J Nucl Med Technol
Vol. 21, No. 2, November 2017

Original Article

Purpose

Materials and Methods

Results

Conclusion

Key Words

Collimator Detector Response(CDR) 3]&-0] A &5
SPECT/CTA A&A g wE A=FH A Hrt
MEEHA M2o2 ¢ siojatnt & ¥

RS FAE T

fol
=
o
El
ODZ
=
%
=
. N
>
-
0
o
El
OII
..
%
=

0|

The Evaluation of Quantitative Accuracy According to
Detection Distance in SPECT/CT Applied to Collimator
Detector Response(CDR) Recovery

Ji—Hyeon Kim1, Hyeon—Soo Sonw, Juyoung Lee? and Hoon—Hee Park®

1Department of Nuclear Medicine, Seoul Medical Center
ZDepartment of Radiological Technology, Songho College
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Recently, with the spread of SPECT/CT, various image correction methods can be applied quickly and
accurately, which enabled us to expect quantitative accuracy as well as image quality improvement. Among
them, the Collimator Detector Response(CDR) recovery is a correction method aiming at resolution
recovery by compensating the blurring effect generated from the distance between the detector and the
object. The purpose of this study is to find out quantitative change depending on the change in detection
distance in SPECT/CT images with CDR recovery applied.

In order to find out the error of acquisition count depending on the change of detection distance, we set
the detection distance according to the obit type as X, Y axis radius 30cm for circular, X, Y axis radius
21cm, 10cm for non-circular and non-circular auto(=auto body contouring, ABC_spacing limit 1cm) and
applied reconstruction methods by dividing them into Astonish(3D-OSEM with CDR recovery) and
OSEM(w/o CDR recovery) to find out the difference in activity recovery depending on the use of CDR
recovery. At this time, attenuation correction, scatter correction, and decay correction were applied to all
images. For the quantitative evaluation, calibration scan(cylindrical phantom, #"Te0, 1233 MBq, water
9293 ml) was obtained for the purpose of calculating the calibration factor(CF). For the phantom scan,
a 50 cc syringe was filled with 31 ml of water and a phantom image was obtained by setting #MTeO,
123.3 MBq. We set the VOI(volume of interest) in the entire volume of the syringe in the phantom image
to measure total counts for each condition and obtained the error of the measured value against true value
set by setting CF to check the quantitative accuracy according to the correction.

The calculated CF was 154.28 (Bg/ml/cps/ml) and the measured values against true values in each
conditional image were analyzed to be circular 87.5%, non-circular 90.1%, ABC 91.3% and circular 93.6%,
non-circular 93.6%, ABC 93.9% in OSEM and Astonish, respectively. The closer the detection distance,
the higher the accuracy of OSEM, and Astonish showed almost similar values regardless of distance.
The error was the largest in the OSEM circular(-13.5%) and the smallest in the Astonish ABC(-6.1%).

SPECT/CT images showed that when the distance compensation is made through the application of CDR
recovery, the detection distance shows almost the same quantitative accuracy as the proximity detection
even under the distant condition, and accurate correction is possible without being affected by the change
in detection distance.

Quantitative Accuracy, Collimator Detector Response, SPECT/CT
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SPECT#}H]of| 4] CDR(collimator detector response)> 7
Ad(point source) o= HE AYE FArE ZejvolE
(collimator)S AA AZ7](detector)o]] HEE= I =
AT A2 E 2 A intrinsic response, geometric response,
penetration response, scatter response & 4714 Q42 LA
FlthFig. 1). CDRE SPECTYA}S] E3fl(resolution) =
2% sz 712 aaolw, A9 Zlo] B AYU-HE7]
7+ Aol FFE ol WalslA Hi=dl, HEA27t Hol
A4=5 blurring effect®] WA} A 37t Holls, dxE
Holsg a7 G Astel fglo] HrkFig. 2).
web HEA ol w2 CDR Wsl2 ¥ 7]91% SPECT
Fdel Holls s IEAT|AL, GAEE S 5He
2 Sk oherdt i Ee] AFEoA ghon, Akso s &
AAZE0| 7153 body contouring systemo]|u}, CDR 3]&
(CDR recovery, CDRr) ¢ilg]Z(algorithm)o] 3E3Hg]
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Collimator Detector Response = CDR

Point source

Collimator
Detector

a. Intrinsic response b. Geometric response

c. Collimator penetration d. Collimator scatter

Fig. 1. The CDR has 4 components : the intrinsic response and the
geometric response, septal penetration and septal scatter
components that depend on the collimator characteristics.
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Depth & distance dependent resolution :
Geometric component

Distance

Point spread function
(PSF)

Fig. 2. The collimator detector response is affected by the distance
(A1, A2) to the detector or the depth of the object (A1, B), causing
resolution degradation as the distance or depth increases.
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1) SPECT/CT ¥ 3435

SPECT/CT#A}H]|+= BrightView XCT(Philips Health care,
Cleveland, USA)E o83} 2 H(Fig. 3), SPECT AT E
228 Aol AR HAE L T Te0s AL 7]
F2o 2 LEHREYHo|HE AMESHIAL, o v #] & 140.511
keV + 10% AA 02 BEALGAG 15 24 5.6 o2 &
64 frames(matrix size 128 x 128)5 E31%tt. o|uf) AT
= w7)e] Hepe Slato] wE Aol diat Z17ke] Al

EA17F Z3tol] Tjat 53l (decay) B AL AT CT

AEE 23S BHSE 120 kV, #AF= 20 mAo|H, CT
2 ®24]-2 3 segments localization fast mode(matrix size
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Fig. 3. BrightView XCT (SPECT/CT with flat—panel detector) was
used for experiments.

2) Dose calibrator

Dose calibrator3H]= Atomlab™ 500 (Biodex Medical
Systems, New York, USA)E ©]-835}9 0 H(Fig. 4), =4 %
34 AAZAI} chamber?] W exH= 7]2AU(Co,
Ba, Cs) tiH] 1% u]TH0.76%, 0.27%, 0.27%)°]C}.
Dose calibratorof| 4] & & -8(geometry efficiency)S =9|
i1, SPECT/CTZH 0| 4] Sl 55 FAolA S48 WArs
of Ao vl 58 Hasksb] Sstel AlzAllA AF
) Ale7 2|t sample holdenE A$31AT, AMAIle]
AHE | A7 E AMg3te] 0.1 miolshz skl

Fig. 4. When using the Dose calibrator, the radioactivity source was
set to a volume of 0.1 mlin a 1 cc syringe, placed in a dedicated
sample holder, and then radioactivity was measured.

3) Body contouring system
SPECT4 &5 3HollA AE7] gxe] Hl=r4 (orbit

type)< circular, non-circular, non-circular auto (body

contouring system) 37}A] W&l o2 1y HkE A3 5190
o, ZF WA B AR FA L circulars X, Y= ¥H(radius)
30 cm, 30 c¢m, non-circular= X, Y= "4 21 cm, 10 cm,
non-circular auto2> HE=9] A(HIF)AA flo] A=<}
| ARA|2ke] 7HA A SH(spacing limityS AHs 1 em2 A3}k
Atk 7|eA o7 A= 2HHE0] 753t non-circular auto
wWAlo] 71 AEA 7L 7L, circulardA] o] 7Ht Hrt
L oaE Age ARsgon(Fig 5. GHEE &
DICOM HHE Fsto] AA| HEAZ(ZHEH)E frame
= gelsto] 7} 7e] WhAlo] WhE Bt HEAYE A=
3Tt % & 02 body contouring system©] Z-2-% non-
circular autotJ4]-S AR8-5lo] FE3SH SPECT/CTRA A
A AEAD S A =9 Tof o CDRESF A&
2 Aol u|= S skt

—

ox ©

Non-Circular Auto
(body contouring)

Circular Non-Circular

Detection Distance
More distant Closer

Fig. 5. Body contouring system is proximity detection system which
guides detectors be a specified distance from a patient during
imaging.

4) Astonish(3D—OSEM) reconstruction method

71£2] OSEM =14 7]WHoll 74|+, A, CDRr
= 53 Aol B ke 3D-OSEM Ad dare]
Z& A|lzApch 1q-9] 2% HA(SA} Flash 3D™, G
A} Evolution™, PA} Astonish™)g whg AFg3}31 9li=t]
2 dAFoA= Aol AREE AH] A ZAKPhilips)<]
Astonish 3D-OSEM A|71A] 17| X E o]-835}%t}t CDRro|
%8 Astonish A 74 7]W3} CDRro] H8Ex] ke 7]
= OSEM A4 714 7ke] 2ol ulasls] 913 7]et v
A S EA, AR, FAESARE H digh
S W A3} iterations(3), subsets(8)2 A AL A wht
R FUsHA AEAA AES HsHAAL, 27FA] A4
7ol AME-S 5% CDRro| -8 o] 57} HEHA ] Wi}
(CDR ®3})of wZ SPECT/CTAFS] k4] Jedef n]
A G Bkt
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1) Calibration scan
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HIAE 4HES}7] $1ste] 9.3 L9293 ml) 27]9] UEF
WBeol| FHFE 7HS AalFig 6), ""TeO, A
12321 MBq(3.33 mCiyE A7 & HE71e] 44 4
338] whEsto] JAels shich”

Fig. 6. For the calibration scan, the cylindrical phantom was filled
with water, and %m0, source was injected, and was scanned
repeatedly 3 times by setting three detection distances of circular,
non—circular and non—circular auto type.

2) Phantom scan

Az e Wsl] 2 Ak Haky ol vl nEsE 96

AJ33E HE AL 50 ceF2A7|of] 224 0.031 L(31 m)E
A%-31(Fig. 7), ¥"TcOs AYS 123.21 MBq(3.33 mCi)S
FAAZ - HEAR HA E2 33 wEste] A4S
stk

Fig. 7. For the phantome scan, the syringe phantom was filled with
water, and 9™TcO4 sSource was injected, and was scanned
repeatedly 3 times by setting three detection distances of circular,
non—circular and non—circular auto type.
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1) VOI(volume of interest) A3 L & A4 &34
Calibration scano| A =% e GA o] CTHAS 215}
o] A A& ol gk VOIS 247 & 5 A5 S48k,
T A H o] EBW(extended bril- liance workstation) NM
ver. 4.5(Philips Healthcare, Cleveland, USA)E A3}t
VOI A A] ME 7 A Hof| A o] FLEA| 4] & TH(partial volume
effect, PVE)Z QI3 24 0 52 X 43}5}7] 95to] CTHA}
Aol iy YR Hohe 94dS 7o ® 25 WA VOIE 2%
Shsirk(Fig 8). Eah 42 2lo] k) AkS 33 wha 2S5
= A7HERbe) A7 s WA & A5 SRS A9l 5

UARREE 712 T EA sto] FAN AH Y F AR

5% S, BAE 7710 & A S Eal Ml B
(cps/ml)E- AF&31% T Phantom scan A U3 HIH O =2
CT Q= Zarstel A A4 of izt VOIE A3t 5 F Al
5 S5k B AL YA 71202 A b
T SALS 1L D 2Ye B4 A0S S
3 WARs % (cps/ml) S AMEatglc)

CONTOMG IABC-OSENE KECONTONO1ABC-H5EM kecon
Ay naenT anaeny

20cm

30cm

Series: 726150 45 Serest 718/ 63 SeinT1n

s 2T wooovzzon | w205

Fig. 8. After reconstruction image(SPECT) of phantom fused with CT
image, VOI were drawn manually using CT boundary as reference.

2) 1A 21z} (Calibration factor, CF) AF&

Calibration scan GA}ol| A 243t M ARs 552 (Aw) 2} dose
calibratorE £3|] A% AlA| HALs % (Ar)S ¥ 15}o]
system sensitivityS 2¢1 5t & t}- 2.3} 7+ F A8 A}-8-5} 0]

WA AA(Bg/ml/cps/ml) S AFZ3FATE?

_ AXBY M) e
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Ar : True(known) activity concentration
A : Measured activity concentration
BR : Branching Ratio(=1)

3) H"}\]———- lr_E = ;q
PET SUV AH(D)2:& ZHaslod wEle] A Al
58 232390k

A E(Bq/ ml)
(Ijection Dose/ Body Weight)

OSUV=

@AE:AJIX CF ...................................................... [3]

Ag : Estimated activity concentration
4. Eot: g=td HlW

1) 3]E-&(%recovery) H7}

SPECT/CTZH]o| A HEA 2] Aol whet E 53t F4]
WAs 27 ARl EAdo] A8 & AR W] FdE
Abs =0 o2 Puhnt B E| Q=R ERIskalA; th
O] FAZ o] g-sto] I E-gS AFESHITH

AE/ATX TOQU wwvveeernnnnrsssnnnresmsnnrenniiienniites e [4]

o] ul 41| W] WA 5 (Ar) S 100% 2 7] E3ho] 3
A G AR S5 (A7 Arht E3E 0 2 )5 eo]
100%0] 2 5Hg=A) Bl mg7t sock”

2) A%A 22} (error) v

A2 HAF U o] 28 5 & 3]2 ¥ SPECTAA} 2F2F
ARs e 2 A4 e o] MRS =12 9} v wEko] Ak
3148 3H015)7] 28] =@ 2 (error) S A3}, TS
& A o]g-5to] Wi E-(%) = FHlsIgIth:

2 1o
oL

=
My ox

E’.TOT(AEiAT)/ATX LOQYG cwvverernrnreemennenesinneeeannee [5]

o] u AR AFs S E(ADS 0% 715te] 24 WAt
% (A ] 937} A 0%el 2ABHHEA v
bt

ol

2

AFAT A7 A=A A4 d = QEs B9
A AEAGEANE)E A7 7R =42 non-
circular autoo}| 4] <+ 18.2 cm, non-circularo]| A H++ 20.1
cm, circularol| Al H4t 33.4 cme. 2 EAE T HEAE 7}
71 HA 2AH circular ¥ HESA 27 7V 7PAA =4
= non-circular auto ARE- A] A& A 2= 9F 15.2 cm(45.5%) 7+
aEjo] ARAQI 2 HE0] 75 5H3tHTable 1).
WHFYE Fl S WA F=(cps/ml)= AT 2
#J o] 4] CDRrE 2]-8-5}2] 249+ wl(OSEM without CDRr)@}
CDRr2 #-8312 w(3D-OSEM with CDRr=Astonish) 2 L}
o] ZF Z AWM circularo]| 4] 85.88, 85.89, non-circularof 4]
85.89, 85.89, non-circular autoo]| A 86.04, 86.06 0.2 =7 &
glof 9% AlA|(true) HAFs 5% 13258.37 Bg/ml
EH H] ﬂ'g% 1A QIZ}L CF(Bg/ml/cps/ml)= circularof 4]
154.4, 154.4, non-circularo]| 4] 154.4, 154.4, non-circular auto
ol ] 154.1, 154.1 2 W= 20| A] B 154275 A== lc}
(Table 2).
W G4 53l 9 H AN 5= (cps/ml)+= A4 T+
A of|A] CDRr& 218317 221 1) (OSEM without CDRr)2}
CDRr2 #8912 w(3D-OSEM with CDRr=Astonish) 2 L}
o] Z} AR circularo]|A] 22292, 24104, non-circularoj]
A] 23223, 241074, non-circular autoo}| A 23526,24199° 2 =
4= et

o
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Table 1. Detection distance setting according to SPECT orbit type and actual detection distance(radius) measurement result for each
condition
Unit : Cm

Frame 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Detectorl 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33
Detector2 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33
Circular Frame 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Detectorl 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33
Detector2 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33 33
Average radius : 33.4cm

Frame 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Detectorl 7 8 8 10 11 12 14 15 17 18 19 21 22 23 24 24
Detector2 19 20 20 21 22 23 24 24 25 26 26 26 26 26 26 25

Frame 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32
Detectorl 25 25 26 26 27 27 26 26 25 25 24 23 22 21 20 20
Detector2 24 24 23 23 22 21 19 18 16 15 14 12 11 10 8 8

Average radius : 20.1cm

Frame 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16
Detectorl 4 2 4 6 9 11 12 13 15 16 17 18 20 21 22
) Detector2 20 20 20 21 21 22 23 24 25 25 25 26 26 25 25 24
Non-circular Frame 17 18 19 20 21 22 23 24 25 26 27 28 29 30 31 32

auto Detectorl 23 24 25 25 26 26 25 25 25 24 23 22 22 21 21 20
Detector2 23 023 22 20 19 18 16 15 14 12 11 9 7 6 4 3

Average radius : 18.2cm

Non-circular

3

Table 2. Calculation of calibration factor value after checking system sensitivity through activity concentration measured in Calibration
scan image

Circular -OSEM Non-circular- OSEM Auto - OSEM Circular - Astonish Non-circular - Astonish Auto - Astonish
Activit
Total counts cHvl y Calibration factor (CF)
concentration Ba/ml/cns/ml
VOI Decay correction (cps/ml) (Bg/ml/cps/ml)
OSEM 11375011 11971786 85.88 154.4
Circular -

Astonish 11375225 11972012 85.89 154.4
OSEM 11014860 11972046 85.89 154.4

Non-circular 154.27
Astonish 11014981 11972178 85.89 154.4
A OSEM 10445291 11993945 86.04 154.1

uto

Astonish 10447523 11996508 86.06 154.1

*Auto : non-circular auto type, body contouring system
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Table 3. Checking estimated activity concentration by applying CF value to activity concentration measured in the phantom scan image

. . . . L o
Circular -OSEM Non-circular - OSEM Auto - OSEM Circular - Astonish Non-circular - Astonish Auto - Astonish
Total counts Activity Estimated
concentration activity concentration
VOI Decay correction (Cps/ml) (Cps/ml) x CF
. OSEM 10171311 10365775 22292 3438985
Circular -
Astonish 10997936 11208205 24104 3718473
. OSEM 10241005 10798718 23223 3582620
Non-circular -
Astonish 10630724 11209661 24107 3718956
A OSEM 10026960 10939656 23526 3629378
uto
Astonish 10313681 11252475 24199 3733160
*Auto : non-circular auto type, body contouring system
% *Auto : non-circular auto type, body contouring system % *Auto : non-circular auto type, body contouring system
110.0 20.0
15.0
100.0 100.0 100.0
100.0 o o o (e o e e o e o o e o = T (100%) 10.0
93.6 93.6 93.9
& - LT [ — L. with CDRr 50
90.0 /—-'—-‘ """""" ~+wip GHEs (1Y QR [ R p—— [ —— R ——— - PP
./ 90.1 913 Circular Non-cricular  Auto Circular Non-cricular  Auto (0%)
T -5.0
80.0 10.0 o4 64 o
- - o 8.7
-15.0 _13.5
70.0 e 200
CGircular(33.4cm)  Non-cricular(20.1em) Auto(18.2cm) racius - cm w/o CDRr (OSEM) with CDRr (Astonish)

=@- wio CDRr (OSEM) =@~ with CDRr (Astonish)

—@— True(100%)

Fig. 9. In the phantom image, the recovery rate of activity
concentration (%recovery) for each condition improved as the
detection distance became closer, and CDRr applied image
showed better %recovery than image without CDRr applied. At this
time, % recovery of the image with CDRr applied showed almost
constant values without being affected by the change in detection
distance.

Error — = True(0%)

Fig. 10. Under the all experimental conditions, the least quantitative
error was analyzed when the body contouring system (non—circular
auto type) was applied simultaneously with CDRr applied, but even
if the detection distance was far apart, it showed almost similar
quantitative accuracy without being significantly affected by the
distance variation.
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o 2T A 0] THUAANE Mg AA S
AFs ‘=% = circularo]| 4] 3438985, 3718473, non-circularo|
A 3582620, 3718956, non-circular autoo]|A] 3629378,
37331602 4t o], AEA 27 7S AN 5 =7t
Eotslon, & HEA oA = CDRro] 485 3l& w9
=71 ¢ = tH(Table 3).

W Gl A FA 1 E W31 ml)ofl = E AA| A

L 1212(3974516 By/ml) 2 100%2 7] 28] 2F BArz71 |
$AFs B158(%)> CDRr2 2-8-51H4] %= 1 circularo]
] 86.5, non-circularo]| 4] 90.1, non-circular auto®]|A] 91.39]
AL, CDRr& 2832 w9 HAks 3E-E-2 circularo] 4]
93.6, non-circularo]| 4] 93.6, non-circular autoof|A] 93.90 &
27]2)7} /H7H9) A4 55 go] ol H.om, CDRrS
193 = CDRr& 2-8-514] 283k wjof] B]sf| # 2o u}
F glo] Ao Akt Bl Helrk e 2o whE
7} 1] 1 A] non-circular auto2} CDRro] 5-A]o]] AL&-E]
17| AR ot 7HE 2R AN 5= UE
o] 7} A &4 = lth(Fig. 9).
o] =UE AA WA FEE 7Eo = ZH7e] 249
WA 5&ote] A5 Mias SR e 2 ks
(herron) 714 ST 422] 2 0% 7] 2512, CDReo] 44
E|A] 9FQFS uf| circularof|A] -13.5, non-circularoj| 4] -9.9,
non-circular autoof|A] —8.70]%137, CDRro] Z-€%|32 o
circularo]| 4] =6.4, non-circularo]| 4] —6.4, non-circular auto®|
A -6.12 BAE|th AEA ISR WAk el
A Q2= A4 E ik CDRr& 21-8-5131e W= dEA
2ol T2 43 §lo] A1) AIE @A WL, mE 7
2]2710] 4 CDRr& 2 §517) gkShS ek ko] 2o}
t}. £3] CDRr &g A 714 A& A 2|7} el E circular(with
CDR1)] 2.7-8(-6.4)0] CDRr& A45}4] 9171 A% 712)7}
7V 7179 E non-circular auto] @ 2H&(-8.7) 2ot A
4= JItKFig. 10).
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31, EEl Ao|girk. o]t SPECTAH|o] S40l4 24 4
este] g7o] uhE Ao PET| 13
o Az wh: olglm BxHY] wiolv|E stk sHA
gk SPECTAH] A|42jel Asabyat vl ol

SPECT/CT] ¥ 7]& SPECTAH|2] A4S &5l
X} 298t SPECTS] Ao/t 7hssles shglom, A
Az w24l gulo A= PETH 22 SUVE 24 7|5
o] 7= AlFElo] Bt H52Ql dago] 7| 9l
= TAlolth weba dA A4 st FokofA] SPECT
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B},

H ¢5Lol| A= SPECT/CT YA
749 A dAzA dAd PAs v
U e s e B e e e =
I el A A=Al ot 4
o] ¥ishE HAsH] 93t WHe =l
CDRr9] %81} body contouring system®] %|-g-0]
Hepgol vAe R Boks, & o BeHel
Well slel 1s) maA Stk PETICTS 71&0%
A s o m o selstelel 4YeE 9l
A= A5 parameter7} 17 S off WHEA A4 7
(OSEM)ol| #4|RA, AFtHA, BHRA, Tejal AejEa
off oJ%k CDRE%(CDRe] Haal ekmelzo] wawolc.
SPECT/CT] A= CT$} 3D- OSEM(with CDRr) A4 7]

= ot g 24e S5 4 A =l Adol
ol HEAHSE W= sho] Ay el 218 &
ol whg ZpolE ERlsh=t B4 Rtk AEA Y
W= SPECTRES Bgolx] A=A (orbit type)©]
Aele Fsto] AAskG=tl HEA7E W eAdz
circular, non-circular, non-circular auto Al 7}A] ®-4-& =}
g2 A EA1A sk
&5 auto WAL AEAS $I7E a40)7] = SHATE A e
HAlS St o == AREE 179 CDRr} o] A&
ol TRt g 7S AlRYskle): o A, Akt
HA, ALAFJARE Bapet FAESARE ol tigt 53
HALE 2E 2o diste] 35 2-83k3ich
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