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BACKGROUND AND PURPOSE: The mechanisms by which the glucocorticoid dexamethasone produces
its therapeutic action in patients with intracranial tumors still remain unclear. The purpose of this study
was to investigate whether dexamethasone affects cerebral perfusion and water molecule diffusion by
using quantitative dynamic susceptibility contrast perfusion MR imaging (DSC-MR imaging) and
diffusion tensor MR imaging (DT-MR imaging).

METHODS: Ten consecutive patients with glioblastoma multiforme underwent DSC-MR imaging and
DT-MR imaging before and 48-72 hours after dexamethasone treatment (16 mg/day). Cerebral blood
flow (CBF), cerebral blood volume (CBV), mean transit time (MTT), and water mean diffusivity (<D>)
were measured for enhancing tumor, nonenhancing peritumoral edematous brain, and normal-appear-
ing contralateral white matter before and after steroid therapy. The percentage change in CBF, CBV,
MTT, and <D> for the 3 tissue types was calculated for each patient, a mean value obtained for the
population, and the statistical significance determined by using a paired-samples Student t test.

RESULTS: After dexamethasone treatment, there was no significant change in tumor CBF, CBV, or
MTT. Edematous brain CBV and MTT were also unchanged. There was, however, an increase in
edematous brain CBF (11.6%; P = .05). <D> was reduced in both enhancing tumor (—=5.8%; P =.001)
and edematous brain (=6.0%; P < .001). There was no significant change in CBF, CBV, MTT, or <D>
for normal-appearing contralateral white matter after treatment.

CONCLUSION: These data suggest that dexamethasone does not significantly affect tumor blood flow
but may, by reducing peritumoral water content and local tissue pressure, subtly increase perfusion in

the edematous brain.

B ecause of its rapid and beneficial clinical effects, the syn-
thetic glucocorticoid dexamethasone has been routinely
used in the management of patients with intracranial tumors
for the past 3 decades."* Its precise mode of action, however,
remains unclear. Studies in both humans and animal models
suggest that its principal effect is to reduce edema formation,
hence lowering intracranial pressure.>* This edema resolution
is achieved by either decreasing the blood-tumor barrier per-
meability to small solutes® or increasing parenchymal resis-
tance to fluid transport.” Alternatively, dexamethasone may
act directly on the cerebral vasculature. Unfortunately, those
studies performed to date that have investigated how steroids
affect cerebral perfusion have produced contradictory results,
both in terms of the magnitude and direction of perfusion
changes.” This is because these studies have not acquired
baseline data in the absence of steroid treatment,” or have
imaged subjects over a wide and variable range of times after
treatment initiation,>®° have been performed in heteroge-
neous groups of tumors>” and in patients who have already
undergone operative procedures.®

In view of the conflicting data and these methodologic
problems, a pilot study was performed in which dynamic sus-
ceptibility contrast perfusion MR imaging (DSC-MR imag-
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ing) was used to measure quantitative values of cerebral blood
flow (CBF), cerebral blood volume (CBV), and mean transit
time (MTT) for enhancing tumor, nonenhancing peritumoral
edematous brain, and normal-appearing contralateral white
matter in a group of patients with high-grade glioma before
and 4872 hours after dexamethasone treatment. By measur-
ing these parameters before and after treatment in the 3 re-
gions, it is possible to determine whether and by how much
cerebral perfusion is altered by dexamethasone and whether
the changes are localized to the tumor region or are more
global in nature. In addition, to determine how changes in
cerebral perfusion parameters compare with alterations in wa-
ter molecule mobility, which has been shown to decrease sig-
nificantly in peritumoral edematous brain after dexametha-
sone treatment,” the mean diffusivity of water (<D>) was
also obtained pre- and poststeroid treatment for the 3 tissue

types.
Methods

Patients

Ten consecutive patients (8 men and 2 women; age range, 40—76
years; mean age, 58.1 = 14.3 years) with newly diagnosed glioblas-
toma mutliforme (GBM) were included in this prospective study.
Their radiologic data did not suggest any neurologic disorders other
than the primary neoplasm. The tumor type was histologically con-
firmed in all patients following MR imaging. At the time of imaging,
none of the patients had (1) begun steroid treatment, (2) had any
prior radiation therapy or chemotherapy, or (3) undergone any prior
cranial surgery. They also had no contraindications to MR imaging.
The local ethics committee approved the study and informed consent
was obtained from each patient.



MR Imaging Protocol

All MR imaging data were obtained by using a GE Signa LX 1.5T
(General Electric, Milwaukee, Wisc) clinical scanner, equipped with a
self-shielding gradient set (22 mT/m maximum gradient strength)
and manufacturer-supplied “birdcage” quadrature head coil. The MR
imaging examination consisted of a standard fast spin-echo T2-
weighted sequence, the DT-MR imaging and DSC-MR imaging pro-
tocols described below, and a contrast-enhanced T2-weighted vol-
ume sequence. The DT-MR imaging and DSC-MR imaging protocols
shared the same field of view (FOV) and section locations. The exam-
ination was repeated 4872 hours after dexamethasone treatment
had been initiated (16 mg/day).

To ensure that the section locations used in the second examina-
tion corresponded as closely as possible to those in the first, the sub-
ject’s head position and tilt in the first scan were recorded and the
patient repositioned in exactly the same manner for the second scan.
At least one of the sections was taken through a prominent anatomic
landmark so as to minimize any deviation in section location in the
second scan. Computational image realignment techniques were then
used to warp the images in the second examination to the first,
thereby minimizing any small remaining positioning differences.

In the DT-MR imaging protocol,* sets of axial single-shot spin-
echo echo-planar (EP) images (b = 0 and 1000 s/mm?) were collected
with diffusion gradients applied sequentially along 6 noncollinear di-
rections. Five acquisitions consisting of a baseline T2-weighted echo-
planar (EP) image and 6 diffusion-weighted EP images, a total of 35
EP images, were collected per section position. The acquisition pa-
rameters for the EP imaging sequence were 15 axial sections of 5-mm
thickness and 1.0-mm section gap, a FOV of 240 X 240 mm, an
acquisition matrix of 128 X 128 (zero filled to 256 X 256), a repetition
time (TR) of 10 seconds, and an echo time (TE) of 98.8 milliseconds.

Cerebral perfusion was measured by imaging the dynamic signal
intensity change following a bolus injection of a gadolinium-based
contrast agent. Thirty-four volumes of 15 axial sections of 5-mm
thickness and 1.0-mm section gap were acquired over a period of 85
seconds by using a single-shot gradient-echo EP imaging sequence
with a FOV of 240 X 240 mm, an acquisition matrix of 128 X 128
(zero filled to 256 X 256),a TR of 2.5 seconds, a TE of 30 milliseconds,
and a flip angle of 90°. Four baseline volumes were collected before 20
mL of gadopentetate dimeglumine (Magnevist, Berlex Laboratories,
Wayne, NJ) was administered intravenously at a rate of 5 mL/s by
using an MR-compatible pump (Medrad, Indianola, Pa).

Following the DSC-MR imaging protocol, a contrast-enhanced
T1-weighted volume sequence was also collected by using the follow-
ing acquisition parameters: 110 contiguous axial sections of 1.5-mm
thickness, a FOV of 240 X 240 mm, an acquisition matrix of 256 X
256, a TR of 7.3 milliseconds, a TE of 3.2 milliseconds, and an inver-
sion time of 400 milliseconds.

Image Analysis

Quantitative coregistered maps of CBF, CBV, and MTT for the
pre- and poststeroid treatment examinations were obtained in the
following manner. By using a 3D computational image alignment
program (FLIRT; www.fmrib.ox.ac.uk/fsl),'* intra- and interscan
bulk patient motion artifacts were removed from the DSC-MR imag-
ing data by registering the component gradient-echo EP imaging vol-
umes to the T2-weighted EP imaging volume acquired as part of the
first examination DT-MR imaging protocol.*

Quantitative perfusion measurements were made by using the
methods described by @stergaard et al.'"»'* Tissue and arterial con-

centration-time curves were determined on a voxel-by-voxel basis
from the dynamic signal intensity change following injection of the
contrast agent. The concentration-time curves were fitted by using a
gamma-variate function to estimate and remove the difference in
bolus arrival time and recirculation artifacts.'”> The arterial input
function (AIF) was determined from the average concentration-time
curve taken from small 3 X 3 voxel (2.8 X 2.8 X 5 mm volume)
regions of interest covering the terminal portion of the internal ca-
rotid arteries just inferior to the circle of Willis. Singular value decom-
position was used to perform the deconvolution of the AIF and tissue
concentration-time curves. Values of CBV (the ratio of the areas un-
der the tissue and AIF concentration-time curves), CBF (the maxi-
mum value of the residue function obtained from the deconvolution
operation), and MTT («CBV/CBF, where « is the macrovascular to
microvascular hematocrit ratio of 2/3) were calculated on a voxel-by-
voxel basis and converted into Analyze format (Mayo Foundation,
Rochester, Minn).'? Maps of <D> were also calculated from the
DT-MR imaging data registered to the DSC-MR imaging data as de-
scribed elsewhere.*

To allow regions of enhancing tumor to be accurately positioned
on the cerebral perfusion and water diffusion parametric maps for
both scans, the contrast-enhanced T1-weighted volume images from
the presteroid treatment scan were registered directly onto the corre-
sponding T2-weighted EP images by using image boundary and in-
ternal landmark information in SPM (www.fil.ion.ucl.ac.uk/spm).

Region of Interest Analysis

Enhancing tumor and surrounding nonenhancing peritumoral
edematous brain boundaries on the pre- and poststeroid treatment
CBF, CBV, MTT, and <D> parametric maps were determined by
using the contrast-enhanced T1-weighted volume and T2-weighted
EP MR imaging data acquired in the first examination. The effects of
dexamethasone on cerebral perfusion and water diffusion in these
tissue types were quantified by using the following region of interest
analysis.”'* Regions of enhancing tumor were first drawn on the
coregistered T1-weighted volume images and overlaid on the prest-
eroid treatment T2-weighted EP images. Nonenhancing peritumoral
edematous brain was then defined for each section as the largest re-
gion of signal intensity hyperintensity on the T2-weighted EP images,
which extended beyond enhancing tumor (Fig 1). Next, these tissue
boundaries were transferred to the CBF, CBV, MTT, and <D> para-
metric maps for both pre- and poststeroid treatment scans in Analyze.
Finally, for each appropriate section, values of CBF, CBV, MTT, and
<D> for enhancing tumor, peritumoral edematous brain, and nor-
mal-appearing contralateral white matter (centrum semiovale) were
measured. Overall mean cerebral perfusion and water diftusion val-
ues for the entire enhancing tumor and peritumoral edematous brain
volumes in each patient were then calculated from this multisection
data. These volume measurements were typically obtained from
thousands of voxels in 5-12 sections for enhancing tumor and peri-
tumoral edematous brain and hundreds of voxels in a single section
for normal-appearing contralateral white matter in centrum

semiovale.

Statistical Analysis

All data were reported as a mean = 1 SD. For each patient, the
percentage change in CBF, CBV, MTT, and <D> for the 3 tissue
types following steroid treatment was determined as follows:
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Fig 1. Images obtained from patient 4. A, Presteroid treatment contrast-enhanced T1-weighted volume image with region of interest indicating enhancing tumor. Pre- (B) and 72 hours
(C) poststeroid treatment T2-weighted EP images with shaded and unshaded region of interest indicating enhancing tumor and nonenhancing peritumoral edematous brain.

Xpost - Xpre
>
prt‘

1) €(X) = 100

where X = CBF, CBV, MTT, or <D>. The percentage change (€) in
these parameters for the 3 tissue types was calculated for each patient,
and a mean value (<€>>) was obtained for the patient population. To
assess whether changes in cerebral perfusion and <D> were signifi-
cant, the mean pre- and poststeroid treatment values for each patient
were compared by using a paired-samples Student  test.> All statisti-
cal tests were performed by using SPSS 10.0 (SPSS Inc., Chicago, Ill),
with P < .05 being considered statistically significant.

Results

Figure 1 shows presteroid treatment contrast-enhanced
T2-weighted volume and pre- and poststeroid treatment T2-
weighted EP images for a representative section location ac-
quired from a 61-year-old woman (patient 4). Regions corre-
sponding to enhancing tumor and nonenhancing peritumoral
edematous brain are indicated by shaded and unshaded re-
gions of interest in the T2-weighted EP images. Note the very
subtle reduction in signal intensity of peritumoral edematous
brain between the pre- and poststeroid treatment T2-weighted
EP images. This subtle reduction in edematous brain T2-
weighted signal intensity was also seen in several other
patients.

Figure 2 shows maps of <D>, CBF, CBV, and MTT pre-
and poststeroid treatment for the same patient. The reduction
in <D> for peritumoral edematous brain is evident (red ar-
row). No gross change in cerebral perfusion pre- and post-
steroid treatment is visible in these maps, though there is a
subtle increase in CBF for cortical/subcortical tissue within the
edematous brain region (pink arrow).

Pre- and poststeroid treatment values of CBF, CBV, MTT,
and <D> for enhancing tumor and nonenhancing peritu-
moral edematous brain are shown in Tables 1 and 2 for the 10
patients studied. In 3 patients (2, 5, and 10), there was no
evidence of edema on T2-weighted EP imaging. For this pa-
tient group, average enhancing tumor CBF was practically un-
changed (53.0 * 12.7-53.2 = 12.4 mL/100 g/min; P = .95),
whereas tumor CBV (4.8 = 1.1-4.6 = 1.4 mL/100 g; P = .49)
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and MTT (3.7 = 0.6-3.5 = 0.8 seconds; P = .28) were slightly
reduced after dexamethasone treatment. There was an in-
crease in edema CBF (18.4 = 2.5-20.6 = 4.1 mL/100 g/min;
P = .05) at the level of significance, but no significant change
in CBV (1.5 £ 0.3-1.6 = 0.5 mL/100 g; P = .53) or MTT
(3.4 +0.4-3.2 = 0.7 seconds; P = .67). <D> was significantly
reduced for both enhancing tumor (1245 * 236-1172 *
221 X 10~ ° mm?/s; P = .001) and edematous brain (1448 *
169-1361 = 159 X 10~ ° mm?/s; P < .001).

For normal-appearing contralateral white matter in these
patients, the average pretreatment values of CBF, CBV, MTT,
and <D> were 16.0 = 3.0 mL/100 g/min, 1.2 = 0.2 mL/100 g,
3.2 + 0.3 seconds, and 757 * 48 X 10~ ° mm?/s, respectively.
There was no significant change in any of these parameters
after dexamethasone treatment, with CBF, CBV, MTT, and
<D> being 17.1 * 3.6 mL/100 g/min (P = .20), 1.3 = 0.3
mL/100 g (P =.59), 3.0 £ 0.4 seconds (P = .33), and 764 *
57 X 10~° mm?*/s (P = .30), respectively.

Discussion

Several previous imaging studies have investigated whether
dexamethasone affects cerebral perfusion in intracranial tu-
mors. Unfortunately, the results of these studies are contradic-
tory possibly because of methodologic differences and heter-
ogeneous tumor patient populations. Here, in the largest MR
imaging study to date, quantitative cerebral perfusion param-
eters were measured in a group of patients with high-grade
glioma to address further this question.

After 48—72 hours of steroid treatment, tumor CBF was
practically unchanged, whereas edematous brain CBF in-
creased on average by 11.6%. Several other studies produced
results that are consistent with this observation. Van Roost et
al® used xenon-enhanced CT (Xe-CT) to assess the effects of
daily dose (0-32 mg), cumulative dose (0 to 1000 mg), and
duration of dexamethasone treatment (0—36 days) on cerebral
perfusion in 26 patients with GBM. They found that, although
CBF was inversely correlated with daily dose of dexametha-
sone in several gray and white matter regions within the con-
tralateral hemisphere, CBF of solid and necrotic tumor was



not correlated with any of the dexamethasone treatment pa-
rameters. Furthermore, they found that edematous brain CBF
was positively correlated with both duration and total dose of
dexamethasone treatment. Apart from a reduction in CBF in
some normal tissue regions, these findings of no alterations in
tumor CBF and an increase in edematous brain CBF are sim-
ilar to those presented above. Such data, combined with the
observation that dexamethasone produces a significant local-
ized reduction in the magnitude of extracellular water mole-
cule mobility (<D>) and hence extracellular water content in
edematous brain, provides support for the views of Reulen et
al,” who suggest that steroids may act by reversing localized
hypoaemia in peritumoral edematous brain. By using the
13*Xe inhalation method, they reported a significant increase

Fig 2. Images obtained from patient 4. [<D>] (A and £),
CBF (B and f), CBV (C and G), and MTT (D and H) maps
obtained pre- (first row) and 72 hours poststeroid treat-
ment. Note the reduction in [<D>] (red arrow) and the
subtle increase in CBF for cortical/subcortical tissue within
the edematous brain region (pink arrow). The maps are
scaled to a maximum of 2500 X 10~% mm?/s for [<D>],
75 mL/100 g/min for CBF, 7 mL/100 g for CBV, and 5
seconds for MTT.

in ipsilateral hemispheric CBF of 38% after 5-7 days of dexa-
methasone treatment (24 mg/day) in 6 patients with a range of
tumors. In brief, they argue that the raised extracellular water
content of edematous brain produces an increase in the local
tissue extravascular pressure, which in turn reduces peritu-
moral blood flow by collapsing the capillaries and raising the
local cerebrovascular resistance. As dexamethasone reduces
edematous brain water content, the local tissue pressure is also
reduced leading to an increase in peritumoral blood flow. This
may be one of the mechanisms responsible for the increase in
edematous brain perfusion seen in the current study.

The view that dexamethasone produces no change in tu-
mor perfusion and an increase in edematous brain perfusion is
contradicted by results from the studies by Leenders et al® and
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Table 1: Values of cerebral blood flow (CBF), cerebral blood volume (CBV), mean transit time (MTT), and mean diffusivity (D) for the entire
volume of enhancing tumor pre- and postdexamethasone treatment for the 10 patients participating in this study

Enhancing Tumor

Patient CBF (mL/100 g/min) CBV (mL/100 g) MTT (s) <D> (X10~% mm?s)
No. Presteroids Poststeroids Presteroids Poststeroids Presteroids Poststeroids Presteroids Poststeroids
1 45.4(%=18.1) 426 (%=20.3) 4.1(x2.1) 2.6(*1.3) 3.6(x09) 2.4(%0.6) 1516 (*206) 1458 (£222)
2 41.9(%=13.9) 49.4(%=19.2) 53(=1.8) 5.9(%+2.1) 5.1(%0.8) 49(=1.1) 1133 (%=143) 1135 (%=136)
3 56.8 (+34.0) 58.0 (£32.1) 6.2(+4.2) 5.7(*+3.6) 42(+1.3) 38(x15) 1684 (=361) 1560 (*=381)
4 29.3(*=8.2) 29.4(*9.6) 25(%=0.9) 2.4(+0.8) 3.5(x0.8) 3.4(%+0.8) 1060 (=145) 951 (+=109)
5 68.5(*24.5) 68.8 (*24.9) 55(%+2.0) 45(x1.5) 3.2(x04) 26(+04) 994 (+96) 917 (x51)
6 61.5(%+20.9) 70.2 (=31.6) 5.1(%1.8) 6.7(+3.1) 3.4(x0.8) 39(+09) 1268 (=209) 1201 (£240)
7 56.9 (£25.2) 62.6(*=28.7) 48(x2.1) 45(%19) 3.4(x07) 2.9(=0.6) 1300 (*246) 1155 (£225)
8 71.4(%35.5) 51.9(%27.4) 6.4(+3.5) 3.8(x20) 3.6(x1.0) 3.0(x0.5) 1229 (+226) 1136 (=215)
9 49.3(*+21.3) 52.4(*21.9) 43(=1.9) 5.1(+2.2) 3.6(*06) 39(+1.0) 1353 (+268) 1302 (£277)
10 49.3(%+22.2) 46.5(*22.7) 43(+22) 46(x2.7) 35(x1.3) 41(%1.9) 914 (+295) 907 (£258)
Mean 53.0(%£12.7) 53.2(*£12.4) 48(x1.1) 46(x1.4) 3.7(x0.6) 3.5(x0.8) 1245 (£236) 1172 (£221)
€ (%); P 12(%=12.8); .95 —4.6(%+229); .49 —5.6(+16.0); .28 —5.8(*3.8); .001

All values are reported as mean (*=SD).
The mean volume of enhancing tumor was 24.8 + 21.4 X 10 mm.

Table 2: Values of cerebral blood flow (CBF), cerebral blood volume (CBV), mean transit time (MTT), and mean diffusivity (D) for the entire
volume of nonenhancing peritumoral edematous brain pre- and postdexamethasone treatment for the 7 patients who had regions of edema on
T,-weighted EPI

Peritumoral Edematous Brain

Patient CBF (mL/100 g/min) CBV (mL/100 g) MTT (s) <D> (X108 mm%s)
No. Presteroids Poststeroids Presteroids Poststeroids Presteroids Poststeroids Presteroids Poststeroids
1 16.3 = 6.7 18177 15+07 10x04 3711 23+06 1465 * 231 1401 = 196
3 198 =117 241 +139 19+14 20+14 37+11 32+09 1484 + 275 1407 + 262
4 20872 223=+179 16+06 1.7+06 31+07 31+05 1153 = 167 1081 = 146
6 198 =116 244 +153 14+10 23*t15 29+08 42+29 1537 * 237 1418 + 232
7 207 =158 242 =191 18+14 18+14 37+16 30=08 1578 = 268 1466 =+ 262
8 171 £51 146 +35 12+04 1.0+03 36+13 26+03 1627 = 106 1542 + 136
9 144 +95 16.7 = 9.4 1.3+09 1.7+10 37x06 42+13 1290 = 193 1209 = 197
Mean 184 +25 206 = 4.1 15+03 16+05 34+04 32=+07 1448 = 169 1361 = 159
€ (%), P 116 £128; .05 7.2 +305; .53 —2.8+258; 67 —6.0 = 1.2, <.001

All values are reported as mean (+SD). The mean volume of edematous brain was 62.4 + 52.7 X 10° mm°.

Behrens et al.” In a '>O-positron emission tomography (PET)
study of 10 patients with glioma (n = 4) and metastatic carci-
noma, Leenders et al® found that dexamethasone produced a
significant reduction in both CBF and CBV in tumor and con-
tralateral tissue, but not edematous regions, 1-5 days after
treatment (intravenous dose of 20 mg followed by an oral
regimen of 16 mg/day). In that study, it was hypothesized that
dexamethasone causes vasoconstriction by inhibiting the re-
lease of prostacyclin, a powerful vasodilator, from vascular
endothelial cells. Behrens et al® reported a 32% decrease in
peritumoral edema CBF compared with contralateral white
matter in 11 patients with malignant glioma treated with dexa-
methasone (12-24 mg/day) for a least 6 days by using Xe-CT.
They also found that CBF in contralateral cortex and white
matter was significantly reduced compared with values mea-
sured in a control group of 10 patients with Parkinson disease;
however, because all the patients were undergoing steroid
treatment at the time of imaging and no baseline scans were
acquired, it is not possible to determine completely the effects
of dexamethasone on cerebral perfusion from this study.

In the only other study that has used MR imaging to mea-
sure the effects of dexamethasone on cerebral perfusion,
@stergaard et al® measured changes in CBF and CBV relative
to contralateral white matter (rCBF and rCBV) and blood-
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tumor barrier permeability 1-6 hours after steroid therapy
(intravenous dose of 20 mg) in 3 patients with astrocytoma, 2
with oligodendroglioma, and one with central nervous system
(CNS) lymphoma. They reported a dramatic decrease in
blood-tumor barrier permeability, a significant 15% reduc-
tion in rCBV for peritumoral gray matter (directly adjacent to
edema), and a nonsignificant 6.5% increase in rCBV for peri-
tumoral white matter (white matter within edema). In addi-
tion, except for the patient with CNS lymphoma, they found
that both peritumoral gray and white matter rCBF did not
show any systematic change after steroid treatment (data not
shown).

The results of this study and those of Van Roost,® Reulen et
al,” and @stergaard et al® therefore suggest that dexametha-
sone does not significantly alter tumor blood flow, but may
increase perfusion in peritumoral edematous brain through a
marked decline in peritumoral water content, and hence local
tissue pressure, caused by the initial reduction in blood-tumor
barrier permeability. Differences in imaging methodology,
steroid dosage, and time to imaging after steroid administra-
tion, however, make direct comparison of these studies diffi-
cult. With regard to imaging methodology, although the cur-
rent study employed a method commonly used to measure
quantitative cerebral perfusion parameters from T2*-



weighted MR imaging data,'"'? the relationship between mea-

sured and true perfusion remains unclear. The main sources of
error in perfusion quantification arise from the measurement
of the AIF and the proportionality constants used to calculate
CBF, CBV, and MTT in the tracer kinetic model.'” Because it is
assumed that the AIF measured in a major artery is the exact
input to the tissue, any delays or dispersion of the bolus from
the measurement site to the tissue of interest will introduce
errors in the calculated perfusion parameters. Similarly, the
relatively low spatial resolution of EP images may lead to par-
tial-volume averaging of artery and tissue signals, which will
affect the characterization of the AIF and hence the measured
perfusion parameters. Different tissue characteristics will also
affect the accuracy of the perfusion data. For example, k, the
constant of proportionality between signal intensity change
and concentration of contrast agent within a voxel, has been
shown to be tissue-dependent'® and thus varies between AIF,
normal, and pathologic tissue. In view of these problems, sev-
eral authors have compared DSC-MR imaging with other im-
aging methods that generate quantitative measures of cerebral
perfusion. For example, in a study of 10 healthy volunteers,
Wirestam et al'® found that, though the correlation between
average CBF measured over an entire section by using
DSC-MR imaging and '*’Xe single-photon emission CT
(SPECT) was linear (r = 0.74—0.83), the CBF value measured
by DSC-MR imaging was higher than that provided by SPECT
(48 = 17 vs 33 £ 6 mL/100 g/min) even when account was
taken of contaminating signal intensity from large vessels and
partial-volume averaging of tissue and artery in voxels used for
AIF determination. Conversely, Carroll et al'” measured CBF
values in 8 volunteers by using both DSC-MR imaging and
PET and found that, though reproducibility was better for
PET than MR imaging, there was still reasonably good agree-
ment between the 2 techniques for white matter perfusion
(CBE,_-CBF\R imaging = —0.09 % 7.23 mL/100 g/min). How-
ever, in light of the increasing use of DSC-MR imaging to
characterize perfusion in a range of different pathologies, fur-
ther studies are required to investigate the accuracy of perfu-
sion measured by using DSC-MR imaging and its relationship
to data obtained from other imaging modalities in both
healthy and diseased brain.

In addition to the small number of subjects scanned in this
study, a further problem in determining the significance of the
current results is demonstrated by Tables 1 and 2, which show
how variable tumor and peritumoral edematous brain perfu-
sion is from patient to patient, even in a group of subjects with
the same tumor type. High-grade gliomas are characterized by
their highly abnormal microvasculature, which gives rise to
extremely variable and heterogeneous blood flow patterns,'®
so perhaps this is to be expected. However, the response to
steroids is also highly variable, with the result that the standard
deviations of <<e>> are far greater than <<e>> itself in all cases
except edematous brain CBF. This indicates that the effect size
of perfusion changes in peritumoral edematous brain after
48-72 hours of steroid treatment is small. In addition to per-
forming much larger studies, the effect size for edematous
brain perfusion changes could be increased by performing im-
aging at time points beyond 48-72 hours of treatment,
whereas the study of Van Roost et al® suggests that increases in
perfusion relative to baseline might become more significant.

Future studies aimed at extending the current work should
therefore study large homogeneous groups of tumors and map
an individual patient’s perfusion patterns at regular and de-
fined time points over perhaps several weeks. Such time-series
data on the longer-term effects of steroids on cerebral perfu-
sion will be vital in studies assessing the efficacy of angiogen-
esis-inhibiting drugs,'” because patients will most likely be
taking steroids concurrently with these newer treatments.

Conclusions

In this pilot study, the effects of dexamethasone on cerebral
perfusion and [ <D>] were measured by using MR imaging in
a group of patients with high-grade glioma. After 48—72 hours
of treatment, no significant change in CBF, CBV, or MTT was
observed in enhancing tumor or normal-appearing contralat-
eral white matter, but nonenhancing peritumoral edematous
brain CBF was increased by 11.6%. [<D>] was significantly
reduced in both enhancing tumor and edematous brain. These
data suggest that dexamethasone does not significantly affect
tumor blood flow, but may subtly increase perfusion in edem-
atous brain by reducing peritumoral water content and hence
local tissue pressure. Larger studies in homogeneous groups of
patients are now required to replicate these findings, and to
investigate further the longer-term effects of steroids on cere-
bral perfusion in intracranial tumors.
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