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he greatest advances in understanding and treating stroke

have occurred during the past 30 years. The advantages
of ultrasound for vascular diagnosis are well known : it is a
fast, portable, non invasive, repeatable and inexpensive
technique. Among various clinical situations for the application
of ultrasound to stroke care, the best established ones in-
clude :  early detection and characterization of extracranial
atherosclerosis and occlusive diseases especially at the caro-
tid bifurcation ;  evaluation of consequences of proximal
arterial occlusive disease on the distal cerebral vasculature ;

follow up of the natural history and response to treatment
of acute arterial occlusion that causes hyperacute stroke ;
detection of microemboli associated with cardiac and aortic
pathology and carotid artery surgical manipulation ; and  fol-
low up of the time course and reversibility of cerebral vaso-
spasm after subarachnoid hemorrhage. The field of ultrasonic
diagnosis also has detractors and limitations. Even now, the
technique is operator dependent’ in terms of the accuracy
and validity of its results. Newer technology has provided sig-
nificant advances in this regard ; however, it is necessary for
each laboratory to maintain a strict quality control in order to
maximize the benefits that this powerful technology can pro-
vide.

Keywords : Cerebrovascular; Ultrasound; TCD;
Carotid; Atherosclerosis
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(Neurosonology) ,

, duplex
(transcranial Doppler ultrasonography,
TCD)

000 0O 0000 Duplex 0OOO0
(Carotid and Vertebral Duplex

Ultrasonography)
Dulplex
mode(B mode)
Duplex B mode
pulsed
wave Doppler(PW) . PW



O 1. (IcA) (ECA)

Internal carotid artery External carotid artery

Size Larger Smaller
Location Posterolateral Anteromedial
Branches None Yes
Waveform Low resistance High resistance
Temporaltap ~ Negative Positive

, B mode

Daoppler sample volume

angle of insonation .

TCD

. Duplex

duplex

, , (innominate artery)

(aortic arch)

European(ECST), North American
(NASCET) Asymptomatic Carotid Atheros-
clerosis studies(ACAS)

duplex

duplex

1.000 DuplexOO OO0

TCD

(Carotid Duplex Ultrasonography)

(acoustic shadowing)
duplex

duplex

B mode
(plaque)
power Doppler

(velocity spectral bandwidth),

margin)

, color flow

(envelope

oooooo 621



Special Issue -

0 2. pulsed wave
(criteria)
Diameter Peak Peak End End
(collateral flow)
. Systolic Systolic Diastolic Diasolic
Stenosis . .
%) Frequency Velocity Frequency Velocity
(KHz) (cmis) (kHz) (cmis) (overestimation)
40~60 >4.0 > 120 >1.3 <40 , volume
61~80 >4.0 > 120 >1.3 > 40
81~90 >40 >120 >33 > 100 flow rate
) Doppler
(disturbed, high pulsatility, low
turbulent) , broad- end diastolic velocity, high Vs:Vd(systolic/ dias-

ening, jagged, sawtooth margin acoustic envelope,
.

North American Symptomatic Carotid Endarte-

rectomy Tria(NASCET) 70—99%

, Asymtomatic Carotid Atherosclerosis

Study(ACAS) 60—99%
90% @G, 9.
International consensus meeting

, (lumen) ,

(high resistance Doppler)
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tolic) ratio high

peripheral vascular resistance , low pul-
satility, high end diastolic velocity, low Vs:Vvd
(systolic/diastolic) ratio (turbulence)

low distal peripheral resis-

tance . Delayed systolic acceleration
95—99% (subtotal )
, color flow power Do-
ppler subtotal  total trickle flow
string flow
B mode
2 mm
, volume flow rate
GC D.
B mode
1986 Pignoli (6)
Wong  (7)
B mode



media thickness) (medi-
T T T T T
96 84 64 36
Cross-sectional area stenosis an) 0.5~1 mm
600 -120 , 5% 2 mm
Peak systolic velocity s - IMT bimrcation(BlF)
500 |- J , (CccA)
16
, aca
—_ ~N
g 400 |- 1% 3z . IMT  CCA(carotid
N
5 1 8 bulb proximal 1 cm
Q
% 200 Blood flow volume o qg)_ Segment) BlF(ﬂOW
.’g % divider proximal 1 cm
= |
€ 8 g segment), ICA(flow divider
<= 200 8
-6 distal 1 cm segment)
-4 )
100
) S IMT sampling protocols
Diameter stenosis(linear) 12
84 60 © 3 20 —]
O | | | | | | | O
o} 1 2 3 35 4 5
oo 1 flow volume .
1.5—2.0 mm ( 60—80% 10
) flow volume
flow volume ’
4%
B mode far wall (). 55 7,983
echogenic line  lumen (intima) 27 Rotterdam 12
, line (media) B mode
(adventitia) line
intima media thickness(IMT) 141 , 1.43
(IMT)
7.5—~10 MHz 0.15—0.2 mm
®, 10% Howard Atherosclerosis Risk in Communities
9). (mean intima (ARIC) ,

623

oooooo



Special Issue -

(13).
13).
LDL

. Salonen

(14), Blankhenhorn
LDL

(15) Crouse (16)
HDL

Asymptomatic Carotid Artery Progression Study
(ACAPS)(17), Cholesterol
Study(CLAS)(15) Pravastatin, Lipids and
Atherosclerosis in the Carotids(16)

LDL

Lowering Atherosclerosis

lovastatin, pravas-

tatin, colestipol niacin

B mode

B mode

B mode

. B mode low

intensity echoes(echolucent, hypoechoic, anechoic),

median level echoes(echogenic), high level or
intense echoes(hyperechoic) . B mode
bright )
echogenicity
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echoes homoge-
neous, mixed heterogeneous
plagque echolucent anechoic
. Homogeneous
echogenic (fibrous
component)
hyperechoic
acoustic
shadowing( echoes )

, (smooth, irregular, cra-
ter/ulcer), echodensity(anechoic, hypoechoic, echo-
genic, hyperechoic, echodense),

(shadowing), texture(homogeneous, heterogeneous/

mixed, ) (radial
longitudinal) radial
longitudinal ,

) (throm-
boembolism) hete-
rogeneous , Ulcerated

(amaurosis fugax), (reti-
nal ischemia)
(18).
BIF ICA (pos-

terolateral wall)

(posterolateral longitudinal view)

(lateral view)
. B mode

(ultrasound beam)



(transducer)

(angulation), B mode image beam steering

, color
flow (transverse view)
2.0000 Duplexd oo

(Vertebral Duplex Ultrasonography)
VA)
(subclavian artery)
(innominate artery)
, VA
(collateral flow)
duplex du-
plex
VA
(tranducer) (posteroinferior)
(transverse process)
acoustic shadow VA ,
C4 5level
B mode
(right, 3.81 mm : left,
3.88 mm). VA (low resis-

tance spectral pattern) ,
duplex

(subcalvian steal syndrome)
VA
spectral waveform,

(blood pressure cuff)
reactive/ischemic hyperemia
(mild, latent steal pheno-
menon) , )
(true in-

tracranial steal)

000 00000
(Transcranial Doppler Sonography)

(Transcranial Doppler Sonogra-

phy) circle of Willis

1982 Aaslid 2

MHz pulsed wave

(vasospasm)

1.0000
(Examination Technique and Vessel Identification)

(window), ,
sample volume , ,
(tracing) ,
(ICA, MCA, ACA),
(MCAL ACALI PCA),
. TCD
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0 3. Willis circle TCD s
' 3
Artery Depth(mm) Direction Children Adults .
(@)) (Middle Cerebral
M1 MCA 45~65 Towards <170 cm/s 32~82 cm/s
ALACA 62~75 Away <150cmis  18~82cmis Artery, MCA)
ICA siphon 60~64 Bi directional <130cm/s 20~77 cm/s 66 mm
OA 50~62 Towards Variable Variable
PCA 60~68 Bi directional <100 cm/s 16~58 cm/s ’
BA 80~100+ Away <100 cm/s 12~66 cm/s
VA 45~80 Away <80cmis 12~66 cm/s
ACA : anterior cerebral artery, BA : basilar artery, ICA : internal carotid artery
MCA : middle cerebral artery, PCA : posterior cerebral artry, VA : vertebral artery s
OA : ophthalmic artery
(acoustic window) 40—60 mm (mean flow velocity,
, (temporal window), MFV) 40—80 cm/sec
(orbital window), (suboccipital window)
(submandibu-
lar window) (retromandibular win- 90—110 m
dow) . 3 ,
() (Anterior Cerebral Artery, ACA)

1) 000 00 (Transtemporal approach)

66—74 mm MFV 35—70 cm/sec

(zygomatic arch) (posteri- ) 80 mm
or window), (anterior
window), (middle window) ,
(probe)
(©)] (Posterior Cerebral Artery, PCA)
60—70 mm P1(posterior cerebral artery
(CCA compression) , 1 , P2(posterior cerebral artery
(atheroma) . 2 P1
2—3 , P2
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MFV  20—55 cm/sec

10—20% , 10—
20%

2) 000 00 (Transorbital approach)

siphon
power 12
w/
sample volume
scale
power
@ (Ophthalmic Artery)
40—60 mm ,

MFV 10—30 cmv/sec, Pl 1.0

siphon

50 mm

() (Intermal Carotid Artery, ICA) Siphon
60—70 mm
C4 ,C2
MFV  30—65 cm/sec
Cc4

70 mm

3) 0000 00 (Suboccipital approach)

@ (Vertebral Artery, VA)
55—70 mm

MFV 20—50 cm/sec

(hypoplasia)
(retromastoid
approach)
40—60 mm
() (Basilar Artery, BA)
80—110 mm MRV 20—
60 cm
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4) 00 00 (Transcervical approach)
(man-

dible angle)

. Sample volume

power
duplex

2.000000 TCD
1) Screening and Evaluation of Intracranial
Major Vessels

MR angiography(MRA)

. MRA
(artifact) ( siphon
), ,
TCD
MRA
PCA
MRA
TCD AL
VA (hypoplastic)
MRA TCD
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2) Early Detection and Followd up of Vasospasm

TCD (vasospasm)
TCD
TCD MCA
ICA (hemispheric index)
( )

(SAH)

3~4 ( ) TCD

3) Emboli Detection

TCD
5 )
(high intensity transient

signals, HITSs). « )
HITs

(false positive, false negative)
PFO(patent foramen ovale)
(paradoxical emboli)

4) Subclavian Steald OO



. TCD

. TCD
4—6 MHz pulsed wave Doppler
duplex , 4 MHz continuous wave

Doppler

TCD

500 0000 00 00o0b 0ooo oo ooo
oo ooooo oo

(extracranial ICA)

@ ACA A com(anterior communi-
cating artery) ACA MCA
() (ophthalmic artery)
ECA siphon ,
(©)] (internal maxillary artery)
siphon )
® p com(poste-

rior communicating artery)

siphon(ICA)
TCD TCD
ACA 2.0—~1.75 mm
0% )
(G
(breath holding)
TCD MCA
(vasomotor reactivity)
0o oo
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