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Carotid Artery Disease Assessed
by Color Doppler Flow Imaging:
Correlation with Standard Doppler
Sonography and Angiography

Carotid artery di was d in 180 patients by means of color Doppler flow
imaging. Color Doppler findings in 360 carotid arteries were compared with the results
of standard Doppler sonography, and color Doppler findings in 60 bifurcations were
compared with the results of intraarterial angiography. The sensitivity of color Doppler
for the detection of carotid disease was 100% when compared with angiography. The
accuracy of color Doppler in classifying minor (40-60%), moderate (6 1-80%), and severe
(81-90%) stenosis ranged from 91.3% to 97.8% vs standard Doppler sonography, and
from 91.7% to 95.8% vs angiography. Whereas all occlusions were identified correctly
by both color Doppler and angiography, four pseudoocclusions of the carotid artery
were misdiagnosed as occluded. Characteristic features providing reliable criteria of
the degree of stenosis are (1) intensity, extent, and duration of color fading; (2)
postprocessed systolic peak frequency; (3) plaque extent on serial sonograms; and (4)
poststenotic flow patterns. Display of hemodynamic disturbances induced by less
pronounced plaques showed highly variable patterns that could not be anticipated from
the plaque morphology alone. Thus, color Doppler preserves the advantages of standard
Doppler and duplex sonography but provides additional information about otherwise
anechoic necrotic and thrombotic material that often causes cerebral embolisms.

With atherogenesis, repair mechanisms may be sustained or progression be stopped
by reducing the risk factors and instituting medical treatment; thus, the application of
this noninvasive technique is important.

AJNR 11:259-266, March/April 1990; AJR 154: May 1990

For more than a decade various sonographic techniques have been used for the
assessment of carotid arterial disease. Of these, continuous-wave Doppler and
single-gate pulsed wave Doppler sonography incorporated in duplex systems are
reported to be highly accurate relative to angiography for the detection and
classification of the degree of obstruction producing a narrowing of the lumen
greater than 50% [1-10]. In addition, the use of high-resolution B-mode real-time
sonography makes it possible to identify small, nonstenotic (<50%) plaques and
to describe their echo morphology [11-14]. Because standard duplex analysis
involves difficulty in detecting local alterations in flow patterns near small plaques,
and in separating these from complex blood-flow variants in the normal carotid
bifurcation, its general application is limited. Apart from the advantage of standard
noninvasive tests for the evaluation of carotid disease, the lack of a simultaneous
display of the morphologic-hemodynamic interaction of carotid lesions is a major
handicap in carrying out prospective follow-up investigations.

With the sonographic technique of color Doppler flow imaging (CDFI), the spatial
and temporal distribution of the color-coded Doppler signal can be visualized in
realtime and superimposed on a high-resolution gray-scale image of tissue and
vessel morphology. A few studies using CDFI have examined flow patterns in the
normal carotid bifurcation and confirmed previous in vitro investigations about its
unique and complex nature of physiologic hemodynamics; in particular, these
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studies illustrate a large interindividual variability of secondary
slow-flow phenomena separated from the laminar main-
stream flow in the carotid bulb, where atherogenesis starts
[15-17]. The inability to separate normal from abnormal flow
conditions induced by carotid plagues has represented
another obstacle for conventional sonographic techniques
[18, 19].

The capacity of CDFI vs standard duplex sonography was
investigated in a recent study [20], but the prototype used in
this series provided a less than optimal image quality. The
current study was undertaken to determine the advantages
and limitations of CDFI in the assessment of carotid athero-
sclerosis and to establish characteristic features for various
degrees of stenosis. CDFI was compared with standard Dop-
pler sonography in 180 patients and with angiography in 60
carotid systems.

Subjects and Methods

Between July and September 1988, 180 patients, 128 men 43-87
years old (mean age, 62 years) and 52 women 41-88 years old
(mean age, 63 years), were selected for the study. In all cases,
evidence of arterial disease of either one or both carotid systems had
been provided by conventional continuous-wave Doppler sonography
(MDV Delalande D-480/K, Rauenberg, W. Germany; operating fre-
quency, 4 MHz) and by Doppler sonography from duplex-system
analysis with a single-gate 5-kHz pulsed-wave Doppler probe (DRF
400, Diasonics Inc., Milpitas, CA). Both systems were used because
the spatial resolution of pulsed-wave Doppler for local flow analysis
is superior to that of continuous-wave Doppler, whereas continuous-
wave Doppler compensates for the limited capacity of pulsed-wave
Doppler to display very high and low Doppler shifts. Patients were
admitted for follow-up examination of asymptomatic extracranial ar-
terial disease (46%), for cerebrovascular events (28%), for peripheral
and/or coronary artery diseases (15%), or prior to vascular surgery
of abdominal or peripheral arteries (11%). Classification of the degree
of stenosis by means of standard Doppler sonography was consistent
with criteria defined previously [2, 3, 6, 8].

CDFI examinations were performed in a total of 360 carotid sys-
tems on a Quantum angiodynograph (HQAD PV, Philips Medical
System, Hamburg, FRG) using a 7.5-MHz linear transducer for si-
multaneous display of a gray-scale tissue image (B mode) and the
superimposed color-coded Doppler information. Blood flow away
from the transducer is coded in red and toward the transducer in
blue; color saturation indicates the velocity of the moving target. Each
pixel represents the peak frequency in a given space and time; this
allows a two-dimensional display of the spatial distribution of intra-
arterial flow, whereas conventional Doppler spectrum analysis sum-
marizes the various frequencies in a larger sample volume lacking
similar spatial resolution. Doppler maximum shift frequencies could
be measured between 150 Hz and 16 kHz. The technical details of
the instrument and results from normal carotid arteries have been
reported [15].

The examinations were performed in two steps: First, multiple
longitudinal and transverse B-mode sonograms were assessed for
analysis of the plaque extent and morphology; then, the color-coded
blood flow was superimposed for the evaluation of the hemodynamic
situation at the lesion site. Stenoses with greater than 40% lumen
narrowing were graded according to the following criteria: (1) degree,
extent, and duration of the fading color-coded Doppler signal; (2)
systolic peak frequency, obtained from postprocessing of the color
signal (green tag); (3) plaque extent on the longitudinal and cross-
sectional B-mode sonogram; (4) presence and characteristics of
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poststenotic flow pattern; and (5) pre- and poststenotic reduction in
flow velocity compared with that in the contralateral carotid artery
(Table 1). CDFI quality was classified as good if the high-resolution
B-mode sonogram clearly demonstrated normal or pathologic vas-
cular morphology of the bifurcation on longitudinal and cross-sectional
images, and if the intensity of the real-time color-coded Doppler signal
allowed a reliable distinction of normal blood flow from various
abnormal hemodynamic conditions.

Biplane intraarterial angiography was performed in 38 patients (60
carotid arteries) because of transient or persistent focal neurologic
symptoms in the carotid territory with a view to possible carotid
endarterectomy. Carotid surgery was performed in 13 patients with
a recent recurrence of events associated with severe stenosis. In all
cases the extent of the lesion and tissue characteristics as revealed
by CDFI were confirmed by the pathologic findings, for example,
suspected thrombosis and wall hemorrhage could be correlated with
anechoic, nonflow areas.

Two sonographic examinations were performed on the same day
in each patient, the investigators being blinded to the results of the
other studies. Similarly, angiographic findings were graded without
knowledge of the CDFI result. The degree of stenosis was determined
by caliper measurements of the stenotic and normal segments of the
lumen.

Results
Performance

Display quality depended largely on the experience of the
examiner and improved during the course of the study: initially
it was unsatisfactory in 24%, reasonably good in 52%, and
excellent in 24%. After 3 months of experience it was poor in
only 11% and satisfactory or excellent in 89% of the patients
examined. A high location of the bifurcation, an inability to
hyperextend the neck, or a very deeply located carotid system
were the main reasons for poor image quality. The longitudinal
configuration of the large transducer certainly contributed to
these difficulties. The display of the carotid bifurcation was
frequently easier when the approach was from a posterolat-

TABLE 1: Classification of Internal Carotid Artery Stenosis by
Color Doppler Flow Imaging

Description

Color fading (>4 kHz) only during
systole; long segment of in-
creased flow velocity; minor
plaque extent on B-mode im-
age; minimal poststenotic tur-
bulence

Color fading (>4 kHz) more cir-
cumscribed; increased diastolic
flow velocity; moderate lumen
narrowing on B-mode image;
turbulent and reversed post-
stenotic flow

Short segment of marked color
fading (>8 kHz); severe post-
stenotic flow reversal and
mixed turbulence; severe lu-
men narrowing on B-mode
scan; reduced prestenotic flow
velocity in common carotid ar-

tery

Classification
Low grade (40-60%)

Medium grade (61-80%)

High grade (81-90%)
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eral position with the internal jugular vein located in front of
the carotid artery.

Doppler Sonography vs CDFI

CDFI detected 72 small, nonstenotic plaques and eight
minor stenoses (lumen narrowing, 40-60%) of the internal
carotid artery (ICA) in 159 vessels classified as normal on
conventional Doppler sonography (Table 2). In 16 cases, local
abnormalities of the Doppler audio signal were related to 10
nonstenotic plaques and six minor stenoses identified by
CDFI. Five suspected low-grade stenoses of the ICA could
not be confirmed by CDFI. The number of misclassifications
of CDFI as compared with that of standard Doppler sonog-
raphy was small throughout various classes of obstruction.
However, one high-grade and all four subtotal stenoses were
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misclassified as occlusion by CDFI. One moderate and one
minor common carotid artery (CCA) stenosis, which were
assessed by CDFI alone, and two common carotid occlusions
are not included in Table 2. The overall accuracy of CDFI vs
standard Doppler sonography in the classification of stenosis
(lumen narrowing greater than 40%) and occlusions, not
including nine cases with poor CDFI quality, was 89.2%.

Angiography vs CDFI and Standard Doppler Sonography

Compared with intraarterial angiography, CDFI was more
accurate in classifying various grades of stenosis, whereas
standard Doppler sonography showed a tendency to under-
estimate the degree of obstruction, leading to misclassifica-
tion of one moderate and two severe stenoses (Table 3). The
four subtotal stenoses detected by standard Doppler sonog-

TABLE 2: Comparison of Doppler Sonography and Color Doppler Flow Imaging of the Internal Carotid Artery

Color Doppler Flow Image

Conventional Doppler Study Minor Moderate Severe Boor
Normal Plaque Stenosis Stenosis Stenosis Occlusion Qualit
(40-80%) (61-80%) (81-90%) y

Normal 79 12 8 0 0 0 0
Local signal abnormalities 0 10 6 0 0 0 0
Minor stenosis 4 2 65 2 0 0 4
Moderate stenosis 0 0 4 51 2 0 4
Severe stenosis 0 0 0 0 7 1 1
Subtotal stenosis 0 0 0 0 0 4 0
Occlusion 0 0 0 0 0 34 0
Total 83 84 83 53 9 39 9

TABLE 3: Correlation of Conventional Doppler Sonography and Color Doppler Flow Imaging with Intraarterial Angiography of the

Internal Carotid Artery

Angiogram

Minor
Stenosis
(40-60%)

Doppler Study

Normal Plaque

Severe
Stenosis
(81-90%)

Moderate
Stenosis
(61-80%)

Subtotal

- Occlusion
Stenosis

Color
Normal
Plaque
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Moderate stenosis
Severe stenosis
Subtotal stenosis
Occlusion
Poor display
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raphy but not displayed by CDFI were confirmed by angiog-
raphy. CDFI identified nine nonstenotic plaques correspond-
ing to the angiographic findings, but in three of 13 plaques
CDFI demonstrated increased blood-flow velocity at the lesion
site and hence suggested a low-grade stenosis. Standard
Doppler sonography, however, failed to diagnose 10 of the
small plaques. Overall accuracy of CDFI compared with an-
giography was 80%; the total sensitivity for the detection of
carotid artery lesions was 100%. Statistical evaluation of the
CDFl and conventional Doppler results vs angiography
showed that CDFI also had a higher sensitivity, specificity,
and accuracy for minor, moderate, and severe stenoses
(Table 4).

TABLE 4: Sensitivity, Specificity, and Accuracy of Color
Doppler (CDFIl) vs Conventional Doppler Study and
Angiography and Conventional Doppler Study vs
Angiography of Minor (40-60%), Moderate (61-80%),
and Severe (81-90%) Stenoses

Comparison . 5 =
Sensitivity ~ Specificity =~ Accuracy
CDF! vs conventional
Doppler (n = 360)
Minor 89.0 93.8 91.3
Moderate 89.5 97.5 94.2
Severe 87.5 98.5 97.8
CDFI vs angiography
(n = 60)
Minor 77.8 100 91.7
Moderate 100 941 95.8
Severe 87.5 100 95.8
Conventional Doppler vs
angiography
(n = 60)
Minor 66.7 93.3 83.3
Moderate 85.7 82.3 83.3
Severe 75.0 100 91.7

Fig. 1.—A, Color Doppler flow image of minor internal carotid artery
(ICA) stenosis (Doppler, 40% lumen narrowing) due to long-segment
plaque at posterior wall of bifurcation extending into ICA (arrows). Marked
color fading indicates increased flow velocity. CCA = common carotid
artery.

B, Corresponding angiogram shows smooth atheroma (arrows) produc-
ing minor lumen narrowing.
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According to the criteria for ICA stenosis (Table 1), Figures
1-3 illustrate typical CDFI findings in different degrees of
stenosis. In total occlusion, a late systolic short blue Doppler
signal was frequently observed, indicating flow reversal in the
residual stump of the ICA (Fig. 4).

Interaction of Plaque Morphology and Hemodynamics

Longitudinal and transverse B-mode sonograms of non-
stenotic lesions (<40% lumen narrowing) in the CCA, ICA,
and external carotid artery (ECA) (n = 154) demonstrated a
smooth surface in 47%, irregular surface structures in 32%,
ulcerations in 13%, and thornlike plaques in 8%. In contrast
to what might have been suspected, the actual hemodynamic

Fig. 2.—A, Color Doppler flow image shows minor stenosis in internal
carotid artery (ICA) (Doppler, 60% lumen narrowing) with moderate post-
stenotic turbulence. Arrows indicate extent of heterogeneous plaque. ECA
= external carotid artery.

B, Angiogram shows minor poststenotic dilatation (arrows), correspond-
ing to site of turbulent flow displayed by color Doppler.

Fig. 3.—A, Color Doppler flow image shows high-grade stenosis in
internal carotid artery (ICA) (Doppler, 80% lumen narrowing) due to large
calcified plaque (arrows) with short-segment maximum color fading and
mixed-color poststenotic turbulence and flow reversal. ECA = external
carotid artery.

B, Angiogram shows circumscribed high-grade ICA stenosis with
smooth surface (arrows).
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situation at the lesion site could not be predicted from the
plaque echo pattern, surface characteristics, or location alone
(Table 5): in about half of the cases, smooth plaques revealed
laminar flow (Fig. 5A), but detectable flow disturbances were
seen in 51%. For irregular plagues, turbulence was found in
only 36% (Fig. 5B); usually it was quite marked. If high-
resolution B-mode images demonstrated ulcerative lesions, a
turbulent flow pattern within the niche was observed more
often (Fig. 5C); turbulence was present in two-thirds with
small thornlike plaques (Fig. 5D). Independent of the associ-
ated surface structures, hemodynamic disturbances were
observed more often if the plaque bulged into the vessel
lumen.

With regard to cerebrovascular events, moderate or severe
turbulence was associated with otherwise inconspicuous flat
plagues and regular surfaces in seven of 23 symptomatic
patients. On the other hand, despite a significant association
of disturbed flow and ulcerative lesions (Table 5), flow reversal
could not be assessed in nine of 11 asymptomatic subjects
with irregularly surfaced plaques. This observation is of clinical
interest but is not statistically significant because of the small
number of cases studied. At the carotid sinus it was always
possible to differentiate turbulent flow in the presence of

Fig. 4.—A, Color Doppler flow image shows total occlusion of internal
carotid artery (arrow indicates occluded vessel) with blue-coded Doppler
signal in residual stump of internal carotid artery directly above bifurcation
(BIF). External carotid artery leaves insonation plane. IJV = internal jugular
vein.

B, Angiogram confirms occlusion of internal carotid artery. ECA =
external carotid artery.

TABLE 5: Interaction of Plaque Surface Characteristics
and Hemodynamics in Nonstenotic Lesions
(Lumen Narrowing <40%)

Associated Turbulence (%)

Plaque Surface No.
Absent Moderate Marked
Smooth 72 49 19 32
Irregular 50 64 14 22
Ulcerative 20 20 20 60
Thornlike 12 33 33 33
Total 154 49 20 31
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Fig. 5.—Color Doppler flow images in various types of nonstenotic
carotid artery plaques.

A, Smooth echodense, partially calcified lesion (arrows) without asso-
ciated flow disturbances.

B, Large, heterogeneous plaque (arrows) with irregular surface produc-
ing marked flow disturbances.

C, Partially calcified ulcerative plaque at posterior wall of internal carotid
artery (arrows) shows marked turbulence (blue color) within ulcer niche.

D, Very small, homogeneous, thornlike plaque (arrow) with associated
severe turbulence and flow reversal.

E, Large, anechoic plaque at posterior wall of bifurcation (arrows),
detectable only because of spared color signal.

F, Calcified plaque at anterior vessel wall shadows opposite wall struc-
tures and extinguishes color Doppler signal.

ICA = internal carotid artery; CCA = common carotid artery; BIF =
bifurcation; JV = jugular vein.

atherosclerotic plaques from physiologic zones of secondary
flow in the absence of adjacent echogenic areas. In some
cases the plague extent was underestimated owing to the
anechoic appearance, or plagues were not detected even on
the B-mode sonogram without intravascular color-coded
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blood flow (Fig. 5E). Calcified plaques at the anterior vessel
wall not only shadowed structures of the posterior wall but
also extinguished the Doppler signal (Fig. 5F).

CCA

Pathologic findings in the CCA were easily assessed by
CDFI. In patients with a dilative arteriopathy, hemodynamic
alterations due to the altered vessel geometry were charac-
terized by reduced blood-flow velocity, turbulence, and
marked flow reversal near the vascular wall (Fig. 6). The
narrowing of a long segment of the CCA lumen up to the
bifurcation with diffuse thickening of the vessel wall, detected
in one patient with histologically confirmed Takayasu disease,
produced a high blood-flow velocity indicating stenotic lumen

Fig. 6.—A, Color Doppler flow image of common carotid artery (CCA).
Dilative arteriopathy produces turbulence and flow reversal at vessel wall
(blue color) in CCA. ICA = internal carotid artery.

B, Angiogram shows dilated CCA up to bifurcation. VA = vertebral
artery.

Fig. 7.—A, Color Doppler flow image shows long-distance lumen nar-
rowing of common carotid artery (CCA) due to diffuse thickening of vas-
cular wall (arrows) with increased velocity of blood flow (color fading) in
patient with Takayasu disease.

B, Angiogram shows lumen narrowing of CCA (arrows). Internal and
external carotid arteries are not involved.

AJNR:11, March/April 1990

narrowing (Fig. 7). In cases of total CCA occlusion, CDFI was
useful in determining whether or not the ICA and ECA were
still patent (Fig. 8).

Discussion

CDFI is the most recent technical development in the
noninvasive evaluation of carotid artery disease. In order to
determine the capacity of this system for the detection and
classification of different degrees of carotid disease, we cor-
related both the two-dimensional flow information and the
echo pattern of the plaque with the results of angiography
and conventional Doppler sonography. The latter had proved
to be a reliable method for assessing and grading ICA ste-
noses in large studies published during the last decade [3, 5,
6, 8]. Because single-gate and multigate pulsed-wave Doppler
sonography provide discontinuously selected information
only, according to the geometry and location of the sample
volume within the vessel lumen, continuous-wave Doppler
sonography was used in addition for comparison with CDFI.

Characteristic abnormalities of the color-coded Doppler
signal in different grades of stenosis (>40%) and measure-
ments of the plaque extent allowed a highly accurate classi-
fication. In contrast to CDFI, conventional Doppler sonogra-
phy tended to underestimate the degree of stenosis revealed
by angiography. This may partly be due to the difficulty of
displaying the true morphology of the obstructive lesion on
angiography when only two dimensions are shown, but it also
results from the limited spatial resolution of the Doppler
method. In particular, classification of different degrees of
stenosis with CDFl is better than has been reported in studies
using pulsed-wave Doppler sonography: Zwiebel et al. [21]
over- or undergraded 31% of carotid stenoses, and Hennerici
and Freund [8] misclassified 37% of obstructive lesions with
lumen narrowings of greater than 50% when using a proto-

Fig. 8.—Occlusion of common carotid artery.
A, Color Doppler flow image shows patent internal carotid artery (ICA)
and atrophy of occluded common carotid artery (arrows). IJV = internal
jugular vein.
B, Corresponding angiogram proves patency of bifurcation branches
(arrows indicate flow direction from external carotid artery [ECA] into ICA).
Common carotid artery is occluded at bifurcation. VA = vertebral artery.
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type duplex scanner with a multigate pulsed-wave Doppler
system. Similarly, Fell et al. [22] found a correct estimation in
only 72% of 50-99% stenoses. Glover et al. [23] classified
the grade of lumen narrowing in accordance with the angio-
gram in 54% of the 30-70% stenoses; Roederer et al. [24]
reported a concordance of 86% for the 50-79% stenoses but
only 71% for the 80-99% stenoses. In the latter studies the
B-mode image was used mainly as a guide for the positioning
of the pulsed-wave Doppler sample volume. In only a few
studies was the accuracy of duplex sonography vs angiog-
raphy as high as in the present series. Jacobs et al. [25]
found that the overall accuracy of duplex scanning improved
during the course of the study; after 6 months 89% of 51—
90% stenoses were classified correctly.

Angiography has been the gold standard in the definition of
carotid lesions, and the availability of IV and intraarterial digital
subtraction angiography encourages outpatient studies. A
disadvantage of angiography, however, is that it tends to
overestimate the degree of the lumen narrowing because it
visualizes the lumen as opaque in two planes only. The arterial
wall remains a negative contour, and no information is avail-
able on its morphologic structure. In addition, aortic arch
angiograms alone may be insufficient for correct diagnosis.
Thus, for the noninvasive estimation of carotid obstruction,
the classification of the degree of stenosis may preferentially
be based on the abnormal features of the color-coded Doppler
signal and the various structural alterations of the plaque as
revealed by the B-mode sonogram.

The level of accuracy in the assessment of different degrees
of stenosis is far lower if B-mode scans are used without
continuous- or pulsed-wave Doppler sonography [13, 21,
26]. In a large multicenter validation study, Ricotta et al. [26]
reported a sensitivity between 36% and 43% for different
types of stenosis vs angiography. On the other hand, high-
resolution B-mode sonograms may detect early nonstenotic
atherosclerotic lesions even better, and may to some extent
provide useful information about the plaque configuration and
composition [11, 13, 14, 27]. Our present experience shows
that CDFI contributes important additional information to the
B-mode and Doppler-mode analysis already available in the
assessment of carotid plaques:

1. The color-coded Doppler signal at the lesion site im-
proves the evaluation of the extent of carotid plaques by the
simultaneous two-dimensional display of tissue structure and
the flow-velocity profile. One reason for this is the ability of
this method to directly assess anechoic plaque components
such as necrotic and thrombotic material, which now can be
identified adjacent to the vessel wall, and the atherosclerotic
plaque by sparing the color-flow signal in the absence of any
tissue reflection.

2. Differentiation of smooth and irregular surface structures
and identification of ulcerative niches are improved. Both are
of great clinical importance, since most cerebrovascular
events today are suspected to be of embolic origin, and the
vascular source of many hitherto undetectable ones thus may
be identified. In addition, repair mechanisms as well as pro-
gression of minor and moderate plaques can be followed
prospectively [28], which may finally influence risk factor
adjustment and medical treatment in individual patients.
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3. Prospective studies on the characteristics of hemody-
namic disturbances associated with various forms of carotid
plagues can now be performed to investigate whether dan-
gerous plagues are to be separated from benign ones. This
important problem has not been solved unanimously by
means of any available conventional sonographic technique.

4. With regard to conventional duplex sonography, the
additional use of a simultaneous display of hemodynamic
aspects in two dimensions facilitates the detection and eval-
uation of the degree and extent of carotid lesions consider-
ably. This will improve the reproducibility of findings and
compensate for one of the major obstacles of conventional
techniques, that is, interobserver disagreement.

At present, CDFI still has limitations, some of which are
temporary. In our series it failed to identify reliably four cases
of subtotal stenoses, although they had been detected by
conventional continuous-wave Doppler sonography. Intraar-
terial aortic arch digital subtraction angiography alone similarly
misdiagnosed these “pseudoocclusions” of the internal ca-
rotid artery, a condition that is characterized by (1) flow
velocities equal to zero distal to a very tight stenosis or
(2) segmental occlusion with retrograde filling from the siphon
[29-32]. Until recently the detection of this vascular condition
was restricted to the use of special angiographic techniques
of transfemoral subtraction angiography with selective carotid
and sometimes vertebral catheterization, and occasionally
long serial imaging runs of reduced flow rates and increased
injection bolus. However, CDFI now may offer an improved
diagnosis: we recently identified two similar cases with the
use of refined software with the facility to assess very-slow-
flow Doppler-shift frequencies (<150 Hz).

Although the rate of good or fair display quality increased
during the course of our study, 11% of the examinations in
the second half of the study population were unsatisfactory
when using strict criteria for adequate visualization of color-
coded blood flow and vascular structures. Because only a
few studies using B-mode imaging and duplex sonography
give data on image quality [12, 21, 25], comparison with our
results is difficult, but it can be assumed that CDFI provides
more technically good examinations compared with other
sonographic techniques, owing to easier vessel identification
and data acquisition with the color-coded Doppler display.

The results of the present study demonstrate that CDFI not
only preserves the advantages of conventional Doppler so-
nography and duplex sonography, but also provides impor-
tant additional diagnostic information. Part of its clinical rele-
vance is the improved assessment of carotid atherogenesis
from its early onset in as much detail as is currently possible.
This may be useful in prospective trials on the natural history
of carotid artery diseases. These studies can form the basis
for better knowledge about the pathogenesis of ischemic
cerebral events.
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