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Development of pH-weighted MR imaging for assessment of tissue prognosis in
acute brain infarction
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We developed and optimized pH weighted magnetic resonance (MR) imaging,
which is based on amide proton transfer (APT) through in vitro phantom experiments and imaging of
clinical patients with acute brain infarction. Optimal strength and duration of the saturation pulse

were determined, and a 3D APT imaging covering the whole brain method was implemented. We
investigated a new method of image analysis that can acquire APT-related signal more efficiently. We
analyzed images of clinical patients with acute brain infarction by comparing findings from
conventional MR images, and found that the APT signal as measured with magnetization transfer ration
(MTR) asymmetry at 3.5 ppm was reduced from 0.26% (normal region) to -0.48% (infarction) on
average, and that this APT signal reduction was clearly visible in 37% of the included cases. Our
study revealed that ph-weighted MR imaging based on APT is feasible in detection of anaerobic
metabolism due to acute bran infarction in clinical patients.

MRI pH



pH
pH
Chemical exchange saturation transfer
CEST
CEST
amide proton transfer APT
pH
APT pH
pH
APT pH
APT
pH
pH
pH
pH APT
pH
pH
pH
pH BO
BO APT
pH
pH
APT
pH
CEST Z pH
APT

pH

APT
pH
pH
PH APT
10% -
Spin—(i'ChO TSE rbo
PH APT

0.5 1.0 2.0 3.0 4

0.5 1_5 2-5 HT

3

20.0
B
S i
150 |
é ‘ ....... -'
E100 [ "® .
g T e ]
2 L . -
E 5.0 ;M o9 o
) : e10s
e05s
00 Lo, 1205
6.5 7.0 75 8.0
pH
20.0
C
..... L ]
c150 | o
> . s .
§1on * o
E :_ ..... .o 'ZSPT
50 f e 15T
5 . e0.5uT
E : I YETTRNTLLL A Y
< 00 [ P e |
6.5 7.0 25 -
5.0
pH
4 pH B
pH  APT
C
pH  APT




pH 6.

53 6.84 6.91 7.25

7.65 pH APT
3.5 ppm MTR asymmetry
MTRasym@3.5ppm
pH APT pH
BC
APT B
APT 0.5mT
pH C
BO
BO
2D TSE
BO
retrospective
BO
pH
7 pH
2mT
0.5 1 2
APT
MTRasym@3.5ppm
0.5 0.96% 1 0.66% 2
0.35% 0.5
APT
3
25
;@ 2
o
c 15
g
£
o
0.5
0
0.5 1.0 2.0
Duration (sec)
APT
3D
2D TSE pH 1
3D fast spin-echo FSE
pH
APT
1%

APT
+3.5 ppm nuclear
Overhauser effect NOE NOE
APT Keupp
APT
APT  NOE
+-3.5 ppm +-448 Hz
Lorenzian-Gaussian
APT  NOE
APT
2017 3 27
APT
pH
APT -0.48
+ 1.30% +0.26+ 0.49%
-0.74+ 1.12%
APT
P=0.0007
8/27
37% APT
A 5/27 19%
APT
14/27 52%

/N GRS

APT
B APT

12
Wada T, Togao 0, Tokunaga C, Funatsu R,



Yamashita Y, Kobayashi K, Nakamura Y,
Honda H.
Glycosaminoglycan  chemical exchange
saturation transfer in human lumbar
intervertebral discs: Effect of
saturation pulse and relationship with low
back pain.
J Magn Reson Imaging 2017, 45(3),
pp. 863-871 doi: 10.1002/jmri.25397.
Togao 0, Hiwatashi A, Yamashita K,
Kikuchi K, Keupp J, Yoshimoto K, Kuga D,
Yoneyama M, Suzuki SO, Iwaki T, Takahashi
M, lihara K, Honda H.
Grading diffuse gliomas without intense
contrast enhancement by amide proton
transfer MR imaging: comparisons with

diffusion- and perfusion-weighted
imaging.
Eur Radiol 2017, 27(2), pp- 578-588

doi: 10.1007/s00330-016-4328-0.

CEST MR
JSMI Report 2017, 10(1), pp-
24-28.

Togao 0, Keupp J, Hiwatashi A,

Yamashita K, Kikuchi K, Yoneyama M, Honda
H.
Amide proton transfer imaging of brain
tumors using a self-corrected 3D fast
spin-echo Dixon method: Comparison with
separate BO correction.
Magn Reson Med
10.1002/mrm.26322.
Kamimura K, Nakajo M, Fukukura Y,
Iwanaga T, Saito T, Sasaki M, Fujisaki T,
Takemura A, Okuaki T, Yoshiura T.
Intravoxel Incoherent Motion in Normal
Pituitary Gland: Initial Study with Turbo
Spin-Echo Diffusion-Weighted Imaging.
AJINR Am J Neuroradiol 2016, 37(12),
pp. 2328-2333
Togao 0O, Hiwatashi A, Keupp J,

Yamashita K, Kikuchi K, Yoshiura T,
Yoneyama M, Kruiskamp MJ, Sagiyama K,
Takahashi M, Honda H.
Amide Proton Transfer Imaging of Diffuse
Gliomas: Effect of Saturation Pulse Length
in Parallel Transmission-Based Technique.
PLoS One 2016, 11(5), e0155925
doi: 10.1371/journal .pone.0155925.

Takayama Y, Nishie A, Sugimoto M, Togao
0, Asayama Y, Ishigami K, Ushijima Y,
Okamoto D, Fujita N, Yokomizo A, Keupp J,
Honda H.
Amide proton transfer (APT) magnetic
resonance 1imaging of prostate cancer:
comparison with Gleason scores.
MAGMA 2016, 29(4), pp. 671-679
doi: 10.1007/s10334-016-0537-4.

Wada T, Togao 0, Tokunaga C, Funatsu R,

2016 doi:

Kobayashi K, Nakamura Y.
Effect of the saturation pulse duration on
chemical exchange saturation transfer in
amide proton transfer MR imaging: a
phantom study.
Radiol Phys Technol 2016, 9(1),
pp-15-21 doi: 10.1007/s12194-015-0326-1.
Togao 0O, Hiwatashi A, Keupp J,
Yamashita K, Kikuchi K, Yoshiura T, Suzuki
Y, Kruiskamp MJ, Sagiyama K, Takahashi M,
Honda H.
Scan-rescan reproducibility of parallel
transmission based amide proton transfer
imaging of brain tumors.
J Magn Reson Imaging 2015, 42(5),
pp. 1346-1353 doi: 10.1002/jmri.24895.
Kumazawa S, Yoshiura T, Honda H.
Image-based estimation method for field
inhomogeneity in brain echo-planar images
with geometric distortion using k-space
textures.
Concepts in Magnetic Resonance Part B:
Magnetic Resonance Engineering
2015, 45(3), pp- 142-152 doi:
10.1002/cmr.b.21293.

Jochen Keupp

CEST
INNERVISION
9-14.

2014, Vol .29, No.9, pp-

Amide Proton Transfer (APT)
2014, Vol . 59, No. 2, pp-
124-137.

29
MRI

40 Cl
2017 3 3 4

Clinical application of CEST/APT Imaging
Neuro MR Expert Meeting

2017 2 19
MR
&
10
2017 2 10
4
2017 1 22



MRI
2016 12 3
MRI , s
100 MR
2016 11 25
MRI
Radiology Frontier
2016 10 14
Togao O
Clinical application of CEST/APT Imaging
44

2006 9 9 11

pH APT

44
2006 9 9 11

Readout RF
transfer

44
2016 9 9 11

amide proton

CEST MR
11

2006 5 28 29

Togao O
Philips ISMRM 2016 Gold Corporate Lunch

Symposium

Advanced MR Sequences for
Neuroradiology

24th Scientific Meeting and Exhibition,
International Society for Magnetic
Resonance in Medicine

2016 5 7 13

Clinical

Togao 0, Hiwatashi A, Keupp J,
Yamashita K, Kikuchi K, Yoneyama M, Honda
H.

Amide proton transfer (APT) imaging of
brain tumors using a self-corrected 3D
fast spin-echo Dixon method: comparison
with separate BO mapping

24th Scientific Meeting and Exhibition,
International Society for Magnetic

Resonance in Medicine
2016 5 7 13

Chemical exchange saturation transfer
(CEST) imaging
The 6th International Society of Radiation

Neurobiology Conference

2016 2 12 13
APT pH
97 MR 16
2016 1 16
MR
278 Open Film Conference
2015 11 19
MRI
CEST APT
51

2015 10 2 4

CEST/APT
43

2015 9 10 12

Jochen Keupp
3D fast spin-echo Dixon
amide proton transfer(APT)

43
2005 9 10 12
6 Neuro
/VRI
MRI
43
2005 9 10 12

@) Togao 0, Hiwatashi A, Wada T, Yamashita
K, Kikuchi K, Tokunaga C, Suzuki Y, Keupp
J, Honda H.

Assessment of glycosaminoglycan content
in lumbar intervertebral discs with
chemical exchange saturation transfer
imaging: comparison with T1-rho
measurement

23rd Scientific Meeting and Exhibition,
International Society for Magnetic
Resonance in Medicine

2015 5 30 6 5




@ Togao 0O, Hiwatashi A, Yamashita K,
Kikuchi K, Honda H.

Assessment of glycosaminoglycan content
in lumbar intervertebral discs with
chemical exchange saturation transfer
imaging: comparison with T1-rho
measurement

100th Scientific Assembly and Annual
Meeting of Radiological Society of North
America

2014 11 30 12 5

@ ~ Jochen
Keupp

APT
42
2014 9

@

18 20

glycosaminoglycan CEST

42

2014 9 18 20

CEST
:T1-rho

42
2014 9 18 20
@
Chemical exchange saturation transfer
CEST
55
2014 5 21 24
@) Togao 0, Yoshiura T, Keupp J, Hiwatashi
A, Yamashita K, Kikuchi K, Suzuki Y,
Sagiyama K, Takahashi M, Honda H.
Scan-rescan reproducibility of parallel
transmission based amide proton transfer
imaging of brain tumors.
22th Scientific Meeting and Exhibition,

International Society for Magnetic
Resonance in Medicine
2016 5 10 16

Togao 0, Yoshiura T, Keupp J, Hiwatashi
A, Yamashita K, Kikuchi K, Suzuki Y,
Sagiyama K, Takahashi M, Honda H.

Amide proton transfer imaging in grading

diffuse gliomas: comparison  with
contrast-enhanced and diffusion-weighted
MR imaging.

22th Scientific Meeting and Exhibition,

Magnetic

International Society for
Resonance in Medicine
2016 5 10 16
)
Amide proton transfer
CEST
70
2014 4 10 13
0
o 0
o 0
@
YOSHIURA, Takashi
40322747
@
HIWATASHI, Akio
30444855
TOGAO, Osamu
10452749
YAMASHITA, Koji
80546565
AGO, Tetsuro
31514202
FUKUKURA, Yoshihiko
50315412
KUMAZAWA, Seiji
50363354
HONDA, Hiroshi
90145433
©))

Jochen Keupp KEUPP, Jochen
Philips Research



