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Objectives The aim of this study was to determine the chromosomal abnormalities
and other adverse outcomes like miscarriages, intrauterine deaths, structural defects,
and genetic syndromes in fetuses with increased nuchal translucency (NT) more than or
equal to 95th centile. This study also compared the outcomes in fetuses with NT
between 95th and 99th centile and more than 99th centile.

Study Design A prospective cohort of 182 patients with isolated increased NT was
evaluated by invasive testing. Fetal chromosomes were examined by fluorescent in situ
hybridization and karyotype or chromosomal microarray. Euploid pregnancies were
followed-up with level Il ultrasound and fetal echocardiography. For pregnancies
progressing to delivery, the neonates were followed-up till the age of 3 months. Final
outcome was reported as normal or abnormal. Collated data for perinatal outcomes
was analyzed and compared between fetuses with NT 95th and 99th centile (group I)
and NT more than 99th centile (group ).

Results Of the 202 patients recruited, 182 patients consented for invasive testing and
chromosomal analysis. Of the 182 patients, group | (NT 95-99th centile) included 92
patients and group Il 90 patients. Chromosomal abnormalities were present in 50
(27.4%), 14 (7.6%) in group |, and 36 (19.4%) in group Il. Of the 132 euploid
pregnancies, adverse outcomes were present in 22 (16%) fetuses, 7 (5.3%) in group
[, and 15(11.7%) in group Il. A normal outcome was present in 110 (60.4%) pregnancies
of the 182 fetuses with NT more than or equal to 95th centile. Normal outcome
observed in group | was 77.1% and in group Il, it was 43.4%.

Conclusion An increased NT is associated with poor perinatal outcomes in 39.6%
patients. Chromosomal analysis and follow-up for adverse outcome in fetuses with NT
more than or equal to 95th centile is important to enable a take home neonatal rate of
60.4%. No pregnancy with increased NT should be discontinued without detailed fetal
evaluation for genetic disorders, structural malformation, and fetal growth.
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Introduction

The incidence of congenital anomalies in live births is 2 to 4%."
First-trimester combined screen is the standard of care nowa-
days.2™* Fetal nuchal translucency (NT) measurement per-
formed at 11 to 13%7 is used solely or as a component of
combined first-trimester screen for prenatal aneuploidies
since the association between increased NT and chromosomal
abnormalities was demonstrated.>~ It identifies 75% of fetuses
with chromosomal aneuploidies, structural aberrations and
serves as a marker for adverse pregnancy outcomes such as
miscarriages, fetal deaths, genetic syndromes, and neurodeve-
lopmental delays.>~’ The incidence of poor perinatal outcomes
increases with anincrease in NTvalues from more than or equal
to 95th centile to more than 99th centile. However, the cutoff
for defining increased NT varies in different studies starting
from more than or equal to 95th and in the majority NT more
than 99th centile (e3.5 mm) in recent studies.®~'? Hence in this
study, we set out to evaluate systematically the incidence of
chromosomal abnormalities, malformations, and adverse peri-
natal outcomes in patients presenting with NT more than or
equal to 95th centile in a cohort of the population at the North
Indian center. We compared this with the currently prevalent
cutoff value of 3.5 mm (99th centile) to determine the appro-
priate increased NT value for invasive testing and detailed
protocol-based follow-up.2~"!

Materials and Methods

This was a prospective cohort study conducted at the Insti-
tute of Medical Genetics and Genomics, Sir Ganga Ram
Hospital in New Delhi. Patients referred to the genetic clinic
for increased NT in the first trimester were evaluated for
study inclusion. The NT percentiles were calculated for CRL
by avalidated and evidence-based NT percentile calculator.!
Patients with nuchal translucency more than or equal to 95th
centile at a crown-rump length of 45 to 84 mm were includ-
ed. Although NT was measured by different operators, all
images were reviewed and only those that adhered to the
FMF criteria were included (~Figs. 1 and 2).

Fig. 1 Ultrasound image of normal nuchal translucency (NT). Image
resource—Fetal medicine foundation.org.
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Fig. 2 Ultrasound image of increased nuchal translucency (NT).
Image resource—Fetal medicine foundation.org

Pregnancies with other structural malformations like
absent nasal bone, absent ductus venous flow, tricuspid
regurgitation, and cystic hygroma were excluded from the
study population. Patients were divided into two groups
based on NTvalues—group I with NT 95th to 99th centile and
group Il with NT more than 99th percentile for gestation.
Informed consent was obtained after appropriate genetic
counselling for invasive testing and genetic tests including
fluorescent in situ hybridization (FISH), karyotyping, or
chromosomal microarray (CMA). The option of next-genera-
tion sequencing was discussed in cases with negative CMA.
However, not all patients opted for CMA or exome sequenc-
ing in view of the high cost involved and lack of funding.
Patients with normal chromosomes were followed-up with
fetal structural anatomy screening including persistent nu-
chal edema (nuchal fold thickness > 6 mm) between the 18th
and 22nd weeks of gestation and fetal echocardiography
between the 16th and 22nd weeks of gestation.

FISH studies on fetal tissue were performed using Vysis
aneuvysion DNA probes on uncultured amniocytes or chori-
onic villi cells as a targeted approach for rapid aneuploidy
detection of the five commonly involved chromosomes 13,
18,21, X & Y.1°

For karyotyping, chorionic villi or amniocytes were cul-
tured and processed for GTG banding. Both numerical and
structural abnormalities were classified using the Interna-
tional System of Chromosome Nomenclature.'®

CMA studies were performed on AGILENT catalogue
4 x 180k array slides. This array contains approximately
120,000 CGH (comparative genomic hybridization) probes
and 60,000 SNP (single-nucleotide polymorphism) probes.
Abnormalities were identified using aberrant detection
method-2 algorithm with a sensitivity of six CGH region
calling. The log threshold values for aberrations are >—04 for
copy number losses and > + 0.4 for copy number gains.'? The
software utilized for analysis is also based on UCSC build 37
(hg19). The resolution cutoff was taken as less than 200 kb
for pathogenic deletions and 400 kb for pathogenic duplica-
tions across the genome, or smaller (>50Kkb) for clinically
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Increased NT >95th centile 11-13%7wks

Check NT images, repeat USG if not as
per FMF guidelines
Three generation pedigree

Invasive prenatal testing

FISH/QF-PCR, Karyotype or array CGH
Counsel for fetal exome
Fetal DNA storage

Normal chromosomes

Follow up with level Il scan at 18-20wks
Fetal echocardiography

Abnormal chromosomes

Counsel for detailed fetal
evaluation if pregnancy
discontinued

Persistent nuchal edema or

major structural malformations Normal

Repeat counseling for fetal exome Postnatal follow up for
especially Noonan panel neurodevelopmental
T outcome

Single gene disorder

Detailed counseling pertaining
'to the genetic condition

Fig. 3 Algorithm for patients with increased nuchal translucency
more than 95th centile on first trimester ultrasound.

relevant deletions/duplications syndromes, subtelomeric,
and pericentric regions, or targeted genes.

For clinical exome, DNA extracted from chorionic villi and
amniocytes was used to perform targeted gene capture using
a custom capture kit. The libraries were sequenced to mean
more than 80 to 100X coverage on the Illumina sequencing
platform. Clinically relevant mutations were annotated using
published variants in literature and a set of diseases data-
bases - ClinVar, OMIM (updated on May 11, 2020), GWAS,
HGMD (v2020.2), and Swiss Var.'>~'® Common variants are
filtered based on allele frequency in 1000Genome Phase 3,
gnomAD (v2.1), EVS, dbSNP (v151), 1000 Japanese Genome,
and laboratory’s internal Indian population database.'®~'?
The nonsynonymous variant’s effect is calculated using
multiple algorithms such as PolyPhen-2, SIFT, Muta-
tionTaster2, and LRT.

Outcomes were measured as adverse or normal. Adverse
outcomes were observed as miscarriage, intrauterine fetal
death, structural malformations, and a genetic syndrome.
Normal outcomes were documented with normal karyotype
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or CMA and delivery of a child without structural defects. A
one-point postnatal follow-up after birth till 3 months was
done through telephonic interviews or by follow-up meet-
ings with the families and babies. The flowchart of the
protocol is shown in =Fig. 3.

The SPSS package and chi-squared test were used for
statistical analysis. For statistical significance, a two-tailed
p-value less than 0.05 was taken as significant

Institutional ethics committee approval was obtained for
the study.

Results

Of a cohort 0f 9,659 patients attending the genetic clinic from
July 2015 through August 2017, 202 women having singleton
pregnancies and an increased NT were evaluated and coun-
selled. Of these, 20 patients did not conform to evaluation as
per the study protocol and were excluded from the analysis.
The final study group comprised 182 patients. The mean
maternal age was 32 years+3SD (range: 22-45), mean
gestation at the first screening ultrasound was 12+> weeks
+2SD (range: 11-14), mean CRL-66.3mm (range: 45-
84 mm), mean NT thickness 3.9 mm +4SD (range: 2.2-8.0).
Of the 182 study group cohort, 87 opted for chorionic villus
sampling at 11 to 14 weeks of gestation and 95 for amnio-
centesis at 16 to 24 weeks. No procedure-related miscarriage
was reported after CVS or amniocentesis.

Fetal Chromosomes Analysis

FISH was performed in all patients and karyotype in 128
patients who had a normal report on FISH testing. Fifty-four
patients with normal FISH results consented for CMA. FISH/
Karyotype/CMA results were normal in 132 (72.6%) cases
and abnormal in 50 (27.6%) cases. Of these, 7.6% (14 of 182)
cases were from group I versus 19.4% (36 of 182) in group II
(p=0.0001; =Table 1). Trisomy 21 was the commonest
aneuploidy as compared with other aneuploidies. A fourfold
increased trisomy 21 was seen in group Il compared with
group I. All the patients with fetal chromosomal anomalies
underwent termination without further evaluation by ultra-
sound or fetal autopsy. CMA was performed in 54 of 132 cases
after excluding common numerical and structural chromo-
somal anomalies by FISH and karyotype. Among these, 28
and 26 patients were in group I and group II, respectively.
Four pathogenic structural abnormalities were identified
through CMA (=Table 2) of which three were from group .
Three variations in uncertain significance were identified on

Table 1 Increased nuchal translucency and chromosomal outcomes

NT values Total Normal Abnormal chromosomes
chromosomes, n (%) on karyotype and CMA, n (%)

Total cases with NT> 95th centile 182 132 (72.6) 50 (27.6)

NT:95th-99th centile (group 1) 92 78 (84.8) 14 (15.2)

NT > 99th centile

Group |l 90 54 (60) 36 (40)

Abbreviations: CMA, chromosomal microarray; NT, nuchal translucency.
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Table 2 Details of chromosomal abnormalities in fetuses with increased nuchal translucency, n=50/182

Categories, Numerical chromosomal anomalies, n (%); Structural chromosomal anomalies, n=4 (7.4)
n (%) n=46 (24.7)
Tr 21 Tr 18 Tr 13 SCA 15q11.3 2q32 22q11.2 4q32.3

duplication deletion deletion deletion
(26Mb gain) | (10.2Mb loss) | (2.6Mb loss) | (8Mb loss)

Total 34 (66) 6(12) 1(2) 5 (10) 1(2) 1(2) 1) 1(2)

n=>50 (27.4)

Group |, 9(64.2) | 0(0) 0 (0) 2(14.2) | 1(7.1) 1(7.1) 1(7.1) 0 (0)

n=14(15.2)

Group Il 25(69.4) | 6(16.6) | 1(2.7) | 3(8.3) 0 (0) 0 (0) 0 (0) 1(2.7)

n=236 (40)

Abbreviation: SCA, sex chromosome anomalies.

CMA. These three variants were inherited from asymptom-
atic parents and the infants are having normal development
on postnatal follow-up.

Overall, microarray analysis was found more valuable in NT
values between 95th and 99th centile for the detection of
submicroscopic copy number variations. However, further data
would be required to confirm the results with a larger sample size.

Structural Malformations and Adverse Outcomes

Persistent nuchal edema was identified in the second-tri-
mester scan in 6 (4.5%) of 132 euploid fetuses. No pathogenic
copy number variation was identified by CMA analysis in
these cases. This nuchal edema resolved and neonates were
normal on follow-up. Of the 132 euploid fetuses, 16 (10.6%)

had structural malformations on ultrasound of which 11
were in group II and five in group 1. Of these16 fetuses, 13
patients opted to discontinue the pregnancy and the rest
three patients were detected to have intrauterine fetal death
on follow-up. No further evaluation could be performed in
fetuses with structural malformations due to lack of consent
by parents. One neonate was detected with a complex cardiac
defect (transposition of great vessels) after delivery that was
not identified on fetal echocardiography. The adverse out-
comes in euploid fetuses in the two groups were statistically
significant (p =0.000009). Details of the structural malfor-
mations and outcomes are shown in =Table 3 and overall
perinatal outcome in patients with increased NT more than
95th centile is depicted in =Table 4.

Table 3 Details of follow-up for structural malformations and other adverse outcomes in fetuses with normal chromosomal complement

Categories of *Prenatal SM Postnatal Total SM GS Spontaneous | TAO
euploid n (%); n=16 (12.1) SM IUD
sEs o () CNsP Cardiac’, | Others?, | Cardiac
n (%) n (%) n (%)

Total 2(15) | 7(5.3) 7 (5.3) 1(0.75) 17(12.8) | 2(1.5) | 3(2.2) 22
n=132 (16.6)
Groupl,n=78 | 1(1.2) | 3(3.8) 1(1.2) 1(1.2) 6 (7.6) 0 (0) 1(1.2) 7

(8.9)
Group Il, n=54 | 1(1.8) | 4(7.4) 6(11.1) | 0(0) 11(203) | 23.7) |23.7) 15 (27.7%)

Abbreviations: CMA, chromosomal microarray; GS, genetic syndrome; IUD, intrauterine demise; LB, live birth; SM, structural malformation; TAO,
total adverse outcome; TM, trimester; TOP, termination of pregnancy; WM, with malformation, WOM, without malformation.

?Details of Structural malformations on level Il ultrasound.
bCNS—Holoprosencephaly-1, agenesis of corpus callosum-2.

“Cardiac—Ventricular septal defect-4; hypoplastic left heart-2; double outlet right ventricle-1.
d0thers—Diaphragmatic hernia-1; hydrops-3; severe oligohydramnios with hydronephrosis and hydroureter-1; skeletal dysplasia and oligohydramnios.

Table 4 Total perinatal outcome of increased NT >95th centile

Categories Number of patients Chromosomal Adverse outcome in Normal live
in each category, n (%) anomalies [A], n (%) euploid fetuses [B], n (%) births, n (%)

Total patients with 182 50 (27.4) 22 (16.6) 110 (60.4)

increased NT

Group | 92 14 (15.2) 7 (8.9) 71 (77.1)

Group I 90 36 (40) 15 (16.6) 39 (43.3)

Abbreviation: NT, nuchal translucency.

Journal of Fetal Medicine

Vol. 10 No. 1/2023 © 2023. Society of Fetal Medicine. All rights reserved.



The Impact of Isolated Increased Nuchal Translucency >95th Centile on Perinatal Outcome

Single-Gene Disorders

In our cohort, only five of 132 patients with negative CMA
consented for clinical exome analysis. The clinical exome is a
next-generation sequencing technique that tests for approx-
imately 4,000 disease-related genes including rasopathy
genes. Out of five, two fetuses were identified with a mono-
genic disorder due to pathogenic gene variants. One fetus
with a 5,6 mm NT had a novel, heterozygous, splice site
variant in KMT2D (c.4131+3A>C) gene, consistent with
Kabuki syndrome. The variation was pathogenic by ACMG
criteria.’® The second fetus with 6.2 mm NT was detected
with a pathogenic variant in PACS1 gene (c.607C > T), previ-
ously reported to cause an autosomal dominant Schuurs-
Hoeijmakers syndrome. Both variants were de novo on
segregation analysis.

Discussion

In this study, 182 fetuses with nuchal translucency more
than or equal to 95th centile, ranging from 2.2 to 8 mm, were
prospectively followed-up for perinatal outcomes. Addition-
ally, we wanted to examine if the adverse outcome measures
were significant in the cohort with NT between 95th and
99th centiles. This is in variation to the majority of the
current studies where NT more than 3 mm or 3.5 mm (which
is >99th centile) are commonly evaluated.?%-2% In this study,
27.4% of fetuses with NT more than or equal to 95th centile
had abnormal chromosomes. This is consistent with previ-
ous studies on NT enlargement and chromosomal out-
comes.?'2® A meta-analysis of 17 studies showed that
CMA identifies additional 4% pathogenic CNVs in isolated
increased fetal NT of more than 99th centile.?” In this study,
we observed the majority of abnormal CMA results in fetuses
with NT between 95th and 99th centiles suggesting that
evaluation in mild increased nuchal translucency may also
be relevant and missed if the NT cutoff of 3 /3.5 mm is used.’
Since all patients did not opt for CMA following a normal
karyotype report and the postnatal follow-up was limited to
3 months, it is likely that not all abnormalities have been
picked up.

Structural malformations were identified in 12.8% fetuses
and cardiac malformations being predominant ones in our
cohort consistent with other studies.®?>?8 Structural mal-
formations on follow-up scans were significantly increased
(p=0.033) in group II as compared with group 1. There are
limited studies that report increased structural defects in NT
values 95th to 99th. Bilardo et al and other authors reported
15% abnormal karyotypes, 2% miscarriage and intrauterine
demises, and 6.2% structural and genetic anomalies at this
mild increase in NT.242%:27:29

Persistent nuchal edema was seen in around 4.5% of
fetuses on follow-up ultrasound and was not associated
with any anomalies or apparent genetic syndromes till 3
months postnatal follow-up. Saldanha et al reported similar
results.?8 In contrast, another study reported a 10% chance of
an abnormal outcome as perinatal death or hydrops fetalis in
all cases of persistent nuchal edema.’ Large-scale multi-
centric studies are required to establish this outcome.
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Increased NT is reported to be associated with various
single-gene syndromes in different studies.3%-3 Till recently,
studies on DNA sequencing were limited to Noonan syn-
drome panel testing.>? With availability of next-generation
sequencing in the clinics, multiple studies report its signifi-
cant role in increased NT to identify monogenic disorders
with an additional diagnostic yield ranging from 3.2 to 32% in
CMA-negative samples.>3>=37 In this study, two fetuses had
single-gene variations identified on next-generation se-
quencing. Neither of these two syndromes are previously
reported to be associated with increased NT.%8:2425.27.28

Noninvasive prenatal screening with cell-free fetal DNA
evaluation for common aneuploidies is recommended in NT
between the 95th and 99th centile.>®4® However, other
studies proposed that NIPT should not be recommended as
an alternative to invasive diagnostic testing in fetuses with
ultrasound anomalies including increased NT.*® We would
have missed 2.7% cases of copy number variation by doing
only NIPT in NT 95th to 99th centile, thereby asserting the
importance of evaluation of the entire chromosomal com-
plement in fetuses with increased nuchal translucency.!

In low-resource countries, genetic testing is predominant-
ly an out-of-pocket expenditure. A detailed family history to
evaluate a baseline disease risk, an appropriately measured
NT, and evidence-based practice for fetal evaluation is im-
portant to define the best approach to prevent fetal morbidi-
ty and mortality. The present data with the outcome’s
measures could assist geneticists and fetal medicine special-
ists in counseling in such situations.

The strength of this study is that it is a prospective study
where all the families were followed-up at one center with a
uniform protocol. A postnatal follow-up till 3 months
allowed for appropriate infant evaluation. The limitations
include the small sample size that gave a limited statistical
power to the results and lack of long-term follow-up for
neurodevelopmental outcomes. Further larger cohort stud-
ies to substantiate the results of this study would impact
counseling strategies for patients with increased nuchal
translucency in the first trimester.

Conclusion and Implication for Clinical
Practice

In this prospective study of 182 fetuses with increased
nuchal translucency more than 95th centile, there was a
normal live birth rate of 60.4%, chromosomal abnormality in
24.7% and an adverse outcome was present in 16.6% cases.
Overall, outcomes are more favorable at 91.1% in NT between
95th and 99th centile. CMA is the preferred test for chromo-
somal testing. Data on monogenic disorders in isolated
increased NT is limited and extreme caution is called upon
for its incorporation in the diagnostic algorithm. It must only
be offered in research setting at present as stringent guide-
lines for genomic data evaluation must be adhered to for
reporting in the prenatal setting.*> Termination of pregnan-
cies based on an ultrasound finding of increased NT is
strongly discouraged without detailed genetic, anomaly,
and growth evaluation of fetuses.

Vol. 10 No. 1/2023 © 2023. Society of Fetal Medicine. All rights reserved.
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