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Objective: To analyse the risk of clinical chromosomal abnormalities in foetuses with umbilical cord cysts.

Methods: Data from all genetic assays that were performed as part of invasive prenatal diagnoses of umbilical cord cysts between
October 2014 and June 2021 were retrospectively collected from Guangdong Women and Children Hospital. We compared the
differences in genetic assay findings in isolated and nonisolated umbilical cord cyst cohorts.

Results: A total of 49 singleton pregnancies and 2 foetuses that were one of the cotwins in monochorionic twin pregnancies were
enrolled in the cohort; 20 isolated and 31 nonisolated umbilical cord cysts were identified in the cohort. One foetus (5%, 1/20) in the
isolated umbilical cord cyst group showed chromosomal abnormalities and 17p12 microduplication. Twelve cases (38.7%, 12/31) of
chromosomal abnormalities, including seven cases of trisomy 18, two cases of trisomy 13 and three cases of microdeletion, were
identified in the nonisolated umbilical cord cyst group. The incidences of chromosomal abnormalities between the two groups were
significantly different (1/20, 5% vs 13/31, 38.7%, p=0.003). There was no relative pathological medical exome sequencing finding in
the three foetuses suffering from nonisolated umbilical cord cysts whose parents chose to undergo chromosomal microarray analysis
(CMA) and medical exome sequencing.

Conclusion: This retrospective cohort study evaluated the value of CMA in foetuses with umbilical cord cysts and suggested that
copy number variants (CNVs) may be the basic genetic aetiological factors that should be considered for diagnostic evaluation. We
recommended CMA as a basic genetic evaluation in cases of umbilical cord cysts, especially in nonisolated cases.
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Introduction

Umbilical cord cysts have been described as anechoic masses of the umbilical cord' that can be detected by prenatal ultrasound
from 8 to 9 weeks gestational age when the umbilical cord is well developed.” Previous studies have reported that the
prevalence of umbilical cord cysts in the first trimester ranged from 0.4% to 3.4%.> Although rare, umbilical cord cysts
represent the second most common anomaly of the umbilical cord.* Umbilical cord cysts can be isolated or nonisolated
ultrasound findings during the pregnancy period, and the prognosis varies with the status of multiple or unique presentation
and with persistent or progressive size.” If no other anomaly is found, the prognosis is mostly excellent.

It was documented that the umbilical cord might be considered a prominent prenatal feature of foetal aneuploidy.'-
With the development of prenatal diagnostic techniques, common foetal aneuploid chromosome abnormalities can be
identified by noninvasive prenatal tests (NIPTs).® However, advice should be given to the parents when the foetus has
ultrasound findings of umbilical cord cyst by performing NIPT or invasive prenatal diagnosis with chromosomal
microarray analyses (CMA) or other genetic tests, especially in isolated cases. Based on this, we conducted this
retrospective cohort study to analyse the foetal chromosome and copy number variation results of isolated and
nonisolated umbilical cord cysts.
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Graphical Abstract

Materials and Methods

Study Population

This retrospective cohort study was conducted between October 2014 and June 2021 at Guangdong Women and Children
Hospital. Genetic assay data from 49 singleton pregnancies and 2 monochorionic diamniotic (MCDA) twin pregnancies
diagnosed with umbilical cord cysts were collected. When umbilical cord cysts were suspected or pregnant women were
referred from other hospitals for suspicion, ultrasound (Voluson E8 OR Voluson E10, GE Medical Systems, Chicago, IL,
USA) was conducted by experienced obstetrical sonographers to confirm the diagnosis and screen additional anomalies
thoroughly. Foetal magnetic resonance imaging (MRI) was performed in certain cases in the second or third trimester if
necessary.

Confirmed cases were classified into two groups: the isolated umbilical cord cyst group (n = 20) and the nonisolated
umbilical cord cyst group (including structural anomalies, n =24, and sonographic soft markers, n = 7). Foetal samples were
obtained through chorionic villi sampling (n = 5), amniocentesis (n = 26) or cord blood sampling (n = 19) at the appropriate
gestational age. Fetuses with isolated or non-isolated umbilical cord cyst whose parents refused to undergo interventional
prenatal diagnosis were excluded from this cohort and were fully informed of the potential risks.

All parents of foetuses received comprehensive prenatal genetic counselling before the invasive procedures in which
they received explanations about the invasive procedures, including the potential risk of the procedure, alternative
detection techniques, detection ranges, limitations and the possible significance of the findings. All enrolled foetuses
underwent professional genetic testing according to their parents’ choice. G-banding karyotyping and CMA were
performed in 41 samples, 3 samples underwent CMA and medical exome sequencing (MES), 2 samples underwent
G-banding karyotyping only, and 5 samples underwent CMA only. Informed consent for the treatment was obtained from
each pregnant woman accepting invasive prenatal diagnosis.

Ethics/Review Board Approval

The study was performed according to the principles of the Declaration of Helsinki. Ethical approval to conduct this
study was obtained from the Research Ethics Committee of Guangdong Women and Children Hospital, Guangzhou,
China. All patient details were deidentified. Informed consent from all parents of foetuses enrolled into this study for this
research was obtained.
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Genetic Assay Analysis

All collected samples were subjected to genetic assays based on the choice of the parents. G-banding karyotype analysis
at a level of 320 to 500 bands was performed according to standard procedures. Genomic DNA (gDNA) of foetuses was
extracted from uncultured samples using QI Aamp DNA Blood Mini kits (Qiagen, Valencia, CA, USA) and then
subjected to CMA or medical exome sequencing (MES).

CMA was conducted using CytoScan 750K Array (Thermo Fisher Scientific, Santa Clara, CA, USA) with 250 ng of
gDNA according to the manufacturer’s instructions. Data analysis was conducted using Chromosome Analysis Suite v4.1
(Thermo Fisher Scientific), and the detected copy number variants (CNVs) were assessed for clinical significance based
on American College of Medical Genetics and Genomics (ACMG) guidelines.” The GRCh37 (hg19) genome was used
for annotation.

MES was conducted using an [llumina Nextera Rapid Capture Exome Kit (Illumina CA, USA) for library preparation
according to the manufacturer’s protocol. Trio-exome gene sequencing was performed using a Nova seq 6000 sequencer
(Illumina, CA, USA) according to the manufacturer’s protocols. Data analysis was performed by bioinformation analysis,
including 1000 Genomes, dbSNP, GnomAD, ClinVar, HGMD and OMIM. Detected genetic variants were assessed for
clinical significance and classified as associated with the foetal phenotype, which was reported in prenatal laboratory and
ultrasound findings, based on ACMG guidelines for Medical Pathology recommendations.®

Follow-Up
Clinical follow-up was conducted one month after the invasive procedure and 6 months after the birth using clinical

records and multiple interview methods, such as telephone and internet contact.

Data Analysis
After proper categorization, genetic assay results were classified as normal, aneuploidy, pathogenic CNVs and variants of
unknown significance (VOUS). The genetic assay results of isolated and non-isolated umbilical cord cyst was presented
in Table 1. About data presentation, continuous variables were showed as meantstandard deviations (SD) and categorical
data were showed as numbers and proportions.

Statistical analysis was performed with SPSS 21.0 software (IBM SPSS Statistics for Windows, IBM, USA). The
frequency of clinically significant abnormal chromosome results was compared between isolated and nonisolated
umbilical cord cyst groups using Fisher’s exact test. Differences were considered significant at P< 0.05.

Table | The Genetic Assay Results Abnormal Rate and Pregnancy Outcome of Fetuses
with Umbilical Cord Cyst

Parameter Type of Umbilical Cord Cyst P
Isolated (n=20) Non-Isolated (n=31)

Genetic assay results

Normal 19(95.0%) 17(54.8%) 0.006

Aneuploidy 0 9(29.0%)

Pathogenic CNVs 1(5.0%) 3(9.6%)

VOUS 0 2(6.5%)

Prenatal outcomes

Termination 2(10.0%) 14(45.2%) 0.012

Fetal demise/Miscarriage 0 2(6.5%) 0514

Alive birth 18(90%) 15(46.8%) 0.003

Preterm birth 1(5.6%) 7(46.7%) 0.012

Birthweight (kg) 3.15+0.35 2.63+0.70 0.012

Note: Data were presented as mean * SD and number (percent) where applicable.
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Results

A total of 49 singleton pregnancies and 2 MCDA twin pregnancies (51 foetuses) were diagnosed with isolated or
nonisolated umbilical cord cysts by ultrasound screening based on the obstetric ultrasound screening protocol and
received an invasive prenatal diagnostic test at Guangdong Women and Children Hospital. A prenatal diagnosis flow
chart used for foetuses affected by isolated and nonisolated umbilical cord cysts is shown in Figure 1. The image of
umbilical cord cyst in one of the foetuses is shown in Figure 2. The average maternal age at the time of the invasive
prenatal procedure was 29 years (2040 years), and at the median gestational age of 25.2 weeks (12-35.5 weeks),
foetuses were diagnosed with umbilical cord cysts. Five foetuses (9.8%) were diagnosed by ultrasound in the first
trimester, and the other 46 foetuses (90.2%) were diagnosed in the 2nd or 3rd trimester.

In one MCDA twin pregnancy case, both foetuses underwent amniocentesis and got normal chromosome and CMA
result, with the indication of one twin suffering from umbilical cord cyst complicated by omphalocele and choroid plexus
cyst and the cotwin suffering from choroid plexus cyst. The foetus suffering from umbilical cord cyst accompanied by
omphalocele died intrauterine in the third trimester, and the co-twin was born alive at 36 weeks gestational age. The other
MCDA twin pregnancy case was diagnosed with twin-to-twin transfusion Phase III (TTTs) and selected intrauterine
growth restriction (sSIUGR), the recipient suffered from umbilical cord cysts and TTTs with relative imaging changes, and
the foetus was small for gestational age, which underwent amniocentesis and found 20p12.3 micro duplication (VUS).
However, the pregnancy was terminated due to the parental choice considering the severity and prognosis of TTTs.

The results of the prenatal genetic assay are presented in Table 2. One of isolated umbilical cord cyst foetuses (5%, 1/
20) accept the amniocentesis with the indication of ultrasound finding and positive result of expanding NIPT of 17 micro
duplication, with the CNVs 17p12 microduplication detected. Twelve cases (38.3%, 12/31) with chromosomal abnorm-
alities, including seven cases of trisomy 18, two cases of trisomy 13 and three cases of microdeletion, were identified in
the nonisolated umbilical cord cyst group. The incidences of chromosomal abnormalities between the two groups were
significantly different (1/20, 5% vs 12/31, 38.3%, p=0.003), although the sample size may be too small to reach
a conclusion on this point.

I 51 fetuses with umbilical cord J
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Figure | The flow chart of the study.
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Figure 2 (A) Color Doppler ultrasound image of an umbilical cyst near the placenta. (B) Color Doppler ultrasound image of multiple small cysts around the umbilical cord.

The clinical characteristics of the fetuses with CNVs detected by CMA are shown in Table 3. Thirteen cases of
chromosomal abnormality (13/51, 25.5%) were confirmed through karyotyping and/or CMA. Nine of them were
aneuploid, including 7 cases of trisomy 18 and 2 cases of trisomy 13, and all of them showed severe abnormalities by
ultrasound examination. The results of six cases with pathogenic CNVs and VOUS, including three cases micro-deletion
(15q11.2q13.3 deletion, 22q11.21 deletion and 9q34.3 deletion) and three cases micro-duplication (17p12, 20p12.3 and
6p13.11), the prenatal genetic assay result and prenatal outcome detail are shown in Table 3. Three nonisolated cases
underwent medical exome sequencing and did not have relative pathogenic mutation findings.

The pregnancy outcomes of isolated and non-isolated umbilical cord cyst are shown in Table 1. Out of 51 foetuses, 32 were
born alive (62.7%). The foetus with deletion of 15q11.2q13.3 was prematurely born several days before the result of CMA was
reported, and the diagnosis of Prader-Willi syndrome (PWS) was confirmed by a methylation test postpartum. The foetus
showed 16p11.11 duplication, with the ultrasound finding of umbilical cord cyst and mild bilateral lateral ventricle enlarge-
ment. The duplication was confirmed to be inherited from the mother by the parental CMA test. The parents of the foetus chose
to retain the foetus, and no obvious abnormalities were observed after the foetus was born at term.
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Table 2 Genetic Assay Results of Fetuses with Umbilical Cord Cyst

Fetuses Number of Number of Number of Non-
Aneuploidy Pathogenic CNVs Pathogenic CNVs
or Polymorphism
Isolated umbilical cord cyst 20 0 | 2
Non-isolated umbilical cord cyst | Soft markers 7 0 0 |
Structural anomalies 24 9 3 2
Total 51 9 4 5
Table 3 Characteristic of the Fetuses with CNVs Detected by CMA
Case | Gestational | Maternal | Other Ultrasonic CNVS Relevant | Pathological Outcome
Age Age Finding Genes Significance and
(Weeks) (Years) and Postnatal
Syndromes Diagnosis
Overlapping
| 32 26 Hydramnios and scalp arr[hgl9] Angel man Survival,
edema 15q11.2q13.3 syndrome (AS) / | PWS
(22,770,421- Prader-
33,581,245)x1, Willisyndrome
10.8Mb (PWS)
2 33 27 Severe hydramnios, arr[hgl9] 22ql1.21 HIRA Di George TOP
moderate lateral ventricle (18,631,364— (600237), syndrome
broadening, and Head 21,800,471)x1, 3.2Mb | TBXI
circumference bigger 2SD (602054)
than the mean level with the
same gestational age
3 28 31 Hydramnios, subependymal | arr[hgl9] 9q34.3 EHMTI Kleefstra TOP
cysts and hyperechogenic (140,036,539 syndrome
bowel 140,612,479)xI,
576kb
4 29 30 Null arr[GRCh37] 17pl2 PM22 Charcot-Marie- Survival,
(14087919_15427478) Tooth disease Growth and
x3, 1.3Mb development
were normal
in the first
two years life
5 26 28 TTTs, sIUGR and edema of | arr[hgl9] 20p12.3 HAOI, VOUS TOP
umbilical cord (7,106,057-8,589,571) | TMX4,
x3, 1.5Mb PLCBI
6 31 24 Mild bilateral lateral arr[hgl9] l6pl3.11 Survival,
ventricle enlargement l6pl3.11pl2.3 microduplication | Growth and
(15,325,072- syndrome development
18,242,713)x3, 2.9Mb (VOUS) were normal
in the first
two years life
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Discussion

It was reported that in foetuses, umbilical cord cysts may be related to aneuploidy. However, the frequency of abnormal
chromosomes in foetuses with umbilical cord cysts is still unclear. There was no relevant conclusion that umbilical cord
cyst, especially isolated ones need to accept which test is more appropriate, non-invasive prenatal genetic testing or
interventional prenatal diagnosis, which test plan is more appropriate. So we retrospectively analysed the genetic assay
results of foetuses with umbilical cord cysts and found that the frequency of abnormal chromosomes was higher in the
nonisolated group than in the isolated group (1/20, 5% vs 13/31, 38.7%, p=0.003). We did not find gene mutations related
to umbilical cord cysts in three foetuses undergoing medical exome sequencing.

First, in this study, we found that the chromosome clinical abnormal rate in foetuses with isolated umbilical cord cysts
was low (1/20, 5%), which was screened by expanding NIPT. In a cohort reported previously, conducted before
2015 year and CMA was not applied, which found that revealed normal karyotype in 5 out of 13 isolated umbilical
cord cyst foetuses, and other 8 cases have not done fetal karyotype.” Both our study and previous studies™ found
favorable fetal prognosis with isolated cord cysts. We inferred that expanding NIPT for fetuses with isolated cord cysts
may be a good option, but lack support from large sample studies.

Second, we found that in foetuses, umbilical cord cysts may indeed be related to aneuploidy, in accordance with
previous studies.>”'° In this study, we found that the most common abnormal chromosome in foetuses with umbilical
cord cysts was trisomy 18 (13.7%, 7/51). Among them, there were three cases accompanied by foetal intracardiac
echogenic foci, one case accompanied by hydramnios and subependymal cysts, one case complicated by omphalocele
and choroid plexus cyst, and the other two cases were independently associated with pyelectasia and foetal hydrops. In
another cohort of umbilical cord cysts, two foetuses showed trisomy 18 among 27 cases.” In this cohort, we also found
two cases of trisomy 13, one of which was accompanied by subependymal cysts and cerebral ventriculomegaly, and the
other case was complicated by omphalocele and increased nuchal translucency and nasal bone dysplasia. Foetuses with
umbilical cord cysts showing trisomy 13 were also reported in previous studies.'' This aneuploidy can be diagnosed
through karyotyping or CMA.

Third, we found that some foetuses with isolated or nonisolated umbilical cord cysts showed pathogenic CNVs. In the
present study, there was one foetus in isolated group with positive result of expanding NIPT of 17 micro duplication,
which was confirmed by amniotic fluid CMA analysis and rated as pathogenic CNVs, with the repeat fragment size of
1.3Mb. CMA analysis of parental blood revealed that the pregnant woman (29 years old) carried the same microduplica-
tion as the foetus. The mother was phenotypically normal, so the parent considered continuing the pregnancy. The foetus
was delivered at term and growth well at the beginning of two years of life. It was reported that 17 p12 duplication may
be associated with Charcot-Marie—Tooth (CMT) neuropathy, which is a chronic progressive neuropathy affecting both
the motor and sensory nerves.'> This duplication may be detected by expanding NIPT in mothers with identical
duplication,” there may even be no genomic imbalance in the fetus, only NIPT false-positives due to maternal
CNVs.'"* We have not found evidence about that 17P12 duplication is associated with fetal umbilical cord cysts, and
this may be an incidental finding that needs further observation.

The nonisolated group presented a higher incidence of pathogenic CNVs (9.6%, 3/31 vs 5%, 1/20, p<0.05). There
were three cases of microdeletion in the nonisolated group, including 22q11.21, 15q11.2-q13.3 and 9q34.3 deletions.
Chromosome 22q11.2 deletion syndrome (22ql1.2del) is the most common chromosomal microdeletion reported in
humans and is implicated in congenital heart defects and other mutiorgan defects.'>™'” To the best of our knowledge, we
are the first to report that foetuses affected by the 22q11 microdeletion showed umbilical cord cysts complicated with
severe hydramnios, moderate lateral ventricle broadening and head circumference larger than 2 SD greater than the mean
level with the same gestational age but without congenital heart defect ultrasound findings.

Chromosome 15q11.2 deletion syndrome (15q11.2 del) is the first example of imprinting errors in humans, resulting
in disorders including PWS and Angelman syndrome,'® with behavioural and academic outcomes in individuals with
PWS. This nutrition-related condition impacts the DNA methylation process and not only alters the development of the
foetus, but pregnancy complications may result from large foetal size.'® The largest PWS cohort analysed to date showed
that 61% of patients with PWS have the typical 15q11-q13 deletion'® and a severe neurodevelopmental disorder caused
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by this deletion. In our cohort, we found one foetus affected by the 15q11-q13 deletion, with the prenatal ultrasound
finding of umbilical cord cyst accompanied by hydramnios and scalp oedema. The pregnant woman was found to have
a foetal umbilical cord cyst in the external hospital and was referred to our hospital at 32 weeks of pregnancy.
Unfortunately, the foetus was prematurely born 11 days after the cord blood sampling procedure, at 33 weeks gestational
age, before the CMA result was reported, and the diagnosis of PWS was confirmed by a methylation test postpartum. The
final diagnosis of this case was in accordance with most of the typical 15q11-q13 deletion cases.

Furthermore, we found two cases of monochorionic twin pregnancies, with one of the twins affected by umbilical
cord cysts. One case was complicated by TTTs and sIUGR, with the ultrasound finding that the recipient was affected by
umbilical cord cyst and oedema; the pregnancy was terminated due to parental choice, although the foetuses showed
VOUS CNVs of 20p12.3 microduplication. Another case was accompanied by choroid plexus cysts in both twins, with
the foetuses showing a normal karyotype and CMA. Monochorionic twin pregnancies are more likely to be complicated
with foetal structural abnormalities,”” but there are few cases of complicated umbilical cysts. An umbilical cord cyst-
affected donor monochorionic twin pregnancy complicated by TTTs was reported previously.?' Chih-Ping Chen reported
a case of a thoraco-omphalopagus conjoined twin associated with omphalocele and an umbilical cord cyst that showed
a normal karyotype.?” The mechanism by which umbilical cord cysts affect twin pregnancy is not clear and needs more
research.

Finally, but not the least important, we found that four foetuses with umbilical cord cysts also had omphalocele, with
one of them showing trisomy 13 and other foetuses showing normal karyotype and CNVs. Foetal umbilical cord cysts
accompanied by omphalocele have also been observed in previous studies.”> 2° In addition, one of the four foetuses had
umbilical cord cysts, and omphalocele was found in a monochrionicity twin that showed a normal karyotype and CNV.
Chih-Ping Chen recorded a case in which Thoraco-Omphalopagus conjoined twins were associated with omphalocele
and an umbilical cord cyst.”> Omphalocele is one of the most common anterior abdominal wall defects, and the
coexistence of omphalocele with a simple or multiple umbilical cord cyst or pseudocysts has rarely been reported.''*
The related mechanism is still unknown.

Our result should be interpreted in consideration of several limitations. First, the sample size in the study was relatively
small, which means that the study can only provide a general result but cannot indicate a definite conclusion. Second, we did
not assess the long-term outcome of foetus survival, which we have documented recently. A prospective study is needed to
determine the long-term outcomes of surviving foetuses with isolated or nonisolated umbilical cord cysts.

Conclusion

Among foetuses, umbilical cord cysts may be related to abnormal chromosomes and CNVs, especially in nonisolated
cases. Comprehensive genetic counselling and appropriate testing recommendations are necessary when ultrasound
screening reveals an umbilical cord cyst.
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