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Abstract

Purpose: To quantify the systematic difference between an F-18 FDG automated dispenser (RIID) and an external dose calibrator
(DC) in routine dispensing, to evaluate the factors contributing to this difference, and to derive an empirical conversion coefficient
and assess its temporal reproducibility. Materials and Methods: A total of 285 routine dispensing records containing instrument
measurements without patient information were analyzed. Measurements obtained less than 2 min apart were compared
without decay correction, and intervals of 2 min or longer were corrected to the RIID measurement time to obtain the external DC
comparison value. Internal consistency was assessed by comparing the chamber vial-derived removed activity with the RIID output,
both derived from RIID chamber vial measurements. Validation experiments comprised two fixed-volume decay-tracking runs at 5
and 10 mL performed on different dates with different sources, and a comparison of the same activity measured in a syringe and
in a vial identical to the chamber vial on the same external DC. Agreement was assessed using percentage Bland-Altman analysis.
For time-split validation, a coefficient derived from the first 8 measurement days (133 records) was applied to the subsequent 9
measurement days (152 records). Results: The RIID output was 0.47 * 1.29% lower than the input value. In 224 adjacent dispensing
pairs, the chamber vial-derived removed activity and the RIID output showed a paired difference of 2.01 + 19.23 MBq (P = 0.118) and
a median relative difference of +0.20% (interquartile range, -0.97 to +1.52%), indicating internal consistency rather than independent
accuracy. In routine dispensing, the RIID output was 5.28 £ 1.39% lower than the external DC comparison value (95% confidence
interval, =5.45 to —5.12%). In the direct dose calibrator comparison, the RIID internal dose calibrator read 1.58% higher than the
external DC; because the two volume conditions were measured on different dates with different sources, an independent volume
effect could not be estimated. In the syringe-to-vial comparison, the vial reading was 4.45 £ 1.05% lower than the transferred activity
(vial-to-transferred-activity ratio, 0.96 & 0.01). The empirical conversion coefficient was 0.947 for the full dataset, and applying it
to the later dataset yielded a residual relative difference of +0.04 = 1.40%. Conclusion: The difference in measurement-container
geometry between the two measurement systems was the largest contributor among the factors evaluated. The conversion
coefficient represents a relationship between the two measurement systems rather than an accuracy correction, and standardization
of measurement conditions and traceability-based cross-calibration are required.

Keywords: Fluorine-18 Fluorodeoxyglucose, Automated Dispensing System, Dose Calibrator, Conversion Coefficient,
Measurement Geometry

Received August 03,2026 Revised August 30, 2026 Accepted September 03,2026

a This is an Open Access article distributed under the terms of the Creative Commons CC BY 4.0 license (https://creativecommons.org/licenses/by/4.0/) which permits
unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.


https://creativecommons.org/licenses/by/4.0/

F-18 Automated Dispenser-Dose Calibrator Differences: Contributing Factors and Empirical Conversion Coefficient

ME
G ETHEZ2Y (Positron Emission Tomography, PET)Ol|A] F-18 FDG2] A &hot Fof HAbs=r2 /g2 7@%*75‘] ;—517].91. TZA
# A4 (Standardized Uptake Value, SUV)2] A1 2)/d& 21 517] 913t 523+ 2 4-0|tH1-4].
£ SATH gholl 2447} Q1S 7% SUVZE 9 e 4= A oH, o] = X| 5 W3- 7ket 34 ol A A o
1 4= ATHL]. whehA] Fof HrbsFe] A4 4l=/dS Estr] fleia e A E 58 A= 250k 3'—};3"' =4
HrbsdE oA S8t o] 25 F 51t -7:‘—]1—__" 5—'1—4 g} Zofol| A= o] 2gh 25 3 o] EEEHe} AP A A GAFALS]
S5 4724 915 18 FDG A 527717} AL LT Slcks 8} AHE-£371 1518 2 sholatoll A A ol 8 Al
2 2350 2N 5 2ol Hsl 2Rk AR ”—]*ﬂ—]' }% L2 9IS Eolal Bt HIE FAI™ 4= Atk= Aol T,

HJZ
>
m
Q o
i 1
i
o}:
or
oft
Z o
_{
ox
fot
_0|L
N
L
O

ot
ok

U3 BRI U A AST WS HlEo 2 B3 LS e DR 02 AHERkch10] o] A% A7 mshe
Fegre 4% 247 U e }%%}-— 151 15 ] ol 1A 518 SN e G
A71E Bl —E-——?—EHO]: ]’ 8%, HZ FA719] WA 2 @7 A Z A (External Dose Calibrator, ©]5}F 2] DC)ol| A == S74J3t
e e e O O B S
o 5% 7 18 ehiale 34 st 34 715k A 21o] A2 D2 e A Lrjakel L Al ofzic) & 7l
oM = 7 Z7gk Aol 2] Ql Zpo] 7} e of, o]2igt Apo]7} Ao W g S =Rl 9k of® 2Rlo] o]oj 7|ofsl=A]E &
ek F a7k AU 7|E AFEEF AL B °“¥h T2 25 et AR v F A aks Wrieielon, Al 25 27

o} A LHERLH: 2330] 7]o] 2913} 5 2k 7he) the A Sl okt A AlgkAlol ek, 11-13],
PSS A e ol ae 2778 2otz Ago.2 AAE] officke 42 mefelol

= Bt} A5 7 i

7} o]3 DC7} 247t A HEgte) 715 FEatEehE o) 7 Awle] 25t0] YA $AIEHE B constancy) &
ojo] i Bolo], 3ol Sl ATl o TAmY Glo] T A 1 Ac) HSHEL} 2HZe] LA WA ofeich
[14], 28 2210 A 41 FIE 4= Qe 2 2 SAAA o] Qebgolch AH5E579) Z2izto] Hu] LR A5 L AZ
Pt AR A S SIS e U A S Bk TAolth Tefut ofeidt LR AR S SUT Ul AS ol 1t
AE ZES Alo]o] YT oJusaE, IR0 E HF FAP|S 93 DCR ST gt} AHE BASA L HE Qg
127} olck webd U= et o s 243 A9 ARz

fate] Q7] oj g FEalo] §7le}a, F gt Aboloi] Aho| 7} Eafat
UlRo] Akz 3k, e 7 2%t 2ol U 27 87)2) 7|stabd pol 7} 27 ZA o] 7]olsHeR| S BAH o R
o|2}at Hae £ T gto] xjo|= of L 3H& AedA| o] e x}& hysly Kk A Z tha 24 1A ol A] °’°‘];ﬂ 21 Apolo] Tl 7
BA 2] A& ok BAolA Bre 4 ol

ooj] B o 7Loj| A= AlA| F-18 FDG B3 AL 22 o] &35}0] AF=-E27|9} 9B pC Alo|oj|A] U= 2420 79} HpekS A
Fototar, AFEEZE| U AHS 3, dalo) 24 B4 2 24 7]5}7} o|2fdk holof 7|ef s A S WA M o & Bokstaat
St} =3t AR 274 2k5 0| A HHEA 0 2 UpebbE F ghe] B & IAIE v 2 SHAISE =E5tal, AR o2 Bejd 2t
ROl = o] A RAE A2 Belstol $at BAl) A4S 7kt e

2 A ohg Al AR AT 3, A7 18 DG 25 A8 o] 880 215-R57] 22kat 2l pe 2743k
Urehhe Afole) 719k e IStk A, B R SHjol 7]018 4 gl 221 PRI Yo ABREY| U A2
A2) 4L B, 2 2 23k olot 37 8] 71stel 2 Hjol 3 AF ALk AV, T 273k Alele] g B

Aol
3}

Korean Journal of Nuclear Medicine Technology 2



F-18 Automated Dispenser-Dose Calibrator Differences: Contributing Factors and Empirical Conversion Coefficient

S5t 2k 50| A 9 717k AFR R AFESH FAAISS 0| & 7] 7k AbR ol 2]-85to] 1 A
A9t A2 7 9 BA 522 Fig 1(A, B)oll A|AISHAT
BE] 49 179717 YL ANE] 3 olstatol| A F-18 FDG PET/CT AAME 93l AFs-E37| 2 A

2 A2 shol B BIZ ST 4F A8 A4 B AR 2P0 Relslel HER 4
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B. Validation experiments

Syringe-to-vial comparison

Same external DC, container changed

Calibrator direct comparison

Same source and container condition

2 decay-trackihg runs, 47 paired points 8 measurements (h = 8)

Fig. 1. Study design and data analysis flow. (A) Analyses of routine dispensing data. (B) Validation experiments.

o7 S|

F-18 FDG Ag-#37]| 2+ RIID (Radiopharmaceutical Intelligent Dispenser, UNITEKO Inc., Korea)S AH8-5%10H, AL 7|7+ &
285 AT EL o] B2 2.0.6800| AT} RIDO= WA S-S It U AR CRC-PC Smart dose calibrator (Capintec Inc.,
$245]o] 510 (Fig. 2(A)), £ T BHIS vlolete] AR WSS o] S5fo] BR WAL TS AEHE FAjolc)

USA)7} %
RIID W5 Aol A

[10]. &5 DCZ+= CRC-15 PET dose calibrator (Capintec Inc., USA)E A5} ThFig. 2(B)). F-18 WM S =
450, 23 DCoA 4552 AElo] 1910, A7 712 Sk MAEA| it
=4 9)z)19] AL FHsl7] Yol 2 AAA = A2 E(dipper)] 5lEHo] -5 Hithol] L2 AQlsto] 24513 E}(Flg.

3). 91 DCoAE #4171 S AR EHo] Algo] olehs FHe g 420 2 FHsto] 25190l (Fig. 3(A)), RID U HA

Me AH & Hho| 2 AR ZT ol FASIITHFig. 3(B). FAM|-HEo| Y Blalof| A Hlo] &2 9] F DCE 4T wiol| = 5 "a‘ i

Korean Journal of Nuclear Medicine Technology



F-18 Automated Dispenser-Dose Calibrator Differences: Contributing Factors and Empirical Conversion Coefficient

x| 72 A5t olof] wpet ZF AZA Wioll M ’EE 54 Al A|59] 2] 9Jx]= LsHA A=k AA| 25 AF5olA=

RIID W5 AEA 7 & Hio| -5 575t 95 DC7} 2| F FAP|E SHSER F SA-AA|2] 7] 7]ske A= E3ith
RID W AgAI2 @F DC= Y B =S A5kt A2 (accuracy) B7H= F ATARNA L3 Cs-137 24

(Serial No. 725-34-7, 7| 20001 10¥ 1Y) AR&sto] 7|&akat 7432 HALE &1l

o
@ o

13t} @473 (constancy) B 7= C-11,
F-18 & Ga-680] 47 % 1% S (calibration number)S- 2}-835}0] Cs-137 DAY 02 =43 ghS MY 2433t vl wsiich A
T 712 B9t = AgAlS] e 9 /38 B ks BF 518715 £5% ol WE R-AIsHRITE. e ol Al 715k Ty
HAH= RID W AA A B —1.49%(H 9] —3.35~+0.89%), &5 DCOIA] T —0.41%(H 2] —1.31~+0.20%) ATt &7/ 712
A th] Hal= ROD W AANA it —0.14%(H Q) —3.17-+4.76%), 2] DCOIA 1 —0.13%(HS] —3.23~+1.59%)SA . ©]
Aot el = 2 AA Y] 24 A7t AT 717 B9 LA AAIE A=A E ]l ] Yt Aolv, = AvgA 7 Ao HE
T E= wxuAE ojulsiA] et

)

2

w»

Fig. 2. Photograph of the automated dispensing system and external dose calibrator used in this study. (A) Automated
dispensing system RIID (UNITEKO Inc., Korea) with a built-in CRC-PC Smart dose calibrator (Capintec Inc., USA). (B)
External CRC-15 PET dose calibrator (Capintec Inc., USA).

A) Syringe measurement in external DC B) Chamber vial in RIID
—— ——
e S S
r3 ~
- I~
g Vial
— Insert the dipper until its lower end —
reaches the bottom of the well

Fig. 3. Schematic illustrations of sample positioning in the dose calibrators. (A) A syringe was positioned vertically in the
external dose calibrator. (B) A chamber vial was positioned in the RIID internal dose calibrator and, during the syringe-to-
vial comparison, in the external dose calibrator using the same positioning method. In both configurations, the dipper
was inserted until its lower end contacted the bottom of the well to maintain a consistent vertical position.
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RID 27k} A &74e] B 21o] (output — input)=—1.49 + 3.88 MBq 2L, A= —0.47 & 1.29%A Tk B AFTxke] 95% Al
72 —0.62%014 -0.32%3 2.1, 07} 3-2]5F 2}o] S BTkt =—6.11, P < 0.001; Table 1). 177§ 4L W Q1 E3of|A] 268%
o] A=At Aol A3t 7|Fol| Wt 44482 Al 2Stal 22445 UIF A B0l st iet. e vio| o e wstz A
Z5F A AL 313.59 £ 57.66 MBgq, RIID 7 311.57 £ 53.34 MBqITh. F 4he] W 2jo| (A A3 - RIID 233hH= 201 +
1923 MBq¥ oW, tfSHE -7 of| A §-2I5F 2ol 7} ATt = 1.57, P = 0.118). A AZFRID ZH 7} AthAH= 0.59 + 6.67%RA 2,
FLEH2 0.20%(AHEH 2], —0.97%001 4] +1.52%) A THTable 2).

Table 1. Relative differences in RIID input vs output and RIID output vs external DC comparison value

Comparison n Mean+ SD (%)  Range of daily means (%) t P
RIID input vs output 285 —047+1.29 —2.93t0 +0.21 —0.11 <0.001
RIID output vs external DC comparison value 285 —5.28+1.39 —6.11 to —4.57 —64.04 <0.001

Table 2. Internal consistency between chamber vial-derived removed activity and RIID output (n =224)

Item Value
Candidate consecutive dispensing pairs 268

Excluded pairs 44

Analyzed pairs 224

Chamber vial-derived removed activity 313.59+£57.66 MBq
RIID output 311.57+53.34 MBq
Paired difference, removed activity — RIID output +2.01 £19.23 MBq
Paired t test t=1.57,P=0.118
Relative difference +0.59+6.67%
Median relative difference (IQR") +0.20% (—0.97 to +1.52%)

*IQR: Interquartile range

2) RIID &332k 9% DC H|atzte] 2to] H7t At

RIID £33t} 95 DC H| gt Atololl= LA Wréko] apo|7F ¥ E] it ot WA ZFo](RIID output — external DC
comparison value)= —17.83 % 5.62 MBqR 2.1, A} qﬁ}— —5.28 + 1.39%Th. vt FTRE] 95% Al F] 72 —5.45%01 A 5. 12%21
o, 02} 525t o] S B th(t=-64.04, P <0.001; Table 1). =4 L HF Athal= —6.11%14 -4.57%A 2™, 1771 4L =
of| A RIID Z37}o] 9% DC H|WFHELTH e 3 OE UreRgTh Atk o]- 85t Bland-Altman S-A0l| A 3 HEFS —528%
a1, 95% Y| A= -8.01%01A] —2.55% A THFig. 4(A)). ‘Hixtet = S 7k2] B WAFs = Ato] 9] T AE 3] A2AolA 712
7]+ -0.27%/100 MBq 221, A A= —0.110] RITHP = 0.057). whebA] AR ol whE H] 232 E4|14 0 2 §-0]5}A] eEtet.
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(A) All 285 routine dispensing records (B) Holdout validation (n=152; coefficient 0.947)
4 10
2 - 87
3 £ 64
— O 4 ~—
8 8
= e 47
o g t+t--————————————————
£ £ 27
= T & s,
) [
2 2 ° Tha-0 RESETY 45 430
] © -
© © 2
¥ -8 <
Mean bias = -5.28% -4 +/Mean bias = 0.04%
Upper LoA = -2.55% Upper LoA = 2.78%
-10 1|Lower LoA=-8.01% _g - [Lower LoA=-2.71%
T T T T T T T T T T T T T T
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Mean of RIID output and Mean of RIID output and
external DC comparison value (MBq) external DC comparison value x 0.947 (MBq)

Fig. 4. Percentage Bland-Altman plots comparing the RIID output with the external dose calibrator (DC) comparison value
in 285 routine dispensing records. The relative difference on the vertical axis was calculated as (RIID output — external
DC comparison value) / external DC comparison value X 100, and the horizontal axis shows the mean activity of the two
measurements. (A) Before conversion, the mean bias was —5.28% with 95% limits of agreement from -8.01% to —2.55%.
(B) In the time-split validation, the conversion coefficient of 0.947 derived from the first 8 measurement days (133 records)
was applied to the external DC comparison value of the subsequent 9 measurement days (152 records), and the residual
mean bias was +0.04% with 95% limits of agreement from -2.71% to +2.78%. The solid line indicates the mean bias, the
dashed lines the 95% limits of agreement, and the dotted line zero difference.

2.4

0I)|

o8 2o
1) 24 Ha] 744 243 53 WA AP vl
T Zpe|e] 4] oA F 47719 S S-S AU tis SRS Hot AFs T = 10 mL 74 2404 190.73-
3,844.30 MBq, 5 mL 7] Z2Jof|A] 165.76-4,086.65 MBqRAtE. 24| 7ol A] RIID W AA S <% DC H|wgiE ot
1.58 £ 0.78% =3t m, 477 S47 ol A Z-2 o 2 UERITE 10 mL 74| 3ol A HEA 7H dtixb= 1.81 £ 0.73%, 5
mL 74| A0 A= 1.25 £ 0.73%A ThH(Table 3).

Table 3. Descriptive inter-calibrator relative differences by fixed-volume decay-tracking run

Comparison n Activity range (MBq) Mean relative difference (%) SD (%)
All observations 47 165.76-4,086.65 +1.58 0.78
10 mL decay run 28 190.73-3,844.30 +1.81 0.73
5 mL decay run 19 165.76-4,086.65 +1.25 0.73

2) FA7]-uto| S vl Azt

FAZ-HEo|Y A4 H| W= A 2 ThE AR FollA] F 8] AT AL ] Bol= 5.35-5.60 mLR AL, A A o] 5 AN E2
156.10-425.20 MBq 'H 9| & 1t 290.59 & 95.51 MBqRAT. HEo| Y 7382 T 277.45 £ 90.51 MBq 2., Ho| & S 4E o] &
HAFSFOZ UNE Hlx= 096 + 0.010] Tk FAZ|-HEo| 2 A Tixh= —4.45 £ 1.05%2, HEo| Y S47ko] F+A7] 7|8t o] & WAks
o 2A ettt o] gt ke 83] B0l Al =] {TH Table 4).
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Table 4. Syringe-to-vial comparison on the external DC (n = 8)

Run Volume (mL)  Transferred, MBq (mCi) Vial, MBq (mCi) Vial/transferred ratio Relative difference (%)
1 545 392.80 (10.62) 373.00 (10.08) 0.95 —5.05

2 5.40 350.60 (9.48) 330.00 (8.92) 0.94 —5.86

3 5.60 304.40 (8.23) 297.10 (8.03) 0.98 -2.39

4 540 271.80(7.35) 258.60 (6.99) 0.95 —4.86

5 540 230.40 (6.23) 221.60 (5.99) 0.96 -3.82

6 5.35 193.40 (5.23) 183.50 (4.96) 0.95 =5.11

7 5.35 156.10 (4.22) 149.90 (4.05) 0.96 —4.01

8 5.60 42520 (11.49) 405.90 (10.97) 0.96 —4.54
Mean+SD  544+0.10 290.59+95.51 (7.85+2.58) 277.45+90.51 (7.50 +2.45) 0.96£0.01 —4.45+1.05

3.2 ME L ARIZE HE E2

ZA| 2857104 RID E37L/2) % DC B wgf H-&2] WO 2 4hEe EAtAISE= 094701tk AlZE A2 9Hd 87 S L <
133700 A 4FE35E BAHAISE 0.9470| ATt S oA AFES FHatAISE o] F 97l S D9 152710l 7 glo] &85t
Ax}, 2ho] ATiab= +0.04 + 1.40%3A 0} B 2ho] ATiake] 95% Al L7HS —0.19%0014] +0.26%% 1L, 95% L] A= —2.71%0])
A +2.78% A THFig. 4(B)). 71 B7HEE 15271 F S Al 2ol 9] Ahigho] 08 T= 189 1357104 5USH A5 2 83t
A1}, o] Atk +0.05 + 1.36%31
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