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Effect of the Skull on Brain Perfusion
SPECT Imaging

Shin Matsuoka'’, Hiroyuki Shinohara'’,
Tomoaki Yamamoto', Yasuo Niio",
Hideki Shima'’, Morihisa Yamada",
Shin Hasebe'’, Katsuhiro Uchiyama",

Yoshio Kuniyasu'', Munehiro Takahashi?
and Takashi Yokoi?

Because attenuation gradually decreases reconstructed
counts from the periphery to the center portion of the ob-
ject, the deep region far from the detector is not clearly ob-
served if attenuation is not compensated. In brain perfusion
SPECT, diagnosis is sometimes made using filtered back
projection images without attenuation compensation
(FBP). Brain perfusion SPECT has the unique character-
istic that the radiopharmaceutical accumulates only within
the brain and is never taken up by the surrounding skull. This
study investigated the effect of skull on brain perfusion SPECT
reconstructed with FBP. We theoretically derived the rela-
tion between the counts of brain and the linear attenuation
coefficient of skull. It was found that the difference in re-
constructed counts between the deep gray matter and periph-
eral gray matter decreased due to the existence of the skull,
This result indicated that the deep gray matter was inclined
to be visible if the FBP images were displayed according to
relative counts normalized to the maximum count of each
image. In order to confirm this, we made a numerical phan-
tom with realistic human brain and skull contours on the basis
of MR images from a normal volunteer. The linear attenua-
tion coefficient of brain was assumed to be 0.15 ecm™', while
that of skull was assumed to be 0.26 cm™' (denoted as BONE+)
or 0 cm™ (BONE-). In accordance with the theoretical re-
sults, the deep gray matter of BONE+ images was more clearly
observed than that of BONE~— images, if these were displayed
using the relative counts of each image. The physical phan-
tom experiments also supported the theoretical and numerical
phantom studies.
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Fig.1 Schematic representation of brain perfusion SPECT.

(x, y) is the fixed coordinate, a is the radius of brain and (b-a) is
the thickness of skull. p is uniform concentration of
radiopharmaceutical accumulates within the brain with diameter
D. L(r, 8) is the length of brain and B(r, 8) the attenuation due to
skull along the projection line (r, 8), respectively.
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Fig.2 Numerical head phantom 1 using the MR images with normal volunteer.
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Table 1 Numerical head phantom 1 using the MR images with
normal volunteer

Slice Brain Lenght (cm) | Skull Thickness (cm)
‘ X ' y b y
1 13.1 15.4 1.3 1.3
2 135 16.0 1.0 1.3
3 135 16.0 1.2 0.94
4 13.5 16.0 1.3 0.83
5 14.2 16.5 1.0 0.83
6 13.8 16.0 1.2 0.83
7 14.0 16.0 0.94 0.83
8 13.8 14.8 0.94 0.94
H 9 13.8 14.8 0.73 1.0
10 13.3 13.8 0.94 1.3
11 13.3 13.5 0.83 1.2
12 13.8 12.5 0.83 1.4
13 11.3 11.5 1.0 1.3
14 11.5 11.5 0.94 1.3
15 9.2 8.8 1.3 1.5
| 16 9.6 8.3 1.3 1.5
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Fig.3 Numerical head phantom 2 used for the investigation of
the effect of scatter on brain perfusion SPECT.
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Fig.5 A: Slice 7 images of numerical head phantom 1 in Fig.2.
Upper left: original ROl image, upper right: nonattenuated image assum-
ing ur= s =0cm', lower left: FBP image with pur=0.15cm-1 and ug
=0 cm™, lower left: FBP image with g = 0.15 cm-1 and pg = 0.26
cm™'. Images were displayed using the absolute counts of each im-
age.

E: Slice 7 images of numerical head phantom 1 displayed using the
relative counts, where the maximurn count of each image was set to
100.

C: Counts profiles along the x-axis of the image center in Fig.5B.
TRUE: nonattenuated image assuming pr= s =0 cm”', BONE-: im-
age with ur = 0.15 cm™ and pg = 0 cm™', BONE+: pr = 0.15 cm™ and
pe=0.26 cm™'.

EARER S $£58% £ 145



EiN i

Fig.6 A: Numerical head phantom 2 images reconstructed with FBP.
Upper left: without skull and without scatter (BONE- S-), upper
right: without skull and with scatter (BONE- S+), lower left: with
skull and without scatter (BONE+ S-), lower right: with skull and
with scatter (BONE+ S+). Scatter was included by the convolution
of numerical head phantom 2 with the point spread function hav-
ing FWHM = 1.2 cm and FWTM = 5.1 cm.

B: Count profiles along the x-axis of the image center in Fig.6A.
BONE- S- and others, see the notes in Fig.6A.

C: Count profiles along the x-axis of the image center of numeri-
cal head phantom 2. Scatter was included by the convolution of
numerical head phantom 2 with the point spread function having
FWHM = 1.1 cm and FWTM = 2.5 cm.
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Fig.7 Count profiles along the x-axis of the image center of cylindri-

cal pool phantom.

BONE- SC-: without skull and without scatter correction, BONE- SC+:
without skull and with scatter correction, BONE+ SC-: with skull and

without scatter correction, BONE+ SC+: with skull and with scatter

correction.
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Fig.8 A: Brain phantom image with and without quasi-skull reconstructed with the FBP method. BONE- SC- and others, see the notes in
Fig.7.

B: Count profiles along the x-axis of the image center in Fig.8A.
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