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Introduction 

Carorid disl.'aSl' causcs anatomical changc ,lt thc common caroticl bifurcation as 
weil as pathophysiological change ar rill' bifurcation and in dist:il circulation lwds. 
In rt:cl'.nt �T,1rs Sl'\Tr,1l importam studics luve bccn carricd nut in rhe field oi'
ultrasound in ordcr to display both the .rnatomical strucrurcs and rhc blood cin:u­
Lning through thc \'esscls ( 1, -L j, 6, 7, 10. 12, 15). 
lt is i111port:1nr to distinguish bern·ern Doppler and ß-mode imaging. Tlwv diffcr in 
thc Features outlined in 'fable� 1 and 2. Firstly and most irnpomnt. Doppler 
dc\·iccs imagc the blond now and rhus reveal only rhe 1·esscl lumen, which in most 
instanccs is approximarcly dispbyed. ß-modl'. sonography imagcs thc \'Cssd wall 
with precise deuil including deposited pbque. Sccondly; Doppb instruments in 
gcncrnl provide plwsiological intormation about blood flow, whilc B-mode de\'ices 
princip;d]y supply :matomic:d information. Finally, Doppler images are produ..:ed 
Lw repe:nt:dly moving the tran�ducer across the \'l.'ssel to «build up» an imat;e on 
thc displa�· sc,-cl'.n, whcn.:as in ß-mudc imaging thc sound bcam is rapidl_v swcpt 
:icross the 1·essel by electroni..: means to produce an inst:.111taneous l'iew of an entire 
segmcnt of vcsscl. 

Tabk 1: Different fratures of Doppler imaging ,b·irc 

Doppla

Regist,Ts .:dwcs rhat .m: rdued w \'dc"in· oi flnw in a moving column of blood 
Highlights ,·cssd lumen 
Provides �t.1tic irnag.:s. n)nsrrucrcd o,·er 10-20 minurcs 

Table 2: Difkrent fe.1tures of high resoluti,rn B-mode s,1tmgraphy 

H-.<C,111 

Registers rdinr.1 that arc rebted to variations in acoustical imprdancc 
Highlights vcsscl \\',111 
Provides instantaneous real-time images of the pulsating bifur-catiL>n in rransv�rse and 
longitud inal s�ctions 
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Doppler signals possess five features used in diagnosric cerebrovascular diseasc: 
sour e, amplirude, frequency, dim.:rion, and pulsatility ( 10). All of the diagnostic 
featurcs, orhcr than source of signal, reside in rhc time - varying frequern.:y -
amplitu<le spcctrum, which can be prcscmcd in an audible and/or visual format. 
Although visual presentations of Doppler signals assist the interpreter, the trained 
human car is also of great valuc. But thc human ear lacks somewhat in objectiviry 
and quantitation, qLialities provided by visual spectral displays. 
\Vith these rhoughts in rnind, ir can bc easily appreciated rhat the combinarion or 
Doppler carotid inuging, frcquency spenrurn analysis, and B-modc imaging repre­
sem an ideal ultrasound approach bY providing both pathophysiological and 
anatomical information. 
In the neurosonological laborarory at the Univcrsity Hospital, Innsbruck, the 
Dopplere...:hoflow- can II (Diagnostic Electrunics Corpor:nion) as ,veJI a - ehe Dup­
lexscan (Dinsonic) have bcen used in over 1,200 paticnts. 

Doppler Echoflow-Scan With Spectrum Analysis 

\'(lhite (1978) has uscd thc Doppler cchoflow scan ro devclop image analysis uf 
carotid \'elocicy d:n:1. This device employs a cominuous wave Doppler direcced nt 
the carotid bifurcation with computer analris of the vdocity information dis­
pbying thl: imngc in one color. This instrumcnt nppcars to be very accurate in thc 
detection of hcmodynamically significam stcnoses, in particular if combined with 
frequency an:ilysi. (8, 13 ). Du ring the past six momhs 414 carotid vesscls 011 which 
ehe Doppler imaging had becn performcd were compared with subscquL·nt angio­
graphy (Tablc 3). 

Tablc• 3: Comparisun uf Doppler echoflow scan and angiographic findings. 
' = + l + vcssels 

A ngiugra ph )' ]\ Dopplen:d1utlow-,..::in 

ReJ Ycllll\v ßluc 

0-39 =o +O-69 j 70-990

N,,rm.11 173 2(,+ 9 

J-35°0 + 35 5 
35-65 Oo 1+ 1 12 11 
6(,-99°c ·' 1 1 27 

ü..:dusion 10 

Pl.iqu<' 26 15 

O..:dusiun 

3 
1 

The following pitfolls could bc (lbscrved and can hc nvcrcome by using frcquency 
:rnalysis. 
1) \Xlhen a mild ·trnosis was present, therc wns no way of confirming whether the

increascd frcqucncie� were abnormal and indicarivc of a stenosis, or incrcased
but normal, as may occur in youni-; persons or in those ca ·es wich contralateral
Stenosis , nd ::i cumpensatory incrc.1sc in flo\\".

2) A furrher source of difficulty in c.1rotid Doppler im::iging is the dctection of
mo1-c th::in two 1·cssels ::it thc carntiJ bifurcation. ll is relativdy simple to mnp
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the anatomy by noting which vessel exhibits high or low resistancc flow charac­
tt:nsncs . 

.3) Se\·cn: stenosis can be misraken for occlusion. The flow velocicy is npparently 
nnr sufficient to produce a detectable Doppler shift resulting in an error of 
clinic1l importance (3 ). B-mode im:iging does not seem to be hclpful, since it is 
very unlikely that the riny lumen prescm in ehe severely srenoscd vessel will lx: 
idenrified . 

.f) Strongly attenuaring atherornatous plaque can result in wcak or absent Doppler 
signals O\·er a segment and lead to considerabl..: difficulty in mapping the vcssels. 
lt is imponant in such c:ises eo scrutinize the resist1mce index (RJ = A- A/B) nnd 
using pcriorbiral or poste1ior orbital studies for c:vidence supporting ur refuting 
occlusivc disease. The Rl, dcscribed by Pl:inilo and Pourcelot, is a quanritatil'e 
and sensitive method of mt·asuring common carotid tlow charactcristics. 

5) Supcrimposition of the cxrernal a�d internal carorid arteries can create a folse
impression of carotid occlusion. Thc internal carotid artery is usually assumed
to be ohstructed. This error c:111 be eliminated if one finds normal flow rcsis­
tance in the ipsibteral common carotid artcry and abscnce of external carotid
colbteral flow. The elusive vcsscl can usually chcn bc imaged by putting rhc
patient's hcad into an oblique position to one sidc or another and rcscanning
the bif urcation.

6) Significant crror can occur when rhe imernal carotid is occluded and exterml
carotid branches are mistaken for normal bifurcation. The principal means of
preventing this misrake is ro closely examine the pulse-velociry characteristics of
the Doppler signals heard in each of rhe bifurcation branch vcssel. These charac­
teristics can bc dctecred aurally in thc Doppler audio Output or visually by
frequent)' spectral analysis (2, 8).

The Doppler spcctrum is a name givcn to the band of frequencies which an: 
presenr in the Output of the Doppler receiver. A numbcr of different frequrncies are 
present because rhe red cells arc moving at different vdociries resulting in different 
flow profilcs. In the cchoflow scan 11 device Doppkr shifted frequency is shown on 
the vertical axis, time (on heart cycle) is shown on rhe horizontal axis, and :11npli­
tude is color codcd. 
The following frequcncy spectral abnormalities associated with stenotic lesions 
could be observed: l) elevation of pcak sysrolic and diastolic frequencies; 2) poor 
definition of thc upper margin of thc spcctrum during sysrole as a result of dis­
turbed tlow; .3) spcctral broadening in sysrole anJ diastolc due ro disturbed flow; .f) 
loss of the <•triplc peak» of rhe norm:d sonogram, and 5) poststenotic spectral 
broadening resulting from turbulence. Thc advanrage� of frequcncy spccrral anal­
ysis arc excmplified by our current rdiance on frequency analysis (hg. l and 2). 
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f-ig. 1: Stud\' uf c.1rmid .mcry perfurmed "·ith +Mit, transdun:r. Blm· region 011 mop indi­
cates sc,·crc Stenosis of tlw right and ldt imcrnal c:irotid artLT�'- Spectrum analysis of both
p.1thologic.1I arraics shnw� ,111 incrt·,m:d pc.1k frcqucnc,· tu 6.7 .111d g_9KH7 with high dias­
toli, fr·L'qucncy.
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Fig. 2: Study of c1roriJ arccrv pcrforrncd wich ehe Dopplerechoflow-scan. Standard color 
coding for l'arutid scanning inJicatcs sc,·cre stenosis of ehe right and lcft exrcrnal carutid 
artery. A frequcncy analyzcr is hdpful in distinguishing between the inrernal and extenul 
canniJ arteries. 
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Duplex 

High rcsolurion B-modc carotid imaging rcpresents a major advance in ultrasound 
cerebrovascular diagnosis because it directly examines the arterial wall. The defini­
tion of high rcsolution sonography includes axial and lateral resolution of :it least 
1 mm. Plaque can be detected and evaluated (Fig. 3). ß-mode sonograph�, should 
always bc uscd in conjunction with Doppler cechniques. As of coda); \Yc h:wc 
performed over 1,000 high resolution carotid examinations, mosr of all in conjunc­
tion with Doppler using a Duplex scan (Tablc 4 and fig. 4). 

Fig. 3: S�gittal and trmsvcrse 7.5 MHz ulrrasuund im.1gc of tl1t' kft carnrid artcry bifun:arion 
with duplex pulscci Doppler ulrrn,ound displa)· showi,,g .111 athl'mscll'rotic phquc. 
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T.1ble +: Comparison of rhe results of Duplex sonoh'rnphy and :.meriographr
N = 240 vcssels

An�riography Duplex sonography 
Normal 1-35 ,( 35-659t 66-99% Occlusion

Normal 171 167 

1-35 ° 0 21 5 II 1 

36-{,5 Oo 11 3 6 

66-99°0 13 I 3 7 2 

Occlusion 12 7 5 

Pbqut·s 11 

Plnqu.: 
4 

5 

2 

11 

\'i/e cxamined 2-l0 vessels by Duplex scan and subsequently angiographically. \Y/e 
routindy attempt to imagc thc cervical c:1rotid bifurcation in three longirudinal 
transducer posirions (axial view, anterolateral and posterolateral position) as weil as 
in the transverse view. Good quality transverse scan can almost always be obrnined 
in the common carotid and bulb, but it is frequently impossible to obtain satisfac­
tory transverse scans of the intern.al and cxternal carotids. 
Usin� B-sonography the following considerations have to bc taken imo accoum: 
1) T11e appearance of plaque protruding into the vcsscl lumcn can var) grcatly as

the image phone is moved. Successful sonographic carorid diagnosis clearly
requires an ability to «think» thrccdimensionally.

2) A pan of thc regions of ehe vessel rnay not be imaged with B-sonography.
3) The dilcmma of diagnosing a nearly occluded vessel is frequently not resolved

by usc of Doppler in conjunction with B-sonography, since flow may be too
sluggish to rcsult in a detectable Doppler shift, but this can be overcome by
using frcquency analysis.

-1-) A significant limitation of B-sonography imaging is the failure to visualize a 
thrombus. The failure to image a thrombus rcsultcd in sigr1ificam error in our 
study (15). 

None of the de,·ices is pe1fect at prcsent. \Y/c ha,·c to compcnsate the impe1fection 
of ead1 device by using a row of instruments and tests (8, 9, 14). The comparison of 
Doppler cchoflow-scan and Duplex scan underlilll: the eomplcmcntary role of 
thcsc devic1.:s (Tablc 5 ). Such a series of tests does provide 100% sensitivity, but to a 
certain degrcc tt also yiclds falsc positives. \V.Je believe that rhe sensiriviry or :tbility 
to dctect 1.:vcry positive lesion is the most irnportant function of any noninv:i ·ive 
dctection systcrn. 

Tablc 5: Curnp:irison uf findings reu:"in:J by Dopplerechofluw-sc:111 and Duplex 
sonogr:iphy. 
N = 280 vessels 

Doppler- N Dupll'x �onogr:iphy 
c,cl1oflu\\-SC:tn Normal Plaque l-35C::

Rl'd O-3'JOc 223 188 29 4 

Y�llüw -10-7 Oe l'J 1 9 2 

Blue 71-99°: 27 0 1 10 13 

O.:.:lusiun 11 7 
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f-ig . 4: A Juplcx mixcd modc display shows Doppler analysis proximal ro die plaque of righr
carotid bifurcarion. Thc display allows simultaneous B-scan imaging and Doppler spcctral
analysis from a known location in rhe stenoric area . Turbulent flow is casily identified by the
irregul:ir Doppler wa,·c forms. The quantitive hiscogram displays rhc averagc vclocity of
bloud flow. '--
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Summary 

In the t'valuatiun of the extr.1cranial c.Hotid diseast· Doppkr-echoflow-scan com­
bined with frcqucncy analysis and Duplex sonography were used routinely ro 
determinc thc accumcy of these mcthods. 
In carutid discasc, when: high rcsolution imaging and Doppler spectral :malysis 
complemcnr each othcr for diagnosis of all Stages of diseasc, thc tecbniques 
dt'scribed revcal an on�rall scnsitivitv of approximately 100% with the angiographic 
findings. Since angiographic findings show somc disach·:111tagcs in estimating thc 
morphology and hemodynamics of the carotid artery disease, the surgical findings 
rather rh:rn rhe X-r:1y findings rnust be the standard for evaluation of the ultrasonic 
rcsults. 
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