H [ BE A AR AR 2020 4E58 36 255 8 ] Chin ] Med Imaging Technol,2020, Vol 36,No 8 e 1121 -

SER

Quantitative assessment of fetal brain volume with MRI

REN Jingya, DONG Suzhen”
(Department of Radiology, Shanghai Childern’s Medical Center, Shanghai
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[Abstract] Objective To explore the value of MRI quantitative brain volume in evaluating fetal brain development.
Methods A total of 60 single pregnant women with 21-37 weeks of gestation without central system lesion or dysplasia
underwent fetal single-shot turbo spin echo (SSTSE) sequence MR scanning. The fetal brain images were post-processed,
and then fetal three-dimensional brain volume indicators, including intracranial cavity volume (ICV), total brain volume
(TBV) and cerebrospinal fluid volume (CFV) were manually measured. Meanwhile, two-dimensional diameter indexes of
brain,i. e. brain biparietal diameter (BPD), skull biparietal diameter (SBD), skull fronto-occipitoal diameter (SOD) and
head circumference (HC) were measured and calculated. The correlation of two-dimensional diameter indexes and three-
dimensional brain volume indicators with gestational age (GA) were analyzed. and the corresponding regression analysis
was carried out, respectively. The relationships between three-dimensional brain volume indicators and two-dimensional
diametric indexes were analyzed. Results TBV (r=0.98), ICV (+=0.97), CFV (+=0.89), BPD (+=0.96), SBD (=
0.94), SOD (r=10.96) and HC (r=0.96) were all highly positively correlated with GA (all P<C0.01), and the
corresponding regression equations were obtained. There were high positive correlation among TBV., ICV and two-
dimensional diametric indexes (all P<Z0. 01) and strong correlation between HC and CFV (P<C0.01). Conclusion MRI
three-dimensional quantitative brain volume can be used to evaluate fetal brain development at 21 —37 weeks of gestation,
providing a new imaging method for prenatal diagnosis of fetal brain disease and study of pathogenesis.

[Keywords] brain; volume; fetus; magnetic resonance imaging

DOI: 10. 13929/j. 1ssn. 1003-3289. 2020. 08. 001
MRI E =14 Bg JL XK R

AEdEIE . EE R
WSS 2 B 22 B IR 130 )L 38 FE 22 PO B SR, B 200127)

(8 ZE] BH WE MRLEBBABIEMGRILCE Z EMME. 7% XF 60 BIHBRIG LR M ARG R H kT
AR LVFER(GA) 21~ 37 JE BG4I R 22 1347 R JL MR #4 , SR B & M sst [ Jie el % (SSTSED 731 R 4 i )L MRI, 4
Je AL B T30 4 F N 0 i )L = 48 I AR R AR I AR R (TCV) i S 25 FR CTBV) ik 5 W 25 B (CFV) |, 3158 K i —
A AR LA AR, AL FE K BT A% (BPD) B 1 W T 48 (SBD) (BL A1 4 (SOD) & 3k Bl (HO) o 4 B Z 4 A2 2R 46 A I = 24 Tl {4 B 45
R GA WA, IR BEAT IR 007 s W = e R BRAE AR 5 — R KB AIM X R, &R TBV(r=0.98).ICV(r=
0.97) .CFV(r=0.89) .BPD(r=0. 96) . SBD(+=0. 94) .SOD(+=10. 96) \HC(r=0.96) ¥ 5 GA 2 & FIFEMH % (P <
0.01), TBV } ICV 5 4R LRI HR & R IEHE (P #<0.01),HC 5 CFV | 7R 2 5 FH X (P<<0.01), it

MRI = 4 2 & I (A AT 847 0P Ak GA 21~ 37 JRR LML A K & & A B8 20 7 110 12 Wi id LI 5 995 B Wt 9 L 2% 9 AL ol 422 it

[(EeTE] HEARBFEIS (81571628) LT H ARl HE 4 (19ZR1476700) ,

[E—1EE] AT IEME (1995 ), 2 Wl g T AL 7B+ . R3S 07 i 2 i L XL E AR 2 W% . E-mail: jingyaren24@163. com
(EfEMEE] ER o, LIGsC R E AR i@ [ L ZE B 22 o0 U R 200127, E-mail: dongsuzhen@126. com

[FBEHI] 2019-10-17 [f&E A ] 2020-07-02



e 1122 - v [E B 2R R B R 2020 4E5S 36 #5255 8 ] Chin J Med Imaging Technol, 2020, Vol 36,No 8

B ET B,
[Egim] s R BRIl mabdR s
[HE4ERS] R322.8; R445.2 [XHkFRIEA] A

JiG JL IR i A 8 O 4% T A A4 11 3 R 4 A o e S 2
6 LK & 1 s B B B AR AT 45 40 & B S5 4 AT e
SRR TR PR 2 R G A ) A R
T 75 25 0 R T RN PE AR R LR i R B EZE S8, &
R L A AT 1 AR 2R R EAE AR R KR
P, 32 2 KT b 428 (gestational age, GA) K B LI
B G LB 554K L 22 16 R RE A fA R AR i 45 R 252, H
AN RE T4k iR LI K 2 40 /N85 ks . MRI A2 |
PR PR BAT KA iR R B B R s AT £
VI B H XT RS8R B Sz Wi JLrh i p 2 R 58
P A B B, 7 A A TR R LG 2 BT
VA G LG & & 2T %, i MRI W H e £k M4
s, A5 S P 25 R A R L & & L (H H A e T
i = 4E MRI %5 B 0 A iR L G 78 A 00 438 0
ARG HE T MRI 4335000 8 e 22 300 i LG (R 3R, 43 A
H5 GA Bl — 2t 26 PEF8 b (9 40 3G M PFAY MRI = 4k
S A I AR TR G LA A Kk B A .
1 #BRE5FHE
L1 —Mwek  WEyEsr4r B 2018 48 10 H—2019
iE 12 H 60 RS B2 LR MAE T I A& R g 5
B R E A R LT 5838 KA B2 B s
g )L BE 2E 2 T MR KA 2210, GA 21~
37 F 28 44 DL WA 1, IASRE: OH G
GER . GA W @242 40 K e A8 TG 388 4% 5 4 i B s D 4T
B 39 1) TG R 9 s B A R B O &R B s DI JL MIRT ok
Wit 2 R S w . HEBR AR E . O R L i 25 ks
e o R S5 s @ MR R B L o IG5 e ) 45 ©
MR 34 S EOR A bR e 4> T ZR

[XEHES] 1003-3289(2020)08-1121-06

1.2 AXE8 5 rE: R Philips Achieva 1. 5T MR {¥,16
IE LR Ve A G A R B A ) b P R, JR R
LN LRI L IR AL S TR A 15 . o B YRR R P
[ Ji& 7131 (single-shot turbo spin echo, SSTSE) &4, TR
15 000 ms, TE 120 ms. [ 236 X220, K e/ 90°, )2 )&
S 2.3.4.5 mm,[B]fF 0 mm,

212223 24252627 2829 30 31 32 33 34 35 36 37

ey .||'|',:3
B 1 GA BB i 57 B

1.3 g

1L.3.1 WiZ4efeseiis 2 4 HA 10 FU E&R
A2 AR P AT B2 U 5ok X e A7 R AT 40 A, 2 2%
PG JL R G & . FIRE 4~5 mm 3l A7
SSTSE J3 81 [EI 45 L0 )i LA — 442 2k . A0 65 1 BT
%% (brain biparietal diameter, BPD) , BNl {3 i 75 i L
KW 5 (Bl 2A); & T 42 (skull biparietal
diameter, SBD), i i fir 75 Jiy JL T - 3% 98 PE &5 (&
2B) s B AL 4% (skull fronto-occipitoal diameter, SOD),
B I 7 R DL AR 1] e KRR S (B 20) B Kk
Fl (head circumference, HC): HC= (SBD-+SOD) #{
1625 REAE AR R I 3 WK U (E Ry f ) 2

B 2 TFhlifi SSTSE FF31 &% Fill& 2D 24486582 K A. BPD; B. SBD; C. SOD



H [ BE A AR AR 2020 4E58 36 255 8 ] Chin ] Med Imaging Technol,2020, Vol 36,No 8 « 1123 »

L3.2  =ZkkBUE  RA MATLAB (The
MathWorks Inc, Natick, MA) & SPM 15 5 ¥ B 4
X2 2 mm LN 3 VI SSTSE J3 41 154 #E 47
Ja b B, DL 4y BF AR U E & (super-resolution
volume reconstruction, SVR) J7 i #4755 4 ¥ % &
B =Y R g, 22 5 B 2 s 3 B OE B9 iR L IR £
MRI 5 A % 2% %% ITK-Snap 3.8 Chttp://www.
itksnap. org/) . 1 H &R UIIFEHA 3 4FJLE ML
AR EL WA B 1A B B U T 2l o3 )RR W ERR
Fe b5 . O R L AR R (intracranial cavity volume,
ICV) ; @i & 25 X (total brain volume, TBV), $§ K
N T A N 1 5 o % N A s O PR GOl & b B 2 A

(cerebrospinal fluid volume, CFV) , 3 5 fiti 25 N A1 s
FEAMK G W, CFV=ICV—TBV™ | LI 3,

1.4 Gt R SPSS 22.0 48343 b 8 14:.
VL Spearman # & M 7 ¥ M 28 GA 5 BPD. SBD,
SOD.HC.ICV.TBV.CFV 4%, L & TBV.ICV
5 BPD.SBD.SOD.HC Z [ .CFV 5 HC Z [& ) X
%, L GA B A 78 &, BPD, SBD, SOD, HC, TBV,
ICV J CEV 2 A 22 &, 43 5 it A7 Gtk a3 3 A . 1t
BT GA R L 4 s 42 22 35 b . = 48 i (R B8 B 19
SESAE LL B ICV, TBV, CFV Ky AH % 4 F1 18 K e
[(InV2—InV1)/(GA2—GA1) X 100% ], HH In & H
IRXTEL, GAL.GA2 A4 EHE N GA, VL M V2 4

£l

3 ME R LR BUR B A~C. EIRAL (A VIS (B) VSRARAE (O JF 3R SSTSE 1% 5 D~F. Zeidia s 055 1 1E B e AR A7 (D) Vil A7 (E)
FARAL (P EMG s G~ F 3l 7 H 58 R SR =R BL 206 (G) 2 ICV, B 4 (FHD o TBV, & {4 (DR CFV



- 1124 -

Sk B ] S GAL R GA2 By fii N
ST R BN | r[=0.8
ML, 0.5<< | r[<<0.8 K Hp
JEA L 0.3<C | r| <<0.5 NAKE
0| r[<<0.3 HEIM K, P
<0.05 NERAHEITFE L,
2 #R

60 i, 5B 35 i, & 25 R
ANIF GA #4805 V- ¥ {8 K FHAH 5
PEES R W% 1, ICV, TBV K
CEV (14 A % 4 BRI K 3 22 45 5]
J10.50% /8. 11.78% /8 K&
8.68% /. Ltk [l 15 43 By 45 R
7~ R BPD=2. 63GA —10. 27,
SBD = 2. 60GA — 1. 31, SOD =
2.98GA — 0. 40, HC = 9. 04GA
— 2.72, TBV = 13.58GA —
256.40, ICV = 19.98GA
343.00, CFV 6. 41GA
86.50, UL [ 4.5, BPD. SBD,
SOD.HC ¥ 5 TBV & & B iE A
X (r=0.97.0.95.0.96,0.96, P
¥1<20.01), 5 ICV JRAF 15 75
A (r=0.97.0. 95,0. 95,
0.96,P¥<C0.01), HC 5 CFV
BEEEIEME(r=0.91, P<
0.01),
3 itig

H B8 JL MRI I 5K 5
Tzt T MRI SO b5
Ry oK H #5388, & I i
JL IR B A4 FEXE 12 W i 6 s 4ok 22
Bl B EEAE R . G
JUm G A 4 & A B T L
RISH 48 F 0 IR S B R BT
R IG T R L BE A ER S
VLS B NS o N S /B2 S

TR LIz 3l | BB AR 23 B 58 K BE R 20 23 0h 52 45 4 R 1Y
[F AL, (A5 i JL K i = 4 AR A3 B o T et L AR
A v G 2 3 7 R R G A R 3 T A W oA AR
b WG LR HEAR A AR S = B AR A O 2
B HCAR S L DU A 25 22 88 i LR I AR =5 (E .

RRIERIN Y A U E TS L A

BPD(mm)

SBD({mm)

TBV(ecm')

CFV(cm?)

v [E B 2R R B R 2020 4E5S 36 #5255 8 ] Chin J Med Imaging Technol, 2020, Vol 36,No 8

100

150

= 100
£
a
7
awlee R=0.9197 50 b R=0.9135
1 | | | | 1
20 25 30 35 40 20 25 30 35 40
] a ) (4B)
150 400
100 300
=z
£
o
T 200
50 °
o R=0.9071
| | 1 100 L 1 I
20 25 30 35 40 20 25 30 35 40
L 14C) 35| (4D
B4 )L 4diiesk 5 GA AR SEl A BPD; B. SOD; C. SBD; D. HC
300 500
400
200
2 300 |
S
100 5 20F
[_
100 - R=0.9347
L 1 U 1 1 1
20 25 30 35 40 20 25 30 35 40
] (5A) 2k (58
200

B 5 ML= RS GA BYAT 3 1M B
B A.TBV; B.ICV; C.CFV

AR FT LT BN 4 =R AR AR 5 GA &
EEIEM G, H ICV.TBV 5 GA MM &t X4 &
JE = F BPDOHC, #2722 91 i L K i 2B K & & B
GA KA Ak, 5 BEAE o2 A . FE = 4 i 1k
BUEARH . TBY 5 GA WA 56 R B . TR S 1EA

KA B 1 SR R GA Y SREE AR Oy TICV; =



H [ BE A AR AR 2020 4E58 36 255 8 ] Chin ] Med Imaging Technol,2020, Vol 36,No 8 e 1125 -
F 1 MRIUN AR da b X = 4EAR T8 b5 5 GA A M 3 Br 45 21
GA BPD(mm) SBD(mm) SOD(mm) HC(mm) TBV (cm?) ICV(em?) CFV(em?®)
21 A (n=2) 44. 50 48.75 58. 65 173. 99 37.17 70.78 33.61
22 JH (n=4) 46.76 53.56 63.43 189.52 48.08 97.55 49.52
23 A (n=3) 50. 81 58.52 67.43 203. 98 61.66 123.92 59. 36
24 Ji (n=5) 53. 88 63.11 73.52 221. 27 72.48 139.72 67.16
25 Jil (n=5) 56. 12 64. 34 74. 38 224. 66 79. 36 153.13 73.77
26 JA (n=5) 57.12 67.98 78. 62 237.43 92.79 175. 66 82. 87
27 Al (n=2) 58.75 69.03 77. 04 236.52 92. 41 169. 14 76. 97
28 JHl (n=5) 64. 22 72.70 84. 68 254. 96 116. 75 212. 88 96. 10
29 J& (n=5) 65.61 74.01 85.75 258.76 140. 00 234,51 94. 54
30 A (n=4) 70. 00 79.19 91. 42 276. 33 149,15 269. 70 120. 60
31 (=4 74. 50 84. 90 97. 28 295.12 178. 45 315.73 137.27
32 Hl(n=2) 71.00 80. 21 94. 10 282. 29 181. 83 321. 82 140. 00
33 JH (n=5) 76.03 85. 32 98.78 298.12 197. 48 329. 94 132.43
34 JA (n=3) 80. 26 85. 66 100. 66 301. 96 211. 60 340. 70 129. 10
35l (n=2) 81.22 86. 33 103. 48 307. 48 234,92 338. 64 103. 76
36 J& (n=2) 78. 40 83.75 101. 32 299.73 205. 60 327. 00 121. 45
37 A (n=2) 89. 23 97.01 105. 46 328.11 244.76 379.58 134.78
r{H 0. 96 0.94 0. 96 0.96 0.98 0.97 0. 89
P{H <0.01 <0.01 <<0. 01 <<0. 01 <<0. 01 <0.01 <0.01
M AR FRIE bR IR GA 38 522 4k 18 K, kT SR H B
RGN 7 BRAG AR, GA G LR i A FAE 9 2 1 (52 3Tk ]
He BRI K IR L R b 2 R ST O
R ILmiAE K R B A T Y0, [1] ARROYO M S, HOPKIN R J, NAGARAJ U D, et al. Fetal

HERT AR B 3 K 353 Ay A G 1 ORI 285 4 7 B4 AR ALY
R E . ARSI E 60 i GA 21~37 J#
6 L 4T B Jeg B i 45 k7 4 R B KA L. R G
LRI — 4R 244545 5 TBV K ICV ¥ 2 & 1E A
X,CFV 5 HC 78 2 & £ IE M ¢, GHOLIPOUR
SEDISEAL 25 R LR K TBV., GA 25 J& Kt TBV
585 em®, 31 J& A 185 em®; CLOUCHOUX 4] 2
HICV AH 38 K 3 R (100 33 % /) 5 A 28 41 B 45 SR
Y5 R0 5% AR L. 3% BT = 4 AR BUES AR T 2 R A
MrliG LK SE A % & . RETEAFZE A iR k4R
B X CEV AR A AN BURR , T8 5 LA Z 37 Al i 40 I 8 R 4
AR A . AW 9838 o 43 ) R FR 3 & PP A CEV
I 28 9 40 A8 4k, & B = 4 o 1A FR 48 s Xt £/ &%
P I e A T O BCRR, T A RRRD TR AR G R AR K & B
PRI AR AL

25 FRTiR , MR = 4E ¢ 5 I (K BUA] 547 374l GA
21~37 JARR LS A= K& B A 712 WG L
P S 58 FL R IR HL I SR AL BT R R 2 T B, ARESR
W A7 4 JRy BR P+ QO 2R 8 D 3 350 2480 5 1 1l AR FRUF s 45
b @ F Bl 43 B i A R FE 2R KA B TE) [ B0 40 B A
LA A AN B0 T R R K 4 i 4 0 ek ] S KRS
JE FFR A PR Ry itk — 0 UL gE .

(2]

(3]

(4]

(6]

[7]

(8]

brain MRI findings and neonatal outcome of common diagnosis at
a tertiary care center[J]. J Perinatol, 2019,39(8):1072-1077.
DI MASCIO D, SILEO F G, KHALIL A, et al. Role of
magnetic resonance imaging in fetuses with mild or moderate
ventriculomegaly in the era of fetal neurosonography: Systematic
review and meta-analysis[J]. Ultrasound Obstet Gynecol, 2019,
54(2):164-171.

KRB ILRE R —— W Sk IR R A R SR ()] w3 AR A
2011,2(1):7-12.

JARVIS D, GRIFFITHS P D. Clinical applications of 3D volume
MR imaging of the fetal brain in utero[J]. Prenat Diagn, 2017, 37
(6):556-565.

GRIFFITHS P D, BRADBURN M, CAMPBELL M J, et al. Use
of MRI in the diagnosis of fetal brain abnormalities in utero
(MERIDIAN): A multicentre, prospective cohort study [J].
Lancet, 2017,389(10068):538-546.

JARVIS D A, FINNEY C R, GRIFFITHS P D. Normative
volume measurements of the fetal intra-cranial compartments
using 3D volume in utero MR imaging[J]. Eur Radiol, 2019, 29
(7):3488-3495.

JIANG S, XUE H, GLOVER A, et al. MRI of moving subjects
using multislice snapshot images with volume reconstruction
(SVR): Application to fetal, neonatal, and adult brain studies
[J1. IEEE Trans Med Imaging, 2007,26(7):967-980.
KYRIAKOPOULOU V, VATANSEVER D, DAVIDSON A, et

al. Normative biometry of the fetal brain using magnetic



- 1126 -

(9]

(10]

[11]

[12]

A BE 2 AR R 2020 4F

% 36 %55 8 ]  Chin J Med Imaging Technol, 2020, Vol 36,No 8

resonance imaging [ J]. Brain Struct Funct, 2017, 222 (5):
2295-2307.
GHOLIPOUR A, ESTROFF J A, BARNEWOLT C E, et al.
Fetal brain volumetry through MRI volumetric reconstruction and
segmentation[J]. Int J Comput Assist Radiol Surg, 2011,6(3):
329-339.

FEEEM, &L, B, 55 MR AR AL 1 = 48 25 R 4 DL e A0 B0 B2

13 P SN AE R LAl 2 Rge ke A i g LU . o [ R 22 AR 4
A,2016,32(7):1119-1123.
BROSSARD-RACINE M, LIMPEROPOULOS C.

Normal

cerebellar development by qualitative and quantitative MR

imaging: From the fetus to the adolescent [J]. Neuroimaging
Clin N Am, 2016,26(3):331-339.

KIM K, HABAS P A, ROUSSEAU F, et al. Intersection based
motion correction of multislice MRI for 3-D in utero fetal brain
image formation[J]. IEEE Trans Med Imaging, 2010,29(1):

146-158.

[13]

[14]

[15]

(16]

[17]

JARVIS D, AKRAM R, MANDEFIELD L1, et al.
Quantification of total fetal brain volume using 3D MR imaging
data acquired in utero [J]. Prenat Diagn, 2016, 36 (13):
1225-1232.

JEAETE, B, AR, 4. S B MRI 2 W 2 K 0 JDE % i L
KARGKE W N R[] B AR EOR, 2018, 34
(11):1712-1715.
CLOUCHOUX C, GUIZARD N, EVANS A C, et al.
Normative fetal brain growth by quantitative in vivo magnetic
resonance imaging [J]. Am ] Obstet Gynecol, 2012, 206 (2):
173.¢e1-8.

ANDESCAVAGE N N, DUPLESSIS A, MCCARTER R, et al.
Cerebrospinal fluid and parenchymal brain development and growth in
the healthy fetus[J]. Dev Neurosci, 2016,38(6):420-429.

KHALILI N, LESSMANN N, TURK E, et al. Automatic
brain tissue segmentation in fetal MRI using convolutional neural

networks[J]. Magn Reson Imaging, 2019,64:77-89.

WERVERNERERVEREALERENENEUERNERENERERVENERNERERERENENERERERERENENERWERE RN RN R RN R R R RN R RN RN RN

(o I B2 22 S AR B AR ) W 2 i 1 B o i

(rpr [ B e AR R ) 2 6

J2E AR -

AP E S AR T (2010,2011 4F)

rh DG A BRI T

CHr SR R E R YOS

rh BB 8 SCEE T IR T O B R AR O 8 D
B 22 5 OB R A% O T

WHOC T K- X E 2R 5] ) (WPRIM) 3 JE 1 1)

iy = (B 2 S )AL 3 )
e ] R 2 S ) WA T 48 )
2 T (SO 2% O R 1)

H R E B e A R R

P AR T I A 1 G AR T LT K de

CHAREAH AR LA H [ SCHR R 2 ) (JST China) Y53 9 1)



