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Transorbital Color Doppler Flow Imaging of the Carotid Siphon and
Major Arteries at the Base of the Brain

Han-Hwa Hu, Cheau-Lin Luo, Wen-Yung Sheng, Michael Mu-Huo Teng, Wen-Jang Wong, and Yun-On Luk

PURPOSE: To describe and evaluate an application of sonography, transorbital color Doppler flow
imaging of the carotid siphon and major intracranial arteries, and to compare it with transtemporal
color Doppler flow imaging. METHODS: The carotid siphon and major arteries at the base of the
brain of 50 healthy volunteers were screened using the transorbital color Doppler flow sonography.
These arteries were also studied by a transtemporal approach for comparison. In 5 volunteers, MR
images in special inclination planes were obtained and compared with the transorbital color-coded
Doppler flow images. RESULTS: The B-mode image of the orbit and intracranial anatomic
structures, in addition to the color-coded flow images, provided an unambiguous identification of
the carotid siphon and major intracranial arteries. The failure rate was lower when using the
transorbital approach than when using the transtemporal approach in identifying the anterior
cerebral artery (17% versus 32%). Color Doppler flow imaging using the transtemporal approach
was better for the middle cerebral artery, whereas color Doppler flow imaging using the transorbital
approach was better for the anterior cerebral artery (contralateral). The Doppler incident angles
using the transorbital approach were better for the carotid siphon and anterior cerebral artery
(contralateral). CONCLUSION: Transorbital color Doppler flow imaging, when used in conjunction
with the transtemporal examination, can add information concerning the major arteries at the base
of the brain.
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Color Doppler flow sonography has been
documented as a noninvasive method for the
examination of the intracranial arteries (1-6). It
is possible to obtain flow information and im-
ages of the basal cerebral arteries by the tran-
stemporal approach (1-4). However, Doppler
examination with this approach fails in patients
with poor acoustic windows (7-10). The trans-
orbital approach may be an alternative or com-
plementary diagnostic method for these pa-
tients. This article describes the instruments

Received March 8, 1994; accepted after revision August 13.

Supported in part by grants from the Yen Tjing Ling Medical Foundation
of the Veterans General Hospital-Taipei and the National Science Council of
the Republic of China.

From the Neurological Institute (H.-H.H., C.-L.L., W.-Y.S., W.-J.W.,
Y.-O.L.) and the Department of Radiology (M.M.-H.T.), Veterans General
Hospital-Taipei, Yang-Ming Medical College, Taiwan, Republic of China.

Address reprint requests to Han-Hwa Hu, MD, Neurological Institute,
Veterans General Hospital-Taipei, Taiwan, 11217, Republic of China.

AJNR 16:591-598, Mar 1995 0195-6108/95/1603-0591
© American Society of Neuroradiology

591

and techniques of transorbital color Doppler
flow sonography. Results using the transorbital
and transtemporal approach are compared.

Subjects and Methods

Fifty volunteers (32 men and 18 women, 38 to 79
[mean, 56 = 12] years of age) were examined with color
Doppler flow imaging using the transorbital method for
detecting the carotid siphon and major arteries at the base
of the brain. There was no history or physical signs of
cerebrovascular disease, and extracranial arterial disease
was excluded by color Doppler flow sonography. The ca-
rotid siphon and major arteries at the base of the brain
were also examined by the transtemporal approach for
comparison. A computed sonography system (Acuson
128 XP, Mountain View, Calif) with a dual-frequency 2.0/
2.5 MHz sector scan transducer with a 19-mm aperture
was used. Magnetic resonance (MR) angiography was
done on 5 volunteers for identification and comparison of
the courses of the various segments of the carotid siphon
and major arteries at the base of the brain. MR angiogra-
phy was performed on a 1.5-T system, using three-dimen-
sional time of flight and the following parameters: 40/
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Fig 1. A, Two principal directions for transducer application over the eyelid. The letter (a) indicates the axial scan with the ultrasound
beam directed in an anteroposterior direction (5° to 10° with the sagittal plane); (b) indicates the axial scan with transducer tilted
obliquely and the ultrasound beam directed to the roof of the orbit.

B, In anteroposterior direction, the lateral and the medial walls of the orbit appear symmetrical in B-scan. Color flow signals from the
ophthalmic artery (red), supraclinoid portion (blue), and genu and cavernous sinus portion (red) of the carotid siphon may be obtained.

C, In oblique direction, the orbital walls in the B-scan appear asymmetrical and the medial wall is longer than the lateral. The color
flow signals from both anterior cerebral arteries and both middle cerebral arteries could be obtained. The letter a indicates cavernous
sinus portion of carotid siphon; b, supraclinoid portion of carotid siphon; c, ophthalmic artery; d, ipsilateral anterior cerebral artery; e,
contralateral anterior cerebral artery; f, ipsilateral middle cerebral artery; g, contralateral middle cerebral artery; h, anterior communi-
cating artery; i, ipsilateral posterior communicating artery; j, contralateral posterior communicating artery; k, ipsilateral posterior

cerebral artery; [, contralateral posterior cerebral artery; and G, globe.

4.4/2 (repetition time/echo time/excitations); 25° flip
angle; field of view, 16 to 24 cm; 256 X 192 matrix; and
1-mm section thickness. MR angiography could be recon-
structed according to the geographic plane of sonographic
image.

To test the reproducibility of the transorbital color
Doppler flow imaging, 10 volunteers whose carotid siphon
and all major arteries at the base of the brain were suc-
cessfully detected by the first examiner underwent transor-
bital color Doppler flow imaging 1 week later by a second
examiner who had no knowledge of the results of the first
examination. Agreement between the two examiners was
tested by intraclass correlation.

The subjects were examined in the supine position.
They were instructed to turn their eyes away from the
transducer to avoid the refractive power of the ocular
lenses. After covering the closed eyelids with gel, the
transducer was applied without pressure on the superior or
lateral orbital rim. The ultrasound beam was directed at the
apex of the orbit in either an anteroposterior direction
through the superior orbital fissure and the optic canal or in
an oblique direction through the roof of the orbit. The
low-transmission-output power setting (<25 or <50 mW/
cm?) was used, and the gain level was augmented in B
mode and color-coded Doppler to obtain a clear picture of
the orbital and basal cerebral structures and color Doppler
image of the targeted cerebral arteries. Color assignment
depends on direction of flow and is selectable by the op-
erator. Flow toward the transducer was assigned as red
and flow away from the transducer as blue. The maximum
estimated in situ spatial peak temporal average intensity
with a power setting at less than 25 mW/cm? was 9.7

mW/cm? in the color imaging mode and 9.1 mW/cm? in
pulsed Doppler examination; at less than 50 mW/cm?, this
maximum was 29 mW/cm? for both the color imaging
mode and pulsed Doppler. The maximum estimated in situ
spatial peak temporal average intensity at —6 dB was 14.5
mW/cm? for B-mode imaging. To avoid prolonged in-
sonation to the eye, the maximal insonation time was 20
minutes for one eye. Arteries not identified in this time
interval were considered as failures.

By using the anteroposterior transorbital approach (Fig
1A and B), the cavernous sinus portion (C-3) and supra-
clinoid portion (C-1) of the internal carotid artery (ICA)
were clearly demonstrated. The oblique transorbital direc-
tion (Fig 1A and C) provided clear images of the ipsilateral
middle cerebral artery (MCA), anterior cerebral artery
(ACA), the contralateral ACA and MCA, anterior commu-
nicating artery, and contralateral posterior communicating
artery when active. Furthermore, the flow signals of both
posterior cerebral arteries could also be obtained in some
subjects.

Peak systolic and end-diastolic flow velocities were
measured, and the pulsatility indices were calculated in
various segments of the carotid siphon, ACA, and MCA.
The pulsatility indices were represented by a resistance
index and A/B ratio (11). The angle between the vascular
axis and the ultrasonic beam was measured to calculate an
angle-corrected blood-flow velocity. This procedure re-
quired careful observation of the course of the artery. In
individual cases, an unfavorable incident angle of greater
than 64° could be observed, and an incident angle of less
than 65° is possible by rotating and tilting the transducer.
Unfavorable angles of greater than 64° were excluded from
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Fig 2. A, Doppler flow imaging of the carotid siphon and ophthalmic artery obtained from anteroposterior direction of transorbital

examination.

B, MR angiography of the same subject in corresponding tomographic plane. The letter a indicates cavernous sinus portion of carotid
siphon; b, supraclinoid portion of carotid siphon; ¢, ophthalmic artery; and G, globe.

the calculations of the blood-flow velocities. Pulsed Dopp-
ler measurements were taken at the approximate ana-
tomic site if the color flow imaging of some portions of the
carotid siphon and major arteries at the base of the brain
did not appear in the B-mode scan. The pulsatility indices
and the spectrum of Doppler shifts were used as references
for those cases of either an unknown or unfavorable inci-
dent angle.

Results were expressed as the mean value and the
standard deviation. The Student’s ¢ test was used for the
comparison of the flow velocities and incident angles be-
tween the transtemporal and transorbital approach.
McNemar’s x* test was used for the comparison of the
failure rates between the two approaches. For all tests, P <
.05 was considered statistically significant.

Results

Comparisons of the ultrasound images and
the MR angiography images revealed evident
agreement for artery identification (Figs 2A and
B, 3A and B, and 4A and B).

The ultrasound images of the transorbital ap-
proach from the anteroposterior direction, and
the lateral and medial walls of the orbit, ap-
peared symmetrical in the B-mode scan. Color
Doppler flow signals from the ophthalmic artery
(OA) were imaged as a longitudinal color-

coded red line at the apex of the orbit. Tracing
the OA signal deeper, the genu of the carotid
siphon and the junction of the OA and ICA could
be found by tilting the transducer upward
slightly (Figs 1B and 2A and B). The color flow
signals of the supraclinoid portion of the ICA
(C-1) were blue if there was not aliasing. More-
over, the cavernous sinus portion of the ICA
(C-3) could be seen by tilting the transducer
slightly downward. This segment appeared as a
red color. The origin of the OA and the various
portions of the carotid siphon could be identified
by tilting and rotating the transducer.

From the oblique direction of the transorbital
approach, the orbital walls in the B-scan ap-
peared asymmetrical and the medial wall was
observed to be longer than the lateral wall (Fig
1C). Color flow signals from the precommuni-
cating segment (A-1) of the contralateral ACA
were very easily delineated as a longitudinal
color-coded red line inferior and medial to the
medial wall. The ipsilateral A-1 of the ACA and
both postcommunicating segments (A-2) of the
ACA and the MCA could then be identified by
slightly rotating and tilting the transducer (Figs
1C, 3A and B, and 4A and B). The color flow
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Fig 3. A, Doppler flow imaging of both anterior cerebral arteries and both middle cerebral arteries from an oblique transorbital

examination.

B, MR angiography of same subject in corresponding tomographic plane. The letter a indicates ipsilateral anterior cerebral artery; b,
contralateral anterior cerebral artery; c, contralateral middle cerebral artery; d, ipsilateral middle cerebral artery; e, ipsilateral internal
carotid bifurcation; f, ipsilateral posterior cerebral artery; and G, globe.

signals of the ipsilateral A-1 segment, both A-2
segments, and the ipsilateral MCA were red,
and the color flow signals of the contralateral
MCA were blue. Signals from the contralateral
posterior communicating artery and posterior
cerebral artery could also be obtained in some
subjects. This segment appeared as a blue
color.

The frequencies of identifying the OA, each
portion of the carotid siphon, contralateral ACA,
ipsilateral MCA, and contralateral posterior ce-
rebral artery by transorbital approach are pro-
vided in Table 1. Only the contralateral ACA
and ipsilateral MCA are shown in Table 1 be-
cause they were more easily identified and had
an optimal incident angle as compared to the
ipsilateral ACA and contralateral MCA. The
peak systolic velocities, end-diastolic velocities,
and pulsatility indices in various portions of the
carotid siphon and major arteries at the base of
the brain are provided in Table 2.

Table 3 compares the flow velocities, incident
angles, and failure rates between the transtem-
poral and transorbital approach in detecting the
carotid siphon and major arteries at the base of
the brain. The incident angles, failure rates, and

end-diastolic flow velocities differed signifi-
cantly between the two approaches. The failure
rate for identifying the ipsilateral anterior cere-
bral artery was relatively high in the transtem-
poral approach in contrast to a low failure rate
and optimal angle of insonation for the ACA
(contralateral) in the transorbital approach. The
incident angle for C-3 of the ICA was also
smaller in the transorbital approach than in the
transtemporal approach. Failure rates varied
with the age and sex of the volunteers. Poor
transtemporal acoustic window was found in
47.6% (male, 33.3%; female, 66.6%) of the vol-
unteers age 60 or older, as it was in 17.2%
(male, 10%; female, 33.3%) of the volunteers
younger than age 60 years. Poor transorbital
acoustic window was found in 42% (male,
41.6%; female, 44.4%) of the volunteers age 60
years or older, as it was in 24.1% (male, 20.0%;
female, 33.3%) of volunteers younger than age
60 years.

Table 4 shows the flow velocities of the MCA,
ACA, and various portions of the carotid siphon
in 10 volunteers obtained by two examiners.
The high correlation demonstrated the repro-
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Fig 4. A, Doppler flow imaging of contralateral anterior cerebral artery and middle cerebral artery from the oblique direction of

transorbital examination on the left eye.

B, MR angiography of the same subject in corresponding tomographic plane. The letter a indicates right anterior cerebral artery and

b, right middle cerebral artery.

ducibility of the transorbital color Doppler flow
sonography.

Discussion

The transorbital Doppler examination (10,
12-14) has been applied in detecting flow sig-

TABLE 1: Frequency of identification of the carotid siphon and
major arteries at the base of the brain by transorbital approach
(N = 50)

Identification (%)

Artery
R L

OA 43 (86) 42 (84)
ICA(C-1) 39 (78) 40 (80)
ICA(C-3) 35 (70) 32 (64)
MCA 36 (72) 38 (76)
ACA(A-1)* 42 (84) 41 (82)
ACA(A-2) 40 (80) 40 (80)
PCA 15 (30) 17 (34)

Note.—OA indicates ophthalmic artery; ICA(C-1), supraclinoid
portion of internal carotid artery; ICA(C-3), carvernous sinus portion
of internal carotid artery; MCA, middle cerebral artery; ACA(A-1),
precommunicating segment of anterior cerebral artery; ACA(A-2),
postcommunicating segment of anterior cerebral artery; and PCA,
posterior cerebral artery.

* Contralateral side of ACA(A-1).

nals from the carotid siphon and other intracra-
nial arteries. However, variations of the distance
from the orbital rim to the carotid siphon, MCA,
and ACA, and the tortuous and curved course of
the arteries, prevent the exact identification of
these arterial segment with this “blind method.”
In the anteroposterior approach, using this blind
method of transorbital Doppler examination
(10, 12-16), the flow toward the probe is as-
sumed to come from the carotid siphon at or
near the origin of the OA and flow away from the
probe, which represents the more distal ICA
segment. The oblique approach requires the
performance of common carotid compression
tests for the verification of vessels (15, 16).
Previous experience in the transorbital exami-
nation of the ICA and its main branches using a
blind technique (10, 12-17) and color Doppler
flow imaging provided some knowledge in this
study. Various segments of the arteries could be
identified using the reference of the anatomic
and geographic location in the B scan. On a few
occasions, the common carotid artery com-
pression test (11, 16, 17) was needed to make
a distinction among the various arteries. The
compression tests have been used previously to
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TABLE 2: Normal values for flow velocities and pulsatility indices in the carotid siphon and major arteries at the base of the brain by

transorbital approach

Vessel n Depth, mm Vs, cm/s Ved, cm/s RI A/B Ratio
OA 85 549 + 3.9 48.1 = 7.2 15.0 = 5.2 0.66 = 0.10 3.01 = 1.12
(43-61) (39-60) (9-19) (0.22-0.78) (2.21-4.56)
ICA(C-1) 79 67.2 = 3.9 105.5 = 25.6 455 + 8.9 0.55 *+ 0.06 2.13 £ 0.36
(63-71) (72-168) (20-60) (0.38-0.68) (1.32-2.97)
ICA(C-3) 67 67.5 *+ 6.8 104.1 = 18.1 45.2 + 10.7 0.56 + 0.06 2.29 + 0.39
(58-77) (62-146) (23-61) (0.51-0.66) (2.05-2.92)
MCA 74 62.4 =99 108.2 = 23.8 44.1 = 10.1 0.58 + 0.08 2.36 = 0.62
(50-80) (70-166) (26-65) (0.54-0.71) (1.25-3.80)
ACA(A-1)* 83 69.9 = 4.0 106.5 = 22.1 435+ 84 0.56 = 0.09 2.28 = 0.57
(65-78) (60-168) (22-60) (0.46-0.68) (1.86-3.12)
ACA(A-2) 80 67.6 =7.4 88.7 + 23.1 38.8 = 9.0 0.57 = 0.05 2.57 = 0.24
(58-80) (60-162) (20-60) (0.52-0.63) (2.33-3.03)
PCA 32 80.3 + 84 72.3 + 15.8 26.9 = 6.7 0.63 = 0.06 2.48 = 0.24
(74-90) (30-90) (10-50) (0.49-0.69) (1.96-2.81)

Note.—All parameters are mean * SD, with range in parentheses; n indicates number of vessels investigated; Depth, distance between the
sample volume and transducer; Vs, peak systolic velocity; Ved, end-diastolic velocity; R, resistance index [(Vs-Ved)/Vs]; and A/B Ratio, Vs/Ved.
OA indicates ophthalmic artery; ICA(C-1), supraclinoid portion of internal carotid artery; ICA(C-3), carvernous sinus portion of internal carotid
artery; MCA, middle cerebral artery; ACA(A-1), precommunicating segment of anterior cerebral artery; ACA(A-2), postcommunicating segment

of anterior cerebral artery; and PCA, posterior cerebral artery.
* The velocity of ACA(A-1) is measured on the contralateral side.

identify intracranial arteries during the transcra-
nial Doppler examination (12, 16, 17). Signals
that came from the MCA were diminished by
ipsilateral common carotid artery compression.
There should be no change in signal or only a
slight augmentation using contralateral com-
mon carotid artery compression. Signals from

the A-1 segment of the ACA were diminished or
reversed by ipsilateral compression and aug-
mented by contralateral compression. Signals
from the ICA were obliterated by ipsilateral
common carotid artery compression and aug-
mented by contralateral compression. Signals
from the posterior communicating artery were

TABLE 3: Comparison of flow velocity, incident angle, and failure rate between transorbital and transtemporal approach (N = 100)

Color Doppler Flow Imaging

Transtemporal Transorbital
Vessel Failure
Angle, Vs, cm/s Ved, cm/s Failure Angle, Vs, cm/s Ved, cm/s Rate,
degree Rate, % degree %
ICA(C-1) 49.5 +7.8% 106.5 =12.4 46.1 £10.4 23 40.3 = 4.9 105.5 =25.6 455+ 8.9 21
(36-60) (78-126) (27-66) (30-45) (72-168) (20-60)
ICA(C-3)* 62.2 +7.8* 101.2 +21.4 40.0 +11.7¢ 241 323+ 4.5 104.1 =18.1 45.2 £10.7 33
(51-75) (78-129) (31-57) (25-40) (62-146) (23-61)
MCA 41.9 +8.7% 113.2 +18.5 51.7 =10.8* 21t 49.5 +10.5 108.2 +23.8 44.1 £10.1 26
(30-60) (87-152) (30-69) (27-64) (70-166) (26-65)
ACA(A-1)T 44.1 =7.3% 106.1 +16.1 51.1 =12.3% 32f 34.0 +16.2 106.5 =22.1 435+ 8.4 17
(30-59) (80-142) (30-77) (25-60) (60-168) (22-60)
ACA(A-2)* 57.0 =5.5% 85.6 £16.2 38.8 £10.3 307 53.0 =11.2 88.7 +23.1 38.8 + 9.0 20
(48-69) (58-124) (21-56) (30-64) (60-162) (20-60)
PCA 34.5 £9.2 76.1 =12.1 32.4 + 9.67 18* 50.1 +£10.2 72.3 +15.8 26.9 + 6.7 68
(15-55) (58-106) (18-58) (30-64) (30-90) (10-50)

Note.—Vs indicates peak systolic velocity with angle correction; Ved, end-diastolic velocity; Angle, velocity with angle correction; Failure Rate,
the rate of failure to detect Doppler signals in arteries; ICA(C-1), supraclinoid portion of internal carotid artery; ICA(C-3), carvernous sinus portion
of internal carotid artery; MCA, middle cerebral artery; ACA(A-1), precommunicating segment of anterior cerebral artery; ACA(A-2), postcom-
municating segment of anterior cerebral artery; and PCA, posterior cerebral artery.

* Flow velocities were not measured in cases of unknown or unfavorable incident angles.

T The velocity and angle of ACA(A-1) in transorbital approach are measured in contralateral side.

¥ Statistically significant difference (P < .05) between transtemporal and transorbital approach.
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TABLE 4: Reproducibility of flow velocity measurements in the carotid siphon and major arteries at the base of the brain through

transorbital approach

n OA ICA(C-1) ICA(C-3) MCA ACA(A-1)* ACA(A-2)
Vs examiner 1 20 42.1 = 6.1 107.2 = 10.2 104.5 = 9.5 110.0 £ 10.1 90.2 + 16.2 92.2 + 14.1
examiner 2 20 41.2 £ 5.6 102.1 = 11.1 100.4 = 8.0 113.6 £+ 154 93.3 £ 15.3 90.1 114

r 0.78 0.69 0.72 0.74 0.80 0.82
Vd examiner 1 20 15.0 = 4.1 441+ 7.2 46.5 + 9.1 60.5 + 9.2 424 + 12.3 40.5 + 11.2
examiner 2 20 14.0 + 3.6 46.2 + 6.2 43.7 + 7.3 66.4 + 9.5 43.6 + 9.1 42.1 +10.7

r 0.82 0.72 0.74 0.76 0.82 0.78

Note.—Values of both measurements are mean * SD. n indicates number of vessels investigated; OA, ophthalmic artery; ICA(C-1),
supraclinoid portion of internal carotid artery; ICA(C-3), carvernous sinus portion of internal carotid artery; MCA, middle cerebral artery;
ACA(A-1), contralateral side precommunicating segment of anterior cerebral artery; Vs, peak systolic velocity; Vd, end-diastolic velocity; and r,

intraclass correlation coefficient.
* The velocities of ACA(A-1) are measured in contralateral side.

not obliterated by common carotid artery com-
pression. In this study, we successfully obtained
high detection rates and clear images of the
carotid siphon and the major arteries at the base
of the brain by transorbital color Doppler flow
sonography.

The transtemporal approach of transcranial
Doppler examination has been reported to fail in
2% to 30% of the subjects (7-10). It is attributed
to the poor acoustic window; failure occurs
more frequently in female, black, and Asian
subjects (7, 9, 10). In this work, transorbital
color Doppler flow sonography was demon-
strated to have lower failure rates than the tran-
stemporal approach in identifying the ACA and
the carotid siphon (Table 3). Using the transor-
bital approach, a better color imaging was ob-
tained as compared with the transtemporal ap-
proach. Five volunteers, who had no temporal
acoustic windows and had completely unsuc-
cessful examinations using the transtemporal
approach, had successful color imaging and de-
tection of flow velocities in the ICA, MCA, and
ACA using the transorbital approach.

Even in patients with a good temporal acous-
tic window, the transorbital color Doppler flow
examination is still important in evaluating the
carotid siphon and the ACA at an optimum
Doppler incident angle. The Doppler incident
angles with transtemporal approach for the ICA
(C-3 and A-1) were often quite unfavorable (ie,
more than 64°) (Table 3). These angles do not
allow an accurate measurement of Doppler flow
velocities. Moreover, Tsuchiya et al (2) re-
ported that with the transtemporal approach
using color Doppler flow imaging, the MCA
was readily identified in all their 50 subjects,
whereas the ACA was identified in only 7 of
the 50. In our study, the transorbital approach

had higher identification rates and smaller in-
cident angles for ICA (C-3) and ACA. There-
fore, the transorbital approach can add flow
data to those already obtained from the tran-
stemporal examination.

The blood-flow direction and velocity of the
OA determined by current Doppler examination
has been used for the diagnosis of occlusive
carotid disease and evaluation of the collateral
circulation (18-25). Reversed blood-flow direc-
tion in the ipsilateral OA is frequently detected
in patients with occlusion or tight stenosis of the
ICA. However, forward flow in the OA was oc-
casionally found in patients with similar carotid
disease. This forward Doppler OA flow has been
explained by intracranial collaterals from the
contralateral carotid or vertebrobasilar system.
Another explanation for this forward OA flow is
the collateral flow from the middle meningeal
artery (26-28). Under such situations, the flow
reversal could occur only in the proximal seg-
ment or near the origin of the OA (27, 28). The
reversal of the OA flow would be missed in the
Doppler examination, which insonates only the
middle portion of the OA. The proximal seg-
ment of the OA and the junction of the carotid
siphon and OA are therefore important areas for
Doppler insonation, which can be accomplished
via the transorbital color Doppler flow examina-
tion (there was 85% identification rate of the
origin of the OA in this work).

Safety and the potential hazard associated
with this transorbital ultrasound examination
are of primary concern. In this study, we in-
structed the subjects to turn their eyes away
from the probe during the test and the probe
was applied on the lateral or superior orbital
rim. This design not only avoids the refractive
power of the lens, but also prevents ultrasound
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beams’ being directed at the lens of the subject.
For safety, the low power setting (<25 or <50
mW/cmZ) was used, and the maximal in-
sonation time for each eye was 20 minutes.
Continuous-wave ultrasound with a 50 mW/
cm? power setting for studying the OA has been
used in our laboratory for 12 years on at least
25 000 patients without complaints or known
adverse effects. The safety of transorbital ultra-
sound examination has been discussed previ-
ously in literature and is believed to be safe for
the eyes (12, 14, 18, 29, 30).

In conclusion, we have found that the tran-
sorbital color Doppler flow imaging is particu-
larly useful for the study of flow and imaging of
the ACA (contralateral) and anterior communi-
cating artery as well as for the study of collateral
circulation through the OA and anterior com-
municating artery. This approach can add to the
information provided from a transtemporal ex-
amination and is also an alternative way to
study the MCA in patients with a poor acoustic
window in the temporal bone.
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