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Background: Several treatments are available for acute ischemic stroke. Endovascular treatment is a commonly
used method at the Neurological Institute of Thailand. Therefore, this group of patients undergoes radiation exposure
from Computed Tomography or CT and Digital Subtraction Angiography or DSA procedures. Objectives: This study
aimed to determine the radiation dose received by patients undergoing CT in combination with endovascular
treatment and to assess the risk to patients. Method: The effective dose was calculated using conversion factors
of 61 acute ischemic stroke patients treated with endovascular treatment between October 1, 2019, and October
1, 2020. The data were retrospectively collected from CT and DSA machines. Results: The study included patients
diagnosed with acute ischemic stroke and treated with endovascular treatment, which were 28 females (45.9%)
and 33 males (54.1%) aged between 40 - 89 years old, with a mean age of 64 years old. In terms of CT, the mean
volumetric computed tomography index was 40.71+13.88 mGy and the mean dose-length product was 1938+638
mGycm. As for endovascular treatment, the mean air KERMA was 242 + 229 mGy with the mean dose area product of
6192.3+4322.3 uGycm® and the mean fluoroscopy time was 22+16 minutes. The mean effective dose from computed
tomography was 4.45+1.92 mSv (range 1.65-10.67 mSv), and 2.48+1.73 mSv was from endovascular treatment. The
total effective dose for patients had a mean of 6.94+2.69 mSv. Conclusion: Acute ischemic stroke patients exposed
to radiation from CT and endovascular treatment are at a very low additional risk of death from cancer. The risk is
1 in 10,000 compared to the mean effective dose of 6.94 mSv. In addition, the risk is 1 in 1,000 compared to the
maximum effective dose of 13.73 mSv.

Keywords: Acute ischemic stroke, Effective dose, Endovascular treatment, Cancer
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nssnwnaeisnsldavaiunasaiionaueudunands
28 AU (Seway 45.9) wazimewny 33 Au (Feway 54.1) flony
5¥1319 40 - 89 U 01910 64 U ManTralenaisdneuines
fiediivsinasidienusdnouinnesifeuiunsiidnade
40.71+13.88 fiaainsd ma@mﬂ%mm%’aﬁﬁ’ummsmﬁﬂ'ua?iﬂ
19384638 fadlnsdigudiuns nssnwngisnslidaiuaiu
waendenduasiuSinausdfinfianedy 2421229 fadinse
UinaSsdaauituiiiniede 6192.3:4322.3 lulasinsdmang
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33139 (0.40 - 8.63 Tad713%m) UsunauSdfmasiuiionun
AfUaelisuiirneds 6.94:2.69 TadT13%n (2.63 - 13.73
Had@350) a3 dlelsavaenifonaussiiuvitonadulaunau
flFsusidnnnisnraenesdnouiamesiasnssnusgis
msldaneaunasndenauessiiueudsfiasdedinen
uzseglusgausnan fMemadntu 1 Tu 10,000 Waitey
TnALeasUINasEswad 6.94 Taddise LLazmwmﬁmaaui
Tuseetush flenanistu 11u 1,000 ieifisuandigeaeues
Usinaudeddonail 13.73 faa839n
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LsavaendenauosduannnnsdeTinduiu 2 ves
Tan wisoenJuassialaunn idenssnluanss (hemorrhagic
stroke) nulauszanas 13% wavauasinaen (ischemic
stroke) wulanin 87% vedlsavasnidonaussisnun’ lag
AUDIVIALEBALANIINATAUNI 00AFUVDINADALADAIY
o Y A é’l/ I 1 1 1% C% a 1 U
yliidenluidssausdliifivane duluguddniinsuiu
Amzvaondenuamds Jsflanmmunainluduiivnizaunds
NanLaanIuinlivasaldonfunde N1IRTIRLLENTLSE
ARNIWBS (computed tomography) 138 CT 1JWisnsi
saSmaziiusransanlunisitadeolsavesndenatad lne
pnalimMsveneLsEvasadonauad (computed tomography

. = ~ a =

angiography) %38 CTA Liial@nin1einnresnasnidon
aueaTIeiy Msshwilsavaenidenayussfivrsegasiuivany
35% 1y nsliendunadaiden (antiplatelet drug) nslden

a oA A o w o a A a o 1 .
avangauaaAlNaNIINaNEEANgAAUDE (thrombolysis) 113
idnlnvasnldenuasiveg#ine (carotid endarterectomy)
A35AMINIENTEdBaIuaanLdandlas (endovascular
treatment) Tnanshienasagduion (rt-PA) naviaeniiian

#1 (intravenous thrombolysis) #30n1SHIAALNDAIIA

duden (thrombectomy) ngldlaIeaengisdnaonion

(digital subtraction angiography) %38 DSA #3n11355n¥1928
nsldeneaiunaenionauaailigielasuidnneses
LONTLSIABUNILABSLALLAIDIDNYLTINABALADATIALFINA b
AT magaindinsenansid@idededu |

a‘ &/ ﬂl U 1 . = 1 v A

Wasanniietdavetadvivsneiuariinnulinesed
wAnENeiU NsTaUsununneS@deuldn YSuaseddama
= = a o o a & .
FILANINIUIUUIIALRAYVDIVNTINY (average the entire
body) fuaeidu millisievert (mSv) Wateuiisuaala
| o o a & oA Koo g ' =
sossdvaseivizuioilotonisy uenanldldduannuiou
WiguSsdannunasiuananeiu lownsadniusssusd (natural
background radiation) waz33@lgn19n15unme (radiography
medical procedure)

o ¢ ao XA | a U A v

TnguszasAvain1sIToilienAruTunaeddmg
(effective dose) vesthelsaviaonidonauasfiuniogndiu
BIUNFUNLATUINNNITATIVAILLATDUBNULTTADUNIHDS
UAUNTINYIAENSIaNgEIUNaALEDAFLBIANNLATBY
LONTLSEVADALAEALAYTININITUSEIUAINULEDIINNSIEN
AUaelasy

Saqua:dsms

Mnsfnedounds (retrospective study) Taenis
ﬁﬁmmmﬂ%mm%’a%‘é’fmasmﬁy’wmmaqQ’ﬂasﬂ,sﬂwaamﬁam
auosiuviegaiudsunduiilisumsnsnitadesmeionalsd
pRUNIMEIAND (CT brain) katonaisdmauiimasiaoniaen
dussazAs (CTA head and neck) IINAIeNENTLSE
ﬂauﬁamas‘?jﬁa Siemens iq"u Somatom Definition AS 64
slices ARnda ionization chamber detector dwsuiadn CT
dose index (CTDI) wag dose length product (DLP) $3ufiU
mssnwdensldansaunasndenauesanedeaenase
wiaeaLdon B1fo Siemens U Artis zee biplane fiRnds dose
area product (DAP) meter d43UinA1 DAP wagszuu PACS
B9e Fuji Synapse semineTudl 1 ganey 2562 9 1 nanAx
2563 neglunguaussdinet aaduuszaminen laedigUae
AN A9INSAALTNE AU 61 518

ﬁwmmﬂ%mm%’ﬁé'J’ﬂmaﬁﬁﬂ’aalﬁ”%’umﬂmwiﬁaﬁﬂ
MLLENTLIIABUNANDIANDY NITATINBNYLITABURIADT
7apAEEAENDILAYAD WAYNIINWIAIENSIdd1uaIuiaen
LHonaUBIlAYAUINLENUSELANANNNITATIY

1. A Usinasddma (E) ﬁéﬂaa‘lﬁ%’umnms
A5I9LONTLITADURNILADIFUDILALIBNTLTIABUNUADI VAN
LﬁaﬂfmadLLaxﬂaﬁ’Jﬂwa@mﬂJmﬁ’] dose length product (DLP)
wagA1 conversion factor (k) 09uAaE 0 T8ITAINAIDNDIAN
auns’

E =~ kxDLP

Jisaisnsumsiwung Ui 48 aduid 2 1Wvigu - OnuIgu 2566




Taean k fa Arenulsesidveaiiodauraraony

AuAS1984 ety mSv/mGy.cm Tunisasaa CT brain
(head) dA1 k W83ATHEIVNAU 0.0020 MSv/mGy.cm 11317
N135AN®1909 Shrimpton tazAuz® §113UnN130$99 CTA head
and neck A1 k UBsATYELAzABRAWYINAY 0.0031 mSv/
mGy.cm 1131NNNSAN®ITOY Hart LayAuy® d@umAl DLP
fin USunaussdinannta9mnue1IeInIsawnu (scan length)
Falduseiunansenumedinnannslesuded ey
fefinsdumuns (mGy.cm)

2. fuumaAnTnassddsa () Afuaeldiuain
mssnwdensldansaiunaenidonduasana3ononaise
VABALABAINHAAMYDIAT dose area product (DAP) fiu
A1 conversion factor (k) UB4LARZDTHITANAIDINBIAN
AUNT

E = k x DAP

Ineen k v89 cerebral angiography A1 0.04 MmSv/

Gy.cm? © LagAn DAP fip U%mmmﬁh‘um%’aﬁ@‘ﬂ%’ﬂumnm

¥
v A A

AaufuufivesaSsdneglussuunminduunused Inile
Wulladinsd-msaauiuns mGycm?

3. hUSuaseddmaannisnsiaenusdnauiimes
auedLazlonYsdReuIne s TRandenauaLarnefifUld
FuanesesenatsdnauiimessauiuUsInus@nnsSnw
PENNSIdENEIUABALEDAALDIIINATBLBNTLTINADALI BN

I3 a R a v Yo
Lﬂuﬂimmiﬂamwmwr;unJasﬂmu

HWa

Q’ﬂaaﬁlﬁ"%’umﬁﬁaﬁa’hL‘fluiiwaamﬁaﬂamaaau
visogasudsunduiiliumssnuimeitnisldansaunaen
denauendumands 28 au (Sovay 45.9) uavinAmy 33
au (fevaz 50.1) flengsewing 40 - 89 U ogiade 64 T
Fthefildunsnnaemzonasdreuinesanes (CT brain)
1 42 au (Sewag 68.9) Lavdn 19 Au (Gesay 31.1) 1Ju
Q’ﬂaaﬁiﬁ%’ummLaﬂszjl,'ﬁs?ﬂamﬁama%ﬁmaﬁ’mﬁ’umsmm
lnwisdneNiInesrasnienduaLaras (CTA head and
neck) ausfae wud1 CTDI _ dieuade 40.71+13.88 mGy, DLP
fiAnade 1938+638 mGycm NMssnwdensldansaunasn
Fonauosudn air kerma fiAades 242+229 mGy, DAP il
AnAE 6192.3+4322.3 UGy.c’ wagaeImMsimigeslsalal
fieuade 22416 wT (3797 1)

USUNUSaEfinaTINU9IN1InTIeNTBS I ADNAUADS
NEIE 61 AW AMIAIEAT DLP wag conversion factor
§iAn 1.65 - 10.67 mSv ALade 4.45 mSv Usinassdswaves
mMssnwensldaeaiuviaondondlas AUINAIA1 DAP
wa conversion factor §if1 0.40 — 8.63 mSv Ay 2.48
mSv LLasﬂ%mm%’aﬁéTamasmﬁcEﬂaalé’%’umﬂmsmamaﬂemé
AR IMDILAYNI SN ITENsldasauraanidonauosiii
2.63 - 13.73 mSv Aady 6.94 mSv

M13199 1 JoyadUae, Usinassdlunilamheuiuinsveanisauni: CTDI volume (CTDI ), USUN0USaEHRaDAYI9AINNE1IVD

nsaunu: dose length product (DLP) way Usuaussddama (B) vesilienlasuannasiaenssdneuiiames,

YSunassdlueinie: air kerma, aweansingeslsalal: fluoroscopic Time, Usuausadnuiud: dose are

product (DAP) uazUiuusddma (B) vewiienlasuainnisinmmenisldaneauvasnionases

Mssnenalensldaeau

dayadUan nwsdnauiiames (CT) aoaRonu (DSA) CT+DSA
o1y dwmdn  dauga ctol - Total E Air  Flu.Time  DAP E E 971
DLP kerma
Q)] (M)  (wa)  (mGy) (mGycm)  (mSv) (mGy) (W) (MGy.cm2) (mSv)  (mSv)
F"i’]ﬁ?’]?jﬂ 40 40 148 19.17 824 1.65 37 5 1011.7 0.40 2.63
ﬂ"ll,agﬂ 64 65.1 163 40.71 1938 4.45 242 22 6192.3 2.48 6.94
?i'lgd?‘lﬂ 89 140 177 78.73 3403 10.67 1573 64 21569.0 8.63 13.73
Fi’]LfJIEJ\‘iL‘tJuiJ’WﬁE’m 12.9 16.3 7.69 13.88 638 1.92 229 16 43223 1.73 2.69

CTDlvol: Volumetric computed tomography dose Index, DLP = Dose length product, DAP = Dose are product, E = USunausaddana,

DSA = Digital subtraction angiography
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WHUNRUARILFN SRR TINTRd e usasAY

B Sunnsddinanes DSA g 1nnnusdienanes CT

16.00

14.00

12.00

10.00

8.00

6.00

UFausRdana (msv)

4.00

2.00

0.00

rTrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr T

1357 91113151719212325272931333537394143454749515355575961

gilanaui

WRUDHT 1 UsinauseddamasiuvesiUlsusiazau 31u3u 61 au Aldsuanmsnnaenasdreuiames (CT) sy
ms¥nwsnenslidangauvasaidenasss (DSA) Tuniie 1ad@isn (mSv)

Jo1stu

Tusususd@ideds mansiaengsdneuianesuay

¥ L3 = Y oa v a v 1Y

nsnsIvmsengsiviaendenayliusinaSddmaungUae
ginihnnvaenasdily lnslanzeggeddsmsnunily
nattunsienasdidunaruuratsunfiauenaiedlug uin
YunauFadntdlunamsunndivdUieaglifivadiia (dose
limits) wsedusylemisenisidadouazsnwilse uafinasil
nslasadednamuneanlauseloviasgn (optimization) A3s
fnshsyiuasUsediuusinasadndvaelasu weldesiu
sunsenivdnaniadugela

U v a | a v a L3 a & a a

ArvriuIuusidienasdaouianes i 3sUsuing
(volumetric computed tomography dose Index; CTDI )
& a o a a A A v, ' 3 ' a a
Ao UsnaisdganduluilaeUiesdeniomiiedsuing &

1 ) a a & I a v a =)

B UulaaNse (mGy) Lﬂuma'ﬂmaaﬂsmmsqa@ﬂﬂaﬂu
wiazdladnm mldanmsiavsinausidgenduluudnass
ATV UUAUENAN 16 udmTunisnTiafsue
wanaRuUTINSEiuAUEIELNY (dose length product;
DLP) Fevsunausedganduluileiodiunaonyiasninug
msaun wldanuaguszwing CTDI Ay mue1venis
aunu (DLP = CTDI X scan length) fwdedu Jadinsd

WURWAT (MGycm) 396 CTDI uaw DLP frngeazdanalsf
Uinauseadamaluftangetumalude’
WaguifiuASunessE CTDI uay DLP 9830137579
nusdneuimeiausstunsinususlusassinalsyne
(197991 2) 1A A197n European guidelines® A1U336
$sdd198aumsgIumse Diagnostic Reference Levels (DRLs)
YOIUITHNAANTITOIUNNT Useinaeinasiaun’® Usvina
lofuaud" Uszmmuisesuaud™ wagUssimagu™ anide

v W

YpaimunkazAne’ uidevesiunswarsusau’® nuia

o

v
av AAa 1 v

Aaduvs CTDI _ uaz DLP 9neuideiliidnionndn
Furopean guidelines, A1U3anausadondeunnsguvaslseme
ans19e NS Useinadinlwosuaun Ussinalasiaun
Uszmadu uazanidevesiiunsuassny o fiflesriuna
FedonBannsguveslsEwAEIngosLaLs waziuITeves
Suuazanzifiaeasves CTDI _ uaz DLP Ho8ni19U
33ei] Wathnanwanedadeldud AnuanAisuesnisRaen
wsfiwesildlunisawny wu kvp, mAs, Pith, rotation time,
scan time SIUH9ANEIVDINTARNY FedanalAUTUUSE

LANANIAY
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a5l 2 udungudiiede Aadsues CTDI uay DLP wasnsnsiatenaisinoniiamesaneainnuiseiieides

. L Aady
ae o UIUNGUADEN
U3 U a.4. () CTDI DLP
(mGy) (mGycm)
European guidelines® 2000 - 60.00 1050.00
AUSINSES BRI INUSEIMAanTIYe11dNT 2003 - 65.00 930.00
A3usaEsBanmsuUsTIAadngasLaun 2010 203 65.00 1000.00
AUSINSESBaasgulszwalosuaud 2012 7778 58.00 940.00
ASuusaEsBasIuUsTIALLLS SuAUR 2013 5017 15.00 813.70
T wavauy” 2014 404 39.90 689.96
AUnafadsnadannsgulssmaguu’ 2015 - 85.00 1350.00
funsuazsysni® 2017 576 77.30 1198.80
mu%%sf‘j 2019 61 40.71 961.00
- Lifideya

¥
A a

ANAAMUIHIUSIARUNUT (dose area product; DAP)
I ) ' a o a a a
Jumsinnagusenitausunudidganiulueiniaiesnsn

co & Ao v aw A A <,
INaaALENYLSENUNUNaSIddnvIuNAS el ey
s a 2 ' a o ada v

WNIIMTLIURUAT (Gy.cm?) wazA1UTINTEARE Uy
(surface air kerma) Sluaeidu fadinsd (mGy) wldainnis
SaunsemuiuUsunnusd@NieanuanasnenaLsgAnNnIENu
Aa v v a ¢ a v o
Mgt lunsesameiesesenasdvinenidenudinvsaes
Anvzdildliviinasadndiielasususfaunsaventisuwn
TwesnslasuidvesUeld visdianansathuindniamen
USinaussdanalaoneie

WisuileuAUsinasdaniaieenaisdnasnden
fueAdeiiietos Toun uideves Hassan wazauy',
Farah wazAuy'’, Friedrich Wayane'® Barenfanger Waymns
way Weyland wasAniz? wuinaniadeves surface air kerma
uaw DAP :nmsduitedesnimsanedesu 1 iesan
n15lY low dose mode lun1sATIAINADALEDAELDILALITY
$adsw$nwnlu routine protocol wosaaTuUsTamING

e liTunassdnldegseaud fannsei 3

S e : ) cv A4 w
A13199 3 NUIUNGUATBENY ANLRAEYBY surface air kerma, DAP Way fluoroscopy time 83 31NUIIENNEY IV

Anade
U Yad  WwWnguieeN g face air Fluoroscopy
(A) DAP :
kerma 5 time
(Gy.cm?) B
(mGy) (un)
Hassan et. al." 2017 73 807+397 90.9+40.9 22.7+12.5
Farah et. al."” 2018 319 704 + 589 123 + 95 35 + 27
Friedrich et. al.® 2018 126 - 205.7 34 + 24
Barenfanger et. al.” 2019 50 1000 + 140 128.1£14.5 39.6 + 4.1
Weyland et. al.”® 2020 544 - 89 23
Adeil 2019 61 242 62 22
-+ Lifideya

DAP = Dose are product
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YunaussddmangUielasuannisasasieenssd

AeuTmess I munTALRdy 4.45 mSv Tneidunisasie
naLsdaues (CT Brain) avilinade 1.92 mSv wazn15m579
lnUlsdroNiImesiaondionduniLazas (CTA head and
neck) fidnade 1.83 msv Wisuiflsusumainnisaneise
909 Jessen wazany Tl a.a. 2004 (151971 4)
dwmiuiinasaddmavesiiheildsumsinudyis
msldansaiunasndengdued (endovascular treatment)
Ande 2.48 mSv Wisuiieuiunisnsiaenassvasaiden
@194 (cerebral angiograph) 31NN15ANYN 98909 Hart Wag
Aazfitinads 3.0 msv 1ud 1994 (151971 5)

7151499 4 Conversion factor Wag ALRALYDY CTDI  DLP uag effective dose 4831153 Bl

dlowlsuiuanudsaesnisdedinanusiSmiy
S35 RTANTULE 25% nsldsuUsinaidddanai 100 mSy
srfimnunsidsadisdy 1% wazenlumsussfiuaing
Besfianintuannislesuddtosndn 100 msv2 msan
3'%’&1ﬁLLamﬂﬁLﬁuﬁw%mm%ﬁé’qmaimﬁwmmmﬁﬂa8171"161'
SunsaTalenalsgmeuiamesTINAUShwIAeIe NS hdane
aunaonLdonauasiiinsEwing 2.63 1 13.73 mSv Aade
6.94 msv FuiloUszfiunudswessunseansdiondd
fuelisulaaiSeudisuiulonafiozideTinanusise wuh
fuflsuananadevesUSinausddmad 6.94 msv axilsziu
AMUEwS 11 10,000 ﬁaaﬂluszﬁ’wﬁl’wmn (very low) Lazan
Lﬁsmmﬂmqnqmmﬂ%mm%ﬂﬁﬁwaﬁ 13.73 mSv gilsgau
mnandes 11y 1,000 Aeeglusediusii (low) Fauandluguil 12

oo
1Y o a

YanddedngIUea

o

o Conversion Alady
914798/
Yo N13A399 factor CTDI DLP Effective dose
(mSv/mGy.cm) (mGy) (mGy.cm) (mSv)

Jessen KA et.al.  CT brain 0.0023 60 1000 2.3
2000

Adei CT brain 0.0020 a1 961 1.92
2019 CTA head and neck 0.0031 225 589 1.83

crol = Volumetric computed tomography dose Index, DLP=Dose length product

A15199 5 ALadeues fluoroscopic time, DAP Way effective dose 91nA1591579 DSA U84n153984

1Y @ 1

a a a ¥
UNUIIYNENYIVDN

Conversion Aaaey
NI/ factor
I .. mansag (mSv/Gy.cm?) Fluoroscopy time DAP Effective dose
(Wdl) (Gy.cm?) (m5Sv)

Hart D et.al. Cerebral 0.04 12 75 3.0

1994 angiography

uAdeil Endovascular 0.04 22 62 2.48
2019 treatment

DAP = Dose are product
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E dose range (mSv) Level of risk® Proposed risk term Examples of medical exposures

<0.1 1in 1 million Negligible Radiographs of chest, limbs, head, neck and teeth

0.1-1 1in 100 000 Minimal Radiographs of spine, abdomen and pelvis

1-10 1in 10 000 Very low Barium meals and enemas, CT scans of head, chest and
abdomen, nuclear medicine bone scans

10-100 1in 1000 Low Double CT scans for contrast enhancement, higher dose

interventional radiology procedures

“The excess lifetime risk of fatal cancer to a reference adult patient resulting from radiation exposures in the dose ranges could

be a factor of up to 10 higher or lower than values quoted.

3‘1]‘17; 1 Terminology that could be used to describe risks from radiation exposure”

asuJ

MsAnEIsEinuIUsINaS et muaves
fthelsevaenidenaussiuviogasudsunduiiléiiunismsn
lngLsdAauimesLazsnwmelsnisidansaiuranaidon
aueq fimsEning 2.63 9 13.73 mSv ALady 6.94 mSv &
A1 100 mSv Ussdfiupnudsswesdunsieaniediond
Agsudaud Budunsitedsoenasdreufinnesauada
Aunszurunsinundenisldansaunasndenausanuin

References

1. Donnan GA, Fisher M, Macleod M, Davis SM. Stroke. Lancet 2008;
371(9624):1612-23.

2. Worakijthamrongchai T. Endovascular Treatment in Acute
Ischemic Stroke. J Thai Stroke Soc 2017; 16(3):5-13.

3. Mccollough C, Cody D, Edyvean S, Geise R, Gould B, Keat N,
et al. The Measurement, Reporting, and Management of
Radiation Dose in CT. American Association of Physicists in
Medicine 2008; 96:11-3.

4. Shrimpton PC, Jansen JTM, Harrison JD. Updated estimates
of typical effective doses for common CT examinations in
the UK following the 2011 national review. Br J Radiol 2016;
89(1057):20150346.

5. Hart D, Jones DG, Wall BF. Estimation of effective dose in
diagnostic radiology from entrance dose and dose-area
product measurement (NRPBR262). Chilton, England: National
Radiological Protection Board; 1994.

6. Mahesh M. Fluoroscopy: patient radiation exposure
issues. Radiographics 2001; 21(4):1033-45.

7. Abul-Kasim K, Gunnarsson M, Maly P, Ohlin A, Sundgren P.
Radiation Dose Optimization in CT Planning of Corrective
Scoliosis Surgery. A Phantom Study. Neuroradiol J 2008;
21(3):374-82.

8. Jessen KA, Bongartz G, Geleijns J, Golding SJ, Panzer W,
Jurik AG, et al. European guidelines on quality criteria for
computed tomography, 16262EN. European Community; 2000.

9. Shrimpton PC, Hillier MC, Lewis MA, Dunn M. National survey of
doses from CT in the UK: 2003. Br J Radiol 2006; 79(948):968-80.

=

fiaudesinfiezdedinainueiieduiiewainnisngis
Tadeuarsnulsavasnauesiuviseaamudsunduluaisil

nadnssuds:Me

VBUBUANESWINTANTUUTEAMING UazAny
N33UNTIBIarassTINNMTIsluiydanduussamine
foysdAlivinn1sidenasiiviusiudeyaideluaaidu
Usganninels

10. Treier R, Aroua A, Verdun FR, Samara E, Stuessi A, Trueb PR.
Patient doses in CT examinations in Switzerland: implementation
of national diagnostic reference levels. Radiat Prot Dosimetry
2010; 142(2-4).244-54.

11. Foley SJ, McEntee MF, Rainford LA. Establishment of CT diagnostic
reference levels in Ireland. Br J Radiol 2012; 85(1018):1390-7.

12. van der Molen AJ, Schilham A, Stoop P, Prokop M, Geleijns J.
A national survey on radiation dose in CT in The Netherlands.
Insights Imaging 2013;4(3):383-90.

13. Wongsanon W, Phaorod J, Hanpanich P, Awikunprasert P. Study
survey of Dose-Length Product from Computed Tomography
Examination in Srinagarind Hospital, Khon Kaen University.
SRIMEDJ 2020; 35(4):433-7.

14. Japan Association on Radiological Protection in Medicine, Japan
Association of Radiological Technologists, Japan Network for
Research and Information on Medical Exposure (J-RIME), Japan
Radiological Society, Japan Society of Medical Physics, Japanese
Radiation Research Society, et al. Diagnostic reference levels
based on latest surveys in Japan—aJapan DRLs 2015—. [internet]
2016. [Cited 12 Oct 2020] Available from URL:https://www.
radher.jp/J-RIME/report/DRLhoukokusyoEng.pdf.

15. Donmoon T, Chusin T. Establishment of local diagnostic
reference levels for commonly performed computed
tomography examinations in Thai cancer hospitals. Thai J Rad
Tech 2021; 46(1):35-2.

116

Jisaisnsumsiwung Ui 48 aduid 2 1Wvigu - DnuIgu 2566




16.

17.

18.

19.

Hassan AE, Amelot S. Radiation Exposure during
Neurointerventional Procedures in Modern Biplane Angiographic
Systems: A Single-Site Experience. Interv Neurol 2017; 6(3-4):105-
16.

Farah J, Rouchaud A, Henry T, Regen C, Mihalea C, Moret J,
et al. Dose reference levels and clinical determinants in stroke
neuroradiology interventions. Eur Radiol 2019; 29(2):645-53.
Friedrich B, Maegerlein C, Lobsien D, Ménch S, Berndt M,
Hedderich D, et al. Endovascular Stroke Treatment on Single-
Plane vs. Bi-Plane Angiography Suites : Technical Considerations
and Evaluation of Treatment Success. Clin Neuroradiol 2019;
29(2):303-9.

Barenfanger F, Block A, Rohde S. Investigation of Radiation
Exposure of Patients with Acute Ischemic Stroke during
Mechanical Thrombectomy. Rofo 2019; 191(12):1099-106.

20.

21

22.

23.

117

Jisaisnsumsiwung Ui 48 aduid 2 1Wvigu - OnuIgu 2566

Weyland CS, Seker F, Potreck A, Hametner C, Ringleb PA,
Mohlenbruch MA, et al. Radiation exposure per thrombectomy
attempt in modern endovascular stroke treatment in the anterior
circulation. Eur Radiol 2020;30:5039-47.

Verdun FR, Bochud F, Gundinchet F, Aroua A, Schnyder P,
Meuli R. Quality initiatives* radiation risk: what you should
know to tell your patient. Radiographics 2008; 28(9):1807-16.
US National Academy of Sciences, National Research Council,
Committee to Assess Health Risks from Exposure to Low Levels
of lonizing Radiation. Health Risks from Exposure to Low Levels
of lonizing Radiation. BEIR VII Phase 2. Washington, DC: National
Academies Press; 2006.

Martin CJ. Effective dose: how should it be applied to medical
exposures? Br J Radiol 2007; 80(956):639-47.






