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Iﬂl-n Miyake ol al.,
Tha |li 4 hap For Pulmonary
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BEB 2R - FRETIRIE R DR Bl

Dot “Current status and luture potential ol computer-aided
diagnosis in medical imaging”. The British Jounal of Radiology,
2005
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é NC . N |
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- 0z by i ATTANS
.
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(ACM: Active Contour Model)

Kass, el al., "Snakes: Active Contour Models”, International
Journal of Computer Vision, 1988

| Initial Contour | | v(s) |
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i 50 (V) Eis ()

1ot

[+3
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O/’/Oa

I,g/c:oo
a0

o Parameler in gaussian filler

fnpE sl H 5 R

[ CRIBES REFZE REELE BEFZE

KIERCTEIHR DRRFFROE 5 Bl
—SERIAET F ik DBR —

FERC TE{E DR FFaY %= 7 i

Ishida et al., “Development of 3D CT temporal subtraction based
on nonlinear 31 image warping technique™, Proc. The 91st
RSNA, 2005
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- PreviousCTimage Current CTimage  Subtracted image
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ERZEREDEH (1)
< Global Matchingi >

BERZEHREDEH (2)
<3D Local Matchingi& >

The center of VOI

# The number of VOI: 3000-4000

EERE M= BN EIBEMOBRER (1) 495

W CTRE Aquilion16, TOSHIBA

Light Speed-QXi, GE 4 r
B EEEHR 22R5AREE 0.66[mm]

S[mm]/E 1.25[mm] &R

1[mm]/E 1[mm]f§&m _ = A =

N o I L AN
= ﬁz3}fﬁ w Current CT image Non-registration

BENESEMOBERER 2) 495

3D Local Matching
&

3D Elastic Matching
E

R EERERFIE)
< Voxel Matchingi% >
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mREEOKE R
p BEERLORIELERLBTNSB
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e
I ' Shift vector:f 1T
PETTTTITTRN |

el ()

fpelx ] T(s) | dT(x)) |

i (6= /e 5

=%+ T{x)+dTix)

BRENESE#fiooO— M=

I R - B3 RFTCTEIR I

| EStLSAXORE-MEROEE |

BgEREOES
- EEHERER &
* 3D Voxel Matchingik

Mﬁ-ﬂ'ﬁhﬁbbav

RENEDBEROBERER (1) M=

Current CT image

RENEDEROERER 2) 4=

BRNESEROBENE | 405

Sum of
uistesgrmin

FWHM of Sum of
Z B histogram|[®s] hisﬂg_rim_[‘!-ol
= Global
g" -matchingi& 5.8 5.7
é = Non warping 3D LJOIC"I‘ 17.5 17.4
5 Globel mnching matchingiE
i Loeal nistclig -3IJ —
* Elastic inatohing ASTIC
Viowel tksiohiig. mah:h.i.n,g}ﬁ_ 19.0 18.6
- PR 3D Voxel
ot . (Fo0d 20 =L L 38.9 82.4
FWHM of latogran

maltchingik

]
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220 mm | 1 L_EE20[mm] LT
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W BE§FER  ERHAREE 0.66(mm]
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mEREGS o)
WBEMR TR
RHHE  KRL ARBOBIHREEY
- 11918

BRHEFEREOLEE (1) M=

BEREBFOTEICLIEHBEOLE

89.9 (107 / 119) 512
EFEICLOBHBEDLE
IPF|%]

7931069/ 87) 47.2

' Small nodules under 20[mm| EPs|/scan]
Detection of nodule candidates

Rule-based method with ANN

TPF: True Positive Fraction

BRHEER DL (2)

Consistency test& Validation test® EEEE
TPF[%]
71.2 (62 /87)

T1.2 (62 / 87)

Small nodules under 20[mm] ['Ps/scan

Consistency test

Validation test

HEETRIS R ORERRE
: 78.1 [%], FP: 12.7 [/scan]

GGOMRB DT A T—2ay
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S (IR R A E S18) M=

Rate of Arifacts

I SEATFE(MAL)
[2s o7

i

EE(REhE) o
U Effam
B mas ..4? "‘* ..‘"

— @ @ @ @

T REE
| @ Graph Cuts!®

@ Superpixel
E +

o GGO
TFE] 118, 720 570 b, ISR 5 T RS, Vo 2007, Ho 31, 193304 2007).

HE ()

ELLGGOSEAIL -8
GLODE

B TGGOE MR L T=#
GGOLLAR DR

True Positive = False Positive =

) M=

BREMEZSERTTERAW:
FIARCTER L DGGOMRTETEE D3R EA%

BRI ILEREE BV =Superpixel DAL
*SuperpixelZ AL \f=Graph CutsIZ & A RIS H
-SVMIZ & AHGGOIE R L M E DR
-REFRE RO ER

‘Rate of Artifact: 0.101

CNNIZ &S ECTEZ M S D
BEMNESESLOREREZOEBE

Detection of Abnormal Candidate Regions on
Temporal Subtraction Images based on CNN

T, 12t PO Sy

Keywords - Computee A1 Decp Leaming,

Convolution Neural Network; Lung Concer

mmozeme O ZREEEAE))

= AOBEOEELBRBL-EHFET LIV L

> F&
BREOHFEEEHAICHEE

ofef- )

ANES RALAN T-ULTM BALAN T-UnTH RMEW
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15w “Eceoction of Abmormal Candidate g on Tampord
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: E ‘
2
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I
0s Ubuntu 1604 LTS ( Linux 64bit )
CPU Inteld® Core i5-6600 CPU @ 3.30GHz x 4
RAM 800GB
GPU GeForce GTX 970
VRAM 400GB
B F—5tvtofl CUDA Core 1024
ANERICEY = ZSVIROEERN2)
. EAEETIE. . Images information
B Eamryt FEESOAEN S Sheotinmzee il PS5 poei
-RERRISEVERBESA DL Thickness of slices 2.0[mm)
%= The number of cases 25[cases)
EXAROM 5 E LA~
T8ty EEHER & o V| | =BeR 2 Y=
I T
_ F—Atyk GOET OO B E S DRI i WA
' sy TPR[%] | FP[/case] | AUC
14136[images] Dataset] I_UO 13.13 0.969
B Normal (Air. Wall, Vessel, Branch) Dataset2 | 95.24 13.00 0.961
,I Wontabi e | Datase3 | 100 1.56 0.992
b SRR RS = Average | 9841 | 923 ’ ;
TPR(True Positive Rate)-FP(False Positi\i) f\UC(Arca Under the Curve)
Actual class i
b I | normal TPR = -'i' o 100[%] |
_% abnormal a b g |
5 =
E normal ) d
R
EE 53 w FeH 54 w
I
> fE
-CNNIZ&BERMNELER EOREREOREZORE
- BERIECNNDEE
TPR:98.41[%]|. FP:9.23[/case], AUC:0.974
; _ > SEORE
Abnormal (IS I FPOI (L HLLEFLOBRE )
R Ty St
- - o
FET—RIBVTHIRR, ETLORS
= RIEETHREINZT—20EAN ETILOFEIEL,
EREEOHA
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=1
CADB X O'ATWFZEIZ T T
(2) AIZH\W7-=CADDEBLIR & 15K

AH Wi
WK AR QSRR SR (TR ) ARER T2 B

a2V a—¥FEZ W (Computer-aided Diagnosis : CAD) DFIFEIZ B\ TIEIRE Rl ga 7
O O#Y) 2 GRS ERRREICB W TEETH L. SHEWEN G E N5 EHEG
2B TIIEY) 2 MG R E B S B M CREET4 2 C L ITWEERIEETH 5o BIEDFEIR AL
HBE (Artificial Intelligence: Al) 7' — A 2B A2HEFEMTH LT 4 —7F7—=>27 (Deep
Learning : DL) (ZBWTIE, HED»HSANFE2NT L2 L% Ty ¥a— TR A OREEH
HEBI%)TEDPWRERTH ). TOEVENRIRIULIERO72DI1I2S £ S 2575 T
ZEBAZEDED B, EIFIZB W TIHEEZ T B~ O o 20124 O ImageNet Large-
scale Visual Recognition Challenge (ILSVRC) IZBWTDLOET VDO E D TH S EIAIA
H=a2—F )% h7—7% (Convolutional Neural Network: CNN) 25K & 2P = 722
S X )R EICE L Tid, BAECNN2ZS T 777 VRS ¥ — o Twh, CADIZEB
WSIRZE DI Z M % B Z 7 9 Computer-aided Detection (CADe) & EWZHi2 B 7%
Computer-aided Diagnosis (CADx) Z4 7 TN ) 2 &23H 5D, G HICB VT
& T 155 LA AR e TR FEI 7 SRS H V) . S AUk L CDL% v 7o 4
DFEPREINTEN ZOREPCADIZHILH SN TV D F 72T O METHHRE #5012
BWIEHRTREZFEREHEGWIIHCTEOREVEGRZI 2 © 29 &3 % Radiomicsh¥iE
HENTWa2, DLE WS Z &KX DG S Ot 2 2 ¥ a— 4 12X D ILHIC
EAEETB I %) CADORFI O WHETH 5o O X9 IZDLE AW 727 # OCADBIS AT fE &
5> T& T2, DLOFERIZLEART R KEOW G T — 5 & UK 5l 7% T /7 —
Ta vy, SHRINDMATHYRRITNELR L 2 VWEELRRETH L EEZ LN,
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CADBLUVAIMEIZMITT:
AlZFU-=CADD IR &5 3E

WO AR BRAIRE R
AR Mk

e PRt A= S R R YT — 3 —
{ @#F g
p—
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AlzZFRL\f-=CADD
B

YAMAGUCHI UNIVERSITY
TA—T5—=5 ((ERBEYE)
BEEBEED=1—FIRINT—H(F—TF
Za—FIILRvrT =) ERN-EEEE
i P S

m

YAMAGUCH! UNIVERSITY

IR 2011)

> LOD(Linked Dpen Cuta]

ha —;;;-,-;:-;,,—;;——E—;—-:-«r Siri(2012)
bat

ok e F2E 1997 Amao:) BE
A Toe e wIW

1356 Iio 1580 1995

HUE, A THBEILANEFEHL S0, 2015
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ATHIEE, BREE, T+—T5—= 7 DORE%

YAMAGUCH! UNIVERSITY

B/ \—E7bOy (E1H#HE)

s e, 500

WXy FwaXs ot wyxy >ty 2y =1

_23_




YAMAGUCHI UNIVERSITY

ZRE/\—tTbOr (F21H)

MBS/ N—tTrOUEBIRICEVNEE

BANBIEANSNHESE, HAOBILH
D EEAENEDIZA) IZ&>THE

ANE BhE HhHE

YAMAGUCHI UNIVERSITY
Za—FI)LpxyrIT—0%FlVz
UVEAMEREEDERIZH

ANE

Eaedsal pararaary
0

Radiomics Ashizawa et al., AcadRadiof 1999
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a3y —ODORRES
mBFEELOTL

» BETRIEETDH
B BABOHEEOTEEENSIFTESE

A
ADEHRADENEZ B (IENBOKAE
AD)EFENIE(TELZN
— Za—2IIRYRT—OZDFK

.

YAMAGUCHI UNIVERSITY
—a—II)RYT—O DB A DRER

mEFEL LT
« Dropouti®, /\wFIER1E
L %ﬂ@@ﬁ%ﬁ@?t@%’ﬁﬁ?(fﬁﬁ
L
sEME{EBI%Rectified Linear Unit(ReLU)
DFEA
B AUA—RYhERIZEDZT—H2EEM

B GPUERICLLHETEERIEM “

YAMAGUCHI UNIVERSITY

ILSVRC2012(D & 2 (BB R E N E )

mImageNet Large-scale Visual Recognition

Challenge
+ ImageNet® BAEET —2~—X (14005, 2H2F
AT OTF—42ERLN=-0 T AR100095 20
EATIHE FERT 22081, BIERAT—4%5
A, TART—210F#)

mDeep LearningZx AL\ = F— LD ER

+  SuperVision (AlexNet) I

+ Convolutional Neural Network “
W &
@“’ Go‘j off &

7]
on
a1

. EREROFITIRRELE—F
o RIERIEE10%L EWE !
« BEWEMITI~2%

YAMAGUCHI UNIVERSITY

BHAFHF=2L—T )L YT —2 (CNN)

mConvolutional Neural Network
—BEHOBHAHBET T BIZEYER
—ERRETHELLLIBHEDRIRNTE

-~

o &EMEN .
out AR

conv: Bdsidd
poot; =Y~

comv2  conyd convd cem

iy
»| 0 _
| JoaRep

Congolication
GGEO

Honaycombing
Emphysema
Hedular

[ 12
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B #3A# & (Convolution Layer)

& A2 #J& (Convolution Layer)

+ BEEOZ/VANEITHYS T H0E
« FEdaHBILLTORE

AT

BHORE

YAMAGUCHI UNIVERSITY

J—1)> % & (Pooling Layer)

mJ—1)> % & (Pooling Layer)
« JEEAORXEF-ETFIEEEHA
« F¥{ET—1)> 4 F:Average Pooling
« HAET—)2Y @ Max Pooling
s ETBEEICHTHO/NR(FRE) HEER

YAMAGUCHI UNIVERSITY

KERBALCNND R YT —OFTIL

AlexNet (BRR) ILSVRC2012R68

15t gz e
i L : [ ]:smem

EfRH 5O H HREO S5

VGG (19) : 16~ 19/, ILSVRC2014, IRERIM AT AMDS 1% TES

YAMAGUCHI UNIVERSITY

ERIE 1T LR

i i ] '| [ SURF ‘ CNN
(e el el [ o | S o P
BRSO R HREOHHE 8 16 ‘ 1 23
o oo robors o o okt vgataBomers/ 7/
YAMAGUCHI UNIVERSITY YAMAGUCHI UNIVERSITY
avEa—4% 8% - . :
(Computer-aided Diagnosis: CAD) M3 THOCADDHERL

BCADE(X

- ERERICEFENSFRUEEIVEL—SIC
SO TEEMICHHLI-ERE, "E20EBR"
ELTHIAT SHERRIZRHREHET

« BEZETEEN
ICADO)J’:\E‘T’E
BRI H 5T Ea0FIE
 REORZEELL
o ZHOIESDOE
+ ZHOEGICLDFEEREOEMN

Feature-based CAD

iﬂﬁﬁlm
on GGO

/; \\“

Hodular

] ]
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CAD®D £ fl #9ER 2R
BFE-EFOBVCHHERE (BB I5
CENCADDMREREIZBEVWTEETHS.
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BLERENSZHTHD.

REFSREICHLCEYGEMEEEET
HEITHEBTEETHD. exrEX2158HH
2148 BB 154
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# LU CADDHERL
Image-based CAD
[ A\
(P30
B o=
AT OO
o ¥ [ |

OO RE

AN

GEo 9 Nogulr  Nemmal

e
gt ]
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YAMAGUCH! UNIVERSITY

—RREI{RERE D £ ETIE

m [#{§ 5> $8 (Classification) =
« EOBEHRAEIEOMNERSD :
- BROBHELERS
. RO EEFREEL L
BB {4 H (Detection) ==
- ZOBEROECISENHEON T S
- ERTHEOMEFYYET

B {§ 1A il H (Segmentation)

+ TOERBEOEREERN
(Semantic Segmentation)

+ EELAILTOMEERER

YAMAGUCHI UNIVERSITY
R-CNNIZ X5 E{&R1EH

m{Z#E5EE ) 4 Ak (Region Proposals)

o EREROCTIRFrIERELLICHELD
%67 (Bounding-box) 4 M9 %

r Region r

Proposals

«

Kido et al., IWAIT2018

YAMAGUCH! UNIVERSITY

R-CNNIZX S EifR iR

mfi#EE R DR E
« ZL{OEFHEEE (Bounding-box) DM
CNNIZEUHEZ B CAVREHTIZET
ERAREEERIRT S

Kido et al., IWAIT2018
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U—Net’&ﬁqb‘f:@@ﬁﬁﬁ%& » conv. RelU
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Radiomics: BT —42 &L EEIET —2DHE

m Encoder#B 4 £Decoderihs @ % L= o A . .
BT Y TEDHENEET L up-sampling B Radiomics = Radiology + omics
e \/ . s BEREPERICECLIEHTARCMESRAMICALT
- HOHLERBIEHEE5ET S2MHY
| |l B Radiogenomics = Radiclogy + genome + omics
+ EAEGICETLRE - SR okETINERBOMEE
s Bomsd BT
bl "
‘ 128 128 258 128 IE 1
- - e | e . Radiomics = Dala science
I I I 258 258 512 258 I '.I - : -' - CADﬁaﬁﬂ
u»-o: Rt RadiologyM & i3 5ilt B
- sl T
\_-_; \._-_./D od
ﬁ&%&ﬂi Hugo et al, Nature Communications, 2013
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Generative Adversarial Networks (GAN)

mGenerator (4 A 88) &Discriminator (& 51128) &
bt TEEERBEEZRLEES

SRS ERT-EMNBIEMT " EBRBISE £IET D
RIS R T2 ERBL o AR T2 EWAIT D

Adversarial games

T8 +l% =
Yo S5A% M=%k
RS 5 71 2%
(ALY — (EE) )
CE—— _ Goodfellow et al., NIPS2014 g Radford et al., arxiv2015

YAMAGUCHI UNIVERSITY
GANIZ kBB {% & Rl 5l

=g .',"' =Ny IS

AyFIL—LOE RT3
EyhTFELTERLE
AyFIL—LOE &

T FSREMTTB)

YAMAGUCHI UNIVERSITY

BRE -2 —Z /)L vkT7—2(RNN)
ERecurrent Neural Network (RNN)
© BRI E TSI E RS a—S LAk T—S
B2 S AAE (A ILMHEIR), EE0E

SR
H

x! hl yt
Anm EAm Hom

=2

YAMAGUCHI UNIVERSITY

B DOBE 4 % (Google NIC)

ECNNERNNZ LT, IRNILODLTLNVG
UNEIS D1 A R AN A E
i

Scrmawhat retated 10 the image

Socel and drinks.

Vinyals et al, CVPR2015
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Reading Chest X-Rays Using Deep Learning: Recurrent
Neural Cascade Model for Automated Image Annotation

Example results

Tl A"

ppibn Sy

T e =

o | e | o
n |
b i i!
e Shin et al, CVPR, RSNA2016

YAMAGUCH! UNIVERSITY

AlZFLV=CAD®D
SRS

YAMAGUCH! UNIVERSITY

LETTER

4010 100 matere 21056

Dermatologist-level classification of skin cancer
with deep neural networks

Andro Esteva®, Rrett Kuprel', Roborto A, Novaa™, fustin Ko/, Susan M. Swetter™, ekon M. Bl® & Schastian Thrun®

= The CNN achieves performance on
par with all tested axperts across
both tasks, demonstrating an artificial
intelligence capable of classifying
skin cancer with a level of
competence comparable to
dermaltologists.

«  Qutfitted with deep neural networks,
mobile devices can potentially extend
the reach of dermatologists outside
of the clinic.

Esteva et al,, Nature2017

YAMAGUCH! UNIVERSITY

Skin Lesion GooglLeNet Inception-v3 Training Classes
Image (Transfer Learning) {757}
126,450 skin lasions comprising 128 millon images over e

2.032 different Ssesses 1,000 generic sbject clasaes

® sermaretr,
® Lortie musirera
-

» Dl ren
® o e

Corvouson ® Longeian ot

Aeghis -

T

= Eaty covvaian -

Matanoma 130 images

Speciicity

— gt A 056 — e AUC = 354
* Deeratsogsts 25 D—W)m
+ . — A cormescogt
T
Sersitity Seeaitty

Esteva et al,, Nature2017
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CheXNet: Radiclogist-Level

Pneumonia Detection on Chest

X-Rays with Deep Learning

We develop an algorithm that can detect pneumonia from chest X-rays at a level
exceeding practicing radiologists.

We train CheXNet on the recently released ChestX-ray14 dataset, which contains
112,120 frontal-view chest X-ray images individually labeled with up to 14 different
thoracic diseases, including prneumonia.

CRaXNaot: Rudidagios. Lovel Pamisncnis Dstertion o6 Chost X-Jays whth Dosp Loaraing

Wosng 3 al. [17] Vo ok ol (017)  CheXort fonsre]

The model exceeds the
average radiclogist
performance on the pneumonia

detection task
F1 Score il &5 (E ) EMNE (W)

DR HEEEN Rajpukar et al., arXiv2017

YAMAGUCH! UNIVERSITY
CheXNet: Radiclogist-Level
Pneumonia Detection on Chest
X-Rays with Deep Learning

Input
Chest X-Ray Image

CheXNet
121-layer CNN

Output

Preumonia Positive (85%)

Rajpukar et al., arxiv2017
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Takeover of Radiology by Machines

Mot So Elementary: Experts Debate the
Takeover of Radiology by Machines
" 2 o i e A RV

Dr. Siegel, of the University of Maryland
Medical Center in Baltimore, argued that
these image recognition improvemenis are
not applicable to radiology.

Dr. Erickson, of the Mayo Clinic in
Rochester, Minn., said that

imp in graphic p

units (GPUs) and developments like
deep leaming (DL} have enabled
computers to surpass humans in same
cases of image recognition. He cited the

p a
different challenge, with much larger and
maore complex information.” he said *The

potential of DL to improve by (3 ily more
identifying normal screening exams and complex than picking out a dog or a cat.
delivering high quality prel ¥ There are so many reasons why it is silly
reparts. In fivs DL will likely be ta think we'll be replaced in 20 years or in

able to ereate reports for mammography
and chest x-rays, he said, and in 15 i
20 years_for most of diagnostic imaging.

our ifetimes.

RENA2016

YAMAGUCHI UNIVERSITY

7 steps to better Al algorithms

B Only about 2% of radiologists said they always rely on
CAD to provide an accurate diagnosis, and half said
they never rely on CAD.

B An interesting mismatch between utilization of CAD
for mammography and the level of reliance that we
radiologists have on it.

B The next generation of artificial intelligence should
improve efficiency and productivity, increase accuracy

and reliability, and do so at an affordable price.
=" ]

Dr. Elot Siegel from
the Universily of Maryfand.

Auntinnie.com 2017

YAMAGUCHI UNIVERSITY

7 steps to better Al algorithms

1. It should measure things radiologists aren't
already measuring.

2. It shouldn't constrain a radiologist's workflow.

3. Its findings should be available on the
radiologist's workstation.

4. It shouldn't just act like a second reader.
5. It should tell us why, not just whether.

6. It should provide quality feedback to
radiologists.

7. It should learn from its own mistakes.

Or. Eliot Siegel from
the University of Maryland, AuntMinnie.com 2017
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BATREIEL A TARED K
A

Al without
Radiologist

Radiologist
with Al

1

Gk HE 0
Cloud mE @
Everywhere
§ Radiologist
Radiologist [
adiologis! -
without Al ©enitic
in LPixel

YAMAGUCH! UNIVERSITY

RWEFOLUOH

FRAMITHH
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CADJB X CFATHFZEIC T C
(3) AIF#E ORFALICEE 3 5 WisE$p1

M HE

WHRERS R BSR R FER

EHWE{RICB IS0 Ea— 7 FEBH L AT 4 (CAD) OREHEIZHEWZEE 2 I0H + 5 b
FEDNEFEIATDOI TV B0 FEIZITAE, RIS E 2Vl (G2 R 5 75 Rk 0 73 B T R Rk RS FE
AARL72ZEIZE ), CADNDIGH b 2HMICHEA TV S, L L. REFEZ & OHRMEEE
DL IHEH Y FETHY), KEOFEMITNNVOXIEHT — 5 4 UL 5, EEFET
BHITULEONET -7 2 BELTE275r—AbH D, KEOEBGIZEMSIER 72132
D T NN ENG S LEEPLEE R D0, RERFHIVLDHMEND D, RiFf7ET
k. BCTH/ (AR E L0 F AMMREORE T EHAHNE L, IERT Ve LB e Lk
V[ LTV T) XA PEOIERET VO ZFT — 2 2RI 8 ISR
B [FHhld )T VT) AL BLOHERERA Y 7 —2 (Generative Adversarial
Network, GAN) ZH W/ [F—=% ik (7= F—Faxr7—2ar)] ofRh%xiT
I iz LTIV T XA, BEE O 51bis & Bag-offeaturesi: 12 £ 4 FFfh i &
K-meansiElZ X527 A8 ) ¥V MEELTHETH Lo FHMMH ) 7T V) X1k, H
BamER I PR E M TH 225, HOHE SREIFE LIFEN L XA R—- bRy ¥ —~
v ¥ (SVM) IZEA L, PBOIEET — & 2R RMIEEH IS 2 TETH Lo bl L
BILOEHMD Y E 70V T XA ORI, ILERFMERERE D 53t 2 217 7-CT
5% v, ZCTH{E%32%x32 [pixel] @1 (Region of Interest, ROI) {51245
L. 6O ICHHET 2 FEBREITo 72 BROMBEIL, BEE. T0 77 AR, KR,
MG HE, Rk, EWBETHL, T84+ —Fa 27— a3 YOS TIE. EREEAA
GAN (DCGAN) #HWVCTAYICEWERT -7 2 AR L., #hili7T—4% & LCHAT %, £
TlE, 6FEFHDOEEIIH L TZNZENDCCANDEE 247\, H§ET — ¥ DA ZIT-> 72 &
R B GO FEB AN TH AP EREET 5720, EIIZX A7 /7 — 2 3 Y EHRIHRE
B EDCGANTAR L 2 Wi{g 2 Ml CEE A Toa e BICL A7 /7 - 3 Vifh
B R D 2% - THEH 24T o 1255 O AT AR OF HE 2 BEE L T b,
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(1) Dual-energy CT
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Dual-energy {1357 520D T ANV F—% W TH%E$ % HET. ZDdual-energy data
OIS HEIZGCTHEEOREIZ X ), dual source 5. fast kV switch 2. dual layer 5z,
rotate-rotate S\ 7% EVH Ho THUZ K VWEFHRLT —F 7 77 OB E o7z, [ERD
single-energy# & Tl SN 2o 7obk 4 IR %2 BRI D L T2, B3t
I ORIy »F 277 7 412 & o TRl S LT & 7245, dual-energy CTIZ £ % &%
i = — Fofiittis LU0 200 OB G TR L 2 1) e SERE DB IZ B\ TiE
FCTIC X 2 MEOREHIIINZ . ZORTANIMTORE S FHli§ 2 2 L 25 TE 5 L9 127% ) dual-
energy CTIZ X 2 HHBEDSRE# SN T WS, F72CT TIIMR AR EE 2 RKAY O/ 72 B B AR il
BIZBWTH, BMEEGZMZ S22 E1CE>T, TOHFEEZHETHIEDWEETH 5,
X & & CTHIBRBEDS R 25 G812 »F 7T 7 4 TIrb T & 72 £ M#% 57 3 & dual-
energy CTIZ X ZMHIMFEERIZB VW THFHETE 2R ). @BERESNACTTHEDS
N5 &9 BIEGOVEIR, HEREE, V) 2 /3Hi%s EORHO A T2 Mgtk rillozo 07—
LT E 2o BiE ML $TAEZ OF M, GHFIZD A LT 225, fili s i i 5 R
STFEEEARE I\ S LT BRI AR SEAR TR S I E  (chronic thromboembolic pulmonary
hypertension: CTEPH) 123\ Cid, FiiByikiite s X CIEENEE OB 2 217 9 SR % 15
He X LMo MR AE & iGHE #0587 5o CTEPHOBH{EZ I IEIRAG - ity v+ 75
7 4 REHCTAH SN A DS, dual-energy CTIS & 2 il ML W15 1 T & O K fr - BT % #i 58
L7ZEREE LN, ZOFEREIHE SN TWS, Aal, JlIGEEHiZ 351 5 dual-energy CT
DOFFEIZD EWEHT %o
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AR > F25 74
991 Te-MAA

(macro aggregated albumin)

MAARIF#£10-60um, FEMMBERES YD LAEL,
- T 5 BMME I —ERLRINEIREE L. MITER,
— MAAREF D7 (B BYBR M 72 1= L I B

- WIFEOREOE R

(EBARO — KB R £ B )
N

DECT# ALM-i AR GHBIROA 5T, K& XWGE
OEFERMALFERCERIEL TV BB EEESY.

(BB 75 280> 5 E L 1B MR RAZIE DI TR A > F 574
EQERRIAEH . DECTA M- B REE Tl BIEI M TR
LERAIDEEL, RSBV TERMARIA THIEENS3,)

fm FTS5I4 fif i 7 &% (DECT)

7

Dual energy CT perfusion imaging is able to display
pulmonary perfusion defects with good agreement

to scintigraphic findings.
{ Thieme SF, et al. Eur J Radiol 2008;68:3:369-374 )

DECT D fifi fn+2z2 ¥~ DIt A

> [z AR E O ZERIZVIQ scanD R EEED
iodine mapE{& DER AT HE,

>lodine mapECTPAD A &h (XM B fiE 2
ERIZEWLTELPPY., NPVD BT EE, IE#Fiodine
map®DIHE (&, BLNPVEL > THiME R EX R
"TED,

»lodine mapld, 2 Ei2Z M OH TEL, MigLlE
MR LMERIE(F—F 7700, O EE. [IE®
ERLEDMBE) OBRMNLER.

Tabari A, et al. J Thorac Imaging 2017;32:89-100
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6 A THRBAEETE.

weighted average image* AL\TEh ThDMEEES .
FmFEE®IZALTI— FEZERMNIHE,

- PHEEMfE (lobar perfusion) ; 3— FEIZHEOEME M T
5T ETEHA.

- FRZEMTE / £ (Whole lung perfusion)

- FRIHTEFEVI L RBOHFTHRFEVIO—BEORIL

—  DECTIZ & HAMFEM@ LM »F & UL & YERKIC
firikimttse = FRITE S

Chae EJ, et al. Invest Radiol 2013;48:622-627
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CTEPH (chronic thromboembolic pulmonary hypertension)
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CT angiography

o EARER L LEBL ., REEMELL,

+ MBARFAZEDAIRIE, BEMmIE. web, bandd
FETED.

- NHERFOREM~OME T & £ AFFME+ ",

Doumes G, et al. Eur Radiol 2014;24:42-5
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R T, k. g, E < BTEIC oW OlEL L i@ m ol =31 DLt o
IS & LT, BlAEET o BBV, ArHepEE S o @R, i) o SHEB OB I BT 5
perfusion CTOHHMEIZDOWT iR 5,

_44_



4 e A—D RS YT —tSF— 1
FAE TR AE P THRR Overview

FCIZERS(? )RS A—S T Part 1: MFEEF

Perfusion CT

FMKRFERE R E LR R LN AT
v S ER ) RE LR
BA v RIS &3
v i) RS DB
v AL AEED A RN RHE - T8

Perfusion CT 1 &E EHERR &2

. BHICTZREATL., IR, MEAEZRETS - EERBIROBREEHE TOC HE~OFAMES
" R « iAo RRIRESE TOC %8 H
. EERIOBEFRIETS - EEHOBEIASNE
. A—EAEETOEREFETS . BB ERR/GEEKE
. &pixelDtime density curve(TDC)E#HH T 5

5. BTV IMMIKYERO DRBIFTETD . S0mLE3-SmlfsecTEA ., AR THRIBL
+ SRESERH(350~370mgl/mL)

ASIST-Japan %
ERERERSNAFS1422006 : = . 1

* L—rRERIZE REIFFIRE 206 KL LOE
ERT AL ESh

EREBIRD S0 5 IERBEHIR~ O RHEY o -
B EDRETORBEAE-0., BEHO : - R AR
RS R BB EN BB, -

_45_



*E B »

R w7

BT
® fRE(zT
+ EERIELEOHP IO SRR
 HRREFE BAARMEGLIAR : 1sccfifm (25

® mENDEESHE
- FRASEZIHEOEREMESHEETS
=EFICE->TREESHEEE (FROEEF BE)

LUK 16cmDEEEH O REFIREA T REL G T

o EEEHEAE
FIGACEEEERGE HHNIC/ A ZXERELRE
=SWIEER

SEHRRNICRLEHENDE ERET D

CT imaging protocol

RIF<IRE
kVp-mA 80 kV
FIGELESR B AIDR 3D strong
(8

LT

02

*

FARE22RENS
HREALA

CTDI vol 24 mGy
DLP

“stimated eff. Dose

SSDE

Gy em)

4

BEINEESFIBEREZ 16cm=10ecmBE(Z
i Bl SEIZHIEB R
AIDR 3D strong

Perfusion CT f&#Ti%

CTHE#TiE RFr-%EFR

i—
:;; t Non-compartment | One-compartment | Two-compartment . Deconvolution Patlak plot
e i i . atl: SERAEAREAS - IREIHRD <ass -~ DR E
: Deconvolutio Maximum slope Patlak plo
BT 75 ){(':“I;:m ('llI;I":I" f.('.im|‘|::;::{:I\'nlj)cr:'ul.l,;f-ull} (Canon ::n\"i\' Ii:‘:l'lfu_\inn} ﬂ:imuz?éigé?%ﬁ >HEQERNLEN Em_)mg?ﬂ
- ; WiFFRRTES EFHBTES
sE | R R, FFR, B Bk B

A
el ~ | EE
BER d

B
MUGUCEDHIE I, BIRAOREAR  EMET~<TO
g CEEBGE) MO i) APEGERIAT EEOTL
B

Aamecxssh
: SERRASMESCHE TOCEOBAEHNED - EHA. 20,
HH AL EAHT R F AN BET,
— AEAOREASHD  SEEABEIAGI Bb X0
m ” SEAONERCVIS  (ZEIFREAET)
SUTHENELD  SOABOANHE  -SWiEcEmE

Dl ahen
PG, i -BAREHOHA/ 41X BEREBESHD
: PEHEOEEERTE

_46_



Body Perfusion: Analysis and parameter CT Perfusion T I ZRIFELTLHDA ?
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atlak Plot>
lme Density Curve
N Antery flow
Equiv.BV Blood volume

Clearimee - Clearancs e CT Perfusion [XTDC(Time Density Curve) ZBIELRFTEITS

CT Perfusion FR#TIXfAIZRIELTLVDD M ? Maximum Slope algorithm ALt i Dfirst passl=
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CT image analysis ~ Time Density Curve (TDC)

Dual Input Maximum Slope Method
-Aorta
-Pulmonary artery
-Left atrium
-Tumor (Start/End/Max)

CT Parameters
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#BAF (ml/min/100ml) :
Body perfusion software (Canon Medical Systems, Tokyo, Japan) 2 +45
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Maligngnt nodule (n=43)

Differentiation of Malignant Benign nodule with lo ngic activity (n=6)
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3920-Detector Row Perfusion CT 21 OPs. 4 Is. 2 fungus infections
versus FDG PET/CT' 320row MDCT (ADCT)
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Bacteriological or Histopathological SUV nax
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Pert Values of Area F CT Indexes and PET/CT SUV__ for
Ditferentiation between Malignant and Benign Nodules

ridex Threshold Viase  Sensifivity Spacificity P NPV Accuracy
;1 400 o8 (42043) 79 (2633 B6 (424G 9B (2627)  90(BRITE)
EF, 20 88 (3843 822733 86 28/44) B4 (27/32) 86 (65/76)
BV, 20 86 (37143 54 (1833 713752 T8 {1823) 72 (55/T8)"
SV, 20 o1 (39/43) 52 (17/33™ T1 {29/55) B1(17/:21) 74 (5676)"

True positive rate

CTSuv

max

0.4

0.6

False positive ratio

Thymic
Perfusion Thymoma hyperplasia Lymphoma All malignant
parameters n=7) (n=8) (n=4) tumaors (n=10}

BF 61.7 (34.9-231)
BV 11.4(5.2-202)
Ps 22.3 (9.3-36.8)

57.4(19.0-72.7)
85(3.9-13.1)
21.7(7.1-327)

35.7 (24.5-59.8) 425 (17.8-78.6)

53(25-7.2) 6.2 (25-11.8)

11.0(22-14.8) 138(2.2-23.3)

Thymoma vs.

Thymic hyperp

All mali

0355
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0817
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g b

Thymoma
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0.023*

0.089

l Lymphoma

e\; b
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Evaluation of anterior mediastinal solid

tumors by CT per

25pts with anterior mediastinal
tumor

Thymoma (n=7)
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Lung ¢a. (n=3)

Other malignant tumors (n=4)

on: a preliminary study
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Small Cell Lung C
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single input

dual input
~Patlak Plot

Candidates for
surgery

FDG-PET/CT
-SUVmax

> Contrast-Enhanced Perfusic

EALFEREDBEINRT A

raioll, MD
i

Whole-Tumor Perfusion CT
in Patients with Advanced
Lung Adenocarcinoma
i, MD Treated with Conventional and
falow i, Antiangiogenetic Chemotherapy:
assarielo, M0 |nitial Experience’

agna, MD
Maria Luisa Mennini, MD
Goffredo Serra, MD

Bd-row MDCT
100 kV,120 mAs
24 1.2mm
rotation time of 0.33 s

inoperable adenoca.

Measuremeant Basaline®

RECIST (mam)
CT parfusion

51.96 =

Area-Detector
¢ Performance
" in Non—

ROC Analysis (Az)

systemic arterial perfusion ( 0.89)
permeability surface (0.78)
SUV,,.., (0.85)

v
Total perfusion (0,70)
Distribution volume ((.55)

First Follow-up*® Second Follow-up® Piaie!

RI£1TS

| Blood fiow {mL/100 m/min) 499

r]

Blood volume (mL/100 mL)
Time to peak (sec)

24
= 4.7

(& bility (mi'100 mi/min}

W=22 2607

=30 S5 -85 Ra- 13

=17 33:03 5:20

s8:28

Carboplatin
+

Paclitaxel
+

Bevacizumab

136mm/1.75s x 40, total 70s

Patlak plot
=* blood flow. blood volume,
Time to peak, Permeability
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European Journal of Radiology

Dynamic contrast-enhanced perfusion area detector CT for non-small @, ....... .
cell lung cancer patients: Influence of mathematical models on early

prediction capabilities for treatment response and recurrence after
chemoradiotherapy

, Hisanobu Koyamia (MD, PhD)¢, Yasuk
D, PhD}", Shinichiro Seki (MD, PhD)*, Naoki S

(RE I
input maximum slope)
- | perfusion
-Pulmonary perfu
-Systemic artery perfusion

10 B —
o8 08
& 08 D{i E os
£ — =
E 04 :‘(— Total pertusion E
Pusranary wertal perfusion J oA
g | = Bt s putusion AR
== Partusice 927 Monaespandst
— wwsnan vime :
00
00 02 04 08 08 10 00

15 B B W B
Ovessll Burvival {menths)

Total perfusion Sy bution volume
=0.0002

Anti-VEGF Drug (Bevacizumab)

CBDCA+PAC+ CBDCA+PAC

Overall survival

Progression free survival

Response rate

» However, histological biomarker for bevacizumab has not yet
been reported.
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Prediction of Therapeutic Effect
of Chemotherapy for NSCLC
Using Dual-Input Perfusion

CT Analysis: Comparison among
Bevacizumab Treatment, Two-

Agent Platinum-based Therapy
without Bevacizumab, and Other Non-
Bevacizumab Treatment Groups'

Yabuuchi H, et al, R

Nov 2012 ~ Dec 2014
66 (Male 42, Female 24)
29-82 (Ave. 63.6)

Ad 57, Sq 7, LCNEC 2

+Pem + Bev (bevacizumab) 20
13
1

8




FifE AL P RUAD BRI R T A
&3 4 R A

pre-BAF and prognosis
BEV(+) group
Tumor reduction rate and pre-BAF

BEV(+) group
Tumor reduction rate (%

Overall Survival Progression-{ree Survival
= 100 =—r— = 100 T -
£ L. L |HighBAF@2isMo) = sy, | High BAF (9.3 Ma)
- L [LowBAF(125Mo) 2 = Low BAF (3 8 Mo)
£ — P=0042 L p=nonis
; I i f=
2 20 5 o
£, i
o 200 400 800 ] 1»«\:1 L} S0 400 180 P00 280 300 380
Eerall Bacstal iday) é Prugressbon- Frer Susyival (day )

ProBAF oo M0

60mA Bt (RH5, cT2LN3MIc, stage IV) TOBEKE IBE cTAN2MIa, St IV
PAF BAF PAF BAF

15.6 [ml/min/100ml] 81.4 [ml/min/100mi] ) 8.0 [ml/min/100ml]  11.7 [ml/min/100mi]
e, T~

CBDCA + PEM + BEV
20—

[)C]‘] usion ( ] },EJI ZE‘“EG) ﬁ}ﬂ Ti't b | European journal of Radiology
iﬁ.ﬁ%‘ﬁiﬁ 5 gﬁﬁ’%m ot jeurnal homepage: waw slersier cam/iocsteisjiad
Blood flow 0.945. 0927 0.979.0.971 measurements in patients with lung lesions
Blood volume 0.874,0.893 0.93,0.916
Time to peak 0.85, 0.887 0.91.0.884
Permeability 0.911,0.939 0.924, 0,951

Kirans 0916 0.973
total tumour 0.978 0.982

extravascular flow
er than 4 cm ranged 2

_51_



Quantitative Tumor Perfusion
Assessment with Multidetector

Limitations of perfusion CT

Motion artifact

Streak artifact

$&22i% (helical vs non-helical) HRIZRIFT
fZ#ri& (algorithm, software) AIREME
BEERIRSE. B5E

BEOEREE

#HRIE< DM

= BIBE-RITEDRELNDE

44 pts with colorectal cancer

permci

measurements U

Take Home Messages

« CTEE. B¥E. BITE0ESICKY, 5
EE T EMREEOERBRITAFIREE
tiot=

FER SRS T I, ififs R 5 FR AE 5 0D 9 31l 32
B, AfFENGE F 320 . FhiE (X9 S METHR.
EEBREDHREE, FERTFATOARM
A CEE Ty (%)
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gSF-2
I Z 5 () NFIREERE A X — ¥ >~ 2 Part 1 : LG EHM
(3) PC-MRIIZ X 2 Jili B ik xfin 355 30 5

Ml HZ
RERASF RSB DEIIGER  BORES WA

Phase-contrast MRI (LU FPC-MRI) Tld. WAOGME & E5EEDILEIT 20T, MEN
DIMEOTER, Fimz & & FEICFHITE 2 kL LT IKSAHINTE TS, 4Dl
ZCIE, RIS ZOPC-MRIZ MBIRIMGEEHANCTEH L CE T b, K Tld, fgto
RN L. SNEHWZEIRITZEORER . K OUEKETIT o> TE RN FIC OV TRER
T 5,

PC-MRIOFITIZOWTIZLL T O miagiF s s, ORIEREEOBFEME. HHEIEH V. @
MRI%Z O T, BEHRBEIED 7 . BEALHEDR VO T, SBICRETE 5, OBFHE L E

FEARMBIIRZBHICHETE S, QU EDZ &M, HERERCRBEBIZIHR 5. —H.
PC-MRID R JTIE LT OEADBZT 5 b, OEARWICHEZ L DO TH Y, HEEEHEIL
TERWV, QWEEE~YAY —, FCHIERZEINT 2012, RRBRENLETDH L, ONf
JEHT O MR T & 22 ve @WMREMZIZE 2 5 A% MEME DR ORI IZ R RN L DD
BEDZET 5N D,

PC-MRIIZ15%13 & T © 2 BUEO I 3t LT 2%, Buk®idValsalvaik iz % 1) il &)
IRIMLGE S (S5 DS 5 7280, IEFHIF T C. LERAHE 22057 ) RELDTH %,
ZNTOHLSGRETHE TE 2D T, MRITOMEINROFFHM OB IX, SEIEEIMBAE L L TiT-

THLWHRETH S,
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PC-MRI
EEFRCRERERNDAR) HHHd

~ Phase contrast MRI(PC-MRI)

« ERFZAVTMROAFEBRIET HFE
ERIELI-WNREEZRETED

B I <58 <MRVenography& L TFI A

PC-MRI

- ERHIBERAV. IFOHDEBREEDSE

gigmnh*emﬁﬁﬁmﬁﬂnﬂ:ﬁjbf:ﬁ.
FHAOThEESZ THREER

MRI phase contrasti%

* Cine MRI phase-contrasti% (PCi%) TILDERE
EHEETIRG.

agnitude image&Velocity Image D218 3R D El
(5N 5. Velocity ImageldiEE DIFHRAE

hizdo.
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i 25 (LA TFRP) HY4E L 5 & fi i & 4

SEMHBNTLVS, PC- cine

Ratio= MF/AV IN(EON Talibi{ol

;| Change of z
flow rate LA

-MRAMN 515 154 % fifi B R B
& DI SHHR ifi 2 D F A&

[R]
= ~20024
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*DOE— /BRI D T E111msZcut of
EEE.EREERODHEBRESS
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T PR | LB TOHRD SR
= 1 5 fimmE (B

Introduction
# 'gz‘gm#m. MEROFLD S, HEDHETH

King TE Jr, et al. Am J Respir Crit Care Med. 200
2 OHROFREMSIHMTLELTEHI

a N, et.al. Jpn J Radiol. 2013;31:197-203.

WEREHE Patients Charactaristics

ERERAER . Fit AEiR T LEICTIC > TR EEh
fil: 2oo7$ 7R-2011% 7R

59413 Izrl—'ml
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Phase-contrast MRI (PC-MRI)
system®

hannel phased array coil
| imaging: GRAPPA (acceleration factor R:
-contrast flow measurements were perform

Sequence parameters
Slice thickness emm
260mm
256x256

PC-MRI : flow analysis

Tracks area of interest

ow is automatically  Flow=Velocitv X
culated with blood- 2 elocity S8

‘analysis software*. m"sec :
version VAGOC; Siemens Medical Solutions,Erlangen, Germ:

\‘.\

Chest CT Analysis of lung volume

2 4
UghtSpeed  Aguilion 64**
axn*

120 kvp 120 kvp
Auto mA
4% 0.5mm
055
6
512 %512
2.5mm
Lung.
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Results

CT visual score (%)

Pulmanary blood f
wolume (Lfmin}

14.7+17.9 (1.6-65.5) 48+12

135+183(1573.2)

16.8+19.7 {0.4-75.7)

p between pulmonary blood wolume and lung volume

Right. Lung volume

Blood flow voluma 0.53°*

Right {age, weight, height) Lung volume
_Blood flow volume 0.48°

s ||

CT visual scores

Prrunk

thi Relationship between pulmanary blood valume and lung vohime

Blood flow wolume.

Prrunk (age, weight, height]

Blood flow wolume

T wisusl nears (K}

e ] wm
Fight €1 wisual Sears (L)

Left Lung volume
Blood flow volume 0.61°*
Laft (age, weight, height) Lung volume

Blood flow volume

0.55%*

=

-l o
LaM €T visusl sesrs (8}
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Discussion $177E B AEL A LS A MIH S , Nagasaki, June 1516

R HERET R Cone fn 4% 2E 4% M Bl 5 0 FE SE (CTEPH) (3%

SHUT, R HREEEAT SR ETHD FHBIAR TA3R 1T (BPA) DA BN RHIE
ANBARRAIAR TN 7 HEHAIS B AT REAEAC Phase-contrast MRI (PC-MRI) A%
WD, HERORD ERBS

Feinstein%l:d:'-)‘_é.‘-

4 042 2242 14 fifi = M0LIE SiE (CTEPH) S ARYL 5k 167 (BPA) [T
.

BRIELE: « FMEOFETREM
mie -:nnmammﬁmanstmns

' — ST AT A Case 1. ASBKTE
zm:zw ik Eﬁﬂmﬁfﬁm |~ & el 2Rl B OBE CCTEPHEB I

Bl
MISIRIL R (e D EFR
PRI R (BpA)D B TR

ERRLE. BURELELER

| bxa—

| mmm
BEseMHEATLS
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Thin slice CT

3D,4D-PC-MRI

MovieR2.

D M7 S 18 hnAS

! otal Non-invasive evaluation of pulmonary arterial blood
flow and wall shear stress in pulmonary arterial hyperiension with
3D phase contrast magnetic resonance imagin
2016 Jul 13;5(1):1071. 2016,

lic mid diastolic end diastolic peak systolic_ end
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wsF—2
I I Z 5 (2) FEUERRRE A4 A — 3 ¥ 2 Part 1 : LR SEl
(4) Perfusion MRI

nlE LR
NG BRI ZRR 2 ~ 7 — iR

Perfusion MRl O MEIREE % 57l 3 2 B{R ORI TH 5. K&, HEeHl v T2
Dk, FEEEOFEIGFTOND, FEEFOTFHEICIZArterial spin labeling #: V. LD
BRI - WG 0E S22 FAH T 5 1 P, Fourier decompositioni®: © 7 £23% 1), 2312
TV eV 5T, MRIODEFI DI AKIRAEDPE L HETH A, SEIE. 1T A EDHEROMRI
$1E T H W REZ 152K 2 i L 7zperfusion MRIZ #iBH$ %,

it szperfusion MRITId ., & 2 AE A2 @G A0 I lgs & 352 L e A O BhREm {5 2 AR L.
M e 7 OO ERE /3T A — 7 %2155, s ik L CTid3D radiofrequency spoiled
gradient-echo sequence?S—#%Ta 1) ¥, Ultrashort TEDEH b L ShTw s ¥, Eifg
fi#HT 121X Indicator Dilution theory% AW C., [fiE&E (PBF). “F¥EEEE (MTT). M=
(PBV) Z8HT 2 Tia D RESNTWE Y, B0z BT 572012, EEHITEF
HoN5d LZZENLT 2 BRI T 5. WGEHFERLHITFRICL ) #BY 2 EE I3 2%
B2, BRI L ICHBESLETSH S Y FEAMEIISMIT, A K TORM L 25
HThhbo

perfusion MRID & /¥ 7 A — & L i o0 A% 0 85 51 <0 fitihE ol #2 Mt re 30012
ThbHIENHEENTHS ", MBIRINGIERE. MiSEEICB T A2 H ML MG S
Twb Y, COPDTIE. CTTHiEMEATH 729, M kAe & B 72 T\ B EHIT b 1Ml
MR THARSNE 2 EpHE SR TwD 1,

TER DR IMBEIIRD A2 ADBEEE LTI 2 & 03% 0o 72h%, FEBIZIIAIEAEIR & &
BEXEIRZ: &R L2 KBIRHRO M O2ELE L %> TBH . MOBE~OERH O YL
AL ST E v, MO Tl B2 1IATIETIVIZ L 2 EmaH il IZBRA 2D
HEEbisb, WHIE, AEIR & REIIRO2A T E LT, 2OMEIR & REVWRDE T2 y
fitting® 2D F ¥ AN E LTHCLFEZIREL W, Perfusion MRIE L CHEZE N
T2FFEIR L, SRELLLMEVPLETH S,
2EZX#EE 1. Henderson AC, et al. ] Appl Physiol (1985). 2013 Aug 1; 115(3): 313-24.

2. Miyazaki M, et al. ] Magn Reson Imaging. 2012 Jan; 35(1): 1-19.

3. Chen L, et al. ] Magn Reson Imaging. 2018 Feb 13. doi: 10.1002/jmri. 25977.
4. Ohno Y, et al. ] Magn Reson Imaging. 2004 Sep; 20(3): 353-65.

5. Bannas P, et al. Radiology. 2016 Feb; 278(2): 413-21

6. Ohno Y, et al. ] Magn Reson Imaging. 2007 Jan; 25(1): 55-65.

7. Ohno Y, et al. ] Magn Reson Imaging. 2018 Jun; 47 (6): 1437-1458.

8. Ohno Y, et al. AJR. 2007 Aug; 189(2): 400-8

9. Ohno Y, et al. AJR Am J Roentgenol. 2007 Jan; 188(1): 48-56.

10. Hueper K, et al. Am ] Respir Crit Care Med. 2015 Sep 1; 192(5): 570-80

11. WA S Medical Imaging Technology. 2016 34(5) : 245-258
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FACITFRAREAS A—D T YT —43F—

FCIER D ? IR A A—D2 5 Part1 WS
Perfusion MRI

M) RILEIRBTRBAEE5—
BEZE

AFERIZDOLNTD
FEERIIHYEE A,

MRIIZ & 2 B ifn 57 EF4f

« & §HI% FAL Tz Perfusion MRI
 JEERMRIIC KD 5T 3%
—Arterial spin labeling ;%
— DD HERER - BRI DESZZFI
AT 5h%

—Fourier decompositionj%

& 52 Hl % AL fzPerfusionf &

EREAEARISESEM I CEBRERETLILT
ERHOBEEGREIVEL., BT HILICLYMRRETED
3B OEENLSA—LEEFD,

Subtraction|$ 18 D &

B
Perfusion (T £EFHED

| F—5%ERALS

Time

MRl‘cké subtraction Ef%

e e .
Iy
o
‘ o
. o a
I A
4

Prediction of Postoperative Pulmanary Function

Tae lwasawa, et al. IMRI 15:685-692 (2002}

Using Perfusion Magnetic Resonance Imaging of the Lung -

* 1.5-T MR scanner (Achieva; Philips Medical Systems,)

EFMRID &R &

* 32-channel phased-array coil.
3D radiofrequency spoiled gradient-echo (GRE) sequence.

— TR = 2.35 msec, TE = 0.8 msec, flip angle = 25" ,
— matrix size = 132 X 208, rectangular field of view = 430 X 430

mm
— 12 slabs covered whole lung (thickness 12mm)

- 1HOIAERLTIH

- BEROESOERAER
ﬁFlfZF’&Z.Smu’second‘Gﬁﬁ‘?ﬁ‘lEl&, 5ml/second

’ 20mL DEBEIENKFA

Yr\Yr\.'Y,.a Y)Tyf f

Ohno Y, et al. ] Magn Reson Imaging. 2004 Sep;20(3):353-65

J--\ i\ ¥
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e
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Bell, LC, et al.
1 Magn Reson Imaging. 2015 Jan;41{1):52-9

Bannas P, et al.
Radiclogy. 2016 Feb;278(2):413-21

HIDREGE
MRICI SRR L ESBEAELBLAL,
EsmE

S(t)

clt)=karz* = X m =
TE 5(0)
| BIERRERRSSVCTIE |
\ BEEARE B BIAET

3D-gradient echcﬁfii&zkﬁili RIS E SRR |

mﬂ?ﬁ‘liﬁﬁ

ERAIT LB IER
BELGEFEHER. WA ECIURED

Ohno Y, et al. ] Magn Reson Imaging. 2007 Jan;25(1):55-65.

Perfusion MRIO) ' = R 28T

Indicator Dilution Theory
+ FEEEIZ(TArterial Input FunctionlZHI &S,
© KBRS SOMAPRBOEEHRARATELL

¢ @ E c,.®
— ¢ L' A t
b3
Cart (1) BAR R(r) = Ciis (D #2348
Q Ah Hh

vﬂﬁﬁﬁlf%b\
BERCHABRERE |

Perfusion MRID & & R REHT

Cart (1) BhBR Chis () 4258
AR A
L&A ;. fREEE |.Zl._.7I Wienerd VA THtE
BF —
C. () =c 0% O
it : [m:iﬁ.ﬂ?ﬁ'lﬂ]mma]]
MTT t’.‘.'iﬁ.l@fﬁ']iﬂ&[rnn‘iul«frﬂl]‘l
M BFfml/secl=m/ f " Odt
L}
R MTTlsec]= f t-C, . (Ddt / f C,.(Ddt
0 )
ik BVImI]=BF-MTT

EEZMRIDEFE

Input Impulse transfer |Tissue
response factor | perfusion
function

y fit model y fitting output y function
finput
2 compartment y fitting 2<compartment  tans  y fynction
model i) Aktrans
AFiE * Original vy fitting ktrans  2-compartment model
with y-reference

Signal

* RS, KBIREEREEELERMRIFEAEN T &
Med Imag Tech 34(5):245-258,2016

WSIZEB2AHNETIL

SRR RS

Jire

AhED AR A
Cantlt)

@ [ AR

i ime

Golt) g Ben

L‘.:F:T‘;m R0 WO P
_‘ “gi-b{ E i {1 s

| R -

Ctis (1) = Rart(t) = €, (D+Ragr(1) «
HiE HE

Caor®

HEFE(WienerJ4L2) e FWT2 2DILETHEE 9 3D EH

_65_




REICEB2AHNETIL
Cart (1) ('u's(f)
wan®,
[1deal Cin(® R

R(f)=1- gl ot
i niy{r)dr

" [Gus(t-{Cartlt=Rare()+Caor )= Raor (M) >min

Levenberg-MarquardtEERUVTyEEO4ZHx 2 F it
b BN ARE BB e R B ARAE ER DI 7% 73 B L THRRATD BT RE

REERIEE C AT N ELN SR S H T D eI 6E

—#IEEOE E1L,

WoIZED2ANETIL

yEIR OB AR
VIR OIRTTEE B a,b,c,d E R R ZE L (rBF,rMTT, 0,d) I CEHR
SE—HEE B ER S OB AR E TR E 4

wt)=a(t-b) exp (— %b)

as= 'dzfca 1)
o t-rMTT

Rit)= {'EF i (? d

BF

|

mf) [t2b)

rBF (O<t<b)

WostEntEseEE(b

ERREANILZT

D EfMRS - MmFE T

o ~—

Pulmonary Blood Flow

Ohno ¥, et al.
J Magn Reson Imaging. 2004 Sep;20(3):353-65.

i 20 A [ 4% ZE 42 SiE

FhfEET D& AIIZRET 5
perfusion MRIDF& AED #& 5t

Hik B (BE (BR |EB
% HE % |BE%
Ohno ¥ 15T Maximum relative
2008, enhancement ratio
IMRI 202 95 54 85.6
Coolen ) 3TMR | Visual curve typing 100 51 91
2014 54
PET/CT | UV
Eur Radiol | e % 36 76
Ohno ¥ 3T Maximum relative
2015 MR enhancement ratio oL 5 L
Radiology [y Nodular perfusion 28 g 2% 67
PET/CT | SUVmax 83 31 67

Ohno Y, et al. ) Magn Reson Imaging. 2018 Jun;47(6):1437-1458.

60X B

e
PBY
Rt:Lt=
42.6:57.4

‘ o ‘ Perfusion MRI[&
Te-MAA i mBsREFRIIZE A
Rt:Lt= i " Ohno Y, et al. AJR. 2007
418582 & l s 1 Aug;189(2):400-8
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408 fETi ;twg ToRE it Bt copp SoREfLHE corD

Perfusion MRIODCOPDIZ# T 4 5t
1444 MDCOPD gene ﬂudvﬂ&fﬁﬁlfﬁuf
Mild COPD 29%,
Moderate COPD 30%,
Sever COPD 52%®M
miEETHY.

L

1¥ha2
Hueper K, et al. Am J Respir Crit Care Med. 2015 Sep 1;192(5):570-80

Pulmonary microvascular
blood flow

T 30mKEM
I fi 2

MRI Te-MAA

Blood volume

Right to left ratio= Right to left ratio=
75:25 96:4

fflxMmRD2EXEEZIT5
AR “

=5
) D e

TP T TS T

¥

mm SEXMIR

S HOEMME |«

AEXWREZEBL Yy MIEETHL35%EEH S,
EEQIEHHE>AEOIEEHE

B REARE (<L DEMBIARTE S FAZE

WA T

3 A mFELF
ERCTTIE FE L -6 S E X MR
Perfusion MRI

KBRATEMmAEREID

BRI L EMHEIARD
HiEEEND :
SEXBMIRDSEMHRREN TS|
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Summary

+ GAEERIZ 2R IALGHLIEET D
perfusion MRIIE, LEERMIFBEICIRE TE S,

« Perfusion MRI/NG, PBF, MTT, PBVEBIE TE5,

« Perfusion MRIQEHTIZIZIANETIL. 2AH
ETIVEE  RRBFENREIN TS,

HEF

BEEA SEBT BHE—0
SRIERE A
W) R IR PR SR £ 2 —
PRI AR

MEBE MAE RREE. BBEE

EHES. BRANK. RER. GRESE HhAE
FEIR ISR A

HREE RHEH i
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£=5—-3
IR BETEA A— 2V 78 TRl TIHWTIZ Ui T8 AR P& dh e B SeAif
(1) COPD®DJikE & &7

N AR
B KRB SR PRl W2 - R - JBJSUIS PR 1)
NEKRRF b TR > & —
HAIZBI 5COPDEH ITR#EIZE (. FEMIETHEEKIZI6000AI2%E T 5, COPDIE [72
ECHAFET2HEME Y RMIICRARRZET 52 L TELLMOERETH S, IFRERERE
TIEHWIIHE S 2 2 & D%\ AZE IR SERZE & RIERAEN S £ SE2EETHEHAII
EH$ A2 2L DRI D, BEIETHETH Do BERAIZIIE 2 1242 U B S5V ERE O I P 3
LB, FEERFH LT LD, CNLOERICZL VWL H L] LERSND, Ktk
FEIIAENERTRIREE & ZBR 2 BN 25| S22 3 2 & CIPRREEL £ S5, COPD
I OREFEM 2L T b BB R ZAL i OMEERTE L2 7256 L, MRERRIKTIC L 2
PERER 2 IR PR RE I DB e b o O & DIEMMRHEIC X » CHlia v 794 7~ AT0iE L
BT EZR L. b9 O EDIERMTEREDS AL R L. SEREREIC X 5 KBNS
IMEL T S ETRIAME T T 4, 25 D ilifas X KRR EOHENZAIZ X > TCOPD
B WERIEED AT Z DDA I 7 %o MBS e T it = 125§ 2 1o
KT 2bbAimf%EL R, COPDEFIIENEFRDO/-DIZEHFO T A F—HFEIZ L 5
EATAVE L S, — T IR AL SR OB ) WL SRR L T 5. 01
FHEIFTEICL > THT I LTI —BOMRRERRLEITEZFR . S SIHMECRE ) HT
IR AN BT 209712 BIRAT B IR & A PRI T 248 < o BB (L5 VR IR0 P 4 %
MBS 2 720, HAOWEEICHEZ 2T 5 2D & THRAIEBI AN T L. FARESE)
PELFEZ TV, LITLIZCOPDEZIZ 7L A LRH L ax= 7IRBEICHG Y . AEdr Tk % EAL
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<20 mmHg(64)

21~30 mmHg(19)

eeeeeeeeeen Total{147)

3140 mmHg(10)

4150 mmHg(18)

>50 mmHg{35)

-
H 4 & 8 10 (1)

(Riedel et al. Chest 1982 ; 81:151-158.)
@nmmnrww Girnduate School of Medicine, Chiba Univarsity @
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Swan-GanzhT—TJL

RE—ab5—

Swan-GanzhT—TJjL

Feinirs30em
(P ook )11 s e
BREOBHVICHESTE)

ARTLE Fieiid Yl it g

EIIZAL—2ARNT WS- RRIZRETHTEEDHLONRD
ATRRTOEER - SLEEE
BETRURIERLT CEMNTED
-MBARBAEANRIETED

FIRITRERER A —AFNTWD, — BERZICLD
Ei-EEML3I0cmIZBIAA KL TS A EDRIE

[E85%E
FliBIEREE A E (PAWP)(5-12rmmHq)

ERREERBR=EENRFLHE (LVEDPHIELL
PAWP=15mmHg— 4 EMMEEME N EE(ELEEHY)

B ROMACT BEEDAR IR AL

HANV T AEIATCA B T UL EESEE T, DTE mEIAR A SE VA A
TS MEIZIENE.
B (I UL —F deflate T4, T181320/0LIA T,
N EINEHIZELEE T RDESENL T ESRY
ENTLEOROREEITAELTHS

[E85%E
FEIEREE AT (PAWP)(5-12mmHq)

ERREERB=EENEFLHE (LVEDPHIHLL
PAWP=>15mmHg— ¢ EMMEEMENEE (ELERHY)

FERTFROIAD (= LAY EMoTEHECA)OF
AT,

J£8I7E
fhBpARE (PAP)
UN#EHA(SPAP) : 15-25mmHg  #h55EA (dPAP) : 4-12mmHg
T (mPAP) = 20mmHg
mPAP(EIRR: Z1/D L THFEZREN

(mPAP = d PAP +( s PAP—dPAP)+ 3  T{URIXTIHE)

mPAP 2 25mmHg— fiis MEAE

f ShEHADLE 1B TR

¥
FbENAREASHIC LD S v F

& B3y
‘L‘*El H io)aﬂq E

EAF IR (Thermodilution method)

ro—amem L@ (5% OHE:1.08)0 B Oce) iR E(0°C)D

Dot Bl RE, MFLLSERSEATS, T

PEEOLESRS L TOEDAEEELSH 3,

)} et RS E NI IHE R S & s

H—32S-THETS,

it V1{TE-TI}{SI - CL/SB - CBlG0(sec/min)
s I57 ATB(Y)dr (GLUBETE RIS F i)

(RS B
oe

EEE T,

arc

[T
LOEE PG R GREOE — 2B S — 25 (8 (T
[SaLGi R e S R it STl B TR
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-~ = 3
DA =0 RIE
ﬂﬂ‘:ﬁ (Thermodilution method)
CLEE (5% F R 08) B (1 0cc) REQTH' S
Do ThaildE, BFLAESGEA TS, TN
i MESRSLTHRCEEFE(LEE 2,
{EE+aREEN-HEln @&
THESS,
S o V1(TB-TI}(8] - C1/SB - CB)60(sec /min)
g I3 ATB(r)dr GLEETN kRS F i)

g U4
U‘C|

Gold standardEE TIEL A58,
ERDEBOBEIERTES.
HNZAHFYREOHSESITRAEATERELITEE

e AN
o (D

LA E AL REOE — 2B, = 25 (R
EAEEN R SRS L i F R TS

IMEHEEDRIE
Ficki%
m—-mml

Efﬁ»ﬁ!ﬁﬁ‘?iu\

SRR - 05155
MOETHI LA A HE

EERRMEES E(SVO,) TR F ¥ 2 8 (Sa0,)
®Ror LPA(ERSAGEHOFEN) DEIRMA R (ERAT )

VO,

CO= 136X Hbx (5a0,—5v0;)

BRNAICEIAN —FEECHNETESF T BESAOTRER
HEHARELTOSILAMHRIZA-TLAO T, BEM T

BIERERHA BER /RER
(WHO class I)(WHO class II-IIT)

HETIE /RN
(WHO classs IV)

TERR

LiEmE (co/c) -

_ - T nmEn
o (PVR)

Rich Prog Cardiovasc Dis 1988; 31: 205-238

LAR—k
:’JT'C?%%#’LT‘T—'S'
ol R, ng,- #£31-Hb
HETIEHYTF—4

i | cu(mm) CO(L: it &) ~BSA (&R E )

PVR (g EE ) (<3 Wood Unit)

PVR={mPAP—PAWP)CO
PAR (iR =(m PAP—LVEDP)'CO

EOFERHBELCHT 0T, ThIzEE
D7 — AR BRI & CRREL TH Lol

fis MEREDZ MR UYREEHEiDGold Standard

1

BUHFT—FIVC KD MITENRED M

(Hoeper MM et al. JACC 2013;62:D42-50)

[BEEMNKELN] [BEFEICTERL]  etc.

FEREEN (CIMITENEZAIE 9 DIREVE
(F7RND?

@mmwam, Graduate School of Medicine, Chiba tnivarsiry

JEREERYZE M ATENRE D BITE
OB EEENM
miTEIREEHEE

MRS,
1T EYREEHEE

iDTI—EIZED DITa—EIcED
SRR EE ISR =R Fr B R EERE
(Brennan JM. J Am Soc Echocardiogr (TAPSE)

2007;20:857-61)

(Forfia PR. AJRCCM 2006;174:1034-41)

@ Department of Respirofogy, Graduate School of Medicine, Chiba University
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@nmmwkw. Graduate School of Medicine, Chiba tnivarsity @

Early detection of pulmonary vascular disease (PVD) in
puioname ~etavial bypartansion: time to move forward

L DEBEEA

=T

BRI £ AT =1 (1) R R DB B
(Lau EMT EurHean J. 2011, 32 2485-08 )
® o

Graduate

Miedicine, Chiba tinversity

Direct measurement of microvascular pressures in the isolated
perfused dog lung
(Bhattacharya J, Science 1980)

Arteries  C Veins

-
o
T

@
o
T

’(l of total)

-]
(=]

a 100-
L L L i 1 L 1 J
Pulmonary 30-50 20 10 10 20 30-50 Pulmonary
arterial venous
Diameter (um}

REMBIRO AL MM EEROREICEELTVS
® o

Graduate

Miedicine, Chiba tinversity

Take home massage

DR ERBEIRIIES (C DN D TSI
FENIRIC LD E A LR EEEZITTUE

&)
BUOHT—FIBBOEBREBETEDLD
IREMEREIHTVDHVEH > TLEEL
AOHFT LA T M TENEEE K D BHSRZ Wi ifT
MEOUWVWEERRERRIEIB>TWLWET

@nmmwkw. Graduate School of Medicine, Chiba tnivarsity @
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£35—4
IR S () IFRARRE A A — 2~ 7 Part 2 @ #5AGEH
(1) IPkes OB

N A
BARTRS ARG BERRGER  HUHRas iy s

B AAARAL 22 R DEL, bODORE RADITEFTH 55, CTh EDIEMH S
T TIEE S 2 LD L WIEER MR O ORE. BB, a2 R Lok rEEL
TWETH 5,

IR ZR D BRIV 5N L ESSIZIE, ISR, s, WA EOBREND 5,

WS ¥ 5757 4 E “"TeMAA (KEEHET VT Y) 2T 5o HiE S "Te-
MAADGLAD B ITEIIR 2 4 T, AEIIR 2 & BRI Tl SOy - A 2 ZEe %2 TR L.
ZORINP S D y % EWIVEHIT 2o BHZERAE R MG I w2 BIIR %8 2 & o0 Bl B R M ik
SN TS, 2 &1, CTEPH (MR iE) <k, HERO 7 A
FS4 0 TH 7L — FATHER STV,

Wiy v F 275 7 4 13 BHE " Ke A P Te-7 7 AW AW SN TV 5, "Kr A1,
8IRb (Fffi46h) -*"Kr¥ = & L — & Ttk S -2 2. 88U, 13 B elg
P Tdd B DT PRI ARG A A T L. PR 7 O ISR A & 4
TLETER V. ERDFKe N AL ELY, BHHBAIKIAETH) . HYELKRE. £
PHEDA A=Y, SPECT MENTHETH 50 "Te-7 7 A H AL, FELEEZ WV TAKS
NPT ohE R e F OB CRF1#850 ~ 150 nm) % H\Wv 5. AMOSMAETIIE L, ik
BAZDT, MR T 7T 74720 TEELS, WAL Y F 7T 7 14 OV DS fEFEo, ho
ANTE RS E A A & e L CHEAEEH T, 2 OGS E ShTnb,

B AN > F 797 41E, Bty — Vv a4 75— —TRH AL L TRAT 5. K&
FHI2mTH B, 9"Tc-HSA OV — V3 U F 757 1013, RFEPIREWZD, [EPSD
707 T Y ADQRPBE NS DT, SJEMEEBOFHIEE L THEH S, [EMEEBO
£ 211 5COPD. DPB. cystic fibrosis. % ZILRIE. %45 -« K48 ST P2 RIS 120 H
ENTW5E, "TeDTPA TOYV— VY Y F57 574 Tld, 77T ¥ AWM L& BT
fiich & LT &, Bkx e MPEMER % - ili#HERE. ARDS %2 ECINH ST 5,

BHIE, FER SRR L2, NG, MREIE S ORRIRAY 2 Ff, B2 3T %0
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IR0 28 DR [E 5

SLAIAY: KOFBE B AT JERH HOMBRES I i
INEFAE—

WBAEEEEHE A A — Y o Ve —t I+ —
@ FHZ Vv—>Y 7 F U — 2018.09.29

AHDOHNE

» BEFmEA

o FERZROZMNIZHWV DN A EES
W F s 7 4
-fiRE s F T T 4
~BA S F T T 4

BEFRE

o hb—H— (HHMEIRAD %2 AR
o (RSN S A D B A B
— T—=41k, mgit
- JE
-REES (HEF)
- HwsHAZ e FHET
— SPECT (Single Photon Emission Computed Tomography
+ [T Positron
— PET (Positron Emission Tomography) &
- JEE
© HOHBRIZ L DHE0RER (BARS)

BEFDRE

o ZEE D ARREIZIER Y,

- OO, HHEE RS OEEF
o WEESERE D @ < A2\,

- UT7NZA AR BRI,
o 7, BREELARREIL AW,
« BESZIOER

- HhE

- mWhiie

- il o2k

MFIRIRDIZEFRE

o IREZROZENIC WV B S BEE SR
- MimFE 2 FTTF T4
» 9=Te-MAA (Macro Aggregated Albumin: B 7 L7 X )
- R FT T4
« e T & FH A
. Sanrﬂp\
< (XeH A)
- MWA T T T4
« Bii EREEEME “Te-DTPA
» BUERE EFUESR) Tc-HSA (b FoiTAS I )

- Fdith
« EEAERE PLMIBG
« MEAEMRAT IV LETF— BLIMP  elc. etc.

MR o FI574DRE

o 9MTe MAA
l""“Tc ERsEEr FrOET LTI

(MacroAggregated human serum Albumin)

* SRS MAAE s 7 IR Y

- ME#EE OBEILT pm
- MAA BiF @K ZE ZIFEEL ~ 90 pm
— FORIA & Oy (45
= MAA 1% » F2mL OR+30E, 6075 ~ 12075 {#

- ;4-‘]% rl fIﬁlﬂ‘fﬂEm'ﬁH‘mmwﬂvlm (0.67% ~

- ﬁ@_&_f&a)m fEr a5 LT L RBINREL 10 ~ 20% Lk
— WA
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MR F T 574

INFT
- SMoPTe Pz K L— B s SWTe /=T 7 X7 — b
(BT 7 20 LEE) 2 99mTeO, &9

o 90Te MAAF v b CHE#E,

o MEHEE A OV o PRIEIG IRGE

o Wi v FF T 7 4 TR E A E CRAKR
DRIEH A HE

MR F I 574

« ERARERREOH L BETLLEE

o $ehBIIAK AT 100 ~185MBq (#)3 ~5mCi)
BE

#E 1T < Bk 22 ek T2.48 mGy/37 MBq

- PRTHES
BITERIZ10 BTz 2R T (AAT A Y
;~7%%®Wﬁﬁ&%&%¢ﬁ$ﬂ%ﬁwﬁ
— HiEARIER oS i L

HffLifi > v 52 7 4 12 SPECT &R+ 5 =
&N X0 T il b A FEAL T & 2 F s

.

FEBIIRT

R FI 574
o B EARTE M AT A
—SImK rHf X
- (33XeHTR)

o SR PERB ORI

— 991I1Tc_'j;" A7 jﬁ jf - 4

(133Xe T R)

« Bl RO R, RO TR HE A e —
DAL

o BXeHZANRH TG AF 2 —TR0Ry SIZHAZH
= Citka

o FRAT : PHEGHEIREPN TR RE . P 12 L7,

3B3¥e k7 v THA~BEWVHT,

= W 35.3 A & BV THEBRRLHE of 5 oD 7= o P &[]
BN

— HUAE DR B ERE T O AE B 1R AT

(133Xe T R)

o R AME, AR, UEWV LIRS R
— W AFHD 5 B | (6] B QWA AR 53
= EATHE T O 5340 B AR S A
- PV L
* air trapping O L HE
R EE Rl
* 201648 H TllsEH Ik
— iR T D BB F Ik
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8lmgr R

SIRb (aEif4.6h) —81mKr = L — & Tl
13 b & A e

— SRR P AT IR A A R

- Y BB T ORI & 145 = & IR
PSRRI 1 A< 3

OMTe-TIHRH R

o [0 3 HAFAELER ) THRK
— %O, 259 ~ 370MBg.” 0. ImL % A
— omTe CHRAR S iz IR IO BT A 582
o RE DR TIEMELS | B
R F T T AT TIEL | WA TS
T 7 4 Ok H IR,
o FORITFRIE 50 ~ 150 nm

- Y LR
PR G —MTWAT T4 VI DT kY Sl SU e —
R # JAZ KB L TR E | Bl BERITE b
- SPECT Hii s AYATRE THVY,
IMTe-TPHRH R IMTe-FIRH R

133X e %2 SImKy 72 K O ARTHMER A A A & el U Tl
MR T, Ay A 1 IR
~Em@@ﬁﬁﬁ%ﬁmﬁmwaaaf&ﬁﬁﬁ%ﬁ%aﬁ
EEOMHEMIERTIX, BT i LTRSS
FEARILZ hot spot Z TERK

9mTe-7 & 3 H A XI5 OBE R 20 T,
% J5 007 & O R SPECT MAZE 12 & il
TS 2 BT A F 7T 7 ¢ L0
Ehbie | fiBRF oA LR

— PREWERE A5 2 S B LR IRIC b AThE

o IMo—9MTe xR L — & BT 5 72 6 W R
A AlHE
= - HI g IEFEIE 3 e tE R 2R R 2
%%gggﬁﬁgﬁéJkﬁﬂﬁﬂﬁﬁliﬂLf
o IMTe-TF 7 R HARANY U F I T T 4 BAER T,
B 52 9 Te-MAA |2 L Bl 7 77 4
FRATT D LIS KD, K & M % R IZHR
MTAZ EHHE
SPECT % (14 5 Z &1 X v 2k - 18k il s
FERRIE D FBWTHEAS ) b
PemRA R (A4 E) 13X 4mGy, 37 MBq 2
BT 9T 7 7 R AFE AR\ A M B b

BR/MRIATYF

V/Q mismatch

il 1A% FEARSE O FEFe I TIX, R/ KRkt D

EREINTE S A~ v F

- B MY F VT T 4 RRBICITI ZEICED,
(Al 8 & BN AT IT ATHE

hovQI A~ »FOEHA

7 [T P R IV (1 11
WRRE, HodsptEilize, Mgz, OAR%, V=T
fili « CVD-IP72 ¥

(Y RA—R) VIQI Aw v F

- BIEMoOmE, [IEMNEY, COPDA: Y

PIOPED Ik DHiBIETER DR £

Prospective Investigation Of Pulmonary Embolism Diagnosis

a) FEEEOORRE
O RAEC 0, DR K. FPIIEX. SR E L. RIRmmE.
BkEFE (CP angle HIEIDILOLThOEE

b) EHEXAERLOSETOXZZLYLNSELOTLHR

c) MEXBREHERT, 2 DL EOMEE TR T (matched V/Q defects)
o, DM EROLESH

d) EEfEEO 25% LFD 1~ 3 DOmFE LR

e) 1E#ICEBBLE:LEE-EPMSIcEHLNIEN=8voF LR BEIER.
MiRRR. BE RN 1 HRICHEE)

fl  stripesign: AR MELARETIEREDLOMORESTHMEROFT
E(ERSmhroOEEHBH)

g MIREIZ 1/3 L EDMKEENHY . FhiZLDIMB LA DT RALL,

LI 7HE OS5, 1A TLRNHGNDL acute PTE THHEFITENIZE
(51
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V/P SPECT TO A AHMAZ AT DS MR-
EEZHAESE

+ V/P SPECT T /G Ifi i #2 ZEF2E D 75 Wy FE 1t
— B A AR — B Uiz, P b 1 RikH LL
IE 2 #i X% V/Q mismatch
« V/P SPECT "CD2MWENfi fn #2 ZERRRE A E O 2 W
FifE
— IEH 5o
- —H L7, HHWEWI A~ »F Kifi(matched or
reversed mismatch V/Q defects)
- W%, K, @R LAnwI A~y F

CTEPH
1214 Mm% A2 14 S I EAE

CTEPH X o0 i MJEAE & DERIIZ . MRS i s

FIT74HBER

- RIS RL, BVIELBRERITET, BEHFERRZEOR
FEEITHE S MFtED &R 5 ERT LRAEREITE,

CTEPH

- BEFEOORARAEEE ISR

- My L FRARER THIUL, CTEPHIZRA

- CTEPHD B - FRTIT—4RIZEX

PAH

- FREmMiE F Y7o REEORESLE N,

- BE—MFE I A= F 2L RO/ E i RIAL QTR
SRR AR — S fi(mottled pattem) R BN S Z L A 5

FEBIIRT

R A FT 574

Hi = o — /L Radioaerosol # %7 7 —H—Thi{{k
LTl A

— Aerosol: T ¥—/ T uaYi, xwaFiletc. etc.
BITERIE, #2m (= PM2.5)

zaY—mbEhs )V H P, FRTsEE, =oy—
NORLFORE SR EICE Y e RSO HEMEx o
Y — T ERE

HAECEEMICER SRS oI (HL, tEEREEeR
i)

- ®wTeHSA (b FLET 7T )

- #oTe-DTPA

FRAS U FT 574

o W ABEEER I

. RHIOBANA CRMBAOH I, ZORIE, B
. GUlPAE. KGEMWMNIET B LEME Y Ta Y —

A rIEMEETZ2C & 0 SOl s E R A
- RUEAEE L VSBICHRET A I LA TR, BRERSE, %
HEHE B VOB E
o JffRZERE Lo o Y —afRnii L
- BITHEM. WEM, FBRAE, BRSO BiEOERTR.,
Y$—7 7z F b, Dl bOBIEE YickE

A o FT 574

o $OToHSA o Y — e FIF Ty

- HFEMARZVAEDRMSr 00T S 204 EHH

- HMBEFYONMEE S L T

- FHREESHORENTMENSCOPD, DPB. cystic fibrosis, FE IR,
AR - ARXERATEFEF TR

- BEEMEEL EROE~-FRFHET, 6~ 12mm HEE,

o TDTPA = O YV — A v F XTI o

= 2UT3 R LRGSR OREE S L TR

HEVCH LRI, 1% 750, FEEM, S0-s0 FEE

WIETLEEL > SRENTIE

14 ARG - BREIE, ARDS 40 & TIGH

WFhoFEbinvivo THhOREBHICHELRLIFELL TRESE
FIFECEDD bRy,
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2sF—4
FIMEZ 5 (?) FEBRREA 2 — 3 ¥ 7 Part 2 : 150G
(2) Motion analysis by 4D-CT

Wik e
FERK R b B

FCTIZEF WA E IS, FPRELD Tl SN2 [HIikm | Td %55, 3205
% 72132565 DB L HICT % v 5 2 & T, BHEHA16cm #i i AN T & 1T ERE O H I
WTNICCTERMICEHRECOFRFEZITH) TENETH Y, [ 13 v 7CT (dynamic-
ventilation CT) | EIFFRE N5,

WAREIED - ISEIEDOFIECTIC L Ty RS A 5 3 v 7 CTIER50E. stk &0
I P S BBy O S A 1) 22 5% - AT IS L T 1) L ANE O RERGERZE . BN TIZCOPD -
RESETHVER EI2BWT, EROCTTCEBLETFHRTE R AR LW
bzb LT NTWwE,

R TIE, MRS A F 3 v ZCTIC X B84 OFFREEFIAR 22 38 1 % . B IH R0 a5 14 72 58
BT L L THEST L, $720 WY A F 3 v ZCTHOMFRARRERAIZILHET 5 [
AaHili)] E LT WARIGH TE 20033 5, €O T, REKRFZHBOEANOHE
BoRFWwREE - RERESZM L T % D Twb, ACTIve (Area-detector Computed
Tomography for the Investigation of Thoracic Diseases) Study Group TIThH LT\ 5, M-I
¥4+ 3Iv7CT% LT THEHRIEEMONIGED) 2 1% L, #5E 2 e WIS 534
WL THHMNATHTETD 5,

— i R I R A OfIF & LT BEOWMT) - BNPATRTHLH L, A4 X |
)= RTFA TVFAET T T4 =R EBEBHEOBRENSH L2 L. EAMZE - I L OFF
liAHE L WE &R ERBITHNLD ETEEOMIRS 1 F 3 v 7 CT % 7R T,
INHOHMZFRTELTRELH LD EER TV,
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. - il
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TIHERAD-CT: BFRAA+E ACTEF, 7

Eht0, "|E - FROKEMITHS) SATE?
"G ) SRS+ - FCTOHR
Motion analysis by 4D-CT ~EETEORBEN, BISEE S
RAFEOMIC . MERFCLTO "FONFRACHEROME,
BEHAYESHHERES SHRE FRAATE o JOTRAINE 'Y GERRIORISIER,
MEh o e A A +E - 7CTERLE TREORETS, 0F¥A

FCICERS (7) FRERES X —3 %7 Part 1: BEFE

JNGRRRYE] oov Aasition 0K B RHBIBALET 8RO &, J207ICT "Aquilion ONE(Canon) ; 137
RHEEORE (MFER) . "REORNL VSR

T T T T
e ey ABRARSE WROBACT  JZOPCT Aquilion ONE
i ! HARHAFIRERD -7 — U 3
IR R IR At > 7 —
BHERAT
AREAF
AIEEHAT
HEAF
RR& S TR
LT
EREHAYT
RGNS AR BT, ANCEMRETTRC, REAE BETEBRINM BETTHRXN [5H K
MTiveE LT "HRY0+5 707 ORRCRIES conie 8 HbAZ 88 (0K ISEFCT Revolotion CT{6E) THEETIRE T EEARROP S

(ERAATE - 7CTER, ? BRERADCT [oF et A+ X - 70T,
L - 2 (RECT) AMEBCEAT, (FREREQSO FTRET D
bATIW. HEROCT 3207UCT “Aquilion OME

A
EHEE
Aauilion ONES, 1bcnOBATHNERAEHNSTIRETED B e
- AHERTFOPMynanic volume scanning = A1+ X 4 70T -~ 3 uSv ik
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‘WiEc). BARNMAOESE - 2HERS.

FohER

r”’mﬁj WQ""E - "CTG}E{' rﬁ 20 oA X b sec
-+ 3 oSv fiid
~BIRTHECRRRN. RiEKIREEOSH

MED 'I5TDRD, =HMRRAODE - RNUL (staging, #RONIEME)

0. ARNNEAOEE - 2BRERD,

RRFEL SERFEORR

o

0
o
’

]

771 EACTERE
MER TFITARRICERER - 2NFLTHG) > FR0IEE. NRITE ! e p————

ERTREORNEBACDSE - 28 (G, BEERACES - AW (B, Preoperalive assessment of inflammatory (nonmalignant) pleural adhesion
An ideal patient who does not have pleural adhesions.

BWERNGHRTA—FT @K - 2R
ORBEIFOCTTHETRE, » AmlE
YT EAQRDICE SEIE 1

Sakuma i, Yamashiro T, et al Eur J Radiol 201706(2) 3644
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tion of cancer removal due to severe {benign) pleural adhesions "{HEMEORBEET. FRA AT 7TTHES S,

i

MEACTRE

BRORREEETHEOCOERM - THICT S (BEN-MR. Fhibiketc) : :
> TE. &3V THMICSNESHTES0m? 7 ? : » search cottmers [RRHREE

ACTive Study Group 'BEEEE MA=HENRE
"R+ I FTOFT—R% 7 TARMITT S,

*FRAY 7 - = @OTRI HHEBACTRE - B

RERFMOBIC :
BRAMELTO FONEREEHEROME,

G L (ETRE A

FREBAHOENEET, BRAT orfiE) FHOLMTHRNICTEEES SFE

MERCEQWRIFRE (WD) OREICALT. MEKIFoBReRsale

Collapsibility of Lung Volume by
Paired Inspiratory and Expiratory CT
Scans:
Cammasnn ath urm P e W i Bmty CITHALENER
e e s 30 e ma QU - B

Lung volume EN ratio

TABLE 3. hmmbnrnc;m:b-mmm BEOEETO
&
Air-rappingiSE

e Ex
LAk LAWS D MDD Bl

[T

By 044 ']!!!
.-"_t.,...‘ < @cw MLD € ratio [FERERE-TgRE - O 11T

RACREREREOEANFRECHEERL.
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Wen-COPD imaker
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HiRESE D, HE-RTTLE OMIER

[PV = D LA e 6
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Asynchrony in respiratory movements between
the pulmenary lobes in patients with COPD:
continuous measurement of kung density by
4.dimensisnal dynamic.ventilation CT

B0V, APVE = 0 51 LAVH.« S0 %)

TRitetT, EPRIR-TH! 7
Col lateral ventilationCifEeE?

Wamashing T, et al. int J Ghren Obstruct Pulman Ds. 2017
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BRERLFCTRE
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In patients with omphysema
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COPD: Strain mapping

COPD patient Strain measurement

StrainflCYERSGIFMEIC &> T, COPDEY - nonn-COPDRFR HRES < HRMTE S,
= PEGEMORRICTHMIME. SROMAKRICIBFIEXN!

LHONBELEERSCHIC, LTIBTERACTZ 2CTEBECT '8,

g - T -!/(
4 '

Canon Medical $#3¢
UL St A d 0

_97_

COPD: Strain mapping (REEEH)
Non-COPD smoker COPD patient
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(3) Xenon CT & Oxygen-Enhanced MRI
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Xenon CT & Oxygen-Enhanced MRI
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.  Ventilation Scintigraphy, SPECT or SPECTICT
1. Inert gas: **Xenon ("¥Xenon), ¥™Krypton

133X enon (133Xe)

HEREO @A TR
v B TicHhEmxEL,
Rl EDRELELERBR

2. Technegas: 99mTc-aerosol (Particle size: 0.02-0.2pm) S LA LSO
3. Aerosol: ®"Tc-DTPA/ Phytate (Particle size: 0.5um) LT
Il.  Ventilation Magnetic Resonance (MR) Imaging el NN ] F LML
;: i =0.6383/sec
1. Hyperpolarized Noble Gas MR Imagin
Yparpo ging - ERPITIETS
*  *Helium and Xenon 1922 secTHY.
2. "Florine-Enhanced MR Imaging THS < LHH
3. Oxygen (0;)-Enhanced MR Imaging < WEHERSSHSNEER
lil. Ventilation Computed Tomography (CT) ’ HET IR RIESY
v MAEESSETHRE
1. Xenon-Enhanced CT WA
+  Dual-Energy CT and Subtraction CT : 43R 5.3 day
Lo - —
Suga K, et al. J Nucl Med. 1998; 30: 880-893.
: : RESUFTS
8imKrypton (8'™mKr) TOMDBRAS VFT574—

+ HEM 13 sech, BEASHEZAROLBRYELIBRT HLATTRE
+ EHFRT THHABALCERIHEESH (V) LYLBE (V) ISRET 5.
» BRAMAEPBRAREEZEADICLICIVBRAFEMBERICLNTES.
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Y 6 6Y &Y &Y Y
AXAXATATAIA)
(RIS IRININLIY
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#mi rypton SPECT

Thin-section MPR Image

1. *"Tc-technegas scintigraphy ? 5
ABBFOIF O )L (R E:86%) LWLl
SHMREITRBLAE (Hot spo) THRL, FHFF e
ORREFH—143, .
S E PR35 hriRLY, ‘_“ ij_a

2, "Te-DTPA aerosol scintigraphy :gcg?g::n;?égc_‘;g;qw PR
#mTe-HAS, #¥mTc-phytate, #mTe-Sn 20/ F%, #FE
0.5-4 mEl FOMFEOTT OV L (FRRITEE: 75%)
fitsORLHLEORRIZEY

WL R AR AEETES PR _ﬁ a9
(1%6/mind e T MBI T A T
50-120minfi) "B ' == -
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Jamacar DA, etal Eur.J Nucl Med
1998, 26 734-742
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. Ventilation Magnetic Resonance (MR) Imaging
1. Hyperpolarized Noble Gas MR Imaging
a. *Helium
b. '2%Xenon
2. "Florine Contrast-Enhanced MR Imaging
3. Oxygen (O,)-Enhanced MR Imaging
Il. Ventilation Computed Tomography (CT)
1. Xenon-Enhanced CT
a. Dual-Energy CT
b. Subtraction CT

MR Imaging with Various Gases

TABLE 1. Physical Parameters for the Most Commen Gas Contrast Agents Used fer Pulmonary MRI

HP *He HP '"“Xe  'H/O, Enhanced SF, CFg

Nude: agnetic 33434 1.777 40.052 40,052

ratio (MHz

Polasirats 30-40% B-25% -1 ppr

Di et — free fem™fs) 205" 0.062'™ 0,033

Ap o 016" 0021 . 0,0022

o mfs)

Density of the gas (glem’) L3 =107 875 x 1070 143 % 107 651 % 107 616 % 1070

Morm Anaxic Anoxic Normihyperoxic  Normosic Nommonic

Valume I 1L 300 1 b3 | 51
LTEE L (11 b 00261 000755 0001273

HI: hyperpolarized; SFy: sulfur hexafluoride gas; CFu:

“Via paramagnesic effect an peocon signal.

Na walue in the lieravare.

“Derived from pre-clinical rar studies.

*Fiekd surengrh-dependens - vabae is appronimae for Ty = 1.5 T.

s ppm = part per million pecld,

Kruger 5J, et al. J Magn Reson Imaging. 2016; 43: 285-315

MR Imaging with Various Gases

TABLE 2. MRI Longitudinal and Transverse Decay Constants in the Lungs and at the Field Strength Indicated for
the Most Common Gas Contrast Agents

Value
HI 'He HP 'y Mormoxic Hyperoxic SF, CiFy CiFa
"H [21%) 'H (100%)

Field Swength (T) 15 15 1.5 19 1.5
T (msec) 20,000°" L1297 B g 59" 15"
T2 (msec) El T W . 59 16
12* (msec) 0™ 185" 1.8 1.6 o .
HP: byperpolarized; $Fy: sulfur hemibuoride gor C.F,: s

“Mo value s the Hierature,

Kruger 5J, et al. J Magn Reson Imaging. 2016; 43: 285-315

MR Imaging with Various Gases

TABLE 1. Strangthe sed Challanges of Diffsrant Gaa Costeast Agants for Pelmorary Fanctionsl imaging

I Hed AL I X129 MHT OF MRl V.9 M

Kruger 5J, et al. J Magn Reson Imaging. 2016; 43: 285-315

Static Hyperpolarized *He MRI

-Therapeutic Effect Assessment in Asthmatic-

Asthmatic Asthmatic
Baseline After Albuterol
FEV1 64% FEV1 71%

Courtesy of Drs. Altes and de Lange in University of Virginia

Dynamic Hyperpolarized 3He MRI

-Therapeutic Effect Assessment in Asthmatic-

Dynamic Spiral ‘He MRI
in a normal subject

Dynamic Spiral °He MRI
in a severe asthmatic

Courtesy of Drs. Salerne and Mugler in University of Virginia
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DWI using Hyperpolarized *He MRI

-Disease Severity Assessment in Smokers-

Pack: 10 Region: Mesan ADE and Ry,
Mean ADC A,
Lel Fight Lun L Pight L
fegin T3 2
Apc 0 o (73] &1 013 ] 015 5
03100 025,058 ] (085,035
Wt 13 06 (1) ] o8 04 58
021,100 021,099 (088,000
e 0% nxn 05 s x on {
[LALEL 006,098 -073 01

* Nambers i puribeses e e 95% O

Hyperpolarized Noble Gas MRI
-3Helium vs. '?*Xenon-
1. 3Helium (*He):
« Low solubility and high SNR due to high gyro magnetic ratio
= High general polarization level (=40%).
+ Cost: =z US$100/L
* Not naturally abundant, and not available at limited sites
2. '®¥enon ('*Xe):
* Low SNR due to low gyromagnetic ratio
« Low general polarization level (20%)
« Cost:
¥ MNatural Xe gas (26%): < US$20/L
v Higher concentration Xe gas (80%): = US$700/L

+ Natural abund but thesia side effect

Fain SB, et al. F 2008; 239; 875-883.

1.

2,

Hyperpolarized Noble Gas MRI
-*Helium vs. '2?Xenon-

3Helium (*He):
« Low solubility and high SNR due to high gyro magnetic ratio
= High general polarization level (=40%).
+ Cost: =z US$100/L
* Not naturally abundant, and not available at limited sites
#¥enon ('¥Xe):
* Low SNR due to low gyromagnetic ratio
« Low general polarization level (£20%)
« Cost:

¥ MNatural Xe gas (26%): < US$20/L

v Higher concentration Xe gas (80%): = US$700/L

* Natural abund but thesia side effect

Hyperpolarized Noble Gas MRIDIRIK L BE S

1. Ventilation MRIIZHyperpolarized noble gas MRI[Z# L
TARTHY, ExOBRAIEROMEEY 1 X2 EE2HET
SO ENTARETH S,

2. BEKTIXRATEHe Z X ICALT LV, REZ ®Xex A
WERARNEHBEhTINS,

3. Hyperpolarized noble gas MRIZE L\ T X EEZ TTREIC
7 %S Polarizer{®>*He12XeD S —E 7 ARMICHEB S I
EREIMNEEETHOLENBETHS.

4. READERBRRUERNZERAT I E0D, WHERKH
RTORESDA,

FHOEEAR
. Ventilation Magnetic Resonance (MR) Imaging
1. Hyperpolarized Noble Gas MR Imaging
a. “Helium
b. '#¥Xenon
2. “Florine Contrast-Enhanced MR Imaging
3. Oxygen (O,)-Enhanced MR Imaging
Il. Ventilation Computed Tomography (CT)
1. Xenon-Enhanced CT
a. Dual-Energy CT
b. Subtraction CT

8Florine-Enhanced MRI
-Ventilation Imaging in Healthy Volunteer

Figure 1

i N\ N

EX BA AR ¢

Figqure 1:  Coronal pulmonary "*F 30 LITE MR images obtained in wolureer 4 during a 15-second braath hold atter inhalation of a 1-L
midure of 7% PFP and 21% O, from a Tedlar bag.

Couch MJ, et al. Radiology. 2013; 269: 903-509
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Dynamic '®Florine-Enhanced MRI

-Dynamic *F-Enhanced MRI-

Figura 1; MR i prococol Aler '+
ks whilln inbaling a ol " gas m

g s performed in maticka beeath
sging s parfcrmed b bee breathing

Gutberlet M, et al. Radiology. 2018; 286: 1040-1051.

Dynamic "*Florine-Enhanced MRI
-Dynamic '*F-Enhanced MRI-

Table 3

Prrcactags pradcid 113, ol
Pt of Y, e e oty

Frrcasingn precced 173, %
Pt o 10, s e vl copmcty T

e e s e b et s b e e e

Gutberiet M, et al. Radiclogy. 2018, 286: 1040-1051

SFlorine-Enhanced MRIDIRIK & B S

1. "Floroneld3He+>'29Xe & [#k(Cthermally polarized gas
tracerG#H Y, 20064 LIEEPulmonary Functional
Imagingé LTHEMNRAKEHh S,

2. “F[&Sulfur hexafluoride (SF;), hexafluoroethane (C,F;),
and perfluoropropane (C;Fg) & L TR e,

3. SHeRUM"2Xe &k ZRAY, BEEIFE,

4. "FOS—ETRAEBICHABSIN X - REQMILEEE
THIELEBETHIHL, SHAMGVMRER TIXATRE.

5. REBEFMZHEATH b o, HEBEMRTOEREN
Y-

FHOBEAET

Ventilation Magnetic Resonance (MR) Imaging
1. Hyperpolarized Noble Gas MR Imaging

a. ‘Helium

b. 12*Xenon
2. '“Florine Contrast-Enhanced MR Imaging
3. Oxygen (O,)-Enhanced MR Imaging
Ventilation Computed Tomography (CT)
1. Xenon-Enhanced CT

a. Dual-Energy CT

b. Subtraction CT

Phantom Study for O,-Enhanced MRI

3000

2500

2000

Signal Intensity

1000

500 et .— Baseline

00 20 40 60 80 100 120

Image #

0,-Enhanced MRI in Normal Subject

Source and calculated O;-enhanced MR images in normal subject

Edelman RR, Hatabu H et al. Nature Med 1996; 2; 1226-1239
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0,-Enhanced MRI in Smokers

Smoker with moderate COPD Smoker with sevr or very sever COPD

Qhne Y, et al. Am J Respir Crit Care Med. 2008; 177: 1095-1102.

0O,-Enhanced MRI in Smokers

TASLE 1. CORRELATIONS AMONG LIFETIME SMOKING
EXPOSURE, PULMONARY FUNCTIONAL PARAMETERS,
OXYGEN-ENHANC

D MAGNETIC RESOMANCE IMAGING, AND
QUANTITATIVE COMPUTED TOMOGRAPHY BN ALL CROUPS

iR b PV
v Vibe AV
037 05001
asz 00001
0sf 00081
s

TABLE 3. CHARACTERISTICS AND STATISTICAL RESULTS OF OXVCEN-ENHANCED MAGNETIC RESONANCE IMAGING AND
QUANTITATIVE COMPUTED TOMOCRAPHY FOR ALL GROUPS

Sk wethcut COPE Moderate SOPDH Severn or Vary Seeor COFD

%5 g P k
Sigrificart dfeserice et moderate COPD groves 0 = 0,08

Ohno Y. et al. Am J Respir Crit Care Med. 2008; 177: 1095-1102.

0,-Enhanced MRI for LVRS Evaluation

42-year-old male lid

i

for lung

lume reduction surgery

Ohno Y, et al. AJR Am J Roentgenol. 2012; 199: 794-802.

Dynamic O,-Enhanced MRI

* Sl-time course curve analyses can provide oxygen
uptake information based on airway and lung
parenchyma conditions.

Relative enhancement
= (Shnax-Sp)fSy

Tau = 1/Wash-in decay constant
= Wash-in time

Sly

(sec)

£(t) = Sly#(Syax-Slg) * (1-eUTAVTou) = S| (5] 5} ) aliTA-/Tou)

Ohno Y, et al. AJR Am J Roentgencl. 2008; 190: W33-\W99

Dynamic O,-Enhanced MRI in Smokers

Ohna ¥, et al AJR Am J Roentgencd. 2008, 190: WI3- W09,

Dynamic O,-Enhanced MRI in Asthmatics

55-year-old women with moderate persistent asthma

Meah im}: 0.18

Dynamic O,~enhan¢ed MR-paamelkic.mpps afteilreatmant

Ohno ¥, et al. Radiology. 2014; 273: 907-916
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Dynamic O,-Enhanced MRI in Asthmatics

Characteristics and Results for Patients by Asthma Stage

At Siage
Dt Mid intarristent (0 = 7) Mg Persistart ) Mocerate Persistent 1 Severs Perssont &
Age i) 580 = M8 2= 108 B58=128 7.2+ 132
Poetherapatic FEV,FVC (%) 853 = A6 T3 =55 663 =63 508 =65
Pretharapaatic FIY, (%) myz1a m2zar TIH s 680 05 =72
Portsarspmte BB, 8 = 102 B9 =81 = b U244
NLD A 8800 = 327 S800 = 10 SE19 = 188 a842 = 186
Low-atienanton area (%) 48=43 T0=38 BE =69 142 =64

Wl ares (%) L-LEX H =44 L ERN] LTRSS )
M RER 025 = 008 022 = 0 020 = oo 010 = a8
Meon wash i Sme (sec 181 =38 24=2r B4 =33 ny=4as

Pt — A e st o - staaid Sevitir
* Saufcant Sfissocs wih ks emment st F < 0}
* Satcant 3twesch e i pertnt e - T
* Sepaticast Atwwscy with ity psaterd g (F = 02

Chno Y, et al. Radiology. 2014; 273: 907-916

Dynamic O,-Enhanced MRI in Asthmatics

-Initial Evaluation and Therapeutic Effect Assessments-

Initial Evaluations T

peutic Effect A
(Improvement Evaluations)

Chno Y, et al. Radiology. 2014; 273: $07-916

Oxygen-Enhanced MRIDIRIK & BE S

1. Oxygen-Enhanced MRI|ZVentilation MRIICE#®&h b
L1 HAMN, TOESHEEE(LORED 5Respiration
MRI& L TOREASELY,

2. Oxygen-enhanced MRIIZEZEE, MiAECHBL ETO
Evidenced'® Y, BEKGAMRAERTHS.

3. Hyperpolarized noble gas MRI& R U 544 368 0% -
REIMLBFETHY, EROBEHERLREARTH.,

4, 2DIBERTHY, BREFMLSOMDLLLIC, —BICTHE
OfEHY 7 AL (bioxydynD#) .

5. STEECHTIEERD, 1.5THEICH L CEE,

3D Oxygen-Enhanced MRI at 3T System
-3D AT1 Change Map on Canon Vantage Titan 3T-

AN

W.IL.P.

RegionalAT1.Glwask Map

Pulmondd MELWisl UTE

FHOBEAT
. Ventilation Magnetic Resonance (MR) Imaging
1. Hyperpolarized Noble Gas MR Imaging
a. ‘*Helium
b. '?%Xenon
2. '®Florine Contrast-Enhanced MR Imaging
3. Oxygen (O,)-Enhanced MR Imaging
Il. Ventilation Computed Tomography (CT)
1. Xenon-Enhanced CT
a. Dual-Energy CT
b. Subtraction CT

Xenon-Enhanced CT vs. #"mKrypton SPECT/CT

78-year old male smoker with moderate COPD

Ohno ¥, et al. Eur J Radiol. 2017; 86: 41-51.
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Xenon-Enhanced ADCT in Smokers
-Thin-Section CT vs. Xenon-Enhanced ADCT vs. SPECT/CT-

[«

E
Ohno Y, et al. AJR Am J R 2018; 210: W45-W53.

Xenon-Enhanced ADCT in Smokers

-Inspiratory/Expiratory Unenhanced & Xe-Enhanced ADCT-
69-year old male patient with moderate COPD W.LP

=

Xenon-Enhanced CTOE#MIZEAL TIX
SoFa I F—ETBREIEEL,

ERL)

1. MEADA A =D T FBREARA—R TIE™Krypton
Ventilation Scintigraphy, SPECT or SPECT/CTIZ THifT
THIENRENTHD,

2. MRIZ & B8 A A—2 2 J(£0,-Enhanced MRIDRR T
FEREBEURARR—ATHITITREE—DOFETTHN, &
EFMBHROCBEEOENEORL L ERBRNH S,

3. CTICK A A A—T > JEXenon-Enhanced CTE LT
WiTAIRETH Y, HEFMICERLEREKGATETY . L
L. XenonlZX#RCTHESH A3 & L TEEAPPerfusion CTIZ
HLUTOARBRERBEA TSI LMD, BEEERET
W73 5 ENARBE,
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AT=veSF—

MBA LI ~ V= —EREEPHDOACE T~

WA Ik i
BRI R B IR

BADOZHEOHR T, M HEE 25 2 LIZE L < v, IS Tt ik %k
MAHE % EERICAEMET 5 2 & 25 L7 (18654F) . 2SABE CoOFRIMEERE (VTE) &
HWIMEI T 5o TEPABEDVHEINL TWDE Z & FTAF R EOEEIEML TWE T &,
F WA OFEIC L ) ESEEEOMBIES R SNE 2L L EOERIZLY), SARED
VTEIZSHOEML. T ETHRMICHELEL 2o T 2 2 e FHEINL, MBTEEROIK
PR & L Clid. 18564F1CRudolf C. Virchow2SH&ME L 72 I O 53 I A BZ IR 58, Iy 4 ]
RETCHEDSHIS N T B0 T JESHSRAEE T 7% EOHA BIEDS S DR ENGH 14 ITTEE R
BRADVTEIZBWTEETHLLEEZON D,

VTEDSERIZDADHEIEDSH S 2% 52 b %, HRATOVTED &K KT DREt
TlE, DBRAD2T%DEFHETRD bz LG ST % (Nakamura M. et al. Circ J. 2014).
WA AEBEIZB T B VTEDH L, AL EAE G O Hi ) & S5 % T131.93% (Khorana
AA, et al. Cancer. 2005). ¥ A 77 F v & GO RE 2 2 T - EF OB EETIE
181% & #His ST b (Moore RA, et al. J Clin Oncol 2011)

VTEDOH T & il M AR E I BSEME L TH V) . BEFM O TH L v, So g E 1R
OB LETH L, Lo L. BEBE DAL OE R 2 e ke BT /B ikt Z L <
IERF I 2 I F2 & AHE 7 58 ) W3 B o (i ke ZE e 35 & ONREBIHIR MR AE O 5 16 #
FHICBT 574 K54~ (2017T4HEETH))

VTEDHHR 7 7u—F & LT, SN ERE I L Cid, MATEIRERERIR ) R 7 &F
fili. AEARREREEOFMIC I VIHET VT XL > TRET o VIEDIEY G T PR
EEEATH SN L o M TR T~ UHHER SN LAY, BRI TITEILA & o T b,
Hokusai VTE Cancer #E# (Daiichi Sankyo7* 5 OWFZedhE) 128 WT, DOACTH AL F¥
PN G X, VTIEOHEB L OERLEMOBEET 7 b AL T K5 FaA5)
VRIS L CIES MR R L7z (Raskob GE, et al. N Engl ] Med 2018) 4 405ABEE D
VTETHDOACZ HL & LRI AR L AR R SN b,
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Xenon-Enhanced CTD A & 921

K¥F Rif
MRRSERY B BRAIZER WRLREEE USRS BREE - MRS WAk
[ Sesm AR R 7E > & —

Fii BB 5 A X =T ¥ TR REABEAIIB W THAIT SN T E 7255, CTORKIGH
ML ON T, IS EXenon % V> 72387 72 2 #547 - BRRE IS PR THRIB STV B,

FERFPEXenonlZ19784E 12 WO CCTIZ BT B A X — 2 2 FH A B A TLBk, 20004
REEEEE L CEWERZ 812 B1) 2 AEHTRE O FFl L LB A e afrbh T & 720 L
L. 20084 LAk 7> 5 Dual-Source CTORRIRIGH IZ & S Dual-Energy CTORRKRIGHIZ L D |
WAMZ BT 2 BRIRICH TR S I HED i, BKEFMEDOHH & L TO 2 ORI A HED
WL ENDODH %,

¥ 72, Dual-Energy CTx 0] RE & A8k 4 ZCTEE S IRICH SN L & & 412, %
Xenon-enhanced CT{% & L TUnenhanced CT7 — % & Xenon-enhanced CT7 — % 12 X % 2457
(Subtraction) b RBENOOH 5,

Z 2T, FBETIIBEAIRD D FH 7 A= Y 7B LT T 5 & &I,
ZOFEKRESHIZBWTHERYIT)
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Ventilation scintigraphy
-133Xenon(133Xe) vs. #1m™Krypton (¥'mMKr)-

133%enon SPECT

#imKrypton Scinti, SPECT & SPECTICT

Hyperpolarized Noble Gas MR Imaging

-Hyperpolarized *Helium MRI in Cystic Fibrosis-

Tatde 1
VO for Subjost Gromsps o€ Ench imaging Time

oF
en— per— ' - as
SPECTICT i Mentore K, et al Acad Radiol. 2005. 12: 1423-1429.
Suga K, et al. J Nucl Med, 1998; 30 880-893
Oxygen-Enhanced MRI ABORRAE
0,-Enhanced MR in Normal Subject I. Whatis Xenon?

0, Enhanced MRI I OPD Subject

Functional Assessment based on not only Ventilation, but also
Oxygen Diffusion in Smokers, COPD, Asthma and Lung Cancer.
« Potential for Directly A
Resolution and without lonizing Radiation.
No need for Special Equipment and Gas

of Respiration with High Spatial

Il. History of Xenon-Enhanced Ventilation Imaging
lll. Xenon-Enhanced Computed Tomography (CT)
i. Basics of Xenon-Enhanced CT
a. Dual-Energy CT
b. Subtraction CT
ii. Clinical Results of Xenon-Enhanced CT

iii. Future Direction of Xenon-Enhanced CT
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What is Xenon?
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Non-Radioactive Xenon

Xenon-Enhanced CT for Chest Disease

Xenon Contrast Enhancement in Compuled Body
Tomography*

W. Dennis Faley, M.D., Victor M. Haughton, M.0..
Jamas Schenkdt, M.D., and Charles R, Wilson, Ph.D,

EFFECT OF XEMON INHALATION
ON CT LUNG IMAGES
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Foley WD, et al. Radiology. 1978; 129: 219-220.

In Vivo Xenon-Enhanced CT in Japan
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Mapging of Pulmonary Vertilation with Nonradioactive Xenon-enhanced CT
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Yasuhara Y. et al. Med. Imag. Tech. 2000; 18: 187-192.

Xenon-Enhanced CT in Animal Study

-Ventilation and Perfusion CT Assessment-

Kreck TC, et al. J Appl Physiol (1985). 2001; 91: 1741-1749.

Non-Radioactive Gas-Enhanced CT

-Xenon vs. Krypton-

50
——p Y- X
—— 100 KV - X
200} O 10KV-Xe
- e R
. e 100KV K -
g‘“ = s 1RV -Kr
Py
o
B
50
00 0.0 40.0 0.0 .0 1000

Gas concentration (%)

Fag. 1. Xenon (Xe) and kryplon :hrl cun«nlmuﬂ [delta computed tomag
raphy (CT)] vs. CT contrast . and

was measured in a Siemem 2

scanner with Xe and Kr ga iited in air contained in $00-ma syringes.
At B0, 100, and 120 KV, contrast enhancement (delta CT) due 10 Xe was
three to four times greater than fhe contrast enhancement of Kr, HU.
Hounsfickd wnits.

Chon D, et al. J Appl Physiol (1965). 2007, 102: 1535-1544
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Xenon-Enhanced CT in Animal Study

-Wash-in and Specific Volume Assessment-

- - o
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Chon D, etal. J Appl Physiol (1985). 2007; 102: 1535-1544.

Basics of Dual-Enerav CT Techniques

Table 1. Curremt Dual-Energy CT Acguisition Methods with Technical Specifications
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woitage pains
O Xoray
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B .and 140 Wp )
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waghe ube h
i Boray T
Single boba with  with 1ot gold/ :
spiit Siter tin fitter, ang with L w 18 o Lot bt e
120 kvp
Single bube with  Ore X-ray tube; -0 -
sl smom TS i W

e three salues In gaatry
geeations, sre tvely,

sy bochrique (21}, 'Bempocl ot robalbly
Korean J Radiol. 2017, 18: 555-569

Goo HW, et al.

Dynamic CE-Perfusion CT Techniques
-Phatom Stu-

LUNGMAN

Ohno Y, et al. Eur J Radiol. 2017, B5: 41-51.

Dynamic CE-Perfusion CT Techniques
-Dual-Energy CT vs. Subtraction CT-

Subtraction at 80kV
Subtraction at 100kV
Subtraction at 120kV
Subtraction at 135kV
DE

HU changes (HU)

0 20 40 60 80 100 120
Concentration (%)

Ohno Y, et al. Eur J Radiol. 2017 B5: 41-51

DE-CT vs. Subtraction CT vs. 8'™Kr SPECT/CT

Ohno Y, et al. Eur J Radiol. 2017; 86: 41-51.

Dual-Energy Xe-Enhanced CT in Initial Study

Chae EJ, et al. Radiclogy. 2008; 248: 615-624.
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Dual-Energy Xenon-Enhanced CT in Asthma
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Dual-Energy Xenon-Enhanced CT in NSCLC
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‘Yanagita H, et al. Jpn J Radiol. 2013 31: 377-385.

Xenon-Enhanced CT in Pulmona

Embolism

Zhang LJ, et al. Eur Radiol. 2013; 23: 2666-2675.

Ohno Y, et al. Eur J Radiol. 2017; 86: 41-51.

Ohno Y, et al. Eur J Radiol. 2017; 86: 41-51.

§ubtraction Xenon-lgT in Smokers
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Chno Y, et al. Eur J Radiol. 2017; 86: 41-51

-112-




§ubtraction Xenon-ET in Smokers
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Chno Y, et al. Eur J Radiol. 2017; 86: 41-51.

Xenon-Enhanced DE-CT in COPD

-Emphysema, Air-Trapping and Ventilation Assessment-

| Xenon Wasi-in nspiraion €T _ | Xenon Wasi-out Expraton €T |

Lee SM, et al. Eur Radiol. 2017; 27: 2818-2827.

Xenon-Enhanced DE-CT in COPD

-Emphysema. Air-Trappina and Ventilation Assessment-
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Lee SM, et al. Eur Radiol. 2017; 27: 2818-2827.

Xenon-Enhanced DE-CT in COPD

-Emphysema, Air-Trapping and Ventilation Assessment-
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Lee SM, et al. Eur Radiol. 2017; 27: 2818-2827.

Xenon-Enhanced DE-CT in COPD

-Emphysema, Air-Trapping and Ventilation Assessment-

phy I anilati Nomal pvalue
MLD of expimtion (HU} 92104397 -8828+322" ~749.3 = 2897 <0,
Gas-trapping ndex (%) B8+ 1417 T4h6+184" 3054135 <0001
Air-trapping index (%) 60342300 72T+ 185 <0.001
HKenon wash-in (HU) 210557 <0,001
Xenon wash-out (HL) 99+24™ <0,001
Xenon dyvnamsic (HL) 1.1 £42° <0001

* Signi Ji in pairwise comy at the 005 level

=% Signifi i with the emphy arca af the (W05 level

=% Significam difference with the normal arca at the 0.05 level
MLD mean lung density, HU Hounsfeld units

Lee SM, et al. Eur Radiol. 2017; 27: 2818-2827.

Xenon-Enhanced Ventilation ADCT
-Thin-Section CT vs. Xenon-Enhanced ADCT vs. SPECT/CT-

E
©Ohno Y, et al. AJR Am J Roentgenol. 2018; 210: W45-WS3.
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Xenon-Enhanced Ventilation ADCT
-Thin-Section CT vs. Xenon-Enhanced ADCT vs. SPECT/CT-
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DE-CT in COPD for BLVR (Broncoscopic LVR)
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Lee SW, el al. Radiclogy. 2017; 285: 250-260.

DE-CT in COPD for BLVR (Broncoscopic LVR)
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