International Journal of Women’s Health Dove

COMMENTARY

Current Perspectives of Prenatal Cell-free DNA
Screening in Clinical Management of First- Trimester
Septated Cystic Hygroma

David M Sherer @), Vicky Hsieh, Anika Hall, Allison Gerren, Erin Walters, Mudar Dalloul

The Division of Maternal Fetal Medicine, the Department of Obstetrics and Gynecology, State University of New York (SUNY), Downstate Health
Sciences University, Brooklyn, New York, USA

Correspondence: David M Sherer, Division of Maternal-Fetal Medicine, Department of Obstetrics and Gynecology, State University of New York (SUNY),
Downstate Health Sciences University, 450 Clarkson Avenue, Box 24, Brooklyn, NY, 1203, USA, Tel +001-718-270-2081, Fax +001-718-270-4122,
Email davidmsherer@gmail.com

Abstract: First-trimester septated cystic hygroma occurs in approximately 1 in 268 pregnancies and has long been associated with
a markedly increased risk of fetal aneuploidy and, among euploid fetuses, an increased risk of structural anomalies primarily affecting the
cardiac and skeletal systems. Invasive prenatal diagnosis — chorionic villus sampling and/or amniocentesis — encompasses the time-
honored clinical tools for the next step in management following prenatal sonographic diagnosis of first-trimester septated cystic
hygroma. Currently, prenatal cell-free DNA (cfDNA) screening for fetal aneuploidy with select microdeletions is gradually replacing
the considerably less sensitive, and labor-intensive combined first-trimester screening. These new technologies have opened potential new
venues in the clinical management of this ominous late first-trimester sonographic diagnosis. Advances in cfDNA technologies are now
permitting detection of chromosomal copy number variants (CNV) larger than 7Mb across genome and select serious single-gene
disorders (mainly impacting skeletal and neurological development), affecting quality of life and may benefit from medical and/or
surgical management. This commentary will address the available non-invasive prenatal screening technologies, which clearly enhance
immediate genetic analysis modalities applicable in the presence of the complex sonographic finding of first-trimester septated cystic
hygroma.

Keywords: prenatal ultrasound, first-trimester septated cystic hygroma, cell free DNA, cfDNA, noninvasive prenatal screening
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Prenatal Screening for Fetal Aneuploidy
First-trimester screening for aneuploidy described by Nicolaides et al in 1992 utilized first-trimester nuchal translucency.'
Prospective assessment of 827 women referred for first-trimester fetal karyotyping (due to advanced maternal age,
parental anxiety, or familial history of a chromosomal abnormality in the absence of balanced parental translocation),
reported a 3% incidence of chromosomal defects (28/827)." In 51 fetuses with increased nuchal translucency thickness
(3-8 mm), the incidence of chromosomal defects was 35% (18/51). In contrast, only 10 of the remaining 776 (1%)
fetuses manifested chromosomal abnormalities. Thus, fetal nuchal translucency >3 mm was found a useful marker for
fetal chromosomal abnormalities.' This original observation was subsequently confirmed by others.*>

Following, Snijders et al in 1998 incorporated maternal age and assessment of nuchal-translucency thickness in
calculating risk for fetal trisomy 21.* Risk of fetal trisomy 21 was originally estimated among 96,127 women (median
age of 31 years) with singleton pregnancies. Risk of trisomy 21 was calculated by maternal age and gestational age
prevalence, multiplied by a likelihood ratio depending on the deviation from normal of nuchal-translucency thickness for
crown-rump length (CRL).* The estimated risk of trisomy 21 from maternal age and fetal nuchal-translucency, was
calculated at 1 in 300 or higher in 7907 (8.3%) of 95,476 normal pregnancies, 268 (82.2%) of 326 pregnancies with
trisomy 21, and 253 (77.9%) of 325 fetuses with other chromosomal abnormalities. Of note, 5% of the population with
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the highest calculated risk included 77% of the trisomy 21 fetuses.* In 2004, Nicolaides et al reviewed prospective Down
syndrome screening studies, which utilized first-trimester NT in the previous 10 years. Above 200,000 first-trimester
patients were evaluated, including 871 with Down syndrome. First-trimester NT was noted to have a detection rate of
76.8% (with a false-positive rate of 4.2%).

Fetal nuchal-translucency thickness (a gestational age-dependent parameter hence reported in MoM) was subse-
quently incorporated with first-trimester maternal serum analytes including Pregnancy Associated Plasma Protein-A
(PAPP-A), and free beta human chorionic gonadotropin (hCG). The latter screening modality resulted in an increased
sensitivity for detecting fetal trisomy 21.°7'°

Canick et al demonstrated that although levels of free beta-hCG in affected pregnancies were higher earlier than the
levels of either total hCG or inhibin A, there was no significant difference in screening performance when either of the
three markers was utilized with nuchal translucency and PAPP-A between 11 and 13 weeks of pregnancy.'®

Huang et al in 2013, reported that pregnancies with unbalanced translocations exhibited significantly higher free beta-
hCG (MoM) levels and larger nuchal translucency thickness than pregnancies with normal karyotype or those with
balanced translocations. These authors concluded that first-trimester combined screening is not only effective in the
screening of trisomy 21 and other trisomies, but exhibits a high sensitivity in the detection of fetal unbalanced
translocations. '’

A recent Cochrane database systematic review (of 126 studies including 1,604,040 fetuses with 8454 Down’s
syndrome), compared the ten most frequently evaluated test modalities. The study demonstrated that a combined nuchal
translucency thickness, serum PAPP-A, free-beta hCG and maternal age test modality was significantly superior to
ultrasound markers alone (with or without maternal age) except nasal bone, detecting approximately nine out of every 10
Down’s syndrome fetuses with a 5% false positive rate (FPR).'® Although the sonographic finding of an absent nasal
bone appeared to have high diagnostic accuracy, only five out of ten affected Down’s pregnancies were detected with
a 1% false positive rate.'® In both direct and indirect assessments, the combined nuchal translucency (NT) thickness,
PAPP-A, free beta hCG and maternal age test strategy exhibited superior diagnostic accuracy to nuchal translucency
thickness and maternal age test strategy (P < 0.0001). Based on the indirect evaluations of all available studies for the
two tests, the sensitivity (95% confidence interval) estimated with a 5% FPR for the combined nuchal translucency (NT)
thickness, PAPP-A, free-beta hCG and maternal age test strategy (69 studies; including 1,173,853 fetuses, 6010 of these
with Down’s syndrome) was 87% (86 to 89). In comparison, the sensitivity for nuchal translucency thickness and
maternal age test strategy (50 studies; 530,874 fetuses including 2701 Down’s syndrome pregnancies) was 71% (66 to
75). Combinations of nuchal translucency thickness with other ultrasound markers, PAPP-A, and free beta hCG were
evaluated in one or two studies and exhibited sensitivities of >90% and specificities of >95%.'®

Notwithstanding, it is worthy of consideration that inexperienced sonographers are noted to under-measure nuchal
translucency. Experience, training and continued monitoring of data are essential in order to assure that measurements are
precise. Evans et al calculated the impact of mathematically modifying nuchal translucency measurements to either
a 25% or a 0.5 mm decrease in measurement.'’ These authors calculated that such minor inaccuracies in nuchal
translucency measurements of Trisomy 21 and other abnormalities will have a very significant impact upon abnormality
detection lowering the sensitivity from 81.7% and 70.5%, respectively, to 67.1% and 62.3% (P < 0.01) while reducing
detection rates by up to 18%."°

Despite the above objective concerns regarding continued quality assurance of performance of the accuracy of the
nuchal translucency measurement, combined first-trimester screening for fetal aneuploidy gained relatively rapid
utilization world-wide and rapidly became the accepted standard of care in many nations.

The American College of Obstetricians and Gynecologists (ACOG) and the Society for Maternal-Fetal Medicine
(SMFM) recommend genetic counseling and diagnostic testing for nuchal translucency at >3.0 mm (or above the 99th
centile for crown rump length).”® Hui et al recently published a retrospective study of women residents of Victoria,
Australia, who underwent combined first-trimester screening during the two year period between January 2015 and
December 2016.2' Linkages between statewide results for combined first-trimester screening, prenatal diagnostic
procedures, and postnatal cytogenetic results from products of conception and infants up to 12 months of age were
applied to confirm frequency and type of chromosome abnormality by gestation and nuchal translucency (NT)
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measurement. Atypical chromosome abnormality was defined as any major chromosome abnormality other than whole
chromosome aneuploidy of chromosomes 21, 18, 13, X, or Y.

Of 81,244 singleton pregnancies who underwent combined first-trimester screening, 491 (0.60%) exhibited a nuchal
translucency (NT) of >3.5 mm, 534 (0.66%) nuchal translucency (NT) of 3.0 to 3.4 mm, and 80,219 (98.74%) a nuchal
translucency (NT) of <3.0 mm. Grouped by nuchal translucency (NT) multiples of the median (MoM), 192 (0.24%) had
a nuchal translucency (NT) of >3.0 MoM, 513 (0.63%) had a nuchal translucency of 1.9 to 2.9 MoM, and 80,539
(99.13%) had a nuchal translucency (NT) <1.9 MoM. A total of 1779 pregnancies underwent prenatal or postnatal
diagnostic testing, of which 89.60% were performed by whole-genome single-nucleotide polymorphism (SNP) chro-
mosomal microarray. The frequency of total major chromosome abnormalities was significantly higher in the group with
nuchal translucency (NT) of >3.5 mm (147 of 491, 29.94%) in comparison the group with a nuchal translucency of 3.0
to 3.4 mm (21 of 534, 3.93%) or a nuchal translucency of <3.0 mm (71 of 80,219, 0.09%) (P < 0.001). A total of 93
pregnancies with atypical chromosome abnormalities were noted in the total screened group of patients. The frequency
of an atypical chromosome abnormality was 4.07% (95% confidence interval, 2.51-6.22), 0.37% (95% confidence
interval, 0.05-1.35), and 0.09% (95% confidence interval, 0.07-0.11) in the groups with a nuchal translucency (NT)
measurements of >3.5 mm, 3.0 to 3.4 mm, and <3.0 mm, respectively. In contrast, frequency of atypical chromosome
abnormalities was 4.69% (95% confidence interval, 2.17-8.71), 2.53% (95% confidence interval, 1.36—4.29), and 0.09%
(95% confidence interval, 0.07-0.11) in groups with nuchal translucencies of >3.0 MoM, 1.9 to 2.9 MoM and <1.9
MoM, respectively. When thresholds were defined for offering diagnosis with chromosomal microarray at 11 to 13
weeks, both a nuchal translucency threshold of 1.9 MoM and a fixed threshold of 3.0 mm identified 22 of 93 fetuses
(23.7%) with an atypical chromosome abnormality. Of these, 50.0% had a coexisting fetal abnormality on ultrasound.
However, the gestation-specific threshold of 1.9 MoM had a better specificity than 3.0 mm. The positive predictive
value of an enlarged nuchal translucency (NT) for any atypical chromosome abnormality was 1 in 47 for nuchal
translucency (NT) of >3.0 mm and 1 in 32 for nuchal translucency of >1.9 MoM. The nuchal translucency (NT)
threshold of 1.9 MoM identified 0.87% of fetuses, approximating the 99th centile. These authors concluded that
a gestational age-adjusted nuchal translucency (NT) threshold of 1.9 MoM or 99th centile is superior to the fixed cutoff
of 3.0 mm for the identification of atypical chromosome abnormalities. Risk of an atypical chromosome abnormality in
a fetus with an enlarged nuchal translucency (NT) is more than triple in the presence of an additional sonographic
abnormality.?’

Currently, universal cell free DNA (cfDNA) screening (commonly known as non-invasive prenatal screening, NIPS
or NIPT) for fetal aneuploidy and select microdeletions is gradually replacing the considerably less specific, sensitive,
and labor intensive combined first-trimester screening modalities. cfDNA screening has clearly been demonstrated as the
most sensitive and specific test for detection of common fetal aneuploidies.?’ The fetal fraction of cfDNA is derived from
placental trophoblasts (and syncytiotrophoblast) which are released into the maternal circulation through apoptosis. The
fetal fraction typically constitutes between 3% and 13% of the total cfDNA in maternal blood.”*** The amount of fetal
cfDNA increases with advancing gestational age. In contrast to timing sensitive maternal serum analytes, this screening
modality may be utilized starting at 9 weeks’ gestation with detection rates increasing throughout gestation.

In a 2015 prospective, international blinded study conducted at 35 centers, patients presenting for fetal aneuploidy
screening between 10 and 14 weeks’ gestation undergoing both standard screening (with nuchal translucency measure-
ment and serum analytes) and cfDNA screening were compared.>* Primary outcome assessed was detection of trisomy
21 with cfDNA versus standard screening. Also assessed, were cfDNA and standard screening to assess the risk of
trisomies 18 and 13. Of 15,841 patients for whom c¢fDNA screening for Down syndrome was compared with first-
trimester screening (NT and serum analytes) in the general population (mean maternal age = 30.7), Down syndrome was
detected in 38/38 patients [100%; 95% confidence interval (CI), 90.7-00] in the cfDNA group compared with 30 of 38
patients (78.9%; 95% CI, 62.7-90.4) in the standard screening group. cfDNA exhibited a lower false-positive rate 0.06%
(95% CI, 0.03-0.11) versus 5.4% (95% CI 5.1-5.8) in the standard screening group. Positive predictive value for cfDNA
screening = 80.9% (95% CI, 66.7-90.9) versus 3.4% (95% CI, 2.3-4.8) in the standard screening group. The authors
concluded that cfDNA screening has higher sensitivity, lower false positive rate and higher positive predictive value than
standard screening (NT and serum analytes).?*
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In the primary analysis population there were ten cases of trisomy 18. Of these, cfDNA testing identified nine while
standard testing identified eight; cfDNA testing had one false positive result for a false positive rate of 0.01% (95% CI,
0-0.04) and a positive predictive value of 90.0% (95% CI, 55.5-99.7) in contrast to 49 false positive results on standard
screening, for false positive rate of 0.311% (95% CI, 0.23-0.41) and a positive predictive values of 14.0% (95% CI, 6.3—
25.8) (P <0.001 for both comparisons). Of the 11,185 patients who underwent cfDNA testing and standard screening for
trisomy 13, there were 2 confirmed cases. Of these, cfDNA identified two while standard screening identified one. One
false positive result was noted on cfDNA screening and 28 false positive results on standard screening, for false positive
rates of 0.02% (95% CI, 0-0.06) and 0.25% (95% CI, 0.17-0.36), respectively (P < 0.001).%* It is important to note that
3% of cfDNA screening did not yield results due to assay variation or low fetal fraction, as previously reported.*>*®

Kagan et al in 2018 performed a controlled trial in which patients with normal first-trimester ultrasound assessment
between 11 and 13 weeks’ gestation (nuchal translucency < 3.5 mm) were randomized into two groups.?’ In the first
group, risk of fetal aneuploidy was evaluated according to maternal age, gestational age, nuchal translucency thickness
(NT), maternal serum screen levels of PAPP-A and free beta hCG. In the second group, risk assessment was based upon
ultrasound findings and cfDNA analysis. Overall, 1518 patients with singleton pregnancies underwent first-trimester
assessment. Thirty-one (2.0%) pregnancies were not eligible for inclusion in the study due to increased NT (>3.5 mm)
and/or fetal defect. Following exclusion of patients who declined randomization (n = 87) and cases of fetal demise and
absent follow-up (n = 24), 688 patients were randomized to standard screening and 688 patients to ultrasound and with
cfDNA screening. No differences were noted in maternal and gestational age, maternal weight and BMI, ethnicity, use of
assisted reproductive technologies (ART) and smoking between the two groups. In the ultrasound combined with cfDNA
screening group, median risk for trisomy 21 was 1 in 10,000. None of the patients had a risk above 1:100 (95% CI, 0.0—
0.5%). In the standard screening group, the median risk for trisomy 21 was 1 in 3787. In 17 patients, the risk was higher
than 1:100, corresponding to 2.5% (95% CI, 1.5-3.9%) of the standard screening group.>’ These results were considered
to confirm that first-trimester risk screening for trisomy 21, which includes a detailed ultrasound examination and nuchal
translucency measurement followed by cfDNA testing, is associated with a significant decrease in the false-positive rate
in comparison with standard screening technology. Thus, the screening modality combining first-trimester ultrasound
with cfDNA analysis negates the need for maternal serum free beta hCG and PAPP-A in screening for fetal aneuploidy.

Carrara et al assessed the benefit and reliability of cfDNA in screening for trisomies 21, 18 and 13 for patients with
free hCG < 0.25 MoM, hCG > 5.0 MoM, and/or PAPP-A < 0.5 MoM, PAPP-A > 2.5 MoM. This group of investigators
assessed 798 patients who were assessed with ¢fDNA assay in this context.”® Twenty-one patients (4.2%) were
unavailable for follow up. Of 477 cases remaining, cfDNA screening failed in two patients. cfDNA was positive for
Trisomy 21 (n = 19), Trisomy 18 (n = 6) and Trisomy 13 (n = 1) and negative in 449 patients. The sensitivity of cfDNA
screening for Trisomy 21 screening was 100% (19/19) (95% CI: 82.4—100), and specificity 100% (458/458) (95% CI:
99.2-100). Interestingly, fetal growth restriction was significantly associated with a low fetal fraction (OR = 0.87, 95%
CI: 0.79-0.96), P = 0.006). These authors concluded that cfDNA is a reliable and effective clinical tool for women with
abnormal first-trimester serum biomarker profiles.?®

Migliorini et al in a randomized clinical trial of patient’s experience comparing pre- and post-test survey ques-
tionnaires addressing measure reassurance, satisfaction, and anxiety between patients undergoing standard first-trimester
screening (nuchal translucency and maternal serum analytes) versus ultrasound findings followed by ¢fDNA analysis
found that mean score for reassurance was significantly higher in the ¢fDNA group in comparison with standard
screening in both pre- and post-test questionnaires.”’ Forty women with singleton gestations were included in the
study. Women were randomized at the time of their first prenatal visit to either first-trimester risk assessment based on
first-trimester combined screening or first-trimester risk assessment based on sonographic findings and cfDNA. First-
trimester combined screening included ultrasound evaluation with crown-rump length (CRL), nuchal translucency (NT)
measurement, and a detailed sonographic assessment, in addition to maternal serum analyte (PAPP-A and free beta hCG).
In this group, invasive diagnostic testing was offered to patients with risk >1 in 100, or NT >3.5 mm, or alternatively any
sonographic fetal abnormalities. Patients were randomized in the intervention group were evaluated with first-trimester
risk assessment based on sonographic findings and cfDNA. Cell-free DNA screening consisted of simultaneous micro-
array-based assay of non-polymorphic (chromosomes 13, 18, 21, X and Y) and polymorphic loci evaluating chromosome
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proportion and fetal fraction. In the intervention group, invasive diagnostic testing was offered to patients with abnormal
cfDNA screening, or increased nuchal translucency thickness (NT) >3.5 mm, or any sonographic fetal abnormalities.

Mean score for reassurance was significantly higher in the cfDNA group in comparison to the first-trimester
combined screening group in the pre-test survey (MD 0.80 points, 95% CI 0.27-1.33) and in the post-test survey (MD
16.50 points, 95% CI 2.18-0.82).>° Patients randomized to cfDNA screening exhibited higher satisfaction and lower
mean anxiety scores as assessed in the STAI (State-Trait Anxiety Inventory) pre-test questionnaire. These authors thus
concluded that first-trimester screening for fetal aneuploidy combined with detailed sonographic examination and cfDNA
is associated with improved maternal satisfaction and maternal reassurance compared to the standard first-trimester
combined screening with nuchal translucency (NT), and maternal serum analytes.?

Iwarsson and Conner from the Karolinska Institute, studied detection rates and residual risk for postnatal diagnosis of
an atypical chromosomal aberration after combined first-trimester screening.’® Among 129,493 patients, 852 (0.7%)
clinically significant chromosome aberrations, including those detected after birth were noted. Of these, a total of 12%
were atypical chromosome aberrations. Following consideration that 40% were found subsequent to early pregnancy
loss, fetal demise or sonographic detection of a structural anomaly, there was a 0.05% (1:2000) background risk of
a postnatal diagnosis of a live-born infant with an atypical chromosomal aberration if no further test is performed
throughout pregnancy. If all patients with an increased risk (above or equal to 1:200) had an invasive test and cfDNA
screening was performed up to a risk of 1:1000, 95% of common trisomies/sex chromosome aberrations and 55% of
atypical aberrations would have been detected.’® These authors concluded that if only ¢fDNA screening was offered to
all women with a combined first-trimester screen without diagnostic testing, three-fold as many children would be born
with an atypical chromosome aberration, not identifiable on ¢fDNA screening.

Bjerrgaard et al reported, that following cfDNA screening implementation, invasive testing rates decreased consider-
ably from 70% to 48% among women with high-risk pregnancies (P < 0.01). In addition, high-risk women declining
further testing decreased from 26% to 3% (P < 0.01).%!

More recently, cfDNA technology has continued to expand far beyond its initial capability of detecting common
chromosome aneuploidies, and has extended into genome-wide copy number evaluations, detection of microdeletion and
microduplication syndromes, and even single gene disorders.>>*' These recent updates in technology have enabled
increased and superior detection of underlying etiologies in the presence of first-trimester sonographic finding of cystic
hygroma.*!

It is important here to note that maternal serum screening has the capability of detecting pregnancies at increased risk
for overall adverse perinatal outcome. These include (but are not limited to): pregnancy loss/stillbirth, fetal growth
restriction (FGR), premature rupture of membranes, preterm delivery, placental abruption, and preeclampsia.*>**
Evaluation of such risks using cfDNA fetal fraction is being evaluated but not currently well-defined.

First-Trimester Septated Cystic Hygroma

This striking and clear sonographic entity consists of the finding of sacculated, fluid-filled cystic structures distending/
projecting from the posterior-lateral aspect of the fetal neck (Figures 1-5). First-trimester septated cystic hygroma is most
often noted during the following indications for sonographic evaluation:

During the complete first-trimester screening protocol for aneuploidy.
During independent fetal nuchal translucency thickness assessment.
In centers practicing detailed late first-trimester sonographic evaluation of fetal anatomy.

R

Not uncommonly, first-trimester septated cystic hygroma is an anecdotal sonographic finding during the assess-
ment of first-trimester uterine hemorrhage, pain or threatened miscarriage.

Morphogenesis
Cystic hygromas likely result from a defect in the development of lymphatic vessels. The fetal lymphatic vessels drain into two
large sacs located lateral to the jugular veins. These jugular lymph sacs eventually will communicate directly with the venous
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Figure | First-trimester septated cystic hygroma in a 36 year-old, PO at 9 and 4/7 weeks’ gestation. Note the clear well-depicted fluid-filled sacculations. In addition, overall
nonimmune fetal hydrops was also noted. Noninvasive prenatal (cfDNA) screening depicted fetal 45, X (Monosomy X, Turner’s syndrome). At her request, the patient
underwent termination of pregnancy.

Figure 2 First-trimester septated cystic hygroma in a 29 year-old, P2 at | | and 3/7 weeks’ gestation. Non-invasive prenatal screening was low risk for fetal aneuploidy, yet
maternal Noonan’s syndrome was suspected and later confirmed by conventional testing. Fetal Noonan’s syndrome was confirmed at amniocentesis. The patient elected to
continue her pregnancy and delivered at 39 weeks’ gestation. The male neonate exhibited facial dysmorphic features consistent with established Noonan’s syndrome (see
original report, Sherer DM, Hsieh V, Kheyman M, Makanjuola O, Dalloul M. Cell-free DNA screening following first-trimester septated cystic hygroma leading to diagnosis of
previously unknown familial Noonan Syndrome. Eur ] Obstet Gynecol Reprod Biol. 2021 Sep;264:389. doi: 10.1016/j.ejogrb. 202I.07.0566).IOO

system becoming the terminal portions of the right lymphatic duct and thoracic duct, respectfully.* In the event that lymphatic and
venous structures do not connect, the jugular lymph sacs enlarge and lymph accumulates in tissues, resulting in cystic hygromas of
the posterior triangles of the neck.***” Thus, van der Putte suggested, following study of seven spontaneously aborted fetuses
characterized by large cystic hygromas, that this disorder essentially represents generalized hypoplasia with partial agenesis of the
lymphatic system, which failed to extend peripherally during early embryonic development.*®*” Cystic hygroma thus represents
a congenital anomaly of the fetal lymphatic system in which obstruction between the lymphatic and venous vessels of the fetal
neck results in accumulation of lymphatic fluid in the jugular lymphatic sacs. Large and extensive cystic hygromas may extend
anatomically and include axillary lymphatic collections.

It appears that if the jugular lymph sacs and the jugular veins subsequently connect or an alternative route of lymphatic
drainage develops prior to fetal demise, the cystic hygromas may regress and peripheral edema may spontaneously resolve.
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Figure 3 First-trimester septated fetal cystic hygroma in a 33 year-old, P2 at | | and 5/7 weeks’ gestation. Non-invasive prenatal screening revealed increased risk of Trisomy
21. The patient declined amniocentesis, elected to continue her pregnancy and was delivered by repeat Cesarean at 35 and 5/7 weeks’ gestation following the diagnosis of
fetal growth restriction (AC < |0th centile for gestational age) with reversed end diastolic flow in the umbilical artery. Birth weight was 2120 grams Apgar scores 9 and 9 at
I and 5 minutes, respectively. UA pH = 7.23, BE = —I.l. Neonatal facial dysmorphic features were consistent with Trisomy 21, which was later confirmed by neonatal
karyotyping.

Figure 4 First-trimester septated cystic hygroma in 40 year-old, P2 at || and 5/7 weeks’ gestation. Despite the suboptimal resolution, note the clear thin projecting septations.
Non-invasive prenatal screening revealed increased risk of Trisomy 18. Despite extensive counseling the patient declined amniocentesis and elected to continue her pregnancy.
Mid-trimester sonography noted: hypotelorism, bilateral clenched hands, spinal column deformity, and large bi-directional ventricular septal defect (VSD). At repeat Cesarean
due to SROM and labor at 37 weeks’ gestation, a growth-restricted male neonate weighing 1775 gram was delivered. The neonate manifested dysmorphic features and
structural congenital cardiac defects consistent with Trisomy |8, which was confirmed by neonatal karyotyping. The infant later succumbed at three months of life.

Notwithstanding, it is important to recognize that resolution of first-trimester septated cystic hygroma does not infer euploid fetal
status nor normal structural fetal anatomy as resolution of this late first-trimester sonographic finding has been reported despite
the presence of significant underlying aneuploidy and/or structural fetal anomalies.

Fetal/Neonatal Outcome in Pregnancies Complicated by the Presence of
First-Trimester Septated Cystic Hygroma

The late first-trimester sonographic finding of septated cystic hygroma has long been recognized as a marker for fetal
aneuploidy.*®*’ Initially, prior to the advent (and later widespread utilization) of transvaginal sonography, this ominous
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Figure 5 First-trimester septated cystic hygroma in a 4| year-old P| diagnosed with early fetal demise at 10 weeks’ gestation. The patient declined noninvasive prenatal
screening prior to uterine evacuation, yet karyotype of products of conception confirmed fetal Trisomy 8.

finding was noted at transabdominal mid-trimester scanning and was found strongly associated with monosomy X (45,X,
Turner syndrome) and other aneuploidies.*®*® A study of 15 fetuses with cystic hygroma appearing as single or
multiloculated fluid-filled cavities noted that none of the fetuses survived. Eleven of the fetuses (73%) had karyotypes
consistent with Turner’s syndrome.*® Application of transvaginal sonography has greatly enhanced earlier, first-trimester
ultrasonographic diagnosis of septated cystic hygroma.®>®! Utilization of this sonographic modality enabled depiction
of subtle septations, which became widely recognized as independent risk factors for chromosomal anomalies,””’®
consistent with earlier second-trimester observations of septations.”>*>* Application of first-trimester screening for fetal
aneuploidy and the National Institute for Child Health and Human Development (NICHD) multi-center First And
Second Trimester Evaluation of Risk (FASTER) trial in the United States validated the European experience with first-
trimester screening for aneuploidy prior to recommendation by governing bodies of this diagnostic tool in the USA.
These data have led to increased knowledge regarding the ominous first-trimester sonographic finding of first-trimester
septated cystic hygroma.®* In addition, recently published data regarding 410 cases of first-trimester septated cystic
hygroma from among 110,000 pregnancies in Ireland, have confirmed associated abnormal chromosomal findings
among such fetuses and an increased likelihood of structural anomalies among euploid fetuses with first-trimester
septated cystic hygroma.®?

In a study of 134 cases of first-trimester septated cystic hygroma (generated from the FASTER Trial Research
Consortium data (among 38,167 screened patients)) Malone et al in 2005, reported 132 patients with complete follow
up.®? Chromosomal abnormalities were confirmed in 67 (51%) patients. These included 25 cases of trisomy 21, 19 cases
of monosomy X, 13 cases of trisomy 18, and ten others.** Major structural fetal malformations (predominantly cardiac
and skeletal systems) were documented in 22 of the remaining 65 patients (34%). There were 5 cases (8%) of fetal
demise and 15 cases of voluntary pregnancy termination, without evidence of abnormality. One of 23 (4%) normal
surviving infants was later diagnosed with developmental delay and cerebral palsy. In all, survival with normal neonatal
outcome was documented in 17% of cases (22 of 132).%? In comparison with simple increased nuchal translucency, cystic
hygroma is associated with 5, 12, and 6-fold increased risk of aneuploidy, cardiac malformation, and perinatal death,
respectively. These authors concluded that first-trimester cystic hygroma is a frequent finding in a general obstetric
screening program.”® This sonographic finding exhibited the strongest prenatal association with aneuploidy hitherto, with
significantly worse outcome in comparison with simple increased nuchal translucency thickness (NT). The majority of
pregnancies with normal evaluation at the completion of the second trimester resulted in a healthy infant with a normal

neonatal outcome.®?
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Visualization of nuchal septations at first-trimester genetic screening as a powerful risk factor for chromosomal
anomalies, independent of increased nuchal translucency has been confirmed in subsequent studies. Mack et al in
a retrospective cohort study of all patients who underwent first-trimester genetic screening during 25 months (between
2011 and 2014), attempted to determine whether nuchal septations represent a risk factor for chromosomal abnormalities
independent of nuchal translucency (NT).”® The 95th percentile for the NT measurements were calculated for each
gestational week. Multivariable logistic regression analysis determined whether depiction of nuchal septations constitute
an independent risk factor for chromosomal analysis while controlling for existing confounding variables. Chromosomal
abnormalities were present in 1.0% of the study group (33/3275). The prevalence of chromosomal abnormalities was
significantly higher among fetuses with nuchal septations in comparison with fetuses with normal nuchal translucency
without septations (P < 0.001) and those with NT above the 95th percentile without septations (P < 0 0.001). The
sonographic evidence of septations was associated with an increased risk of chromosomal abnormalities (odds ratio, 40.0;
95% confidence interval, 9.1-174.0) after controlling for NT measurements and other confounding variables. These
authors concluded that sonographic depiction of nuchal septations during first-trimester genetic screening is a powerful
risk factor for chromosomal anomalies, independent of increased NT.”®

Recently, Malone et al performed a large retrospective cohort study between 2007 and 2017 of data generated at
a single tertiary referral prenatal diagnosis center with the aim of establishing contemporary outcome data, especially in
the setting of normal karyotype.®> Data were analyzed from a prospective fetal anomaly database. All cases were
confirmed to have nuchal translucency (NT) >3 mm, with septations. Cases of simple increased nuchal translucency
thickness without septations were excluded from the analysis. Throughout the study, in excess of 110,000 pregnancies
were delivered at this center, including 410 cases of first-trimester septated cystic hygroma (diagnosed prior to 14 weeks’
gestation) (1:268) an incidence striking parallel to previously established FASTER trial data (1:285).* Pregnancy
outcome was documented in 99% (405/410) of patients, with detailed pathology outcome available in 92% (378/410)
of cases. A total of 87% of patients (351/405) underwent invasive prenatal testing, and postnatal chromosome status was
documented in another 27 cases. A total of 61% of patients (230/378) had confirmed abnormal chromosomal abnorm-
alities. Of the 39% of patients (148/378) with normal chromosome analysis, only 13% (19/148) had a significant
structural fetal abnormality (including 7 cardiac and 12 non-cardiac abnormalities). Overall, perinatal loss was 62%
(253/405). Interestingly, the total survival rate of euploid fetuses/neonates manifesting first-trimester septated cystic
hygroma without structural abnormalities was 84% (108/129).%’

These data clearly substantiate the established strong likelihood of an abnormal karyotype, which occurs in 61% of
patients. Notwithstanding, once fetal chromosomal abnormality is excluded, these results demonstrated a 13% incidence
of major structural fetal abnormality, a considerably lower incidence than previously reported. Euploid fetuses have
a 77% survival rate. This study represents the largest single-center study of first-trimester septated cystic hygroma with
complete outcome data to date, and clearly should be incorporated in current patient counseling, with an emphasis on the
favorable outcome of euploid fetuses without structural fetal anomalies. Thus, these data have been incorporated in our

current counseling of these not infrequent patients.™’

Role of ¢cfDNA Screening in the Assessment of First-Trimester Septated Cystic
Hygroma

First-trimester septated cystic hygroma is typically detected between 11 weeks to 14 weeks gestation. Due to the timing
of such sonogram finding, diagnostic testing offerings may be limited. Chorionic villus sampling (CVS) is typically
offered between 10 and 12 weeks’ gestation and amniocentesis is typically performed between 15 and 22 weeks’
gestation. Early amniocentesis (11-14 weeks’ gestation) is not offered at all medical centers and the availability of CVS
varies in different parts of the United States. For this reason, this potentially ominous sonogram finding uniquely qualifies
for immediate cfDNA screening (also known as NIPS/NIPT). Currently, universal cfDNA screening for fetal aneuploidy
and select microdeletions are gradually replacing the labor intensive combined first-trimester screening.?** Since ACOG
opinion of 2020 stating that all women, irrespective of age, should be offered non-invasive cfDNA screening, the uptake
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of NIPS has increased substantially.”’ As a result, a considerable decrease in the number of diagnostic (invasive) testing
has been reported.>'#3-5¢

In recent years, cell-free DNA technology has improved to include the option of genome-wide analysis of copy
number variants larger than 7Mb.*” Such testing has the capability of detecting rare chromosome aneuploidy and copy
number variants with resolution similar to a traditional karyotype, which detects CMV between 5 and 10 Mb.*’ In the 3
years of clinical experience of genome-wide NIPS, 25% of positive results can only be detected through this technology
and would otherwise be missed by traditional NIPS. In the presence of first-trimester septated cystic hygroma, cfDNA
screening with the highest diagnostic yield should be considered especially in the absence of diagnostic testing such as
amniocentesis or chorionic villus sampling, or according to patient preference following counseling.

In addition to genome-wide analysis, cfDNA screening has expanded further into single gene disorders. Currently,
there is widely available cfDNA screening, which is capable of detecting single gene pathogenic mutations across 30
genes. Conditions screened are autosomal or X-linked dominant in inheritance with reported cases of de novo
mutations.®® These conditions affect quality of life and affected individuals may benefit from medical and/or surgical
intervention (mainly impacting skeletal and neurological development). This unique cell-free DNA screening option is
able to detect conditions such as Noonan syndrome, achondroplasia, osteogenesis imperfecta, and Rett syndrome.®®*’
First-trimester septated cystic hygroma has been associated with an increased risk of Noonan syndrome in pregnancy.
Traditionally, single gene analysis with diagnostic testing has been restricted by insurance coverage and laboratory
selection. Moreover, turnaround time is typically between 4 and 6 weeks due requirement of cell cultures by some
laboratories. Cell-free DNA analysis of these conditions improves diagnostic yield and can be performed between the
timing of detection of cystic hygroma on sonogram and the time in which amniocentesis can be offered.

Cell-free DNA screening technologies continue to improve with additional sensitivity for copy number variants and
have expanded into single gene disorders. In the presence of first-trimester finding of septated cystic hygroma,
diagnostic testing typically includes karyotype, microarray, and Noonan syndrome panel. However, due to the timing
of such sonogram findings, patients are often in limbo between the timing of CVS and amniocentesis, without an
immediate diagnostic testing option. Cell-free DNA screening can be implemented in this time-frame to provide
additional information for the patient and inform providers of the probable outcome. The typical turnaround time for
genome-wide cell-free DNA screening is 1-2 weeks, and the typical turnaround time for single gene cell-free DNA
screening is 2—3 weeks. Results from cfDNA screening can also guide prioritization of different diagnostic tests for
confirmation.

Both of the cfDNA screening technologies discussed are available for patients starting at 9 weeks gestation. Even in
the event of pregnancy loss, maternal samples collected at the time of the identification of cystic hygroma would likely
provide some analytic yield and may be offered to the patient who has elected for expectant management in cases of first-
trimester non-immune fetal hydrops when invasive diagnostic testing following counseling is declined (Figures 6 and 7).

The difference between screening and diagnostic testing modalities cannot be oversimplified. Although cfDNA
analysis provides a relatively robust and accurate means of prenatal genetic evaluation, it remains a screening tool. It
is widely understood cfDNA in maternal circulation are placental in origin and a well-known limitation of the test is its
inability to evaluate placental mosaicism.>' The fetus may have different expressions of mosaicism than the placenta.
Although placental mosaicism has been well documented as a limitation for atypical chromosome aneuploidies and copy
number variants, it is not currently well understood for single gene disorders. The current working understanding is
single gene disorders are less likely to be impacted by placental mosaicism, unless they are due to larger chromosomal
CMV.*? It is also important to state cfDNA analysis is cannot be performed for a subset of patients due to a variety of
factors. Patients with increased BMI or on certain medications may have repeated low fetal fraction in which cfDNA
analysis is not possible. Patients with maternal blood malignancies, uterine fibroids, or other malignancies contributing
¢fDNA in circulation are also not candidates for cfDNA analysis.”® Currently, genome-wide cfDNA screening and single
gene cfDNA screening are not available for twin pregnancies or other higher order multiple pregnancies.”’ Although
cfDNA analysis has created an exciting new frontier of prenatal testing, it may not be available for all patients under all

circumstances.
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Figure 6 Upper panel: First-trimester septated cystic hygroma at 10 and 4/7 weeks’ gestation. Lower panel: Note marked sacculation extending caudally, and overall
subcutaneous edema, consistent with nonimmune fetal hydrops (NIHF). Non-invasive prenatal screening was not obtained and the patient elected to undergo continued
expectant management (despite being counseled regarding the likelihood of subsequent fetal demise). Following anticipated fetal demise she underwent uterine evacuation
without testing of products of conception.

Esoteric Chromosomal Findings Associated with Septated Cystic Hygroma

In addition to the relatively common aneuploidies noted in association with septated cystic hygroma, unusual, esoteric
chromosomal abnormalities have been reported.”” *° Chen et al reported that amniocentesis performed at 16 weeks’ gestation
in a fetus with a large septated cystic hygroma revealed a terminal deletion in the long arm of chromosome 10.% The paternal
karyotype was subsequently confirmed 46, XY, t(10;18)(q25.3;923), confirming an inherited unbalanced translocation. The
maternal karyotype was 46XX. The fetal karyotype was 46, XY, der(10)t(10;18)(q25.3;q23)pat. The patient underwent
pregnancy termination.

Vivic et al reported prenatal diagnosis of 18p deletion and isochromosome 8q mosaicism in a fetus with a cystic
hygroma.”” Cytogenetic analysis depicted a mosaic 46, XX, del(18)(p11.2)/46, XX, i(18)(q10). The patient underwent
pregnancy termination.

Stipoljev et al in 2021 reported prenatal diagnosis of partial trisomy 2p and partial monosomy 3p (unbalanced translocation
(2:3)(p25.1;p25.3) of paternal origin), in association with first-trimester septated cystic hygroma.”® The duplicated region at
2p25.1p25.3 contains 45 different genes, among which 12 are reported as OMIM morbid genes with various phenotypical
implications. The deleted region at 3p26.3-p25.3 contains 65 genes, of which 27 (41.5%) are OMIM genes.
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Figure 7 Upper panel: First-trimester septated cystic hygroma diagnosed at || and 2/7 weeks’ gestation. Lower panel: Note marked sacculation extending caudally, and
overall subcutaneous edema, consistent with nonimmune fetal hydrops (NIHF). Non-invasive prenatal screening depicted 45,X (Monosomy X, Turner’s syndrome). The
patient declined invasive testing and elected continued expectant management (despite being counseled regarding the likelihood of subsequent fetal demise). Gradual
resolution of the septated cystic hygroma and subcutaneous edema was documented. At 22 weeks’ gestation amniocentesis confirmed 45,X Mid-trimester fetal
echocardiography depicted mild left ventricular hypoplasia, with dilatation of the right side of the heart, and dilated coronary sinus suggestive of persistent left superior
vena cava, findings which remained present at 30 weeks’ gestation. At 39 weeks’ gestation the patient underwent induction of labor due to preeclampsia without severe
features, and delivered a vigorous non-hypoxic, non-acidotic female infant with Apgar scores of 9 and 9 at | and 5 minutes, respectively. The infant manifested phenotypic
features of 45,X including excess neck folds, low hairline, wide spaced nipples, and bilateral dorsal lymphedema of the feet. Neonatal echocardiogram revealed significant
ventricular discrepancy with significant bowing of the intraventricular septum into the left ventricle. Moderate tricuspid regurgitation was noted with peak gradient of 36
mmHg. A bicuspid aortic valve and juxtaductal coarctation of the aorta (CoA) were noted, with the isthmus measuring less than -3 z score. Turbulent flow was seen across
the isthmus with peak gradient of 25-30 mmHg. On Day || of life, the then critically-ill infant (severe coarctation and hypoplastic aortic arch with severe left ventricular
dysfunction, requiring mechanical ventilation for cardiorespiratory failure), underwent successful surgical correction (median sternotomy, cardiopulmonary bypass with
aortic arch repair and end to end anastomosis). The infant did well, and echocardiogram prior to discharge confirmed an unobstructed aortic arch, and normal biventricular
function.

Ples et al reported prenatal diagnosis of Niemann-Pick disease type C2 following first-trimester sonographic depiction
of a septated cystic hygroma.’* Following normal karyotype at chorionic villus sampling, additional evaluation of 1,024
genes underlying structural anomalies was performed. Homozygous mutation of the NPC2 gene (OMIM 601015), was
found, consistent with Niemann-Pick disease type C2. The patient underwent pregnancy termination. In a subsequent
pregnancy, interestingly, despite normal sonographic findings, molecular testing for the previous familial mutation
identified the fetus as homozygous for this mutation. The patient underwent termination of pregnancy.’*

Tica et al described a unique case of recurrent first-trimester cystic hygroma occurring in subsequent pregnancies of
a 27 year-old P1. In each of these cases, unusual chromosomal abnormalities were noted.”® In the first case, a fetal
inherited heteromorphism of chromosome 1 (1gh+) was noted and found to be inherited from the mother (46, XX1gh
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+,14ps, 21ps). The patient underwent termination of pregnancy. The karyotype of the fetus in the recurrent first-trimester
septated cystic hygroma was triploidy 69, XXX.”> In 2009 Teague et al reported a patient with recurrent fetal septated
cystic hygroma (at 11 weeks’ gestation and mid-trimester in a subsequent pregnancy).”® The patient also had two
previous pregnancies complicated by cystic hygroma and nonimmune hydrops fetalis (NIHF) with 46, XX karyotypes.”®
Following these events, the authors suggested that cystic hygroma associated with a normal karyotype may be inherited
as an autosomal dominant trait. Recurrent first-trimester septated cystic hygroma with hydrops fetalis was also previously
reported in 2009 by Baxi et al five fetuses (four pregnancies) of a 39 year-old P8 of Ashkenazi Jewish descent.”” In three
separate fetuses (two pregnancies), the authors excluded aneuploidy, Noonan syndrome, Fryns syndrome and Gunther’s
disease and suggested an undetermined autosomal recessive disorder.

First-trimester septated cystic hygroma (increased nuchal translucency and nonimmune hydrops) has been associated with
Noonan syndrome (an autosomal dominant disorder characterized by short stature, congenital heart defects and distinctive
facies).”® '%% This disorder is genetically heterogeneous with approximately 50% of patients demonstrating PTPN11 muta-
tions. Studies of fetuses with cystic hygroma suggest a prevalence of 1-3% of Noonan syndrome. In a retrospective review,
Lee et al assessed the utility of PTPN11 testing based on prenatal sonographic findings (n = 134).°® Most commonly reported
indications for testing were increased nuchal translucency (NT) and cystic hygroma. Analysis demonstrated that 12 fetuses
had heterozygous missense mutations, corresponding to a positive test rate of 9%. PTPN11 mutations were identified in 16%
and 2% of fetuses with cystic hygroma and increased nuchal translucency, respectively. Among fetuses with isolated cystic
hygroma, PTPN11 mutation prevalence was 11%.°® Mutations observed in the three fetuses with hydrops fetalis have been
reported as somatic cancer mutations. Prenatal PTPN11 testing has diagnostic and potential prognostic properties that may
assist in risk assessment and genetic counseling. Negative PTPN11 testing cannot exclude the diagnosis in that Noonan
syndrome is genetically heterogeneous, requiring further studies regarding the other Noonan syndrome genes.

Sherer et al reported a case of first-trimester septated cystic hygroma in which cfDNA screening for serious single-
gene disorders identifying a maternal pathogenic variant c.188A > G in PTPN11 (Figure 2).'% Due to the nature of
cfDNA screening and the maternal contribution of cfDNA, this test was unable to confirm whether the fetus had inherited
the maternal Noonan syndrome mutation (a 50% risk of direct inheritance). Confirmatory testing was performed for both
the patient and cultured amniocytes, concluding a direct inheritance of Noonan syndrome. The patient herself was later
recognized with subtle facial structures consistent with Noonan syndrome, yet reported no personal or familial history of
developmental delays, intellectual disabilities, congenital heart defects or short stature, and hence elected to continue her
pregnancy. This case was the first report of cfDNA screening after a finding of first-trimester septated cystic hygroma
leading to the diagnosis of previously unestablished familial Noonan syndrome.'®

Pan et at al in 2020 described two cases of first-trimester septated cystic hygroma with normal karyotype and
microarray workup in whom no additional structural anomalies were noted.'®" Subsequently the two infants manifested
early developmental delays within two years of age. Exome sequencing of the two children confirmed one child with
mental retardation, autosomal dominant 23 (MRD23) with a c¢.646delC variant in SETDS5 gene, and the other child had
Smith-Magenis syndrome, ¢.3103dupC variant in RA1 gene.'"!

In addition to its association with chromosome aneuploidy and microarray copy number variants, prenatal diagnosis
of septated cystic hygroma conveys increased risk for single gene disorders. Until fetal whole exome/genome sequencing
(WES/WGS) becomes available clinically, evaluation of single gene disorders in the presence of first-trimester septated
cystic hygroma, relies upon clinical judgment of the provider patient insurance, and patient socioeconomic status.
A guideline-based gene panel for septated cystic hygroma would be helpful in the patient management of this
sonographic finding. Long-term follow up studies following euploid fetuses with septated cystic hygroma without
structural anomalies, have not been published and hence neurodevelopmental deviations in this clinical scenario have
not been assessed.

First-Trimester Septated Cystic Hygroma Associated with Generalized Fetal Subcutaneous Edema
[Nonimmune Hydrops Fetalis (NIHF)]

In contrast, the combination of first-trimester septated cystic hygroma in the presence of additional signs of edema, often
total body subcutaneous edema, and other abnormal collections of fluid [pleural effusion, pericardial fluid and ascites —

International Journal of Women’s Health 2022:14 hetps: 1511
Dove:


https://www.dovepress.com
https://www.dovepress.com

Sherer et al Dove

all consistent with nonimmune fetal hydrops (NIHF)] are considered ominous findings often preceding or associated with
existing fetal demise (Figures 6 and 7). We believe that despite the ominous prognosis, these cases, which carry
a considerably increased risk of fetal aneuploidy and hence, following patient consent, merit a detailed genetic workup.

In a retrospective cohort study of all nonimmune hydrops fetalis (NIHF) cases diagnosed prenatally (excluding NIHF
due to twin—twin transfusion syndrome) at the University of California, San Francisco between 2008 and 2018, Mardy
et al described the overall yield of chromosomal microarray (CMA) in the diagnostic evaluation of NIHF, comparing
isolated cases to those with concurrent structural anomalies.'® Prenatally diagnosed NIHF was reported in 131 cases. In
43/44 cases with a CMA data, results were grouped as normal, or likely benign. One case was found on CMA analysis to
have a large pathogenic duplication of 21p11.2q22.3, which could have been detected by karyotype and was consistent
with Trisomy 21. There was no incremental yield demonstrated for detailed CMA analysis over karyotype. Thus, these
authors concluded that, in their study of prenatally diagnosed NIHF cases, CMA analysis did not identify any copy
number variants beyond those detectable by karyotype, and the clear majority of CMAs were normal. These results
suggest that CMA analysis has low diagnostic utility for NIHE.'*?

In contrast, Sparks et al reported a series of 127 consecutive unexplained cases of NIHF following the presence of
fetal ascites, pleural or pericardial effusions, skin edema, increased nuchal translucency or cystic hygroma, or any
combination of these findings.'®> Primary outcome was the diagnostic yield of exome-sequencing for the detection of
genetic variants that were classified as either pathogenic or likely pathogenic according to criteria of the American
College of Medical Genetics and Genomics. Secondary outcomes consisted of the percentage of cases associated with
specific genetic disorders and the proportion of variants that were inherited. In 37 of the 127 cases (29%), diagnostic
genetic variants were identified, including those for disorders affecting the RAS-MAPK cell-signaling pathway (other-
wise termed RASopathies) (30% of genetic diagnoses); inborn errors of metabolism and musculoskeletal disorders (11%
each); lymphatic, neurodevelopmental, cardiovascular, and hematologic disorders (8% each); and others. Prognoses
varied and included a range from relatively mild outcomes to perinatal death. Overall, 68% of the cases (25 of 37) with
diagnostic variants were autosomal dominant (12% were inherited and 88% de novo), 27% (10 of 37) were autosomal
recessive (95% were inherited and 5% de novo), one case was X-linked recessive inherited, and one was of undetermined
inheritance. Potentially diagnostic variants were identified in an additional 12 cases.'®?

Mone et al in a prospective study determined the incremental yield of whole exome-sequencing (WES) over chromo-
somal microarray analysis (CMA) or karyotyping in prenatally diagnosed non-immune hydrops fetalis (NIHF).'®* The
study included 28 patients with prenatally diagnosed NIHF who underwent trio exomic sequencing following negative
CMA or karyotyping. These cases were combined with data from a systematic literature review (including a meta-analysis).
Additional diagnostic yield of WES over CMA or karyotyping was 25.0% (7/28) in all patient with NIHF, 21.4% (3/14) in
patients with isolated NIHF and 28.6% (4/14) in patients with non-isolated NIHF. In the meta-analysis, pooled incremental
yield based on 21 studies (306 cases) was 29% (95% CI, 24-34%; P < 0.00001; I? = 0%) in all NIHF, 21% (95% CI, 13—
30%; P < 0.00001; P = 0%) among patients with isolated NIHF and 39% (95% CI, 30-49%; P < 0.00001; I* = 1%) among
patients with NIHF associated with an additional fetal structural malformation. In the latter group, congenital limb
contractures were the most prevalent additional structural anomaly associated with a causal pathogenic variant, occurring
in 17.3% (19/110) of cases. Incremental yield did not differ according to hydrops severity. Most common genetic disorders
identified were RASopathies, which occurred in 30.3% (27/89) of patients with a causal pathogenic variant, most
commonly due to a PTPNI11 variant (44.4%; 12/27). The predominant inheritance pattern in causal pathogenic variants
was autosomal dominant in monoallelic disease genes (57.3%; 51/89), with most representing de novo events (86.3%; 44/
51).'% These authors concluded that prenatal next-generation sequencing in patients with either isolated or non-isolated
NIHF should be considered in the development of clinical pathways. Following the wide range of potential syndromic
conditions and heterogeneity of the prenatal phenotype of NIHF, exome or whole-genome sequencing may represent a more
appropriate testing modality than targeted gene panel testing.'®

Norton et al, recently performed a secondary analysis of a study of exome-sequencing for NIHF, which included
exome sequencing and phenotype-driven variant analyses that were completed in 127 patients with such fetuses. Exome-
sequencing identified a pathogenic or likely variant in 37/127 (29%) of patients, with a total of 29 genes.'®® A variant of
undetermined significance strongly suspected associated with the phenotype was identified in an additional 12 patients
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(9%). These authors noted that when a NIHF targeted gene panel is utilized in lieu of exome-sequencing, 13 to 15 of the
29 genes (45-52%) identified in the NIHF cohort would have been sequenced, and 19 to 24 of the pathogenic variants
(51-62%) would have been detected. The yield was predicted to be the lowest with the metabolic panel (11%) and the
highest with the largest NIHF panel (62%). The largest NIHF gene panel would have a diagnostic yield of 18% compared
with 29% with exome-sequencing. These authors concluded that the broader coverage of exome-sequencing for
genetically heterogeneous conditions such as NIHF, was a superior alternative to targeted gene specific panels.'®
Notwithstanding, the commercial availability and insurance coverage for WES in the perinatal setting has been limited,
causing disparities in patient access to such testing.

In contrast, Mellis et al evaluated the utilization of prenatal exome-sequencing in the assessment of isolated nuchal
translucency (NT) among 213 patients with fetuses with increased nuchal translucency (NT) >3.5 mm between 11 and 14
weeks’ gestation.'?® Cases were grouped based on additional structural anomalies in the first-trimester including later in
pregnancy or nuchal translucency (NT) at presentation. Diagnostic variants were detected in 12/54 (22.2%) fetuses
presenting with non-isolated increased nuchal translucency, 12/37 (32.4%) fetuses with isolated increased nuchal
translucency and additional anomalies later in gestation, and 2/111 (1.8%) fetuses with isolated increased nuchal
translucency in the first-trimester and no other anomalies later in pregnancy. These authors concluded that diagnostic
yield of prenatal exome-sequencing is low in the assessment of fetuses with truly isolated increased nuchal translucency
(NT) yet is considerably higher in the presence of additional fetal malformation noted later in pregnancy. Continued
sonographic follow up of fetuses with increased nuchal translucency (NT) is recommended, in that in the event a fetal
anomaly is noted later in gestation, prenatal exome sequencing may be warranted.'®®

First-Trimester Screening for Structural Anomalies
Karim et al utilizing a systematic review and meta-analysis of all relevant publications determined sensitivity and
specificity rates of first-trimester ultrasound for the detection of fetal anomalies and established factors which might
impact screening.'®” Thirty studies published between 1991 and 2014 were included. The pooled estimate for the
detection of major anomalies in low-risk or unselected populations (19 studies, 115,731 fetuses) was 46.1% (95% CI:
36.88-55.46%). The detection rate for all anomalies in low-risk or unselected populations (14 studies, 97,976 fetuses)
was 32.35% (95% CI: 22.45-43.12%). In contrast, in high-risk populations (six studies, 2841 fetuses) the pooled estimate
was 61.18% (95% CI: 37.71-82.19%). Thus, these authors found that detection rates of first-trimester fetal structural
malformations range between 32% in low-risk patients to above 60% in high-risk patients.'”” A similar detection rate of
50% with first-trimester sonographic evidence of structural anomalies was reported recently by Achiron et al.'”®

In contrast, a retrospective study of patients at a tertiary referral center determined that the introduction of cfDNA
screening as an alternative to first-trimester screening has resulted in fewer patients receiving first-trimester
ultrasound.'® Tt is worth emphasizing the importance of first-trimester nuchal translucency sonogram as part of routine
prenatal follow up. In the age of new genome testing such as cfDNA analysis, it is important to emphasize the benefits of
traditional tried and tested sonographic evaluations.

Products of Conception Testing

Due to the considerably elevated risk of fetal demise/spontaneous pregnancy loss, product of conception testing should
also be considered when first-trimester septated cystic hygroma is observed on sonogram. Currently the standard of
testing is chromosome karyotype with reflex to chromosome microarray if the patient miscarries in a medical center.
Additional options for home collection kits are also on the market where patients save a sample of the product of
conception in a take-home kit and mail the sample in for analysis. In the presence of such ominous sonogram finding,
a take-home pregnancy loss analysis kit may be considered for patients interested in further workup.

In a study of 340 patients who underwent spontaneous miscarriages, Zhang et al noted 165 patients in whom
conception products were diagnosed with chromosomal anomalies, which included: 135 aneuploidies, 11 triploidies, 10
complex abnormalities and 9 segmental aneuploidies.''® In a recent study, Xu et al demonstrated that next-generation
sequencing (NGS) in combination with multiplex PCR, is an effective modality to test trisomies in products of

conception following spontaneous miscarriage.'"'
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Fan et al similarly evaluated the clinical utility of NGS technology in the identification of chromosomal abnormalities
associated with first-trimester pregnancy loss.''? A total of 1010 miscarriage specimens were assessed. Total DNA and NGS
analyses were performed. A total of 634 patients with chromosomal variants were detected. Of these, 462 (72.9%) exhibited
numerical variants, which included 383 (60.4%) aneuploidies, 44 (6.9%) polyploidies, and 34 (5.5%) mosaicisms.''* The
remaining 127 (27.1%) cases demonstrated structural variants including 19 (3.0%) benign copy number variations (CNVs), 52
(8.2%) pathogenic CNVs and 101 (16%) variants of undetermined significance. These data were considered to support that
NGS may be utilized for the successful determination of genetic anomalies in pregnancy loss, and the authors recommend that

fetal chromosomal analysis be offered routinely for all patients with pregnancy losses, irrespective of their frequency.''?

Summary

Late first-trimester sonographic assessment of fetal anatomy, or alternatively, targeted nuchal translucency thickness assess-
ment leading to prenatal diagnosis of septated cystic hygromas requiring genetic assessment of the fetus by invasive testing
(chorionic villus sampling or amniocentesis), has been augmented considerably by recent rapidly advancing non-invasive
screening technologies. Early data suggest that expanding cfDNA screening including aneuploidy screening for Trisomies 21,
18 and 13, supplemented by select microdeletion technology, genome-wide cfDNA screening and single gene cfDNA
screening focusing on a number of autosomal or X-linked dominant conditions, are gaining their respective place in the
genetic assessment of first-trimester septated cystic hygroma. It is important to recognize that previously, single gene analysis
for prenatal diagnosis, which depended upon availability of prenatal single gene disorder panels and could only be offered as
part of invasive prenatal testing, is now becoming increasingly available with non-invasive technologies and better insurance
coverage. Although the differences between screening and diagnostic testing cannot be oversimplified, physicians (and
patients) should be increasingly aware of and comfortable with the potential benefits (and limitations) of these novel
capabilities. cfDNA screening does not replace diagnostic testing, but offers a time-sensitive method of providing patients
with more information without delays in waiting for invasive diagnostic procedures. This non-invasive technology represents
a truly unique capability to provide highly accurate and timely analysis following notation of early first-trimester sonographic
abnormalities, which overall will clearly empower patients in their decision-making.
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