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The Effect of Contrast Material on Transcranial Doppler
Evaluation of Normal Middle Cerebral Artery Peak

Systolic Velocity

Haleem G. Khan, Philippe Gailloud, Ronald O. Bude, Jean-Baptiste Martin, Kazimierz T. Szopinski,
Christophe Khaw, Daniel A. Rüfenacht, and Kieran J. Murphy

BACKGROUND AND PURPOSE: Several recent studies have shown that sonographic con-
trast agents may affect transcranial Doppler evaluation of the arterial peak systolic velocity
(PSV). Some investigators reported an increase in PSV, and others reported no change in PSV
compared with baseline values. This study was conducted to determine the effect of sonographic
contrast agent on PSV measured in normal middle cerebral arteries.

METHODS: Continuous spectral Doppler sonography was performed on the right middle
cerebral artery of 20 participants with angiographically proven normal intracranial vascula-
ture. Videotaping was performed in each case from the initiation of the administration of
contrast medium until the effect of the contrast agent on the PSV subsided. The PSV values
were normalized for each participant, were pooled, and were plotted as a function of time.

RESULTS: PSV increased in all participants after the administration of contrast material;
the mean maximum increase was 24 6 7.4% (mean 6 standard deviation) (range, 15236%).
The mean duration of PSV increase was 320 6 97 s (range, 1652465 s).

CONCLUSION: The middle cerebral artery PSV increased substantially after the adminis-
tration of contrast material. This effect needs to be considered if velocity thresholds developed
for disease detection without the use of contrast materials are used when contrast agents are
administered.

Transcranial Doppler sonography is a noninvasive,
portable method for evaluating intracranial hemo-
dynamics. It is most often used to detect acute va-
sospasm after subarachnoid hemorrhage (1) by
identifying abnormally elevated peak systolic ve-
locities in intracranial arteries. Serial measurements
may be used to monitor the response to therapy for
vasospasm. Similarly, transcranial Doppler sonog-
raphy may also be used to evaluate other entities
such as brain edema (2), stroke (3, 4), and neo-
plasm (5) by detecting alterations in flow velocities.
Additionally, detection of changes in Doppler flow
velocity in the middle cerebral artery of children
with ventriculoperitoneal shunt failure has shown
promise as a noninvasive method of assessing shunt
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function (6). Unfortunately, the vessel under inves-
tigation is generally not directly visible, the angle
of insonation is frequently only estimated, and, be-
cause of sound attenuation by the bony calvarium,
the signal-to-noise ratio is often suboptimal. These
limitations affect the reproducibility and reliability
of the procedure.

Several promising preliminary studies have re-
cently investigated the use of sonographic contrast
agents with transcranial Doppler sonography (5,
7210) for potentially reducing the number of tech-
nically inadequate examinations. Studies in other
organs, however, have shown these agents to cause
an increase in measured arterial velocities (4, 11).
It is unknown whether this occurs intracranially. If
it does, the effect may be significant; transcranial
Doppler sonography relies on arterial velocity mea-
surement and comparison of the values obtained
with threshold levels developed for detection of
pathologic abnormalities. This study was per-
formed to determine whether bolus administration
of a galactose-based contrast agent during tran-
scranial Doppler sonography in adults with normal
cerebral arteries causes an alteration in measured
arterial peak systolic velocity (PSV), and if it does,
to determine its magnitude and duration.
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Methods

Patient Population

Approval for this study was obtained from the institutional
review board of our institution, and informed consent was ob-
tained in all instances after the nature of the procedure was
fully explained. The study sample included 20 patients (12
male and eight female patients; mean age, 55 6 15 years; age
range, 17277 years). The patients were originally admitted for
evaluation of suspected arteriovenous malformation (n 5 4),
intracranial arterial stenosis (n 5 4), subarachnoid hemorrhage
(n 5 3), extracranial arterial stenosis (n 5 3), epistaxis (n 5
2), vasculitis (n 5 1), cystic lymphangioma (n 5 1), venous
angioma (n 5 1), and meningioma (n 5 1). In all patients, the
intracranial arteries were proven to be normal by cerebral dig-
ital subtraction angiography before contrast-enhanced tran-
scranial Doppler sonography was performed.

Transcranial Doppler Sonography Protocol

All cases were studied by an experienced radiologist
(H.G.K.) using a 2-MHz probe (Acuson XP128; Mountain-
view, CA) through a unilateral right transtemporal window.
Power Doppler sonography was performed with the gain op-
timized by imaging at the noise floor (12) and was used to
facilitate vessel localization and angle-correction of spectral
Doppler waveforms in all cases. Doppler energy output had a
maximal in situ intensity of 226 mW/cm2 spatial peak time
average intensity corresponding to 99 W/cm2 spatial peak
pulse average intensity. The examinations were recorded with
continuous video home system videotaping. The videotapes
were later jointly reviewed by three of the authors (H.G.K.,
P.G., K.J.M.), with results determined by consensus. Only the
right middle cerebral artery was studied. The Doppler gain was
standardized; it was adjusted until noise first became apparent
in the background of the spectral tracing. A baseline exami-
nation was performed for 5 min before the administration of
contrast material. A galactose-based contrast agent (Levovist;
Schering AG, Berlin, Germany) was then IV-administered to
all patients via an 18-gauge needle in an antecubital vein dur-
ing a 20-s interval. Contrast medium was injected at a dose of
2.5 g diluted in 7 mL of 0.9% saline resulting in a concentra-
tion of 300 mg/mL (total volume, 11 mL). A 5-mL bolus flush
of 0.9% saline was then administered. No complications or
adverse reactions occurred. Uninterrupted angle-corrected
spectral Doppler sonography was obtained of the right middle
cerebral artery from the initiation of the administration of con-
trast material until the effect of the contrast agent on the PSV
subsided. The mean PSV of the middle cerebral artery was
determined from the videotapes at 15-s intervals by averaging
the PSV values of three consecutive waveforms.

Data Analysis

To determine whether the alterations in contrast-enhanced
middle cerebral artery PSV compared with baseline PSV were
statistically significant, a one-sample t test for differences be-
tween means was performed on the initial and maximum PSV
values for all patients with statistical significance at the P ,
.01 level. Because we wanted to analyze the data of all patients
as a whole and because the baseline PSV values varied from
patient to patient, it was necessary to normalize the data for
each patient before consolidating all data. This was done for
each patient by dividing the post-injection PSV values for each
15-s time increment by the pre-injection PSV values. The data
from all patients for each 15-s interval after the administration
of contrast material were then pooled, and means and standard
deviations of the pooled normalized PSV values for each time
increment were calculated. These data, with standard error
bars, were then displayed as a single composite plot (Fig 1).

Results
The results for each patient are displayed in the

Table. A plot of mean normalized PSV data for all
patients as a function of time is also shown (Fig
1). Representative spectral Doppler waveforms are
illustrated (Fig 2). The middle cerebral artery PSV
increased after the administration of contrast ma-
terial in all patients, with the mean maximum per-
cent increase compared with baseline for all pa-
tients being 24 6 7.4% (range, 15236%). This
increase in PSV for all patients considered together
was highly statistically significant (P , .005). The
mean duration of contrast-induced PSV increase
was 320 6 97 s (range, 1652465 s). The mean
normalized PSV for all patients returned to values
within 5% of baseline after 240 s (Fig 3).

Discussion
Sonographic contrast agents markedly increase

the reflectivity of blood, thereby allowing for better
visualization of vessels. Before they can be fully
utilized for Doppler sonography, however, it must
be determined whether Doppler sonography–de-
tected velocities change after the administration of
the contrast agents. Initial studies in this regard
have shown differing results. Forsberg et al (13)
reported that contrast agents produce up to a 45%
increase in the PSV of the rabbit aorta and up to a
17% increase in PSV in vitro. They suggest that
this velocity increase is artifactual and is caused by
the limited dynamic range available in the scanner
display. Abildgaard et al (14) showed the PSV to
increase by 5% and the end-diastolic velocity to
increase by 6% in the common carotid arteries of
six piglets after the administration of contrast ma-
terial. Based on an in vitro study, Petrick et al (11)
concluded that a galactose-based contrast agent had
no direct effect on Doppler frequencies. They sug-
gest that any increase in PSV obtained in vivo after
the administration of contrast material is artifactual
and owing to enhancement of signals that were al-
ready adequate before the administration of the
contrast material, with the resulting sonographic
echoes exceeding the dynamic range of the scanner.
They further suggest that reducing the Doppler gain
easily compensates for this effect. Gutberlet et al
(15) noted a mean maximum Doppler frequency
shift increase of 38% in hepatic transplant arteries
after the administration of contrast material but did
not detect any increase in Doppler shift in the com-
mon carotid arteries of healthy human volunteers
after the administration of contrast material (16).
They proposed that the hepatic transplant arteries
were less than optimally seen before the adminis-
tration of contrast material and that the contrast
agent caused higher frequency signals to be de-
tected. They concluded that in the superficially lo-
cated common carotid artery, where the signal is
presumably already of sufficient intensity, these
higher shifts were detected without the use of a
contrast agent.
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FIG 1. Plot of mean normalized PSV for the aggregate patient data as a function of time. Time ‘‘zero’’ on the horizontal axis denotes
baseline PSV before the administration of contrast material. Vertical lines at data points are error bars denoting 6 1 SD. Note that the
mean PSV increases fairly rapidly, reaching a maximum within approximately 1 min of injection. Mean PSV remains elevated to ap-
proximately 5% above baseline until approximately 4 min after injection.

FIG 2. Representative waveforms at the onset of contrast effect and at peak enhancement. Note the marked enhancement of the
Doppler spectrum after the administration of contrast material and the apparent increase in PSV after the administration of contrast
material compared with before.

FIG 3. Representative waveforms showing tapering velocities
corresponding to a decrease of contrast effect are shown.

If contrast agents are to be optimally used clin-
ically, it must be known whether measured velocity
increases after the administration of contrast ma-
terial and whether the cause is artifactual. If veloc-
ities increase, one cannot simply administer a con-
trast agent and measure velocities. Some sort of
correction will be needed to counteract this mea-
sured velocity increase, whether it be the devel-
opment of new velocity standards for use with con-
trast agents or a reduction of the Doppler gain, as
Petrick et al have suggested (11).

Our study was designed to determine the ampli-
tude and time course of the effect of a bolus-ad-
ministered galactose-based contrast agent on the
PSV during transcranial Doppler sonography. We
therefore sequentially measured PSV in the right
middle cerebral arteries of patients in whom ade-
quate waveforms could be obtained before the ad-
ministration of contrast material. Our attention fo-
cused on the right middle cerebral artery only so
that it could be continuously insonated. It is as-

sumed that our results can be extrapolated to other
branches of the circle of Willis.

Our results show that when Doppler waveforms
are adequate for measurement before the adminis-
tration of contrast material at a standardized Dopp-
ler gain and the Doppler gain remains unaltered
when the contrast agent is administered as a bolus,
the measured PSV increases fairly prominently, up
to 36% compared with baseline in our study. A
substantial degree of velocity elevation lasts for at
least several minutes (Fig 1), with the mean PSV
increase still approximately 5% above baseline at
4 minutes after the administration of the bolus.
Thus, one cannot administer a contrast agent during
transcranial Doppler sonography, leave the Doppler
gain unaltered, obtain PSV values in arteries that
had adequate Doppler spectra before the adminis-
tration of the contrast material, and necessarily ex-
pect to detect pathologic abnormalities by applying
velocity criteria developed for use without a con-
trast agent. Doing so may cause a post-injection



Name /ajnr/21_231        02/03/00 10:37AM     Plate # 0 com osite g 389   # 4

AJNR: 21, February 2000 PEAK SYSTOLIC VELOCITY 389

Effect of sonographic contrast material on measured peak systolic velocity in normal middle cerebral arteries

Patient (No.) Age (yrs)
Baseline MCA
Velocity (cm/s)

Postcontrast Maximum
MCA Velocity (cm/s)

Increase of Maximum
MCA velocity (%)

Duration of PSV
Increase (s)

1
2
3
4
5
6
7
8
9

17
24
45
48
50
52
53
53
54

100
114
75
82
60
76
61
76
64

135
155
92
95
73
88
76
89
76

35
36
23
16
22
16
25
17
19

345
240
360
465
285*
285
405
240
240

10
11
12
13
14
15
16
17

57
58
61
61
64
65
65
65

66
79
70
80
52
45
61
75

83
91
85
93
70
57
79

102

26
15
21
16
35
27
30
36

465
270
225
345
165
360
240
440

18
19
20
Mean value
SD

68
72
77
55
15

58
58
84
72
16

69
76

100
89
22

19
31
19
24
7.4

425
180
410
320
97

* In this patient, data was only collected to 285 seconds post-injection due to a technical problem with the videotape, the recording was interrupted
prematurely, and the PSV was still 13.4% above baseline at that time.

PSV that was normal before the administration of
contrast material to exceed a velocity threshold,
falsely suggesting abnormality when none is actu-
ally present. To compensate for the measured PSV
increase, Petrick et al (11) suggest that ‘‘. . . it is
easy to compensate for the over-enhancement re-
sponsible for the artifact by reducing the gain.’’
Gain reduction may be the correct mechanism to
use because it does reduce the measured PSV (11),
but we do not share the view presented by Petrick
et al that it is easy to do. Gain reduction is subjec-
tive, and what is adequate gain for one observer
may be too little or too much for another. It may
therefore be necessary to standardize gain reduc-
tion after the administration of contrast material in
this setting, but to do this, further study is required.
Alternatively, if gain reduction cannot be standard-
ized for a bolus injection, it may still be necessary
to revise current velocity thresholds. Further inves-
tigation into this topic is required as well.

A recent in vivo study has investigated contin-
uous infusion, rather than bolus administration, of
a microbubble contrast agent for enhancement of
the Doppler signal in the human femoral artery
(17). It may be that the infusion technique, which
results in lower maximum enhancement than does
the bolus technique, causes a low enough PSV in-
crease that it does not significantly interfere with
the use of current PSV thresholds developed for
disease detection without the use of a contrast ma-
terial. Nonetheless, further study would also be re-
quired to evaluate this issue.

There are limitations to our study. First, it does
not explain why we observed an increase in middle

cerebral arterial PSV. It only shows that if contrast
agent is administered in the settings of this exper-
iment, an increase in PSV is measured. Second, our
study does not address the effect of a contrast agent
on the PSV of an artery that cannot be adequately
insonated before the administration of contrast ma-
terial, because we could not measure pre-injection
velocities in such instances. Our study, however,
clearly shows that bolus administration of a micro-
bubble contrast agent during a transcranial Doppler
sonography examination causes a substantial, time-
dependent increase in the measured PSV of an ar-
tery of which the waveforms were already techni-
cally adequate before the administration of contrast
material. This effect lasts for a substantial amount
of time and needs to be taken into account if PSV
thresholds that were developed for disease detec-
tion without the use of contrast material are used
after contrast material is administered.
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