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Assessment of Whole-Brain Vasodilatory Capacity with
Acetazolamide Challenge at 1.5 T Using Dynamic Contrast Imaging
with Frequency-Shifted Burst

Jeffrey R. Petrella, Charles DeCarli, Mandeep Dagli, Josef H. Duyn, Cécile B. Grandin, Joseph A. Frank,
Elizabeth A. Hoffman, and William H. Theodore

PURPOSE: To determine whether whole-brain acetazolamide-induced changes in regional cere-
bral blood volume (rCBV) can be assessed on a conventional gradient 1.5-T MR system using 3-D
dynamic susceptibility contrast-enhanced MR imaging. METHODS: A 3-D frequency-shifted (FS)
burst technique was used to assess the intravascular first pass of contrast agent. Changes in rCBV
were calculated in 40 volunteers before and after acetazolamide (n 5 30) or saline (n 5 10)
injection using customized analysis software on an independent workstation. A single-section
gradient-echo technique with better spatial resolution was used in one additional volunteer to
examine the effect of partial volume averaging on calculation of absolute rCBV. RESULTS: A
statistically significant increase in rCBV (gray matter 5 23%, white matter 5 32.5%) was noted after
acetazolamide compared with saline. Baseline fractional CBVs were 22% 6 3% for gray matter and
12% 6 2% for white matter. Partial volume averaging was probably responsible for a systematic but
linear overestimation of absolute rCBV. CONCLUSION: Acetazolamide-induced changes in rCBV
can be assessed using 3-D dynamic susceptibility contrast-enhanced MR imaging with FS-burst on
a conventional gradient 1.5-T MR system. Values obtained with this technique overestimate
absolute rCBV but are systematically biased and can be used for intersubject and intrasubject ratio
comparisons.
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Burst refers to a class of ultrafast magnetic
resonance (MR) imaging techniques that are
characterized by “bursts” of radio frequency ex-
citation pulses. The modification frequency-
shifted (FS) burst, a fast three-dimensional sus-
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ceptibility-weighted MR imaging sequence, can
be used for whole-brain dynamic contrast per-
fusion imaging on standard 1.5-T systems with-
out specialized gradient hardware (1). Although
there is a moderate sacrifice of spatial resolu-
tion compared with single-section gradient-
echo (2–4) and multisection echo-planar imag-
ing (5), FS-burst is useful for whole-brain bolus
tracking, since it enables the entire brain to be
scanned in approximately 2 seconds with equal
T2* weighting over k-space (6). Because of its
whole-brain coverage, it is possible to sample a
wide range of voxels for estimating an arterial
input function directly from the images; thus,
absolute rather than relative regional cerebral
blood volume (rCBV) measures can be ob-
tained (7). Unlike relative rCBV values, absolute
values can be compared among different exam-
inations and subjects.

A widely available, whole-brain imaging
3



technique yielding absolute rCBV values would
be extremely useful in clinical trials comparing
hemodynamic parameters in different groups of
patients, as well as in evaluating pharmacologic
interventions on individual patients. One useful
pharmacologic intervention is a vasodilatory
challenge with acetazolamide, which is impor-
tant in assessing cerebrovascular reserve ca-
pacity (8–10). We evaluated the feasibility of
dynamic susceptibility contrast-enhanced MR
imaging with FS-burst to estimate absolute
rCBV and assess whole-brain regional vasodila-
tory capacity with acetazolamide challenge.

Materials and Methods

Theory

I. Measurement of rCBV.—A noninvasive determination
of rCBV based on indicator dilution theory has been well
described (11) and depends on accurate measurement of
indicator concentration as a function of time. According to
this theory, relative rCBV can be determined by integrating
the area beneath the time concentration curve for a given
voxel or region. To obtain absolute rCBV, it is necessary to
divide this area by the area under an arterial input function,
as described in the equation,
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where Vf is the fractional rCBV,E0
`ct(t)dt is the area under

the tissue concentration time curve, and E0
`ca(t)dt is the

area under the arterial input concentration time curve
(11). Any artery on the scan that can completely encom-
pass a single voxel may be used, in principle (11), to
obtain an arterial input function. Dividing the area under
the tissue time concentration curve by the area under the
arterial input function curve accounts for differences in the
shape of the tissue curve caused by between-patient or
between-examination factors, such as different cardiac
output or different injection rate, as these factors are re-
flected in the arterial input function.

II. Relationship between MR Signal and Contrast Agent
Concentration.—For susceptibility-weighted MR imaging,
regional loss in signal intensity induced by the introduction
of a paramagnetic contrast agent can be converted to a
measure of concentration of the contrast agent (7). Be-
cause the mechanisms governing signal loss in the pres-
ence of a paramagnetic contrast agent may be different
inside tissue regions (12, 13), from which we obtain tissue
time concentration curves, as opposed to large vessels,
from which we obtain the arterial input function, the rela-
tionship between signal intensity and concentration of
contrast agent must be examined separately in each case.

1154 PETRELLA
A. Within tissue. It has been empirically determined
from tissue models of the capillary bed and in vivo ex-
periments in animals that the relationship between change
in signal intensity and tissue concentration of paramag-
netic contrast agent canbe characterized by the following
relationship for susceptibility-weighted imaging (7, 12,
14):

2) c(t) 5 2 k z ln
S(t)
S(0) ,

where c(t) is the local tissue concentration of the contrast
material at time t, S(t)/S(0) is the fractional signal intensity
change at time t from the baseline signal intensity, and k is
a calibration constant related to the tissue and echo time of
the pulse sequence. This relationship holds true for blood
concentrations up to 1.5 mmol/L of gadopentetate dime-
glumine (M. Hedehus, E. Rostrup, H. B. W. Larsson, “The
Relationship between R2* and Gadolinium Concentration
in Vivo,” presented at the annual meeting of the Interna-
tional Society of Magnetic Resonance Imaging, New York,
NY, April 1996).

B. Within large vessels. Such a predictable relationship
between T2*-weighted signal change and contrast agent
concentration given by Equation 2 should be true for the
voxels within or around large vessels as well, if one is to
obtain the arterial input function directly from the images.
Empirical evidence from previous brain imaging work us-
ing a dual-section higher resolution T2*-weighted tech-
nique has supported the validity of extending Equation 2 to
arterial voxels (15). There is also experimental evidence
in dogs that justifies the validity of this relationship
(L. Porkka, M. Neuder, G. Hunter, R. Weisskoff, J. Belli-
veau, B. Rosen, “Arterial-input function measurement with
MRI,” In: Book of Abstracts 1:120, Society of Magnetic
Resonance in Medicine, San Francisco, Calif, August 10–
16, 1991).

To show that the relationship between signal intensity
change, as measured by our technique, and contrast con-
centration could also be approximated by this linear rela-
tionship for both tissue and arteries, we examined three
healthy volunteers with the 3-D FS-burst imaging proto-
col. Each volunteer had three consecutive examinations
with a fixed volume bolus injection of gadopentetate dime-
glumine in three different dilutions with normal saline. The
dilutions of contrast agent were 60%, 80%, and 100%,
respectively. Examinations were separated by an interval
of 50 to 60 minutes. The time concentration curves for
both tissue and arteries were derived according to Equa-
tion 2. We predicted that the area under the arterial and
tissue time concentration curves would be proportional to
the amount of contrast material injected if Equation 2 were
valid in both cases.

III. Comparing rCBV Values.—Assuming Equation 2
is valid for both tissues and arteries, we substitute Equa-
tion 2 into Equation 1 to obtain an expression for fractional
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rCBV (Vf):
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where Stiss and Sart represent the respective tissue and
artery signal intensities at a given time, and ktiss and kart

represent the respective calibration constants. If the pre-
stimulation and poststimulation rCBV values are com-
pared in a ratio rather than a difference, then it is not
necessary to know the proportionality factors, ktiss or kart

in Equation 3, as these calibration terms are constants and
will cancel out in the ratio Vfpre/Vfpost. This ratio compari-
son would be valid for interpatient comparisons also, as-
suming the ratio ktiss/kart were the same for all patients.
On the other hand, if our aim were to estimate the absolute
fractional rCBV itself rather than compare two values in a
ratio, we would have to assume a value for ktiss/kart or
obtain one empirically. In a previous study, this value was
assumed to be 1 for all patients, yielding reasonable mean
estimates of absolute rCBV in gray and white matter (15).
This same assumption is made in our study for calculation
of absolute fractional rCBV. Note that rCBV is described in
percentages or fractional rCBV rather than in units of mil-
liliters per 100 g of brain tissue. This practice has become
more common in recent reports of positron emission to-
mography and MR imaging studies (16, 17).

Subjects

Our study was approved by the Intramural Research
Review Board of the National Institutes of Neurological
Disorders and Stroke, National Institutes of Health, Be-
thesda, Md. Forty-one healthy subjects ranging in age
from 23 to 82 years (mean age, 44 years 6 20) were
recruited from the community. All subjects had normal
findings on a screening examination, which consisted of a
full medical and neurologic history and physical. The ex-
clusion criteria included a history or evidence of cardio-
vascular disease, diabetes, hypertension, head trauma,
previous central nervous system (CNS) infections, expo-
sure to CNS toxins, metabolic or endocrine diseases, and
psychiatric distress. Written informed consent was ob-
tained from all subjects.

Study Design

In 30 volunteers, the effect of acetazolamide was inves-
tigated; in 10 volunteers, a saline placebo was used in
place of acetazolamide to control for the influence of re-
sidual contrast (18) or placebo effect. Imaging was per-
formed before and 50 to 60 minutes after intravenous
administration of acetazolamide (15 mg/kg in 10 mL) or
saline placebo (10 mL). The subjects did not know
whether they received acetazolamide or placebo. The per-
fusion images were analyzed to calculate fractional rCBV
for gray and white matter before and after acetazolamide
administration. The remaining volunteer was examined
with a single-section technique with better spatial resolu-
tion to evaluate its effects on estimation of rCBV.

Imaging Protocol

A 20-gauge intravenous catheter was placed in an an-
tecubital vein and connected to an MR-compatible double
syringe prototype power injector (Medrad, Pittsburgh, Pa)
containing gadopentetate dimeglumine in one syringe and
normal saline in the other. The maximal flow rate of 6 mL/s
was used. Imaging was performed on a 1.5-T MR system
using a standard quadrature head coil. Before injection,
routine images were obtained using short repetition time
spin-echo and double-echo long repetition time fast spin-
echo techniques. Dynamic MR imaging was performed
using a 3-D FS-burst sequence (65/42.5 [repetition time/
echo time], flip angle of 90°) in a 45° coronal oblique
plane. This oblique acquisition plane was necessary to
optimize gradient strength to maximize the field of view in
the section-select direction (1). The midsagittal section on
the short-repetition-time images was used to locate the
center of the volume of acquisition at the posterior com-
missure. The transmit-and-receive gains were set manu-
ally to maintain the same parameters from scan to scan. A
total of 40 brain volumes (voxel size, 4.0 3 4.0 3 6.1 mm;
matrix, 40 3 48 3 36) were obtained during the bolus
injection, approximately 2.1 seconds per volume, for a
total imaging time of about 11⁄2 minutes. The bolus injec-
tion was started 20 seconds into the acquisition using a
dose of 0.1 mmol/kg gadopentetate dimeglumine at 6.0
mL/s, followed by a 24-mL normal saline flush at 6.0
mL/s. After this baseline imaging session, the subject was
administered acetazolamide (15 mg/kg intravenously).
Following a 50 to 60 minute (mean, 50 minutes 6 9) rest
period outside the magnet, the subject was imaged again
with a short repetition time sagittal localizer followed by a
second bolus of contrast material with FS-burst dynamic
imaging.

For the subject studied with the single-section higher
resolution technique, the imaging protocol was the same
as that for the other 40 volunteers studied with FS-burst,
except for the dynamic imaging sequence, which con-
sisted of a spoiled gradient-echo (SPGR) technique (30/
25, 15° flip angle, 24-cm field of view, 128 3 128 matrix).
Parameters were set to match the temporal resolution,
section thickness, and scanning plane of the FS-burst se-
quence. Only a single examination was performed, and no
acetazolamide was administered to this subject.

Image Analysis

Reconstruction and analysis of the contrast-enhanced
dynamic MR images were performed on a UNIX-based
workstation (Hewlett Packard, Corvallis, Ore) using Inter-
active Data Language (Research Systems, Boulder, Colo)
software. For each of the 40 FS-burst volunteers, both



Fig 1. A, Dynamic MR image with
regions of interest in the medial fron-
tal, frontoparietal, and occipital gray
matter, corresponding to the anterior,
middle, and posterior cerebral artery
vascular territories, respectively.

B, Concentration time plot shows
the original data points and fitted
curve for a representative gray matter
region of interest. Arrow indicates
time of injection.

C, Dynamic MR image with repre-
sentative voxel (white square) in the
region of major branches of the right
middle cerebral artery, chosen by al-
gorithm to obtain parameters for ar-
terial input curve.

D, Fitted concentration time plots
of 10 voxels selected for arterial input
curves.
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baseline and postacetazolamide data sets were registered
to the first volume of the baseline data set using an inten-
sity-based trilinear interpolation algorithm (19). The im-
ages were then resectioned from the 45° coronal oblique
plane to the axial plane, again using a linear interpolation
technique (20).

Using the first volume (to which all the other volumes
were now registered) as a reference, regions of interest
(ROIs) were drawn in each hemisphere corresponding to
the major cortical cerebral vascular distributions and the
supraventricular white matter (21). The gray matter re-
gions were as follows: medial frontal (corresponding to the
anterior cerebral artery territory), frontoparietal (middle
cerebral artery territory), and occipital (posterior cerebral
artery territory) (Fig 1A). Time signal intensity curves
were generated for each voxel in the ROI and averaged into
a single time signal intensity curve over the 40 time points.
This curve was then converted to a time concentration
curve using Equation 2. The baseline signal intensity was
obtained from averaging the signal intensity of time points
3 through 9. The concentration time curve was then fit in a
semiautomated fashion with a g variate function using a
nonlinear least-squares regression method (22, 23). Areas
under the fitted tissue time concentration curves were ob-
tained for each ROI (Fig 1B).
To standardize the process of obtaining an arterial input
function despite poor spatial resolution, an algorithm was
empirically developed to select out arterial voxels on the
basis of highest, earliest, and narrowest curve peak. It was
recognized that, in addition to selecting arterial voxels,
such a criterion might also select voxels in the paren-
chyma immediately adjacent to large vessels, since these
areas may experience a large drop in signal intensity from
the local susceptibility effects of the adjacent vessel. The
algorithm was as follows: time signal intensity curves for
each voxel in the brain were evaluated and 175 curves with
the greatest decrease in signal intensity were initially cho-
sen. From these curves, 20 were selected on the basis of
the earliest times to peak signal reduction. These 20
curves were converted to time concentration curves and
fitted with g variate functions as described above. From the
20 fitted curves, 10 curves with the shortest mean transit
times were selected. The areas under these 10 curves were
averaged together to obtain a single area for an arterial input
function. This area parameter was used in normalizing the
tissue area values from all ROIs in the brain (Fig 1C and D).

Areas for the tissue ROI and arterial input function were
tabulated on a spread sheet (Excel, Microsoft Corp, Red-
mond, Wash), in which absolute fractional rCBV values
were calculated according to Equation 1, for gray and



Fig 2. Scatterplots show the linear rela-
tionship between the area under the concen-
tration time curve and the percentage gado-
linium-DTPA concentration of the injected
contrast agent/normal saline mixture. A is
the arterial input curve; B is the tissue curve
(gray matter). Error bars show standard de-
viation.
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white matter in general, as well as for each gray matter
region. The values for general gray matter were obtained
by averaging the individual gray matter regions. All frac-
tional rCBV values were multiplied by a factor of 0.73 to
adjust for the difference in percentage of plasma volume
between tissues and arteries accountable by different he-
matocrits (24).

For the single-section SPGR study, only a baseline data
set was obtained. ROIs were drawn along the gray matter
cortical ribbon and in the white matter. Areas under the
fitted tissue time concentration and arterial input function
curves were obtained as described above.

Data Analysis

All data were expressed as means and standard devia-
tions. The preacetazolamide and postacetzolamide rCBV
values were compared using Student’s t test (paired)
within the treatment and control group. Comparison of the
response between the acetazolamide and saline control
group was performed with a repeated measures analysis of
variance. Statistical significance was defined as P , .05.

Results

Relationship between MR Signal and Contrast
Agent Concentration

The relationship between concentration of
contrast agent and area under the arterial and
tissue time concentration curves is shown in
Figure 2. This figure demonstrates a linear re-
lationship between the concentration of injected
contrast agent and the area under the arterial
and tissue concentration curves as determined
by Equation 2. We therefore felt confident that
using Equation 2 to convert signal intensities to
contrast agent concentrations for arteries as
well as tissue would not introduce a significant
nonlinear bias in estimations of cerebral blood
volume.

Baseline rCBV

The mean baseline value for fractional rCBV
for all 40 patients in the 3-D FS-burst study
was 22% 6 3% for gray matter and 12% 6 2%
for white matter. There was a statistically signif-
icant difference between these values. The
mean gray to white matter rCBV ratio was 1.84.
The baseline rCBV values within gray matter,
however, did not differ significantly by region.

Fractional cerebral blood volume measurements in 40 healthy vol-
unteers before and after drug challenge (acetazolamide versus sa-
line control)

Before
Challenge,

%

After
Challenge,

%

Mean
Change, %

Acetazolamide (n 5 30)
Gray matter 22.2 6 3 27.3 6 6 23.0 (P , .05)

Medial frontal 22.8 6 5 29.3 6 7 28.5 (P , .05)
Frontoparietal 21.9 6 4 27.0 6 6 23.3 (P , .05)
Occipital 21.8 6 4 25.7 6 6 17.9 (P , .05)

White matter 12.0 6 3 15.9 6 4 32.5 (P , .05)
Saline control (n 5 10)

Gray matter 21.9 6 3 22.6 6 2 3.2 (NS)
Medial frontal 22.4 6 4 23.8 6 3 6.3 (NS)
Frontoparietal 21.6 6 4 22.3 6 2 3.2 (NS)
Occipital 21.7 6 2 21.7 6 3 0.0 (NS)

White matter 12.0 6 2 13.5 6 2 12.5 (NS)

Note.—NS indicates not significant.



Fig 3. Change in fractional cerebral blood volume (rCBV) in response to acetazolamide versus saline control for gray matter (A) and
white matter (B). Error bars show standard deviation.
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Drug Effect

The baseline and postinjection fractional
rCBV values for the acetazolamide and saline
control groups are shown in the Table. There
was a statistically significant increase in rCBV
for all regions for the acetazolamide group. Fur-
thermore, this increase was significantly differ-
ent from that of the saline control group, in
which there was no statistically significant
change (Fig 3). Reactivity to acetazolamide was
highest in the medial frontal gray matter region
and differed significantly from that in the fron-
toparietal and occipital gray matter regions
(P , .05).

Single-Section Higher Resolution Study

The average baseline values for fractional
rCBV for the single-section SPGR study was
13% for gray matter and 5% for white matter.
The gray-to-white-matter rCBV ratio was 2.62.

Discussion

Our data in healthy volunteers show that it is
possible to detect whole-brain acetazolamide-
induced changes in rCBV on a conventional
gradient 1.5-T MR system, aided by an indepen-
dent workstation and customized software, us-
ing dynamic contrast imaging with FS-burst.
We found a statistically significant increase in
rCBV of 23% for gray matter and 33% for white
matter in the acetazolamide group, and no sig-
nificant increases in the saline control group.
These results are consistent with those from
previous studies using contrast-enhanced per-
fusion MR imaging and other methods to mea-
sure rCBV, such as xenon CT and single-photon
emission CT (SPECT) (18, 25, 26)(G. D. Gra-
ham, J. Zhong, R. T. Constable, J. W. Prichard,
J. C. Gore, “Comparison of Gadolinium Con-
trast Bolus and BOLD Assessments of Acet-
azolamide Induced Changes in Human Cerebral
Perfusion,” presented at the annual meeting of
the Society of Magnetic Resonance, San Fran-
cisco, Calif, August 1994). Such studies in
healthy volunteers reveal a wide range of re-
sponse (from 10% to 65%) to acetazolamide
stimulation for gray and white matter combined.
Studies looking at gray and white matter sepa-
rately have found a greater percentage of in-
crease in rCBV in white matter versus gray mat-
ter, similar to our findings (27)(E. Rostrup, H. B.
W. Larsson, P. B. Toft, P. Ring, K. Garde, O.
Henriksen, “A Contrast Agent Study of Changes
in CBV Induced by Hypercapnia,” presented at
the annual meeting of the Society of Magnetic
Resonance, San Francisco, Calif, August
1994). These studies used carbon dioxide as a
vasodilator, which is thought to work with a
mechanism similar to that of acetazolamide (9).

In addition to gray and white matter differ-
ences in baseline rCBV and reactivity to acet-
azolamide, we also examined regional gray
matter differences. We were unable to show sig-
nificant regional gray matter differences in
baseline rCBV, consistent with previous SPECT
studies (27). There were, however, significant
regional differences in reactivity to acetazol-
amide. The percentage of change in rCBV was
highest in the medial frontal gray matter region,
followed by the frontoparietal and occipital re-
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gions. These findings also agree with those of
previous studies of rCBV changes induced by
acetazolamide or hypercapnia, using dynamic
contrast MR imaging, in which changes in rCBV
were also greater in frontal gray matter (Gra-
ham et al, “Comparison. . .”; Rostrup et al, “A
Contrast Agent Study. . .”).

Such regional gray matter changes in rCBV,
however, are reciprocal to the pattern of
changes in regional cerebral blood flow (rCBF)
measured by SPECT, where greater response to
acetazolamide is found in the occipital region,
followed by the parietal then frontal regions
(28). Studies looking at the effects of CO2
changes in rhesus monkeys have shown that
rCBV and rCBF are closely related. The rela-
tionship between rCBF and rCBV, however, is
not linear (29) and may reflect the multiple
mechanisms of action attributed to acetazol-
amide and hypercapnia. Increased blood flow in
these cases is believed to result from decreased
smooth muscle tone in artery and arteriole
walls, reducing resistance in the arterial circu-
lation and increasing flow through the capillary
bed (30). Increased blood into the capillary bed
expands capillary diameter but also results in
recruitment of additional capillaries (31). Al-
though capillary recruitment results in an in-
crease in rCBV, it also causes a relative increase
in the average length of the path the blood must
traverse. This translates into greater overall re-
sistance in the capillary bed, according to Poi-
seuille’s law (32), which somewhat offsets the
augmentation in flow from increases in capillary
diameter and number. Regions with greater
capillary recruitment (and, hence, greater in-
creases in rCBV) will diminish the amount of
acetazolamide-induced increase in rCBF. A dif-
ferential regional response to acetazolamide is
consistent with the heterogeneous structure of
the cortex (33) and suggests the possibility of
significant regional variability in capillary ca-
pacitance, which may reflect the differing phys-
iological demands of various brain regions.

Although our calculated acetazolamide-in-
duced percentages of increase in rCBV are
comparable to values obtained with the use of
other techniques reported in the literature, our
rCBV estimates themselves are higher (roughly
20% combined gray and white fractional rCBV
in this study compared with about 5% reported
in the literature) (26, 29, 34). The main reason
for this appears to be partial volume effects
from poor spatial resolution of 3-D FS-burst,
leading to systematic underestimation of the
area under the arterial input function. In the
selected arterial voxels there is most likely vol-
ume averaging of the artery with adjacent brain
parenchyma. The large voxels (4.0 3 4.0 3
6.11 mm) cannot be completely contained
within even the largest of cerebral arteries in the
imaging volume. Consequently, the area under
the arterial input function is underestimated,
leading to an overestimation of the fractional
rCBV (see Equation 1). The comparison analy-
sis with a single-section gradient-echo tech-
nique shows how volume averaging from a
large voxel size might cause overestimation of
fractional rCBV. The fractional rCBV values
were consistently smaller (13% for gray matter
and 5% for white matter) compared with the
average values obtained with the 3-D FS-burst
technique (22% and 12% for gray and white,
respectively). The rCBV values for the single-
section gradient-echo technique, although still
overestimated, compare favorably with values
obtained with a similar technique using dual
gradient-echo sections (15). Thus, comparison
with higher resolution studies suggests that vol-
ume averaging of the arterial input function vox-
els with adjacent tissue voxels plays a consid-
erable role in the overestimation of rCBV with
the FS-burst technique.

Although volume averaging plays a role in
overestimations of absolute rCBV, it should not
present a problem in ratio comparisons of val-
ues between different patients or between differ-
ent examinations of the same patient, if volume
averaging affects all rCBV values the same way.
The linear relationship between the injected
concentration of contrast agent and our mea-
surement of the arterial input function and tis-
sue area (Fig 2) suggests that all rCBV esti-
mates will be biased by the same multiplicative
factor. Thus, quantitative intersubject or intra-
subject rCBV ratio comparisons, such pre- to
postacetazolamide challenge, are valid. It has
been suggested that the linear relationship of
Equation 2 may break down at peak contrast
concentrations in large vessels (Hedehus et al,
“The Relationship...”); however, our data (Fig
2) suggest that using Equation 2 to convert
signal intensities to contrast agent concentra-
tions for arteries and for tissue does not intro-
duce a significant nonlinear bias in estimations
of rCBV.

A second though probably less influential
reason for overestimations of absolute rCBV ap-



plies generally to dynamic susceptibility con-
trast MR imaging, regardless of the spatial res-
olution. We, as well as other investigators who
have attempted to quantify absolute rCBV with
the dynamic susceptibility contrast MR tech-
nique, assume that the ratio of the proportion-
ality constants, ktiss/kart, in Equation 3 is equal
to 1 (15). This assumption, however, may not
be valid. To the extent this is not true, calculated
absolute rCBV will be biased.

In summary, we have shown that it is possible
to detect changes in rCBV due to acetazolamide
on a conventional gradient 1.5-T MR system
aided by an independent workstation and cus-
tomized software using dynamic contrast imag-
ing with FS-burst. Such changes may be used to
quantify cerebrovascular reserve across the en-
tire brain. The penalty incurred for whole-brain
coverage on a conventional scanner was loss of
spatial resolution and systematic overestima-
tion of absolute rCBV values. However, this
technique is still well suited for intersubject and
intrasubject ratio comparisons, and represents
a rapid, readily available way of obtaining
whole-brain quantitative hemodynamic infor-
mation.
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