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Intravascular Ultrasound: Principles and
review armicte | Cerebrovascular Applications

H. Zacharatos SUMMARY: Inravascular soncgraphy 8 valuable ool fof the morpholope asgasament of corgnany
AE. Hassan atherosclarcsis and the affect of pharmacologic and nonphammacologic interventions on ihe progras-
Al Qureshi Siom of Stalhzation of alhercdslorosis. An analysis of the differant modes, apphcations, and imitatons

i% pravided on the basis of reviewr of existing data from multiple clinical case studies, tiaks, ard
mgchanistic studies, Intravascular sonography has boen used to assess the outcomes of different
porcutaneous miernventions, including angioplasty and stent implantation, and to provide doetailed
characterization of atheroscleratic lesions. aneurysms, and dissections within the cerebrovascular
circulation. Evelution of intravascular sonograghic technodogy has bed to the development of more
sophisticated diagnostic tools such as color-fow, wnwsl histology, and miegrated backscaties mira-
vascular sonographiy. The technolegic advancement in inravascular soncgraphy has the patential of
prossding more sccurate inormaton piod, dunng, and alter a medecal of endovascular iIntensention
Continued assessment of this dingnostic technigue in boath the inracranial and extracranial croulation

i

E

will lpad to increased use in clinical practice with the intent 1o improve outcomes

ABBREVIATIONS: C| = conlidence interval, EEL = axternal elastic lamina; 0.0, = outer diameter

CI.lln:'nlI:.'1h-.':-: are 3 types of sonography used to assess the
extracranial and the intracranial circulation: 1) transcra-
nial Doppler, 2) B-maode sonography, and 3) intravascular
sonography (Tablel. The maorphologic appearance of the
intra-arterial and intravenous circulation can now be visual-
ized by using intravascular sonography, which has become a
commonly used diagnostic technique for randomized clinical
trials assessing coronary plague progression and regression.'
Whith excellent resclution, intravascular sum:l;'rnph}' |'r'rm.'i.d|.'s
cross=sectional images of both the arterial wall and lumen and
identifies intimal flaps and irregularities, and the composition
and extent of the atherosclerotic plaque.”™ Evolution of the
imtravascular sonography technology has led to the develop-
ment of more sophisticated diagnostic tools such as color-
flow, virtual histology, and integrated backscatter intravascu-
lar sonography.” The successful application of conventional
{gray-scale) intravascular sonography in the coronary arteries
hixs led toits application within the extracranial and intracea-
nial arteries, Recenly, imravascular sonography has also been
used 1o identify and characterize caratid artery aneurysm, dis-
section, and thrombaus,®

Intravascular sonography has been used successfully to as-
sist in making measurements before and after percutancous
transluminal balloon angioplasty and stent placement, with
uln!:lhu:.is- on the identification of stent underex pnll_u'ml.. poor
nppusil'im. subacute stent thrombsosas, and ]':-l:u.;l.u.- protru-
sion,™'" Real-time dynamic intravascular sonography of the
cervical common carotid artery and internal carotid artery can
detect defecis that are not readily apparent by conventional
angiography, such as residual stenosis, suboptimal plague
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coverage, arterial dissection, poor wall apposition of the stent,
superficial calcification, atherosclerotic plaque progression or
regression, and plaque ulceration.'"™" The sensitivity and
specificity of intravenous sonography 15 higher than those of
angiography and MR imaging for studying the vessel lumen
diameter and characteristics,'"* High extracranial caratid ar-
tery lesions are best evaluated with intravascular sonography
because they are nod well visualized with conventional fonin-
vasive sonography.'® The growth of endovascular practices
and intravascular sonography capabalities has set the stage for
broader use of this technology in neuroendovascular proce-
dures across the United States (Fig 1).

Conventional Gray-Scale Intravascular Sonography

Theintensity of reflected sipnals that are collected by the intravas-
cular sonographic transducer enables the creation of conven-
tional gray-scale images.” The elastin and collagen organization
within the anterial wall provides the substrate that beads 1o differ-
ent sonagraphic scattering propertics between the individuwal lay-
ers, Sonography presents the intima (inner liyer) as a white (hy-
perechoic) signal and the media as a dark (hypoechaic) and
echolucent :1i5,nn]. The qunmndinE adventitia, the awlermost
layer, ]:lrl:wJum a whate I:hﬂ'l-::muhnid.'] xiﬁnnl The arteral wall of
the rormal elastic arteries typically has a homogeneous appear-
ancewhen imaged by intravascular sonography, secondary to the
clastin in the media. Hypoechobe (dark) media are seen when
muscular arteries are visualized, due to the presence of arterial
smooth muscle cells (Fig 2 1LY The common carotid artery and
the distal internal carotid artery both have a muscular and elastic
component. Manninen et al'® consistently found 3 different cir-
cumferential signal-intensity patterns in the distal internal ca-
rediall artery segment visualized by intravaseular sonography, dur-
ing life and after death. The common carotid artery typically hasa
characteristic hamageneous structure,' The arterial wall of the
internal carotid artery bulb can have marked variation because it
is typically a transitional zone, With regard 1o variows parts of the
caredid artery wall imaged by intravasoular sonography, there ap-
pears to b a continwam of Ending:..'“ Mural thrombais, free-
|'|-|:|.'|I!i.1'|1; dot, and echolucent dsease ke nesintimal ]\:.'I'mrplmsin.
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