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[ Abstract | Objective To evaluate genetic diagnostic value of chromosome karyotyping,chromosomal microarray analysis (CMA),
and whole-exome sequencing (WES) for prenatally diagnosed fetal ventricular septal defects(VSD). Methods A total of 204 fetuses
who were prenatally diagnosed as VSD by ultrasound at Anhui Women and Children’s Medical Center from March 2020 to
December 2024 were selected as study subjects and were categorized as follow four groups:isolated VSD group(Group | .,n=69),
VSD accompanied with other intracardiac malformation group(Group Il ,n=39),VSD accompanied with extracardiac malformation
group(Group [ll ,n=29) .,and VSD accompanied with soft markers and/or high-risk factors group (Group [V.n=67). All fetuses
were examined for karyotyping and CMA. After comprehensive genetic counseling, WES was performed on 14 fetuses with negative
karyotyping and CMA results were screened, and they and their parents were examined for WES further. Results Karyotyping
identified 13 cases of pathogenic genetic abnormalities, the positive detection rate was 6. 37% (13/204), including 10 cases of
aneuploidies (76. 92%). Subgroup analysis revealed that the positive detection rate of pathogenic genetic abnormalities by
karyotyping in the VSD accompanied with extracardiac malformations group (Group ) was 20.69% (6/29), which was

significantly higher than 1.45% (1/69) in the isolated VSD group (Group | ) and showed a significant difference between the two
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groups (Fisher’s exact probability method, P<C0. 05). And aneuploidy abnormalities accounted for 17.24% (5/29) of the cases in
Group [l , whereas no aneuploidy abnormalities was detected in Group | . CMA provided an incremental yield of 3.14% (6/191) of
detection rate of pathogenic gefnetic abnormalities in those cases with negative karyotyping results,in detail,in groups [ . I, 1l
and IV ,the incremental detection rates were 2. 94% (2/68),2.63% (1/38),8.70% (2/23) and 1.61% (1/62) respectively. WES
demonstrated 21.43% (3/14) of incremental detection rate of pathogenic genetic chromosomal abnormalities. Conclusion Fetuses
with VSD and extracardiac malformation exhibit a significantly increased risk of chromosomal abnormalities, predominantly
aneuploidy. It is recommended that genetic testing based on chromosomal karyotyping combined with CMA should be done for all
fetuses prenatally diagnosed as VSD,if necessary, WES should be conducted further. CMA should be prioritized as a first-tier test
for VSD when other structural anomalies coexist.
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prenatal diagnosis

5o R0 E SR (congenital heart disease, CHD) 2 Wk L= () BF Bt 59 B L 3G 204 61, WBIEES S
S L A= Bk B e E DL B R . HE R R R I H A 5 F R LREAR 20 o 4 4 IS VSD A
3~6/1 000", M3 a] BF Bk 5 (ventricular septal (1 41)69 fi; VSD & HoAth .0 Py e JE 21 CI 4) 39
defect. VSD) f5z by UL . 24 i BT A7 0 JiE W5 JE 79 4005 13 VSD & 30 A JE 41 CHlL 41D 29 1) VSD & I 4k
FET P2 )L B L 1/3000  EAESK, H TR& Febr oA/ sk e R R AL IV 41) 67 1, 5 599 B [m] i
HOAR P & e, i )L 28 [A) B G 450 76 7 1712 W7 19 A6 Wi Z A 2 WA A e P (ISR Y« &
R R . B A DL BE SRR R HOR 1Y PIRINGAN SR [ TN S T A - e v
W KER 4y B4l VSD B LE & F AR /4 AR Y7 BT o R >R 4D . A A AR o 77 HIT R 75 12 TG L
i AL KBS A4 VSD aamw S VSD FLAIE/ A4 HA S H R 0 HEI

%E%E,«E’J/uﬁnﬁﬁﬂ*}ﬁ/,jz%‘/*ﬁﬁméﬁi B+ DB 1A B2 5 T B0 IR B 5 254 s Q REA T R
B /IR S LRI B B RO S ), X s mzzu DNA i 75 78 36 i R 2 ) s @ I K %kt
P 2 3 B R S O e A AR I SR YT S %ﬁf:m/fv@%, L ARG G T B R K 2 2 ) P A AR B

P 2t A i A DA S (I AR T PR A SR ) S BRE A 19 Aé‘tt/ﬁ(%tt{ﬁiﬁ 83230473) , R IAZ IR H WL BT
W L5 ) W B 2 0L R DL TR g

e SR LA 50 15 D % A VSD S R A —

TSI, BT AU e B AT L X % BB L VSD i 7 03 4 P 3 £

A TR R RICFPIC D VSO BW iy g R T2 1632 7
MR TR, AT VSD A RDWTRATIBEE e oy a5 32 RS L 52 88 518
IR BT (7 Rt S A e ey

/A LTL‘I] NS '7‘:'!:» Yy
VR S5 5 0T TR0t P9 A A e 0 R o1

A5 B e 6 4K 3% 14 31 43 B (chromosomal micro- X i bt .
array analysis, CMA) il 4 4h 5 - 413 % (whole- AR B B 2 /KRR A H2 BB A E O S B0 = B AE R
AR OEAT 40 M 8 3, 18 3 AR AN R AL B KB AL P DL K

exome sequencing, WES)7E VSD Jig JLF= A2 Wi # 1 N
v 2 I, — — .,
REFI O B et VSD AL SR sty D BRI R S B F R R
J&i o A Giemsa Y& 8 B3 K L 40 BT, 3 i Xﬁmméﬁi

F S HIE R VSD 7RSI PR R4 R g
FR) 28T VR AR A, S 352 e (5 AR B0 45 g R0 S 15 O L E

5 W L S AR 4
. 1T G- Yo AR T 7 7
L MRS & 12,2 % 6 AKBEE 5] A7
L1IMRMTK K H CytoScan HD/750 k i F ik 7 & (Affy-
AHIE T [ B T 2020 4F 3 A & 2024 4F 12 metrix, 5 ) , $ MbR B A0 AR 0T SRR AR AT 4
A TLBAE 0w L B 2= o0 AT 77 Bk A, Bl s SE DR 20 = o BRI B A BT . 3 RS R T U A $
63



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

DU A 5% (copy number variants, CNVs)H2>100 kb
HAAF B =90% ) F B, {f F AH TE & ) 352 510
CHAS(Chromosome Analysis Suite) , 454 OMIM,
ClinVar ,DECIPHER PA K DGV 4§ [ b5 75 28 24 25
it PEHEAT X L 43 B I CNVs PR BT, K 46 56 1 =
i AE 5 E R 4 % % 4 (American College of
Medical Genetics and Genomics, ACMG) ¥ # & H:
P8 DUROT S i R4 Bl L O BRI % /TR R 40 O
K50 FUR P (pathogenic CNVs, pCNVs) | 1] fig 3G
P (likely pathogenic CNVs, IpCNVs) | & X £ B 1Y

A5 5% (variants of unknown significance, VOUS) , AJ

AE R M A R CNVs, H by B0 14 F0 AT B 20 7 1Y 22
SRR IGIRE L7, AR R ERE TR
A B I R SR B (pCNVs/IpCNVs)

1.2.3 &% 2-F4an 5

A T3 DL AE KR/ B8 AC BE A J A AR R Y5 Y
PRIZH DNA S G IR L, X HEAS 42 i DNA I i £ 5C
FEJG i Roche KAPA HyperExome ith F i 3% JF:
WA H bR S T Kok 48 55 Ul X A, 7E
MGISEQ-2000 5, DNBSEQ-T7 Wl JF- 5 #E 47 I JF
I AR I 7 #04% 28 BWA HXT % UCSC hgl9 AES%
SR IFERBREE TS, W GATK #4755 it
HEK IE., B #H R A 7 (single nucleotide varia-
tion, SNV) ,4fi At 2 (insertion-deletion, INDEL) ¥
I K BE DAL 3 A, Aar D 2] 1% 74 S B T T O 2 L 9%
s B 2R L 32 A i R A B K AR AR B s T T
PATHER S e, KM ACMG J 3% [ 4 1 955 B 2%
2> (Association for Molecular Pathology, AMP)' [y
J 98 S i 152 4 R o R 98 78 6 R A3 Ry 2 < U
(pathogenic, P) . A 58 2 i M (likely pathogenic,
LP) . i K B XA B (variant of uncertain signifi-

cance, VUS) . AJ B8 R P S R . e 2, XF #5417 BUR
PEECRT B8 B PE 5 8 IR L M AR RE AR SR
Sanger W J3¥ 47 5 HIF .

1.3 it FE 5

K HI SPSS 25. 0 S8 it 2% P ik 47 %Al o0 Hr . 3
BOGERE LA (o) FE 43 b (Vo) R p A X7 RS 36 5
Fisher B UJME 38 55 X5 AN 6] 24 18] 19 22 53 i 47 Ho e, 4
[f] 2 & 8 R F Bonferroni 3. LI P<C0.05 R
BAESG T E X, H A Bonferroni ¥ AR 4% ¥4 % J5 1Y
KK o = o/ LB BB, LA P<<o Ry 22 A SE1t

2 R

204 151 77 Hif i 75 12 W Ry 2 TR] B BB A G L 34 4
YRR A0 A B CMA A0, Herb 14 451 )i )L AR
AT WES Kl . K B A I R &SR B0 M
A% 2 SR A SR BH I 8] A BIF Y R B0
WAL 2E S H R % R BH MR R SR 10,0 7806 (22/
204),

2.1 R BUZBEREERSW

T AT Y PR A R A B A 13 ) BORS M st A%
SEH PR R R 6. 37 % (13/204) , Horp e fa {k
H 5 H3L 10 #1(76.92%,10/13) . A1 4E 18- = {4 %5
fiF 6 1] . 21- ZARLEAAE 2 1], 13- = AR5 A 1F 2 f,
JIN | N 11 O £ <5 P R R NS | R R RN o Vi o
0.00%(0/69). 2. 56% (1/39),17. 24% (5/29),
5.97%4/6T) b I 5 1 Ik 2R A5 1%
7 X (Fisher B R, P =0.002), Ye o ihghity
WAt 3 ] (23.08%,3/13), f 45 & 2 Ye (o 1k B 17
L 11 5 Y (o i A7 26 R U A BH I & A i 1 43 LA
KoAS5 511 SR aRZ BB 0 1 6], L3k 1,

[

i

2

;&
AN
=

%

F£1 2040 VSDRILWEABGBEZBESTRELER

Table 1 13 cases of abnormal karyotyping results among 204 fetuses with ventricular septal defect
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Table 2 Incremental detection rate of clinically significant genetic variants in cases with
negative karyotyping results by CMA [n( %) ]
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Table 3 Comparison of positive detection rates of pathogenic genetic abnormalities among the four groups [n( %) ]
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Table 4 Analysis of 3 cases of likely pathogenic genetic abnormalities by WES
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5, =R 88487689  3167C > A (p. bert ZE A5 fiE 5 A | Leber J& KM

Ser1056 * )

M 10 A, Meckel 245 & 1F 4
4  Senior-Loken Zi & 1iF 6 &I
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A A HA I R I R CMA AR Sy — 2K 7 2%

WE 120 5% % B 76 A TR0 IE % 19 7= 32 R B A o
CMA RB A Hh 8 B0 AZ L 2 B I8 v U 19 3800 1 A8
SNBSS WL T B R R B AR
GEAE R R H R B 1 A JE Rl | CMA B &AM R
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BEFE 5310 W e AU DGR I AN 0 o P L 1 i XU, R v 7
R AR AU T sl S 2ok A 1 T B R R SR 22

B G W 2% B 2. 1% Bn L #E 0 SR T 1Y
KIDINS220 &[4 2% 45 42 5% . KIDINS220 % [H %€ i
TH AR 2p25. 1 X, G i — FhOCHE Y SO 2R EE M .
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G624 R R T g e R B R
I, AT IR R 28 FR 715 5 B S W IR #4135 2
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