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Abstract: Angiography remains a widely utilized imaging modality during vascular proce-

dures. Angiography, however, has its limitations by underestimating the true vessel size,

plaque morphology, presence of calcium and thrombus, plaque vulnerability, true lesion

length, stent expansion and apposition, residual narrowing post intervention and the presence

or absence of dissections. Intravascular ultrasound (IVUS) has emerged as an important

adjunctive modality to angiography. IVUS offers precise imaging of the vessel size, plaque

morphology and the presence of dissections and guides interventional procedures including

stent sizing, assessing residual narrowing and stent apposition and expansion. IVUS-guided

treatment has shown to yield superior outcomes when compared to angiography-only guided

therapy. The cost-effectiveness of the routine use of IVUS during vascular procedures needs

to be further studied.
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Introduction
In the early part of the 20th century, cardiac catheterization and cine angiography

revolutionized the field of cardiovascular medicine and paved the way for a multi-

tude of therapeutic interventions, most importantly bypass surgery and endovascu-

lar interventions.1 The ability to visualize and cannulate vessels also led to

innovations in assessing the functional significance and morphology of lesions.

Despite significant improvements in image acquisition using angiographic tech-

niques, cine angiography continued to have important limitations in assessing

several variables including the true vessel size, plaque morphology, presence of

calcium and thrombus, plaque vulnerability, true lesion length, the physiologic

importance of a lesion, stent expansion and apposition, residual narrowing post

intervention and the presence or absence of dissections. As of today, angiography

remains the main imaging modality used worldwide for vascular imaging. Recently,

several adjunctive tools to angiography have been introduced that enhanced vessel

and plaque visualization and allowed physiologic assessment of lesions. These

included intravascular ultrasound (IVUS), optical coherence tomography (OCT),

near-infrared spectroscopy (NIRS), and flow wires with or without adenosine

administration. In this review, we will be discussing IVUS and its role in vascular

imaging.
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Intravascular ultrasound
IVUS during angiographic procedures offers valuable

information about plaque morphology (fibrous, fibrofatty,

calcified, necrotic), true vessel size and lumen area, extent

and depth of calcium and dissections. IVUS was also

shown to optimize stent deployment with improved out-

comes when compared to angiography alone.2

IVUS catheters are currently manufactured by two major

companies, Boston scientific and Philips after its acquisition

of Volcano corporation in 2015. The catheter sizes range

from 2–4 Fr and can be easily guided through a 5–6 Fr

femoral sheath. Larger IVUS catheters are also used for

larger peripheral vessel applications and require 8 Fr sheaths

(Table 1). IVUS uses a piezoelectric transducer located at the

tip of the catheter that generates sound waves when electri-

cally stimulated. These waves propagate into different tissues

and thus produce a reflection image based on the acoustic

properties of that tissue. The transducer is found in two

different designs: 1) the mechanical single rotating device

and 2) the electronic-phased array device (several non-rotat-

ing transducers present at the tip of the catheter and activated

sequentially). Early IVUS imaging was in gray-scale and

plaque morphology was classified based on visual appear-

ance by comparing the echogenicity of the plaque to its

surrounding adventitia. This has been possible with the use

of 20–40 MHz transducers. The plaques were classified into

four groups: 1) soft plaque, 2) fibrous plaque, 3) calcified

plaque and 4) mixed plaques.3 Virtual histology-IVUS (VH-

IVUS) was later developed to better assess and characterize

the histological composition of the vessel plaque via the

analysis of an additional low radiofrequency (RF) content.

This RF signal, in addition to the gray-scale signal, is pro-

cessed using an autoregressive model and matched to color-

coded histological databases to classify plaques according to

their morphological composition. Using VH-IVUS plaques

is classified as 1) fibrous tissue, 2) fibrofatty tissue, 3) necro-

tic core and 4) dense calcium. Two new RF-based IVUS

modalities have evolved and include iMAP-IVUS and inte-

grated backscattered IVUS (IB-IVUS) that use more sophis-

ticated software algorithms and thus better tissue

characterization.4 In this systematic review of the literature,

we selected research studies with relevant clinical applica-

tions to the practicing endovascular operators.

Plaque morphology
The PROSPECT trial (Providing Regional Observations to

Study Predictors of Events in the Coronary Tree) that exam-

ined the predictors of plaque rupture in patients with acute

coronary syndrome showed that plaque burden, minimal lumi-

nal area and plaque composition as seen by IVUS predicted

cardiovascular events.5 This was a prospective study that

included 697 patients with acute coronary syndrome who

have undergone coronary angiography followed by gray

scale and RF IVUS evaluation. The primary endpoint included

a composite of major cardiovascular events; cardiac arrest,

myocardial infarction, re-hospitalization or death due to car-

diac cause with a mean follow-up time of 3 years. Results

showed that the rate ofmajor cardiovascular events was 20.4%

of which 11.6% were attributed to non-culprit lesions, with a

mean diameter stenosis of 32.3±20.6%, previously considered

to be angiographically mild at initial presentation. These

lesions were further characterized to have a high plaque bur-

den (>70%) (HR, 5.03; 95% CI, 2.51–10.11; P<0.001), mini-

mal luminal area (<4 mm2) (HR, 3.21; 95% CI, 1.61–6.42;

P=0.001) or thin-cap fibroatheroma (HR, 3.35; 95% CI, 1.77–

6.36; P<0.001) as detected by gray scale and RF-IVUS,

respectively. Although this study was done in coronary

arteries, it sheds light on the importance of plaque character-

ization with IVUS and the need to go beyond angiographic

imaging in other vascular beds.

Other imaging modalities besides IVUS to character-

ize plaque morphology include multidetector CT angio-

graphy (MDCT), magnetic resonance imaging (MRI),

nuclear imaging modalities, OCT and NIRS. The reader

Table 1 Intravascular ultrasound (IVUS) catheters for peripheral vascular disease

Name of IVUS Manufacturer Frequency (MHZ) Max imaging

diameter (MM)

Guide wire

compatibility

Images

VISION PV 0.014 Philips 20 20 0.014” Gray-scale, VH, ChromaFlo

VISION PV 0.018 Philips – 24 0.018” Gray-scale, ChromaFlo

VISION PV 0.035 Philips 10 60 0.035” Gray-scale

VISION PV 0.14P RX Philips 20 20 0.014” Gray-scale, VH, ChromaFlo

EAGLE EYE PLATINUM Philips-Volcano 20 20 0.014” Gray-scale, VH, ChromaFlo

OPTICROSS 18 Boston Scientific 30 12 0.018” Gray-scale
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can be referred to a detailed review by Spacek et al on

these imaging modalities.6

Detection of calcium severity
The presence of severe calcification increases the com-

plexity of a procedure, coronary or peripheral, and yields

a high rate of complications. Severe calcium interferes

with adequate vessel expansion with balloon angioplasty

or stenting.7 A 90-degree arc of calcium seen on IVUS is

considered mild whereas an arc of 180–270 degrees or

more is moderate to severe.8 The presence of severe cal-

cium lowers procedural success with likely more dissec-

tion and need for stenting. Also, it can prevent balloon

crossing to the target lesion.9 Currently, the presence of

severe calcium may require vessel prepping typically with

atherectomy, lithoplasty or scoring devices. Identifying the

degree of calcification may help the operator determine the

best strategy to tackle these complex lesions.

Fanelli and colleagues noted that severe calcium

defined by an arc of calcium of 270 degrees and more

within the vessel interferes with the effectiveness of drug-

coated balloons and lead to loss of patency (Figure 1).8

Similar findings were reported in the Definitive AR study

that noted approximately similar reduction in patency with

the presence of severe calcifications.10 Several studies in

the coronaries also indicated that calcium can reduce pro-

cedural success and debulking of calcium can improve

procedural success.11 Currently, the Eclipse trial is

evaluating the value of adding orbital atherectomy to

drug-eluting stents vs drug-eluting stents alone in treating

complex calcified coronary lesions.12

Angiography underestimates the degree of calcification

within a vessel. IVUS, on the other hand, has been shown

to be more sensitive in detecting calcium in vessel walls as

well its degree of severity.13,14 Mintz et al reported that

calcium was seen in 38% of coronary lesions via angio-

graphy and 73% via IVUS, and calcium quite often is

underappreciated in smaller vessels.13,14 Yin and collea-

gues noted that IVUS-detected calcium in 93.6% of per-

ipheral arterial lesions whereas angiography-detected

calcium in 55.3% of the same lesions.15 The positive

predictive value and negative predictive value of angio-

graphy relative to IVUS were 100% and 14%, respec-

tively. Detecting the severity of calcium in a vessel may

influence the strategy of treatment. The cost-effectiveness

of routinely using IVUS in endovascular interventions

needs to be proven in future clinical trials.

Detection of thrombus
Angioscopy is the gold standard for identifying thrombus.

Studies indicated that angiography has a low sensitivity

but a high specificity in identifying intravascular thrombus

when compared to angioscopy.16 However, the availability

of angioscopy in endovascular laboratories is limited. In

the DETHROMBOSIS study that evaluated the role of

power pulse spray using the AngioJet device combined

with rheolytic therapy in treating subacute or recently

occluded (<6 months and >24 hrs) femoropopliteal

lesions, 16/17 patients had thrombus identified by IVUS

versus 7/17 patients by angiography (Figure 2).17 Fresh,

acute and non-occlusive thrombus may not be clearly

visualized by IVUS however because of a high concentra-

tion of red blood cells and low fibrin deposition in these

lesions. In the coronaries, IVUS also play an important

role in defining hazy lesions that may be dissections,

thrombus or recanalized chronic coronary thrombus.

Thrombotic lesions may carry the potential for emboliza-

tion. As of today, there are no embolic protection devices

approved for native coronary arteries and routine aspira-

tion of thrombus in the coronaries does not alter mortality

and may increase the risk of embolic stroke.18,19,20

Detection of dissections
Dissections have been traditionally assessed and graded by

angiography. The NHLBI classification has been the tradi-

tional grading system that has been widely utilized.Figure 1 Severe 360-degree calcium.
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Angiography was recently demonstrated to underestimate

the number of dissections (Figure 3). Also, it has missed a

large number of deeper dissections involving the media or

adventitia as well as the arc of circumference of the dis-

section. The iDissection above the knee study showed,

using core lab adjudicated IVUS and angiography, that

IVUS can identify 4–6 times more dissections than

angiography.21 Also, by IVUS, 39% of dissections follow-

ing Jetstream atherectomy involved the media and adven-

titia. The iDissection grading system combines both depth

(Intima, media and adventitia) and circumference (<180

degrees and ≥180 degrees) of dissections and therefore

Figure 2 Thrombus.

Note: The arrow represents the thrombus.

Figure 3 Multiple dissections seen on intravascular ultrasound that are not visible on angiogram.
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have the potential to predict long-term (patency) and short-

term outcomes (acute closure and bailout stenting),

respectively.22 Deeper dissections are likely to trigger a

cascade of restenosis whereas larger flaps are likely to fall

within the lumen and cause acute or subacute thrombotic

events or require adjunctive stenting.23 Data indicate that

following angioplasty of the superficial femoral artery, the

extent of dissections, free lumen area and diameter seen

with IVUS are predictive factors of patency.24

In the coronaries, IVUS can identify dissections and

intramural hematoma. IVUS can play an important role in

identifying edge dissections which may lead to stent

thrombosis. Also, IVUS can be useful in making the

diagnosis in patients with spontaneous coronary artery

dissections. Hazy intracoronary lesions can be dissections

or thrombus and IVUS is an important tool to more

accurately define these lesions. Finally, intramural hema-

toma identified on IVUS are associated with non-ST

elevation myocardial infarction, sudden death and repeat

revascularization.25

Vessel diameter and lesion severity
Vessel diameter and lesion severity are quite often under-

estimated on angiography. This is due in part to the diffuse

nature of atherosclerosis and vessel tortuosity. Kashyab et al

evaluated peripheral arterial angiography segments by his-

tology. He noted a significantly greater linear stenosis when

both internal elastic lamina (IEL) and external elastic

lamina (EEL) were measured on histology specimens than

angiography. The authors concluded that angiography

underestimates true lumen size, and highlighted the impor-

tance of relying on other modalities to assess arterial lesion

in peripheral arterial vascular beds.26 Similarly, Mintz et al

studied 884 symptomatic coronary artery disease patients

undergoing therapeutic and diagnostic coronary interven-

tion with IVUS. They noted that only 6.8% of angiographi-

cally normal segments were normal on IVUS.13

Furthermore, angiography can undersize vessel size by as

much as ~30% when treating infrapopliteal disease, a pro-

blem that seems to become more noticeable in smaller

vessels.27,28

Underestimating vessel diameter may have significant

implications on various therapeutic interventions.

Undersized balloons may result in suboptimal vessel expan-

sion and less than optimal luminal area gains. In the era of

drug-coated balloons, this may result in a lack of apposition

of the balloon to the vessel wall and therefore loss of

optimal drug delivery to the tissue. Furthermore, undersized

stents could lead to stent malapposition and increasing the

risk of restenosis and late thrombosis.29

Stent apposition and expansion
Stenting of infrainguinal arteries have higher patency rates

and reduced target lesion revascularization than angio-

plasty. Also, drug-eluting stents were shown to be superior

to bare metal stents in treating lower extremity arterial

vasculature yielding a reduced late lumen loss and rest-

enosis rates.30–32 However, despite improvement in out-

comes with stenting, the 1-year primary patency rate was

approximately 80%. The ACHILLES trial, a prospective

randomized study, compared the in-segment binary rest-

enosis rate in patients with infrapopopliteal vascular dis-

ease treated with sirolimus-eluting stents (SES) versus

percutaneous transluminal balloon angioplasty (PTA)

over a mean follow-up time of 1 year.33 The study

included 200 patients, of which 99 were randomly

assigned to the SES group and 101 to the PTA group.

Results showed a lower restenosis rate and greater vessel

patency in the SES-treated patients compared to the PTA-

treated group (22.4% vs 41.9%, P=0.019) and (75.0% vs

57.1%, P=0.025), respectively. Similar results were also

seen in patients with superficial femoral artery (SFA) dis-

ease. The IMPERIAL trial, the first head-to-head DES trial

in the SFA, is a randomized single-blinded prospective

study that compared the primary patency rates and major

adverse events between Eluvia (a polymer-coated pacli-

taxel-eluting stent) and Zilver PTX (a polymer-free pacli-

taxel-coated stent) over a mean follow-up time of 1 year.34

A total of 465 patients were randomly assigned in a 2:1

ratio into two groups: Eluvia (n=309) or Zilver PTX

(n=156). Results demonstrated non-inferiority between

the two groups in respect to the primary endpoints; pri-

mary patency rates (86.8% vs 81.5%, P<0.0001) and no

major adverse events (94.9% vs 91.0%, P<0.0001).

Stent under-expansion and incomplete apposition to the

vessel wall can lead to the delivery of sub-therapeutic drug

concentrations to the vessel wall and thus incomplete

inhibition of smooth muscle cell proliferation. IVUS-

guided stenting has been shown to be superior to the

conventional angiographic stenting in patients with coron-

ary artery disease in terms of subacute stent thrombosis.35

Also, Waksman et al showed that IVUS-guided coronary

bare metal stents reduced restenosis and the need for

revascularization procedures but failed to demonstrate

clinically significant difference in myocardial infarction

or death.7 Similar results have also been demonstrated in
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PAD. In a small study of 49 Iliac segments that underwent

stenting, Buckley et al showed a 100% primary patency

rates in patients treated with IVUS guidance versus 82% in

the non-IVUS patient group.36 This study also revealed

that 20/49 (41%) patients in the IVUS group had sub-

optimal stent deployment, despite evidence of adequate

expansion and apposition by means of angiographic

evaluation.

Limitations of IVUS
Although observational and retrospective studies indicate a

high rate of patency and freedom from revascularization with

the use of IVUS as an adjunctive imaging modality, data from

randomized trials remain lacking. Assessment and optimiza-

tion of stent deployment in coronary and peripheral artery

disease and the identification of post-procedural dissections

that are not easily picked up by angiography alone can be

accomplished with the use of IVUS.21,35,36 A universal algo-

rithm however for the use of IVUS prior to peripheral or

coronary interventions has not been adopted to optimize

long-term outcomes despite a notable significant improvement

in acute procedural results and short-term outcomes.7,36,37 In

addition, IVUS leads to a decrease in the amount of contrast

used and its associated complications in PCI and peripheral

vascular procedures but its cost-effectiveness has not been

conclusively demonstrated. A cost-effective analysis by

Panaich et al from a nationwide inpatient data sample on the

use of IVUS in lower limb interventions showed that the cost of

using IVUS was offset by lower complications in the IVUS

group.38 However, other studies indicate that IVUS can add a

significant cost to a procedure.39 Furthermore, IVUS requires a

level of expertise in image interpretation that may not be

available in all centers. This hinders a wide adoption of this

technology. The current pairing of IVUS with angiographic

imaging using SyncVision (Philips) offers an easy tool to

match IVUS findings on an angiogram. This functionality is

however not available for peripheral vascular imaging.

Practical applications of IVUS in our
practice
The use of IVUS in the periphery to assess plaque morphol-

ogy has allowed us to identify large soft plaques with lipid

core, ulcerated/necrotic plaques or presence of thrombus

that are likely to embolize with percutaneous interventions,

lowering the threshold for the use of distal embolic protec-

tion devices. Also, the choice of the vessel prepping device

has been directed by the nature of the visualized plaque.

Severely calcified plaques are treated with atherectomy

prior to more definitive treatment to alter vessel compli-

ance, reduce dissections and bailout stenting and improve

the efficacy of drug elution devices. In addition, dissections

seen on IVUS and not clearly identified on angiogram are

treated aggressively with the Tack endovascular system or

spot stenting if they are of a large arc (>180 degrees) or deep

reaching the media/adventitia to enhance the acute and

possibly long-term results of the procedure. Furthermore,

assessing the acute procedural results and obtaining the best

minimal luminal gain or stent expansion have been also

assessed with IVUS. Finally, the choice of balloon size

(particularly important with drug-coated balloons) and full

lesion coverage are more effectively guided by IVUS. It

should be noted that these IVUS applications will need

further validation for cost-effectiveness.

Conclusion
Angiography remains an important and practical way to eval-

uate the vasculature. However, it has several limitations.

Adjunctive imaging modalities such as IVUS can provide a

more accurate visualization to what is happening within the

blood vessel. Functional testing offers an excellent way to

assess significance of moderate coronary lesions but its applic-

ability in peripheral interventions remains limited. IVUS is

easy to use and may be widely available but requires expertise

in image interpretation which may limit its routine use.39
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