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The axial imaging plane*/the main domain of the transcranial
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Abstract

Transcranial color-coded duplex ultrasonography (TCCS) makes possible the visualization of basal cerebral arteries

through color-coding the flow velocity information. This method is well established in the clinical routine for the

diagnostics of pathological processes in cerebrovascular disease. The present review describes the examination

technique, normal and pathological findings, such as stenosis and occlusion of intracranial arteries, as well as

intracranial vascular malformations focussing on the advantages of the examination in the axial imaging planes.
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1. Introduction

In the early 1950s attempts were made to

investigate intracranial structures through intact

bone using echo encephalography. Information

was obtained from the shift in the midline echo

(French et al., 1951; Leksell, 1954).

In the early 1980s, transcranial Doppler sono-

graphy (TCD) was introduced which enabled to

measure the blood flow velocities of the arteries of

the Circle of Willis (Aaslid et al., 1982). However,

the differentiation between individual vessels can

be difficult using the TCD method, since this

method has no imaging component. The Doppler

signal obtained is assigned to a specific artery on

the basis of indirect parameters: depth of the

sample volume, position of the transducer, direc-

tion of the blood flow and compression tests

(Arnolds and von Reutern, 1986). In addition,

with use of the TCD method, the angle between

the insonated vessel and the ultrasonic beam is not

known.

The introduction of new, high resolution ultra-

sound systems and high performance sector trans-

ducers has opened up new perspectives for

transcranial examination (Furuhata, 1989). By

color-coding the Doppler signal it is possible not

only to render blood flow in intracranial vessels

visible through the intact skull in adults, but also

to display their anatomical course, to perform

more exact, angle-corrected measurements of

blood flow velocities and to evaluate pathological
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intracranial conditions (Bogdahn et al., 1990;
Bartels, 1993).

2. Examination technique

A sector transducer with an operating frequency
of 2�/3.5 MHz with a small aperture size (approxi-

mately 19 mm) is used for imaging intracranial

vessels. As in conventional TCD, three different

approaches are used to insonate the intracranial

arteries: transtemporal , suboccipital and transorbi-

tal .

3. Transtemporal examination

The basal cerebral structures should be imaged

as far as possible in reproducible planes; this is

especially important for follow-up examinations.

The following axial scanning planes are recom-
mended by the TCCS Study Group.

. Plane through the mesencephalic brain stem*/

achieved by scanning in the orbitomeatal axial

plane.

. Plane through the diencephalon at the level of

the thalamus*/achieved by slightly angling*/

(108) the transducer apically.

. Plane through the cella media */achieved by

maximally tilting (308) the transducer apically.

Examination in the coronal plane is performed

by turning the transducer by 908 and changing the
scanning angle anteriorly and posteriorly. The

standard planes are anterior, middle and posterior

coronal planes*/orientated according to the anat-

omy of the brain stem and the basal cerebral

arteries.

The basal arteries can best be displayed in the

axial scanning plane through the mesencephalic

brain stem, which is given by the orbito�/meatal
line. An imaging depth of 140�/160 mm is con-

venient. Correct anatomical orientation is

achieved by demonstrating the cerebral structures

in the midline*/the hypoechogenic butterfly-

shaped mesencephalic brain stem, surrounded by

the hyperechogenic basal cisterns*/are displayed

with B-mode ultrasonography. Subsequently, the
color mode can be switched on to render the basal

cerebral arteries visible (Bartels, 1999).

The arteries of the circle of Willis can be

identified by their anatomic location with respect

to the brain stem structures and by determination

of the flow direction.

Transnuchal (suboccipital ) insonation is used for

the examination of the proximal portion of the
basilar artery and the intracranial segment of the

vertebral arteries. To make the orientation on the

screen easier, first the hypoechoic structure of the

foramen magnum is visualized on the B-mode

image. In the next step, switching to the color

mode*/the two vertebral arteries appear on both

sides within the foramen magnum. Since their

direction of flow is away from the transducer,
these arteries are coded blue. Additionally, sagittal

planes can be used to render abnormal vertebro-

basilar hemodynamics visible.

Transorbital examination is feasible, neverthe-

less it should not be performed routinely and the

acoustic energy should be reduced to a maximum

of 10�/15% in order not to damage the eye lens.

4. Flow velocity measurements

To record the Doppler spectrum, the sample

volume is placed under visual control in the vessel

segment of interest, and the cursor for measuring

the insonation angle is adjusted parallel to the

vessel course. Although angle corrected blood flow

velocity values are not absolute values, they are
more precise than those obtained by conventional

transcranial Doppler examination. Reference va-

lues for the blood flow velocities of the basal

cerebral arteries of the anterior and posterior

cerebral circulation have been reported (Martin

et al., 1995; Bartels and Flügel, 1994). Intra- and

interobserver reproducibility have been shown to

be good.
The limitations of the transtemporal insonation

are mainly related to an unfavorable acoustic

‘bone window’, in particular with elderly people.

In middle-aged patients, similar to the conven-

tional TCD method, the examination is technically

not possible in 10�/20% (Grolimund and Seiler,
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1988). Under unfavorable examination conditions,
ultrasound contrast agents improve transcranial

scan quality by increasing the intensity of Doppler

signals obtained from intracranial vessels (Bog-

dahn et al., 1993).

The limitations of the suboccipital duplex sono-

graphy are greater. Besides the unfavorable bone

window, the tortuous course of the basilar artery

can render the examination difficult. Further
examining problems can arise due to a difficult

anatomical approach in obese patients or in

patients with a cervical syndrome. Nevertheless,

it is a well established procedure for the assessment

of the posterior circulation rendering reliable

results in cerebrovascular disease (Kaps et al.,

1992; Schöning and Walter, 1992).

5. Pathological findings

In the second part of this review the typical

findings of pathological vascular processes are

described. Based on the everyday program of a

neurosonological laboratory the most frequent

diagnostic questions were selected to demonstrate
the role of TCCS in the clinical routine. The

indication for a TCCS evaluation of the anterior

circulation occurred far more often than for one of

the posterior circulation, where the pathological

findings could be assessed the best in the axial

scanning planes. The typical sonographic features

of vascular processes in the anterior circulation

using the transtemporal approach focus on the
axial plane, and are summarized in the following

section.

5.1. Findings in cerebral occlusive disease

It is technically relatively easy to detect a

stenosis in the proximal segment of the arteries of

the Circle of Willis . These arteries can be imaged

the best with the transtemporal insonation in the
mesencephalic axial plane. In this plane, the mid-

line structures (brain stem, basal cisterns) can be

found at a depth of approximately 80 mm, and the

ipsi- and contralateral arteries are visualized at a

depth from 45 to 90 mm. This region can be

examined at an optimum resolution using color-

coded sonographic equipment. And, of course,
these areas are the focus of interest in the

diagnostics of patients with acute cerebrovascular

symptoms based on the atherosclerotic vessel wall

changes, in order to optimize the therapeutic

decision.

Data concerning the sensitivity and specificity of

TCCS in the diagnosis of stenosis of the middle

cerebral artery (MCA ) remain limited. Further-
more, no criteria for the quantification of intra-

cranial stenosis by TCCS are available. The

classification is based on conventional TCD stu-

dies.

In the case of stenosis of the MCA a peak

systolic flow velocity of over 160 cm/s, or mean

value over 90 cm/s, is considered pathological

(Rorick et al., 1994). A difference in mean flow
velocity of at least 30 cm between the two sides is

also indicative of a stenosis (Ley-Pozo and Ring-

elstein, 1990).

The degree of stenosis is estimated on the basis

of the changes of the Doppler spectrum (increased

angle-corrected blood flow velocities and spectral

broadening in the site of the stenosis, flow

disturbances upstream and downstream from the
lesion, reduced maximum and mean flow velocities

distal to the stenosis). TCCS provides information

on the localization of the stenosis. Using fre-

quency-dependent color-coding, the site of the

stenosis can be more easily recognized due to the

aliasing phenomenon (Becker et al., 1994). Addi-

tionally, the thickened vessel wall in the area of the

stenosis can be imaged in B-mode due to its higher
echogenicity (Seidel et al., 1995).

Differentiating between a stenosis and a

vasospasm can sometimes be difficult.

In the case of a stenosis the aliasing phenom-

enon is usually visible in a circumscribed, short

section of the vessel, corresponding to the exten-

sion of the stenotic segment, whereas, with a

vasospasm several vessels are often affected.
Increased flow velocities can also be registered

in the case of obstructive lesions in the contral-

ateral hemisphere or in extracranial carotid disease

due to a compensatory increase in blood flow

through collateral vessels . Diagnostic errors can

be avoided by considering the findings with all

arteries supplying the brain (Baumgartner et al.,
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Fig. 1. Occlusion of the right MCA in 26 years old patient with a dissection of the right internal carotid artery. (A) Native transcranial

color-coded image using a right transtemporal approach with an unfavorable temporal bone window. The visualization of the basal

cerebral arteries is of insufficient quality, only fragments of the arteries are visible. (1) No detectable signal of the right MCA; (2) signal

of the right posterior communicating artery; (3) left PCA; (4) left MCA; (5) A2 segment of the left ACA. (B) Using echo contrast agent

Levovist good visualization of the contralateral (left) MCA and ACA and ipsilateral (right) PCA. There is no signal registered for the

right MCA (arrow). MCA, middle cerebral artery; PCA, posterior cerebral artery; ACA, anterior cerebral artery; �, brain stem. (C)

Magnetic resonance angiogram of an occlusion of the right MCA (arrow). The intracranial segment of the right internal carotid artery

shows a weak signal due to a dissection at the origin.
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1997b; Giller, 1994; Sitzer et al., 1994). For easier

spatial assessment of intracranial stenoses con-

trast-enhanced three-dimensional sonography can

be used (Klötzsch et al., 2002).

Of particular clinical relevance is an occlusion of

the MCA . It can arise due to a local thrombosis in

an atherosclerotic lesion, or occasionally vasculi-

tis, moyamoya diasease, or coagulopathy. Most

often, however, it is caused by embolism, with

either arterial or cardiac sources for the emboli

(Ringelstein, 1995). An early diagnosis in patients

with cerebral ischemia is crucial for the therapeutic

strategy*/especially in the decision for a throm-

bolysis.

Sonographic diagnosis of occlusion of a cerebral

artery can be made when a color-coded signal

cannot be obtained at depths of insonation

corresponding to that artery, although neighbor-

ing arteries can be imaged well. Criteria for the

sonographic diagnosis of MCA occlusion in the

axial plane include lack of detectable flow in the

MCA, good visualization of the ipsilateral poster-

ior cerebral artery (PCA), and detection of collat-

eral flow.

In patients with acute stroke contrast enhance-

ment is valuable, especially in those patients whose

baseline scans are not of good quality (Baumgart-

ner et al., 1997a; Ries et al., 1997; Postert et al.,

1997). In such a situation it is important for

further diagnostic steps and for therapy to be

able to determine whether failure to visualize a

cerebral vessel is due to methodological problems
or to an occlusion of a cerebral artery (Nabavi et

al., 1998; Fig. 1).

5.2. Findings in vascularized tumors

The ability to image vascularized tumors (e.g.

meningioma) depends more on their degree of

vascularization than on their size. With the excep-
tion of angiomas there are no typical tumor-

specific hemodynamic parameters. Sometimes a

spectral analysis reveals a low pulsatility of the

spectral waveform. The location of the tumor is

important for its imaging. The tumors located in

the axial plane are easy to image and can some-

times even be detected incidentally (Bartels, 1999).

5.3. Findings in cerebral vascular malformations

5.3.1. Cerebral aneurysms

An aneurysm is imaged as a color-coded appen-

dix next to a normal vessel. The most typical color-

coded feature is the presence of two areas with

Fig. 1 (Continued)
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Fig. 2. Cerebral aneurysm visible in the axial plane of the CT scan (A) and in a three-dimensional computed tomography

reconstruction (B). (C) Transtemporal B-mode image showing the hypoechoic aneurysm surrounded by a hyperechoic signal (arrows).

(D) Doppler spectrum and a color-coded image of this aneurysm located in the midline in the axial plane in 73.1 mm depth. Due to the

reversal of flow in the aneurysm, half of it is coded red, and the other half blue. The color-coded zones are separated by a black line.
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inversely directed flow: half of the aneurysm is

coded blue, and the other half is coded red. The

colors correspond to the direction of inflowing and

outflowing blood. Between these two areas, a

black separation zone without color coding and

with undetectable blood flow, can be recognized.

Visualization of an aneurysm depends on its

location and size (�/5 mm; Baumgartner et al.,

Fig. 2 (Continued)
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Fig. 3. View of a large fronto-temporo-basal angioma. (A) With transtemporal insonation the characteristic color-coded signal of an

angioma with a mosaic pattern and aliasing is observed. The spectral waveform recorded from the vessel loops of the angioma shows a

reduced pulsatiliy (Pulsatility Index, PI�/0.41). (B) Magnetic resonance image of the angioma.
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1994). In 50% of cases of subarachnoid hemor-
rhage, aneurysms are found in the anterior com-

municating artery (Mumenthaler, 1990). For the

imaging of these arterial segments the axial plane

is most convenient. Aneurysms located in the

proximal segment of the arteries of the circle of

Willis can be recognized more easily than those

situated in the periphery (Fig. 2). The reliability of

the investigation can also be improved by using
echo contrast agents. In addition, power Doppler

imaging can be useful in detecting low flow

velocities within aneurysms (Bartels et al., 1997;

Wardlaw and Cannon, 1996).

With a tortuous course of an artery it is often

not possible to distinguish between an aneurysm

and a diagonally sectioned vessel branch or a

vessel loop (Uggowitzer et al., 1999). Smaller, and
more peripherally located, aneurysms can escape

detection. In addition, visualization of a partially

thrombosed aneurysm is also difficult. For these

reasons color-coded duplex sonography should

not be used as a screening procedure. In follow-

up, after treatment with platinum coils, hypere-

chogenic signals of the clips with reverberation

artifacts can be observed (Klötzsch et al., 1996).

5.3.2. Arteriovenous malformations

An arteriovenous malformation (AVM) is a

massive collection of abnormal vessels in which

the arterial circulation flows directly into the

venous circulation. With TCCS, the pathological

vascularity of an AVM can be displayed directly

on the screen and show a lively dramatic pattern

(Fig. 3). This variation in color represents the
different flow directions of the vascular loops as

well as the increased blood flow velocities in the

angiomatous vessels (Becker et al., 1990, 1992;

Klötzsch et al., 1995; Schreiber et al., 2002).

Furthermore, the typical Doppler spectrum of

the feeding arteries can be recorded under visual

control. The diastolic component of the spectral

waveform is increased more than the systolic
component because of the reduced peripheral

resistance in an angioma. This is manifested by a

low pulsatility index. Using these parameters it is

also possible to determine which arteries of the

circle of Willis located outside of the angioma

nidus participate in the blood supply. The closer

the examination area to the angioma, the clearer
the hemodynamic changes. The following flow

values are given as a guidance: maximum systolic

flow velocity �/140 cm/s, end-diastolic flow velo-

city �/100 cm/s, pulsatility index B/0.6 (Bartels,

1998).

Using correlation with cerebral angiography

and magnetic resonance imaging, angiomas can

be visualized directly according to the above-
mentioned criteria with a sensitivity of 77.7%

(Bartels, 1999). Imaging angiomas located near

the cortex -in the parietal, occipital, high frontal,

and cerebellar regions can be difficult. In contrast,

in a subgroup of patients with temporobasal,

parietobasal, and frontobasal angiomas, which

were located in the axial insonation plane, the

sensitivity of detection was 90%. The size of the
angioma was less important than the location: the

smallest angioma imaged was 1 cm in diameter.

TCCS can detect angiomas as an incidental

finding, however, it should not be used as a

screening procedure. This method is particularly

suitable for the follow up of postoperative and

postembolization patients.

6. Conclusion

Color-coded duplex ultrasonography is increas-

ingly accepted as a valuable method in neurovas-

cular diagnostics. In the hands of an experienced

examiner , it is a reliable tool in the evaluation of

cerebrovascular diseases. For technical and meth-
odological reasons, pathological processes, espe-

cially those located in the parietobasal,

frontobasal and temporobasal subcortical brain

regions, are best diagnosed using the axial imaging

planes via the transtemporal approach. The main

limitation of TCCS, like that of conventional

TCD, is the need for an adequate acoustic window

which can be overcome with echo contrast agents.
The examination of the pathological processes

in the posterior fossa is not the object of this

review. Nevertheless, it is clear that the imaging of

the vertebrobasilar system using suboccipital in-

sonation, must also be considered a routine part of

the transcranial examination.
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