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Contrast-Enhanced Transcranial Color-Coded
Duplexsonography in Stroke Patients with

Limited Bone Windows

Georg Gahn, Johannes Gerber, Susanne Hallmeyer, Gabriele Hahn, Robert H. Ackerman, Heinz Reichmann, and
Rüdiger von Kummer

BACKGROUND AND PURPOSE: Thickening of the temporal bone in stroke-age patients
may obviate sonographic evaluation of the circle of Willis in 20% to 30% of patients. We
assessed the diagnostic efficacy of contrast-enhanced transcranial color-coded duplexsonogra-
phy (TCCD) for noninvasive evaluation of the circle of Willis in stroke patients with limited
bone windows.

METHODS: Of 171 consecutive patients who presented with ischemic symptoms in the mid-
dle cerebral artery (MCA) territory, 49 patients (32 female, 17 male; age range, 70.5 6 10.6
years) had no detectable colorflow signals from the circle of Willis by TCCD because of limited
acoustic windows. These 49 patients received an IV injection of a sonographic contrast-en-
hancing agent, Levovist (Schering; Berlin, Germany), and were re-examined. Correlative im-
aging studies of the circle of Willis were obtained in 42 of 49 of these patients.

RESULTS: In 38 of 49 patients, contrast-enhanced TCCD enabled full visualization of the
circle of Willis bilaterally; in an additional five patients, contrast-enhanced TCCD revealed
only the portion of the circle of Willis ipsilateral to the probe through one temporal bone. In
six of these 43 patients, contrast-enhanced TCCD showed MCA stenosis and MCA occlusion
in three; three of the six cases of MCA stenosis and all three cases of the MCA occlusion were
found on the symptomatic side. In six of 49 patients, no colorflow signals were obtained after
contrast enhancement. All contrast-enhanced TCCD findings were confirmed by CT angiog-
raphy, transfemoral digital substraction angiogaphy, MR angiography, or a combination of all
three correlative studies. Levovist produced no serious adverse events.

CONCLUSION: In stroke-age patients with limited acoustic windows, contrast-enhancement
with Levovist can markedly increase the sensitivity of TCCD and increase the detection of
clinically relevant intracranial arterial disease.

Transcranial color-coded duplexsonography (TCCD)
is a diagnostic tool that potentially improves son-
ographic evaluation of the intracranial arteries by
permitting direct visualization of the vessels sam-
pled and precise correction of the angle of inson-
ation–features that are not possible with conven-
tional transcranial doppler sonography (TCD) (1).
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Thickening of the temporal bone in stroke-age pa-
tients, however, may obviate detection of the circle
of Willis in 20% to 30% of subjects (2, 3). The
capability of low-frequency (2-MHz) sonography
to penetrate the temporal bone to permit sampling
of flow dynamics in the large intracranial vessels
is inversely proportional to skull thickness. The
skull is thicker in older patients, in women, and in
non-Caucasians (2, 3). Both TCD, which provides
discrete samples of blood rheology, and TCCD,
which provides a contour of the blood column from
which the samples are taken, require a good tem-
poral acoustic window to insonate the middle ce-
rebral artery (MCA) and the circle of Willis.

TCD and TCCD are potentially desirable tools
for the assessment of acute and chronic MCA ter-
ritory ischemia. Complete MCA occlusion can be
found in up to 50% of patients examined within 8
hours of MCA territory stroke (4–6), and patients
can benefit from early lysis of the clot that can
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occur spontaneously or secondarily to therapeutic
interventions. Occlusion and secondary clot lysis
should be rapidly and noninvasively demonstrable
by sonography. In patients with acute hemispheric
ischemic events, sonographic studies of intracranial
hemodynamics, therefore, can be important, es-
pecially if thrombolysis is a treatment option. Sim-
ilarly, in patients with subacute or chronic events,
transcranial sonography typically should be able to
reveal pathologic hemodynamics that help differ-
entiate between embolic and low-flow ischemic in-
jury. This information can be basic to formulating
workup and management plans. Nonetheless, be-
cause stroke patients often are older, their acoustic
bone windows may be limited or nonexistent, re-
stricting the applicability of routine transcranial
sonography. In recent years, sonographic contrast-
enhancing agents have been used in an effort to
overcome this problem. Levovist (Schering, Berlin,
Germany), which consists of galactose-based mi-
crobubbles, is the most widely investigated agent
and recently has been registered for the German
market (7). EchoGen (Sonus Pharmaceuticals,
Bothell, WA), a dodecafluoropentane emulsion, is
a newer product that only more recently has been
applied to the neurovascular system (8) but for
which there is no published report for its intracra-
nial applications.

In this study, we evaluated the efficacy of Le-
vovist for visualizing the circle of Willis by TCCD
in patients with hemispheric ischemic symptoms in
whom unenhanced TCCD did not provide color-
flow signals of the intracranial arteries because of
absent bone windows. Our investigation studied
stenotic and occlusive lesions of the circle of Willis
and was designed to provide prospective correlative
imaging data obtained by CT angiography (CTA),
MR angiography (MRA), or digital subtraction an-
giography (DSA).

Methods

Patient Selection

From January 1997 to April 1998, 171 patients were ad-
mitted to our neurology department for transient or permanent
ischemic hemispheric symptoms. All patients had a complete
sonographic evaluation of the carotid system as well as a TCD
and a TCCD study. Our routine sonographic studies for the
carotid system include performance of one indirect noninva-
sive test (periorbital directional Doppler sonography) and of
three direct tests (colorflow imaging, duplex imaging [B-mode/
pulsed-wave Doppler examinations] and continuous-wave Dopp-
ler sonography). When performing TCD, we followed the pro-
tocol of Aaslid et al (9). We selected for contrast-enhanced
TCCD those patients in whom precontrast TCCD could not
adequately reveal the arteries of the circle of Willis because of
limited bone windows. The diagnosis of limited bone windows
was made by two independent, experienced investigators (GG
and SH). Forty-nine consecutive patients with limited bone
windows (32 female, 17 male; age range, 70.5 6 10.6 years)
were enrolled in the study.

TCCD Examination

The interval between onset of cerebral ischemia and con-
trast-enhanced TCCD ranged 7.7 6 6.7 days. Contrast-en-
hanced TCCD was performed by one experienced person
(GG). Beginning with an almost axial cut through the butterfly-
shaped midbrain, we tried to detect the basal arteries of the
circle of Willis by tilting the sonographic probe slightly up-
ward. If no colorflow signal was found after this procedure,
we proceeded to perform contrast-enhanced TCCD. In some
patients, the midbrain was not visible in B-mode; in those pa-
tients, the echo-dense structures of the petrous bone were used
for orientation (10). Sonographic examinations were performed
with an ACUSON 128XP/4 (Acuson, Mountain View, CA)
with a 2.0- to 2.5-MHz transcranial sector scanner device.
Quantitative gain values are not available on the Acuson XP/
4, but for each patient, the gain was adjusted during the con-
trast-enhanced sonographic study to optimize imaging data.
The application of Levovist was limited to four vials contain-
ing 2.5 g of Levovist for cost effectiveness. First, the right side
of the circle of Willis was evaluated through the right temporal
bone after IV application (via the antecubital or peripheral arm
vein) of 1.25 g of Levovist in a concentration of 300mg/cc as
a bolus [corresponding to half a vial (4.5 cc) of Levovist]. If
sufficient enhancement was observed, we used the second half
of the vial to evaluate the patient through the left temporal
bone for evaluation of the left side of the circle of Willis. If
no or insufficient enhancement of the ipsilateral MCA was
observed on the right side 2 minutes after application of half
a vial of Levovist, the second half of the vial was injected,
keeping the probe in place. If enhancement was still not de-
tected, 2.5 g of Levovist, in a concentration of 400 mg/mL,
was injected. If no enhancement was observed after these two
injections, no further attempt was made on the right side. The
same procedure was repeated on the left side. The examiner
tried to identify all branches of the circle of Willis including
1) the entire M1, A1, and P1 segments of the MCA, the an-
terior cerebral artery (ACA), and the posterior cerebral artery
(PCA), respectively; 2) the proximal M2 and P2 segments; and
3) the distal intracranial internal carotid artery (ICA). Color-
flow signals were analyzed for flow direction and turbulence,
which were further evaluated by duplex spectral waveform
analysis. For diagnosis of intracranial arterial stenosis, we fol-
lowed the suggestions of Hennerici et al (11). The duration of
contrast enhancement was determined by measuring the inter-
val from the first appearance of colorflow signals after injec-
tion of Levovist to the moment when diminishing colorflow
signals did not permit further sonographic evaluation. A com-
plete contrast-enhanced TCCD takes about 5 minutes; the di-
agnosis of insufficient bone windows can be made in a few
seconds. The findings were detailed immediately after the son-
ographic examination in a self-developed chart. The examiner
was blinded to the results of other vascular imaging studies.
All contrast-enhanced TCCD studies were recorded on super
VHS videotape.

Correlative Imaging Studies

Correlative imaging studies were performed within 24 hours
of contrast-enhanced TCCD. Thirty-four patients underwent
correlative CTA; of these 34 patients, four also underwent cor-
relative MRA, three underwent DSA, and one underwent all
three studies. Six patients only underwent correlative MRA,
and two only underwent correlative DSA. Seven did not un-
dergo any correlative studies. Correlative studies were not per-
formed in two of these patients because of a cardiac pacemaker
combined either with a history of allergy against iodinated
contrast agents or renal insufficiency. Five patients refused fur-
ther studies or could not be evaluated within 24 hours of con-
trast-enhanced TCCD for logistical reasons.

CTA, MRA and DSA were performed by neuroradiologists
(JG, RvK) who were blinded to the results of the contrast-
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FIG 1. A and B, Unenhanced TCCD (A) provides no detectable colorflow signals; contrast-enhanced TCCD (B) of same patient shows
the complete circle of Willis.

FIG 2. A–C, TCCD without contrast enhancement (A) of a 57-year-
old man provides no colorflow signals; contrast-enhanced TCCD (B)
shows a mild left middle cerebral artery stenosis (arrow); Correlative
CTA (C) confirms mild middle cerebral artery stenosis (arrow).

enhanced TCCD. Of the six DSA procedures performed, one
was done for preoperative workup of carotid artery stenosis,
two were done because of acute or evolving stroke, and one
was done because of a suspected arteriovenous malformation.

CTA was performed according to the suggestions of Knauth
et al (5), with a Philips Gyroscan (Best, Netherlands) Patients
were administered 100–130 cc nonionic IV contrast at 4cc/s
(delay according to bolus tracking). Three-dimensional recon-
structions were obtained using a surface-shaded-rendering al-
gorithm (2:1 pitch; 1.5-mm collimation). MRA data were ac-
quired with a Siemens Magnetom (Erlangen, Germany) at 1.5 T.
Data analysis and data reconstruction were performed offline
on a SUN-Workstation (SUN Microsystems, Inc.)

Results
In 38 of 49 patients, contrast-enhanced TCCD

provided complete visualization of the circle of

Willis bilaterally (Fig 1A-B). The mean duration of
contrast enhancement was 2:43 minutes with a
range of 0:45 to 7:06 minutes (median, 2:28 min).
The enhancement started after a mean time of 22 sec
(range, 6–37 sec).

In six patients, contrast-enhanced TCCD re-
vealed MCA stenosis (Fig 2A-B) and MCA occlu-
sion in three patients (Fig 3A-B). CTA confirmed
these findings (Fig 2C and 3C). Three of the six
cases of MCA stenosis and all three cases of MCA
occlusion occurred on the side of cerebral symp-
toms and were thought to be etiologically related
to the patients recent ischemic events. Three cases
of MCA stenosis were located on the asymptomatic
side. In one of the latter, MR imaging revealed an
old, established infarct distal to the MCA stenosis.
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Number of Levovist vials and concentrations applied to patients and observed enhancement

Used No. of Vials/
Concentrations (mg/mL) No. of Patients

Enhancement through
Both Temporal Bones

Enhancement Only
through One

Temporal Bone

No Enhancement
through Either
Temporal Bone

1 3 300 18 18 · · · · · ·
2 3 300 14 14 · · · · · ·
1 3 300 1 1 3 400 2 · · · 2 · · ·
1 3 300 1 2 3 400 8 2 1 5
2 3 300 1 1 3 400 6 3 2 1
2 3 300 1 2 3 400 1 1 · · · · · ·

Note.—In five patients, only one temporal window permitted visualization of the circle of Willis with Levovist; in six patients, no enhancement
was detectable through either temporal bone. Application of Levovist in a concentration of 400 mg/mL did not provide improved imaging data
compared with 300 mg/mL.

In another patient, who presented with a fixed
ischemic deficit referable to the right MCA terri-
tory but no evidence of MCA stenosis, contrast-
enhanced TCCD depicted severe stenosis (systolic
peak velocity 400 cm/s) in the left P1 segment of
the PCA, and CT showed an old infarction in the
left occipital lobe distal to this left PCA stenosis
(as well as a new infarction in the right MCA ter-
ritory). Based on CTA results found before con-
trast-enhanced TCCD was performed, this P1 ste-
nosis was first misdiagnosed as a vessel aplasia.
The contrast-enhanced TCCD findings and the
brain CT evidence of associated occipital infarction
were strong evidence that the lesion indeed repre-
sented a pathologic stenosis.

In three patients with unilateral severe sympto-
matic carotid disease, contrast-enhanced TCCD
provided information about collateral flow. In two
patients with a symptomatic critical stenosis at the
origin of the left ICA (residual lumen diameter
,0.7 mm, corresponding to a 90–95% stenosis),
contrast-enhanced TCCD showed strongly retro-
grade flow in the left ACA, suggesting robust col-
lateral cross-flow to the ipsilateral MCA, which
would suggest that the MCA territory infarctions
probably had an embolic rather than a low-flow eti-
ology. In another patient with symptomatic ICA ste-
nosis with a residual lumen diameter of ,0.7 mm
(90–95% stenosis), contrast-enhanced TCCD showed
an antegrade ACA on the side of carotid stenosis
and could not enable identification of a PCA. These
findings characterize an isolated hemisphere, which
puts a patient at high risk for low-flow stroke. Con-
firmatory DSA findings were found in this patient.
In all other cases, CTA, DSA, or MRA also con-
firmed the findings.

We used a total of 97 vials Levovist (mean, 1.98
vials/patient; 71 vials in a concentration of 300 mg/
mL; 26 vials in a concentration of 400 mg/mL)
(Table). In 20 (40.8%) of 49 patients, the short du-
ration of contrast enhancement required additional
doses of Levovist for bilateral evaluation of the cir-
cle of Willis (Table).

In five patients, contrast-enhanced TCCD showed
only the ipsilateral half of the circle of Willis
through one temporal bone window; no detectable
signals were obtained through the other temporal

bone. In four of these five patients, the side of the
insufficient acoustic temporal bone window was on
the symptomatic side. In six patients, no reasonable
signal was detectable though either temporal bone.
In these patients, we did not find improvement of
colorflow signals when using 400 mg/mL instead
of 300 mg/mL of Levovist.

No serious adverse events occurred after appli-
cation of Levovist, but four patients reported a gen-
eralized sensation of heat.

Discussion
We studied the efficacy of Levovist for the

TCCD examination of 49 patients with hemispheric
transient ischemic attacks and stroke in whom no
temporal acoustic window could be found on an
precontrast TCCD study. Contrast-enhanced TCCD
revealed the circle of Willis on the symptomatic
side in 43 (88%) of 49 subjects. Ten cases of in-
tracranial stenosis or occlusion were found with
contrast-enhanced TCCD, six of which were related
to recent or remote ischemic events. Three cases of
MCA stenosis were contralateral to the presenting
symptoms, as was one PCA stenosis, which by CT
was shown to be associated with an old occipital
lobe infarction. Additionally, in three cases of ca-
rotid stenosis without MCA obstruction, contrast-
enhanced TCCD showed physiologic changes con-
sistent with a carotid embolic or low-flow etiology
of the clinical ischemic events. Correlative imaging
supported the contrast-enhanced TCCD findings in
42 of 49 cases. Of the 171 original patients from
whom the 49 were drawn for lack of acoustic win-
dows, the selective use of contrast-enhanced TCCD
increased the rate of sonographic detection of clin-
ically relevant vessels from 71.3% to 93.6%. This
study demonstrates the effectiveness of Levovist
enhancement for facilitating detection of clinically
relevant information.

Four other investigations have reported on the
use of Levovist for TCCD evaluation of the intra-
cranial circulation in patients with recent hemi-
spheric ischemic events and limited bone windows
(12–15), two of which had similar designs to ours.
Postert et al (12) and Goertler et al (13) included,
as in our study, patients whose mean age was over
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FIG 3. A and B, Unenhanced TCCD (A) of a
78-year-old woman provides no colorflow sig-
nals; contrast-enhanced TCCD (B) shows entire
circle of Willis except for left MCA (yellow arrow),
indicating MCA occlcusion.

C, Correlative CTA confirms MCA occlusion
(white arrow). Left A1 appears hypoplastic, yet
contrast-enhanced TCCD makes both A1 seg-
ments appear similar in size, a possible bloom-
ing effect. Left M1 segment appears shorter on
contrast-enhanced TCCD image than on CTA
(arrowheads). Because 2 hours elapsed be-
tween the performance of contrast-enhanced
TCCD and CTA, this may represent partial re-
canalization of the MCA.

65 years, who had no intracranial flow detectable
on the unenhanced studies, and from whom correl-
ative clinical data were obtained. They looked at
patients with acute (,12 hours), established
strokes. Postert et al also provided correlative im-
aging data. Of 20 patients in the former study (Pos-
tert), and 16 in the latter (Goertler), contrast-en-
hanced TCCD enabled good MCA visualization on
the symtomatic side in 100% and 81%, respective-
ly. With contrast-enhanced TCCD, the former study
harvested 11 cases of MCA occlusion (55% of pa-
tients) (12) and the latter identified four cases of
MCA stenosis and three cases of MCA occlusion
(44% of patients) (13). The lower percentage of
cases of MCA stenosis and occlusion detected by
contrast-enhanced sonography in our study (16%
total) may be owing to the fact that our patients
were examined subacutely, and clot lysis may al-
ready have occurred. Postert et al and Goertler et
al focused their study on the symptomatic hemi-
sphere and did not report abnormalities of the
asymptomatic hemisphere. We attempted to evalu-
ate both hemispheres by using up to four sets of
microbubble injection.

Two potential drawbacks of the contrast en-
hancement are the ‘‘blooming effect,’’ which oc-
curs shortly after injection because of the high con-
centration of the enhancing agent in the circulation,
and the short half-life of clinically useful contrast-
enhancing agent (2:43 min with Levovist, 8:40 min
with EchoGen). The former causes echoes from
moving blood to spill over vessel wall margins,
creating exaggerated depictions of the vascular

pathways. Although the blooming effect degrades
anatomic resolution, it does exaggerate the size of
the vessel, so that some vessels or lesions become
more obvious. This happened in our study with the
identification of a PCA stenosis (contralateral to the
side of hemispheric symptoms) that on an initial
CT angiogram was read as an atretic vessel. The
focal high Doppler velocity (400cm/s) in this vessel
and an associated occipital lobe infarction caused
the original CTA report to be amended.

Because of the short half-life of clinically useful
sonographic contrast-enhancing agents, the exam-
iner often needs to focus her/his attention on the
arterial system and vessel of interest, especially if
both Doppler and colorflow signals are to be re-
corded. Nevertheless, in our study, we were able to
detect four lesions contralateral to the vessel of in-
terest; two were relevant to prior ischemic events.

Because contrast-enhanced TCCD can be done
safely, quickly, by the bedside, and in poorly co-
operative patients, contrast-enhanced TCCD per-
formed without a baseline unenhanced study might
be advisable in uncooperative patients as well as in
hyperacute stroke patients when they arrive in the
emergency room and are candidates for thrombo-
lysis. In these situations, the blooming effect is par-
ticularly useful, because if all vessels have exag-
gerated profiles, the vascular topography is rapidly
evident. In cases of suspected MCA stem embolus,
if all the vessels off the circle of Willis can be
accounted for except for the MCA, the findings are
essentially pathognomonic of MCA occlcusion (Fig
3B-C). A complete contrast-enhanced TCCD takes
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about 5 minutes. Whether one does a subsequent
CTA, MRA, or DSA depends on the time elapsed
after ictus, the clinical circumstances of the patient,
the resources of the facility, and the experience of
staff.

Our study provides additional evidence that, in
selected cases, contrast-enhanced TCCD can reveal
clinically relevant lesions, and represents an im-
portant contribution to the noninvasive evaluation
of the intracranial vessels in recent stroke patients.

References
1. Bogdahn U, Becker G, Schlief R, Reddig J, Hassel W. Contrast-

enhanced transcranial color-coded real-time sonography. Re-
sults of a phase-two study. Stroke 1993;24:676–684

2. Itoh T, Matsumoto M, Handa N, et al. Rate of successful re-
cording of blood flow signals in the middle cerebral artery
using transcranial Doppler sonography. Stroke 1993;24:
1192–1195

3. Seidel G, Kaps M, Gerriets T. Potential and limitations of tran-
scranial color-coded sonography in stroke patients. Stroke
1995;26:2061–2066

4. Fieschi C, Argentino C, Lenzi GL, Sacchetti ML, Toni D, Boz-
zao L. Clinical and instrumental evaluation of patients with
ischemic stroke within the first six hours. J Neurol Sci 1989;
91:311–321

5. Knauth M, von Kummer R, Jansen O, Hahnel S, Dorfler A, Sartor
K. Potential of CT angiography in acute ischemic stroke. AJNR
Am J Neuroradiol 1997;18:1001–1010

6. Wildermuth S, Knauth M, Brandt T, Winter R, Sartor K, Hacke
W. Role of CT angiography in patient selection for thrombol-
ytic therapy in acute hemispheric stroke. Stroke 1998;29:
935–938

7. Fritzsch T, Schlief R. Future prospects for echo-enhancing
agents. Clin Radiol 1996;51(Suppl)1:56–8:56–58

8. Gahn G, Ackerman RH, Candia MR, Barrett KM, Lev MH, Huang
AY. Dodecafluoropentane ultrasonic contrast enhancement in
carotid diagnosis: preliminary results. J Ultrasound Med 1999;
18:101–108

9. Aaslid R, Markwalder RM, Nornes H. Noninvasive transcranial
Doppler ultrasound recording of flow velocity in basal cerebral
arteries. J Neurosurg 1982;769–774

10. Bogdahn U, Becker G, Winkler J, Greiner K, Perez J, Meurers B.
Transcranial color-coded real-time sonography in adults.
Stroke 1990;21:1680–1688

11. Hennerici M, Rautenberg W, Schwartz A. Transcranial Doppler
ultrasound for the assessment of intracranial arterial flow ve-
locity. Part 2. Surg Neurol 1987;27:523–532

12. Postert T, Braun B, Federlein J, Przuntek H, Koster O, Buttner T.
Diagnosis and monitoring of middle cerebral artery occlusion
with contrast-enhanced transcranial color-coded real-time
sonography in patients with inadequate acoustic bone win-
dows. Ultrasound Med Biol 1998;24:333–340

13. Goertler M, Kross R, Baeumer M, et al. Diagnostic impact and
prognostic relevance of early contrast-enhanced transcranial
color-coded duplex sonography in acute stroke. Stroke 1998;
29:955–962

14. Nabavi DG, Droste DW, Kemeny V, Schulte-Altedorneburg G,
Weber S, Ringelstein EB. Potential and limitations of echocon-
trast-enhanced ultrasonography in acute stroke patients: a pi-
lot study. Stroke 1998;29:949–954

15. Baumgartner RW, Arnold M, Gonner F, et al. Contrast-enhanced
transcranial color-coded duplex sonography in ischemic cere-
brovascular disease. Stroke 1997;28:2473–2478


