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Evaluation of Patient Exposure Dose during Cardiac Electrophysiology Study under
Various Conditions

Seong-Bhin Koh-Sung-Min Ahn

Department of Radiological Science, Gachon University

Abstract This study used a adult absorption dose phantom (CIRS model 701-G, USA) made of human equivalent material
and the vascular imaging equipment Allura Xper FD 20 (Philips, Netherlands). Optically stimulated luminescent dosimeters
(OSLD) were inserted into the anatomical positions corresponding to each organ, and the exposure dose was measured,
Dose area product (DAP) and air kerma (AK) measured by the dose meter in the equipment were compared, Continuous
imaging was performed at two angles for a total of 20 minutes, with a frame per seconds of 3.75 and 7.5fps and an

FOV of 42cm, 37cm, and 31cm, respectively, under the conditions of fluoflavor I, II, and III, each selected for 5

repetitions, This study was found that selecting a lower fps was the most effective way to reduce patient exposure dose,
and adjusting the fluoflavor was a good alternative method for reducing patient exposure dose at high fps. Therefore the
method of condition change with the greatest dose reduction effect is to set the minimum FPS and can reduce patient
exposure dose according to geometric conditions and fluoflavor characteristics,
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Phantom-2 CIRS model 701-G= ARE-31 O 227]19] W+
713el 223k F|of] A A & o UL Xk
A Aol o2/ W A WelE EaR At
2% FAS ATSHE 590l ek, 2 wol] 71 5mm
diameter X 25 mm long®] FtHo| ¢Jo] PR TFA
4} (OSLD)E o|88te] St s 29| 1E A%
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upy e sl Al 2 Budow dela
= Q)= =124 LANDAUER A}F2] NanoDot dosimeterS
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Fig. 2. CIRS model 701-G(a), OSLD hole(b), Eyeball
location(c), Thyroid location(d), Heart location(e)

(d) (e)
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Table 1, Experimental condtions

SID(cm) Table heightcm) Fluoro time(min) Angulation(’) FPS Fluoroscopy prefilter Fluoflavor FOV
3.75
100 90 20 LAO 35 0.4 mmCu + 1,0 mmAl I, I, Il 42, 37, 31
RAO 35 7.5

(a) (b)

A= WO section 62] 1481, 15W, IHAS WEH 9
section 102] 251, 26, A1AE WE Q| section 212] 124
H, 128%of AFJstith(Fig. 2). X419 THSY, HHR=
5 Ao} glo] As = AlofA]el o AbE HAEU
o}, 7 AR A 7188t AR Al 7S wol AR E]
L& LAO 35° RAO 35° & 27119 Zt=of| A Z+Z} fluorotime
108, ] Adduict 5 20871 A4 FAIE 5HlaL 54
ol tigh A= =E =017 fl8f 53] +2 4okl Hah=
A4ksttH(Table 1), OSLD2} §H7A| H|als}7] faf Ao
WA= & AZF (Dose Area Product)™ &7] Aw} (Air
Kerma)E -5}31th. DAP} AK= H| Wf AT E Qoo A
As Aol Yehdth(Fig, 3).
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1. S 49

SPSS 26,0 ZE19 (IBM)S AME31o] HAIBHIT) Type,
fps, FOV, fluoflavor®] Wz} deep dose, DAP, AK2] x}0]
= Aviny) 95l BUER - AT AR B

Table 2, Difference in deep dose for types by fps

© @
Fluoflavor button (d)

(ANOVA)E AA3lith, & A7t &g aoln] 544

FOJeFES 0,052 ATt

2. o

ot

Eomy

ot
1) FPSY typeo]] W= deep dose?] Z}o]

FPSY Typeo]l W& deep dose] Z}o|& A E7] 9|5)
U HHRA] FAREA] (ANOVA)E AA[RE Ak= Table 29F T},
fps7} 3.7521 3¢ A132] deep dose Hw©] 4.23 (SD=1.11)
mGy S & 7H w8k, =4A|= 0.05 (SD=0.02) mGy o=
71 Hol foJ3k Aol & Hlom(F=118,899, p< 001), fps7}
7.521 73 A1A}O] deep dose Ht¢] 15,61 (SD=7.87) mGy 2.
2 7P =931, $784= 0.11 (SD=0,08) mGy o= 717 Wot
o7t Aol 5 HGITh(F=33.293, p<.001).

2) FPSo] w2 DAP, AK o]

FPSofl mh2 F=8 119 2jo] & AR 7| $j5) S ri
t—H4S AAIZE A= Table 33 T}, DAPO| A5 7.5
fps7} 39840.33 (SD=24544.83) mGycm’©.& 3.75 fps<)
9478.96 (SD=2682.51) mGycm’o|| H]3|| o} G-It 2}o]

Deep dose(mGy) .
fi a b c
(O Heart Thyroid Eyeball (oost-test) 1%
M + SD M + SD M + 8D
3.75 4,23+1.11 0.3040, 14 0.05%0.02 118,899 {.001
(cCa)
7.5 15.61%7.87 0.8410.34 0.11£0,08 33.293 {.001

(cCa)
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£ B9rkt=-6.389, p<{ 001), AKS] 7% 7.5 fps2] Ho|
133.61 (SD=83.85) mGy-2& 3.75 fps2] 81.59 (SD=8.07) mGy
of H|a}| ot Folgt 2jolE HHTHt=-6.293, p{ 001).

3) FOVE} fpsE typeo] W= deep dose?] Z}o|

FOVe} fps' Typeo] W2 Deep dose2] oS Al 7]
918 AHfR] EARELA(ANOVA)S AA|3E A= Table 4
o} Zth FOVZ} 31 emo] L, fps7} 3,751 -9 A14H2] deep
dose 0] 4,43 (SD=1,30) mGy 2.2 7} =3kat, 544
L 0.06 (SD=0.01) mGy 2.2 7}&} Yo} 8931 2jo|& E
© m(F=30.882, p{ 001), FOV7} 37 cm©®]al, fps7} 3.75¢1
75 A139] deep dose Hto] 4.21 (SD=1.26) mGy 2. & 7}
A =931, $AAE= 0.05 (SD=0,02) mGy o2 713 Yo}
9 oI5} 2ol K G oM (F=30,773, p{.001), FOV7} 42 cm
olat, fps7} 3.75%1 - AAC] deep dose Hito| 4.05
(SD=1,24) mGy- = 71 =031, 5d4]l=0.04 (SD=0.02) mGy
S & 7P ol fofgh 2tolg H Y THF=30.385, p{ 001).
FOV7} 31 emo|L, fps7} 7.5%1 7% 472 deep dose Hat
©] 18.45 (SD=9.89) mGy 2.2 7F4 £qkal, 4= 0.14
(SD=0.09) mGy o2 7}& o} §ol3t xjolS HYo
(F=9.717, p{.05), FOV7} 37 cmo| 1L, fps7} 7.5¢1 7 A

Table 3, Difference between DAP, AK for fps

Z}9] deep dose H40] 15,28 (SD=8.54) mGy L 2 7} &=

3L, A= 0.12 (SD=0.07) mGy 2.2 7P Wol ot
2po|& BHYOH(F=9.079, p<.05), FOV7} 42 cmo]al, fps7}
7.521 3L A7 deep dose Hto] 13,10 (SD=7.42) mGy
02 7 =9k, =AA= 0,08 (SD=0,08) mGy 2.8 713
ol §oJ5t 2jo|E HYTHF=8.858, p{ 05).

4) FOVo| W DAP, AKQ| }o]

FOVol W2 DAP, AK®| ztol5 AHH 7| 9fsf duiz]
EAREA] (ANOVA)2 AAISE Ai}i= Table 52t T}, DAP
o] AL 42 cm:= 2738517 (SD=25127.47) mGycm” <.
Fa1, 31 emi= 2190083 (SD=21215.93) mGycm” <.
wWokout folgk Afoli= ol it AKS] ¢ 31
o] 98.36 (SD=93.79) mGy L& 7} =9kl 42
em= 69,75 (SD=63.44) mGy o2 7p&F Wgront o)k
Aol o ]lrt,
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5) Fluoflavor®} fps® typeo] WE deep dose?] *}o]
Fluoflavor®} fps'8 Typeoll W2 deep dose®| Zpol&
A7) 918 QU] HARLA (ANOVA)S AAIEH 2t
= Table 63} Zt}, fluoflavor7} 10]al, fps7} 3.75¢1 3%

3.751ps 75fps t p
DAP
5 9478,9612682.51 30840.33+24544.83 -6.389 0.000
(mGycm?®)
AK
31.59148.07 133.61£83.85 -0.293 0.000
(mGy)
Table 4, Difference in deep dose for types by FOV and fps
Deep dose(mGy)
FOV fos . - . F
) p Heart Thyroid Eyeball (post-test) P
M + SD M + SD M + SD
31 4,4311.30 0.4240.14 0.0610.01 30.882 {001
(c(a)
37 3.75 4,2141.26 0.30£0.09 0.0510.02 32;;3) {001
42 4,05%1,24 0.1840.07 0.0420.02 30.385 (001
(c(a)
31 18,4519.89 1.16+0.37 0.14%0.09 0717 013
(b,cCa)
37 7.5 15.28+8.54 0.7420.26 0.1240.07 9(CO<:9) .015
42 13.10£7.42 0.6240.17 0.0810.08 8.858 .016

(cCa)
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ZF9] deep dose H4o] 2.80 (SD=0.17) mGy2o. 2 7}
A= 0.04 (SD=0.01) mGy o= 7} ol &

5t 2}ol& B Om(F=602,612, p{ 001), fluoflavor’}
I10]a1, fps7} 3.7521 A$- A1AF9] deep dose H4to| 4.68
(SD=0.11) mGy 2.2 7} =9k31, $=A|= 0,06 (SD=0,01)
mGy o &2 7P o} 593 Zpo|5 B G o (F=1890,445,
p<.001), fluoflavor”} III0]al, fps7} 3.75¢1 7% A1Ak9]
deep dose Ho] 5.21 (SD=0,29) mGy 2.2 7} =3k,
A= 0,06 (SD=0,01) mGy 2.2 7174 Yol {-2Jgt 2}o]
= HJAHF=713.667, p<{ 001). Fluoflavor”} I®]|1l, fps7}
7.521 % AA9] deep dose Hwto| 8.42 (SD=1.14) mGy
o2 7MF #=9%al, 4A= 0.04 (SD=0.02) mGy°o.&2
71 ol foJgt AfolE Helow (F=147,798, p<.001),

Table 5, Difference between DAP, AK for FOV

fluoflavor”} I10]a1, fps7} 7.5Q1 3¢ A1A9] deep dose
o] 18,29 (SD=3.27) mGy L& 7P =3, +4A=
0.09 (SD=0.04) mGy 2.2 717 Wol {03t Afo|& Hele
H(F=46,252, p< 001), fluoflavor”} I110]aL, fps7} 7,591
74 AAFO] deep dose Hto| 25.12 (SD=3.79) mGySo =2
7P =943, A= 0.20 (SD=0,04) mGy o &2 7H¢ W

of §2J3t ApolE H Tt (F=123.691, p<.001),

6) Fluoflavore] W& DAP, AK®] Z}o|

Fluoflavoro]] w2 28 H219] xjolE AHHE7| Qo) &
HufR] EAREA] (ANOVA)S AAIRE AT}= Table 71 2Tt
DAP2] AL IITE}Q] 0] 42197.22 (SD=32081.69) mGycmZP_

2 7P =9ka1, TEFQ]-S 12477.89 (SD=6465.72) mGycm?

F
a b c
31cm 37¢cm 42cm (post-test) P
DAP
2 21900.83+21215,93 24692.94123811 .64 27385.17+25127.47 0.246 0.783
(mGycm?®)
AK
98.36193.79 79.70£76.50 69.75163.44 0.610 0.547
(mGy)
Table 6, Difference in deep dose for types by fluoflavor and fps
Deep dose(mGy) .
Fluoflavor FPS a i’ ¢
Heart Thyroid Eyeball (post-test) P
M + 8D M + SD M + SD
I 2.80+0.17 0.19£0.07 0.04%0.01 602.612 (.001
(c(a)
B} 1890.445"
il 3.75 4,68+0.11 0.33+0.14 0.0610.01 (@) {.001
11T 5.2140.29 0.3810,14 0.06+0.01 713.667 {.001
(cCa)
I 8.42+1.14 0.61£0.19 0.04+0.02 147.798 {.001
(cCa)
46,2527
I 7.5 13.2913.27 0.78+0,28 0.09%0.04 (@) {.001
il 25.1213.79 1.13%0.39 0.2010,04 123.691 (.001
(cCa)
Table 7, Difference between DAP, AK for fluoflavor
| 1K e i
(post-test) P
DAP 5 12477.891+6465.72 19303.831+8957.10 42197.22+32081.69 11.366 (.001
(mGycm?®) (ao)
AR 42.86:23.48 64.31431.18 140,63109.56 10541 (001
(mGy) (alc)

w7 & 20239 Al46d Al6E 505



Kl
o

1
rE)

ox
=

o2 714 Yol {oJat 2po]S HYth(F=11.366, p{.001).
AK®] L ITEFY] Q] o] 140,63(SD=109.56) mGy 2.2
71 =9k, TEFQ]-S 42,86 (SD=23.48) mGy o.& 713 uF

I A1,

of oI5 7o) 2 HATKF=10,541, p(.001), TetA, DAP

2} AK= fluoflavoref Wt F2J3t 2jo|7} Q= Ae=2 L
ERtTh
v. o &

CAE HPRPgAIe) 7|5 B mhE M 7
£ gRolgid Alg) dtof|A] SID #id} §lo] FOV7} Zolx] A
5 DAPE= dAT g YEhAY E0183L AKeE 57t
dths AHE TEYHA] 2 AFollME 7.5 fps 7IE

FOV 42 cmol|A] 37 cmE Zo}d uw] DAP7} Hd 8.8%, 37
cmO A 31lecm®Z ZrolRl w] 9 5% HASR Al 3.75 fps 7]
& FOV 42 cmo| A 37 cm2 Ztola o 17.2%, 37 cmol|A]
31cm 15.9% 48 A3kE Ml o] M3 AolA B
8l A3 o] FOV7F Aot DAPT: st gt
the Aol 277} @ 4 gl AnE Rtk AKE 75
fps 715 FOV 42 cmo| A 37 cm® Zrol2 o) 10%, 37 cm
ol A 31 cme 2ol W) 20% 271, 3.75 fps 7]Z FOV
42 cmo||A] 37 cm=Z Ztola o 5%, 37 cmoA 31 cm=
o uff 18% F7Ioh= AVE HAIt ol A8 ¢AtollA
Hag 23} v = FOV7ZE 2ok o) AKE= S57Fshe
ANE HATH13,14],

FOV z}olo]| w2 deep doseS 2 A,
fps 715 FOV 42 cmOol|A 37 cm® Zrolal o] AARS 17%,
A 17%, AA 50% 71853l 87 cmoll Al 81ecmZ
2ol wf A 20%, 1A 58%, Al 22% SR
3.75fps 7]& FOV 42 cmof|A] 37 cm=Z Zro}zl ujj A12}o
4%, A 68%, AA] 31% 271819 37 cmofl 4] 31 cm
= Ztopd off A% 5%, A 41%, A 34% ST o=
A2 B9} 3 ATIAIL FOVO] Tk DAPS} AK, mA
of Aol BAHOR Holgt Aol ohiglA, FOVT)
Holglell e} DAPE vlestol TH4SR At Uk,
AK®} deep dose= 23|12 S7I8k= 295 HAHh ol
oju|A] e FAISH] FI7E AFs k=F AlofFA| 7150l
AsEo] HAFE =0 AKVF S718HaL 21 23t= deep
dose”} F7Fslle Aoletal Ak,

O|2F| 07 fps7} 50% ZolE5H A TUAE 50%= L
EPUIARE AeF ol whE F4e] #48S AH]) Wi AEC

71508 A5 2UsE] AR F718) A sk

A

AEe: 50%0l 3 vlXIek fps7t 4S5 DAPO| &
ASHAGE FollAl 13t fa AdvFo] 30%0l4] 40% A4agh
ol Baskeieh4], Ad Ay &2 AtollA= 7.5 fps
H] 3.75 fpsol| A AA9] deep dosew= 27%, TATA1Q] deep
dose= 33%, $~4A| deep dose= 40% 7rAashich
A 71898 AL B arat dAlgol| A WA =
Zol7] sl AN b ws, AT FF FA AR
ARA 2] Ag5 AF4Co7 It DAPE |t
85% ATl HIlskITH15], & ARolA o8H &
2 Ao WaE WA AgAE 54 DAP= 8,75
fpsollAl 7.5 fps thH|Sk] 80% xRt A& 2HIsti.
upeba] A% 7188t A Al A= 7HEEE fIRIA7
Bgsie ssky Q1A HEAYIS Bk Aol B
o] 2] £)7) oR= Mol 220 tps bkl 417
WIS A Qkel B BB Mgk 2hao] w7l
oItk 8 AT(Cho et al, 2015)0] T2 A% 714
25t HA} Al fpsE 15 fps, fluoflavorS 112 A2 o
] DAP 22 POXMC ZE2I91E olgsto] AN B4
A1%F deep doser= 193.47 mGy©| S TH4].

H AILo| A= 7.5 fps?t 3.75 fpsofl A fluoflavoro]
WIS o] WY OSLDE 4F¢ste] 214 deep doses
= , AA9] deep doses =7SF AT} 7.5 fps,
fluoflavor IIIOA] 7} =2 2512 mGyS HE Il 3.75
fps, fluoflavor IofA 7F & 2.8 mGy 2] deep doseS
=451}, o] Cho 2)(2015)2] ARl o 87% 4
sl A2 Wl DAP, AKO|AE fluoflavor To]A] TIT
2 ¥UeE Sk 295 Atk 7.5 fpsoll4 DAP
3.92 8], AK 3.79 vl} =75} a1 3,75 fpsof|A DAP 1,79 Hj,
AK 1,74 v} Z7l5l= 23S B2t 3] fpse} fluoflavor
o] 3o ek DAP, AK7} 771 et 27} Zo| T2 A
gkolglk 4= Q1Qitt 3.75 fps 7]&, fluoflavor I — II x}o]
7} DAP 4,450 mGycm2, AK 14,3 mGy©|al fluoflavor II
— III 2}o]7} DAP 511 mGyem?®, AK 1.6 mGy©|c}, 7.5 fps
712 fluoflavor I — II Z}o]7} DAP 9,201 mGycm?, AK
28.6 mGy©|al fluoflavor II — III X}o]7} DAP 45,275
mGyem®, AK 151mGyES Rtk o|x8 3.75fps>
fluoflavor Io)A] II, 7.5 fpsS fluoflavor IIofA] IIIZ Al
Egk uff 7} 2o] A UEREth o] fluoflavore] T
ARE = AlofFR Y] 7lser Qg AvF 27 WH3tof| wh
2h gebA yehd ez Holm A% 7St HAF Al
fpsof whe} fluoflavorE UYHA| AEiRIcHE Xdk7bx] 2]
e domA sxte mE AgbA Ed W
Z A==t} Deep dose® fluoflavor IIIo|A] 7}

A

9.
= .

N

3

KR
=

L=
[e)

KN
=

el

R

Hol

N
2
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oF 7F2 Bt fluoflavor 13} H| W&l 7.5 fps 715, 4
2+ 2.98 H), TFAMA 1,85 Hl), =& A 7.93 vl =& Ao =
AL}, 3.75 fps 7|5, AAF1.85 1)), ZFAA 2,14 1), 4=
QA 1,96 vl =2 Aol SAE|QUTE DAP, AK¥} ZHoj
deep doseo| A= 7.5 fps 7] fluoflavor II — III, 3,75 fps
7] fluoflavor I — IO A F7} Fo] A Uehgdth & A
Fo| A= fluoflavor7} ZH24=E2 deep dose, DAP, AKO]
wjelsto] Mepo] opxi= AaE Atk AR fpsel
o fluoflavorS Heg uf Aspe] 271 o) chechs 2%
ST AR A7t Ao Wolaehe B 1 e
Zolt= 1 wgo] B Ao AmEd:

B odro] AL LAO 35° RAO 35° & 7}%]9] Zh=
29 BluE & Hoted St A F4lse] tE
T o] BAlA} o= Aer) vharhd e 288 4 9l
o}, Z1ejar AA| 2x7) obd ME S o]-83t BrtEAE o] %
ofFIL 1tho] ¢ I vk ARBSEZIo & A9
A ass e A Q71828 AAaE Axjol A-§517]

HOL} fps?} fluoflavor?)
ﬂ—‘:g—' EUP DAPE} AK Z4 adlE EAF o2 Q-9
ulglA] &1 4= U3t fpsef] WE fluoflavor F7F +7F
o] 4] deep dose, DAP, AK®] A& Z7} Zo| t}2th= A

S S}, ueb] BohuIspl 28 fps Aeisiol 3 7
2 fluoflavorE A3 Aeidlthd gJAle] Ak 71|}
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