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P ¥ enig B

0 Functional, Biological, Molecular imaging
= X-ray, CT, MRI =& Anatomic, Morphologic
O Emission
= X-ray, CT & Transmission



PFR B Ey

O *c &4 B =% (Radioisotopes)
m % ! ¢y -ray (gamma camera), S * particle (PET)
ok o B -particle (1-131, Y-90), a particle (Ra-223)
O *c & e % 42 5 (labeled agents)
" B4 - bone scan
= RBC - GI bleeding
m "X4#& - neuroendocrine tumor



o B FMER NI TEEE&ZE TR - alinEET 2%
¥t ? (100-1 B2 1 46)
* (A) MRI
 (B) PET
« (C) SPECT
* (D) MRS
 Answer: A



Radioimmunoassay
(RIA)



Lung cancer

HCC

Gastric cancer
Pancreas cancer
Colorectal cancer
Breast cancer
Ovarian cancer
Cervical cancer
Endometrial cancer
Prostate cancer
Testis cancer or Germ cell tumor
Thyroid cancer

NSE (SCLC)
SCC, CEA, CYFRA 21-1 (NSCLC)

AFP, CEA

CA72-4, CA-199, CEA
CA-199, CEA

CEA, CA-199

CA-153, CEA
CA-125, CA72-4
SCC, CEA

CA72-4

PSA, free PSA

AFP, free beta-hCG

Thyroglobulin (papillary or follicular,
differentiated)

Calcitonin, CEA, SCC (medullary)



Benign condition

o CA-125
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Benign condition

o CEA
= Smoking
= Peptide ulcer
= Pancreatitis
= Hypothyroidism
= Diverticulitis
= Alcoholic cirrhosis



Benign condition

O PSA
= BPH
= Foley

O Alpha fetoprotein (AFP)
= Cirrhosis
= Acute hepatitis
= Pregnancy



e ZXK ' SF 57 i BEBEFHRARIESE - KIEIR 2 (&
B BEARKEKZ - REZE=RIRBABAREREK -
UK & 32IRBIRZAMME - FIA—IRIERIERBR AR
2% ? (103-1 BEX 52)
= (A) CEA
- (B) CA125
= (C) SCC
= (D) CA19-9
= Answer: C




-

5 Tumor markers FYREL - FoE&RATIE ? (102-1
BETN 20)

* (A) Carbohydrate antigen 19-9(CA19-9) &% A7k Z & i
JEERY tumor marker

» (B) Carcinoembryonic antigen(CEA) & & _t &% P2k &5 8
KGEGE

« (C) a-fetoprotein EIRFZRE MFE - HWERBZZXEH LT -
RPRE ME

« (D) CA-125 #F=AEEMANM#EmEEE L7

« Answer: C




o T BRIANNERETEIZ ( tumor marker ) - BREAfACE M
gt - REMfaIEEERR ? (101-2 BEf 2)

« (A) Bt#Z (hepatocellular carcinoma) - &7 &H (alpha-
fetoprotein, AFP)

e (B) Ki%%E - CEA ( carcinoembryonic antigen )
« (C) /NiMEhhEE - CA19-9

- (D) BUSIRRTE - PSA ( prostate specific antigen )
 Answer: C




o i 7 EF1e ( screening ) LA NAIFBLEIE HEE ? (101-1

=E= 20)
« (A) BMHEELEERZZ ( alkaline phosphatase ) - IEE[#E
S

« B) RR&ER - B EEK
« (C) MBALx ~ IRl BN

« (D) alBEAR[AEERAES ( alanine aminotransferase,
ALT ) -~ IEBfEE K

« Answer: B




« —I 20 EBURIRBEAEE - NMIMRBENEZ
AEER? (101-2 BE= 40)

* (A) prostate specific antigen

» (B) a-fetoprotein

» (C) B-human chorionic gonadotropin

« (D) lactate dehydrogenase

 Answer: A



o NIERTIREEH ( o-fetoprotein, AFP ) & A~ olgEF &
MRS ? (1002 BEEA= 45)
« (A) RT4ME%E ( Hepatocellular carcinoma )
« (B) HHEfZE ( Hepatic adenoma )
« (C) EAMFHE _EFZJE ( Teratocarcinoma )
« (D) EERESBMHMX ( Severe viral hepatitis )
 Answer: B




o 50 BEINESERH B B AHRE - RAZEEEDLES
FRBEHRE  RRANARM EFEYIRS - 5t
BRERANMRRERT ? (98-1 BE_ 49)

* (A) FEEIEZ ( cholesterol )
- (B) iEi#EH ( transferrin )
« (C)a1- MAIREE
. (D) EPEUf453
 Answer: D

<ok

Wil

I

i

f§ ( alpha 1-antitrypsin )
5 ( alpha fetoprotein )




Image
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0 Gamma-emitting radioisotope ()
m 45 Tc-99m
m 42 TI-201
= 4 Ga-67
O Beta-particle-emitting radioisotopes (5 - )
R -131(B-+ 7)
= 4% Sr-89 (pure 5-)
O Positron-emitting radioisotope ( 5+ )
m g C-11 § N-13 % O-15 i F-18 4 Rb-82



0 2D imaging
m PERS (Scintigraphy): Gamma camera
m 48 7 @ Rectilinear scanner
= P p 2z % @ Semiconductor radiation detector
0 3D imaging
= Single photon emission computed tomography (SPECT)
= = i3 #2 (Positron emission tomography, PET)



PET



F-18, 110 min
C-11, 20 min
N-13, 10 min

0 % Cyclotron #3EHY proton-rich isotopes
|

|

H

= 0O-15, 2 min

O Radio-labelled imaging compounds: FDG, FLT,
FDOPA, FESP, F - (NaF), FHBG, NH; , O, , CO..



F-18 FDG

O 18F-2-deoxy-D-glucose (18F-FDG)
= Glucose analog
= Increased uptake In
Tumor
Inflammation OH

HO
HO

18F

OH



glucose

vascular
compartment

glucose<-

capillary membrane

Free intra-
celluar space

Metabolism compartment

k3

I
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e
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F-6PO,
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CO,+H,0

NERE
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K3
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> “FDG-6-PO,

K4
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Atlas of clinical positron emission tomography, Maisey MM




FDG PET indication (i %)

O &4
R HT R H R ERARE L AP
SR E YR SR “E;F"%‘ (32 7%
CONMIE LA RN R F AR L
2 AP R R AR B A e
= 7 7z solitary pulmonary nodule (SPN)
= Thyroid cancer: Tg 2 % , 1-131 WBS £+
O 73 75 3

O g o e 25
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FDG PET indication - Z:-% &3

O Fieseiipl o LVEF = 40% m T2 (8
) B L LT R B e E U S e
F_E?r o

O BRI 3G L B RpRY 248 (7))
vt f@/ﬁﬁ‘}%ﬁ%;%>—- :& » ¥ i £ N I iasE
aﬂ};—— K P BiTsE _@[f/}jﬁiﬁfﬁgﬂl%o



FDG PET limitation

O ¥ % % > "R ,,Afj\ SRS 0 %k i o

O 53 10% ahEME e 2T o
sensitivity 4 = o

O R St ~ e 3 Lo



. fﬁ’LEU?Eﬁ’* 24K % ( recurrent astrocytoma ) E2H 5
ABEEAMKNERESE ( radiation necrosis of brain ) - &IFH
ﬁ@ ? (102-1 EBE[M 59)

- (A) EILETE ( computed tomography, CT )
« (B) Wiix%S%2 ( magnetic resonance imaging, MRI )

« (C) [EFENSHETZ ( positron emission tomography,
PET )

« (D) EytFEiuEZE ( single-photon emission
computed tomography, SPECT )

« Answer: C




e |FF37HE ( Positron emission tomography, PET ) £ 5l
iEBEI&RBAEINIL ? (95-1 ARIE— 39)

o (A) B Rl4cEhR M EA S A2 B EER

e (B) izi<mENM el ( bronchoalveolar
carcinoma )

. (C) ZEFfE Y2 5B EETR
. (D) MEEHAERBEEE 2 B2

e Answer: C




e BERENZE LEY ¥ "T HFMS @ PB—RBIEERE
=7 (93- 2 INELE 25)

° (

A) Ef&kEE ( computed tomography )
B) ARix1E ( endoscopy )
e (C) ZhiHix ( Magnetic resonance imaging )

.-"‘\.-"‘H..d""'\.-""-.

D) [EF#&% ( Positron emission tomography )
e Answer: C



O s HadNMa e > BHTecha Bt d 5 T 5P
(?

4
—'F,k (105-1 ¥ # 7 25)

A 7 %%k #& 4 (computed tomography )

B. h AL4t4z 5 A & (endoscopic ultrasound)

C. 2+ &2 ¥ 4 (magnetic resonance imaging)
D. * +#¥+# % (positron emission tomography )

answer: B
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O - =308 T % 28 2430y |2 i'*%2~3irif¥a @?
REFREHL 0 EBEE S FFI0A PRI - 28]
T BT L > TR IR R i d m],ﬁ% %ﬂ

¥ h 2% o 0 WBC 1280/uL - N/L/Mo = 5/94/1 » Hb 7.5
gm/dL - MCV 86 fL - Platelet 8,000/uL > ALT 42 U/L - T.

Bil 0.6 mg/dL - Cr 1.1 mg/dL - » Alb 3.7 g/dL - T 7| " fE e
B JIPC I R ET 7 (105-1 F 5 = 44)

A= %+ % (biopsy)

B. & 12 82 (positron emission tomography, PET )

C. ¥ &> 7

D.x ;%3 % (blood culture)

answer:C



Cardiology



Myocardial perfusion scan

O Indication:
m detect CAD & assess myocardial viability
= post-revascularization restenosis



Myocardial pertusion scan

0 ¥MTce-MIBI

o TI-201 (Thallium, 4%)
= K* analog
= active transport of Na+/K+-ATPase pump
= uptake: proportional to regional blood flow
= redistribution



0 Normal coronary artery
= can dilate and provide about 3-5x
= more blood flow at maximal exercise than at rest

O Stenotic coronary artery

= compensatory dilation at rest

= provides less increased blood flow at maximal
exercise




0 Normal

0 Reversible defect (stress defect, rest normal)
= Ischemia

O lrreversible defect (persistent defect)
= scar or hibernating myocardium

O Reverse redistribution
= Ischemia with collaterals or post-MI reperfusion
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e —fiI 55 ZEBM - MR —K—B%E 30 F - A5 LERFLEARE
Az - TEREEBRAMOR®E - ANEH 5 nESHIEE MBS
FER®&EOIE - MIRGEIESERR ? (103-1 B2 = 25)

e (A) LIZFEELEERH ( nuclear myocardial perfusion
imaging ) K& &EFF - JF 5 dipyridamole 22 adenosine o] &/

IEERAREAKRY IR - 2R E

* (B) ERMARBHBENR - BREZ2EAZRLER

+ (C) EFAENMHM nitrates LEE{EEAE F 2 R EEEIBEIBAIL
= N9y HUJE AR

» (D) £ HMG-CoA reductase inhibitors 2KaEMAERHEE -
o] DIREERERRERMERER ( LDL-C ) BE KO ME

« Answer: C




e —fiI 60 MAEABREKKBKSIER - H5 &M KT IRE

. HIARE/LOEE ( resting ECG ) BB EE - mAB
ﬂD"ﬁtfﬁE RIEEZEE) - BIRE EJII:J"/\T E A fk [0 14 /OB TR
- BB LBHuiERE ? (100-1 BE—= 7)

- (A) ETHEEE)EBERE ( Treadmill exercise test )
« (B) LEBERRE
« (C) %X ( Nuclear perfusion scan )

o (D) /O tia R i
 Answer: A




Nuclear medicine imaging for cardiac
function

O~ & -4 - E.F. plus wall motion
S =
= ERNA: Equilibrium radionuclide angiography

= MUGA: Gated blood pool ventriculography and multigated
acquisition

O H @ iv%
= FP-RNA: first-pass of first transit radionuclide angiography
= Gated SPECT



¥ oL E

O Ejection fraction
O Peak filling rate
O Regional wall motion



Study Name: E.F. plus wall motion Study Date: 3/23/2009

2ottt 162K Duration:22msec Bdxtd
P 3 Benm 38m Tachnelium
{BO%T100%)

Amplitude

ftarm |
Harmo nbcs
EF %]

Heim |  “alue| |EDC[count]

Heat Rate [bpm] B3 r_': !l’. punt]

# of Uselul Frames 32 TES [msac|

Frarme Time [meec 22 TPE Imsac|

Beat Window [%] sa | PERITOL Msec]

F TPEIT [%]

ra g o hd FCMT

1AEFUEDC) [%)

el g 4

ToiziBeats BA& |y SER(EDC) [%sec)
Accopted Boate a4 [DF [msec|

Rejectsd Ba: o PFRUEDC) [%s #c)

Mak R-R Time |maeac| B3r TPESTE [%
| b - %,
Min. R-R Time [ msec] 550 'I.-"-'_r_i.-'F:"I'I 1o




R-R interval window

Beats

S0 10 1500 500 1000 1500
msec / Beat
Iterm | Walue _ -
Heart Rate [bpm] 83 LU | “3"”9|
# of Useful Frames 32 Heatt Rate [bpm] b
ol AT e v # of Useful Frames 32
Frame Time [msec] 22 _ e o
Beat Window [% - Frame Time [msec] 24
i il o Beat Window [%)] 40
Framing Method PCNT Framing Method PCNT
TDt -3[ E:[".Eit S F_';dl: TI:I{._:¢| E;;E‘:itf E:E.D
Accepted Beats E‘dj Accepled beats 416
al1ecied Deals - Rejected Beats 444
Max. R-R Time [msec] g37 Max. K-H Time [msec] Ut

Win. K-R Time [ms ec] 659 Min. R-R Time [ms ec] 607



Slot1 162K Duration;:22msec 64x64
Pi:3.6mm 98m Technetium
(B:0%.T:1009%)

0

Slot:1 143K Duration.24msec 64:64
Pi:3.6mm 89m Technetium

(B:0%,T:100%)

Veniricle




25000

15000

10000
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360

X EE: .73.5%
Peak filling rate: 4.4

440

650

650

25000

20000
15000

10000

S000

100 200 300 400 S00 600 TOO

LV EF: 26.1%
Peak filling rate: 1.99



Musculoskeleton



Bone scan

0 °MTc- MDP (methylene diphosphate)
= high affinity for hydroxyapatite crystal

O increased uptake in osteoblastic reaction
= trauma, fracture, infection; tumor, metastasis

O false-negative in osteolytic or bone marrow lesions

= multiple myeloma, renal cell carcinoma, medullary thyroid
cancer

= neuroblastoma, reticulum cell sarcoma, histiocytosis




Indication of bone scan

O Detection of bone metastasis (whole body bone scan) :
= prostate, breast, lung cancer
= high sensitivity but fair specificity (ex: trauma)
= whole body survey

0 DDx cellulitis or osteomyelitis (osteomyelitis scan) :

= 3-phase bone scan + Ga-67 inflammation scan
3-phase: blood flow, blood pool, delayed bone scan

O Early stage avascular necrosis (AVN): before Ficat II

O Early detection of stress fracture or subtle trauma:
80%-24h, 95%-72h






Osteomyelitis scan: Three-phase bone scan +
Gallium scan

flow phase

pool phase



gallium scan

delayed bone scan




a 67

e
|
j

ANT Gab7 POS

dual scan

ANT Tc99m RIS TICo
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e —fiI 50 ZEBEEESREREIF9EZMEZ - X JeigEsRIRE L2 ~ L4 BiENS
o, bR a0 T : albumin : 3.0g/dL ( 3.7 ~ 5.3 ) - total protein :
42¢g/dL ( 64 ~84 ) - calcium : 104mg/dL ( 84 ~ 10.6 )
creatinine : 2.5mg/dL ( 0.7 ~ 1.5 ) - IgG : 498 mg/dL ( 751 ~
1560 ) - IgA : 55mg/dL ( 82 ~ 453 ) - IgM : 27 mg/dL ( 46 ~
304 ) ; BEEMBE T : normocellularity with fair maturation of erythroid
and myeloid series, but 15% plasma cells was noted - Dl Mii&i@&Es 5
e S MEMUNERAREEREIE - ZHHEAK? (1031 BE2= 10)
* (A) whole body bone scan
« (B) serum alkaline phosphatase level

« (C) whole body bone scan + serum alkaline phosphatase level
* (D) plain films ( X-ray )
 Answer: D



o —fiI 27 HmBEM - A/ =EANEZZEEMTZIBKEZ - WAL X )¢
ZAN AW RIAHPINESE - FiSH B8 A /2 2R o 7% m A firh P9 ER Ae AR A M B2
fRiE - MEAAERY) R RIEBRAIEA BN BRI ZNFE - BREE
BB ERIRULOIZ IERE ? (102-1 B2 = 52)

« (A) B 2/3 BWEHAHIME Angiotensin converting enzyme(ACE)
E=hans)
« (B) Ga 67 scan oJDURHEIbmEMNEZ G - BB ZIME
) BT S E = HEIRR a8 E
) B4 T InAEZEEY) A

(C
* (D
« Answer: A




. —1fi] 68 HMBUBARSERFSE BRRERSSHE
Wix 28R - mBERME 96/60 mmHg - #&)& 39°C - 1H
MAMEK 13440/mm3 - EFZZMEMEK ( PMN ) &
95%  Cr1.3 mg/dL - ALT(GPT) 95 U/L - sugar 200
mg/dL - B8RP EMIKS 0-2/HPF - MEl X B EIEE -
ENREM M -—IBEEEREE ? (100-2 E2E2= 11)
¢ (A) BF X JtmE
« (B) Gallium scan
« (C) IEZfEBER
« (D) MEl=EITEEkETE®ES ( HRCT )
 Answer: C

Xix



e —I38mEM AARFEESEAIEREFI - KR
MHELEEBEFN - FiRRERERIRAIERE  § 12
MMEsEETEBFEER - estrogen receptor f=
t . progesterone receptor B2t - Her-2 2= 3 B

& - NAfoiEg Rt aERAEE ? (98-1 BE =
38)

(A) 5,8

(B) {EE300&

. (C)HBEEIAE
(

D) #L Her-2 15 /87&




e LB  ZBEAEMB—FFIZHNTENRE - 55— NEIR
HEJE 1581 CA15- 31 =% 45 kaL ( IE®1E < 35kU/L ) -
MTEEREEANES ? (98-1 B2 = 39)

* (A) MLBEN#E TEE B

« B) —ER&EBEE®RM CA15-3 —X
- (C) %ﬂ:ﬁflﬁﬁ%%ﬁ%iﬁé

» (D) ZEFERBE K InE

« Answer: A




o NAOIFER @Lﬂ’l‘ et VI”E“ELF( multlple
myeloma ) Za2EEBEI&/]\? (97-2 B2 = 40)
« (A)fE# X Y F ( conventional radiograph )
« (B) 388%FI%H ( bone scan )

« (C) EfslEEE %S ( computerized tomography )

« (D) MiiRkiEs=24E ( magnetic resonance imaging )
 Answer: B



GU system



(Druretic) renogram

O Radiotracer: Tc-99m DTPA
(Diethylenetriaminepenta-acetic acid)

= Glomerular filtration agent

O Indication
= Split GFR
= Obstructiver or non-obstructive uropathy

= Renal hypertension
7 & ACEI 4 »~ (% 4_Captopril)
GFR |
Curve %p



Obstructive uropathy

* Lasix administered at 20 min

Normal excretion curve




Diuretic renogram 2272000

j

li.t-.' - i o e ey
Fr:1-8 201K Osec  Fr:9-16 225K Fr:17-24 216K  Fr:26-32 210K Fr:3340 205K  Fr41-48 203K Fr49-56 202K
Duration:120sec 120sec 240sec 360sec 480sec 600sec 720sec
Duration 'I‘Eﬂser: Duratmn 12059: Durallon 12Elsec Duratmn 1205ec Duraﬂun 120591: Duratmn 120sec

"-l"' Tk

$:+ 81 8:8:8:8: 8

Fr:ﬁ?—&iaaﬁ Fr6572 198K  Fr73-80 198K Fr:&t-’éﬁ'wm Fr:89-96 196K Fr97-104 195K Fr105-112 194K
B40sec S60sec 1080sec 1200sec 1320sec 1440sec 1560sec

Durahan 120sec. Duration:120sec Duration: 1205&: Duration:120sec Duration:120sec Duration:120sec Duration:120sec
n;lgresswe urinary stasis B Exeretion

$: 8. 8:"8:8%8:8%:

. 3 il i J—— | .
Fr:113-120 196K Fr:121-128 197K Fr:129-136 198K Fr:137-144 198K Fr:145-152 197K Fr:153-160 197K
1680sec 1800sec 1920sec 2040sec 2160sec 2280sec
Duration:120sec Duration:120sec Duration:120sec Duration:120sec Duration:120sec Duration:120sec



e BEMEMSINER (renovascular hypertension) & & Al FF
Captopril 21 - post-captopril renal physiography &2
baseline renal scintigraphy LCERE EZAEASLEEL - Moo=
A1EHE ?

« (A) B B Y B 4 3K BB IEZR (glomerular filtration
rate, GFR) 1Z /Il

- (B) W AIERAVEEETEE (renal parenchymal
retention) 3& /1

« (C) BEIA#RE! (renogram grade) &/

 Answer: A




MORMAL-REMOGR LM wmey AP TOPRIL-REMOGR AN

LEFT-KIDMEY =
LEFT-KIDMEY -
RIGHT-KIDMEY == RIGHT-KIDMNEY =

IH2

755

k2!

T S BT Y O 8 B0 |

i 714 M 28 7 14 21 28
TIME [Mir) TIME (hin)



Renal cortical scintigraphy

O Tc-99m DMSA (dimercaptosuccinic acid)
= bind to proximal renal tubules

O Indication:
= acute pyelonephritis (APN): cortical defect
m renal mass, DDx: functional and nonfunctional renal tissue.






Direct radionuclide cystography

O PMTc-DTPA - d Foley %2

O Indication: diagnosis and follow-up vesico-ureteral
reflux (VUR)

O Grades system of VUR
= mild : ureter
= moderate : non-dilated renal pelvis
= severe : dilated renal pelvis and ureter



Bilateral moderate VUR

- ®» @ L @
=

« ® o g i

A &4 & =& a
& & & & 2




e —I 3 EAARKNLERSGRE 5 Kl - REEHRIBER
I8 . BIMEK 100-150/HPF - 4L[M¥k 36-50/HPF - FR&EH
30 mg/dL - nitrite(+) ﬁé,&ﬁﬂiiiﬁ%ﬂﬁi% Escherichia
coli > 100,000 colonies/mL ° B FEBMELARUNE @ &
NREESLHUERE ? (102-1 BEJY 33)

« (A) FIkE &z Hﬁa?ﬁ( intravenous pyelogram )

« (B) BhtEREEFAEE ( voiding cystourethrogram )
« (C) BEKEE 5( renal computed tomography )
« (D) BEREEREE ( cystoscope )
 Answer: B




Gl system



Sjogren's syndrome

0 Autoimmune disease O T3k
o Exocrine glands morER AL T
, ¥ 7% > 3 % =
. o RS PSR
PR Tc-99m TcO , -
" REROR o e AR
R L R W morER A e B R R
O PFrig

= Schirmer's test
= Rose Bengal test









Urea breath test

O Helicobacter pylori
= peptic ulcer
= active gastritis
= non-ulcer dyspepsia
= gastric carcinoma

O C-13 urea breath test

O Serology

3C-UREA




e —{II 12 FEE-=

ERFRAF FR—BEERREE - HXGHR

AR RIMERBEITBHEEEEE ZRS
KIRRBEFRESLEABERES -

1

—

BEH & A)

° F B X
NS IE IR B Bx Bt

=

B RIS

ESEE=GBWMFIRRERME ZBERER ? (100-1 =

4 27)

* (A) MEEBEZEEAZEZNIR

'

» (B) ARIRIZEAIFE £

. (C) EEFARR

« (D) R[0T
* Answer: B

RZE Z ke



FLIR2ETW4FI/2 = ( Helicobacter pylori ) BUERAIIEZIE M
( non-invasive ) 7% - FIERIMNZZENITEEY) ? (98-
1 BE— 45)

* (A) #8f8 ( catalase )

« (B) ®&EHH8 ( mucinase )
 (C)=&|1LEE ( oxidase )
(D) FRZME ( urease )
 Answer: D




e —U 30BN REEAET_ ?aﬂ@;.ﬁr A - BENZHFIX
R E ( urea breath test ) @ FERIE R AR —HE R
(98-1 BBE2= 64)

* (A)Clostridium difficile
« (B)Escherichia coli

» (C)Helicobacter pylori
» (D)Salmonella typhi

* Answer: C




Liver / spleen scan

0O Tc-99m sulfur colloid

0 Phagocytosis by reticuloendothelial (RE) cells
= liver (Kupffer cell, & v%#* 5c ) 80-90%
= spleen & bone marrow
O Indications: DDx space-occupying lesions
= cold lesion in all kinds of liver lesions
= hot lesion In focal nodular hyperplasia (FNH) only



Focal nodular hyperplasia




Hepatobilibary scintigraphy

O Tc-99m IDA (HIDA, DISIDA)
O Hepatocyte uptake and bile excretion

O Indication:

= DDx biliary atresia & neonatal hepatitis(Phenobarbital
2.5mg/kg/day for 3 days: better hepatic excretion)

= DDx focal nodular hyperplasia (FNH)
= acute and chronic cholecystitis
= post-ERCP or surgery evaluation



Normal scan

Gall Bladder

-

Small Bowel



Biliary atresia
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Neonatal hepatitis
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o NIEIREHZEENZREERMESLIBENT ? (100-
2 B2 1 49)

- (A) BEZFHIEEES ( percutaneous transhepatic
cholangiography )

« (B) Y]k ( liver biopsy )

« (C) FEZ[#EE K ( abdominal sonography )
. (D) %% Tc99m IDA &

 Answer: A



Meckel's diverticulum

O % 2urepEy o BE e R TG - PF a4
FBUEYE AT RAENG RDPH O RGV
v g 5= i e @ E (Vitelline Duct Remnants,
omphalomesenteric duct)
O Disease of 2
= —occurs in 2% of the population
= —male to female ratio 2:1
= — 2 inches long
= — ileum, within 2 feet of the ileocecal valve
= — 2% become symptomatic by age 2
= — 2 major types of ectopic tissue: gastric (80%) and pancreatic
= — 2 major complications: bleeding and obstruction



Meckel's diverticulum scan

0 99mTc-pertechnetate (°°*TcO4-, i.e. free Tc)
= salivary glands, thyroid, gastric mucosa
= ectopic gastric mucosa: RLQ or mid-abdomen
= sensitivity and specificity: 90%
O premedication:
= cimetidine: block release of ?®*MTcO4- from ectopic mucosa
= pengastrin: enhance mucosal uptake of 2MTcO4-
= glucagon: decrease small-bowel (diverticular) motility



.

7 y/o boy, gross painless rectal bleeding, ectopic gastric mucosa in mid-abdomen




o 1ZFEE8 technetium pertechnetate scan ¥72Ef |~ 5 o1&
EwRBEER ? (100-1 BBEH 16)

« (A) 852 E 2= ( Meckel's diverticulum )
- (B) K&

. (C) BEEEE

« (D) B LIRIER

« Answer: A




e NEEREIBRWEEZ= ( Meckel’s diverticulum ) Z &Gt - fd
248187 (100-2 B2EA[Y 6)

« (A) BIARYIEEE ( embryonic yolk sac ) RYERY)
« (B)®R 2 mLABIHIREE

« (C) tFEgRTIZZZEREHI ( mesenteric border of
ileum )

« (D) B R4 MEZRIR

« Answer: C




Abdominal scan for GI bleeding

O Tracer: Tc-99m RBC

O most advantage in lower Gl bleeding

= background activity in upper abdomen
= popular endoscopy

O intermittent bleeding long-period imaging (if vital
sign stable)

0 *MTc-RBC scan: > 0.2 ml/min (sensitivity 5x)
= angiography: > 1.0 ml/min



o — UG5 EEMEREZME T3 RKKBIEE - IR E
& - SUEARF O] 8RR - PRUCLISMERE A - SFHIEHES HE%?F*EI
B FEH 3% LR EARRIENE R - B8BTS HIBREEEERE - BE
EIER - FIPFIREIRAME - =52 EHF%}%&( gastric
lavage ) - BERUAARGEHESEFIRER - FREETIEE

EER - AMBANIMENFE - LMIZESRESH N —F
wE? (971 BE= 77)
o (A)ZEBRIEES S0 ( scintigraphy )
« (B) BEI¥IEE1EE ( barium contrast study )
)

« (C)#BE K ( sonography )
- ( )|=|=| <{(

Efxl/E ( computed tomography )
 Answer: A



e TE62 B HREMEMERZEKRZ - bR K _LrIO

EE9E 110 T - ME% 120/60 mmHg - L9210 & EIRA
Ak - KBYLTHAGREE  FEEBESEEEEA T
- BEREERERNIRE - HAEBEPERENBEL F ASHIME -

Z8mE 7 1500 EAEEEREKEIREE - BE2LO0MASEDE 130
» . [MER% 90/60 mmHg - It A ERLES MN{@iEeasy
BE? (96-2 BET 47)

- (A) BiR
« (B) IEBFERKEERER

+ (C) t%ZE Technetium-99m RBC scan
- (D) FEBMEEERE

 Answer: D



Endocrine



o Thyroid
= Thyroid cancer
= Hyperthyroidism

O Parathyroid
o Adrenal gland



Thyroid cancer

Ratio
Character

Treatment
Follow-up

Papillary
50-70%

Multifocal
LN metastasis

OP, I-131

TG
I-131 WBS

Follicular
15%

Unilateral
Hemaetologic
spread

OP, I-131

TG
[-131 WBS

Medullary
1-2%

LN metastasis
Sporadic:
unilateral

Familial: bilateral

OP

Chest X-ray

Calcitonin
CEA

Anaplastic
10%
Poor prognosis

OP



Thyroid cancer treatment

e Total or subtotal thyroidectomy
e Ablation dose

Surgical

Removal » 100 mCi: functional tissue in
Hadioiodine_Remnant 1-131 * 150 mCI: LN Invasion
Apiton « 200 mCi for lung or skeletal
T4 supplement * TSH suppression metastasis
[ R e Serum thyroglobulin < 2ng/mL

e Sonography
e |-131 whole body scan



|-131 whole body scan

O Indication (post total thyroidectomy and 1-131 ablation)

m follow-up: well-differentiated follicular or papillary
cancer

m elevated Tg: detect functional metastasis or recurrence
O Serum Tg elevation but negative 1-131 whole body scan:

m poor-differentiated thyroid cancer (symporter
dysfunction)

= ~ arrange *F-FDG PET (increased glucose utility)



|-131 whole body scan

O 1-131: 2-5 mCi (via Na+/ |- symporter)
O Elevate hs-TSH (>30 mIU/L desirable, >50 miU/ml
optimal) & fj111-1310k g
= thyroid hormone withdrawal ({524
= Thyrogen (recombinant human TSH, rhTSH)
i1 RN ;]Hﬁl\% "FRERTE DR, Ao &
e BB, B AR R , TR R, B
/AEA T FE



o BHARERFLREEVR BB R EFARRYIERME - JRAH
AT IRARIE R E S5 ? (100-1 B2 H 21)

. (A) CEA

« (B) #NE5Z ( calcitonin )

 (C) EFARBRIKER ( thyroglobulin )
« (D)TSH-receptor Ab

* Answer: C




o NIIBRAE

AR IR B 8% ( follicular carcinoma ) - oJ& &8

aR 7 (98-2 BET 44)

* (A) BROMEREFE

« (B) BENME4AERZ LA S

« (C) KHl7 0] thyroglobulin
« (D) KEBD o EAIA 1311 BEE




e 65 HEM - &
7 BEMEAR A R AR IR IR E B ( thyroglobulln ) =55
7 f;vF_/uﬁDﬂFEfE sz ? (103-1 BBE = 57)

« (A) 1R GRS

-

(
* (B) fﬂﬂ%*’ﬁZ%ﬁB%%
(C) R IARR = V)R

RIER KR - KRBBERERYIARE - B

« (D) N 7&E
« Answer: C

—

g

H AR BR Bk & BRI RE



0 T0f 7 1 - ﬂﬁw?ﬂ%f%ﬁ“#T@@& 5 &%
R e B T R BN R :;
WIS A o TP Ml Bl F 2 (1056-2 R

(AD)BpR? feopde & # i o B3 sesiiaio
(B)ix st Fla 42 & = en® 8 2% (TSH) » £ %4
R EA
(C) = e o 3 3R 45 s
(D) & * fi¥e ;5%
Answer : B



ov ;M]wﬁ‘r}% ( medullary carcinoma) - i@ —’5@5
X7 (105-1 FE I 41)

A& itd ;]M;?\’l\*ﬂig fz‘a’_v‘ & R M ﬁé:—*ﬂ,f
( central compartment dissection )
B.z2 %1% CEA -~ calcitoninz w2 £+ %
C. &5 b4t mie sy g pheochromocytoma) s * F# -
B LB RO R £ A
D.7£ 13175 % & 3%
answer: C



[-131 therapy for benign disease

O Low dose for hyperthyroidism ------ euthyroid status
= diffuse toxic goiter (Graves’ disease): 10-15 mCi
= toxic nodular goiter (Plummer’s Disease): 15-29 mCi
= multi-nodular goiter (MNG): 30 mCi



Thyroid function test — Uptake and scan

o 1-131: 25-100 ¢ Ci
O Indication:

= thyroid nodule: functional vs.nonfunctional

= DDx: goiter or thyroiditis in hyperthyroidism patients (high
VS. No uptake)

0 Uptake normal range

= 10-30% for 24-hour uptake (our hospital: 15-40%)
= 6-18% for 4- to 6-hour uptake



Half-life 8.06 days 13.3 hrs

Gamma energy 364 keV 159 keV 140 keV




Solitary
hyperfunctioning

Multinodular thyroid node

goiter

Thyroiditis

- Graves' Disease




e —fiI 68 ﬁﬁﬁﬁﬁmrriﬁﬂﬁ — TR AAIFARRESESEIR—2.5
cm#EED - BRIOEIER - 8885 58 AT - free T4 1.6 ng/dL(normal

range 0.8~1.8 ng/dL) - T3 120 ng/dL (normal range 80~180 ng/dL) -
TSH 0.15ulU/mL(normal range 0.1~2.0 plU/mL) - EFARER 1-131 1R B 58
TELEJEEHkH:Eﬁ BN/ EL45 80 (hot nodule) 72 I FFARHR B2 R E - s dttn
BN - BBES3 - 0VEER - MRKE - OEBE#FERNOEEEE - R
[M 3&38 free T4 2.3 ng/dL - T3220 ng/dL - TSH < 0.2 plU/mL ; B4R
BRAEASA/NEAZIEE - REFREER AN ?2(104 BE = - 14)

= (A) FFEEN ARG A

. (B) BB ERIGE KB RRINA BN
« (C) HikRAEAEFMItIER

« (D) BFARER 1-131 IGTEE

« Ans: D



e —iI 50 MU MBWA - E&F 2 BEHREE FFE 3 &~ -
BB B RIRFRRATMRER  #EE  BERENELER
4 free T4 3.2ng/dL (23218 0.6-1.75 ) - TSH < 0.001
uU/mL (2%1E 0.1-45 ) - FIARBENEIRAER—E
1 DAX/NMERIEFERGR - EROUEESHMEL - xES
HUNZ BRI AT A AR —IE ? (100-1 B2 = 55)

e (A) FTYIBREPARNR

« (B) A TIMEANIREEY)
« (C) MG MHEE
« (D) #aT{EEGE

« Answer: B




o 1311 /aEFRIREBETLER - RIFEMGERAZERE
(99-1 E21H 9)

* (
* (

A)
B)

BHARIREBER T
BT ARBRERE TU

e (C) AR METZ
. (D) FFHRIRSE

« Answer: A




e I5EF/NEABFMIE IS5 A E—HFEiE=EE - BFEMEFIR
fRINEERRE - SEEfEBE K © Tc-99m FARIRIFH - AR ( fine
needle aspiration, FNA ) Al 24 sE - B Mooz ErE ? (99-1
BET 22)

« (A)Tc-99m HARIRIFH - B4 ERBUEINAREBEEES

« (B) %8B E K REEE Al cystic 3 solid - AR R4kt

« (CFNAfilpEmE o DIE R ERIFRVIEBEI R RIRE

« (D)FNA B RUNSR 2 follicular neoplasm - Ex{fZE &R &
F1lg

* Answer: D

MK



E FRE - IR R 2R AR ARRE - B Nalalemas
287 (99-1 BEAF 23)
« (A) BRBZAEE ( capsule ) RIME ( vessels ) 129C

)
 (B) HIE” AGES score ( age, grade, extension, siz
e )  FEEMN lowrisk (R 4)

. (C) ﬁﬁEH%ﬂlﬁﬂi%ﬂ]ﬂ%%ﬁ - o] HERARIREH
( thyroglobulin ) & 38§t
« (D) EEZFRRXREVIER - o] 1-131 2RIEH{
* Answer: D




Parathyroid

O Tc-99m MIBI scan: dual O TI-201 Tc-99m scan:
phase O subtraction
= early: 15 min = 201TI: thyroid, parathyroid
= delayed: 1-3 hr = 99mTc: thyroid

O Uptake:

= normal thyroid tissue
= thyroid adenoma

= parathyroid adenoma

= hyperplastic parathyroid gland



Adrenal gland

O Cortex:
= radioiodinated NP-59 (I-6- 5 -iodomethyl-19-
norcholesterol)
= hyperaldosteronism, hyperandrogenism, hypercortisolism
(Cushing’s syndrome)
O Medulla:
= radioiodinated MIBG (metaiodobezylguanidine)
= pheochromocytoma, neuroblastoma, paraganglioma



o ZEMREE LIREISMIIE &5 Al e 723
(pheochromocytoma) - ol DU F 5Bl TEZ FEEmE ?
(93-2 AE— 10)

e (A) Thallium-Technetium subtraction scan
* (B) Technetium-99m imaging

e (C) 1311 uptake and scan

e (D) 1311-MIBG scan

 Answer: D



Neurology



O Tc-99m DTPA:

= Interrupted blood-brain barrier
= tumor, abscess, herpes encephalitis, CVA

O Tc-99m HMPAO/ECD (blood perfusion):

epilepsy: ictal (hot), interictal (cold)

cerebral vascular disease and TIA (Diamox)

brain death

dementia, DDx: Alzheimer disease, Pick's disease, multi-infract etc.

O Tc-99m TRODAT-1:
= bind to presynaptic dopamine transporter (DAT)
= Parkinson's disease: early detection, monitor Tx, progression
= DDx: Parkinson's disease, Parkinsonism with D2 receptor agents



ECD or HMPAO

(A) frontal-temporal dementia: Pick's Dz, PSP, schizophrenia or depression
(B) Alzheimer dementia: posterior temporal & parietal perfusion defect




DaT imaging

-~

Dopaminergic synapse

- - e
FPostsynaptic @& @ o

'y STR hY DZR
£

=dgral Lrasmscfoc Tiloes slgmal tramsducthboen

I




Score 0: normal caudate and putamen radioactivity uptake;
Score 1: normal caudate but decreased putamen uptake at the tail portion;

Score 2: normal caudate but no putamen uptake;
Score 3: decreased caudate uptake with no putamen uptake;
Score 4: totally loss of the caudate and putamen radioactivity uptake.



Brain PET

O Metabolic imaging: 18F-FDG
= seizure
= radiation necrosis
= dementia
= tumor

0 Neuroreceptor imaging: 8F-DOPA
= Parkinson’s disease



o Jm AR ZFBERI 5 Parkinson
disease EX1ZFEBEIFHE - 5

SAERAERE ?

* (A)99MTc-ECD brain

SPECT | /?‘%'/i’@ /?Q
« (B)99mTc-TRODAT-1 brain ; | |

SPECT - | v’ | N
« (C)18F-FDG brain scan . \ £ Al s '
(©)18F-F | (49 ¢35 [¢s
* (D)123l-iodoamphetamine

brain SPECT

« Answer: B




Lung and Vein



V/Q scan

O Perfusion scan:

= P¥MTc-MAA (macroaggregated albumin)
particle size 5-100 1 m, <0.1% capillary blockade

= Ventilation scan: °°*mTc-DTPA aerosol (§ i% %) or Xe-133
(%)
0 Normal: high negative predictive value

O Mismatched defect: pulmonary embolism
= perfusion defect, ventilation & CXR normal

O Matched defect: tumor, pneumonia, pleural
effusion etc.

O Reverse mismatched defect: bullae



Mismatch defect

Post

RPO

LPO




Tc-99m MAA venography

HI172005 256 =10z 1005 256 wilizd
09:03:00.0 0@:00:00 10
Oose: T4 MEq of ToB8m M bDoze: Td MBq of To989m, Maa

22200 mmipaal 22300 medipl xel

KNEE MARK
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o TEE515E 99mTe-MAA %+ -
g DEAEFERE - AR "
T LASNURT 28 E 0 HIR

TIHMESRIRE (14

g ) - RS &0 AERYRZER

=T ?

* (A) right to left shunting

« (B) left to right shunting

e (C) dissociation of
99mTc-MAA

e Answer: A




e AREIMEMIRZE ( thromboembolism ) RIBZRIIFE LRI
g - FHEIEEEFR ? (1011 BEK 78)
e (A) FEEK ( LEZ 35 mll L) WIRRE L EEFFIK
BERZ
« (B) BRI ELEMBRETERZROEERNER - 28
- REERRBPEFEL S
C) Technetium-99m g/ T b REE ( V/IQ
scan ) - —HMS @ HREESLZEH
« (D) EH fa@ﬁﬂaﬁimn EIkEZEINEE  BREEH
warfarin ;8% - DI4ERRLE

e Answer: D

°
“'"‘* II‘I-



e 42 EEMRAEMIfEIE ( emphysema ) EXFIREEBM
Al - Bl SElkEERRE A FIES—BARZRE
( bullae ) - BEABZR4EMREZEM IR mediastinal
deviation FIIRZE - EMBULEZETT lung volume
reduction surgery - B REEBRMEBEZERIRTIE - M@
S EEPE? (1012 BEF 22)
- (A) ENiRINE ( ABG )
 (B) fMBBZ ventilation and perfusion scan
.« (C) MINEERE
. (D) LEBEIGE

e Answer: D




O~ 73 M 4% (pulmonary embolism) =7 drdcit » @
¥ 4535 7 (1052 ¥ £ = 51)

A.§ &_(dyspnea) -~ *F ~via Hopk A EEH R
B.#2 %3 & 3% & ¢ #&F> (pulmonary angiography )
C.o ¥ d-dimersnig iRl & 5 & At & > MEF R o gt

D.i¢ * P Fil f-BiL " Hfsted > § R "L F-ELT
& | (ventilation-perfusion mismatch ) =g ifc

Answer : B



Thanks for attention !




