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[Abstract] Objective To investigate the clinical application value of chromosomal microarray analysis (CMA) and whole-
exome sequencing (WES) in fetuses with increased nuchal translucency (NT). Methods From January 2020 to April 2022, clinical
data of 1013 fetuses were collected who underwent invasive prenatal diagnosis due to NT thickening [defined as NT >95th centile
for the crown-rump length (CRL)] in the Third Affiliated Hospital of Zhengzhou University. All fetuses were undergone CMA
detection, 49 fetuses with negative CMA results underwent further prenatal WES. According to NT value, fetuses were divided into
the following four groups: <3.5mm group (529 cases, 21 cases underwent WES), 3.5-4.5 mm group (273 cases, 8 cases underwent

WES), 4.5-5.5 mm group (98 cases, 7 cases underwent WES), and = 5.5 mm group (113 cases, 13 cases underwent WES). According
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to the results of ultrasound examination, all fetuses were divided into structural malformation group (88 cases, 23 cases underwent
WES) and isolated increased NT group (925 cases, 26 cases underwent WES). The possible chromosomal anomalies were analyzed
by CMA first. Furthermore, 49 cases with increased NT but negative CMA results were investigated by WES, and the outcomes
were followed up. Results CMA showed that, among the 1013 cases of NT thickened fetus, 224 cases (22.1%) of causative genetic
defects were detected, including 182 (18.0%) cases with chromosomal aneuploidy and 42 (4.1%) cases with pathogenic copy
number variation (pCNVs). Among different NT value groups, the positive rate of CMA in NT =5.5mm group was the highest
(47.8%). In addition, the positive rate of CMA in fetuses with increased NT and structural malformations was higher than in isolated
increased N'T (45.5% vs. 19.9%). WES detected monogenic disease in 5 of 49 fetuses (10.2%) with increased NT and negative CMA
results, including 3 cases of autosomal dominant disease, 1 case of autosomal recessive hereditary disease and 1 case of X-linked
recessive hereditary disease. All the five fetuses had structural malformations, two of them with increased NT <3.5 mm, and only
one of them was born alive. Conclusion WES can detect out monogenic disease in fetuses with increased NT combined structural

malformations with negative CMA results. Fetuses with increased NT should also be alert for the possibility of monogenic disease

even if the NT value less than 3.5 mm.
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Tab.1 Chromosomal abnormalities detected by CMA in different NT thickness groups [1(%)]
NT/EfE T21 T18 T13 T9 X0 XXY p/Lp CNVs Hitn(%)]
<3.5 mm (n=529) 44(8.3) 5(0.9) 3(0.6) 1(0.2) 2(0.4) 4(0.8) 24(4.5) 83(15.7)
3.5~4.5 mm (n=273) 35(12.8) 4(1.5) 2(0.7) 0 3(1.1) 3(1.1) 10(4.4) 57(20.9)
4.5~5.5 mm (n=98) 19(19.4) 3(3.1) 3(3.1) 2(2.1) 1(1.0) 0 2(2.0) 30(30.6)
=5.5mm (n=113) 16(14.2) 12(10.7) 2(1.8) 0 18(15.9) 0 6(5.3) 54(47.8)
it (n=1013) 114(11.3)  24(2.4) 10(1.0) 3(0.3) 24(2.4) 7(0.7) 42(4.1) 224(22.1)
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Tab.2 Results of pathogenicity copy number variation in 42
NT thickened fetuses

%5 NT (mm) p/Lp CNVsi H 4558

R3  49BICMALE F I W NTH S LI WESK I 25 5 K
GRS )R (1)

Tab.3 WES results and pregnancy outcomes of 49 fetuses
with increased NT and normal CMA results (1)

1 3.3 22q11.21(18,648,856-21,800,471)x1

2 4.0 22q11.21(18,919,478-21,800,471)x3

3 3.0 2q31.1q32.1(176,981,701-185,780,793)x1
4 4.0 3q26.1q26.31(161,775,444-175,196,854)x1
5 6.8 22q11.21(18,648,856-21,800,471)x1

6 3.4 8p23.1(6,999,220-11,935,465)x3

7 3.2 Xp22.33(2,693,466-3,553,923)x1

8 3.8 Xq27.3q28(146,832,539-147,329,938)x0
9 3.0 16p11.2(28,441,548-29,342,193)x1

10 5.8 16p11.2(29,580,021-30,190,029)x1

11 4.0 16q22.1(66,900,623-67,853,396)x1

12 6.4 22q11.21(18,636,750-21,800,471)x1

13 2.5 17p12(14,196,248-15,579,519)x1

14 3.1 8p23.3p23.1(208,049-6,825,724)x1

15 4.4 7p22.1(5,909,218-6,016,035)x1

16 32 16p11.2(29,417,211-30,178,708 )x1

17 2.5 1q21.1q21.2(146,242,158-148,413,447)x1
18 2.7 ]Xp11.23p11.22(49,015,621-53,975,906)x2
19 4.5 7q32.1q34(129293926 139507672)x1

20 11.9 Xp22.33p11.23(251888_49047738)x1

21 3.4 15q11.2(22582283_23060000)x1

22 32 6q11.1q12(61794464 67698551)x1

23 3.4 15q11.2(22582283_23102621)x1

24 3.3 5q14.3(86591430 91366505)x1

25 3.1 15q11.2(22582283 23102621)x1

26 3.2 15q11.2(22582283 23370622)x1

27 5.4 22q11.21(18929330 21110475)x1

28 4.1 15q11.2(22582283_23102621)x!1

29 4.3 16p13.11p12.3(15225421 18148856)x1
30 2.3 6q26q27(162941342_170605209)x1

31 4.3 10926.2q26.3(126155615_133612882)x1
32 S.S 3q24q29(148368251_198124573)x3

33 3.1 15q11.2(22582283 23102621)x1

34 3.0 15925.2(82399279 84542090)x1

35 2.8 7q36.3(157267581_159327017)x1

36 3.9 18q22.1q23(68568042 80255845)x1

37 3.1 9p24.3p23(208455_13615462)x1

38 3.0 Xp22.31(6531712_8167604)x1

39 4.0 Xp21.1(31761327_32144474)x0

40 3.3 15q11.2(22582283_23060000)x1

41 3.3 15q11.2(22582283 23060000)x1

42 5.8 7q11.22q21.11(68,215,938-77,708,307)x1
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