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K1 AR 3 TS7T) FH T mEUSE S — 48 EPTEME, FERAE A 3L s K22 3R UG AT 58 o, RS 230
797+ MAGNETOM Prisma 3 T #P§[]+ MAGNETOM Terra 7 T, Z il & N [i — A EERF B  (2) 3 T 1 mmx1 mmx
1 mm 43 FE T B WAk 50 5 v 2% PR R i [ % (magnetization prepared rapid gradient echo, MPRAGE) 1% (T & K} [ (repetition
time, TR)= 2530 ms, [l i} [ii] (echo time, TE)= 2.98 ms, )X % i} [ii] (inversion time, TI)= 1100 ms, & % i [1] (acquisition time,
TA)= 5:56); (b) 7 T £ 0.65 mm £% ] [&] 1 73 B¢ 5 T 09 1 b 5 BE o 45 SCHRH A 2 [7] 9% (magnetization prepared 2 rapid gradient
echo, MP2 RAGE) K% (TR = 5000 ms, TE = 2.05 ms, TI,/TI, = 900/2750 ms, TA = 10:57); (c) 3 T # 2 mm 4% [ [7] 1 43 9k %
T EPI E{% (TR = 2000 ms, TE = 30 ms, #%4 i (flip angle, FA)= 90°, [l [8] B (echo spacing, ES)= 0.54 ms); (d) 7 T £ 2 mm
21 G P43 B R B9 EPL E{% (TR = 2000 ms, TE = 22 ms, FA = 90°, ES = 0.53 ms); (e) 7 T 7£ 0.85 mm 4% [i1] [G£4> $EK F iy EPI
1% (TR = 2000 ms, TE = 27 ms, FA = 70°, ES = 1.08 ms)

Fig. 1. Comparison of Tj-weighted images and 2D-EPI on different magnetic fields (3 T ws. 7 T), images were acquired from the
same healthy male adult volunteer on MAGNETOM Prisma 3 T and MAGNETOM Terra 7 T (Siemens Healthcare, Erlangen, Ger-
many) at Center for MRI Research, Peking University: (a) 3 T MPRAGE image at 1 mmx1 mmx1 mm resolution (TR = 2530 ms,
TE = 2.98 ms, TI = 1100 ms, TA = 5:56); (b) 7 T MP2 RAGE image at 0.65 mm isotropic resolution (TR = 5000 ms, TE =
2.05 ms, TIL,;/TI, = 900/2750 ms, TA = 10:57); (c) 3 T 2D-EPI images at 2 mm isotropic resolution (TR = 2000 ms, TE = 30 ms,
FA = 90°, ES = 0.54 ms); (d) 7 T 2D-EPI images at 2 mm isotropic resolution (TR = 2000 ms, TE = 22 ms, FA = 90°, ES =
0.53 ms); (e) 7 T 2D-EPI images at 0.85 mm isotropic resolution (TR = 2000 ms, TE = 27 ms, FA = 70°, ES = 1.08 ms).
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1 I P % (magnetic resonance spectroscopy,
MRS) B33 LA K Z2 A% MG I PR 335 AR B4 g4
I R RN SR B, T —20 40 i 1 HAE A
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B2 7 T RS kR B bk i 4 25 4 A%, PSOR A 1 b
KEEREIIRIBARTFIE AL, RS 7 TF MAGNETOM
Terra 7 T, ZIAE MERBAFET M (a) TOF BUGRLER W7 iH
B KAE R (0.2 mmx0.2 mmx0.4 mm fH{EFH#, TR =
35 ms, TE = 3.78 ms, TA = 13:54); (b) SWI i 14 7 1% Wr
iR/ MBS 3 (0.12 mmx0.12 mmx 1.5 mm #HEFELH, TR =
21 ms, TE = 14 ms, TA = 7:27)

Fig. 2. 7T brain arteries and veins structure imaging. Im-
ages were acquired from a healthy male adult volunteer on
MAGNETOM Terra 7T (Siemens Healthcare, Erlangen,
Germany) at Center for MRI Research, Peking University:
(a) Maximum intensity projection on transversal TOF im-
age (0.2 mmx0.2 mmx0.4 mm interpolated reconstruction,
TR = 35 ms, TE = 3.78 ms, TA = 13:54); (b) minimum
intensity projection on transversal SWI image (0.12 mmx
0.12 mmx1.5 mm interpolated reconstruction, TR = 21 ms,
TE = 14 ms, TA = 7:27).
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(d) Laminar profile of percent signal change
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Terra 7 T, 1 & A HE AR 35 4%, 6 VASO )3 371 B9
(0.8 mmx0.8 mmx1.3 mm, TR,/TR, = 69/4419 ms, TE =
25.4 ms, FA = 45°, ES = 1.1 ms) (a) VASO E/MZ # 6 &l ;
(b) BOLD FEHRHIE I (c) K2 AMEHRBIX (region of inter-
est, ROL); (d) B¢ )2 43 2 W0 4 A (R S AR 22 40) 5 B2
WM E R, KR (gray matter, GM) fiz 7 4b 11 5 S i &
Y& (cerebral spinal fluid, CSF), & TR AL 1 % 4 A it (white
matter, WM), ¥ {4 #f £k i BOLD #43G 4 7 , 41 (4 ph 28
VASO B 434, 1t £ ity i 22 48 S 143 )2 ROL I SE 1t
AR IE2E

Fig. 3. 7 T fMRI on finger-tapping task. VASO sequencel®!
(0.8 mmx0.8 mmx1.3 mm, TR;/TRy, = 69/4419 ms, TE =
25.4 ms, FA = 45°, ES = 1.1 ms) was implemented from a
healthy male adult volunteer on MAGNETOM Terra 7 T
(Siemens Healthcare, Erlangen, Germany) at Center for
MRI Research, Peking University: (a) VASO activation;
(b) BOLD activation; (c) layer ROI; (d) laminar profile of
percent signal change activation for BOLD (blue) and
VASO (red), the error bars represent the sample standard
deviation within each layer.
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¥i. ZEITERES S5RNME ¢ E TR, feft
45 S8 MRS Fil MRI JC k345 0915 8., W44
pH {E 167 188 7P 108 4. SR, T 200
PG LCAAR HARX E G T 4%, 2% MRS 5 MRI
{7 M L3 AR, PR LG o 75 B e AR R R =
ERERIRE e

NAA

4.0

3.0 2.5 2.0 1.5
Chemical shift/ppm

3.5 1.0 0.5

Bl 4 J5dnar Bl B (posterior cingulate cortex, PCC) 19 7 T 'H-MRS, £t R & B b 50 K 2= w3 IR USR58 0, F RS R
P§ 1 F MAGNETOM Terra 7 T, % & # 4 i fE i 4F & M, 1 A semi-LASER 7 1] 57 (20 mm x20 mmx20 mm, TR = 5000 ms,
TE,/TE,/TE; = 7/10/9 ms, FA = 45°, - %L (Averages) = 64)

oA

(a) PCCHRZ AL ; (b) 7T PCC 'H-MRS J— L4 4y 1% i

Fig. 4. In vivo 'H-MRS on PCC using semi-LASER sequence (20 mmx20 mmx20 mm, TR = 5000 ms, TE,/TE,/TE; = 7/10/9 ms,
FA = 45°, Averages = 64) from a healthy female adult volunteer on MAGNETOM Terra 7 T (Siemens Healthcare, Erlangen, Ger-
many) at Center for MRI Research, Peking University’"": (a) PCC voxel location; (b) 7 T PCC 'H-MRS and metabolites.
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Bl 5 A7 T 2Na @S0G (A R b BRI 2 4 0 BT 5 BT 4R 48t , 4 SO 528 176 1] 7 MAGNETOM Terra 7 T, {8 /1]
TR AR BT A A ER ALY 2 Na-tH BUI K ARk Rl 523038 D A e 4R 53 1k ), (T8 82 W1 % (UTE, ultra-short TE) J731 (2.5 mmx
2.5 mmx2.5 mm, TR = 12.8 ms, TE = 0.27 ms, FA = 19°, TA = 4:25) (a) 44K0f; (b) AR ; (c) HEWT i

Fig. 5. In vivo #Na MRI of human brain at 7 T, UTE sequence (2.5 mmx2.5 mmx2.5 mm, TR = 12.8 ms, TE = 0.27 ms, FA =
19°, TA = 4:25) was implemented from a healthy male adult volunteer on MAGNETOM Terra 7 T (Siemens Healthcare, Erlangen,

Germany): (a) Sagittal; (b) coronal; (c) axial. The images courtesy of Institute of Biophysics, Chinese Academy of Sciences.
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Feizni 3 T MOfs M Ll s 24 3.28 £ D7) X A4 7t g
i ol 00 A5 B TR L B = B A R, T HE
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100

FA/(%)

Bl 6 7T MRISFHGLE BRI AL (circular polarized, CP) #xCF A MAR 9 FA 2345 Bl (Bt R 48 A AU K2 g e g i g i 58 v
O, TS R 7577 T MAGNETOM Terra 7 T, 3238 #% {8 B BL4E 5 1)

Fig. 6. FA map covering the brain on the 7 T scanner in CP mode, images were acquired from a healthy male adult volunteer on
MAGNETOM Terra 7 T (Siemens Healthcare, Erlangen, Germany) at Center for MRI Research, Peking University.
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SPECIAL TOPIC—Technology of magnetic resonance
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Abstract

Magnetic resonance imaging (MRI) is one of the most important imaging modalities used in contemporary
clinical radiology research and diagnostic practice due to its non-invasive nature, absence of ionizing radiation,
high soft tissue contrast, and diverse imaging capabilities. Nevertheless, traditional MRI systems are limited by
a relatively low signal-to-noise ratio (SNR), which can be enhanced by increasing the strength of the main
magnetic field. Ultra-high field MRI (UHF-MRI) typically refers to MRI systems with a main magnetic field
strength of 7 T or higher. The UHF-MRI improves image SNR and extends the boundaries of spatial resolution
and detection sensitivity. These advancements not only provide clinicians with richer and more accurate
physiological and pathological information but also open new avenues for research on life sciences and cognitive
neuroscience.

Currently, the UHF-MRI plays a pivotal role in brain functional and metabolic imaging. In the brain
function research, the implementation of high-resolution mesoscale functional imaging techniques has enabled
the investigation of laminar-specific neuronal activity within cortical layers, including feedforward and feedback
neural information processing pathways. In metabolic studies, the application of hydrogen and multi-nuclear
spectroscopy and imaging has yielded more accurate metabolic data, thereby holding substantial promise for
advancing our understanding of the pathophysiology underlying functional and metabolic diseases. However, the
UHF-MRI is also subject to certain limitations, including issues related to radio-frequency (RF) field in
homogeneity, elevated specific absorption ratio (SAR), and susceptibility artifacts.

In this paper, the historical evolution and theoretical underpinnings of UHF-MRI are reviewed, its principal
advantages over low-field MRI is elucidated, and the contemporary research on UHF-MRI applications in
human brain function and metabolic imaging research are integrated together. Furthermore, the technical
limitations associated with UHF-MRI implementation are critically examined and the potential avenues are

proposed for the future research direction.

Keywords: ultrahigh field magnetic resonance imaging, functional imaging, metabolic imaging
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