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Abstract Purpose: Transcranial color-coded sonography (TCCS) noninvasively assesses physio-
logic and pathologic intracranial blood flow especially in non-Caucasians who have high preva-
lence of intracranial steno-occlusive arterial disease. However, a higher temporal bone window
failure (WF) rate is found in non-Caucasians and thus limits the utilization of TCCS. This study
was performed to explore the associated factors of temporal bone WF in Taiwanese patients.
Methods: Between January 2014 and June 2014, 355 consecutive patients who received TCCS ex-
amination during their hospitalization at neurological ward were enrolled in this study, including
218menand 137women. Patientswere classified into two groups, onewith no or insufficient tem-
poral bone window and the other with good temporal bone window for identification of middle,
anterior, and posterior cerebral arteries via transtemporal approach. Age, sex, and conventional
vascular risk factors in each group were compared.
Results: It was found that 28.8% of the patients had no or insufficient temporal bone window.
Among them, 20.3% had complete bilateral temporal bone WF. For all factors studied, older age
and female sex were significantly associated with no or insufficient temporal bone window.
Conclusion: The failure rate of temporal bone windowwas considered high as compared toWest-
ern countries but, not surprisingly, age and sex remained the significant factors. Introducing echo
contrast agents during the TCCS examination might help to increase the success rate of TCCS ex-
amination and provide useful information to clinicians.
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Introduction

Transcranial color-coded sonography (TCCS) is widely used
to assess noninvasively physiologic and pathologic intra-
cranial blood flow. It is routinely applied to ischemic stroke
patients in clinical practice to screen for intracranial ar-
teries stenosis. It provides important diagnostic and prog-
nostic information in ischemic stroke patients [1e3]
especially in non-Caucasians who have high prevalence of
intracranial steno-occlusive arterial disease. Approximately
40e50% of strokes and transient ischemic attacks [4e7] are
caused by intracranial steno-occlusive arterial disease in
Asian populations.

CLOTBUST had shown that ultrasound enhances the ef-
fect of thrombolytic agents on reperfusion in patients with
an acute cerebral infarction in the middle cerebral artery
(MCA) territory and whether it improves outcome in pa-
tients with acute ischemic stroke is currently being inves-
tigated [8]. However, a higher temporal bone window
failure (WF) rate was found in non-Caucasians [9,10] and
thus limits the clinical application of TCCS and also de-
creases the chance for these patients to receive
ultrasound-enhanced thrombolytic therapy for ischemic
stroke.

Duplex ultrasound can be hampered by insufficient
acoustic penetration, an unfavorable insonation angle, or
by conditions of low or no flow. Previous studies have shown
that about 5e37% of the patients had inadequate Doppler
signal because of an insufficient acoustic temporal window
or WF during transcranial Doppler examination [9,11e14].
The temporal bone window is the thinnest area of the
lateral skull, located above the zygomatic arch and anterior
to the ear. It allows ultrasound beam to invade and be re-
flected. Although numerous studies have reported that an
inadequate temporal bone window is more common in older
women [15e18] and in non-Caucasians, we have less
knowledge about the prevalence of temporal bone WF and
the associated factors of WF in Taiwanese patients [10].

The aim of the present study is to demonstrate the
prevalence of temporal bone WF and explore the factors
associated with temporal bone WF using TCCS.

Patients and methods

From January 2014 to June 2014, 355 consecutive patients
with admission impression of cerebrovascular disease who
received TCCS examination during their hospital stay at
neurological ward were enrolled. Patients were classified
into two groups, one with no or insufficient temporal bone
window and the other with good temporal bone window for
identification of MCA, anterior (ACA), and posterior cere-
bral arteries (PCA) via transtemporal approach. The clinical
records of the patients were reviewed for demographic
data, underlying medical diseases, and conventional
vascular risk factors.

TCCS

TCCS (Philips HDI 5000 System ATL; Philips, Bothell, WA,
USA) equipped with a 2-MHz sector transducer were used to
carry out the examination. Patients were examined by an

experienced ultrasound technologist. We used the trans-
temporal approach to identify the MCA, ACA, and PCA.
While being examined, the patient is supine on the exam-
ination bed. The probe is placed above the zygomatic arch
and anterior to the ear where the thinnest section of the
squamous portion of the temporal bone is. For those with a
small temporal bone window, the entire region between
the ear and the frontal process of the zygomatic bone is
carefully searched for an available window. The examiner
first searches for hypoechogenic butterfly-shaped mesen-
cephalic brain stem surrounded by the hyperechogenic
basal cistern in axial scanning plane using B-mode ultraso-
nography. The color mode is then switched on to find the
arteries. The arteries of the circle of Willis can be identified
by their anatomic location with respect to the brain stem
structure and by determination of the flow direction. The
MCA, along with the P1 and P2 segments of PCA are usually
coded red due to their flow direction toward the trans-
ducer. By contrast, the A1 and A2 segments of the ipsilat-
eral ACA and the distal P2 segment of the PCA are coded
blue due to their flow direction away the transducer. To
record the Doppler spectrum, the sample volume is placed
under visual control in the vessel segment of interest.

We defined temporal bone window failure as inability to
visualize the midbrain structures of the interrogated sides
on the B-mode image. Good temporal bone window was
defined as clear visualization of midbrain structures and all
three ipsilateral vessels (MCA, ACA, and PCA) were identi-
fied with adequate color and Doppler signals. For those with
fewer than three vessels identified were classified as having
insufficient temporal bone window. We did not attempt to
insonate the MCA, ACA, or PCA ipsilateral to the poor
window from the contralateral side. In case of no or
insufficient temporal bone window, the power output of the
transducer unit was increased to 100% with an appropriate
color gain, then the probe was moved slowly ensuring good
contact between the transducer and the skin. The depth
was set at 45e70 mm and the angle of the probe was
adjusted for MCA, ACA, PCA, and siphon internal carotid
artery detection.

Statistical analysis

Data are expressed in terms of mean and standard devia-
tion. To test for group differences, the Chi-square test was
used for discrete variables and the independent-sample
Student t test for variables measured on a continuous scale.
A p value < 0.05 was considered statistically significant.

Results

Table 1 presents the baseline characteristics of the 355
patients. These included 218 men and 137 women (age
64.5 � 13.2 years); 28.8% of the patients had no or insuf-
ficient temporal bone window. Among them, 20.3% had
complete bilateral temporal bone WF. Hypertension, old
cerebrovascular disease, and hyperlipidemia were the most
common underlying medical problems followed by diabetes
mellitus and left ventricular hypertrophy. Patients with WF
were older and more often female. Univariate analysis
revealed that age and female sex were the only significant
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