
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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 

493 

males 

43% 

males 

>30% DS 

LAD 

2.6 

  2.5 
  

63% 

male 

81% 

male 
207 

females 

27% 

females 
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  

Ben-Dor 

CRM 2012 
FFR<0.8 205 26% 

40-70% DS 

>2.5mm 

vessels 

  3.1       
Cui 

CMJ 2013 
FFR<0.8 206 26% 

40-70% DS 

>2.5mm 

vessels 

3.9 3.2 
Plaque 

burden 53% 85% 

Koo 

JACC Interv 

2011 

FFR<0.8 267 33% 

30-70% DS 

Proximal or 

Mid 

3.0 3.0 
Proximal or 

Mid 

LAD 
47%   

Han 

Cardiology 

2014 

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

Koh 

JACCInterv 

2012 

FFR<0.8 

38 37% 
40-70% DS  

Ostial MV 3.5 69% 87% 
Cho 

Eurointerve

ntion 2015 

FFR <0.8 945 40% 30-70% DS 
  

 3.1 3.0   50% 72%  

55 27% 
40-70% DS  

Ostial SB <50% 
Gonzalo 

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

Nishi J 

Cardiol 

2016 

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

2016 
FFR<0.8 103 41% 30-80% DS 3.6 2.8 

Subtended 

myocardium 

71% 

Sakurai 

Int J CVI 

2015 

FFR<0.8 114 85% 26-90% 2.0 

Plaque 

burden 

IB-IVUS 

lipid 

Kang AJC 

2016 
FFR<0.75 101 45% 20-80% 3.5 2.8 62% 91% 
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CCTA-derived fractional myocardial mass (in grams 

and % of LV mass) in the major coronary arteries and 

their branches 

Kim et al. JACC Cardiovasc Interv 2016;9:1548-6 

0 

20 

40 

60 

80 

100 

120 

Left main 

(79.5%) 

pLAD 

(48.8%) 

mLAD 

39.5%) 

dLad 

(27.9%) 

Diagonal 

(11.1%) 

pLCX 

(31.0%) 

mLCX 

(28.4%) 

dLCX 

(21.1%) 

OM 

(12.7%) 

Ramus 

(6.4%) 

RCA 

(18.6%) 

PDA 

(10.6%) 

PL 

(11.0%) 

LAD LCX RCA 

Is this lesion flow-

limiting? 

Myocardium at 

risk 

What is the culprit?) 

What is the likelihood 

of embolization during 

stent implantation? 

Is this a vulnerable 

plaque/patient? 

How do I optimize 

acute stent results 

(size, length, 

expansion, 

geographic miss)? 

Why did this stent 

thrombose or 

restenose? 

Summary 

Barriers 

 



 

• 5 studies with 224 pts and 306 lesions were studied using 

OCT, and 9 studies with 1532 pts and 1681 lesions were 

studied with IVUS.  

• OCT: MLA cut-off was 1.96 mm2 (AUC of 0.80 and 

diagnostic odds ratio of 13.2). 

• IVUS: IVUS-MLA cut-off was 2.90 mm2 (AUC of 0.78 and 

diagnostic odds ratio of 7.1).  

 

Meta-Analyses comparing IVUS and/or 
OCT vs FFR 

D’Ascenzo et al. Am Heart J 2015;169:663-73 
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Six studies have highlighted the inaccuracy of 
angiography in LMCA stenosis assessment 

• CASS Registry Studies 

• Fisher et al. Cathet Cardiovasc Diagn 1982;8:565-75 

• Cameron et al. Circulation 1983;68:484-489 

• Lindstaedt et al. Int J Cardiol 2007;120:254-61 

• In 51 patients unanimous correct assessment of LM severity by 4 experienced 

interventional cardiologists was only 29% 

• Hamilos et al. Circulation 2009;120:1505-12 

• In 209 patients two reviewers either (1) disagreed whether the LM was significant 

(26%) or (2) agreed, but were wrong in their assessment when compared to FFR 

(23%) 

• Chakrabarti et al. Circ Cardiovasc Interv 2014;7:11-8 

• 11.2% (17 of152) pts with “core laboratory” LM disease were listed as normal in 

the NCDR, whereas 56.7% (177 of 312) pts that were listed as having LMCA 

disease in the NCDR had no LM lesion by core laboratory analysis 

• Toth et al. Eur Heart J 2014;35:2381-8 

• FFR and QCA %DS were compared in 2986 pts (4086 lesions). The greatest 

variation in the accuracy of the 50% DS cut-off was seen in the 152 LM lesions  

(AUC 0.55). 
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Meta-analysis of 12 LMCA deferral studies (5 IVUS, 7 
FFR) involving 908 pts with median 30.3 mo follow-up 

Cerrato et al. Int J Cardiol 2018;271:42-8 

FFR  IVUS 

# 343 563 

Follow-up (median) 29.0 mos 31.5 mos 

MACE per year 5.1% 6.4% 
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Revascularization per yr 1.8% 2.2% 
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diseased non-LMCA vessels, 

pt age, smoking, type 2 DM, 

any untreated vessel with 

>50% DS 
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Kerensky et al. J Am Coll Cardiol 2002;39:1456-64 

Kubo et al. J Am Coll  Cardiol 2007;50:933-9 

Kume et al. Am J Cardiol 2006;97:1713-7 
 

As seen in the VANQWISH Trial, as many as 50% 

of ACS patients either have no identifiable 

culprit or have multiple potential culprits. . .  
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Prati et al. JACC Cardiovasc 

Imaging 2012;13:6:283-7 
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Hu et al. J Am Heart Assoc. 2017 

Feb 24;6(3). pii: e004730 
Xing et al Circ Cardiovasc Interv. 

2017;10:e005860. DOI: 

10.1161/CIRCINTERVENTIONS.117.005

860 

Preliminary data suggests that thrombotic erosions 

have a better prognosis compared to plaque ruptures 



Dussaillant et al. Am Heart J 1996;132: 687-9 

Jia et al. J Am Coll Cardiol 2013;62:1748-58 
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Alfonso. Circulation 2012;126:667-70 

Alfonso et al. J Am Coll Cardiol 2012;59:1073-9 
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“Higher” 

probability of 

distal embolization 

in the presence of 

a TCFA – 

regardless of how 

it is detected. 

However, the 

positive predictive 

value is low while 

the negative 

predictive value is 

high 

• Attenuated plaque – grayscale IVUS 
 Lee et al. JACC Cardiovasc Interv. 2009;2:65-72 

 Wu et al, Am J Cardiol 2010;105:48-53 

 Okura et al, Circ J 2007;71:648-53 

 Wu et al. JACC Cardiovasc Interv 2011;4:495-502 

 Lee et al JACC Cardiovasc Interv. 2011;4:483-91 

 Kubo et al. Cardiol Res Pract. 2011;687515 

 Pu et al. Eur Heart J 2012;33:372-83 

 Shiono et al, JACC Cardiovasc Interv 2013;6:847-53 

 Jang et al. Am J Cardiol 2013;111:968-72 

• VH-TCFA or large necrotic core 
 Claessen et al. JACC Cardiovasc Imaging 2012;5:S111-8 

 Ding et al. PLoS One. 2014 Nov 6;9(11):e106583 

 Matsu et al. EuroIntervention 2013;9;235-242 

• OCT-TCFA or plaque rupture 
• Tanaka et al. Eur Heart J 2009;30:1348-55 

• Yonetsu et al. Int J Cardiol 2011;146:80-5 

• Lee et al. Circ Cardiovasc Intv 2011;4:378-86 

• Lee et al. J Am Coll Cardiol Intv 2011;4:483-91 

• Porto et al. Circ Cardiovasc Intv 2012;5:89-96 

• Imola et al. Am J Cardiol 2013;111:526-31 

• Ueda et al. Coron Artery Dis 2014;25:384-91 

• Higuma et al. JACC Cardiovasc Imaging 2015;17:1166-76 

• Lee et al. Circ Cardiovasc Intv 2015, doi: 

10.1161/CIRCINTERVENTIONS.114.001727. 

• Hu et al. J Am Heart Assoc. 2017 Feb 24;6(3). pii: e004730 

• Kini et al. JACC Cardiovasc Interv 2015;8:937-45 

• Large lipid core plaque - NIRS 
 Goldstein et al. Circ Cardiovasc Interv 2011;4:429-437 

 Stone et al. JACC Cardiovasc Interv 2015;8:927-36 

 Dohi et al. ACC2014 

 Kini et al. JACC Cardiovasc Interv 2015;8:937-45 
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CANARY Trial 
Coronary Assessment by Near-infrared of 

Atherosclerotic Rupture-prone Yellow 

 

maxLCBI4mm ≥600 
(n=54) 

maxLCBI4mm <600 
(n=54) 

FilterWire EZ 

+ PCI 

R 

PCI 

Up to 108 pts with a single native coronary artery lesion 

and normal baseline biomarkers undergoing PCI 

PCI 

1:1 

Troponin and CK-MB drawn at 8 (±2) hours and 16 (±2) hours post-PCI   

Primary endpoint = peri-procedural MI, defined as cTnI, cTnT, or CK-MB 

≥3x ULN in either of the two post-PCI measurements 

NIRS-IVUS 

Stone et al. JACC Cardiovasc Interv 2015;8:927-36 
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Stone et al. J Am Coll Cardiol Intv 2015;8:927-36 
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VAMPIRE Trial 
VAcuuM asPIration thrombus Removal 

PCI with distal 

protection 

(Filtrap, Nipro, Japan) 
(n=101) 

PCI without 

distal 

protection 
(n=99) 

200 pts with STEMI/NSTEMI/USA within 2 months and a single 

native coronary artery lesion and >180°  attenuated plaque by 

grayscale IVUS >5mm in length 

Primary endpoint = No-reflow during PCI 

Secondary endpoints = Post-PCI TIMI flow, corrected TIMI frame count, 

CK or CK-MB elevation 6-24h post-PCI, MACE pre-discharge 

Randomized 

98 included in analysis of no-reflow 96 included in analysis of no-reflow 
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Hibi et al. JACC Cardiovasc Interv. 2018;11:1545-55 
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Primary endpoint: Incidence of no-reflow 

Secondary Endpoints 

Distal 

Protection 

Conventional 

Treatment 

P-Value 

CTFC 23.0 30.5 0.003 

Post-PCI TIMI Flow 

   1 3.1% 2.1% 0.16 

   2 14.3% 25% 

   3 82.7% 72.9% 

CK @ 6-24 hours 871.5 622.5 0.7 

CK-MB @ 6-24 hours 53 49.5 0.6 

In-hospital MACE 1.0% 8.3% 0.0179 

  Cardiac arrest/shock 0% 5.2% 0.028 
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Hibi et al. JACC Cardiovasc Interv. 2018;11:1545-55 



He collapsed at the offices of NBC News in Washington, DC where he 

was bureau chief. Autopsy determined that the immediate cause of 

death was an occlusive thrombosis of a ruptured plaque in the LAD 

leading to an MI and VF. 
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 Lesion HR 3.8 (2.2, 6.6)  5.0 (2.9, 8.7)  7.9 (4.6, 13.8)  6.4 (3.4, 12.2)  6.7 (3.4, 13.0)  10.8 (5.5, 21.0)   10.8 (4.3, 27.2)  

 P value  <0.0001   <0.0001   <0.0001   <0.0001  <0.0001  <0.0001  <0.0001 

 Prevalence* 51.2% 49.1% 30.7%  17.4%  15.4% 11.0%  4.6% 

 
Stone et al. N Engl J Med 2011;361:226-35 
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PROSPECT Trial: Independent lesion-specific 

predictors of vulnerable plaque events in 700 patients 



VIVA: VH-IVUS in Vulnerable Atherosclerosis 

167 patients with stable CAD or ACS underwent 3-vessel VH-IVUS 

imaging; 1,096 plaques were classified; median follow-up 625 days 

Grayscale IVUS characteristics VH-IVUS lesion classification 

MLA <4mm2 

Plaque  

Burden 

>70% 

Remodeling 

Index 

Plaque 

Volume 

p=0.13 

p=0.01 

p=0.03 

p=0.47 

p=0.46 

p=0.59 

p=0.83 

p=0.71 

p=0.37 

p=0.64 

p=0.04 

0.1 

Hazard Ratio (95% CI) 

1 10 100 0.01 0.1 

Hazard Ratio (95% CI) 

1 10 100 0.01 

PIT 

Off scale HR = 2686 

[1.94-3.72 x 106] 

Fibrocalcific 

Non-calcified ThCFA 

Calcified ThCFA 

Non-calcified VH-TCFA 

Calcified VH-TCFA 

Total VH-TCFA 

Calvert et al. JACC Cardiovasc Imaging 2011;4:894-901 

Univariate predictors of non-culprit MACE 
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• VH-TCFA (present 10.8% vs. absent 5.6%; adjusted HR: 1.98, p=0.026) and plaque 

burden ≥70% (present 16.2% vs. absent 5.5%; HR: 2.90, p<0.001), but not an MLA 

≤4.0mm2, were independently associated with MACE.  

• Risk for MACE was further increased if the VH-TCFA had an MLA ≤4.0mm2, plaque 

burden ≥70%, or a combination of these three characteristics 

• VH-TCFAs with a plaque burden ≥70% were associated with a higher MACE rate both 

in the first 6 mos (p=0.011) and after 6 mos (p<0.001), while smaller TCFA lesions were 

only associated with a higher MACE rate after 6 mos (p=0.033)  
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What is the likelihood 
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stent implantation? 
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plaque/patient? 
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acute stent results 

(size, length, 
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miss)? 

IVUS RCT meta-

analyses 

Why did this stent 

thrombose or 

restenose? 

Summary 

Barriers 

 

IVUS use is associated with better outcome 

IVUS OR [95% CI] Angio 

10 1 .1 

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

AVIO 
HOME DES IVUS 

 
2018 
2016 
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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. Circulation J, in press 

 
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 
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1/724 
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0/201 
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1/61 
1/269 
1/142 
4/105 

13/2484 
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5/724 
2/700 
3/201 
7/115 
2/62 
1/274 
0/142 
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31/2492 

Target lesion revascularization 
Liu et al 
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17/274 
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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) 
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Cardiovascular mortality 
Liu et al 
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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) 



Bayesian network meta-analysis of 31 studies and 17,882 pts 

comparing clinical outcomes of PCI with BMS and/or DES 

implantation guided by angiography, IVUS, or OCT 

 

Buccheri et al. J Am Coll Cardiol Intv 2017;10:2488-98. 
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Randomized trials (n=17) 

Observational, matched studies (n=14) 

• Angiography (29 studies; 8434 pts), IVUS (17 studies; 7825 pts), OCT (7 studies; 1623 pts) 

• Angiography vs IVUS (24 studies; 14295 pts), Angiography vs OCT (4 studies; 2092 pts), 

IVUS vs OCT (2 studies; 1045 pts), Angiography vs IVUS vs OCT (1 study; 450 pts)  
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Effect of IVUS Optimization 
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Hong et al. JAMA 2015;314:2155-63 

Zhang et al. J Am Coll Cardiol 2018;72:3126-27 
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OPINION: Target vessel failure (cardiac death, target 

vessel related MI, clinically driven TVR)-free survival 

OFDI-guided PCI 
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Kubo et al. Eur Heart J 2017;38:3139-47 



Study or Subgroup 

Park et al. 2009 

Narbute et al. 2012 

De La Torre Hernandez et al. 2014 
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IVUS guided 
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IVUS guided 

Events Total 

Angiography guided 

Events Total 

Risk Ratio 
Random 95% CI 

Total (95% CI) 

9 

2 

18 

13 

5 

37 

2 

16 

37 

139 

145 

228 

111 

294 

90 

505 

61 

713 

340 

2487 

145 

226 

184 

671 

92 
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295 3411 0.60 [0.47, 0.75] 
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Ye et al. PLoS ONE  2017;12: e0179756  

2° Outcome # Studies IVUS Angio RR 95% CI P-value 

MI 7 114/1916  181/2465  0.80 0.61– 1.06  0.12  

TVR 6 147/1972  191/2445  0.89  0.66– 1.20  0.44  

TLR 3 18/442  43/445  0.43  0.25– 0.73  0.002  

ST 4 7/1197  37/1198  0.28  0.12– 0.67  0.004  
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(size, length, 
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Summary 
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• CTO Morphology 

• Utility during PCI 

• Identifying and crossing an 

ambiguous proximal cap 

• Connecting proximal and 

distal true lumens – ie., 

during reverse CART 

• Assuring that the distal 

stent will be implanted into 

the true lumen 

• Identification of 

complications 

• Stent optimization 

• Follow-up 

• Clinical Trials Results 
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stent implantation? 

Is this a vulnerable 
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How do I optimize 

acute stent results 

(size, length, 

expansion, 

geographic miss)? 

IVUS/CTO-PCI 

Why did this stent 
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restenose? 

Summary 

Barriers 

 

Galassi et al. JACC Cardiovasc Interv 2016;10:1979-91 



Randomized IVUS vs Angio-Guided CTO intervention 

Primary endpoint: cardiac death, MI, TVR 
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) HR = 0.26 (95% CI = 0.09-0.71) 

P = 0.005 8.4% (n=14) 

2.2% (n=5) 

171 

231 

167 

229 

151 

214 

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 
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IVUS guided PCI strategies to minimize 

contrast volume 
• MOZART - Mariani et al. JACC Cardiovasc Interv 2014;7:1287-93 

 83 pts randomized to IVUS vs angiographic guidance with a pre-specified 

PCI strategy designed to reduce contrast usage in both groups 

 Reduction in contrast use (primary endpoint) from 64.5ml (IQR 42.8-

97ml, range 19-170ml) to 20.0ml (IQR 12.5-30.0ml, range 3-54ml): 

p<0.0001 

 No difference in 4-month outcomes although there was a trend toward a less 

common increase in serum Cr >0.5mg/dl (7.3% vs 19.0%, p=0.2) 

• 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).  
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Causes of metallic stent failure 

Bare Metal Stents Drug-eluting Stents 
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Pre 
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Post 

MSA=2.46mm2 

Pre 

Pre 

Post 

Post 

MSA=2.43mm2 

Old stent under-expansion (OR; 7.67, 95%CI: 

2.19-26.9; p=0.001), calcium* angle (per 

90° ) (OR: 2.0, 95%CI: 1.37-2.90; p<0.001), 

and multiple layers of old stent (OR: 7.32, 

95%CI: 2.43-22.0; p<0.001) were 

independently associated with new stent 

under-expansion (MSA <4.5mm2 and 

MSA/mean reference lumen <70%).  
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Yin et al, EuroIntervention, in press 



Adriaenssens et al. Circulation. 2017;136:1007-1021 

PRESTIGE Registry: Dominant OCT 

causes of stent thrombosis (n=231) 

66.7 

26.7 

[VALUE] 

Acute (n=15) 

33.3 

9.5 
14.3 

9.5 

14.3 

19.1 

Late (n=21) 

20.2 

14.2 

4.5 
4.5 

11.2 
11.9 

31.3 

2.2 

Very late (n=134) 

61.7 

6.4 

25.5 

2.1 4.3 

Subacute (n=47) 

Uncovered struts 

Underexpansion 

Restenosis 

Neoatherosclerosis 

Malapposed struts 

Edge pathology 

Extrastent cavity 

No dominant cause 

Is this lesion flow-

limiting? 

What is the culprit?) 

What is the likelihood 

of embolization during 

stent implantation? 

Is this a vulnerable 

plaque/patient? 

How do I optimize acute 

stent results (size, 

length, expansion, 

geographic miss)? 

Why did this stent 

thrombose or 

restenose? 

DES - very late 

stent thrombosis 

Summary 

Barriers 

 



Clinical problem FFR iFR IVUS VH-IVUS OCT NIRS 

Assessing lesion severity 

   Non-LMCA ++ ++ 

   LMCA ++ ++ 

Identifying the culprit 

lesion 
+ ++ + 

Identifying vulnerable 

plaque 
+ + + 

Predicting distal 

embolization 
+ + + + 

Guiding CTO intervention ++ 

Optimizing DES 

implantation 
++ ++ 

   Jailed sidebranch + 

   Minimizing contrast ++ 

Assessing stent failure + ++ 
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limiting? 
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implantation? 

Is this a vulnerable 

plaque/patient? 

How do I optimize acute 

stent results (size, length, 
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miss)? 

Why did this stent 

thrombose or restenose? 
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