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Abstract

Purpose of Review Intravascular imaging provides improved diagnostic accuracy and optimization of percutaneous coronary
interventions (PCI) compared with angiography alone. We review the latest literature on the predominant intravascular imaging
modalities, intravascular ultrasound (IVUS), and optical coherence tomography (OCT).

Recent Findings A number of recently published clinical studies evaluating OCT and IVUS use have demonstrated improved
procedural and clinical outcomes over angiography. Recent literature also reports on novel potential applications of these
technologies.

Summary Intravascular imaging is an important diagnostic tool that augments angiography. IVUS has been the primary adjunc-
tive intravascular imaging modality in interventional cardiology over the past three decades, while OCT is a newer modality of
growing clinical importance. Both modalities augment angiography alone while having their own specific advantages and
disadvantages.

Keywords Intravascularultrasound (IVUS) - Optimal coherence tomography (OCT) - Stentoptimization - Intravascularimaging -

Percutaneous coronary intervention

Introduction

Angiography has been guiding percutaneous coronary inter-
vention (PCI) over the past four decades allowing visual esti-
mations of lesion length, severity, and vessel size.
Unfortunately, measurements of these parameters critical to
PCI are highly variable between operators. Intravascular im-
aging (IVI) not only overcomes these limitations by providing
precise measurements facilitating accurate stent sizing but also
guides the need for lesion preparation by visualizing plaque
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morphology, while also decreasing the likelihood of geo-
graphic miss, and detecting procedural issues including
malapposition, underexpansion, edge dissection, and tissue
protrusion. The two predominant IVI modalities are intravas-
cular ultrasound (IVUS) and optical coherence tomography
(OCT). Despite a large evidence base of registries, random-
ized trials, and meta-analyses reporting that IVI decreases ma-
jor adverse cardiovascular events (MACE), including mortal-
ity, their utilization in clinical practice remains very low [1, 2].
In this review, we outline the evidence base supporting IVI
and describe the advantages and disadvantages of IVUS vs
OCT, the latest applications of IVI, as well as future directions
of these technologies.

Background
Intravascular Imaging Modalities
IVUS utilizes back-reflection of ultrasound waves (~40um

wavelength) to construct intravascular images with a resolu-
tion of 50-150 um at a penetration depth of 3-8 mm. In

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s12410-018-9475-z&domain=pdf
mailto:zaa2112@columbia.edu

34 Page2of15

Curr Cardiovasc Imaging Rep (2018) 11: 34

comparison, OCT uses back-reflection of light waves
(~ 1.3um wavelength) to generate images with a 10-fold
higher resolution but at a shorter penetration depth of 1—
2 mm (Fig. 1) [3]. With a greater resolution, OCT allows for
more detailed imaging of luminal features including thrombus
formation, stent malapposition, coronary dissection, intimal
tears, thin-cap fibroatheroma, and fibrous plaques [4].
However, the greater depth with IVUS provides imaging of
the entire vessel structure, including media and adventitia,
which is often missed by OCT especially in the presence of
lipidic or calcific plaque. With an acquisition speed of 25 mm/
s for OCT compared to maximum 10 mm/s for IVUS, OCT
allows for more rapid assessment of vessel morphology dur-
ing PCL The utility of light wave back-reflection for OCT
comes with the need to clear blood from the lumen prior to
imaging. The most widely used flushing agent has been radio-
graphic contrast, resulting in optimal clearing of lumen, but
with the potential for increased total contrast burden. This is
one reason often cited for the limited use of OCT, particularly
in patients with compromised renal function. While this may
theoretically raise concerns, published data suggests no clini-
cally significant difference in imaging-related complications
with either imaging modality [5].

Incorporating Intravascular Imaging into PCI

When incorporated into PCI both IVUS and OCT significant-
ly influence operator strategy. Table 1 summarizes the guide-
lines and society recommendations. In the ILUMIEN I study,
OCT imaging changed management prior to PCI in 57% and
post-PCI in 27% [11]. Intravascular imaging can be seamless-
ly incorporated into a standard intervention by separating the
procedure into three components: (1) pre-intervention assess-
ment, (2) stent deployment, and (3) complication and post-
procedural assessment (Fig. 2).

Pre-intervention Assessment

In the pre-intervention assessment, IVI provides assessment of
plaque composition which may guide lesion preparation.
While lipidic and fibrous plaques may be amenable to direct
stenting approaches, highly calcified lesions may require up-
front plaque modification with specialty balloons or debulking
with atherectomy respectively [12]. Moreover, there is a high
rate of detection of abnormal findings by OCT in patients with
suspected coronary disease and angiographically non-
obstructive lesions that would otherwise go undiagnosed
[11]. While the clinical significance of such findings are cur-
rently unclear, multiple studies investigating these findings in
specific sub-populations (women, smokers, substance abuse)
are underway. Further details on pre-intervention assessment
are described in the following section on lesion subtypes.
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Stent Deployment

When the decision to stent has been made, IVI can be used to
precisely size and guide the implantation of stents, in particu-
lar using angiographic co-registration, minimizing geographic
miss. Identifying “normal” reference vessel segments by an-
giography alone can frequently lead to inadvertently
implanting stent edges in diseased segments [13]. Therefore,
intravascular imaging may minimize longitudinal geographic
miss which can be seen in as much as half of patients under-
going PCI guided by angiography alone [14, 15]. Geographic
miss, leading to residual reference segment disease, may lead
to increased rates of target vessel failure [16, 17]. More accu-
rate anatomical positioning is possible through co-registration
of angiography and IVI. The DOCTOR fusion trial from 2014
demonstrated the feasibility of a computer-based online co-
registration of angiography and OCT [18]. Landmarks were
used for full co-registration during the procedure with any
inaccuracies being identified and corrected through matching
of a second landmark. Without co-registration, there was a
higher rate of incorrect matching by the operator resulting in
OCT-identified lesion areas being only partially covered with
stent in 70% of the lesions. Improved outcomes with co-
registration were thus demonstrated. In the OPTICO-
integration study, OCT-angiographic co-registration led to ad-
ditional changes in PCI strategy in 40.7% of lesions in com-
parison to OCT imaging alone [14]. The integration of co-
registration to minimize the protrusion of stent struts into the
main branch while ensuring full coverage of the ostium in the
side branch has been reported in bifurcation lesions [19].
Similarly, real-time co-registration of IVUS and angiography
is feasible and available from third-party vendors such as Pie
Medical (Netherlands) [20]. With the SyncVision system
(Philips, The Netherlands), not only IVUS can be co-
registered but also physiologic lesion significance co-
registration as well [21].

Stent sizing protocols differ between IVUS and OCT. In
the OPUS-CLASS study, OCT was shown to accurately size
the lumen of a phantom model of a vessel while IVUS over-
sized the lumen by approximately 10% [22]. This difference
partly explains why early trials suggested the minimum stent
area (MSA) of IVUS-implanted stents were larger than OCT-
implanted stents, when using lumen-based sizing for OCT.
Furthermore, earlier trials frequently sized the OCT arm based
on lumen while sizing the IVUS group by the external elastic
lamina (EEL) or media. Recently, EEL-based stent sizing with
OCT has been demonstrated to be safe and feasible, without
perforation, matching post-PCI IVUS luminal dimensions for
the first time [23+¢]. Figure 3 demonstrates the influence that
measuring EEL to EEL has on final stent area compared with
a lumen-based measurement. Maximizing stent expansion is
an important factor in optimizing outcomes following PCI and
can be achieved with IVI [24]. Smaller stent areas have been
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Fig. 1 Vessel layers identified on
IVUS and OCT. (A) Media. (B)
External elastic lamina. (C)
Intima. (D) Adventitia. (E)
External elastic lamina
dimensions. (F) Lumen
dimensions. (G) Guidewire and
shadowing artifact

shown to be a predictor for increased risk of stent thrombosis,
myocardial infarction, and in-stent restenosis [25-27]. There
have been a number of stent strategies that have been sug-
gested and studied with IVI. The Multicenter Ultrasound
Stenting in Coronaries study (MUSIC) criteria, based on
IVUS, sought an in-stent minimum lumen area (MLA) greater
than or equal to 80% of the average reference lumen area with
symmetric stent expansion [28]. IVUS-XPL by contrast used
a goal of MSA equal to or exceeding the distal reference
lumen area [29¢¢]. ILUMIEN I recommended dividing the
stented segment into a proximal and distal half and having a
goal of >90% expansion compared with the respective refer-
ence segment. Table 2 summarizes the recommended assess-
ment for stent expansion.

Complications and Post-Procedural Assessments

After stent implantation, a post-PCI imaging run is performed
to assess expansion and complications. In addition to identi-
fying underexpansion, intravascular imaging can diagnose
intra-procedural thrombosis, major dissections,
malapposition, and tissue protrusion, all of which have been
shown to impact PCI outcomes (Fig. 4) [16, 17]. While irreg-
ular tissue protrusion has been associated with target vessel
failure [31] and untreated edge dissections associated with
target lesion revascularization [32], it is unclear whether
malapposition in the absence of an underexpansion is associ-
ated with adverse outcomes [33]. Identifying and treating
these complications can theoretically lead to long-term im-
proved outcomes. Given the increased resolution, OCT is able
to more frequently diagnose these complications. In
ILUMIEN III, OCT guidance led to significantly less
malapposition (11% vs 21%) and untreated major dissections
(14% vs 26%) than IVUS guidance [23<]. Applying an algo-
rithmic approach to IVI can standardize the process and en-
sure a comprehensive approach to baseline lesion assessment,
stent selection, and stent optimization [34].

Intravascular Image-Guided PCl to Improve Outcomes

Multiple registries, clinical trials, and meta-analyses have consis-
tently shown intravascular imaging improves both clinical and
procedural outcomes in patients undergoing PCI. This has been
summarized and appraised in recent publications [35, 36]. Since
IVUS is an older technology compared to OCT, a more extensive
evidence base exists for [VUS-guided PCI. However, emerging
OCT data and head-to-head trials suggest that both technologies
represent vast improvement over angiography-alone PCL

In the prospective nonrandomized ADAPT-DES trial with
8582 patients in 11 international centers, IVUS guidance was
shown to reduce | year rates of stent thrombosis, myocardial
infarction (MI), and major adverse cardiac events (MACE)
[16]. In the recently published ULTIMATE trial, 1448 all-com-
er patients were randomized to IVUS-guided PCI vs angiogra-
phy alone [30e°]. IVUS-guided PCI significantly reduced the
primary endpoint of target vessel failure at 12 months (2.9% vs
5.4%, p = 0.019). The signal was strongest in acute coronary
syndrome and complex lesions. In the IVUS-XPL trial, 1400
patients with lesions > 28 mm were randomized to angiography
alone or IVUS-guided PCI with a significant improvement in
MACE primarily driven by reduced target vessel revasculari-
zation (2.9% vs 5.8%, p = 0.007) [29¢¢]. In the most recent
meta-analysis, the risks of all-cause death, MI, target lesion
revascularization (TLR), and stent thrombosis were significant-
ly reduced by IVUS guidance [30e°].

OCT has been shown to improve clinical outcomes as well, in
retrospective and registry studies. The CLI-OPCI trial was a
retrospective propensity-matched cohort study, OCT use was
associated with a reduced 12 month rate of cardiac death or
non-fatal MI (odds ratio = 0.37 [0.10-0.90], p =0.05) [38]. The
Pan-London PCI registry included 123,764 patients who
underwent PCI. Rates of imaging use were low with only 1.3%
of interventions using OCT and 12.6% using IVUS [1]. In the
propensity-matched cohort analysis, OCT-guided PCI was asso-
ciated with significantly reduced mortality rates compared to
angiography guidance (hazards ratio =0.39 [0.21-0.77], p=
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0.0008), but not when compared to IVUS guidance (HR = 0.88,
[0.61-1.38, p=0.43). Overall, intravascular imaging (OCT +
IVUS) was associated with a survival advantage when compared
to angiography (hazards ratio = 0.55 [0.38-0.82]; p < 0.0001).
Randomized trials directly comparing OCT and IVUS have
primarily had procedural outcomes as the primary endpoint.
The only prospective randomized trial comparing IVUS and
OCT with a clinical outcome as a primary endpoint was the
OPINION trial. In this trial, target vessel failure was not sig-
nificantly different between OCT and IVUS at 1 year follow-
up [39]. In a prospective randomized trial, Habara et al. re-
ported OCT guidance was associated with a smaller minimum
stent area (7.1+2.1 mm? vs 6.1 +2.2 mm?) [40]. This was
likely secondary to the stent sizing for OCT being based on
reference vessel lumen measurements as opposed to vessel
wall measurements in the IVUS arm. In fact, 40% of patients
in the OCT arm had stents sized according to angiography due
to an inability to visualize satisfactory lumen measurements.
The ILUMIEN III trial incorporated an EEL-based stent sizing

Fig. 3 a, b EEL to EEL stent
sizing vs lumen-based stent
sizing. OCT image of the
reference segment of a vessel.
Measurements based on the
lumen of the vessel (outlined in
green) would result in selection of
a 2.5-mm stent and a theoretical
cross-sectional area of 4.9 mm?.
Measurements based on EEL to
EEL measurements (B and C)
would result in selection of a 3.0-
mm stent and a theoretical cross-
sectional area of 7.1 mm?. EEL to
EEL stent sizing therefore results
in a 2.2-mm? increase in cross-
sectional area

B Length: 3.00mm
C Length: 3.05mm

EEL-guided = 3.0mm stent

* Identify Tissue Protrusion

algorithm [23e¢]. This was a randomized non-inferiority trial
comparing OCT versus IVUS versus angiography-guided
PCI. The trial met its primary endpoint, with no difference
in the OCT evaluated minimum stent area between IVUS
and OCT (5.89 mm? vs 5.79 mm?, respectively).

Use of Intravascular Imaging in Specific
Clinical Scenarios

As detailed above, one of the consistent findings from prior
randomized studies and registries is imaging that has greater
benefit for longer and more complex lesions. A meta-analysis
of IVUS-guided versus angiography-guided drug-eluting stent
(DES) implantation in patients with complex lesions showed that
IVUS-guided PCI had lower rates of major adverse cardiac
events (RR =0.64, [0.51-0.80], p =0.0001), target lesion revas-
cularization (RR =0.62, [0.45-0.86], p=0.004), and target ves-
sel revascularization (RR = 0.60, [0.42-0.87], p =0.007) [41].

Stent area

with lumen-
guided sizing
4.9 mm?
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The ongoing ILUMIEN IV: OPTIMAL PCI trial
(NCT03507777) is an international, multicenter randomized
controlled clinical study that plans to enroll up to 3500 patients
to OCT-guided vs angiography-guided coronary stent implanta-
tion. Patients in the angiography group will undergo blinded
post-PCI OCT by an independent core laboratory. The primary
outcomes include an imaging endpoint (MSA) as well as a clin-
ical endpoint (target vessel failure) between 1 and 2 years. This
landmark trial will comprehensively evaluate the role of IVI
specifically in high-risk patients (diabetes, end-stage renal dis-
ease) and high-risk angiographic lesions (non-ST-elevation MI,
2-stent bifurcation, long lesion, severe calcification, antegrade
wire escalation chronic total occlusion, and in-stent restenosis).

Calcified Lesions

Encountered increasingly in clinical practice, severely calci-
fied lesions represent an especially challenging subset of le-
sions. Calcified lesions are associated with overall increased
plaque burden, stent underexpansion, malapposition, and pro-
cedural failure [42—44]. Both IVUS and OCT can assist in pre-
procedure planning by (1) diagnosing the presence of calcium
and (2) predicting the need for upfront calcium debulking or
modification strategies including laser angioplasty, atherecto-
my, specialty balloons, or intravascular lithotripsy.

OCT imaging offers several advantages over IVUS when
assessing calcified lesions. Since calcium is a reflector of
sound, IVUS images depict calcified lesions as a hyperechoic
deposits with shadowing making it impossible to evaluate
calcium thickness and depth. Light is not reflected by calcium,
therefore allowing delineation of calcium thickness, arc, and
length by producing a signal poor well-defined area with sharp
borders (Fig. 5).

Mintz et al. demonstrated that IVUS detected calcium in
73% of lesions, significantly more often than standard angiog-
raphy (38%) [45]. Wang et al. corroborated these findings,
when they compared the ability of IVUS, OCT, and angiogra-
phy to diagnose calcium [46]. A total of 440 lesions were eval-
uated and calcium was detected by angiography in 40.2%,
IVUS in 82.7%, and OCT in 76.8%. Notably, in 21.6% of
lesions with calcium angle greater than 180°, no angiographic-
ally visible calcium was noted. However, only angiographically
visible calcium was associated with stent underexpansion.

Using IVUS or OCT to delineate calcium characteristics
can help guide selection of calcium debulking strategies.
Calcium arc and thickness are predictors of calcium cracking
with balloon angioplasty [43, 47]. Fujino et al. recently creat-
ed an OCT-based scoring system using a retrospective cohort
and an external cohort for validation [12]. A multivariable
model showed that calcium thickness, calcium length, and
calcium angle were independent predictors of stent expansion.
A scoring system defined as 2 points for maximum angle >
180°, 1 point for maximum thickness > 0.5 mm, and 1 point

@ Springer

for length > 5 mm was developed and in a validation cohort
scores >4 were highly predictive of poor stent expansion sug-
gesting that these lesions may benefit from upfront aggressive
vessel preparation strategies such as specialty balloons, ather-
ectomy, or intravascular lithotripsy.

Left Main and Bifurcation Lesions

Bifurcation lesions represent up to 15-20% of percutaneous
coronary interventions. Expert opinion favors liberal use of
imaging due to a combination of technical procedural benefits
and meta-analyses suggesting improved outcomes. A recent
meta-analysis by Fan et al. including 15 clinical trials and
8084 patients demonstrated significant reductions in all-
cause mortality, MI, and target vessel revascularization in
the subgroup of patients with bifurcation lesions using imag-
ing guidance [48]. In a prospective propensity-matched cohort
study by Chen et al., IVUS guidance for the treatment of
complex bifurcation lesions was associated with decreased
MACE at 1 year follow-up compared to angiography only-
guided PCI (10.0% vs 15.0% p =0.036) [49].

Due to the higher rates of restenosis and target vessel revas-
cularization, stent optimization is critical in treating bifurcation
lesions and imaging can facilitate the finer technical aspects of
these interventions. Ensuring adequate coverage of the ostial
side branch lesions is a common technical challenge when
stenting bifurcation disease. Imaging guidance can also facili-
tate appropriate guidewire crossing. When performing kissing
balloon inflation, guidewire recrossing in the distal cell opti-
mizes results and decreases incomplete stent apposition at the
side branch. In a feasibility study of 150 bifurcation lesions
treated using provisional stenting followed by final kissing bal-
loon inflations, three-dimensional OCT facilitated distal
guidewire recrossing, known to improve carina coverage with-
out strut jailing of the side branch, in 91.7% of lesions [50].

The left main represents a special type of bifurcation lesion.
While no randomized trials exist, expert opinion overwhelm-
ingly favors image-guided interventions given the high stakes
of left main PCI and thus the need for stent optimization to
achieve the largest minimal stent area possible [9]. Imaging
guidance was strongly recommended in randomized clinical
trials comparing PCI vs CABG in left main disease. IVUS
guidance was utilized in 80% of patients in the PCI arm of
EXCEL and 47% of patients pre-PCI and 74% of patients
post-PCI in the NOBLE trial [51, 52]. In propensity-
matched analyses, registry studies, and meta-analysis imaging
guidance for left main intervention was associated with re-
duced MACE and all-cause mortality [48, 53-55].

While OCT may be used for left main interventions,
limited data is available. Given the need to clear blood
with contrast to obtain clear images, IVUS is preferred
for left main lesions especially those involving the
aorto-ostial junction.
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Table 2 Stent expansion

recommendations IVUS OCT

MUSIC [28] MSA >80% of the average reference
lumen area with symmetric stent expansion
IVUS-XPL [29+¢] MSA > distal reference lumen area
ULTIMATE [30°°] MSA in stented segment > 5.0 or 90%
of the distal reference segment
ILUMIEN 1II [23e¢] MSA in the proximal and distal stent
>90% of the respective reference
segment lumen area

IVUS intravascular ultrasound, MSA minimum stent area, OCT optical coherence tomography

Chronic Total Occlusions IVUS guidance can increase technical success of both anter-
ograde and retrograde dissection and reentry into the true lu-
Intravascular imaging has become an indispensable tool dur- ~ men. Likewise, IVUS can help facilitate guidewire crossing in

ing chronic total occlusion (CTO) intervention. For example,  both anterograde and retrograde manner (Fig. 6) [56, 57]. The

Fig. 4 Complications of PCI. a Red thrombus. b White thrombus. ¢ Major malapposition and under expansion. d Edge dissection with thrombus
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Fig. 5 IVUS vs OCT imaging of calcium. a IVUS image of a highly
calcified coronary artery. Ultrasound waves are absorbed by calcium
creating a hyperechoic shadowing effect making it impossible to
determine the extent of calcification. b OCT image of a highly calcified

increased technical success is coupled with improved clinical
outcomes. In the CTO-IVUS study Kim et al. randomized 402
CTO lesions to IVUS-guided vs angiography-guided inter-
vention [58e¢]. At 12 months follow-up, MACE (composite
of cardiac death, MI, or TVR) was significantly lower in the
IVUS group (2.6% vs 7.1%; p =0.035). In the AIR-CTO trial
230 patients were randomized to IVUS-guided vs
angiography-guided intervention [59]. The rate of stent throm-
bosis at 2 years was significantly lower in the IVUS group
(0.9% vs 6.1% p=10.043).

Given the risk of restenosis with long stents often placed
into small distally remodeled vessels, imaging guidance to
optimize stent expansion and minimum stent area is critical
in CTO PCI. The need for multiple imaging runs, and avoid-
ance of antegrade contrast injection to limit propagation of
dissection, makes IVUS more desirable than OCT.

Coronary Artery Vasculopathy

In transplanted patients, coronary artery vasculopathy (CAV)
represents a rapidly developing form of coronary artery disease
that is associated with poor prognosis long term and due to its
diffuse and concentric nature is difficult to detect early by con-
ventional angiography [60, 61]. Despite these drawbacks, an-
giography is still recommended for routine surveillance post-
transplant due to its widespread availability and prognostic sig-
nificance [60]. Intravascular imaging offers the ability to detect
early CAV and thus potentially modify immunosuppressive
regimens to prevent progression. IVUS studies have demon-
strated that maximal intimal thickness (MIT) > 0.3 mm at 1 year
post-transplant reduced 4-year survival (73% vs 96% [55].
Increased intimal thickening defined by an increase in MIT >

@ Springer

coronary artery. OCT imaging allows delineation of calcium thickness,
arc, and length by producing a signal poor area with sharp well-defined
borders (arrowhead)

0.5 mm in 1 year has also been associated with increased
MACE and the development of angiographic CAV [62, 63].
OCT measurements of intimal thickness correlate well with
IVUS measurements. While not as widely used as IVUS post-
transplant, OCT offers several promising features. The in-
creased resolution and plaque characterization, including abil-
ity to image macrophage infiltration, may theoretically offer
the ability to better understand the pathophysiology of CAV as
well as make an earlier diagnosis of CAV compared with
IVUS [64-67]. In the international pediatric OCT registry,
17% of patients receiving routine surveillance had medical
management changes based solely on OCT findings [68].

Bioresorbable Vascular Scaffold

Bioresorbable vascular scaffolds (BVS) were designed to pro-
vide the theoretical benefit of drug-eluting stents during the
first year after implantation but resorb over time, allowing
restoration of vasomotion, unjailing side branches, and restor-
ing cyclic strain [69]. The ABSORB BVS was the most wide-
ly studied and clinically available bioresorbable scaffold and
was removed from the market due to concerning safety data.
In the ABSORB II and ABSORB III 3-year follow-up, there
was an increased incidence of target vessel MI and stent
thrombosis compared to metallic drug-eluting stents [70,
71]. An explanation for this increased signal was the implan-
tation technique of the BVS. In a retrospective analysis of the
major ABSORB studies, the pre-dilation, sizing, and post-
dilation (PSP) technique and vessel sizing were significantly
associated with improved outcomes [72]. In OCT and IVUS
studies malapposition, underexpansion, and smaller minimal
scaffold diameter were all associated with adverse outcomes
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Fig. 6 IVUS-guided CTO revascularization. a CTO of the first diagonal
with ambiguous proximal cap (arrow). Late retrograde filling can be seen
on dual injection. b, ¢ IVUS was used to identify proximal cap. Arrow
identifies proximal cap (denoted by an asterisk) with soft lipidic plaque

in patients with BVS implantation [73, 74]. While no random-
ized trials exist, imaging guidance represents an opportunity
to further optimize BVS implantation [75]. In a complex co-
hort undergoing BVS implantation using the AVIO algorithm
and PSP, 24.5% of lesions required additional optimization
after imaging [76]. The ABSORB 1V trial attempts to test
the importance of implantation technique and lesion selection
by mandating the use of PSP implantation technique and
limits lesions with a reference vessel diameter of >2.5 mm
and <3.75 mm. In this study, intravascular imaging was not
mandated to optimize implantation. BVS was non-inferior to
everolimus-eluting DES (Xience, Abbott Vascular, Santa
Clara, CA) with respect to the primary endpoint of target le-
sion failure (5.0% vs 3.7% Pyon-inferiority = 0-02) at 30-day fol-
low-up. However, there was a trend towards increased inci-
dence of stent thrombosis and higher rates of target vessel
revascularization in the BVS group [77].

Stent Thrombosis

In the PESTO registry, OCT identified the likely underlying
etiology of stent thrombosis in 97% of cases. Patients with
stent thrombosis had an increased incidence of neointimal
hyperplasia (4%), uncovered struts (8%) edge-related disease
progression (8%), major stent underexpansion (11%),
neoatherosclerotic lesions (22%), and strut malapposition

e

with no calcium. ¢ Based on plaque morphology a Miracle 3 wire (Asahi-
Intecc, Japan) was selected to probe the proximal cap position identified
by IVUS (arrow). d The lesion was wired and intervened upon. e Final
angiogram post stenting

(24%) [78]. Similarly, in a single-center, observational, pro-
spective study, patients presenting with late stent thrombosis
50% presented with OCT-defined malapposition [79]. In
ADAPT-DES IVUS guidance was associated with a signifi-
cant reduction in stent thrombosis compared to angiography
alone at 12 months of follow-up (0.6% vs 1.0% hazard ratio
0.53 [0.31-0.90] p=0.02) [16]. OCT can more readily iden-
tify both neoatherosclerosis and malapposition than IVUS.
This information gained can be important to elucidate if the
stent thrombosis is more likely to be due to stent failure, or
more likely secondary to pharmacology.

Contemporary Technology and Future
Directions

The growing popularity of IVUS and OCT amongst clinicians
has prompted research studies which further characterize the
imaging modalities as well as analyze their novel application
to current PCl-related challenges.

The Dual Imaging study (NCT02984891) aims to directly
compare high-definition IVUS images to OCT in the same
patients to determine the differences between each modality
as they relate to imaging coronary pathology, with the goal of
determining which modality is most appropriate in particular
clinical scenarios. Patients will undergo IVUS and OCT
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<« Fig. 7 IVUS guidance to perform a zero contrast PCI. a Significant
prox/mid LAD and distal left main disease found on ultra-low contrast
diagnostic angiogram (9.1 cc). Patient returned at a later date for zero
contrast PCL. b Dynamic Coronary Roadmap (Philips Healthcare, The
Netherlands) was used to wire LAD and D1. ¢ IVUS was used to size and
mark (arrow) distal landing zone of prox/mid LAD lesion and d stent was
deployed at the mark (arrow). e, f IVUS (arrow) was used to mark ostial
left main and stent was deployed (g) with 100% stent expansion (f)

before and after stent placement assessing MLA and MSA
with follow-up limited to the index hospitalization.

Patients with advanced kidney disease are increasingly be-
ing considered for revascularization with PCI. Contrast ad-
ministration to patients with kidney disease can often be a
precipitant that results in initiation of dialysis. Intravascular
imaging plays a central role in these patients, allowing for the
reduction or even elimination of contrast during the PCI.
While contrast avoidance has its benefit for renal preservation,
it comes at the added cost of risk of potential complications
including perforation that are not as easily detected without
contrast angiography. Increased surveillance of the patient is
paramount during zero-contrast procedures.

IVUS-guided PCI without contrast administration is feasi-
ble, safe, and readily available for routine use [80, 81¢] as well
as with complex PCI [82] (Fig. 7). In the event of suspected
complications, minimal contrast can be used as needed.
Limiting the ratio of total contrast administration to GFR ratio
below 1 is suggested [83].

Contrast is traditionally used to achieve blood clearing
from the lumen to allow for image acquisition with OCT.
The use of alternative agents including dextran have been
reported [84]; however, due to the high osmolar content of
dextran, the risk of nephropathy may be similar to contrast.
Saline flush OCT has been reported and allows for good im-
age acquisition and is effective at identifying factors including
plaque composition, edge dissection, and stent apposition
[80]. Measurement calculations with saline flush however
are not yet reliable with commercially available software due
to differences in refraction through contrast media as com-
pared with saline. Pending commercial availability of soft-
ware calibrated for saline flush OCT, this may offer an attrac-
tive alternative for image acquisition in the future.

Outlook

While there are specific scenarios favoring each modality, the
focus should be improved integration of IVI into routine prac-
tice rather than on which modality is better. At a minimum, a
clinician should gain comfort with at least one imaging mo-
dality to give them the tools needed to optimize revasculari-
zation for their patients.

Conclusion

Intravascular imaging is essential and offers numerous bene-
fits beyond angiography. There are multiple registries, meta-
analyses, and randomized trials to support improved procedur-
al and clinical outcomes with image-guided PCI. Despite this,
usage rates remain low secondary to an unfamiliarity with the
technology and lack of reimbursement. A familiarity with
both IVUS and OCT can allow one to leverage their respective
strengths and weakness to optimally treat a wide variety of
lesion subsets. The future of PCI is trending towards more
complex and high-risk disease for which imaging will be an
indispensable tool for safe and successful intervention.
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