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Abstract

Common practice dictates the performance of percutaneous coronary intervention under conventional angiographic
guidance. With studies suggesting the high incidence of intraobserver variability, especially in angiographic borderline
lesions, new modalities such as intravascular ultrasound (IVUS) guidance during percutaneous coronary intervention
have surfaced. Multiple studies have shown improved outcomes with IVUS guidance, mainly driven by a decrease in
ischemia-driven target lesion revascularization. In the past two decades, a multitude of studies have investigated the
uses and clinical outcomes associated with this technology. In this review, we highlight the utility, advantages, economic
implications, and clinical outcomes of IVUS guidance over standard angiographic guidance, with emphasis on data as

they pertain to IVUS-guided stent implantation.
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Background

Since its inception in the 1950s, coronary angiog-
raphy has been considered the gold standard for
defining coronary anatomy, while percutaneous
coronary intervention (PCI) remains the mainstay
management for obstructive atherosclerotic dis-
ease. However, drawbacks of coronary angiogra-
phy—guided PCI have been well described [1-3].
A number of discrepancies exist between appar-
ent angiographic disease severity and the lesion’s
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true physiologic effect on myocardial perfusion.
This disparity is largely due to interobserver and
intraobserver variability, the complexity of coro-
nary lesions (tortuosity, overlap of structures, dif-
ference in lumen dimensions), and limitations in
two-dimensional projection of the lumen [4—7]. The
conventional method of quantifying atherosclerotic
severity based on percent stenosis relies on the
lesion itself in addition to the surrounding “disease-
free” lumen, which is used as a reference. However,
studies illustrate that the natural development and
progression of atherosclerosis is rather diffuse and
seldom consists of a “disease-free” segment [8, 9].
The two-dimensional view of angiography allows
assessment of only the arterial lumen and precludes
the observer from a qualitative or quantitative
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evaluation of the actual vessel wall. Hence a diffuse,
concentric, or symmetrically diseased coronary
lumen may present a challenge in true physiologic
assessment of the severity of a stenotic lesion. Apart
from simple assessment of stenotic lesions, conven-
tional coronary angiography is more prone to inac-
curate sizing of stents during PCI. Accurate sizing
of stents is essential in attaining improved short-
term outcomes, as well as in preventing late stent
thrombosis and in-stent restenosis (ISR). Improper
apposition, underexpansion, and inadequate stent
length are often the culprits for such future com-
plications [10—12]. Thus sole coronary angiography
guidance poses several limitations in identification
of true physiologic lesions and proper positioning
of stents.

Advantages of Intravascular
Ultrasound Imaging

The limitations of coronary angiography in detecting
and treating lesions have prompted further interest
in other methods for better assessment and interven-
tion. One such method is the use of intravascular
ultrasound (IVUS) imaging whereby a catheter with
a mini-ultrasound transducer is advanced over the
guidewire, visualizing a 360° cross-sectional view
of all three arterial layers in addition to the vessel
lumen [13]. The use of this technology allows better
characterization of coronary plaque burden (includ-
ing plaque composition, severity, length, and mor-
phology), as well as more precise stent deployment
(including proper expansion, extension, and apposi-
tion). Providing a direct cross-sectional view, IVUS
imaging permits reliable detection of positive arte-
rial wall remodeling during early atherosclerosis,
diffusely advanced disease, and complex lesions
that may otherwise be difficult to assess with simple
angiography [14]. Besides better visualization of the
atherosclerotic process within the arterial wall, IVUS
imaging has a higher sensitivity for detecting stenotic
lesions and thrombi within the arterial lumen [2].
IVUS imaging has also been proven to bet-
ter facilitate the stent deployment process during
PCI. As described earlier, two major predictors of
ISR or stent thrombosis are stent underexpansion
(resulting in smaller intrastent minimum lumen
area [MLA]) and the concept of “geographic miss,”
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Figure 1 Intravascular Ultrasound Image After Stent
Deployment, Showing Adequate Stent Apposition.

where uncovered plaque edges are left behind
(Figure 1) [12, 15, 16]. IVUS-guided PCI allows
better assessment of stent geometry compared with
angiographic guidance, minimizing the incidence
of underexpansion or geographic miss. Studies have
shown that IVUS guidance results in more frequent
use of balloon postdilation. One study demon-
strated that despite the initial angiographic appear-
ance of appropriate dilation, nearly 80% of cases
required further postdilation when interrogated by
IVUS imaging [17]. Larger stent sizes, final larger
angiographic minimum lumen diameters (MLDs),
and minimum stent areas are also achieved with
IVUS guidance [18, 19]. Lastly, IVUS-guided inter-
vention often requires less contrast medium during
stent implantation; this is especially advantageous
in patients with renal impairment [20, 21].

Clinical Outcomes

Earlier studies in the bare metal stent (BMS) era
demonstrated that IVUS guidance achieved a larger
MLD within a 6-month follow-up [22]. However,
most studies were not powered for clinical end
points. In a large meta-analysis of eight randomized
trials, Parise et al. [23] demonstrated that IVUS guid-
ance during BMS implantation was associated with



a lower incidence of major adverse cardiac events
(MACESs) because of a reduction in target lesion
revascularization at a follow-up of 6-30 months.
However, there was no difference with regard to
hard clinical end points, including death and myo-
cardial infarction (MI).

With advances and increased use of drug-eluting
stents (DESs), the field of interventional cardiology
experienced a revolution through which the risk of
restenosis has significantly reduced compared with
that in PCI with BMSs [24, 25]. It was initially
hypothesized that because of the benefits already
offered by DESs over BMSs, the need for an IVUS-
guided PCI approach and additional risk reduction
may be marginal at best. Earlier studies in the DES
era continued to support an increased MLD and
reduction in diameter stenosis with IVUS guidance,
although these studies were not powered to evalu-
ate clinical outcomes with IVUS guidance [18,
19, 26-28]. In a large observational study (~8600
patients), the Assessment of Dual Antiplatelet
Therapy With Drug-Eluting Stents (ADAPT-DES),
IVUS guidance was superior to conventional angi-
ography in reducing the risk of stent thrombosis,
MI, and MACEs (i.e., composite of cardiac death,
MI, or stent thrombosis). Approximately 75% of
the patients were treated with second-generation
DESs (mainly everolimus-eluting stents [EESs]).
IVUS guidance resulted in additional procedural
optimization that otherwise would not have been
performed under simple angiographic guidance. In
descending frequency, the common changes were
selection of larger stents/balloons, higher inflation
pressures, and longer stents. Although the benefit of
IVUS guidance was significant in all patient sub-
groups, they were remarkably apparent in patients
with acute coronary syndrome and/or complex
lesions [29]. Data from this large study provided
further evidence to support the benefit of IVUS
guidance in improving outcomes. However, this
study was limited by its observational nature, and
thus unmeasured confounding variables could not
be excluded. Additionally, the decision to use IVUS
guidance and further therapeutic changes based on
those findings was left to the operator’s discretion.

Several randomized controlled clinical trials
evaluated the potential benefit of IVUS guidance
for DES implantation (Table 1). Most trials were
small and underpowered for clinical outcomes.
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Moreover, some of these trials were limited to a
specific population (e.g., chronic total occlusion
[CTO]). In the largest, randomized, multicenter
trial to date, Impact of Intravascular Ultrasound
Guidance on Outcomes of Xience Prime Stents
in Long Lesions (IVUS-XPL), 1400 patients with
long coronary lesions (defined as greater than or
equal to 28 mm in length) treated with EESs were
randomized to receive IVUS guidance before
stent implantation versus conventional angiog-
raphy. At the 1-year, IVUS guidance was associ-
ated with a lower rate of composite cardiac death,
MI, or target lesion revascularization, which was
primarily driven by a lower risk of target lesion
revascularization [30]. There was no difference in
the risk of hard outcomes (i.e., cardiac death and
MI). In a meta-analysis of randomized trials in the
era of DESs (i.e., seven trials with 3200 patients),
IVUS-guided PCI was associated with significant
reduction in risk of MACEs because of a reduc-
tion in target lesion revascularization at a mean
of 15 months. There was a marginal reduction in
stent thrombosis and cardiovascular mortality in
the IVUS-guidance group [37]. This meta-analysis
was limited because of inclusion of both first-gen-
eration and second-generation DESs. In a patient-
level analysis of the three randomized controlled
trials (2345 patients) that exclusively used second-
generation DESs, IVUS guidance was associated
with a reduction in the risk of the composite of
cardiac death, MI, or stent thrombosis compared
with conventional angiography. Furthermore, the
risk of MI was reduced with IVUS guidance at 1
year [38]. Several meta-analyses (of observational
and randomized controlled trials, and randomized
controlled trials alone) were conducted in the past
decade to evaluate outcomes with IVUS guidance
for implantation of DESs, and these meta-analyses
consistently demonstrated a reduction in MACEs,
mostly due to a reduction in target lesion revas-
cularization (Figure 2). These studies collectively
demonstrate the superiority of IVUS-guided inter-
vention irrespective of stent type (BMS, first- or
second-generation DES). This benefit is further
enhanced for longer lesions. In a metaregression
analysis of 14 randomized trials, irrespective of stent
type, for every 10-mm increase in lesion length, the
risk of MACEs decreased by approximately 19%
(P=0.037) at a mean of 14 months [43].
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Study OR (95% ClI)
MACE
Zhang et al.* - 0.87 (0.78, 0.96)
Klersy et al. - 0.80 (0.71, 0.89)
Jang et al. - 0.79 (0.69, 0.91)
Ahn et al. - 0.74 (0.64, 0.85)
Zhang et al.*™* - 0.77 (0.71, 0.83)
Alsidawi et al. - 0.81 (0.71,0.91)
Nerlekar et al. - 0.73 (0.64, 0.85)
Steinvil et al. - 0.76 (0.70, 0.82)
Elgendy et al. — 0.59 (0.46, 0.76)
Shin et al. —— 0.36 (0.13, 0.99)
Bavishi et al. —- 0.64 (0.51, 0.80)
Stent thrombosis
Zhang et al.* — 0.58 (0.44, 0.77)
Klersy et al. —_— 0.50 (0.32, 0.80)
Jang et al. — 0.59 (0.42, 0.82)
Ahn et al. — 0.59 (0.47, 0.75)
Zhang et al.** - 0.59 (0.47,0.73)
Alsidawi et al. —— 0.65 (0.50, 0.85)
Nerlekar et al. —_ 0.52 (0.38, 0.72)
Steinvil et al. —-— 0.58 (0.47,0.73)
Elgendy et al. —_— 0.49 (0.24, 0.99)
Shin et al. —_— 0.50 (0.13, 2.01)
—_— 0.57 (0.26, 1.23)

Bavishi et al.
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P-value

0.008
<0.001
0.001
<0.001
<0.001
<0.01
<0.001
<0.001
<0.001
0.04
<0.001

<0.001
0.007
0.002
<0.001
<0.001
<0.01
<0.001
<0.001
0.04
0.32
0.15

T T
-1 10

-

€ € Betteroutcome with IVUS

Worse outcome with IVUS> >

Figure 2 Summary Estimates for Major Adverse Cardiac Events (MACESs) and Stent Thrombosis Across the Meta-analyses
Conducted in the Era of Drug-Eluting Stents (Zhang et al. [26], Klersy et al. [27], Jang et al. [18], Ahn et al. [19], Zhang et al.
[28], Alsidawi et al. [39], and Nerlekar et al. [40], Meta-analysis of Observational Studies and Randomized Trials; Steinvil

et al. [41], Elgendy et al. [37], Shin et al. [38], and Bavishi et al. [42], Meta-analysis of Randomized Trials Only).

CI, confidence interval; HR, hazard ratio; IVUS, intravascular ultrasound guidance OR, odds ratio; RR, risk ratio.

The US Food and Drug Administration approved
the use of the Absorb bioresorbable vascular scaf-
fold; however; there have been growing concerns
regarding the increased risk of adverse events, in
particular scaffold thrombosis, with this current
first-generation bioresorbable vascular scaffold
with regard to mid-term to long-term outcomes [44].
Some authors suggested that an optimal implanta-
tion technique with a more liberal use of IVUS guid-
ance could mitigate the risk of scaffold thrombosis.
For example, in a real-world cohort of 400 lesions
treated with bioresorbable vascular scaffolds in 264
patients, IVUS guidance was used in approximately
86% of the lesions, and only three patients had defi-
nite or probable scaffold thrombosis at 2 years [45].
Because of growing concerns over the higher inci-
dence of adverse events, the bioresorbable vascular
scaffold system was recalled by its manufacturer,
Abbott Vascular, in April, 2017.

IVUS Guidance in Special Situations

The concept behind improvement in angiographic
and clinical outcomes with the use of IVUS

guidance during PCI is largely attributed to better
visualization, which allows larger MLD and greater
stent cross-sectional area to minimize geographic
miss. With this in mind along with findings of the
landmark trials, the interventional cardiology com-
munity turned its attention to investigating the role
of IVUS guidance in special circumstances such
as CTOs and left main coronary artery (LMCA)
lesions.

Studies have shown better outcomes in patients
with successful recanalization of CTOs compared
with their counterparts with failed attempts at per-
cutaneous recanalization [46—48]. With the IVUS-
guided PCI technique gaining popularity, several
studies suggested that the use of IVUS-guided
wiring may better facilitate successful CTO reca-
nalization via use of the side branch [49-51]. This
technique’s effect on clinical end points was tested
by researchers in two multicenter, prospective,
randomized controlled trials. The Chronic Total
Occlusion Intervention with Drug-Eluting Stents
(CTO-IVUS) study was the first randomized trial
to investigate improvement in clinical end points
after DES implantation with IVUS guidance ver-
sus angiography guidance during CTO intervention
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[31]. Patients were followed up for 12 months, the
IVUS-guidance group had significantly lower rates
of MACEs (defined as the composite of cardiac
death, M1, or target vessel revascularization) (2.6%
vs. 7.1%, P=0.035, 95% confidence interval 0.13—
0.97). The Angiographic and Clinical Comparisons
of Intravascular Ultrasound Versus Angiography-
Guided Drug-Eluting Stent Implantation for
Patients with Chronic Total Occlusion Lesions
(AIR-CTO) study was another randomized con-
trolled trial, where the authors investigated dif-
ferences in late lumen loss between IVUS-guided
and angiography-guided CTO interventions [32].
This study showed that when IVUS-guided CTO
PCI was associated with reduced late lumen loss,
ISR, and stent thrombosis as compared with angio-
graphic guidance. However, improvement in these
measures did not translate into significant reduction
of composite MACEs because of the small number
of patients enrolled in the study.

Two recent randomized trials (i.e., EXCEL and
NOBLE) compared PCI using a DES with bypass
surgery for an unprotected LMCA [52, 53]. While
the EXCEL trial showed that PCI with an EES had
comparable clinical outcomes to coronary artery
bypass graft for an unprotected LMCA at 3 years,
the NOBLE trial concluded that coronary artery
bypass graft was superior to use of a DES at 5 years.
Some authors have suggested that these discrepant
findings might have been attributed to more prev-
alent use of IVUS guidance in the EXCEL trial
[54]. This was supported by two medium-sized

propensity-matched analyses (i.e., approximately
1000 patients in the first study from Spain and
approximately 300 patients in the second study
from Korea) that demonstrated that IVUS guidance
use was associated with better outcomes for unpro-
tected LMCA PCI compared with conventional
angiography [55, 56]. Table 2 summarizes the stud-
ies that have investigated the use of IVUS guidance
versus conventional angiographic guidance during
LMCA PCIL.

IVUS and Other Investigatory
Modalities

Another modality that has been used to guide PCI
in the modern era is fractional flow reserve (FFR),
which relies on pure physiologic assessment of
coronary stenosis. Compared with conventional
angiographic guidance, FFR-guided PCI has been
shown to improve clinical outcomes and reduce
MACEs [58]. Correlation between the physi-
ologically ischemia-producing lesions and IVUS
imaging findings has been evaluated by several
researchers. Jasti et al. [S9] showed that in patients
with angiographically ambiguous LMCA disease,
there is a strong correlation between IVUS imaging
parameters and FFR calculation. IVUS imaging
parameters studied by the authors included MLD,
MLA, and cross-sectional narrowing. Of all these
parameters, MLA of 5.8 mm? and MLD of 2.8 mm
had the strongest correlation with physiologically

Table 2 Studies Comparing Percutaneous Coronary Intervention with Intravascular Ultrasound Guidance Versus Conven-
tional Angiographic Guidance in Patients with Left Main Coronary Artery Disease.

Author or study Year Follow up Mortality rate (%) Incidence of MACEs (%)*
(months)

Tan et al. [33] 2015 24 NS (P>0.05) 13.1/29.3 (P=0.031)

De la Torre Hernandez et al. [55] 2014 36 7.4/13 (P=0.01) 11.7/16.0 (P=0.006)

MAIN-COMPARE [56] 2009 36 4.7/16 (P=0.048)

Agostoni et al. [57] 2005 18 8/20 (P=0.18)

*Intravascular ultrasound—guided cohort/angiography-guided cohort.

MACE, major adverse cardiac events; NS not significant.



significant LMCA stenosis. Other authors have
conducted similar studies looking at correlations
between these two modalities for non-LMCA ste-
nosis. Moderate correlation between the IVUS
imaging parameter of MLA and FFR of less than
0.8 has been documented for non-LMCA lesions.
Plaque morphology as seen on IVUS imaging was
not shown to correlate with FFR findings [60]. It is
suggested that the degree to which MLA correlates
with FFR may be vessel dependent, being particu-
larly limited in ischemic lesions within small ves-
sels [61]. The modest correlation between IVUS
imaging findings and FFR is also in part due to the
need for different cutoff values depending on the
location of the lesion and the amount of myocar-
dium supplied by the target vessel [62].

Optical coherence tomography (OCT) and instan-
taneous wave-free ratio (iFR) are worth mention-
ing at this juncture. Although OCT can provide
higher-resolution images as compared with IVUS
imaging, some studies have shown that OCT-
guided stent implantation resulted in smaller post-
procedural luminal diameter [63]. In the [ILUMIEN
III: OPTIMIZE PCI trial, OCT guidance was non-
inferior to IVUS guidance but was also not supe-
rior to IVUS guidance or angiographic guidance
in terms of median minimum stent area [64]. The
DEFINE-FLAIR (Functional Lesion Assessment of
Intermediate Stenosis to Guide Revascularization)
and the iIFR-SWEDEHEART (The Instantaneous
Wave-Free Ratio versus Fractional Flow Reserve
in Patients with Stable Angina Pectoris or Acute
Coronary Syndrome) trials compared use of iFR
with FFR and concluded that iFR-guided revascu-
larization was noninferior to FFR-guidance with
respect to MACEs at the 1-year follow-up. The rate
of adverse procedural symptoms and the procedure
time were less in the iIFR-guidance cohort [65, 66].

Economic Impact of IVUS Use

The use of IVUS technology comes with associated
costs and potential increased procedure time. This
was further explored in an Italian study by Alberti
etal. [67]. The cost-effectiveness of this technology
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was utmost evident in patients with additional
medical comorbidities such as diabetes or chronic
kidney disease, or in patients with ACS. However,
with longer follow-up (mainly more than 1 year),
the incremental cost difference between angio-
graphic-guided and IVUS-guided PCI started to
decline. Although the additional cost benefit of this
technology was most apparent during the first year
after stent implantation, we know from prior meta-
analyses that the clinical benefits of this technology
still hold true over a longer follow-up [19]. Lastly,
Alberti et al. reached a reassuring conclusion that
the incremental cost added by IVUS-guided PCI
remained below the willingness-to-pay threshold in
the Italian population, thereby establishing it as a
concrete therapeutic strategy.

Final Remarks

Although evidence exists regarding improvement in
clinical and angiographic outcomes with the use of
IVUS guidance, the interventional cardiology com-
munity has continued to show hesitance in adopting
this technology during routine PCls. This is evident
by the rate of IVUS guidance use of approximately
20% in the United States and even lower in some
other countries [68]. It is speculated that this may
be related to the cost of the equipment and lack of
financial reimbursement [69]. Given that evidence
suggests greater benefit in clinical outcomes for
complex cases such as LMCA disease, complicated
coronary anatomy, longer lesions, or CTOs, IVUS
guidance should be considered for these interven-
tions even in the DES era.
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