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ABSTRACT

This study aims to find geometric parameters that the radiologist can change from time to time to reduce dose
in angiography examinations. Depending on the geometric characteristics, the values calculated by effective dose
were compared, while filming in fluoroscopy mode and Digital subtraction angiography, respectively. The study
found that the lower the dose was in FPS mode, the lower the dose was reduced to 30-40%. Doses according
to the X-ray angle were measured highest in AP View and lower as the angle went in the head direction. The
greater the FOV, the higher the dose was 1.2-1.6 times, and the closer the distance between the X-ray tube and
the table, the greater the dose was about 10%. Source-image intensifier distance (SID) get longer to 100 mm, dose
of each fluoroscopy and Digital subtraction angiography increase up to 25-30%. In conclusion, various geometric
characteristics in angiography examinations are parameters that can be applied by radiographers as frequently as
possible, and appropriate geometric properties can be considered and applied in various situations, resulting in

appropriate dose reduction.
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I. INTRODUCTION

Fluoroscopy, Digital subtraction angiography
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(Ministry of Food and Drug Safety, MFDS)2} = #| H}AFA
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II. MATERIAL AND METHODS

1. 23 v 2 A

OAFE 3k gAY "3 29 A (Allura
Xprer FD 20/15 biplane, Philips, Netherland)E A}-&
shglaL, 718ket4 S (XAH, At HeolE, A=7]
T 32 HHEd o A4 FA #249
(fluoroscopy) ¥} TIA & 74t £ (Digital subtraction
angiography, DAS) A1 33}l th XA ¥y Ha#g 4
Z7](flat panel detector)$}e] A= 7]EAO=R
1200 mmo] i, H#3 7 Z=7](flat panel detector)2]
2z ol 420 mmol AT HAF, HAY, =
Ab AIZE 5o AA 2AME S 202 A wE Al
o] %} %] (automatic exposure control, AEC)E A}-&3}5]
I, HEYG A R9E 70~125 kvel k. o A
=] (filtration) = 7]¥-2 © & 0.1 mmAlZ} 1.0 mmCu”}
AR A AW XA BT SH XA T FA A
|2 we o3 FX7F ALEHA Fuh A9
FAlell ARgH = o3 ARPE ZHl9) S (frame

per second, FPS)oll w&} -5 ™ Table 132} Zth

o= A3 An] 2H<Ql X-per management Tool =]
2.17 Build®] &% &3t 7] A€ Ao #GE
Ql 7<ﬂ 53 1&g (anthropomorphic phantom. KYOTO
KAGAKU, PBU-50, JAPAN)S| #g] {3 A-8-3}
of &G 9ol &H¥aL, 7|stsA 51‘6] ol U‘}‘j)r
24 7bse IAE WA 7IH #4968
13 2k 2t 1ztel sl 53] W
gholl gt HtS Aitste] 4=

-

=9

7‘3

£ K _EL
Jl}l'

i ol _H

=

13 =
—; =
=
a=

Table 1. Prefilter Selective of FPS mode

FPS mode Fluoroscopy Exposure

Cerebral 2FPS | 1.0 mmAI+0.4 mmCu | 0.1 mmAl+1.0 mmCu

Cerebral 3FPS | 1.0 mmAI+0.4 mmCu | 0.1 mmAIl+1.0 mmCu

Cerebral 4FPS | 1.0 mmAIl+0.4 mmCu Non-filter

Cerebral 6FPS Non-filter Non-filter

Fig. 1. Philips Allura Xpre FD 20/15 and phantom.
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Fale] dd WA A EA(dose
area product meter)S E3 & =
A& f(dose area product, DAP) #td} &7
Hwuk(air kerma, AK)E ©]83}3Th DAPS AK+
Zr]e] W74 Tonization chamber( 2] $HE 534
FojAH, 2pA] AZE oo ApFow AhkE o
Rt} DAP #2 8 Moo= Astst = 9+,
& Aol A= DAP ghell & A% dgASG 0.20
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E(mSv) = DAP(Gy - ¢c1?) x CCdap(0.2 mSv/Gy - cn?) (1)
CCdap : a1 AEAS$(0.2 mSv/Gy - cm?)

3. 71884 54 49

3.1 AIRHE ZHd
(frame per second, FPS mode) A7

Ad A} X2l FPS mode /% Cerebral 2
FPS, Cerebral 3 FPS, Cerebral 4 FPS, Cerebral 6 FPS
o] o™, Z+Z+e] FPS mode W 3}ol| e} Frontal
arm= SID 1200 mm FD 420 mm, Lateral arm= SID
1300 mm FD 390 mm= A 7ato] MFell 72 YA
3FSIT}. Cerebral 2 FPS+= x4 2 29 F9&
%ok, 29L& FA] #(fluoroscopy)Zt Tl XY 7F
b #od(Digital subtraction angiography) 2.2 -8}
of Z}7} 5% FQF #FGste] AES vtk

3.2 X413 Z}X(tube angulation) 3}

FPSE Cerebral 4 FPS modeS 7] o2 43}
of, AES HelEd sels 983t 249 2
=+ Under tube 5% YJAHAP View), AP+Cranial
20°, AP+Cranial 30°, RAO 30°, LAO 30°% 443}
Stk Zb ek iAol 523 FA] 293 gxg
Ak #Pe Al

3 FA] Alok(field of view, FOV) =4

FOVi= 24719 AHE 7Fs§ FOV gl 7]
& ol gsbel s ool sidate A Lol
Frontal arm-< 420 mm, 370 mm, 320 mm®= % 3} 3}
3l Lateral arm= 390 mm, 370 mm, 310 mm%= %3}
ke A 2 g A 1k 2L
Algstdnt. Al AES Tl A3k tubeol
A 5 Fgagt.

Zbz 533%

3.4 XAy Hols A =4
(Table - X ray tube distance)
SID+= 1000 mm = 1A% 2 XAdo 2R E A
W 660 mm %= A M (reference point)S 7] O %
AslArt ol A A7)71% ¢ 3 (international
EAME 60601-
A 5ot H

Electronical Commission IEC) 7]%&
2439 BAR A ZAL e 4@

o
o
of
H

i —'~].H o 2 o] 3}l reference point
mm = AN FAl 2 E

717} 523k A@seh

O
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nt oo
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a4 ox

3.5 XAdwat By HAE7] A =4
(X ray tube - flat panel detector distance)

AA AH S ElolE Tl $1A18k] Under tube
FA ko 7 FHAega, HAE HAE719 A
5 50~200 mm7+A] 50 mm @9 = 4t 235}
Atk Z4zke] Aol A FAl Z 3
29e 527 ABe AL S5

i

i

II. RESULT

1. FPS modeol| W& A3

Cerebral 6 FPS mode®l Frontal arm¥} Lateral arm
o fFa A" 1.0 7I+o= %S w, Digital
subtraction angiography©ll 4] Cerebral 2 FPS mode2]
Frontal arm¥} Lateral arm®| & A& 242+ 0.55,
pre8s Ale A T ARTE R A9
2 30-40% 7+A3FS T Fluoroscopy mode®} Digital
subtraction angiography®ll & & 4% Cerebral
6 FPS mode®l| 4] Digital subtraction angiography”}
oF 258 *¥9kom Table 2, 33 d&t}.

2. XA#A Zxo] wE XF

XAdd 2o mE A AP WMo f&R
A 1.0& 71502 skl W, Digital subtraction
angiography®l| | AP+Cranial 20°°| 4 9] -8 A&
0.98, AP+Cranial 30°°14°] f+& AL 0952
Cranial Z}=9] A xo uwlg} XMFHo] 7HA4hsa,
LAO®I A 9] & 7S 0.939] 32 RAOC A 2
A2 0752 8 APl 7P B YEEa
Table 49} T,

3. $A Al°KFOV) ®s}e] wE A

Frontal arm 420", Lateral arm 390"ol| A4 ¢ & A
S 71Fo w2 s FOV7ZE 370" 310"0. % Shfja}
Al =W Fluoroscopy mode®} Digital subtraction
angiographyol| 4] E A ‘j/k-o/] = Aol 7k AT 2
o HIARA o AoA] S M FEEtE AKE
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Z}7} 24.42 mGyoll A 39.36 mGy =, 14.96 mGy©ll A
21.14 mGy= S7}sFslaL
SIDS] W3} glo] FOVY W3lslA i DAP+

&
s =

tot o
i)

o
TE AEF=

gt s YERAY FolEa,
=7le= QS

4. xAR3H HolBe Az W] T 4
Hlol sk xa el Azlol we 4

ko
point?] & A= 1.0& 7To= } S u, Digital

Table 5, 63 Zt}. o]+=

AK+E FOV7f
o 5 gl

A%

Reference

ol o 10% 7t

, SID7} 1150 m, 1050 m= 7}7}9] A=
2y 1.26, 1.62W12 7343} T} Fluoroscopy

mode°l| A =

2 Aozt 9l

, Table 7% #t}.

XA# FHy FE2719 AY W3] mE

Digital subtraction

subtraction angiography®ll A1, point=+H-E] XA hej] A angiography©| 4] SID7} 100 mm 77} A 45 A=
100 mm "ol 45 fFa AgFo]l oF 10% 45kl ©] 20-30% 743t Il Table 83 T},
SOXAT WO 100 mm AN AFE fE A
Table 2. Effective dose comparison of frontal tube according to FPS mode
Fluoroscopy Digital subtraction angiography
FPS mode Effective Effective
AK(mGy) DAP(mGycm?) dose(mSv) odds AK(mGy) DAP(mGycm?) dose(mSv) odds
cerebral 2FPS 1.19 226 0.045 0.93 20.83 3420 0.684 0.55
cerebral 3FPS 1.27 230 0.046 0.95 23.57 4125 0.825 0.66
cerebral 4FPS 1.30 231 0.046 0.95 29.89 4685 0.937 0.75
cerebral 6FPS 1.34 240 0.048 1.00 37.03 6187 1.237 1.00
Table 3. Effecive dose comparison of lateral tube according to FPS mode.
Fluoroscopy Digital subtraction angiography
FPS mode AKmGy)  DAP(mGycm?) dlf)gie(intlg% odds AK(mGy)  DAP(mGycm?) d%f:&ﬂ“gs) odds
cerebral 2FPS 0.72 145 0.029 0.87 10.81 2305 0.461 0.56
cerebral 3FPS 0.76 152 0.030 0.90 11.91 2751 0.550 0.66
cerebral 4FPS 0.77 153 0.031 0.93 13.13 3100 0.620 0.75
cerebral 6FPS 0.83 163 0.033 1.00 20.9 4141 0.828 1.00
Table 4. Effective dose comparison of according to tube angulation.
Fluoroscopy Digital subtraction angiography
FPS mode Effective Effective
AK(mGy) DAP(mGycm?) dose(mSv) odds AK(mGy) DAP(mGycm?) dose(mSv) odds
Direct AP 1.33 285 0.057 1.00 4.036 8615 1.723 1.00
AP+Cranial20° 1.31 271 0.054 0.95 38.40 8409 1.682 0.98
AP+Cranial30° 1.29 255 0.051 0.90 37.45 8201 1.640 0.95
RAO 30° 0.95 208 0.041 0.72 29.44 6447 1.289 0.75
LAO 30° 1.17 241 0.048 0.84 36.77 8053 1.611 0.93
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Table 5. Effective dose comparison of frontal tube according to FOV.

Fluoroscopy

Digital subtraction angiography

FOvV
Effecti Effecti
(mm) AKmGy)  DAP(mGyem?) go(So¥e odds AKmGy)  DAP(mGyem?) go(Coide odds
420 1.21 232 0.046 1.00 24.42 5041 1.008 1.00
390 1.39 243 0.048 1.04 27.25 4887 0.977 0.97
370 1.68 217 0.043 0.93 39.36 5015 1.003 1.00
Table 6. Effective dose comparison of lateral tube according to FOV.
FOV Fluoroscopy Digital subtraction angiography
Effecti Effecti
(mm) AK(nGy) ~ DAP(mGyenr) SUSeR(E  odds AK(nGy) ~ DAP(mGyenr) SUSCR(®  odds
390 0.82 144 0.029 1.00 14.96 2621 0.524 1.00
370 0.87 140 0.028 0.97 16.59 2641 0.528 1.00
310 1.00 140 0.028 0.97 21.14 2638 0.527 1.00
Table 7. Effective dose comparison of according to source-table distance.
Fluoroscopy Digital subtraction angiography
source-table
distance . Effective 2 Effective
(mm) AK(mGy) DAP(mGycm?) dose(mSv) odds AK(mGy) DAP(mGycm?) dose(mSv) odds
- 100 1.29 276 0.055 1.01 38.78 10542 2.108 1.12
. 1.26 269 0.054 1.00 34.68 9425 1.885 1.00
(reference point)
+ 100 1.19 255 0.051 0.94 31.59 8544 1.708 0.91
Table 8. Effective dose comparison of according to source-image intensifier distance(SID).
Fluoroscopy Digital subtraction angiography
31D (m) AK(mGy)  DAP(mGyem?) Lifective odds AK(mGy)  DAP(mGyem?) Liective odds
Yy Y dose(mSv) Y Y dose(mSv)
1200 1.21 269 0.054 1.00 25.78 6937 1.387 1.00
1150 1.19 264 0.053 0.98 24.09 5502 1.100 0.79
1100 1.11 260 0.052 0.96 21.93 4962 0.992 0.72
1050 0.95 250 0.050 0.93 19.13 4277 0.855 0.62
o] ot
IV. DISCUSSION L o
FPST %293 2 &9 HA F2(still image)=

DAP= A& AHHoR F4sh= 2ol ofy
Aol SHAs AKE UEtle Ados 9%
b B XA o] Kvp WEE F§Eke] A
S 2 FARTE DAPE WA AL WEFe] A<
A Astetal, Bt A a2 Al fr R
AFS G7ksked ol 2 YA RG A1F

o] F11}e] omjoln], A gAto] ofe] A L3
oz Holozy st dAdmE gAo =z e}
A dek WA FPS7E s 93] AdAY
A vebdd dd =FFA AN A7 FPS7E RE
ox Fole/ dud, A% A2 2t 50%E 7
e = AIRE A F7E Sobeh] el A A 4
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s A oF 30% AE=rF Hoh 2 oA A SAY Heola¥ FRy HEV|e At |9
o] &% A= 6 FPS oA 3 FPS, 2 FPS=2 EojE5 oA/ HY g7l e, s3] el S7t
A BEF AT oF 30%, 0% HaAch o s ok @Al Ape] At woew Zolm
ZHA 2 FPSE AFA o0& o]gale o] A= 7 wnith JAMAF Y] A 4y Fobskd 9 5
A aded Ego] "k AlZhg ZHdd b Ao A9 HolEe ATyt wtoz ZFols wnit} 9]
AA =W spde] tha "ojd 4 ot Stow  ARMRY] FmE e 9] sAs Fdd] ¢
gstrlo] AlE Al AFE F= FEE obY & wroz At Aokl B Ao XA
At AR v A B985 Bzl sty shE o 7 By AE719 A7 100 mm ol A5 Al
gold = glomz Auy A& Ao AFE F 0 FE 20-30% /A XTI glo]Ee] 100
A e Haro Y Pe A= Aol &Fd mm MG AFE AFS 10% Srbsk ok mhekA
=a0 ¥ 29 #Z Alvit} 7HR AR ARE AATES
Wams g el odZuamo nrow o = XAt Helew Awg HE7]e) APe X
Fojx om Hugwe HE BIsteE s A Jay HJE719 4ES HAgig 7ol st
AL o2 g e T2 wie xage) 7+ = Aol AFAIA aEn
ol w W eyl LgEE Jx 2ol rt 9l ATy ASdde AFArE A% gAaE 9ls
ol TYUT ATt R FA £ o, vt x4 7hsettial ddE= 8RIvk glsklal, &
2 gyt 2ol XEE AP ViewolA ¥ B2 Hlo whg} o7 7o A4 3t WA 59 71714
Fo] WAk o] FFo] A THE ool & A Q SHAME AF FaEs A% Yool ¢ UL
Tl A AP view 2 #GA FEAZ] 7 F AS FoR AZHE E1d, W5 HrET o
3 9k3L Cranial 30° oA FaMTFe] 5% SHA el FolHa 1] ] HlE AFEESY] wite] £
w3l RAO view, LAO viewol| 5= @A aFo] st AT A FAes ¢ 29 AA HE
UEhd ol f = Tde Wl sow dudc a7l tha FEvt vk 2ddE Eea &
Qe srstd ©he WAT wWALA Y] 7} 7 A M3k 7)se s EAES wEsE ARt
Z3bal olof] whel Aare] whv|vb A Hrt 7b Wgtste] AES AL AS5S FRlEd
o2 AFEoT BAFY I A= = A o] FH| i, oy SAS SvEA X% & AL 21
(automatic exposure control, AEC)E A}-&3}H Xt} dd Ay &4 % ued e Ewel d sle
B BARE BUse] 94 FSe By, 5 F AR
FOVE 12 incholl 4] 9 inch® ZFAAA 9G4S 2o
b, Aol gApd ol of 2u) FIkahAl k) V. CONCLUSION
W ATdA = FOovel st el 420 mmoA q9 294 e Jekstd 540 me A% W
370 mm2, 390 mmIA] 310 mm= SRS W 5} A A A 7 SHES WA we}
A AT oF Lol LA Ak S7HET] W mg) M g mvE 98 5 vk FPS mode
oA da 2d 2 Antt 2383 94 HUE 2 uo) agRss de] o 40% AL, X
A W= Aol A el mabeern A 2ol wbe A AP viewol A 7HE =7
A 2 A A A2E g WA = o SAHJY FovE FliEsS Aol 1.2-1.6M
E 78k EAE Fold xAdd "Had HE: SR, xAdwd 39d H2E=719 A7 100
¥ mm HOJEFS AFE 20-30% SFeHSlAL XAl

3 2 2 A7k 100 mm A AEE A
o9lA o =W 10% F7hekedvh mebd dw 29 J)eke
of Zbselh. mebA XA} Holte] AlolE sp A HAel we WY e w3 A

et

ol

=]
RUN
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FAR 9 2974 A Jshetd S 98 A% 7a B
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fluoroscopy mode®} Digital subtraction angiography@ &3} & A
A7} FPS moded] W& A%FE FPS modes WAl A4S ﬁ%ol 040%77}2]
of W& M2 AP Viewol A 7Hd = SH AL #E] HEgFo R
H ATk FOVZE g4 dwFo] 1.2-1.69 F7bsklar XA a3}
0% S 7Fakith XA a2 F3d AE7]9 A7F 100 mm FoA55 A

2 @3 2GHA A g T]sketA SAES AR A AR @i}/\]ﬁ 79.%% T 915 Uﬂ7ﬂtﬂ
Yot Aol A At 7|eteh A EAES a# sty A E&do M A
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Y d3 29 x|, A= 22, fluoroscopy, Digital subtraction angiography
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