Journal of the Society for Cardiovascular Angiography & Interventions 1 (2022) 100413

Contents lists available at ScienceDirect

Journal of the Society for Cardiovascular
Angiography & Interventions

-

ELSEVIER

journal homepage: www.jscai.org

Comprehensive Review

Intravascular Imaging for Percutaneous Coronary Intervention Guidance R
and Optimization: The Evidence for Improved Patient Outcomes ookt

Gary S. Mintz, MD®, Christos V. Bourantas, MD, PhD ™, Daniel Chamié, MD, PhD ¢

2 Cardiovascular Research Foundation, New York, New York; ° Department, of Cardiology, Barts Heart Centre, Barts Health NHS Trust, London, United Kingdom;
¢ Institute of Cardiovascular Sciences, University College London, London, United Kingdom; 4 Section of Cardiovascular Medicine, Yale School of Medicine, New Haven,
Connecticut

ABSTRACT

As of this writing, there have been approximately 24 randomized controlled trial publications, 32 meta-analyses, and 85 registries comparing intravascular ultrasound
(IVUS) or optical coherence tomography (OCT) versus angiography-guided drug-eluting stent implantation (or IVUS versus OCT guidance). Although in specific
clinical scenarios IVUS or OCT may be preferred, in most drug-eluting stent implantation procedures, either intravascular ultrasound or OCT can be used safely,
efficiently, effectively, and interchangeably and will improve patient outcomes compared with stent implantation procedures performed just with angiography

guidance.

As of this writing, there have been approximately 24 randomized
controlled trial publications, 32 meta-analyses, and 85 registries
comparing intravascular imaging (IVI) versus angiography-guided drug-
eluting stent (DES) implantation. This review article will summarize the
evidence that IVI-guided DES implantation improves patient outcomes
compared with angiography guidance alone. The intended audience in-
cludes interventional cardiologists who are not familiar with this mate-
rial, IVI advocates who want an easily accessed compilation of data, and
members of the guideline committees who make recommendations while
ignoring the wealth of available evidence. Conversely, this review article
is not intended to be another how-to guide on the use of IVI; there are
many such articles in the literature.

Stent sizing and optimization

An early in vitro study reported that intravascular ultrasound (IVUS)
overestimated measurements compared with a phantom, whereas optical
coherence tomography (OCT) measurements were similar to the phan-
tom.! However, more recent studies show little or no difference between
measurements made by OCT versus high-definition IVUS.>® This has led
to a universal approach to stent sizing and optimization. For example, in
early studies, a lumen-based stent sizing protocol by OCT resulted in

smaller stent expansion and lumen gain than an external elastic lamina
stent sizing by IVUS*®; however, more recent studies revealed that an
external elastic lamina-based stent sizing by OCT resulted in final mini-
mum stent areas and stent expansions noninferior to those obtained using
IVUS guidance.®’

Reference lumen diameters are typically larger by IVUS or OCT than
by angiography, especially in smaller vessels. For stent sizing, both IVUS
and OCT use the outer boundary of the muscular media, variably called
the external elastic lamina or external elastic membrane and because of
accumulated plaque, the external elastic lamina or external elastic
membrane is always larger than the lumen. OCT can visualize the
external elastic lamina in the presence of a normal vessel or fibrotic
plaque while lipid or a necrotic core obscures the external elastic lamina.
Lipid causes much less IVUS attenuation, except in the presence of large
necrotic core-containing thin-cap fibroatheroma (attenuated plaque),
whereas calcium causes shadowing of the vessel wall.

Overall, <10% of angiographically normal reference segments are
disease-free; the plaque burden seen in angiographically normal refer-
ence segments averages 50%. Stent lengths are based on the distance
between proximal and distal landing zones as close to normal as possible:
largest lumens with a plaque burden of no more than 50% (by IVUS) or
visualization of at least half of the external elastic lamina circumference
(by OCT). Stents should be implanted so that edges avoid lipidic plaque,
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Figure 1. Kaplan-Meier estimates of occurrence of the primary end point for all patients and patients who underwent IVUS-guided stent implantation in
IVUS-XPL. Cumulative incidence curves are for the primary end point of cardiac death, target lesion-related myocardial infarction, and target lesion revascularization.
(A) Comparison of patients randomized to IVUS versus angiographic guidance. (B) Patients in the IVUS-guidance group, comparing those with versus those without
stent optimization. HR, hazard ratio; IVUS, intravascular ultrasound; IVUS-XPL, Impact of Intravascular Ultrasound Guidance on Outcomes of Xience Prime Stents in
Long Lesions; PCI, percutaneous coronary intervention. Reprinted with permission from Hong SJ, Kim BK, Shin DH, et al. Effect of intravascular ultrasound-guided vs
angiography-guided everolimus-eluting stent implantation: the IVUS-XPL randomized clinical trial. *There were 30 patients in the angiography-guided PCI group who
underwent IVUS-guided PCI but they are not included in this analysis. JAMA. 2015;314(20):2155-2163.

especially a thin-cap fibroatheroma or attenuated plaque (that can cause
distal embolization), significant superficial calcium (that can cause a
dissection), or a muscle bridge (that can cause stent compression). Distal
reference stent sizing should be employed when healthy landing zones or
predominantly fibrous plaques are present. The postdilation balloon
should be similarly sized to the proximal reference. A lumen-based
strategy is used if the external elastic lamina or external elastic mem-
brane cannot be visualized (either IVUS or OCT).

Stent underexpansion is the most consistent predictor of stent
thrombosis or restenosis, and coronary calcification is the major cause of
stent underexpansion. OCT can measure the arc, thickness, length, area,
and volume of calcium but will miss calcium behind lipid. IVUS can
measure the arc and length of calcium but cannot measure calcium
thickness because ultrasound does not penetrate calcium. Nevertheless,
both IVUS and OCT are more accurate than angiography, differentiate
superficial from deep calcium, and detect nodular calcium, as seen in
one-fourth to one-half of the severely calcified lesions. An OCT-based
calcium score predicts stent underexpansion and the need for prestent
calcium modification in the presence of a calcium arc of >180° plus
thickness of >0.5 mm plus length of >5 mm.® A similar score has been
developed for IVUS based on a >270° arc of calcium that is of >5 mm in
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length, vessel size of <3.5 mm (media-to-media), and presence of either
circumferential calcium or a calcified nodule.’ Stent edge problem-
s—geographic miss, large edge dissections, or intramural hema-
tomas—are second only to stent underexpansion as predictors of
events.'® However, even in randomized clinical trials, optimal stent im-
plantation is seen in only half of the IVI-guided procedures.

There is little or no evidence suggesting that acute stent malap-
position—whether detected by IVUS or OCT and irrespective of
size—is associated with adverse events; the only exception is at the
proximal stent edge of the stent, where malapposition should be
minimized to avoid a guide wire getting behind stent struts during a
subsequent procedure. Tissue protrusion does not require treatment,
especially in patients presenting with stable coronary artery disease;
additional percutaneous coronary intervention (PCI) should be
reserved for a reduced effective lumen area or in the setting of an
acute coronary syndrome. There is no clinical impact of stent asym-
metry or eccentricity.

Although there are specific clinical scenarios in which IVUS or
OCT may be preferred, in most DES implantation procedures, either
IVUS or OCT can be used safely, efficiently, effectively, and
interchangeably.'!

Figure 2. Kaplan-Meier estimates of occur-
Y rence of the primary end point for all
patients and for patients who underwent
IVUS-guided stent implantation in ULTI-
MATE. Cumulative incidence curves are for the
primary end points of cardiac death, target
vessel myocardial infarction, and clinically
driven TLR. (A) Comparison of patients ran-
domized to IVUS versus angiographic guidance.
(B) Patients in the IVUS-guidance group,
comparing those with versus those without stent
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optimization. HR, hazard ratio; IVUS, intravas-
cular ultrasound; PCI, percutaneous coronary
intervention; TLR, target vessel revasculariza-
tion. Reprinted with permission from Zhang J,
Gao X, Kan J, et al. Intravascular ultrasound
versus angiography-guided drug-eluting stent
implantation: the ULTIMATE trial. J Am Coll
Cardiol. 2018;72(24):3126-3137.

Optimal PCL



G.S. Mintz et al.

Journal of the Society for Cardiovascular Angiography & Interventions 1 (2022) 100413

A 154 B 154 Figure 3. Five-year data from IVUS-XPL. Cu-
= = X . -
e HR = 0.50 (95% CI = 0.34-0.75) < mulative incidence curves for the primary
2 Logsrank P.=0.001 2 endpoint of cardiac death, target lesion-related
E E myocardial infarction, and target lesion revas-
g 101 Angiography-guidance S 107 HRy;0 = 0.48 (95% Cl = 0.28-0.83) Y ard > 2 g
b K] Log-rank P = 0.007 cularization. (A) All patients. (B) Landmark an-
w w N . . .
> > HR .5 years = 0.53 (95% Cl = 0.29-0.95) alyses for all patients. (C) Patients in the IVUS-
g g Log-rank P = 0.031 ided . .
£ 5 T s guided percutaneous coronary intervention
£ 5 1 ’ i . .
£ £ Angiography-guidance group who underwent IVUS-guided stent im-
H h E - - .
@ YHIS-guldance @ plantation comparing those with versus those
g £
2 2 ) without stent optimization. (D) Landmark ana-
g o S oA IVUS-guidance A . .
. . . i i . . ; . . . lyses for the patients in the IVUS-guided PCI
0 1 2 3 4 5 0 2 3 4 5 . .
No. at risk Time Since Randomization, y No. atrisk Time Since Randomization, y group who underwent IVUS_gulded stent im-
Angiography arm 700 624 603 586 562 543 Angiography arm 700 624 603 586 562 543 p]antation Comparing those with versus those
IVUS arm 700 641 624 609 591 562 IVUS arm 700 641 624 609 591 562
without stent optimization. HR, hazard ratio;
C . D " IVUS, intravascular ultrasound; IVUS-XPL,
= B 045,51 Gl = Impact of Intravascular Ultrasound Guidance
g = 0.48 (95% Cl = 0.28-0.83) g . . .
g Log-rank P = 0.048 g on Outcomes of Xience Prime Stents in Long
w w . .
E + Lesions; PCI, percutaneous coronary interven-
£ 2 "7 HRy yunr = 0:31 (95% C1=0.11-0.86) tion. Reprinted with permission from Hong SJ,
- Patients not meeting the IVUS-criteria & Log-rank P = 0.020 . .
i forslont ogtimization I . ! Mintz GS, Ahn CM, et al. Effect of intravascular
2 2 HR.5 yeurs = 085 (95% Cl = 0.32-2.27) . . ‘
g g Log-rank P = 0.749 ultrasound-guided drug-eluting stent implanta-
T 51 T 51 tion: 5-year follow-up of the IVUS-XPL random-
"g Fetients me'e‘i'"g the IVUS:crtera g Patients not meeting the IVUS-criteria H 4 5
; for stent optimization ; Frlactiidleaich ized trial. JACC Cardiovasc Interv.
8 H 2020;13(1):62-71.
£ 0y £ o , e o e
0 1 2 3 4 5 0 1 2 3 4 5
No. atrisk Time Since Randomization, y No. atrisk Time Since Randomization, y
Not meeting the criteria 315 285 276 270 261 253 Not meeting the criteria 315 285 276 270 261 253
Meeting the criteria 363 334 326 320 313 292 Meeting the criteria 363 334 326 320 313 202

Randomized controlled trial publications
IVUS versus angiographic guidance

The 2 largest published randomized controlled trials—1400-patient
IVUS-XPL (Impact of Intravascular Ultrasound Guidance on Outcomes of
Xience Prime Stents in Long Lesions)'? and 1448-patient ULTIMATE
(Intravascular Ultrasound Guided Drug Eluting Stents Implantation in
“All-Comers” Coronary Lesions)'°>—showed a reduction in primary end
points at 1-year follow-up: major adverse cardiac events (MACE: cardiac
death, target lesion-related myocardial infarction [MI], or
ischemia-driven target lesion revascularization [TLR]) from 5.8% to
2.9% in IVUS-XPL trial (Figure 1) and target vessel failure (TVF: cardiac
death, target vessel M1, and clinically driven TLR) from 5.4% to 2.9% in
ULTIMATE trial (Figure 2). The reduction in events was maintained at 5
years in IVUS-XPL trial (10.7% vs 6.6%; Figure 3)'* and 3 years in the
ULTIMATE trial (10.7% vs 6.6%; Figure 4).'> The estimated
number-needed-to-treat to prevent 1 MACE in the IVUS-XPL trial is 36 at
1 year and 21 at 5 years and 41 and 25 to prevent 1 TVF in ULTIMATE at
1 and 3 years, respectively. An analysis integrating patient-level data
from these 2 studies reported a mortality reduction of 50% at 3 years
with IVUS guidance; the annual mortality fell to 0.15% when an optimal
IVUS-guided result was obtained (Figure 5).'° In this pooled analysis,
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there was a remarkable number-needed-to-treat of 81 to prevent 1 car-
diac death at 3 years.

Two randomized controlled trials reported mortality advantages
associated with IVUS-guided left main coronary artery (LMCA) DES im-
plantation, the largest, enrolling 336 patients (Figure 6).!7 After 1-year of
follow-up, the MACE rate was significantly lower in the IVUS-guided
than in the angiography-guided group (13.2% vs 21.9%; P = .031),
mainly from a reduction in cardiac death (1.8% vs 5.9%; P = .048) with a
trend toward a reduction in target vessel revascularization (TVR) (4.2%
vs 8.9%; P = .068). The number-needed-to-treat to prevent one TLR is 57
in PCI of LMCA stenoses.

In the Chronic Total Occlusion-IVUS randomized controlled trial,
there was a reduction in the composite of death/MI with IVUS-guided
stent optimization after guide wire crossing (Figure 7). At 12 months
of follow-up, MACE rates were significantly lower in the IVUS-guided
than in the angiography-guided group (2.6% vs 7.1%; P = .035), as
was the occurrence of the composite of cardiac death or MI (0% vs 2.0%;
P = .045).'® The number-needed-to-treat to prevent 1 TLR is 67 in
chronic total occlusion PCI.

Findings associated with periprocedure MI or slow/no-reflow are
grayscale IVUS attenuated plaque, radiofrequency-IVUS necrotic core,
radiofrequency-IVUS or OCT thin-cap fibroatheroma, OCT or near-
infrared spectroscopy lipid-rich plaque, or IVUS or OCT plaque rupture.

Figure 4. Three-year data from ULTIMATE.
(A) Landmark analyses for all patients. (B)
Landmark analyses for patients in the IVUS
guidance group comparing those with those
versus without stent optimization. HR, hazard
ratio; IVUS, intravascular ultrasound; PCI,
percutaneous coronary intervention. Adapted
from Gao XF, Ge Z, Kong XQ, et al. 3-year out-
comes of the ULTIMATE trial comparing intra-

vascular ultrasound versus angiography-guided
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Figure 5. Pooled patient-level data from
IVUS-XPL and ULTIMATE showing improved
3-year Cardiac survival after IVUS-guided
drug-eluting stent implantation. (A) Cumula-
tive incidence of cardiac death comparing pa-
tients randomized to IVUS versus angiographic
guidance. (B) Cumulative incidence of the
composite of cardiac death, MI, or ST death
comparing patients randomized to IVUS versus
: " angiographic guidance. (C) Cumulative inci-
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The positive predictive value of these findings is relatively low, but the
absence of these findings is associated with low probability of a peri-
procedure MI or slow/no-reflow. The VAMPIRE-3 (Assessment of Distal
Protection Device in Patients at High Risk for Distal Embolism in Acute
Coronary Syndrome) trial reported a reduction in distal embolization
when distal protection was used in lesions with grayscale IVUS attenu-
ated plaque of >180° in circumference and >5 mm in length. The pri-
mary end point (no-reflow) occurred in 26.5% of the distal protection
versus 41.7% in the conventional treatment group (P = .026), and the
composite incidence of cardiac death, cardiac arrest, cardiogenic shock
after revascularization requiring defibrillation, cardiopulmonary resus-
citation, or extracorporeal membrane oxygenation was significantly
lower in the distal protection than in the conventional treatment group
(0% vs 5.2%; P = .028)."° At 1 year, MACE occurred in 12.2% of the
distal protection vs 3.1% of the conventional treatment group (P = .029),
driven by a higher risk of TVR (11.2% vs 2.1%; P = .018).%°
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OCT versus angiographic or IVUS guidance

There is a paucity of randomized controlled trial data comparing OCT
guidance with either IVUS or angiographic guidance. The OPtical fre-
quency domain imaging versus INtravascular ultrasound in the percuta-
neous coronary InterventiON (OPINION) trial was powered to evaluate
the noninferiority of OCT-guided DES implantation compared with IVUS-
guided DES implantation. The primary end point—TVF, a composite of
cardiac death, target vessel related MI, and ischemia-driven TVR at
12 months—occurred in 5.2% of patients treated with OCT guidance
versus 4.9% of patients treated with IVUS guidance, along with compa-
rable in-stent (1.6% vs 1.6%; P = 1.000) and in-segment (6.2% vs 6.0%; P
= 1.000) restenosis (Figure 8).5

In ILUMIEN III, there was no significant difference among OCT, IVUS,
and angiography guidance in rates of MACE (9.8% for OCT, 9.1% for
IVUS, and 7.9% for angiography), TLR (2.0% for OCT, 3.7% for IVUS,

Figure 6. Freedom from adverse events in the
IVUS-guided group versus the control (angi-
ography-guided) group in a randomized
controlled trial of left main coronary artery
disease treated with drug-eluting stent im-
plantation. (A) Freedom from MACE. (B)
Freedom from CD. CD, cardiac death; IVUS,
intravascular ultrasound; MACE, major adverse
cardiac event. Adapted from Liu XM, Yang ZM,
Liu XK, et al. Intravascular ultrasound-guided
drug-eluting stent implantation for patients
with unprotected left main coronary artery le-
sions: a single-center randomized trial. Anatol J

Cumulative survival rate free from MACEs at 1-year

70 T T T T

T
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Days after index procedure (d)

0 20 Cardiol. 2019;21(2):83-90.
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Figure 7. IVUS-CTO randomized controlled
trial. Clinical impact of IVUS-guided CTO
intervention. (A) Occurrence of MACE. (B)
Composite of CD or MI. CD, cardiac death; CTO,
chronic total occlusion; IVUS, intravascular ul-
trasound; MACE, major adverse cardiac event;
MI, myocardial infarction. Reprinted with
permission from Kim BK, Shin DH, Hong MK,
et al. Clinical impact of intravascular ultrasound-
guided chronic total occlusion intervention with
0% zotarolimus-eluting Biolimus-eluting
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and 1.4% for angiography), or any of the individual components of these
outcomes.*!

Other randomized controlled trial publications

Additional primary and secondary randomized controlled trial pub-
lications are listed in the references.?%°
Meta-analyses

From 2012 to 2022, 32 meta-analyses reported the prognostic impact
of IVI (IVUS and/or OCT) to guide PCI (Table 1).!%%7%7 Ten

3 6 9
Follow-up duration (months)

diovasc Interv. 2015;8(7):€002592.

198 187
199 190

meta-analyses included only randomized controlled trials, and the
remaining included a mixture of randomized controlled trials and
observational studies. In total, 95 unique publications arose from these
analyses.

IVUS-guided versus angiography-guided PCI

Twenty-three meta-analyses compared the clinical outcomes of IVUS-
guided PCI versus angiography-guided PCI, 9 (39.1%) of which included
only randomized controlled trials (Figure 9). The benefit of IVUS guid-
ance was greater in meta-analyses restricted to randomized controlled
trials, where the reduction in MACE ranged from 36%'%*® to 64%.%°
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Table 1. Meta-analyses reporting clinical outcomes (risk reduction and 95% confidence intervals) associated with intravascular imaging—guided drug-eluting stent implantation.

Reference, year

Study population®

All-cause
mortality

Cardiovascular
mortality

MACE

Myocardial
infarction

Stent thrombosis

TLR

IVUS vs angiography
Zhang et al,”” 2012

Propensity score-matched
Zhang et al,*® 2013

Klersy et al,>* 2013
Jang et al,"® 2014

Propensity score-matched
Ahn et al,*! 2014

Zhang et al,*” 2015
Propensity score-matched
Complex lesions or patients with

acute coronary syndrome

Steinvil et al,** 2016
Complex lesions (LMCA,

bifurcations, CTO)

Propensity score-matched and RCT

reports

Randomized controlled trials

Elgendy et al,** 2016

Shin et al,*® 2016

Nerlekar et al,*® 2017
First generation DES
Second-generation DES

Fan et al,"’ 2017
Propensity-matched studies and
RCTs

Bavishi et al,*® 2017

Buccheri et al,*® 2017

Riber et al,'® 2018

di Mario et al,> 2018

Gao et al,”* 2019

Elgendy et al,”” 2019

Kumar et al,*® 2019

Malik et al,>* 2020

11 studies (1 RCT)
19,619 patients
5300 patients
14 studies (3 RCTs)
29,029 patients
12 studies (3 RCTs)
18,707 patients
15 studies (3 RCTs)
24,849 patients
13,545 patients
17 studies (3 RCTs)
26,503 patients
20 studies (3 RCTSs)
29,068 patients
8331 patients
6393 patients

25 studies (7 RCTs)
31,283 patients
13 studies

16 studies
10,486 patients
7 RCTs
3192 patients
7 RCTs
3275 patients
3 RCTs
2345 patients
15 (6 RCTs)
9313 patients
11 studies (6156 patients)
6 studies (3157 patients)
15 studies (6 RCTs)
8084 patients
7 propensity-matched studies; 6 RCTs
6573 patients
8 RCTs
3276 patients
Bayesian network meta-analysis of
31 studies and 17,882 patients
8 RCTs
3276 patients
9 RCTs
4724 patients
9 RCTs
4724 patients
10 RCTs
5060 patients
11 RCTs
5352 patients
10 RCTs
5007 patients

0.59 (0.48-0.73)

0.73 (0.54-0.99)
0.66 (0.55-0.78)

0.60 (0.48-0.74)
0.64 (0.51-0.81)

0.58 (0.42-0.81)
0.61 (0.48-0.79)

0.62 (0.54-0.71)

0.64 (0.52-0.79)
0.52 (0.40-0.67)

0.62 (0.54-0.72)
0.52 (0.41-0.67)
0.65 (0.53-0.80)
0.81 (0.44-1.47)
N/R
N/R
N/R
N/R
N/R
0.52 (0.40-0.67)
0.49 (0.37-0.65)
1.00 (0.48-2.09)
0.74 (0.58-0.98)
N/R
N/R
0.78 (0.46-1.31)
N/R
N/R

N/R

N/R

N/R
N/R

N/R

N/R

N/R
N/R

N/R

N/R
N/R

N/R
N/R
N/R
N/R
0.46 (0.21-1.00)
0.38 (0.10-1.42)
0.55 (0.36-0.83)
0.64 (0.39-1.04)
0.33 (0.14-0.78)
N/R
N/R
0.51 (0.23-1.12)
0.47 (0.32-0.66)
0.51 (0.23-1.12)
0.51 (0.27-0.96)
0.49 (0.26-0.92)
0.44 (0.26-0.75)
0.45 (0.25-0.80)

0.51 (0.27-0.96)

0.87 (0.78-0.96)

N/R
0.86 (0.77-0.95)

0.80 (0.71-0.89)

0.79 (0.69-0.91)

0.79 (0.66-0.95)
0.74 (0.64-0.85)

0.77 (0.71-0.83)

0.79 (0.70-0.88)
0.69 (0.60-0.79)

0.76 (0.70-0.82)
0.70 (0.61-0.80)
0.76 (0.68-0.85)
0.66 (0.52-0.84)
0.60 (0.46-0.77)
0.36 (0.13-0.99)
0.73 (0.64-0.85)
0.79 (0.67-0.92)
0.57 (0.43-0.77)
0.63 (0.53-0.73)
0.67 (0.57-0.78)
0.64 (0.51-0.80)
0.79 (0.67-0.91)
0.64 (0.51-0.80)
0.62 (0.51-0.77)
0.61 (0.49-0.74)
N/R

N/R

0.63 (0.51-0.77)

0.82 (0.63-1.06)

0.63 (0.43-0.91)
0.74 (0.62-0.90)

0.59 (0.44-0.80)

0.57 (0.42-0.78)

0.56 (0.33-0.97)
0.57 (0.44-0.75)

0.64 (0.55-0.75)

0.69 (0.56-0.85)
N/R

0.67 (0.56-0.80)
0.72 (0.57-0.92)
0.75 (0.62-0.90)
1.04 (0.68-1.59)
0.52 (0.26-1.02)
N/R

0.67 (0.50-0.90)
0.63 (0.45-0.89)
0.82 (0.45-1.49)
0.70 (0.56-0.86)
0.76 (0.60-0.97)
0.90 (0.58-1.41)
0.72 (0.52-0.93)
0.61 (0.32-1.16)
0.62 (0.36-1.05)
0.79 (0.54-1.17)
0.55 (0.32-0.94)
0.83 (0.54-1.28)

0.86 (0.58-1.29)

0.58 (0.44-0.77)

0.57 (0.39-0.84)
0.57 (0.44-0.73)

0.50 (0.32-0.80)
0.59 (0.42-0.82)

0.52 (0.34-0.82)
0.59 (0.47-0.75)

0.59 (0.47-0.73)

0.55 (0.39-0.78)
0.41 (0.25-0.69)

0.58 (0.47-0.73)
0.32 (0.18-0.57)
0.55 (0.39-0.76)
0.71 (0.28-1.78)
0.49 (0.24-0.99)
0.50 (0.13-2.01)
0.52 (0.38-0.72)
0.56 (0.40-0.79)
0.31 (0.12-0.78)
0.31 (0.20-0.50)
0.34 (0.20-0.58)
0.57 (0.26-1.23)
0.42 (0.20-0.72)
N/R

N/R

0.45 (0.23-0.87)
0.44 (0.24-0.79)
0.47 (0.24-0.94)

0.50 (0.24-1.04)

0.90 (0.77-1.05)

N/R
N/R

0.95 (0.82-1.09)

0.81 (0.68-0.95)

0.93 (0.79-1.09)
0.82 (0.70-0.97)

0.86 (0.77-0.97)

0.82 (0.68-0.98)
N/R

0.85 (0.76-0.95)
0.62 (0.45-0.84)
0.80 (0.67-0.94)
0.61 (0.41-0.90)
0.61 (0.41-0.91)
N/R
0.79 (0.64-0.98)
0.88 (0.70-1.11)
0.47 (0.28-0.79)
0.53 (0.40-0.70)
0.57 (0.42-0.77)
0.60 (0.42-0.87)
N/R
N/R
N/R
0.58 (0.42-0.80)
N/R
N/R

0.59 (0.43-0.81)

0.90 (0.73-1.11)

N/R
0.82 (0.68-0.97)

N/R

0.76 (0.62-0.94)

0.85 (0.64-1.13)
0.81 (0.66-1.00)

0.81 (0.69-0.94)

0.92 (0.76-1.11)
N/R

0.77 (0.67-0.89)
0.76 (0.57-1.01)
0.84 (0.70-1.00)
0.61 (0.43-0.87)
0.60 (0.43-0.84)
0.61 (0.40-0.93)
0.66 (0.52-0.84)
0.70 (0.51-0.95)
0.61 (0.42-0.90)
0.69 (0.50-0.94)
0.79 (0.61-1.01)
0.62 (0.45-0.86)
0.74 (0.58-0.90)
0.60 (0.43-0.83)
0.58 (0.43-0.78)
0.59 (0.44-0.80)
0.57 (0.42-0.77)
0.56 (0.41-0.77)

0.59 (0.44-0.80)

(continued on next page)
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Table 1 (continued)

Reference, year Study population® All-cause Cardiovascular MACE Myocardial Stent thrombosis ~ TVR TLR
mortality mortality infarction
Darmoch et al,” 2020 19 (6 RCTs)" N/R 0.63 (0.54-0.73) N/R 0.71 (0.58-0.86) 0.57 (0.41-0.79) N/R 0.81 (0.70-0.94)
27637 patients
Pang et al,>® 2020 Bayesian network meta-analysis of 18 studies ~ 1.7*¢™° (9.9¢7%®  N/R 0.45 (0.20-0.97) 1.0 (0.09-11.0) N/R N/R N/R
(62,197 patients) to 0.24)
Zhang et al,”” 2021 20 studies (3 RCTs) 0.79 (0.63-0.98) 0.62 (0.47-0.82) 0.65 (0.58-0.73)  0.68 (0.57-0.80) 0.47 (0.33-0.67)  0.74 (0.65-0.85)  0.67 (0.56-0.80)
24,783
Studies with 2-year follow-up 5 studies N/R 0.62 (0.32-1.23) 0.51 (0.36-0.71)  0.57 (0.37-0.87) 0.28 (0.10-0.80)  0.79 (0.58-1.07)  0.66 (0.39-1.12)
Studies with 3-year follow-up 6 studies 0.54 (0.36-0.81) 0.41 (0.24-0.69) 0.45 (0.31-0.65)  0.64 (0.49-0.83) 0.84 (0.43-1.61)  0.95 (0.67-1.34)  0.89 (0.58-1.37)
Groenland et al,”® 2022 9 studies (1 RCT) 0.70 (0.59-0.82) 0.62 (0.29-1.33) 0.86 (0.74-0.99) N/R N/R 0.83(0.73-0.95) N/R

838,902 patients with myocardial infarction
OCT vs angiography

Buccheri et al,* 2017 Bayesian network meta-analysis of 31 studies ~ 0.59 (0.29-1.20) 0.31 (0.13-0.66) 0.68 (0.49-0.97)  0.79 (0.44-1.40) 0.39 (0.10-1.20) N/R 0.66 (0.35-1.20)
and 17,882 patients
Kuku et al,>® 2018 6 studies and 2781 patients (OCT vs Angio-  N/R 0.40 (0.18-0.90) 0.70 (0.49-1.00)  0.70 (0.42-1.16) 1.17 (0.40-3.43) N/R 1.07 (0.48-2.38)
guidance: 1753 patients)
Sharma et al,®° 2019 5 RCTs 3.03 (0.12-75.0) N/R N/R 2.21 (0.39-12.49) 0.70 (0.11-4.51)  1.36 (0.40-4.40) N/R
931 patients
Pang et al,>® 2020 Bayesian network meta-analysis of 18 studies ~ 0.88 (0.24-2.80) N/R 0.89 (0.45-1.50)  0.87 (0.28-2.00) N/R N/R N/R

(62,197 patients)
LMCA intervention (IVUS vs angiography)

Ye et al,! 2017 10 studies (1 RCT) 0.60 (0.47-0.75) 0.47 (0.33-0.66) N/R 0.80 (0.61-1.06) 0.28 (0.12-0.67)  0.89 (0.66-1.20)  0.43 (0.25-0.73)
6480 patients

Wang et al,°” 2018 7 studies (1 RCT) 0.55 (0.42-0.71) 0.45 (0.32-0.62) 0.61 (0.53-0.70)  0.66 (0.55-0.80) 0.48 (0.27-0.84)  0.64 (0.26-1.56)  0.60 (0.31-1.18)
4592 patients

Elgendy et al,%> 2019 9 studies (2 RCTs) 0.53 (0.40-0.70) 0.40 (0.28-0.59) N/R 0.69 (0.50-0.96) 0.47 (0.32-0.70)  N/R 0.76 (0.50-1.16)
4971 patients

Elgendy et al,** 2020 11 studies (2 RCTs) 0.59 (0.53-0.66) 0.39 (0.27-0.58) N/R 0.66 (0.48-0.90) 0.38 (0.26-0.56) N/R 0.51 (0.39-0.68)
15,083 patients

Saleem et al,°® 2021 14 studies (2 RCTs) 0.57 (0.46-0.70) 0.37 (0.26-0.54) N/R 0.80 (0.66-0.97) 0.57 (0.31-1.05)  N/R 0.63 (0.45-0.89)
18,944 patients

OCT vs IVUS
Buccheri et al,*® 2017 Bayesian network meta-analysis of 31 studies ~ 0.81 (0.41-1.60) 0.66 (0.28-1.50) 0.87 (0.61-1.30)  1.10 (0.61-2.10) 0.93 (0.23-3.60)  N/R 0.89 (0.47-1.70)
and 17,882 patients
Kuku et al,*® 2018 6 studies and 2781 patients (OCT vs IVUS N/R 0.56 (0.12-2.70) 0.89 (0.46-1.73)  0.56 (0.12-2.70) 0.43 (0.06-2.95)  N/R 0.99 (0.45-2.18)
guidance: 1028 patients)
Pang et al,>® 2020 Bayesian network meta-analysis of 18 studies 1.30 (0.43-4.00) N/R 0.91 (0.49-1.70) 1.60 (0.41-6.60) N/R N/R N/R
(62,197 patients)
Salesh et al,*° 2021 4 RCTs and 3 propensity-matched 1.05 (0.59-1.87) N/R 1.10 (0.69-1.74)  1.22(0.53-2.82) 0.69 (0.13-3.61) N/R 0.88 (0.46-1.68)
observational studies (13,995 patients)
Sattar et al,®” 2021 7 studies (4 RCTs) 0.74 (0.39-1.39) 0.97 (0.27-3.46) 0.78 (0.57-1.09) 1.27 (0.52-3.07) 0.70 (0.13-3.61) N/R 1.09 (0.53-2.25)

5917 patients

CTO, chronic total occlusion; DES, drug-eluting stent; IVUS, intravascular ultrasound; LMCA, left main coronary artery; MACE, major adverse cardiac events; N/R, not reported; OCT, optical coherence tomography; RCT,
randomized controlled trial; TLR, target lesion revascularization; TVR, target vessel revascularization.

@ Presented as the total number of studies (randomized controlled trials).

> From the 19 included studies, 16 (84.2%) studies used DES; however, the clinical outcomes results are presented for the overall population only, with no separation for bare metal stent and DES.
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Figure 9. Twenty-three meta-analyses comparing the clinical outcomes of IVUS-guided versus angiography-guided PCI. Risk reduction (95% CI) for the meta-
analyses that reported on the comparison of IVUS- versus angiography-guided PCI for (A) all-cause mortality, (B) cardiovascular mortality, (C) MACE, (D) myocardial
infarction, (E) stent thrombosis, (F) TVR, and (G) TLR. Point estimates in green indicate meta-analyses with randomized controlled trials only. Point estimates in blue
represent meta-analyses of randomized controlled trials and observational studies. IVUS, intravascular ultrasound; MACE, major adverse cardiac event; PCI, percu-

taneous coronary intervention; TLR, target lesion revascularization; TVR, target vessel revascularization.

Cardiovascular mortality was reported in 14 meta-analyses (9 restricted
to randomized controlled trials). Except for 4 meta-analyses, ' %*+4>°° [yUS
guidance provided a significant reduction in cardiovascular mortality.
Again, this benefit was more pronounced in meta-analyses of randomized
controlled trials, in which the effects of IVUS in reducing cardiovascular
mortality ranged from 49%*%°%> to 629.%°

Myocardial infarction was reported in 21 meta-analyses (8 of which
were restricted to randomized controlled trials). The point estimates
show a reduction in MI with IVUS guidance in all, but 1 meta-analysis.>®

Stent thrombosis was reported in 19 meta-analyses, 7 restricted to
randomized controlled trials. Except for 3 meta-analysis,*>*®>* IVUS
guidance was associated with a significant reduction in stent thrombosis,
with similar effects between meta-analyses that included only random-
ized controlled trials or a combination of randomized controlled trials
and observational studies.

Target vessel revascularization and TLR were reported in 14 and 20
meta-analyses, of which 4 and 9 included only randomized controlled
trials, respectively. IVUS guidance reduced the occurrence of TVR and
TLR in all meta-analyses. The magnitude of reduction was significant in
all, but 2 older meta-analyses for TVR®->° and TLR.>”-*!

MACE All-Cause Mortality

Mixed Lesions / Any Clinical
Presentation

Complex Lesion / ACS

Two meta-analyses*>*® performed an additional evaluation of

patients with complex lesions. The effects of IVUS guidance were
more pronounced in this higher-risk subgroup than in the overall
population included in each meta-analysis. The meta-analysis by
Zhang et al*? included 29,068 patients from 20 studies (3 randomized
controlled trials). Of these, 13 studies included 6393 patients with
complex lesions or presenting with the acute coronary syndrome.
IVUS guidance was associated with lower risk of MACE (odds ratios
[OR], 0.69; 95% CI, 0.60-0.79; P < .001), all-cause mortality (OR,
0.52; 95% CI, 0.40-0.67; P < .001) and stent thrombosis (OR, 0.41;
95% CI, 0.25-0.69; P = .001) in the subgroup of patients with complex
lesions or acute coronary syndrome than patients with unselected
lesions or any clinical presentation (MACE: OR, 0.81; 95% CI,
0.74-0.90; P < .001; all-cause mortality: OR, 0.67; 95% CI, 0.56-0.80;
P < .001; stent thrombosis: OR, 0.64; 95% CI, 0.50-0.82; P < .001)
(Figure 10). In the meta-analysis by Steinvil et al,**> a subanalysis of
13 studies addressing the use of IVUS for complex lesions (LMCA le-
sions, bifurcation lesions, or chronic total occlusion) showed similar
results in the angiography and IVUS-guided groups, with a marginal
benefit after the use of IVUS for TLR.

Figure 10. Meta-analysis of complex lesions
or patients presenting with the acute coro-
nary syndrome. Subanalysis of the meta-
analysis by Zhang et al* presenting the risk re-
ductions (95% CI) of clinical outcomes for the
comparison of IVUS- versus angiography-guided
PCI in the subgroup of patients with acute cor-
onary syndrome and complex lesions (red)
versus unselected patients and lesions (gray).
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ACS, acute coronary syndrome; IVUS, intravas-
cular ultrasound; PCI, percutaneous coronary
intervention.
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Figure 11. Meta-analyses comparing OCT-guided versus angiography-guided PCI. Risk reduction (95% CI) for the meta-analyses that reported on the comparison
of OCT- versus angiography-guided PCI for (A) all-cause mortality, (B) cardiovascular mortality, (C) MACE, (D) myocardial infarction, (E) stent thrombosis, and (F)
TLR. Point estimates in green indicate meta-analyses with randomized controlled trials only. Point estimates in blue represent meta-analyses of randomized controlled

trials and observational studies. MACE, major adverse cardiac event; OCT, optical coherence tomography; PCI, percutaneous coronary intervention; TLR, target lesion
revascularization.

OCT-guided versus angiography-guided PCI Optical coherence tomography guidance reduced MACE in 2*>°° of

the 3795959 meta-analyses that assessed this outcome. Cardiovascular
compared the clinical outcomes of mortality was reported in 2 meta-analyses,**>° and both showed signif-
OCT-guided and angiography-guided PCI (Figure 11). Of these, 1 met- icant benefits of OCT guidance over angiographic guidance. The effects
a-analysis®® included only randomized controlled trials. of OCT guidance on the occurrence of all-cause mortality, MI, stent

Four meta-analyses*®°6:5%60
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Figure 12. Meta-analyses evaluating the effects of IVUS guidance in the treatment of LMCA disease. Risk reduction (95% CI) for the meta-analyses that reported
on the comparisons of IVUS- versus angiography-guided PCI in patients with left main coronary artery lesions for (A) all-cause mortality, (B) cardiovascular mortality,
(C) myocardial infarction, (D) stent thrombosis, (E) TVR, and (F) TLR. All meta-analyses included randomized controlled trials and observational studies. IVUS,

intravascular ultrasound; LMCA, left main coronary artery; PCI, percutaneous coronary intervention; TLR, target lesion revascularization; TVR, target vessel
revascularization.



G.S. Mintz et al. Journal of the Society for Cardiovascular Angiography & Interventions 1 (2022) 100413

A All-Cause Mortality B Cardiovascular Mortality C MACE
Sattar et al. 2021 —o—
Sattar et al. 2021 ——
Sattar et al. 2
2021 * Saleh et al. 2021 —e——
Saleh et al. 2021 —e—
Pang et al. 2020 ——
Kuku et al
—
N 2018
Pang etal. 2020 hd Kuku et al. 2018 ———
Buccheri et al.
Buccheri et al. 2017 ————— 2017 —— Buccheri et al. 2017 [
0 05 1 15 2 25 3 35 4 45 0 05 1 15 2 25 3 35 4 45 0 05 1 15 2 25 3 35 4 45
Risk Reduction (95% Cl) Risk Reduction (95% CI) Risk Reduction (95% CI)
Favors OCT Favors IVUS Favors OCT Favors IVUS Favors OCT Favors IVUS
D Myocardial Infarction E Stent Thrombosis F TLR
Sattar et al. 2021 * Sattar etal. 2021 e
Sattar et al. 2021 ————
Saleh et al. 2021 e Saleh etal. 2021 I
Saleh et al. 2021 —_——
Pang et al. 2020 o Kuku et al. 2018 ° S, Kuku etal. 2018 ———
Kukuetal. 2018 +—@—————
i h . 201 —_——
Buccheri et al. 2017 TS Buccheri et al. 2017 * Buccheri etal. 2017
0 05 1 15 2 25 3 35 4 45 0 05 1 15 2 25 3 35 4 45 0 05 1 15 2 25 3 35 4 45
Risk Reduction (95% CI) Risk Reduction (95% Cl) Risk Reduction (95% CI)
Favors OCT Favors IVUS Favors OCT Favors IVUS Favors OCT Favors IVUS

Figure 13. Meta-analyses of OCT versus IVUS guidance. Risk reduction (95% CI) for the meta-analyses that reported on the comparisons of OCT- versus IVUS-
guided PCI for (A) all-cause mortality, (B) cardiovascular mortality, (C) MACE, (D) myocardial infarction, (E) stent thrombosis, and (F) TLR. All meta-analyses
included randomized controlled trials and observational studies. IVUS, intravascular ultrasound; MACE, major adverse cardiac event; OCT, optical coherence to-
mography; PCI, percutaneous coronary intervention; TLR, target lesion revascularization.
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Figure 14. ADAPT-DES. Landmark analysis with time to events curves within 1 year and between 1 and 2 years for (A) MACE which consists of the combined end
point cardiac death, stent thrombosis, and MI, (B) the incidence of definite or probable stent thrombosis, (C) MI, and (D) clinically driven TLR in the IVUS-guided and
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vus Angiography p-value
(n = 4615) (n = 2240)
1-year
TVR-MACE 18.0% (181/1003) 24.5% (127/519) 0.003
All-cause mortality 3.9% (39/993) 6.0% (31/516) 0.068
Q-wave MI 0.3% (3/975) 1.6% (8/501) 0.010
TVR 14.5% (143/985) 19.2% (97/506) 0.021
TLR 10.0% (98/983) 13.5% (68/505) 0.043
2-year
TVR-MACE 28.6% (259/906) 35.8% (171/477) 0.006
All-cause mortality 7.8% (69/881) 10.7% (49/459) 0.081
Q-wave MI 0.6% (5/841) 2.6% (11/426) 0.003
TVR 22.6% (197/872) 28.7% (128/446) 0.015
TLR 15.6% (135/867) 20.9% (92/440) 0.016
3-year
TVR-MACE 36.9% (310/841) 46.0% (205/445) 0.001
All-cause mortality 11.4% (90/792) 16.3% (68/416) 0.015
Q-wave MI 0.7% (5/727) 3.0% (11/371) 0.003
TVR 29.2% (229/785) 36.9% (149/404) 0.007
TLR 20.5% (158/772) 28.1% (110/392) 0.004

Figure 15. iOPEN PCI for in-stent restenosis. (A)One-year MACE estimated event rates. (B) Clinical outcomes, patient level. iOPEN, impact of Intravascular ul-
trasound on Outcomes following PErcutaneous coronary interventioN; IVUS, intravascular ultrasound; MACE, major adverse cardiac events; PCI, percutaneous cor-
onary intervention; TLR, target lesion revascularization; TVR, target vessel revascularization. Reprinted with permission from Shlofmitz E, Torguson R, Zhang C, et al.
Impact of intravascular ultrasound on Outcomes following PErcutaneous coronary interventioN for in-stent restenosis (iOPEN-ISR study). Int J Cardiol.

2021;340:17-21.

thrombosis, and TLR were neutral. Nonetheless, the wide confidence
intervals indicate uncertainty, reflected by the insufficient number of
patients included in such analyses.

IVUS-guided versus angiography-guided PCI of LMCA lesions

Five meta-analyses evaluated the effects of IVUS guidance in the
treatment of LMCA lesions compared with angiographic guidance
alone.%"%° IVUS guidance significantly reduced all-cause and cardio-
vascular mortality in all 5 meta-analyses (Figure 12). Reductions in
all-cause and cardiovascular death ranged from 40% to 47%,°°% and
from 53% to 61%, respectively. All but 1°! meta-analyses demonstrated
significant reductions in the risk of MI with IVUS guidance. Stent
thrombosis was also significantly reduced with the use of IVUS in 4
meta-analyses, with the meta-analysis by Saleem et al®® showing a strong

15+
12.9% [95% confidence
interval: 11.8% to 13.9%]
10 4
S
z
§ 8.9% [95% confidence
5 interval: 8.0% to 9.8%]
p<0.001
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Figure 16. BCIS registry data examining the prognostic value of IVUS
guidance in unprotected LMCA PCI. Kaplan-Meier curves showed a 34%
mortality reduction. BCIS, British Cardiovascular Intervention Society; IVUS,
intravascular ultrasound; LMCA, left main coronary artery; PCI, percutaneous
coronary intervention; uLMS, unprotected left main stem. Reprinted with
permission from Kinnaird T, Johnson T, Anderson R, et al. Intravascular imaging
and 12-month mortality after unprotected left main stem PCI: an analysis from
the British Cardiovascular Intervention Society database. JACC Cardiovasc Interv.
2020;13(3):346-357.
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trend toward significance. TLR was significantly reduced with IVUS
guidance in 3°1:54%° of the 5 meta-analyses. TVR was evaluated in only 2
meta-analyses®? that reported a neutral effect of IVUS guidance on this
outcome.

OCT-guided versus IVUS-guided PCI

The impact of OCT versus IVUS guidance on clinical outcomes has
been evaluated in 5 meta-analyses (Figure 13).49:56:59,66,67 1 a]1, there
was no benefit of 1 imaging modality over the other regarding any of the
clinical outcomes evaluated.

Registries

The advantage of registry studies is that they often address a specific
patient, procedure, or lesion subset. However, a consistent limitation of
these studies is the imbalance in the baseline demographic characteristics
between groups, the absence of information about lesion anatomy and
complexity, the lack of a standardized protocol for IVI use and PCI
guidance (as well as angiography guidance), the lack of recommendation
for optimal stent implantation in the IVI and angiography-guided groups
(often), the lack of quantitative information (either angiography or IVI),
and unadjudicated outcomes. The following is a selection of these many
registry studies.

ADAPT-DES and iOPEN

The Assessment of Dual Antiplatelet Therapy With Drug-Eluting
Stents (ADAPT-DES) study highlighted the prognostic implications of
IVUS in PCI planning with a second-generation DES.?® The primary end
point of the study was definite or probable stent thrombosis; additional
end points included all-cause mortality, MI, revascularization, and
bleeding. In total, 8665 patients were enrolled; 39% of these patients had
IVUS-guided and 61% had angiography-guided PCI. IVUS guidance was
associated with a lower incidence of stent thrombosis (0.6% vs 1.0%; P =
.02), target vessel MI (1.7% vs 2.9%; P < .001), TLR (1.5% vs 2.4%; P =
.007), and TVR (2.4% vs 4.0%; P < .001) at 1 year, whereas there was no
difference between the 2 groups in mortality (1.8% vs 2.0%; P = .40).

Results were consistent at 2 years. IVUS guidance was associated with
a lower incidence of stent thrombosis, target vessel MI, TVR, and TLR,
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Figure 17. KAMIR-NIH registry. Kaplan-Meier analyses showing event rates in patients treated using IVUS and angiography alone guidance for the end points (A)
cardiac death, (B) target vessel MI, (C) ischemic driven TLR, and (D) stent thrombosis. KAMIR-NIH, Korea Acute Myocardial Infarction National Institutes of Health;
IVUS, intravascular ultrasound; MI, myocardial infarction; TLR, target lesion revascularization. Adapted from Kim Y, Bae S, Johnson TW, et al. Role of intravascular
ultrasound-guided percutaneous coronary intervention in optimizing outcomes in acute myocardial infarction. J Am Heart Assoc. 2022;11(5):e023481.

and improved all-cause mortality.®® Landmark analysis showed a lower
MACE rate (defined as the combined end point of cardiac death or def-
inite or probable stent thrombosis or MI) and lower MI and TLR rates
between 1 and 2 years, but there was no difference between groups in the
incidence of stent thrombosis after the first year of follow-up (Figure 14).
The benefits of IVUS were especially evident in patients with acute cor-
onary syndrome and complex lesions, although significant reductions in
MACE were present in all patient subgroups.

In contrast to the ADAPT-DES registry, the impact of Intravascular
ultrasound on Outcomes following PErcutaneous coronary interventioN
(iOPEN) complex registry included only patients who had complex le-
sions.”® Overall, 6855 patients had IVUS (67.3%) or angiography-guided
PCI (32.7%). At 1 year, IVUS-guided revascularization was associated
with a statistically lower MACE rate, defined as the combined end point
of all-cause death, Q-wave MI, or TVR, compared with angiography
guidance (13.4% vs 18.3%; P < .001), a finding that persisted after an
inverse probability of treatment weighing adjusted analysis. These
findings were in line with the results of a large single-center retrospective
study of 6005 patients with complex lesions undergoing PCI under
angiography or IVUS guidance that reported lower all-cause mortality
(10.2% vs 16.9%; P < .001), target vessel MI, stent thrombosis, or TLR
during 64 months (median) of follow—up.71

A second analysis of the iOPEN group addressed PCI for in-stent
restenosis.”* This study included 1522 patients in whom IVUS imaging
was used in two-thirds while angiography alone was used in one-third.
IVUS guidance was associated with more frequent implantation of an
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additional stent. Patients treated with IVUS imaging had a lower MACE
rate (defined as the combined end point of all case death, Q-wave MI, or
TVR: 18% vs 24.5%; P = .003) that was attributed to a lower rate of
Q-wave MI (0.3% vs 1.6%; P = .010) and TVR (14.5% vs 19.2%; P =
.021). The prognostic benefit of IVUS imaging persisted at the 3-year
follow-up (MACE rate: 36.9% vs 46.0%; P = .001) where there was
also a lower incidence of all-cause mortality (11.4% vs 16.3%; P = .015)
(Figure 15).

LMCA intervention

Kinnaird et al’® used the data of the British Cardiovascular Inter-
vention Society to examine the prognostic value of IVUS guidance in
unprotected LMCA PCI. In this analysis of 11,264 patients, 45% had
IVUS-guided and 55% angiography-guided revascularization. The
in-hospital major adverse cardiovascular and cerebrovascular event
rates, as well as the mortality at 1 year, were lower in the imaging-guided
group than in the angiography-guided group (Figure 16). The results
were not different in the propensity match analysis performed to address
differences in the baseline demographic characteristics between groups.
In the multivariate analysis, IVUS imaging was an independent predictor
of lower mortality at 12 months (OR, 0.770; 95% CI, 0.690-0.860; P <
.001). Of note, the mortality reduction of 34% in the British Cardiovas-
cular Intervention Society increased to 60% in the quartile of operators
with the greatest LMCA PCI experience. There were similar findings in a



G.S. Mintz et al.

IVUS vs. Angiography Guidance

Groenland et al. 2022

Journal of the Society for Cardiovascular Angiography & Interventions 1 (2022) 100413

OCT vs. Angiography Guidance

——i Pang et al. 2020 —e——i
Zhang et al. 2021 @
Pang et al. 2020 —
Kuku et al. 2018 —o—i
Malik et al. 2020 —e—
Gao et al. 2019 —e—
DiMario et al. 2018 e Buccheri et al. 2017 ——
Raber et al. 2018 —e—
0 1 2 3 4
Buccheri et al. 2017 —o—
Risk Reduction (95% Cl)
Bavishi et al. 2017 ——
Favors OCT Favors Angiography
Fanetal. 2017 —o— @ Randomized Trials and Registries
Nerlekar et al. 2017 —o—i A q
Only Randomized Trials :
- o OCT vs. IVUS Guidance
in et al. 2016 —
Elgendy et al. 2016 —e—
Sattar et al. 2021 —o—
Steinvil et al. 2016 @+
Zhang et al. 2015 O Saleh et al. 2021 —e—
Ahn et al. 2014 ——i
——
Jang et al. 2014 —e—i Y CELEHY
Klersy et al. 2013 —@— Kuku et al. 2018 PY
Zhang et al. 2013 —o—
Zhang et al. 2012 . Buccheri et al. 2017 —o—
0 0.5 1 1.5 2 25 3 0 05 1 15 2 25 3 35 4 45
Risk Reduction (95% CI) Risk Reduction (95% CI)
Favors IVUS Favors Angiography Favors Favors IVUS

OCT

Central Illustration. Meta-analyses comparing major adverse cardiac events after IVUS versus angiography guidance, OCT versus angiography guidance, and OCT
versus IVUS guidance when implanting a DES. DES, drug-eluting stent; IVUS, intravascular imaging; OCT, optical coherence tomography.

multicenter registry from Spain.”* ROCK-II showed no difference be-
tween IVUS and OCT.”®

The mortality reduction with IVI guidance can be explained by the
mortality associated with LMCA in-stent restenosis. In a patient-level
pooled analysis of the randomized ISAR-LEFT-MAIN (Drug-Eluting-
Stents for Unprotected Left Main Stem Disease) and ISAR-LEFT-MAIN-2
(DESs to Treat Unprotected Coronary Left Main Disease) trials, the 5-
year mortality rate associated with clinical restenosis and its treatment
was 30.2% vs 17.3% in a patient without clinical restenosis (P < .001).7¢

Acute coronary syndrome

In the first report of the Korea Acute Myocardial Infarction Registry
(KAMIR), IVUS imaging did not appear to improve prognosis in this
cohort.”” Similar findings were also reported in the CREDO-Kyoto AMI
registry that included 3028 patients admitted with an ST-elevation MI.”®

In the second publication of the Korea Acute Myocardial Infarction
Registry in 2019, the investigators reported a larger cohort of 11,731
patients.79 Patient-oriented composite end points were defined as
all-cause death, any infarction, and any revascularization; the
device-oriented composite end point was defined as cardiac death, target
vessel reinfarction, and TLR. Overall, IVUS was used in 2333 (19.9%) and
OCT was used in 277 (2.4%). In the unmatched cohort, patient-oriented
composite end point (5.4 vs 8.5%; adjusted hazard ratio [HR], 0.75; 95%
CI, 0.61-0.93; P = .008) and device-oriented composite end point (4.6 vs.
7.4%; adjusted HR, 0.77; 95% CI, 0.61-0.97; P = .028) were significantly
lower in IVI-guided PCI than in angiography-guided PCI. Differences
were mainly driven by reduced all-cause mortality (P < .001) and cardiac
mortality (P < .001), respectively.

The Cardiovascular Risk and Identification of Potential High-Risk
Population in Acute Myocardial Infarction registry that included 9846
patients admitted with an acute coronary syndrome reported better
outcomes in the IVUS-guided group at 4 years of follow-up. The results
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were consistent for all end points of the study (ie, MACE, all-cause and
cardiac mortality, MI, and TLR) and did not change after propensity score
matching analysis.5°

Similar results were also reported by the Korea Acute Myocardial
Infarction National Institutes of Health (KAMIR-NIH) registry that
included 13,104 patients admitted with an acute coronary syndrome
treated with IVUS or angiography guidance using the second-generation
DES. The authors reported a lower incidence of the composite end point
of target lesion failure (cardiac death, target vessel ML, or TLR) at 3 years
of follow-up (4.8% vs 8.0%; P < .001) that was attributed to a lower
incidence of cardiac death (3.1% vs 5.5%; P < .001), target vessel MI
(0.6% vs 1.2%; P = .015), and stent thrombosis (0.4% vs 0.8%; P = .030)
(Figure 17).8

Zero contrast PCI

Contrast-induced nephropathy in patients with underlying chronic
kidney disease is related to the amount of contrast and is associated with
increased mortality. IVUS-guided stenting can be performed without any
contrast, even in complex interventions.®>®® This minimizes
contrast-induced nephropathy and the need for renal replacement ther-
apy. A similar approach is useful for patients with severe contrast allergies.

Conclusions

As shown in the randomized clinical trials, meta-analyses (Central
Illustration), and registries, IVI-guided PCI is associated with a reduction
in MACE or TVF, TLR, and/or TVR, especially the hard end points of all-
cause and cardiovascular mortality, MI, and stent thrombosis. Because of
the overwhelming evidence that IVI guidance improves patient out-
comes, we believe that it should be routinely incorporated into PCI
procedures, especially in high-risk and complex patients and lesions.
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