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The CT images (upper), MIBI-SPECT images (middle), and fused SPECT/CT images
(lower) show the presence of an ectopic parathyroid gland in mediastinum.
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Evaluation the z-Axial Signal
to Noise Ratio Distribution of 3D PET Scan

Fa-Shun Tsai, Su-Chen Wang, Hsuan-Hung Chou, Tai-Lin Jiang, Lin-Chun Ou

Division of PET Center, Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan

Abstract

Background: In whole body 3D PET, acquiring at
distinct bed positions results in an axially varying
sensitivity profile due to the cylindrical geometry and
axial sampling pattern of the tomography. PET 3D
acquisition axial sensitivity profile is like a peak, whose
central slice has a much higher sensitivity than both
end slices hence results innonuniformity of the signal
to noise ratio (SNR). Central slice has better SNR
than end slices. Users may prolong emission time to
get more photon counts, or overlap the end slices of
bed positions to minimize the axial nonuniformity of
the SNR. The purpose of this study is to evaluate the
image SNR of 3D PET scan by a uniform ®Ge phantom
in 3D PET scans.

Material and Method: The ®*Ge cylinder phantom
was scanned using Siemens Biograph mCT PET/CT
scanner. Scan parameters were chosen as routine
whole-body scan. The single bed position scans were
acquired with various emission time: 3, 6, 9, 12, 15,
18, 21, 24, 27, and 30 mins. And a 2 bed position scan
with emission time 3 mins/bed was also acquired. To
calculate SNRs, the following procedure was adopted:
Opened each PET image sets TrueD application
software, and placed a 10 cm diameter Region of
interest (ROI) on the center of cylinder phantom in
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every slice. The mean signal in the ROl (ROl .40)
and the Standard Deviation (ROlgp) in the ROl were
recorded. The Signal to Noise Ratio (SNR) was then
calculated by the following formula: SNR = ROl ../
ROISD.

Result: Visual observation of each PET image sets
finds the SNR increase with emission time and various
with slice location. When prolonging emission time
increased from 3 to 30 mins, SNR increased from 1.37,
4.9,9.57,15.95 to0 4.25, 14.62, 27.7, 42.37 for slice 1, 6,
28 and slice 56. Two beds scan with 3 mins/bed made
a smoothly changes SNR area in the middle z-FOV,
which SNR was higher than the area outside the central
50% slices of 6 mins/bed 1 bed scan.

Conclusion: SNR will change with slice location and
emission. Put lesion in the central area of z-FOV area
could achieve a better SNR image. Considering about
3D PET z-axial sensitivity profile, if the lesion locates
outside the central 50% area of z-FOV, to add an extra
bed position maybe a good idea to get better image
SNR than to double the emission time, even it can be
covered by one bed z-FOV.

Key words: Signal to noise ratio, 3D PET, Emission
time
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Background

Positron emission tomography (PET) is a functional
imaging technique that produces an image of physiological
processes in the body. The system detects pairs of gamma
rays emitted indirectly by a positron-emitting radionuclide,
which is introduced into the body on a biologically active
molecule. PET images of tracer concentration within the
body are then constructed by computer analysis. In a PET
scanner, each detector generates a timed pulse when it
registers an incident photon. These pulses are then combined
in coincidence circuitry, and if the pulses fall within a
short time-window, they are deemed to be coincident. A
coincidence event is assigned to a line of response (LOR)
joining the two relevant detectors [1]. In this way, positional
information is gained from the detected radiation without
the need for a physical collimator. Most state-of-the-art
PET scanners can be operated in both 2D and 3D data
collection modes. In the 2D mode, PET scanners have septa
between detector planes to limit the detection of scattered
photons, improve count rate performance and reduce
random coincidence events. In the 3D mode, removal of the
septa allows the use of a much larger number of measured
LORs. This results in a significant increase in sensitivity to
coincidence events [2-4].

In whole body 3D PET, acquiring at distinct bed
positions results in an axially varying sensitivity profile due
to the cylindrical geometry and axial sampling pattern of the
tomography. PET 3D acquisition axial sensitivity profile is
like a peak, whose central slice has a much higher sensitivity
than both end slices hence results innonuniformity of the
signal to noise ratio (SNR). Central slice has better SNR than
end slices. Users may prolong emission time to get more
photon counts, or overlapping the end slices of bed positions
can minimize the axial nonuniformity of the SNR [2-4].

The purpose of this study is to evaluate the image SNR
of 3D PET scan by a uniform “Ge phantom in 3D PET scans.

Material and Method
The *Ge phantom (model CS-27, Siemens Medical
Solutions, U.S.A.) is a polyethylene cylinder including the

J Nucl Med Tech 2014;11:1-9

radioactive resin matrix inside. The radioactive element
is uniformly distributed in a cylindrical mold 20 cm in
diameter by 27 cm long. The cylinder phantom was scanned
using Siemens Biograph mCT PET/CT scanner. Scanning
parameters were as routine PET/CT scan: slice thickness
2 mm, slice interval 2 mm, total 112 slices, rotation speed
0.5 sec/ rotation, Pitch 0.8, 120 kV, effective tube current-
time product (Effective mAs = tube currentx rotation time/
pitch) 40 mAs, no dose modulation. The raw data were
reconstructed using FBP with a B30f kernel and extended
FOV 78 cm. PET scan were performed with various emission
time: 3,6,9, 12,15, 18,21, 24,27, and 30 mins. PET images
were reconstructed with 3D OSEM 2 iteration, 24 subsets,
Gaussian filter FWHM 2 mm, zoom factor 3. Take a 3 mins/
bed 2 bed PET scan, scan parameter as described above.

All PET images were analyzed by Siemens Syngo
Multimodality Workplace (MMWP) workstation. Opened
each PET image sets with TrueD application software, and
placed a 10 cm diameter Region of interest (ROI) on the
center of cylinder phantom in every slice. The mean signal
in the ROI (ROI,,.,,) and the Standard Deviation (ROIgp) in
the ROI were recorded. The Signal to Noise Ratio (SNR) is
then calculated by the following formula: SNR = ROI,,, /
ROISD.

Result

When comparing 3 mins and 30 mins scan PET images
in three axial views, the central slice has better image quality
than edge slices (Figure 1). As showed in Figure 2 and
Figure 3, the SNR gets better when the slice gets more closer
to the central section. The signal to noise ratio varied with
slice location. Comparisons of slice 1 (edge slice) and slice
56 (central slice) images with different emission time were
showed in Figure 4 and Figure 5. Prolonging emission time
could improve image SNR.

Signal to noise ratio for various emission time scans
were showed in Figure 6. Central slice has the highest SNR
than other slices, regardless of emission time. Comparing
different location slice SNR with emission time, we chose
slice 1, 6, 28, 56 as edge slice, 5% z-FOV slice, 25% z-FOV

Vol. 11 No. 1 December 2014
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Coronal Sagittal Transaxial MIP

Emission Time
3 mins
Emission Time
30 mins

Figure 1. PET images in 3 axial and MIP view.

Emission Time 3 mins

Slice 1 Slice 6

Slice 12

Slice 7

Figure 2. PET images with 3 mins emission time. More close to the central section, the better SNR.
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Emission Time 30 mins

Figure 3. PET images with 30 mins emission time. More close to the central section, the better SNR.

Slice 1

Slice 7 Slice 12

Slice 1

12 mins

Emission time 3 mins

Emission time 18 mins 21 mins 24 mins 27 mins 30 mins

Figure 4. Slice 1 with different emission time. Prolonging emission could improve image SNR.

J Nucl Med Tech 2014;11:1-9 Vol. 11 No. 1 December 2014
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Slice 56

Emission time 3 mins 6 mins 9 mins 12 mins 15 mins

Emission time 18 mins 21 mins 24 mins 27 mins 30 mins

Figure 5. Slice 56 with different emission time. Prolonging emission could improve image SNR.
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Figure 6. Signal to noise ratio for various emission time scans.

EEFTEREE 2014:11:1-9 2014F12H n1E 1




LeE =5
Fa-Shun Tsai et al

slice and central slice. The SNRs of different location slice
with various emission time were showed in Figure 7 and
Table 1. When prolonging emission time from 3 to 30 mins,
SNR increased from 1.37, 4.9, 9.57, 15.95 to 4.25, 14.62,
27.7,42.37 for slice 1, 6, 28 and slice 56, respectively. SNR
of slice 1 with emission 30 mins (4.5), just near slice 6 with
emission 3 mins (4.9). The SNR of slice 56 with emission 3
mins (15.95) is higher than that of slice 6 with emission 30
mins (14.62) and over three times than slice 1 with emission
30 mins (4.5). As showed in Figure 8, the SNR of 3 mins/
bed 2 beds scan is compared with 3 mins/bed 1 bed scan and
6 mins/bed scan. Two beds scan has longer z-FOV and more

smoothly SNR changes between center and edge slices area.
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Discussion
Siemens Biograph mCT (TrueV) is a 3D PET mode

PET/CT scanner. The basic unit of the Siemens Biograph
mCT is the detector module, which consists of a 13 x 13 grid
of LSO crystals. The scanner has 48 detector blocks per ring
with 4 rings and z-axial FOV 21.6 cm, and 111 PET slices
in one bed position scan and 174 slices in two bed positions
scan, overlap 43.23%.

In this study we use 68Ge phantom, whose half-life (271
days) is half-life much longer than scan time, and we can
assume that activity constant during whole study. Slice with
higher sensitivity will get more coincidence counts per unit

times. According to Poisson distribution standard deviation

—+—Slice 1(Edge Slice)
-&-Slice 6(5% z-FOV slice)
-~ Slice 28(25% z-FOV slice)

—<Slice 56(central slice)

3 6 9

12 15 18 21 24 27 30
Emission Time (mins)

Figure 7. Slice 1, 6, 28, 56 as end slice, 5% Z-FOV slice, 25% Z-FOV slice and central slice. The SNR of slice 1 with emission

30 mins just near slice 6 with emission 3 mins.

J Nucl Med Tech 2014;11:1-9
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Table 1. SNR vs. Emission time in slice 1, 6, 28, and 56.

Signal to Noise Ratio ROI,,,, / ROIg,

Slice
Emission Time (mins)
3 6 9 12 15 18 21 24 27 30
1 1.37 2.09 243 2.69 3.03 3.45 3.79 401 4.07 4.25
6 4.90 721 8.87 9.95 10.98 11.70 12.75 13.62 14.27 14.62
28 9.57 13.39 16.72 19.45 21.89 23.47 2547 25.76 26.60 27.77
56 15.95 22.02 27.20 30.27 33.67 36.28 38.33 39.73 41.13 42.37
Signal to Noise Ratio vs. Distance from z-Axial Central slice
25
20
-]
& 15
3
Zo —+—1bed scan_6mins/bed
'—é 10 -=-1bed scan_3mins/bed
= -+=2bed scan_3mins/bed
5
0
N BIERYEBRIUFRET ORNISEREZRREAT

Distance from z-Axial Central slice (mm)

Figure 8. The SNR of 3 mins/bed 2 beds scan compare with 3 mins/bed 1 bed scan and 6 mins/bed scan.

of noise is equal to the square root of the average number of
events N, the signal-to-noise ratio (SNR) is given by: SNR
=N/(vN) = VN . The SNR grows as the square root of the
number of photons. If we prolonging N times emission time
will get N times counts and VN times SNR. Compare with
study result in Table 1, emission 12 mins could get two times
SNR than the 3 mins image. Even the 30 mins emission scan

could not make end slice the same SNR with central slice

EERZEASE 2014;11:1-9

with just 3 mins emission time. The SNR of central slice is
almost 12 times than slice 1. The SNR of slice 1 need 144
times emission time (432 mins) to achieve the SNR of slicel
with emission time 3 mins, which cannot be implemented in
routine scan.

In multiple bed positions whole body PET scan,
overlapping the end slices of bed positions can minimize

the axial nonuniformity of the SNR. As a two bed positions

2014 12H 11E1H
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scan, Biograph mCT (TrueV) will overlap 48 slices to make
a plateau sensitivity profile between central slices in the first
and the second bed position (63 slices), and plateau area
slices should have SNR as central slice in single bed scan. In
a total 6 mins PET scan, two bed position scan with emission
3 mins/bed could make a plateau SNR near 15.95 of 63
slices, but most slices of one bed emission 6 mins scan are
less than SNR 15.95 theoretically. As the result showed in
Figure 8, 6 mins/bed 1bed scan has a higher SNR in central
50% z-axial FOV and a very close SNR in edge slices than
the 3 mins/bed single bed scan. Two beds scan with 3 mins/
bed made a smoothly changing SNR area in the middle
z-FOV, in which SNR is higher than the area outside the
central 50% slices of 6 mins/bed 1 bed scan. If some lesion
near the edge area of z-FOV, take a two beds scan even it
can cover in 1 bed scan. To addan extra bed position maybe
a good idea to get better image SNR than to double the

emission time.

Conclusion
In this study we find SNR will be changed with slice

J Nucl Med Tech 2014;11:1-9

location and emission. Positioning lesion in the central area
of z-FOV area could achieve better SNR image. Considering
about 3D PET z-axial sensitivity profile, If some lesion
outside the central 50% area of z-FOV, adding an extra bed
position maybe a good idea to get better image SNR than

doubling the emission time.

Reference
1. Valk PE. Positron emission tomography: basic sciences:

Springer; 2003.

2. Cherry SR, Dahlbom M, Hoffman EJ. 3D PET using a
conventional multislice tomograph without septa. Journal
of computer assisted tomography. 1991;15(4):655-668.

3. Cherry SR, Meikle SR, Hoffman EJ. Correction and
characterization of scattered events in three-dimensional
PET using scanners with retractable septa. Journal of
nuclear medicine: official publication, Society of Nuclear
Medicine. 1993;34(4):671-678.

4. Fahey FH. Data acquisition in PET imaging. Journal of
nuclear medicine technology. 2002;30(2):39-49.

Vol. 11 No. 1 December 2014



3D IE T8 Z M 3 i3t
Evaluation the z-Axial SNR Distribution of 3D PET Scan

=HEE a7 B UL 3 AR Rk

B T EHA BARE LAk BBHE
T BEIEIT BN GRS BT IE Tadie L

BE

B LFRYFMISZARNHRZAEE TR ET L% (annihilation) BT E A8 511 keV y- X F# - A ZHZRE
A B RAR B AR y- BT 180°4 R 7 w4t R Ak AT » ML E PET R E A REAHGMAR S LFE "R 5
iE—Hy- AT ERBHLZGRBAFAELZRHEMARBSHELE - 3 —RAR B HGBEME KRB R (Line of
Response, LOR) © # W& R R 4Z % A B AR BB R LEH » A TARETER Y% - ETFHMERBRAZAMGNE
BRBRAANHLTOARKLE - 25 AR E R 7 FREAGRBSLE Y ROGEN BARMH A 45 (Septa) © FLAIE
TE R FRREBRBZRAT 7 FHE TAr 4 X455 o TiH4T 2D 2 3D sEFHAZ MM o £ 2D W > 46118 & RaE 1A
RBERZH - MEFLORABERRREERERALT - E3DHMP » 8RB - R RALNHMERFRE - 3D #
i 6 i @ BOR L SR BR (axial sensitivity profile) 23 K4 » F kbnd 89 BUR L RAI b @ BURE & o WAt @ Ay
BORJE R o AR Bl I ELES B T 1B b @ 49 34 ML (signal to noise ratio, SNR) ¥R ] » 0% 69 F s 3o @ 69 AR L g & 24
Hspind o B T HEAFEAF AR L 0 ST A RE K4t H A7 R B B (emission time) @ XA dhe I E B 5 RAZF R
Wy @A RS QAR - KERARNH A REHE » £TFRHBRHERTR > 2P R @fdsny
B B4 AR R 0 B 69 a b £ £ o

MRIEETTIE « A% 68Ge B A AR 4 /R B 7 Siemens Biograph mCT PET/CT 47 # 4% P S #4747 44 - 3 A ¥ 8.4 % PET/CT
WRAEE o 2 RS B A7 R B B (emission time) 3~ 6912~ 1551821242730 94847 — R & » 7
SPIFR R BL 3 948 / RELAF R 0 CT AR RIS IE » 3D OSEM # 1% % 41 2 iterations * 21 subsets * Zoom: 3 * Gaussian
filter 2 mm ° & %17 F) 4 K 4% 3 8§ B 49 PET #1% » %> True D #1¢ T4k 55 BiE &30 @ ROI » & R @A4E & ROI F35
& /ROT A2 4 £ o

R AARRTEAYGAELEF LR R R HER A E - BHRA S PHRFHER > P Rir@eaERE
BRAEGEE (K 124) - ER—RBAFHT > SHEEHG3>8ERE30248 F 1 d (F&%E) ~ 5
6@ (SEZnBIG%5%) ~FH28 @ (JEZ#MBEFEKS%) ~F56n@ (PRnd) 3415 5 | 1.37,49,9.57,
159532 713 4.25,14.62,27.7,4237 - "B E R 3 048 | RELIFH SRR 3 948 / REAF A B RE 6948/ KRBT »
RRBEDE | RBRIFHE ZHF R OEARTOABELZRERLILERE 6 248/ REFH Z Wb E 50% 09 B 3%
R CHETRYAMYLONELETEEH BB RER Z D LB RAY - RARTHARAL BN Z i
BIF Pk B OEFRAEGAMAIL c RALRBEFHTARAFR PR Z 0T RBRIFALLZRE o XA BAZR LA
Z 3P 50% BEFZI s FETARNE—RERBETFEEERN > FMEREFHK T LE— R EA4T BB A4 o

BAREED : AL~ ZHIETRF ~ H BT

2 BE1Z B85 E 2014;11:1-9

103 4F 8 H 15 HZ# 5 103 4 9 H 30 HTI#k

HAVES © GeaiE

FOCBE I E R AFTOL R R s O

111 HAbTH LRI S B 95 55

i  02-28332211 % 9898 i [-{5#H : T005629@ms.skh.org.tw

BRI EASE 2014:11:1-9 2014 12H 11E1H






I P SEER % L 3T LB 9 5 L 3 I SOy W £

FRaxd ' RRAM

AN EEAT BEXT RER™

QR il I Y Ly A
 BOR B A R AR B85 1 7R
BOE B S A FDE RGBS I FEPFS R 0
KB A BT

BE

BV : PET/CT AR M RAEZR PR ERA L

FERARTE BRI T R SIAG FRAZD G R
BB T 3 Ao BT 6 B AEAS 0 T ERAE BRI R

% % A8 & & CT A& Mk 65 1t 2 A7 $2 % B AR iE (attenuation
correction) % 1% Fl BF 3 BUE A #4 PET/CT L » #& AZF
T RW@RY o Bk o AT EBRAFER DRI IF R
AR E R 69 F E IR (transmission scan) AT — &
FIMEAE TR A IR T CT 89 58 Mk 4516 9 AT 2 2 BAR B 3 1%
F B PR A RARK] IR > ARM ARG RAABRE
] Lk o

MBETSE : ATROMIT > XKE T4 RE B ZHEST -

(1) 1% B # A Bl 89 45 1642 88 (Anthropomorphic Cardio
Phantom, QRM) » #% H > 88 & T S AK A 2 R 45 69 37 49 5
¥ FHE R A M54 5 (Agatston score) 3E $LAR #4654k
WREEOYBILELL2EZN Q& LEBRBEH K
RBPTAZ#E PET St H M H BRI RBRE » AH RO E
& (activity) 7 L EE LR A A T /AR KA
PEATCT RBRREGRA ZREFH L LA
BREEYEFTHIATRRREBZ S K > £ A CTDI
(computed tomography index dose) 1 & $& 4+ #| & 69 3F4& T
Ao

7N

2014 4 3 A 20 HZ# 5 2014 £ 5 H 25 H ¥

*SHEIEE ¢ ST

HOLS KR R8T 2Rt

111 BAL Akl S E R 95 5%

HHak 1 02-28332211 18 2137 #1744 : M002325@ms.skh.org.tw
*SEAEE © PR

FOER AR SRR % FRERR)

111 ALkl S E g 95 5%

AL 02-28332211 8 2292 EH{{Z4 : M004149@ms.skh.org.tw

EER: TRERH T A MR ALK RALNF
A BB 120 KV, 50 mA © A A E & AR EZ F AR E
(CTAC) #1489 37 36 5 B T B Y 92% &9 A 3 # € (CTAC
standard: 2.4 mSv, 120 kV & 30 mA: 0.17 mSv) °

FEER LA RE VAR AARE 289 CT R ET AR
AL F o BT A PET A EATRIBIRE » L ERH
AR & IE 92% B A A o

FABEED - WAL R ~ RBIRE ~ BHRAE

EEREREE 2014;11:11-16

Il

AU

5t iR B Ak #5 1b (coronary artery calcium, CAC) * %
F U HA AR B ARIE L BEBRFTE R, » — B kiR Bk
WEE 2 > P51 USRI > MBMR D B =g :
Wz g ~ LA g BB o+ AR - Bl i it { b i = 202 R B
TE 76 R Bh AR G 5 U8 B YA %5 B B 18] % (Low-density
lipoproteins, LDL) » LDL & 234 A B2 Jig i /£ AL A g Hh &
1t » Wfs%E k2 LDL B » B DU [RE# 2
[ > LI AR g e AL g I A k2 LDL » T
BOEARMNE > RARMISE TR - B RGERE R I RE E
Bl » BN E ORI B > ARG 2R o o B A [ 5
Ko TS ROEARBIIRIRAS > B {4 Al 8 K 2 SR8
BN G A » BFplimAE > BRI eE e o O AU
Ao LERNES SR O NUBEZE o 1idh i dr a2 B BRI R 7
EYURE T AR » Fir LA RE s A EIE5 R U » BT #5540
PSR (LI > 3R] TR OB R B A o
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£ PET/CT i& 5t i &5 4= B9 vl 70 7 W {1 25 B - (1)
VER Z AL IE (attenuation correction) F 1Y CT 2835 1
fffi (transmission scan) 3 (2) V£ & G 14 Z4 %) (radiotracer)
% F s PET 2B 3 i ME 52 (B4 (emission scan) © £
T R MER U R EEY) O3 i~ SEV)URISOEE R G
(image distortion) FIT3& Bl HY S5 AR A2 T » CT 2235 Ik f Hf it
e lERS PET S i PER2 B 2 S=IE - {HAE PET/CT /L
B otm A rh - BB CT 2B MR PTG 7 9 B A A 3%
P4 & (effective dose) 5k /=13 3.25 & 5.66 mSv [1]» It 4f
TR RS PR AR 1 S5 ) th o GG Fife e 2 O i e
B Q2K 0 i ATRE(R PET/CT i P 75 42 32 W i
P - ] Rl AR AR AL

PET/CT j& fHE BT H1 U e 25 2 O LM iR #E &
(MPI, Myocardial Perfusion Imaging) fix =& %2 7] LIZF(& 78R
BN AE s DU TG 28 B DhReME » T fs 1 S a2
HOMEREE » & AR A\ 2% AT —#H CT $51Lmfl » AR e
IRBIRSE(LAYTEI » 7 1990 5 Arthur S. Agaston #7%—
TELFI| P 2B SRR e e s M e AR B IR 5 L 7 3% 2] » 4
TSN G2 B TVEUER] A Agatston score HfS

I’R— * Agatston score JABE /TR o PHEBAEAFIRIFEIA » HBEBRAU N ~ 5840 DREIIR I AR

ATEESE 8- T Agatston score * HErl Bk
MER— » EHFC BB - H B AR A B - $E
ClEBR I REME R R @ o (HFs 1 M INE2 B e e (5 M
L Amiti—H CT R NRE5 1L RA G & R AN 28 &
imHBTE AL - =R ER G AR 2 A
W B B o A R O B AT R 8 A P R 2 S I
P15 (3] > AL > ASBSEHG & 0F CT S IR 1L 70 v i B
FEPRI AR > (1 P — (R S i 22 T i AU
(7 FSy 908 15 e IR 38 R 851 b 70 17 B % B A A o2 SRR R 2
R DIGE » BVAIED — R CT Hufm il » & SIS 2 2
ALARA ZIK o

KT > A G 25K & O i IR 85 16 73 A B 5= e A 1
(attenuation correction) A fY 2% 3% T4 i i (transmission
scan) JEIT— R YIMERASE B - KK T oy W e HASEETT © (1)
{5 FH 88 AL B i P2 5 1L B 8 (Anthropomorphic Cardio
Phantom, QRM) Bl a] #id ke, Mg R AR Bike » £t/ Vg
RIR N Z S AR PR E R i 22 8 - BHEHE RS (L 77
B (Agatston score) i BEATHE 51445 22 BT s G HL s B
FERE 5 (2) I AR N R BN AT 5 E PET S+ HitE:

~ JE\g B H A

» Annual
Calcium score Plaque Burden Probability of Cardiac Recommendations
Significant CAD Event Rate*
No identifiable plaque Repeat scan in 2-5 years,
0-10 or insignificant Very unlikely, 0.11% depending on family history
plaque burden <1% per year and other risk factors
11100 é\lzgobstru?tive 2.1% Institute risk factor
Mild to moderate most likely per year modification.
atherosclerotic Non-obstructive CAD 41% Consider exercise testing.
101-400 plaque burden likely, although obstructive per year Daily ASA, Statins.
disease possible Repeat scans annually
Institute risk factor
Extensive High likelihood of at 4.8% modification.
> 400 atherosclerotic least one significant per year Consider exercise testing.
plaque burde coronary stenosis Daily ASA, Statins.
Repeat scans annually.
J Nucl Med Tech 2014;11:11-16 Vol. 11 No. 1 December 2014



SR IR IE - LU ARENIEEE (activity) 77 i BT 2 &
{ERBUER EZIRE - S ARBEAT CT SR R
(R SR i 22 0 - G B AR E G R R e T B TR el
a2 IF 3t % 1 L #¢ » 3l K] | CTDI (computed tomography
index dose) {'F 5 B & Pl & ) FF A TR » 4 REIRAE CT
PR TS MR 51 7 B S DA L 5 5 [ s BT 1 e (R PR
{8 > RAH A B & A PG IR 201 L - H AR L fa ok
A 5 AR R g e IR 51 73 A B S iAo L 2 15 ] R
HUH 2B > BURFZR S SRR A4 T 085 | AH BR A
B MAERARAEGIRE 25 2R -

MRIETTE
SGHEEY

a2 CT GRS AR o) » THE 8 I #E AL Wl (R 2
(Anthropomorphic Cardio Phantom, QRM) » Jit, {z 4 £ f5
BER A\ Mol prakat » A N E— - (RIS E R 3.62
kg » PIARREE A — %00 - R H MRS S E (tissue
equivalent) f§% > FeiE A S O - 72 H /O B rH A% =5
BCPVERERL - Ll )T R EHESR S - LR 9
AR EAS A2 BRI $5 L 5280 E » IR R il =
FH 1 200 ~ 400 ~ 800 mg/em’ » [ BHE % A = (AR
THFE B R > 7RIS 0.8 ~ 7.1 e 19.6 mm® » BAK 13
5 mm °

AHHE S (5 AN [RHEC TR B 85 1 L 4 22 BB T4 1 QRM

B — : Anthropomorphic Cardio Phantom %L i & 1 7+
B AR S R R B R S R A T K

ZEERERSE 2014;11:11-16

18FE CT i fR#5 L2 B PET R

Low-dose Coronary Artery Calcium CT for PET Attenuation Correction

RAESEITHAS - RS2 U 120 kVp 2 300 mA (standard)
100 mA ~ 90 mA ~ 70 mA ~ 50 mA ~ 30 mA ~ 10 mA » ilff
HHHERS 2 GO T SUIE IR R ok 2 s (G B A - S B A R
MIsAGHEAT (1) PET S HIZUE 2 2 IR E - (2) FHEH
P B AP B AR B BRI Y 4 4 22 B - AE PET &
s HILZ I QRM B HE Fh R B O e #7951 b AR LK (R
U ZE S K B A K 1% » A 1 mCi Z "F-FDG
(Fludeoxyglucose) * £ 1T (1) PET &I Hi X i& 5 (Emission
scan) 3 (2) 77 Bl L2 AHARE & 2 8z P9 LI as (5 A%
55 PET 59 =R R (R 2 SIS IR AR » A BEAT HE ) 52
TS IE R (507 B % ROTMET TG L (E (Activity) FULLEL -
M P H— 2k -

EHIEE
Sk 25 RS T i B BR RO TR AE G I BRI Y R A
J@ &5 (CTDL,, » B4 mGy) FliFiRE (scan
length > BLAZHES em) 15 & 2 B AT 1S 2 & R
FefH (dose-length product, DLP » Hi{i/ £ mGy - cm) > 41
A () FR o MR R e AT 8Os SR+ o«
A mSv - mGy-1 - em-1) FHIE AT EH A M)A 805 &
(Effective dose * B/ f% mSv) 1A= 2) s - Hpf
SR AR 1 (1) 2K E Bl A0 55 2o 8 AR 35 i -
HAES 0.017 mSv - mGy-1 * cm-1 ©

CTDIvol x scan length = DLP ST unit: mGy * cm (1)
DLP x k = Effective dose SI unit: mSv 2)

HRET DT

HFA [FHRF & 2 #5 LT 4% GE SmartScore 3.5
Quick Step Technical Guide #f % H Agatston score » ilfi kb
PR BRG IR o 2 1% (# ] SPSS.19 &1 receiver operating
characteristic (ROC) curve 2 Kappa value % & {E | =R
ERFF 28 - ROC curve & Kappa value B 5 75 20
FIIF matlab R2010a {5 i} ROT Fel #8751k 15 » &1 55 Fift ]
EEH) ROI 3R (pixel) B HU fE > BEAFHESS (L i H5 22
W2 BAE HU BILLE - FAEARMERZ B P 53R HU fE
(A2 130 HU #RE519% » =52 130 HU EREER - 2%
B AN R & 2 fe s o - fEAHERY ROT T »
FG R BT PSL (5 h R HU (ERY 5 > M/F
ROC curve & Kappa value °
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fEREAFT R
KBS LRESBIEEHER
@JEHTI_HEE?:“.IJEZ%{ LA 22 BB 5T QRM (RS HE
TTHH o MRS Z GO T IR I ik Z i E Al
14 E AL IR ASETT PET B Hi & R 2 SR (E » ilf
HF PR L% 1Y 52 (60F W PE] 28 ROT M TIE B 2 51 & B
SR RO IR R R L FRT B 2 IR 2 8 120
kVp > 300 mA ~ 100 mA ~ 90 mA ~ 70 mA ~ 50 mA ~ 30
mA ~ 10 mA > BRI EARATT R = fEAREA &
AR ﬁmn%miﬁ%ZﬁﬁMEMEE

_” - AN[FMEA R 2 P U 2 WO SO & R R R S
AR Z A IE 05 FE

Protocol Effective Dose AC
rotoco (mSv) (kBg/ml)
kV mA
120 300 1.02 355 = 1.1
120 100 0.34 360 £ 1.1
120 90 0.31 357 = 1.1
120 70 0.24 35412
120 50 0.17 356 =09
120 30 0.10 358 £ 13
120 10 0.034 360 = 1.5
CTAC standard: 24 354+ 12

&”= : HAHPER ROI EERH AR HU 5.2 55K FHE

(il RS M 72 52 > FRORR & 2 P9 i A a8
TG EES H 2 G LRI R & 2 $51b faHi
S B & > 7] LR EEE SRR E 5 5 2 B SR &=
85% LIL- °

fRET D

TFAN[RMECRR B 2§54 L3 1 2 (A S TR % 2 AR
AL > G F5 L BRI ROI FBLE H 2K - Ml % ROIT WE’J
GFEF HU E2 08 #ERATT £ = BEMAPGEL
ROI 8% 1% H AR HU .2 (G {H8 il LB RIEEE
I (mA) BV NIRRT > 5 HU /R 130 G
D HORHS 130 RUGGR ARSI HERE (]
5 LHIRE S o

(R Fl i 77i% - SHE R — KA & 2 $5 L fe B
A [ERY ROT A/ » BIAT{E H ROC i #R[E > HoAS SR 40
TlE = AT LAEE] 0 BR T 10 mA K 30 mA Z Hi#RSE
HEAHhARIE—E o 7E ROC HiERIE w7 LS H il R T
& (Area under curve; AUC) K/ NRFFG — (g & 2 4735 »
# AUC /T2 0.9~1 BB EIRE > 0.8~0.9 BiFind -
0.6~0.8 B EAME » 04~0.6 B AR o 5 H I
W s ARG SR - HARE B2 AT 120 kVp, 50
mA T2k PR 0.94 » Fon IR % L&
FELA e (R B FH i 22 B 120 kVp, 30 mA o H & 73 Kl
% 0.17 mSv (120 kVp, 50 mA) J 0.1 mSv (120 kVp, 30
mm’ﬁWEEM&E%%ﬁﬁZEﬂME”%Tﬁw
92% K 95% <~ &

14

HU < 130 130 = HU = 199 200 = HU = 299 300 = HU = 399 400 = HU
STD 1263 82 142 39 206
100 mA 1260 96 112 59 205
90 mA 1248 106 107 64 207
70 mA 1225 122 120 58 207
50 mA 1186 160 120 63 203
30 mA 1089 238 114 73 218
10 mA 945 91 221 118 257
J Nucl Med Tech 2014;11:11-16 Vol. 11 No. 1 December 2014



ROC curvefor low dose CTAC scan with

FBP reconstruction
1 - —
09 _
08
07 -
2z 06 |
;é 05 - —100 mA
5 04 N 38 Ei
03 3 — 50mA
02 - — 30mA
0.1 —~ 10mA

0 01 02 0304 05 06 0.7 08 09 1
1-specificity

B+ AN [RECR s b f i (G SO B 45 1 E A

Z ROC i

AEE B U VIS R (R A 1R R R B i 2
VEERES » AR ST rp g A R R R 8 F e (A 2 e i
2R » R B AR 0 B8 FE 3R (Extension
Rings) B » R RTAEERS AL P8 AN [m] B B > Hc AN ]
B T R (A PR AR 22 8

5

RE bl 2 B B RS a2 R 2
AR 1 L4 1 22 B R R e S R E AR 2 Fm i 2
ARG BE A = 2 MR - ST A GF
WA IE AN g B EAETH ©

TE A5 F {070 U0 087 #5852 1 1) e (R PR A ) it 2
BR 120 kV, 50 mA. o 15 3000 & B HE 2 ZE iR I (CTAC)
AR RS2 BT ) 929% W9 5| & (CTAC standard:

ZEERERSE 2014;11:11-16
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Low-dose Coronary Artery Calcium CT for PET Attenuation Correction

24 mSv, 120 kV & 30 mA: 0.17 mSv) °

E |

ARG AR ST O e K AC & B e AT B e E SKH-
8302-101-0701, SKH-8302-101-0702 and SKH-8302-101-
0803 X BB - Fr LR o

e 0)
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Feasibility of a Single Image Acquisition for Coronary Artery
Calcium Analysis and Attenuation Correction with Low-dose CT

Chen-Tau Su', Liang-Kuang Chen'”, Kun-Mu Lu',
Su-Chen Wang’, Wei-Yip Law', Yen-Kung Chen™

'Department of Radiolog, Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan
’Department of Nuclear Medicine, Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan
’Division of PET Center Medicine, Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan

*School of Medicine, Fu Jen Catholic University, Taipei, Taiwan
*Wei-Yip Law and *Yen-Kung Chen contributed equally to this work.

Abstract
Purpose: Coronary artery disease (CAD) is one of the most fatal syndromes causing death around the world.

PET is currently the accepted gold standard for the evaluation of myocardial perfusion and viability, ischemic and
blood flow quantification in patients with CAD. In cardiac PET/CT, CT coronary artery calcium (CTCAC) not only is
a noninvasive assessment of the presence and location of calcified plaque but also could provide for attenuation
correction (AC) maps. However, the radiation dose saving of CTCAC scan is the most concerns and has not been
studied. The purpose of this study is to investigate the feasibility of using low dose CTCAC for Agaston scores and
AC in cardiac PET/CT imaging.

Methods: In this phantom study, we will have two specific aims: (1) to simulate different chest sizes using
anthropomorphic cardio CT phantom (QRM phantom) and tissue-equivalent expansion ring, and to determine CT
image acquisition protocols optimized for CTCAC diagnostic image quality at the lowest radiation dose possible
based on Agatston score for patients with different chest sizes; (2) to determine CT image acquisition protocols
at the lowest radiation dose possible for attenuation correction of the MPI images according to the imaging
performance and quantification accuracy of attenuation-corrected MPI images. The radiation dose was estimated by
using the computed tomography dose index (CTDI).

Results: The lowest radiation dose protocol is 120 kV, 30 mA with iterative reconstruction, and 120 kV, 50 mA with
filtered back projection. The protocol of 120 kV, 30 mA can save 95% effective dose from standard CTAC protocol
(CTAC standard: 2.4 mSy, 120 kV & 30 mA: 0.10 mSv)

Conclusion: This study demonstrated that using low dose CTCAC images can not only provide Agaston scores but
also correct for PET images. The most important is saving 95% effective dose.

Key words: CT Coronary artery calcium scan, Attenuation correction, Radiation dose
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B FLe i 8 R g -9(MMP-9) /K 4E
Z BHZE YRR IR v 1k ikt S8 7 O BN D RE 5 B LU

IS B ARRAS MMZBCY BXE BEH T EBERS

VA B BB LB B LR
P A BB LB E B K B
? R B — EAEEEYE AR
W= i
T A BB LB B

BE

BIE : BRMALFRABREZ TR > BR EHRELT
BIRREEE S HAMEAN B TR P g &4 > L
B Bl AL B A R~ 0o B R R A R e E A AR A &
J & 3k A 2 R H & B & & 8 (matrix metalloproteinases,
MMPs) £F S R P REFT R EFRERAN » THE
SEBRBRACERG AT - Bk > A RAALTE
LB IERY ~ BAREY R MMP-2 2 MMP-9 #74
FE PR A B AR F R P ok & oK AT O BB S R P AE 6y
R o

MRIEBTTE « 83 RE AASM A2 B BT & ook 1 2 H R
B Lo oR 38 Bk F da s BT A PR M e IR R POk gE 0 o
% P aEFE K (AHD) K74 30 A £ & & FA B A g AR mf o
e B 204 BAMBR 104 R T XL ETHUHR
Mo BBEMEIBER ZAANRTTE - HAMEEETR
Ao A% F B B4 201 SRR E E# F A8 -99m DTPA &
H AR o BT R F MMP-2 2 MMP-9 & 4% 8] °
FER: MEMBRKTR PR &L L hF MMP-2 &2
MMP-9 & Z 895 ZELIRAGKRE » BEFAYBREHN
WETHET ZRAH CRET M RER XL £ 0K
R o

fEER : A EA AR FR P bz B & W ok F MMP-2

103 4 8 F 22 H3Z# ; 103 ££ 10 f 18 HTI#k

SEIAVES R T

R K EBER R R

HTi 23148 ikl IER 362 5F

ik : (886) 2-22193391 i 65392 » {HIE : (886) 2-22198167
{34 : kuochenglu@gmail.com

# MMP-9 2 8 58 RSB E T WA 248 -

ROHEET : MR A R ARAEOR P ObJE ~ 48 201 SRR R R -
$% -99m DTPA B8 % ~ A A 2B T

ZEBEZEBEE 2014;11:17-22

Bl &
RH 2 7Y figk I I WRz Hf 1k fiE (Obstructive Sleep Apnea,
OSA) & MR b RERY — 8 > 2 f i LAY R R
IR 0 AESEE] - PHZE AU ARITR P (SR REAT AR £ 4% ©

OSA BFTRFE RS HIBHME - & F It —fE iR — AR a2 R Bl
WFIRGERGRE A B 5 IR T SE A ~ T SHBOR ~ RIS
FIN » 5 2 A MR F KT 225 BTL A A st i 2838 A I WG E RE ZE 1Y
B KB A R R S ek ie 5 teot - AERE ~ B
B E R —fE IR = fE b i

2 fr> BH 28 230 e MR I Wz w1k o A A R AFF 72 R S B -

B 2 731 e MR NP 0 v 1k o B 1111 A A R 5 99 09 EL 2R A
B HR R ELAS B HERR AT ~ 1 JBR S5 FH BRI v K+
% o ERAHE A » Hrh S AR e TR o ST ARHY
WFges i » 58 & /8 & I (matrix metalloproteinases °

MMPs) Ed5e AR B AR 55 (LI ACA BE > MMPs £ 8 H 7K
fAETe - S B L MR o RS (extracellalar matrix,
ECM) (7K i 2 - MMP B HANHIFE (tissue inhibitors of
metalloproteinase, TIMP) B REMFH:E ECM BT » #EHHAH
Il & © MMPs Z & MMP-2 K& MMP-9 » 3T 45 fff 38
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B ELIM Y remodeling H /5 FE B4 - MMP-2 /& —FE{E
MRS FHE RN EE B E AN FEE8ImE
AR E WY (remodeling) » B FAETHINEME A& ~ &
By LLSGEMIVER o ATFZEHE H MMP-2 £ 8 WS
&b T Z L0 2] 1 MMP-9 & — i,
RISLE 4 8 & A > & MMP-9 IR E » &t mE
7RV LT RERS £ M NG - S @R L R4 o
(K]t MMP-2 B MMP-9 %12 B AR A L fe O I & I T
Y o 93— (ERRBE SR A e o SR - SRR tdE HY OSA
R I LIV A SR 1 S R =) > i ELERIIR AR 1k
515 (AHI) tHEY ; Faulx MD, et al. th#$H OSA B EH IRk
FER I o KGR SR AR FERE B 8 OSA HiE & Rl RESS
HIReERGEE - B E & M mE e E
S Wi AR AR AR Honi A A B RS S 14 ~ 1/5
FEAG o P OSA & 2% UIRE - K L H#E I OSA &
HEUIRENTRE A G AT E > 1M Rysz J, et al. fF5E85 5
W DR 75 P 3 B 5 88 MMP-2 B2 MMIPss #1117l (K]
- TIMP-1 B TIMP-2 ¥ H /DR » Van Huyen JP, et
al. (EBIY) B BR L2 MMP-2 Bl MMP-9 A S8R
FH A REEHRIT IR R (19 W] §E3E R, MMPs K (AR > ACHiF
FUNFOR G 1ol 2 T R AT IR F 1191 A = L i B i 1
KB MMP-9 FRHIE: o

MRIERTS A
TREEE

fRIE AASM (SEBIIEIREEE2 & > American Academy
of Sleep Medicine) 15 #EZ2 [ £ 00K A & H R R £ I
W36 A9 242 T 2 B 755 RH 28 1k FR IR v (ki > 7% 5
W o 1l #5 B (Apnea Hypopnea Index, AHI or Respiratory
Disturbance Index, RDI) KA 30 4 & & I 0k Hh 11 i R
20 B i 3ZaA 10 {if ©

A HERR TR E R S A ~ k= AN H 5
BRIRE I 2 5 — B 5 ~ —EAREE RS e LA
MR < - -

BETH
(1) MMP-2 B2 MMP-9 [fii& I

1852 B R R R PR A2 MR i 5 Aeie s =
I 2 /NRFEE 4°C 3R 2 1000 xg BiEC 20 434 » B E
TEREN AT A > BUSHEAIS —20°C (/17 > (HE %

J Nucl Med Tech 2014;11:17-22

FREN 5 3K A ELISA 4T 1 -F MMP-2 B MMP-9 7€ &
Tl o

(2) TI-201 K% FEE 2 UM i R

OV SRt AT & OF B TIE - KR — iR s
JIE > FHZERY AR B MR 1377 & 2 RO S (L O LA 7R »
Pt LAHE 325 [ ) 1E sk e O AL > 8O R 12 B ) T
I > ONLTR SR N - TR 5 e IR Eh K i o & Er g o
1717 B 28 1A et 1A 38 K of 37 8 /D 3P S B 22 AN SN 4
L EIVAT It 73 H T Bk Y DI o ORIV E fm ff i 2 7
T2 6 TR {0 FH TR SR e JBR T )RR T3 AN Rl A A (] o JBg
AR A sy (AEE) O ) SEEYITES (A0
persantin, adenosine, dobutamine ) 55 < F R AR B BHAT A ~
HRE ~ BADR - S M BN IRE - B REE SR EEY) 5 77
2 o AFFEH 5 SEY)7H 8 persantin (dipyridamole) {F /5
(ESRAING 1] el 4 Ay B

T A AR A TR 228 6 /NI > LA/ AR i A &
AEA B ONERIRAG o A B AR ) 5 12 HE
LR EAR M > AT E S persantin » Bl E £ 0.56 mg/
kg » EatTEST 4 7y 8 AR B I ASERIR ST K 2
mCi (74 MBq) £ T1-201 ($¢-201) » FF/AE 10 4768 %
AT OV (R 11 mins) > 2R
(stress phase) ; 4 {[il/\F .2 1% (redistribution % ) FETT
— RO R > B R IKIE R (rest phase) © HRIEFET)
BRI S AG R REL e (6 B BRI 7 BT BB > PIIGEAE R
K “BiE Rk E" (SPECT) % “7FHilE#” (Planar
image) & I BUR L (M3 10-15% ) - 1 ELAR A Ay
AN B IR IE & o T LURAER O NUEE L fa - &R LL
SPECT 77 (T e

(3) Tc-99m DTPA B lEIhRE & 5

B fiti Tc-99m DTPA B i hhEid i » H P RIENE
FH 1% %8 3 % (# Siemens E.CAM gamma camera * H fiff 3¢
HFR AR T AL G R I 30 73 # Jc B 500 ce. f K » Al £
BROK % 37 B i B o IR T 1 R I 5 R AT R/ N
(ERZIF > & IR R 98 2 55 5 Te-99m DTPA 5 g 1) fE
38 5% Z gamma camera s {# FH] low energy high resolution
collimator » 3 5% il 7 JCAHMIVE S A Z BHHRE IS - 1
T3 RV 6 B g (1A% » ST BIVRHETE ST (fast bullous injection)
10 mCi (370 MBq) Z Tc-99m DTPA & IR0 % » SR (L

Vol. 11 No. 1 December 2014



HL R MMP-9 7K. B ZETRERRITAR 1 1L B A 1 D B B D RE s BELL B
The Correlation between Myocardial and Renal Function in OSA with High MMP-9 Leve

(PA view) Eligid 5 - BIREE IR LR 2 7 1 3R
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Figure 1. Comparison of serum MMP-9 value in OSA and
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Abstract
Purpose: Previous studies have demonstrated that obstructive sleep apnea (OSA) increases the risk of

cardiovascular disease and has been reported to be associated with chronic kidney disease (CKD).The purpose of
this investigation was to evaluate the use of nuclear medicine myocardial scan and renal scan in patients with OSA
and correlation with MMP-2 and MMP-9 level.

Methods and Materials: In our study, we examined serum levels of MMP-9, MMP-2 and its inhibitor, tissue inhibitor
of metalloproteinase-1 (TIMP-1) by ELISA test, in patients with severe OSAS (AHI > 30). After polysomnography,
venous blood was drew at early morning from 20 patients with OSAS and 10 control subjects, the TL-201 myocardial
scan and Tc-99m DTPA renal scan was ensued.

Results: We have demonstrated that matrix metalloproteinases (MMPs) may play a pathophysiological role in
the development of CVD and CKD. OSAS is related to a decline in renal function underlying longtime intermittent
hypoxia/reoxygenation (IHR) as an independent risk factor for CKD.

Conclusion: In our preliminary results, severe OSA was an independent factor to decline myocardial and renal
function via MMP-2 and MMP-9 dysfunction.

Key words: Obstructive sleep apnea, TL-201 Myocardial scan, Tc-99m DTPA scan, Matrix metalloproteinases
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Figure 1. Comparison of the dopamine transporter density in RLS (A) and alcoholism combined tremor patients (B), RLS and
alcoholism combined tremor patients were presented similar patterns in *”"Tc TRODAT-1 images.
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Table 1. ROI analyses of *"Tc TRODAT-1

and healthy volunteers.

images show statistically significant difference between RLS, alcoholism patients
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Legs Syndrome and Alcoholism Combined Tremor
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Abstract

Purpose: The purpose of this investigation was to evaluate the use of **"Tc TRODAT-1 dynamic technique
and single-photon emission computed tomography (SPECT) in patients with restless legs syndrome (RLS) and
alcoholism combined tremor.

Materials and Methods: In this study, we have use the *"Tc TRODAT-1 SPECT scan to evaluate the alterations in
patients with RLS and alcoholism combined tremor. ROI analysis used the ratio of radioactivity [the (St—Oc)/Oc ratio]
was derived by dividing the difference between the average activity in the striatum (St) and the average activity in
the occipital cortex (Oc) by the average activity in the occipital cortex (Oc).

Results: RLS and alcoholism combined tremor subjects showed significant differences than control volunteers
in striatal TRODAT-1 binding whether visual interpretation or ROl analysis. In the visual interpretation, RLS and
alcoholism combined tremor subjects showed stage 1 and stage 2 tracer distribution of PD in the striatal region.
Further, ROI analysis of the DAT binding potential (BP) results showed the significant decrease for RLS and
alcoholism combined tremor compared to Controls in DAT BP. However, RLS and alcoholism combined tremor
subjects showed no differences results of visual and ROI analysis.

Conclusion: In our preliminary results, this *"Tc TRODAT-1 studies may provide qualitative and quantitative
analysis in patients with RLS and alcoholism combined tremor.
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Evaluation of Personnel Neutron dose in SK Cyclotron Center
by Using Different Personnel Neutron Dosimeters
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Abstract

The radionuclide °F is produced during the operation of cyclotron, when proton beam (9.6 MeV) bombard the
'®O-water target and occurred (p,n) reactions. The production yield of '°F increased as beam current and amount
of (p,n) reaction are increased. The doses and intensities of neutrons and secondary radiation around the
cyclotron room are proportional to the amount of (p,n) reactions. The radiation damage caused by neutron is more
serious than by photon; because of the radiation weighting factor for neutron is higher than photon’s. Due to the
complication and difficulty for neutron dose estimation, therefore, this study used the different personal dosimeters
for estimating the neutron doses to the staffs and the environment during the operation of cyclotron. In this study, the
personal neutron badges of optically stimulated luminescent neutron dosimeter (OSLND) and thermal-luminescent-
dosimeter (TLD) were used to estimate the neutron doses. Different neutron dosimeters were placed in the points
with higher neutron fluence rate to estimate the neutron doses to the staffs and the environment during the operation
of cyclotron. The dose results estimated by different methods using different neutron dosimeters were compared
and discussed. From the results, the higher dose rates of photon (6.40-16.88 uSv/45 uA/100 min) and neutron
(4.19-10.28 uSv/45 uA/100 min) were found in the surrounding cyclotron. However, the outside of the cyclotron
room was produced lower contributions of photon and neutron doses for the workers. The contributions of neutron
dose could not ignore in the outside of the cyclotron room, when the workers needed stay for a long time. According
to the results, the equivalent dose of a worker for a year were calculated about 0.81 mSv/y for Hn and 0.57 mSv/y
for Hp(10) (assumed the frequency of operation cyclotron is 450 times per a year and the neutron radiation weight
factor is 20). In order to approach ALARA, the workers would avoid into the cyclotron room and keep away from the
surrounding of cyclotron room, when the cyclotron was operated.
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An Ectopic Mediastinal Parathyroid Adenoma
in Secondary Hyperparathyroidism Accurately Located
by Tc-99m MIBI SPECT/CT: A Case Report
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Abstract

Accurately localization of ectopic parathyroid
adenomas, particularly those outside the neck, is
necessary. Sintigraphic detection of the parathyroid
adnomas by Tc-99m sestamibi (MIBI) using dual
phase techniques is considered to be a very sensitive
and specific imaging approach. The advent of fusion
of Tc-99m MIBI with anatomical details obtained
with CT imaging has yielded a more potentially and
more powerful clinical tool. It is especially well suited
to ectopic adenomas. We report a case in which
hyperfunctioning ectopic parathyroid tissue due to
secondary hyperparathyroidism in the mediastinum
was detected with Tc-99m MIBI SPECT/CT. Clinical
technology aspect of SPECT and SCPECT/CT in Tc-
99m MIBI is also discussed in this article.
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Introduction

Hyperparathyroidism is a common endocrine disorder
characterized by increased production and secretion of
parathyroid hormone. Secondary hyperparathyroidism
(SHPT) is a consequence of chronic hypocalcaemia, with
renal failure being the most common cause. The state of
hypocalcaemia activates a compensatory mechanism to
stimulate all parathyroid tissues, thereby causing multiple-
gland hyperplasia. In longstanding cases, one or more
of the glands may turn autonomous, resulting in tertiary
hyperparathyroidism [1].

Vitamin D compounds and calcimimetics are the
treatment of choices while surgical approach is reserved
for patients who are non compliant or unresponsive to
medical therapy. The unguided bilateral neck exploration

is effective in 90-95% patients [2]. Surgical failure is due
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to ectopic glands and undetected multi-glandular disease.
Surgical outcome is often unfavorable, resulting in persistent
or recurrent hyperparathyroidism from 10-30% cases [3],
as well as complications such as nephrocalcinosis, osteitis
fibrosa and tertiary hyperparathyroidism. Hence, the
presurgical localization of hyperplastic glands would allow
preventing recurrences and surgical complications.

Parathyroid adenomas are most commonly located
within the neck and closely related to the thyroid gland and
parathyroid adenomas may also be found at ectopic sites.
Common locations of ectopic parathyroid adenomas range
from the tracheo-esophageal groove, thymus, thyroid, to
the mediastinum. de la Rosa ea. al reported that Tc-99m
MIBI parathyroid scintigaphy detected between 35-65%
of hyperplastic glands in SHPT and identify ectopias in no
less that 5-10% of cases suggesting that it has a role in the
preoperative assessment of SHPT patients [4].

The usefulness of Tc-99m MIBI parathyroid
scintigaphy in planning parathyroidectomy for secondary
hyperparathyroidism is not well known [4]. In this article, we
report a case in which hyperfunctioning ectopic parathyroid
tissue due to secondary hyperparathyroidism in the
mediastinum was detected with Tc-99m MIBI SPECT/CT.

Case Report

A 52-year-old woman referred to the endocrine surgery
team with hypercalcemia and a history of 20 years of
hemodialysis. Her symptoms included fatigue, muscle pains,
fracture of right hip, and chronic renal failure. The patient
presented with high intact parathyroid hormone level of
1181.3 pg/ml (normal reference range, 1.5~68.3 pg/ml) and
high cretinine level of 10.05 mg/dl (normal reference range,
0.7~1.5 mg/dl).

She was underwent dual-phase parathyroid scintigraphy
with Tc-99m MIBI. Anterior, LAO, and RAO planar images
of the neck and chest were acquired in a 256 x 256 matrix
at 15 min and 2h following the injection of 925 MBq Tc-
99m MIBI. Early and delayed phase images show a focus of
tracer retention in the mediastinum, which would commonly

be assumed to represent an ectopic lesion (Fig. 1).

J Nucl Med Tech 2014;11:41-46

Figure 1. Following injection of Tc-99m MIBI (A) early
anterior planar image, (B) delayed anterior planar image, (C)
early LAO planar image, (D) delayed LAO planar image, (E)
early RAO planar image and (F) delayed RAO planar images
show a focus of tracer retention in the mediastinum, which
would commonly be assumed to represent an ectopic lesion.

SPECT/CT imaging of the parathyroid and upper thorax
is acquired following the delayed planar image with a dual-
head gamma camera for the SPECT acquisition (using a 128
x 128 matrix) and low-power CT system (2.5 mA and 140
kV with 10 mm sections reconstructed in a 256 x 256 matrix)
mounted on the same gantry (Infinia Hawkeye SPECT/CT
system; GE Healthcare). Fused SPECT/CT images accurately
located an ectopic parathyroid gland in the mediastinum (Fig.
2).

Discussion

SHPT describes a complex alteration in bone and
mineral metabolism that occurs as a direct result of
chronic kidney disease. Effective clinical management
includes measures to control phosphorus retention and

prevent hyperphosphataemia, to maintain serum calcium
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Figure 2. The CT images (upper), MIBI-SPECT images (middle), and fused SPECT/CT images (lower) show the presence of
an ectopic parathyroid gland in mediastinum (crosshairs). (Left column, coronal images; middle column, sagittal images; right

column, transaxial images.)

concentrations within the normal range and to prevent
excess parathyroid hormone secretion by the judicious use of
vitamin D sterols. Identifying patients at risk and evaluating
for SHPT is imperative because early intervention may slow
or arrest the progression of both bone and cardiac disease [5].

Multiple methods of radionuclide scintigraphy have
proved to be a reasonably accurate method for locating

parathyroid adenoma or hyperplasia. Clark et al. reported

& BREE  2014;11:41-46

that dual-phase Tc-99m MIBI technique was better to locate
the affected gland [6]. Lorberboym et al. described that the
addition of SPECT to radionuclide scintigraphy has been
proven to increase the sensitivity and accuracy of locating
abnormal glands [7]. Until now, SPECT/CT is a gold
standard for detection of adenomas of the parathyroid gland
(8].

SPECT is often acquired at a single time interval

2014F12H 11E1H
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(early or delayed phase) in routine exam. Schachter et al.
reported a high sensitivity (96%) with early SPECT in
their investigational group [9]. Civelek et al. described that
delayed SPECT was able to provide good sensitivity (87%)
[10]. Perez-Monte et al. reported that early SPECT had
higher sensitivity (91%) than that of delayed SPECT (74%),
although no statistically significant difference was reported
[11]. Lavely WC et al. published that superior sensitivity for
parathyroid adenoma localization for early SPECT than for
delayed SPECT [12].

Hybrid systems are considered to be the gold standard
of image fusion and have also successfully been used for
detection of adenomas of the parathyroid gland [8]. A
major advantage of SPECT/CT seems to be its ability to
differentiate inferior from inferior-posterior glands. Harris
et al. reported that delayed SPECT/CT was able to correctly
detect and localize 89% of 18 solitary adenomas when
surgical findings were used as their gold standard [13].
Kaczirek et al. published a report that described delayed
SPECT/CT utilization for correct localization in four patients
harboring ectopic adenomas, facilitating successful minimally
invasive parathyroidectomy [14]. Papathanassiou et al.
described a cohort of four patients with hyperparathyroidism
and a history of prior neck surgery in which early SPECT/
CT imaging enabled successful adenoma localization [15].
Presented case acquired with delayed SPECT/CT protocol.
We got effective results of SPECT/CT images.

The CT component of first-generation SPECT/CT
scanners employed in the majority of these prior publications
was based on low power x-ray tube technology, capable of
producing only limited quality anatomic detail. The hybrid
system applied in this report used a 2.5 mA low-resolution
CT scanner. We have the same point (limited exact anatomic
localization). More recent hybrid SPECT/CT scanners
employ high power x-ray tubes, together with multiple
detector arrays as used in conventional multislice CT
scanners, and are consequently able to produce much more
highly detailed anatomical images [16]. Functional imaging
with Tc-99m MIBI SPECT/CT has the greatest sensitivity

and specificity for locating a solitary adenoma and also

J Nucl Med Tech 2014;11:41-46

facilitate radioguided surgical approaches.
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