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The dural tail of intracranial meningiomas

on fluid-attenuated inversion-recovery images

Abstract We evaluated the ‘““dural
tail” associated with 48 intracranial
meningiomas on fluid-attenuated
inversion-recovery (FLAIR} and
contrast-enhanced T1-weighted
images. In 30 (62.5%), a dural tail
was observed on contrast-enhanced
Tl-weighted images, and thickening
of the dura mater and abnormal
signal were identified in the corre-
sponding region on FLAIR images.
Thus, FLAIR tmaging was useful
for showing dural abnormality
associated with meningiomas with-
out the needed for contrast medium.
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Intreduction

Linear thickening and contrast enhancement along the
dura mater adjacent to meningiomas has been called a
“dural tail”, “meningeal tail”, or “meningeal flare” [1,
2, 3, 4, 5, 6]. Its reported frequency with meningiomas
ranges from 52 to 72% on MRI [5, 6, 7, 8]. It is
generally assessed on contrast-enhanced T1-weighted
images [3, 7, 9.

Images obtained by fluid-attenuated inversion-
recovery (FLAIR) sequences, which have become widely
used in clinical practice, are T2-weighted images on
which cerebrospinal fluid (CSF) signals have been sup-
pressed [10, 11]. FLAIR is useful for imaging high-signal
lesions adjacent to CSF. Therefore, we considered that a
dural tail, which indicates abnormalities of the dura
mater adjacent to CSF should be detectable on FLAIR
images. We hypothesised that abnormal signal

corresponding to the dural tail which had been masked
by high signa!l from CSF, could be seen after suppressing
the CSF signal. To our knowledge, there has been no
report on the dural tail on FLAIR images.

Materials and methods

We retrospectively examined the MRI findings of 48 intracranial
meningiomas in 46 patients, in whom Tl-weighted inversion
recovery (IR), T2-weighted turbo spin-echo (TSE), turbo FLAIR,
and contrastenhanced Tl-weighted IR images were obtained
during one examination in our hospital. There were 13 men and
33 women 26-77 years (mean 53.9 years) of age. In eight cases the
diagnosis of meningioma was clinical, but 40 were treated surgi-
cally and histologically proven, We excluded intraventricular
meningiomas,

MRI was performed at 1.5 tesla using a circular head coil. All
images were acquired at the same levels, Imaging parameters
were as follows, T2-weighted TSE: TR 4263 effective TE 110 ms,
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echo-train length 10, matrix 247x512, field of view 220 mm, section
thickness 6 mm, intersection gap 0.6 mm, two acquisitions, imag-
ing time 2 min 54 s; FLAIR: TR 6000 effective TE 150 TI 2000 ms,
echo-train length 23, matrix 193x%512, field of view 220 mm, section
thickness 6 mm, intersection gap 0.6 mm, two acquisitions,
imaging time 3 min; Tl-weighted IR: TR 2000 TE 10, TI 860 ms,
echo-train length 6, matrix 203x512, field of view 220 mm, section
thickness 6 mm, intersection gap 0.6 mm, two acquisitions,
imaging time 3 min 20 s,

We first determined whether a dural tail seen on contrast en-
hanced Tl-weighted IR images, and noted the refationship between
the presence of a dural tail and the site of the tumour. Where a
dural tail was present, its degree of enhancement was classified into
as, weak, equal, moderate and strong, according to the difference
between the tail and the parenchyma of the tumour, Then, in the
patients with a dural tail, we examined the signal pattern on
FLAIR images, comparing it with the parenchyma of the tumour,
and classifying it as lower, isointense, and slightly or markedly
more intense. Two neuroradiclogists performed the grading by
CONSEnsus.

In five of the surgical cases, abnormal dura mater correspond-
ing to the dural tail was resected. Infiltration of tumour cells and
the changes in the reactivity were assessed pathologically and
compared to the MRI findings.

Results

The tumours ranged in size from 2.0 to 8.5 cm (mean
3.8 cm). They lay on the falx cerebri (in nine cases), sphe-
neid ridge (nine), convexity (eight), clivus (five), para-
sagittal region (five), cerebellopontine angle (four),
tentorium (three), tuberculum scllae (three) and olfactory
groove (two). Of the surgically treated cases 24 were
meningotheliomatous, five angiomatous, four transi-
tional, four atypical, two psammomatous and one was
plasmocyte-rich.

A dural tail was observed on contrast-enhanced T1-
weighted IR images in 30 cases (62.5%). Table 1 shows
the relationship between the presence of a dural tail and
tumour site. All nine patients with a falx meningioma
showed a dural tail, while in the patients with parasag-
ittal and tuberculum sellac tumours, the proportion was
relatively low: 2/5 (40.0%) and 1/3 (33.3%), respectively.

Fig. 13— A 49-ycar-old woman
with a falx meningioma

a, b A dural tail is seen on
contrast-enhanced T1-weighted
inversion-recovery (IR) images
(arrows), ¢ Hypertrophy of the
dura mater and abnormal high
signal are identified in this region
on & fast fluid-attenuated inver-
sion recovery (FLAIR) image
(arrows)
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Table 1 Dural tails and tumour site in 30 cases

Site Imaging sequence
Contrast-enhanced Fluid-attenuated
Tl-weighted inversion  inversion-recovery
recovery
Falx cerebri 9/9 (100%) 9/9 (100%)
Sphenoid ridge 5/9 (55.6) 5/9 (55.6)
Convexity 3/8 (62.5) 5/8 (62.5)
Parasagittal 2/5 (40.0) 2/5 (40.0)
Clivus 3/5 (60.0) 3/5 (60.0)
Cerebellopontine 2/4 (50.0) 2/4 (50.0)
angle
Tentorium 2/3 (66.7) 2{3 (66.7)
Tuberculum sellae 1/3 (33.3) 1/3 (33.3)
Olfactory groove 1/2 (50.0) 1/2 (50.0)

Table 2 Degree of contrast enhancement of the dural tail com-
pared to the meningioma on contrast-enhanced Ti-weighted
inversion recovery images in 30 cases

Enhancement  Weak  Equal Moderately Markedly
increased increased
Cases (%) 0(0) 9(30.0) 10(313) 11 (36.7)

Table 2 shows the degree of contrast enhancement of the
dural tail.

Hypertrophy of the dura mater and abnormal signal
were observed on FLAIR images in all 30 lesions with a
dural tail (Table 1, Fig 1). Table 3 shows the signal
intensity in the dura mater corresponding to the dural
tail,

In four of the five cases examined histologically the
dura mater corresponding to the tail was infiltrated by
tumour cells; in all these patients the tail was seen on
MRI (Fig. 2). In other patient there were no tumour
cells in the dural tail, but the vascular lumina were
dilated (Fig. 3). Table 4 shows the signal intensity of the
dural tail on contrast-enhanced Tl-weighted and
FLAIR images in these patients.
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Table 3 Signal intensity of the dural tail compared to the menin-
gioma on fluid-attenuated inversion-recovery (FLAIR) images in
30 cases

Signal Low Iscintense Slightly Markedly

increased increased
Cases (%) 0(0) 12 (40.0) 11 {36.1) 7{(23.3)
Discussion

A fiat, contrast-enhancing structure, probably dural, is
seen on contrast-enhanced Tl-weighted images in
52-72% of meningiomas [5, 6, 7, 8]; this range is
consistent with our finding of 62.5%. However, there are
differences between regions, possibly because the exam-
inations were performed only in the axial plane we use

for routine imaging. If imaging had included other
planes of sections, the rates might have been higher.

Goldsher et al. [7) reported thickening and enhance-
ment of the dura mater extending away from the tumour
in 18 of 30 intracranial meningiomas (60%) and con-
sidered it highly specific or at least strongly supportive of
the diagnosis of meningioma. Subsequently, a dural tail
has also been reported with other lesions including gli-
oma, vestibular schwannoma, lymphoma, metastasis,
adenoid cystic carcinoma, sarcoidosis and aneurysm [1,
2,3,4,12,13, 14]. It thus appears to be highly suggestive
but not specific.

There have been a number of studies of the applica-
tion of FLAIR imaging to brain diseases, emphasising
its usefulness [15, 16, 17). Since CSF signals are sup-
pressed on FLAIR images, they are useful for showing
lesions adjacent to the surface of the brain and the

Fig. 2a—¢ A 48-year-old
woman with a left convexity
meningioma. a A dural tail
tapers away from the point of
attachment of the tumour to the
dura mater (arrow). b Its signal
intensity on a FLAIR image is
isointense with that of the
tumour. ¢ A photomicrograph
shows that clusters of menin-
geal cells (*) are implanted on
the surface of the dura mater

(o)
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Fig, 3a—¢ A 72-year-old wo-
man with a left anterior clinoid
process meningioma. 8 A dural
tail tapers away from the point
of attachment of the tumour to
the dura mater (arrow). b Its
signal intensity on FLAIR
images is markedly higher than
that of the tumour parenchyma
(arrow). ¢ A photomicrograph
shows no invasion by tumour
cells, but dilated vessels in the
dural tail (arrew)

Table 4 Relationship between the dural tail sign and tumour
infiltration in five histologically proven cases

MRI characteristic Infiltration No infiltration
Contrast enhancement
Weak 0 0
Equal 2 0
Moderately increased 1 0
Markedly increased 1 1
Signal on FLAIR
Low 0 0
Isointense 3 0
Slightly increased 1 0
Markedly increased [t} 1

ventricles. Initially, a long imaging time was required,
but this problem was solved by applying the fast spin-
echo (SE) technique. Macro et al. [17] suggested that the
fast FLAIR technique be used as an adjunct to dual-
echo fast SE images, especially for small or cortical
lesions. On FLAIR images, meningiomas give higher

signal than brain [18). We expected that the dural tail
would be detectable on FLAIR images and identified
thickening of the dura mater and abnormal signal in all
the regions where a dural tail was observed on contrast-
enhanced Tl-weighted images. It was not difficult to
scen the dural tail, as we have already shown that
meningiomas give higher signal than brain parenchyma
(18), and the dural tail gives similar to or higher than
that of the rest of the tumour, We thus found FLAIR
imaging useful for showing dural abnormalities associ-
ated with meningioma without contrast medium.
Among patients screened using FLAIR imaging
(excluded from this study because contrast enhanced
Ti-weighted images were not obtained), we detected a
small meningioma showing clear thickening of the dura
mater and abnormal signal on FLAIR but not on T2-
weighted TSE images (Fig. 4). Contrast-enhanced MRI
is not often used for screening of the brain, but failure of
detection of small meningiomas may be considerably
reduced by using FLAIR.
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Fig. 4a—d A small meningioma
(arrowhead) showing clear
thickening of the dura mater
and abnormal high signal on
b, d FLAIR (long arrows), but
not on a, ¢ T2-weighted turbo
spin-echo images

e 10

-

Wilms et al. [19] reported that thickening of the
dura mater with marked enhancement represented
neoplastic infiltration in or on the surface of the dura
mater in three cases, and described the dural tail as
indicating tumour infiltration. However, Tokumaru
et al. [9] reported histological examination of the
enhancing meninges adjacent to four meningiomas,
showing only increased leose connective tissue, hyper-
vascularity and dilated vessels. In this study, one
patient showed these latter changes, and four dural
infiltration. In these four patients the area corre-
sponding 1o the dural tail on FLAIR was isointense
with or gave slightly higher signal than the main
tumour. In three of them the dural tail showed equal or

Ea
O

K

moderately higher enhancement that the parenchyma
of the tumour, and in the other it enhanced strongly. In
the patient without tumour infiltration, the signal of
the dural tail was very high on the contrast-enhanced
T1-weighted and FLAIR images (Fig. 2); histology
showed vascular dilatation, as in other studies. There
have been no studies of infiltration of the dura mater
using differences in the degree of enhancement of the
dural tail. We had too few patients to assess this, but it
our findings ratse the question of considering of infil-
tration of tumour cells if the signal from the dural tail
is similar to that of the tumour on FLAIR images. A
dural tail showing higher signal than the tumour may
suggest reactive change.
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Segmented attenuation correction for myocardial SPECT
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Purpose: One of the main factors contributing to the accuracy of attenuation correction for SPECT
imaging using transmission computed tomography (TCT) with an external gamma-ray source is the
radionuclide count. To reduce deterioration of TCT images due to inadequate radionuclide counts,
a correction method, segmented attenuation correction (SAC), in which TCT data are transformed
into several components (segments) such as water, lungs and spine, providing a satisfactory
attenuation correction map with less counts, has been developed. The purpose of this study was to
examine the usefulness of SAC for myocardial SPECT with attenuation correction. Methods: A
myocardial phantom filled with Tc-99m was scanned with a triple headed SPECT system, equipped
with one cardiac fan beam collimator for TCT and two parallel hole collimators for ECT. As an
external gamma-ray source for TCT, 740 MBq of Tc-99m was also used. Since Tc-99m was also
used for ECT, the TCT and ECT data were acquired separately. To make radionuclide counts, the
TCT data were acquired in the sequential repetition mode, in which a 3-min-rotation was repeated
7 times followed by a 10-min-rotation 4 times (a total of 61 minutes). The TCT data were
reconstructed by adding some of these rotations to make TCT maps with various radionuclide
counts. Three types of SAC were used: (a) 1-segment SAC in which the body structure was regarded
as water, (b) 2-segment SAC, in which the body structure was regarded as water and lungs, and (c)
3-segment SAC, in which the body structure was regarded as water, lungs and spine. We compared
corrected images obtained with non-segmentation methods, and with 1- to 3-segment SACs, We
also investigated the influence of radionuclide counts of TCT (3, 6, 9, 12, 15, 18,21, 31, 41, 51, 61
rmin acquisition) on the accuracy of the attenuation correction. Resulfs: Either 1-segment or 2-
segment SAC was sufficient to correct the attenuation. When non-segmentation TCT attenuation
methods were used, rotations of at least 31 minutes were required to obtain sufficiently large counts
for TCT. When the 3-segment SAC was used, the minimal acquisition time for a satisfactory TCT
map was 7 min. Conclusion: The 3-segment SAC was cffective for attenuation correction,
requiring fewer counts (about 1/5 of the value for non-segmentation TCT), or less radiation for TCT.

Key words: transmission computed tomography, emission computed tomography, segmented
attenuation correction, myocardial SPECT
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SINCE THE PHOTON ENERGY of isotopes used for myocardial
emission computed tomography (ECT) is relatively low,
an accurate correction of intracorporeal attenuation is
required, Attenuation correction using transmission com-
puted tomography {TCT) with an extemal y-ray source
of 13Gd or #*™T¢ has been reported to improve ECT
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Fig. 1 The triple headed SPECT system and myocardial phantom used for TCT and ECT acquisition.
The Sheet-like shape of the external y-ray source, which was made from a bellows tube filled with 740
MBq of *™Tc, was placed at the focus of the fan beam collimator for TCT.

quantification.! However, the accuracy of correction us-
ing TCT images would be affected by the counts of TCT
data.? It has been reported that an acquisition time of 15—
20 min was required to obtain optimal TCT images from
an external *™T¢ source (1 GBq) using a gamma camera
with 2 detectors.? Data acquisition in a shorter period of
time is desirable for reducing radiation exposure and the
length of restraint during examinations,

Recently, segmented attenuation correction (SAC) has
been used in positron emission tomography (PET). With
this method, TCT data are transformed into data maps
with several segments such as air, lungs, and soft tissue,
Detailed TCT data are unnecessary, and so the data acqui-
sition time is reduced.*”

In a clinical setting, an accurate attenuation-corrected
myocardial image is essential for differentiating non-
ischemic myocardium (uniform radionuclide counts) from
ischemic myocardism (reduced radionuclide counts). In
this study, we evaluated the usefulness of TCT with SAC
in attenuation corrected myocardial SPECT, by examin-
ing various acquisition conditions for the SAC.

MATERIALS AND METHODS

SPECT system

The SPECT system used was a GCA-9300A/UI (Toshiba
Medical Systems, Tochigt, Japan) equipped with one
cardiac fan beam collimator and two parallel beam colli-
mators. TCT data were acquired using an external gamma-
ray source while myocardial ECT data were acquired
using phantoms and a human subject (Fig. 1). The TCT
external radiation source was a sheet-shape made from

138 ‘Yasuyuki Takahashi, Kenya Murase, Tervhito Mochizuki, et al

bellows tube filled with 740 MBq of **™Tc, The tube, 1
mm in inner diameter, was made of a fluorocarbon resin
embedded in an acrylic rectangular board of 30 cm x 10
cm.® The data processor was GMS-5500A/DI (Toshiba
Medical Systems, Tochigi, Japan), Both TCT and ECT
images were acquired with a matrix size of 128 x 128, and
a step and shoot mode (30 sec/direction) at intervals of 6
degrees (60 directions, 360-degree acquisition in total).
Pixel size was 3.2 mm, Under these conditions, TCT pro-
jection counts/pixel were about 75 in the myocardial
phantom and patients” myocardial area, and higher than
120 in the blank area. According to the triple-energy
window (TEW) method,™ the acquisition window width
was set at 20% of the main window (140 keV) with a
subwindow of 7%.

Fan beam TCT data were transformed to parallel beam
data. Any truncation in the transformed parallel bearn data
was corrected using non-truncated parallel beam data.?
An attenuation map was generated using filtered back
projection (FBP). A ramp filter was used as a reconstruc-
tion filter, Butterworth filtering (cutoff = 0.31 cycle/em,
power factor = 8) was used as a post-reconstruction filter
to decrease high frequency noise. ECT data of two parallel
hole collimators were summed, followed by a 15 x 15-
point smoothing, then reconstructed using ordered sub-
set-expectation maximization (OSEM: Number of itera-
tions: 10, Subsets 5) with TEW scattering correction.

Description ofthe SAC algorithm

Three methods of segmentation were applied; SAC-1 in
which the entire body outline of the myocardial phantom
was regarded as water (a single peak), SAC-2, in which

Annals of Nuclear Medicine
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Fig.2 The upper panel shows the attenuation image of the cylinder phantom, the middle panel the ECT
image of the uniform phantom, and the lower panel the ECT image of the hot rods phantom. Images are
uncomected (Non-AC), corrected with the original TCT (Nor-SAC) image (3 mir or 30 min), or
corrected with the SAC image (3 min or 30 min). A schema of the hot rods phantom is shown in the lower

right.

the body outline was regarded as consisting of 2 peaks
discriminating water and lung, and SAC-3, in which
the body outline was regarded as consisting of 3 peaks
discriminating water, lung and spine. A value for each
segment was determined by linear transformation of
coefficients of TCT map radiation atteruation using a
fixed value,*%10 the coefficient being 0.028/cm in lung,
0.095/cm in water, and 0.107/cm in spine.

Phantom study

The TCT data were acquired using the sequential rep-
etition mode, in which a 3-min-rotation was repeated 7
times followed by a 10-min-rotation 4 times (a total of 61
minutes), Then, TCT-attenuation maps with various counts
were generated. As a control, the best TCT-attenuation
map with the highest count was produced by summing
all data acquired over 61 min. ECT images were recon-
structed using these TCT-attenuation maps, Approxi-
mately 100 counts/pixel were obtained from each
direction in the 30-min ECT acquisition. ECT and TCT
acquisition were performed in the sequential mode.!!:12
To avoid misregistration between the first (ECT) and
second (TCT) images, the phantom was kept in the same
position over the weekend a waiting the decay of the ECT
data.

Uniforn and hot rods phantoms

A cylinder phantom (200 mm in height and 200 mm in
diameter, AZ-660, Anzai-Sogyo, Tokyo, Japan) was filled
with 740 MBq of **"Tc. Hot rod areas (hot rods phantom)
were established as shown in Figure 2. ECT images of
these uniform and hot rods phantoms were generated by

Vol, 18, Ne. 2, 2004
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Fig.3 Profile curves at the center of the uniform phantom, The
TCT data were acquired over 30 min (Non-SAC, SAC and Non-

AC).

non-SAC (3 min, 30 min) and SAC (3 min, 30 min). ECT
images without attenuation correction were also com-
pared, To evaluate the uniformity of the ECT images, we
compared the profile curves generated by the non-SAC
and the SAC (Fig, 3).

Mpyocardial phantom
In a myocardial phantom with a defect (20 x 20 mm) in the
anterior wall (Data Spectrum Corp., Hillsborough, NC),
the myocardial compartment was filled with 92.5 kBq/m/
of 99T, and the thoracic region with 9.25 kBg/m/J of
9mTe. ECT images and Bull's eye maps were generated
using TCT images of SAC-1, -2, and -3 (Fig. 4). Those
without attenuation correction were also generated.
ECT images and Bull’s eye maps generated by non-
SAC and SAC-3 (3 and 30 min) were compared (Fig. 5).
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Phantom & - ‘ . SAC—1 SAC—" : AC—S v

.OQ

ECT e

{transverse )

Bull's eye o gﬁ ’ g ‘

Fig.4 Attenuation maps with each segment of the myocardial phantom (upper row), and SPECT images
reconstructed using each map (mddle) and the polar maps (Jower). SAC-1 in which the entire body
outline was regarded as water (a single peak). SAC-2, in which the entire bady outline was regarded as
consisting of 2 peaks corresponding to water and lungs. SAC-3, in which the body outline was regarded
as consisting of 3 peaks corresponding to water, lungs and spine, The Ieft side shows Non-AC. From top
to bottom on the left, the myocardial phantom scheme (CT), and the myocardial images of the vertical
long axis and short axis are shown. The CV of the Bull’s eye maps corrected with SAC-1, -2, -3, was
24.24%, 13.92% and 3.09%, respectively, The CV without AC was 17.08%.
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Non—$AC  ° Non=SAC SAC SAC
{3min) {30min) (3min) {30min)

y M‘e‘“

ECT ? 2 4 J
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Fig.5 The upper panel shows the attenuation maps (TCT images), the middle panel the SPECT images
(ECT images), and the lower panel the polar maps (Bull’s eyc images) of the myocardial phantom.
Images corrected with Non-SAC (3 min, 30 min) and SAC (3 min, 30 min) are shown from left to right
for ECT and Bull’s eye, respectively,

Human study sequential repetition mode like in the phantom experi-
The human study was performed in a healthy 36-year-old ments (over 45 min). Immediately after TCT, 740 MBq
male volunteer (Fig. 6). First, TCT was performed in the of ™ Tc-tetrofosmin was injected intravenously. Ninety
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Fig.6 The upper panel shows attenuation maps (TCT images), the middle panel SPECT images (ECT
images), and the lower panel polar maps (Bull's eye images) of a human subject. Images corrected with
Non-SAC (3 min, 30 min) and SAC (3 min, 30 min) are shown from left to right for ECT and Bull’s eye,

respectively.

Non-SAC

100

{a)

N.RMSE (%)
o -)
=3 in

»
in

=
=

o 15 30 45 60
Accumulation me{minule)

N.R.M.S.E (%)

SAC
0o
®)
75 1
- st ol o B B ol o S seslesems sesthennt J
25 1
0.0 v T
o 13 3u 43 60

Accumulation lime{minute)

g ypiform phantom —-w—hot ruds phanlom - - -x-- myocardial phantom - +-a-- humun study

Fig.7 Normalized root mean square errors (NRMSE) at each TCT acquisition time (Non-SAC, SAC)
relative to the acquisition time for control data (61 min, Only the Human study is 41 min}. (3) Non-SAC.

(b) SAC.

minutes after the injection, ECT was acquired over 30 min
(continuous mode). Four markers were placed on the
body, and images were fused using the landmark method
with an automatic registration tool (ART"?). Images with
TCT data acquired over various sampling times (3, 6, 9,
12, 15, 18, 21, 31 and 41 min) were created by summing
some or all of the rotations. ECT images and Bull’s eye
maps generated by non-SAC and SAC-3 (3 min, 30 min)
were compared (Fig. 6).

Evaluation
The uniformity in the ECT image of the cylinder phantom
was expressed by a normalized mean value * standard
deviation and coefficient of variance.

For a comparison of non-SAC and SAC over acquisi-

Vol. 18, No. 2, 2004

tion time, normalized root mean square errors [NRMSE
(%)] were evaluated (Fig. 7). [NRME (%):V[E(X - O)
/E07?] x 100: Xz Measurement image, Oy Standard
image (non-SAC: 61 (41) min), £ pixel number (i=1
£)).1* In the evaluation of the uniform and hot rod phan-
toms, ECT images were used. In the myocardial phantom
and human subject, Bu!l's eye maps were used.

RESULTS

Images and profile curves of the uniform and rods phan-
toms are shown in Figures 2 and 3. The normalized mean
value (%) and CV (%) are 78.54 + 15,60 and 19.86, re-
spectively, in the images of the uniform phantom without
attenuation correction (30 min). The normalized mean
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value (%) and CV (%) are 92.33 = 15,60 and 3.81 in the
images of non-SAC TCT (30 min), and 95.96 + 1.94 and
2.02, in the images of SAC TCT (30 min). The NEMSE
for the rods phantom was considered.

Images of the myocardial phantom (comparison among
SAC-1, -2 and -3) are shown in Figure 4, The CV of the
Bull's eye maps corrected with SAC-1, -2 and -3, was
24.24%, 13.92% and 3,09%, respectively. The CV with-
out AC was 17.08%.

Images of the myocardial phantom {comparison
between Non-SAC and SAC) are shown in Figure 5. The
defect area established on the anterior wall differed sig-
nificantly between Non-SAC TCT and SAC-3 TCT at 30
min.

Images of the human subject are shown in Figure 6,
The same tendency was observed as in the myocardial
phantom,

The NRMSE of Non-SAC and SAC over acquisition
time are shown in Figure 7. When Non-SAC TCT was
used, NRMSE reached a plateau at about 20 min for both
the uniform and hot rods phantoms (Fig. 7a). When TCT
with SAC was used, NRMSE reached a plateau at about
6 min (Fig. 7b). A platean was attained at about 20 min
with Non-SAC TCT and 9 min using TCT with SAC,

In the human study, time to plateau for a satisfactory
image was 9 min with Non-SAC TCT (Fig. 7a) and 6 min
for TCT with SAC-3 (Fig. 7b). As shown in Figures 5
and 6, the image obtained by Non-SAC TCT (3 min, 30
min) was equivalent to that obtained by TCT with SAC-
3 (3 min, 30 min),

DISCUSSION

Attenuation correction by TCT with an external
source' 113 or X-ray!® is currently available in SPECT
imaging reconstruction. The use of X-rays has an advan-
tage over the use of an external source in spatial resolution
(and is less influenced by the partial volume effect),
resulting in a more accurate AC-map. However, the
accuracy of attenuation correction depends on the image
registration between the AC-map and ECT data.!” There-
fore, the AC-map generated using the X-ray CT method
does not always guarantee accurate attenuation correc-
tion,18

On the other hand, substantial acquisition time (at least
15-20 min) is required to obtain optimal TCT images
using an external source (**"Tc of 1 GBq). Although
data acquisition in a shorter time is desirable for clinical
use, short-duration and count-limited TCT images have
too much noise, Recently, PET studies have shown that
segmented attenuation correction (SAC) is useful to re-
duce the acquisition time for TCT without increasing
noise, Meikle et al.3 reported that using SAC, accurate
attenuation correction was achieved with an acquisition
time as low as 2 min without an increase in noise in
reconstructed PET images. In this study, we evaluated
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the feasibility of TCT with SAC both in phantom and in
human cardiac SPECT.

We compared the uniformity of TCT images between
the non-SAC and SAC methods. As shown in Figure 2,
uniformity without SAC depended on the duration of the
acquisition time and seerned to require approximately 20
min (i.e., the NRMSE reached a plateau at approximately
20 min, Fig. 7a) to obtain accurate and stable TCT images.
On the other hand, the NMRSE remained constant in the
ECT images obtained using SAC (Fig. 7b). The unifor-
mity of ECT images using SAC was relatively indepen-
dent of the data acquisition time, Indeed, visually there
was little difference in either the SPECT or Bull’s eye
images, as shown in Figures 5 and 6. Thus, the shorter
acquisition time achieved using SAC would reduce the
dose or radiation to the patient.

As shown in Figure 4, the ECT images of the myocar-
dial phantom corrected vsing the TCT image obtained
with SAC-1 and SAC-2, were sub optimal when com-
pared to the ECT images corrected with TCT using SAC-
3. Similar results were previously reported in PET studies.

However, with SAC of a fixed value, %10 depending
on the number of segments, the value from which the
present weak coefficient differs varies. Therefore, if one
averages the count, there is a danger of affecting the
attenuation value. From this study, although SAC-3 was
of the same grade as Non-SAC (original} TCT and gave
a comparatively good result, it is necessary to examine
dividing a segment in detail further,

CONCLUSION

The 1-segment SAC and 2-segment SAC were insuf-
ficient for attenuation correction in human myocardial
SPECT. The 3-segment SAC was effective for attenua-
tion correction, requiring fewer counts (about 1/5 of the
value for non-segmentation TCT) or less radiation dose,
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Abstract, This study was designed to quantify the het-
erogeneity on cerebral blood flow single-photon emis-
sion tomography (SPET) images in frontotemporal lobar
degeneration (FTLD) and Alzheimer’s disease {AD) us-
ing a three-dimensional fractal analysis. Twenty-one
FTLD patients, 21 AD patients and 11 healthy controls
underwent technetium-99m hexamethylpropylene amine
oxime SPET scanning. Patients with FTLD and AD
matched for sex, age and the severity of dementia as esti-
mated with the Clinical Dementia Rating and were deter-
mined to be in the early stage of illness. We delineated
the SPET images using a 35% cut-off and a 50% cut-off
of the maximal voxel radioactivity and measured the
number of voxels included in the contours of two differ-
ent cut-offs, The fractal dimension (FD) was calculated
by relating the logarithms of the cut-offs and the num-
bers of voxels, and it was defined as the heterogeneity of
the cerebral perfusion. We divided the SPET images into
two sets, anterior and posterior, with equal numbers of
coronal SPET slices. We calculated total FD, anterior FD
and posterior FD for total, anterior and posterior SPET
images. Anterior FDs for FTLD and AD were 1.55+0.34
and 1.24+0.19 (P=0.0002). The ratios of anterior to pos-
terior FD for FTLD and AD were 1.8120.41 and
1.32+0.14 (P<0.0001). Use of the anterior FD and the ra-
tio of anterior to posterior FD separated FTLD patients
from AD patients and controls with a sensitivity of
85.7% and a specificity of 93.8%. Anterior FD and the
ratio of anterior to posterior FD may be useful in distin-
guishing FTLD from AD.
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Intreduction

Frontotemporal lobar degeneration (FTLD) is a non-Alz-
heimer’s disease type of degenerative dementia charac-
terised by a peculiar behavioural disorder, with changes
in personality and social conduct due to frontotemporal
involvement [1, 2]. This disorder is important and is
probably the second most frequent cause of degenerative
dementia [3, 4]. A pattern of frontally reduced regional
cerebral blood flow (CBF) is characteristic for, but not
specific to, FTLD [5, 6]. Some findings indicate that pa-
tients with features clinically corresponding to FTLD
may not demonstrate the typical cerebral perfusion pat-
tern previously described {7].

CBF single-photon emission tomography (SPET) and
positron emission tomography (PET) topographical tech-
nigues have revealed that the frontal region of the brain,
in addition to the parietal and temporal lobes, shows 1e-
duced CBF in patients with Alzheimer’s disease {(AD) at
an early stage [8, 9]. Variable patterns of CBF abnormal-
ities in AD have also been reported [10, 11, 12]. Early
diagnosis is of particular importance in sociopsychologi-
cal guidance and counselling, given the different clinical
presentation and prognosis of FTLD and AD [13]. Al-
though CBF SPET is widely available and offers a sensi-
tive diagnostic tool for the assessment of regional CBF
in degenerative dementia, the ability to recognise region-
al CBF reduction by visual interpretation is highly de-
pendent on the quality of SPET images and the observ-
ers’ level of experience [14]. To reduce inter-observer
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variability in the evaluation of brain SPET studies and to
allow for a more accurate assessment of the extent and
severity of regional CBF abnormalities, observer-inde-
pendent analysis and objective measurement of SPET
perfusion abnormalities are necessary.

Differential patterns of regional CBF abnormality in
degenerative dementia have been studied by SPET and
PET topographical techniques [8, 9, 15]. However, an in-
vestigation focussing on the heterogeneity on CBF SPET
is lacking. We hypothesise that the heterogeneous disiri-
bution on CBF SPET images may be related to disease
severity and disease specificity in degenerative demen-
tia. In this study, three-dimensional fractal analysis (3D-
FA) was based on use of an intensity threshold at differ-
ent cut-offs for the involved area [16). We quantified the
heterogeneity on CBF SPET images in degenerative de-
mentia using 3D-FA and examined the usefulness of the
quantification for distinguishing FTLD from AD.

Materials and methods

All procedures used in this study were performed strictly accord-
ing to the clinical study guidelines of the ethics committee of our
institution and were approved by the internal review board. After a
complete description of the study had been provided to all partici-
pants and their relatives, written informed consent was obtained.

Subject selection

Patients with FTLD. Twenty-one consecutive out-patients with a
diagnosis of FTLD were selected from the data file of the Higher
Brain Function Clinic for Qutpatients of the University Hospital of
Ehime, University School of Medicine, between October 1998 and
March 2002 [17]. Primary degenerative dementia patients who
satisfied Diagnostic and Statistical Manual of Mental Disorders,
third edition (DSM-III} criteria for dementia were recruited for
this study. FTLD was diagnosed clinically using the consensus cri-
teria previously proposed [1]. The patients underwent laboratory
blood tests including vitamin B,,, thyroid function, electroenceph-
alography, and standard neuropsychological examinations, includ-
ing Mini-Mental State Examination (MMSE) [18), Alzheimer Dis-
case Assessment Scale (ADAS) [19] and the Clinical Dementia
Rating (CDR) [20]. The exclusion criteria were (a) the clinical
features deseribed as excluding FTLD by Neary et al. [1], and (b)
an advanced stage of FTLD, with severe deficits or behavioural
disorders that could have made assessment difficult. Patients with
magnetic resonance (MR) imaging evidence of focal brain lesions
and MR angiographic evidence of occlusive lesions in the cervical
and intracranial arteries were also excluded.

The mean age (+5D) of the 14 women and seven men in the
FTLD group was 65.5+6.2 ycars, The duration of illness was
2.2+1.0 years. The FTLD group contained eight patients with a
Clinical Dementia Rating (CDR) of 0.5 and 13 with a CDR of 1.
The MMSE score was 232254, and the ADAS score was
13.7+5.0, According to the Lund and Manchester Groups [1], two
types of histological change (i.e. Pick type and frontal lobe degen-
eration with or without motor neurone disease)} underlie the atro-
phy and share an identical anatomical distribution in the frontal
and temporal lobes. In this study, MR imaging revealed no notice-

163

able cerebral atrophy (frontal lobe degeneration type) in six pa-
tients in the FTLD group, while striking circumscribed atrophy in
the frontal and anterior temporal lobes (Pick type) was observed in
15.

Paticnts with AD. Twenty-one patients (13 women and 8 men)
with probable AD were randomly sampled from the same data file
of the Higher Brain Function Clinic for Cutpaticnts of the Univer-
sity Hospital and were matched for sex, age, duration of dementia
and severity of dementia as estimated with the CDR. The clinical
diagnosis of probable AD was based on the National Institute of
Neurological and Communicative Disorders/Stroke and Alzhei-
mer’s Disease and Related Disorders Association (NINCDS/
ADRDA) criteria [21]). All patients had a history of gradually pro-
gressive intellectual deterioration without focal motor or sensory
signs. The patients with a CDR of 0.5 (“very mild” cases) were
only included in the analysis when they fulfilled the clinical crite-
ria for probable AD in a subsequent clinical follow-up.

All patients in the AD group underwent examinations similar
to those undergone by the FTLD group, Their mean age (5D)
was 69.626.9 years, and the duration of illness was 2.020.5 years.
The AD group contained scven patients with a CDR of 0.5 and 14
with a CDR of 1. The MMSE score was 21.6+4.6, and the ADAS
score was 14.2:4.7. Brain MR images with AD patients showed
no remarkable cerebral atrophy,

Healthy controf subjects. Eleven healthy controls (seven women
and four men) with normal cognitive findings were recruited from
the community. Control and patient groups were matched for sex
and age. Normal physical and neurological examination results
were obtained in all control subjects, none of whom had a history
of psychiatric or neurological disorders. No abnormal findings
were seen on MR images in these subjects, and all scored 28 or
higher on the MMSE. Their age was 65.6+6.6 years.

Data acquisition

Hexamethylpropylene amine oxime (HMPAO) was labelled with
technetium-99m on site shortly before administration, The dose
was approximately 740 MBq. The radiopharmaceutical was inject-
ed into an antecubital vein while the subject lay in a supine posi-
tion with the eyes closed in a secluded examination room. SPET
was performed 5 min after the injection. A SPET scanner (SPECT-
2000H; Hitachi Medical Corp., Tokyo, Japan) incorporating a
four-headed rotating gamma camera with an in-plane and axial
resolution of 7.5 mm full-width at half-maximum (FWHM), and
equipped with low-energy high-resolution collimators, was used
for scanning. Data were obtained by using the 140-keV photopeak
(20% window) over 360" rotation and a 128x128 matrix. The step
and shoot format was utjlised with an acquisition time of
20 s/step. Image reconstruction was performed by the filtered
back-projection method using a Butterworth filter as a preprocess-
ing filter {order 10, cut-off frequency 0.12 cycles/pixel). Attenua-
tion correction was performed using Chang’s method by assuming
the object shape to be an ellipse for each slice and the attenuation
cocfficient to be uniform (0.08 cm-?). The pixel size in the recon-
structed images was 2 mmx2 mmx2 mm. Slice thickness of SPET
images was 2 mm (Fig. 1).
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Fig. 1. A SPET images for a
62-year-old male with FTL.D,
showing bifrontal hypoperfu-
sion more evident on the right
than on the left, His total FD,
anterior FD and posterior FD
were 1.30, 1.47 and 1.08,

B SPET images for a 65-year-
old male with AD, showing
right parieto-occipital hypoper-
fusion with slight involvement
of both frontal lobes. His total
FD, anterior FD and posterior
FD were 1.13, 1.34 and 0.93
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Three-dimensional fractal analysis

Fractals have been introduced by Mandelbrot [22] to characierise
structures and processes occurring in nature, The principal fea-
tures of fractal objects are: (1) a large degree of heterogeneity,
(2) scaling similarity over many scales of observation and (3) the
lack of a well-defined scale [23). Strictly speaking, a structure
{such as lung vasculature or vermis of the cerebellum) is fractal if
its small-scale appears similar to its large-scale form. Fractal ge-
ometry is characterised by the relationship between a measure (M)
and the scale (£), expressed as:

M(e)=k-e?

where k is a scaling constant and D is the fractal dimension [22],
As this equation jmplies, the quantity Mto be measured is a func-
tion of the ruler scale and can be a non-constant. The fractal di-
mension is one parameter that is useful for this purpose in char-
acterising organisationally complex structures [23]. The fractal
dimension is a scale-independent measure of spatial or temporal
heterogeneity.

In 3D-FA, the chosen cut-offs were used as the ruler scale £ in
the above equation, and the number of voxels with radioactivity
higher than the comresponding cut-offs were expressed as M),
Clearly, M{E) decreases as £ increases; hence, a linear regression
on the ME} versus € graph, when plotted on a logarithm versus a
logarithm scale, yields a negative slope with the magnitude equal
to the fractal dimeasioa.

In this study, we delineated the SPET images using a 35% and
a 50% cut-off of the maximal voxel radicactivity and measured
the number of voxels included in the contours of two different cut-
offs. The fractal dimension (FD) was calculated by relating the
logarithms of the cut-offs and the numbers of voxels based on the
above equation, and it was defined as the heterogeneity of cerebral
perfusion {24, 25].

We divided the SPET images into two sets, anterior and poste-
rior, with equal numbers of coronal SPET slices. We calculated
total FD, antcrior FD and posterior FD for total, anterior and pos-
terior SPET images. The number of coronal SPET slices of the
anterior or posterior set for FTLD, AD and the control group
were 40.4x1.3 (meanzSD), 40.421.6 and 40.320.9 respectively,
There was no difference in the number of SPET slices among
these three groups.

Statistical analysis

One-way analysis of variance followed by the Bonferroni method
of multiple comparisons was used to compare the FTLD, AD and
healthy control groups. The corrclations between anterior FD and
posterior FD were determined using Pearson’s correlation coeffi-
cient. A F value of less than 0.05 was considered statistically sig-
nificant,

Results

Total FDs (meanzSD) for the FTLD, AD and control
groups were, respectively, 1.17:0.18, 1.11+0.15 and
0.86+0.08 (P<0.0001 vs FTLD group, P<0.0001 vs AD
group). There was no significant difference in total FD
between the FTLD and AD groups (Fig. 2).
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Fig. 2. Box-and-whisker plot showing the total FD for patients
with FTLD, patients with AD and controls. The boxes represent a
25-75% range; bisecting lines show the median value, and hori-
ontal lines represent a 10-90% range. *P<0.0001 vs FTLD
group; P<0.0001 vs AD group
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Fig. 3. Box-and-whisker plot showingthe anterior FD for patients
with FTLD, paticnts with AD and controls. The boxes and fori-
2ontal lines are the same as in Fig. 2, *P=0.0002 vs FTLD group;
**P<0.0001 vs FTLD group, P=0.009 vs AD group

Anterior FDs for the FTLD, AD and control groups
were 1.5520.34, 1.24+0.19 (P=0.0002 vs FTLD group)
and 0.98+0.13 (P<0.0001 vs FTLD group, P=0.009 vs
AD group) (Fig. 3).

Posterior FDs for the FTLD, AD and control groups
were 0.8720.14, 0.9520.16 and 0.72+0.08 (P=0.007 vs
FTLD group, P<0.0001 vs AD group). There was no sig-
nificant difference in posterior FD between the FTLD
and AD groups (Fig. 4).

The ratios of anterior FD to posterior FD for the
FTLD, AD and control groups were 1.81x0.41, 1.32+
0.14 (P<0.0001 vs FTLD group) and 1.37+0.20 (P=
0.0002 vs FTLD group). There was no significant differ-
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Fig. 4. Box-and-whisker plot showing the posterior FD for pa-
tients with FTLD, patients with AD and controls. The boxes and
horizontal lines are the same as in Fig. 2. *P=0.007 vs FTLD
group; P<0.0001 vs AD group
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Fig. 5. Box-and-whisker plot showing the ratio of anterior FD to
posterior FD for patients with FTLD, patients with AD and con-
trols. The boxes and horizontal lines are the same as in Fig. 2.
* P<(.0001 vs FTLD group; **P=0.0002 vs FTLD group

ence in the ratio of anterior FD to posterior FD between
the AD and control groups (Fig. 5).

When a patient with an anterior FD of more than 1.46
or an anterior FD to posterior FD ratio of more than 1.6
was diagnosed as having FTLD, these criteria separated
FTLD patients from AD patients and controls with a sen-
sitivity of 85.7% (18/21) and a specificity of 93.8%
(30/32) (Fig. 6).

A statistically significant correlation was obtained be-
tween anterior FD and pesterior FD in AD (r=0.750,
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Fig. 6. Scatter plot of anterior FD and the ratio of anterior FD to

posterior FD for 21 patients with FTLD ()}, 21 patients with AD
(x) and 11 controls (O)
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Fig. 7. Scatter plot of the relationship between anterior FD and
posterior FD for 21 patients with FTLD ((J), 21 patients with AD
{») and 11 controls (O). A statistically significant correlation was
obtained between anterior FD and posterior FD in AD (r=0.750,
P<0,0001). There was no significant cormelation between the
FTLD group 2nd controls

P<0.0001). There was no significant correlation between
anterior FD and posterior FD in the FTLD and control

groups (Fig. 7).
Discussion
3D-FA allowed successful evaluation of the heterogene-

ous distribution on CBF SPET in patients with FTLD
and AD. Anterior FD became significantly greater from
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the control to the AD group and from the AD to the
FTLD group (Fig. 3), while posterior FD tended to be-
come greater from the FTLD to the AD group (Fig. 4).
Due to these results, there was 2 more significant differ-
ence between the FTLD and the AD group in the ratio of
anterior FD to posterior FD than in anterior FD {Fig. 5).
Although there were many overlaps in anterior FD be-
tween the AD and the FTLD group, criteria relating to
both of the aforementioned parameters (an anterior FD
of more than 1.46 or an anterior FD to posterior FD ratio
of more than 1.6) clearly distinguished FTLD patients
from AD patients (Fig. 6). The ratio of anterior FD to
posterior FD, which indicates the anterior or posterior
predominance of the disease severity, may be useful for
differential diagnosis of FTLD from AD.

In FTLD, the most common histological pattern con-
sists of a severe, extensive loss of pyramidal neurcnes in
the upper layers of the cerebral cortex of the frontotem-
poral arca, with microvacuolation and mild superficial
gliosis. There may be severe gliosis within the grey and
white matter, swollen achromatic neurones, and tau- and
ubiquitin-staining neuronal inclusion bodies (Pick bod-
ies) [2, 26]. The first brain structure to be affected by
progressing AD is the cerebral cortex, but in early FTLD
involvement may be widespread from the cerebral cortex
to the subcortical structure and basal ganglia [27, 28]. A
severe loss of neurones, cortical atrophy and white mat-
ter gliosis in FTLD, which are never seen in AD, con-
tribute to the great decrease in regional CBF. Conse-
quently, the attenuation distribution on CBF SPET be-
comes more heterogenecous. Since the histological
changes predominantly affect the frontal and anterior
temporal lobes in FTLD, the anterior FD for patients
with FTLD was significantly greater than that for pa-
tients with AD.

As shown in Fig. 7, the increase in posterior FD cor-
relates significantly with the increase in anterior FD in
AD. In AD, the laminar distributions of neurofibrillary
tangles and of senile plaques suggest selective impair-
ment of corticocortical connections [29, 30]. Parts of the
brain affected in AD are tightly connected to each other,
and global neurodegeneration and remote effects from
severely affected areas influence the global CBF distri-
bution [31, 32]. The association between anterior FD and
posterior FD supports the morphological characteristics
of corticocortical connections in AD.

However, there was no association between anterior
FD and posterior FD in FTLD. Some patients with a
large anterior FD in FTLD had a small posterior FD
(Fig. 7). The discrepancy between anterior FD and poste-
rior FD suggests that posterior CBF may be independent
of anterior CBF abnormality in FTLD. The large anterior
FD and the high ratio of anterior FD to posterior FD are
findings possibly specific to FTLD.

An important factor for 3D-FA is the range of cut-off
levels used. In the process of this study, we used three
different cut-off ranges (35%-50%, 35%-70%, and
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55%-70%) in an attempt to maximise the accuracy of
3D-FA. Significant differences in anterior FD were ob-
tained between the AD and FTLD groups using these
three cut-off ranges. The most significant difference was
obtained with the 35%-50% cut-off range. In HMPAO
SPET studies, when a cut-off of less than 30% is used,
regions outside the brain tend to be delineated, especially
in younger patients. The 35%-50% cut-off range corre-
sponds to the change in cortical CBF whereas the
55-70% cut-off range mainly corresponds to the central
brain structure. 3D-FA on CBF SPET should focus on
the heterogeneity of cortical CBF because the first af-
fected brain structure with progressing degenerative de-
mentia is the cerebral cortex.

Fractal analysis has been applied as a diagnostic tool
in SPET and PET because spatial variations in ventila-
tion, regional blood flow and metabolism in the living
organ are measurable even with low spatial resolution
techniques such as PET and SPET. Kuikka et. al de-
scribed the fractal analysis of two-dimensional SPET im-
ages by applying a box counting method [33, 34]. 3D-FA
in the present study was based on use of an intensity
threshold at different cut-offs for the involved area [16).
Since an increase in spatial heterogeneity on SPET imag-
es could indicate the presence of a region of abnormally
high or low radioactivity, a varying intensity in the in-
volved area may be related to the heterogeneous distribu-
tion. 3D-FA measures the attenuation solution or the at-
tenuation heterogeneity in a target organ,

A statistical image analysis of CBF SPET [35] report-
ed that 3D-FA successfully indicated a difference in the
heterogeneity of CBF between vascular dementia and
controls and that three-dimensional stereotactic surface
projections (3D-SSP) visualised the abnormal distribu-
tion patterns in vascular dementia. 3D-FA is a simple
and objective image analysis method, similar to 3D-SSP,
and is a helpful tool for characterisation of CBF distribu-
tion patterns, which is not easy using conventional visual
analysis. Furthermore, previous studies in patients with
Alzheimer’s disease and age-matched normal subjects
[36, 37] have investigated the usefulness of an artificial
neura! network analysis in the classification of HMPAO
SPET axial scans. We consider that 3D-FA employing
nevral networks may be suited as a means to automate
diagnosis when using CBF SPET. A disadvantage of 3D-
FA is the lack of anatomical specificity. However, com-
bination of 3D-FA with an artificial neural network ap-
proach using many data for various dementias may in-
crease the disease specificity,

In conclusion, 3D-FA indicated significant differences
in heterogeneity on CBF SPET images between patients
with FTLD and those with AD. Anterior FD and the ra-
tio of anterior FD to posterior FD may offer a useful
means of casily and objectively distinguishing patients
with FTLD from patients with AD.
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