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[(HE] a6 HWITATEREHEBESERS (artificial intelligence-assisted compressed sensing, ACS ) ${ AN FH T &k
N H4LE 5 = 4E AR = K 5 ( three-dimensional fluid-attenuated inversion recovery, 3D-FLAIR ) 33142 i .
Zik  HATBEVEAIA 2024 4 1 2 11 A TR BOREMEE bl B2 B B2 32 kN HRALTE 52 ACS MRS R4 /&M (united
compressed sensing, uCS ) 3D-FLAIR J¥%1 (GBI EEH 16 000 ms, FHHTEI 510 6 min 40 s, 10 min 24 s ) KAl 2
o HHPIA AR BRI AN S 38 3 )7 50 ST FR 3 IR B UK O . X Eb R 8 0 B D i EXRIT 4, f5M bk ( signal-to-
noise ratio, SNR ) . X LM It ( contrast-to-noise ratio, CNR ) o 23T 551 S PN & [ PP 2 R — 3k, 4% PR F5
P50 B SR L4 25 R 048112 3 X . ACS 3D-FLAIR fYJ SNR il CNR #F uCS 3D-FLAIR ( P<<0.001) . PiFF3HuH
T BE YRR B BUK 43944 kappa (B350 0,942, 0.888 (P<<0.001) . PiASARIEE (L FH ACS 3D-FLAIR Xif - 1 i € P ik
ELAUKSR kappa 1B 514 0.784 F1 0.831 ( P<<0.001 ) , difH uCS 3D-FLAIR X B-8% FI T %E A bk B BUK 53 2 ) kappa {H
435010 0.725 F110.756 (P<<0.001) . ## ACS 3D-FLAIR %% uCS 3D-FLAIR A 75 55 & ) F 48 B} 7] P9 3045 5 55 ) SNR A1l
CNR, HiEH F#k A HALES R s /] ACS 3D-FLAIR X P itk L BUK 7324 25 55 ] uCS 3D-FLAIR HiUl..
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Application of three-dimensional fluid-attenuated inversion recovery sequence using artificial intelligence-
assisted compressed sensing technique in intravenous gadolinium contrast-enhanced magnetic resonance
imaging of inner ear

LIU Kai', WANG Jian’, JIANG Huaili’, ZHANG Shujie', WU Di', HUANG Xinsheng®, ZENG Mengsu', ZHAO Menglong'’

1. Department of Radiology, Zhongshan Hospital, Fudan University, Shanghai Institute of Medical Imaging, Shanghai 200032, China
2. Department of Radiology, Juxian People’s Hospital, Rizhao 276500, Shandong, China

3. Otolaryngology Head and Neck Surgery, Zhongshan Hospital, Fudan University, Shanghai 200032, China

[ Abstract] Objective To investigate the value of artificial intelligence-assisted compressed sensing (ACS) technology for
intravenous gadolinium contrast-enhanced magnetic resonance imaging of the inner ear using three-dimensional fluid-attenuated
inversion recovery (3D-FLAIR) sequence. Methods The patients received gadolinium contrast-enhanced magnetic resonance
imaging using ACS and united compressed sensing (uCS) 3D-FLAIR at Zhongshan Hospital, Fudan University from January to
November 2024 were prospectively enrolled. The repetition time was 16 000 ms, and acquisition time was 6 min 40 s and 10 min 24 s
in ACS 3D-FLAIR and uCS 3D-FLAIR, respectively. The images on the two sequences were evaluated independently by two
radiologists. The image quality of the two sequences was subjectively evaluated and compared. The signal-to-noise ratio (SNR) and
contrast-to-noise ratio (CNR) were compared between the two sequences. The grading consistencies using two sequences and
between the two doctors were analyzed. Results There was no statistically difference in subjective score of image quality between
the two sequences. SNR and CNR of the ACS 3D-FLAIR sequence were significantly higher than those of the uCS 3D-FLAIR
sequence (P<<0.001). The kappa values of grades of cochlear and vestibular endolymphatic hydrops were 0.942 and 0.888 using two
sequences (P<<0.001). The kappa values of grades of cochlear and vestibular endolymphatic hydrops using the ACS 3D-FLAIR
sequence between the two doctors were 0.784 and 0.831, respectively (P<<0.001); the kappa values of grades of cochlear and
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vestibular endolymphatic hydrops using uCS 3D-FLAIR sequence between the two doctors were 0.725 and 0.756, respectively
(P<<0.001). Conclusions ACS 3D-FLAIR could provide higher SNR and CNR than uCS 3D-FLAIR, and is more suitable for

intravenous gadolinium contrast-enhanced magnetic resonance imaging of the inner ear; the endolymphatic hydrops grades using

ACS 3D-FLAIR is similar to use uCS 3D-FLAIR.
[ Key Words ]
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Figure 1 Illustration of perilymphatic signal intensity

and standard deviation of signal intensity in the
brainstem

On the uCS 3D-FLAIR image (A), a 3-5 mm’ green oval
region of interest (ROI) is drawn in the hyperintense region of
cochlea basal turn and copied to the corresponding level of
ACS 3D-FLAIR image (B, blue oval). The workstation
automatically matches the identical position. 30-50 mm’ ROIs
on the same level of brainstem are also placed in the same

method (circles).

1.5 AR ERKGE 4R E T ST AE W
75 EG ExE RE AT N kAR K Ay S, TR
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1.6 %itas® R SPSS 16.0 Ff:vE4 750
KbFH N T Wilcoxon Bk RIS 56 Lb 3 5 Ff e 471]
() PG 5 SR WP o I I E X A6 6 HE 4 T
J¥411%) SNR Fil CNR. i H kappa — UMK 5 704
WiFh 750 FPE & 18] — 20k . kappa {2 0.00~
0.19, —%tE2; 0.20~0.39, — =M —;
0.40~0.59, —FHPEP4E; 0.60~0.79, —F K
s 0.80~1.00, —E(PEE . WA McNemar K %;
Fb A (7 FH b 2 20 6 B L T JRE P 9 L BRUK G T
Mras R, KKKE (a) 4 0.05.

2 # B

2.1 BEE6 ENENFET TN PIFIIN
EHG BT R Is Wk (18 2~4) o 4558 (£ 1)
7R uCS 3D-FLAIR F¢# 41 ) G o i 3 UL PT-43- s
T ACS 3D-FLAIR F3Il, (HER LG 4E
X, ACS 3D-FLAIR i) SNR & CNR & F uCS
3D-FLAIR J¥%1] (P<<0.001)

2 EEREAD 3D-FLAIR &I

Figure 2 3D-FLAIR appearance of a normal inner ear

The signal characteristics of a normal left inner ear on
uCS 3D-FLAIR (A) and ACS 3D-FLAIR (B) images are
almost identical: there is no dilatation of left scala media, and
the area ratio of left vestibular endolymphatic space to entire

vestibule is less than 1/3.
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Figure 3 3D-FLAIR appearance of mild endolymphatic
hydrops in the right cochlea and vestibule

Mild endolymphatic hydrops in the right cochlea and
vestibule is shown on both uCS 3D-FLAIR (A) and ACS 3D-
FLAIR (B) images: slight dilated scala media of right cochlea
is displayed, but the area of scala media is smaller than that of
the scala vestibuli (short arrows); the area ratio of the right
vestibular endolymphatic space to the entire vestibule is

between 1/3 and 1/2 (long arrow).
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Figure 4 3D-FLAIR appearance of severe
endolymphatic hydrops in the left cochlea and vestibule

Severe endolymphatic hydrops in the left cochlea and
vestibule is shown on both uCS 3D-FLAIR (A) and ACS 3D-
FLAIR (B) images: the dilated scala media of the left cochlea
is obvious, and the area of scala media is larger than that of the
scala vestibuli (short arrows); the left vestibular endolymphatic
space is significantly dilated, and its area ratio to the entire

vestibule is greater than 1/2 (long arrow).
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Table 1 Subjective and quantitative analyses of image quality
Index n uCS 3D-FLAIR ACS 3D-FLAIR P
Subjective score 56 4.1410.44 4.02£0.56 0.09
CNR 112 33.25+£12.64 44.33+18.97 <<0.001
SNR 112 42.74+10.13 52.60+17.93 <0.001

SNR: signal-to-noise ratio; CNR: contrast-to-noise ratio.

22 M —sn 5 (F2) BoR. #HNT
F1) %ok T % T JEE P A S ALK 20 G — B H
(' kappa {E43 7% 0.942 F1 0.888, P<<0.001) ; fii
FHWG 350 %6 B0 L i BE PN IR ELBUK 9 43 P 25 1 2%
SWHGHFE L (5 =3.000, 2.667, P=0.083,
0.102) . M4 EEIifd ] ACS 3D-FLAIR X} H-

I PN IR B RRUK o g ) — B R (kappa {H R
0.784, P<<0.001) , XIAiKE Pk ELBK G ) —
#H PR (kappa fH- 0.831, P<<0.001) ; fiiJH
uCS 3D-FLAIR X H- g 1 i 2 P bk L K 439 ) —
HEWEE (kappa A2k 0.725. 0.756,
P<0.001) .

%2 R/ ACS 3D-FLAIR 71 uCS 3D-FLAIR X E 43 FARTEE A #h B AR/K B 9 R 46 R
Table 2 Grading results of cochlear and vestibular endolymphatic hydrops using ACS 3D-FLAIR and uCS 3D-

FLAIR
i uCS 3D-FLAIR (Cochlea) uCS 3D-FLAIR (Vestibule)

ACS 3D-FLAIR Normal Mild Significant Total Normal Mild Significant Total
Normal 79 0 0 79 77 0 0 77
Mild 0 16 0 16 0 18 1 19
Significant 0 3 14 17 0 5 11 16

Total 79 19 14 112 77 23 12 112




216 Chinese Journal of Clinical Medicine, 2025, Vol.32, No.2 FEIGAREEY: 202544 H 53248 HH20
3 it i 4h, ACS 3D-FLAIR JPHIXT S50 . 15 o 500 {22

PEIRESE R B, K TR MME E B £ Y
3D-FLAIR J¥5 F T # kN BEL 2 O R B 4, e
JE WAL /1 3D-FLAIR SR 16 000 ms [ £
TR B, XA M b 2 i i B2 LT T 5] ) Bk
TR H 10 000 ms [ TR B, SNR il CNR 43
IR 32.4% F1413%° ., i, ARFFERABIEK TR

(16 000 ms ) Fl1EE BH%% M 1) 3D-FLAIR #1751
FE LRk N HEL I R A

K TR 2 B #E K 3D-FLAIR A9 4345} fa]
M ACS $% A B8 $2 = 459 4 77 51 (%) 15 8] 43 3% %
uCS HiARBE—Fh CS Wi 454 HF FPLEA, H
L BRI R, WRSCREHRETZR
HE AR SR HAE S B A
ACS %% T 3D-FLAIR (IR R 1585 A0F
FAMF AR S50, o E AR 1) 3D-FLAIR
FAHE ] K 3423 min 44 s; f§ ] P1 £ AR % 3D-
FLAIR AFIHEEFEJE 12 min 32 s; ARMF52H uCS
3D-FLAIR 4[] & 10 min 24 s, ACS 3D-
FLAIR %%} 6 min 40 s,

ARG, PR H ) BG4 2 5
TG Lo ACS BEA XS EG 7 A R -4 il
YEFE, WTeks s B PLnsdis ki G s, 1T
e G R . AUF5EH ACS 3D-FLAIR /Y
SNR 1 CNR ¥ % F uCS 3D-FLAIR (P<
0.001) , #&/” ACS 3D-FLAIR B3 T P B-4L
SURAT o ARSI b 5 ) ST R A AR
BWIT R, (A i R RS 38 ik B L VR AR
if, ACS 3D-FLAIR F By FHEm kA i, B
fIRIZH, WeAh, (R PP 50 R K2 i JEE P9 ik
ELBUKIEMN B —BhE R, R4S R 22 R B8 T2
R, U T R S A IR ELRRK 2 W Rk
A2 o [RIE, A 52 A5 B O el FH 79 P 00 ek -
HJEE P bR L RRUK PPN 09— b sl

45 1Tk, ACS 3D-FLAIR NWHEEF# 5
uCS 3D-FLAIR J7FARML, (H7E S Y44 ik a]
AEARAS B = A SNR FIl CNR, 2 B H B9 5 J) T80
R FR KN BALE SR A . B T IO AR
3D-FLAIR Fffilt K, ABRAR LA . i

KA, HAEAFT B AL LA 28w 7
ik

RIEFRRE AR AAGE HAE M E il B
PR HIZE LA F 4t ( B2022-255R) , A 321k

IR R R
e FrafEE AN 5 R

EETEE X8 SbtsT, BoORMdE, B
i, e, SR PORhdE; BIRAL. sk
A TG EOEA . RS MR b
sut, et B8k MR, iR
i, Be s

S 0k

(1] e H Sk S M e b iR 2 i 23, h Rl e
H GRSk SRS 2. N HE A IR BRI
RATA b L SR (2020) [0 A4 B b A 0 3k 251
HMBHRRR, 2020, 55(9): 809-813.

Editorial Board  of
Otorhinolaryngology Head and Neck Surgery, Society

Chinese ~ Journal  of
of Otorhinolaryngology Head and Neck Surgery,
Chinese Medical Association. The consensus of
Chinese experts on evaluation of endolymphatic
hydrops in the inner ear using MRI (2020)[J]. Chin J
Otorhinolaryngol Head Neck Surg, 2020, 55(9): 809-
813.

[2] NAGANAWA S, NAKASHIMA T. Visualization of
endolymphatic hydrops with MR imaging in patients
with Méniére’s disease and related pathologies: current
status of its methods and clinical significance[J]. Jpn J
Radiol, 2014, 32(4): 191-204.

[3] NAGANAWA S, KAWAI H, TAOKA T, et al
Improved hydrops: imaging of endolymphatic hydrops
after intravenous administration of gadolinium[J].
Magn Reson Med Sci, 2017, 16(4): 357-361.

[4] NAGANAWA S, KAWAI H, TAOKA T, et al
Improved 3D-real inversion recovery: a robust imaging
technique for endolymphatic hydrops after intravenous
administration of gadolinium [J]. Magn Reson Med Sci,
2019, 18(1): 105-108.

[5] ZHAO M L, JIANG H L, ZHANG S J, et al
Comparison of an optimized 3D-real IR and a 3D-
FLAIR with a constant flip angle in the evaluation of
endolymphatic hydrops[J]. Eur J Radiol, 2023, 158:


https://doi.org/10.3760/cma.j.cn115330-20200327-00248
https://doi.org/10.3760/cma.j.cn115330-20200327-00248
https://doi.org/10.3760/cma.j.cn115330-20200327-00248
https://doi.org/10.3760/cma.j.cn115330-20200327-00248
https://doi.org/10.1007/s11604-014-0290-4
https://doi.org/10.1007/s11604-014-0290-4
https://doi.org/10.2463/mrms.tn.2016-0126
https://doi.org/10.2463/mrms.bc.2017-0158
https://doi.org/10.1016/j.ejrad.2022.110614

FEIGKEZ 2025448  $32% 2 Chinese Journal of Clinical Medicine, 2025, Vol.32, No.2 217
110614. [12] NAKASHIMA T, NAGANAWA S, PYYKKO I, et al.
[6] OSMAN S, HAUTEFORT C, ATTYE A, et al Grading of endolymphatic hydrops using magnetic
Increased signal intensity with delayed post contrast resonance imaging[J]. Acta Otolaryngol Suppl, 2009,
3D-FLAIR MRI sequence using constant flip angle and (560): 5-8.
long repetition time for inner ear evaluation[J]. Diagn [13] NAHMANI S, VAUSSY A, HAUTEFORT C, et al.
Interv Imaging, 2022, 103(4): 225-229. Comparison of enhancement of the vestibular
[7] NAGANAWA S, KAWAI H, SONE M, et al. Increased perilymph between variable and constant flip angle-
sensitivity to low concentration gadolinium contrast by delayed 3D-FLAIR sequences in Meniére disease[J].
optimized heavily T,-weighted 3D-FLAIR to visualize AJNR Am J Neuroradiol, 2020, 41(4): 706-711.
endolymphatic space[J]. Magn Reson Med Sci, 2010, [14] BERNAERTS A, JANSSEN N, WUYTS F L, et al.
9(2): 73-80. Comparison between 3D SPACE FLAIR and 3D TSE
[8] OUCHI S, ITO S. Reconstruction of compressed- FLAIR in Meniére’s disease[J]. Neuroradiology, 2022,
sensing MR imaging using deep residual learning in the 64(5): 1011-1020.
image domain[J]. Magn Reson Med Sci, 2021, 20(2): [15] GRAFF C G, SIDKY E Y. Compressive sensing in
190-203. medical imaging [J]. Appl Opt, 2015, 54(8): C23-C44.
[9] SHENG R F, ZHENG L Y, JIN K P, et al. Single- [16] LI G B, HENNIG J, RAITHEL E, et al. An L1-norm
breath-hold T,WI liver MRI with deep learning-based phase constraint for half-Fourier compressed sensing in
reconstruction: a clinical feasibility study in comparison 3D MR imaging[J]. MAGMA, 2015, 28(5): 459-472.
to conventional multi-breath-hold T,WI liver MRI[J]. [17] ZER&E, M B, 3, & BRI AR LEFTFIEEL
Magn Reson Imaging, 2021, 81: 75-81. FERR ZANHE IR MRI g R A L0052 O 24 2% A,
[10] LOPEZ-ESCAMEZ J A, CAREY J, CHUNG W H, et 2023, 39(9): 1518-1521.
al. Diagnostic criteria for Meniére’s disease[J]. J LI C X, CHEN Z, LIN J, et al. Application of
Vestib Res, 2015, 25(1): 1-7. constellation  shuttling imaging technology in
[11] SRR, BHWRAL, X0 Ak, &5 K E L R =4 550 gadoxetate acid disodium enhanced MRI of liver[J]. J
T S G 50 e Tk i A A 5 P IR LK Pract Radiol, 2023, 39(9): 1518-1521.
BAGH ARIAE RE [T]. RO 7245, 2023, 57(8): (18] sk, 2% 2, Jofmte, 55 ST OS2
878-883. HEORTE N MR H 4 R EEFE L] 2 5
ZHANG S J, JIANG H L, LIU Z, et al. A B 5528, 2021, 20(4): 378-383.
threedimensional  inversion-recovery ~ with  real ZHANG X K, LI Y, YAN F H, et al. Application value
reconstruction sequence with an ultralong repetition of new accelerating technology based on constellation
time for endolymphatic hydrops of Meniere disease shuttling imaging in brain MRI[J]. J Diagn Concepts
after intravenous enhancement: a  preliminary Pract, 2021, 20(4): 378-383.
application[J]. Chin J Radiol, 2023, 57(8): 878-883. [ARXmE] WiFT
5| AR

X4, B, HWAL, F N REH B E 8 B = AR RS K Py A A e Dk o8 B L R R R R LT]. o
IR EE 2%, 2025, 32(2): 212-217.
LIU K, WANG J, JIANG H L, et al. Application of three-dimensional fluid-attenuated inversion recovery sequence using artificial

intelligence-assisted compressed sensing technique in intravenous gadolinium contrast-enhanced magnetic resonance imaging of
inner ear[J]. Chin J Clin Med, 2025, 32(2): 212-217. DOI: 10.12025/j.issn.1008-6358.2025.20250063


https://doi.org/10.1016/j.diii.2021.10.003
https://doi.org/10.1016/j.diii.2021.10.003
https://doi.org/10.2463/mrms.9.73
https://doi.org/10.2463/mrms.mp.2019-0139
https://doi.org/10.1016/j.mri.2021.06.014
https://doi.org/10.3233/VES-150549
https://doi.org/10.3233/VES-150549
https://doi.org/10.3760/cma.j.cn112149-20220822-00691
https://doi.org/10.3760/cma.j.cn112149-20220822-00691
https://doi.org/10.3174/ajnr.A6483
https://doi.org/10.1007/s00234-022-02913-0
https://doi.org/10.1364/AO.54.000C23
https://doi.org/10.1007/s10334-015-0482-7
https://doi.org/10.3969/j.issn.1002-1671.2023.09.032
https://doi.org/10.3969/j.issn.1002-1671.2023.09.032
https://doi.org/10.3969/j.issn.1002-1671.2023.09.032
https://doi.org/10.12025/j.issn.1008-6358.2025.20250063
https://doi.org/10.12025/j.issn.1008-6358.2025.20250063
https://doi.org/10.12025/j.issn.1008-6358.2025.20250063

	1 资料与方法
	1.1 一般资料
	1.2 MRI成像
	1.3 图像质量的主观评价
	1.4 图像质量的定量分析
	1.5 内淋巴积水诊断
	1.6 统计学处理

	2 结　果
	2.1 图像质量的主观评价和定量分析
	2.2 评价一致性

	3 讨　论
	参考文献

