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() @H: T4 5 mm ©]3}, 7+4 2 mm ©|3} &F
() 294 39 F B9 20 oAe] 229 B 297

291 YT 2L WY 1) ol
@) ®, 339 MR 39¢ H5stel Tk Bulol

A9 BA0R AT JHL A gL, BEF 3

A BAS A% 39olA I4U EE G 5 E

FAE WAT 5 Ue.
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(2) HfBi2h HBAAS I3 MY Y W Bt
7Y M 2 4t
(3) ZRET: BHAYS 23t 7Y BY
2) &, Sl/ZREE MRI BEAZAN 7|7
(2018-198%)
ANAR(HE AN ALS 5), BE3 JAIH =
A AHE ol
i o, A, H7, 14, HAhe) 3 72 o]
RAAGEY W, 38, 33, $5%, 93) ojne =
gou, b ARETL BB F8 o YAA(FH, A,
FUE 5) ofRE TP, ool Y A9 ARG
2 A 1.

3) £4E MRI 24| H2] (2019-77%)

(1) oA, 2%

(7)) WEu} &4 D (Pulse sequence): HIAW A =
A T1 7293 (non fat-suppressed axial TIWI), &
AW T2 Zz9 4 (axial T2WI), BAE T2 2294
(coronal T2WI)S E3t3lo] 4 47 o)At T2 =2
F(T2WI) F 1R o4 AR A7 (fat-suppressed
technique)& #-&3tojof s, #FH T2 F2J7
(coronal T2WI)& ¥/ T1 7Fx2 %Y ¢ (coronal TIWI)
o2 AT 4 S

(h) 2H: =/ 4 mm ©|3}, 74 1 mm ©|3}

(2) SIS

(7}) Mz u} &4 F (Pulse sequence): AHA] = J
2 7F %9/ (fat-suppressed axial T2WI), /4™ T1 %
axial TIWI), B4 T1 2973 (coronal TlWI)
sto] H| & 47) o] Fd, T1 A2 Y/ (TIWI) & 171
Fo ]2 A 7] ¥ (non fat-suppressed technique)

—
o2
0}‘; --4 =

b
oo

| g-3foof 3}‘31 TAA T1 73294 (coronal TIWI)
AR T2 4% 9 AH(coronal T2WI) 2 thA|g 4= Q)

do rlo e O o BN
- >

(W) @9: F4 4 mm oJst, 74 1 mm o] &}

(3) otef

(7h WEut <M QD (Pulse sequence): AHA| TA
H T2 7z Y7} (fat-suppressed coronal T2WI), 4
T1 Zx9 3 (axial TIWI), I/dH T1 ZFE Y/ (coronal
TIWDS EZ&3t 24 471 o] dd, T1 Z2FZ(TIWI)
5 VN o)< H]Z]‘%}‘”Zﬂﬂt”(non fat-suppressed
technique)& A-&3stojoF s, A T1 Z2F4
(axial TIWI)S &4 T2 7&5_03% (axial T2ZWDO.Z o)
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A 4 As.

() A9: =74 3 mm o|s}, 744 1 mm o3}

(4) 552

(7} WE3} &4 d(Pulse sequence): oF2> dH 33+
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23hste] 4 47 o] dd, ek AW 3 )
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oz dAg 4 dom, BYH T2 %
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Z %92 (coronal
= A3

T2 729/} (sagittal T2ZWD) .2 TR & 4= 9L,
() 29: B/ 3 mm °|3}, 74 1 mm o3}

(5) ZYR| 9 3 & 27) 0|y°| $5|IS T3t
X|ro1R|7 | (fat-

SlE|, 0] & 174 o]&2
suppressed technique)2 M£
(6) ct 3i}°J MRI QA+ 2|E,6}O:| Clekst Woio|L}

O -
wALS Heste 2

40

1) | MRI2] EESAIS Y A| K70} 3iLE? B
%4 U8 [ BACIZOIL} A5jsio2 ch)

& 4sQlp
¥ MRI®] ZEYAE axial TIWI, axial T2WI, axial
FLAIR, sagittal TIWI, gradient echo(GRE) E+&

i

susceptibility-weighted imaging (SWI, Atsh& =

oI}, ¥, ¥/ AR eee] BEGA WA 5 4

i]“ﬁ gato| A axial T2WIZ coronal T2WIZ ¥ 7
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w olsto] ot
a

. &g, WAAA R, HAAAHAAeE A 58
MRI

2t Aol YFstAY HY FEF 5 BEEIYS B
5 8537] ofele Helel @1

whw QRS AUsA B e TAE, 3
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(cranial nerve), ¢te}3 R (orbital apex), ¢+
(sella turtica), ™AW Z(cavernous sinus),
ZH(brainstem), x| 7] A E-(skull base) H¥H &

2) £Z5 MRIQ| EFLY0IM X|LAH7[H2
02 A ’51%3H0F 3H—f?

735 MRIOIA A%
A’ 50
Fatg d9 2237 (frequency-selective fat
saturation), 3}8& M& RE v 7]¥H (chemical
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= O
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=25
I Fr(MSEuEY)

Zenith® device

1M +4

Cook¥] Zenith+ bifurcated, modular, three-
component deviceZ woven polyester?] graft7}
stainless steel Gianturco Z-stento] &g & o] glo
), stent-grafto] LR o= active fixations ¢

ol

anchoring pin®] &

A sk,

Bifurcated device® main body+ &7 22-32
mm, 29] 82-140 mm<} 7 36 mm, 2] 95-149
mmz A7 % o] 9t} Iliac limb device: 8-24 mm
o] 2173} 37-122 mm (overlap 22 mm)e] Zo|7} A
£ 7153y, kst 289 iliac extension device®}
aortic extension device’} Qt}. Bifurcated deviced]
delivery sheath®] ¢]73 (outer diameter, OD) 8-22
French (F) o|H, T}2 A& sheath 974 & 14, 16F
o|t}. IFUA proximal neck®] 27 18~32 mm, ZAZF
wWol 27 7.5~20 mm, proximal neck Zo] > 1.5 cm
1231 distal iliac fixation Zo] > 1 cm ¢ ZHzF A A}
28 7 HFstal It} Contralateral limb gateol| gold

marker7} 22 o] QlT},

bare suprarenal stent2 ©]Fo]

(2) A3}

200093 ¥ 20039714 Zenith® deviceZ AL-&-3}
EVARE A|&st 7394 9] &2}+E standard-risk groupt
high-risk group & Wiro] 51 24 #& AHE &
gt dtoll w2, standard-risk group® high-risk
group®] thEWF HH AMLE & 2% vs. 4%, 5 7
L 0% vs. 0.4%, late endoleak+= 12% vs. 15%, ©]2¢
AEMIA A FEL 20% vs. 25% T F S &ato] &2
AetRS W, /i &2 M limb occlusion, 10 mm

o]4¢] device migration €2 component separation

36

rate= 2% 3% ujvto| gt

3k 19999 E 2006E7HA] Zenith® deviceE A&
3] EVARE AJgd3t 23449 xS o2 Hit 26.9
N 7t FA3 SFH AFolA 47(1.7%)9 tiesH
F o APgol QY 4 #F 7|7t Bt type 1 F
2 type 3 endoleak 78| (3.1%), type 2 endoleak 432
(18.8%), WF 7] 57 78 (3.1%)7F AR LH, o]zt
AEHMA NBEL 92%ctL Hskdt

(3)Fd

Zenith® stent-graft= 73t radial forceZ 7423l ¢l
th o] 2 <13 stent-graft7} tig® Hol FstA L
4> 9lt}, w3 proximal neck angulationo] 413t gkx}oj
A AHEH9S ), aortic remodelingol] &3+ 7] &4
T WS EY & Aok AT F7|H o' A3t radial
g

force7} 2488t wj proximal neck dilatationo] 42 4
Qom o] & 913t type la endoleako] TAYE 4= Ut

@A o] Art.

Bifurcated device®] main body”7} Z oA longi-
tudinal/columnar strength”} 738}, contralateral
limb2] cannulationo] &-o]sltt= AA = 7FATH

Zenith® deviceo T tt2 AHL trigger-wire
release mechanisme E3j stent-graftE &3t 9%
of HgA o= deployment & 4 Ut Foltt. AT
27to] tha BRehTh B0l Kad,

Endurant® device

m+4

Medtronic® endurant®
deviceZ multifilament polyester fabric®] graft}
M-shaped electro-polished nitinol stent= FAJ%E o]
Ao stent-grafte] +¢Fo+= suprarenal fixations

-
R

modular, bifurcated
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&3l anchoring pin®] 1+ suprarenal nitinol stent”}
Atk

Bifurcated device®] main body &7 23-36 mm,
Zol= 50 mmo|H, ipsilateral limb (Zo] 5 cm)3t
contralateral limb (Z9¢] 4 cm)9 7L 14 mm o]t}
Iliac limb devicex 10-28 mm2] 2171} 82-199 mm
Zo|7t A 7hesl, thFst £59] iliac extension
device®} aortic extension device”} 9t}

Bifurcated device? delivery sheathi= 27 9] 18,
20F olH, th& LA E9 sheath 9|74-& 14, 16Fo|t}.
Instruction for use (IFU)o| wrZ™ proximal neck?)
2174 19~32 mm, FZFHe] &7 8~25 mm, proximal
neck Zo] > 1 cm, 281l distal iliac fixation Z9o] >
1.5 cmQ! Aol A ARE-E As dstal Slt}. EVAR Al
& A 483t device?] YRS Y F7] Y3 stent-graft
L9 Kol 47]9] radiopaque markerZ} 9131, ©] marker
9] 1 mm 9JFE stent-graft fabrico] ¢ttt 4719
radiopaque % ‘e’ markerg 53| stent-graft®] ¥HE
ol & 4~ IEE AAE o] 9t} Contralateral gate®}
bifurcation 9]0 = marker7} EA|E o] YA AJ&9
Holdat Qb d& Al Ftt.

(2) 2=

20099 EE 20118714 30712014 1,263 ] B3}
2 o2 Endurant® deviceE AHE3e] EVARE A
88k ENGAGE registry7} Q.oH, o] ¢1lo] 239
& 49] 327} hostile neckS 7FAIL JYQITh o] A
o] 5 4 IF ZAito] =W, tigHF T AL E,
2.2%, o1z AEWA AFE, 157%, THF o4E, 1.4%
2 23 gt} =3 type la endoleak, 1.6%, device
migration, 0.3% oW, THF A7F9 F4 F2 {4
7} 89.4% Tt

US IDE trial2 2008¥¥¥ 20094 7}A Endurant
S AMES 1501 9] LS O E 51921, technical
success rate, 99.3% 183l & AEE, 0% & Bl
sttt 19 33 #F 7|7 B¢t device migration, &
W5 3, open repair29] M, type 1 £ type 3
endoleakS gl om o]z} QQEjHIA 0] 10739] A% Sl
th [5]. 2L AE o2 3 53 27 T AFoA
= W9 F I3 AEE, 0.8%, ol&F AEHH APE,
1I%=E B3l Foem type 1 123l type 3 endoleak,
device migration, 7HE-&Z29] FEEL 0% AL, type
2 endoleak HIEE 41% 2 H13}9ch o] Ao L
3te 10~14.9 mm&] 2 proximal neck lengthE 7}zl
22} (n=15)94] EVAR Al¥ & type la endoleak ¥y

o] YRS HiLsl3iTt.

Moderate (<60°) & severe (60~75°) infrarenal
neck angulationg 7}7 809 9] &S oz o o
Tol A= technical success rate, 100%, 1
Z& 3t A3} device migration, stent fracture, 9
I S VEaeRs] Ao glgon, ofx} JEHA

o] AlE Tt BT

¢

A

o
2 4

v Jt

(3)

28 mm¥] iliac limb stent-graft7} Qo8 2 2 FH
470] 2 FAIME A%0] 7F5eh0, 36 mm 4739
main body7} 1B = proximal neck #7©] 32 mm
QA Ao M= EVARA & 0] 7He3HA H ATt

Endurant® device= proximal necko] &1 5
7 (angulation)o] Q1= EAfA £ AAE HAlL, o]
+ sinusoidal M-shaped individual stent, stent-graft
ring®] small amplitude®} active suprarenal fixation
o 9J3l proximal neck F¢Jol A i@ WH} stent
grafte] Wz (sealing)o] & T i1, deviced FA4
(flexibility) o] %2 wiZol2tal drgstal it
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=25
A HIIZ(MSstu H#)
Endoskeleton Device (InCraft and AFX2)
3
Trcstn 2223

BRgswal zuasizo oste] LdZ &  o|th Endoskeleton device: @} graftibo]o] stent
HHlsts o 4808 A8 E oA ¥& A AFTECl 7} §l7] mlEol sealingo] & 4 ¢lo] endoleakE &
90%7HA] BAE Il Qity, BRI FHFS oty A5 d 4 AT TS stent?} graftE HEo|A HiZE o= I
&4 AFLEO] 40-50% Ao, SHHE BAEW A 0]%7| W radial force’} Zsitt= FHo] et 3
§}o§ Ql 'c'SH £&0] Y7} AGs =t} 2 Qg A9t stent7} o] QQoB 2 A& £ lunderquest wire
&7) 9 stent-grafto] Wdo] gdo] vHEAA & 9 stent7} BHE 0] grafti} catheter, balloon?] tip ¥

‘41 Ned BRUEHRY &0 389 FHEIL AP 2o| 48 VA Bk 497 2 & Ut} o
ES Y F e UA AEHoeE Wdstal Qi AL 7175 twistshH A &8 AU lunderquest wire

BRI ENF X 8o AH&st= stent-graft L
Zo] w2} exoskeleton device®} endoskeleton
device? 11 & itk @A) Skl A AL 7hs
8l endoskeleton device2+ CordisAte] InCraft®}
EndologicsAte] AFX27} Qlt,

Endoskeleton device= polyester &2 ePTFE &
9] graft Ujio| nitinol A9 AHIEY} EA5tE= L2

YA 2A, wire exchange T+ sheathE &2|W wire$}
stentAtolol] f-Ao] A 7|37t SE7HA] Kot 2AE
34 g 4 Qlth =3t AAJE Al guide wirett catheter
7} stent$} graftAto]2 AAE 4 9ed|, o]F

round tip wireg ©]-83}74} pig-tail catheter& O]%
ato] A& Z7bo) catheter?} stent 5o ¢x|3t= A
< st Aol T8ttt
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BuojEuRE v A o 80%0lq Agshs Aow
uaEo] 9o, B FEEL 4740l 5 cm njgl 4
9 0-5%/year ¢l HHHO 5-6 cm ¢l H$ 3-15%/ year,
6-7 cm Q! % 10-20%/year S O2 A7o] AHLE
27K} w47 5 om oY) BRrEuE, 47
o] 0.5 em/year o F75He B9, thEUF 93 3
o] SurE A9 So| A8 #gFo] e,
EndoVascular Aneurysm Repair (EVAR)+= ©]4]

(graft)o] F2d AHIE (stent graft) & F¥U HI=
Foto] BREUFUT Rgjo] M ste] Fie
N7 U BoRe §EsHE 27T weby 43
¢ A& YsliAe ARE stent graftel ths ¥ 7o
Uxto] FQ3kH, T3t renal artery (ReA), common or
external iliac artery (CIA or EIA) 5 8 8#E9] &
AR BRE A& T 2AEojof B,

=2}
ge) Zol, 7%, ¥, 435 5 ARt BAS BA
ato] oW 79| stent graft’t 4LE 4 YLAE
gstofof gttt AA| FUjolA AHE 715 stent graft
+ Zenith Flex (Cook corp), Endurant (Medtronic),
AFX-2 (Endologix), Incraft (Cordis) 5] lt}.

Stent grafte] 277} AAHYoH AHES] AAHS
A7 st=t Yuk4 02 main aortic graft:= aortic neck
Hr}h 15-20% 2 A&, CIA/EIAYE 1-2 mm 2 A& Al
g3t Ale A o=, SAAUNES st Aol o
dne 48 4 9k

UutZQl EVARE 4% common femoral artery
(CFA)Z 39 AJ3JshH juxta- or infra-renal aorta
HE &S CIAZHA stent graftE d2| 3t} Stent graft
introducer #70| 14-24 FrZ #7] W&o CFAZ cut-
downdt & Alg¥sl7| = spA|T ZLefoll= &S5 CFAS H
2t & 1-271¢] closing device (Perclose proglide)E 1]

b

40

g dx|stod Ala 3o AES EHF F EVARE A5t

ZENITH, ENDURANT,
and INCRAFT stent graft

Main aortic graftg 4Y& =9 CFAE uat £52
2 Zo]& A 4 9+ radiopaque marker7} 91& 5 Fr
pigtail catheterE o] &3te] ERUEH 2FeS AlY
sto] ReARE EXHUEHWFE 4 1-3t9] CIA/EIA7A] 9]
Zol, 7} 2.99] 217 infra- & supra-renal aortic angle
59 s REA YRS gQlsttt. Main aortic deviceE
HUE CFAE 955 HZ87]= stAT 7134 CIA/
EIAS] &3] H& F& Aggitt.

Pigtail catheter® §HHEY7IA] &2 & 260 cm
ZAY FE=H A (super-stiff guide wire)E sHyFH
Zm7kA] A 5 pigtail catheter$} 7-8 Fr sheathS
A7}, stent graft introducer’t YT 4= Y= 5
B AR E S Ak(dilator) 2 FF A1 oS 18-24 Fr
sheathE 4ttt Contralateral limb grafts A=
B & CFAE E3llA &= pigtail catheterE ReA 7|A|F
o120 A 2)5ke] main aortic graftS x| wj ReAd]
s B4 BYE AT 4 LS FH[FH

o=

Super-stiff guide wireE Wz} main aortic graft
introducer® tsWo] AYAZ] T HitjE o2 A9
3t pigtail catheter® E3) tl5HE2P&S THA] A3}
o] ReA 7|A| %5 Feldt & main aortic grafte] graft
AZE E9J7F ReA 3ol Y)2]31A] main aortic graft
£ "x)7] NSt} Zenith, Endurant, Incraft stent
grafts= graft7} H2E ARE RO HT} JRO

A

A 9] bare metal segment’} Y=

o &

suprarenal fixation
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2ol 4 main aortic grafte] 295 ARE WA W
% 2948 AYsto] Rea I3RS B3t
main aortic graft introducer Y& =
Al main aortic graftE B|7|% st} ojufe] 2YP&
< ReAo] tgWolA EA|3t= A -4 90°E HY
EE c-arm9 45 & F, 208 AL XA
, B3 BEROIEWO Mo AL 5 st FojS
(craniocaudal) 0.2 Zt= & X3t Algfst= Zo] A
&3 main aortic grafts A x|sh=d] &3ttt
Main aortic grafte] A%

contralateral limb gateZ} A

i

SRRy
i)
o,

main trunk9
Hodd F5% &
contralateral limb graftg WA A x|ttt Contralateral
limb graft® dx]5}7] 9Js)A] WS CFAS S8 B2
tisol A9l o] AW pigtail catheterE 0.035” soft
tip guidewire Qo] FZEUA Wl 3, Chyat 7}
HE S FEHALE o] 83}9] contralateral limb gate
¢} main trunkE E33 F pigtail catheterE THA] 71
Yot T2 2F&eS Alste] CIA/EIAY] contralateral
limb graft& AX|& HL|712)9] A3t o], 4% 5=
Selgt), 0% B3 CRAT 22 W0 TRz
£ AR s, 48g 47]9 sheathE A8t
contralateral limb graftE A x|ttt o|m] main aortic
grafto] 2% o] Q1+ contralateral limb grafte} F7}2
AA|8H= limb graft7t 83 A2 FH(HE >3 cm)
=5 dX|stofof gt}

©]& main aortic grafte] JZE o] = ipsilateral

&

>

=

limb graft& F7F2 ¥ % % main aortic graft
introducerE A| At} Contralateral limb graft A %] wj
o} 22 WA 0 2 pigtail catheterE A3t ipsilateral
CIA/EIAY] limb graftE A8 HY7=¢] Ag), A4S
Z4%t T A4 limb graftgE F712 A x| st}

(Incraft stent graft:= introducer’} 14F2 FoJQlal,

<7} stent grafte] 353 9 AlY>

main aortic graft ¢} ipsilateral limb graftg H#| A x|
3 contralateral limb graftE A2]sh= £AZ Fojlth

Main aortic graft®} bilateral limb grafts®] Ax]7}
2= molding balloong A3t stent grafte] <
A7 gl A Fe}F 7} stent grafte] SHRYAE TAHLRE
g73te] endoleako] W/YstA] REE S},

np2|et O 2 pigtail catheterg o] &3] HHFH=E
d&& AY3to stent graftE 3t 7 endoleak?)
T, ReAd] 7 71E48 55 st o A=
Sl #& 479 sheath TR CIA/EIA] BF 4
Agol SRel o4 olng Bela] ofelg 4 gom
& 29< Al sheath sidearmo]] 30-50 ml syringeE €
Aste] s 27 st st &3ttt

AFX-2 stent graft

AFX-2 stent graft= FUjollA & A33517] wizol A
28 4 glAl "t} Stent grafte] T2t Axdyo] A
o|3lt}. %= CFAZ E3 A&sts HHAe Zasht
contralateral limb2 A x| & Zo] 7F sheath & AJst
% snare wireZ aortic bifurcation level A} ol HX%]
A1ttt == CFAE %3) contralateral limb £0.2
X bifurcated stent graft introducere} 7 =¥
SEHAE HA AYsHS contralateral CFAOIA A<
3k snare wire2 FobA| Wit} o]F 55 CFAE &3l
bifurcated stent graft introducerE aortic bifurcation
ARMA DY 3 & )& CIAZOE AU WA=
bifurcated stent graftE distal aorta®t 4= CIA F9
of WA x|ttt o] % contralateral limbZ S 2 pigtail
catheterg suprarenal aortaol] 4+¢13ste] ReA 7|ARE
8918t 3 ipsilateral CFA 22 juxtarenal aortakE
bifurcated stent graft®] trunk $$J7}x] VELA=taL &
Z = aortic stent graftE 2712 At}

IFU Infrarenal Infrarenal Aortic neck lliac fixation lliac diameter Sheath
neck length angle diameter length diameter

Endurant Il 210 mm <60° 19-32 mm 215 mm 8-25 mm <20 Fr
Zenith Flex =215 mm <60° 18-32 mm 210 mm 7.5-20 mm <22 Fr
AFX2 =15 mm <60° 18-32 mm =15 mm 10-23 mm <17 Fr
InCraft 210 mm <60° 17-31 mm =15 mm 7-22 mm <16 Fr
Excluder C3 215 mm <60° 19-29 mm 210 mm 8-18.5 mm <20 Fr
Nellix 210 mm <60° 18-28 mm 210 mm 9-25 mm <17 Fr
Ovation =7-10 mm <60° 16-30 mm =10 mm 8-25 mm <14 Fr
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IGET Expert Meeting 2019 — EVAR and Lymphatic Intervention (25) Complicated EVAR Procedure
11:15-11:30

Rupture of an abdominal aortic aneurysm (AAA)
is a fatal condition that is associated with high
mortality and morbidity. As with intact AAA, both
open repair (OR) and endovascular aneurysm repair
(EVAR) are applicable to the treatment of ruptured
AAA (rAAA). Similar guidelines to those for elective
EVAR should be followed in rAAA, where anatomical
suitability among other factors are taken into
consideration. Despite controversial results in the
literature when comparing the long-term outcomes
of OR and EVAR, the treatment of rAAA is generally
performed in emergent setting where perioperative
and early post-operative morbidity and mortality
matter the most. Some of the recent publications
have shown that better perioperative (30-day)
outcomes may be expected with the minimally-
invasive EVAR approach. The advantage of EVAR

44

over OR is clearly apparent, where there is less
need for general anesthesia (which itself has been
shown to be associated with high morbidity) and
minimal physiologic stress to the cardiopulmonary
system. In the IMPROVE trial that randomized over
six hundred patients with rAAA to primary EVAR or
OR, three-year results have shown a survival benefit
with lower mortality for EVAR. However, EVAR
for rAAA can only become a feasible and effective
option in institutions that have experienced staff
and that are equipped with adequate devices. Only
then can a protocol be established to address such
emergent cases. This presentation will review the
literature and present a few cases of emergent
EVAR for rAAA that have provoked the need for
updated treatment algorithms.
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IGET Expert Meeting 2019 - EVAR and Lymphatic Intervention (35) Post EVAR Management and Results
13:30—-13:45

=25
34 YRS E )

open repa

Follow—up for post—endovascular repair (EVAR) or

ir of AAA

1. CT and CTA

The exceptional spatial resolution and fast
imaging speeds of CTA has made it the de facto
gold standard for post-EVAR and post-open repair
imaging surveillance. After EVAR, the most widely
used surveillance regimen utilizes multiphasic
contrast-enhanced CT at 1 month, 12 months, and
yearly thereafter. If an abnormality is detected 1
month post-EVAR, a follow-up scan at 6 months
is performed. In the absence of adverse outcomes
at the 1-month follow-up imaging, the intensity
and frequency of the surveillance program may be
modulated accordingly. Compared to aortography,
CTA has higher sensitivity in detecting endoleaks
after EVAR. Compared to US, CTA is better able to
visualize kinking and migration of the stent-graft
and is equivalent in quantifying aneurysm sac size.

Initial post-EVAR surveillance studies monitored
the maximum diameter of the aneurysm sac as a
marker for response to therapy. This method has
been shown to be unreliable due to substantial
interobserver variability. Volume analysis of the
aneurysm sac has since proven to be the most
reliable indicator for aneurysm rupture and/or need
for reintervention. In an effort to reduce radiation
dose and contrast material exposure, several
authors have proposed using serial volumetric
analysis of AAAs with noncontrast CT as the sole
screening test for post-EVAR follow-up. Volume
discrepancy due to interoperator variability has
been demonstrated to be less than 2% when the
procedure is performed by experienced personnel.

46

In patients in whom contrast materials are
contraindicated, serial volume measurements of
the nonenhanced aneurysm sac provides valuable
information in guiding management. In most cases,
a CTA of the abdomen and pelvis is appropriate to
ensure coverage of the treated aneurysm and stent
graft. The CTA should include the chest in patients
with TAAA.

2. Aortography

Due to the relatively invasive nature of
aortography, it is not practical for routine post-EVAR
surveillance. However, in the setting of a known
endoleak, aortography may be more accurate than
CTA in classifying endoleaks. One study revealed
only 86% agreement in endoleak classification
between aortography and CTA, in which subsequent
correct classification by aortography significantly
improved patient management. Ittherefore stands
to reason that aortography may be best utilized
as a second-line imaging modality in post-
EVAR patients, playing a vital role in endoleak
classification and reintervention.

3. MRA

When considering using MRA for post-EVAR
surveillance, stent material and orientation are
important considerations. Typical stent construction
employs nitinol, elgiloy, or stainless steel. Nitinol
is a nickel-titanium alloy that causes relatively
few artifacts on MRA, while allowing adequate
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visualization of the stent lumen and adjacent
structures. Elgiloy is an alloy of cobalt, chromium,
and nickel that may obscure the stent lumen but
still allows for visualization of adjacent structures.
Patients with nitinol stents are the optimal
candidates for MRA, while those with elgiloy or
stainless steel stents may experience significant
artifacts that compromise visualization of the stent
lumen and limit morphological resolution of the
stent wall. However, artifacts may arise even with
nitinol stents secondary to stent geometry. Due
to severe susceptibility artifact associated with
stainless steel embolization coils, MRA is poor in
the follow-up of patients who have undergone coil
embolization of the internal iliac artery before
EVAR.

MRA of the post-EVAR aorta shares multiple
features with CTA. Like CTA, isotropic 3-D MRA
images may be reformatted in any plane for volume
analysis or orthogonal diameter measurements.
In patients with nitinol stents, aortic diameter
measurements for MRA have been shown to be
as reliable as those obtained with CTA. MRA has
been shown to be more sensitive than CTA for
the detection of endoleaks. Consequently, the
higher rate of endoleak detection seen by MRA in
cases with a negative CTA may shed light on the
phenomenon of endotension. More recently, time-
resolved MRA has been used in the characterization
of endoleaks and may provide relevant information
regarding contrast and flow dynamics within
endoleaks. As such, replacing aortography as an
effective and noninvasive method for endoleak
characterization shows promise.

In most cases, MRA of the abdomen and pelvis
is appropriate to ensure coverage of the treated
aneurysm and stent graft. The MRA should include
the chest in patients with TAAA.

Blood pool contrast materials such as ferumoxytol
remain intravascular for a prolonged duration,
thereby allowing for generation of high-resolution
3-D multiplanar images. Use of these contrast
materials may improve detection of slow-flow
endoleaks.

Patients intolerant of GBCM or those at risk for

NSF may benefit from the acquisition of noncontrast
bSSFP images in post-EVAR surveillance. One
small retrospective study found that noncontrast
bSSFP images can be used to exclude endoleak
after EVAR, with postcontrast imaging reserved
for verification and further characterization of a
suspected endoleak.

4. US

CDUS and CEUS are being increasingly recom-
mended for post-EVAR follow-up. These are
convenient, noninvasive, and have a favorable
safety profile. In the evaluation of endoleak, CDUS
has high specificity but limited sensitivity, reported
in two large meta-analyses to be 91% to 93% and
66% to 69%, respectively. The major limitations of
US are the inability to detect stent-graft kinking,
fracture, migration, or component separation. For
this reason, adjunct four-view radiographs are
recommended to be obtained with all post- EVAR
US examinations. For FEVARs that involve the
celiac trunk, US is unable to adequately visualize
the proximal sealing zone.

Not unexpectedly, published results regarding
the accuracy of CDUS in post-EVAR follow-up
are varied. Nevertheless, US offers the ability to
determine endoleak flow direction and therefore
assist in guiding management. Spectral waveform
analysis of reperfusion to the aneurysm sac has
been shown to have prognostic value, in which Type
IT endoleaks with bidirectional flow and low flow
velocities have been associated with spontaneous
closure.

Several studies have compared 2-D CEUS to
CDUS in the setting of post-EVAR follow-up,
with a recent metaanalysis finding no clinically
significant differences between the two. In the
setting of post-FEVAR followup, 2-D CEUS was
found to be equivalent to CTA in aneurysm sac
measurement and in assessing patency of visceral
vessels. Additional studies have demonstrated the
superiority of 3-D CEUS over standard 2-D methods
in both endoleak detection and sac measurement.
Three-dimensional CEUS has been found to be
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equivalent or superior to CTA in endoleak detection
and sac measurement, in addition to being highly
reproducible.

Many have advocated replacing CTA with US for
post-EVAR surveillance due to its lack of exposure
to nephrotoxic contrast. Specifically, it has been
suggested that CDUS be used in conjunction with
noncontrast CT to follow patient’s post-EVAR who
have renal insufficiency. US surveillance protocols
currently being developed seek to drastically
reduce the cost of follow-up without compromising
accuracy, with CTA reserved for further evaluation
of suspicious findings.

5. Radiography
Radiographs were previously considered a useful

adjunct to CT for detecting stent graft migration
and underlying structural change. This modality
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cannot be used as a stand-alone study, as it is
unable to assess aneurysm sac size or detect
endoleak. Radiography alone therefore does not
meet guideline criteria outlined by the Society of
Interventional Radiology in AAA postoperative
surveillance. Despite its limitations, anterior and
lateral radiographs have been shown to be useful
for detecting stent migration, kinking, or modular
separation of the stent graft components, whereas
oblique projections may detect wire fractures.
Three-dimensional?reconstructed CTA images also
provide this information, in addition to detecting
endoleaks and changes in aneurysm size. As such,
advances in 3-D visualization tools will likely render
radiographs redundant and unnecessary when used
in conjunction with CT. However, if US is used
as the primary imaging modality in post-EVAR
surveillance, radiographs become a vital adjunct
examination.
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Type Ia endoleak — Wait or immediate management
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Endotension is defined as continued aneurysm
sac expansion without a demonstrable leak on
any imaging modality. The incidence rate of
endotension after EVAR has been reported to be
about 1.5% to 5%. The origin of endotension is
thought to be from unrecognized endoleak, or
transudate migration through the endograft wall due
to the endograft's porosity. As a result, the growth
of the aneurysm sac may extend to the landing zone
that can cause endograft migration or disintegration
promoting type I or type III endoleak. Because
increased aneurysm sac is related to aneurysm sac
rupture, patients with growing sac must be carefully
treated. However, the standard treatment modality
of endotension between surgical conversion and
endovascular treatment is not yet established. On
one hand, some authors recommend just follow-
up for patients showing no symptoms because it
is possible that aggressive treatment may lead to
eventual and iatrogenic sac rupture.

Management of endotension is still controversial.
Regarding the fact that an increased aneurysm
sac is considered to be endovascular treatment
failure and is connected with a high risk of rupture,
patients are usually treated. Endotension is treated
by surgical conversion or endovascularly. Many
endovascular treatment methods exist including
graft relining of proximal and distal cuff, aspiration
of the aneurysm sac, and direct percutaneous sac

injection of materials like thrombin and fibrin glue.
Filippi et al. reported that patients with increasing
aneurysm sac treated with the relining technique
maintained patency and sac size reduction during
the three-year follow-up. Cerna et al. suggest
aspiration of the aneurysm sac could be an easy
and effective treatment modality for endotension.
Uthoff et al. reported an 88.9% (16 of 18 patients)
success rate with the direct percutaneous sac
injection method. However, the standard treatment
modality of endovascular treatment replacing
surgical options is still a controversy and the best
modality is yet to be determined. On the other side,
some authors recommend to follow-up patients if
the patients with endotension are not symptomatic,
because they suppose eventual rupture will not
be dramatic and fatal. Nevertheless, increasing
aneurysm sac size can lead to enlargement of
landing zones, especially in proximal neck, and it
can lead to migration or disintegration of stent graft
and to Type I or III of endoleak and subsequently to
fatal rupture. Hence, the importance of serial x-ray
surveillance is stressed again. We recommend plain
x-ray follow-up along with CT angiography as this
may provide important information. Furthermore,
endograft relining techniques could be a very
reliable and useful option to manage endotension
induced growing aortic aneurysm sac.

51

(2@) Aepinjes ‘gz aunp



KSSR 2019

The 7th Korean Spring Symposium of Radiology

IGET Expert Meeting 2019 - EVAR and Lymphatic Intervention (3%) Post EVAR Management and Results
14:25-14:40 HE

Fate of EVAR: Long—term results of EVAR
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Conventional and MR lymphangiography
Mo &
AMSOHIEE
Introduction sensitive for detection of fluid-filled lymphatic

Methods of imaging the lymphatic system
have lagged behind vascular imaging, primarily
due to difficulty in delivering contrast media
into the lymphatic vessels. Two traditional
lymphatic imaging techniques are conventional
pedal lymphangiography and intradermal
lymphoscintigraphy. Pedal lymphangiography, which
is technically challenging and time-consuming, was
replaced with intranodal lymphangiography, which
is based on ultrasound-guided access of inguinal
lymph nodes.

Application of a similar intranodal contrast
media delivery technique for MR imaging resulted
in the development of the dynamic contrast MR
lymphangiography (DCMRL). MR acquisition
technique to track the advancement of contrast
media, allows dynamic imaging of the flow in
the lymphatic systems as well as imaging of the
lymphatic masses and vessels.

Imaging technique of DCMRL

XMR suite (Siemens, Germany) that combines
an MR scanner with a cardiac catheterization
laboratory is available, enabling both imaging and
intervention together; however, it is not available in
many countries. Therefore, it is practical to separate
intranodal puncture procedure and MR acquisition.

Heavy T2 weighted imaging
This imaging is similar to MRCP and exceptionally

structures. Bone lymphatic masses, lymphangiectasis
and possibly thoracic duct can be identified
sensitively. Heavy T2 weighted imaging can be
performed using a respiratory-navigated and cardiac-
gated 3D turbo spin echo sequence.

DCMRL

Undiluted MR contrast media is injected by hand
simultaneously into each inguinal lymph node at a
rate of 1 mL/min. In adults, contrast media reaches
the thorax about 3 minutes after the injection of
the mixture of saline and contrast media (3-4 cc,
each side). For children, get images simultaneously
while injecting the mixture of saline and contrast
media (1-2 cc, each side, contrast amount: 1 cc/kg).
If the lymphatic anatomy is not clear, it is possible
to repeat the contrast injection.

For abdomen, evaluation of cisterna chyli is
important for pre-interventional planning. Dynamic
acquisition is essential, if chylous ascites is
suspected.

AMC Protocol

T2 TSE FS Ne;dle insertion - e;rsHRNhiE;;gTA
7 - contrast enha nt
ma%'lzlne:n?:)'al injection uf;r:?n) coronal and axial

(15 - 20 min) (10 - 20 min)

‘ MR room occupation : ~ 90 min

Needle insertion T2 TSE FS eTHRIVE FS enhancement
& contrast coranal & axial coronal and axial + Abdomen
injection (10-20 min) (for cisterna chyli evaluation)

(15 - 20 min) (10 min)

Children- just after injection
Adults- 3 min. after injection
MR room occupation: 30 min
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Representative images

M/77 Postoperative chylothorax. Leakage is well
identified on eTHRIVE axial Gd-enhanced image
(left) and coronal MIP image (right).

Advantages of DCMLR

1) Generation of the map / pathway of the
lymphatic flow - reflux, leakage

2) Less artifacts from breathing, peristalsis, or
heart move

3) Better visualization of smaller lymphatic ducts

4) Possible visualization of delayed lymphatic flow
in complex lymphatic flow (e.g. slow lipiodol
flow)

54

5) Avoidance of unnecessary conventional
lymphangiography when DCMRL is normal for
selected cases (e.g. suspicious leakage cases)

Disadvantages of DCMRL

1) Technical difficulty in intranodal contrast
injection - contrast extravasation by capsular
rupture or cannula slippage

2) Non-visualization of lymphatic structures
outside injected contrast media pathway
- cannot evaluate liver and mesenteric
lymphatics.
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Postoperative chylothorax is one of the fatal
complications after surgery for esophageal or lung
cancer. If it is untreated, postoperative mortality
dramatically increases because of loss of nutrients
and cellular or humoral immune components.
Before the era of lymphatic intervention, surgical
thoracic duct ligation, total parenteral nutrition,
some medical treatments were possible treatment
options. Even radiotherapy was attempted as the
last resort in patients with refractory leak. However,
since the introduction of percutaneous thoracic
duct cannulation into the interventional techniques,

chyle leak from thoracic surgical beds has been
one of the treatment targets of interventional
embolization, i.e. thoracic duct embolization.

My talk deals with historical background, pre-
treatment evaluation, procedural steps of thoracic
duct embolization, and treatment outcomes. As a
pre-procedural patient evaluation, the roles of MR
lymphangiography will be discussed. My experience
on thoracic duct embolization will be also shared
in the last part of the lecture. Over forty patients
have underwent thoracic duct embolization since
December 2015 at Samsung medical center.

55

(2R) Aepinjes ‘gz aunp



KSSR 2019

The 7th Korean Spring Symposium of Radiology

IGET Expert Meeting 2019 — EVAR and Lymphatic Intervention (45 Lymphatic Intervention
15:45-16:00 m=

56



KSSR 2019

The 7th Korean Spring Symposium of Radiology

IGET Expert Meeting 2019 — EVAR and Lymphatic Intervention {4%) Lymphatic Intervention
16:00-16:15

=205
I EER(MEZAHE)

Lymphatic ascites is a result of leakage from the
lymphatic system into the peritoneal space and can
be caused by various benign or malignant etiologies,
ranging from congenital lymphatic abnormality to
trauma that cause disrupt any part of the lymphatic
system in the abdomen or retroperitoneum.
In chylous ascites, the characteristic “milky”
appearance derives from high concentration of
triglycerides that is transported from the mesenteric
lymphatic network to the central lymphatic
system. Leakage occurring anywhere along this
pathway results in chylous ascites. Meanwhile,
non-chylous ascites develops upstream to the
confluence of the mesenteric lymphatic system,

which drains lymph from the liver, pelvis, and lower
extremities. During the recent years, intranodal
lymphangiography using ethiodized oil has gained
popularity not only due to its diagnostic value
in detecting leaks but also its capability to treat
them. Despite the theranostic effect of intranodal
lymphangiography alone, treatment failure is
not rare. This has led to the recent development
adjunctive percutaneous embolization techniques
using N-butyl cyanoacrylate which have proven
to be effective in occluding site of lymphatic
disruption. This presentation will cover the basics of
intranodal lymphangiography and describe various
percutaneous techniques to treat chylous ascites.
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ZH 2 "¢ {24 Lung-RADSY| o} £ #2424 o3

dsl g
= B 2fE]

Lung-RADS(Lung CT screening reporting and 3t

Data System) P]= Y3233 (ACR) ol A A|QHEH ) A-e AA (1, RETY 7+98), AF9 A7]9}
FALE 9 BEAAR A= 20149 4€o] TEH  LDCT ARAZ| (A5 vs 4ol wheh 289 H3E7h 2

version 1.0& AHESTH o= |9 QoA AlYst JE T} Lung-RADSOAM = YFdS ZAA7]7] Ystod
LDCT #5& 913 d=AA = CTEA, #51, 4 A2 A (positive) 22 BAst= 24 7] A&
Y A1E FFeeha A 2 A #AS gt dlo] Hu] A% 4 mm (NLST 712)0lA Ht 474 6 mmE
B £3& o 2E3he 9% A8 =rojth 20199 SR, FATEY FQ 99A¢] H -2 ZE(ground-
795 NPT F7HEGA BEgA oz e & glass nodule =+ non-solid nodule)S ¥/ (bemgn)
AS Hhgste] YR A3 Lung-RADSE AEsl7|2 o0& B2l Lung-RADS 3 25 4 #g= 7

1. 22O g¢, 37|, Y Al7|of mE HZEO| #F 27 (Lung-RADS category)
Pulmonary Nodule Type and Size on Lung-RADS
Baseline LOCT Category Size on Follow-Up LOCT
Saolid pulmonary nodules
<Bmm 2 MNew < 4 mm
z6Gmmto<B8mm 3 New 4 mm to <6 mm
z8mmto<15mm 44 Growing <8 mm or new 6 mm to <8 mm
15 mm 4B Mew or growing = 8 mm
Part-solid pulmonary nodules
<6 mm total diameter 2 NA
=6 mm total diameter with a solid 3 Mew < 6 mm total diametar
component <6 mm
2 6 mm with a solid component 2 6 mm 44 2 6 mm with a new or growing < 4 mm solid
to<B8mm component
Solid component = 8 mm 4B MNew or growing z 4 mm solid component

Monsolid pulmonary nodules

<20 mm 2 = 20 mm and unchanged or slowly growing

z20mm 3 Mew z 20 mm
Note—LDCT = low-dose CT, NA = not applicable,

Carter BW et al. AJR 2018,210:473-479
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WG Lo statolAts| MEX|Y (3F) 7477t Lotof

20184 10¢, o, ¥/EFEH, 20199 5¢ F7
MRI Foi3} g7} A3 Foltt. Foigt gof o
ARHS YRS BEEY 7 22 7|24 A%
MRI 7] sji=o] & 2547
PR 10% 71, ), /87 E
7} 200%°14 300%2 94, T7
g Soltt. B3], 95t HER] 471 B & B I
go)gtat My et TS £33 4 A H
Ao, Golstatd o] TEA| 7Tt FEj7L ofy
gt A7t A2 PESHE 10% wieby #E87 28
dot w3, o, b/ FREH, FEF MRI G783 F
o317t tiE o=l en, v LA SAtE oA
Y /AEEH, FEF MRI

dEo2H FeE

ro L of
Mo o 2
PN
oy
lo
fu
x

1. MRI F9 3743} AP

1) 2207t LYY

HYP ks Adi7bA] A4, A4
sto] Azttt 20199 QAdF47) a4
83.4¢, WYF 74.9¢0It} & ZW7IA
ZAHY 30%, TEHY 25%, HY 20%, &Y 15%°]t}.

ABRA47= F7H * BAAS * B

2) MRI g0{=7} 314

MRI g7 #+4& | FF 9 MRI (Brain,
Orbit, PNS 5)¢t EFZAIRE Uro] A At

BRSO MRIE 4 2957 FYAT 9%
=, Ag MRI, 349 27| 3 S AAIS A 474 4
7t2 = Ak dA (20199 6¥)7HA] Fost &
7t AE o, /AR EH, FHE MRIE 99| 4714
F7tol el ZHz Axtset HERVF BEE o, 3T
MRIz= &9 59 10% 71t 717 1€t @739 sha
AR BERA 10% Fh7H7F 7HtE BEgrt
AEHT e BER 10%). 'GP & vz gS3E AA
F7HE watr, ‘2G4 E A HAF AIF Al 8t
A AR 2373571 AP, YA A gyt
S7t2 ARttt

LA EH L 47F = MR console©] ofd
9] work stationo| A @A Z 7t S Al
3t o5 #=A0f| 7|53 Bl AAste Ao &

d

¢

=

e

4
ox

)

Zo% 4% 5ol sid 7919 FEet 3xrd A< SR
2 125 gty flste] AAJE Aol At
o] it} &, 33 Y 50| ot A7 A4
e Yustetl, dA 3ALAT|ZEIESLIVE I
e 434 A= A9 floh

ELZAAE #4H(diffusion), ®&(perfusion), 2349

& (spectroscopy), @&H(cine), Dynamic, ©] &2 %Y (dual
contrast), 7|52 (functional) MRIZ EZE| o] It} o
% it IR, BFFEE 712 SAAA Al 50%
7 27E AN o] 9o ELANE 72 AL
E BF X35l Qe MHO R ELAASTLS} 72
& < & 9t} & 1, Brain MRI
o} diffusion 94& SAl9 Al@ste= %9 brain MRI
100%+ DWI 50% =150%% 7dW-& 4 AT, Brain
MRI$} cine 9G4S EA 9] A8t AL brain MRI &
cine $7} & & shuit Q14 "t

A
—
o
=
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3) MRI &7} AH

ofe) MRI AA1E BAIo] SRS ol BAG7E 24
& A AR A 100% 57}, F WA 7
A 50% $71E 1Akl Fitsitt. o
MRI, Brain MRA, Neck MRA, DWIE FA|o] Alglst 74
2 Brain MRI (Brain MRI®] 100%<%>7}) + Brain MRA
(Brain MRA®] 50%%7}) + Neck MRA (Neck MRAZ]
50%4>7} + DWI (DWI9] 50%47hHE shatgct, &
A ¥, K/ AREBE ERANE Eeo] 300% 4
#7h 747 MRz S84 298] 150% 4t 4
717t Q7 E

:"é
X
>
=
4z
o
rlr
2
oft

4) X2l

MRI Fof471e] SHARE QIR T2 o2, A< 0139} 3
Tolo] Y 30%, HY 40%, TEHY 50%, 4=
g 60%°ltt. F3AEA (&, ¥ 4, 55 hﬂ%ﬁé,
24 HBA &2 5= Y e g AF A
& 99 5%, SAHAEA, SSHALEA
[e)

R

ol E
l:o

oFro] 1§ Eolo] 10% AHE7 A aHC

2.4, ¥/3584d,

=7
Bgleh HE2AN 71AEs]

1) &, £l/AREE MR EEYAO| He| (2018-

(ax1al TlWI), ZAE T2 AX
/3 (axial T2WI), 4™ T2 FLAIR %/ (axial
T2 FLAIR), A4 T1 7294 (sagittal TIWI)

th 1.58| &2 (tesla) o|S EAMH T2* Ao 2
Z&(axial T2 * gradient echo image) =+ =}

09.

st 24 (susceptibility-weighted imaging)<

%7z Egslolor .

: %7 5 mm ©|3}, 7t 2 mm o|3} £F
) ¥ 289 2 o9 AR =

}ob 2o 17) o)A

r g5kl ke Fuoly

4

=
2
)

Y
N
o

A

o of
—}' >
o
= o2
o = o
=
o m
o>’

fu
2

@
rh @ LN W
o M,
)
AR

?_ oco& ™1 5 ==
4 242 93 4 9old Y =E 94
1 S0 EZRRS WAR 5 e
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(3) BT TANE 913t W7 YY
2) &, /AR ET MRI BHEAZN 7|7He]

(2018-198%)

PIAR(IE, AAAA 2§ 5), AST G, =
GA g ol

wi o, Au, w7t ¥4, GAQs] §7H] 22 o
HAAEEH W, 2Y, 53, £5%5, 9%) olRE
gelul, u - ARETE Ao £ oL (FH, HA,
SR 5) oBE T, ool i A9 ARUE
& A 7&%,

3) S48 MRI EEA0| Hi9Q| (2019-77%8)

(1) ehH, Z%

(7}) MEa} &Y (Pulse sequence): H|AWAA =
A T1 4294 (non fat-suppressed axial
TIWI), 4™ T2 729 (axial T2WI), T/4H
T2 7ZFz2%9 73 (coronal T2WI)S &3l A 4
7N olde, T2 ZA2YRH(T2WI) 5 170 oldE A
A 7] ¥ (fat-suppressed technique)& 283}
oo 5 }Uﬂ, s ’;}L T2 7% %92 (coronal T2WI)&

—_

DA T1 %94 (coronal TIWD) &2 thA|&
PaSe) o
T X

(q’) AA: T”ﬂ 4 mm O]fﬂ-, Z_]_'a 1 mm O]*&]—

(2) RH|S

(7)) W1} 24D (Pulse sequence): AHAA] ZAHH
T2 7297 (fat-suppressed axial T2WI), 4
M T1 2294 (axial TIWI), T T1 2294
(coronal TIWI)& Z&sle] 4 47) o]Ad Ti
29X (TIWI) 2 17] o] v A #| 7| H

non fat-suppressed technique)& 2 -&3fofof

1, P4 T1 ZZ2 Y4 (coronal TIWI)S #A

—

o

M T2 %94 (coronal T2WI) 2. &2 thA| & 4 9l
o

(q’) ) l|:‘7}ﬂ 4 mm O]fﬂ- Z_]_'a 1 mm O]*&]—

(3) etet

h WET} A (Pulse sequence): A A /g
T2 7z G/ (fat-suppressed coronal T2WI), &
AW T1 ZZ2 9 (axial TIWI), 34W T1 24329
A (coronal TIWI)S X38tslo] H A 47] o)ttt
T1 ZZGAHTIWY % 17 o4& larelz)7]
H(non fat-suppressed technique)S 283+
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oF &M, F/44H T1 7429 (axial TIWD)S 4
T2 73z (axial T2WD .2 thA & 4 QS

il
(th) @H: =/ 3mm |3}, 744 Imm ©|3}
(4) 5=
(7}) WEa} &4 (Pulse sequence): 9k EH 3

A T2 72494 (thin section 3D T2WI), =
H T1 72294 (axial TIWI), ZAEAE T2 2%
A (coronal T2WI)& ZE&3te] A 47] o|Adh,
oFre AW 3z T2 #FYAH(thin section 3
T2WD)2 of2 A 334 FAA =4

a
}\o]_
S

v

Ar(axial TIWDS A T1 2G4 (coronal
TIW)C2 A g 4

Ar(coronal T2WI)&
T2WI) = AGH T2 x93 (sagittal
OS2 A 4 AU

() 2¥: /4 3 mm ©]3}, 74 1 mm ©]3}

e
o,
rg
Sor
o)
BX
o2
o
o
.
&,

—3
N
=

(5) ZYGH| T = EY: 27| o 42| £EHE
ZeStE|, 0 & 17 O] &2 X[ x| 7|'H
(fat-suppressed technique)2 H&

4) EHB MR| THEAZA 7|71819] (2019-7735)
AN AL 5), BES G, 2

1) =] MRIS| EEYQ &2 HtEA| X|74{0F SHLI?
2 BACGIYO|LL $FBOZ
¥ MRI®] ZEYGAE axial TIWI, axial T2WI, axial
FLAIR, sagittal TIWI, gradient echo(GRE) T+
susceptibility-weighted imaging (SWI, #}st& 2424
‘3eltt.

w, ¥/A58We) BEYY WAl F5E AL A

AnE FEGYE B
3

2 gahidoy £ S .
oj¢t= HER XEILS 5T & gle Ay B¢
7} JTH?2018-3018 Q&A AW 55H), ZEGFS BF
5% 4 gle 5EE g oy w9 dREEF
YstA YFaof = (ol sella MRI 5) ?EZHA
& 35314 ¢al, dR = AR WHAs o] Fst

o4&, PR, HAFARHSE D SES
MRI

gt Aol YEsAY HH FEF T ZEIES B
= Y537] olele Aelo) 37

whx 9nE gus Bote] fs LAE, 3
UE MRI 719g 283 (1) €47
(cranial nerve), tetd F(orbital apex), ¢t
(sella turtica), s|HAW=(cavernous sinus),
ZH(brainstem), ¥ 7] A E-(skull base) H¥H

2) S48 MRIC| EFAMM X|HAH|7|'H2

o€ = gsl|of sfL}?

Agz22 s Z3st B33 sjilshy 12 E 7H7 £
H @9 HAg FAs] YA TIZRGEL v
AGAA 7 (S Rery FA Tz &Ql), T2AZHA
o AAA I (HA T2 IAZ A& 39l), 2Y=
39%e AFAAZY (RYSAEHE HA F)S ¢
sequence ©|/ &-8-sto] AJ8stH Hrt

F2 579 (frequency-selective fat

A
L
5
o
4

>
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saturation), 33t Hef BE b-d 7] H

selective partial inversion recovery, SPIR), <& 57

(chemical

A9 A 719 (Dixon-type fat-suppression technique),
THAIZE BHE S1H A4 7]¥ (short tau inversion

recovery, STIR), & % 7|¥ (water excitation) &
233, MRI 9747]& @do wat fASE 7oz
HATE £ S

3) MRIQ| EHELAZAMO| 7|ZHE LIEE 2
slloF 512

BELAN 7|AE 0 AN YRS 7MsE 225
§ WS2ANE B3)E ARAT 5, IR,
=8 AT, YA Ao HE HtEA] Zataln, u
5 A 8= AT £ 15 TFA A1)
Hiith BEAAA ] 7 AHYE 22517 S Ao &
T A=7 Aol 237} Qlth,

4) gtx2AME= 274(finding)Dt 28
(conclusion)S LI0{A| ZHd5}0{0f SfLI?
=AM 28T AES Ul AAs7E d
Foith TEAZTA A= PN (2018-301% Q&A
¥ 59; 2019-77% Q&A AW 55)& F13}7] Hitt,

5) BHEAZIAA QA EIo] 7|R) Hels?
W, AN A, 38 4 3, oA, 7
(20

gt 7HA] o3& 71A R

(2019 i)

201949 5¢ 1U%E RPALSAETE TUL7}
(BH7HA 1414.72)2 B AoH, A7) Ry
FE BESHSE WY A YEHAGY H=

DEAE BEREE
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6. H]2e] MRI ZAMA] 87 S| 3
(2018-1983))

g%*%ﬂtﬂ%ﬂl NI A = A HFo FAAE Al
22t FY A7  estieh

o] 74 2 20184 9¢ 19Y x9H 2018-1973,
2018-198%, 2019-1983% Q&A; 2018y 129 28Y wx
= 2018-301%, 2018-301F Q&A; 20199 49 244
E¥ 2019-73%, 2019-77%, 2019-77% Q&AE HIE O
2 25ttt sHAIT S MRI Foi3 ool wet B
AEA RS [8%F 7]& L FHol TSt AR ARg o]

A% AR 5 e G572 vk,
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09:20-09:40 OFE{| |

O SHIAPA Wolo] P2 AIsa HA3tE U &  DRLE ARSI o] Zox= o] F Aol +3s
om 1 F 2ZHste] Weto 2 7t 420 R FeE aarEr ol thet DRL Ao thal] g2zt
£ ¥hH.2 DRL(Diagnostic Reference Level, AgHaal 27 Yl A= ofefjet Zo] 200940 Ao FEoj
FE)9 dAoltt. 9= o] DRL= #7422 4 g W3 o] 2011d0] Q1 dRrE Yol thal YA
oM NAS] BAAFSE W& 5 eSS BYFiL & S74sto] DRLe A4 dasilnh

oItk ool LU AE 20088 FX A AMe  olejst e FRelN MR 3 vlad B bt
@9 924 AA] st DRL 44 AZog 24z zom Haelele o fRE 28 & Uehion £
ol A4 YNBAL TS TFS A Aol el FRIA EH Aol g M}

FE(AP) 2011 2.15( £1.36) 2.23 223
SEILAT) 2011 2.27( £1.76) 2.97 187
E5(PA) 2011 0,48 £0.42) 0.34 0.34
AR 2011 2.87(+1.96) 277 277
ZHHAP) 2011 _— 2.87(£1.73) 3.42 342
ZE(AR) 2011 Gy 1.50( +1.45) 186 1.86
BE(LAT) 2011 091(+082) 1.03 103
E3(4P) 2011 2.96( +1.90) 3.79 379
E3(LAT) 201 6.03( +4,39) 8.5 8.15
S5(4P) 201 3.568(£2.25) 408 4.08
QE(LAT) 2011 7.80( £5.76) 10.53 10.53
AOMES 2009 0.14{0.02-2.33) 0.16 0.34
Uy FaME
Sur M5 20067 (mGy) 1.16(0.45-2.26) 1359 1,36
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i

(2007, 2008, 2009)

FHIAP) 2.26(2.70) 1.41(2,04) 1.8{1.8)
FRFA) 1.74(2.23) i 1.41(2.04) 1.8(1.8)
FRILAT) 1.08(1.87) 247(3.11) 1.01(1.34) 11(L1)
EREA) 0.32(0.40) 0.47(0,58) 0.1(0,14) 0.120.15)
B AT 2.51(3,08) 0.44(0,55) 0.48(0,54)
BH{AF) 1,36(1.75) 0.13{0.18) 0.18(0.2)
(AR 2.31 3.08(3.90) 3.54(4.22) 36(4.4)
ZHHAR) 200{3.47) 3.07(3.94) 3.08(373) 3234
BFAP) 1.61(1.98)

BFILAT) 0.87(0.87)

EHAF) 3.224.09) 3.10(4.08) 293.3)
B AT) §.76(9.22) 5,17(7.08) 52(7.2)
SR 3.70(4.08) I 3.80(4.74) 4.15(5,08) 48057
2F(LAT) 10.162.7) e elyleRel Boain2 79010}
FFEAP) 0.510.60) 0.28(0.3)
SERILAT) 0.33(0.34)

FESE UADNRY ARY S LIELECE

o9} Zro AE Higto 2 2017d0] £ 1037 9J&7] 3o} DRLE AR st}
S Qo Thedt 2 ANHY] ths] AES A
oy A 8= oy AL =
Ao} Chest AP Skull AP
Abdomean AP Lt
Skl AP Chest =7
La [ a
Chest PA AP
54 Lat Abdomen AP
AP Pelvis AP
a2l
Abdomen AP C—sping AP
Palvis AP Lat
Skl AR T—spine AP
Lat Lat
Chest Fa L—spine AP
104 Lat Lat
AP Obligue
Abdomen AP
Felvis AR
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A3 ghel Al 3RS 3 72 $ebatel DRL Y ThE Ueke] H4 DRLI vlmd Aohe Thewt 2,

EC-low group
F2{AP) iz i na 137 150
FELAT) 0gz 08 na 0.82 1,00
E2Pa) 017 0 0.15 0.09 080
SM| E2(LAT) 043 na na 0.20 0.95
E2(AP) 035 na (15 0.10 080
S2{4P) 0.80 08 070 075 1.00
SHHAP) 088 08 na .43 0.90
F2aE) 138 na na na §=
2 AT) 120 na na na ra
E2PA) 024 na na ra na
M| S2LAT) 050 ra na na ra
EF(0P) 047 na na ra na
S2(Ap) 138 na na na ra
SEHAP) 143 na 073 ra ra
FRIAR) 28 223 180 285 5,00
£2(LAT) 248 87 1,10 133 300
E2(pa) 40 0.34 015 0.28 0.37
ERLAT) 126 28 0,54 07 154
ERP) 0.90 63 0.20 ra na
S2(4P) 364 27 440 517 8.83
a0l ZeHAR) 359 342 390 4,38 933
AZAP) 169 186 na na na
HE(LAT) 0.74 103 na na na
S5AP) 364 37 350 350 6,50
EZ(LAT) 729 815 720 0.0 6.2
5P 480 408 57 68 10.0
(AT 10,55 10,53 10 134 283
SE0BL) 609 835 na na na
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2018\ ell= 919 dvt& el Hsf 541, 10A], Y 5) Wrist AP
o the Al thal & 17870 71 He tidoE 4% W 6) Hand AP
DRL A4 & sttt 7) Hip AP

1) Shoulder AP 8) Femur AP

2) Clavicle AP 9) Knee AP

3) Humerus AP 10) Knee Lat

4) Elbow AP 11) Ankle AP

ol & A st g2 o33 2o MRt o2 20113} H w3t Wl v AU ZAE S-S Holu =3} vl
3PS e A3 =2 A4S fASHL Ut
| HHEDSE MGy) S|
HAER 2y 2011 7IEL 22t
. o 104 o (500 (01

ol7 (AP) 050 | om 1.33 1.73 0.51)

43 A» | o046 | o7 | 1s1 | 18 | =
49EMPD | 0% | o040 | o7 | o6 | :
¥BIAD | 06 | o0m | 03 | 03 | :
£8 (PA) 0.11 0.15 0.24 028 8

&e) | o0 | oM | on | ; .

IHE (AP 0.83 1.50 2.89 3.42 9¥, oY
aM&WD | o0 | ow | 1713 | . ' 20

2g@a» | o2 | 03 | oe | 06 | 03
28D | oz | o037 | o6 | : | 03"
d=@» | o015 | 02 | 03 | o3 | o2

1) 93 2 ZF2, 3) gFolol, § W&

oo} Zo] ojA3] FL L HAFT UGS CT AFT HTN & VAT FH FFo] AY HOR FHH
%o olof thet A3l 2y d

71

(lnlkjo) Aepinjes ‘gg aunp



KSSR 2019

The 7th Korean Spring Symposium of Radiology

RANK-QS symposium {15§) C} Ot= %A

09:40-09:55 OFEfl L]
ZHE: 2YS(2SaHEE)

Bt of ]
-1 O
OIojch AN

T L-"10 2

8 age 47
WA FITEY AVRISE L L ANBY BIY B SUTAL W 48 cmPow, BREAA
127} 7 Fob ) O 977t AYEYT o) AT A FY W, FUHL 47 16 mGy, L5 mGyR Lekd
WY AW A B4 Aol ME A FRE QDT o ISR FRRANFS AT
NAE} PRI ADFNSES £ AS ARG BE, F0UO el 242 oF 3%, 6% ¥4
B40% sk et ot ARl 39 1Y Be 248

o] ZoolM= o] AT F FLE Il thal Agst EISIER JE P Al Bok fERATE S716H]
Az et P E A B AR AaE B2 9 2olth
a WE s olg3st FIFES W wloEet AA A YIESFAEEE HAFEHIZEA(CR)E ol &3t=
£ e W "olHE EF £, 1767 §EEIEAE 37 eH, gAE A (DR)E ©f
HES ISR 42 om fFHHEE o] & 54 AR &% HHEIYA= 135U UEETh HFEIEEA
of 49079 FHEY FAE IR T JEE E o]& A A FAole AT AEIT UeA gtk 3
Attt B 2o wet FEEHEY 2970(16%), & dFAAZES CR ZA7F DR A EG F 19% =4 U

A

Y 9770(55%), W - 5070(28%)E AA AHE 4 ERgrh

P A AgHEE AE/AH/ FH

7%= 8671(49%), 4d/FHEE 2370(13%), Aete & ) ]

€ 270(12%), BREE 4370(24%), AFE 371(2%)9] A 7P R, Sl 7 w2 AL R vEkt ®
7|l A S R AERAPE o] FoRT F 149T) A

5HHE Y] 2 HologicAte] AH)7} 770](44%) 2 718 Zo] AUS

Worom, o]oJA GE, Siemens, Bemems <22 &  EZ AAE

PEg MO ZE WEL o] g3t
MR A 20 U

AH] 22 UEglTh 9E9719 B FRE QN8 Aol c=
Syl Bl AFEEEA A 297) BA) F 28 AYE A ASE A9 MY Hol7t ¢ A
17k DRoJgLow] AL 977) 5 790, WO 50 ol Tk ma AA| B4 Gl BF AL 4FEY
A % 33712 o) delAe] DR Hl&o] Boith. Filme o] Wolele] Hlste] ¥7] 2AELH, o] 243
MG AL otk IV BUFEE =5 %Y A9 Y U AY §7] Hlste] o o
so 2 AFORL 53 VFOR HYS ) 4FF  Wol WYHY] polth. MYGE HFo] e Funt
FHAL 207 FA F 1247 HA FEIGom FEHY o A AOE Uit A2 s 43T
2 97} 3 3470, HOAL 50/ 3 102 WY FEA  BA THol WAKT §AAAL BY] fEOR MY
245 HA FuE Mgk 2O serE gl A},

AT AV 42 cm VYL o) gole] SAV HE  AAERE FA m¥so] BE PRgANFORE I
SANFY B7, FVRS 47 135 mGy, 132 mGy2 WHOR WYL o] §tel A A FFAMFL
UeTh S49E o8 AR FRI A & T O 6% ol SARE M LrehiIk. shAt
WS BF 44 om YoM, RHANTY WR, F B4 G4 o83 FFAMATE 109 o4 B0
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o EA}OM% E3] 54, 10d o]fo=
AHE U 01 B, & golA 109 o] %
7} 109 o]ate] AH|ET} 15-20% o|4+e] SN
£3] xFgdrtolA old A7 U2 A
FH|o] HE7E BAolgts He ¢ 4 A
12249 g4 9 O Edo| 2 PF oMo
|8 Al O/Mo— o] &3k A= 100, W/
Rh, Mo/Rh )%= 242} 53¢), 6tj2 uebge). Bl &
YTjol whe F2GALTE Mo/MoolA 71 e B2
AN vehlen, WY, AslegagEy,
W) Al W/RhETH 242t 36%, 49%, 40% &2 A%
e A9 o8 A dErfEElel ohe g
2 Pl FFFAAFL 5 cm 0|5He] FEEA A
Mo/Mo ©]& Al BF&gM o] 714 =4 Uehgo
6 cm o]0 SE-GE Ao A Mo/Rh ©]-& A] F
Mol 74 A vehg
229 PJ BHEFo 2L WY o] & A FF T
b=l Y oR

78 mAsZ UfEH&OD% garQukaraed, WA

CTRR- AT g o

o]\ ) 09‘.': :‘m lﬂ} Jo
S oo By ek ok
O Ay o ©
> >
de
o rlo M
1
i
o o
o 4n
13
LR
%S’i
ﬂB
93?
—Wlo
\O
“B
55
o.i'él'm
4 ot
E

fu © 1B o2 o
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6) 7|EFALE

M4 gl oo Aol HARIAA @
A2AE ARehs Az Folats o] Egol
G}, A2 1 73] 2R ek 22 v 13
ol Ad o2I|He YR, YEY o vitt wHS
ARO)0) HEAAEA A 65 CT A4]ot 715 24
sfo ol W A] HlH|SHAL ARG TSk Selst
T AAL & 712 AN S gojok gt
olsta} oA CTolA ERBe

A Qo 2 2
e Sst Ado] Q1Y) W) HIE A& /M%
o ojFg gou SEHOR FAVYYTE £3%
of Zol Y4779 HEBe} FHUE YA
1 gEA A7 oR A BT AIEBE A
Ysto] AEIZA O] JBE FA3| AYstelof sk,
IL CT A=

Ansezadga F4 Be ANE ARase 4
WA 9om AR Al AL N8R AE
we)7|2 A, WA 2ALE Y AlZsha 3R AL
Ax AR AAste QFGEAAT 37 8

g, 371g, 67id, 19nth AArslof = @0l th=
3 W& ot 2t

. HUSITSEHIER e o5 (Hex H2g 2t3)
<7 2019.7.11>

=7 Eo) PACS
ofY  |ElolE olS HA Elo|Z 0|5 HH
SIEFIIgRIC| 2E HH
HIOJE] MEHR| =& Hd HIOE MEHR| =S HY

| ¥s
TN FU7| s M |G 7| 2t HA
eI = I ENEE S )
2, 22 34 2, A28 34
STEN X AAY |STER 1ES ALY
= 74 = 74
| e | | e |
25 SH AKX AHE |88 3H AKX &S
A =
o o
IhY [ ag et QAT
=g ZLH 22
(CRT)
670 |EHXHE|O|E22] 0|57t  |EHXIE|0|E2| 0|5 7tA
HMEtT A1 HMET Al
ZHHEQ AI™ X A"
PN XM= AH
HEHEHZS O|ESH AIY | EZHEE 0[S AI™
o=g DL|E 22[(LCD)
1 CT Number ZMM CT Number ZMM
RIZ I Y (scout | RAXI2AG Y (scout
localization view)2| localization view)2|
e 84 e 84
YoM SHRIQE  [FAoMe| SHKX|t
A=A HREI | MSFR|| BT}
LEChiet BHEAo| R |HEMO| XE £
=x
=]
ST Z MY ZAR (BRI ENTZAIY

* 37|70 R Ol =2 MFHAL
e AEE A I  g82d
CHE 220 ARHAEE Al 02 E —.*°._|§H1f.

Y eles STEHE AR EUER| 9| ormEE|of
2ret 7201 T2t ZAE s =2 siE dAle=e
A7 (02 H=gte| 7|SHAE HHE = ATt o
A EHE 22| 7| =00l 7|15t O Al HARY

HM(E= AR2)E 2251010k BTt
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III. CT SH Y3 A A} . HASICHE SRR | BRTE AAS 20 M3|E
i Habv|lE
AL EIGA NN G A BT AR ) So|cTZe+ |0 +7 HU olLfojofof
Ag 722 duht gEeta AskeA GAeR ehd Btet.
- - = - x L St
S ol HoEs, AuSESRIYA A A =0l= > O|LHOIO{OF Btc+:
7:
2R R RAERE BUY PO} HEE B was B oo
o
£ ANETE R AR AYE, VR, Oz : HU OJLHOI0{OF StCH.
CHEL WOEN oL Mok TolalT & 2 o) gxmee [STEHS (MME 715) /1.0 mm 0[5} 418 7}
—J—‘\E“GH'G') HE=8, vo =, \_% 'S‘O]E]'J—- g T Mq' Ernayulis =) _OHOI: OH:l'
olaldt Il AL ARSI 9 AZSS MTIAHO D T 0|25t Al = =
JeiRh el dS adshs aA8S AAHoR ¥ ° Hx & 25hs (mm2 [6.4 mm O[3t Al 7}
oz dxel Aol AEIANE B SIF Aol J1=) T
g A 5H otk &210|A S (5 mm  |£1 mm O|LHO{OF Bt}
) 210 mm &3 A| @&t
E. MMSICHEEIEIA| THE A HAL (HI5ZE A28 HOIZ 7|2)
W8 2019.7.11.> PIBEQ (K22 EA|)|gl0{0F BiLt
HEME AAPM HASIEHSEANR| MsH7HHE
76-410 ¥ HASX|EF 0| Hst= Hiof| . HEQIA RIS XAE
w2t ojet S5510| HEE HE —
- — gtsts FH=0| = H|Z
e 2 x741120 kip, 250 mAs, ZZZ 10 mm, 25 — o
O|A} ZALOKFOV), 25 m FIA|ZALOF =o| gofA |0~100 300~400 |EH 3EH0f| A 4]
(Display FOV), & 714 ¢02|F ;,:og, 7.”2' _ﬂfﬁ%i%m
(standard reconstruction algorithm)2 TET :OE T
= stz = B ojiol
e H: ‘roj QA (A0 = XHH| T SH O Lh=Ct
% JT'L_ = o Lt _ _ _
Se i;} gggﬁ’%; 7;;04 oF ;ED B 27t25s  |-200 ~ -100 |300~400 |SHCHE &FK| &%
— I

CH=EE285|0~100 300~400 |[FHLIRET &
E MO|Q| ZeHA
2Xt7+ 10HUO|LY

He| |0~100 300~400 |2Hf ol HE

EcEsls Zzishs  eiola £ 2ol CT U
5.;0|x 2UE
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14:10-14:25 Atzto|of
A A (A st ), XtAZ(D{2lch ot #)
o B ol Al O o
A €3 AL CTYAAIGAAAA A Y&
Y u A=
TT X =T
o] & 0
Za|clfstu 2
B 55 CT 4497448 A
1. ZYSY © CTE 7|22 2 H|E&sict.
2ELGUV|HOE CT k[ B ZY=E MIESICE E4 G4 7|0 st ot M 2SS2 @
M E Sl M-S AlSiSH CHE 2HXte| FAE HIEE &+ QUL
MEQAS MAlEA | 3.HI} 7|20 XS EF AIES J& B 71 & EHAE 42 MIESHT
4. 5| 2SS Hotely| @501 MAISH dAHOl =2 P42 NIESHCL
5. HtAAL EX[0f EHXHY Y, SIAPHS, HE LIO|, 2ddm 2 E2Y7|20| AR YHE NE
SiCt,
a= | Gohhg EE
AALEX| L AdEH H She (47)
A MG & (scanogram)O| QUL
9 At M (image number, scan time S)7} &I =ICT,
7] (4) olut K Z q(imag ; S)7t b

—_ = | .

o
=XHscaler)7} EA|E|0f ATt
ZtRESH0| ZAIZ|Of RUCH

EHH| Q! HEIAFM T ZE 22| 7| (207)

ZH|7|ZE (10)

CFSZZCT (multidetector | 64xE O|AH(16H'E O|AF 64%1'E O|Tt 6&. 2&H'E O | 10
CTH B&7|ME7IE AH16xE O/TF 3R)

AR m|Z2t2|(10)

MEFE A7t QlCt 5
120kVp O|ste] EEQt(tube voltage) 2 2 ZAEICY. 5

JYgEes (767)

o
S= B2 el 2o ofgt @15E0| §irh

S0 2t 2l St St 1

HMatAtEO|| A M8t (beam-hardening) Q1220] giCt. 1

olZ2 (10) BIXE7E A0 SAEO| K|S 1

—e= SIS L2 MEHZ ZALSHCH 1

AMA| HAT, SRS 7|, AZHY| FeF2 DIX|= HX[7F eiCt 3

12|(ring) 2153=20] QiCt 3

FHEUAM FIHE 7K 5 (foramenmagnum)77tX| ZEtSHCt 3

FNE HEMs} - M= - 24)2 ZESICL 3

AN AZH Q[ (12) QIAO| QHEHAR S| E41H 8 7| M(tuberculumsellar-occipital protuberance line)ofl | 3
SHRO{Y QAL

Zt7} i EXo|Ct 3
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MET ZAHMEQ| ZXNSIHLE M&BE oIARRF XA Py
%QIH—TLSE.E"S' @) ilEoJ—l'EﬂEool HeE & H°|'7'| |'—|E°|_ SoS Eol 7|'o°|' |' 2
| ME SAMENO| 22 Melst dne|ES 2 MM EIC 2
HMESH L Crzoigiatol & | A7t 5 mm O|SHO|CH 4
Y (8 HH7HH0| iLCt. 4
S| A} BHALS RS 2~ QICHE RO E SR YotH 27). 4
7IN&io| LREICHEEZD LEE[ALE YEET 2K 2F). 4
AH| A BEK(sylvian fissure)O| FHEEICHEHZR PHEEAL YL 0 PHEMH 2 | 4
H)
T2H0| AlEEICHAIME|X| ot HE0| XA |o| Hdl 0|5t 2&
SHANT 9 xS (32) il 20| AHEEICHAIEE ILo.__T._OI MA| ko] At olstH 2H). 4
CHe| SO 227t AHEICHEHEZ T AL AL ALDE AlH LM D) 4
2k ZE (vermis)7t AHEEICHE2Y5I AL 2F). 4
Ak|Ct2||4=Z(cerebellopontine cistern)7t AlHEICHEHEDE A E[Z{Lt AL 4
AlME|E ),
Ak|o| | AU MEUES RS 4 QICHEHEZDE FE2E| 7L YET 2 2EEH 2H) 4
SoAAE St M7H M0 45T 0|4 QUL 0| AR MY e ZFR=%0) | 4
Z=E A (maximal intensity projection, CHEMHO 2 S|EA| izt OIY), SZHAIIA
(bone subtraction images), A& 7tA|&F Ak (volume rendered images) SO|CHY
st 7o & Z27+ 370 3F, 27§ 2, 171 0[5HH 0X).
NPT = : =
B2 ZS2 (0 oshz 5 xso| LIBSY(nternal carotid artery)®] ZHZZ0| OIHst BFY | 2
(internal jugular vein)2C}t 31X35| =C}.
M7 oA SCh=|SMe| M4 2X[7HK| MY stA| FX(trace)d = RULCE.
2G40 2S5 (carotid canal) L LiZ SO 55351 tEHEICY.

1 AAF X 2 99t H FE(47) 2. 7] 2 A S Z 3] 7)E(207)

1) A8 71Z(103)

- MDCT A&7] 21d7]|& A Q Hoj A gelstr}.
2) WA E 2] (107)

@ AFRIN7} ATHE).

y €T750 HD

DLP Phantom

FArinE Tyn. Gy —cmy

1 Scout
2 Axial 119.750-1175.3240 R B3 Head 16

Total Exarm DL

1/1

@ Y&<A(image number, scan time )7 Q1
THIAD).

@ scaler7} A ATH(1H).

@ ko] FAE O] ITH(1A).

@ 120 kvp olake] BHFO 2 AAIE JTHEH).
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foramen magnum7tA] XZ§HE ojof 3. of

= T34 0w 0%

-Il’%i Oq.l
_0,
_qiﬁ

Q@ FNZ AZ(Es/AT/H) S TFATH3H).
® GAo] HAFZAE HESM-E 7 M (tuberculum
)oﬂ D]—zoix%

sellar-occipital protuberance line

ATH3H).

A= tilting=|o] FFE F4
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@ 2971 A olth(3H).
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4) AR 2 chgRYAe] 474 (8%) ® AW 92 G (sylvian fissure)o] FRETHA),
® FBFA7} 5 mmolsholth(4). - JHEG PEE A QREY PEEE 24
@ @A Girkd).

sylvian fissure7t 283 =2 gylvian fissure’t

2ol Fzol FRE 47 FHEY 958 TRHA

o} 27

(loloimiy) Aepinjes ‘gz aunp

FEE 4 9o} s 3} wgo] PEEA
Wahe 2 0%

6%
lo
g

Q=AY 7Aoo TREA @

o® 0% (48

} (internal
capsule)o] T QH)

89



KSSR 2019

The 7th Korean Spring Symposium of Radiology

@ 2¥thE]¥ 4% (Cerebellopontine cistern)7} A

™ 23

5

o] 3] 19| At o]
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%% CPA cisterno] B%
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® A4 2 (vermis) 7} AHETH4R).

R

—_
o

™ 44

FH7LE 1)

]

90



KSSR 2019

The 7th Korean Spring Symposium of Radiology

June 22, Saturday (Atz}0]0f)
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@ FAE 71452 W& (internal carotid artery) @ YEGFANAN s (carotid) ] HHFHo] F
o] 2=zl Qs WAA M (internal jugular st HEETH2A)

vein) Bt} d43] =0H24).

M47HA AsHH BojA 2 M4V} QtE o™ 04

A

92



KSSR 2019

The 7th Korean Spring Symposium of Radiology

W l2ln CT QAL

1. FHE QT2 ZAAIsH A2 HIESHT
2. YT UK 2 &2 FMESHT
3.HIL 7| 2ol M XIHSH EF AFS| AA F JHE & EYE A4S NEEHTt
HEGao| MAlZTH | 4.2 THMNEHSAIARI(PACS) Gato| A i A ol ALZE| MY ¥AHO| 7hs3HOF St
L2 Jao| AL iy MY LU HABXZ| MH™O| Zt2} QUC{Of St
5. LA ZX[0f XYY, SIRPHS, A, LIo|, 2QEmnt U Y70 ZAIE IS ME
StCt
s | ERIE ES
ZAAPEX| 2 ety E SHE(4)
A0 A (scanogram)O| QUCE 1
O AFZS A o=IAH|:i_-|; ﬁ?_HA I7_|- =)7 §|-0I_|5|_||:
_.E.._Xl (4) OE“?_}%IE SO -I(oo 2, | o) I' f 1
T XH(scaler)7} ZA[E|0] QUCH 1
ZtRHSEO| EA|Z[0] AL 1
ZH| 2 AT = 22| 7| F=(207)
T CHSZAZECT (multidetector CT) | 16ZH'E O AHQ2xH'E 0|4, 16z O|2HO|H 5H) 10
AH|7|E (10) y= ==
AE7| G |E

(loloimiy) Aepinjeg ‘gz sunp

wA Tz pa|(10) | oo E A, >
120 kVp O[5} &2 (tube voltage) 22 ZHALEICE 5
JAM™ESE(767)
S0 9§t olBE B2 &Rt S0 2|5t 213 =0] giCt 4
°IZE (10) 12|(ring) 212 E0| giCh 3
1 2| IBZ0] QiCt 3
571 o|&te| F7tEkg mEHSITHIIWIIK= 3, 271 Olst= 0F)) 6
ZtZto| F7tuto]| it Wisko 2 JAS HLE ML HSHTHA7H 0|42 6F, 37W7HK|= 3H).| 6
Z2tZto| F7HEt SHR S ZES| LEISITHEHRAUS S25| Z&SHX| L2 F7H0[17H| 6
A AZH H2Q| (30) MU 38, 27 0ld ST 0F).
371 O| Ao F7tEtof| Ci5to] 2fof2ie| S0 Z& 0| ZeHEICH2IW7HK= 3", 17H Olst= 6
0R).
Ztzto| 2lthH P40 52|t o= EQIX| & 4 UCHAHI HOA LE EQAEAITHEN| 6
QUXR| A7LE 2t i QM0 SX20E ZA|E AL 3H).

OJE XXl mZ= T2|Z=o| gjAt =7} ol
OIAF T§TLAS RIEIA(4) OIH XX & (standard) €252 Y A|E_| 7} QlCh 5
it} 15l &t(sharp) Zn2|E2| F&k Al2| =7t UCH 2
HHEIH 7t 3 mm O|SIO|LCH. 4
O YR o
)ck>|-9-| &_'lgg (12) T T'I’lO'” -I =21 |HA |' 4
A ST QA A[2| =T QIO 4
FHEHPEEE et 22 O o QJCHE20] I3 X|X| = F7HO| 174 o™ 3- 5
271 O|4 /o™ 0H).
=7tota} Aokzts 18sk A oI Z4akztn Ho|X| ek= =710 17 9o 38 27 5
T o102 =2 T A o 1o =} T AN ’
Ol Qo™ 0F).
SAME Bl CHERE (20) - p—— - -
= : si2|t 4 - SEHO|A EAelCho| FHE SHE 4 JUCHEHO| == 22|t SHo| =[X| ¢ 5
= 29171 40 QJLeH2H).
A= S7| - Z7H0| HICH(171e —’?‘— 7t QX0 A StEFe| E7| A EZ 7ot o HOo[H 2/, | 5
UZE Ot oF HO|HLt 271 O|&be| FZHEE @|X|0l| A oF HO|H 0F).
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SeEAl o
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2. 7] @ APl

X
S
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)

1) )71 (10%)
O HSHECT He7 Ad7lE
- 16744 o)/ 3(107).

2) WA v Z42 (104)
O AFEIAMZE ATHEH).

- A ARE JHEA EE

7hs.

Exam Inform

=}

Surview® FA| 2+

0010,0021 Issuer of Patient ID
(B00DO0R) |<null>|
B010,8030 Patient's Birth Date
(BD0ONBB) [19561201]
0010,0048 Patient's Sex
(B00BEE1) |M]
B019,1010 Patient's Age
(8080DBL) |058Y]
8018,0815 Body Part Examined
(0000611) | (WXBFWRDCHRBAWRCE)SPINE|
8618, 0858 5_11':! Thickness
(nnnn‘nm.\ !9 H!

I o018, 0060 (17
(60000083) |138]
B818,8098 Data Collection Diameter

(8000006) |502.17]

L

i
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RANK-QS symposium (35) d4o|stat =xH2| 0|F:
14:25-14:40 Atzto|of

(.
2% SZHFIUSmEY), ANE(Tol) oargy) 5
D
L& o o)
oAl FA ALE CTYASHA AR W& N
— 0 o =) o= -

Ak D AT T+ o
)
o
229 =
T o
)
<
—_
- =
Uut F CT AANAAZAL =
——
=
1B ER T Y2 NS Doy T JY2 RBChaolA RIQiRich BElsoE 95 2

U S QY2 MBS0 B0l 32 TYBY H BHS HEE £ YOLt Y Bl e

=]

o

'S 4 gict

2. | SYAKIHSAIA(PACS) YNl A2 H U SHS MYUZPO| Hs3iof Bict LS
%Al 29 1| 2 F2HE 0| 242} 210{0F 2

(<)
3.97H71Z0lM RIge £ ALl A & 71

tC}.
A 2= JH 2 HESITCH
4. LA EX[0f BFRPEY, SRS, Y, LIo], 2AEmt 3! E2YT[20] ZAIE IS HE
StCt.
8= | ERIE) EER
ZAEX| 2 ety H 35 (4F)
A7HA A (scanogram)O| QAL 1
UMM (HAMHS AFHA|ZE S)7} EOIEICT 1
HX| (4) Ut M == (@ 12 St r
=2 K(scaler)7} EA|E|| QICL 1
EtRESH0| EAIE|O] RUCH 1
ZH| 9 BARMI|Z 22| 7|F (20%F)
KHHI7|E (10) CHSAECT (multidetector CT) |64 0|4 (1632 O] & 64xH'E 0|2k 67, 2x'20[ | 10
S e AE7| 7| E A 163 0|2t 3)
MR TMTLQIC 4
HEARM T Z 22| (10) | XS ESZXAHAEC, automatic exposure control)2 ALY
120 kVp 0|5t ZtEQk(tube voltage) 2 2 ZAEILE 2

IYHLYS (76T)

S50l oIst SEI0|L Fae=Ael SEBZ 0| gICt
AYES0]| 2|510] AMCHSMt m| S| AA7t
SElof st = =0]| QiCt SHX|X| =Lt
AHES0]| 2|510] sHYCHS Mot WY uHo| AA|7t 2
QIZE(10) SHX|X| F=Ct
=g Ydliot= M&dsHbeam |O{7HEE 22| H|Qlst TH| 85 FAHoiM M4 2
hardenlng) olZ£0| giCt gl(beam hardening) 21E=0| giC
HIAHS| O| &2
HA .
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- O| BHET} A oI 2 Ho [ml=g-l, =1
RZAte| Mat =7 3 ool MEmt MBS i2°f01 AAst 420 ShH| M| Estct.
2. -Y = Y| 72 oggs MN|Estct.
3.971 7|0l M X|-st EF ARl J& B It & HAE I HESHT
4 E4UAHORE BHUTAY B HIBURASS S0l HBHC SALIEo0|
CHSh =71 H &S 2 M e iy G2 Alst CHE etXte| JoE MEE =+ ULk
5. YUtAA EX|0f SR H, StAHS, HE, Lio|, 2AEM & 2P7| 0| ZAE JHS HE
StCt.
= | e ER
ZAEX| 2 ey H 5 (10H)
7|17|H3 1
xpel A7l 1
S PNI=) 1 1
MRI %.'AFEXI SoT I
B2 A|ZHTR) - O] 2A|ZHTE) - 047|S14=(NEX) 1
ZALOE(FOV) 1
EX| (10) ZAXH(matrix number) 1
=3 Hscaler)7} QALY 1
LSEHA|7} QALY 1
Uty Gato| Hjgo| MAsICH 1
SIXIEINO| UL A ZBAMETHSAAHPACSI S H | 1
B0l M x| =lo] 7Hs St

ZHH| (10H)

HH7|Z (10) |

E|&2} (tesla)

3T O[4(1.5T 0}

, 3T O|2t0|™ 8%, 1.5T O|2t0|HM 5H)

10

118




KSSR 2019

The 7th Korean Spring Symposium of Radiology

FLYEL=(807)
—

oo &

DY EUEYS T SNTEAIBYYY B HSE 4ol i Bt
c

=y
A ¥AH(maximal intensity projection, volume rendered images)

N

=21L-0 —

O ZXBHCHR7H 04 Heto| 3T A 2t0| o™ 27, §H5 et JHpt QoM 17H).

E IH%“S T = Y (source image)O| QAL

M=o v4 BHQ|(intracranial segment) A7t Zat| 1 M| ZHEEICHV4 29 Y
of m5

._|' Iz +5|O+71|_|. )L-||:|1 |.7(| O;onq 1)(-!)_

S22 7|ANRRE 2X| H T EELI(MATHX| ME5HA 2EEIC

3x}2A5IA (voxel) 7} Tnm O|5F0|CHQIAF EX|Z 0|2510] HAte & Qlom MAZ Hix| R
SHCh.

bo F&, A E M(b>1ooo /mm)0| QUC}.

(8t 312 0|SZA| 13, b1000=/mrO|2HO|H O0F)

(matrix number) 128 x 128 O|At0|0{ PA StA(pixel)7}t 2mw O|5}HO|CHEH &H= O|
1),

> %

e | 18 Rl

(loloimiy) Aepinjeg ‘gz sunp

24
7
=
HESIH 5mm 0|51 X HEZEA 2mm O5HEH 812 OIS FA| 17)
ZH7|84 5 ~(ADC) X|=(map)Zt QAL
SIMZZEHA (b=1000/mr) Of| A B4 ZI} 3| Zl0| & PEEICH (L HEE0|A 2ZlD} 5| Z0|
TFEE[X| ko™ 1H).
Bkxte| 2%[2l0] 2|5t QIZ20]| QICt (QIZE0| oLt FATH=0| X|[F0| glom 2F).
E2{ A2 (aliasing) 21 220] QICt (RIZ 20| YLt FAT=0]| X|Z0| Qo™ 2H).
39| 7|7| REAM|O| A LHASEALE ZAMR =2to 2 ghMist QlZ 20| giCt (1B 20| oLt
oJAMIHEOf X|EHO| Qlom 2F)
O O — o HA —
EHEBO|A CB(KFL, foramen magnum)7tX| ZelSHHEEE
= AF TOZFROIAL Lt CHES Z&H6HK| o™ 3™ ZHH).
SETIEESE olzo mE, me M ZRECKE B BE He8 E8
51X| o 31 ZHA)
oL = -
~d jare mshs
AJAF TIZIE AL SHE0||M CHZ(KFL, foramen magnum)7HX| Z&t5tCt
HZ=QF AN TEHSHC)
35S So= Xy
ZA T2ZZ YA ol o Zbofut X 5| =2(FLAIR) P A0 M 25 Chi|Et1o| ZHRCHE0] 0|2
OfZICt
ZAI4k om O[5HZ HEDH £MAEA TIZZGY, 4 122
—_ YA, ZA T2 FLAIRY AN S| ¥A0| 5F& miojch 1™ Z4H
A|AFAL: 5mm 0|5}
SAAA: 2mn O|GH(Z WETH 2 MB(SA TIZZYAL S T2
— ZEPA, SAFT2 ARt S| =2 (FLAIR)Y g) | FA0| 25
=eea Z3 of Ojct 1 23
HMHEH ™M Algge: 2m Ofst
STl 4 TIZEAY: G4 ZXEE 256 x 196 0140| T 3HAE Tmi
o|ato|ct
SA T2UZYGA: PA AKX 256 x 196 O|ANO| 1 5HA = T
AJAF AKX (matrix N
e o|3to|ct.
number) % 22 ZAFT2 FLAIRZAL: QJAF ZHRFAE 256 x 196 O[ALO| T SFAL 1
(plxel) ] Ol —|_O|E o o = -
mm o
Al AQIA : AN AKX = 256 x 196 O|AY0| 1 3247 T O|510]
c}




KSSR 2019

The 7th Korean Spring Symposium of Radiology

LS| Eo| LHO| 7HsSICHUE 20 | S|HE 0| 22| X| & 3
oM 1A,
7Nl MERETIt FREICHY ER20M 22X EALE 512 3
O] F2&|X| ko™ 1H).
S AN TOZbROIAL 8 S SHM) MAHE FNE + JACHYEE E/E F 3
o o-+oco X5t A olom 1H).
&Y M(internal cerebral vein) THE FHe = ALHPEZE | 3
HRAE FHe £ gleH 17).
CHA B | M O] AR (GERENE, cisternal) £2(7}F SQIEICHEH 3
YAIHEE (30) Z0t HOo[H 1H)
o O] =0} =0 Of= ALHO| S|HHEIS =HSF A O] =
Alé," T17o*_7.5%4é,* |_|"—|'I'—-| S T'_‘Tlo'”kl S5 —I—LH—-l 9—| HElS AES ¢ AAE'|-(__|'I'T'__ 3
2 Lt MYSHR| ko™ 1H)
CH|o| W=} S| &0l & FREICHYE20|M 7120] Ot=[AHLEE | 3
EATIZEYGA | A7 2S5k 13)
7IMEe| MEREIL AREICH
Lo, b4 A |20} AL H|wS0] $IA5] W st A
ZAMT2 ol Ztekdtd | SZEE HOICHYER0|M MSH I Z AR 26HH 1H).
3|=E(FLAREY | uiEal 5|E0| & EEICHURR0| M eZa} 5|Z0| 12X & 3
oM 1A,

M At & =
o,
x B (voxel) 2t JA (pixel) AL

Voxel size = pixel size * slice thickness

120

%

Pixel size = FOV/matrix = FOV/pixel number (row,
column)
Voxel AAHA] Dicom headero]A] 3|d F&E (FOV,
matrix) = 2o} Al4atsAY pixel spacing (pixel size ZF

Q) =718 zo} slice thicknessgrS &3t}



KSSR 2019

The 7th Korean Spring Symposium of Radiology

RANK-QS symposium (35) E&elstat =xl2| 0|7: &

16:20-16:45 Atztolof
A AYT(AZNSTHE), YHHRHLDER)

d 2 Ef
SYEEHA
2ol WAO] MRI YAFAAAITE S FH/M LS A (FOV), A&} (matrix number) &&-0] T},
HEWH AAEA] 9 AR G5 3} Ju S TS T

H
Es}Eo] o]o:q AI:QE ?_;g_ _I’F‘_”_”
A4 9 GRUEES TR GRARIEOR Y SR RO 3 AHscalen? I Ylofopel
oz}, ™, 94o] Hjgo] SAUR HoUEAE H7tshH, PACS

ol £ %
O] 4G dolM fiA|Elo] 7Hs A E TR HUiT.

WA FEFEE ohuw ofelel Pk,
= | g EE
AALEX| Y ey H SH=(10H)
717183 1
XHakel Mi7| 1
S PNI=y) 1
MRI ZA} EX|
HE=EA|ZHTR) - 0|2 A|ZHTE) - 017[Sl4~(NEX) 1
X ALOF(FOV) 1
HX|(10) X (matrix number) 1
=2 X}H(scaler)7} )L} 1
SFE A7} QALY 1
L] Gao| HfFHo| ALt 1
PIRIZRIG A0 UL S 2H MK YT SA|AR(PACS) 2! 42 FEY .
20l M 2IX| &elo| 7HssiCt
ZHH|(10H)

FH|7IZ (10) | E|&2f(tesla) | 3T OJAK(15T Of4, 3T Djgto|w 57, 15T Ojpto|H 27) 10

1. ZAEA 9 QU E FE (10%) 2. 3H71E (10%)
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¥ S7t= A3 lem ofate] AHo] &3] AR Q)

o, o]2]st AZof thd management’t AL &
Yt} Fleischner society= 2005909] solid nodule,
2013 o] &= subsolid noduled] sk management
guidelines& #3519 0™, 2017H )&= o]2] 3t solid E

Multidetector CT2] =42 & thin-section CTS &
o
s

subsolid nodule®]] i3+ management guidelines©] &
A HA Bt tableE A F O multiple nodules
of tigt A= EFHUAFYT. offl F+= Fleischner
societyoll &J3l EE 354 ool Ao A3 B
A%E 249 managemento] tist FaQto|H, o] & F&|

o 7l 27fstaLat e,

Fleischner Society 2017 Guidelines for Management of Incidentally Detected Pulmonary Nodules in Adults

A: Solid Nodules

Size
Nodule Type |<6mm (<100mm?) 6-8mm (100-250mm°) >8mm (>250mm?)
Single
Low risk No routine f/u CT at 6-12m, then consider CT at | Consider CT at 3m, PET/CT, or
18-24m tissue sampling
High risk Optional CT at 12m CT at 6-12m, then CT at 18-24m Consider CT at 3m, PET/CT, or
tissue sampling
Multiple
Low risk No routine f/u CT at 3-6m, then consider CT at CT at 3-6m, then consider CT at
18-24m 18-24m
High risk Optional CT at 12m CT at 3-6m, then CT at 18-24m CT at 3-6m, then CT at 18-24m
B: Subsolid Nodules
Size
Nodule Type |<6mm (<100mm?) =6mm (=100mm?)
Single
Ground glass | No routine f/u CT at 6-12m to confirm persistence, then CT every 2y until 5y
Part solid No routine f/u CT at 3-6m to confirm persistence. If unchanged and solid component
remains <6mm, annual CT for 5y
Multiple CT at 3-6m. If stable, CT at 3-6m. Subsequent management based on most suspicious nodule
consider CT at 2 and 4y
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Pulmonary Subsolid Nodules: An Overview & Management

Guidelines
| 1AM J1Q et 42| 70| E2Q]

Yong Sub Song, MD, Chang Min Park, MD*

Department of Radiology, Seoul National University Hospital, Seoul, Korea

(SRnllo) Aepanyes ‘gg aunp

Pulmonary subsolid nodules (SSNs) refer to the pulmonary pure ground-glass nod-
ules and part-solid nodules. SSNs are frequently encountered in clinical settings, Received September 28, 2017

. . ;i . Revised November 9, 2017
such as in screenings conducted with chest computed tomography. The main con- Accepted November 14, 2017

cern regarding pulmonary SSNs, particularly when they are persistent, has been a *Corresponding author: Chang Min Park, MD
lung adenocarcinoma and the precursors to this condition. This review aims at de- Department of Radiology, Seoul National University

e < . . . Hospital, 101 Daehak-ro, Jongno-gu, Seoul 03080, Korea.
scribing the current understanding of the imaging features, histology, natural Tel. 82-2-2072-0367 Fax. 82-2-743.7418

course, and to present the current management protocols based on the guidelines E-mail: cmpark morphius@gmail.com
recently established by the Fleischner Society. o o
This is an Open Access article distributed under the terms
of the Creative Commons Attribution Non-Commercial
Index terms License (http://creativecommons.org/licenses/by-nc/4.0)
Solitary Pulmonary Nodules which permits unrestricted non-commercial use, distri-
Multinle Pulmonary Nodul bution, and reproduction in any medium, provided the
pic rulmonary Neaules original work is properly cited.
Lung Neoplasms

Carcinoma, Non-Small-Cell Lung

M2 okl Fleischner Society A A|QeH 2017 % Bk 24 1
o] Z1olEeiRI(3)-& ANokLAL Fh,
HZ24 (pulmonary nodule)2 3 cm ©[6Fe] =4 H-2H-2 9]
oIget(D). 22 CT 7kl deat | AEgA 2 24 A " SZAMo| "l
F2OAQ] CT o RIw7} F7telof wlet o]ef 72 HAA
o Zk3-e}-8%(eround-glass opacity: OI5F GGO)& *#FoH= S gAAL H AEHAL] Aet it S 5o H
RG22 (subsolid nodule) 2] A ‘?_'—Lr—'t S7kal Qe CT & AdAre] ool Hod Qo] 1.7~9. 2%01]/‘1 el
Zlow AdefH T BRI AHO] (0.8~5.0%, w57k

FollM 2hRElEgolRt ROl 2F (opacity)ol 44 x4l E= g

LICEZFAAIRE, B Uio] | Ak (bronchovascular - 21A0] 0.7~4.2%2] HQF AIEZIARY] thAfo] ﬂm‘:] o e

bundle) S9& ZRIT 4= 9k A= SulshA| Frieh A Hollkl BEHEICH4-6). WA ngadnct Hekl 9t
= oulgict, Yhr A4S A4 o] 1FEAAE (solid compo- 80| =9 A& Early Lung Cancer Action Project 01

nent)2 EFFeRT Q= “BHEUPAH (part-solid nodule)" T Al BEIFAAC] 349, 117 AAC] 797} HAOIH7T). Eol

HAA AA7E 7RG o2l olRojd et B EugEAE0] Het S 63%= TFEH(T%) AL =5

(pure ground—glass nodule)” = LROIRICH(1, 2)(Fig. 1). 8k Q2242 (18%) Bt @A6] =Qrk(T). ulehbA] ‘?_57_“’72;%3

FAAL UFAEN v =55 ] EAE Wof Hrle] sl HH He] Ths % arefalior s Aol gef Y

] ZRol=ekelo] S @5k & Fleischner SocietyOllAl= 2013 =710f| ulet 245 24 b2 9l X2 A1 22 AlQlof St

At 2017 & ol AA virgAdo] oigh 7lo|sefks A

ASHAH(2, 3). O] =2ollAle R gAd el E4do) thal

==t
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F

A

Fig. 1. Representative CT images of subsolid nodules.
A. An 1T-mm-thick section axial image of the left upper lobe shows a pure ground-glass nodule. There is a focal nodular area of increased lung

attenuation through which the pulmonary vessels can be observed.
B. An 1-mm-thick section axial image of the right upper lobe shows a part-solid nodule. This nodule presents with both ground-glass and solid

components in which the underlying lung architecture cannot be visualized.

A B

Fig. 2. A transient subsolid nodule in a 43-year-old man.
A. An initial 1-mm-thick section CT image shows a part-solid nodule in the left upper lobe.

B. A follow-up 1-mm-thick section CT image acquired 1 month later shows resolution of the nodule, consistent with an infectious or inflamma-
tory process.

310 CHetg/d2leRlX| 2018;78(5):309-320  jksronline.org
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cosinophilic pneumonia)-& Q,JJJ‘*S SETEAAO] A ¥ O AP 2 A, A AR B9 (lobulation) 8- F
Q1 AZoLK8-11). uetA] SR ga4dS g0 = WAHS  “Hspiculation) A7 Hol= 79, 24 UHo 377184
7O A Ak ZARS Ea) ol_q_é .
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o

SR (2, 3). 01_,4,/\4 =] 0:17 2 AAVOR= AHO L FO broﬂ o:l/dt!o] LOL.% JOO]L(FW 3), Ook/g tgtﬂ‘; T At

[ il T d0
ZEALOJA] A7 R SARSS }3 ol HAA = Holx] & W (preinvasive lesion)-2 AAFoR= iﬁgié A F7)
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et AL -5olk(11) E4To 2 v Aol yelAdg HEs| dl&ske e
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(minimally invasive adenocarcinoma: ©Ist MIA) X} g Wl (28-31). E35] & 2 HHo| Q= SxtolA] dhdel= L0t
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FAL AP 50] dl2dl]l He-E AlLlotd HA A2 A I kF AT 5716 40T e 35~5971
OF(pulmonary adenocarcinoma) @} L A H (precursor or  HQ] =& a7 20 410~46.2%2] HHA|A] A7l ol

preinvasive lesion of pulmonary adenocarcinoma)2] 7FsAJ0]  EIQITH33, 34).
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o]
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2, A935} ol g jﬂ AoFo] Z5H 9 (invasive foci of ade- A= LfER = 25 #kdtsc =24 %@ML 71?4 HI—
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Fig. 3. A pure ground glass nodule with a bubble lucencies in a 65-year-old man.
A. An 1-mm-thick section image of the lung window setting showed a 1.5 cm pure ground-glass nodule in the right upper lobe.
B. The nodule had increased in size (to 2.0 cm) at the final follow-up 18 months after the initial CT. The nodule proved to be invasive adenocarci-

noma.
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Fig. 4. Progression of a subsolid nodule during follow-up. Consecutive 1-mm-thick sections through left upper lobe section obtained at same
anatomic level over a 3-year period (A: baseline, B: 3 years) show transformation of initial pure ground-glass nodule to a part-solid nodule,

which subsequently proved to be adenocarcinoma in situ.

Table 1. Fleischner Society 2017 Guidelines for Management of Incidentally Detected Pulmonary Subsolid Nodules in Adults

Size*

Comments

Nodule Th
odule Type < 6 mm (< 100 mm?)

= 6 mm (> 100 mm?)

Single

Ground glass  No routine follow-up

Part solid No routine follow-up CT at 3-6 months to confirm persistence.
If unchanged and solid component
remains, < 6 mm, annual CT should be
performed for 5 years

Multiple CT at 3-6 months. CT at 3-6 months. Subsequent

If stable, consider CT

at 2 and 4 years suspicious nodule(s)

CT at 6-12 months to confirm persistence,
then CT every 2 years until 5 years

management based on the most

In certain suspicious nodules < 6 mm, consider follow-up at
2 and 4 years. If solid component(s) or growth develops,
consider resection

In practice, part-solid nodules cannot be defined as such
until = 6 mm, and nodules < 6 mm do not usually require
follow-up. Persistent part-solid nodules with solid compo-
nents > 6 mm should be considered highly suspicious

Multiple, < 6 mm pure ground-glass nodules are usually
benign, but consider follow-up in selected patients at high
risk at 2 and 4 years

These recommendations do not apply to lung cancer screening, patients with immunosuppression, or patients with known primary cancer.
*Dimensions are average of long and short axes, rounded to the nearest millimeter.
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Biopsy & localization of pulmonary nodules:
technique and issues
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Diagnostic approach of vertebral body lesions
showing abnormal signal intensities on spine MRI
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MRI remains the ideal noninvasive imaging
modality to evaluate vertebral bone marrow.

Bone marrow

; dynamic organ with continued changes occurring

with increased age and increased hematopoietic

needs in different environmental and health states

; target of a lot of pathologic processes that results

in altered signal intensity or heterogenous signal

pattern on MRI.

; two types

- Red marrow; richness in hemoglobin in
erythrocytes lineage, richly vascular

- Yellow marrow; abundant carotenoid bodies in
its fat cells, scarily vascular

- Regardless of marrow type, composed of a blend
of fat, water, proteins in different proportions ~
main determinants of spinal marrow MR signal
characteristics.

Normal marrow conversion

At birth, hematopoietic/ red marrow — turns into
a less metabolically active (fat/yellow) marrow with
growing up (conclude around age of 25-30 years).

Centripetal starting in the subcortical and
subendplates regions ~~~ center of vertebral body.

The challenge of daily interpretation of
spine MRI

- Discern the diseased from normal marrow.

- Peculiar character of the spinal marrow is the
persistence of red marrow over all ages (esp,
lumbar region).

154

It is important to acquaint with normal MR
patterns of the spinal bone marrow, its chronological
conversion, and its different common variants.
Heterogeneity of the spinal marrow is a normal
phenomenon (esp, adolescence & middle age)

Spinal marrow reconversion

Physiologic stimuli; obesity, smokers, heavy
training atheletes

Pathologic conditions; chronic hemolytic anemias,
marrow replacing disorders

Patchy and an asymmetrical process where areas
of red marrow are embedded within the surrounding
yellow marrow

MRI technique for the spinal marrow
Routine T1-, T2WIs and STIR or fat-suppressed
T2WI
- Differentiate between red and fat marrow
Problem solving MR sequences for spinal bone
marrow imaging
- Chemical shifting imaging; fat & red marrow,
metastatic and infiltrative marrow neoplasia
(high SI on out-phase imaging)
- Diffusion-weighted imaging
; qualitative & quantitative (ADC value)
; normal marrow & metastatic lesion (low ADC
values)
; osteoporotic fracture & neoplastic vertebral body
collapse
; infective & degenerative sub-endplates changes
; follow-up treatment response of neoplastic
marrow lesions
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- Contrast enhanced marrow imaging
- Proton MR spectroscopy

Localized normal variants

Focal hyperintensities at TIWI

- Basi-vertebral vein fat, vertebral-endplate
degenerative changes, focal fatty marrow islands
(focal fatty metaplasia),

Focal hypointensities at TIWI
- Vertebral enostosis, focal nodular hyperplasia of
the red marrow, benign notochordal cell tumors

Diffuse normal variants

- Diffuse hematopoietic marrow hyperplasia, fat
conversion of the marrow, serous conversion of
the marrow

Multiple spinal bone lesions

; usually malignant tumors (metastatic disease,

myeloma, lymphoproliferative disorder)

; easily diagnosed based on considerations of

clinical data

Solitary spinal bone lesions (SSBL)

; the diagnosis can be difficult because a spectrum

of SSBLs, including benign and malignant primary

bone tumors, metastatic tumors, pseudo-tumors

; excepting hemangioma, primary benign tumors of

the spine are uncommon

—> Obscure SSBL on MRI; primarily with a focus
on a metastatic tumor or myeloma.

; non-specific or atypical MR findings ? difficult to

diagnose

—> Additional radiological, laboratory, and/or
radionuclide studies may be necessary

; accurate and early diagnosis is important for

planning treatment

When hemangiomas are excluded from SSBLs,
primary and secondary malignant tumors increase in
proportion to patient’s age.

Fever, leukocytosis and elevation of CRP level ;
characteristic for vertebral osteomyelitis (OM)

— But, vertebral OM mimicking osseous
metastases; nonspecific, especially n the early stage

— DDx, metastasis & OM; constant pain and
weight loss (metastases) / constant pain and fever
(OM).

MRI findings for the differential diagnosis
of SSBLs.

- Cortical disruption, margin of abnormal
signal, pedicle involvement, posterior element
involvement, enhancement degree and pattern,
epidural extension, T2WI signal intensity, the
presence of paravertebral soft tissue lesion,
vertebral collapse

- Characteristics of malignant solitary vertebral
collapse

; ill-defined margin, pedicle involvement, a marked

and heterogenous enhancement, irregular nodular

type paravertebral soft tissue lesion

; pedicle change in the presence of an expansile

lesion

CT

- Evaluating lesion locations, detecting bone
destruction and condensation

- Further information about growth rate of lesion

- Sharp, circumscribed lysis, a sclerotic rim,
calcification, ossification; slow growing lesion

- Permeative bony destruction; rapidly growing
lesion

When a CT scan fails to provide a final diagnosis,
radionuclide studies, such as bone scan and PET/CT
could be considered.

If PET/CT findings are negative, a biopsy should
be considered. For primary bone tumors or benign
lesions, a regional biopsy can enable a final diagnosis
of SSBL.

Summary

Awareness of the age-related bone marrow
changes as well as changes accompanying different
variations of the subject’s health state is essential
for radiologists. This will avoid overrating normal
MR marrow patterns as pathologic states and avoid
unnecessary further work-up.
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Approximately half of the obscure SSBLs on MRI
were found to be malignant tumors, and most of the
malignant tumors were from metastasis or multiple
myeloma. For benign lesions, vertebral osteomyelitis
due to various causative organisms was most
common. Combined CT and MRI findings was helpful
for the differential diagnosis of obscure SSBLs.
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Anaplastic Thyroid Carcinoma and Role within the thyroid
of Core Needle Biopsy - Caused by aberrant migration of parathyroid
glands during embryogenesis
-May undergo same pathologic processes
<2% of all thyroid carcinoma, rapid and lethal as PT glands, usually functioning adenoma
clinical course (median survival : 4-12 months) or hyperplasia (Adenoma > Hyperplasia >
US findings Carcinoma : less than 10 case reports)
* hypoechoic tumour diffusely involving the
entire lobe or gland Epidemiology
* ill-defined margin - Intrathyroidal PT tissue : Found in 2% - 3% of
* areas of necrosis in 78% total thyroidectomy cases
* nodal or distant metastases in 80% of patients - 22% of inferior ectopic PT glands, 7% of superior
(evidence of necrosis in 50%) ectopic PT glands
* multiple small intranodular vessels on color - Functioning intrathyroidal PT glands :< 1% of all
flow imaging hyperparathyroidism cases
* extracapsular spread and vascular invasion in a - Intrathyroidal PT adenoma F:M = 3:1, mean age :
third of patients 54 years
CT finding Sites

* large, solid, and ill-defined masses with
necrosis accompanied by nodular calcification
* relatively low attenuation value

Advantages of CNB including

1. larger tissue sample

2.less operator dependency if the needle
successfully penetrates the nodule

3.capability of assessment of the histological
architecture and relation to the adjacent thyroid
tissue

Ectopic intrathyroidal parathyroid gland
Introduction
- Definition : Parathyroid gland situated totally

164

- 90% at lower lateral quadrant of TG, 7% near the
RLN, and 3% in the superior pole
-Rt:Lt=3:2

Radiologic Features

- 99m Tc-sestamibi scintigraphy (MIBI scan)

- US finding of intrathyroidal PT adenoma :
Homogeneously hypoechoic nodule, with a
hyperechoic line on the ventral surface of the PT
gland No definite DDx from thyroid Ca

- CT finding of PT adenoma : Arterial enhancement
and delayed washout
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Papillary Thyroid Carcinoma with
Lipomatous Stroma

Papillary thyroid carcinoma (PTC): most common
(60%) primary malignant tumor of the thyroid
gland

Rare histological type of PTC: 12 reported cases

First reported by M. A. Vestfrid in 1986: Papillary
growth pattern, with some areas of swollen papillae
d/t the presence of mature adipose tissue

Pathophysiology of presence of adipose tissue in

thyroid gland: unknown

Developmental anomaly that results from
entrapment of adipose tissue during encapsulation of
the thyroid gland ?

Radiological implication

Macroscopic fat within a lesion of the thyroid
gland: easily detected at US, CT, MR

Mainly in benign lesions (adenolipomatosis,
adenolipoma, adipose thyroid hamartoma, etc.)

Exceedingly rare in malignant lesions (papillary
carcinoma, liposarcoma)
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cases, & Bethesda category IIl T+ VI of dd3l= 3 AALES o, HIZF A -0l AAED kS ¥ ¢l
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Sl 4EE ANS AEstel AAR BUY S YR L,

L& =dof 517] gyt A7t o] F& 2AE ofE, AXY FARE B2 4]
o] A7tol= E Ao NE T2 Ayt Ugd 25 UXAE BES Yajrd L.

S EE2F AYUT ZHEL FNA I BAE A HAPAY 274 3 94 717 5 YA s 49

o] & A Zom,

& &AlojM= AUS/FLUS 2 Jes Aol BP0l o2 WehA| ofyetal ghtt.
Z
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S Ao 93 AHE A$ o AvETIL FuT,

HARAAE oAl BE 2 4749 2474, Ao
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Heterogenous enhancing mass at right
kidney and retroperitoneal space

704 47 BA7E U B ARE A 95 o
72 £22 722 local BYS Afatel B Wgal

ok 71AdgS qiglen o=, #&9 itk R

ol A AeYst FHslE Ao A WBC 13180/uL, CRP
81.6 ml/L 2 Z5Eol AR, A& 7Hs7] fle)
TE A8t
CToﬂfﬂ ¢S A SHROMEE &
&7 (infrarenal space)ol] $12]3t F3|7
= &g < (Psoas muscle)S wt F
= B R B4 29 4 Bt Y= F
2 o]

L AR FIE o] 28571
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Fracture of Hair wire during
percutaneous nephrostomy for
percutaneous nephrolithotomy
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2
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AN
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Z NAO AL Eo] g9l percutaneous
&4 gurgy

nephrolithotomyE A&st3Att. 4
ol A percutaneous nephrostomy(PCN)< A3 3}$ith.
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A 33 year-old male complaining of right testicular
pain

PE: a bean-sized, nontender right paratesticular
nodule; unremarkable otherwise

PMH: noncontributory
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I FUst o= dhgetal WAskE QI Aso] &9
sol RE Q7] BE AAR hAE Ao Hx) g
st A3t B gt 238]d, 94Ys A THAE
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Aot 3 BF Foll A A E AAWI] AsHA
T RYRet oo THH A EY HAYY RIF &
of 2MEA 2 AFAS AEHAS ogA FAISHL
JAA ZAE FHHog I AAHoR s
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1. Honsy A, Parmar C, Quackenbush J, Schwartz LH, Aerts,
HJ. Artificial intelligence in radiology. Nat Rev Cancer.
2018;18(8):500-510.

2. Kim DW, Jang HY, Kim KW, Shin Y, Park SH. Design
Characteristics of Studies Reporting the Performance of
Artificial Intelligence Algorithms for Diagnostic Analysis
of Medical Images: Results from Recently Publised
Papers. Korean J Radiol. 2019;20(3):405-410.

3. Rajkomar A, Dean J, Kohane I. Machine Learning in
Medicine. N Engl J Med. 2019;380(14):1347-1358.
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Al2} Radiomics sl A2| (18) Al Radiomics2t: ZEHXIE g|st

10:00-10:30 Atmtolof
Y 2HUSHEEUN U EH), ol S(ES M2t RS H)

Radiomics, artificial Intelligence, deep learning
o8 7HA MEELS obf RAE HAR “AHY
Radiomics & ¥7] Zoj Al & deep learning, machine
learningS A8l E7t127

C———— Artificial Intelligence

O———— Machine Learning

o Deep Learning

Soffer et al. CNN for radiologic images: a
radiologist’s guide Radiology 2019

I E4 review articleo| X+ th33t Zo] A%
yth Alebe 7P 2 70 &oll ($97F deep learning
(DL)o] 1427 Ao agkd) 7] A 8% machine
learning (ML) ©] B}2 71 Thg0]3l, DL ML &3h=
g 3¢ 7id, 183l ofd Algte] E24W DLe 3%
T2 A%S 9 A7 convolutional neural network
(CNN) 7} 71 31919] i gt L EF o)A = Neural
network® DLET} ¢ W& MYz 3=, g
AZ2 9 DL = Artificial NN, 11 ¢tof] o} ko] £
CNNoJ Qltyetar A37betd =54t

Radiomics = 9749 £40]7] "ol o|& 919 7|«

Artificial Neural Network

o—————— Convolutional Neural Network

SR of= AL

Artificial Intelligence (Al)
Rula based and expert systems

Machine Learning (ML)
Mavel Predicticns

——

Rudie et al. Emerging Applications of Al
in NeuroOncology, Radiology 2019

1. Zelo| o|o|2| Radiomics

Radiomics 7} & stujc] = Hof? 2hal Shobd “gAt
A% ENste BE EAS O AR e A7 &
g 4 g4t oln) omicsehe Be WA A
high dimensional datag Y54t} Radiomics & ¢
2 mEe) njggo] it (?)

1) ¥ 2 Radiomics : Predefined engineered

features + Traditional Machine Learning

7Hg %ol E24E Y9 radiomicse £87t °]&

HE A5 & o AREsteE & G e A 24 S

& o RolA high-dimensional featureE = AY
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o} 4 S & volume and shape, histogram, texture
feature7} 1om o= s|F=E T Zlo] ofuz} expert
knowledgeo] 7]€tst ZAJYt}, Taller-than-wide+=
thyroid cancer, 10% of apparent diffusion coefficient
= brain tumor, texture features+= intratumoral
heterogeneityE WrFasiA 242 dFE0] = AXH
Q! Zy749] feature= 7129 knowledgedl| HIES & Al
Al PES F3 Q7R A Ao 7HkE Y-8 duyth

o] radiomics & A®st= WH2 I ML =
(support vector machinedlA] CNN7}A|) & 4= Ql&
.

2) <] ¢] Radiomics: Deep learning 3} (¥l

we 7de] radiomicsE= A% A= EA
o] Z|Aof 7]¥ta}A] ekt Label or annotationo] 2
Q2 9= DL 7]§i Deep featureghl 3t Al 7)o
A B0 ONNE ol gele] 94e Qb Tr2 3%
A +ES EAES AlFstA HUh

ojuf E49] MelL deep featureE HOHA CNN
o] classification7tA] 8714 WY $& Jal, opyH
Foll folA & st ML 7]

Rzt

&
ro,

2
LN =

—

o
0]
AR

deep featureE ¥ole2
Mo HuI BRE ¥ 4

2. Radiomics Pipeline

* 71€2 4] pipeline2 tE o8 review articleo] A
£ ol ol Yoz ekshAle g

A. 9% 85T} dH (Image acquisition and

preprocessing)

- G2 oj= Ao|E b5t} X-ray, CT, MRL. &
A 2ol Radiomics A5 £35S wl= MR,
1% brain®] 7 BkEUTH

- AHEE AR U2 e, HE e 02 o
BASHE WHol 71 HUth CT, MRI ¢ 790
+ spatial resolutiong %o} 22 54 F7|2 o
EAY (resampling), A2 T2 F =G4S 7L 3
BatA 3 A o @E= B (co-registration) Z
MRI®] 7320l &= signal o] arbiturary unite] 7] wj&
o] signal intensity normalization¥}d & FUt}.

B. 243} (Segmentation)
- o]& & 9l9] radiomicso A F & AFREH, T Hof
(region-of-interest) & 1A F2 F¥ HEU
A= AU,

- Ho U& radiomics &4 (reproducibility) o g
FS FE AU

C. E# %% (Feature extraction)

- 9] 9|9 radiomicsolA FE AHEEE E
AL ofgfet ZHUth (FAEH 3). F2 matlab
algorithm& o] &3 7 softwareE o] &3}
4], # o= pyradiomicsgte github 7]%HE]
algorithm& o] ALgat= AUt

- o] =3 oW featureZ BWiifol wpzt AFAZH Al

E7F Zpol2 oubel & g Ao PFS 2 94

T 2
Qut

D. E4 %% 49 AM¥ (Feature selection and
classification)

- Feature selection®] W& ML 2] A/ &3 o
| W E s

- 24 o (outcome) =
superv1sed learningS WO 2 &1, A 37174
A Qo] 9tk k=t filter-based, wrapper-based,
combination &] AJ7}A] WHOE outcomedt ¥
ol e EAE stusidE E+= W (filter-
based), outcome &
(subset)& +HO2 B WY (wrapper-based), 1
gJal o] & s W] sy

- &84 2ol& superv1sed learninge least

A1l o] 7|&FoE B

YIHOR o Z5t B4 BY

El

absolute shrinkage and selection operator
(LASSO), random forest 5©°] Jom E3] #d
S o st )
o2 7}A wo| o]

d = feature & EF
LASSOE= &% §4 A
3 Qg

- 1 F classification support vector machine
(SVM), generalized linear model 5-©] E3&}A] 20]

Zo|L
e
=

Methods |Simple Methods |Statistical Methods Transformed Methods
Type Morphological First-order Second-order |Higher-order,
features features features Model-based

features

Examples [Volume Shape |Histogram Grey-level Fractal Wavelet transformation Laplacian

parameters matrix dimensions transforms

Minkowski
functionals

182



KSSR 2019

The 7th Korean Spring Symposium of Radiology

M DL9] neural networkl CNNE EA Meiyt &
Fol o] 88 & AFUH

3. Important Considerations of Radiomics
(3] 7IX|E B2 =)
Radiomics®] £34- High-dimensional Features®
Model& TH=olA A2 SAto A 48512

Fo 7 () AL o %7 FuT A7t
(2) M2 SAE AGA AT AJA7?
(training, validation)

(1) Reproducibility of Radiomics: A S Eol&
s

Aol AP HH S FAs A
Zolu] UolrlA] o2 wigtoz olukst (el A
S 8 29y

A, GA = E’_—‘,:— 22 protocol2 FY3H £71o
3£ normalizationdtAY, &
g3t test-retest analysis

7 gApolA gE FH
£ WZ sto] YU EYTS 2 sy

B. 243t ZH: ¥ radiomicsoll A 7HE 9L 1|
A= Qa0 H, AFZEY] Zpofo] ofsiA ofH E4o] &
3l=A e @ 4 QlFUTh CNNE o] st &3
3] Asste T3 WS o &3tth Aol wobd

C. B4 & 3H: 71 4old AFa o &
& parameter® EE Lw=go] QU o
quantification reproducibility 2}l gyt o]= ARA
o 71 olele R & AgU olg BAs I3
22 o2 AlE7E &3 (batch effect) S glof@ ComBat

function (ComBat function in R or https://github.
com/Jfortinl/ComBatHarmonization) o] A7J%| =T
B oA ofF WA A dgksUth (RALEE 6)

Population
Ve f Generalizability
p (External validity)

Internal Validity
(study sample)

\\ imagigg Data Segmentation Feature Extraction Modeling
A Computatonal Stasstical
i e ‘ roproduciity reproducibility.

M1m1|m mulli-vendor P

(HEd 5)

(2) MEL FAE AEA 18T %
validation)

AQ171? (training,

Radiomicsi= model-based approach £A] training
setO 2 35S Hof modelS WHE FHof|, 2 N2 &
gLl A model®] 5 test 3 He AYUT whet
A radiomics®] SH7Hx|=- THE DL A9 vpt7hA]
2- validation set& oJ%9A FAst=? dYch & A
TE /33 W RE true test setS ]G A uFASF= L]
Az 8o g

AAst= Ao thHE o] case-control dataset Y=
1339 S 0 true clinical validation& wj$ o8&
FiolaL, ofof tigt AA|SE W& TheAIZ] thFold
1dyth

>,\l

4. A& 9| Radiomics 917 & &5 QA S8
2Q|3}jA: Toward Radiomics Research in
Quality

otz AF-SE7HA= 2 Aol | Ao A YU A

3 EH7L P, 7 AFAG AlE 7 o] B3 5
] gotr Q. J2y Y9 radiomics study o thet £
2 expert opinion¢] 913 FIEH 28 HAH Hytt,
ZreretAl Qokstd, & 6714 Y& TS A Q

Ao] Al Asidsuytt
49 1: Protocol quality and stability and image

=

and segmentation
- 01:7094 Oﬂlx]-.Q_ E—Oﬂﬂ‘:_x] test-retest & ZH?:S:J}B]'%
FHFPYE=A], phantom ATE A, BE3e o
Ho| s =4 gyt
& 92: Feature selection and validation
- AAER Yoz EAS Nestyon ou) multiple
testing® 1 HF A=A 9 A validation
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Rapid advances in cardiac computed tomography (CT) have enabled the characterization of left ventricular (LV) myocardial
diseases based on LV anatomical morphology, function, density, and enhancement pattern. Global LV function and regional
wall motion can be evaluated using multi-phasic cine CT images. CT myocardial perfusion imaging facilitates the
identification of hemodynamically significant coronary artery disease. CT delayed-enhancement imaging is used to detect
myocardial scar in myocardial infarction and to measure the extracellular volume fraction in non-ischemic cardiomyopathy.
Multi-energy cardiac CT allows the mapping of iodine distribution in the myocardium. This review summarizes the current
techniques of cardiac CT for LV myocardial assessment, highlights the key findings in various myocardial diseases, and
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presents future applications to complement echocardiography and cardiovascular magnetic resonance.
Keywords: Computed tomography; Myocardium; Myocardial perfusion imaging; Delayed enhancement

INTRODUCTION

Increased awareness of left ventricular (LV) myocardial
disease is attributed to the widespread use of non-
invasive imaging modalities (1). Echocardiography is still
a cornerstone of LV diagnostic imaging because it can
provide a safe and comprehensive assessment of cardiac
structure, function, and regional wall motion. However,
echocardiography is operator-dependent, with a relatively
low reproducibility, and possible impairment due to a poor
acoustic window, limited field of vision, and technical
artifacts (2). Cardiovascular magnetic resonance (CMR) is
considered the current gold standard for LV morphological
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and functional assessment due to its accurate measurements
of the entire volume and mass without echo-window
dependency. In addition, it has a unique role in noninvasive
tissue characterization using different pulse sequences (3, 4).
In the last decade, rapid technical advances in computed
tomography (CT) have led to the emergence of cardiac
CT (CCT) as a comprehensive evaluation of anatomy and
function including the coronary arteries and cardiac
chambers. Although CCT is not recommended as the primary
method of choice in cases of suspected LV myocardial
diseases, CT enables multiplanar reconstructions in any
desired orientation and can evaluate the echo-window
limited areas such as the apex, the posterior portion of
the interventricular septum, and the anterolateral wall.
Therefore, CCT offers a comprehensive insight into the
anatomy and function of cardiac chambers (5). Recent
studies have demonstrated that CCT may be an attractive
imaging tool for the characterization of LV myocardial
diseases based on gross morphology, function, and
enhancement, as well as the extracellular volume fraction
(ECV). Therefore, CCT is considered complementary to
echocardiography and CMR (1, 6). In this review, the current
techniques and uses of CCT for LV myocardial assessment
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are discussed. The roles of CCT imaging in the diagnosis of
LV myocardial diseases have also been highlighted.

Anatomical Assessment of the Left Ventricle
with CCT

The left ventricle is a conical structure with thick
tubular walls tapering to a rounded apex. It comprises an
inlet portion containing the mitral valve and its tension
apparatus, an apical portion containing fine trabeculations,
and an outlet portion leading to the aortic valve.

Normally, the LV free wall is thickest at the cardiac base.
The ventricular septum is curved, bulging into the right
ventricular cavity. It is muscular except for a small portion
immediately beneath the aortic valve (the membranous
septum). When the left ventricle is viewed in short-

axial cuts, the mitral valve is supported by two groups of
papillary muscles in the anterolateral and posteromedial
positions. The bases of the papillary muscles are continuous
with the muscular trabeculations at the middle-to-apical
third of the ventricular wall (Fig. 1) (7-9).

The LV wall consists of three distinct layers: an inner
endocardium, a middle myocardium, and an outer
epicardium. The myocardium consists primarily of
contractile cardiac myocytes, fibroblasts, and an abundant
extracellular matrix. The left ventricle is subdivided into
three main segments: the apical, middle, and basal portions.
This standardized and widely used segmentation of the left

Ko et al.

ventricle into 17 myocardial segments was introduced by
the American Heart Association (10). The different anatomic
landmarks partially reflect the distribution of perfusion of
the myocardium by the coronary arteries.

Technical Aspects of CCT

There are two methods to obtain CCT images according
to electrocardiography (ECG)-gating techniques. In
prospective ECG-triggered sequential scanning in a “step-
and-shoot” technique, the CT images are acquired in a
user-selected phase of the patient’s cardiac cycle (usually
during mid-diastole). This technique does not allow for
the evaluation of LV function and wall motion (Fig. 2).

With the retrospective ECG-gated spiral scanning based

on continuous data acquisition and table movement at

low table feed (low spiral pitch) or ECG-gated volumetric
acquisition with a static table (256- and 320-detector-row CT
scanner), CT images are obtained at multiple phases of the
cardiac cycle for the assessment of LV functional parameters
including wall thickness, volume, and mass, and identification
of LV regional wall motion abnormality (11-13).

LV volumes and function are evaluated using a triphasic
injection protocol to opacify all the cardiac chambers
without streak artifact in the superior vena cava. The total
contrast volume is usually 50-120 mL. An initial contrast
media bolus at 5-7 mL/s is followed by either a slower rate
of contrast media injection at 2 mL/s or a 50%:50% saline/

A

Fig. 1. Anatomy of left ventricle.

Three-chamber (A) and short-axis (B) MPR CCT images show mitral valve (short arrows), aortic valve (arrowheads), papillary muscles (thick
arrows), and apical thinning (long arrow). Left ventricle is divided into three portions: inlet, apical, and outlet. Short-axis MPR image (B) is
obtained at midventricular level. CCT = cardiac computed tomography, MPR = multiplanar reformat

334

192

https://doi.org/10.3348/kjr.2018.0280 kjronline.org



KSSR 2019

The 7th Korean Spring Symposium of Radiology

Assessment of LV Myocardial Diseases with Cardiac CT

7 mm

9.7 mm

10.6 mm

A

Fig. 2. Changes in LV wall thickness during mid- and end-diastole.
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Wall thickness and chamber dimension of left ventricle need precise measurements, usually in end-diastole. Most CCT is performed in mid-diastole
to evaluate coronary artery. Interpretation of LV wall thickness may be misleading in mid-diastole (A) compared with that in end-diastole (B).

LV = left ventricular

contrast media mixture at 5-7 mL/s and a smaller volume
saline bolus (14). Routine CCT is typically acquired during the
early arterial phase for coronary artery assessment. However,
to ensure sufficient myocardial enhancement, the timing
of image acquisition is calculated by adding approximately
2-4 seconds to the measured time of peak aortic root
enhancement (usually 100-150 Hounsfield units [HU]) (15).
Currently, CT perfusion has evolved into a robust
and non-invasive tool for the detection of myocardial
ischemia. There are two approaches-static and dynamic-in
perfusion CT. Static perfusion CT provides a snapshot of the
myocardial blood volume or myocardial enhancement at a
single time point during the first-pass of contrast material
bolus. A true perfusion defect persists throughout multiple
phases and it is visualized in both systole and diastole.
These data are also used to identify regional LV wall motion
abnormality. Static perfusion CT is easily performed on any
CCT scanner although it is highly dependent on the timing
of the scan. In addition, cardiac motion artifacts due to
increased heart rate during adenosine stress have shown
a significant percentage of patients in static perfusion CT.
On the other hand, the dynamic first-pass perfusion CT
reveals myocardial enhancement at multiple time points
during first-pass of the contrast material and it facilitates
quantitative analysis of myocardial perfusion. The best cut-
off myocardial blood flow value distinguishing ischemic
from remote myocardium varies from 75 to 103 mL/100
mL/min. However, the drawbacks of dynamic perfusion CT

kjronline.org https://doi.org/10.3348/kjr.2018.0280

imaging include higher exposure to radiation (than static
perfusion CT) and the limited use of CT scanners (256- or
320-detector-row CT scanners and dual-source Somatom
Flash and Force CT scanners [Siemens Healthcare, Forchheim,
Germany]) (16-18).

Delayed-enhancement CCT shares similar pathophysiological
basis with delayed-enhancement CMR and it facilitates
the evaluation of LV myocardial viability or scarring
with additional administration of contrast medium (slow
injection rate of up to 2 mL/s and volume between 50
and 90 mL). A delayed scan is usually performed after
a variable period of 5-15 minutes following the initial
administration of contrast medium. The amount of contrast
medium, injection rate, and the delay time are adjusted
on a case-by-case basis to evaluate for delayed myocardial
enhancement (19, 20). Decreased tube voltage (100 or 80
kVp) and prospective ECG triggering reduce the radiation
exposure and increase the myocardial contrast in delayed-
phase CCT even though the image noise is increased.
Delayed hyperenhancement is attributed to the slow
washout of iodinated contrast media from the region of
infarcted myocardium (Fig. 3) (19-21). Mahnken et al. (22)
and Gerber et al. (23) showed that delayed-enhancement
CCT imaging can be used to quantify infarct size strongly
correlated with CMR-based imaging. ECV is a reproducible
and novel index for assessment of myocardial fibrosis
and it is calculated as a ratio of the change in HU of the
myocardium and the LV blood before (pre-contrast CCT) and
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Fig. 3. Infarct imaging using first pass and delayed-enhancement CCT in patient with acute MI in left circumflex territory.
Short-axis MPR images of first pass (A) and delayed enhancement (B) show fixed subendocardial perfusion defect (arrows) and delayed
transmural hyperenhancement (arrowheads) in mid-lateral LV wall. Curved MPR coronary CT angiography image (C) shows acute thrombotic
occlusion (arrows) of proximal left circumflex artery. Subendocardial perfusion defect indicates microvascular occlusion and poor prognosis. MI =

myocardial infarction

after contrast administration (delayed-enhancement CCT),
multiplied by (1-hematocrit). This protocol can be added
to routine CCT with only a small increase in radiation dose.
It can be used to delineate the myocardial interstitium and
provides a new diagnostic test for an under-diagnosed and
treatable cause of LV hypertrophy (LVH) and heart failure
(24, 25). CCT represents a potential approach to the clinical
assessment of diffuse myocardial fibrosis, particularly
in patients with contraindications to CMR imaging. The
drawback of delayed-enhancement CCT is the increased
image noise and scan time. The multi-energy CCT can help
to reduce the image noise and increase the contrast-to-
noise ratio (21).

There are 4 different types of multi-energy scanners
available in clinical practice for tissue characterization,
as follows. 1) Dual-source technology: two X-ray tubes
are operated at different kVp values (for example, 80 and
140 kVp); 2) Rapid kVp switching technology: The X-ray
source switches rapidly between low (80 kVp) and high
energy (140 kVp) levels at each X-ray projection; 3) Dual
spin technology: Using a 320-detector-row CT scanner, the
patient is initially scanned at one energy level (135 kVp)
and immediately scanned in the same anatomic location
using a different energy level (80 kVp); 4) Dual layer or
spectral detector technology: CT contains one X-ray source
but two layers of detectors with the top layer absorbing low
energy photons and the bottom layer absorbing high energy
photons. Multi-energy CT allows the mapping of iodine
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distribution in the myocardium serving as a marker of
myocardial perfusion (26-28). Delayed iodine enhancement
imaging has the potential to better evaluate myocardial
enhancement, which is considered a marker of myocardial
fibrosis or scarring and detect myocardial infarction (MI)
and non-ischemic cardiomyopathy more accurately than
conventional CT. In addition, multi-energy CT enhanced
the diagnosis of myocardial fibrosis by calculating the ECV
fraction. Lee et al. (25) demonstrated that the myocardial
ECV fraction determined with dual-energy equilibrium
contrast-enhanced CCT was consistent with that of CMR
imaging and excellent interobserver agreement in per-
subject analysis was observed.

Analysis of LV Function

The quantification of LV function using CCT has
been validated in prior studies via comparison with
echocardiography and CMR (29). In normal Korean adults,
Kang et al. (30) demonstrated that the LV myocardial
thickness (septal wall thickness, 1.08 + 0.18 c¢m vs. 0.90 +
0.17 cm; posterior wall thickness, 0.91 + 0.15 c¢m vs. 0.78
+ 0.10 cm), LV end-diastolic volume (112.9 + 26.1 mL vs.
98.2 + 21.0 mL), LV end-systolic volume (41.7 + 14.7 mL vs.
33.7 £ 12.2 mL), and mass (145.0 + 29.1 g vs. 107.9 + 20.0
g) were significantly greater in men than in women when
using 320-detector-row CCT, even though these significant
differences disappeared after normalization for body
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surface area. The measurement of LV functional parameters
by CCT can be used as an alternative, particularly in

cases of equivocal or suboptimal echocardiography or
contraindications for CMR. However, there is not sufficient
evidence to recommend CCT as a routine measurement of LV
functional parameters (11, 12). A wide-detector CT scanner
with single shot scanning or dual-source CT encompassing
both cardiac cycles may be used routinely for simultaneous
functional analyses.

Approach for LV Myocardial Diseases

The evaluation of LV myocardial diseases using the CCT is
based on LV volumes and function, regional LV wall motion,
LV wall thickness, and myocardial density with and without
contrast enhancement (Fig. 4). Generally, image acquisition
in CCT is performed in mid-diastole to identify coronary
anomalies or stenoses. Accordingly, interpretation of LV
diameters and wall thickness may be inadequate, unless
correct ECG timing is considered at the point of acquisition.
Nonetheless, in the presence of definite morphological
abnormalities such as LV wall asymmetry or distinct
hypertrophy or thinning, the diagnosis may be apparent

even when the acquisition phase is technically incorrect (1).

LV Wall Thickness

Measuring LV myocardial thickness is critical for the
diagnosis and characterization of many cardiovascular
diseases. Normal values for LV myocardial thickness

A B
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published in the current literature are derived from
echocardiography and CMR. The thickness of the
myocardium is commonly measured at the interventricular
septum at end-diastole. LV trabeculations are excluded
from the measurement. The reference range of the LV
septal and posterior wall thickness at end-diastole using
echocardiography is 0.6-0.9 c¢cm in women and 0.6-1.0

cm in men (31). In normal Korean adults, the mean LV
myocardial wall thickness measured on CCT was less than 11
mm at the septum and 10 mm at the posterior wall (30).

Diseases Associated with LV Wall Hypertrophy

LVH, defined by the increase in LV mass and LV septal wall
thickness, is a common cardiac finding generally caused by
a hemodynamic overload. LVH severity is graded based on
LV septal wall thickness, indexed LV mass, and LV geometry.
The reference values for LVH severity in clinical guidelines,
which are based on echocardiographic measurements, are
also used for CMR and CCT (31-33).

LVH, frequently defined by interventricular septal and/
or posterior wall thickness at end-diastole > 11 mm, is a
marker for cardiac disease. LVH is a common pathology
which requires exhaustive characterization. The exact
diagnosis and differential diagnosis of LVH is of paramount
therapeutic and prognostic value. Physiological LVH occurs
in athletes (Athlete’s heart). Pathological LVH is mainly
classified into the primary (hypertrophic cardiomyopathy;
HCM) and secondary types. LVH results in an increased
afterload (aortic stenosis [AS], aortic insufficiency, and
hypertension) or myocardial infiltration (amyloidosis,

C

Fig. 4. Global and regional LV function assessment with CCT in 51-year-old man with previous MI.

Precontrast CCT image (A) shows curvilinear fat deposition in subendocardium of LV myocardium (arrowheads). Short-axis MPR CCT images
obtained during end-systole (B) and end-diastole (C) show akinesia, curvilinear fat deposition in subendocardium (arrowheads), and thinned
myocardium (5 mm in thickness) in mid-anterior and anteroseptal LV wall (arrows). LV ejection fraction, end-diastolic, and end-systolic volumes

were 57%, 137 mL, and 59 mL, respectively.
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Fig. 5. Diagnostic approach based on LV wall thickness using CCT.

AS = aortic stenosis, COA = coarctation of aorta, DCM = dilated cardiomyopathy, HCM = hypertrophic cardiomyopathy, IBSH = isolated basal septal

hypertrophy, NCC = non-compaction cardiomyopathy

sarcoidosis, Fabry disease, and cardiac tumors) (33). The basic
diagnostic approach for LVH depends on the morphological
characteristics of LVH (symmetrical vs. asymmetrical) (Fig. 5).

Asymmetrical LVH

Isolated Basal Septal Hypertrophy

Isolated basal septal hypertrophy (IBSH) involving at
least 15 mm thickness is occasionally termed a sigmoid
septum or septal bulge. It is detected in up to 10% of
cardiac patients without HCM and is more prevalent in the
elderly population (34). In a study by Ranasinghe et al.
(35), the presence of IBSH was strongly related to age with
the observed frequency rising from 1% of people younger
than 50 years to almost 10% in those aged 80-90 years.
The frequency of IBSH morphology was 14-fold higher
than the frequency of typical morphological forms of HCM,
and 65% of patients had a history of hypertension. A few
patients with IBSH manifest exertional LV outflow tract
(LVOT) obstruction and dyspnea, leading to difficulty in
differentiating IBSH from HCM (35). In a study by Gaudron
et al. (36) the echocardiographic septal bulge, defined as
the basal-septal wall thickness > 2 mm thicker than the
mid-septal wall thickness, strongly predicted hypertension
with a sensitivity of 93% and specificity of 86%. The septal
bulge in patients with hypertension is a very early sign of
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hypertensive heart disease. The LVOT and basal-to-middle
interventricular septum are clearly visualized on 3-chamber
and short-axis multiplanar reformatted (MPR) images of
ECG-gated CCT (Fig. 6).

Hypertrophic Cardiomyopathy

HCM is the most common inheritable primary
cardiomyopathy that is characterized by unexplained
diffuse or segmental LVH without compensatory dilatation
of the LV chamber, and with normal or supernormal systolic
function (37). Progression to end-stage HCM, known as
the burnout or dilated phase, is characterized by systolic
dysfunction, LV dilatation, and wall thinning; it occurs
in 2.4% to 15.7% of individuals and is associated with
largely unfavorable prognosis (38, 39). The usual diagnostic
criterion for HCM is LV maximal wall thickness > 15 mm
at the end-diastolic phase. Particularly, LV maximal wall
thickness > 30 mm is associated with sudden cardiac death
(40). The most common form of HCM is asymmetric septal
hypertrophy, which is defined as hypertrophy with a septal-
to-inferolateral wall thickness ratio > 1.3. Other forms of
HCM are focal mass-like, mid-ventricular, and apical (41-43).
CCT is more accurate than transthoracic echocardiography to
detect LVH, particularly for the anterior-lateral free wall and
for the apex. CCT plays a potential role in the assessment of
HCM based on key morphological characteristics, LV systolic

https://doi.org,/10.3348/kjr.2018.0280 kjronline.org



KSSR 2019

The 7th Korean Spring Symposium of Radiology

Assessment of LV Myocardial Diseases with Cardiac CT

function, the extent of myocardial fibrosis with delayed-
enhancement (diffuse or focal enhancement with patchy or
massive mid-wall), ECV measurement, and the presence of LV
crypts as well as coronary artery evaluation simultaneously
(Fig. 7). CCT reveals a thin-walled apical aneurysm showing

transmural enhancement and intracavitary thrombus in

Fig. 6. IBSH of 67-year-old man with diabetes mellitus
without hypertension. Three-chamber MPR CCT image shows focal
hypertrophy of basal inter-ventricular septum (arrows) without
hypertrophy elsewhere within myocardium in mid-diastole on LV
outflow tract.

- 0 L 48 LAOD 32

Fig. 7. HCM in 57-year-old man with chest pain.

Korean Journal of Radiology

patients with apical HCM with burned-out phase (42, 43).

Sarcoidosis

Sarcoidosis is a multisystemic disorder of unknown cause
that is characterized histopathologically by noncaseous
epithelioid granulomas. Granulomas and/or fibrous scars
tend to be distributed in the subepicardial layer; however,
they can be present anywhere in the myocardium. LVH in
a noncoronary distribution is frequent and it mimics HCM
with asymmetric focal LVH. Sarcoid lesions ultimately heal
through fibrosis, which leads to myocardial thinning and
ventricular aneurysm. The myocardial thickness fluctuates
according to disease activity, with the myocardium thicker
during the active phase and thinner during the healed
phase. Thus, it may be difficult to distinguish cardiac
sarcoidosis from other cardiomyopathies based on delayed-
enhancement pattern and myocardial thickness (44-46).
CCT reveals the typical morphological features and delayed-
enhancement (multifocal segments with transmural or
subepicardial distribution) in cardiac sarcoidosis, as well as
its involvement in other organs (Fig. 8) (47).

Cardiac Tumor

Primary or secondary tumors located in the left ventricle
lead to localized LVH. Primary cardiac tumors are rare,
and the histological types are varied. The incidence of
metastatic cardiac tumors is 100-fold more common than
that of primary tumors. Myocardial involvement is a less

Short-axis MPR CCT images obtained during early (A) and delayed (B) contrast-enhancement phases show asymmetrical hypertrophy of mid
anterior, anteroseptal, and anterolateral LV wall (A, arrows) in mid-diastole with multifocal mid-wall delayed enhancement (B, arrows).

kjronline.org https://doi.org/10.3348/kjr.2018.0280
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Fig. 8. Cardiac sarcoidosis in 61-year-old woman with irregular cardiac rhythm and dyspnea.

Short-axis MPR CCT images obtained during early (A) and delayed (B) contrast-enhancement phases show concentrically hypertrophied mid-

LV wall in mid-diastole with diffuse transmural and mesocardial delayed enhancement (arrows). Delayed-enhancement CMR image (C) shows
diffuse mesocardial enhancement in septum and multifocal patchy mesocardial enhancement in mid anterior, lateral, and inferior LV wall (arrows).
Delayed-enhancement CMR is superior to delayed-enhancement CCT for differentiating patterns of delayed myocardial enhancement. CMR =

cardiovascular magnetic resonance

Fig. 9. LV metastasis from lung cancer in 93-year-old man.

Contrast-enhanced chest CT image (A) shows 13-mm lobulated nodule with heterogeneous enhancement in anterior segment of left lower lobe
(arrow). Mid-diastolic short-axis MPR CCT image (B) shows large infiltrating mass with homogeneous hypoenhancement as focal hypertrophied

mid inferoseptal and inferior LV wall (arrows).

common site of cardiac metastasis (Fig. 9). Benign cardiac
tumors such as fibroma and rhabdomyoma are homogeneous
masses with soft tissue attenuation, smooth and well-
defined margins without infiltration. However, malignant
tumors such as rhabdomyosarcoma and angiosarcoma

show lobular, ill-defined, and invasive borders and a broad
attachment to the myocardium. Primary cardiac lymphomas
with massive myocardial infiltration may show irregular
thickening of the LV wall that mimic classic HCM (48). CCT
may facilitate the differentiation between cardiac tumor of
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the LV myocardium and mass-like HCM.

Symmetrical LVH

Sports-Related LVH: ‘Athlete’s Heart’

The term ‘athlete’s heart’ refers to a clinical picture
characterized by a lower heart rate and cardiac enlargement.
Long-term exercise training-induced hemodynamic changes
lead to an increase in both LV dilation and LVH, in order
to normalize LV wall stress. Accordingly, athlete's heart
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Fig. 10. Severe aortic valve stenosis in 79-year-old man with chest discomfort and shortness of breath.

Double oblique MPR image of aortic valve (A) shows thickened and calcified cusps (arrowheads) of tricuspid aortic valve with severely reduced
opening (aortic valve area of 0.98 cm?) during early-systole. Short-axis MPR image (B) shows hypertrophied mid-LV wall, particularly asymmetric
septal hypertrophy (arrows). Delayed-enhancement CCT image (C) shows extensive mesocardial delayed hyperenhancement in middle LV wall (arrows).

can mimic diseases such as HCM or dilated cardiomyopathy
(DCM). In elite athletes, the LV end-diastolic diameter is
not frequently increased to > 60 mm (49). In 947 elite
athletes, the maximal end-diastolic septal wall thickness
was < 12 mm in most (50). CCT may be used to rule out
coronary anomalies or coronary artery diseases (CAD) in
symptomatic athletes (51).

Hypertension

Hypertension is a highly prevalent cardiovascular
risk factor and it is the most common cause of LVH.
Echocardiographic LVH is detected in 20-40% of patients
with hypertension. Hypertensive heart usually shows
concentric LVH, which is characterized by normal cavity
size, uniformly increased LV wall thickness and increased
LV mass. Interventricular septal thickness increases up to
15 mm. Left atrial dilatation is also seen in hypertension
(52, 53). In a study by Rodrigues et al. (54), an asymmetric
end-diastolic wall thickness of > 15 mm and > 1.5-fold
the opposing myocardial segment in > 1 segment was
exclusively observed in the basal-to-mid septum in 21% of
a purely hypertensive cohort. CCT is appropriate for LV wall
thickness, mass and volume measurement, and for excluding
CAD in patients with hypertension.

Aortic Stenosis

AS is the most common valvular heart disease (VHD) in
the elderly population. AS increases LV afterload and causes
compensatory LVH (concentric LVH). LVH causes reversible
myocardial ischemia and irreversible myocardial injury,
such as interstitial myocardial fibrosis (55). Accordingly,

kjronline.org https://doi.org/10.3348/kjr.2018.0280

it is increasingly clear that it is also a disease of the
left ventricle rather than the aortic valve exclusively.
Usually, the LV wall is symmetrically hypertrophied in AS
and, occasionally, an area of the LV shows asymmetrical
septal hypertrophy (Fig. 10) (56). In a study by Tuseth
et al. (57), asymmetrical septal hypertrophy (defined as
interventricular septal/posterior wall thickness ratio > 1.5
on echocardiography) was found in 22% of 1719 patients
with asymptomatic AS and hypertension was the most
important predictor of asymmetrical septal hypertrophy and
asymmetric LVH.

CCT is a useful imaging modality for severe AS patients
indicated for transcatheter aortic valve replacement.
The assessment of LV function and scar imaging of the
myocardium with CCT has not been routinely established
in clinical practice (56). Recently, Bandula et al. (24)
demonstrated a significant correlation between both
equilibrium CT-derived and equilibrium CMR imaging-derived
ECV and percentage of histological fibrosis in patients with
severe AS. Equilibrium CT-derived ECV was significantly
correlated to equilibrium CMR imaging-derived ECV.

Amyloidosis

Amyloidosis is a systemic disease characterized by the
extracellular deposition of pathological and insoluble
amyloid protein in multiple organs. Approximately 50%
of patients with immunoglobulin light-chain amyloidosis
develop cardiac involvement. Cardiac amyloidosis is
associated with poor prognosis. Myocardial thickening with
a restrictive diastolic filling pattern is pathognomonic of
cardiac amyloidosis. A diffusely heterogeneous delayed
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hyperenhancement along the areas of amyloid protein
deposition, predominantly affecting the subendocardium
and the basal segments, is more specific than the
morphologic and functional findings (58, 59). CCT reveals
thickening and subtle lower attenuation of the ventricular
wall without dilatation. Subendocardial and circumferential
delayed-enhancement is apparent on delayed-enhancement
CCT (Fig. 11) (47). In a study by Deux et al. (60),
myocardial attenuation on delayed-enhancement CCT was
higher in patients with cardiac amyloidosis (121 + 39 HU)
than in control patients (81 + 17 HU). Dynamic equilibrium
CT recently showed that the ECV was higher in patients with
amyloidosis than with AS (0.54 + 0.11 vs. 0.28 + 0.04, p <
0.001) with no overlap and the ECV tracked clinical markers
of cardiac amyloid severity (6). Accordingly, CCT, like CMR,
has a potential role in the non-invasive diagnosis and
quantification of cardiac amyloidosis.

Diseases Associated with LV Wall Thinning

Myocardium thinning is one of the principal signs of
myocardial damage and ischemia. Even though old MI
is the most common disease characterized by focal LV
myocardial thinning, normal anatomical and congenital LV
wall thinning and other non-coronary heart diseases also
exhibit focal LV myocardial thinning (1). Several studies

Fig. 11. Cardiac amyloidosis in 74-year-old male who presented
with chest pain. Four-chamber MPR delayed enhancement image
obtained during mid-diastole shows hypertrophy of LV myocardial wall
and diffuse, concentric subendocardial and transmural enhancement
(arrowheads) in LV myocardial wall. Case courtesy of HJ Lee, Yonsei
University Severance Hospital.
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have focused on the presence of focal thinning as nonviable
scar tissue in conventional cardiac imaging (61, 62).

CCT facilitates the differential diagnosis of LV myocardial
thinning based on the location, asynergy, and presence of
fibro-fatty changes of thinned LV sites (Fig. 5) (63).

Global LV Wall Thinning

Dilated cardiomyopathy

DCM, the most common form of non-ischemic
cardiomyopathy, is characterized by a dilated and poorly
functioning left ventricle in the absence of CAD, pressure
overload, or infiltrative cardiomyopathies. Half of the cases
are idiopathic in nature, with the remainder secondary to
previous infection, alcohol and drug abuse, or toxicity.
Sudden cardiac death, which accounts for 10 % of all adult
sudden cardiac death cases, may be the first manifestation
of idiopathic DCM (64).

LV dilatation is a key finding of DCM and is occasionally
associated with right ventricular dilatation and
hypertrabeculation of both ventricles. The thickness of
the LV wall increases or decreases to compensate for
the dilatation. Occasionally, intracavitary thrombi are
present in the ventricles. Three types of DCM-related
delayed-enhancement include mid-wall, subendocardial,
or transmural. The absence of delayed-enhancement has
also been reported (65, 66). CCT has been used to evaluate
the biventricular volumes, wall thinning (diastolic wall
thickness < 5.5 mm), ventricular mass, and global and
regional LV functions using the multiphase reconstruction
of cine images (Fig. 12). Furthermore, CCT allows for the
characterization of the myocardium and the differentiation
of DCM patients from LV dysfunction related to CAD by
providing myocardial delayed-enhancement pattern and ECV
values of the myocardium (25, 47).

Non-Compaction Cardiomyopathy

Non-compaction cardiomyopathy (NCC) is characterized
by the presence of an abnormal noncompacted myocardium
due to the arrested development of endomyocardial
compaction. Its prevalence is 0.05% in the general
population (67). The morphological findings of NCC are
numerous and manifest as prominent trabeculations and
deep intertrabecular recesses that communicate with the LV
cavity but not with the coronary arteries (68, 69). The most
frequently involved segments include the apical and mid-
ventricular areas of the inferior and lateral walls of the left
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Fig. 12. DCM in 63-year-old man.
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Four-chamber MPR image (A) obtained during end-diastole shows all cardiac chamber dilatation. Short-axis MPR CCT images obtained during
end-systole (B) and end-diastole (C) show LV dilation, thinned myocardium (5 mm in thickness), and global severe hypokinesia. LV ejection
fraction, end-diastolic, and end-systolic volumes were 12%, 137 mL, and 59 mL, respectively.

ventricle. The high spatial resolution of CCT facilitates clear

depiction of trabeculations along the LV wall and LV crypt
thrombus and it also facilitates an accurate measurement
of the end-diastolic thickness of the noncompacted and
compacted myocardium perpendicular to the compacted

layers of the LV wall (Fig. 13) (70). Melendez-Ramirez et al.

(71) demonstrated that the presence of a non-compacted-
to-compacted ratio > 2.2 in > 2 myocardial segments is

diagnostic of NCC. The thickness of the compacted layer was
significantly lower in the segments with NCC compared with

the segments without it.

Localized LV wall Thinning

Myocardial Infarction

MI is a major cause of death and disability worldwide (72).

The primary cause of acute MI is the sudden disruption
of an unstable atherosclerotic plaque in the coronary
artery followed by acute intracoronary thrombosis. The
infarct progresses from the subendocardium towards the
epicardium in a wavefront pattern, which may eventually
become transmural. Regional wall thinning is indicative
of transmural MI which affects the full thickness of the
affected muscle segments (73).

Non-contrast CCT facilitates the detection of chronic MI
displaying fatty replacement with lower attenuation (HU
< 0) or myocardial calcification in chronic MI territories.
Ichikawa et al. (74) demonstrated the presence of adipose
tissue in the LV wall (94% subendocardium) of the region
perfused by the infarct-related artery in 33 of 53 MI
patients (62%) and identified a significant relationship
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Fig. 13. NCC in 48-year-old woman with dyspnea and cough
pain. End-diastolic short-axis MPR image shows increased thickness of
noncompacted layer in anterior, lateral, and inferior segments of mid-
LV wall with ratio of noncompacted (black arrow, 15 mm in thickness)
to compacted myocardium (white line, 6 mm in thickness) > 2.3:1.

with infarct age in patients with previous MI, particularly
among patients with infarct age > 3 years. Early-phase
contrast-enhanced CCT shows hypoenhancement due to the
reduced distribution of contrast medium during the first
passage in infarcted areas of patients with acute, chronic,
and subacute MI. Remodeling of the left ventricle, focal
wall thinning, regional LV wall motion abnormality, or LV
thrombus or aneurysm may be easily apparent on early-
phase CT (75, 76). Simple measurement of end-diastolic wall
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thickness (< 6 mm) indicates irreversible myocardial damage
and obviates the need for viability testing such as delayed-
enhancement CMR (77). Nieman et al. (78) demonstrated a
significantly lower CT attenuation in patients with chronic
MI (-13 £ 37 HU) compared with those with acute MI (26
+ 26 HU) and normal controls (73 + 14 HU, p < 0.001).
The attenuation difference between infarcted and remote
myocardium was larger in patients with chronic MI than

in patients with recent MI. In addition, chronic MI was
associated with wall thinning and ventricular dilation,
whereas recent MI was not. Cury et al. (79) showed that
comprehensive CT analysis for the detection of acute MI,
based on matching perfusion defect and abnormal regional
wall motion, yielded a sensitivity of 94% and a specificity
of 97% and showed that the interobserver reliability

was better with CT when compared with transthoracic
echocardiography.

Delayed-enhancement CCT ranging from 5 to 15 minutes
after the contrast injection led to an accurate estimation of
infarct size and microvascular occlusion in acute MI (80).
Sato et al. (81) demonstrated that the size of myocardial-
delayed enhancement on CCT images obtained immediately
after primary percutaneous coronary intervention was a
significant and independent predictor of cardiac events
after adjustment for Thrombolysis In Myocardial Infarction
risk score, LV ejection fraction, total defect score on single-
photon emission CT with technetium tetrofosmin, and
transmural extent of delayed-enhancement on CCT. The
feasibility and short examination time of CCT are considered
important advantages when compared with CMR.

LV Aneurysm

LV aneurysm is defined as an outpouching containing
full thickness of the LV wall with thin, abnormally
contracting and scarred myocardium with its characteristic
paradoxical bulging or dyskinesia. LV aneurysm most
frequently develops after transmural MI, usually involving
the apical, the anterior, or the anterolateral wall (left
anterior descending artery territory). CCT findings include
broad neck (the ratio of the maximum diameter of the
orifice to the maximum internal diameter of the cavity =
0.9-1.0), smooth transition from normal myocardium to
thinned scarred myocardium (delayed-enhancement), and
paradoxical expansion or dyskinesia. In addition, fatty
replacement of the infarcted myocardial wall, calcification,
and intraventricular thrombus formation may be seen in
chronic aneurysms (Fig. 14). A true aneurysm has a lower

344

202

Ko et al.

Fig. 14. LV aneurysm with intracavitary thrombus in 53-year-
old man with chronic MI. Axial CCT image shows thin-walled apical
aneurysm (arrowheads) and extensive intracavitary thrombus formation
(arrows).

risk of rupturing when compared with a pseudoaneurysm
and it is often managed medically (82, 83).

LV Pseudoaneurysm (a false aneurysm)

Tt is defined as an outpouching that results from rupture
of the LV free wall, limited by an overlying adherent
pericardium without a myocardial layer. Pseudoaneurysms
are most often attributed to MI following left circumflex
coronary artery occlusion. However, it may also occur after
cardiac surgery, trauma, or infection (84). Morphologically,
pseudoaneurysms are characterized by a neck narrower than
the diameter of the aneurysm (the ratio of the maximum
diameter of the orifice to the maximum internal diameter
of the cavity = 0.25-0.5), an abrupt transition from normal
myocardium to aneurysm, and a distinct discontinuity
of the ventricular wall. Generally, the inferior and lateral
wall segments are involved (Fig. 15). Pseudoaneurysms
have poor prognoses because of a high risk of rupture,
thus warranting urgent surgical repair. CCT can distinguish
between pericardium, thrombus, and the myocardium and
it can identify akinetic/dyskinetic segments in the LV
wall and provide diagnostic clues for LV aneurysms and
pseudoaneurysms (83, 85).

LV Apical Thin Point
The LV apex is the thinnest part of the LV myocardium
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in normal and hypertrophied hearts and it is different from
the cardiac apex (Fig. 1A) (86). Apical thickening is not
observed throughout the entire cardiac cycle. This extreme
tip of the apex is difficult to visualize on echocardiography
but is clearly visible on CCT. In a study by Johnson et al.
(87), the average thickness of the LV apical thinning was 1.2
mm in 64 patients using a 64-slice CT scanner. This normal

Fig. 15. LV pseudoaneurysm in 65-year-old man with stable
angina. Two-chamber MPR CCT image shows LV inferior wall
outpouching with relatively narrow neck (arrowheads), intracavitary
thrombus (arrows), and multiple calcifications along its wall.

Korean Journal of Radiology

anatomical thinning should not be confused with either a
myocardial scar from an ischemic insult or a congenital LV
diverticulum.

LV Crypts

Myocardial crypts are defined as narrow, deep blood-
filled invaginations in the compact LV myocardium with a
penetration > 50% of the thickness of adjoining myocardium
during diastole and are almost or completely obliterated
by surrounding tissue during systole. They commonly
involve the basal and middle segments of the inferoseptal
LV myocardium, as well as the basal inferior wall and are
reported in a wide variety of cardiac diseases as well as in
normal control subjects (Fig. 16) (88). In a study by Child
et al. (89), crypts were found more frequently in patients
with hypertensive cardiomyopathy (27%) and HCM (11.7%)
than in normal control subjects (3.6%). Recent studies
suggest that the presence of crypts in patients with an
otherwise normal CMR and a family history of HCM was
a predictor of ‘gene carrier” status, with implications for
genetic testing (90, 91). CCT is a highly sensitive imaging
tool for the detection of myocardial crypts with MPR images
from the isotropic volumetric data set covering all portions
of the left ventricle.

(2 22R¥|sE) Aepung ‘gz aunp

Congenital LV Diverticulum
Congenital LV diverticulum is a rare cardiac malformation
(approximately 0.04% in the general population). Despite

A

Fig. 16. LV crypt in 68-year-old man with HCM.

End-diastolic (A) and end-systolic short-axis (B) MPR CCT images show sharp-edged disruption of normal compacted myocardium penetrating
basal inferior LV wall (A, arrow) with near complete obliteration during end-systole (B, arrow).
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the absence of symptoms, this malformation may be
associated with systemic embolization, fatal ventricular
arrhythmias, and sudden death due to ventricular rupture
(92). Based on its location, this malformation can be
classified as fibrous or muscular. The muscular diverticulum
is more frequent and mostly found in the apical region. It is
characterized by a finger or hook-like pouch of the entire LV
myocardial wall with synchronous contractility (Fig. 17). The
fibrous diverticulum is usually located either in the base of
the heart or in the subvalvular area. It is characterized by an

Fig. 17. LV diverticulum. Three-chamber MPR CCT image shows
finger or hook-like pouch of entire LV myocardial wall (arrow) arising
from LV apex in mid-diastole.

Ko et al.

outpouching with a narrow neck, no volume change during
the cardiac cycle, and the presence of fibrous tissue on the
diverticulum wall. CCT facilitates accurate diagnosis of LV
diverticulum based on the location, tissue characteristics,
and contractility of LV outpouching (93).

Myocarditis

Myocarditis is an acute or chronic inflammatory disease
of the myocardium. It is an important etiology underlying
other myocardial diseases such as DCM and arrhythmogenic
right ventricular cardiomyopathy. Direct myocardial injury
is accompanied by edema, necrosis, and regional or global
contractile dysfunction. The late post-inflammatory fibrotic
phase shows scar formation and irreversible damage to the
LV wall, as well as LV dilatation (Fig. 18) (94-97).

In patients with acute chest pain, CCT may be used to
exclude CAD. Delayed-enhancement CCT shows delayed
hyper-enhancement that is transmural, subepicardial or
confined to small foci within a layer of the myocardium.
Delayed-enhancement CT correlates with CMR in acute
myocarditis based on areas and degrees of involvement. A
reduced tube voltage increases the contrast of iodine and
simultaneously lowers radiation exposure (98, 99).

Myocardial Fat

Adults generally display a varying amount of myocardial
fat without cardiac disease. Physiological myocardial fat
increases with age and it is considered as part of the normal
aging process. Cardiac physiologic fat occurs predominantly
in the right ventricle affecting its anterolateral free

Fig. 18. Myocarditis in 69-year-old man with dyspnea for 10 days.

Initial chest CT (A) shows hypoenhancement in apical to mid interventricular septum (arrows) with preserved myocardial thickness. Short-axis
MPR CCT image (B) obtained 3 weeks later shows thinned myocardium at anterior, septal, and inferior segments of middle LV wall (arrows).
Delayed-enhancement cardiac magnetic resonance image (C) obtained 5 weeks later shows transmural hyperenhancement at mid-anterior and
septal LV wall and subendocardial hyperenhancement at middle inferior LV wall (arrows).
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wall and outflow tract. Occasionally, the LV apex and
trabeculae may be affected with small fatty foci (Fig. 19).
CCT facilitates incidental detection of myocardial fat on
source axial images of submillimeter thickness and aids the
differentiation of pathologic from physiologic fat according
to the characteristic fat patterns, leading to accurate
diagnosis (100).

Recognition of patient age, characteristic locations
of myocardial fat, myocardial thickness, and ventricular
size facilitate the differentiation of physiological
and pathological myocardial fat in cardiac imaging.
Following MI, the scar tissue is progressively replaced
by fat (lipomatous metaplasia). The fatty replacement
is associated with infarct age and is frequently seen
in infarctions older than three years but is absent in
patients with less than 6-month-old infarcts. CT analysis
shows that the prevalence of LV myocardial fat is 22-62%
among patients with a history of MI. Non-enhanced
or contrast-enhanced CT images show that myocardial
fat associated with a healed MI is an area of linear or
curvilinear subendocardial low attenuation in the culprit
coronary artery, frequently in the LV. It is mostly located
in the subendocardial myocardium. LV myocardial fat is
also associated with myocardial thinning or calcification.
LV myocardial fat in arrhythmogenic right ventricular
cardiomyopathy appears as a wedge-shaped or bandlike
configuration in the subepicardial LV-free wall on CT.

Fig. 19. Nonspecific myocardial fat in 51-year-old woman
without cardiac symptoms. Axial precontrast CCT image shows fat
(arrow) in LV apical septum.
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Cardiac lipoma is a benign encapsulated tumor with mature
adipose tissue and is usually located in the myocardium of
any cardiac chambers as an asymptomatic fatty mass. DCM
may also be associated with myocardial fat deposition in
18-24% of cases (74, 101-103).

CONCLUSION

The distinction between various LV myocardial diseases
is of great significance as the management options vary
considerably with the prognosis. Their characteristic
features in various imaging modalities show considerable
overlap. In many forms of myocardial disease, thickening
and/or thinning of the LV myocardium with fibrosis is a
common feature. CCT is inferior to CMR in differentiating
myocardial diseases and myocardial fibrosis, except
myocardial fat. Especially, most of the restrictive myocardial
diseases can be normal on CCT. However, the higher spatial
resolution and volumetric acquisition of CCT allows for the
depiction of myocardial fat and morphological abnormality
and has a promising role in the diagnosis of diseases
affecting the LV myocardium. Recently, myocardial delayed-
enhancement CCT and multi-energy CCT have yielded
promising results in the detection and characterization of
various LV myocardial diseases. CCT has potential as an
adjunct to echocardiography and CMR in the diagnosis of LV
myocardial diseases in a single sitting.

Conflicts of Interest
The authors have no potential conflicts of interest to
disclose.

ORCID iD
Sung Min Ko
https://orcid.org/0000-0002-7420-6269

REFERENCES

1. Clayton B, Roobottom C, Morgan-Hughes G. Assessment of
the myocardium with cardiac computed tomography. Eur
Heart J Cardiovasc Imaging 2014;15:603-609

2. Prasad K, Atherton J, Smith GC, McKenna WJ, Frenneaux
MP, Nihoyannopoulos P. Echocardiographic pitfalls in
the diagnosis of hypertrophic cardiomyopathy. Heart
1999;82(suppl 3):III8-III15

3. Patel AR, Kramer CM. Role of cardiac magnetic resonance
in the diagnosis and prognosis of nonischemic
cardiomyopathy. JACC Cardiovasc Imaging 2017;10:1180-

347

205

(SRnllo) Aepanyes ‘gg aunp



KSSR 2019

The 7th Korean Spring Symposium of Radiology

Korean Journal of Radiology

KJR

10.

11.

12,

13

14.

15.

16.

348

206

1193

. Captur G, Manisty C, Moon JC. Cardiac MRI evaluation of

myocardial disease. Heart 2016;102:1429-1435

. Machida H, Tanaka I, Fukui R, Shen Y, Ishikawa T, Tate E,

et al. Current and novel imaging techniques in coronary CT.
Radiographics 2015;35:991-1010

. Treibel TA, Bandula S, Fontana M, White SK, Gilbertson

JA, Herrey AS, et al. Extracellular volume quantification
by dynamic equilibrium cardiac computed tomography
incardiac amyloidosis. J Cardiovasc Comput Tomogr
2015;9:585-592

. Ho SY. Anatomy and myoarchitecture of the left ventricular

wall in normal and in disease. Eur J Echocardiogr
2009;10:iii3-7

. Sengupta PP, Korinek J, Belohlavek M, Narula J, Vannan

MA, Jahangir A, et al. Left ventricular structure and
function: basic science for cardiac imaging. J Am Coll
Cardiol 2006;48:1988-2001

. O’Brien JP, Srichai MB, Hecht EM, Kim DC, Jacobs JE.

Anatomy of the heart at multidetector CT: what the
radiologist needs to know. Radiographics 2007;27:1569-
1582

Cerqueira MD, Weissman NJ, Dilsizian V, Jacobs AK, Kaul S,
Laskey WK, et al. Standardized myocardial segmentation
and nomenclature for tomographic imaging of the heart.
A statement for healthcare professionals from the cardiac
imaging committee of the council on clinical cardiology of
the American Heart Association. Circulation 2002;105:539-
542

Kim YJ, Yong HS, Kim SM, Kim JA, Yang DH, Hong YJ, et
al. Korean guidelines for the appropriate use of cardiac CT.
Korean J Radiol 2015;16:251-285

ASCI Practice Guideline Working Group, Beck KS, Kim

JA, Choe YH, Hian SK, Hoe J, et al. 2017 multimodality
appropriate use criteria for noninvasive cardiac imaging:
expert consensus of the Asian Society of Cardiovascular
Imaging. Korean J Radiol 2017;18:871-880

Sato A, Aonuma K. Role of cardiac multidetector computed
tomography beyond coronary angiography. Circ J
2015;79:712-720

Abbara S, Blanke P, Maroules CD, Cheezum M, Choi AD,
Han BK, et al. SCCT guidelines for the performance

and acquisition of coronary computed tomographic
angiography: a report of the society of cardiovascular
computed tomography guidelines committee: endorsed

by the North American Society for Cardiovascular Imaging
(NASCI). J Cardiovasc Comput Tomogr 2016;10:435-449
Bischoff B, Bamberg F, Marcus R, Schwarz F, Becker HC,
Becker A, et al. Optimal timing for first-pass stress CT
myocardial perfusion imaging. Int J Cardiovasc Imaging
2013;29:435-442

Rossi A, Merkus D, Klotz E, Mollet N, de Feyter PJ, Krestin
GP. Stress myocardial perfusion: imaging with multidetector
CT. Radiology 2014;270:25-46

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

2.

28.

Ko et al.

Yang DH, Kim YH, Roh JH, Kang JW, Han D, Jung J, et al.
Stress myocardial perfusion CT in patients suspected of
having coronary artery disease: visual and quantitative
analysis-validation by using fractional flow reserve.
Radiology 2015;276:715-723

Rossi A, Dharampal A, Wragg A, Davies LC, van Geuns

RJ, Anagnostopoulos C, et al. Diagnostic performance

of hyperaemic myocardial blood flow index obtained by
dynamic computed tomography: does it predict functionally
significant coronary lesions? Eur Heart J Cardiovasc Imaging
2014;15:85-94

Ko SM, Kim YW, Han SW, Seo JB. Early and delayed
myocardial enhancement in myocardial infarction using
two-phase contrast-enhanced multidetector-row CT. Korean
J Radiol 2007;8:94-102

Lardo AC, Cordeiro MA, Silva C, Amado LC, George RT,
Saliaris AP, et al. Contrast-enhanced multidetector
computed tomography viability imaging after myocardial
infarction: characterization of myocyte death, microvascular
obstruction, and chronic scar. Circulation 2006;113:394-404
Deseive S, Bauer RW, Lehmann R, Kettner M, Kaiser C,
Korkusuz H, et al. Dual-energy computed tomography for
the detection of late enhancement in reperfused chronic
infarction: a comparison to magnetic resonance imaging
and histopathology in a porcine model. Invest Radiol
2011;46:450-456

Mahnken AH, Koos R, Katoh M, Wildberger JE, Spuentrup

E, Buecker A, et al. Assessment of myocardial viability

in reperfused acute myocardial infarction using 16-slice
computed tomography in comparison to magnetic
resonance imaging. J Am Coll Cardiol 2005;45:2042-2047
Gerber BL, Belge B, Legros GJ, Lim P, Poncelet A, Pasquet
A, et al. Characterization of acute and chronic myocardial
infarcts by multidetector computed tomography:
comparison with contrast-enhanced magnetic resonance.
Circulation 2006;113:823-833

Bandula S, White SK, Flett AS, Lawrence D, Pugliese F,
Ashworth MT, et al. Measurement of myocardial extracellular
volume fraction by using equilibrium contrast-enhanced
CT: validation against histologic findings. Radiology
2013;269:396-403

Lee HJ, Im DJ, Youn JC, Chang S, Suh YJ, Hong YJ, et al.
Myocardial extracellular volume fraction with dual-energy
equilibrium contrast-enhanced cardiac CT in nonischemic
cardiomyopathy: a prospective comparison with cardiac MR
imaging. Radiology 2016;280:49-57

McCollough CH, Leng S, Yu L, Fletcher JG. Dual- and multi-
energy CT: principles, technical approaches, and clinical
applications. Radiology 2015;276:637-653

Kalisz K, Halliburton S, Abbara S, Leipsic JA, Albrecht MH,
Schoepf UJ, et al. Update on cardiovascular applications of
multienergy CT. Radiographics 2017;37:1955-1974

Ko SM, Song MG, Chee HK, Hwang HK, Feuchtner GM,

Min JK. Diagnostic performance of dual-energy CT

https://doi.org/10.3348/kjr.2018.0280 kjronline.org



KSSR 2019

The 7th Korean Spring Symposium of Radiology

Assessment of LV Myocardial Diseases with Cardiac CT

stress myocardial perfusion imaging: direct comparison
with cardiovascular MRI. AJR Am J Roentgenol
2014;203:W605-W613

29. Asferg C, Usinger L, Kristensen TS, Abdulla J. Accuracy of
multi-slice computed tomography for measurement of left
for measurement of left ventricular ejection compared with
cardiac magnetic resonance imaging and two-dimensional
transthoracic echocardiography: a systematic review and
meta-analysis. Eur J Radiol 2012;81:e757-762

30. Kang EJ, Lee KN, Choi WJ, Kim YD, Shin KM, Lim JK, et
al. Left ventricular functional parameters and geometric
patterns in Korean adults on coronary CT angiography
with a 320-detector-row CT scanner. Korean J Radiol
2017;18:664-673

31. Lang RM, Badano LP, Mor-Avi V, Afilalo J, Armstrong A,
Ernande L, et al. Recommendations for cardiac chamber
quantification by echocardiography in adults: an update
from the American Society of Echocardiography and the
European Association of Cardiovascular Imaging. Eur Heart
J Cardiovasc Imaging 2015;16:233-271

32. Barbieri A, Bursi F, Mantovani F, Valenti C, Quaglia M, Berti
E, et al. Left ventricular hypertrophy reclassification and
death: application of the recommendation of the American
Society of Echocardiography/European Association
of Echocardiography. Eur Heart J Cardiovasc Imaging
2012;13:109-117

33. Alkema M, Spitzer E, Soliman 0I, Loewe C. Multimodality
imaging for left ventricular hypertrophy severity grading:
a methodological review. J Cardiovasc Ultrasound
2016;24:257-267

34. Kelshiker MA, Mayet J, Unsworth B, Okonko DO. Basal
septal hypertrophy. Curr Cardiol Rev 2013;9:325-330

35. Ranasinghe I, Ayoub C, Cheruvu C, Freedman SB, Yiannikas
J. Isolated hypertrophy of the basal ventricular septum:
characteristics of patients with and without outflow tract
obstruction. Int J Cardiol 2014;173:487-493

36. Gaudron PD, Liu D, Scholz F, Hu K, Florescu C, Herrmann
S, et al. The septal bulge--an early echocardiographic
sign in hypertensive heart disease. J Am Soc Hypertens
2016;10:70-80

37. Cardim N, Galderisi M, Edvardsen T, Plein S, Popescu
BA, D’Andrea A, et al. Role of multimodality cardiac
imaging in the management of patients with hypertrophic
cardiomyopathy: an expert consensus of the European
Association of Cardiovascular Imaging Endorsed by the
Saudi Heart Association. Eur Heart J Cardiovasc Imaging
2015;16:280

38. Biagini E, Coccolo F, Ferlito M, Perugini E, Rocchi G,
Bacchi-Reggiani L, et al. Dilated-hypokinetic evolution of
hypertrophic cardiomyopathy: prevalence, incidence, risk
factors, and prognostic implications in pediatric and adult
patients. J Am Coll Cardiol 2005;46:1543-1550

39. Harris KM, Spirito P, Maron MS, Zenovich AG, Formisano
F, Lesser JR, et al. Prevalence, clinical profile, and

kjronline.org https://doi.org/10.3348/kjr.2018.0280

40.

41.

42.

43,

44,

45,

46.

47.

48.

49.

50.

51.

52,

Korean Journal of Radiology

significance of left ventricular remodeling in the end-
stage phase of hypertrophic cardiomyopathy. Circulation
2006;114:216-225

Olivotto I, Gistri R, Petrone P, Pedemonte E, Vargiu

D, Cecchi F. Maximum left ventricular thickness and

risk of sudden death in patients with hypertrophic
cardiomyopathy. J Am Coll Cardiol 2003;41:315-321

Kim SS, Ko SM, Choi SI, Choi BH, Stillman AE. Sudden
cardiac death from structural heart diseases in adults:
imaging findings with cardiovascular computed tomography
and magnetic resonance. Int J Cardiovasc Imaging 2016;32
Suppl 1:21-43

Chun EJ, Choi SI, Jin KN, Kwag HJ, Kim YJ, Choi BW, et al.
Hypertrophic cardiomyopathy: assessment with MR imaging
and multidetector CT. Radiographics 2010;30:1309-1328
Hashimura H, Kimura F, Ishibashi-Ueda H, Morita Y, Higashi
M, Nakano S, et al. Radiologic-pathologic correlation of
primary and secondary cardiomyopathies: MR imaging

and histopathologic findings in hearts from autopsy and
transplantation. Radiographics 2017;37:719-736

Blankstein R, Waller AH. Evaluation of known or suspected
cardiac sarcoidosis. Circ Cardiovasc Imaging 2016;9:e000867
Isobe M, Tezuka D. Isolated cardiac sarcoidosis: clinical
characteristics, diagnosis and treatment. Int J Cardiol
2015;182:132-140

Kusano KF, Satomi K. Diagnosis and treatment of cardiac
sarcoidosis. Heart 2016;102:184-190

Lee HJ, Im DJ, Youn JC, Chang S, Suh YJ, Hong YJ, et al.
Assessment of myocardial delayed enhancement with cardiac
computed tomography in cardiomyopathies: a prospective
comparison with delayed enhancement cardiac magnetic
resonance imaging. Int J Cardiovasc Imaging 2017;33:577-
584

Chiles C, Woodard PK, Gutierrez FR, Link KM. Metastatic
involvement of the heart and pericardium: CT and MR
imaging. Radiographics 2001;21:439-449

Galderisi M, Cardim N, D’Andrea A, Bruder O, Cosyns

B, Davin L, et al. The multi-modality cardiac imaging
approach to the athlete’s heart: an expert consensus of the
European Association of Cardiovascular Imaging. Eur Heart
J Cardiovasc Imaging 2015;16:353

Spirito P, Pelliccia A, Proschan MA, Granata M, Spataro

A, Bellone P, et al. Morphology of the ““athlete”s heart’
assessed by echocardiography in 947 elites athletes
representing 27 sports. Am J Cardiol 1994;74:802-806
Grani C, Buechel RR, Kaufmann PA, Kwong RY. Multimodality
imaging in individuals with anomalous coronary arteries.
JACC Cardiovasc Imaging 2017;10:471-481

Marwick TH, Gillebert TC, Aurigemma G, Chirinos J,
Derumeaux G, Galderisi M, et al. Recommendations on the
use of echocardiography in adult hypertension: a report
from the European Association of Cardiovascular Imaging
(EACVI) and the American Society of Echocardiography
(ASE). Eur Heart J Cardiovasc Imaging 2015;16:577-605

349

207

(SRlnllo) Aepung ‘gz aunp



KSSR 2019

The 7th Korean Spring Symposium of Radiology

Korean Journal of Radiology

KJR

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

350

208

Maceira AM, Mohiaddin RH. Cardiovascular magnetic
resonance in systemic hypertension. J Cardiovasc Magn
Reson 2012;14:28

Rodrigues JC, Amadu AM, Dastidar AG, Hassan N, Lyen SM,
Lawton CB, et al. Prevalence and predictors of asymmetric
hypertensive heart disease: insights from cardiac and aortic
function with cardiovascular magnetic resonance. Eur Heart
J Cardiovasc Imaging 2016;17:1405-1413

Maganti K, Rigolin VH, Sarano ME, Bonow RO. Valvular
heart disease: diagnosis and management. Mayo Clin Proc
2010;85:483-500

Badiani S, van Zalen J, Treibel TA, Bhattacharyya S,

Moon JC, Lloyd G. Aortic stenosis, a left ventricular
disease: insights from advanced imaging. Curr Cardiol Rep
2016;18:80

Tuseth N, Cramariuc D, Rieck AE, Wachtell K, Gerdts E.
Asymmetric septal hypertrophy - a marker of hypertension
in aortic stenosis (a SEAS substudy). Blood Press
2010;19:140-144

Czeyda-Pommersheim F, Hwang M, Chen SS, Strollo D,
Fuhrman C, Bhalla S. Amyloidosis: modern cross-sectional
imaging. Radiographics 2015;35:1381-1392

Bhogal S, Ladia V, Sitwala P, Cook E, Bajaj K, Ramu V, et
al. Cardiac amyloidosis: an updated review with emphasis
on diagnosis and future directions. Curr Probl Cardiol
2018;43:10-34

Deux JF, Mihalache CI, Legou F, Damy T, Mayer J,
Rappeneau S, et al. Noninvasive detection of cardiac
amyloidosis using delayed enhanced MDCT: a pilot study.
Eur Radiol 2015;25:2291-2297

Shah DJ, Kim HW, James O, Parker M, Wu E, Bonow RO,

et al. Prevalence of regional myocardial thinning and
relationship with myocardial scarring in patients with
coronary artery disease. JAMA 2013;309:909-918

Komatsu Y, Cochet H, Jadidi A, Sacher F, Shah A, Derval N,
et al. Regional myocardial wall thinning at multidetector
computed tomography correlates to arrhythmogenic
substrate in postinfarction ventricular tachycardia:
assessment of structural and electrical substrate. Circ
Arrhythm Electrophysiol 2013;6:342-350

Cisneros S, Duarte R, Fernandez-Perez GC, Castellon D,
Calatayud J, Lecumberri I, et al. Left ventricular apical
diseases. Insights Imaging 2011;2:471-482

Dec GW, Fuster V. Idiopathic dilated cardiomyopathy. N Engl
J Med 1994;331:1564-1575

McCrohon JA, Moon JC, Prasad SK, McKenna WJ, Lorenz CH,
Coats AJ, et al. Differentiation of heart failure related to
dilated cardiomyopathy and coronary artery disease using
gadolinium-enhanced cardiovascular magnetic resonance.
Circulation 2003;108:54-59

Nanjo S, Yoshikawa K, Harada M, Inoue Y, Namiki A, Nakano
H, et al. Correlation between left ventricular diastolic
function and ejection fraction in dilated cardiomyopathy
using magnetic resonance imaging with late gadolinium

67.

68.

69.

70.

71

72

73.

74.

75.

76.

717.

78.

79.

80.

81.

Ko et al.

enhancement. Circ J 2009;73:1939-1944

Weiford BC, Subbarao VD, Mulhern KM. Noncompaction of
the ventricular myocardium. Circulation 2004;109:2965-2971
Ritter M, Oechslin E, Sutsch G, Attenhofer C, Schneider J,
Jenni R. Isolated noncompaction of the myocardium in
adults. Mayo Clin Proc 1997;72:26-31

Freedom RM, Yoo SJ, Perrin D, Taylor G, Petersen S,
Anderson RH. The morphological spectrum of ventricular
noncompaction. Cardiol Young 2005;15:345-364

Sidhu MS, Uthamalingam S, Ahmed W, Engel LC,
Vorasettakarnkij Y, Lee AM, et al. Defining left ventricular
noncompaction using cardiac computed tomography. J
Thorac Imaging 2014;29:60-66

Melendez-Ramirez G, Castillo-Castellon F, Espinola-
Zavaleta N, Meave A, Kimura-Hayama ET. Left ventricular
noncompaction: a proposal of new diagnostic criteria by
multidetector computed tomography. J Cardiovasc Comput
Tomogr 2012;6:346-354

Roger VL, Go AS, Lloyd-Jones DM, Benjamin EJ, Berry JD,
Borden WB, et al. Executive summary: heart disease and
stroke statistics--2012 update: a report from the American
Heart Association. Circulation 2012;125:188-197

Rajiah P, Desai MY, Kwon D, Flamm SD. MR imaging of
myocardial infarction. Radiographics 2013;33:1383-1412
Ichikawa Y, Kitagawa K, Chino S, Ishida M, Matsuoka K,
Tanigawa T, et al. Adipose tissue detected by multislice
computed tomography in patients after myocardial
infarction. JACC Cardiovasc Imaging 2009;2:548-555

La Grutta L, Toia P, Maffei E, Cademartiri F, Lagalla R, Midiri
M. Infarct characterization using CT. Cardiovasc Diagn Ther
2017;7:171-188

Vliegenthart R, Henzler T, Moscariello A, Ruzsics B,
Bastarrika G, Oudkerk M, et al. CT of coronary heart
disease: part 1, CT of myocardial infarction, ischemia, and
viability. AJR Am J Roentgenol 2012;198:531-547

Cwajg JM, Cwajg E, Nagueh SF, He ZX, Qureshi U, Olmos LI,
et al. End-diastolic wall thickness as a predictor of recovery
of function in myocardial hibernation: relation to rest-
redistribution T1-201 tomography and dobutamine stress
echocardiography. J Am Coll Cardiol 2000;35:1152-1161
Nieman K, Cury RC, Ferencik M, Nomura CH, Abbara S,
Hoffmann U, et al. Differentiation of recent and chronic
myocardial infarction by cardiac computed tomography. Am
J Cardiol 2006;98:303-308

Cury RC, Nieman K, Shapiro MD, Butler J, Nomura CH,
Ferencik M, et al. Comprehensive assessment of myocardial
perfusion defects, regional wall motion, and left ventricular
function by using 64-section multidetector CT. Radiology
2008;248:466-475

Rodriguez-Granillo GA. Delayed enhancement cardiac
computed tomography for the assessment of myocardial
infarction: from bench to bedside. Cardiovasc Diagn Ther
2017;7:159-170

Sato A, Nozato T, Hikita H, Akiyama D, Nishina H, Hoshi

https://doi.org/10.3348/kjr.2018.0280 kjronline.org



KSSR 2019

The 7th Korean Spring Symposium of Radiology

Assessment of LV Myocardial Diseases with Cardiac CT

82.

83.

84.

85.

86.

87.

88.

89.

90.

91.

92.

kjronline.org

T, et al. Prognostic value of myocardial contrast delayed
enhancement with 64-slice multidetector computed
tomography after acute myocardial infarction. J Am Coll
Cardiol 2012;59:730-738

Sharma A, Kumar S. Overview of left ventricular
outpouchings on cardiac magnetic resonance imaging.
Cardiovasc Diagn Ther 2015;5:464-470

Makkuni P, Kotler MN, Figueredo VM. Diverticular and
aneurysmal structures of the left ventricle in adults: report
of a case within the context of a literature review. Tex
Heart Inst J 2010;37:699-705

Frances C, Romero A, Grady D. Left ventricular
pseudoaneurysm. J Am Coll Cardiol 1998;32:557-561
Sharma RK, Gore R, Rosen BD, Arbab-Zadeh A. Diagnosis of
left ventricular pseudoaneurysm by cardiac CT angiography.
J Cardiovasc Comput Tomogr 2014;8:246-247

Bradfield JW, Beck G, Vecht RJ. Left ventricular apical thin
point. Br Heart J 1977;39:806-809

Johnson KM, Johnson HE, Dowe DA. Left ventricular apical
thinning as normal anatomy. J Comput Assist Tomogr
2009;33:334-337

Deva DP, Williams LK, Care M, Siminovitch KA, Moshonov
H, Wintersperger BJ, et al. Deep basal inferoseptal crypts
occur more commonly in patients with hypertrophic
cardiomyopathy due to disease-causing myofilament
mutations. Radiology 2013;269:68-76

Child N, Muhr T, Sammut E, Dabir D, Ucar EA, Bueser T, et
al. Prevalence of myocardial crypts in a large retrospective
cohort study by cardiovascular magneticresonance. J
Cardiovasc Magn Reson 2014;16:66

Germans T, Wilde AA, Dijkmans PA, Chai W, Kamp O, Pinto
YM, et al. Structural abnormalities of the inferoseptal left
ventricular wall detected by cardiac magnetic resonance
imaging in carriers of hypertrophic cardiomyopathy
mutations. J Am Coll Cardiol 2006;48:2518-2523

Maron MS, Rowin EJ, Lin D, Appelbaum E, Chan RH, Gibson
CM, et al. Prevalence and clinical profile of myocardial
crypts in hypertrophic cardiomyopathy. Circ Cardiovasc
Imaging 2012;5:441-447

Ohlow MA. Congenital left ventricular aneurysms and

https://doi.org/10.3348/kjr.2018.0280

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

Korean Journal of Radiology

KJR

diverticula: definition, pathophysiology, clinical relevance
and treatment. Cardiology 2006;106:63-72

Romagnoli A, Ricci A, Morosetti D, Fusco A, Citraro D,
Simonetti G. Congenital left ventricular diverticulum:
multimodality imaging evaluation and literature review. J
Saudi Heart Assoc 2015;27:61-67

Brunetti L, DeSantis ER. Treatment of viral myocarditis
caused by coxsackievirus B. Am J Health Syst Pharm
2008;65:132-137

Feldman AM, McNamara D. Myocarditis. N Engl J Med
2000;343:1388-1398

Okura Y, Dec GW, Hare JM, Kodama M, Berry GJ, Tazelaar
HD, et al. A clinical and histopathologic comparison of
cardiac sarcoidosis and idiopathic giant cell myocarditis. J
Am Coll Cardiol 2003;41:322-329

Drory Y, Turetz Y, Hiss Y, Lev B, Fisman EZ, Pines A, et al.
Sudden unexpected death in persons less than 40 years of
age. Am J Cardiol 1991;68:1388-1392

Axsom K, Lin F, Weinsaft JW, Min JK. Evaluation of
myocarditis with delayed-enhancement computed
tomography. J Cardiovasc Comput Tomogr 2009;3:409-411
Trobs M, Brand M, Achenbach S, Marwan M. Ultra-low dose
comprehensive cardiac CT imaging in a patient with acute
myocarditis. J Cardiovasc Comput Tomogr 2014;8:475-476
Kimura F, Matsuo Y, Nakajima T, Nishikawa T, Kawamura S,
Sannohe S, et al. Myocardial fat at cardiac imaging: how
can we differentiate pathologic from physiologic fatty
infiltration? Radiographics 2010;30:1587-1602

Kim SS, Ko SM, Song MG. Linear fat deposition in the
middle layer of the left ventricular myocardium: computed
tomographic findings. Korean J Radiol 2010;11:571-573
Kim SS, Ko SM, Song MG. Fat streak in the middle layer of
the left ventricular myocardium in a patient with dilated
cardiomyopathy: findings of multidetector CT and MR
imaging. Int J Cardiovasc Imaging 2011;27:745-748

Zafar HM, Litt HI, Torigian DA. CT imaging features and

frequency of left ventricular myocardial fat in patients with
CT findings of chronic left ventricular myocardial infarction.

Clin Radiol 2008;63:256-262

351

209

(SRlnllo) Aepung ‘gz aunp



KSSR 2019

The 7th Korean Spring Symposium of Radiology

AIXFOI AL
Do oo

S 2 L7 Azt

(Study & Life Balance)

(18) Essentials on Cardiac CT- Read with Expert

09:30-09:45 M=
I e E(ZHMEAEE), 2AR(HEMSEE)
Valvular Heart Disease
SR
MEORMEE
22hS 93t Tips! High diagnostic performance
* 2L AR RAGA A = TR A3} 2] Limitation (e.g. invasiveness, operator
*AFEES &8 datiA Ay ofejo] & A dependency)

B w7 gl
9 @

[e)
e

3| &t
Introduction

Cardiac computed tomography (CT) helps to
evaluate severity of valvular heart disease, as a
preoperative evaluation modality or for assessing
post-procedural or post-operative complications.
Cardia CT plays an important role in the workup
of patients with valvular heart disease candidate
for transcatheter intervention, in particular
transcatheter aortic valve implantation or
replacement (TAVI or TAVR), and provides valuable
information for pre-procedural planning and post-
procedural evaluation. Evaluation methods for
valvular diseases are disease-specific approaches
(aortic regurgitation, aortic stenosis, pannus
formation, etc.), and brief concepts for each method
will be discusses.

1. Aortic Regurgitation

i. Anatomic assessment of the aortic root,
including the aortic cusps
ii.Important to determine the repairability and
surgical techniques
iii. Transesophageal echocardiography (TEE)
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iv.Cardiac CT
Emerging modality for valvular heart disease
More detailed valve morphology
Type I: Normal appearing cusp/perforation,
functional aortic annulus dilatation
Type Ia (ST junction enlargement and
dilatation of the ascending aorta)
Type Ib (Dilatation of the sinuses of Valsalva
and the ST junction)
Type Ic (Dilatation of the ventriculoaortic
junction)
Type Id (Cusp perforation)
Type II: Leaflet prolapse as a result of excessive
cusp tissue or commissural disruption
Type III: Leaflet restriction, possibly due to
bicuspid, degenerative, or rheumatic valvular
disease

2. Aortic stenosis

1. Phase selection
il.Aortic root evaluation
iii.Aortic valve area measurement

3. Subvalvular Pannus Formation after AVR

1. Phase selection
ii. Thick multiplanar reconstruction
iii.Pannus thickness (width), opening angle of the
prosthetic leaflets
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4. TAVR

i. Recommended therapy in elderly patients
with aortic stenosis who are inoperable or at
increased surgical risk

ii.Started since 2002, and broader clinical use in
2007

iii.Evaluation methods

iv. Potential complications

5. Mitral Valve Prolapse
1. Anatomy
ii.Phase selection
iii.Routine views (sagittal and oblique coronal
views), and volume rendered image

6. Paravalvular Leakage

1. 5% to 15% of prosthetic heart valves

Most frequent in the mitral position
Usually related to annular characteristics
1-3% become symptomatic:
Cardiac insufficiency: volume overload due to
large leaks
Hemolysis: sheer stress, can be present with
small leaks (slit-like orifice)
ii.Phase selection
iii.Routine views (surgeon’s view or en-face view,

sagittal view), and volume rendered image
7. Tricuspid Valve Imaging
1. Ignored or vanished field until now = Promising

field
ii.Percutaneous devices
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Cardiac masses are rare entities that can be either
neoplastic or non-neoplastic.

Although cardiac masses are not common, they are
potentially high-risk sources of embolism, so accurate
and prompt diagnosis is important. It is also clinically
important to differentiate cardiac tumors from
cardiac thrombi, as they are managed differently.

While echocardiography remains the first-
line imaging modality, Multi-detector computed
tomography (CT) is increasingly being used for
cardiac imaging.

Cardiac CT has become an increasingly utilized
modality for the assessment of cardiac masses,
especially when other imaging modalities are non-
diagnostic or contraindicated. Dual-energy CT
using rapid kilovoltage (kVp) switching allows
simultaneous acquisition of low and high kVp
datasets. It is possible to differentiate iodine from
other materials using the material decomposition
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methodog. This is valuable for differentiating between
iodine-enhancing lesions such as cardiac tumors, and
non-enhancing lesions such as thrombi. A previous
study demonstrated that dual-energy CT was useful
for characterizing cardiac masses and differentiating
between cardiac tumors and thrombi based on
quantification of the iodine content of the mass

With high isotropic spatial and temporal
resolution, fast acquisition times, and multiplanar
image reconstruction capabilities, cardiac CT offers
an alternative to cardiovascular magnetic resonance
imaging in many patients. Additionally, cardiac
masses may be incidentally discovered during
cardiac CT for other reasons, requiring imagers to
understand the unique features of a diverse range of
cardiac masses. Herein, we define the characteristic
imaging features of commonly encountered and
selected cardiac masses and define the role of cardiac
CT among noninvasive imaging options.
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56-year-old female, presented with chest PA

abnormality.

a large aneurysmal sac and collaterals from bronchial

artery
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Case Review: Coronary Artery Fistulas

- Definition: a direct precapillary connection

between a branch of a coronary artery and the

lumen of a cardiac chamber, the coronary sinus

or superior vena cava, or a pulmonary artery or

pulmonary vein close to the heart

prevalence: 0.9% in one CT study, 0.05-0.25% in

conventional angiographic findings

origins & drainage sites

= origins: right coronary artery (50%), left
coronary artery (42%), and both right and left
coronary arteries (5%)

= drainage sites: right ventricle (41%), right
atrium (26%), pulmonary artery (17%),
coronary sinus (7%), left atrium (5%), left
ventricle (3%), and superior vena cava (1%)

clinical presentation of CAFs is mainly dependent

on the severity of the left-to-right shunt; most

adult patients are usually asymptomatic

- Diagnosis: Coronary angiography can reliably

demonstrate the proximal part of the coronary
artery fistula and allows evaluation of the size or
number of fistulas. However, because coronary
artery fistulas drain into low-pressure chambers
of the heart, these drainage sites may not be well-
visualized at conventional angiography due to
significant dilution of the contrast medium —
coronary CT angiography may be useful.
Treatment: controversial but mostly with good
prognosis
» Antiplatelet therapy and prophylactic
precautions against bacterial endocarditis
» Surgical ligation of the fistula is safe and
effective, with good results.
» Transcatheter embolization of the fistulous
connection can be a nonsurgical treatment
option
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544 YA} LVAD insertion (2018-10-18)

HFAY: 20169 CABG (LIMA to dLAD, SVG to
PDA) A3,

0]& LV dysfunction (EF 23% by TTE) & ischemic
heart failure 2 4=

Cardiac MRI (2018-2-10)
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This patient is a 26-year-old female patient. The
patient came to the hospital due to body edema.
Initial blood pressure was measured as 85/30,
and cardioversion was performed because systolic
pressure dropped to 60 and ECG showed ventricular
tachycardia. Chest PA showed bilateral pleural
effusion. In echocardiography, global hypokinesia
was showed in left ventricle and left ventricular
ejection fraction was measured 41%. Coronary artery
had no specific findings in cardiac CT. In cardiac
MR, left ventricular ejection fraction was measured
14%. Delayed enhancement was not present, but
myocardial edema was suspected due to increased
native T1 and T2 values. The patient was suspected
of eating disorder because she had a strict diet
restriction behavior, such as eating only one meal
a day due to fear of overweight and she was not
satisfied with her weight and was constantly trying to
lose weight from six years ago. The patient recovered
to 56% after one week, and 65% after two months,
after resuming the diet and undergoing conservative
management. Finally, her disease was thought eating
disorder induced cardiomyopathy.

Eating disorder such as anorexia is a psychiatric
disease predominantly affecting adolescent girls
and young adult women characterized by severe
eating disorders that lead to chronic protein-energy
malnutrition and high lifetime mortality. An excess
mortality from cardiovascular diseases for patients
has been reported; patients show a predisposition
to sudden death with no apparent anatomical cause.
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Most of the cardiovascular associated mortality and
morbidity is likely to stem from arrhythmia: QT
prolongation, first degree-heart block, ectopic atrial
foci, premature ventricular complexes, bradycardia,
and other arrhythmias are seen. Other cardiac
findings include hypotension, mitral valve prolapse,
and decreased cardiac mass. Finally, heart failure
has been reported. Cardiovascular complications
are potentially fatal and present in the early stages
of the disease. In addition, these complications
are reversible in most cases; thus, early diagnosis
of cardiac damage, prompt treatment, refeeding in
a timely manner, and correct cardiac monitoring
is essential. Among current imaging modalities,
CMR is considered the reference standard for the
assessment of myocardial damage (necrosis and
scar). Myocardial edema and fibrosis have been
previously reported in postmortem trials and LGE
may be showed on MRI. LGE may be a predictor
of mortality and morbidity in patients with eating
disorder.
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