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Practical Use of Intravascular Imaging for Clinical Decision-
Making During Drug-Eluting Stent Implantation
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ABSTRACT

Percutaneous coronary intervention has evolved substantially from balloon angioplasty to contemporary drug-eluting stent implantation. Yet, even
in the modern era, angiography remains an imperfect guide because it displays only the contrast-filled lumen and provides limited information about
vessel size, plaque composition and distribution, or post-stenting findings. This gap has driven the growing use of intravascular imaging as a tool to
translate coronary anatomy into procedural strategy in daily catheterization laboratories.

Intravascular ultrasound (IVUS) and optical coherence tomography (OCT) provide complementary perspectives during percutaneous coronary
intervention. IVUS offers deep vessel-wall penetration and robust assessment of vessel dimensions, plaque burden, remodeling, and left main or
ostial anatomy, whereas OCT provides near-histological resolution for evaluating lumen morphology, thrombus, calcium thickness, stent apposition,
tissue protrusion, and edge injury. Contemporary randomized trials and meta-analyses support imaging-guided percutaneous coronary intervention
over angiography guidance alone, particularly in complex lesions, although neither modality is universally superior. The practical value of imaging
therefore depends on matching the modality to the clinical settings, lesion subset, and procedural constraints.

This state-of-the-art review summarizes current evidence and proposes a practical framework for intravascular imaging-guided drug-eluting stent
implantation. We discuss how pre-intervention imaging informs lesion preparation, landing-zone selection, and stent sizing, and how post-intervention
imaging identifies underexpansion, geographic miss, edge dissection, malapposition, and tissue protrusion. Specific attention is given to calcified
lesions, acute coronary syndromes, bifurcation disease, left main disease, aorto-ostial lesions, intramural hematoma or spontaneous coronary artery
dissection, and chronic kidney disease. A structured, lesion-specific approach to intravascular imaging may help refine procedural decision-making,
support safer optimization, and improve the durability of drug-eluting stent implantation across diverse clinical settings.
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On September 16, 1977, Andreas Griintzig
performed the first percutaneous transluminal
coronary angioplasty in Zurich, Switzerland, marking
the beginning of the era of percutaneous coronary
intervention (PCI)"?. Since this milestone, the field
has evolved from balloon angioplasty to bare-metal
and drug-eluting stents, and PCI has become a standard
treatment option for coronary artery disease. However,
coronary angiography provides only a two-dimensional
luminogram from a 3-dimensional structure and cannot
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adequately characterize lesion morphology, including
plaque burden/composition, eccentricity, remodeling,
and detect vessel size relevant to procedural planning
and device selection®*. Moreover, angiography-
guided PCI may miss suboptimal stent deployment,
including underexpansion, incomplete apposition,
and edge dissection, which are better identified by
intravascular imaging®®). These limitations have driven
the adoption of adjunctive intravascular imaging.

What is already known about this topic?

Coronary angiography provides only limited information on vessel size,
plaque morphology, calcium burden, and mechanisms of suboptimal stent
deployment during DES implantation. Randomized trials and meta-analyses
have shown that intravascular imaging-guided PCI with IVUS or OCT improves
procedural optimization and clinical outcomes, particularly in complex
coronary lesions.

What does this study add?

This review provides a practical, lesion-specific framework for using
intravascular imaging during DES implantation. It summarizes how IVUS
and OCT can guide modality selection, lesion preparation, stent sizing,
landing-zone selection, and post-PCI optimization. It also highlights imaging-
derived optimization targets, implementation barriers, and future directions,
including artificial intelligence, physiology integration, and multimodality
plaque-risk stratification.

Volume 109 No.9 | SEPTEMBER 2026

772

© 2026 Journal of the Medical Association of Thailand

http://www.jmatonline.com


https://orcid.org/0009-0005-2092-4360

Journal of the Medical Association of Thailand

Clinical outcomes in coronary artery disease and after
PCI are influenced by factors beyond angiographic
luminal stenosis'”). Intravascular ultrasound (IVUS)
emerged in the early 1970s and was first used in
vivo in 1988; Optical coherence tomography (OCT)
was introduced in 1991 and first applied to coronary
imaging in the early 2000s®'". Intravascular imaging
informs lesion preparation and PCI optimization.
Current United States!'? and European guidelines!*'*
support the use of IVUS or OCT for PCI guidance,
particularly in selected patients and complex lesions,
based on randomized trials showing improved
procedural and clinical outcomes compared with
angiography guidance alone. This state-of-the-art
review summarizes the contemporary evidence for
intravascular imaging-guided drug-eluting stent (DES)
implantation and proposes a practical framework for
modality selection, lesion preparation, stent sizing, and
post-PCI optimization.

CLINICAL OUTCOMES: EVIDENCE SUPPORTING
INTRAVASCULAR IMAGING-GUIDED PCI
Randomized trials and contemporary meta-
analyses consistently support intravascular imaging-
guided PCI over angiography-guided PCI alone
(Table 1). In the updated network meta-analysis by
Stone et al.*”), which included 22 randomized trials
and 15,964 patients treated with drug-eluting stents,
intravascular imaging guidance reduced the risk of
target lesion failure by 29%, cardiac death by 45%,
and all-cause mortality by 25%. Intravascular imaging
guidance also reduced target-vessel myocardial
infarction, target lesion revascularization, and stent
thrombosis, with similar outcomes for IVUS and OCT.
Benefit appears most consistent in complex lesions,
with no clear difference between OCT and IVUS; in
non-complex lesions, imaging improves procedural
optimization, but routine use remains less certain.
In a 2026 lesion-level network meta-analysis*® of
17 randomized trials including 13,751 patients with
complex coronary lesions, both OCT-guided PCI and
IVUS-guided PCI were superior to angiography-guided
PCI for the prevention of major adverse cardiovascular
events (MACE), with consistent findings across
chronic total occlusions, left main disease, bifurcation
lesions, multivessel disease, and moderate-to-severe
calcified lesions. Notably, no significant difference
was observed between OCT and IVUS, suggesting
clinically meaningful benefit with either modality
in complex PCI (Table 1). The 5-year follow-up of
RENOVATE-COMPLEX-PCI showed continued
separation of the event curves in patients with complex
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coronary lesions, with the primary endpoint occurring
in 10.5% of the imaging-guided group and 14.9% of
the angiography-guided group (HR 0.68, 95% CI1 0.51
to 0.91, p=0.009), supporting a sustained prognostic
advantage of intravascular imaging guidance over
time in complex coronary lesions!”). Even in simple
or non-complex lesions, intravascular imaging can
improve procedural precision by refining lesion length
and reference vessel assessment and by detecting
suboptimal stent deployment not readily apparent
on angiography. Nevertheless, routine use in low-
risk lesions remains uncertain. In ILUMIEN II1(*®),
OCT-guided PCI of non-complex lesions improved
procedural optimization compared with angiography
and achieved a minimum stent area (MSA) comparable
to IVUS, but no significant difference in 12-month
clinical outcomes was observed. Furthermore, in
the IVUS-CHIP trial"?, routine IVUS guidance in
complex high-risk PCI did not significantly reduce
target-vessel failure compared with angiography-
guided PCI. Similarly, the OPTIMAL trial®” in
unprotected left main disease showed no significant
difference in patient-oriented clinical outcomes
between [VUS-guided and angiography-guided PCI.

TECHNICAL DIFFERENCES BETWEEN IVUS AND OCT

IVUS and OCT use different signal sources and
provide different information (Table 2). IVUS uses
ultrasound (~60 MHz) and typically provides axial
resolution in the range of 80-100 um. It offers deeper
tissue penetration (4-8 mm) and more complete
visualization of the vessel wall, including the external
elastic membrane, thereby providing a more global
assessment of vessel structure, compared to OCT. In
contrast, OCT uses infrared light (1.3-pm wavelength)
that provides 10 times higher resolution (10-20 um)
compared to [IVUS. However, OCT has lower tissue
penetration (1-2 mm). Because the OCT wavelength is
shorter than the roughly 8-pum diameter of a red blood
cell, the presence of blood causes signal backscattering,
such that the vessel wall cannot be visualized without
prior blood clearance. A lipid or necrotic core also
attenuates the OCT light signal, limiting visualization
of deeper structures.

OCT’s higher resolution and blood clearance
create a clearer lumen-plaque boundary, allowing
accurate automated lumen measurement; IVUS
may require greater operator interaction for precise
delineation of lumen contours and may show somewhat
lower reproducibility®". In the OPUS-CLASS
study®”, OCT and IVUS correlated well for lumen
measurements, but IVUS yielded systematically larger
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Table 1. Summary of reports in PCI with imaging guidance

10

11

12

13

14

15

16

Study, design, year

KimJS, etal.®¥),
Randomized, 2013

de la Torre Hernandez, et al.*"),
Observational, 2014

IVUS-XPL®,
Randomized, 2015

CTO-IVUS®®),
Randomized, 2015

AIR-CTO®",
Randomized, 2015

ULTIMATE"7,
Randomized, 2018

IVUS-ACS™Y,
Randomized, 2024

GUIDE-DES!%,
Randomized, 2024

IVUS-CHIP"”,
Randomized, 2026

OPTIMAL®",
Randomized, 2026

CLI-OPCI®®,
Retrospective, 2012

OCTACS"™,
Randomized, 2015

DOCTORS®,
Randomized, 2016

ILUMIEN [V©),
Randomized, 2023

OCTOBER",
Randomized, 2023

OCCUPI®,
Randomized, 2024

Sample size

543

1,670
(1,010 matched)

1,400

402

230

1,448

3,505

1,528

2,020

806

670

100

240

2,487

1,201

1,604

Modality

IVUS vs.
angiography

IVUS vs.
angiography

IVUS vs.
angiography

IVUS vs.
angiography
IVUS vs.
angiography
IVUS vs.

angiography

IVUS vs.
angiography

IVUS vs.
angiography
IVUS vs.
angiography
IVUS vs.

angiography

OCT vs.
angiography

OCT vs.
angiography

OCT vs.
angiography

OCT vs.
angiography

OCT vs.
angiography

OCT vs.
angiography

Endpoint

1-year MACE (cardiovascular death,
M, target-vessel revascularization, or
stent thrombosis)

Survival free of cardiac death,
myocardial infarction, and target
lesion revascularization at 3 years

1-year MACE (cardiac death, target
lesion-related MI, ischemia-driven
TLR)

Primary: cardiac death at 12 months;
Secondary: MACE (cardiac death,
MI, TVR)

Primary: in-stent late lumen loss
at 1 year

Target-vessel failure at 12 months
(cardiac death, target-vessel MI,
clinically driven TVR)

Target-vessel failure at 1 year
(cardiac death, target-vessel MI,
clinically driven TVR)

Target lesion failure at 12 months
(cardiac death, target-vessel MI, or
ischemia-driven TLR)

Target-vessel failure (~18-24
months: cardiac death, target-vessel
M], clinically driven TVR)

Patient-oriented composite (death,
M], stroke, or revascularization)

1-year cardiac death or myocardial
infarction

Percentage of uncovered struts at 6
months and dynamic malapposition
pattern after PCI in NSTEMI

Post-PCI fractional flow reserve

Co-primary efficacy endpoints:
minimum stent area after PCI and
target-vessel failure at 2 years
(cardiac death, target-vessel MI,
ischemia-driven TVR)

2-year composite of cardiac death,
target-lesion MI, or ischemia-driven
target-lesion revascularization

MACE at 1 year (cardiac death, MI,
stent thrombosis, or ischemia-driven
TVR)

Primary and clinical outcomes

In intention-to-treat analysis, 1-year MACE was
4.5% vs 7.3% (p=0.16); in per-protocol analysis,
IVUS guidance was associated with lower MACE
(4.0% vs 8.1%) and larger minimal lumen diameter.

At 3 years, survival free of cardiac death/MI/TLR
was 88.7% vs 83.6% (p=0.04); definite/probable
thrombosis was lower with IVUS (0.6% vs 2.2%);
IVUS guidance independently predicted fewer
major adverse events.

MACE was lower with IVUS vs angiography (2.9%
vs 5.8%), mainly driven by lower ischemia-driven
TLR (2.5% vs 5.0%); cardiac death and target
lesion-related MI were similar.

Cardiac death did not differ significantly; MACE
was lower with IVUS guidance (2.6% vs 7.1%), with
lower cardiac death or MI.

In-stent late lumen loss was lower with IVUS
(0.28+0.48 vs 0.46+0.68 mm), and in-true-lumen
stent restenosis was lower (3.9% vs 13.7%);
adverse clinical events were similar at 2 years.

TVF was lower with IVUS vs angiography (2.9% vs
5.4%); outcomes were best when all IVUS-defined
optimal criteria were achieved.

IVUS guidance lowered the 1-year composite
outcome versus angiography guidance in ACS.

Target lesion failure at 12 months was similar
with QCA and IVUS guidance (3.81% vs 3.80%);
there were no significant differences in stent edge
dissection, perforation, or stent thrombosis.

No significant reduction in TVF with IVUS vs
angiography (14% vs 11%); longer procedural time
with similar complication rates.

No significant difference in outcomes between
IVUS and angiography (34% vs 31%); individual
components similar, with numerically higher stroke
in IVUS group.

Compared with angiography alone, OCT-guided PCI
was associated with lower 1-year cardiac death
(1.2% vs 4.5%), cardiac death/MI (6.6% vs 13.0%),
and cardiac death/MI/repeat revascularization
(9.6% vs 14.8%).

Percentage of uncovered struts at 6 months was
significantly lower in the OCT group (4.3% vs.
9.0%, p<0.01); 6-month MACE occurred in 4% of
the angiography group (1 cardiac death, 1 stent
thrombosis) vs. 0% in the OCT group

Post-PCI FFR was higher with OCT guidance
(0.94 vs 0.92) without increases in procedural
complications, type 4a MI, or acute kidney injury.

OCT guidance produced a larger minimum stent
area (5.72 vs 5.36 mm?), but target-vessel failure
at 2 years was similar (7.4% vs 8.2%); stent
thrombosis was lower numerically (0.5% vs 1.4%).

OCT-guided PCI resulted in fewer major adverse
cardiac events at 2 years than angiography-guided
PCI in complex bifurcation lesions.

The primary endpoint occurred less often with
OCT guidance (5% vs 7%; HR 0.62); OCT-guided
PCI reduced 1-year MACE without apparent excess
stroke, bleeding, or contrast-induced nephropathy.

ACS=acute coronary syndrome; CA=coronary angiography; CTO=chronic total occlusion; DES=drug-eluting stent; FFR=fractional flow reserve; HR=hazard
ratio; ICA=invasive coronary angiography; IVI=intravascular imaging; IVUS=intravascular ultrasound; MACE=major adverse cardiac events; MI=myocardial
infarction; MSA=minimum stent area; NSTEMI=non-ST-elevation myocardial infarction; OCT=optical coherence tomography; OFDI=optical frequency
domain imaging; PCl=percutaneous coronary intervention; QCA=quantitative coronary angiography; RR=relative risk; TLR=target lesion revascularization;
TVF=target-vessel failure; TVR=target-vessel revascularization

Because of heterogeneity in study design, comparator, imaging modality, lesion subset, endpoint definition, and follow-up duration, direct numerical pooling
across all reports in this table was not performed. Published systematic reviews and network meta-analyses are included to provide quantitative context for

the available randomized evidence.
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Endpoint

Primary endpoint: minimal stent
area measured by OCT

Primary: target-vessel failure at 12
months; major secondary: angiogra-
phic binary restenosis at 8 months

Primary endpoint: in-segment
minimum lumen area at 8 months;
secondary endpoint: device-oriented
composite endpoint

Primary endpoint: composite of
cardiac death, target vessel-related
M], or ischemia-driven target-vessel
revascularization at 1 year

In-stent minimum lumen area at 8
months

Composite of cardiac death, target-
vessel-related MI, or clinically driven

Primary efficacy endpoint: post-PCI
minimum stent area measured

by OCT; primary safety endpoint:
procedural MACE

Post-procedure stent expansion
(ratio of MSA to the average
reference lumen area) measured by
post-PCI OCT

Comparative clinical efficacy of
angiography, IVUS-, and OCT-guided

Coprimary outcomes: target lesion
revascularization and myocardial
infarction

No. Study, design, year Sample size Modality

17  CALIPSO“Y, 143 OCT vs.
Randomized, 2025 angiography

18 OPINION®”, 829 IVUS vs. OCT
Randomized, 2017

19  MISTIC-1¢%, 109 IVUS vs. OCT
Randomized, 2020

20 OCTIVUS"?, 2,008 IVUS vs. OCT
Randomized, 2023

21  OPINION ACS®%, 158 IVUS vs. OCT
Randomized, 2024

22 RENOVATE-COMPLEX-PCI®®), 1,639 IVI (IVUS or OCT)
Randomized, 2023 vs. angiography

TVR

23 ILUMIEN 1149, 450 IVUS vs. OCT vs.
Randomized, 2016 angiography

24 iSIGHT"?, 151 IVUS vs. OCT vs.
Randomized, 2021 angiography

25  Buccherietal.”?), 17,882 IVUS/OCT vs.
Systematic review/Bayesian angiography;
network meta-analysis, 2017 IVUS vs. OCT PCI

26  Giacoppo etal.”’¥, 15,489 IVUS vs. OCT vs.
Systematic review/network angiography
meta-analysis, 2024

27  Stoneetal.”, 15,964 IVI (IVUS or OCT)

Systematic review/network
meta-analysis, 2024

vs. angiography;
IVUS vs. OCT

Primary endpoint: target lesion
failure (cardiac death, target vessel-
M], or target lesion revascularisation)

Primary and clinical outcomes

Minimal stent area was larger with OCT guidance
(median 6.5 vs 5.0 mm?); periprocedural
complications, contrast volume, and procedure
duration were similar.

OFDI was noninferior to IVUS for 1-year target-
vessel failure (5.2% vs 4.9%); angiographic
restenosis at 8 months was similar.

At 8 months, in-segment minimum lumen area was
4.56+1.94 mm? with OFDI and 4.13+1.86 mm? with
IVUS (noninferiority met); 3-year device-oriented
composite endpoint rates were similar (7.4% vs
7.3%).

At 1 year, the primary endpoint occurred in 2.5%
with OCT and 3.1% with IVUS; OCT was noninferior
to IVUS, and major procedural complications were
lower with OCT (2.2% vs 3.7%).

OFDI was noninferior to IVUS for 8-month in-stent
minimum lumen area; proximal edge dissections
and irregular protrusion were less frequent, while
MACE was similar.

At a median follow-up of 2.1 years, the primary
endpoint occurred in 7.7% vs 12.3% (HR 0.64);
there was no apparent between-group difference in
procedure-related safety events.

Median minimum stent area was 5.79 mm? (OCT),
5.89 mm? (IVUS), and 5.49 mm? (angiography).
OCT was noninferior to IVUS for minimum stent
area, and procedural MACE was infrequent across
groups.

Stent expansion with OCT (98.01+16.14%) was
noninferior to IVUS (91.69£15.75%, p<0.001) and
superior to angiography (90.53+14.84%, p=0.041);
long-term (median 2.5 years) MACE rates were low
and similar across groups

Compared with CA guidance, IVUS reduced all-
cause death, MI, TLR, and stent thrombosis; both
IVUS and OCT reduced MACE and cardiovascular
death. No significant differences were found
between IVUS and OCT.

IVUS was associated with lower target lesion
revascularization than ICA; OCT significantly
reduced stent thrombosis vs ICA only in the
frequentist analysis; no significant differences in
myocardial infarction were seen among strategies.

Compared with angiography-guided PCI,
intravascular imaging-guided PCI reduced target
lesion failure (RR 0.71), cardiac death, target
vessel-M], TLR, stent thrombosis, all MI, and all-
cause death; outcomes were similar between OCT
and IVUS.

ACS=acute coronary syndrome; CA=coronary angiography; CTO=chronic total occlusion; DES=drug-eluting stent; FFR=fractional flow reserve; HR=hazard
ratio; ICA=invasive coronary angiography; IVI=intravascular imaging; IVUS=intravascular ultrasound; MACE=major adverse cardiac events; MI=myocardial
infarction; MSA=minimum stent area; NSTEMI=non-ST-elevation myocardial infarction; OCT=optical coherence tomography; OFDI=optical frequency
domain imaging; PCI=percutaneous coronary intervention; QCA=quantitative coronary angiography; RR=relative risk; TLR=target lesion revascularization;
TVF=target-vessel failure; TVR=target-vessel revascularization

Because of heterogeneity in study design, comparator, imaging modality, lesion subset, endpoint definition, and follow-up duration, direct numerical pooling
across all reports in this table was not performed. Published systematic reviews and network meta-analyses are included to provide quantitative context for

the available randomized evidence.

dimensions, with lesion-level differences affected by
wire position, frame rate, and contour/stent interface
definitions®®. Imaging-related complications were
rare and did not differ significantly. OCT-guided
PCI required more contrast (17-70 mL more)*82+27),
although blood clearance for OCT acquisition can
also be achieved with saline or low-molecular-weight
dextran with acceptable image quality®®*?.

] Med Assoc Thai | Volume 109 No.9 | SEPTEMBER 2026
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Role of Near-Infrared Spectroscopy

Near-infrared spectroscopy (NIRS) is another
intravascular imaging modality that provides
complementary information on coronary plaque
composition. Unlike IVUS and OCT, which mainly
provide structural information for vessel sizing,
lesion preparation, stent deployment, and post-
PCI optimization, NIRS itself is primarily used to
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Table 2. Properties of IVUS and OCT

Feature WAL

Representative devices (catheter) Terumo: AltaView/AnteOwl WR
Boston: OptiCross HD
Philips: Refinity/Eagle Eye

Source of image Ultrasound (sound waves)

Minimum guide catheter size SFr compatible
Axial resolution (pm) 22-100 pm (HD-IVUS: 22-40 pm)
Maximum pullback length ~100-150 mm
Pullback speed 0.5-9 mm/second

Blood issue No blood clearance required

Blood is semi-transparent to sound; minimal backscatter

OoCT

Abbott: Dragonfly OpStar/Dragonfly OPTIS
TERUMO: FastView

Near-infrared light (optical)

6Fr recommended, 5Fr compatible

10-20 um

54-75 mm (FastView: 150 mm)

18-36 mm/second (FastView:0-40 mm/second)

Requires blood clearance
Requires flushing with contrast, low-molecular-weight dextran
or saline to visualize vessel wall

IVUS=intravascular ultrasound; OCT=optical coherence tomography

detect lipid-rich plaque and quantify lipid burden,
commonly expressed as the lipid core burden index.
In contemporary clinical practice, NIRS has most
often been integrated with IVUS as NIRS-IVUS,
combining lipid detection with assessment of
plaque burden, vessel dimensions, and remodeling.
Prospective natural-history studies®” have shown
that NIRS-IVUS can identify patients and non-culprit
plaques at increased risk for future coronary events.
NIRS can also be combined with OCT. Such NIRS-
OCT or DeepOCT-NIRS systems are designed to
integrate high-resolution plaque and stent morphology
assessment with spectroscopic lipid detection. This
hybrid approach may theoretically overcome some
limitations of OCT alone, particularly its limited ability
to quantify lipid content behind signal attenuation,
while preserving detailed assessment of fibrous
cap, thrombus, calcium, stent apposition, and edge
complications. However, compared with IVUS and
OCT, the clinical evidence supporting NIRS-guided
procedural optimization during DES implantation
remains less established. Therefore, in the present
review, NIRS is considered a complementary modality
for plaque-risk stratification rather than a primary tool
for stent sizing or post-PCI optimization.

CLINICAL APPLICATION: PRACTICAL USE OF
INTRAVASCULAR IMAGING FOR PCI GUIDANCE

A practical OCT-based framework for PCI
guidance is the MLD-MAX algorithm®" (Figure 1),
which organizes image interpretation into pre- and
post-intervention steps. Before stent implantation,
OCT is used to define Morphology, Lesion Length, and
vessel Diameter; after stent deployment, the imaging
run is repeated to assess medial edge dissection,
stent apposition, and stent expansion. Although
this algorithm was developed for OCT-guided PCI,

its core principles apply to both OCT and IVUS.
Table 3 summarizes modality selection according to
lesion characteristics. Randomized trials have shown
comparable outcomes between OCT- and IVUS-guided
PCI. In the OCTIVUS trial ®?, which randomized 2,008
patients with significant coronary lesions, OCT-guided
PCI was again noninferior to IVUS-guided PCI for
the 1-year composite of cardiac death, target-vessel
myocardial infarction, or ischemia-driven target-vessel
revascularization (2.5% vs. 3.1%); contrast-induced
nephropathy was similar, and major procedural
complications were less frequent in the OCT arm,
while imaging procedure-related complications were
not observed. Similar findings were observed in other
randomized studies such as MISTIC-1¢%, OPINION©Z7),
and OPINION ACS®%. Taken together, these data
indicate that neither modality is uniformly superior;
rather, both OCT and IVUS can effectively guide PCI
when used within a systematic imaging workflow.

PRE-INTERVENTION ASSESSMENT AND LESION
PREPARATION

Before PCI, intravascular imaging defines lesion
morphology, landing zones, and device size, and helps
determine whether additional lesion preparation is
needed. In practice, imaging is typically performed
after intracoronary nitroglycerin, with the catheter
advanced distal to the target lesion and pullback
acquired across the lesion to the coronary ostium.
If the imaging catheter cannot cross, small-balloon
(generally, <2 mm balloon) predilation or plaque
modification may be required.

Calcified Lesion

Intravascular imaging is of practical value in
calcified lesions, because the extent, distribution,
and depth of calcium strongly influence the need

] Med Assoc Thai | Volume 109 No.9 | SEPTEMBER 2026
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Figure 1. MLD-MAX algorithm. Panel A: Pre-intervention assessment: Pre-PCI OCT imaging “MLD.” After pre-PCI imaging, the baseline
OCT is used for procedural planning and strategizing. Panel B: Post-PCI OCT imaging “MAX.” The post-PCI OCT is used to assess whether
further optimization is required and, specifically, encompasses three further steps.

for plaque modification and the risk of subsequent
stent underexpansion. This clinical relevance is now
supported by outcome data: in the ECLIPSE trial,
among 2,005 patients with severely calcified lesions,
intravascular imaging-guided PCI was associated
with a lower 1-year rate of target-vessel failure than
angiography-guided PCI alone (9.3% vs. 13.2%,
adjusted HR 0.74, 95% CI 0.56 to 0.97), with no
significant difference between OCT- and IVUS-guided
strategies®”). Both IVUS and OCT calcium scores
are summarized in Table 4. For lesion assessment,
with IVUS, a calcium score assigns 1 point each for
superficial calcium >270° over a length >5 mm, 360°

] Med Assoc Thai | Volume 109 No.9 | SEPTEMBER 2026
http://www.jmatonline.com

superficial calcium, calcified nodule, and small vessel
size (<3.5 mm), thereby integrating calcium burden and
vessel geometry into a simple pre-PCI framework®®.
With OCT, the original score—often remembered as
the “rule of 5s”C7—identifies high-risk lesions by
calcium angle >180°, thickness >0.5 mm, and length
>5 mm; lesions with a score of 4 had substantially
worse stent expansion than those with scores of 0-3.
More recently, the revised OCT “rule of 3s”C% refined
prediction in severely calcified lesions by using 3
features: calcium >270° with length >3 mm, calcium
angle of 360°, and minimum calcium thickness >0.3
mm. These imaging findings are increasingly used to
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Table 3. Clinical benefits and practical considerations of IVUS and OCT according to specific coronary lesion subsets

Lesion subset

Left main

coronary artery

Aorto-ostial lesion

Calcified lesion

ACS

Intramural
hematoma/SCAD

Bifurcation lesion

Renal dysfunction

IVUS advantage

IVUS has better tissue penetration and more
reliable visualization of the external elastic
lamina (EEL), supporting global vessel sizing,
landing-zone selection, and stent optimization
in large-caliber segments.

IVUS does not require contrast-mediated
blood clearance and is less affected by guide
catheter disengagement, making it more
practical for true ostial and aorto-ostial
assessment.

IVUS can assess vessel dimensions, guide
EEL-based stent sizing, and evaluate
circumferential calcium burden and vessel
remodeling, making it particularly useful when
plaque preparation and stent sizing need to be
guided by the vessel size rather than calcium
thickness alone.

IVUS is particularly useful when safe
procedural guidance is needed in thrombotic
lesions or in hemodynamically unstable
patients, when contrast should be minimized,
or when the primary objective is reliable stent
sizing and post-PCI optimization rather than
culprit lesion morphology identification.

The strengths of IVUS are that it can be
performed without blood clearance with
contrast injection and that its deeper
penetration permits complete assessment
of the vessel wall up to the EEL, including
through thrombus. However, its lower
resolution may miss identifying small SCAD-
related structures, including the intimal-
medial membrane and focal fenestrations
connecting the true and false lumens*®.

IVUS was useful when bifurcation PCI is driven
by concern for side-branch compromise or the
need for repeated procedural reassessment, as
IVUS can define plaque distribution associated
with side-branch occlusion without the
workflow constraints of OCT blood clearance
and side-branch imaging.

Left main lesions: see above.

IVUS is usually preferred when contrast
minimization is a priority—such as in
advanced CKD, prior contrast-associated
kidney injury, or planned ultra-low/zero-
contrast PCI—because of IVUS-based contrast-
sparing workflows.

OCT advantage

OCT has higher spatial resolution for detailed
assessment of stent apposition, edge dissection,
side-branch ostium, and stent deformation when
image acquisition is feasible. There was no clear
difference between OCT and IVUS in the LEMON
study.

OCT may provide high-resolution assessment of
superficial edge pathology if adequate clearance
can be obtained.

OCT has advantages for detailed calcium
characterization, including calcium arc,
thickness, and length, and for confirming calcium
fracture after lesion preparation; OCT-derived
calcium scoring identifies the risk for stent
underexpansion and may help tailor calcium-
modification strategies®’*%.

OCT is particularly helpful when defining the
culprit mechanism, such as plaque rupture,
plaque erosion, calcified nodule, residual
thrombus, or unexplained ACS/MINOCA
presentations.

OCT allows detailed evaluation of the true lumen,
including any associated thrombus, together
with the size, morphology, and extent of the

false lumen. It also delineates the relationship
between the false lumen and side branches,

and can identify fenestrations or a more typical
entry tear between the true and false lumens.
Careful interpretation is required to detect the
characteristic crescentic semilunar false lumen
and ensure a correct OCT diagnosis*®.

OCT is helpful to assess side-branch
optimization, including confirmation of distal
cell rewiring, evaluation of side-branch ostial
coverage, and detection of stent deformation or
incomplete apposition. OCT-guided bifurcation
PCI was associated with lower 2-year MACE than
angiography guidance in OCTOBER"*.

OCT can still be considered in selected stable
patients when additional lesion- or stent-level
detail is expected to change management, and
adequate low-contrast flushing, low-molecular-
weight dextran, or saline is feasible, although
such strategies are not universally applicable.

Practical caveat

Both are useful for left main PCI guidance;
however, IVUS is generally preferred because of
its advantages and lack of need for contrast-
mediated blood clearance. OCT is a reasonable
alternative in selected distal left main lesions,
particularly for bifurcation optimization and
detailed post-stent assessment, when adequate
image acquisition is feasible!".

IVUS is generally preferred for aorto-ostial
lesions because OCT acquisition is often limited
by guide catheter disengagement and incomplete
blood clearance at the coronary ostium; although
guide-extension-assisted OCT may be feasible

in selected cases, IVUS is usually more practical
for accurate ostial delineation, vessel sizing, and
stent positioning.

The two modalities are often complementary;
IVUS is generally favored when EEL-based sizing
and overall vessel architecture are the main
procedural priorities, whereas OCT is favored
when decisions hinge on calcium thickness,
longitudinal extent, or confirmation of calcium
fracture. Available clinical data do not show clear
superiority of one intravascular modality over
the other in this lesion subset.

Modality selection is often determined by
feasibility and clinical intent: OCT is more
informative when lesion-level morphology is
needed, whereas IVUS is often more practical
in heavy thrombus burden, impaired flow,
proximal/ostial culprit lesions, hemodynamic
instability, or renal concern.

Intracoronary imaging in SCAD/intramural
hematoma should be used selectively rather than
routinely. Conservative management is preferred
in many stable SCAD cases; if imaging is needed,
OCT may provide greater diagnostic detail

but can extend the false lumen or intramural
hematoma because it requires contrast flushing,
whereas IVUS is less likely to do so but may miss
small intimal abnormalities because of its lower
spatial resolution.

Given the reported increased risk of iatrogenic
dissection in SCAD patients, repeat OCT imaging
should only be considered where clinically
necessary.

Modality choice in bifurcation PCI should be
driven by the procedural objective and lesion
anatomy rather than by a universal hierarchy:
IVUS is often preferred when proximal main-
vessel optimization or left main bifurcation
assessment is the dominant issue, whereas OCT
is particularly useful when guidewire recrossing,
side-branch ostial scaffolding, or post-stent
geometry needs to be checked in detail; OCT may
be less practical when blood clearance is difficult.

In non-dialysis CKD, IVUS is generally preferred
because standard OCT still requires flushing
and may increase procedural complexity; OCT
is therefore best reserved for selected cases in
experienced centers using low- or no-contrast
protocols.

ACS=acute coronary syndrome; CKD=chronic kidney disease; EEL=external elastic lamina; [VUS=intravascular ultrasound; MACE=major adverse cardiac
events; MINOCA=myocardial infarction with non-obstructive coronary arteries; OCT=optical coherence tomography; PCI=percutaneous coronary intervention;
SCAD=spontaneous coronary artery dissection
This table contrasts the clinical benefits of IVUS and OCT in selected lesion subsets. IVUS is generally advantageous when deep vessel-wall visualization,
external elastic lamina-based sizing, or contrast minimization is clinically important, whereas OCT is advantageous when high-resolution assessment of
plaque morphology, calcium thickness, stent apposition, edge dissection, or side-branch/stent geometry is expected to influence procedural decision-making.

guide device selection before stenting. Contemporary

imaging-based consensus documents propose using

IVUS or OCT to decide whether lesion modification
with rotational atherectomy, orbital atherectomy, or

intravascular lithotripsy is required**%.

Acute coronary syndrome (ACS)
Pre-intervention intravascular imaging serves not
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Table 4. IVUS and OCT-derived calcium score

Scoring Device Lesions

IVUS calcium score IVUS  Maximum superficial

calcium angle >270° and

Assessment points

1) Calcium angle >270° and length >5 mm (1 pt)
2) 360° of calcium (1 pt)

Cut-off and clinical implication

Score 22: High risk of underexpansion;
consider atherectomy

angiographically visible calcium 3) Calcified nodule (1 pt)
4) Vessel diameter <3.5 mm (1 pt)

OCT-based calcium OCT
score “Rule of 5”

Any calcium

1) Max angle >180° (2 pts)
2) Max thickness >0.5 mm (1 pt)

Score 0-3: Good expansion
Score 4: High risk of stent underexpansion

3) Length>5 mm (1 pt)

Revised OCT-based OCT
calcium score
“Rule of 3”

Maximum superficial
calcium angle >270° and

1) Minimum calcium thickness >0.3 mm (1 pt)
! > v ) 2) 360° of calcium (1 pt)
angiographically visible calcium 3) Calcium angle >270° and length >3 mm (1 pt)

Score 22: Risk of stent underexpansion

(Score 3 PPV: ~80%); consider calcium
modification

IVUS=intravascular ultrasound; OCT=optical coherence tomography; PPV=positive predictive value

only to optimize PCI but also to clarify the underlying
culprit characteristics, which may influence lesion
preparation and even the overall treatment strategy.
In the IVUS-ACS trial*", which enrolled 3,505
patients with ACS, IVUS-guided PCI reduced the
1-year rate of target-vessel failure compared with
angiography-guided PCI alone (4.0% vs. 7.3%, HR
0.55, 95% CI 0.41 to 0.74), mainly through lower
rates of target-vessel myocardial infarction and repeat
revascularization. When the key question is culprit
morphology, OCT has a clear advantage because its
spatial resolution allows in vivo differentiation among
plaque rupture, plaque erosion, and calcified nodule
(Figure 2). In OCT-based ACS studies, plaque erosion
has been observed more often in younger patients and
in non-ST-segment elevation ACS, whereas calcified
nodule is less common and tends to occur in older
patients. Importantly, OCT-based phenotyping may
also alter whether immediate stenting is required: in
the EROSION study?, 92.5% of selected patients with
ACS caused by plaque erosion who were treated with
antithrombotic therapy without stenting remained free
from major adverse cardiovascular events at 1 year. On
the other hand, a calcified nodule may require more
aggressive lesion preparation. Culprit morphology
defined by OCT also has prognostic relevance. In the
TACTICS registry®), one-year major adverse cardiac
events occurred most frequently in patients with
calcified nodules (32.1%), followed by plaque rupture
(12.4%) and plaque erosion (6.2%). Thus, both IVUS
and OCT are useful in ACS for PCI optimization, but
OCT is particularly valuable when culprit morphology
may alter strategy.

Other Complex Lesions

In other complex lesion subsets, neither IVUS
nor OCT is uniformly preferred, and the choice of
modality should be tailored to lesion anatomy and the
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specific procedural question. Because OCT requires
transient blood clearance, adequate visualization of
aorto-ostial lesions is often difficult, whereas IVUS
can generally assess these segments more reliably.
Similarly, when a large intramural hematoma is present,
including in spontaneous coronary artery dissection,
the contrast injection required for OCT may propagate
the dissection or enlarge the false lumen; in this setting,
IVUS is often preferred because it does not require
blood clearance and provides deeper visualization
of the vessel wall. By contrast, bifurcation PCI is an
area in which OCT has attracted particular interest,
because 3-dimensional reconstruction can visualize
jailed-strut configuration and guidewire recrossing
and has been shown to reduce acute incomplete stent
apposition compared with angiographic guidance in the
OPTIMUM trial“. The potential clinical importance
of these procedural advantages is supported by the
OCTOBER trial**); in which OCT-guided PCI for
complex bifurcation lesions reduced 2-year major
adverse cardiac events compared with angiography-
guided PCI.

Stent Sizing with IVUS Guidance

Whereas the bare-metal stent era favored a “bigger-
is-better” sizing strategy to maximize acute luminal
gain, the DES era has moved toward anatomically
appropriate, vessel-guided sizing with subsequent
optimization of stent expansion. In the current routine
practice, [IVUS-guided stent or post-stent balloon sizing
(Figure 3) is reference-based: 1) external elastic lamina
(EEL) diameters of the proximal reference, distal
reference, or lesion site, usually rounded down by (at
least) 0.5 mm; or 2) reference lumen diameters. Both
are typically larger than angiographic reference lumen
diameter measures, especially in smaller vessels!*®.
Moreover, in the ULTIMATE trial“”, stent diameter
was calculated according to the lumen diameter of
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Figure 2. ACS culprit morphology by OCT. In each case, the coronary angiograms (image A) and optical coherence tomography (OCT)
images (B-D) with thrombus (asterisk) are shown. Panel 1 is a case of plaque rupture: the white arrowheads indicate the rupture cavity,
and the white arrow shows the disrupted fibrous cap. Panel 2 is a case with plaque erosion: the asterisk indicates thrombus without rup-
ture on a smooth luminal surface. Panel 3 is a case with eruptive calcified nodule: the white arrowhead indicates calcified nodules with
thrombus (asterisk). The surface of the nodule is irregular, with a disrupted fibrous cap (C).

the distal reference (ratio of 0.8 to media diameter
or 1:1 to lumen diameter). When IVUS is used to
determine stent length, the goal is not simply to cover
the angiographic stenosis, but to place both stent edges
in reference segments with the lowest possible plaque
burden and an adequate lumen area, ideally with
plaque burden <50% and at minimum <55% when
feasible. Angiographically normal-appearing reference
segments are often not truly normal on IVUS; plaque
burden >50% was still present in 37% of proximal
and 21% of distal angiographically normal reference
segments after newer-generation DES implantation*®),
In addition, residual edge plaque burden was the
independent predictor of 9-month angiographic edge
restenosis®”). In diffuse disease, where completely
normal landing zones may not exist, IVUS can still help

identify the least diseased proximal and distal segments
and thereby minimize the risk of edge restenosis.

Stent Sizing with OCT Guidance

A representative case of OCT-guided stenting is
shown in Figure 4. In the OCT workflow used in the
ILUMIEN III and IV trials®'®, vessel-based sizing is
the following method (Figure 5): if the EEL can be
visualized adequately (>180°), the mean EEL diameter
of the distal reference is used to determine the stent
diameter and rounded down to the nearest available
stent size, usually in 0.25-mm increments, to select
stent diameter. For example, if the distal reference
EEL measures 3.7%3.5 mm, the mean EEL is 3.6 mm,
and thus a 3.5 mm stent diameter should be chosen.
When the distal EEL cannot be delineated reliably,
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Figure 3. IVUS-guided PCI. The left panels show pre-intervention angiography and IVUS. Target lesion (white line) is a proximal-middle
LAD lesion, separating the first diagonal and septal branch. IVUS shows attenuated plaque with no significant calcification. Lesion length
is 33 mm and vessel size is 3.7-3.8 mm at the distal landing zone. The operator planned to deploy a 3.5x33 mm drug-eluting stent. The
right panels show post-intervention angiography and IVUS. The dotted line shows the stented segment. No medial dissection is observed
at either stent edge. IVUS shows no malapposed struts. Stent expansion is 78%, so the operator decided to perform additional post-dila-
tion with a 3.5 mm non-compliant balloon to obtain optimal stent expansion.

Figure 4. OCT-guided PCI. The left panels show pre-intervention angiography and OCT. The target lesion (white line) is a proximal-RCA
lesion. OCT shows a fibrolipidic plaque without significant calcification. Lesion length is 26 mm and lumen size is 2.5-2.7 mm at the distal
landing zone. The operator planned to deploy a 2.75x26 mm drug-eluting stent. The right panels show post-intervention angiography
and OCT. The dotted line shows the stented segment. No medial dissection is observed at either stent edge. OCT shows no malapposed
struts. Stent expansion is 85%. OCT shows optimal stenting.
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Figure 5. EEL- and lumen-based stent sizing. The left panels: EEL-based sizing is the preferred method when the external elastic lamina
(EEL) is visible at the distal reference site, which is expected in over 75% of cases. The stent diameter is determined by measuring

the mean EEL-to-EEL diameter and rounding down to the nearest available stent size (usually in 0.25 mm increments). This approach
ensures the stent size is matched to the actual vessel wall dimensions. The right panels: Lumen-based sizing is used when the EEL is
obscured by calcified or lipidic plaque, preventing a clear measurement of the vessel wall at the distal reference. The stent diameter is
determined by measuring the mean lumen diameter and rounding up to the next larger available stent size. This method provides a safe
alternative for sizing when the outer boundaries of the vessel are not identifiable.

OCT sizing falls back to a lumen-based strategy. In
that setting, the mean distal lumen diameter is used
and generally rounded up to the next available stent
size (Figure 5). The proximal reference is then used
mainly to guide post-dilatation balloon sizing rather
than the nominal stent diameter itself. For example, if
the distal reference lumen measures 2.9%2.8 mm, the
mean lumen diameter is 2.85 mm, and thus a 3.0 mm
stent diameter should be chosen. In the ILUMIEN III
substudy®?, an EEL-guided stent sizing selected larger
stent diameters than a lumen-guided approach, with
potentially hazardous oversizing. In the OPINION
imaging substudy®®"), the lumen-based PCI with OCT
guidance was associated with a trend toward a smaller
MSA than that with IVUS guidance, but with fewer
proximal stent-edge hematomas, resulting in a similar
minimum lumen area at 8-month follow-up. Taken
together, these findings support that contemporary
OCT-guided stent sizing increasingly relies on either
lumen-based sizing in an appropriate distal reference
segment or sizing according to the actual distal vessel
diameter when the EEL can be delineated adequately.
To cover residual disease adjacent to the lesion, thus
minimizing geographic miss, stent length is determined
by the distance between the chosen distal and proximal
landing zones, the healthiest practical reference
segments (normal or at least fibrous or calcified

segment) visible on the OCT pullback.

POSTPROCEDURE ASSESSMENT AND COMPLICA-
TIONS

Post-PCI intravascular imaging should confirm
optimal stenting and identify acute complications,
including edge dissection, stent malapposition,
and tissue protrusion. In IVUS-guided PCI, the
ULTIMATE criteria”) remain the most widely
used standardized benchmark: MSA >5.0 mm? or
>90% of the distal reference lumen area, plaque
burden <50% within 5 mm of either stent edge, and
no edge dissection extending into the media for >3
mm. In OCT-guided PCI, the post-PCI component
of the MLD-MAX algorithm®" focuses on medial
dissection, apposition, and expansion. Standardized
optimization (Table 5) appears to matter clinically:
in a recent RENOVATE-COMPLEX-PCI imaging
analysis©®?, inadequate absolute expansion together
with residual underexpansion, major malapposition,
or major dissection was associated with a higher risk
of target lesion failure.

MSA and Stent Expansion

Post-PCI MSA is strongly associated with
restenosis and stent thrombosis. An absolute IVUS
criterion of achieving optimal stent expansion of
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Table 5. Imaging-derived targets for post-PCI optimization with IVUS and OCT

Parameter

Minimal stent area
(MSA)

Stent expansion

Geographic miss/

Residual edge disease

Edge dissection

Malapposition

Tissue protrusion/
thrombus

IVUS criterion

In non-left main PCI, an MSA >5.0
mm? was used in ULTIMATE.
MSA >5.0-5.5 mm?, or MSA/distal
reference lumen area >90%, was
associated with improved long-
term hard clinical outcomes“’%7.

Relative stent expansion 280% of
the mean reference area or 290%
of the distal reference area has
commonly been used; absolute
MSA appears to provide stronger
prognostic value than stent
expansion*”

Landing zones should be selected
to ensure complete lesion coverage
and to avoid deploying stent edges
on lipid-rich plaque, with a plaque
burden <50-55% at both stent
edges (typically within 5 mm of the
stent edge) %100,

Large or extensive edge dissection
involving the media with a

length >3 mm, particularly

when associated with lumen
compromise or intramural
hematoma, is generally regarded
as unfavorable!”!,

No universal threshold has

been established for post-PCI
malapposition. Current consensus
documents emphasize descriptive
assessment of residual incomplete
stent apposition, including its
presence and extent (e.g., arc and/
or length)(¢7100),

No widely accepted IVUS-based
quantitative threshold is available
in current consensus documents;
in practice, attention should be
directed to the presence, extent,
morphology, and any associated
flow impairment or concomitant
underexpansion(®”%),

OCT criterion

No single universal OCT-derived
absolute cutoff has been
established.

An MSA <4.5-5.0 mm? has

been associated with adverse
outcomes %%,

A 290% of the reference

lumen area has been used as

the procedural optimization
goal®'®), whereas <70% identifies
underexpansion®*“, a 280% may
be considered a pragmatic target
for acceptable expansion

Complete lesion coverage should
be achieved to avoid reference-
segment disease, especially lipid
plaque, at the stent margins;
residual edge disease within 5 mm
of the stent edge, defined as MLA
<4.5 mm?, may justify additional
stent coverage or further
optimization.

Major edge dissection has
generally been defined by
substantial circumferential extent
and length (in ILUMIEN IV, 260°
of vessel circumference and 23
mm in length), whereas CLI-OPCI
IT'identified distal edge dissection
with flap thickness >200 pm as a
clinically relevant threshold®*>.

In OCT-guided PCI, extensive

acute malapposition is defined as
a maximal distance >0.4 mm and
longitudinal extension >1 mm(7.

Smooth tissue protrusion is
frequently observed after stenting,
whereas larger (a maximum
protrusion angle 2180°), irregular,
or thrombotic protrusion has been
associated with less favorable
outcomes, particularly in ACS""7%).

Clinical relevance

Smaller post-PCI stent area is
consistently associated with

restenosis and target lesion failure.

Inadequate expansion is a major
determinant of stent failure and
worse clinical outcomes.

Geographic miss/residual disease
at the stent edge contributes

to edge restenosis and repeat
revascularization.

Minor edge dissections are
frequently clinically benign,
whereas extensive dissections or
those associated with intramural
hematoma, residual lumen
compromise, or impaired flow are
more likely to be clinically relevant
and have been linked to adverse
outcomes.

Acute malapposition is common
after PCI, although its prognostic
significance appears weaker than
that of underexpansion or edge
pathology.

Smooth protrusion with adequate
stent expansion and preserved
flow may often be managed
conservatively.

Large, irregular protrusion may
be linked to adverse clinical
outcomes.

Potential indication for further
optimization

Additional optimization may be
considered when MSA remains
below the intended threshold
or when focal underexpansion
is identified.

Further post-dilatation may
be considered when relative
or absolute expansion remains
suboptimal.

Additional treatment may

be considered when a more
suitable landing zone can be
achieved or when substantial
residual disease (residual
edge plaque burden 250%) is
present at the edge.

Additional treatment may be
considered for major dissection,
lumen compromise, hematoma
extension, or impaired flow.

Further optimization may be
considered when malapposition
is extensive.

Further optimization may be
considered when protrusion

is large, irregular, associated
with lumen compromise or
impaired flow, or accompanied
by stent underexpansion, major
malapposition, or substantial
residual thrombus burden.

ACS=acute coronary syndrome; IVUS=intravascular ultrasound; OCT=optical coherence tomography; MLA=minimum lumen area; PCI=percutaneous coronary

intervention

MSA >5.0-5.5 mm?, or MSA/distal reference lumen
area >90%, was associated with the most favorable
clinical outcomes®?). In the OCT guidance, previous
analyses have consistently identified an MSA <4.5-5.0
mm? as a predictor of subsequent cardiac events®**°)
However, these cutoffs do not define optimal stenting,
and a larger MSA is still associated with less coronary
artery restenosis until a plateau is reached at an MSA
of ~8 mm?. Moreover, for left main PCI optimization,
the classic IVUS-derived “Kang rule” remains the
main reference, with target MSAs of 5.0 mm? (ostium
of left circumflex artery), 6.3 mm? (ostium of left
anterior descending coronary artery [LAD]), 7.2 mm?
(polygon of confluence [POC]), and 8.2 mm? (left main
coronary artery [LM] above the POC)®®. OPTIVUS
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criteria®”) simplified these thresholds to 5-6-7-8 mm?,
providing a practical framework for IVUS-guided LM
stent optimization. Thus, in daily practice, achieving
these segmental MSA targets remains a reasonable
goal, particularly in distal LM bifurcation PCI.

Stent underexpansion is also common in both
early stent thrombosis and in-stent restenosis.
Stent expansion >80% of the mean reference area
has commonly been used in IVUS-guided PCI®®.
However, stent expansion is not defined in a single
way. In the ADAPT-DES IVUS substudy®?, 10
different expansion indices were examined, including
absolute MSA and several normalized ratios using
distal reference, average reference, or vessel area,
and only the ratio of MSA to vessel area at the MSA
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site independently predicted lesion-specific 2-year
clinically driven target-lesion revascularization or
definite stent thrombosis. In the widely used OCT
platform, Ultreon™ 2.0 software (Abbott, Abbott
Park, IL, USA), automatic post-PCI stent expansion
assessment commonly relies on a tapered reference (or
dual-reference) approach. Thus, although expansion
should generally reach at least 80% to 90% of the
relevant reference area, the measured expansion index
depends on which reference is used*’*?.

Geographic Miss and Edge Dissection

Geographic miss refers to failure to fully cover
the diseased or pre-ballooned segment with the stent,
so that the landing zone is placed on residual plaque
or untreated edge disease'®”. In IVUS studies, residual
plaque burden at the reference segment has predicted
edge restenosis, with a threshold around 50% to 55%
after newer-generation DES implantation®®. OCT
studies have reached similar results: the independent
predictors of binary angiographic stent edge restenosis
at 9-12 months were lipidic plaque (optimal cutoff was
a lipid arc >185°) and minimal lumen area (optimal
cutoff was 4.1 mm?) in the stent edge segment®").

Edge dissection is an important post-PCI finding,
but its clinical significance depends on depth, length,
circumferential extent, and the residual lumen
rather than on its mere presence. The ULTIMATE
criteria®”) recommend confirming the absence of edge
dissection extending into the media for >3 mm by
using IVUS. IVUS-detected residual edge dissection
has been associated with subsequent target lesion
revascularization, particularly when the effective
lumen area within the dissection is small, around 5.0
mm? or less”. OCT is more sensitive than IVUS for
detecting post-stent edge injury, and in ILUMIEN
111, untreated edge dissections were seen more often
after IVUS-guided or angiography-guided PCI than
after OCT-guided PCI*%%®), However, this should not
be interpreted as meaning that every OCT-detected
dissection is clinically important. In serial OCT follow-
up of 22 edge dissections, most angiographically
silent, non-flow-limiting edge dissections healed
spontaneously, and no target lesion revascularization
was observed at 1 year(®”, What appears to matter most
is the morphology of the residual edge dissection. In the
CLI-OPCI II study, a distal edge dissection >200 pm
together with residual edge narrowing with a minimal
lumen area <4.5 mm? predicted later adverse events®).
Consistent with this, a contemporary analysis from
ILUMIEN 1V and other studies suggests that OCT-
detected stent edge dissection is associated with a

higher risk of major adverse cardiovascular events>>°%).
Small, non-flow-limiting edge dissections can often be
observed, whereas large (dissection flap >60°), deep
(media-involving), extend longitudinally for several
millimeters, lumen-compromising dissections, or those
with intramural hematoma may require additional
stenting, because true-lumen compromise in this setting
may precipitate acute vessel closure.

Malapposition

There is no single universal definition of clinically
relevant post-stent malapposition. When the same
lesions were evaluated by both IVUS and OCT, OCT
can detect acute malapposition more. By IVUS,
incomplete stent apposition is generally defined
qualitatively as separation of at least 1 stent strut from
the vessel wall, outside a side-branch ostium, with
blood speckle visible behind the strut, whereas by OCT
it is defined quantitatively according to the strut-to-
vessel wall distance relative to strut thickness and axial
resolution; accordingly, the diagnostic threshold varies
by stent platform. Current expert consensus suggests
that extensive acute malapposition with a maximal
distance >0.4 mm and longitudinal extension >1 mm
should be avoided or corrected whenever feasible®”.
In OCT studies, however, these thresholds were not
associated with excess 5-year adverse events®®. By
contrast, more extensive malapposition burden appears
to be clinically relevant: total malapposition volume
>7.0 mm?® predicted major safety events, suggesting
that volumetric extent may be more informative than

distance alone®”).

Tissue Protrusion

Tissue protrusion, or plaque/thrombus prolapse
through the stent struts, is a frequent post-PCI imaging
finding, particularly in thrombotic or otherwise
unstable lesions. However, IVUS-detected tissue
protrusion was not associated with excess 2-year major
adverse cardiac events; indeed, lesions with tissue
protrusion had larger final luminal dimensions and
less clinically driven target-lesion revascularization,
suggesting that protrusion itself is not uniformly
detrimental when accompanied by adequate stent
expansion’?, By contrast, OCT-defined irregular
protrusion has been consistently linked to worse
outcomes. Irregular protrusion was a predictor of
1-year device-oriented clinical events, largely driven by
repeat revascularization”". Similarly, in the CLI-OPCI
ACS substudy, residual intrastent plaque/thrombus
protrusion predicted device-oriented cardiovascular
events in ACS patients after PCI"2. More recently,
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among STEMI lesions with OCT-detected irregular
protrusion, a maximum protrusion angle >180° was
associated with a markedly higher 1-year event rate
than smaller protrusions (12.5% vs 1.5%)7%).

BARRIERS TO IMPLEMENTATION AND FUTURE
DIRECTIONS

Despite growing randomized evidence and
current guideline recommendations, routine use
of intravascular imaging in PCI remains limited
by practical barriers, including added cost, longer
procedure time, and the need for expertise in image
acquisition and interpretation’*). Recent health-
economic analyses nevertheless suggest that IVUS-
guided PCI may be cost-effective over time by
reducing repeat revascularization and other adverse
events>7%. Use of intravascular imaging also varies
markedly by region. Despite the recommendations of
current guidelines, real-world adoption of intravascular
imaging in PCI has also varied markedly by region.
Intravascular imaging was used in 10% of PCI in
the United States’*, versus approximately 84%
for IVUS-guided PCI in Japan”” and 11.3% to
14.5% in Thailand”®, depending on adjunctive-use
criteria. These differences likely reflect not only the
evidence base, but also reimbursement, local training
patterns, and operator preference. Several emerging
technologies may help overcome these barriers.
Artificial intelligence-based analysis could shorten
interpretation time, reduce operator dependence, and
improve measurement standardization’?. Integration
of intravascular imaging with coronary physiology
may further refine PCI decision-making by combining
information on lesion function with plaque morphology
and procedural optimization®”. Another important
future direction is preventive PCI for non-flow-limiting
vulnerable plaque. In the PREVENT trial, imaging-
guided preventive PCI reduced the 2-year primary
endpoint compared with optimal medical therapy alone
in patients with vulnerable plaques and non-ischemic
fractional flow reserve®?. At the same time, the
absolute event rate of vulnerable plaques progressing
to myocardial infarction remains relatively low, and
prior natural-history studies have shown that plaque
morphology alone is often insufficient to identify the
lesions that will actually cause future events©%2).
Therefore, the next challenge is not only to detect
vulnerable plaque, but also to improve the precision
with which lesions truly destined to cause ACS can be
identified. In this context, NIRS-IVUS and emerging
NIRS-OCT systems may provide complementary
information by combining structural plaque assessment
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with lipid-rich plaque detection. Such multimodality
imaging may help refine plaque-risk stratification,
although whether NIRS-guided treatment decisions
improve clinical outcomes remains to be established.

CONCLUSION

Intravascular imaging has moved PCI guidance
beyond angiography alone by allowing more accurate
assessment of lesion morphology, vessel size, stent
expansion, and procedure-related complications.
Randomized trials have shown that both IVUS- and
OCT-guided PCI improve procedural optimization
and reduce adverse cardiovascular events compared
with angiography-guided PCI, particularly in
complex lesions. These findings are now reflected
in contemporary guidelines, which support the use of
intravascular imaging in selected patients and lesion
subsets during PCI. Although IVUS and OCT offer
different strengths, both can improve outcomes when
used in a structured manner. Broader adoption and
future advances in automation, physiology integration,
and plaque-risk stratification may further expand the
role of imaging-guided PCI.
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