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Clinical Variant Imaging Method

Data from De La Paz ot al

MRI| MRA | T CTA CT | Corotid |Transcraniol Arteriography
Perfusion |Utrasound = Ultrasound
with with
Dc:pp‘er anpier

Asymptomatic; 5 | 8 (Neck) 5 8 (MNeck) - B8 3 2
structural lesion on 3 (Head) 5 (Head)
physical examination
and/or risk factors
TIA, initicl screening | B 8 8 8 é é 3
MNew focal defect, B 8 ? (NC) B 2 2 5
less than 3 hours 8 (Com)
New focal defect, B B 8 8 & 2 2 &
3 to 24 howrs
MNew focal defect, 8 8 8 8 5 2 2 ]
more than 24 hours
Risk of aneurysm & | 7 (Head) 3 8 (Head) - 1 1 1

3 (Neck) 2 (Neck)
Suspected SAH 5 |4 (Heod) | 2 (NC) | 5 (Head) - 1 1 2

2 (MNeck) | 5 (Cont) 2 (MNeck)
Proven SAH & 7 8 (NC) | 8 [Head) - 1 5 8

5 (Cont) | & (Neck)
Proven SAH, 8 B8 5 B 1 5 B
negative angiogram (Cervicocerebral)
5 (Neck)

Suspected 6 | 4 (Heod)  P(NC) | 4 (Head) 1 1 3
parenchymal 3 (Neck) | 7 [Cont) = 3 (Meck) (Cervicocerebral]
hemorrhoge 2 (Neck)
Prenven B ‘ 8 (Head) 8 (NC) 8 1 1 7
parenchymal | 5 (Neck) | 7 [Cont)
hemorrhage

A summary of noteworthy ACR recommendations for imaging of cerebrovascular disease. A designationof 1, 2, or 3
denoles modalities that are considerad “usually not appropriate”; a designation of 4, 5. or 6 dencles modalitses that
“may be appropriate”. and, a designation of 7. 8, or 9 (in green) denctes imaging modalities that are “usually appropn-
ale” for each of the dlinical variants considered in the ACR Appropriateness Guidelines

Cont = contrast; CT = computed tomography; CTA = computed tomography angiography. MRI = magnetic resonance
maging. NC = noncontras!, SAH = subarachnoid hemorrhage, TIA = transient ischemc attack
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Multidetector CT Scan (MDCT) A 1H170ATIANG

UADALABALAY (CTA 138 CT Angiography) N13615949)
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. 1% v o .o ¥ o e @ v
AR temporoparietal U193 (1‘1/1 JLNANITUANANN sulci N 2 ‘1I"]\1134L1/]’1ﬂu Lﬂumu)
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3 7 mnienausdaenfianed wedlufileiifiains motor aphasia karienIeTnLINdauLse 6 Ta. CT AT 1 Wudnd
bIood clot (@ﬂﬂi) hyperdense PCA 284 posterior cerebral a. mwwmmmemmmumﬂ T Tuan 2 Jusannaziution

VILﬂm infraction 1/1 left posterior limb internal capsule, posteromedial temporal lobe WA left occipital lobe

3“1]‘17] 8 ﬂ’WWLﬂﬂsﬂLi‘ﬂﬂ‘ﬂNW']Lﬁl@? mﬂumﬂfmﬁd "]Qﬂq\’;l"]’]ﬂ%l'n AaULN CT ﬂﬁ\‘ﬂ/l 1 W'LI"J']N |OSS 284 cortical rlbbon A

hypodensity ‘1/1 basal ganglia mﬁdeﬁﬁﬂeﬁ\iLﬁ@Qﬂmquﬂ CT Tu@n 3 Juseniay mu‘ummwmm infarction ‘Vl ENONVI BN
131904 left basal ganglia Wae Broca area

sU9 9 nenaedaesiowef weslugiheNfsania@nuangenus CT scan wudnd intraluminal clot 1 M1,M2 283 middle

cerebral a. 419918 1lunsmeaanyluszey acute WaMIIA CT angiography 1A contrast medium Tuadeilisin abruptly

occlusion 7 M1,M2 segments
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(3U% 10) Ben “intravascular clot” %38 “Hyperdense

a

R a4 da v oA ne
sign” HasaNuaaAReANINANNIgAFuLaN AlEun

middle cerebral a.(MCA) (g1l7 6) lusnsnunaian’ [g

14191 “Hyperdense MCA sign” WardniAN19gn

1%
=

RAUAUNY posterior cerebral a.fl 1N19DEEN “Hyper-
dense PCA sign” (g‘]ﬁ‘l‘ 7) WuLAeRf Lfll'ﬂfl blood clot
{FATUT middle cercbral a. AN NEIAZLN Fa
NAMWNNTATIARTNLAN WA U insular cortex AzLINN
RauBan “cortical ribbon sign” (U7t 6,8 winnns
UQMLWN%uﬁﬂiﬂﬁﬂﬁ basal ganglia (381191 “obscuration
84 lentiform nucleus™ (gﬂ‘ﬁl 6,8) WAZEINLNNTLAN
L3100 cerebral cortex AENLAN HeqLasGIazyinlif
cerebral sulcus LALIAN (cerebral sulci effacement) AL

Nal o

gray-white matter density avlnéiAasiulneisl~ s

Vol. 1 No. 1 January - June 2014

ﬂfiﬂLﬁ@ Naslnm” (g‘ﬂﬂl 6) 1N32812 subacute cerebral
infarction WL territory AENUNENNTLANLANT AN
Waz&1@n contrast medium BNANLIENEOLLRFHNN
“gyral enhancement” W5UN193MA contrast medium
Tun9e acute stroke HliiAanua anfunsdl
ﬁlmmm Ay typical stroke Y5 9 "8 stroke mimic
condition Lilesannisquagilan stroke Feanisan
FupautananaTivin 1 e uaznatidesan contrast
medium ?ﬁlx‘lﬁ risk 2489 nephropathy Mﬁﬂéﬂf}ﬂﬁﬂ'ﬁ se-
rum Cr vide eGFR Raind fatfiimasmsna avise
psaatinnien (nnlifialiin) n1smsaa CT fnnsan

9T LL‘LILIWN"} anlaun CT angiography ( ';T‘]J‘Vl 9,

a

15), CT venography ( ’;T‘]JVI 17, 18), CT perfusion ( ';T‘]J‘Vl 11,
12)

a

a - Py P , o =2 o oo o X | ~ .
gﬂ‘VI 10 AMWLANTLIEADNNIIFADT NANNDULASUAIRA 19NUN iuHﬂQﬂ?qﬂqu‘Wuqu hyperdense U84 blood clot 1 basilar

41' = ) a al'd ISP
a. WAZLHARA contrast medium UTHIEUNIH blood clot AZH filling defect (§NAT)

g% 11 nentistranfiames 1ed CT perfusion MAIEA 15MLTI "y unI0g parameters A4 16U mean transit time
(MTT), cerebral blood flow (CBF) wag cerebral blood volume (CBV) Teseiiinudni CBF uaz CBV Mdniu
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'iﬂ‘Vl 12 nnendstgpaunamas 1es CT perfusion wRIAA 13NLF slumﬂ'mﬁ?;lusm QLﬂﬁm parameters 3 13im lFun mean
transit time (MTT), cerebral blood flow (CBF) &% cerebral blood volume (CBV) Li3ka8u thalamus smmﬂuwm’m CBF way
CBV i

519 13 fihemamaniugdi 7 fiaeseildiunisinmsielnedaniedssaudne Interventional Neuroradiology tnids in-
traarterial thrombolysis Tmﬂgﬂmﬂ vertebral angiography WULNH basilar artery thrombosis Ny superselective fingl

microcatheter catheterization

5U% 14 Filaesefeadugdi 10 gUn 11 uargdd 12 unismsanaenidennendnanieiaT saNinm Interventional
Neuroradiology ImeiAT intraarterial thrombolysis $YR921N1 vertebral angiography WuIni reopening U8\ basilar artery
uaz distal branch 16a
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gﬂﬁ 15 nawengLatinaxiaimed Nad CT angiography Unnupauay Naslugiloevdiseny 27 fRfensuanIndnet1agan
usanudn 8§ right internal carotid a. dissection Wit thread like ({nFA3) 131904 proximal ICA AU supraclinoid ICA

P

B ‘m_

5191 16 nendistreniames Neslugiaaniainisdandsse CT scan wudndl intraluminal clot 1 superior sagittal sinus

wiEu hyperdensity triangular shaped WAZLHBAA contrast medium (gﬂmm) Tuanuziliu filling defect fAiFenan “empty

delta sign”
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gﬂ“?l 17 AwendstdpaNiaeas uag CT contrast (WNALIW) CT with contrast (L0ANAY) WA CT venography (WOA&1Y) LiTItL

184 WU blood clot 71 left transverse-sigmoid sinus faunuiiaenaend left temporal lobe WNAIAA contrast medium

W filling defect NLFIUANIABAYAGU WFL 3D-CT venography Wil nonopacification 7113131U left transverse sigmoid

sinus

4,6,7,9,10,12,14-20

MRI brain ( UaV) Tuq]t'loa stroke

Ny A A o ax
MRl Rdanlunisastailanauiuianismena
oA o Aan o o X
ALNBUNINT 1A A9l
1) arlvidayanuinlng aeanend 392 (Patho-
physiology) 289 NeINUNALALAFNLATZALNNNNS
4 L4 - 4
wasundasnaunnisanipaes uasazidaguilas

Pl RN A s ag LA Faws LN 31

12

2) azlidayandnuinLnFvzians posterior fossa
Infueeineg iesannlaiil artifact avnnszgniins
fname

3) Lﬂuﬁﬁmwﬁiﬂﬁ%ﬁ@nsﬁ (ionizing radiation)

4)  1u110RIRIEUA8TEUNY (axial, coronal,
sagittal 11114611 gﬂ‘ﬁ' 19-A,19-E,19-F

5) 19U (contrast medium) NlEALU MR

ana o A 49'
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51 18 A nenmisdaaniaimes 1ed CT with contrast (WL kAT CT venography (KA TR0 NBNNNENAITNHILAY

Wu31H disappearance 284 blood clot auaa Ty filing defect ¥ 3D-CT venography WU normal opacification

LT left transverse sigmoid sinus ANNLING

(gadolinium compound) luafiaNnHuasalnias

o Ay Y v =y o o o

panlinanadesuiedanaas MR Asiupaug

Iy . ~ o= o
N79A11 Pathophysiology Naznananane “aad Ay
MlFd1laden1nlasunlataes 1e9 unae
@aAa N MRI 1§ WatnAuinienwens Teaven
189NT7L AL ULLA9IBY 1A9 ANNATIY cerebral infarc-
tion WNFNAUNNTIUALULL AN * 14 MR Imaging

4 X .

azrnunisilasuntlasreaile nadluszavsng 9
uazlulsiay Pulse sequence %9 Pulse sequence Ag
wAtlAedn19 1 yyuaaudIngl wNwsiman
Ha9anNnITRIanae MR Nendaeiy wNwdman
d‘d v o i’/ o L2 al v v
NRANN 9 Aeuana I Uaeuesaidedinn
(contraindications, C/I) Jun1smeaaLtu

YT~ P . = >
- t{1l987N cardiac pacemaker tNBNTTFUNT
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winaeaiala Tullaqiiulgnan cardiac pacemaker
MR compatible ¥ l¥nsaaluaes MR 1HiannAq
WA 1.5 m anle

- éﬂwﬁmai’umﬁnm intracranial aneurysm
IPeATN7ENEIA clipping wazd Q‘ﬁllﬁﬂu ferromagnetic
substances Wt luilaqiTuil surgical clips 1Ta7 MR com-
patible A AN1TRSUNNIATIALS (ﬁ\iﬁulﬁm:mw
;ﬁﬂqanzﬁmﬁmawmuﬁmm wiRweed a7ldlunns
)

- flaefidl foreign bodies Miflulanznelu
AR

- B;Tﬂfm‘ﬁlﬁ cochlea implant device Tutlaqiiu
J8e@m cochlea implant TTe7 MR compatible 1154

k)

m39al1LATed MR T8m 1.5 1 ale
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- flaefifl relative O/ viu fulaesenssilu
199 34 thauusn et lunasitiazaqunmng (falud
srenuANanlnAusnAaenludninisanld5y
nsAsaadag MR seminadensss) iAo
fifinnaz daustrophobia NansamsaRlEENglaeNR
Taaiguaganiua “ryigunmne
t;:ﬂ%ﬂ‘ﬁlfl prosthetic devices mﬁmﬁﬁmﬁmmuﬁu
NTTAN LU plate AT screws, total knee replacement,
total hip replacement, pedicular screws ®1a% 14190
nalemNLUNR
Tnavinly Pulse sequence AtanllunnInma
i{ﬂfm‘ﬁlﬁﬂwz Cerebral Infarction LAwn
- TIW (T1 Weighted) <gﬂﬁ 194)
- Fluid Attenuated Inversion Recovery (FLAIR)
(gﬂ‘ﬁ' 19B)
- Proton density (PD)
- T2W (T2 Weighted) (g 19C)
- DWI/PWI (Diffusion L@z Perfusion Weighted
Imaging) (gﬂ?‘i 20,21,22)
- MRA (MR Angiography) (gﬂﬁ' 23)
waenFnetian1gngaagilaeluniag Hyperacute
LAY Acute Stage AN Cerebral Infarction %Qﬁ Pulse se-
quences el (gﬂ‘ﬁl 19,20,21,22)
- AXIAL TTW
- AXIAL FLAIR
- AXIAL T2W

- DWI/PWI (AXIAL)

Intracranial MR Angiography
kg a a s o i U
AR dtNA mmnumm%‘lumsmumw MR
. . = a o | e
- High signal UNE0N UTLIDLANNATIINN U9
Fa w1 liAauwnuls e Hypersignal intensity,
bright signal
- Intermediate signal MNNEINY ANWALTINOL

o | A = = . . .
ANNANAN N1 T YNNTOLTEN isosignal, gray signal
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21S 1SSV INYIASSIB

- Low signal MNNEINY AMNALFIUAINAIA

=l

%A1 uAIunuaY | LU hyposignal, dark signal

- Signal void (2U% 27) wuqede ldA

a

e andsazifeaudiuuinuniduvaan

A

WeAlUalleuil 1IN MaaALARALAY UTEUARA
WAAANLNNALMUY  uananRdany "ty
a9 lu auniily cortical bone, calcification GR|
il/ dl 1 ‘ilj 1 o ] =3 o £ %
Wadewantarliddl “yoynnle wawdudannnle
o a a v % £ ° s . . a
AN UN (HUBYNLAULNY "UTU calcification TlA
microcalcification WHULNNATIANA § “fYeUIOULIL high
signal 161)

WHaeuiunI17811en Tl ARNANILABFUAN
A9 Signal Intensity (SI) T W MR azdaiuldiumAan
Density 138U CT Waia17au1an recommenda-
tion Tael ACR™ w&awwudn Initial screening, TIA, new
focal defect AUDY 24 TN., NINNI1 24 1. MRI, MRA
Adnandly nilalu imaging method ﬁgﬂ recommend

Tnnazdn@miue nw TIW 2849 MR aZWL91 gray
matter A¥H Intermediate signal ~Aaudnamn °] (gray
signal) Tuauz? white matter azwislu 119047 (High
signal intensity) wazin e “undg cerebrospinal fluid VB
“CSF” a¥d ~pn (Hyposignal intensity) (gﬂﬁ 27,28) ‘2wl
T2W 2890190 MR 11 U491 3 structures ANNANIAY
H “yaynousssdandu TIW (gU7 19) naname gray

A . = ) =
matter AZd high signal Tuatueh white matter azH low
signal Llay CSF agdl high signal
Yy A = A a & X

AFuEateNEInAN1TARen lU R NBg
Tneialuaznunisilasuulas

X o . Y . =

e NaNUTUNUIALlaan (Infarction) Azl
hyposignal Jnw TIW (319 24) hypersignal NN

a

FLAIR wazluniw T2W (319 24, 31)

a

1 v
1u1197m1 Pulse Sequences 711 AieIu4Na5141I18 Dif-
q

fusion Weighted Image (DWI) (3U# 20,21,22) azH

a

a = & X
ﬁqqllvlﬂsluﬂq?M?Q@WUU?LQE‘L&VIT'WﬂL@‘ﬂﬂvLﬂ LAEN HBN
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ﬂ1wmmama:mmmeﬂ"lﬂmm EXN]



JOURNAL OF SIRIRAJ RADIOLOGY

'
=

faudanudnusanantaziawiasealsadninu
DWI 1d190me3a Cerebral Infraction VLﬁjé/\‘iLLﬁiizﬂx
wsnmevdaie tesnadandiedlifunfifidesen
Fluid wWasuulasialy intracellular uAY Extracellular
gaalile 1eq WuFNaIAen Ine Diffusion Image AY

'um'mmaéq@wun’mmﬁlﬂuvl,mmmiuL@Q@mm Proton
fiaUnAldannin Inelaianaaes Proton 2a91in7]
winsnegluad Tuscer Cytotoxic Edema axly

NNTOAREUTIRENGE 3T 1ARANIY Restricted T
1140198 Acute Ischemia @9Haaz¥nlF DWI Lfiu
Hypersignal 11 DWI 9 o Lfamﬁﬁﬁmq@éﬂm‘lmﬂ%
AW TIW LAY N T2W 390%4 FLAIR azdanatln
Tifinnsulaeuulas Junsihnw owl 1% ulana
n17% Acute Infarction AQ3RTINAL AW Apparent Dif-
fusion Coefficient (ADC) IneimLdnTinnsilaeuutlasdad
(2107 20)

a

DWI ADC T2WI
HIGH SIGNAL| LOW SIGNAL | NO CHANGE
ISOSIGNAL |  ISOSIGNAL | HIGH SIGNAL

Acute cerebral infarction

Chronic cerebral infarction

nwnfiazfesdiuudiauiu ADC Fael we
ilesann DWI faufl T2 Weighted Image TR
faluszziidu old infarction (GUT 33,34 Gail Tow
High Signal =911 DWI @1aazil High %78 iso signal
Tdgine vnl¥innsgranie Dwi adrahaauanlals
321919 Acute 11U Chronic Infarction
yananilfafinnsmsaaTiiaiiGandn Perfusion
Weighted Imaging (PWI) (gﬂﬁ?i 35) ﬁmﬂ%@'ﬁu Diffu-
sion Weighted Imaging Tun199tiaganae Acute Inf-
arction Tngldudnans T2 * 61197 “T2 STAR” @evi
Tae@n 99159~ Aam Bolus Dose (InBLAsasan 13
fu5a™) udalAted MR asfmmsasausiszezLIng

N9NuFe T 1N 1Ben9 “First Pass”
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=< o {

nndasunlasninnzusananail Wi Dynamic
fuazyn1li Aunsndladuiiuaniilaainnisgnig
wasuutlasans “yoradlunin MR wdadslddasa
Lﬁmﬁ"‘u Cerebral blood volume (CBV), Mean Transit Time
(MTT) Tedayatlszniaudsil Ada aunsntin Ay
AN MR Iaumenty Tagnuanudinnnanig
INALABATIL NN Perfusion Imaging Q¥WuUqN 19
2 o oAy = \ ~ A o \w a
U lDe 1es unNTalRestININsulnG way
A CBY, MTT 284L300ANNAND b ANDN NIFAR
a9189 “tynnusuNBuneudananadl CBY
LAY AN MTT wasuwlasanaa

WHalARINIW DWI ay PWI LA a9 18190

= = X = P
791009 NN Asuuasreaiia Hasnanmaan (Inf-
arcted tissue) AULBWALHD NaINEaL e afan172A
1aeA (Tissue at Risk, Penumbra) #i91td Penumbra A
WhBnoureaila Nasidludvunglunismnsas DWI
faunu PWI wsnziuuFiununnddineiay

1 = U Y o 1 =l 1 v a

unsndaevaeilaelaviuviod llMAAN19210
RWAATINUNA N19aRase inenIWMR T TasinAw
PWI 1iluiass udagusnmivuiaes weaendilom
N3UNALABA ANNTUNAINATN DWI NATIALFI0L
WEIIRY WNATWLIN 13100 Perfusion Defect Ay
NNndMTaWnAULBUNWIRALNG DWI dadilag
FNEFINANT HAURRALNRAIN PWI > DWI Bidn8Da
o N a = o = . . = X A
SHLBUNANeAUeY Fandn Mismatch LFI0ANWN
'YUFNN AINATNTULUAZAD 13904 Penumbra 7
nNrfnNEet AN ALazTIAGY Wi “Thrombolysis”
azifiatlselamd 9 o (gU# 35) widhdiasseland
AuNEALUnRaNN PWI = DWI nanaaa bl H1F 0w
1 1 v 1 v s o a :J/ £ dl
aupnanan arlildlsslaminnninaniasiaes” e
Flan1azunIndauainnisinusdae (g 36)

'3 MR Angiography 229UaaALAan Nad 10
AzyNAILATUYNNATY Anlse AgANNEALNATEY
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an 9use” wellanfan e 3D - time of flight
(TOF) A% 3D - PC (Phase contrast) IpeinniARmLnR

& o py ~ a =
aziniu “onmaldluiposlisudnid L aeds

- o A ° LA A

uaanlaanaasuvTefuLAL A wrlen lddRan
Tnanau aegin 27

luszazdnuniilowde Neduan LANTY
Vasogenic edema Waa1i4 N13maaalagl 1Agaa MR Tneld
Pulse sequence Un@ald (T1W, FLAIR, T2W) aznu

A

JdpNRnlnATaesialluae 6 gu. wenilusiwlyl

TIW FLAIR/PD T2W

Late Acute

Low Signal | High Signal | High Signal

nnsnlasuuaseaile vesianadan daann
Hnm MR aglaifinsuwlaeuulag il

lumsnsalaeld MRI uunmadiavald (RN
TIW, T2W, FLAIR, contrast enhanced MR Dauiiand
Ae¥atinz 20 RanalainunuRinng winsyisazmane
Contrast Study $ausael BeNGlsAMIN BIWLANNRA

Unandsngulasuudas dnaziinisiasuuilas

2
o A

= = = -
AUA R QAN AL ULLUAINNUNADALADA

asunlasnaunaraINeaie Naglagunlag

(1%

o

1. naanlaanNgnsu Signal Void azunalil (g1

7 27)

=< o a v A
2. WU 9NUSeT AN lUaeAAR AL

o A = i

gasu LHasan 197uFs Tl lAdn (gU7 30-)

=D

3. danndumsasuiaceaie wes o
WU WeazuaNvin i annen “wnaldannaw TIw
(3 26) feuazifiunisuaeuutaslunin PD, FLAIR
WAT AN T2W (gﬂﬁ' 24) FensApuutlasiliinas
NUMEURARANNTIAEEANINNGA 8 Fali

4. siald a¥nudn § Meningeal Enhancement

TuiiFnnuRaie tesnaaaes aesnazwulang 1 1w
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3 918 TUT94 1 - 3 33 UAUNANITUNALAAA
MR Angiography fi 1N17RT9E3AdEN19gARU
wasnaanidan v lfa (gUn 27) wiluiBnumaen
A 1 1 v
wanuawd aulanee anaarlil ansansanyls
TTuiAe dimeanuidaslunisanase waan ldwus
anaazld wnsnldidude U6
Tuszeir Subacute Stage (1 AuauDY 6 “Umndd)
AU “UANHLINIYR AZUINNIN LAZAARINAIAN
“Uprfwsnliluds nisuanaes deasenandlilu
ARURAUINNBRATIAAIE TIW aziiits Low Signal WA
T2W aiiits High Signal wasiilaasm 13NuU59" aziiiv
918 parenchymal enhancement Uaaseluszasildn
JuoudAanusulaiin 9a1alinn1ay  Hemorrhagic
. -ﬂl o K [ . A
Transformation TN IALHARAN U Signal 289LaRA
TiFnoiiila vasraidanls
Chronic infarct (sxeizfans 6 “Uanfaiulil)
HR9RNNNENTANENUR9ITEEL Chronic HWL9NH
a & A = L e
n1g ot aileitie wevaanll wariining gliosis A9
dunnilsnglu MR AazsiiutFuadenans o
“Encephalomalacic change” 4% Signal UB9LFL0UAS
nanlulidmin CSF M ldunud wee ausanann
Aa19A@ High Signal 11 T2W Az Low Signal i T1W
waz FLAIR (PD) saNviquN9ATaatanudnusiondlng
= = i 4
\AeDegatlen Ventricle azagnalunjau
A v T = X
Ananaldudnaiuiiluninznisannaanaagie
wasrhadluliFinndtadlunuin ldnunisnszans
o 2 ~ X 4 4 Lo o
ALUNNARARBATIALNILE Neeu o uAfaEnaz
A = A
n1ganARanan 2 guuuy giluuuusnAe “Lacunar
Infarct” WAL g‘]JLL‘LI‘Llﬁ 89A8 “Borderzone Infarct”
"WMFU Lacunar Infarct WU lddnaziinainnisgasiu
/7N qm&ﬂmﬁmu (Emboli, Thrombus, Arthermatous)
UDINABARBATUIALEN 7] TUNGUAFTENTT “Perforating
= ool o - .
artery” FanulA7 uFuaRaanmLaan Anterior Cere-

bral Artery (ACA) Middle Cerebral Artery (MCA) Posterior
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Cerebral Artery (PCA) NEINGEaniudn “A1, M1 uaz P1
segments” uanantuganylfuinly aunans Basi-
lar Artery W31zl Pontine Artery aunatanagiilu
o = o X o |
UIUNIN naeadensanatail Tnealdayly
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based Angiography Lﬁ@@'ﬁ’ﬁuquu@@maﬂmd’mmm
viald sz lAnuuanm1eiunnn luLAazAl @y
Lenticulostriate Arteries Ha11a1 16 Aaus 620 L “ U1
Pontine Artery Unfazluidsngliiiulunismnsaa
Cathetered Angiography A91UN1g NAgamNLnRLag
MR 938 CT Scan lARgANHIULIRNIZI89UE Nash
P @ aalal P
1aRanludsNwNIy W A Tee Lacunar Infarct
aziufluiFunuuin “wngudnans ladifu 1.5
VIURLNAT SINWUT Basal ganglia Thalamus LAY
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AQ = 1 49/ £ [
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Wendy Infarct Y91yl As Hyposignal TIW Lag High
Signal T2W 119AF9azi Enhancement lignsaalsa
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o o = ar
(Mevas 1 Suldauie 7 44
“Borderzone Infarct” 438 “Transitional Zone Infarct”
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“Border Zone” FINUMNTAINLNINT A ABLITLAU Parieto-
occipital Lobe N19:199a MR luauEiatnsigluuuil
ArNUAINNRAUNFLE UL AR LN AL AR A LY
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ANAVNTIINNALTNNIE arterial stroke WHIK
= < = ' o
ﬂﬂﬂWQ$MuﬂeﬂﬂWU1NU@ﬂﬁJﬁﬂUﬂ (TREIAT 1 UBN stroke)
A% venous stroke AN cerebral venous thrombosis (19)
T4 WNTOLAATIAU dural venous sinus WA TR L1
superior sagittal sinus, transverse sinus, sigmoid sinus
VTRUUNALAN L superficial cortical veins U84 superior

sagittal sinus, vein of Labbe U@ transverse sinus VER

51N 19 A B, C: 2 Axial MR scan MIFnAANIY Basal ganglia Uay thalamus N A-C lusivatineiilng (g A : TIW, B
- FLAIR, C : T2W) azwuanli TIW 134 Gray matter (unelat 1)aziilis gray signal, white matter (MuNgllaa 2) azidu
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Azdl signal Nogjsendns TIW il T2w
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multiplanar imaging Wil ausin97 289 NelFRUU U midline structures UAE posterior fossa UNNBLAT 1 1 A

lacunar infarct 91 left cerebellum (high signal T2W)

a o s A a J = a J
TAUNNNNY (FEIINY,  N1IA ATIUITUNT

19



U1 dud 1 WnsIAN - Hmow 2557 1S 1SS0-3NEASSAE

K &

(N l"_-'\
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LalLLsl deep venous system L1d thalamostriate vein, in-
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5191 22 2 Axial MR scan Tagld natia DWI a1nan B ilun waes FLAIR 91 A4 lacunar infarcts @119UNNN winudnile
Aaamae DWI aziisanlsalaaani high signal Tauunaii acute infarct Hiludszlamiuas DWI lusna multiple strokes

5171 23 2% MR Angiography 2esagniaan xed tnalisiasardanisan 1sua e dvinlaematia 3D-TOF vise 3D-PC
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ﬁﬂﬁ 24(518) NN T1, T2, T2_FLAIR, T2FFE, MR Angiography YDINADALADA NAILATLIIDWAD LI cerebral infarction 7 right

frontoparietal lobe WAL left frontal lobe luszelr subacute HaAA contrast ATWL Gyral enhancement AuiaiEe

NI
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gnuszeizsinawilanly arterial stroke)
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5191 26 N Axial MR scan TIW, T2W TugtlheNieannsuanangeuisainuanuas AR IUINKLLIRLLWAY acute stroke
AHnun9 Al aeias1u morphology LaTANU signal intensity Aa 1edli ‘uamaRanazLanlanedl hyposignal
TIW Lag high signalalu ToW Tudnadiinisuasdun basal ganglia, insular cortex wazi mass effect Laniiael

- dungadude 3 AeldlAfnnamwazld 5) MR venography (317 37)
L e 4 4 2 e . o . Ly
FANALANEUZIANITEU WaiNAN ks e 1Y - wlunismmauaaniaansiineldfesdn
| . | o ' o - 2 o o a
NN9EUNIN AWLLEU ICH Aananalidia 1 WawL sub- 19useT aranilaamatia phase contrast (PC) Wil
dural hemorrhage, subarachnoid hemorrhage i bo1 d1luiiFian dural venous sinus NaAsuAzladl signal
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1% 27 2N Axial MR scan T2W is=@1 basal cistern LU3190u circle of Willis (A) 28451laeiiil middle cerebral artery dnadne
gAY AnNAMaznLdnauariniailasuuladaes signal 204 brain parenchyma 11 ANEAUNAWSNENAS N9
wierlilang “intravascular signal void” 189 MCA fnetneTugiaesail

5191 28 AW Axial MR TIW M58 cavernous sinus (A) WAZASLAL sylvian fissure (B) aztiuléidn signal void (Msnead 1) 189
internal carotid artery (ICA) 191918 nnnsgasumaliluaznn B wiudn wesudiang temporal lobe dn9ma110w
annsnaden lusyezFuusnTaawudn cerebral sulcus, gyrus 189 Nasglun e limvunaiaa 2)

519 29 mndihesemianiuglil 28 Axial MR TIW (A) f13¢AU basal ganglia Wa¥NIW axial T2W Nszduiaenriv B) wudnd
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gﬂ*?i 30 A A" Axial MR Angiography (MRA) Taeinaiia time of flight (TOF) AdldaL a1natlsynnsed high signal 1941A0nAn
mslugﬂﬁ(*) uaznun TE signal 299 ICA, middle cerebral artery T L T et e At right ICA
occlusion Lazi hemorrhagic infarction 9¢81¥ subacute hemorrhage ‘17{ basal ganglia LLMg‘ﬂﬂWW B -TTW+GD W A3
WHiuannieaed intravascular enhancement lunaamLaan left middle cerebral artery luFnamaniaenluszes Guusn

(acute)

1% 31 2 Axial MR TIW, T2W uaz TIWAGD i asliiiudnsns Gyral enhancement lut3nauianaiaenGianui right
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gﬂ“?l 32 N Axial MR T1W, FLAIR, T2W wag TIW+GD & Aduanann low T1W, high FLAIR, high T2W LLﬁﬂﬁ@ﬁﬂHmmm
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gﬂﬁ 33 AW Axial MR FLAIR a2 Coronal T2W U A9 lAWILAN:EUZ284 chronic infarction ML right frontoparietal lobe Tu
2812 chronic Hazidiu low signal 114 FLAIR() WAz high T2W (¥) 9811 atrophic change 289134904 infarct (lfiiFay
\RILIAYHIANFN9TZ1974 acute, subacute U chronic lugtlA 30,31,32)

5191 34 2N Axial MR scan TIW (A,B) uaz T2W (C,D) ludilassatidusedneiin aegluuunsmaidenllines sesadin
lacunar infarct UWAZTHA “borderzone infarct” ;g signal NRAUNRAD hyposignal TIW WA hypersignal T2W
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g1l C, D ilugilae@nananing superior sagittal sinus thrombosis L1 “empty delta sign” 31 E,F iilugilosiwy superior
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AsutlanansAsIa unuTaTeNAeTan N
1HaNNNNE8AIN WAULAZNIIN renogram FANAL
L 1B
F35AANNNN2799 renal scan WAL renogram

1. AN T max ANAILARA 191 T~ auiaqn
L3.A289n979 19 "3 Te-99m MAG3 %38Tc-99m
DTPA UNATAN 3-5 Ul A9e? 19 “a5a™ Enalu
calyceal %38 pelvic M1 l%AN T max HNUNUT LA
WUFNAN T max RanAEeAmnng 6 wii

2. A7 T2 ABWad 50 “a5e duesanann’a
Satiaz 50 709 19w 15" Tigadudn i lulanlE « o
Huszleallun1smeaa diuretic renogramlpeiAnlng
feandn 10 Wik asdmadul  1nzligasu wu
dnfrlaefiamadiud  1azgaruEAn T2 innndi 20
W A T1/2 Tegjszndng 1520 Wil pedmain
i 19gARuLIe U

3. ANEMIN AU 30 min/max activity ABAN
Fm30 BT AN 30 wnTsetBun e
A qmﬁﬂ@:hﬁu’iuﬁﬂm renovascular hypertension
dleld 9w ¥ lunga tubuler

4. ANEMIY A1 30 WNN/2-3 wad 1dlunng
ﬂ?tLﬁué‘ﬂ’)ﬁlLﬂ?ﬂlﬂuvl,[ﬂlm:éﬂ'm%’mlﬁuﬁ 19TRAFIY

35n1snsI29 Renal cortical imaging

1A IALNITINLAINLLL AR (Static) 1B 1A

PRIAINAA 1760 59" Tc-99m DMSA [NNINUanm

40

21S 1SSV INYIASSIB

Banaiunan 2-3 Falue vanield Ann o5
gndueglulamiulBuinuinne lnaviallazdng
ANNNANUNAIATUNTINLAS posterior oblique U8
v aedine deguft 6

datstlunnsngaa

N15M532 Tc-99m DMSA

1. lunsdifidesnimauauin gUsieuay
iunaradlalneanizasnaiialunsdin < “udnln
avilpuRnUnATasnEin 11 horseshoe kidney LAy
ectopic kidney

2. Iu;jﬂqaﬁlmmﬁuﬁ nrRadauay 1 B0
Hj pyelonephritis Y98 renal scar

N19799a Tc-99m DTPA %i5a Tc-99m MAG3

1. Uszfiumaviesesaludihefilavinandll
7 Aaflaziu BUN uazhiosssi creatinine 7 B9l

11190A99A1AE VP LAY 1N1T0MATIAANITNINIY

gedlavia s Feudieni diferential renal func-
tion)

dl . oy A e
2. W@ screening @ﬂfmw 9 “B911lu renovascu-

¢ fy

. GIFF PRENTIAL FUNTION
AT, KDY =50.50%
LT, WIDNET = 45.80%

ey ¢

k
sU# 6 N197M999 Renal cortical imaging UNAWL 1340 ™
9 nszanasn 1L walulara eedna
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lar hypertension (RVH) el captopril renal scan

3. AANNNTUENTZUINN non-obstructed dilatation ’ ‘
U84 renal collecting system AU true dilatation ﬁLﬁmmﬂ
mechanical obstruction WALLITTINULALAARINANIT

N91UD9 IANAIN15 N TusaAniadutl a9y

Qmﬁu‘tmﬂﬁ diuretic renal scan
4. Afasalspunsndaundscfalaswlm
TaAUBINITATIA renal scan AB 1N1TDATIATL
o ~ ° = o o Ay 1= o § o
fuoadlavineuwldd uar 90 o5 Tdf@navin 1 ‘ .

ﬂ”l’iﬁ’]\‘]”luil‘ﬂ\‘lvlﬁl LLeiag

Clinical application

AMNANNITLANILLA (Congenital anomaly) =

sun 7 fuesnuigeeng 1 0 dseimdladredranaouas

WgalinaanAnEaLNAN1eNeAnIA f1 seyumnadutl sBase N1 Te-99m

LﬁmmmﬂmwﬁmﬂmﬁﬁLﬁmﬁhﬂmmim M ec- DMSA pSausnwudnladnednd uazlneanlaid
topic kidney, horseshoe kidney %38 renal agenesis &1 1710 “15a”

% DIFFERENTIAL FUNCTION

RT KIDNEY = 59.81 %
LTKIDNEY = 40.19 %

o
Py

-

¥

sU% 8 Huaeanuie a0y 6 thauiiANEaLNG Hirschsprung’s disease 461994 Tc-99m DMSA scan LH89a1n 3 "9

Uaeldillndraainnismsaamdul e NwN19RIA Te-99m DMSA wulndnsaginsuuilaeetlugads
nausnuImtasianssazl 19z (gnaszng) aulnaaneglusunidelnd gnasna)

o A a 7
FANY.  UUNM FYIINY a1
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Tae 29w 259" Dl luntsmsaldunings  cortical

agents Finatinagilaefagiil 7, 8

Pyelonephritis 1la: Renal scar

guRnend n1samentnau  arlusnwy
3, i |

I6%asaz 13> wazildsuulaailu renal scar 161

Yaeaz 64°°
o X - . =
nagiamalussuuniaull 19y aulund

X N A o A .
nwpanEanuAnannLlFlesaa E. coli, Proteus
uaz Klebsiella AINNNIHATANNNTZL 1AM 1TALAA
/1N ascending infection wudﬁéﬂqa high grade
vesicoureteral reflux 118N 17im renal scar _an3gilae
low grade vesicoureteral reflux giatilszanndanas
50 WUANLTA pyelonephritis Taenlddl reflux sausae
Tnelugiloanguiin1mdn bacterial virulence factors
) A 2 a X =~ o o

a1aazifly nwpnnaliinisaleamasuanegs filow
amaautl  aieadnd Awavinlid  anzugeiia
WusHgIENNIiNN A 9 N19RaTme luITUL
maputl 1z e ATYU8IN19L7AA renal scar
fuamlFiianiozunsndaumanusulain v pro-
teinuria wazlmaeld nisatiadaninsdameluszuy
madudl  mzuarlinieinm aunmilasiuniain

renal scar

Pathophysiology gavnsina Pyelonephritis

\AAANNNN9AT tubulo-interstitial inflammation/pus
formation §9NAU renal microcirculation @mmﬁutﬁm
N1_AINNTTH pressure compression i glomeruli, small
peritubular capillaries LAY vasa rectae 1ag interstitial
edema %\‘muﬂum@ﬁﬂﬁﬁ renal ischemia

Ine aulunjudn acute pyelonephritis e85
nasneudazlaiiiu renal scar muNn wslugilog
‘ﬁlﬁWNLauﬁ MLRALUNE 817U neurogenic bladder

1178 posterior urethral valves HNAYIHL €N INAZLNA renal

42
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scar TuN1aMa9 N19uAA renal scar NAANN ALY
desannidu wugespausulain swazlnang
Taeiilogl renal scar Alann Auaulatin 9 ouas
6-13 uazillann lanefasas 5-10°
Fariunns 1NN ATIadE LATNNI3NHA acute pyelo-
nephritis figniesuazsamfaaciinenu ez
unsntleariuaranngiia renal scar TuglaeLsn

61

anuru:soalsno1Nn1snsoo Cortical scinti-
graphic fu pyelonephritis Lla: renal scar

anunizgasisa Tc-99m DMSA 114 pyelonephritis
WU 1310 159" analu renal cortex H3119 wedge
shape wazlalivnsda wuseslsaden visaraneses
e lulndnamenvzalage 89119 visanuNseslsa
o o o = & A .
Weld 19w T35 ¢ nanavie Ll Wesann proxi-
mal tubule NN13FNL VIURNIFAU 1910 “159" ARAY
= 1 o o o a =
wralddu 190 "5 T aslagaunnlnaialnfivie
Tuejaunls

N19M999 Tc-99m DMSA Lilu gold standard T
N1390AdE renal scar ANHUZIRNITANLABNTDETTA
dl o o o = o Aol o
Ngadau 1910 15" anas  BeLaRTANNAN ML
wedge shape, thinning YRR flattening 284 cortex B1A

d e nol -

WU volume loss Tauilulviauuy focal 13e global
yizalniaumanly 1u1rawensaslsm pyelonephritis
aanansaalsm renal scar lAAITATIANIENAINIT
RAALTA 6 LARL LWNANI9UTZLNY renal scar

ANsANELFeUEUN19AF9R Te-99m DMSA A
n1sAlamaLL - aelun1sINade renal scar gl
an HUNFATNAITHTULT vesicoureteral reflu’ FamN379
~
N4

RINATFNL A9 MAAUINNITATIA Tc-99m DMSA
FAuluINNen n1gaanauL e lun1TINAdE re-

nal scar wazgLAN1I0INT9AA renal scar Wuld qlu
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A5 4 AN NN lNNATAgE Renal scar WTELLEUNN9ATIA Te-99m DMSA AUNTATIAARLL " eI

AATNTULLITI vesicoureteral reflux (%"aﬂaz)

AN (N1 lUNN59UAR8 Renal scar

Low (I-11) Mid (III) High (1V-V) 39U
Tc-99m DMSA 47 46 76 57
N1IMTIRARLL 81 30 27 50 34

% DIFFERENTIAL FUNCTION

RT. KIDNEY = 50.98 7%
LT. KIDNEY = 49402 %

'
al

sun 9 filaednudgeeny 3 Tinadlsrdd nnamu

i1 nzdiade 2 Dneukazldsunisinesdaesn

Bactrim N13M394 Tc -99m DMSA wuiseslsan

o o ~ o o . PR \

1310 “15 T anasnlada s ua19ndglsng

wedge shape 708 lsALALN A1nUsedBuazuanis

m398 Tc -99m DMSA 1 »491114 renal scar Nla
F18A1UAN

) dld .
BlaeNTAINNIULI vesicoureteral reflux 3
NNEVANNIILNA pyelonephritis WUINERATIUB
NN91AA resolution 184 defects HWAUALANYIALIATH
. J ¥ k7% ¥ < =3 93
resolution Aaud19E lugioesnidn n1smesaadn
ANFATVNNNENAINITAALTE 6 LAaULNEnIIEANIg

wAeidle renal scar

Renal failure

Aa naziideniell awnsnALANAN 1AA

@ { a 7
JANY.  UUM FeING

ANTERION POSTERIOR

OR OBLIGUE

i

51 10 n19M39a Tc-99m DMSA wuisaslsadl 130 "o
. a T
59" anash lndnasuanesidsiing wedge shape
ARNwmida upper, middle Bay lower 189 lRgNel
‘ulmadng anseuzseslsaiiilulds pyelo-

nephritis WAY renal scar N1TOLENAINTI

TAanisesAuarnisnsasanie

T 1FiAaNTe azotemia WAZIANNT & NARIL ¢
lulmsian An1suLl renal failure mNU3unut]  Nne
et Ay anuric Wedltl  1extiesndn 50 fiaAans
Fadu N9z oliguric dlefltl  Aastiesndn 500
faAaRIAasY N1x polyuric Wiadil 1NZBEILNIN
500-6,000 NAaRAATADIL
1u6) renal failure Wiy
- prerenal W14 fluid loss, fluid sequestration, low

cardiac output, renal artery stenosis
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ANTERIOR POSTERIOR

% DIFFERENTIAL FUNCTION

LT.KIDNEY = 8,65 %
RT.KIDNEY = 91 358 %

LEFT POSTERIOR QBLIQUE

RIGHT POSTERIOR OBLIGQUE

Kl
'

gU% 11 n19m9aa Tc -99m DMSA Hilaensintnaang 2 1
~ ~ o o a ~ o pRp
nunsaalsafn 1910 w59 anasnlngrany

PUNALAN W AR renal scar uwlpuanUn@

AHIERH POSTERIOR

r )

gU% 12 n19m3a Te -99m DMSA Tugilheisnudleany
A = e a a dy

3 e NdszdRsruumiadul  NavRnde

o = Ay o= o o ad

waneAfanudseslsan iy 100 a5 Nle
¥ ! k%4 a v Y o
Frevukazatsiazun lndradnsdaldmi
saalsn pyelonephritis N19NTLANUA2 19

v o a a
AR PN Lmemmimmﬂﬂm

- intrarenal LU acute tubular necrosis, intersti-
tial, glomerular Y98 small-vessel disease
- postrenal 111 NUAUT  19zgANU

N17/@T39 renal scan slué’ﬂ“m renal failure &
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POSTERIOR

eN

% DIFFERENTIAL FUNCTION

LT.KIDMEY = 47 .73 %
RT.KIDNEY = $2.13 %

RIGHT POSTERIOR OBLIGUE LEFT POSTERIOR DBLIGUE

51U 13 nN19m39A Tc -99m DMSA wuRisaslsaninisgm

U A9 a5 Taandntn AT AnEne wedge
shape 71lA 2 d1earuaumanesealsa 1914
Ausaaisa pyelonephritis 138 renal scar 1949M
W 09dna

e lemiiiadssiiunisvnaruaeslanmazdng 1w
R . o
miwmmmﬁmwmmﬂfm acute renal failure NUAN
ERPF 11nN91 125 Hadans/uinarlngady 13
o o = a = ~ o °
a5 UnA J@lann Al AN1TanAUNIN9IUANY
UNANTAN I UATUNAINITENHT  WAY 1HITONN
. o n Ha

nupredlaasandneizisialiume

namud  1zgasuuaTaenlReALAl renal
Auarnann lusindasalil

1UBANN pre-renal cause L1 ANINALIATIAGN
N9NAUN Axnudeax @ laUnG nnsgadu 3
A a5 T lulpating 9L Nevie 29919 AN transit time
819 Wazn179u 1910 15" aanann e ldinanunu
naUneA

bR parenchymal disease \14 glomerulonephri-
. A o o o a
tis WULBHNDUABAAAAY N13AdL 191N a5 Tule
£ 1 a = o v o a v
HaYNINUNBLAZHNNTIL 1900 59 Uaag

& o =
’WLME"ﬁ’]ﬂVmeJ’WEIL?‘ﬂﬁ‘Q NUUTUIDULARARAAN
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= = A‘zj % o o a
WIRUIALABANILAEN NITAANL 191N 139 Tule
fasnd1UnFANIn wazn1sdiu 190 15" aanannle
v ZJ/ = [~
AN NN leRIUIALEN

ANBLUAR renal scan °lui§§:ﬂ'3ﬂ Renal Fail-
ure:
. al o = =
Acute renal failure AZHANUZLDNIZADNLTHOY

= X a o v o A _a
L@ﬂﬁ]ikﬂL@ﬂﬂiﬁlﬂﬂﬁ]u@ﬁﬂ’]ﬁ‘@@@‘u 170N TIN TUA

j.— == Lt Kidney
az2er

u 2407
]

A sec
Perfusion 030%

Uptak® Interval o e

RT Kidney

Perfusion

Fumict i
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1 o o o A 7874 1 a a
tubular agents WAL 190 199 @dnanUnmleed
ANHOUY rising UBY renogram curve WAZHAN retained

. Lo o~ . v =
cortical activity NI 30 UIN/peak activity IGIGEN
fuFeaiaz 100 d1m39alme glomerular agents AWLI9NH

. C v e 4 % oo
extraction ﬂ'aumqmimwmmvl,mm AUz LUNRAN
19 14

Chronic renal failure A NN13aAAIUDY renal blood

Gates GFR
AgeIT. Years
Helg :

Radiopharmaceutical: TeDTPA
Injected dose:(meci): 2.5
BEA (m*2): 161

Rortic) GFR mi/min: 89.41
1 Scaled GFR mimin: 5558
Mean normal GFR for age: 105,
Lewar limit of GFR for age: 84.

Hidney

Hidney Area (em*2)
Hidney depth jem):
Pertindex (Hil):
Perfusion (Int
Uptakes (Int):

GFR:

Tim® te 1/2 paak:
Time to peak:

Peak to 1/2 peak:
Jmin/peak ratis:
0minImin ratie:

sU% 14 n19m39a Te 99mDTPA wudniiunnuaennuaeslnis asdivanaadnties (lndhe = gnas@an lnaan =

o o o = P o ) a o = = o o a A
@“ﬂﬂﬁ‘ﬁﬂwm) n1geAaL 19N BIEN °ﬂﬂQ1m6ﬁ’1ﬂu@ﬂﬂqqﬂﬂm ( WQ@“ﬂﬂTLmﬂQ) LATHNNT £ N 1700 198 LHA

wanewld aneuensn renogram KWL continue to rise WA T max 28.86 WA €19n31UnG wazilen 30

o

min/peak ratio 0.94 nannAdinldiuniay acute renal failure loaa1gadu 190 “B57( Fognasmy) uas

n37% renogram Un# TeeladneuaslnuanTAn GFR 28.86, 60.54 mi/min AMHAAL

sAwey. _tum e Ing
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flow WAz tracer uptake LIUREHNININYINNNFATIAIAL
14 tubular uae glomerular agents Tnsinazlauin
lanaslu end-stage renal failure QEWLLNENWA faint ac-
tivity 1N vascular background WiNtI1LAY renogram curve
a o A |
ALUANHULLANIZABLLI low flat curve
N197994 renal scan UANAINAY 1HITNUTELINY

o ] ¥ = o Y o A
@ﬂ’]‘ﬂ’l’]\‘i’]um’ﬂﬂiﬁlLLG]@$°]J’1\‘1L‘].I?‘EJUW]EJUT]“LALL@QENN

F="="1t nidney
T

""-.\_‘-'A"\_/"A\;—-—-"’\ -\_/""

an
[

Parfusion 0-30% Prriu:.l.nll

F="="1{L1 xianey-sx5)

Uptake Interval Function

RT_Eidney

21S 1SSV INYIASSIB

tszlamilunisfianingnismeaiuseslandenig

Sneldimae
Renovascular hypertension

Renovascular hypertension (RVH) AalsaANaL
Talin 9inantanlspuaanidenaaslnauiiy

NWABAY hypertension WenFasay 0.5-3 189K1l0g

QuantEM Genie

Waight:{kgj: B5.
Radispharmaceutical: TeMAGD
Injected doseimCij 3.1
Diuretic: Yes

Diuretis dese (mg): 20.
Diuretis time (min): 15

BSA (m*2): 2.01

rtiy MAG-CL (mbmin) 272 .44
Expect MAG-CL (ml'min) 282 65
Equiv QIH-CL {mi'min) 481.T8
Expect 0IH-CL (ml'min) 480.T8

Hidney

Hidney Area (em*2jc
Hidney dapth (cm):
Perfindex ;
Perfusion LiR
Uptake’ (Int):
MAG-CL:

Tim& to 1/2 paax:
Time to peak:
Peak to 12 peak:
Iomin‘peak ratie:
HWminImin ratie:
Diuretic T1/2:

— (BT Kidney-8ki)]

¥ v
51U 158 n19m3a Te 99m MAG3 Tunistsziiunisinaueslausazdne wudnlpaandfiunnaeanaestiaandd

UnGd (@nnadBuinudeninfaziaonug swindunaaniaaaled, " unsameng) uagn1gaal 190 w3

flaanddnd lnRauiaanndndnd naan renogram WLANANNTUURS secretory phase 289 tRuqNtiaendnUnf

b A99tmEaaulild wasliAn MAG3S clearance 77.17 8a 1% Iaain1svnenufesay 28.32 u aednlm

\{lu chronic renal failure lafnaflsunnuaenuazn1agady 190 359" UnGE naaw renogram wudnUng way

AN MAG3 clearance 195.27 Na./u1? Iaeiin19vnanudasas 71.68 wuqn ladiavinanudna
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o a > 10,11 an o o o oA Vo A
ANAUTATA  I7UNA N13IRAfENANN ALY WAL renal artery hypoplasia NI UNWANTA
= o ¥ v A o A o v KR .
HA4RIN 18I0 B AQENTULNLNADANADALADA tlaqenynl¥ARDY renovascular hypertension 114
LRI Renovascular Hypertension naugnasanuiulaiin gldun
ay v |d| Y =l 1 e
Hlevane e winwuldvess Heg 2 1w Uszam
AR 5 1. gileanydanndn 20 U uazuinngn 60 T uay
dl al' v Y v 1 1= aa o
nundunwulsdasliun renal artery aneurysm,  lilszdRnsaunia
thrombosis, embolic disease, arteritis, renal artery injury 2. Diastolic blood pressure m\‘md’] 95 mm Hgiu

Gates GFR

Age:TE. Years

Height:{em): 157.1
Waeight:{kg): 59.8
Radiopharmaceutical: TeDTPA
Injected dose:(mCi): 3.3

BSA (m*2): 1.8

GFR ml'min: 53.69

HKidney Area (em*2):
Kidney depth (em)
Perfindex (Hil):
Perfusion (Int):
Uptake' (Int):

GFR:

L1
F‘pr‘Fu'.t(nn Time to 12 pelk:
Time to peak:
Peak to 12 peak:
Jomin/peak ratio:
JOominZmin rate;

Parfusion 0-J0s

[F="="(LT idney-BKE) (AT Hidney-BKE)
ihiiT

min
Function

Uptake Interval

g1l 16 M9 Te 99m DTPA lunnlazifiunisvisusesiausiazdng wudn lav esdfiliunoudenuaznisga
Fu 190 w5 eandnng wadlava esdnadlaunadn nem renogram WLINAMNNTULBY second phase
gedlavs adnedeaniiung u avinlavhodlliuagladierauuedninlazen uazA1 GFR uaz nns
vemedladneuarineanfenas 22,17, 31.42 ua 0T 41.48, 58.52 AuandLL e e avdagluniny

chronic renal failure
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ANS9N 5 L1R84 renovascular hypertension

AINTN ael

LR o P ’ lﬁ’]LL‘WIJQ ﬂ’]’iWiI’minﬁ‘iﬂ
: (seuaz) (1)
Atherosclerosis 65 > 50 Proximal 2 cm Progression in one-half of cases, often to total occlusion
Intimal FMD 1-2 5-25 Middle main renal artery Progression in most cases; dissection or
or branches thrombosis common
Medial FMD 30 25-30 Distal main renal artery Progression in one-third of cases; dissection or
or branches thrombosis rare
Periarterial FMD 1-2 15-30 Middle to distal main renal Progression in most cases; dissection or
artery or branches thrombosis common

FMD = fibromuscular dysplasia

Gates GFR

Age:T]. Years

Height:{cm): 174.

Waeight:{kg)

Radispharm utical: TeDTPA
Injected dose:(mci): 3.9

BS5A (m*~Z): 1.89

Lt Kidney GFR mi‘'min: §3.49

Kidney

% "f'\\/\\ - - i
" o, TR ‘\‘\ Kidney Area (em*2):
- ot \
" v_\n-":_’ - - _:—"" 3 Kidney depth jcm):
e Parfindax (Hil):

Parfusien (Int):
= —— e — S— Uptake (int):
an GFR:

Ferfusion 0-00s l'rrlu:.li.:-an Time t peak:
Tima to k:
Paak 1o 1/2 peak:
I0min‘peak ratio
IOmindmin ratio;

Uptake Interval Function

517 17 N17M394 Te-99m DTPA lunnsilsuifiunisvinauaeslausazdng wudwim%wﬁﬂ?mmﬁ@mLglimm@@mffﬂvu 13
w15 deandlnd laaondtBuiandenuaznisgadu 190 a5 Aeudelng wazleavis asinelaunn
WANILUNA NTN renogram WUINAINNTULRY secretory phase 289 bpdnetiaandnUnfinan  aulnuqnties
ndndantes b s ladrenieulifvazlnanniauanaddnties A1 GFR waznisvinenuaealndne
wazlpaanFasay 19.35, 44.14 ua. /U1 30.48, 68.52 AMNAIAL
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yirawiniu 3 Tin

3. Accelerated hypertension

1.
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N19M52519N"8

Abdominal bruit

2. Angiospastic retinography, hemorrhage Y98 exu-

4. Sudden loss of previous hypertension control date

= o a ' o o A '
5. HAousulatin sdondulnmauldanls

NIU 1R

6. tavnauldanieuaslasuen captopril

Parfusion 0-30s

— — — (LT Kidney-BKG)

Uptake Interval

3. NABALAEA carotid, coronary AL

Pathophysiology 984 renovascular hypertension

c

a8
sec

Perfusion

{RT Kidney-BKG)

Function

Tun19AU renal artery wALLIzNNUEREIAY 60-

QuantEM Genie
Age:TB.A4 Years

Height:(cm): 155.5

Weight:(kg): 61.9
Radiopharmaceutical: TcMAG3
Injected dosa:(mCi): 3.1
Diuretic: Yes

Diuretic dose [mg): 80.

Diuretic time (min): 15.

BSA (m*2):1.61

MAG-CL (ml/min) 47.12

Expect MAG-CL (mlimin) 166.06
Equiv OIH-CL (ml 79.88
Expect 0IH-CL (ml‘min) 281.46

Kidney

Kidney Area {em*2):
Kidney depth {cm):
Perfindex (Hil):
Perfusion®: {Int):
Uptake® (Int):
MAG-CL:

Time to 1/2 peak:
Time to peak:
Peak to 1/2 peak:
J0min/peak ratio:
J0min3min ratio:
Diuretic T1/2:

¥ v v
5UN 18 N19m394 Te-99m MAG3 wudnlewis asdedidenndetiasnn “aunaanANm 12909 blood flow tiag

NINUABAIABALAY aorta BHNTALAW NNIRAAL 1910 15 wes TR asdnetiesndnnfuazduwiman neaw

renogram BHNWU secretory phase b A991IARe aad1annaulid TaadA1 MAG3 clearance tndnsaslnaan

25.81, 21.31 NA. /U7 b ANDNNI9E chronic renal failure

sAwey. _tum e Ing
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70 wasdaanialunannidenuns renal aznnliuss
el preglomerular (afferent) arteriole aAA Ana
¥13An GFR anaauazinlifanIsnAldenun e
o $remefinismen wedlaafinnsnszfuntomds re-
nin AMN juxtaglomerular apparatus WAL renin ‘ﬁgﬂ
M@Lﬂ'ﬂ'ﬂﬂmﬂﬁu@mﬁaﬂu angiotensin Tl angiotensin
| %w:gm@uvlfnﬂ angiotensin converting enzyme (ACE)

1 1 £
WAy angiotensin |l lem angiotensin |l ux

sU% 19 NaNIIFLLDINABARDALAY renal HANITNTD
2891m AW A AzUnR AN B Lilavaaniaen
=] o vl aI/ . o Y a %
renal AU N IFIRNNTUAQ renin N IAAANNT §9
angiotensin I MR postglomerular (efferent)
arterioles N19N784 (GFR) Un& A C e
= = L Yas
uaaALaan afferent renal AL wazgiloelfFuen
angiotensin converting enzyme inhibitor (ACEI)
M laanann efferent renal TUAL LHia9a1n
= v . . 1 =
laifinng F1q angiotensin Il A1 GFR A9aAa3

50
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AT NUALT W systemic vasoconstrictor wa ey b
2 = [ a dl o . . o £ %
Jlnedaausulana sszauls angiotensin Il axvinli
postglomerular A2 (efferent) arterioles tN@FNX
AuAuTatinlu glomerular ¥R GFR 1n& Aagdl
4
7N 19
RANNITAIIA captopril renal scan
Eﬂl&ﬂ@}l Angiotensin converting enzyme inhibi-
tors (ACE inhibitors) ®1%iLaw captopril LR enalapril
Lo 2 6 ¥ . . . | .
%ﬂﬂﬂqmmumim’m angiotensin | tasiuLili angio-
tensin Il A9tuglneNA compensated renal artery stenosis
d . C X s . . .
Wasuisenugnguiudnarlid mnninEnszay
GFR Wlasallawnldlinnsnsesize lavinauanas
(éﬁgﬂﬁ NN C) N19MTIA captopril renal scan A
NHITOL ANANIEUARALADALAY renal BIL AUNNA
1 A o al
santsuaaenledlninaarenfanisFauiiey
ANBEU renography NBULAZUAYLHEN captopril Tagl
Tugfilogs renal artery stenosis Hlavinanulainuaslsien
captopril ANHULNATNLANNNITATIRNUIUAL sever-
ity LAz duration LAINITLAANLNE NN
nsipsandianaunsa
1. 9peuTatinaties 4 dolnanaumnsaariialed
NILINIZBINNTINTIINNNTHATHEN captopril
2. ganuNaulaiin WfeAnauRA
- Diuretics :AM99AEN 48 F2lNINOUATIA
- Calcium antagonists*LL@:ﬂﬁﬂQﬁuﬁuT@ﬁm

o

LIAIBU ANTAZaREN 1 AUNEUATIS

*Afferent arteriolar tone @ZQﬂﬁQU@NTmﬂ
BunnaeuAaEaaidn | smooth muscle cells LAz
a1aazgneuglalng calcium channel blockers (nifedipine

. [ :j/ N dl Yo .

LAY verapamil) muuslw;_jﬂqw”l,mu calcium antago-
nists a1aazlinanisnsaiunaulnadls tasay
WUINNANHULLRNIZUD bilateral symmetric decreased

renal function

- ¥elMeIN short acting ACE inhibitors aeN9Tiag
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48-72 %‘lﬁmﬁ@umqq WAL long acting ACE inhibitors
aggtas 7 U

3. gilaumqsagluniae well hydration el
LLufzﬁﬂﬁéﬂfmﬁ:m’% 500-1,000 ®4. (10 mli/kg) 1139
a1al# IV fluid NarmTa

wAdAluNITATIR

Fannsamaiiduiidenyiiulutaqiulduinig
pIalLl 2 Julneazmsna captopril renal scan Nau
Taalidiloafuilezniuen captopril Au1m 25-50
fadnsuneunsaa unulmlszann 1 daluedua
captopril renal scan UnAdedinismsaiulinany
LLaxéﬂQﬂiﬁiﬁﬁLﬂuﬁmﬁ’l baseline renal scan @A
Fuafildainnismsaa captopril renal scan RALnG
A¥394 baseline renal scan lususenn etuan 1§
WU LR ULAZEANUIN baseline renal scan ﬁu
UnRaziadinismsaatulinauaniaguasonild
ANNNNTATIATUALLNANTINNE renovascular hyperten-
sion ﬁﬁ hemodynamically significant renal artery steno-
sis I A9IIUABAARALAY renal AUNINNINFREAL 60
-75

FNHOETINLANNNNIATIA TN ANAN9E renovas-
cular hypertension

« Split renal function aRae lAdeRiiaUNG
NIUARNAININNGN58AT 5 9iFBA1 Split renal func-
tion AARANAI L captopril (ANUNRNA"SaLAY 45-55)

e 190w Eelulauundln@lunnas il
renal artery stenosis D9KE31 GFR ARAY %138 Tc-99m
DTPA 2 HNUALAI WANWLAIN effective renal plasma flow
Tiwaeuulas aeinedlide @oyiilesann wbular cells
fapsnanunay M lledeas w1sn ¢ W tubular
agents 87K Tc-99m MAG3 16 wanaeenglsfimniu
leganniinng $etl  1netfesasinld asn Taie”
gnduaanann renal cortex Hasasuazmsdnenglu

renal cortex (retained cortical activity in renal parenchyma)

@ { a 7
JANY.  UUM FeING
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= o v .
ERURNSEY, prolonged parenchymal transit 2484 renal tu-
bular tracers La¥iA 20-minute retention / peak ratio
unNnIFazay 30
. .. a 5 ' =]
e U time to peak activity ANAUNINNII 5 UIN
o o Lo = o .

UAIAN 194 captopril WewFauneuny baseline renal
scan Wa9 time to peak activity ~UAY

N1769942 Tc-99m MAG3 flﬂ'\‘iLL‘]_i\‘]Lﬂu';TZEIZIiﬂ
9317 20

nsuilanan1smsaa

Low probability (giiFin19nd < Fasaz 10)

\HemT99 post captopril renal scan 1Unf 3anns
m994 baseline renal scan RAUNFLAIATUANNN1TATIA

post captopril renal scan (grading renogram U84 post

. ¥ 1 .
captopril 142N baseline)

[+
£

Counis

e

] S 15 20

Time (minutes)

517 20 grade 284 renogram luftlaeNviaanidenuag

renaﬂ0 Ay

Grade 0 = N9 renogram Unf

Grade 1 = n379 renogram HANRRLNREN LY TAN Tmax N1A
n91 5 UNTALATAN 20-minute/peakratio NANNG 0.3
ol 150 “a5e” Te-99m MAG3 uaz 131 OIH

Grade 2 = n379 renogram NANTmax N1ANG1 11 UNAUATNL ex-
cretory phase (N340 196n "o~ eanannlnls)

Grade 3 = N3 renogram NANHUY continue to rise lae/laidy

1710 “159 " ananls

Grade 4 = N9 renogram Fpaudureq parenchymal phase @/
A i A lavinauanas uasany 19w 15T lwln

Grade 5 = n3 W renogram luiflAanuduaas parenchymal phase
warlidd 29 o5 ln b pednlmneanutieanan
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aa

Intermediate probability (9115in130d < Fatiay
50-75)

\flamsa baseline renal scan AnUnAELl
Lﬂ?‘iﬂuuﬂmmnmmm@ post captopril renal scan

High probability (g1ifin1snd > Fasaz 90)

Lﬁ'@mqq post captopril renal scan AN Tmax way
30 min/3min ratio RALUNANINNGN baseline renal scan
(grading renogram @4 post captopril N1NN31 baseline)

ANLUNRAWAYAT 30 minute/peak activity NAN
HaandnFesay 30 10 A1 Tmax HWaendn 5 wh Tu
captopril renal scan sinazAtiasekeNIsANADALADALAS
renal Aueenllduazlidaanusfufiavderin
baseline renal scan 8n

TusnaANLFIAY 30 minute/peak activity g
AINNITATIA captopril renal scan ‘ﬁuﬁﬂ'ﬁ Jndnfasaz
30 %178 AN Tmax N1AN91 5 WA anflusiesmnsa
baseline renal scan WNIAN NsiRELTEUsEINS
captopril iU baseline renal scan LAIWLINAN 30 minute/
peak activity FuTuatinaties¥etas 15 azaung
INNABARBAWAY renal AU VFRNAN Tmax B1911Y
Fuanndn baseline renal scan

TugftlaeuneseananudHAnNHUE rising baseline

- . 5 4
renogram ey ldAsuwlasasannlsd captopril @
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aanu i lugiloanil severe stenosis (WNNdnFatiay
95) Tmiuéﬂwmdﬂwudﬂ renin-angiotensin compen-
sation Wuldiieawafaz maintain renal perfusion
wananudaataazwulelugtlaeiniiu acute tubular
necrosis, drug toxicity, interstitial 1178 glomerular neph-
ropathies, complete obstruction LA renal vein thrombo-
sis AARANNNANNZ NN RARLNADALABA LAY

- o o o N . X A
renal AU UFLANBEUEARIIANLLITUNAS LAY A
o A a % 1 ?:/
TinAadANlszunuFesas 50-75 Winiu

n3ANENe89 Setaro JF - ugftlne 94 91a 7 ¢
311l renovascular hypertension AQ3N AW lunng
Atadufilog NaaAABALAY renal BIU HIENNIATIA
captopril renal scan FaM13797 6

. oy A

AINANFNNLIINNGATIA renal scan Hilaedle
MMauldadAIANlILaZAY NPV fasad waswy
. , v e
AMNITATIA captopril renal scan Q‘]JQF;I‘V]?‘]_ITJ%‘VWLA
g naulaia sluasana n aunsnlunig
Atiadulsm renovascular hypertension tasiAN®E1lae
90 318 AIAIN 7

AN LTNFaanFulsznauen ACEl Hua
M lFAaularednnsmeaa captopril renal scan aAAd
Tnapguangldilasuutlas filoanfuilseniu

g19ut]  1mlifuasanin Annealunisatade

A5 6 AN e lunisitiadrgilas renovascular hypertension A2£IN197994 captopril renal scan

nangilienil renal

nandtlaelaid renal

gJTﬂ’)EI artery stenosis artery stenosis
+ - + - ANl AINANWIE PPV NPV
(fa8aL) (Sasaz) (fa8ay) (5RAz)
PAUNA 40 4 3 47 91 94 93 92
Tananuladn* 20 3 1 14 87 93 95 82

*fi serum creatinine 21.5 mg/d| ﬁéﬂfm 38 8l

+ = NN9/99] captopril renal scan Weauan - = n1Imsaa captopril renal scan THuaay

PPV = Position predictive value
NPV = Negative predictive value
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M990 7 AN N30 Tun19Itaselsn renovascular hypertension #9EMN3M99a captopril renal scanlugtlaaniutlsznuen

ANsUlATA 3
nqugtlena nqugtladlais
e renal artery stenosis renal artery stenosis
+ - + - ANl AINATWIE PPV NPV
(4R88z)  (SRmAz)  (9088z) (FREAL)

1§81 ACEI 7 3 1 15 70 94 88 83
ail&en ACEI 31 1 2 30 97 94 9% 97
Tpendutl 10z 26 4 1 24 87 9% % 86

A19190 8 N137M99A captopril renal scan Tun1anennsninismeanAuAulalin snanIsiNEAIENIs I LNARALESA

NANNSASFIA captopril renal scan meanANNAUlaRa 3 ldmeananuaulain_
AAL 1Agsa captopril 15 3
lsinay wease captopril 3 13

renal artery stenosis

ANTANBINITAIIR captopril renal scan Tung
wenIRinIIuIEaInANAUlalin afa8n19ine
Frannsrenevasaden FannseR 8

mﬂmmqwudﬁi{ﬂmﬁm@u UANFANITATIA
captopril renal scan (I#nauqn) Alan1 uneaNnAau
Auladis aN1auasfnEIAan1s1L1LuanALae n
Saray 83.33 _sndnfiaeilinen wessanisnmma
captopril renal scan $ae1az 18.75 asinailtle ATYNI9

05 (p>0.0004).

Prognostic Value 2424 captopril renal scan :

N19MTIA captopril renal scan sz Tlemsllunng
Aaduuaznansaiingiliavasnaanuas renal fi
el 1ungnldnanlunisfnesaenisraneL
NARALADA Tmﬂ‘ﬁlmﬁ‘mq@\ captopril renal scan Siln
UINL ANINNNTFNEN revascularization MABALARA A

AW1nanANAulaRalE N1 ldwuan renal func-

sAwey. _tum e Ing

tion 1/agmiulas ndaann’ls captopril ‘Lué’ﬂmﬁwmu
vasAdeaun renal AUl aiLvlddndaeme
tiuarliiney uassianisvin angioplasty ¥38n"7
HFIATENENARALADA

NALINAINUBINITATIA captopril renal scan WU
1muﬂﬁqxﬁ®1ﬂﬁ dehydration, radiotracer extravasation
Tavnauladd nnamutl
i1 Anzdidl

TAaVRFNUZMTIA

1928ARU TUNTTINIE

J A ¥ IS o
1IEATUIUNIN m@gﬂqmummmu

NAALANURINITATIA captopril renal scan WU
TalugilaafnlfiFuan ACE inhibitors atingsiaiiies
¥ dld v A = 9&’/ b3
e NHL “Wuuaanaanlag renal AUTY 89919

. =

n13mM39a captopril renal scan Nugzlgmiilunng
Aadeilasanusulain 9annL “unsanianauns

= o o Ao
renal BuuarlunisnIaAnnsasilassalanine
[% ac . . o L [% =
An8AD revascularization u1snFNEgilaeluan

\{le9anNnnI9m 399 captopril renal scan HAANIILAY
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AINANNIE I8N TUN193HA88N19T renovascular
. =® o £ dll E
hypertension Aduuziinlimsaaineny 1winlugilae
da | am . 4 e
Nz RLazN1INIIRIenNIeN 1 “wdnazidurenovas-
cular hypertension WaZHNNNTRNTIA captopril renal scan
WWnauanasazmIna angiography tauIANNEALNR
a 1 ] a v o [ v all
nunedniasell wensnsaidaandalugilean
Tan1auldd nnsmeaaaz g laduduen

Renal collecting system obstruction

ﬂﬁ%m?@qmg’um’]\‘uﬁuﬂ 1929 19 ANl
AdENaEeRs lunsaifidesnnsuendndnEe diatation
U89 collecting system (hydronephrosis LA hydro-
ureteronephrosis) vhuRAa Nl obstruction i "audns
299718 1#=397 (mechanical obstruction) ¥ad1ARAIN
dilated non-obstruction
LUB AR hydronephrosis WA hydroureterone-
phrosis 16un
e Mechanical obstruction

e Previous obstruction

21S 1SSV INYIASSIB

e Vesicoureteral reflux

e Recent urinary tract infection

e Congenital malformations

e Noncompliance bladder
Taeazmgna wnulngaudunsldfendut]  1ne
wdoguanismal wesaadlalunisdy 1sun “o5”
Tns3ann19meaiian diuretic (furosemide) renal scan
IneaANaNN1991 & furosemide ELENNIHANAL
Thanuazaaalsd Anannlddudanisgauindun
proximal convoluted tubule ¥ 19N U3ugut] N9y
WNNTUAN 1960 159~ Anals dilated, non-obstructed
collecting system fuilupaLlilaannann reservoir effect
TTnaaannlef diuretic wWAATWUINH urine flow rate
WINNINAUAUNTZIG TNNTOLBVTUEANNEUTN uretero-

. . . o vl |
pelvic junction uasyn il wash out U89 1910 “WF

% al o
aanldlfarnnInnisnsianasiansole renogram
N o o = o

curve NHUFHAL 190 159 lulnanasiFandnlnng
ey wedseu dusl 19y walunsiiNniaAy

il nqzganu wasannTiendull  tazudaasldwu

] s
L] L]
(] i
] 1
- - ' | |
(] ' i
g | a Diuretic a !
: =1 i - i
' r
L] (]
] L]
i I
[] T 1 L ] ] 1 ] 1 1 Ll
Time Time Time
= b - v
p '
L] ]
g : g |
& : 3 '
L] ]
1 Diuretic | Diufetic
H '
' i
T T T T Y T 1
Time Tieme

I= nagdnd Il = Aaeniamtl

1¢aARLU llla= Non-obstructive dilatation

Illb = partial obstruction IV =delayed decompensation

£al)
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318 wash out 184 1940 “T59"88NATN collecting sys-
tem adungansznngt]  NerasnedalauuaT ANl
dl o o a 1 !

renogram curve 71 190 159" Wlnldanas w Aedn
. L. e | -
Tidmay wasdasduil 1oy Avgln 21 uselm

N d‘ 1 o U 1 o (3 d‘
V]’N’]‘L:LV]VLQ\I@V]’WIMIF]@‘LI yaspaeduil ’WQZVLQ\IW]EJ‘W

14

RT Kidney

e

Pertusion 0-30s

'

Fal

20

nin

ptake Interval Function

SeC
Perfusion
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INAGATUNISHSID

¥inlnean furosemide 11NA 05-1 FaANIUFALN
winga 1 Alaniuaesdiaevie 40 Faaninlullvg
N navae AR AR RIANLITZINN 15 WNTIndIann

= o o N v : pry pry
B[O NTEN TIN BAIDTNENINADLUBILNBANIT

QuantEM Genie
Ages. Years
Height:{em): 121.5
Weightkg): 23.7
Pediatric state: Yes
Radiepharmaceutical: TcMAG3
Injected dose:(mCi): 1.6
Diuretic: Yes
Diuretic dose (mg): 12.
Diuretic time (min): 15.
SEA imA%- ©

Rorticj MAG-CL (mi/min) 160.13

] Expect MAG-CL (ml/min) 157.32

Equiv OIH-CL {ml/min) 271.4
Expect 0IH-CL (mi'min) 266.64

Kidney Area {cm*2):
Kidney depth (cm):
Perfindex (Hil):
Perfusion® (intj:
Uptake® (Int):
Uptake® (Slo):
MAG-CL:

Time to 1/Z peak:
Time to peak:

Peak to 1/2 peak:
30min‘peak ratio:
J0minJdmin ratio;
Diuretic T1/2:

] 1 v
5U% 22 n9m9a diuretic renal scan Taeld 1910 25T Te99m MAG3 wudnsunasaeainanslaaantieandnle

> s > = o o o = = = o
drendntae (lade=gnasndan laaan= gnastuny) wazlaaangadu 190 15" anaudaFaumeaunyle

de (Iodre=vognasdian lnaan= Wagneasauy uaznululays asdned an "5 ey Tdwudn s

o5 T lulare eedineanadndaaanen furosemide WAL renogram curve b M99 1960 TS banad i

IAAUANEOLY continue to rise AN MAG3 clearance Wadnel 91.36 HA /W17 A1 68.76 NA/NTNWATAT T1/2

11NN 20 W andayauw aedn nredul  azelens esdgaiuuariinivinauanaslaglaean

N9uneind lagne

sAwey. _tum e Ing
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wasuulasaaanisdu 190 w5 eanann dilated  iaanvaaul 19zune quganuviTatinain

collecting system 1§47 Julaanlavineuunnsasinliney uessae Lasix

—

AN9MBU WANAREN furosemide HnwWul 2-3 15

WUINUAIRALUATADL WaaANANTelW 16 Wl _
Uoveniwasionisnou uavsios furosemide

rinliinisnau uavros furosemide anav

nswlananisnga naadern T1/2 Adnftdasngn
10 mﬁ Iu@:ﬂfm renal obstruction flﬁ"] T1/2 {INNIN

A oy A | , p~ % o S o g v
20 N Q‘ﬂ'}‘iﬂnmﬂﬂ T1/2 BEYTTUIN 15-20 4N DA - NMIZAIAUN Qﬂ')ﬁl"u’muﬁmﬂﬁ;ﬂﬂfmmﬂu

Wolghtilig]; 61.7

Radiopharmaceutical: TeDTPA
Injected dose:(mCi): 3.5
BSA (m*2): 1.61

RT_Kidney fortic] GFR mU/min: 89.41
1 Scaled GFR mi/min: 95.98
Mean normal GFR for age: 109
Lower limit of GFR for age: B4,

Kidney Area jcm*2):
Kidney depth (cm):
Pertindex (Hil):
Perfusion’ (Int):
Uptake™ (Int):

GFR:

Perfusion 0-20s Time to 1/Z peak:
Time to peak:
Peak to 1/2 peak:
J0min/peak ratio:
J0minJImin ratio:

0

nin

Uptake Interval Function

51 23 n3mI9a diuretic renal scan el 1910 “159™ Te-99m DTPA wudnBannndesiianiaeslndratieandnlaza
ntdee (ladna=gnanden Taan= gnassan) uazlpdnanedy 19 a5 anas Wefoufauiulnan
(lndre=vagnas@ian lnuan= wagnasany uaznuledied 190 259" Ageg NendILEnng furosemide
Tadnuanlulnded 190 59" anad (Tmax 29.75 119) renogram curve b A431 1960 “059” ldanaa continue
to rise HU1AAL 1900 "5 UNGE wazdu 1310 w5 aanannla (Tmax 2.75 W) WAL renogram curve 1IN
A1 GFR latne 28.86 wa Wt w990 60.54 w8 /And andagau Aedn madutl  azsedladiagaiu uaz
Meanaannan e aulsaaldwudmiasull  19zeadis uazAn GFR Unfin aednlauanvinanulng
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1UANADEN furosemide AAAN

- 1B11m3984 collecting system lATAELNA co-
lecting system luirgunn UFannudl gl
wnwe HuU3uNmsues collecting system 90l LuR
i1 1azdusanuwdamIumu mmﬂﬂ@mﬁ”u

v d‘ o I o 4 !
- gilaelavinaulald vinldneu wevsiann

Lt Kidney RT Kidney

Perfusion 0-30s

21
[F == (LT Kidney-BKE)
B0 —— ——
608
500

]
5

|

L] 20

min

Uptake Interval Function
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dutl  aletdasndndnd wazdutl

£ 1 a
Tndasndning

128NN

-UFuneutl azlunszinnzil aay

3unuil  1aziuanyildaonsulungzinng

1 Az emlifsanud  eslulaluassunlu

ngznztl  nelgdas

QuantEM Genie

Age:s. Years

Height:(cm): 148.4

Weight:(kg). 43.5
Radiopharmaceutical: TcMAG3
Injected dose:(mCi): 3.9
Diuretic: Yes

Diuretic dose (mg): 20.
Diuretic time (min): 15,

BSA (m*2): 1.94

MAG-CL (mi/min) 183.62
Expect MAG-CL (mi/min) 235.42
Equiv OIH-CL (ml'min) 311.24
Expect 0IH-CL (ml/min) 299.02

Area (cm*2Z):
Kidney depth (cm):
Perfindex (Hil):
Perfusion® (Int):
Uptake® (Int):
MAG-CL:

Time to 1/2 peak:
Time to peak:
Peak to 1/2 peak:
JOmin/peak ratio:
Jomin/min ratio:
Diuretic T1/2:

(RT_Kidney-BKG)]

5U% 24 n19m3aa Te99m MAG3 innnudaannuldle 2 dreusifsuadesndidnfidnties An19gedy 19w "

o = ?;/ & 1 s o o dd‘ o 1 Zj/ & Y o 1 | o 1
N VN2 6]]’1\'1111 EN I N I P S A | PN Vl[?]’?LlMuQﬂ@’NVLWVN ANTNANAN ”mewuimsmmum@mﬂummuq

pelvocalyceal system NRLLNATH AMNN1TATIAIUTLLLTUAANLIINIT ¢ N 1960 “059” T pelvocalyceal system

2891m99 239919 N3 renogram 1 A9 Trdneneutiesndnlneqn iesainiA1ngis second phase R8N

FULAENAUAY MAG3 clearance WATNEILATYI1 74.54, 109.09 AN Tmax bAEIE 16.56 WM A3 16.06 19

g19n3UnA wazAn T172 tedne 11.75 w1 1eeqn 26.14 129 anuani1sngaa A9 lane aed1ailning

. % i v v 1 ] % 1 v 1
hydronephrosis ladinavinauladaandnlaanusinisgasuung autdaandnlaenn

sAwey. _tum e Ing
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ANENNN19MIA diuretic renal scan Q’ﬂ’]ﬂ out-
flow tract obstruction

ANHULNITATIANLIANN diuretic renal scan i’fu
%'%uﬁua“ﬂwmzmi@qmﬁud%ﬂu acute 178 chronic
LAY partial 1178 complete obstruction

1w complete obstruction 8K URAZNIN LA

renal parenchyma atrophies mlaunnlaanas Tu

3 secArame
1

¥ oW ®
"R ERE

aze

14

u 2hD

e

Perfusion 0-30s e

F——_xianey-nks)|

aze

20
Uptake Interval min

w

Perfusion

Function
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chronic partial obstruction AXWLAN®IUY thinning UBY
parenchyma Tmﬂﬁmmgum‘wm parenchymal thinning
HuArul9fum ey degree LAY duration obstruction

I
NNATL
Renal transplant evaluation

AnzunsndauvdanismUasulpR AN WS

QuantEM Genie

Age:ld. Years

Height:(em): 147.

Weight:(kg): 38.3
Radiopharmaceutical: TcMAG3
Injected dose:(mCi): 2.8
Kidney state: Transplant

BSA (m*2): 1.26

B
L.

1%

MAG-CL (ml/min) 61.14

Kidney Transpian
Kidney Area (cm*2): 4841
Kidney depth {cm): 4.
Perfindex (Hil): 3BT
MAG-CL: 61.14

Time to 1/Z peak:
Time to peak:

Peak to 1/2 peak:
J0min/peak ratio:
J0minJmin ratio:
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35N1SMNSID CTA Head and Neck madginAalA
Dual Energy Subtraction CTA (DENSA)

AN RSME  5ISHARARUS WU, (38T wRlie)
ANISIM FagweA m.u. (58~ wAlin)
Juashu waaliling w.u. (s wAiin)

tiiuda

Dual ENergy Subtraction CTA ( DENSA ) Humaiafilflumsasionasaideauas wealu s
fapzuazdine Tasmsldmmdsandisety esmlumsmiuanuuand1eaves contrast mam'i‘ymﬁaﬁagﬁﬂﬁ'u
Tasimwizedianaoaidoauasiieganiunszgnuinagiung Tnanfsuz dufu DENsA Sedeiflu
nszUIUMIaTfIfaNN san 3957 Yaeass uasiinnugndes windlumsasiasaideauns wes

aza1ne

Abstract

Dual Energy Subtraction CTA (DENSA) for Head and Neck
Sastrawut Thammakitiphan, Supawan Jiwapong, Wimonrat Lornimitdee
Department of Radiology, Faculty of Medicine Siriraj Hospital, Mahidol University, Bangkok 10170

This technique aimed at developing method for easy image reconstruction in 3D visualization of
cerebral vascular from Computerized tomographic angiography (CT angiography or CTA), the modality of choice
for visualized of vascular anatomy and the adjacent bony structures close to the skull base. It is faster, less-
invasive, less complications, more accurately and it’s not as expensive. Additionally, three-dimensional reformat-
ting allows for excellent appreciation of anatomic relationships between bones, soft tissues, and the vascular

system.
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Dual ENergy Subtraction Angiography
(DENSA)
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AMNUANIINHLABTENGT IHYINTUAY Scan coverage,
FOV, Start & end location, Slice thickness, Slice spacing
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N a9talileinung subtraction Tagindayaninwgn
CTA subtraction Aaeid@3aTa Pre contrast ¥ ‘a1
2189N9zgNazYn subtract aanlUvn1A unsauen

UADALADALANAANANNNIZANLAZAINUAALTHNT

o A v QI dy
INNZANNKITIaaALAe A IFANINE YT
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AARY (Ischemic stroke, Cerebral infarction)
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NANLLAN (Hemorrhagic stroke, Cerebral hemorrhage)
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J‘M%La@m@@ﬂulﬁ@ U@ (Subarachnoid hemor-
rhage : SAH)

maziaenaanlulngs ues (Intraventicular hem-
orrhage : IVH)

Az waen 1ealitaned (Aneurysm)

AL TUADA NAIAL (Stenosis)

inAGANTSTun1snsoao

AAVINLUNAUNY LandLTEAaNNILARSUADA
LARALAY HNAd (Brain CTA) Ilasldumnausatl
o 1w o = 9 -
1. davirdiloauaunens FuAssedunueTas
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AT HLULN IR AT
2. Aanls OM Line slaanniuLReN
3. ¥INNN9 WNWATW scout FIaLE C2 AQHNDIN ver-
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4. wnuneawam 13NU5a” (pre contrast scanning)

AREINNININUAAINIINHIRBSTRIN1T wnulilu 140

A15199 1

Position

Anatomical Reference
Scout

Scan Type

Scan Direction

DFOV

Scan Coverage

IV Contrast Volume / Rate
Saline flush Volume / Rate

Supine, Head first
oM

LAT, AP

Helical Mode
Inferior to Superior

25 c¢cm decrease appropriately

C2 to Vertex
60 mL 4-5 mL/sec
30 mL 4-5 mL/sec

Scan parameter Pre contrast CTA
Tube Voltage (kVp) 140 80
Tube Load (mA) 300 600
Rot ation time (sec) 0.8 0.8
Pitch / Speed (mm/rotation) 0.969:1, 19.37 0.969:1, 19.37
Detector Configuration (mm) 0.625 mm x 32 = 20
Recon Type Body Thickness/
Slice Thickness/ Spacing recon part Spacing (mm) algorithm
Algorithm 1 CTA carotid/brain 0.625/0.625 soft
2 CTA carotid/brain 5/5 standard
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A157199 2

Position

Anatomical Reference
Scout

Respiratory Phase

Scan Type

Scan Direction

DFOV

Scan Coverage

IV Contrast Volume / Rate
Saline flush Volume / Rate

Supine, Head first
oM

LAT, AP

Breath hold

Helical Mode
Inferior to Superior

25 c¢cm decrease appropriately

Arch of aorta to Vertex
70 mL 4-5 mL/sec
30 mL 4-5 mL/sec

Scan parameter Pre contrast CTA
Tube Voltage (kVp) 140 80
Tube Load (mA) 300 600
Rotation time (sec) 0.5 0.5
Pitch / Speed (mm/rotation) 1.375:1, b5 1.375:1, 55
Detector Configuration (mm) 0.625 mm x 64 = 40
Recon Type Body Thickness/
Slice Thickness/ Spacing recon part Spacing (mm) algorithm
Algorithm 1 CTA carotid/brain 0.625/0.625 soft
2 CTA carotid/brain 5/5 standard
kVp uaz 300 mA ialilddaadnegegniintiy contrast enhancement (CTA) au@aedayatm Pre con-
6. WNW pre mornitoring NENUMLNMABALAEA  trast Ben Aavlddayaningaludeanuidn 1 gaf

WANTZAL C2

6. LN Bolus triggering A&7 ROI NYUA Trig-

gering threshold 7100 HU

7. Scan CTA brain 32419192a 190159~ #ngl

WAtA 80 kVp Az 600 mA ledayagai o

inAdANRBTunnsnsoolensisdgnaumoInoSHaon
laonnAvVanno (Carotid CTA)

ApvingilaeigulmeinN19R994 Brain CTA W63

WNUELE Arch of Aorta XD Circle of willis (cow)

Bolus tracking PRI ascending aorta AULA Trig-

gering threshold 7100 HU

v v
NaIAINHULNTRYATY B9TANNENUNTTLAUNNT

. ¥ aal . o v A @
post processing AREIAa subtraction tMeindayaTANLTY

NHTDUINT F19NINL T WA A teN 8T

JofMuov DENSA

(=3 K o A A ¥ o
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a X oA A gy s 82 o = A oo
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= pry

2 = o dslj dll a di 1
I19\6’1‘1/] JtHamguUnUdalgaTuAald AIMNUUILUY

b

m@am:@ﬂﬁliﬁmnmi subtraction U&NAZARAY T4
119019l Anatomical correlation loiiluaeinam
NM9R9IARAN zaan aEs daeady gilaeldsy
AuALatae Anvadiatianiaatuazdnelunig

% .
72NN 3D reconstruction

0991MANISNSIDNJ835 DENSA

PANN928998 DENSA A@NN3 subtraction D4
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CTA (80kVp) Pre contrast (140kV) Subtracted image

gU% 2 nazuauNNINIg Subtraction deyaRnldainnis unu

al

sU% 3 dayaningaludainnis subtraction 18daya 2 1A 1 2 ATWAIIIN (80 KVp WAL 140 kVp)

51 4 uBaudsunin MIP vaesdentFngiunzinan nMndredunnild RAW DATA arwaadlunanitldiann

. . = — Y 4w
N"3 Subtraction TNINMIP AINN1T Subtraction 4% YN1TONBLAUNARALAEALAY LFRtN9TALaL
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51N 5 AW MIP 2a9vaeninenunl NesuazatAeandayaningaludfiinainnig subtraction

51U% 6 NN volume rendering waT HD MIP a89uaandanuwns NavaInteyadayaningaluiildainnis subtraction
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f03a 2 1n RrUUTRYATY BIYA FABINIUUANIIT
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Amas eulswn Scan coverage, FOV, Start & end loca-
tion, Slice thickness, Slice spacing WINAU A9az 119D
subtraction AWLANER LATAIUABLNENAINUADA
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ana P o o X A A, o o
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=2 o A o Ay v A ° '
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% = o a d%/ o 2 1
ANIENTEY 19NUF T azuanaw MY uavdon
anaanlunig §1909% 3D reconstruction benilu

aginann Insennzeaslspiizinns base of skull
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1. Sundar Kalyana R, Dual ENergy Subtraction Angiography
(DENSA) from VCT. Images Courtesy: Devi Scans Pvt, Ltd,
Trivandrum. GEHC, India.
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WwayIuIANUNISAIAYUSUUSNISASIDadAIaoALLIAY
MIYLASOVIONGISEADULINDS
(Computed tomographic angiography: CTA)

3o Aumswidizd, weu., ma( wdnw)
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I RGEGEES (Digital subtraction angiography) N196979
ANEILATANAAUL B9AIND 9 (Ultrasound doppler)

5 - . .
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AANNILAAT (Computed tomographic angiography) GiR
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In&Aeein wslsnIsmsIaLAazIiafNieden was
daaniALANFANIY

N1TATIANABALADALAIAIELATAILANTLTE
AANNILEAS (Computed tomographic angiography : CTA)
[~ ada 4‘ dl aa [ %
WIWABN19M9991IN 11130 HAdlIAIRIARA
A % 1 1 F 2 1 A
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NN (Cerebral artery) NARALARALAITEITIRG (Abdomi-
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Ag972
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Ail(Hepatic artery) NABALADA LAY bR (Renal artery)
LL@&M@@@L%@@%@QMW%W (Upper/lower extremitry)

|
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GRS (Digital subtraction angiography) Malnnenas
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WNANE AT W 199U5 T 1N 319018l (Contrast
induced nephropathy : CIN) Hldiieaus linseununig
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tomographic angiography: CTA)
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Patient Dose Measurement in Digital Mammography
at King Chulalongkorn Memorial Hospital

Kanlayanee Theerakul, B.Sc.(Radiation Technology)

Introduction

Breast cancer remains a leading cause of cancer
death among women in many parts of the world. In
Thailand, the estimated incidence rate of breast cancer
is 17.2 per 100,000 and the number of 12,000 new cases
per year expected in 2008'. Early detection of breast
cancer is the key to successful long-term control of the
disease and good prognosis. Mammography is the most
effective method to produce a high photographic sensi-
tivity image, based on x-ray attenuated through the im-
age receptor and absorbed as a latent image on the
recording devices. Most standard mammography includes
two views per breast, the craniocaudal (CC) and
mediolateral oblique (MLO) views. Mammography requires
the highest quality of imaging techniques and fine detail
over a wide spectrum of object contrasts in order to
successful identify cancerous growths in their earliest

stages of development.

*Department of Radiology King Chulalongkorn
Memorial Hospital

Kanlayanee Theerakul

Screen-film imaging receptors have been the stan-
dard detector used in conventional mammography. Dis-
advantages with screen-film mammography are the ra-
diation that the sensitivity for detecting breast cancer is
diminished in radiographically dense breasts, which lim-
its its usefulness in high-risk younger women. New de-
velopments in detector technology and computers are
altering the landscape of mammography imaging. Digital
mammography offers the promise of revolutionizing the
practice of mammography through its superior dose and
contrast performance. For clinical use it is highly effec-
tive imaging method for detecting,diagnosing and man-
aging a variety of breast diseases, especially cancer. It is
an application where an emphasis on patient dose man-
agement and risk reduction is requiredz. The important
of digital imaging devices provide a dose index to give
an indication of the exposure received by the detector.
Nevertheless, the breast tissue has a relatively high sen-
sitivity to some adverse effects of radiation and signifi-
cant risk of radiation induced carcinogenesis associated

with the radiation absorbed dose to the breast.
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The estimation of absorbed dose to the breast is
an important part of the quality control of mammographic
examination. Knowledge of breast dose is essential for
the design and performance assessment of mammo-
graphic imaging systems. Minimizing radiation risk is
important in general as manifested by the as low as
reasonably achievable (ALARA) principle. Radiation risk
is a factor in the benefit-risk ratio of mammography3. To
quantify the risk from radiation in mammography, the
average glandular dose (AGD) is used. AGD is currently
accepted as an estimation of the patient dose in mam-
mography. The Food and Drug Administration (FDA),
American College of Radiology (ACR) and Mammogra-
phy Quality Standards Act (MQSA) have established lim-
ited of 3.0 mGy for AGD in order to minimize the to the

. 4
glandular tissue .

Literature Review

Young KC, Burch A, Oduko M’ reported “Radiation
doses received in the UK Breast Screening Programme
in 2001 and 2002”. This paper reviews a large represen-
tative sample of dose measurements collected during
screening in 2001 and 2002 for 53218 films. The aver-
age glandular dose was 2.23 mGy per oblique film and
1.96 mGy per craniocaudal film. The MGD to the stan-
dard breast was found to vary from 0.76 mGy to 2.29
mGy, with 97% of units below the recommended upper
limits of 2 Mm@y, illustrating the benefit of strict quality
control. A reduction in dose of 3% was observed be-
tween the age bands 50-54 years and 60-64 years. In
most case these higher doses were explained by design
of one particular make of X-ray set and its mode of
operation. Average doses for oblique views of average

sized breasts were fairly well correlated with the dose to

21S 1SSV INYIASSIB

the standard breasts.

Kruger RL, Schueler BA Report “A survey of clini-
cal factors and patient dose in mammography”. This re-
port reviews a survey was conducted to estimate the
mean glandular dose (MGD) for women undergoing mam-
mography and to report the distribution of doses, com-
pressed breast thickness,glandular tissue content and
mammographic technique factors used. From 24471
mammograms, clinical data were collected. Exposure fac-
tors for each mammogram were collected automatically
onto a floppy disk on each unit. All mammography units
were calibrated individually using breast tissue equiva-
lent attenuation slaps of varying glandular content, so
the breast glandular contented could be estimated on
the basis of exposure factors and compressed breast
thickness. The MGD was estimated for each mammo-
gram based on the normalized glandular dose and calcu-
lated entrance exposure in air. The survey found a me-
dian MGD of 2.6 mGy. The median breast glandular tis-
sue content was 28% and the median compressed breast
thickness was 5.1 cm. Also, patient attenuation data were
converted to equivalent BR12 and acrylic thickness to
help determine appropriate phantom thickness required
for mammography units automatic exposure control per-
formance assessment.

Purpose

To determine the entrance skin exposure (ESE) and
the average glandular dose (AGD) per exposure with grid
for each projection of mammography service at King
Chulalongkorn Memorial Hospital.

Material

The mammography equipment is a Selenia Dimen-
sions, manufactured in 2009 by HologicLorad verified by

department of medical science, Thailand in 2011 and the

86 Patient Dose Measurement in Digital Mammography at King Chulalongkorn Memorial Hospital
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study involved 200 patients.

Method

Retrospective study of patient dosimetry from a
digital mammography system involving routine medio
lateral oblique (MLO) and cranio caudal (CC) views ac-
quired on the right and left breasts of female patients as

in figure 1A, 1B, 1C and 1D.

Result

The average range, minimum and maximum values

of the following parameters such as the tube voltage

Vol. 1 No. 1 January - June 2014

(kVp), the tube current-time (mAs), compressed breast
thickness (CBT) were collected. The entrance skin expo-
sure (ESE) and average glandular dose (AGD) were de-
termined from 200 mammography female patients. The
results are displayed in Table 1. The average glandular
dose (AGD) was 1.78 mGy for (RCC), 1.77 mGy for (LCC),
1.86 mGy for (RMLO) and 1.98 mGy for (LMLO) respec-
tively. The average entrance skin exposure (ESE) was
6.79 mGy for (RCC), 6.83 mGy for (LCC), 7.15 mGy for
(RMLO) and 7.83 mGy for (LMLO) respectively.

Figure 1 A Right MediolateralOblique (RMLO) B Left MediolLateral Oblique (LMLO) C Right CranioCuadal (RCC) D Left

CranioCuadal (LCC)

Kanlayanee Theerakul
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Table 1 Data collected from 200 female patients at the digital mammography systems, KingChulalongkorn Memorial Hospital

(RCC) (LCC)
CBT(mm) kVp mAs AGD(mGy) ESE CBT(mm) kVp mAs AGD(mGy) ESE
Mean 54.49 29.42 141.16 1.78 6.79 55.42 29.47 135.51 1.77 6.83
Min 14 25 61 0.73 1.79 17 25 18 0.66 1.28
Max 82 32 372 418 18.15 99 35 476 7.89 36.04
(RMLO) (LMLO)
CBT(mm) kVp mAs AGD(mGy) ESE CBT(mm) kVp mAs AGD(mGy) ESE
Mean 55.20 29.55 145.20 1.86 7.15 56.76 29.84 150.79 1.98 7.83
Min 21 25 63 0.79 1.96 22 21 63 0.77 1.87
Max 86 34 405 5.07 21.18 102 49 397 6.14 27.68

Discussion and Conclusion

The average glandular dose can be estimated us-
ing a Perspex phantom exposed at the settings normally
used in clinical practice for a breast of the size and com-
position similar to that of the standard breast. The method
involves the determination of incident air kerma for the
correct exposure and the half value layer of the x-ray
beam. The tube output per mAs should first be mea-
sured and then multiplied by the conversion factor of
Perspex phantom for the standard breast. This method
was used at the commissioning and reference testing of
the mammography, ESE and AGD are displayed on the
computer screen after exposure for this study. The mam-
mogram was performed using the grid. The determina-
tion of patient dose in Digital mammography at King
Chulalongkorn Memorial Hospital revealed that the mean
AGD per image is 1.78 mGy for RCC view, 1.77 mGyfor
LCC view,1.86 mGy for RMLO view and 1.98 mGy for
LMLO view. The ESE and AGD from MLO views were
greater than those from the CC views for the right and

left sides because the MLO CBT is slightly thicker than

88

the CC CBT. Overall, 91.41% of CC view and 89.14% of
MLO view were lower than the reference level of 3.0
mGy. The result on ESE was comparable to the ESAK
(entrance skin air kerma) value published in IAEA TECDOC
1447 of 6.4+ 2.6 mGy after the QC procedure7. The
AGD is less than the limiting values of 3.0 mGy per
exposure with grid 1.5 mGy without grid.

The AGD per image is significantly different be-
tween the CBT as classified by glandular content groups.
It increases with increasing CBT, while decreases with
increasing age. The results represent the digital mam-
mography examination at one department is capable of
achieving acceptable dose levels for patient safety. The
mAs is significant affect on the AGD. The AGD in the
digital mammography system is related to auto filter mode
of automatic exposure control system, which adjust the
radiation dose, as defined by the mAs product, based on
the patient thickness. These are useful for the patients
that the risk of cancer induction can be considered. It is
an important for radiologists and technologist to increase

the awareness in the study for the patient especially the

Patient Dose Measurement in Digital Mammography at King Chulalongkorn Memorial Hospital
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adult one.

In conclusion the optimization for the patient could
be obtained by implementation the quality control pro-
gram of the x-ray system and by determining the patient
dose for both ESE and AGD with other parameters such
as kVp, mAs, CBT, type of target, filter and the com-
pressed force. The patient dose should be compared
with the reference level and the dose limit. The image
quality should be maintained with dose optimization for

the patients of every case.
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