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RECENT DEVELOPMENT OF DIAGNOSTIC IMAGING

Kunihiko Fukupa
Department of Radiology, The Jikei University School of Medicine

Modern diagnostic imaging, such as computed tomography (CT) and magnetic resonance
imaging (MRI), is essential in the current clinical medicine. Development of multi-slice CT
has widened the indication of CT. The heart, a pulsatile organ, has eventually become an
indication of CT. High resolution volume image data set obtained by multi-slice CT has
enabled the three-dimensional image display as a routine post-processing. On the other hand,
improvement of access to CT due to quicker patient throughput has brought the tendency that
CT is performed under loose indication. The influence of low-dose radiation exposure has not
been yet elucidated ; therefore, we should respect an idea of as low as reasonably achievable

(ALARA).
with high resolution on clinical routine.

available in the body and extremities by recent progress of MR unit and pulse sequences.

Introduction of the whole body MR unit has enabled the whole body screening
In addition, diffusion weighted image has also become

This

technique is useful in the detection and staging of malignant tumors.
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7 — NFABEORERD D % (Table 1)V, 30 DEFED
HEHOFTHROEORA > b2 B0l
netic resonance imaging (MRI) & computed
tomography (CT) CTh-7:. HRBZHADOF T
&b CTREERHEN LW, 23—y Xz2hbbt
72 &0 3%\ CT BHARICEEYT 5. HAOYL
DTYH, EREHEEEEbNIKER A YD 3
%D CT BEET 5. MRIZEE I2>WTH CT iF
ETEEOHIAER S D S, LiehoT, HAE
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D EDREGICHEINS, REEESERK

¥, mag-
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diagnosis, imaging, computed tomography, magnetic resonance imaging

2kt (4F%) BT 5 MRI & CT 0 1998 4 &
2005 FEDOMA B 2~ (Table 2). MEF DB
KIFFREEHC ABEBRE RO ME X2 L
¢, AR TIERIAERICBWTFOEEN 2
4 CT ¥ MRI QEEDH#ES I OOl T 3.

Table 1. Physician’s Views of Relative Impor-
tance of Thirty Medical Innovations®

Rank Innovation Score

1. MRI & CT 0.88
2. ACE inhibitors 0.77
3. Balloon angioplasty 0.76
9. Cataract extraction & lens implant 0.65
14. Laparoscopic surgery 0.56
30. Bone marrow transplant 0.18
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Table 2. Number of examination per year at the
Jikei University Hospital in 1998 and
2005

CT MRI

1998 29,282
2005 38,686

14,244
20,602

Table 3. Brief history of CT

1895 X-ray by Roentgen

1968 CT by Hounsfield

1972 EMI Scanner

1976 ACTA Scan at Jikei

1987 Slip ring method CT

1989 Helical CT

1998 Multi-slice CT

1999 SOMATOM volume zome at Jikei

II. CTBERDER

iR Z W D FE 5113 1895 4E 1 Roentgen 8+ 23
X#EFHER LI Z & 1cihg % (Table3). LISk, #
M X BeE, EAlE v X SR, Wiigiss
TN T & 7225, Hounsfield f+58 CT % BaF
L, BEiRZWEEEZI Y 2 — 7 Fffi 2B L
TR E AL TAT K. BRI DI REEE 13 1972
FIZEMI A F v F—& LTHEINID, Uk
121X 1976 Fie £ 5 CT EE TH % ACTA scan
BEASNIZ, Z0%, CTEAY v 7Y v 7 hHR
CTRANY NV CT R EANDWENMZ 5>, X
FICHRENEHEILL TiTo7%. L L, 1980 F4%
W MRI2SBEFEESND L, I T A MR
BEAMOKES RN S MR cfigh, —Fi3xZ
DIFRZ Db DOWBERENT L bH T, ik
131998 FED~ NV F A T4 A CT OBFETH 5. Y4
BEiz 1999 FLICBEA ShizvVvF A 74 A CT i3,
A2 N —DEHEHEEIRERD 2 58 <, HEA
FNZHESR 1 50T H - 7o i#R oS 4 FIBCE & 7z 3
BETHY, Lo THRD CT &Y b 8 fEmEH
R RREOEGR P E oD LStk o T,

III. 2)LFRXS54 X CT OEEFRFA

BRICESEREOEGNESNS LD Itk
LT, kD CT TiEEZ 5N o A
DOIEABTEIND XS ko7, UT, #hdr

Fig. 1.

Soft plaque of the coronary artery.
Curved multiplanar reconstruction along
the anterior descending artery of the left
coronary artery shows a localized area of
low density filling defect (arrow), which is
consistent with soft plaque.

Total anomalous pulmonary venous drain-

age.

Cardiac CT of one-week-old neonate
shows the pulmonary veins connect to the
portal vein (arrow).



Fig. 3. Dissection of the aorta, Stanford type B.
CT angiogram of the aorta shows intimal
dissection of the aorta originating from the
level of the left subclavian artery. The
left kidney is not opacified by the contrast
because the left renal artery originates
from the false lumen (arrow).
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(Fig. 1)
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(Fig. 2)
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5. IEEREAMI DY 4> 3y CT (Fig. 6)
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Fig.4. Renal cell carcinoma.
Volume rendering image of the early phase
dynamic CT shows a mass lesion obliterat-
ing cortical enhancement in the mid-pole
of the kidney (arrows).

(Fig.7)
IV. EE#HEN!) X7I1Z2WT

AFE CT ® MRI 72 EDNA 7 7 HERZ W%
BRMOOECDHE & R TEHEL TEZW
(Table4). 2D & 5 REET TRV LI N T W
Z2EPETIE, ZEEHRNO X Mg E 5L 15
HENTROZ V., ZORSE, 5K E TICHRES
2RO T X BRENMEFRECEHG L TVE0
D 3.2% % 5% % & Lancet 38 THRE I N
HEHI N, 2 OWSRIEHEAO FEBREERE O
7 — 8 ZEMHEHET VL Tn 5. Tabb, K
BHEWIRIC L 2T IE L S WENEEE T, W
BEOBSHRIC YEFED ) A 7 DNEHRLEE L T
FET5ZERHiRRELTWS (Fig.8). La»L,
Pierce » D& 12 L n i, HEETHERE D
250 mSv DAT O JFUBHHIRE 12 3T B R4
DOEEINE A 5 T2, Cameron 12 & 1L, ]
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Fig.5. Fractures of the proximal tibia and fibula.
Projection images of the whole high-resolution volume data set of CT look like the plain radio-
Projection images in any direction can be made from the original CT data set by post-
processing.

graphs.

Fig. 6.

Carcinoma of the breast.
Early phase dynamic CT shows highly
enhanced mass of the breast cancer with

satellite
(arrows).

nodules

of dissemination

TR 10 AN ERSR & LA TIR®EE 50 £
MCIEIE 350 ZDOWIRIC X 2 L Bbh BEOFE
B&H S NIzH, 300 mGy L TFOWREE CIXERD
JEFAERINZ2 O 2o o (AREZBERES
R =)V H Y %G T 7z Wisconsin K ZLEH
% Cameron JR 25 XER2 12035 a3 X > ),
ZD &I, FEREV R B—ELVIVLLIT DR
BRI B ARG S 2 ARG SRR 2 13 X TTeE
b % (Fig. 9)Y,

D5 D BRI OB DOV TE L OGN
b5, EEOBEHREIEM ORI X 238 EHE
MO ZEEIER & £ 2 L b L - HF5e s H
29, 1897 H:-1920 FFIz B ik & L7 EHREHE
EPERRRAREE 1 20 Sy L HEE S L, HEREREHE A
DI X 2T HERIIMOBTEBHEA & T
1.75 fE @ o 72, 1920 I HE THID TRETHREA
B OWTOFHEESHIE SNz, ZThicki 1921
FE-1954 FI 8GR S N7 UEHRRRHEE o AR R A
13 50-1,000 mSv/E L HEEF SN, ZDOERDK
SHREBHERTOREIC & 238 CHBUL MO RIE T
LHART 124 & Do T2, & 512 1955 ££-1979 4E
B SR S LT U KR RHE Hii D 4 [ % B AR
5mSv/E L HEE SN, Z DFEROBEHRRHEM D
FEC X I H BT O BERIER & T 0.71
5T, DREOEHRHMEE % 52 72 SR RHE M X



Fig. 7. One-stop-shopping CT for an emergency case.

Bone display image (left) shows the right 12th rib fracture. Vascular system can be checked by the
arterial phase of dynamic CT (middle). Delayed phase after contrast injection (right) delineates
an irregular filling defect of hepatic parenchymal injury (arrows).

Table 4. Number of CT units per population

Total No. of Units Units/million
Japan (2003) 12,368 100
USA (2001) 8,230 32
Germany 2,354 29
France 619 11
UK 425 7

HERSEEIER & D B D ENTTEESEL D 5
LIREL TWB, BEICIE 1982 F~1984 4 £
FEXNTT = bOFIZTNL S 60 THERI N
LM EEALIZLONLIN0FH S, 207
N— b DRFBEH LA ANOD 20 F/ O H AR R 1T
400 mSv ICHHY T 2 LHfEEINTWS, oo
P ARAR R DRI X BIETIE— A L DL
BRICBWThTH» 3% Il ¥, B EEEmR
FHIXEREEEIFEFICENZ EE2HREL TV
29, RiREBETR OB B3 5 EERERY SRR I,
~ v X OB 2 R & et b ZE EZ R
RAERFRI: L O D 5. HHEHIEIC 650 mGy HET
T2 L ROFEROFERIT 38% TH DD, 650
mGy FBEtD 3 KifRTIC H 5 22 U 2 mGy OfiE
AR 2 RE L TB L EERDFKEFT 84~
195% A L7127, 20 & 5 12 HE OB %
HoLUDBHNT 22 LT, TR SN2

Risk of cancer

Hiroshima
Nagasaki

Radiation dose

Fig.8. Linear no-threshold theory of radiation
carcinogenesis.
Linear no-threshold hypothesis is based of
the data from the atomic bomb survivors of
Hiroshima and Nagasaki. There is no
threshold in the radiation dose for the risk
of cancer, even in the very low dose,
according this theory.

RO EN G S b B R IT “adaptive
response” £ LTCTHIGENT WS, DX 5 ITERR
IR O FEFEINHIRI R & e 3 2 e IR %
CHREINTBY, BEEBEHREOZ D XS &fE
FZ “radiation hormesis” EIFEIEN % Z & 03 H
3299 ZORROFEEFLELTT7Y =TV h
fR#IFH, DNA 18, fZiE bl z i tw
5.
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Hiroshima
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Radiation dose

Fig.9. Threshold theory of radiation car-
cinogenesis
According to this theory, there is a thresh-

old radiation dose for carcinogenesis.

Table5. Typical radiation dose!”

Effective Equiv. Equiv.
dose No. of natural
mSv CXR background

CXR 0.02 1 3 days
Brain CT 2.3 115 1 year
Chest CT 8 400 3.6 years
Abd. CT 10 500 4.5 years

Background radiation=2.2 mSv
CXR=chest radiograph

T, ERZHIE B ARG & & O
WBWTCEDREREOHBE T2 Th S5, {F
P 7 T (R AR D B R 2 %2 7 - (Table 5) 19, [
BT & 2 B R T 2 R O % 0.4 mSy,
SHEETOFHN12mSv TH B D LEHRTD
MEIZ 22mSv EE=HE LTS, LarL, FHE
RN 22 mSy TH B I L 2EET 5 &,
B LTINADBERIZS W ET200HBIFE L
Wy,

45 B R D hormesis R D— 5T, i,
BRI OFIE Y X 7 12T 2 |MENH o
7z, —DEZHEOMEIERT 5466 NERRE L
7o X MR EE L AR DO FKAEFRICE T 2% 5 [ Xt
FTh DY, ZhoDBETIE 20 AR ICFEY
25 [8] X SR 3T b T B 0, LR~ O H#:
EWREEZ 108 mGy TH 5, 15 5,466 ADHh
TIT AN CRB L. 2R O—BAT
1 45.6 AR T 2 D L LR TEEICHEE N E
<, AMEFAETIT69% ML 7z, b5 — DA
FtEI1I D WT BRCAL ELTH % Wik BRCA2 &

H

EFEEEZRFD 1,601 ADOZMIC BT % Kb
XM ORE2HS M ICHAEL /I R— b
WMo ThH 22, —A & DHEIZB T BRCA
BETFERD D 3 O EREESHEE L, Finic
HIRRME < M5B X fifmse 2 — B TR ek ik
1.54 1%, 40 FATICHER X e 2 2 0 7235813
1.94 f%, 20 BAETICHTES X fiie 2 2 0 723580
RET % L 464 fEDHEETH oz, 2D M
5, BRCABEBETEREDH 2 HEIFHIEOFLIC
X EZURIER ICEWZ LR ENS, Lz
o T, X MEZEO R WEFEE L X Rzt
BOLEETHREEAND X SR # T 5 X
ETh 5.

DX DT, (R B D E RO E
WCOWTIIREDORTEESE LN TR,
ERZWICB T 2R OF Rk Zzhic k> THE
SNBHEEZTEAHEEDNT Y AD FIC
o TCHIETENEZRETHD, ALARA (as low
as reasonably achievable) D& 2 #EET 5 I &
WEETH .

V. 2 & MRI

MRI 3R R < fRZ =it 3 2 72 0, FiEEES
DRI L IFSIFRHEDOHH TIhETH 4
B MRI 2175 A I T &z, EARMIZIX
45 a2 A%\ short tau inversion recov-
ery (STIR) = & 0 BEES, HaEs, MEES, B

Fig. 10. Total imaging matrix for the whole body
MRI
The patient is totally covered by the sur-
face matrix array coils, which enables the
whole body MRI with high resolution.



Fig.11. Whole body MRI
Composition for four parts images makes of this whole body MRI. Each part consists of high
resolution images obtained with the surface matrix array coils.

KEEER % BEME & 728 O bR TR L, &%
e, Mt B0 TR TIRE T 5. C
2LV e5E, N BLUHZ OGS~
DR E DFHI 217> Tz, ZDHEEE
40 HREE OB TR T 7252, 28Ha v
2T 27D EMSRRECZ LA ) —=
THREOE RS Z L3 kol BRI
T&5 MRI 2174 2121k, HEHEHaA Vv, &
MEBLA 0 A v, VURELA O A )V 2 RREERAL & &1
B 2 0 K3 D D D, MRERRTAS 1 KEfE %
Bz 59,1 EO MRIBETEE % 5o EREH

RICHRERT % 2 L IZFEENICRATRET H - 72,
2004 FE 6 HICHUPBEICHAKTHID TEA I N
45 MRI & MAGNETOM Avanto (¥ — X »
A, &5 % 6 HoRmMaA VLV X MT
B, —EOlETHRA 2 FHMOZLF v > 2 h
BEFTTRE 3 E T H 5 (Fig. 10), AEEIZ LS %
WEISTLIREIANVEEZ—DD T I ) vy I R
ELTHE L, IANVKIT 5 2 ki Fafkie
%45 MRI 2RJREIC LT 2 E PR AKDRMTH
% (Fig.11). K 205 cm O#RG#apH o &R E D E]
BEC, I a A WVFEIC L D E5HEF L (signal to
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Fig. 12. Neurofibromatosis type 1
Contrast enhanced images with fat suppression of the thoracic spine (left), the lumbar spine
(middle), and the thigh (right) shows multiple neurofibromas with strong contrast enhancement

Fig. 13.

effect (arrows).

Takayasu arteritis

Whole body MR arteriogram shows total
occlusion of the left carotid artery and the
left subclavian artery. Marked narrow-
ing of the abdominal aorta is also present
(arrow).

noise ratio; SNR)2Sm EL, £af vz X
b S X, Y El, Z S Enciy L Tws e
AFEFIGDINT VIV A A= ¥ I X 5 Elfni
DHRETH 5. Fiz, WMERBRICHEREOFR
Vyva=rrReaf Vi, FEIO T — 7 VIRE
7 E, SRR R ZENIC A > TT D BIEHR
TEE ol 20k, HE LR E 2l
VAR EHREBEVRAREE o7z, ZORERE
» LR E RS, ZRMEEHEL ScBw T
SRR &8 OBHFHMINTRETH S, iz, B
HEICER & T 5 EORBEER 2 GO A 7
V—=> 7 & 0 ERORERE &G EZR A
E, BXUOMHREEERED L 5 hedEBicsn»
THE S 2 F4+ 5 (Fig. 12). MR angiography
(MRA)IZ BT HiLsE, [FE I nlzEHE AV
LEREET VA a4 VB AW T — 7 VB ENE
(AngioSURF ®) 919 1= ¥ 2 45 MRA O F %
BEHESNTWS, Lel, EROFETEHRE
HiFH & S RREICHIR D B o 7z, AZEE TIXEEER
5EH X TORESHEESE MRA SAJEETH 5.
PAZEMENIREELE L RLR % EDMERICB T 5
2 HIME OFHc IS H 5 (Fig. 13).
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VI SEAEE & —MER R OFEIC X D EE LEGSES T
EERFEEGRIIA >z a—ER EDNV A FEIRS S 572, LeL, ZOBFETIIhS
Y=V ZANICIEE W W EAEGE (motion  ORIREA 2 IR L CHEESEEL T b IEEGR T EfR S
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Fig. 14. Diffusion weighted image of acute phase cerebral infarction.
Elderly female came with a left side muscle weakness since 2 hours previously. T1 weighted
image (left) and T2 weighted image (middle) show no abnormalities while diffusion weighted
image shows a focal area of bight signal (arrow) in the territory of the right middle cerebral
artery. Findings are consistent with acute phase cerebral infarction.

0
ORM

SP1-4.B01 .2
a0

Fig. 15. Diffusion weighted image of metastatic bone tumors.
Both contrast enhanced image with fat suppression of the lumbar spine (left) and diffusion
weighted image (right) well delineate metastatic bone tumors (arrows).
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Fig. 16. Diffusion weighted image of metastatic liver tumors.
Diffusion weighted images (bottom) are more sensitive in detection of the metastatic tumors

(arrows) than contrast enhanced MRI (top).

» MPG ZEIINL Td MREBNESN DD
LHBE N TWS, 25 Thhig, BEMEEHTT
DIBETIE U MR B 08 < A iSRRI E R TE
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FEEFHTEESrFREEES 2T, RNE
HEITEEESERL, SN TH 2 L
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BROZEDORANERTH Y, JLECES > KL
7 ER TR R e,
FEEORWILBEFABE R 25 51213, T2
MDOE, WHRE, BE 0P, WtEy —7
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B, FEHICEV SNR O TR X L E5 21
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ED, BETITEEEEEE D 2 IR WEEFIC
EEARNCSESNC IR BR FAESR 2 T L Tw»
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A CHRBoE#RG & 20 L Twizat(Fig. 15), B
EXBEEOLIMREREN CEER 2 FHT5 2
Li3F e A CHEG, TR ORI 3R
Wer A bk (Superparamagnetic Iron Oxide,
SPIO) ZfEA L7 MRI 2’z b EENEWVWE S
T2 DS, IEERHBR T I EEBET 2ET
RE BB T2 2 ENTRETH % (Fig. 16),

72, —7 CHABEEREGRIC 3V < D OHIR
Whb, £7, WEEy—F7 77 s ORELZ
TR T WLEATREROBIENEL W, Zhboi
S B, MR, GO, BESANEEN
5. Fio, BEER), FPUGEE, B X OWLEOH
R EDEEDT —F 777 N EZTRT VL, &
51, Ev b7 3 —vk LT EREEE e
WY 2ERMTCHERA LY EA Nk
DIEMHESEESEZ LY T I LR, U 2o Hin
FfEE 2 U REREX & EEHEEROER N T
RV ENETLND,
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BT O EGREZW DOEAHRICOWT CT & MRI #
WY LS L7z, CT ik XS 27% &
1, MRI 1355 O B¢ 23 2 ERHES D 2
T VL WEOMEBITbh s, KO EFEYE TR
RIZEIWWEZANF—TH->Td XRIZEZ
HOEWERBEET 2 2 L PR AEAD
R ODW TR E LW, £z, 2dctE
DEEERICBLTINS DN T 7 3E 2
FIRCBEAT 2 2 & IXEFRF LTS v, R
PN DIRED R % DB TH 553, MEL A
ZHEER UE{RZWT OBIG % Bk e L TiT< 2 &8
HETh 5.
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