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Carotid revascularization procedures are effective in decreas-
ing risk of stroke for patients with high-grade carotid artery
stenosis. While carotid endarterectomy (CEA) remains the
gold standard for treatment, carotid artery stenting (CAS) has
emerged as an alternative for patients at high risk for surgery.
Results of the CREST trial revealed similar composite end
points of stroke, myocardial infarction, and death between
CEA and CAS, but CAS had a higher risk of perioperative
stoke.1 Stroke is one of the leading causes of death in the
United States, and a significant economic impact on our
health care systems.2 Improving the outcomes of these
procedures and decreasing the risk for stroke in all carotid
interventions is an important goal.

One of the major challenges and contributors to risk for
stroke during CAS is the manipulation of wires and catheters
across the lesion and within the artery. Despite the use of
embolic protection devices (EPDs), we and others at our
institution (overlapping author groups) have observed a
high incidence of microembolization for patients with CAS,
as identified on diffusion-weighted magnetic resonance im-
aging (DW-MRI) performed following stenting.3–5 Embolic
events may occur during aortic archmanipulation before EPD
deployment, or during catheterization of the carotid artery

itself.6 Carotid plaques that are vulnerable to rupture have
higher embolic risk.7 Identifying vulnerable plaques before
interventions can help clinicians with the decisions on the
types of interventions, stents, and EPD; however, often these
types of lesions cannot be accurately identified by traditional
imaging techniques such as computed tomographic angiog-
raphy, MRI, or duplex ultrasound (DUS).

Intravascular ultrasound (IVUS) has been suggested as an
adjunct to CAS to help identify high-risk plaques. IVUS is an
imagingmodality inwhich a small ultrasound probe is affixed
to the end of a special catheter. This device permits internal
imaging of the artery to provide cross-sectional measure-
ments and morphological data. In addition, the virtual histol-
ogy (VH) mode reveals the histology of the tissue. VH–IVUS
identifies the following four tissue subtypes: fibrous, fibro-
fatty, necrotic, and dense calcium. The CAPITAL (Carotid
Artery Plaque Intravascular Ultrasound Evaluation) study
outlines different plaque types based on the location and
arrangement of these tissue subtypes within a lesion.8 The
major descriptive plaque types include pathological intimal
thickening, fibroatheroma, calcified fibroatheroma, thin-cap
fibroatheroma (TCFA), and calcified thin-cap fibroatheroma
(CaTCFA). Using this histological data, VH–IVUS may provide
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Abstract For patients at high risk for surgery, carotid artery stenting (CAS) is a viable alternative to
help reduce risk of stroke for patients with high-grade carotid artery stenosis; however, a
higher incidence of perioperative stroke has been observed in patients undergoing
stenting compared to those undergoing open surgery. Intravascular ultrasound (IVUS) is
commonly used during coronary artery procedures to help evaluate lesions and to guide
stent placement. Multiple groups have sought to determine whether IVUS could also be
used during CAS. While IVUS has been shown to be both feasible and safe during CAS,
there is limited evidence that demonstrates direct improvement in procedural out-
comes. Further studies focusing on clinical outcomes should be conducted in order to
justify routine use of this technology during CAS.
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the interventionist with more information about the plaque.
This additional information could potentially result in im-
provement in procedure technique and a reduction of adverse
outcomes such as stroke.

IVUS is commonly used during coronary artery procedures
to help identify lesion characteristics and guide proper stent
placement9; however, use of IVUS remains limited in the
carotid artery despite evidence that it is both feasible and
safe.10–15 Reviews of the use of IVUS in the carotid artery were
conducted by Schiro and Wholey16 in 2008, Inglese et al17 in
2009, and Politi et al in 201118; however, several additional
prospective studies have since been conducted to examine
utility of IVUS during CAS including our own study in 2014.
Therefore, herein, wewill review the current literature on VH–
IVUS in the carotid artery and discuss our own experience. Our
focus is primarily on the use of IVUS intraoperatively.

The Technique

The IVUS catheter utilizes ultrasound technology where a small
ultrasound probe is mounted on the end of the catheter. There
are several types of IVUS catheters available commercially and
we largely use a Volcano s5VH Ultrasound Imaging System
(Volcano Corporation, Rancho Cordova, CA) along with Eagle
Eye Gold (Volcano Corporation) coronary imaging catheters for
carotid artery evaluation. The IVUS catheter is a monorail
catheter, advancing along a 0.014″ wire. Once the catheter
reaches a relatively normal segment of carotid artery distal to
the lesion, the VHmode is activated and the catheter is carefully
withdrawn at a rate of approximately 1 mm/s. The morphology
of the lesion is recorded and analyzed offline. ►Fig. 1 shows a
diseased carotid artery. Grayscale image (►Fig. 1A) delineates
luminal contour andVH image (►Fig. 1B) showsfibrous (green),
fibrofatty (lightgreen), necrotic (red), and calcified (white) tissue
composition.

The Benefits

Multiple groups have found VH–IVUS to be useful during CAS.
IVUS provides a three-dimensional visualization of luminal

contour, whereas angiography is limited to the two-dimen-
sional plane. In our own experience, we found the additional
information provided by IVUS to behelpful in stent placement
for some patients.11 For one patient in our study cohort, a
longer stent was chosen after IVUS revealed a more extensive
plaque than what was visualized on angiography. Other
groups have also modified their treatment after reviewing
IVUS imaging.10,14 Bandyk and Armstrong found that IVUS
revealed the need to use larger balloons during poststenting
angioplasty, as the lumen diameter of the stent was found to
be smaller than visualized by angiography. In our study, we
performed IVUS before stent placement, so we do not know
whether this may have also been the case in our cohort;
however, we observed similar results to the study by Bandyk
when using IVUS in the lower extremity.19 For patients
undergoing superficial femoral artery endovascular treat-
ment, we found that IVUS revealed significant residual ste-
nosis following angioplasty and/or stenting, despite
satisfactory angiographic results. Admittedly, it remains un-
clear whether there is a significant benefit to using larger
balloons or performing additional angioplasty to obtain
greater lumen diameters. These findings highlight the need
for additional long-term follow-up studies and for further
endovascular device refinement.

Detection of plaque vulnerability is another important
advantage that VH–IVUS can provide. As described in the
CAPITAL study, plaque types that include a “thin-cap” ar-
rangement of tissue, including TCFA and CaTCFA, are of
highest risk for rupture. Occurrence of cerebral microemboli
may indicate presence of such an unstable or vulnerable
carotid plaque. Several studies, including our own, looked
at incidence of microemboli as an outcome to correlate with
VH–IVUS morphologic findings.11,20–22 Timaran et al found a
relationship between IVUS-identified plaque calcification
and incidence of microemboli; however, other groups, in-
cluding our own, did not replicate this finding. Yamada et al
found a correlation between fibrofatty plaque composition
and microembolization. Another study by Matsumoto et al
found an association between fibrofatty plaque volume and
the amount of debris aspirated during stenting. While we did

Fig. 1 (A) Grayscale and (B) virtual histology images reveal a diseased carotid artery.
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not find any significant correlations between IVUS-defined
plaque type and incidence of postoperative microemboli, we
did find a trend with fibrous IVUS plaque composition
and microemboli (p ¼ 0.099). Together with Yamada and
Matsumoto’s findings, this suggests that softer plaques are
more vulnerable and should be treated with caution.

These studies largely analyzed plaque composition in
regard to volume of calcified, fibrous, necrotic, and fibrofatty
tissue types, rather than basing analyses on plaque classifi-
cations described in the CAPITAL study. In our study, we did
look for correlations between thin-capped plaques and inci-
dence of microemboli, but did not find any significant rela-
tionships. This may have been because of our small sample
size. Amore recent study by González et al had a larger cohort
and found a relationship between IVUS identified thin-
capped plaques and timing of intervention.23 Vulnerable
thin-capped plaques were observed more frequently in
symptomatic patients undergoing intervention closer to their
ischemic episode compared with those who had more de-
layed treatment or were asymptomatic. This finding suggests
that there may be some benefit in allowing a ruptured plaque
time to heal before subjecting it to stenting.

VH–IVUS may also be helpful for its offline use to retro-
spectively characterize carotid lesions. While improving pro-
cedural outcomes is the primary goal, a better understanding
of carotid plaque morphology could be an indirect benefit.
Collecting and analyzing a large series of IVUS images may
improve our understanding of carotid artery morphology.
Tsurumi et al studied the composition of plaque at the
location of the minimal lumen in comparison to the entire
plaque and found that the two did not significantly differ.24 In
our study, we also did not observe significant differences
between the minimal lumen area and the plaque as a whole.
Nevertheless, both of our cohorts were relatively small and
larger studies would be needed to extend and validate this
finding.

The Challenges

In our experience, a big challenge to successfully implement-
ing VH–IVUS during CAS procedures is the lack of automated
border detection. Existing IVUS software requires the user to
manually correct the lumen and vessel borders on the ultra-
sound image, which can be time consuming and prone to
error. While border editing can be accomplished in a relative-
ly short time frame by a skilled operator, a fully-automated
and accurate border detection program would be more
practical. A 2012 study by Siewiorek et al also discusses
this limitation.25 We feel that a lack of better developed
analysis software discourages more widespread adoption of
this technology during CAS.

While the CAPITAL study validates IVUS-derived plaque
type with histological findings, there are no standard quanti-
tative measures that can be used to categorize plaque type.
Determination of plaque type is largely operator driven, and
similar to border editing is thus prone to variation and error
despite interpretation standards set by the American College
of Cardiology.26 In our own experience, we found it challeng-

ing to determine which category certain plaques should fall
under. Every plaque is unique, and while somemay fit clearly
into one category over another, others are less straightfor-
ward. In the study by González et al, they used two indepen-
dent readers to determine plaque classification, which helps
to reduce variability in interpretation. Regardless, a quanti-
tative approach could help resolve discrepancies between
readers and better stratify plaque risk.

A practical consideration for interventionists contemplat-
ing the use of IVUS during CAS is time. Including IVUS analysis
does add additional time to the length of the procedure;
however, we feel that this added time is generally insignifi-
cant. The IVUS catheter leverages the 0.014″ wire that is
commonly used during CAS, so there is no need for wire
exchange. Most lesions are < 15 mm, so at a pullback rate of
0.5 mm/s, it should take less than a minute to image the
plaque and its surrounding tissue. Often, motorized pullback
is performed at even faster rates of 1 mm/s. Bandyk and
Armstrong demonstrated that while procedure time did
increase, less contrast agent was used during IVUS-assisted
procedures; they felt that this was because of the fewer
angiogram runs to confirm stent size and placement. Never-
theless, the risk of additional catheter passages because of the
IVUS is a relevant concern, and minimizing the length of time
performing manipulations within the carotid artery is
important.

IVUS is also limited in its use as a diagnostic tool. Although
IVUS can provide more information about a plaque than DUS,
its use is limited to an inpatient setting. As IVUS is an
interventional procedure, it would not be possible to conduct
as an outpatient diagnostic service as DUS is done. IVUSmust
be performed by a trained interventionist, whereas DUS can
be performed by technologists.

Another limitation of IVUS to acknowledge is cost. Endo-
vascular equipment is expensive, and IVUS catheters are no
exception. The computerized imaging system itself is an
additional cost. However, if it can be demonstrated that
utilizing IVUS during CAS can producemore favorable clinical
outcomes, then these additional equipment costs would be
warranted. Specifically, if IVUS can help decrease the length of
hospital stay or readmission, then its use may be financially
rationalized. To our knowledge, there are no studies looking
at length of hospital stay following IVUS-assisted CAS com-
paredwith CASwithout IVUS; such a studymayhelp to clarify
these cost–benefit issues.

Conclusion

In summary, VH–IVUS has the potential for improving clinical
outcomes for patients undergoing CAS. Use of IVUS during
CAS has been shown to feasible and safe, however, sufficient
benefit of its use remains to be proven. In our experience, the
biggest benefit to IVUS has been its ability to guide optimal
stent placement within the carotid artery. Nevertheless,
limitations to its widespread use remain, including its cost
and limited analysis capabilities. Further studies looking at
long-term clinical outcomes are warranted, as well as the
development of better analytical software.
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