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Frontal Bone Window Improves the Ability of
Transcranial Color-Coded Sonography to Visualize
the Anterior Cerebral Artery of Asian Patients
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SUMMARY: The frontal bone window (FBW) is a promising approach in evaluating the anterior cerebral
artery. The goal of the present study was to determine the rates of detection of the basal cerebral
arteries by using the FBW alone and a combination of the FBW with the temporal bone window (TBW)
in 163 patients. The combined application improved detection rates of A1 (58.6% versus 46.0%, P �
.001) and A2 (43.6% versus 6.7%, P � .001) compared with the TBW alone.

Transcranial color-coded sonography (TCCS) is an estab-
lished tool for evaluating intracranial cerebral arteries be-

cause it can identify and focus a sonographic beam on oc-
cluded sites. Although a proper bone window for TCCS is
essential for detecting intracranial vascular lesions, the acous-
tic property of the standard approach via the temporal bone
window (TBW) is limited in elderly and female patients.1,2 In
particular, an optimal TBW is difficult to apply in Asians.3,4

Improving the detection rate of the anterior cerebral artery
(ACA) by TCCS will increase the opportunity for such patients
to undergo noninvasive and real-time evaluations at the bed-
side in general practice. In particular, Japanese patients will
receive considerable benefits from an improved TCCS exam-
ination because pathologic changes often arise in the intracra-
nial arteries, including the ACA.5,6 However, the ACA is more
difficult to detect than the middle cerebral artery (MCA)
through the TBW.7 Studies of a small cohort have indicated
that this limitation could be overcome by an approach
through the frontal bone window (FBW) to evaluate the post-
communicating segment (A2) of the ACA from a single cen-
ter.8 However, the utility of the FBW for Asian patients with
stroke has not been determined. For Asians, TCCS via the
FBW and the TBW might be equally disadvantageous.

The present study determined the rate of detecting the
basal cerebral arteries, including the ACA via the FBW alone
and via the FBW combined with the TBW in Japanese patients
with stroke.

Technique
A total of 163 consecutive Japanese patients (46 women; mean age,

69.5 � 11.4 years) with cerebrovascular disease were recruited. The

detection rates of the main trunk of the MCA (M1), the precommu-

nicating segment (A1) and A2 of the ACA, the precommunicating

(P1) and the postcommunicating (P2) segments of the posterior ce-

rebral artery (PCA) by TCCS through the FBW and TBW were eval-

uated by using a Sonos 5500 equipped with an S3 transducer (1.0 –3.0

MHz; Philips Medical Systems, Tokyo, Japan) or an iE33 with an S5–1

transducer (1.0 –5.0 MHz; Philips Medical Systems). Patients were

randomly examined with 1 examination from each scanner. The

TBW is located upward and forward of the earhole. The FBW consists

of the lateral FBW located above the lateral aspect of the eyebrow and

the paramedian FBW slightly lateral to the midline of the forehead

(Fig 1). The most prominent vascular structure identified via the lat-

eral FBW is A2 with blood flowing toward the probe. The ipsilateral

A1 is color-coded with flow moving away from the probe, and M1 is

coded with flow moving toward the probe. P1 and P2 are coded with

flow moving toward and away, respectively, from the transducer in

the lateral frontal insonation plane. Via the paramedian FBW, A1 and

A2 are coded with flow toward the probe, and the distal ACA and

cortical branches are coded with flow away from the probe.

Because contralateral intracranial arteries were not often detect-

able via the TBW and FBW in Japanese patients with stroke, only

ipsilateral arteries were assessed. The detection of vascular insonation

was defined on the basis of the consensus of 2 or more vascular neu-

rologists. According to detection on color-flow imaging and a suffi-

ciently measurable Doppler spectrum, each arterial site was judged as

visible. The rates of visualizing a target artery were calculated for both

bone windows. Sonographic contrast-enhancing agents were not ap-

plied. Categorized variables were compared by using the �2 tests or

Fisher exact test as appropriate. A value of P � .05 was considered

statistically significant.

Table 1 summarizes the rates of visualizing a target artery via the

FBW, categorized by age and sex. Detection rates for M1 (P � .001),

A1 (P � .001), A2 (P � .001), P1 (P � .001), and P2 (P � .047) were

always higher in men than in women. The detection rates of A1 (P �

.001) and M1 (P � .016) via the lateral FBW were significantly higher

in patients 60 years of age or younger than those older than 60 years of

age. Table 2 shows the detection rates of target arteries with TCCS

examinations via the TBW and the combination of both windows.

The detection rate of A2 was higher via the FBW than via the TBW

(40.2% versus 6.7%, P � .001). The combination of the TBW and
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FBW significantly improved the detection rates of A1 and A2 to 58.6%

(P � .001) and 43.6% (P � .001) compared with only the TBW

(46.0% and 6.7%, respectively). Only via the FBW, 36.9% of A2,

12.6% of A1, 4.9% of M1, 6.1% of P1, and 2.3% of P2 were detected.

Discussion
This is the first report to describe the clinical utility of TCCS
examinations via the FBW in Asian patients with stroke. The

rates of detecting all examined arteries were higher in male
than in female patients. Approximately 50% of male and 20%
of female patients with stroke had a proper FBW when the
ACA and M1 were visualized. Although the detection rates via
the FBW were not better than those via the TBW in all arteries
except A2, the combination of the FBW and TBW improved the
rate of detecting the ACA. Notably, 36.9% of A2 and 12.6% of A1
arteries were detected only via the FBW. The lateral FBW was

Fig 1. The lateral and paramedian FBW.8 A, The lateral FBW is above the lateral aspect the eyebrow. The paramedian FBW is slightly lateral to the midline of the forehead. B, TCCS image obtained
via the lateral FBW and the schema. M1 and A2 are color-coded with flow moving toward probe. The ipsilateral A1 is coded with flow moving away from probe. P1 and P2 are coded with flow
moving toward and away, respectively, from the transducer in the lateral frontal insonation plane. C, TCCS image obtained via the paramedian FBW and the schema. A1 and A2 are color-coded
with flow moving toward the probe; and the distal ACA and A3 are color-coded with flow moving away from probe. PcomA indicates posterior communicating artery; ICV, internal cerebral veins.

Table 1: Detection rates of the cerebral arteries via the FBW by age and sex

Bone Window Segment
All, n � 326

(%)
Men, n � 234

(%)
Women, n � 92

(%) P*
�60 yr, n � 62

(%)
�60 yr, n � 264

(%) P*
LFBW A1 31.1 38.9 12.0 �.001 50 26.9 �.001

A2 34.4 42.3 14.1 �.001 41.9 32.6 .163
M1 35.3 43.6 14.1 �.001 48.4 32.2 .016
P1 16.9 22.2 3.3 �.001 22.6 15.5 .182
P2 12.3 14.5 6.5 .047 17.7 11.0 .145

PMFBW A1 12.3 17.1 0 �.001 8.1 13.3 .388
A2 21.6 27.8 6.3 �.001 12.9 15.5 .602

LFBW � PMFBW A1 37.2 47.0 12.0 �.001 51.6 33.7 .009
A2 40.2 50.4 14.1 �.001 46.8 38.6 .240

Note:—LFBW indicates lateral FBW; �, XXX; PMFBW, paramedian FBW; A1, the precommunicating segment of the anterior cerebral artery (ACA); A2, the postcommunicating segment
of the ACA; M1, the sphenoidal portion of the middle cerebral artery; P1, the precomunicating segment of the posterior cerebral artery (PCA); P2, the postcommunicating segment of the
PCA; FBW, frontal bone window.
* �2 test or Fisher exact test was used as appropriate.

Table 2: Comparisons of detection rates of the cerebral arteries between the TBW and a combination

Segment
TBW
(%)

LFBW
(%)

PMFBW
(%)

FBW
(%)

Combination
(%)

P*of TBW vs
FBW

P*of TBW vs
Combination

A1 46.0 31.3 12.3 37.2 58.6 .021 .001
A2 6.7 34.4 15.0 40.2 43.6 �.001 �.001
M1 60.4 35.3 35.3 65.3 �.001 .194
P1 39.9 16.9 16.9 46.0 �.001 .114
P2 62.3 12.3 12.3 64.7 �.001 .515

Note:—TBW indicates temporal bone window.
* �2 test was used for comparisons.
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more useful for the patients without a proper TBW for detect-
ing ACA segments compared with the paramedian FBW.

An improper bone window via the TBW in elderly and
female patients is a critical limitation of TCCS examina-
tions.3,4 A demonstration of improved rates of ACA visualiza-
tion by using a combination of the TBW and FBW is impor-
tant because the insonation quality of Japanese patients with
stroke via the TBW is inferior, especially in the ACA territory.
Sonographic contrast may be useful for the FBW, to improve
detection rates as demonstrated in the TBW.

The present study has some limitations. First, the rates de-
termined in such a small number of female and younger pa-
tients with stroke were not statistically reliable. Second, a way
to affix the transcranial probe for the FBW for long-term mon-
itoring does not presently exist. Third, the utility of sono-
graphic contrast agents via the FBW was not assessed.

In conclusion, TCCS examination via the FBW combined
with the TBW improved the rate of detecting the ACA in Jap-
anese patients with stroke. The compensatory technique ap-
pears to be useful for patients with an inadequate TBW.
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