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Mid-sagittal plane

Protons of the formalin
solution are visualized.
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Z_ T, REAAKRFELHMEKRETIE, FEaALy> a0
KEHMGE () FTERIEEDERAD=ZRAMRREZHAIBT 5
EERFELI (1998) . C7RT ) FERRT HITH
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A technique called magnetic resonance
microscopy is revealing the secrets
of early buman development

ing Human ‘

Bradley Smith, Visualizing human embryos. Scientific American, 1999.



Carnegie Stage

Embryo
CS 13-23

by Kyoto
University

Carnegie Stage: The human developmental stage is
divided into from 13th to 23rd stage according to Its
external appearance. Sample diameter: 4 ~ 15 mm



First trial using 4.7T MR microscopy

9, RYIDSATILELT, 4. 7TTOMEBIZEHAEZAL-,
BEAMMRYAVARO—TJ AW TIHREEZTo-. RFO—JIC
(X, Dotytt D #xE a4 )LZE RN -AER#METO0—J %AV -,

3D gradient echo
TR=200ms TE=5ms
200um cube, 53 min.
April 1999.




1.0 Tk AWEA Z# FALv=MR microscope (1999)
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Permanent magnets®  MRiiconsole
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Cross sections of human embryos selected from
1.0 T 3D MR microscope images: December 1999

21 by T. Haishi 22




1,204 Embryos selected for the Kyoto Project

Carnegie Number Diameter Length Voxel size
Stage of samples | max (mm) max (mm) micron cube
13 29 3.3 4.0 40, 45
14 138 5.2 7.0 40 - 55
15 125 6.5 8.0 45 -35
16 126 8.0 8.5 50 - 60
17 128 8.8 10.1 70
18 124 8.8 11.0 80
19 147 9.0 15.0 100
20 141 10.5 16.0 100
21 132 10.5 20.0 120
22 62 14.0 23.0 120, 150
23 52 - - 120, 150
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Fixed Mouse Images at 1.5 T: February 2002

2D cross sections selected from 3D datasets of chemically fixed
mouse fetuses simultaneously acquired with a 3D GE sequence
(TR/TE/FA:100ms/12ms/90deg). Matrix:1283

Voxel size: (200 um)3. NEX: 1. Measurement time: 28 min



Super-Parallel MR Microscope at 2.35 T

ACH array probe: 8CH array probe: System Overview
Used for 10, 12, 15, 20 Used for 8 mm NMR
mm NMR tubes tubes 40 cm bore Bruker

animal MRI magnet

by Y. Matsuda, Y. Otake, S. Ono, S. Handa, T. Haishi
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. Imaging speed
— super-parallel MRM at 2.35 T

. Optimized RF coil for each embryos
— solenoid colls for 8-20 mm tube

. Sample transport and handling ?
— NMR sample tubes with formalin solution

. Imaging pulse sequence ?
— T, weighted spin-echo/gradient-echo sequences



Optimized RF coils
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For 20 mm OD NMR tubes For 15mm OD NMR tubes

Diameters of the RF coils were optimized for various
size of the human embryos.



Sample Transport and Handling Problems

HEEFIRITH500kmbEENTLNED T,
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embryo specimens



3D Image Matrix and Mid-Sagittal Plane

formalin solution: T, saturation !

A
256 X 256 X
512[E %
~J—1) LfEME
Z{To1=%IC
=REER
256
v
/ T, weighted image of
28 the mid-sagittal plane

Image matrix: 128 x 128 x 256



Human Embryo CS13 - 16

1cm

CS13 CS14 CS15 CS16
(40 um)® (45 um)* (50 um)? (55 um)?



Human Embryo CS17 - 20

2Cm

CS17 CS18 CS19
(70 um)® (80 um)3 (100 pum)3




Human Embryo 20 - 23

CS20 CS21 CS22 CS23
(120 um)3 spatial resolution



MR Microscopy of Human Development

MR Microscopy of Human Development

By Kyoto & Tsukuba Universities
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Carnegie Stage 13 (1) Carnegie Stage 23 (1)

2413 2412 2585 2980 3478 15083 1943 15483 15913 16956 17236

4877 a9E5 0124 0124 10537 10589 17335 193124 200183 20249 21733

15535 15535 20253 036G 23486 23641 24582 254763 257043

26796 25888 265449 27275 27507 28521
20366 22051

27024 30170 31820

Midsagittal sections are displayed according to the serial numbers.



30 um? 25 um? 20 um? 16 um?
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WS¢, SNRFIEREER LS HLE
M TES(SNRcH™4) .

LALLM s, snER7REREMA T,
YL /AR3AIL (BEDSNRT A2 ) hMEZ %
L\f=8, SNRD A LI, AEEREICEESAH,
U= ADBERGEIZEDT,

128 X 128 X 256[B[ZFRhV5256 X 256 X 512[E|

()4 BE R 9.4 T 89 mm
RNDDEEHREDILKIETIHETH S Vertical bore SCM
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by Y. Otake, S. Handa, T. Haishi, S. Utsuzawa



3D High Resolution Imaging at 9.4T

EFEEEMEFERCS22(RABRFAXREERAENT 2 F—)
TR/TE=100ms/5ms, 3DGE, 256 x 256 X 512, (60um)3, 12NEX




9QATIZH T4 E FIEFDMR microscopy (1)

CS16 CS17 CS18 CS19 CS20 CS21

SHEEOEZIEZ, 8mm, 10mm, 12 mm, 15 mm
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Developmental Stage of Human Embryo
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CS20 CS21 CS22

. (40um)3, (45um)3, (50um)3, (60um)3
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CS16 CS1v/



0.4TIZH 1T 5 E FIEFDMR microscopy (4)




9QATIZH T4 E FIEFDMR microscopy (5)

120° 140°
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£FDMR microscopy (6)

CS18
45um)3

140° 160°



0.4TIZH 1T 5 E FIEFDMR microscopy (7)

120° 140°




9QA4TIZH T4 E FIEFDMR microscopy (8)

100° 120°




9QATIZH T4 E FIEFDMR microscopy (9)




94TIZH T4 E FIEFDMR microscopy (10)

100° 120° 140°



9ATIZH T4 E FIEFDMR microscopy (11)

Head sections of CS22




9ATIZH T4 E FIEFDMR microscopy (12)

Body sections of CS22




9QATIZH T4 E FIEFDMR microscopy (13)

Body sections of CS22
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512 X512 x 1024 B & D S0 EEEmRE (1)
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1. To2IL T —N
2. 64Dbit Windows
3. Compressed Sensing (7—42 OFRIE G =)
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TR=200ms, TE=6ms, gradient echo sequence at 4.74T
Matrix : 512 x 512 x 1024, Voxel size : (30um)3




512x512 x
1024
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2003£
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128 x 128 x 256
(120pum)3
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REDH U TV LTERT 5 DIEFETHER

FoT, eMEMEEEERSG (18.8T/54m) ,
L <&, #EEEEZEWA (7T/400mm) ZAWL=MR
microscope DERFENE L




HTU

1. AFEREMRIRIZCEITEAERRKDOMEFIERD
MR microscopyiRiEDERZFLEa1—L7T-.

2. CNET, 128% 128 X 256[EZETD1,200(AD
RBRITRTLTHY, BITHRIZERINTLAS.

3. 256 X 256 X 512E ZDIREFEMILTERALTH
L), §1&1,200(ADmEEBEELI=L\.

4. 512 x512 x 1024 B %= DxEHE T B LIL.
IO TWWED, REREBDE=OHIZIE, FIFRRT
LDFEAENTFTAIRTHS.




HEARE
REVKZE
IWHEFEE, WHEANESE, LHFEFEAE
Iﬂz&j(%
FHEE 218+ (MRTechnology)
MmHBEEFEEL (B AT«3)
FEZEET (Schlumberger (k) )

K’r’r[‘%fl\lﬁ‘& (Bl RWIZERT, BLREEFFR)
FHEMELT (Quality Electrodynamics (K) )
INFEHMEK (EXBI T 74 - E—)
RERFBER (NTTEEAZR)




!

on

Thank you for attent




