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Abstract: [Objective] To investigate the clinical value of chromosomal microarray analysis (CMA) for fetuses with
persistent left superior vena cava (PLSVC). [ Methods] Fetuses that were diagnosed with PLSVC during ultrasound exami-
nation and underwent invasive prenatal testing (on which karyotyping and CMA were both performed) from January 2014
to December 2016 at the First Affiliated Hospital of Sun Yat—sen University were reviewed. According to the combination
of other ultrasound abnormalities , the cases were divided into isolated group and complicated group. [Results ] Karyotype
analysis identified chromosomal aberrations in 18.5% (15/81) of the fetuses, while CMA detected pathogenic copy num-
ber variations (CNV) in 23.5% (19/81) of the fetuses. There was no significant difference in the detection rate of chromo-
somal abnormalities between the Karyotype analysis and CMA (P = 0.44). CMA achieved an incremental yield of 6.1%
(4/66) among PLSVC fetuses with normal karyotypes, and only in the complicated cases. There were 12 cases (14.8%,
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12/81) in isolated group and 69 cases (85.2%, 69/81) in complicated group. The frequency of genetic anomalies in the

complicated group was not significantly higher than that in the isolated group (26.1%, 18/69 vs. 8.3%, 1/12, P =0.277).

The incidences of atrioventricular septal defect, facial abnormalities, and multiple soft markers were significantly higher

among fetuses with abnormal genetic test results (P = 0.030,P =0.012,P = 0.014). [ Conclusion] CMA is a valuable tool

for identifying additional unbalanced submicroscopic chromosomal abnormalities in fetuses with PLSVC, especially when

PLSVC is accompanied by other ultrasound malformations.

Key words: persistent left superior vena cava; fetal; chromosomal microarray analysis; copy number variations
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Table 1 Characteristics of 15 PLSVC fetuses with abnormal karyotypes

MA  GA at examination Other complicated ultrasound abnormalities
Case Karyotype
(years) (weeks) ICA ECA

47,XX,del(18)
1 25 20 No No
(pll.2),+mar

Microphthalmia (left) , microtia (left), cerebellum

2 33 22 47,XY,+18 No small, omphalocele, micropenis, thymus absence,
hyperechoic kidney, and thickened nuchal fold

3 45 19 47,XX,+13 AVSD and DORV Holoprosencephaly and proboscis

4 35 22 47,XY,+21 AVSD Absence of nasal bone and bilateral cleft lip/palate
Absence of the nasal bone, hypoplasia of the fifth middle

5 35 20 47,XY,+21 No phalanx, echogenic liver, short long—bones and non—

visualization of the stomach

6 41 20 47,XY ,+21 No Short long—bones
7 33 21 47,XY,+21 AVSD Thickened nuchal fold and absence of the nasal bone
47 ,XX, +21, der
8 27 27 AVSD No
(21;21)(ql0;q10)
9 32 32 45X [34]/47XXX[ 16 ] CoA Short long—bones
46,X, Yqh+,der(13) Thickened nuchal fold and nasal bone dysplasia,
10 20 27 VSD and RAA
t(8;13)(q22.3;q33.2) hyperechoic kidney, SUA, and abnormal external genitalia
46,XY,der(4) Bilateral cleft lip/palate , non—visualization of the stomach,
11 33 18 HRH, VSD and ARSA
t(1;4)(q42;p16) non-visualization of the bladder, and echogenic liver
46,XX,der(9)t(9;11) Thickened nuchal fold, nasal bone dysplasia,
12 36 21 No
(p23;q24 ) mat and renal hypoplasia
BPC, low—set ears, echogenic liver absence of the nasal
46,XY,add(6) Tricuspid valve dysplasia
13 29 24 bone, polydactyly, clinodactyly of fifth digit, rocker—
(7::p25—qter) and aortic valve dysplasia

bottom foot, cyst of cord, and ventriculomegaly

Thickened nuchal fold, ventriculomegaly , nasal bone

46,XY , der(2)

14 25 25 No dysplasia, hyperechoic kidney, short long—bones
t(2;3)(q37;q21)

ureterectasis, and micropenis

47, XX, +psu idic(9)
15 38 22 No Non-visualization of gallbladder
(q21)[27]/46,XX[23]

ARSA: aberrant right subclavian artery; BPC: Blake pouch cyst; CoA: coarctation of the aorta; del: deletion; DORV: double—outlet right
ventricle; der: derivative chromosome ; ECA : extracardiac anomalies; GA : gestational age; HRH : hypoplastic right heart; ICA : intracardiac anom-
alies; idic: isodicentric chromosome; MA : maternal age; mar: mark chromosome; mat: maternal origin; PLSVC: persistent left superior vena ca-

va; psu: pseudochromosome; RAA : right aortic arch; SUA : single umbilical artery; VSD: ventricular septal defect.
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Table 2 Characteristics of PLSVC fetuses with pathogenic CNV (cases 16—19) or VOUS (cases 20-23) detected by CMA

among the 52 fetuses with normal karyotypes

Other complicated ultrasound

MA GA at OMIM or corresponding .
Case Karyotype Microarray results Size abnormalities
(years) examination disorder
ICA ECA
arr[hgl9]22q11.21(18,916, 22q11.2 deletion
16 28 23 46,XY 2.88 Mb TOF and RAA  No
842-21,798,907) x1 syndrome
arr[hgl9] Yq11.223¢q11.23 (24, FGR and nasal bone
17 30 20 46,XY 3.433 Mb DAZ TOF and ARSA
988,143-28,423,925) x3 dysplasia
XRCC2, DPP6,
arr[hgl9]7q36.]q36‘3( 150,
DNAJB6, LMBR1, Ventriculomegaly,
110,964-159,119,707)x3;  9.09 Mb;
18 26 33 46,XY WDR60, PRKAG2, TR and enlarged
arr[ hg19]12q24.33(132,468, 1.289 Mb
P2RX2, POLEI and cisterna magna
147-133,756,816)x1
ANKLE2
FGR, micromandible,
cerebellum small, BPC,
arr[ hg19]Xp11.4(41,749,
19 23 27 46,XX 249 kb  CASK No renal hypoplasia,
904-41,998,541)x1
short long—bones, and
decreased movement
arr[ hg1915¢23.2¢23.3(126,
20 24 24 46,XX 1.051 Mb MEGF10 RAA No
334,407-127,385,279)x1
Vertebral dysplasia,
arr[ hg19]Xq11.2(64,072,
21 29 24 46,XX 205kb  ZC4H2 CAT and VSD  thymus absence,
121-64,276,992)x3
and SUA
arr[hgl9]Xp22.3l (6,455,
151-8,135,644)x3 1.68 Mb;
22 29 27 46,XY STS and NPHP1 Heterotaxy FGR and heterotaxy
arr[hgl9]2ql3(]10,504, 862 kb
318-111,365,996)%3
arr[ hg19]9p21.3 (20,596,
23 28 21 46,XY 177 kb MLLT3 No Echogenic liver

389-20,773,304) x1

ARSA, aberrant right subclavian artery; BPC, Blake pouch cyst; CAT, common arterial trunk; ECA, extracardiac anomalies; FGR, fetal

growth restriction; GA, gestational age; ICA, intracardiac anomalies; MA, maternal age; PLSVC, persistent left superior vena cava; RAA, right

aortic arch; SUA, single umbilical artery; TOF, tetralogy of Fallot; TR, tricuspid regurgitation; and VSD, ventricular septal defect.
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Table 3 The numbers and types of intracardiac and extracardiac sonographic anomalies among PLSVC fetuses with

abnormal genetic test results (abnormal karyotypes or normal karyotypes with pathogenic CNV ) and normal genetic

test results [n(%)]
Total Abnormal genetic Normal genetic test s
(n=77) test results (n=19) results (n=58) X P
ICA 38(48.7) 12(60.0) 26(44.8) 1.924 0.165
AVSD 6(7.7) 4(20.0) 2(3.4) = 0.030
VSD 12(15.4) 2(15) 9(15.5) - 0.722
CAT 1(1.3) 0 1(1.7) - -
DORV 5(6.4) 1(5.0) 4(6.9) = 1.0
TOF 7(9.0) 2(10.0) 5(8.6) = 1.0
RAA 4(5.1) 2(10.0) 2(3.4) = 0.253
ARSA 3(3.8) 1(5.0) 2(3.4) = 1.0
Valve dysplasia 5(6.4) 2(10.0) 3(5.2) = 0.592
NVM 1(1.3) 0 1(1.7) = -
CoA 2(2.6) 1(5.0) 1(1.7) = 0.435
HRH 2(2.6) 1(5.0) 1(1.7) = 0.435
APVC 1(1.3) 0 1(1.7) - -
1vce 1(1.3) 0 1(1.7) - -
Anomalous origin of pulmonary artery 1(1.3) 0 1(1.7) - -
Heterotaxy 2(2.6) 0 2(3.4) - -
ECA 58(74.4) 17(85.0) 41(70.7) - 0.131
CNS 9(11.5) 3(20.0) 5(8.6) = 0.400
Facial 10(12.8) 6(30) 4(6.9) = 0.012
Gl 5(6.4) 3(15.0) 2(3.4) = 0.093
Genitourinary 11(14.1) 5(25.0) 6(10.3) = 0.127
Skeletal and extremity 7(9.0) 2(15.0) 5(8.6) = 1.0
Soft marks 41(52.6) 13(65.0) 28(48.3) 2.333 0.127
Single 22(28.2) 4(20.0) 18(31.0) 0.699 0.403
Multiple 19(24.4) 9(45.0) 10(17.2) - 0.014
FGR 13(16.7) 1(10.0) 11(19.0) = 0.274
Other 5(6.4) 2(10.0) 3(5.2) - 0.592

Fisher’ s exact test was used to compare the frequency of intracardiac and extracardiac sonographic anomalies between fetuses with abnormal

and normal genetic results. A value of P<0.05 was considered to indicate statistical significance.

APVC: anomalous pulmonary venous connection; ARSA : aberration right subclavian artery; AVSD : atrioventricular septal defect; CAT : com-

mon arterial truck; CNS: central nervous system; CoA : coarctation of the aorta; DORV : double—outlet right ventricle; ECA : extracardiac anomalies;

FGR: fetal growth restriction; GI: gastrointestinal; HRH : hypoplastic right heart; ICA : intracardiac anomalies; I[IVC : interrupted inferior vena cava;

NVM: noncompaction of ventricular myocardium; PLSVC : persistent left superior vena cava; RAA : right aortic arch; TOF : tetralogy of Fallot; VSD :

ventricular septal defect.
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