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Fig. 1 Small semiconductor gamma camera (SSGC), clinical application type. (@) Collima-
tors: left: standard collimator, middle: high resolution collimator, right: high sensitivity
collimator. (b)
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Sentinel node simulation: two spheres (diameters: 5 mm, 10 mm) were filled with 0.15

MBq of %MT¢ each and placed at 0, 10, 30 and 50 mm below the water surface. The
tested node-to-node distances were 15, 20, 30 and 45 mm. All radioactivity was counted
for 15 s. The same spheres were imaged 18 h and 24 h |ater, again using a 15-s acquisi-
tion time. The background radiation was set at 0 MBq (BG0), 1.95 MBq (BGL), 3.9
MBq (BGM), and 7.8 MBq (BGH). (a) Shine-through simulation: Two spheres
measuring 5 mm and 15 mm in diameter represented the sentinel node (0.15 MBq) and
injection site (100 MBqQ), respectively. A simulated sentinel lymph node was positioned
at the following depths under water: 0, 10, 30 and 50 mm. A sphere representing the
injection site was placed at 10 mm under water. The distance between the centers of the
injection site and the sentinel lymph node were adjusted over the following ranges: 15,
20, 30 and 45 mm. The background radiation was set at 0 MBq (BG0), 1.95 MBq (BGL),
3.9 MBq (BGM), and 7.8 MBq (BGH). (b)

20000000

00000000018 mmOO0O0O0 3.6 mm
0o0obd24mmO000 48mm0OIO 000 3.0mm
oooo6e0mmOOO0OO036mmOOO0 7.2mm
00000 4000000000000000
00000000000%TcOO 289MBg0O O
gooi1o00o0mmOO0O000O0O0O0 20000
ooo

000 1mmOOO000000D0O0OODOOOO
Jodz2omm0d SOO0OO0O0OOOOOOOO0O
O0000OO ®Te30MBqUOOOOOSO
Oo0o0ooooooooooooooo2000
Oo0ooO0ooOooooooDoDoOoODOODODOOOO
00 [SNC-5100RO0 00000000 512x 512
00000000 510 mmx 380 mmONal(Tl) O
0000000000000 10.4% (¥™Tc)OdO
0000 35mm " To00 000000000
ooooooooooooooooooo]lon

25

—a—ST-
—= ST+ )%
N —&—HR- 2
—~ HR+ -
—e—HS— -

—G- HS+ / -

o
=
\

=

AY
\
A

spatial resolution (mm)

=
\
A

5y

100¢mm)
distance

Fig.4 The spatial resolution was measured with aline
source of 9¥™Tc¢, and plotted profiles were fitted
with a Gaussian function.

oosOoooboOoobOOo20000b000ooOoo
gbooobobooboobd



ooooooooocooooooo 5

7.00000000000000

gooooooooooooooooDoooo 2
gosNOODOOOOOOODOOOOOSLEN
ooo0oO0o 2000000 (B0 5mmI10 mm)
00 ®¥MTc015MBqUI OO ODOOODOOOOO
Joo0oo0oo00ogd (00 220 mmx 220 mmx 215
mmO0 0 210 mmx 210 mmx 205 mm) 0 0 0 0
oooobDoOoO0Od 0 mmd10 mmO30 mmO50
mmOSLN 0000 15 mmO20 mmO 30 mmOd
A5mmO00000000 (Fg.390 00000
o000 100000000 00D0o00o0oo
000000000000030%"TcO0000
(OCOO0D0OO00DOoOO0)YOOOOoO 180000240
gooooooooooo

SINOO sStNOOOO ROIOOOOOOODO
oobDOo0O0oDOoOo0oDOOoOoooOoOgn sLND
OSINOODODDOODOoO(T/BGO)IT/BGO
goooooo0ooOopoOooooogog (Two-
factor ANOVA) OO O OO OO (Post-hoc test) O
gooooDoOoOoOoooosOOOOoOooboOoD
00o00ooooooooooooo

8.0 shine-throughO 0 O

shine-throughO O OO0 SLNOOOOOOO
0010 (OO0 5mm) (SLN) O *mTc0.15 MBq O
OOoOoOoINdOoOOooooooog 10 (o 15
mm) (INJ) 0 ®"Tc100MBqUO OO D OO00O OO0
Joooooboopooooooo seNOoo
O OmmId10 mmOd30 mmOd50 mm O 00000
OCOOINOOOODO100mmOI00000000O
SINOOOODODO INJODDDOOO 15 mmO
20mmO30 mmO45mm O 00000 (Fig. 3b)0
000000000000 D 1s0pOoboooo
OO000D0O00D01BO0000240000000
0000oo300000ooooobooobooooon
3000ooooog

SINOODOOOOROBGODOOOOOOO
0ooooOo®TcO0000000000nO0ooO
oooooBGOOOOOO (DO BGHOOO)
78MBqUO OO (0O BGM 00 0O) 3.9 MBqO
oOoo(@oBGLOOO)18MBgOOOOODO
oO0BGUOOOODOOOOODDO (OO BGOO
00)oooooooooooooooooo

scintillation camera

- 8|S

5%

Fig.5 Bar phantom: Images of the bar phantom (slit dimension 1.8 mm, pitch 3.6 mm). left:
standard collimator, middle: high resolution collimator, right: high sensitivity collima-
tor. (@ ‘S figure phantom: Images obtained from a 20-mm-tall “S” figure phantom
made from a 1-mm diameter polyethylene tube and filled with 30 MBq **™Tc, that was
placed directly on the surface of each camera with a 2-s acquisition time. The images
obtained by SSGC with the standard collimator (left), the high resolution collimator
(middle), and the high sensitivity collimator (right), with an image obtained by a con-
ventional scintillation camera (far right). (b)
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Fig. 6 Simulation study (Comparison of imagesin different collimators): Images of the senti-
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water depth of 10 and 30 mm, and at 0 h and 18 h after preparation images are shown.
(@) The same images under the BGL setting are shown in (b).
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Fig. 8 Shine-through simulation (Comparison of im-
ages in different collimators): Images of a pair
of lesions simulating a 100-MBq injection site
(INJ) and a 0.15-MBq sentinel lymph node
(SLN) under the BGO setting. Each image was
acquired for 15 s. The INJto-SLN distanceis
15 mm, 20 mm, 30 mm and 45 mm. Images are
from underwater depths of 0 mm, 10 mm, 30
mm, and 50 mm. A 15-mm-diameter sphere
simulating the INJ was placed at a depth of 10
mm underwater.
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Summary

Evaluation of Small Semiconductor Gamma Camera
—Simulation of Sentinel Lymph Node Biopsy by Usinga Trial
Product of Clinical Type Gamma Camera—

Takaaki Opa, Kazuhide Havama and Makoto TsucHIMOCHI

Department of Oral and Maxillofacial Radiology,
Nippon Dental University School of Life Dentistry at Niigata

This study was to verify the performance of three
different collimators that were equipped to the clinical
application type of small semiconductor gamma cam-
era (SSGC) for radio-guided surgery. We also wanted
to seeif the clinical application type could be effective
to detect sentinel nodesin simulation studies for senti-
nel lymph node biopsy.

The camera head consisted of a pixelized CdTe mod-
ule (32 x 32 individual elements, total of 1,024 pixels)
(Acrorad Co. Ltd., Tokyo, Japan). The field of view
was 44.8 mm x 44.8 mm. The clinical application type
of this gamma camera had three exchangeable colli-
mators; standard, high sensitivity and high resolution
(ST, HS, HR). Energy resolution, full-width at half-
maximum (FWHM), of the CdTe detector attached with
the standard collimator was 6.9% at 141 keV (**"Tc).

The spatial resolution, represented by FWHM, had a
mean value of 1.59 mm. The data was comparable to
theresults of the prototype SSGC. The simulation stud-
ies showed that HS could more sensitively detect the
simulated nodes than ST and HR did, and HR could
more reliably distinguish the simulated sentinel node
that situated close to the injection site than other two
collimators did. However the depiction was interfered
by the higher background radiation levels. We suggest
that this SSGC clinical application type may provide
advantages over the standard system for isolating sen-
tinel lymph nodes biopsy. We also believe that the
SSGC may aid surgeons in identifying target tissues
when performing radio-guided surgery.

Key words: CdTe, Semiconductor, Gamma cam-
era, Sentinel lymph node biopsy, Radioguided surgery.



