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Diagnosis of Internal Carotid Artery Stenosis Greater
than 70% with Power Doppler Duplex Sonography

Masatoshi Koga, Kazumi Kimura, Kazuo Minematsu, and Takenori Yamaguchi

BACKGROUND AND PURPOSE: Duplex sonography is an effective tool for evaluating in-
ternal carotid artery (ICA) stenosis, and power Doppler imaging has improved its value in this
regard. Our goal was to elucidate which parameters, such as linear stenosis, area stenosis, and
peak systolic velocity (PSV), are the most reliable predictors of ICA stenosis greater than 70%
using the method proposed by the North American Symptomatic Carotid Endarterectomy Trial
(NASCET).

METHODS: Duplex sonography with power Doppler imaging and cerebral angiography
were performed prospectively in 75 patients (135 vessels). The grade of stenosis on angiograms
was calculated by the NASCET method, and linear stenosis, area stenosis, and PSV were
measured in the most stenotic part of the ICA.

RESULTS: Angiography revealed 20 ICA vessels with stenosis greater than 70%. The cor-
relation between angiographic stenosis and linear stenosis, area stenosis, and PSV was .82, .78,
and .84, respectively. A sensitivity-specificity curve analysis determined optimal threshold val-
ues of linear stenosis, area stenosis, and PSV as predictors of ICA stenosis greater than 70%
as 74.7%, 83.3%, and 200 cm/s, respectively. Calculations of positive and negative predictive
values, and accuracy using the optimal threshold values were 90.5%, 99.1%, and 97.8% for
linear stenosis; 76.0%, 99.1%, and 94.8% for area stenosis; and 100%, 100%, and 100% for
PSV.

CONCLUSION: All parameters corresponded relatively well with angiographic stenosis. In
particular, PSV greater than 200 cm/s was the most reliable predictor of ICA stenosis greater
than 70%. We believe that the combination of parameters plays a crucial role in the accurate
assessment of ICA stenosis.

In 1991, the North American Symptomatic Carotid
Endarterectomy Trial (NASCET) proved conclu-
sively the effectiveness of carotid endarterectomy
in patients with symptomatic internal carotid artery
(ICA) stenosis greater than 70% (1). Although con-
ventional cerebral angiography was used to assess
carotid stenosis in the study, this technique carries
a 0.5% to 5% risk of permanent neurologic deficits
(2, 3). Therefore, duplex carotid sonography may
be effective for evaluating the presence and sever-
ity of carotid stenosis to minimize these risks.
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Peak systolic velocity (PSV) as measured by du-
plex sonography is a widely accepted and reliable
diagnostic method for assessing ICA stenosis (4–
10). Recently, color Doppler flow imaging has
shown not only high accuracy but also excellent
reproducibility in the assessment of carotid steno-
sis. Moreover, power Doppler imaging, the most
recent sonographic innovation, generates intravas-
cular color signals based on the reflected echo am-
plitude produced essentially from the amount of red
blood cells within the sample volume. Thus, the
color display on power Doppler images is indepen-
dent of the angle of insonation and, more impor-
tant, from the velocity and direction of moving
blood cells, increased sensitivity displays continu-
ity of the stenotic lumen. Therefore, power Doppler
imaging more accurately depicts ICA stenosis by
providing better visualization of the stenotic vas-
cular lumen than does color Doppler flow imaging
(11–14).

Discrepancies between the effectiveness of du-
plex sonography and angiography have been doc-
umented previously (9, 13, 15). To evaluate the de-
gree of ICA stenosis by using duplex sonography
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with power Doppler imaging, such parameters as
linear stenosis, area stenosis, and PSV are frequent-
ly used. The aim of this study was to elucidate
which parameters are the most reliable for predict-
ing ICA stenosis greater than 70% by the NASCET
method (16).

Methods
Between May 1, 1997, and October 30, 1998, 75 patients

(66 men and nine women; mean age, 63 years; range, 34–78
years) with cerebrovascular disease underwent sonographic ex-
amination with power Doppler imaging within 1 week before
or after cerebral angiography. One ICA vessel could not be
evaluated by cerebral angiography owing to technical difficul-
ty, and duplex sonography could not be performed in five ves-
sels because of inadequate insonation due to calcifications.
Therefore, 144 vessels were examined in the present study.

Duplex sonography was performed by an experienced cli-
nician using an ATL Ultramark 9 HDI (Advanced Technology
Laboratories, Bothell, WA) unit with a linear-array pulsed
wave transducer operating at 5.0 to 10.0 MHz. The pulse rep-
etition frequency was primarily 5000 Hz, and the low-pass
filter was 50 Hz. Imaging was performed while the subjects
were lying in a supine position with the head turned away from
the side being scanned and the neck extended. The ICA origin
was examined in longitudinal and transverse planes using an-
terior, lateral, and posterior approaches by both B-mode im-
aging and power Doppler imaging. Using power Doppler im-
aging, we measured the degree of diameter stenosis in
longitudinal views (linear stenosis) and the percentage of area
reduction (area stenosis). Linear stenosis (%) was calculated
as [1 2 (r/n)] 3 100, where r is the diameter of the residual
lumen and n is the diameter of the normal vessel, using the
longitudinal plane on power Doppler imaging. Area stenosis
(%) was measured as [1 2 (Ar/An)] 3 100, where Ar repre-
sents the area of the residual lumen and An represents the area
of the normal vessel.

To measure blood flow velocity on longitudinal scans, a
5- to 7-mm sample was set in the ICA and displayed as linearly
as possible. Special care was taken to maintain the incident
angle between the ICA and the beam at 308 to 608. PSV was
measured bilaterally in the ICAs. When power Doppler images
showed stenotic lesions in the ICA, the sample volume was
moved slowly, proximally to distally in the ICA stenosis to
obtain the highest flow velocity. These velocities were cor-
rected using the incidence angle.

Selective cerebral angiography was performed by using the
intraarterial digital subtraction technique via the femoral artery
route with selective catheterization of the extracranial arteries.
Biplanar images were obtained for each ICA. The neurologist
who evaluated the angiograms was unaware of the results of
power Doppler imaging. Linear-based methods of NASCET
(15) were used to measure reduction of the ICA diameter. Us-
ing the NASCET method, we calculated correlations between
the values of the sonographic parameters (area stenosis, linear
stenosis, and PSV) and the degree of stenosis. In an analysis
of PSV, we made a logarithmic transformation of PSV.

A sensitivity-specificity curve analysis was applied to obtain
cutoff values for linear stenosis, area stenosis, and PSV for
predicting ICA stenosis greater than 70%. In addition, we cal-
culated the positive and negative predictive values and accu-
racy using the cutoff value of these parameters. Statistical sig-
nificance was determined at the P , .05 level.

Results
Angiography revealed 20 ICA vessels with ste-

nosis greater than 70%, eight with stenosis greater

than 30% but less than 70%, 107 that were normal
or that had less than 30% stenosis, and nine that
were occluded. Sonography with power Doppler
imaging also showed these nine ICA occlusions.
Nine vessels with ICA occlusion were excluded
from the analysis. Figure 1 shows an angiogram,
color and power Doppler images, and PSV in a
patient with 70% ICA stenosis confirmed by an-
giography. The correlations between sonographic
parameters and degree of stenosis on angiography
were evaluated in the remaining 135 vessels (Figs
2–4). Correlations between stenosis revealed by the
NASCET procedure and linear stenosis, area ste-
nosis, and PSV were .82, .78, and .84, respectively
(P , .0001).

In the sensitivity-specificity curve analysis, op-
timal threshold values of linear stenosis, area ste-
nosis, and PSV for predicting ICA stenosis greater
than 70% were 74.7%, 83.3%, and 200 cm/s, re-
spectively (Figs 5–7). Calculations of positive and
negative predictive values and accuracy using the
optimal threshold values were 90.5%, 99.1%, and
97.8% for linear stenosis; 76.0%, 99.1%, and
94.8% for area stenosis; and 100%, 100%, and
100% for PSV.

Discussion

All parameters used in the present study corre-
sponded relatively well to the degree of ICA ste-
nosis as determined by the NASCET method. In
particular, PSV greater than 200 cm/s was the most
reliable predictor of ICA stenosis greater than 70%.
The regression coefficients ranging from .78 to .84
in the present study may be higher than those re-
ported previously, because a single, experienced
clinician examined all patients and used the same
equipment.

Steinke et al (13) suggested that power Doppler
imaging has several advantages over color Doppler
flow imaging in the diagnosis of carotid artery ste-
nosis, and found only a moderate correlation be-
tween the NASCET angiographic method and the
power Doppler imaging method. In the present
study, PSV was also a more reliable predictive pa-
rameter than linear stenosis or area stenosis on
power Doppler images. We believe that this finding
is due to differences in the calculation of the degree
of ICA stenosis between the NASCET angiograph-
ic method and the power Doppler imaging method.
The degree of ICA stenosis calculated by the NAS-
CET method is derived by dividing the diameter of
the residual lumen by the diameter of the first nor-
mal distal segment of the distal ICA. Power Dopp-
ler imaging, on the other hand, directly measures
the bulb of the ICA. The carotid bulb is always
larger than that of the more distal ICA. Thus, the
NASCET method consistently underestimates the
degree of stenosis. In the present study, therefore,
the degree of ICA stenosis as determined by the
linear stenosis parameter using power Doppler im-
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FIG 1. A, Lateral view of left common carotid angiogram shows 70% ICA stenosis by the NASCET method (arrow).
B, Color Doppler image shows severe ICA stenosis (arrow).
C, Power Doppler image shows 82% ICA stenosis by the linear stenosis parameter (arrow).
D, Flow velocity of poststenotic lesion indicates that PSV is 307 cm/s (arrow).

FIG 2. Scatterplot shows correlation between degree of stenosis
by the NASCET method and linear stenosis (r 5 .82, P , .0001).

FIG 4. Scatterplot shows correlation between degree of stenosis
by the NASCET method and PSV (r 5 .84, P , .0001).

FIG 3. Scatterplot shows correlation between degree of stenosis
by the NASCET method and area stenosis (r 5 .78, P , .0001).

aging was often higher than that determined by the
NASCET method.

The optimal threshold value of PSV for severe
ICA stenosis ranged from 125 to 325 cm/s (4–10).
In a report by the NASCET group, a PSV of 250
cm/s is quoted as a criterion for ICA stenosis great-
er than 70% (17). The PSV criterion for ICA ste-
nosis greater than 70% reported herein is similar to
that in previous reports (4–10, 17).

We recognize certain limitations in the present
study. First, van Everdingen et al (15) reported that
the accuracy in predicting the degree of ICA ste-
nosis with PSV decreased when a contralateral
high-grade stenosis or occlusion was present. In
those cases, an increase in blood flow through the
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FIG 5. A sensitivity-specificity curve by linear stenosis. An op-
timal threshold value of linear stenosis for predicting ICA stenosis
greater than 70% is 74.7%.

FIG 6. A sensitivity-specificity curve by area stenosis. An opti-
mal threshold value of area stenosis for predicting ICA stenosis
greater than 70% is 83.3%.

FIG 7. A sensitivity-specificity curve by PSV. An optimal thresh-
old value of PSV for predicting ICA stenosis greater than 70% is
200 cm/s.

ICA to the contralateral middle cerebral artery via
the anterior communicating artery caused an in-
creased flow velocity in the ICA. Second, PSV
peaks at about 90% ICA stenosis and then gradu-
ally decreases (18). Unfortunately, no such cases
were observed in the present study. Our patients
with unilateral ICA occlusion had no contralateral
ICA stenosis greater than 70% nor a PSV less than
200 cm/s.

We used power Doppler images to select the
sampling site of flow velocity. We might have se-
lected a less than optimal sampling position within

the vessel, where velocity of flow is not maximal,
because flow signal is fairly uniform across the ves-
sel lumen on power Doppler images. The optimal
sampling location may be better pinpointed with
color duplex flow imaging, which shows a variation
of velocity by color change across the vessel lu-
men; however, this would have resulted in less op-
timal velocity measurements in those cases in
which the maximal poststenotic velocity is not in
the center of the lumen.

The American Heart Association guidelines on
carotid endarterectomy published in 1995 stated
that duplex sonography or duplex sonography com-
bined with MR angiography may suffice in deter-
mining the severity of the extracranial portion of
the ICA, although angiography remains the most
reliable assessment of the precise degree of carotid
artery stenosis (19). Patel et al (20) reported that
combined use of three-dimensional time-of-flight
MR angiography and duplex sonography resulted
in a marked increase in accuracy to a level that
obviates conventional angiography in the majority
of patients. We believe that the use of sonography
will reduce the need for conventional angiography
in the future. Consequently, clinicians require ac-
curate sonographic criteria to predict ICA stenosis
greater than 70%.

On the basis of the findings in this study, we
think that an evaluation of ICA stenosis by duplex
sonography should initially involve the use of pow-
er Doppler imaging to detect the presence of ste-
notic lesions. Furthermore, clinicians should mea-
sure PSV at such stenotic lesions, and those with a
PSV value greater than 200 cm/s should be consid-
ered to have a stenosis greater than 70%.

Conclusion
All parameters in the present study corresponded

relatively well to ICA stenosis as detected by the
NASCET method. In particular, PSV greater than
200 cm/s was the most reliable predictive param-
eter of ICA stenosis greater than 70%. We believe
that the use of a combination of parameters—in-
cluding linear stenosis and area stenosis on power
Doppler images and PSV—plays a crucial role in
the accurate assessment of the degree of ICA
stenosis.
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