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PURPOSE: To determine the usefulness of transcranial color-coded real-time sonography in
detecting occlusion of the horizontal portion of the middle cerebral artery. METHODS: Using
transcranial color-coded real-time sonography, we measured the end-diastolic flow velocity with
incident angle correction and the side-to-side ratio of the end-diastolic flow velocity (the end-
diastolic ratio) in both middle cerebral arteries in 44 patients with or without occlusive disease.
Cerebral angiography was carried out in all patients before or within 1 week after sonography. The
subjects included 4 patients with unilateral stenosis of the extracranial internal carotid artery
($75%; ICS group), 6 with unilateral occlusion of the extracranial internal carotid (ICO group), 6
with occlusion of the horizontal portion of the middle cerebral artery (M1 group), and 28 without
stenotic (,75%) lesions in the internal carotid artery (control group). RESULTS: In the control
group, the end-diastolic flow velocity was 40.4 6 16.8 cm/s (mean 6 SD) and the end-diastolic
ratio was 1.28 6 0.27. In the ICS and ICO groups, the end-diastolic flow velocities on the affected
side and the end-diastolic ratios were 33.4 6 9.0 cm/s and 1.35 6 0.24, and 29.6 6 10.2 cm/s and
1.67 6 0.58, respectively. In the M1 group, the end-diastolic flow velocity (16.7 6 4.29 cm/s) on
the occluded side was significantly lower than that in the other groups. The end-diastolic ratio (3.53
6 1.47) in the M1 group was significantly higher than that in the other groups. CONCLUSION: The
M1 group could be easily distinguished from the other groups on the basis of the end-diastolic ratio.
Measurement of the end-diastolic flow velocity and the end-diastolic ratios in the middle cerebral
artery by means of transcranial color-coded real-time sonography may help to identify an occlu-
sion in the horizontal portion of the middle cerebral artery.
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In 1982, Aaslid et al (1) demonstrated that
Doppler signals could be obtained from the ar-
teries at the skull base by using the temporal
bone as the acoustic window. Transcranial
Doppler sonography has been reported to be
useful in evaluating intracranial hemodynamic
alterations, vasospasm that follows subarach-
noid hemorrhage, intracranial arterial stenosis,
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and arteriovenous malformations (2–4). How-
ever, the diagnosis of occlusion of the horizontal
portion of the middle cerebral artery with tran-
scranial Doppler sonography is difficult because
precise placement and proper angulation is
necessary. In 1991, our research group re-
ported that transcranial color-coded real-time
sonography was useful for obtaining images of
the arteries at the skull base and that flow ve-
locity could be measured accurately after the
incident angle was corrected (5). Our objective
in this investigation was to determine whether it
was possible to detect an occlusion in the hor-
izontal portion of the middle cerebral artery with
Doppler sonography by measuring the end-di-
astolic flow velocity and the end-diastolic ratio
(the side-to-side ratio of the end-diastolic flow
velocity).
5
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Fig 1. Transcranial color-coded real-time sonogram of the right middle cerebral artery in a patient in the control group. At left, the
right middle cerebral artery is displayed in red, indicating flow toward the transducer. The sample volume is situated in the middle
cerebral artery. The angle between the Doppler beam and the course of the vessel is adjusted (488). At right, the Doppler waveform of
the middle cerebral artery flow pattern is seen. The end-diastolic flow velocity is 63 cm/s.
Subjects and Methods
Transcranial color-coded real-time sonography was

performed in 73 patients from June 1 to September 30,
1994. We routinely obtained B-mode scans and measured
flow velocity by pulsed-Doppler sonography in both mid-
dle cerebral arteries. Cerebral angiography was carried out
in 44 of the 73 patients before or within 1 week after the
sonographic examination, and these 44 patients (37 men
and 7 women; mean age, 62 6 13 years) were entered into
the present study.

The 44 patients were divided into four groups on the
basis of their angiographic findings. Group 1 was the in-
ternal carotid artery stenosis (ICS) group; it included 4
patients with unilateral stenosis of the extracranial internal
carotid artery ($75%). Group 2 was the internal carotid
artery occlusion (ICO) group; it included 6 patients with
unilateral occlusion of the extracranial internal carotid ar-
tery. Group 3, the M1 group, included 6 patients with an
occlusion of the horizontal portion of the middle cerebral
artery. Group 4 was the control group, which comprised 28
patients without stenotic (,75%) lesions on bilateral ca-
rotid angiograms. In this study, patients with occlusion of
the middle cerebral artery close to the internal carotid
artery bifurcation were excluded because flow images of
the middle cerebral artery were not obtainable.

Of the 16 patients with stenosis or occlusion of the
carotid artery, 10 had suffered acute thrombotic stroke, 4
had had an acute occlusion of the central retinal artery,
and 2 had had transient ischemic attacks. In the control
group, 18 had lacunar infarction, 5 had cerebral embolism,
3 had transient ischemic attacks, 1 had cerebral hemor-
rhage, and 1 had encephalitis.

The equipment used was a commercially available
transcranial color-coded real-time sonographic scanner.
The transducer was operated at 2.25 MHz for both B-mode
imaging and Doppler functions. The pulse repetition fre-
quency was mainly 3700 Hz, and the low-pass filter was 50
Hz.

The subjects were examined first in the left lateral de-
cubitus position and then in the right lateral decubitus
position. The transducer was placed on the temporal sur-
face. Blood flow velocity and direction were displayed in
real time as color signals within a subsector of the black-
and-white image. Particular care was taken to obtain a
long axis view of the desired vessel, especially of the
horizontal portion of the middle cerebral artery, by means
of tilting, rotating, or shifting the transducer.

A range-gate pulsed Doppler sample volume, 2 mm in
size, was used to measure the blood flow velocity in the
middle cerebral artery. Particular care was taken to keep
the incident angle between the middle cerebral artery and
the beam at 608 or less (Fig 1).

First, we measured the end-diastolic flow velocity of
both middle cerebral arteries and determined its mean
value during five consecutive cardiac cycles. These veloc-
ities were then corrected with the incident angle. Then, the
side-to-side ratio of the end-diastolic flow velocity (the
end-diastolic ratio) was calculated by dividing the velocity
of the unaffected side by that of the affected side in the
ICO, ICS, and M1 groups. In the control group, the end-
diastolic ratio was obtained by dividing the velocity on the
faster side by the slower velocity.

The age and flow velocity data for each group were
expressed as mean 6 SD. For the analysis of velocity data,
we used the unpaired t test. A value of P , .05 was
accepted as indicating a significant difference.

Results

The end-diastolic flow velocity in both middle
cerebral arteries was measured in 44 patients.
The typical waveforms in the control, M1, and



AJNR: 17, May 1996 ARTERY OCCLUSION 897
Fig 3. A, Angiogram of a patient with right internal carotid occlusion.
B, Doppler waveforms show that the right middle cerebral artery end-diastolic flow velocity is 29 cm/s, the left middle cerebral artery

end-diastolic flow velocity is 37.2 cm/s, and the side-to-side ratio of the end-diastolic flow velocity (the end-diastolic ratio) is 1.28.

Fig 2. Doppler flow waveforms of a patient in the control group. The right middle cerebral artery end-diastolic flow velocity is 39
cm/s, the left middle cerebral artery end-diastolic flow velocity 41.5 cm/s, and the side-to-side ratio of the end-diastolic flow velocity (the
end-diastolic ratio) is 1.06.
ICO groups are shown in Figures 2 through 4.
The end-diastolic flow velocity and the end-
diastolic ratio in each group are shown in Fig-
ures 5 and 6.
In the control group, the end-diastolic flow

velocity was 40.4 6 16.8 cm/s and the end-
diastolic ratio was 1.28 6 0.27. All values were
less than 1.9 (mean value 1 2 SD).
In the ICS and ICO groups, the end-diastolic

flow velocity on the affected side and the end-
diastolic ratio were 33.4 6 9.0 cm/s and 1.35 6
0.24, and 29.6 6 10.2 cm/s and 1.67 6 0.58,
respectively. Therefore, these three groups
could not be distinguished.
In the M1 group, however, the end-diastolic

flow velocity (16.7 6 4.29 cm/s) on the oc-
cluded side was significantly lower than that in
the control, ICS, and ICO groups (P , .01). The
end-diastolic ratio was 3.53 6 1.47; all values
were 1.9 or greater. Therefore, the M1 group
could be easily distinguished from the other
groups by the end-diastolic flow velocity and
the end-diastolic ratio ($1.9) (P , .01).

Discussion

Transcranial Doppler sonographic recordings
of flow velocity have been reported to be useful
in evaluating the intracranial hemodynamic al-
terations as determined from outside the skull
(1). When measuring blood velocity, Doppler
imaging presents several problems. Precise
placement of the sample volume as well as an-
gle correction are not possible when using the
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Fig 4. A, Angiogram of a patient with occlusion (arrowhead) of the M1 segment of the left middle cerebral artery.
B,Doppler waveforms show that the right middle cerebral artery end-diastolic flow velocity is 43.8 cm/s, the left middle cerebral artery

end-diastolic flow velocity 12 cm/s, and the side-to-side ratio of the end-diastolic flow velocity (the end-diastolic ratio) is 3.65.
transcranial Doppler sonographic technique,
and therefore it cannot be used to measure ab-
solute flow velocities. Using transcranial color-
coded real-time sonography, however, it is pos-

Fig 5. End-diastolic flow velocity in the ICS, ICO, M1, and
control groups. In the M1 group, the end-diastolic flow velocity
was significantly lower than that in the control, ICS, and ICO
groups (P , .01). (The ICS group includes patients with unilateral
stenosis [$75%] of the extracranial internal carotid artery; the ICO
group includes patients with unilateral occlusion of the extracra-
nial internal carotid artery; and the M1 group includes patients
with occlusion of the horizontal portion of the middle cerebral
artery.)
sible to image the horizontal portion of the
middle cerebral artery and to measure the ab-
solute flow velocity (4). Transcranial color-
coded real-time sonography is a more useful
method for determining the accurate flow veloc-
ity of the middle cerebral artery than is transcra-
nial Doppler sonography.
In a previous study using transcranial Dopp-

ler sonography, the diagnosis of occlusion of
the horizontal portion of the middle cerebral
artery was based on the absence or the severe
reduction of detectable Doppler signals at a
depth of insonation corresponding to the middle
cerebral artery. At the same time, the flow ve-
locity of the anterior cerebral artery increased
because of collateral flow over leptomeningeal
anastomoses (6, 7). However, these findings
are not consistently present. In patients with
chronic occlusion of the middle cerebral artery,
normal-appearing transcranial Doppler signals
can occasionally be detected. Thus, it is very
difficult to attempt to diagnose occlusion of the
M1 segment of the middle cerebral artery by
using transcranial Doppler sonography.
In our study, the end-diastolic flow velocity in

the M1 group was lower than that in the other
groups. The end-diastolic flow velocity is con-
sidered to reflect the peripheral resistance. The
peripheral resistance in the M1 group was
higher than that in the other groups, probably
because flow in the middle cerebral branch ar-
teries reduced the peripheral resistance in sub-
jects in the ICS, ICO, and control groups. Using
only the end-diastolic flow velocity, we could
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not distinguish the M1 group from the control
group, because the end-diastolic flow velocity
in some of the patients in the control group was
as low as that in the patients in the M1 group.
Because of this, we used the side-to-side ratio

of the corrected end-diastolic ratio. The M1
group was easily distinguished from the other
groups by an end-diastolic ratio of 1.9 or
greater. It seems that marked side-to-side dif-
ference is a characteristic sonographic finding
in patients with occlusion of the horizontal por-
tion of the middle cerebral artery.
We could not distinguish the ICO group from

the control group by the end-diastolic flow ve-
locity. In five patients in the ICO group, angio-
graphic examination disclosed occlusion of the
extracranial internal carotid artery and rich col-

Fig 6. Side-to-side ratios of corrected end-diastolic velocity
(ED ratio) in the ICS, ICO, M1, and control groups. The M1 group
could be easily distinguished from the other groups by the end-
diastolic ratio. The dotted line indicates the mean 6 2 SD value of
the end-diastolic ratio (1.9) in the control group. (The ICS group
includes patients with unilateral stenosis [$75%] of the extracra-
nial internal carotid artery; the ICO group includes patients with
unilateral occlusion of the extracranial internal carotid artery; and
the M1 group includes patients with occlusion of the horizontal
portion of the middle cerebral artery).
lateral flow through the anterior communicating
artery and the ophthalmic artery. Their end-
diastolic ratio was 1.9 or less. The presence of a
rich collateral flow may have led to an increase
of the cerebral blood flow on the affected side
and may have been responsible for the inability
to distinguish the ICO group from the control
group. But, in the ICO group, there was one
patient with an end-diastolic ratio similar to that
in the M1 group. We think his collateral flow was
so poor that the end-diastolic ratio might have
increased more than 1.9.
We conclude that the end-diastolic flow ve-

locity and the end-diastolic ratio in the middle
cerebral artery may help to identify the site of
occlusion in the horizontal portion of the middle
cerebral artery. Transcranial color-coded real-
time sonography should be used routinely in
addition to cervical carotid artery sonography
for noninvasive vascular evaluation in patients
who have had a stroke.
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