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1. B mode / Color flow

+  CCA carotid IMT

*  Luminal diameter

+  Carotid plaque: location, surface, echo
2. Spectral Doppler

*  Multiparametric approach

*  Flow velocity measurement:
Angle of insonation / angle correction

3. Closing

CDUS: 2-step, or duplex, procedure

* Imaging
* Brightness-mode (B-mode) - gray scale
+ Color-Doppler or color-flow
+ Spectral-Doppler
* Blood flow velocity
+ Signal: both visual and auditory
+ Signal has peaks and ebbs (systolic and diastolic)

Brightness or
color Doppler image

Intima-media thickness
Plaque
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Carotid Duplex Ultrasonography: B Mode and Spectral Dopper

Intima, media, and IMT

Normal artery
- wsea’ Media (m) = 2.5: 97.5 (%)
+ Median intima thickness, 0.02 mm

Diseased (thickened) artery
+ Intima : media (m)= 20 : 80 (%) --—- 10 times

Plague formation
* Intima : media (M) = MAJOR : minor

Intima-media thickness (IMT)

+ A'‘double-line’ pattern: IMT
ICAE
the first echogenic —~ cA
interface on the far wall, _—— —F—pm
lumen-intimainterface, — . "

il study
subjects

subgroup, INHayer at least siong
2.5 cm clearly visible

the second; the media-
adventitiainterface.

Schmidt-Trucksass A, et al

Figure 3 True longitudinal plane simultanecusly demonstrating
double lines on the near and far walls of the commeon carotid
artery (“double-line” sign).

Instrumentation

Table 4 Instrumentation apd diealay

State-of-the-art ultrasound sy:
Digital image acquisition an
Phantom scans every 6 mo
Semiannual routine preventi

Transducer
Linear array
Minimal compression (<10:
Fundamental frequency = 7
Footprint = 3 cm

Lisplay

ingle focal zone
Frame rate = 25 Hz
High dynamic range
Clear 3-lead electrocardiogr
Annotate images to describ
Carefully adhere to predefinec

DICOM, Digital Imaging and Communications in Medicine,

Probe orientation
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Anterior

Lateral

Figure 2 Head position and probe orientation for carotid ultra-
sound scanning, right-side example.

Lee JS, Jeong SK. JKNA 2007

Anterior
e

Which one is better

Figure 2 Head position and probe orientation for carotid ultra-
sound scanning, right-side example.
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Carotid Duplex Ultrasonography: B Mode and Spectral Dopper

Carotid artery

» - il o
< 2 \ Gerhard-Michael, von Reutern, MD, PhD
Neurosonology Section, WCN 2013

Gain setting

IMT measurement
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Level

+ Common carotid artery
+ Carotid bulb
+ ICA (ICA bulb portion, distal ICA)

Bifurcation

b ole |
10mm  510mm 10 mm

Far wall, distal CCA

Gariapy J. et al. Arterioscler Thomb Vase Biol 1958;18:584-550

End-diastolic phase (R wave)

+ End-diastolic phase >
peak systolic (about 5%)

[
R
[

T 3
2

g

* Reduce variability |
+ The less arterial diameter, A '
the more IMT
+ P-Rinterval mid-way (a) | }
> QRS (R) R AL

|

Selzer RH, ot al Amerosoieross 2001154185153

IMT measurement: (precision, reproducibility)

* Hand measurement
(An outsider group)

Howard G, et al. ARIC study Stroke 1993;24:1297-1304

+ Computer assisted measurement: higher
reliability coefficient (R > 0.99)

Graf 5, et al. Ulirasound Med Biol 1989;25:1353-1363
Salonen JT, et al. Lancet 1993;341:1158-1159
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Carotid Duplex Ultrasonography: B Mode and Spectral Dopper
|

+ 67, man with transient right hemiparesis
Case + Risk factor: HTN, T2DM

+ 67, man

« CC; TIA

+ Risk factor; HTN, T2DM
+ Carofid IMT

+ Right CCA;

>95% tile 90-95% tile

Aeberosclerosis Y48 [30014) 230-236

Cortents lists svailabilo 91 Sciencallinect

- i' Atherosclerosis
Ll

."..J..\l_\ 1ER. Journal www.elsevier.

MNormative and mean carotid intima-media thickness values according @M‘*
to metabolic syndrome in Koreans: The Namwon Study

Carotid plaque

Table 3
[Micaen CCA-IMET [ vl i Finp s v g
Mo Mean (5D wia Fange Pecentie
5 W t: =0 75 90 ke

w;:n,,n 61 Q600N 0006 04507 08 0506 0545 0S5 0BET  OTH OTM .A deﬁnltlon of plaque'
5054 years 5 Q671 0.107) QE50-0.655 05000584 059 0546 ass 0653 o 0 [} o) .
5558 years 6 QT 0135 ﬂ:ﬂ? 0.735 0450 1.462 o549 asT s 0683 o 0867 0524 . . .
Chem ) bl e aoim Gus s Gm on  am «Classification of carotid plaque
T0- T4 years 5] 0787 (0.1 23) 07680506 O52-1.31 0sas [T53 e orm [T} [ET] o0

Sub-total ny 0.740 (0.1 36) 0730-0.75%0 0451462 09 0550 43 arm osn 08 L2
Females”

4540 yeans 5. 0613 (0.101) 0602-0 624 04151284 0&54 0504 s 05 0862 orn o050

5054 years 4 Q653 (0.116) 06400 665 04341371 0505 s 0575 0640 0599 orse 0867

55-50 years. e 0689 (0.107) 06760201 0460-1,0 0509 0550 0508 0685 [E 7Y 0sn 085

064 years. 16 0718 [0.100) 0n7-0.7% 0401 0 058y LY s o6 ke ) 0863 0512

6568 years ms QT53(0.014) 0741-0.765 46D 1,196 054 as17 e85 arm 0323 094 055

TO-T4 years e QTR (0.422) AT61-0.795 05051384 0ss [T QEBE arrs 083 0857 1004

Sub toeal 1382 0657 (0.1 23) 061 -0 0415-1371 0509 0545 0sas 068 L 0564 0514

—~ H H
Plague = Atherosclerosis A process of atherosclerosis
+ Arteriosclerosis:
+ achronic disease in which thickening, hardening, and loss of * Type
elasticity of the arterial walls result in impaired blood Adaptive thickening of intima
circulation.

Macrophage foam cell
Extracellular lipid pool

Core of the extracellular lipid
Fibrous thickening

Plaque fissure and thrombus formation

+ Aging, hypertension, diabetes, hyperlipidemia, and etc.

+ Atherosclerosis: focal ! -

« aform of arteriosclerosis characterized by the deposition of
atheromatous plaques containing cholesterol and lipid in the
innermost layer of the walls of large and medium-sized
arteries.

S R
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oam cells

,-——
rophage |
|

Type i
(preatheroma)

extracellular '|
lipid

The average advanced atherosclerotic plaque contains 68% fibrous tissue, 24% lipid (16%
necrotic core, 7% free cholesterol and 1% foam cells) and 8% calcium.

Ruptured plagues (formerly vulnerable) contain proportionally mere necrotic core (=40% of
plaque volume). Vulnerable plagues tend to be outwardly remodeled with a relatively large
plaque burden measured pathologically (50-75% of cross-sectional arterial area).

Definition: carotid plaque by US

+ Carotid plaque

+ Focal structure encroaching the lumen of
atleast 0.5 mm

+ or 50% of the surrounding IMT value
» or a thickness > 1.5 mm

Touboul PJ, et al. Cerebrovasc Dis 20012

Atheromatous plaque

c ing more than 0.5 mm
unding IMT value,

Plaque2 O1C| 0ff?

—anr 5 WSS distribution along carotid artery

systolic diastolic

f“ — = Outer wall of bifur
i S T | (bulb portion)

Lee SH, Jeong SK. J Mech Sci Tech 2012

Carotid plaque measurement?

CARDTID PLAGUE
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Carotid Duplex Ultrasonography: B Mode and Spectral Dopper

Carotid plaque with B-mode

* Plaque echogenicity (vs. SCM)
« Echolucent: lipid, hemorrhage, thrombus
+ Dominantly echolucent
+ Dominantly echorich (or echogenic)
« Echorich: fibrosis, calcification
+ Homogenous vs. heterogenous

+ Surface regularity: ulcerated

Carotid plaque with B-mode

plaque calcification

—
e e

N e

‘Elu_g_uc ulceration
o — -~

Spectral Doppler

Blood flow velocity
ICA stenosis

EC

Measurement of BFV (freq)

Aliasing

Angle of insonation / angle correction
Velocity cursor placement

Doppler gain

Irregular heart beats

Angle of insonation

+ The angle between the transducer and the
vessel being studied

* Should be with the smallest possible angle of
insonation It
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Angle correction

+ Adjustment of the Doppler angle and is used to
calibrate the velocity scale for the angle between
the US bean and the blood flow being measured

+ Doppler shift frequency = velocity scale

+ The true Doppler angle by placing the cursor
parallel to the direction of blood flow

+ |deally, 40°-60° angle relative to the transducer

Small incident angle of 60 or less is essential

g 20 £y - Cosb V=frci2*n Angle correction

W Hz
t: Med V

A
U AT

ol L

18.0cmis

- 40

\ ',"-'f'.';‘llftfﬂ y w.t‘pf“'m. i muwl. I g ol ',4":' 2

sV .ngl( -60°)

Size 15 mm
Freqd0 MHz
WF Low
Dop 56% Map ¥
PRF 8333 Hz

Size 15 mm
Freqd0 MMz
WF Low
Dop 5% Map
PRF 8333 Hz

Angle of insonation - angle correction

170

2014 HEHIZDLSIS| H337E S8 THE - 240l -




Carotid Duplex Ultrasonography: B Mode and Spectral Dopper

Spectral Doppler help diagnose
ICA stenosis and its grading?

Diagnosis of ICA stenosis

Table 14.  Summary of Recommendations Regarding the
Selection of Revascularization Techniques for Patients With
Carotid Artery Stenosis

ICA Stenosis scale -- angiography

MNASCET

Symptomatic Patients Asymptomatic TRADITIONAL
Patients:
50% to 69% 70% to 99% 70% to 99% el 5 A
Shemosie oneels Semoié Table 8. Comparison of the Metho
Endarterectomy Class | Class | Class lla Measurement Used in ECST and NAS
LOE: B LOE: A LOE: A -
Stenting Class | Class | Class llb ) . .
LOE: B LOE: B LOE: B SEDIE) Siiatits Sote N
The severity of stenosis is defined according to angiographic criteria by the 65% Stenosis
method used in NASCET? but generally corresponds as well to assessment by 70% Stenosis
sonography'? and other accepted methods of measurement. See Section 7.2 90% Stenosis
to 7.4.4 for details.
LOE indicates level of evidence. | e
Brott TG, et al. Strokgrai baril
Stenosis = diameter (or area) reduction
=~ BFV increase, 2-3 times
100 ¢
55| Sl st Spectral Dgppler help dlqgnose
3 50% diameter reduction ICA stenosis and its grading
N 75% area reduction
8
g5t . .
with changes of flow velocity!
25 50 75 100
%Diameter Reduction
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TABLE 3
Consensus Panel Gray-Scale and Doppler US Criterla for Diagnosls
of ICA Stenosls

Primary Parameters

Additional Parameters

Degree of ICA PSV Plaque Estimate ICA/CCA PSV ICA EDV
Stenosis (%) (em/sec) (%)" Ratio (cm/sec)
Normal <125 None <20 <40
<50 <125 <50 <20 <40
50-69 125-230 =50 2.0-40 40-100
=70 but less than =230 =50 =40 =100
near occlusion
Mear occlusion High, low, or  Visible Variable Variable
undetectable
Total occlusion Undetectable  Visible, no Not applicable  Not applicable
detectable
lumen

* Plaque estimate (diameter reduction) with gray-scale and color Doppler US.

Grant EG, et al. Radiology 2003

5. Closing

Feel comfortable while dong CDUS!

Summary |

+ B mode for carotid IMT
+ Definition of carotid IMT
+ Depth 4 cm

+ 3 Probe orientations: anterior/lateralfposterior
- postero(lateral) for pressure minimization

+ Cardiac gating (R wave)

+ B mode for carotid plaque
+ Plaque description and classification
+ Diameter

Summary I

+ Spectral Doppler
+ ICA stenosis (NASCET criteria)
+ Multiparametric approach including ICA PSV
+ 125-230cmfs, 2-4, 40 - 100 cm/s

+ Blood flow velocity measurement
+ Angle of insonation / correction
+ Velocity cursor placement, Doppler gain
+ Iegular heart beats
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Carotid Duplex Ultrasonography: B Mode and Spectral Dopper
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