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Prenatal MRI quantitative evaluation on two-dimensional
diameter of fetal brain in congenital heart diseases

REN Jingya, DONG Suzhen”
(Department of Radiology, Shanghai Childern’s Medical Center, Shanghai Jiaotong
Uniwversity School of Medicine, Shanghai 200127, China)

[Abstract] Objective To explore the value of prenatal MRI in quantification of two-dimensional diameter of fetal brain.
Methods A total of 150 pregnant women (150 fetuses) with gestational age (GA) 21 -39 weeks were collected for prenatal
MRI. Fifty fetuses were found with congenital heart diseases (CHD group) , the mean GA was (28. 054 4. 50) weeks, <(28
weeks in 27 fetuses and =28 weeks in 23 fetuses. One hundred fetuses were found with normal brain development (control
group) » with the mean GA of (27.85%4. 40) weeks, 48 fetuses <(28 weeks and 52 fetuses =28 weeks. Single-shot turbo
spin echo (SSTSE) sequence MR scanning was performed to examine and measure the brain biparietal diameter (BBD),
brain fronto-occipital length (BFOL), skull biparietal diameter (SBD), skull fronto-occipitoal diameter (SOD) and head
circumference (HC), while parallel balanced fast field echo (B-FFE) sequence scanning was performed to reveal fetal
cardiovascular structures. Correlation of the major two-dimensional diameter lines of fetal brain and GA was analyzed. and
the fitting line was obtained. The related indexes of fetuses were compared between 2 groups. Results BBD., BFOL,
SBD, SOD, HC of the fetus in both groups were highly linear with GA (CHD group: r=0. 96, 0. 89, 0. 94, 0.90, 0.93,
all P<<0.01; control group: r=0.97, 0.96, 0.94, 0.95, 0.95, all P<<0.01). For fetuses with GA <28 weeks, no
statistically significant difference of diameter indexes was found between groups (all P>>0. 05), whereas for fetuses with
GA =28 weeks, BBD, BFOL, SOD and HC in CHD group were all smaller than those in control group (all P<{0.05). No
statistically significant difference of SBD was found between groups ( P=0.10). Conclusion MRI quantitative evaluation
of fetal brain biological indicators could provide new references for intrauterine observation on fetal brain growth and
development. CHD could affect fetal brain development in utero, and BBD, BFOL, SOD and HC of fetus in mid- and late-
pregnancy reduced relatively.

[Keywords] brain; heart defects, congenital; fetus; magnetic resonance imaging

DOI:10. 13929/j. issn. 1003-3289. 2020. 08. 004
F=HI MRI S F 0 58 R %O AR fm R LI — 412 %

fEdR AR E &
L 33 2 B 2% B R 3 JL T B 2 o O B, 13 200127)

[ ZE] HBY WEFZHT MRIEAEN e RO MR IR LI 4R L MmiE. ik 150 B2 (GA)Y21~39 J& 2
1150 JR) 42 P2 R iR JL MR 2 . Hirp 50 Jif 58 KA 0 IERG (CHD) JIE JL(CHD 40) , GA SE39(28. 05+4. 50) Ji , 4§ 27
JE<<28 Jil .23 BE=28 JH ;100 B Wi % & L% (W RR A1) . GA F-3(27. 85+ 4. 40) JA , 45 48 Bh<C28 JH .52 fh=28 JH . 4T84

[(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

(7 HH#IT] 2019-12-27 [f& = BH#I] 2020-08-30



e 1136 - v [E B 2R R B R 2020 4E5S 36 #5255 8 ] Chin J Med Imaging Technol, 2020, Vol 36,No 8

YR S B 013 (SSTSE) J3 81 4748 2 16 LA XL TR 48 (BBD) | il 41 kL 72 (BFOL) & ST 42 (SBD) | & Bk 4 72 (SOD) & 3k
Bl CHC) 5 3 DL i - 467 £ 2586 JBE 8] 9 (B-FFE) 1 878 B LU MAF 254 . X3 A6 LS %8 2 k38 4n 5 GA BEAT M6

BT B RIS B 0T 2 HIG LA G PR 5 5, &8

2 4% )L BBD.BFOL .SBD.SOD.HC 5 GA ¥ 5 & &t

M (CHD 41 r=0. 96.,0. 89.0. 94.,0. 90,0. 93, P ¥J<C0. 01; X BE4] r=0.97.0.96.0.94.,0.95.0. 95, P #<C0.01), <28
JARG LA MR L br 22 R LG 1= E L (P #>>0.05) ;=28 JA A L, CHD 41 BBD.BFOL,SOD #1 HC ¥/ T X ld 41

(P #<C0.05),SBD 27 L& I L (P=0.10), %it

MRI AT i JL UK A= 90 27 16 45 1T Sk B PN T A i LR I A2

KEBHLEMSE . CHD £ N2 s LI AT ;s H 22 41 CHD i JL BBD.BFOL.SOD il HC YA X /)N

(R s OB e KM BRL; BEILIR AL
[FHESEXS] R322.8; R445.2 [ XH#RIRAEE] A

A5 K PE O BE SR (congenital heart disease, CHD)
Je iR LA d i UL A0 2 R Bt B, TE 36 7 2L R R Y
0.6%~1.2% FEMG JLIATE =t . e Bl i Ak 25
fiE A 2l R CHD BOL A J5 77 75 ik 45 14 R ) fig 57
W R R WO IES T R ES . 4T CHD L.
MRT F:AE AT 768 2 LI i A7 0 E 57 AR i & 9 I & &
SHE PERTPEAE CHD A LG 45+ A o) fe S & ¢
O, AT O iR L A A R SR T
T H A2 F K 22 JH (gestational age, GA) | Jif JLIA
A BB Ak 2 iR AR A RE S D7 )R A DY R R
ANBEVEAL R LG 20 /N a5 4 A2 4 . MRT #E B K g 21
Sy HEAR R CBE 2 DD ISR L TE LGN R B S RS iR
JUHR AR P 22 % 48 5 25 T T A] Ch B B  #b
L HHAT MR 8 ALIEAG CHD Jif L & & BF 5¢ 4
B, ARBEGER AT MRI 2464 CHD s JL K
T YR
1 #BERE
L1 — %ok B dr 2018 4F 8 A—2019 4F
12 H 150 2230 (150 Jif) T e 5208 R 1% 27 B i Ui
g JLE BE 2 b 9EAT PR RT MR G AL 2Ok UG OF
%, GA W HAE 21~39 Ji ; H b 50 5= Az Wi it &
B IE 55 5 CHD (CHD 41), GA 21 ~39 J&, V3
(28.05+4.50) J#, 27 ii GA<C28 Ji .23 it GA=28
FE RO JUE R A2 W CHD I W35 5% wil s L I 7 3h
1% 4G 15 it 98 4P K sl ik 5 1 (transposition of
the great arteries, TGA) .5 lf 450> Z X H T (double-
outlet right ventricle, DORV) .3 i KB A K L5
A 1iF Chypoplastic left heart syndrome, HLHS) .15 fi§
9% DU BRRE (tetralogy of Fallot, TOF) & 12 AR ™ &
fifi sl Bk B 78 (pulmonary atresia, PS) ;X%FIEZH 100 Jif,
GA 21~39 J&, F¥1(27.85£4. 40) Ji .48 it GA<C28
Ji .52 ih=28 Ji L, P A BE2 iG L R AR th ik R & &R
G RE AR B EZ A, LR
AL G L B AR 3 18] TG 1 R KT R RE L iR L

[(XEHS]

1003-3289(2020)08-1135-05

MRI o DL Hi #2238 8 M 30 R G0 7, 22 AR 6 OF
HE e Bl HA R 58 S i . HRBR AR ME . BUIG L 2 IR IR IR
JUAL AL 5 4% Ff L S 80 MRT Db 52 8045 e Eb a2 A1 i 52 1)
WA & 5 iR LG T8 R RGeS B A TE G 4 S
OO HERH s B TE T BE B2 iR L iR ) 01 Y
175 0 J0OBE PRI o FFR B2 8 B8 5 IR 90 55 LA R It i 3
N T E AR CHD, AWF5E 4B 0 3 25 51 &4t
T, A6 A 2 00 34 2 3 A (W] 45
1.2 X#5H: R Philips Achieva 1. 5T MR
I BB 758 JE R 60 mT/(m + s),16 B iE sense-xl-
torso £& J8l . 32 BEORS 4 IR 5 U B R P A E T 9
(single-shot turbo spin echo, SSTSE) J¥ 51 £ {t j# 5
157 e 2586 B [9] 9% (balanced fast field echo, B-FFE) J§#
FI4 . SSTSE J¥ %1 Z %: TR 15 000 ms, TE
120 ms. Hiff 236 X220, S e ff 90°. JZJ& 4~5 mm., [f]
B% 0:B-FFE J¥4] 2 %4{. TR 3.6 ms, TE 1.8 ms., Ji [
216 X 218, ¥ A 80°, R )& 2~4 mm, )2 — 2~
0 mm; & B B A EHE 2 20 min.

Wi 2t A Bip 8 20 0 b 2 e L P R . AN
Xf bE R BBE R . Sk A e e R R AT R AR A7 E A 4
o R RLAT IR LR L B R A L R R AL e R A
5 F ARG LKL B ALC BE. XF CHD 41 ik
LR FRBE DT 2 RS .
1.3 i it amtaill e o2 4 EA 15 L
I MRI 12 Wr 28 56 (4 75 S5 B4 32 AF: 12 0 2R 2 £k 3 A
K&, M1 BEA 3FEILEMERZRFIZEZ R TR
0 2 36 LR i A DG AR £ (JEL 1) - AL 46 i AT 4% (brain
biparietal diameter, BBD)", B4l {37 i JL K i f% K A
12 (] 1A) 5 I % # 42 (brain fronto-occipital length,
BFOL) , 4 1F H & AR 057 i JL &5 Al - T8] 5 < B B (P8l
1B) ; B M T0 42 (skull biparietal diameter, SBD) , 5%
A7 JL— 0 T3 B 1A 25 2 o0 00 T -5 &b 5 1 e o o 5 ([
1C0); ‘B & % 42 (skull fronto-occipitoal diameter,

SOD) , ARl G LA E P 2% R B B 1 2k 1) e KR



H [ BE A AR AR 2020 4E58 36 255 8 ] Chin ] Med Imaging Technol,2020, Vol 36,No 8 e 1137 -

= (K 1D); 3k FEM (head
circumference, HC ), HC =
(SBD+S0D) X 1. 62, 4 il &
3 U TR,
1.4 St srtr R SPSS
22.0 Gt A, UL GA
H A &, 4 5 % 2 41 BBD.
BFOL.SBD,SOD #1 HC K {28
AT Pearson #3543 #1, UL #)
HHLEGRRGER ., X2 b
LA FE bR 22 S BEAT SRS REAS ¢ K
. P<<0.05 W2ZESAHGI%
2 #R
2.1 RE&AEIRS GA MAHX
2 #1 i5 JL BBD, BFOL, SBD,
SOD & HC ¥ 5 GA 8 IEM K
(CHD 4 r=10.96.,0.89,0. 94,
0.90.0.93, P <C0.01; X M40 m 1 xIm4l. 8L GA 32 Ji.F SSTSE I (% 47 1 L I i 44545 A. BBD; B. BEPL;
r=0.97.0. 96,0. 94.0. 95.0. 95,  C.SBD; D.SOD
P¥<<0.0D)., Fifila HE W

150 - 150 -

Kl 2,
2.2 MILgREmILE  GA< 65 T
28 FM LT AT R gk Al i 22 g
RE LG FEE L (P H > % sl § i

LGA =28 [E & - ) CHD#1R=0.93, P<0.01 @ - CHD#LR=0.79, P<0.01
0.05);GA=28 JilJiz JL it CHD A HRA1R=0.95, P<0.01 W ELALR=0.92, P<<0.01
24 BBD.BFOL.SOD Fi1 HC ¥/ 0 ) ) ! ) 0 L L L )
Fxf B4 (P #<C0. 05),SBD 2 20 25 30 35 40 20 25 30 35 40
NI A S e - GA LA GA @D
#%ﬁTIA?‘AE'\X(P*O. 10) . J 150 150
*1,
2.3 2 B ILAS IR A E 100 z 100} o ]
- B P . . E E g8 & B -0-4"0
GA<28 LT AL iEhrdl & o0cf =1 B0
~ VW2, e C o [2a] K: B ™ [
B2ZSY LG 3E L (P> @ 0 w ST CHDAIR=081, P<0.01
0.05);GA=>28 Rl & JL, CHD A FALR™=0.90, P<0.01
2 BBD,BFOL.,SOD #1 HC #J/]y % 25 30 35 40 %2 25 30 35 40
T B4 (P #<0.05),SBD % i o RO e D
RGN (P=0.10), W
*= 1. =
3 itie E oo 2 KRR EISEREE GA 48 A i B I K

-
TN e = B KA EZL  CHD 48 5200 Y i
MRI xf fi JL. % €] 45 . % 8 100+ CHDAIR=0.87, P<0.01 g 41 HLT (550 21 (6 52

SRR K6 L HHALR=0.91, P<0.01

B G LR DT B R % i 5 O 25 36 35 a0
B AT A L 4 GA D



e 1138 v [E B 2R R B R 2020 4E5S 36 #5255 8 ] Chin J Med Imaging Technol, 2020, Vol 36,No 8
1 CHD 415 %} B4 i L & 48 b e (mm, £ 5)
GA<<28 J&
2151
Ja %K BBD BFOL SBD SOD HC
CHD #H (n=50) 27 53.2444.67 65.56+4, 44 60.75+5. 05 70.21+5.58 212.20+16. 67
SF FRZH (n=100) 18 53.1344.61 66.2246.93 63.0147.00 72.9047. 40 202. 204 22. 85
il 0.10 0.45 1.49 1.66 1.62
P 0.92 0. 66 0.11 0.10 0.11
GA=28 [
25
6 44 BBD BFOL SBD SOD HC
CHD 41 (n=50) 23 72.4248.57 83.5148.58 80. 77438. 10 88.5746.23 274. 304 22. 60
Xof B 2H (n=100) 52 76.4146. 80 88.39+5.13 83.5945. 84 95. 8746. 81 290.70419. 01
Ul — 2.12 2.97 1.67 4.33 3.18
P1a - 0. 04 <0.01 0.10 <0.01 <0.01

B 25, 30 B8 F T #R 5% i 2 e IX 8l 5 o7 M fivi B e %
Ee NN L8 R S RN <D N S EE R R
B — kPR A4 H BN 2% ok B X5 T T A G L &
FHAREZ LY, B8 TAMEAR S EGE G )
2R e, BB B MR & BB A7 R0 D i L iz 3l Ph 2
R B 55 0l 8, SSTSE J7 81 B A A5 Dol i) fE A4
HZEMGCORERTRIAE 1 s L A G JL R i B 18] 78
A5 s LAY, AT 200 A R sh P . R R T 2 ) is
Fh#E IE (inter-slice motion correction) | #8 43 3% & {A FH
i ## (super-resolution volume reconstruction) %5 E{%
Ab 35 AR W AT RO AR 5 4R R A R
i1 MRI BE 98 55 4f b JH T 7 |y 5 & P A4 iR JL K
KH .

AL A S ok B 2 1Y 7 a2 e E gt 2R
CHD JRILTEE N E & F i & 45 sl D) e = % . 4T
A W6 1) 7 NG S ot 0 ™ R 9D S AL . CHDD i
JUAE R £E W) 2 8 I 0 T L B 5T & R B £ Lt 25
17 24 B R) T I IR LA 3R B0 A F g R
GA<28 Jil M =28 J i Lor i BEAT W% . ASBIE 58 % i
HAERLIERY S GA 2] BIEM G, £U] MRI E &
N 2 1 6 A BB 5 4 i S R I Lt i 2F K R O
Xf B R L& FE AR SR UG Bk (2L 68D I R
CHD A& B GE ) RPRE R, GA<I28 Ji (B
2 ) iR LA 18] & 46 b 22 S g it F L T =28
JE CRI e 22 39 i JL b, CHD 4 BBD, BFOL, SOD,
HC B850 BAL /0 5 50 LK AR Bk & o 7240 £F
B o ASHEFUAR S P AR 2 & U7 vk 19 SBD 7E 4 I 1
A1) 22 S T ge 2% i X, $20% MIRT I & i LK i 42 2k
(BBD.BFOL) AJ # SBD A 5 52 fifr i Sz e K fili % 75 7%
b, BEAEDRSEE SR EA, 22 i 1 6 LA = 40 I T 2 AR
HE R 5 A2 A, T CHD i Ll 5 W8 8 1< 3 52 5 B,

ABF5E 3 M B BBD #l BFOL , /S 32 il 40 i 4 W 75 4k
S, T B 4 M R e CHD i JL R B A2 26 48 5 4E K
Ak

A ST o 1Ak MRT 2 28 P 48 b 2 e i L /5
0 AE K I R A O R A DG S [T A O R ) i i
JUR G A= B3 » L e DA iR LR i A= & & B O L 9F
AR IR A CHD BRL Rk B e 5 2% . i
UKW, F CHD 51 i i % & BC7E 7T /E 3 hn [l
AR A3 Bh 1 2 A B e AR v e S ot 1T 51 & i 4
35 0T AR AR 7 TR K B SR ™ R O AR L 2
Y EEZ OMEFARZIGEWME L BREARE ., AR
S5 S ORAAT g 1A 2 W0 9B AR T A YT CHD iR
LM aLkds S WIS 2 %, 62> CHD B IJL&K
W RRE | A R A

A5 ) 3 R B - R AR AR iR )L CHD 28 B ¢
A HE— 432 T AN Rl 2R B Z% CHD X K i 48 4 1L
HE R 52 AT REAS R 5 Fh R B T sh o B R AR SRR
SIS [E] AR BEXT CHD JiG LA 2647 3D Jil 74 A5 43 0 )
. AR — 2R 3D A R 4 i B A i 1R
PEAR AR 288 CHD JiG LB Nk & B 15 L.

g5 Lk, A 5T 00 4 & B g 22 ) CHD Jif L
Fill G 45 2 £ 46 b 5 0 BRALAE 7E — 8 25 5, 08 a7 i
MRI &AL P i L K i 32 B4R 4 48 b 2 A 8 5 il A7
P A PR R ALY CHD IR LN & Bt 2%,

(5% k]

[1] HANSEN T, HENRIKSEN T B, BACH C C, et al. Congenital
heart defects and measures of prenatal brain growth: A

systematic review[J]. Pediatric Neurology, 2017,72:7-18,¢l.
[2] MILLER S P, XU D, AZAKIE A, et al. Abnormal brain

development in newborns with congenital heart disease [J]. N



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

1139 -

(3]

(4]

(5]

(6]

(7]

(8]

(9]

Engl J Med, 2007,36(5):960-969.

GRIFFIYHS P D, BADBURN 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.

RUIZ A, CRUZ-LEMINI M, MASOLLER N, et al.
Longitudinal changes in fetal biometry and cerebroplacental
hemodynamics in fetuses with congenital heart disease [J].
Ultrasound Obstet Gynecol, 2017,49(3):379-386.

R ILRE 3 PR —— i e R A A B R (] R AR AR
2011,2(1):7-12.

KYRIAKOPOULOU V, VATANSEVER D, DAVIDSON A, et
al. Normative

brain using magnetic

2017, 222 (5):

biometry of the fetal
resonance imaging [ J]. Brain Struct Funct,
2295-12307.

CHIARELLO C, VAZQUEZ D, FELTON A, et al. Structural
asymmetry of the human cerebral cortex: Regional and between-
subject variability of surface area, cortical thickness, and local
gyrification[J]. Neuropsychologia, 2016, 93(Pt B):365-379.
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
[JJ. IEEE Trans Med Imaging, 2007,26(7):967-980.

(10]

[11]

(12]

[13]

[14]

[15]

[16]

ORTINAU C M, MANGIN-HEIMOS K, MOEN ], et al.

Prenatal to postnatal trajectory of brain. growth in complex
congenital heart disease [J]. 2018, 20:
913-922.

BECA J, GUNN J K, COLEMAN L, et al. New white matter

Neuroimage Clin,

brain injury after infant heart surgery is associated with

diagnostic group and the use of arrest [ J .
Circulation, 2013,127(9):971-979.

LIMPEROPOULOS C, TWORETZKY W, MCELHINNEY D

circulatory

B, et al. Brain volume and metabolism in fetuses with congenital
heart disease: Evaluation with quantitative magnetic resonance
imaging and spectroscopy[J]. Circulation, 2010,121(1):26-33.
WEDEGARTNER U, KOOILMAN H, ANDREAS T, et al.
T2 and T2* measurements of fetal brain oxygenation during
hypoxia with MRI at 3T: Correlation with fetal arterial blood
oxygen saturation[J]. Eur Radiol, 2010,20(1):121-127.
SAKAZAKI S, MASUTANI S, SUGIMOTO M, et al. Oxygen
supply to the fetal cerebral circulation in hypoplastic left heart
syndrome: A simulation study based on the theoretical models of
fetal circulation[]]. Pediatr Cardiol, 2015,36(3):677-684.
SCHELLENC, ERNST S, GRUBER G M, et al. Fetal MRI
detects early alterations of brain development in Tetralogy of
Fallot[J]. Am J Obstet Gynecol, 2015,213(3):392.

ARROYO M S, HOPKIN R J, NAGARAJ U D, et al. Fetal
brain MRI findings and neonatal outcome of common diagnosis at

a tertiary care center[J]. Perinatol, 2019,39(8):1072-1077.

WERERNERERVEREALERERERENE RN RENERERVE RN RNENERENENENERERENERERERERWENE N RN R RE R R R RN R RN R R RN

UCBURR 5 98 BUAVE 3 TE M 5 e 50 R il o o i 25 5% 7k A

i

I

B 2 AR RO VE 3 B 3 2 S AR P 3 (www. cimit. com) F T, S 2 L ACYER BRI —

T AE T ORAR R L A B R ISR Al RN 1985 AR B TR B A 39 T 4 SRR



