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Progress in research on prevention and treatment of fetal neural tube defects
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China Medical University ,Liaoning Shenyang 110004 ,China)

[Abstract | Neural tube defects (NTDs) are congenital malformations caused by failure to neural tube closure during embryonic
development,and pose a significant public health challenge that impacts population quality. Current preventive strategies mainly
include supplementation of folic acid and other nutrients and emphasizes improving maternal living environment to reduce harmful
exposures. In terms of treatment,prenatal and postnatal repair surgeries have achieved some progress,yet technical limitations and
complication risks remain. Future treatment directions involve in application of stem cell therapy and tissue engineering
technologies, which show broad prospects and offer new hope for the treatment of NTDs, though further researches are needed to
realize clinical translation of these new technologies. This article reviews recent advances in research on prevention and treatment of
fetal NTDs,so as to provide references for maternal and child health professionals and researchers.

[Key words] neural tube defect; prevention strategy;folic acid;surgical treatment;stem cell therapy

BEE T, NTDs 18—kt A L P4
[R] A ANASAHS SR DLEE B 4E S Ut H L A Rl T R 2k

2B W TE (neural tube defects, NTDs) 52 5 K (G R 5 N 25 TUAE Bk . 2015 4F 4 Bk 7 47905 2 B4
HORRZR ARG TE R AR M IIE - W2 BRI o NTDs 9 % 905 00 8Ot 7 260 100 ] B4 K %

I

R > — IR TR G 2 A B R 2 R i B 1 0% EUATIGE  SR A  k fE  e
EA M Ay R R MOL AR T NTDs s R R R R B 2 % R E
NTDs ZH 4 Z B MG SO MM RAFFEZHNE s Oy e 1903 119000 5 L 22 % 3K 1 52 19 7
HO R ), I 7E 42 BRI S BRIT 8 0 5, 6 % ik fiF 2 UL NTDs % i % 55 1L T fig 5 3 1K 4 22 2
5% s 5% S A AR SR L T H A 1 R e R KB IAT X . Bl 2 A 0 K S 1 sl 36 i 2
XA, AR TR B NTDs &9 4310 R FEAF 76 i X 1 K 20 B e R 75 R B NTDs B 55 1 S W7 4
5K — 2 AR AL I R S M X o B Lk 7 NTDs 763 [H [ % 5 K K AR . 2000 4F 5
RIS A6 TT H DX ) R R TR O R R X 2023 4F BRI 5% R [ B ) NTDs B9 R B R R
[Wf B E812025—10—31

[(E£TH JHZKHARFIL 4 %8I H (825719603 82502070;82271730)

[AEE B A KM (1998—) . L WL WF5E A, R E N 2 WL HF ST .
CERAEE Il . FF5 5

12



EORVE S R ]
2026 4E 5 H

2 a1 4 4k AR R
Chinese Journal of Woman and Child Health Research

Vol. 37 No. 5
May 2026

1.28%0" . SR L 7 4 BRI [ N, NTDs 7 Hi A= it [
I S 26 o L AR SR AR W L LA SR T AR R A 2
MARTRFEL T IR E., A EL R IL &8
W IE (4 TR 5 9 97 BF 95 380 R, O 1 4 A 4k T4 A
BT H IS %,

2 TR B ok B&

2.l HEE R HfhEFEIFE

2.1.1 #t 8

WFIE K BLIR IL A 288 1A 5 e B8 B AR 0 B 42 1k 5
LIPS R e SRR (NSRS Gl X YA N
5 NTDs AW R INA &, MRS KIRAFETE 1) K
PEZAEA: R BY, 2 —Fh NAATC I A 5 G 1 24 A
BB A6 5 i B IR R IZARTE TR g
K S IFE SR R W S 2 Y b, R
RE NS i JE 20 i A K o046, 90 5 55 £0 40 M i AR R, 8 e
TERE IR WX IR LA B RA HEAER], T4k, it

W b 70 B 4 UE 55 T 3 AR NTDs & A2 KU,
LRI [ IR SR AL S HEAT DLk, A BRE A R T
i W T 1) £ 6 A DA 9 2. 5% B RN 2 0. 5%
R Rk 3 8026 . I 7E B X NTDs g KUK B 8 |
[ P AN AS [B] 22 AR FR ST NTDs B9 XU 2 41 K — 29 T
78 il A7 A 20 o 22 S, R B A A e 2 R T
2 RGN LR IEROTT B L A F B K
FH25 s AR B AT R 2T 15 A5 AR R L O 4l LA A B ) 1A A
HamEi A, 5T UL A A g R, TR R A A1
UK A LR 53 R 3 A KU 21, I i 2 AH I Y i B oK
W L 1. DA I AR S AR IR T £E A PR A Ak Y
JRE B I R AR A | MLV PR A - IV Y B U S 1R 5 i i
(5, 10-methylenetetrahydrofolate reductase, MTHFR)
S5 I R A A O R AT 19 5% AR 15 0 LA B 4% 2 I ] 45 A
R 2R N A R A P R S S AR AR B TR Kb 78 R
5 IR, S BUORS HE TR .

1 NTIDs REHSBRMHEBEEFRMFTEY
Table 1  Risk stratification for NTDs and supplementation recommendations for folic acid and other nutrients
U 53 2% &R Zai AT YR 12 AT TR WER 13 R E e #h e %R
I RURS: 2 1 fERECRAS R 4F. 6 NTDs N ALK 0. 4~0.8 mg MHERA 2.6 ug ZEAFE  FE.0.4~0.8 mg AR 2.6 ug i
i s Bl12 % B12
W B AR 3 AN A LB SR 3 A B RPN, B 4~ 6 A L
S BEFL R SR
o XU £ 4 OBLLT —F e ZFB0 W R FH.0.8~1.0 mg HERA 2.6 ug 4E/EFR  HH:0.4~1.0 mg MR 2.6 ug 44
9o A B i SRS R B12 # B12
QIEFERMAL T —FkZf25Y. £ K. ZELZEE3AH . EERW 3 A WG RREE A 22 7 05 4~ 6 A
VG (TSGR R 2 S N OR TR 2R A TR LS

EL LG %, RN, P B 08 45

OKRFENI7 A —J5 i NTDs 5 84 47
NTDs 4 & &
QRFEIITH — 7 R4 NTDs Jiig s
@ H8 g ) A0 2 ol 0 1 1l A6 1) 22

7 B 4
B12
G

F4 4. 0~5.0 mg MEF 2. 6 ug 4k 4 &

TR LA A B R 3 4
L 5 D26 e 2RI 1 4 5 3

0. 4~1.0 mg MFERFI 2. 6 ug A
% Bl2

B RPN 2, B R 4~ 6 AL
BB R

1 25 AT A LR [R) A 2 e R K e &
EW Mz,

2. 1.2 Aeg Kk

Yt B2, RREN R L & — R AR T 1 7K
AR o FE Tl e M UNTU R IEZ i DI AN = &)
WA K R T R A SRR . R A ) R AT iR B B
Ye¥pr R YE L B12 KX IL A B L H B,
WEoETE B, AR ER A B MR 5 28 fh 4k 42 2 B12 1R
AR R S R S 5 FE 3 O AU R A R A AR
RIEABIIGE, N0 R MR AE W B NTDs 'h 740 &
FEAE L 06200 [ B AIE 70 A2 A9 4k A2 R B12 JKSFE
PR, 7 B 2 300 3o % ) B 5 7 0 R 5 4t 2 R B12 (W)

13

AT 38 T T R R A BRSO TR — b
FER B RORS Y LW 1,

LB, PR 4k % BS/Bh, & — Fh BB Y i,
5% ¢ W L LT B S 40 i I 235 g 21 4 th S T A 4
MR AE . R4 R J2 Y T NTDs T By (19 & filh 5
Be B4 A B 4> NTDs JC ¥ 8 1 M % i By, X 26
NTDs # 15 3 Sy i {2 415§ A8 s - R AR 5 gk At
Leung Fl Rajesh %5 AW 58 45 - # & W, 76/ B 5L
BE o e A Py i v UL B R RE 98 B AIK NTDs 1 &
R, U B S AT b 7S UL R G R I R A K A



TELL ¥R M ik http://mchchina. xjtu. edu. cn

NTDs B & A K WAT 2 ot — £ i &
B 28 e v LS K P58 JL NTDs KURS: T m 5
TEAHIE AN, B FE 248 L 5 fd R AR L AH H L I it
T LR v 3 1) S O AR . TR B A I A
58 7, AR T Bk b S R L AU 22 IE A D TS
WL 55 iR W] F— 2B BRIk NTDs &4, H G &
AREEIRR S . 25 L, 22 s 28 50 b 78 L nT
REXS TR NTDs H A — & W 71, 5 3 §i A C I R E
PEHSRA PR R B, 32 BT v AU 22 41 %o B L 3 20
T SR FE R RATY T T i B 22 B ML HR G L)
B UEJJLEE X NTDs 14 52 bR 150 B 2058 Ay e Ar i i 41K
FU A/ R AU IR NTDs 48240 3 15 72 5230 4 B,

2.2 £RE

B} 0k 35 B8 2% 88, 2 BR st 18 5 8 5% R S X
NTDs %A 85 o 8 20 KU &, MR 46 5% 67 ik 12
A3 PRI  —J2 & BRI H A B0 il )5 F AT Y

(5, VR GE 25 TIPS SO 55 45 . TR ERAE
TREA R SNIRPE DI R A PRI Qe A kLt
A F Y IR o i G R R T IR iR IRk S AR,
MG NTDs % 42 KUK . 347 R, R #8022 6T 52
TR gk SR AR BT 5] R i L NTDs " L {H
YR T IRR 9 R BT 5T 08 H 2 A B0 AL ) A7 F
FURD e IR, A B AR B LR A AT
ZALH KR AU . Kim P BB X 7 5 5% 307 JH B — 20t
IFE S B Lo ISR ol /< il L T 552 B 3 O / 4
PR U O AR NTDs 1 XU 23 T
LR 2R A T S O B B X R LA 2
REHAREELW, 220 H 22 B B, il 3
S BTG YW L R AN R W) BB B O A S R AR T
S ATAT RO AR NTDs %A XU, A i JLIE W & &
e fRRRE (R 2,

R 2 NTDs IREE RS 5 B3 1
Table 2 Environmental risks and protection recommendations for NTDs
AR e 7Y R KU N 2 Bi7 47 i 1
BEAFY R 425 BREH AR N R g ZROi S 2 S0 vy R e AR 2 T A B L ST T DR SR B L e
CHCKE SRR ZEAREMNZ R TR @R
filk 2545 BL TS Yy 202
B (ZIHFE el T — A bk TN AR B R T A 3B P B EROE
TR 3 At A AT 8 26300 ) A2 B X 249 3 S P 37
ELR R IR R AT R 30 17 R AT RE R G R R TR b R B SR SR R S E A
2 B
Yy B B ARG SN R R ] D O 7 S0 R A S A A S A A L A b A AT IO R I A R AR 5 SR
TR 45 it
AT U 70D 3hE G 1) (R R T AN R
U R 7 S0 08 S o8 A% O A IR o B T L R A K I DR R R R
o B5) s 8
3 JRIT R B .

NTDs it ARG 7 © I BUN 7= 1 2 77 )5 /Y 56 3%
YT R . AR AR e 28 TR ™ AR B I PR B AT 42
AR IIVA T 7 %6 . 7E 2021 4F & K P R EE
U Bh 25 % A 0 — S 4 e BA Aff s 6T IS M A
JBCHE NTDs., B2 A R [l K G SR L= E & =5 B &2
B b O B =k B OF U Bl 53E i Rl Y
B Rk B AT IR EEFXT NTDs #3697 3 52 [
Lei AT 1) — e e FR A BRI B R
Hier U HE BB 5 TR Sk BEL L 28 38— 25 32 i 0 7
Je 2R SR 4 1 - AR A T O 3 g KRR B R

14

3.1 FRIFRIATT

PR R LA AR — PR i L AE BRI N A T
(10 25 48] S SO R AT T B TR L R O M A R
2495 1) 1) B BEYR YT 7 58 o R R R I o
N UE . R AR 0 B A B O R T A R R
thoe 0 3E G  Z ar i E R HOE v w £
FRIEAL 255 R B AL E R RS A I AR
WY B BRI B AR R R . R SR L T iE S T
AR FZAFEFF R ILE AR TG ILE AR #b
AR FARE B DA AR 19 = 26 FYY . HEG
SERAA 50 KEIT I IR E = mi s E F ARV, R



EORVE S R ]
2026 4E 5 H

2 a1 4 4k AR R
Chinese Journal of Woman and Child Health Research

Vol. 37 No. 5
May 2026

A ] g BE ML B 56 © B 80 B TR T g
BRI Arnold-Chiari 1 W57 . BN = 16 I
G IR I B 2 T RES L R LB RUZ B
FAE NG ILE BB b AR 1 8 24 05 =X FE 2017 —
2024 SEPYABEFERY 50 B IR cPE NTDs o, R HI G
JUBEBUZAE AN AR BEAT 1 T AR A B A= JLFE 129 ] 1
I8 L IF H R A ok 1y 7 B K B 7 391 45 s 5 T i =X
F AR Y,

Sebr bR R 2T ORI — R 5
BBl 0 XU, 55 285 77 B9 9] v i 48 L %1 0 2 2R
RIEFFRIILF AR ] 4. 51 %, 1M 76 B s B2 ik L

TR 16600, MMA R B IF KAE CRLIE A il
LS e FEIA S i 1t ) 14 e 2 SR 75 A 24 i) AR A 7

ErR,EREETARARN 4.33%, mIF B ILTF
AR E L 16, 26% . M4, FF R G JLF AR Al dg

BG5S Y 1 B B R BT 2R KU L T 0t 26 O
TELEE BT ARG AR E SO L H i, R
PP =G 2 T ARAFAE 22 5 (38 )P0 (HA G
WESEANAERFSEEAT . T LATIUUL A 2 NS AE B oK Ok
PR 2 FOR 8 A0 58 35 HOR T 98 4R 3 Wk 8 £ R BRE fR
B i LA B o SCRE K B A XU B 28 s IR 1Y) T AL A
PE

Table 3

F3 FAARKXERILEFATLLRLE
Comparison of prenatal open intrauterine fetal repair surgery and

prenatal fetoscopic double-layer closure surgery

o JPRATA L BT A
AL U Za i 19~26 J§B S 5 5T T A 205
AT TLSIE 43 11,040 22 R T S 4 T 2 28 ) )
F77E Chiari T B
R
G KU FARBGK R

AR IR

AJF IR e Y

BT PA
JIT A J 4 B R 6 23 ) 050

KA L 10% 1 T8 i ZL R

TR LA, 349640 % th BLESS L B HFL

Ji6 7 DR 85 (O G 2 g ) T30
Elal-y 011
TE A TR
DE VRS v
UES TR PIRSH RS

WL/ LR 8 W R B A 3.~ 409 10+ T TR A A2 )
K IR I g 51 I 390 A
A T LB
.2 FRFARET Hﬁﬁé‘]%ﬁ%%5&llkfi%fmf%&ﬁ%§%ﬂ‘—7ﬁﬁﬂ‘

PTG LB SR O Bl IR H R T ok

T MW AH N AT 4 R AE A7 AR — E R BR . X
T AR S AT R AH R HE AT 3O 1 T % TR B
PERIRIT AT R A AT i i By RN YL
WRHEAT R OR B A B R L, IR AR
AeJa 12~48 /NN IE S TR W] —E R JE [

e SBLHY A AF R 28 T e K. REF AT
AR AT 3 E A A I A X AR . B T A
g% 3 b e PR S5 B A X 08 2 Ml % 4 2 80 Al R A% R AT
FEIR FAGAIT » H T ARG SR A5 0T A D) B 5 A
BRI AN . 7S PR B AR S R b o T A (R 26 B iR

15

B AR Y S B 75 A6 A AR AL S5 W R 17 25
HIE J&Eﬂéyﬁ'%ﬁa;%ﬁﬁ#%ﬁi%\}iﬁﬁu
&Y T ARG T UL R AT B R J5 4 B4 T B B AR
JUMR B B PE T R Bt 35 2038 L {H K UK L Chiari B
T 5 Pk S PR R AT X 00 0 T A AN R R i

MR B, BAR PRI R E T AR AR Z L
PEHE T A AR A BT R A R R T RS
KM BT Pk . DR 0T AN [ A R o 28 8L ol
JE MR I ER G IR YT IR AR L

3.3 FNIBITRA

TR, 22 HE T 40 M7 ik A 4L TR BOR 19 2%



TELE A Rk http: //mchchina. xjtu. edu. cn

oA NTDs IGY7 ok T 280 . X S 37 )7 ¥k A UTE
P R R RN AL A 5T 2 R B T B KW A
G PRIAYTF EFFRE T WA, T 40 MLIA J7 1F Sk A
RO AR NTDs 1697 B ny M (. LAl
WF 5 AT 406 7 0 AT A7k B A6 T B AR . 7E Y
JARABE D, S S fis D T G AR I T 4 M T 4R
FARGE G BG4 o2 B i H i A B h Y.
ST A BATF R 1 3l 4 S92 06 E — 2P E 52 i S
Jis 38 305 B B R UL 1R FE 0 T AR M PT A s E E 24 A
SUHUR L IF B E W E AT et . R AW R
JE T 40 A T 0 N AE SRR B s S R AL Y i
S fig ., Rl AR LB At T A ST S

BTG PR AT 0 58 45 5L, T AR Y R
Il I PR o FH P 2 o B . 03I PR IE 5% & B, 78 7 )5
BT AR FEIET 8 5 BB 56 T 48 A A B AR
JFEHB L e ZAH 29 50 Vo 19 BE A SR L L 45
g b 2% LB EWE N A . X — A
PRSI UEYE Sy 1 40 LA T I I PR % Ak 4 it T w20 E
P . M TAHL TR AR NTDs j677 J7 2 W58 5
FE = A SRR T SRR
FEEPE R CECAM I RIS v, 10 Bl G JL#E3Z 1 21
e F A R ILEE TR 1% 07 0T 4 G 0 i A6 i 2
BN AN R 5 T BB AL BRUAE T A NI R ) B
RORNS R A RS — R H A R A A
(R SR M K}, Lapa 88 N B AF 58 45 5 Won L A4 W) 2F 4
RAEH NG L B N 2895 19 v mT 5 8 A 1 B P
T AR B Al 28 2 21 5 T 2 UK % L B RRAIR T
RIGB B R K LR 4,490 & X8R T
R Jifs B Sl 483, A3 0F 5% 2 3« R F Pl e A J22 0 L B 3k
JoT 2L I L) B R AR 7 o A LR A A R
AT, AT S B G 4 X 38 A 5 4 B AL L O B A B g 48 R AR
N i NE Y

A XL R YT R B T R S H H AT
A FHRRB B, T 4R 7 72 sh W 95 56 5 R I
PRAE 5T 22 100 17 76 5 Ak F AR 08 39, ) 5 468 350 400 7 1 A
B F B8 T 40 M S IR T O A R i A
T5c 240 B A V5 5 3ok % s [y X A5 EL A O 250 T 2
— DB s A TR R A A A i T R L S R i
S YUR AR R DU S KUY ROk E P R £
o TR 1 K U0 B 5 F S R B ML X R AR 6, LA Ak X
S AR 7 58 L HE Bl N S 56 F 5 1) B8 A AT AR I R

16

N1 .
I BRESRE

NTDs 1 2 2 BR$7 22 5 1 19 3R 24 36 T A )
R B 6 506 7 AT T I IR Bk A . AR B 5 T
T LUT DU A — 2 1 1 R K AN B R
ANUENE NTDs St = A8 T 7 B, R & T RN
RFALE B A A 15175 55 WS B4 e G o = 2 R A A B 0 R
SRR . IR YT O3 T A T R AT
JRy PR R B TR PR RE R R T B AR R i & i
USRI 453 475 45 o IRV 5 10 7™ I 48 52 7 AR DU ufe L
e OO U o 22 D REAAs » ELAR IS IR I TR A
I RAE 195 5% 7™ 2 00 A8 LS I R

R SRR b AR JRy BR S OR R B 2R A KA A T T
— Je $ T 07 SR W RS I AL . 00 R AT A e R AR
P NTDs #9995 [ . 38 izt KBRS BIF 58 F1 22 A0 s R 18
6 56 I JUL P 25 T )7 T SR A ARk O T K
AL E IR S IS B B R KU A T
PRAN RIS R IR . TRIRYT TR R, N
WR TR TT | 24 20T R A W) R 45 1 A IR 5
W, AN 4 Jr BIR T A S fige 0 45 R B 52, TR B0 TS
P2 I RERIRANE

NTDs (1 B 536 7 K T 5 22 B R &
AR 05 AR — A 1o 1 FE R BT L I R B2 22 5 A 3 T
A BRI 2R RS I I B o 1 S B PR T R A D i PR D7
RERIHOR, R R S T AR Y BOR B4
oA BB NTDs %A R L BRI i — 2 FEAK
st fROL TR B ) AR 3 A

[ &% 30k

[1]Greene N D,Copp A J.Neural tube defects[J]. Ann Rev
Neurosci,2014,37:221-242.

[2]Finnell R H,Caiaffa C D,Kim S E.et al. Gene environ-
ment interactions in the ctiology of necural tube defects
[J]. Front Genet,2021,12:659612.

[3]Blencowe H.Kancherla V, Moorthie S, et al. Estimates
of global and regional prevalence of neural tube defects
for 2015:a systematic analysis[J]. Ann N Y Acad Sci.
2018,1414(1):31-46.

[4]Bitew Z W, Worku T, Alebel A, et al. Magnitude and
associated factors of neural tube defects in Ethiopia:

a systematic review and meta-analysis[J ]. Glob Pediatr



EURVE S R ]
2026 4E 5 H

I 43 4 4k AT R
Chinese Journal of Woman and Child Health Research

Vol. 37 No. 5
May 2026

Health,2020,7.:2333794X20939423.

(517850, X0 AE BH L ORI L 25 74 < 113 [l 7™ )L N'TDs 8 £ 2 5 £
TN K L g 43 B L] oh B 00 4 4 e B 5%, 2020, 31 (12)
1612-1618.

[6]Kang L Y,Guo Z R,Shang W J.et al. Perinatal preva-
lence of birth defects in the mainland of China, 2000-
2021 :a systematic review and meta-analysis[J ]. World J
Pediatr,2024,20(7) :669-681.

(718 = 8 AR e 3R 2 DX 7 L HE AR Bt B 0K B
A L e R Ab e ST . b [ i 4 f e R 5T, 2022, 33
(12):90-94.

[8]Wagh K. Kancherla V.Dorsey A.et al. A global update
on the status of prevention of folic acid-preventable
spina bifida and anencephaly in year 2022 [J]. Birth
Defects Res,2024,116(5) :e2343.

9] Hl 32 2 J 1 b 1t 2 T 7l 220 480 Bk 4 /e (201D (3] I IR
B985 928, 2017,2(34) ;201

[10]Finkelstein J L. Fothergill A, Venkatramanan S, et al.
Vitamin Bl2 supplementation during pregnancy for
maternal and child health outcomes [ J ]. Cochrane
Database Syst Rev,2024,1(1):CD013823.

[11]Nie L.Liu X,Li X,et al. Beyond folate: the emerging
role of maternal vitamin B12 in neural tube develop-
ment[J]. Nutrients,2025,17(12) :2040.

[12]Bupp C P,Sarasua S M,Dean J H,et al. When folic acid
fails:insights from 20 years of neural tube defect sur-
veillance in South CarolinalJ]. Am J Med Genet A,
2015,167A(10) :2244-2250.

[13]JRajesh V, Karthi S, Kumudhavalli M V. Protective
effect of myo-inositol against decitabine-induced neural
tube defects in embryonic zebrafish[J]. Neurotox Res,
2025,43(2) :14.

[14]Leung K Y. Weston E.De Castro S C P,et al. Associa-
tion of embryonic inositol status with susceptibility to
neural tube defects, metabolite profile, and maternal
inositol intake[J|. FASEB J,2024,38(11) :¢23738.

[15]Groenen P M,Kloosterman R,Schijvenaars M M, et al.
Spina bifida and genetic factors related to myo-inositol,
glucose.and zinc[J]. Mol Genet Metab, 2004, 82 (2) .

154-161.

[16 ]Greene N D,Leung K Y,Gay Vet al. Inositol for pre-
vention of neural tube defects:a pilot randomized con-
trolled trial- CORRIGENDUM[J]. Br J Nutr,2016,115
(9):1697.

17

[17]Wang M.Riicklin M. Poelmann R E.et al. Nanoplastics
causes extensive congenital malformations during
embryonic development by passively targeting neural
crest cells[J]. Environ Int,2023,173:107865.

[18]Kim J,Langlois P H,Mitchell L E,et al. Maternal occu-
pation and the risk of neural tube defects in offspring
[J]. Arch Environ Occup Health.2018.73(5) :304-312.

[19]Felisbino K,Milhorini S D S. Kirsten N, et al. A syste-
matic review of parental occupational pesticide expo-
sure and geographical proximity to agricultural fields in
association with neural tube defects[J]. Toxics,2025,13
(1):34.

[20]Jia X Q,Li Y,Jin L,et al. Association of co-exposure to
polycyclic aromatic hydrocarbons and metal (loid) s
with the risk of neural tube defects:a case-control study
in Northern China[J]. Biomed Environ Sci, 2025, 38
(2):154-166.

[21]Ren A,Qiu X,Jin L,et al. Association of selected per-
sistent organic pollutants in the placenta with the risk
of neural tube defects[J]. Proc Natl Acad Sci U S A,
2011,108(31):12770-12775.

[22]Chen H,Zhang Y. Zhang L,et al. Indoor air pollution
from coal combustion and tobacco smoke during the
periconceptional period and risk for neural tube defects
in offspring in five rural counties of Shanxi Province,
China,2010-2016[J]. Environ Int,2023,171:107728.

[23]Jarmasz J S, Basalah D A, Chudley A E.et al. Human
brain abnormalities associated with prenatal alcohol
exposure and fetal alcohol spectrum disorder[J].J Neu-
ropathol Exp Neurol,2017,76(9) :813-833.

[24]Huang W, Fu J, Yuan Z. Gu H. Impact of prenatal
exposure to metallic elements on neural tube defects:
insights from human investigations[J ]. Ecotoxicol Envi-
ron Saf,2023,255:114815.

[25]Atlaw D, Tekalegn Y. Sahiledengle B.et al. Magnitude
and determinants of neural tube defect in Africa:a sys-
tematic review and meta-analysis[J]. BMC Pregnancy
Childbirth,2021,21(1) :426.

[26]Potischman N,Fang L.Hao L.et al. The Chinese Chil-
dren and Families Cohort Study:the nutrition, physical
activity, and ultraviolet radiation data collection[J ].
Nutr Today,2018,53(3):104-114.

[27]Auger N.Fraser W D, Arbour L.et al. Elevated ambient

temperatures and risk of neural tube defects[J]. Occup



TELE A Rk http: //mchchina. xjtu. edu. cn

Environ Med,2017,74(5) :315-320.

[28]Wilson R D, Van Mieghem T, Langlois S.et al. Guide-
line No.410:Prevention,screening, diagnosis,and preg-
nancy management for fetal neural tube defects[J].J
Obstet Gynaecol Can,2021,43(1):124-139.¢e8.

[29]Meller C,Covini D, Aiello H,et al. Update on prenatal
diagnosis and fetal surgery for myelomeningocele[J .
Arch Argent Pediatr,2021,119(3) :e215-e228.

[30]Lee S Y. Papanna R, Farmer D.,et al. Fetal repair of
neural tube defects[J]. Clin Perinatol.2022,49(4) :835-
848.

[31]Fichter M A, Dornseifer U, Henke J, et al. Fetal spina
bifida repair — current trends and prospects of intrau-
terine neurosurgery[J]. Fetal Diagn Ther,2008,23(4) :
271-286.

[32]Giné C, Arévalo S,Maiz N,et al. Fetoscopic two-layer
closure for open neural tube defects: prospective study
of obstetric,surgical and perinatal outcomes in the first
50 cases[ J]. Ultrasound Obstet Gynecol, 2025, 66 (4) .
453-461.

[33]Zepf J. Vonzun L, Krihenmann F, et al. Subsequent
pregnancy outcomes after open in utero spina bifida
repair[J]. Fetal Diagn Ther,2022,49(9-10) :442-450.

[34 ]Mikulski M F, Well A, Beckerman Z, et al. Open and
endoscopic fetal myelomeningocele surgeries display similar
in-hospital safety profiles in a large. multi-institutional
database[J]. Am J Obstet Gynecol MFM, 2023,5(3) :
100854.

[35]Sanz Cortes M, Chmait R H, Lapa D A, et al. Experi-
ence of 300 cases of prenatal fetoscopic open spina
bifida repair: report of the International Fetoscopic
Neural Tube Defect Repair Consortium [J]. Am J
Obstet Gynecol,2021,225(6):678.¢1-678.ell.

[36 ]Akyol M E.Celegen I, Basar I,et al. Hydrocephalus in
encephalocele[J]. Eur Rev Med Pharmacol Sci,2022,26
(15):5399-5405.

[37]Adapa A R,Teasley D E,Fogel H,et al. Foundations of
myelomeningocele management: history, embryology,
diagnosis,and treatment of myelomeningoceles through

the Sheffield Study[J]. World Neurosurg, 2025, 199

123984.

[38]Arifin M, Suryaningtyas W, Bajamal A H. Frontoeth-
moidal encephalocele: clinical presentation, diagnosis,
treatment, and complications in 400 cases[J]. Childs
Nerv Syst,2018,34(6):1161-1168.

[39]Lee G,Papapetrou E P,Kim H,et al. Modelling patho-
genesis and treatment of familial dysautonomia using
patient-specific iPSCs[J]. Nature,2009,461(7262) :402-
406.

[40]Wei X.Ma W,Gu H.et al. Transamniotic mesenchymal
stem cell therapy for neural tube defects preserves
neural function through lesion-specific engraftment and
regeneration[J ]. Cell Death Dis,2020,11(7):523.

[41]Steele J W, Bayliss S, Bayliss J, et al. Heritable spina
bifida in sheep: a potential model for fetal repair of
myelomeningocele[J].J Pediatr Surg,2020,55(3):475-
481.

[42]Gupta D K,Sharma S, Venugopal P,et al.Stem cells as
a therapeutic modality in pediatric malformations[J ].
Transplant Proc,2007,39(3):700-702.

[43]Pedreira D A, Zanon N, Nishikuni K, et al. Endoscopic
surgery for the antenatal treatment of myelomeningo-
cele:the CECAM trial[J]. Am J Obstet Gynecol.2016,
214(1):111.el-111.¢el1.

[44 ]Lapa D A,Callado G Y, Catissi G,et al. The impact of
a biocellulose-based repair of fetal open spina bifida on
the need to untether the cord:is it time to unify tech-
niques for prenatal repair? [J]. Einstein (Sao Paulo),
2024,22:eA00557.

[45]Lapa Pedreira D A, Acacio G L.Gongalves R T.et al.
Percutaneous fetoscopic closure of large open spina
bifida using a bilaminar skin substitute[ J]. Ultrasound
Obstet Gynecol,2018,52(4) :458-466.

[46]Soltani Khaboushan A,Shakibaci M,Kajbafzadeh A M,
et al. Prenatal neural tube anomalies:a decade of intra-
uterine stem cell transplantation using advanced tissue
engineering methods[J]. Stem Cell Rev Rep, 2022, 18
(2):752-767.

(&l 534 4 48 4% 3C 7]
CrhoComit A B S0 5 A7 S 0 ]

18



