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THE FLEXIBLE MICRO RESONATOR FOR THE MAGNETIC RESONANCE CATHETER
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Department of Mechano-Infomatics, Graduate School of Information Science and Technology,
The University of Tokyo, 7-3-1 Hongo, Bunkyo-ku, Tokyo, JAPAN
Phone : +81-3-5841-6318, Fax : +81-3-3818-0835
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ABSTRACT

This paper reports on a flexible micro resonator for a
magnetic resonance (MR) catheter. The micro resonator
consists of a micro coil of 3.8 pH and a micro capacitor of
0.81 nF. The micro coil and the micro capacitor fabricated
on a glass wafer became flexible by etching the glass
substrate wholly. This micro resonator was flexible
enough to roll around the catheter.

We built a simple nuclear magnetic resonance (NMR)
system to evaluate the flexible micro resonator as a
receiver. The simple NMR system can produce the static
magnetic field of 45 mT. We confirmed that the NMR
signal can be obtained by the simple NMR system.

Keywords: Flexible Micro Coil, Micro Resonator, Nuclear
Magnetic Resonance, Magnetic Resonance Imaging

INTRODUCTION

Research on micro coils for measuring NMR signal and
MR imaging were reported. Since a micro coil has a small
sensitive area, the low noise NMR signal can be measured.
Therefore, high resolution MR images can be obtained.
Previously, the micro coil of 60-um in diameter for the
NMR spectroscopy was studied [1]. The micro coils with
the micro channels for the NMR spectroscopy was also
studied [2]{3). The MR image of the 16x23x100 pum®
resolution was taken by a micro coil [4]. Since the
resolution of the usual medical MRI was about 0.5 cubic
millimeters, very high resolution can be achieved by the
micro coil. However, it is difficult-to bring micro coils
close to the diseased part, the micro coils have not been
applied to medical MRI. On the other hand, a receiver coil
rolled around a catheter was studied. MR images were
taken by the receiver coil which was rolled around a
catheter 4 mm in diameter [5). Although the receiver was
brought close to the diseased part, resolution was low
compared with micro coils.

Therefore, we thought that the medical MRI with high
resolution can be achieved by rolling a flexible micro coil
around the catheter. Figure 1 shows our concept of the
MR catheter. The micro coils and the RF MEMS circuits
were fabricated around the catheter. The arrayed micro
resonators have micro coils, capacitors, amplifiers, and RF
filters.

. - \

Arrayed Micro Resonators

e e
~

Fig. 1 Our concept of the MR catheter with the arrayed
micro resonators.

Since this micro resonator can measure the NMR signal
with high SN ratio, the MR catheter can take high
resolution images around the catheter. In this study, we

fabricated a flexible micro resonator, which consists of a

micro coil and a micro capacitor, for this MR catheter.
Furthermore, we fabricate the simple NMR system in order
to evaluate the flexible micro resonator.

SIMPLE NMR SYSTEM

Figure 2 and figure 3 show a photograph and a
schematic view of the simple NMR system. This system
consists of a simple NMR device, a power supply for the
static magnetic field, and a radio set for generating and
receiving RF wave. The power of RF wave generated by
the radio set was up to 100 W.

Power supply for
static magnetic field

Radio set (RF wave ganarator
and RF wave receiver) o

Fig. 2 Photograph of the simple NMR system.
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Fig. 4 Inside photograph of the simple NMR device.

The large coil, two variable capacitors, and the small coil
were inside of the simple NMR device as shown in figure
4. The box of the simple NMR device was connected to
the ground in order to reduce the effect of the noise. The
large coil generated about 45 mT by applying the current
of 2.1 A. The small coil was put inside of the large coil
and transmitted RF wave to the phantom. We use water as
the phantom. Since the static magnetic field was about 45
mT, the Larmor frequency of water was about 1.9 MHz.
The impedance of the resonance circuit of the small coil
and capacitors was set to 50 Qby controlling the
capacitance of two variable capacitors. The receiver coil
can be selected by the switch of the radio set. The small
coil and the micro resonator can be used as a receiver for
NMR signals. The hydrogen atoms were resonated by the
RF wave from the small coil. The NMR signal was
received by the small coil or the micro resonator. The
NMR signal was amplified by the radio set and changed to
the audio frequency. We can measure the audio frequency
wave as a NMR signal.

FABRICATION

Figure 5 shows a fabrication process of the micro
resonator. The wiring layers of the Cr/CwTi layers were
evaporated on a 400-um-thick cover glass. The
thicknesses of the Cr/Cu/Ti layers were 50 nm, 750 nm, 50
nm, respectively. After etching the Cr/Cu/Ti layers, the
insulating layer of the 2.4-pm-thick poly-imide was
spincoated. This layer was patterned for contacting. The
upper wiring layers of the 50-nm-thick Cr layer and the
1.0-um-Cu layer were evaporated and patterned for a seed
layer of the electrolytic plating.

1. Deposit and pattern Cr/Cu/Ti layers (50/750/50 nm)
Ti layer : 50 nm
Cu layer : 750 nm

Crlayer: 50 nm

P

e
Side View

Top View
Glass substrate : 400 pm

2. Spincoat and pattern poly-imide for insulating layer (2.4 m)

Poly-imide layer : 2.4 pm

i i 7

3. Deposit and pattern Cr/Cu layers (50 nm/1.0 pm)
Cu layer : 750 nm

Crlayer: 50 nm [

Y
Rl ARAR g
AT Il

LYV VARG AN VLD YDA |

4. Electrolytic plating of Cu with the photoresist side wall (10 pim)
Photoreiist 210 um

PDMS
*.

—
SRS

52

Fig. 5 Fabrication process of the flexible micro resonator.
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LLYOE " “Togan. | |glass pipe/ §
Fig. 6 Photographs

of the micro resonator. 4(a) top view.
(b) the micro resonator rolled around the glass pipe.

The wiring of the micro coil and the upper electrode of the
micro capacitor were deposited by electrolytic plating of
Cu with the photoresist side wall. After removing the
photoresist, the surface structure was coated by the PDMS
to avoid the HF damage. At last, the glass substrate was
wholly etched by HF.

Figure 6 shows photographs of the flexible micro
resonator fabricated by this fabrication process. Figure
6(a) is the micro resonator before coating PDMS. The size
of the micro coils and the capacitors are about 10x10 mm.
Figure 6(b) is the micro resonator rolled around the glass
pipe 15 mm in diameter. The thickness of the micro
resonator was about 1 mm. Figure 6(b) shows that the
micro resonator was flexible enough to roll around the
catheter.

EXPERIMENT

Figure 8 shows the characteristics of the micro coil and
the micro capacitor. The micro coil and the micro
capacitor were fabricated separately as shown in figure 7.
The micro coil was 12x12 mm in size. The width of the
wiring and the gap of wires were 150 um and 50 pm,
respectively. The inductance of the coil designed as'4.0
uH was 3.8 pH. The Q factor of the coil was about 4 at
2.0 MHz. The micro capacitor was 8x8 mm in size. The
gap of the capacitor was 2.4-um-thick poly-imide. The
capacitance of the capacitor designed as 1.0 nF was 0.81
nF.

Then the micro coil and the micro capacitor were
connected in parallel to measure the characteristics of the
micro resonator. The designed resonance frequency of the
micro resonator was 2.5 MHz. The resonance frequency
calculated based on figure 8 was 2.9 MHz. Figure 9 shows
the characteristics of the micro resonator. The resonance
frequency of the micro resonator was 3.9 MHz.

4C3.4

{(a) micro coil (b) micro capacitor
Fig. 7 Photographs of the micro coil and
the micro capacitor.

3.

4.0 ( “““““““““““““““““““ 7]0.85
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35 . : . 0.75
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2.0 3.0
Frequency [MHz]

Fig. 8 Characteristics of the micro coil and
the micro capacitor.
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Fig. 9 Characteristics of the micro resonator..

Although the resonance frequency became high due to the
parasitic capacitance, the impedance was about 50 Q at 1.9
MHz. It was almost the same as the designed impedance.
Since the resonance frequency of hydrogen at the simple
NMR system is 1.9 MHz, NMR signals will be measured
efficiently by the micro resonator.
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Output Voltage [V]

Received RF wave
Switch from tranmittiny
mode to receiving mode

Transmitted
RF wave

Fig. 10 Measured NMR signal obtained by the small coil.

At last, the NMR signal was measured by the simple
NMR system. Figure 10 shows the NMR signal obtained
by the small coil in figure 3. The RF wave was transmitted
to the phantom from a few hundred milliseconds to a few
seconds. The NMR signal was received 10 milliseconds
after transmitting the RF wave. The NMR signal was
about 2 V peak to peak. Since the noise was about 0.8 V
peak to peak, the NMR signal could be measured for 10
milliseconds. Although the NMR signal was too small to
receive by the micro resonator, the NMR signal could be
measured by the small coil.

CONCLUSION

In conclusion, we designed and fabricated a micro
resonator which consists of the micro coil of 3.8 pH and
the micro capacitor of 0.81 nF. The micro resonator was
flexible enough to roll around the catheter.

We built a simple NMR system with the static magnetic
field of 45mT. The resonance frequency of hydrogen at
the simple NMR system is 1.9 MHz. Since the impedance
of the micro resonator was about 50 Q at 1.9 MHz, NMR
signals will be measured efficiently by the micro resonator.
At last, the NMR signal was measured by the small coil of
the simple NMR system. The NMR signal was about 2 V
peak to peak and measured for 10 milliseconds.
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ZEPREN,

2. Fetendo balloon procedure

& Z AT, Z®Fetendo clip NitEfTid, ¥&
PIZBIK 3 &R port (trocar) #EEE LT h
S (BHERT, BEORT) & E%
SR, BEAREFHTH 202 0FHK
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WEE OkhFHOME, BBEEOY A2 %
E) b > Tw7., #Z T Harrison b i3,
Fetendo clip procedure DHEEZ X L IZED
B, ZORBREFEOV-E ) DEEEB(L
cHlo7z. Chid, R BEREKRT - TEY
BT DFHETIED 54, B internal occlusion
FRICEBTHHDOT, FEHAIVBREEIC
BAShZARE (fetal tracheoscope/bron-
choscope) % 4L, inflatable (expandable)
detachable balloon (FFRIZMEAH 7—7 1L
FHH) 2HETALVI)RENBRAEFRT
» o 72 (Fetendo balloon procedure). ZDF
BEORE LML, FENICEE T 5 port
(trocar) 2H—TTA (Tbb, FHIEE -
Wi, FREEEVAER), BROBEE
W KiEzFHRHEROBONLZ L h 5,
BEMESHFECTELENIZ L ThoT. #
DEA DL T Harison 5%, 2 #ld R-CDH
(BOBOHEYR 24, 26 38) TBV TR ZBE
HTW5E, Fhid, 281L B S22 RAME
(LHR X 1 #1°T 052, o> 161CidmERAIC
L DEHHEEE) LBE “liverup” AL, %
TR b HE PROMICE Y IFHR 318 T
EXIT ol (#38) &% o72d »dh b6,
HAZOEBHBHIERCTH 57220 Th 5.
FLCOWMETE, WThoEMLHHE 108
DRICBEERE LR EZBGL, R
1BITIE 1 BRI THREBABOBRREZZD TS,

Z @ internal balloon occlusion (endolumi-
nal plugging) O% 2K, BIMERTIZIYE
BICHEDALNTW b DOTY, Z0OHH
Bt AEBREZ0Y 27 HE (in-utero
unplugging, %) % & EERMFEHI R
bRTWwB®Y  Fi FHEHNNNNV— KD
bhs—RERTAZo0%&ME, Tbb “+
DR EMRE (sealing, plugging)” & ‘K%
BOBE - BREE (KBS tracheomala-
cia % &) DR/ME ZFERICERT 37200,
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t MBERAEEY A A0 EBRIRF ST
5%,

%3, Fetendo procedure (clip, balloon)
TR L%, ERCRE2HHITIBOREHS
ELWVH YR 2 E#ET 72012, Harrison b
I EAEERT O EXIT (ex-utero intrapartum
treatment) procedure # B3 L, FOHFHEYE
COEHEL VB2, FHIC OV Tz
SR I N,

3. BREREHAERMOBERNRBEICSTSE
MERETHER

BREEMEMN I, MOTENERE - Bz
HLTITONEbDTHSE,. LIL, FOKRE
BERICE VL FLL—EL TRy, iz
3, KENRTERL) 2MEOREN device
ZEZE L7 Quintero &, BRI RIEEE
WXL RAEMAEM (intraluminal tracheal
occlusion, 27 ), F 74+ minimally invasive
intraluminal tracheal occlusion (MITQ) ®»—
PlzfE L TWE02, ZOBKEN device i
2HBTHELHBETX2RBIBEOA L)
7o (Mo, BREEEMEEEO:D
ECMO E¥ - CDH BIEH%E %179 b, HAER
BIZFET). F72, Flake 5d & MEE CDH o
15 81 (JEHR 25 ~ 28 58) 2 LREBIEM 217
WEDEREELRE LTV AL, HEELTIRE
ABFERENRIBUL VIBDTRBRLEDDTH -
729, ZZTERENTWAESL VM2, #H6e
OB EE RIDGEETH, PHBORR
HRMEROMBEREICL ) BERAL DL
ELTwERTHB. £B5° “liver-up” T,
#i#% EXIT procedure (BHEHT) 2 CTHE
ENG R EBEIAONEY, LYEVAE
#E (75%) % 5 Tv5 Harrison group
EDIEERDTHBE, Flake bDHMETI
BB D selection criteria & L'CLHR < 1.0 & \»
I—BRELWEENELNTVWS, £72, 20
FRELTE, BEBERONBEENERCIIL

L, SVREBEOBCERTENR (8KRTTO
BAERE - FEURICL2BEREH 5,
external clipping) 27N T 5 HIZHEE
na., ZOL)IHBEREREMIBV T,
N7 BMEEk TO selection criteria R FH
KNG DERALN, —EDEKRNFEMZES
ZERBLTESTR2Y. 20k REERY
RRoP T, BRREAEFOVTE, 20
Vo BB GFMARDLNE LI IR
72. KRBl -~X% randomized controlled trial.
(RCT) &, CHEILERODL LITFH¥A
v ERENDDOTH B,

Bbhic

AR TIE, BB CDH OFBLBRBI~OINIE
2oWT, BEREMENE VIHLELIS, &
DERK) - BZ/AERENERE I L2 TOMTH
TAAT. SEBRRIX I, BRAEEHAER
DAL, ThEMITT 2 MR0E 2 - Fét
DHEE LELIEEBT 22 L5, 20%H
BIEFAI & B R 2 HEAT 7 A4 ¥ OREL AR -
TIRIKRDONB LI IR oTWE, 22T
KB &, —BE4E @ Harrison group #* 5 @
RCT* OERMELFK, —HICRILIASRS
EREEREROBROERCHT rmHEE
BL, TORCHIRIEELRE, Tihbb
Z DEATHEDEBER % refinement & W4T R
DEBRFFEIZE 5 TA =,
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RRTERRIEAIL = 7 2 BN FASE (3)

A s-wmzasss LBBEE, 7 memzas JU)IGEL

% K L B

BIREERE Y s -BRons FIEBHE

2 o 2L 03 L ¥b &L D3

Lol

BRERBICEH SN2 ARERBE~AV=T
(congenital diaphragmatic hernia, CDH) (2
&, BERAFEIHOLICAREEESINS D
DHFEET S, ZOBHEESIIOVTIIVER
ZADEHRVHZENTEY, AIBECEFER
RO CDH SIS 2 e REIFER, T4hbb,
RBRSENAEREROBRICOX, BHILEFD
ABZEMEREZPLCMBEEFT 72, SEIE,
COMRHRENREHAENOBRNME, &
CECZDREHFR  REDBBREEE RS
DHEERZHLIRR, HFETEHBROFHICD
WTHEZ TR,

IR RAET I O BRI RN & random-
ized conirolled trial (RCT)

ZTIT, bo L HHMEMMICEBE TR 358,
$ % b randomized controlled trial (RCT)
KL RREBENOFHMEA, Harrison
group {2 & ) NIH & B THREF S0, 2D
BEBRIZOBRERBREICE - ThR
POTHBENEDDTH o /272012, F0HS
DHEmEFNIERITI L o7 UT, £
T ZOHREICOERR TRV,

1. RESEAZEMCET 5 RCT DBIE - 158

2D RCT 2B} 5 B IR selection criteria i3,
e DEBETFF A2\ (isolated) L-CDH DiglR

0386-9792/05/%100/E/3CLS

(FER 22 ~ 27 B) T, “liverup” BX U “low
LHR (< 14)” w3 bDTHY, “HAESE
BT 7” 1361 “BRAEREFRBET 11
PIMTOBRKNZLBERETbh. &35,
randomization ¥ 38 D B DEIY THIE 254 58,
U5BTHRENTVWE, Thb-ZoDBBEES
H$ % 7:9? outcome & LT, primary {213
A 90 B COAEER, secondary (additional)
B - FrEROSHELRBIENR, primary
outcome TH 5 BEFRDD - & b IEML Tl
H& LTI LHR MBI ohTws, #5
ELT, TORCT &HTHIFEShTwv 5,
TN “HEREREN T 77 BI2B 5 T84
DEVEFRIZLEHDThHo. Thbb,
primary outcome 3B & - BETBOBD
7%, 73% & HEEZMN% {, secondary out-
come D) LA (FrERY) &#E, &<
WZHi&HFE (ECMO 1T, A TR HE1TH
f, supplemental ZEBEHEZRSDOLEHLE)
PRCRRERERAESE, ARPMLV LBERA
i (BOBOFHTE21H, 596 H) ZETH
WThH, REWERGBOON o2 F0
MR, CORCTHS5ABEH, BEKTHE
i3 CDHIEROBERBELUEBL 2V E VD
Ha»Eoniochs.,

2. ZORCTICH! DREME

L# L, Harriosn H & » % Eurofoetus
group (#iB) AHMALTWVB LI, ZOR



HiZCDH T 2 lEREMEROER L -
LTEBETSLDTIER. 0 study FE,
CEIHMSNIBFRBERAEUTDOIHE
Bbhs,

D) ¥ “MEREENS T BCBWTT
BB REFZ bRl 0P ?

EFEOHMABRREROESICIIE,ICE %
RELZ3DEH DD, ZOMENELFAHK
9 5&, F0study design % EWZZODE
REEINS, ThE TS, BIROD selection
criteria IZBWT, FREZDEEHRETH 5
LHR % 14 K& L= L TH 2 (RFEICH
WTIdHRE CDH F# %2 H#2E 3 % LHR O cutoff
o9t shThy, MOFMENLD DR
BOBERRYULEEZIONDS). ZOKE, B
BWICTFEPBREFLEZONS CDHEH
(LHR > 09) D#I&, “HEBEEY Y, 77
B (FHLHR096) - “MIBRAEHEN B (Fiy
LHR 097) OWFhIZBWTHEL 2Y, Tk
BOBRBEE L BT b0 Bbhbd, BE,
Z D study IZA-7BRDE {1 LHR 4509 ~
10 ZBABVERFEELRLZHOD, LHR 09
DTOEFTREHFRIRRTH 2L SN
59, bH—KHIEZ, wbWw3 “trial effect” @
R THH. Thbb, o study & 0 LLET
@ Harrison group % 6 O#WE CHEWHEE &
nTw “BEREEN Yy 7 BTOREREL
AR (38%) Y OFEEIE, @ RCT LRIk
BREMOMBIE2 D TR, Z0 “HAERE
BB T ODRENHERILT LD EERLE
REMMER (tertiary care center) Tit 7%
Pol:ZedThHolbFEZO6Nhs, Zhily
L, SORCTIZBWVTIE, “HAEBEENY
T, FRE L TOBroZ2nBDEET T
AW UHEak (UCSF, $ 7% b % Harrison d ter-
tiary center) IZBWThHERh TS, L7
»oT, BED CDH BRDILE 2t B 575
PRER - HEWRRTONS D4 EET
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hE, TOstudy IZBIFR0nbws “HARBE
BT T BOBEREN, SHLIECED
—BEBEE BT 5D DPENITDOVTI,

SO ABHEET 5.
2) BMBRREBREMIBOMBE - £HMF
BIEDREATLOHN?

CDstudy IXBITSHd - L HhEELFERIL,
‘BRAEHEMN BBV IHRBEHE
(PROM, preterm labor/delivery) #»F &I
mLTwZbr»rbbd, BREETIEZHE
ELT "HEBBEERS 7" BLOMTENA
bhidh o2l & Thab. Thbb, “BREA
BHER (&K - BET)” BoE, 28T
PROM %, F7-, BEIZEZED preterm labor
2E7-LTBY, B tocolysis & EDOEFMH
ERNEHENNIETH 72 (PROM H» 5 delivery
FTOHMBEIEFEY 95 B)., BRI, “WAeER
BERT 7" HTONM (B 92%, KRS
% 31%) DR THEIRI7THATH>7=DITHL,
“BRAEMEN HTIIEFB2KT EXIT
(ex utero intrapartum treatment ; ED#HP
&L, MXBMSE) 1T AREBHHT, &
HelE 37y 308 3B (RAEPAZEMM 189362 H)
L, BETHHRORKAMIEEIIE Y (B
DBOFHMAIRE 303 kg, 149kg). ZThiC
Lrdbh 69, MM T primary B £ U sec-
ondary outcome IZFBEEN AN o722
i, BRERAERZECIIMEE  RASREL
XHETHLDEDELIOND., MOXBRTHR
N7z E Dy, BRMOKERESNBMICIE
DFRERIZTIERTTITHLS PR EER -
BMERNEBEETHAE. LEMWoT, $ED
Harrison group {2 & % RCT DR, RS
ERAZEDANRLZBRRI LI DDOLEORFD
HY, BRI »EREFHEOERNERD
HERZHLIPETHIDII L o720 E 5,

3) Z D RCT D#EF13 W A% D BRR A28k
PORLEGEIESFMEINEH?
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CORCT CHEHFIhL-ABR20 A (HABE
BRTT 98, BMEREBRERILA) 7L,
Keller 57 iJ A 4 DDORES (M4 24 B
B, COHORBEMBREHOM - #, &F
Fa—THRER) CTHEBERE (oxygenation
index, A-a DO2, MREERIVTI4 TV R)
ETOHEL TS, BHEbaVTI4T Y
AMERHAEROREZA L & bIi#m L 725
TOEMBRIREREMBRTEL, 72, 20
aHHlMED CDH HRIBHTHT - REMICKEAER
HTHEDEEEZRLTW. $7, A-aDO2
bREBEHERCEMESL & > T\ 225 oxygena-
tion index IZMAFICELZRD LD o7 L
L, MEFOENEKRE LTEHTR kd o7
Z &5, (Fetendo balloon procedure & %)
T RAERAEMI, A RYMEREL —E8E
UERTHHDOD, BUTEDERHERIIK
ELBVERERTTITVE, BIICBYWERT
&, BEIRSE A EM MR R & oM,
EQICMEMEREEERDVETIRBE S
TEY®, JEMEORAENFHIIOVWTRS
BROLEELRFIRDO SIS,

3. BMRRERAEROSHEOLRA

JeRAEMEDERNANEZ L VST X
W70k, SHERNEGHEDRRE B
LFHMBH»ETETEEE 255, 20
ZhTH, FENA»SORHEE (&, trocar)
0 - A TUIRIICA T 5 EIB818 (iatro-
genic PROM) 23 +54RE2ET5. #0
BHE, AFEMBEITROEEEARTIZT CIIE
ELERMBOMEE - MBEARSETLTS
Do, Il RWMHTH- THHMH T TICEE
flddseal ENBZ LB WD THA W,
L, ¥BROD»H 5 EMEHRIEESH, FRE
MR EMERBROENMEHES (PROM,
preterm labor/delivery %2 &) 2 HHTW5 &
THE, BTG EHENUELE LD, D
BERIZBWT, SEEBRRMICHYATh TV S

amniopatch i3 K& ZHEB ZEDH T 5 010,

FIEFIZ4 %4, RCT T E &R 5 outcome
(primary, secondary) DB#HIF+&®, KR
SERZOHITEIEICHODRELAESRE S,

EMREIZBOTWERBEL ISR TV VRS
B, TTREHREOETEI /I VY (Hh
KELEBEDI O ALEFBE L ) L EEKSE
B (BEoBBHBE FEARRE - BRI
RTHHEHNM) B TFohb, Zhicmz,
FHERBEBGORR (BRKE, B4REBEO
FE BRAREFFHCBILEBOF L X -
B BemIxiY), 5#kE (& {ICEXIT
DRSSP ORER) R EHLEELRET
b5, BE, §TCUERRLHYWERLVD
bDEED, HREHICBIAEHMD, HHn»
BEROL WEHMCORERELRFTShE X
I oTWD,

Bz L e 3 S RREHEROB LY
flx (FETO task group)

CDL) BIMND %I T, Deprest & Hur 2
HE, BRIMZHE (NvE—, EEH, A4
) £RTHbRTwW5B FETO (fetoscopic
endoluminal tracheal occlusion) , B & O
FETO task group {Z & % CDH ® multicenter
study (RCT Tid%& ) QA E 2 BL0FE
LRTnB -0 2O, HRENKER
EHEMD, EE CDHOFHRZEEICRET
BEWVWH)F—FD, TDgroup 2L NE/EH
DOBHBIDTH5D.

1. Fetendo & FETO

< Z T, Harrison group @ RCT 2BJ %
Fetendo procedure (X %4 balloon BRZE T,
B D—E D% clipping BIE) &, TOFETO
procedure £ DEDMHBEIZOEERLTB A
v, 9, BIRO selection criteria Ti&, F4H
HATD S 4 I Y I B TROERCH S (BT
HTHIR22 ~ 278 - F¥ 2538 ; %BHET2%6~



283B) bDD, ZOMEREMMEEL IZVEE
vV, 2, wIFRhb “liverup” EHIE WS Z
ETHBET L, dboLbEELRDIRERSQ
5 LHREOHETH S, Tibb, BiZTid
LHR< 14 TH - 7-DICH LEHETIZ LHR <
10 L 3NTBY, BHEZV-Z ) FELRDE
PG EB > T 5,

RIFETRE A, MEHOFENMEET
b5, MEVTHONEENE KR (&, &
B - hibRR) TORENBRE (EABBRITF
BWAERERICL Y irrigation 64T) - balloon
TRCHEAEMREFH (detachable balloon,
in-utero intraluminal plugging) T 5725, #
HIATEICHARRBESH LMK, BET
FENBBEXMECERE, Ch»BHED
regional JRBE (B, BB FTOBKMER
(BBERL) THh, LrdRHRERE
T4 XH/AEv (M3 3 Y D curved sheath,
L4 1.2 3 O semirigid fiberscope) &9
RiZHb. Thich, iz (RBEIE)
ERTOBERE - FEBHRFERT, 20RH
FIINEL I Y (trocar FEES I V) L REW
bDTH-T.

2. S I EXIT (Fetendo) &#EEH %
(FETO)

SHITKEZMRE, RERENE—EWH
B LIBORSBECLALNS, Thbb,
Fetendo TIXBHAERT TH, WbIZTRHRLE
AR (EXIT i) L ohbniTHL
FETO iZREBAZERKE 8, HAE LTRE
D BIETHOTHE. BETIR, BESHR
EVHERIBRICESTEETH B2, BE
B, HMAERICHBEOEE  RELRD,
HAEZRFRERICBI2EOMBEL2 T2 L
V) BERML LAKE ., FETO TRIES A
T RE 2B, 3rd trimester IZA D, —FEOH
TR R - HEBRRED A SN HAEN (F
#34~358, Thbb, HMFBLED saccular
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period) ICHRERICN NV — VEAELERT 2
(in-utero unplugging, plug-unplug sequence)
OTHE., ZOBMER, —RHANSELE
METHD, REBELVIBRIZE o THEAE
BHLREZRERT A & C, surfactant B4
(R RS AE L B) o [ 165 <0 K A8 B Sl Uk B o i 455
BOEFEAZE,Y, v Tid PPHN (per-
sistent pulmonary hypertension of the new-

. born, FARPBERMEMITRE) SOHERS

NHREREEZHELETIEVWIHENBEESL-
5,

COE)REBEETZ, BEREHEND
N4 F =7 Tdh5H Harrison BE H, BEIZL
BT ® Fetendo 6 & Y KR # D FETO 28T
Lo2&HY?, 4#%Id FETO ICH#T 2 FH
Vo Z)RITANROATOWLEEZONS,

3. BRMICH T3 FETO DR & B3R DK
157 - A

Deprest 5® FETO @i ##8¥ET 5 L, 7
WICEHT 2HRKHEE DRV CDH T, HIE
26 ~28BDObDTHA. L-CDH Tid “liver-
up” & & BT “low LHR (< 1.0)” TH 53 =
L, HBEVIIEIR 26 BURI OB W CREEE
K#B% (FXREr vy rHF 4LV FZBE5)
TETHILAHRE ENB. RCDH 0L
&, R HELR 26 ~ 28 B THNITF DL A
FETOO @I & Eh b, = FETO task
group 513, REEBYEF CORBKRBE ML
Sh, SLISFERLDITE, ZDEREER
MOZEEEFMT 272012, 75 ¥R (Ville
%), 7 A1) % (Harrison ) @ group dib -
D, W CDH o0& - FHET % ek
L7 FETO DBERRE I HE SN S (retro- -
spective multicenterstudy). % ® 7% T,
134 5> L-CDH (#E#& 24 ~ 28 38) #5 b,
TOP (termination of pregnancy) #I% B <
123 BIASEFli I R & s h, £HOEEEIIT 47%
TH2. ZOBHITEBENLIBH RHERIZL
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THO28THAH. Tibb, L “liverup”
2 “LHR < 107 Thiud, FRIEFFI I%
Tharok, 7=, ZD 1235+ 208 (&HhD
16%) T FETO 257 &h, P THFERICK
HLTWBZ & ThHb. FETO HiThRB L U4
HebE DR AR (median) &, BOBD 268
BIU33HE 70%i 32 BUBETHH%) Tho
7z, LLF, 2020 %0 FETO fEFIDERZH
HTHREV., BbEesbhsoild, £FTE
BLEBEEHERASNRT (AL 52%TFE
% amniorrhexis » 9 ), AFREHERHSB
LT BBEETBEDBD 55%, 50%ICEL TWE
Zr (REBMONRBE 12 61 TIRAEFE 8%),
o2, BEARE (£%7~2658) iKW
SARRERERENRROA TV RNWILT
5. Lab, FETO MidT# 48 WM LA
echogenecity 2380 L, LHR (median) &, #F
ERID 07 (04 ~09) 754tk 2 BELIAIC 1.8
(11 ~29) ~&¥EmLTwA —%F, Ihb
FETO W1 <X, B&MIC 104 (50%) 7%
FBELTWA, 2095 8BITIE, MERREZ
W LB DMEEIREREFEE LT3, 24
WIPRBEUANOREEIC L2 HDTHo7 (A
BOMEEZIEFHBRCH -72). DLk
BH 6, Deprest Hix, IR CDH T35
WL (“liver-up”) LHR 2K EZ & % (“low
LHR") S R FHARDOBTHY, C
i A EEEYED FETO i3, ROLFRZ
HECYHETELEHERLTS. &6, &
® group NHEMEIL, FETO DHFIMESD -
ELFZICALNLMEBE L E, HETAIC
LHR 2507 ~ 09 D#HEIIHHHDE LTV 5,
ThHERThbh, HABRBBREN, T -
FETO # kB L 724, MEERA—EULE
B (LHR< 07) THIITWTNOHEBETHR
BEIABTHY, —F, MEBEI TS
gzt EInid (LHR > 09~ 10) wWiho
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