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Background
Optical Coherence Tomography (OCT)Intravascular Ultrasound (IVUS)
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Near infrared lightUltrasoundEnergy

15-20 (axial); 20-40 (lateral)40-200 (axial), 200-300 (lateral)Resolution, µm

715Max scan diameter, mm 

1-2.510Tissue penetration, mm

Image courtesy: Abbott Labs, USA Image courtesy: Nissen S, et al. IVUS. Circ 2001.



Case-1
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• 62F, remote mid-LAD PCI presented with anterior STEMI & underwent angiography guided PCI.
 Lesion prep: 2.5*12 mm semi-compliant balloon
 Stent: 2.75*15 mm Resolute Onyx DES 



• Presents to ER 1 week later with crushing chest pain and anterior STE.
 Lesion prep: 2.5*12 mm semi compliant balloon -> Thrombectomy -> IVUS -> Post dilation using 3.0 mm NC
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Case-1
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Lawton et al. 2021 ACC/AHA/SCAI Guideline for coronary artery revascularization
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Malik et al. Hospital-Level Variability in Use of Intracoronary Imaging for Percutaneous Coronary Intervention in the United 
States. JSCAI, May 2023.



What’s the data?

• IVUS vs angiography
IVUS-XPL

ULTIMATE

RENOVATE-PCI
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• OCT vs angiography
ILUMIEN IV

OCTOBER



What’s the data?
IVUS vs angiography 

Bottom lineFollow 
up 

(months)

nYearStudy

• IVUS guided PCI group had lower MACE compared to angiography guided PCI
• Driven by lower ischemia driven TLR 

1214002015IVUS-XPL

• IVUS guided PCI group had TVF compared to angiography guided PCI
• Driven by lower TVR 

1214482018ULTIMATE

124022015CTO-IVUS
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JAMA, 2015
JACC, 2020: 5-year data



IVUS-XPL

• Hypothesis:
 Long-term clinical outcomes of patients undergoing IVUS-guided PCI

superior to angiography-guided PCI for long coronary lesions

• Randomized, non-blinded, multi-center study in Korea

• Inclusion:
Myocardial ischemia requiring estimated >=28 mm stent length
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IVUS-XPL: JAMA, 2015

• 1:1 randomization

• Angiography group:
Stent dimensions by visual estimation
Post dilation for residual stenosis > 30%

• IVUS group:
IVUS mandatory post PCI
Goal: Stent minimum lumen CSA > distal reference (achieved by 54%)
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IVUS-XPL: 
JAMA, 2015
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IVUS-XPL: JAMA, 2015
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IVUS-XPL: JAMA, 2015
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JACC, 2018
JACC, 2021 – 3 year data



ULTIMATE

• Objective: 
Compare efficacy and safety between IVUS-guided and angiography-guided 

second-generation DES implantation in all-comers

• Randomized, multi-center (8) study

• Inclusion:
All comer PCI (although MI > 24 hrs from chest pain onset to admission)
Not CTO and not requiring atherectomy
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ULTIMATE
• 1:1 randomization

• Angiography group:
Stent : vessel diameter – 1.1 : 1.0 by visual estimation
1:1 post dilation at >18 atm
Success: TIMI 3, stenosis < 20%, absence of >=type B dissection

• IVUS group:
Reference segment: <40% plaque burden
Landing zones: <50% plaque burden
Stent sizing: 0.8:1 for sizing using media or 1:1 using lumen
1:1 post dilation at >18 atm
Optimum result: (achieved by 53%)

MLA > 5 mm2 OR 90% MLA at distal reference 
 Plaque burden within 5 mm of stent edges < 50%
No edge dissection involving media >=3mm
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ULTIMATE: 3 year follow-up

IVUS

Angio
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NEJM, 2023



RENOVATE-COMPLEX PCI
• Objective:

Does intravascular imaging–guided PCI (IVUS or OCT) improve clinical outcomes vs.
angiography-guided complex PCI?

• Multicenter, randomized, open label (2:1)
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• Inclusion:
Bifurcation lesions 
CTO
Unprotected LM
long lesions (stent length >= 38 
mm)
Multi-vessel PCI 

At least 3 stents needed 
ISR
Severely calcified lesion
Ostial lesions



RENOVATE-COMPLEX PCI
• IVI group:

 IVUS / OCT per operator preference

Mandatory post stent

 Optimum result: 
 Residual lesion <10%
 MSA >80% of mean ref, lumen area OR 
 IVUS MSA >5.5 mm2 / OCT MSA >4.5 mm2 in non-LM
 LM: MSA >7 mm2 for distal and >8 mm2 for proximal
 No major stent malapposition, or edge dissection
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IVUS guided PCI provides mortality benefit

Malik A, et al. Intravascular ultrasound-guided stent implantation reduces cardiovascular mortality - Updated meta-analysis of randomized 
controlled trials. Int J Cardiol, 2020.



IVUS guided PCI provides mortality benefit
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Hannan E, et al. Percutaneous Coronary Intervention With and Without Intravascular Ultrasound for Patients With Complex Lesions. 
Circ CV Int 2022.

• Propensity matched patients 
from New York PCI registry 
who underwent PCI of 
complex lesions 
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ILUMIEN IV – NEJM, 2023

• Objective:
Safety and  effectiveness of OCT-guided PCI in high-risk patients and lesions

• Single blind, multi-center RCT (1:1)

• Inclusion:
Ischemia needing PCI with 2.5-3.5 mm stents, left main excluded
High risk: DM on Rx
High risk lesion: causing MI, >28 mm stent, bifurcation, severely calcified, 

CTO, diffuse/multifocal ISR
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• Angiography group: Standard PCI procedures per local practice

• OCT group: 
Pre stent OCT: best lesion prep, morphology, length, diameter
Stent sizing: 

Distal reference EEL rounded down to nearest size OR
Distal reference mean lumen rounded up to nearest size

Post stent OCT
MSA at least 90% in proximal and distal segments relative to closest reference segment
MLA ≥4.5 mm2, 5 mm from stent edges
Additional DES if major dissection (≥60° circumference, ≥3 mm length)
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ILUMIEN IV – NEJM, 2023
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ILUMIEN IV – NEJM, 2023
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ILUMIEN IV – NEJM, 2023
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OCTOBER trial – NEJM 2023

• Objective:
Is PCI with OCT guidance superior to angiography-guided PCI in complex bifurcation 

lesions?

• Multicenter, open label, RCT (1:1)

• Inclusion:
Stable / unstable angina, NSTEMI
MB ref. diameter >= 2.75 mm, visual stenosis >= 50% 
SB ref. diameter >= 2.5 mm, stenosis >= 50% within 5 mm of ostium
LM included (IVUS allowed in angiography group, used in 15%)
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OCTOBER trial – NEJM 2023
• OCT group goals:
Optimal lesion coverage: 5-mm edge zones <= 30% stenosis, no major lipid 

plaque or plaque rupture, no angiographic edge dissection

Optimal stent expansion: 
 Residual stenosis < 10%
 If provisional stenting, < 50% SB stenosis

No malapposition: Entire stent in contact with vessel wall

No crushed or distorted stents: Visual confirmation
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