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H,'°0 Positron Emission Tomography Validation of
Semiquantitative Prostate Blood Flow Determined by
Double-Echo Dynamic MRI: A Preliminary Study
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Hirpto Hatabu, Yoshiharu Yonekura, and Harumi Itoh

Purpose; Information regarding prostate blood flow as determined by positron
emission tgmography (PET) with H,'*0 may provide useful information about tumor
diagnosis; however, PET requires a cyclotron for the production of an extremely short
half-life (2 minutes) tracer. Therefore, the aim of this study was to propose a comple-
mentary index for blood flow as determined by MRI to validate the results and
compare them with PET, especially for prostate tissue.

: Six consecutive patients with prostate disease were studied. The two

Results: | A significant correlation was found between the rrfBF and the absolute
blood flow as determined by PET (r* = 0.69, p < 0.005). A significant correlation was
also found|between the maximum height of the time—concentration curve and the
absolute blpod flow (r* = 0.85, p < 0.0001).

Conclusions: The semiquantitative tumor blood flow indices measured with MRI
have a good correlation with the corresponding measurements by PET; therefore, these
indices may provide useful information about tumor diagnosis in clinical settings.
Index Termis: Prostate—Cancer—Benign prostate hypertrophy—Blood flow—MRI—

Double-ec

Positron emission tomography.

Recently, interest in prostat¢ cancer has increased in
many countries. Inaba (1) revealed by positron emission
tomography (PET) with H,'>0 that average blood flow in
prostate cancer was significantly higher than that of nor-
mal prostate tissue and benign prostate hypertrophy.
Therefore, it seems important {o investigate blood flow
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in the diagnosis of prostate disease. PET with H,'*0 has
been considered the gold standard for measuring regional
blood flow (rBF) (1,2); however, PET requires a cyclo-
tron for the production of an extremely short half-life (2
minutes) tracer. Therefore, blood supply patterns in pros-
tate cancer have been investigated by dynamic MRI (3—
5) instead of PET. The usefulness of dynamic MRI for
the detection of prostate cancer is limited, however, be-
cause early enhancement is occasionally observed in be-
nign prostate hypertrophy, resulting in considerable
overlap between prostate cancer and benign prostate hy-
pertrophy. Therefore, a complementary index for tumor
blood flow may be useful in the diagnosis of prostate
cancer in clinical settings. To our knowledge, tumor
blood flow measurement by MRI has not been previ-
ously validated or compared with the gold standard
method, PET.
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Relative regional mean transit time (rrfMTT) was calcu-
lated as the ratio of the first moment of the AR2*; curve
to rrBV as follows (12):

fwtx AR2% dt

0
e (6)
f , AR2pdt

where t is time. Relative regional blood flow (rrBF) was
finally calculated as the ratio of the BV to rrMTT as
follows:

MTT =

M

MATERIALS AND METHODS

Six consecutive patients were studied (6 men, age
range: 60-85 years). All patients were diagnosed as hav-
ing prostate cancer with benign prostate hypertrophy.
Human studies were performed under the guidelines of
our hospital committee on clinical investigations. Writ-
ten informed consent was obtained from all patients.

MRI

MRI was performed with a 1.5-T clinical MR system
(Signa Horizon; General Electric Medical Systems, Mil-
waukee, WI, U.S.A.). Patients were examined in the su-
pine position with a torso-coil encompassing the pelvis.
Axial T1-weighted spin-echo (SE) images (repetition
time [TR])/echo time [TE]/number of excitations (NEX):
333/10 milliseconds/2) and T2-weighted fast SE images
(TR/TE/NEX: 3500/88 milliseconds/4) were obtained
(field of view: 24 x 24 cm; matrix size: 256 x 192-256;
slice thickness: 4 mm) before the dynamic study. For the
dynamic studies of all patients, we used two echoes with
TEs of 7 and 20 milliseconds of a spoiled gradient—
recalled acquisition sequence (TR/TE,/TE,/ flip angle:
33.3/7/20 milliseconds/10°; NEX: 0.75; matrix size: 256
x 128; slice thickness: 7 mm,; rectangular field of view:
24 x16 cm). The dynamic images were obtained from a
single section corresponding to the slice appearing to
have the most malignant prostate tissue. After five im-
ages were acquired, gadopentetate dimeglumine (Gd-
DTPA; Magnevist; Nihon Schering, Osaka, Japan) at a
dose of 0.1 mmol/kg of body weight was rapidly injected
intravenously at a rate of 4 ml/s with an MR-compatible
power injector (MRS-50; Nemoto, Tokyo, Japan) fol-
lowed by a 20-ml saline flush. After the bolus adminis-
tration of Gd-DTPA, a dynamic series of 60 sets of
double-echo images were obtained at 2.47-second inter-
vals. For this sequence, the total acquisition time was
approximately 150 seconds. After the dynamic studies,
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we also obtained contrast-enhanced T1-weighted SE im-
ages.

PET Imaging

H, 'O PET studies were performed on a different day
for each subject using a high-resolution whole-body PET
scanner with an 18-ring detector arrangement (Advance;
General Electric Medical Systems). The system permits
the simultaneous acquisition of 35 transaxial images
with interslice spacing of 4.25 mm, allowing multidirec-
tional reconstruction of the images without loss of reso-
lution. The field of view and pixel size of the recon-
structed images were 384 mm and 3 mm, respectively. A
10-minute transmission scan was acquired with a
8 germanium/*®*gallium (Ge/Ga) source for attenuation
correction. After the bolus administration of 740 MBq of
H2'50, emission data were acquired for 210 seconds in
18 frames of 5 seconds and 4 frames of 30 seconds each.
Arterial input function was measured using manual arte-
rial blood sampling from a wrist artery. The tissue auto-
radiographic method proposed by Herscovitch et al. (13)
was used for the calculation of the rBF.

Data Analysis

For quantitative analysis of MR images, the regions of
interest (ROIs) were placed in the prostate on the spoiled
gradient-recalled acquisition images. For quantitative
analysis to measure the regional absolute blood flow as
determined by PET, similar ROIs were placed in the
prostate on the corresponding PET images. All ROIs
were placed by one radiologist (S.M.) with knowledge of
the final pathologic diagnosis. To minimize the effects of
parenchymal hemodynamic heterogeneities in the tumor,
the ROIs were set to be as large as possible. Twelve
ROIs were placed on different lesions in six subjects (9
ROIs for prostate cancer and 3 ROIs for benign prostate
hypertrophy). The pathologic diagnosis was confirmed in
all patients after both MRI and PET studies.

We compared the relation between rrBF and absolute

blood flow values measured by PET with H,'°0. More-
over, we compared the maximum height of the AR2*;
(AR2*; max as Cm,,,, ), determined by double-echo MRI
with the absolute blood flow as determined by PET. The
relation between rrBF and absolute blood flow as deter-
mined by PET was analyzed by simple regression with
the Pearson correlation coefficient. The relation between
AR2*; max and absolute blood flow as determined by
PET was also analyzed by the same method. A probabil-
ity value less than 0.05 was considered to indicate sta-
tistical significance.

RESULTS

In all subjects, the procedures were performed safely
and without any complications. The mean blood flow
values as determined by PET of the prostate cancer were
higher than those of the benign prostate hypertrophy
(mean + SD: 0.55 + 0.29 ml/min/g [prostate cancer] ver-
sus 0.32 + 0.08 ml/min/g [benign prostate hypertrophy]);
however, the difference was not statistically significant
(p = 0.38, Mann-Whitney U test). These results are
summarized in Table 1.

Figure 1 depicts a typical time-AR2* curve fitted with
gamma function. A significant correlation was found be-
tween the rrBF as determined by MRI and the absolute
blood flow as determined by PET (Fig. 2; r* = 0.69, p <
0.005). A significant correlation was also found between
the AR2*; max as determined by MRI and the absolute
blood flow as determined by PET (Fig. 3; > = 0.85,p <
0.0001).

DISCUSSION

The present study demonstrates a significant correla-
tion between rrBF and absolute blood flow as determined
by PET. The rrBF calculated from the indicator dilution
theory was found to be useful for determining tumor
blood flow as well as for evaluating cerebral hemody-
namics (12). Furthermore, the relation between AR2*;
max and absolute blood flow as determined by PET

TABLE 1. Summary of 12 ROIs in 6 patients with prostate disease

ROI size Blood flow by PET rBF
ROI/# Patient #/Age Diagnosis (no. of pixels) (mL/min/g) AR2*f max (arbitrary units)

1 1/85 yrs cancer 28 0.5 22.2 14.4
2 2/60 yrs cancer 25 0.99 47 4.1
3 2/60 yrs cancer 25 0.99 39 28.8
4 2/60 yrs cancer 25 0.66 35 29,7
5 2/60 yrs BPH 27 0.38 10.8 11.4
6 2/60 yrs BPH 27, 0.36 10.9 114
7 3/81 yrs cancer 26 0.37 16.8 17.2
8 4/65 yrs cancer 72 0.28 19 20.9
9 4/65 yrs cancer 81 0.32 22 224
10 5/82 yrs cancer 26 0.3 79 8.4
11 5/82 yrs BPH 25 0.23 8 8.5
12 6/62 yrs cancer 26 0.4 6.3 4.2

BPH, benign prostate hypertrophy; bold script, results of cancer (9 ROIs).
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prostate artery are considered to be different, however.
Therefore, the AIF estimated from the external iliac ar-
tery was not used in this study. The significance and
practicality of obtaining absolute measurements by MRI
are controversial. Maeda et al. (12) have reported that in
the case of patients with cerebrovascular disease, abso-
lute MR measurements may be a worthy ideal but are not
practical. For all practical purposes, the imaging and
postprocessing times required to generate useful param-
eters must be short.

Although prostate cancer is not a macroscopic hyper-

vascular tumor that is easily depicted on conventional
angiography or CT with bolus injection of iodinated con-
trast agent, microvessel density is higher in prostate can-
cer than in benign prostate tissue in pathologic analysis
(15,16). Therefore, to investigate whether a differential
diagnosis between benign prostate hypertrophy and pros-
tate cancer can be made using imaging modalities, a
study was conducted in which quantitative measurement
of blood flow in prostate lesions was attempted using
PET with H,"°0 (1). In this report (1), the mean blood
flow of prostate cancer, benign prostate hypertrophy, and
normal prostate tissue were 29.4 + 7.8 ml/min/100 g,
17.7 £ 5.2 m/min/100 g, and 15.7 + 7.5 ml/min/100 g,
respectively. Blood flow in the prostate cancer was sig-
nificantly higher than that in the prostate tissue or benign
prostate hypertrophy. Therefore, tumor blood flow may
be a useful index for differentiating prostate cancer from
benign prostate hypertrophy.

Although examining the tumor blood flow by means
of indicator dilution theory (6,7) is useful for character-
izing the tumor, there is a potential problem with the
application of this theory, which was originally intro-
duced as being robust for the study of the normal brain.
To use the susceptibility effect of Gd-DTPA for the as-
sessment of tissue blood flow, the measured signal
change must be linearly correlated with the local con-
centration of Gd-DTPA. Tumor vessels are quite differ-
ent from the normal blood vessels of the brain, however,
because they do not express the properties of an intact
blood-brain barrier. Hence, after bolus injection, Gd-
DTPA causes a T1 shortening effect because of leakage
of the contrast medium as well as a T2* shortening ef-
fect. Thus, the signal intensity of the tumor derives not
only from the vascular spaces but also from the paren-
chyma itself. We used both the first and second echo
images to calculate AR2* to eliminate this T1 effect.
Therefore, in this study, the relation between AR2* and
the local concentration of Gd-DTPA can be assumed to
be linear.

In conclusion, we found that the semiquantitative tu-
mor blood flow indices measured with MRI show a good
correlation with the corresponding measurements by

J Comput Assist Tomogr, Vol. 26, No. 4, 2002

PET; therefore, these indices may provide useful infor-
mation about tumor diagnosis in clinical settings.
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