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Dual-phase Tc-99m RBC venography. (Left) anterior view of blood-flow image showed
nonvisualization of deep veins of left lower limb with collateral circulation through
superficial veins (arrow heads) and trans-pelvic veins (arrow). (Middle) anterior view
and (Right) posterior view of blood-pool images revealed clear visualization of deep
veins of left lower limb although superficial veins were noted.
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Characteristic evaluation of neutrons induced by the cyclotron using PE plates and gold foils

Characteristic Evaluation of Neutrons Induced
by the Medical Cyclotron During Operation using the
Different Sizes of PE Plates and Gold Foils Method

Ming-Jay Kuo'?, Fan-Yu Hsu*’, Hsiao-Wen Chiu*", J iunn-Hsing Chao’, Kuo-Wei Yin""

'Department of Cyclotron Center, Shin Kong Wu Ho-Su Memorial Hospital, Taipei, Taiwan
’Department of Biomedical Engineering and Environmental Sciences, National Tsing Hua University, Hsinchu, Taiwan
*Nuclear Science and Technology Development Center, National Tsing Hua University, Hsinchu, Taiwan

“Guo General Hospital, Radiation Oncology

Abstract
The '°F isotope and secondary radiations such as neutrons and y-rays were produced during the operations of

cyclotron, when the proton beams (9.6 MeV) hit the '*O-water targets and occurred (p,n) reactions. The intensity
of mix radiation fields depended on the parameters of cyclotron operation and increased as operation conditions
(such as beam current, target volume, et. al.) increased. Therefore, distributions of doses would be affected during
the operation period. The neutron spectra were measured to evaluate the characteristic of neutrons induced by the
cyclotron under different operation conditions. The relationships between induced neutron spectra, activation of
materials and dose distribution in the cyclotron room were analyzed and discussed in this study. By means of the
different sizes (0”-12”) of PE plates and the method of neutron activation analysis with gold foils, spectra of induced
neutrons by using different sizes of targets were measured. The influences of measured neutron spectra to the
surrounding environment of the cyclotron were also discussed. The method using different thicknesses of PE plates
coupled with gold foils was established to evaluate the spectra of neutrons. With this method, neutron fluence and
spectrum were acquired during the operation processes. According to results of response matrix (PE plates with gold
foils methods) and neutron fluence rates, neutron spectra were obtained by using the UMG 3.3 unfolding code. In
the results, maximum neutron energy induced by the cyclotron were 5-8 MeV in using the target 1 (2.4 ml *O-water)
and 2-5 MeV in using the target 2 (1.5 ml ®O-water), respectively. Besides, maximum neutron fluence rates (2-5
MeV) using target 2 were about 10 times than target 1 (5-8 MeV). Moreover, neutron fluence of the 100 eV energy
by using target 2 contributed is higher than target 1. Consequently, the operation of cyclotron by using target 2 would
cause higher contribution of neutron dose around the environment of cyclotron room.

Key words: Neutron spectra, Cyclotron, Neutron activation, Monte-Carlo simulations
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Fig. 2. shows a diagrammatic for experimentation where
A;,; (MBq) is the total activity of injection; A, (MBq) is the
leakage of injection; SL represents the area of small hot spot
with activity concentration (LA MBqg/ml); BA (MBg/ml) is
the activity of concentration of background.

PET

Fig. 1. displays a Deluxe Jaszczak Phantom™ Model ECT/DLX/P.
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activities of A..
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Fig. 6. shows the regression line of different ratio of SUV
between image and model correction corresponding to
leakage activity.

Table 1. Shows the standard deviation (Std), Mean, Min, Max, and coefficient of variation (CV is defined as Std/Mean) of

SUV,./SUV e and SUV,,0,/SU Vi

SUVige/SU Ve SUV../SUV e

SV Std Mean Min Max CvV Std Mean Min Max CvV

2006  0.038 0.556 0.440 0.583 0.068 0.005 0.584 0.575 0.596 0.008
36.86  0.058 0.539 0.365 0.583 0.108 0.009 0.584 0.568 0.607 0.015
4351  0.029 0435 0.344 0.456 0.068 0.004 0.457 0.450 0.466 0.008
4406 0.023 0.345 0.273 0.361 0.067 0.003 0.362 0.356 0.369 0.008
52.17  0.040 0.595 0471 0.624 0.067 0.005 0.625 0.615 0.637 0.008
7994  0.045 0421 0.286 0.456 0.108 0.007 0.457 0.444 0475 0.015
8095 0.036 0.334 0.226 0.361 0.108 0.005 0.362 0.352 0.376 0.015
9585  0.062 0.576 0.391 0.624 0.108 0.009 0.625 0.608 0.649 0.015
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Table 2. Shows the average of std, mean, minimum (min),
maximum (max), and CV for SUV,,,../SUVy,,, and SUV,,/
SUV,,. under replicated experiments referred from Table 2.

Index Std Mean Min Max CV
SUViee/SUVry,,e 0041 0475 0350 0.506 8.8%
SUV._,/SUV e 0.006 0507 049 0522 12%
V]

H & b hE RS B IR i A iR H oK B
HE M EAT F-FDG A B AR ~ BILR A ~ WIR
A2 A FEEEE T HEERET o KIE SUV, e 3X SUV,,, B 2
WL GG SUV A 2 5 LA ERYZERR « SR » AWFSe/RRP
STEmE B IR » (B1E SUV HZ BT - R EEHET
/NERYDE S E B A R SUVT™ 2[RI THRET -

RIS RS & 5 » LLd RIT B RCT Lb i - wTHABE 5
BESRBRIETE AR » SR E PR G2 SUV &t
BA > EiREHEE L ESEK - SUV fRZE#E & » A
W FRRTHe 2 (& TE A XA AT SRR S A s SR 5 - T
— GRS (2 AN A 2R B A AN A > IR (2K 12)
@z ( X 13) ZAHF T A EME A

o PR EETHEL AR TR X

fa o

AW E R AE O S B R R R S A > B &3
SUV BT 3 » AR sese i 2 E1IE A SUV,, » A
(& n] AAERUE EN IS TG 2 SUV {E » FIRFRZ 575 5
A AR RE - 9% IR B E Bt BT 18
s 7 L2 SUV IBIEAR » IREATRH R
{ERG - [FIIRFIRRE SR TH AL T e il 2 i (e i o2 YRR
RA ARG A 7 125 HE FH 22 NED P B 5 e B PR HE Y 5 [ R
'E%E'éll[lﬂ i a HARE SUV 3R - MHEIEBRIGE R 52
o A RESE BRI IR L A B R e R B A R
BN 15 &R SUV GHEAIH - FIReS R [ ERRR
LRI -

VE & SR SR KB BEin T AR B 2 3R » 31 &llfR 5%
EDAHT100009 ©
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Corrected SUYV of Injection Leakage:
The Phantom Study

Pao-Ying Wang', Yung-Hui Huang’, Tai-Been Chen’, Wei-Chang Du’,
Chia-Yi Liu', Wen-Hsiang Wan', Hue-Yong Chen'

'Department of Nuclear Medical, E-DA Hospital, Kaohsiung, Taiwan
’Department of Medical Imaging and Radiological Sciences, I-Shou University, Kaohsiung, Taiwan

*Department of Information Engineering, I-Shou University, Kaohsiung, Taiwan

Abstract

Whole body *F-FDG (2-[Fluorine-18]fluoro-2-deoxy-D-glucose) imaging based on PET/CT (Positron Emission
Tomography/Computer Tomography) is applied to observe tumor via measuring the distribution of glucose
metabolism in tissue cell. The clinicians can design types of treatment planning and evaluation of curative effect
through "®F-FDG PET. In general, the standardized uptake values (SUVy,,.) of lesions on PET/CT images are used
to distinguish abnormal organs or tissues. However, there are numerous external factors to affect the accuracy of
SUV. The influence of leakage dose on the calculation of SUV is rarely discussed in the literatures at present. This
study utilizes regression approach to estimate the dosage of '®F-FDG by measuring the leakage dose of the '°F-FDG
on PET/CT images. The corrected SUV (SUV,,) obtained from the regression approach can remedy underestimated
SUV calculated from image (SUV,,.4)- The proposed method is robust and efficient to enhance the accuracy of SUV
on PET/CT.

Key words: "®F-FDG, PET/CT, SUV, Dose calibrator, Regression approach
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The adapted energy window setting for SPECT image scatter correction
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The adapted energy window setting for SPECT image scatter correction
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Design the Adapted Energy Window Setting for
SPECT Image Scatter Correction

Hsiao-Ching Wang', Huei-Yong Chen', Wen-Hsyang Wang',
Tai-Been Chen’, Yung-Hui Huang’
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Abstract

Using multi-angle single-photon emission computed tomography technology (SPECT) to detect target organ is the
most common examination in nuclear medicine. Due to the imaging instrument intrinsic factors: such as collimator
characteristics, radioactivity isotope type, image acquisition parameters et al. and patients’ internal factors: such
as body density, body volume et al. The addition of scattering form photons interaction with materials is existence,
thereby affecting the image quality and diagnostic accuracy. The purpose of this study was to investigate the
adapted of energy window settings on SPECT imaging. The standard Jaszczak phantom had used, and injected
into 25 to 30 mCi **"Tc. During the single photon emission computed tomography phantom scan, total of nine
combinations of energy window setting were arranged. The Filter Back Projection (FBP) method was used to
reconstruct images. The quantification areas of phantom images are Cold Spot, Hot Spot and Uniformity. The results
of image quantitative analysis are: the optimized value in the Cold Spot phantom was ten percentages of energy
window width and energy window number is 3. The Hot Spot phantom was twenty percentages of energy window
width and energy window number is 5. The Uniformity phantom was fifteen percentages of energy window width and
the energy window number is 1. Image extraction analysis to investigate the optimization of energy window settings
can really find out the adapted combinations. Through this study, optimization of energy window settings, that can
increase the image quality and diagnostic accuracy.

Key words: SPECT, Scatter correction, Energy window setting, FWHM, Signal-to-noise ratio, Filter back projection
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I/ 3. IR R AR b L) B far S SR

TH AR e A B X 7/i=VeiE SOV A R ATV R 1k
70% L% - - + (R )
NADCC {HFEHEIR ( H31% 1,000 mg/L) - - + (A )
Spor-Klenz 7R E 7 (1%) - - + (D)

(-« FOREEMAYIER )

2% 4. WEAR MRS Spor-Klenz il A% B 7 /<2 4

log N, R (log N, - N,)
(log cfu/mL) 5 min 10 min 15 min
ATCC 10231 (Candida albicans) 8.54 >7.54 >7.54 >7.54
ATCC 6633 (Bacillus subtilis) 9.02 > 8.02 > 8.02 > 8.02
Isolate 1 (Bacillus species) 9.24 >8.24 >8.24 >8.24
Isolate 2 (Micrococcus species) 8.73 >7.73 >7.73 >7.73
Isolate 3 (Pseudomons species) 9.16 >8.16 > 8.16 > 8.16

cfu: colony forming units.
N.: the initial number of colony forming units per ml of the test mixture.

N,: the initial number of colony forming units per ml of the test mixture after the action of the disinfectants.

I/ 5. BELRIPERIEVNE MR R

BEEE (cfu)
[ 35, i 70% 9kE Spor-Klenz fi-FFX BT (1%)
Test 1 Test 2 Test 3 Test 1 Test 2 Test 3
Bl B 0 0 02 0 0 0
Wi =2 B 0 0 0 0 0 0
i C 0.541 0 0 0
2eiil| = C 13 13 15 0.5 0 1
— = D 2 5 1 2 3 2
Gitl

EISAEHE B flf < 5 cfu ~ C IR < 50 cfu ~ D #& < 100 cfu °
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Evaluation and Validation of Disinfectants in
Cyclotron Center Pharmaceutical Cleanroom

Yi-Jia Huang, Hsiu-Ling Lin, Hsiao-Wei Liao, Huei-Yong Chen, Yun-Hsuan Hsu

Department of Nuclear Medicine, E-DA Hospital

Abstract

The Taiwan Food and Drug Administration (TFDA) has recently adopted the “PIC/S Guide to Good Manufacturing
Practice for Medicinal Products”, which published by the Pharmaceutical Inspection Convention and Pharmaceutical
Inspection Co-operation Scheme (jointly referred to as PIC/S), to regulate the drug product quality. According to
this guideline, the sanitation of radiopharmaceuticals cleanroom is particularly important. To ensure effective quality
assurance systems of disinfectants applications, a process modified from the international standard protocol, EN-
1276 and Association of Analytical Chemists standards will be developed. In this study, a quantitative suspension
test carried out under both clean and dirty conditions will be used to assess the activity of chemical disinfectants
against the type strain Candida albicans (ATCC 10231), Bacillus subtilis (ATCC 6633) and cleanroom environmental
isolates. Spor-Klenz showed more than the required 5 log reduction for all test organisms after 1, 10 and 15 minutes
contact time. The settle plates monitoring results was accepted as passed the microbiological environmental class
limit.

Key words: Disinfectant, Suspension test, Cleanroom, Medical cyclotron
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AEAT T i % 0 v IR J50 Bf 1 % A 5 IR 8 5% (radionuiclide
venography) * — [H. i& fiff R b 7~ A] Bk (19 — 2 8 S A A
(1] -°

Horp o [ HEE -99m 7 B EESE H & (technetium-
99m macroaggregated albumin, Tc-99m MAA) ## Ak 1 7
AL T I GRS ER MR AR E > SRR Bl o L YR T 7 b ot
90% > 1M H 5 A tHE 7 X- % IR IR 52 (contrast
venography) FLEIZ AR AME ~ AT LARIREEFAL T B ik Ed
HEREEE (pulmonary perfusion) - - - SE(EEL > JEEHIR_FAS
AR T [2-6] © HAh 0 (A5 -99m RIAL I
EK (technetium-99m labeled red blood cells, Tc-99m RBC)
ERIR e > FLYEREMEAR B AR 5 AT5E 80-95% » MEEHR/ VR
A% A0 A G I e 2 AR > F A AN TR I TR 2 AT i i
SR o RIECSATS T ot R AR A i R RR IR S ) R 2
HRAFEHEITE [6-9]

L& At 7 EEAE AR RHRASH B 2 Te-99m MAA i
Nl s s 5 b o 75X o (LRSS T Moo I Je
EHCEIFRITGEPE Y B > HILL Te-99m RBC Sk 5t 2
Koo SE2K » R Z R Tc-99m MAA {HEFERTHR > [K I
I 5 LRE LA Te-99m RBC #flikti s /7 AT - % &
£ Tc-99m RBC MR i 52 {2 RE 2 LMt 5 (blood-pool
images) * KA E T Te-99m MAA FlkEEE 77 20
[6] » HFHIHRENIFT AR (blood-flow images) * i 52 HH
FH 20485 77 20 (dual-phase imaging) * GEJETS F % &

33



34

fBlE F
Bing-Fu Shih et al

LIS ks 2o it HE e o

SR Bl

ta 2 AT 15~30 73 i > 9 R G B 2 R K U Y
stannous pyrophosphate ( il & A #Y 15 ug/Kg) » i H A/
{HUAANES ST E R - [RIIRF R Co-57 marker %Eﬁrﬁfﬁmﬁl
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MARENCHESAHRR L E o A ARIRHE » S ER B IR
Z= N ITLLAR MR BJ7 o &l bk 15 E HE fif W S 2%
10~15 mCi Tc-99m pertechnetate i F% /> 10~20 ml A= H &
BOK > SRR R A SRR E S AR 12 T 5 - R & PO

i 5 B LA KA 30 emy/min 58052 RIS 1 _E 61T 15 R
i (MR ) - BEERIR LA - FFLART R 75 208k
% H Rakds 7 A R G (itbeg) -

il
Bl

—AiL 29 BRFB VR - R BERK T T > AME R
9 54 ] 5 720 S R S 2 A2 LA (hematoma) » 224 I fEEE
WA > BT LUR BURIEAER - Al @AM N R AE

EE

WREA > RIBLRISR A KRS » #)20 I e B e I
W& IR - IRtk T RER IR o A Te-99m
(Figure 1) B I

RBC itk 72 CAGEUT e T R AR

Figure 1. Dual-phase Tc-99m RBC venography. (Left) anterior view of blood-flow image showed nonvisualization of deep
veins of left lower limb with collateral circulation through superficial veins (arrow heads) and trans-pelvic veins (arrow). (Middle)
anterior view and (Right) posterior view of blood-pool images revealed clear visualization of deep veins of left lower limb

although superficial veins were noted.
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AR BERS - 6 H A PARE SR B AR S IGER (collateral
circulation) * 4+ A2 G B ERIK (iliac veins) BY HCHHE 14
g LI > (RIS A S S0 B AR AR 5 15 22 e )
FHH > BRI IIMERR A 2T IS g R AR IR S
Fe ARG B R R A A - 2R I vt s (5 U e /e 4H0 T i
AR ERFIREER - 2R UEEFRIRATEE T L > L
Bl A MRS o 1% 2 EE RS Fe 4 th 38 B e AR A%
FEAE > fOEks T HIBEMANG R > N BE R GOE W

== o

=

Tl 2.

— 1 40 K5 IEAR I > RIS 2 1% AR am ~ 5%
RMEMR ~ SEREMAOKEZ » V)2 a3 H Mk 2 &
if LI MR > FOEE— Pk BE RS E R

H 9 (acute myelocytic leukemia) * FERI4Z52 (L E2E % -
A A P RE R - R ZeHE T il e - &
FHE Tc-99m RBC ERIRIERS (Figure 2) AY LI 52 (R BE/ B
A I G ER AR B A RIS B IR ) TSR 3 e B S R
WA > i B N A B EA R SRR I S G R - (R
A BRI 2 TE IR ERIRKES BB A e B > HiS SE R 3
B AT LLRE A A B B A Ak S A 0055 5 3 A I A%
JiE - FR T vt 52 1 N RER GR BN AR RS 18w 5L - i DU &
HIEFE o KO P UIBMANGFE - T REKIHGR
WS o

&l 3.
— {31 70 5% F R AR o DU RS R R B R O
o B LEENRIE » oL K S B R o T A

¥ |
4
¥
g

Figure 2. Dual-phase Tc-99m RBC venography. (Left) anterior view of blood-flow image showed decreased radioactivity in
the deep veins of right lower limb and right iliac veins (thin arrows) with collateral circulation through superficial veins (arrow
heads) and trans-pelvic veins (thick arrow). (Middle) anterior view and (Right) posterior view of blood-pool images revealed

clear visualization of deep veins of right lower limb.
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TR - KBLRTARKES - M H L HE T B ik - &
FHK Tc-99m RBC SRR (Figure 3) BIIMIRGEE AH
HIMBIEFAR (popliteal vein) Sz A5 HIRE AR (femoral vein)
PSS PR > T B T A B RE R EE AR IR {1 =2 75
B2 DRI R A {0 R I e A A0 3 i Pt IR A5 % 8 i
IMARAE » SR vt G RIS DU e A AL - fOEkG T
PUBEIEIF AR > I RI GOR Wl -
HEEHATR L AT AH 2 Te-99m RBC
AU 2 R I AN % (HR IR S AN DA bt o5
2 FLIm R 68 T F 5 sl R iS st i > Rm
I s G A BE R BHRE S o GBI AT DIMERE P E B T
e R AR ERAR I A AE o (Rt > M2 305 « A Te-
99m RBC #it lIk 4 52 14 [ 37 5 5¢ RE S0 E /1 42 {1 i 7 2y A
(hemodynamic) /S » L & R A< B I 1 5215 - ] DUSE 42
N B GRERER AR M AR E A2 B MEREE 1 o (E 298 5
H Al Tc-99m MAA fERERIE DT > #ATZ Te-99m
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Dual-Phase Tc-99m RBC Venography for the Diagnosis of Deep
Venous Thrombosis of Lower Limb

Bing-Fu Shih, Chin-Ho Tsao, Ku-Hung Lin

Division of Nuclear Medicine, Mackay Memorial Hospital

Radionuclide venography has been an important examination for the detection of deep venous thrombosis of lower
limb for many years. Both Tc-99m labeled macroaggregated albumin (Tc-99m MAA) and Tc-99m labeled red blood
cell (Tc-99m RBC) are widely used. Because of shortage of supply of Tc-99m MAA in Taiwan recently, we try to
perform dual-phase Tc-99m RBC venography with additional acquisition of blood-flow image in addition to blood-pool
images. Many cases with normal or mildly abnormal blood-pool images but apparently abnormal blood-flow images
were observed. Therefore, we think dual-phase Tc-99m RBC venography, with additional hemodynamic information
provided by blood-flow image, can improve the accuracy in the diagnosis of deep venous thrombosis. More cases
will be collected for further evaluation of the value of dual-phase Tc-99m RBC venography in patients with suspected
deep venous thrombosis.

Key words: Radionuclide venography, Deep venous thrombosis, Tc-99m MAA, Dual-phase Tc-99m RBC
venography
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Abstract

Fluorine-18-fluorodeoxyglocose (F-18 FDG) positron
emission tomography (PET) or PET/computed tomogra-
phy (CT) is a powerful modality in the staging, follow-
up and therapeutic evaluation of oncologic patients.
The generally accepted patient preparation protocols
for PET or PET/CT involve fasting for approximately 6
hours (range 4-12 hours). Myocardial F-18 FDG uptake
is unpredictable and variable when patients prepared
for fasting protocol. Herein, we present an 63-year-
old female with rectal cancer who had sequential
PET/CT examinations for suspected recurrence. The
second PET/CT scan with a low-carbohydrate, fat-
allow (LCFA) diet starting 24 hours and an overnight
fasting before F-18 FDG administration. The presented
case demonstrates the value of the LCFA diet and an
overnight fasting can suppresses myocardial F-18 FDG
uptake.
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Introduction
Glucose and free fatty acids are energy source available

to the heart metabolism. In the fasting state, oxidation of fatty
acids is the most predominant energy source available to
the myocyte. The presence of insulin may lead to increased
expression of insulin-sensitive glucose transporters when
increased glucose oxidation rates supply more than half the
myocardial energy, the balance shifts away from fatty acid
metabolism to glucose metabolism. Therefore, myocardial
uptake of F-18 FDG may vary greatly with increasing insulin
levels [1]. Besides, it has been published that a long fasting
period (e.g. overnight fasting) is an inadequate means to
reduce the physiological uptake of F-18 FDG in the heart
[2]. Recently, many authors demonstrated that carbohydrate
restriction diet [3], high-fat, low-carbohydrate meal [4], and
“Atkins-style” low-carbohydrate diet [5], before the PET

examination can suppress myocardial FDG uptake.
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In the presented case, we describe an 63-year-old female
with rectal cancer who had sequential PET/CT examinations.
Using LCFA diet starting 24 hours and an overnight fasting
before F-18 FDG administration can suppress myocardial
F-18 FDG uptake effectively.

Case Report

An 63-year-old female with rectal cancer who had
sequential PET/CT examinations for suspected recurrence.
The PET/CT scan was performed on a GE Discovery PET/
CT (GE Medical System, Waukesha, Wisconsin, USA)
with multiple bed position acquisitions ranging from
approximately the mid thighs to the top of skull, head-in bed-
out direction in PET protocol. In CT protocol, head-in bed-in
direction with 120 kV, 150 mA, pitch 1.75. PET images were
acquired with 9-10 bed positions (patient length-dependent)
covering the same range with 3 min per bed position.
Both data sets were reconstructed in 3.75-mm-thick slices

with PET data were acquired in 3D mode and iteratively

reconstructed using CT-based attenuation correction.

The second PET/CT scan performed 6 months after
initial PET/CT scan. In the second PET/CT scan, a LCFA
diet stating 24 hours before PET/CT scan. A menu of
permitted and not-permitted foods for LCFA diet was given
to the patient as previously [6]. Telephone instructions were
given at the time of a confirmation telephone interaction. An
overnight fasting is also requested for patient preparation.
She was given a questionnaire at the time of PET/CT
inquiring about their complete diet during the previous 24
hours to verify adherence to the LCFA diet.

Coronal maximum intensity projections from sequential
PET/CT studies in the same patient 6 months apart.

Homogeneously intense myocardial F-18 FDG uptake in

the first PET/CT scan had a maximum standardized uptake
value (SUVmax) of 5.6 (Fig 1A). Trivial tracer uptake in the
second PET/CT scan, the SUVmax was 1.5 (Fig 1B). As our
presented case, using a LCFA diet can suppress myocardial
F-18 FDG uptake.

Figure 1. An 63-year-old female with rectal cancer who had sequential PET/CT examinations for suspected recurrence.
Coronal maximum intensity projections from two PET/CT studies in the same patient 6 months apart. (A) Homogeneously
intense myocardial F-18 FDG uptake (arrowheads) when the patient prepared for PET/CT examination by overnight fast alone.
(B) Trivial tracer uptake (arrows) when overnight fast is combined with LCFA diet the night before examination.

J Nucl Med Tech 2013;10:39-43
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Discussions
The heart metabolises both glucose and free fatty

acids. In the fasting state, oxidation of fatty acids is the
mostpredominant energy source available to the myocyte,
supplying over half the myocardial energy [7]. Myocardial
uptake of F-18 FDG may vary greatly with increasing insulin
levels. Inglese et al. demonstrated variability in myocardial
F-18 FDG uptake [8].

Low-carbohydrate setting may rise in plasma fatty
acids and suppression of physiologic FDG uptake by cardiac
myocytes. Free fatty acids deplete insulin-dependent GLUT-
4 receptors in muscle tissue (including cardiac tissue)
which may explain the suppression of uptake [9]. Lum et al.
described low-carbohydrate diet reduced cardiac artefacts
in F-18 FDG PET imaging [10]. Moreover, Williams et al.
demonstrated high-fat, low-carbohydrate diet the day before
the PET examination reduced myocardial standardized
uptake values and increased definition of mediastinal
abnormalities [4].

LCFA diet is useful when F-18 FDG PET is used to
image cardiac conditions (e.g. sarcoidosis, myocarditis) [11-
12], and accurate recognition of solitary pulmonary nodule
of mediastinum [13].

Nowadays, a study by Richard et al. demonstrated
suppression of myocardial F-18 FDG uptake with a
preparatory “Atkins-style” low-carbohydrate diet [5]. The
authors found myocardial SUVmax fell from 3.53 £ 2.91 in
controls to 1.77 &= 0.91 in the diet-compliant group. 98% of
diet-compliant patients had a myocardial SUVmax less than
3.6 compared with 67% of controls. They concluded a low-
carbohydrate “Atkins-style” diet the day before examination
combined with an overnight fast suppressed myocardial F-18
FDG uptake more than any other published strategy.

Eating habits is difference between Europe and Taiwan.
We illustrate a case to verify the value of LCFA diet in
Taiwanese. It is expected that this case demonstration will
play an encouraging role for more studies to explore LCFA

diet for Taiwanese.

IEEFSBAZE  2013;10:39-43
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Abstract

Ventricular ejection fraction is diagnosed by many
clinical methods. Nuclear medicine technique, Gated
blood-pool SPECT (GBPS) has benefits of the
tomographic perspection to isolate the left and right
ventricles without overlap other chambers and to
improve the assessment of regional wall motion. In
this technical note, we report ten patients for cardiac
assessments with planar equilibrium radionuclide
angiography (ERNA) and GBPS methods. Using
GBPS, not only can effect on the left ventricular ejection
fraction (LVEF) from left atrial activity contamination
which was removed, but also right ventricular ejection
fraction can be accurately quantified.

Key words: Left ventricular ejection fraction, Gated
SPECT, Left ventricular function
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Introduction
Many methods have been used to evaluate LVEF.

These methods were included CT, Cardiac MRI (CMRI),
echocardiography, contrasrt ventriculography, and
radionuclide ventriculogrphy. In nuclear medicine techniques,
well-published methods are first-pass imagings of the left or
right ventricle (LV or RV), ERNA and GBPS. GBPS is an
extension way of ERNA that allows multiple projections of
three-dimensional (3D) dataset. The SPECT technique relys
on the calculation of LV with the known dimensions of the
voxels that compose the images [1]. It allows much better to
visualize the posterior wall, RV, and vascular structures in
the heart [2].

Technical Report
Patients and Results

Ten patients (age range, 27-70 y; mean age, 55.8 y;
6 males, 4 females) were enrolled from June 2012 to May
2013. Six patients with cancers for cardiac assessments were
referred to clinical physicians. Four patients had coronary
artery diseases were referred to cardiologists. ERNA and
GBPS studies have been used by the usual methods for
ventricular function by nuclear medicine assessments.

Mean LVEF was 69% for GBPS and 62% for ERNA.
LVEF computed from GBPS is 10% higher than that of
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computed from ERNA. RVEF values were averaged 47%.
The ventricular performances were calculated with ERNA

study and GBPS study was summarized in Table 1.

Acqusition

Each patient was injected with 555 MBq (15-mCi)
Tc-99m, following injection of 5 mg PYP. Both ERNA
and GBPS studies were acquired on the same day-the
GBPS study was performed immediately after ERNA. All
acquisitions were done to use on dual-heads SPECT/CT
gamma-camera (Hawkeye; GE Healthcare).

ERNA was performed in LAO projection that optimized
sepetal separation of the RV from the LV. ERNA imaging
was used by a low-energy, high-resolution collimator, and the
protocol included standard ECG peak with R-wave gating.
The images were 16 frames per cardiac, 64 X 64 matrix, a
+10% R-R acceptance window, image magnification of
1.23-1.45 (depending on heart size), and an energy window
of 15%, centered on 140 keV. ERNA acquistion time was 20-
25 min. ERNA was processed with automatically software
and LV regions were generated for all time intervals based on
a limiting end-diastole (ED) region [3].

In GBPS acquisition, the data of 15-20 minutes is
generally sufficient to acquire adequate counts. Acquisition
parameters consisted of 32 steps per 180° (body-contoured),
starting at RAO -45,16 frames per cardiac cycle, 64 x 64

matrix (pixel size 4-5 mm), acquired for 15 to 20 seconds per
projection, an energy window of 15%, centered on 140 keV,
R-wave windows range between 20% and 50% of mean pre-
acquisition heart rate, and image magnification of 1.23-1.45

(depending on heart size) [4].

lllustrative Case and Technical Note in Patient 1

A 47-years-old patient who diagnosed with breast
cancer underwent ventricular ejection fraction analysis for
cardiac assessment before chemotherapy. A processings,
ERNA was processed with validated algorithm included in
the standard software package [2]. Observers reiveiw and
modify automatically generated LV outlines as necessary to
conform their visual impressions of actual LV borders (Figure
1). Then we use QBS methodology for GBPS calclation.

Step 1: Reconstruct and generate short axis datasets
for blood pool studies by the software from static images.
Mid-LV vertical long axis images are horizontal to the
approximate LV apex-to—base axis, and the septum is
vertical in the midheart horizontal long axis views. Images
were reconstruct into short axis sections and was used by
manual choices of anterior, inferior, and lateral limits and
approximate LV symmetry axes (Figure 2).

Step 2: An ellipsoidal coordinate system for the LV is
found automatically and used to compare a static endocardial

surface with relative counts and count density gradients.

Table 1. Comparisons of Ventricular Performances Calculated with Different Evaluations in the ERNA Study and BPGS Study

Patient No.  Age/Sex ERNA (LVEF)  BPGS (LVEF)  BPGS (RVEF) Indication for cardiac assessment
1. 54/F 70% 77% 54% assessment of a course of chemotherapy
2. 47/M 62% 63% 45% assessment of a course of chemotherapy
3. 66/F 63% 69% 50% assessment of a course of chemotherapy
4. 27TM 57% 62% 44% assessment of a coronary artery disease
5. 32/F 50% 58% 47% assessment of a coronary artery disease
6. 62/F 62% 72% 36% assessment of a course of chemotherapy
7. 65/M 69% 79% 43% assessment of a coronary artery disease
8. 70/M 66% 65% 55% assessment of a course of chemotherapy
9. 65/M 61% 1% 50% assessment of a coronary artery disease
10. 70/M 57% 70% 42% assessment of a course of chemotherapy
J Nucl Med Tech 2013;10:45-50 Vol. 10 No. 1 December 2013
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Figure 1. The LVEF was calculated as 70% in ERNA study.

Then, RV location was computed in a similar manner and
was defined in the references to previously compute LV
location [5,6]. Finally, 3-D representation of borders derived
from surface gradient fits to the data in QBS display (Figure
3).

Step 3: Re-center and resize ellipsers to define the LV

VLA Limits

S

VLA
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Evaluation of Ventricular Function with Gated Blood-Pool SPECT

as seen mid-short axis and mid-horizontal long axis planes
to establish boundaries for searchingfor the LV in the manual
mode of QBS algorithms. Observers can alter ventricular
outlines automatically generated by QBS. The analysis of
QBS was performed as follow: First, position short axis
crosshairs was over LV center. Subsequently, resizing
ellipsoidal masks encompass the LV completely and exclude
RV. The data was selected with “Truncation” function to
truncate the RV (Figure 4).

Step 4: The quantitative results of BPGS study wad

shown in Figure 5.

Discussions

Ventricular function of clinical patients with cancer
often is first evaluated before onset of patient treated by
chemotherapy. Serial imagings of LVEF before, during, and
after a course of chemotherapy is routinely used to estimate
relative data. Some chemotherapy agents (e.g., doxourbicin)
are known to damage otherwise healthy tissue or induced
heart failure symptoms [7]. The standard guideline has
been to suspend doxourubicin thearpy if LVEF value was
decreased below 30% [8]. GBPS provides 3D images that
clearly show both RVEF and LVEF. It is suggested that some
patients maybe develop RV failure due to chemotherpy [9].

2

HLA Limits

4.42 mm

Figure 2. Correct reorientation and cropping limits for GBPS.
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(

Figure 3. Three-dimensional representation of borders
derived from surface gradient fits to the data in QBS displays
(right). Three views through the gated blood pool data (left).
Derived regional wall motion polar maps (middle).

Figure 4. Recenter and resize ellipsers to define the LV as
seen mid-short axis and mid-horizontal long axis planes to
establish boundaries for searchingfor the LV in the manual
mode of QBS algorithms.

Hence, RVEF is very important to assess the prognosis in
patients with heart failure [10].

It is well known that right atrial counts freqently
overlap RV counts in ERNA. Some authors found that
the LVEF computed from GBPS is 8% higher than that of
computed using ERNA. They concluded GBPS LVEF values
were more higher than that of ERNA. The probable reason

J Nucl Med Tech 2013;10:45-50
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Figure 5. Quantitaitve results were RVEF = 54%; LVEF =
77% in BPGS study.

was to have exclude of the left atrium [11]. Bartlet et. al also
revealed a trend toward a higher value of GBPS LVEF than
that of ERNA LVEF at a higher LVEF value. The authors
found left ventricular pump function at a higher LVEF
value, it would produce a smaller end-systolic volume and
the relative contribution from the left atrium would be more
significant [12].

Some algorithms are availabe include QBS, QUBE,
and BP-SPECT. These methods were represented by surface-
gradient approaches, count-threshold aproaches, and hybrid
methods. Comparative value of different GBPS processing
methods for ejection fraction and volume estimation was
reported by Daou et. al [13]. The authors found correlation
versus ERNA was r = 0.99, with mean interobserver
variability of 8.1% for LVEF and 10.5% for LV volumes.
QBS versus ERNA have been reported of r = 0.85 for
LVEF and r = 0.53 for RVEF [14]. Wright et al. reported
higher reproducubility of 8-frame and 16-frame ERNA
studies than for GBPS analyzed by QBS algorithms for 23
patients (corrlation coefficients of 0.95 and 0.94 versus 0.87,
respectively) [15]. QBS RVEF values have been reported to
correlate against first pass as r = 0.87 for the 16-frame GBPS

Vol. 10 No. 1 December 2013



data and r = 0.73 for 8-frame data, with tomographic values
significantly higher than that for the first-pass values [16].

Some technical areas of GBPS need to estimate with
more exploration. These include the effects of arrhythmias
and gating some errors on fuctional calculations. Besides,
attenuation is another serious topic for BPGS measurements.
It is not yet known how seriously reduced counts per frame
may affect BPGS data when these are acquired at the same
framing rate as ERNA [17]. It still has more researched to
explore this technical interests of BPGS.
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