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Introduction: Increased nuchal translucency (NT) is closely related to an increased risk of 
chromosomal abnormalities. However, the criterion of increased NT for invasive prenatal 
diagnosis remains controversial, as the cutoff values are inconsistent among countries. This 
study was conducted to compare the various cutoff values of increased NT and calculate the 
incidence of chromosomal abnormalities to determine the predictive ability of these cutoff 
values in conventional chromosome analysis.
Methods: A total of 3223 invasive samples with increased nuchal translucency (NT) or other 
non-ultrasound indications were collected from singleton pregnant women. Samples with isolated 
increased NT were divided into five groups based on the NT thickness: 909 samples in the NT 
≥2.5 mm group, 819 samples in the NT ≥95th group, 547 samples in the NT ≥99th group, 527 
samples in the NT ≥3.0 mm group, and 253 samples in the NT ≥3.5 mm group; 2301 samples with 
normal NT were considered as the control group. All five groups were karyotyped and the results 
were compared. The accuracy of the NT cutoff value for the screening of chromosomal abnorm
alities was assessed using receiver operating characteristic curve analysis.
Results: Detection of all chromosomal aberrations and trisomy 21 showed that the sensi
tivity and false-positive rate decreased sequentially in the NT ≥2.5 mm, NT ≥95th, NT 
≥3 mm, NT ≥99th, and NT ≥3.5 mm groups, whereas the specificity, positive predictive 
value, and false-negative rates increased sequentially. Comprehensive analysis of various 
factors, including sensitivity and specificity, revealed values equal to or higher than the 
calculated 95th percentile of NT distribution, which showed a sensitivity of 49.2% and 
specificity of 75.67% for detecting all aneuploidies and a sensitivity of 64% and specificity 
of 75.45% for trisomy 21, exhibiting the highest ability for the screening of chromosomal 
defects in first-trimester screening.
Conclusion: For different thresholds of NT thickness, values equal to or higher than the 
calculated 95th percentile of the NT distribution showed the highest ability for the screening 
of chromosomal defects in first-trimester screening.
Keywords: nuchal translucency, cutoff value, invasive prenatal diagnosis, chromosomal 
abnormalities, first-trimester screening, crown-rump length, trisomy 21

Introduction
Nuchal translucency (NT) refers to the transient subcutaneous collection of fluids 
present behind the fetal neck and can be detected using ultrasonography at 11–14 
weeks of gestation as an important ultrasonic parameter during the first-trimester of 
pregnancy.1 An increased NT thickness is associated with adverse pregnancy out
comes, including a higher risk of chromosomal and structural abnormalities.2,3 
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Invasive prenatal diagnostic techniques can be used to 
exclude chromosome anomalies when an abnormal fetal 
NT thickness is detected. However, the cutoff value of 
increased NT thickness in invasive prenatal diagnosis is 
controversial and differs among countries. Some countries 
use fixed cutoff values such as ≥3.5, ≥3.0, or ≥2.5 mm 
with a 45–84 mm crown-rump length (CRL), as detected 
by karyotyping or CMA.1,4 Other countries utilize cutoff 
values equal to or higher than either the calculated 95th 
(≥95th) or 99th (≥99th) percentile of the NT distribution at 
45–84 mm CRL.5–7 Inconsistent standards result in inac
curate data analysis, affecting the potential use of NT in 
prenatal diagnosis. This study was conducted to compare 
various cutoff values of NT, calculate the incidence of 
chromosomal aberrations, and assess the predictive ability 
of NT in prenatal diagnosis and first-trimester screening.

Materials and Methods
Ethical Compliance
All procedures followed in this study were performed in 
accordance with the ethical standards mentioned in the 
Declaration of Helsinki and Methods for Ethical Review 
of Biomedical Research involving People by the State and 
the Ethics Committee of Fujian Provincial Maternity and 
Children’s Hospital (ethics approval number 2016-051). 
Written informed consent was obtained from all 
participants.

Study Population
In this retrospective cohort study, 3223 invasive samples 
were collected from singleton pregnant women admitted 
to Fujian Provincial Maternity and Children’s Hospital, 
China, between October 2008 and December 2020. 
Transabdominal ultrasound examination was performed 
to diagnose any major fetal defects in the first trimester. 
This examination included evaluation of fetal NT thick
ness and the following secondary ultrasound markers of 
chromosomal abnormalities: absence or dysplasia of the 
nasal bone, reversal or absence of a-wave in ductus 
venosus, and tricuspid regurgitation in tricuspid valve 
flow. The NT of infants was measured at a CRL of 45– 
84 mm, and gestational age was determined using CRL 
during the 11–14-week scan.8 Specimens with increased 
NT were divided into five groups based on the NT thick
ness: NT ≥2.5 mm (group A), NT ≥95th percentile 
(group B), NT ≥99th percentile (group C), NT ≥3.0 mm 
(group D), and NT ≥3.5 mm (group E). The karyotyping 

results of the five groups were compared. Cases with 
other ultrasound abnormalities presented during the 11– 
14-week scan were excluded, whereas those with struc
tural malformation were not excluded during second- 
trimester screening. A total of 2301 fetuses with NT 
less than 2.5 mm or 95th who underwent routine cytoge
netic testing for non - ultrasound indications, such as 
advanced age, abnormal delivery, positive serum screen
ing and the thalassemia gene mutation, constituted the 
control group.

Statistical Analysis
Maternal clinical characteristics and experimental results 
were analyzed using the SPSS statistical software. Data 
are presented as means. One-way analysis of variance and 
Chi-square test were performed to determine the signifi
cance of differences between groups. A p-value of less 
than 0.05 was considered to indicate statistically signifi
cant results. The screening accuracy of the threshold was 
assessed using receiver operating characteristic (ROC) 
curve analysis for chromosomal abnormalities. All calcu
lations were performed using SPSS 18 software (SPSS, 
Inc., Chicago, IL, USA).

Results
Among the 3223 pregnant women evaluated, 8 participants 
without increased NT and with failed cell cultures were 
excluded. Karyotyping of 3215 samples was performed 
and all of them met the inclusion criteria. The 914 fetuses 
with increased NT were classified into five groups: group 
A (NT ≥2.5 mm) included 909 (99.45%) fetuses, group 
B (NT ≥95th) included 819 (89.61%), group C (NT ≥99th) 
included 547 (59.85%), group D (NT ≥3 mm) included 
527 (57.65%), and group E (NT ≥3.5 mm) included 253 
(22.54%) fetuses. The clinical characteristics of the study 
population are shown in Table 1. Except for significant 
differences in the NT thickness, there were no differences 
in maternal age, parity, and sex ratio among the groups 
based on one-way analysis of variance and Chi-square test.

We identified 153 chromosomal abnormalities (5.29%) in 
73 cases in the control group and 80 cases in the five groups 
with increased NT (Appendix S1). The numbers of abnormal 
karyotypes detected in groups A–E were 78 (78/909, 8.58%), 
75 (75/819, 9.16%), 58 (58/547, 10.60%), 59 (59/527, 
11.2%), and 41 (41/253, 16.21%), respectively. In the detec
tion of all aneuploidies, the sensitivity and false-positive rate 
decreased from groups A to E. For specificity, the positive 
predictive value and false-negative rates increased 
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sequentially from groups A to E (Table 2). NT ≥2.5 mm 
showed the highest sensitivity (50.98%), highest false- 
positive rate (27.17%), and lowest specificity (72.83%). 
The highest specificity was found for the fixed NT cut-off 
of 3.5 mm, at which the false-negative rate reached the 
highest value of 73.2% and lowest sensitivity of 26.80% 
(Table 2). The ROC curves used to determine the accuracy 
of different cut-off values in NT screening for aneuploidy are 
shown in Figure 1.

In each group, trisomy 21 was the most common 
abnormality detected (Table 3). Seventy-five cases of tris
omy 21 were found, including 25 (25/75, 33.33%) in the 
normal NT group and 50 (50/75, 66.67%) in the increased 
NT group. Among pregnancies with an NT-value of 
≥2.5 mm, 49 (49/75, 65.33%) cases of trisomy 21 were 
detected, with 48 (48/75, 64.00%), 39 (39/75, 52.00%), 38 
(38/75, 50.67%), and 26 (26/75, 34.67%) were detected in 
the NT ≥95th, NT ≥3 mm, NT ≥99th, and NT ≥3.5 mm 
groups, respectively. The optimum effectiveness of differ
ent cut-off values in NT screening for trisomy 21 was 
assessed using ROC curve analysis as shown in Figure 2.

Discussion
Criteria for Increased NT
The use of fetal NT was first described in 1992 as an 
ultrasound screening marker for identifying chromosomal 
defects in the first-trimester of pregnancy.9 Most subse
quent studies confirmed that increased NT thickness is 
related to chromosomal abnormalities, most commonly 
aneuploidy.2,3 To detect chromosomal abnormalities, inva
sive prenatal diagnosis is required.

Most countries choose to adopt a different percentile for 
the NT distribution or absolute values as a threshold for 
estimating whether NT has increased, leading to ambiguity 
in the NT threshold value (Table 4). The calculated 95th 

(≥95th) or 99th (≥99th) percentile of the NT distribution varies 
according to the length of the CRL; this value increases with 
an increase in the CRL length. The absolute NT value indicat
ing a risk of abnormal karyotypes in the fetus at CRL of 45– 
84 mm does not depend on gestational age or physiological 
changes. The multiple standards for NT cutoff values have led 
to ambiguity in the sensitivity and specificity, resulting in 
some birth defects remaining undetected and the waste of 
medical resources. Compared with the economic cost of pre
natal diagnosis, the birth of a fetus with a chromosomal 
abnormality has a burden on the family, indicating a more 
appropriate cutoff value with higher detection efficiency 
should be determined.

Screening Efficiency of Different NT 
Thresholds
In this study, the incidence rates of chromosomal abnorm
alities under different threshold values of NT were 8.58%, 
9.16%, 10.60%, 11.20%, and 16.21% in groups A– 
E. A higher critical value of NT was associated with 
a higher incidence of aberrant chromosomes, confirming 
that the degree of fetal NT thickening is positively corre
lated with the risk of chromosomal abnormalities. To 
avoid the effect of other ultrasound indicators, we 
excluded fetuses with additional abnormal ultrasound 
structures and other ultrasonographic soft markers in the 
first-trimester; only fetuses with increased NT were 
included in the study. Moreover, chromosomal polymorph
ism and balanced translocations inherited from the parents 
were classified as normal karyotypes in the experimental 
results; therefore, the detection rate of abnormal karyo
types for each threshold value in this study is lower than 
that in other reports.4,10–12

A higher cutoff value of NT led to a higher specificity 
of abnormal karyotypes. At an NT ≥3.5 mm, the 

Table 1 Clinical Characteristics of the Study Population

Group A Group B Group C Group D Group E

NT ≥2.5 mm NT ≥95th NT ≥99th NT ≥3 mm NT ≥3.5 mm

n = 909 n = 819 n = 547 n = 527 n = 253

Maternal age (year) (mean ± SD)a 30.9 ± 4.587 30.8 ± 4.536 30.49 ± 4.486 30.51 ± 4.481 30.58 ± 4.388

NT (mm) (mean ± SD)b 3.31 ± 0.951 3.39 ± 0.9966 3.71 ± 1.038 3.76 ± 1.033 4.42 ± 1.166

Crown-rump length (CRL) (mm) (mean ± SD)a 66 ± 8.756 65.2 ± 8.891 65.07 ± 8.522 65.79 ± 9.102 65.04 ± 9.181

Parity(n) (mean ± SD)a 2.37 ± 1.260 2.36 ± 1.257 2.31 ± 1.224 2.32 ± 1.220 2.27 ± 1.238

Female fetuses (n (%))c 310 (34.10) 281 (34.31) 202 (36.93) 186 (35.29) 95 (37.55)

Notes: aGroup A vs group B vs group C vs group D and vs group E; P > 0.05. bGroup A vs group B; P > 0.05, group C vs group D; P > 0.05, group A vs group C vs group 
D and group E; P < 0.05, group C vs group A vs group B and group E; P < 0.05. cChi-square tests; P > 0.05.
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specificity of total chromosomal aberrations reached 
93.07% and relative sensitivity decreased to only 
26.80%, indicating that chromosomal abnormalities were 
undetectable in many fetuses. Because of the harmfulness 
of chromosomal abnormalities, we tested the false- 
negative rate, which also increased with increasing NT 
critical values. Compared with the threshold of NT 
≥2.5 mm which showed high sensitivity, 24 cases of tris
omy 21, 4 cases of trisomy 18, 1 case of trisomy 13, and 6 
cases of sex chromosome abnormality were undetectable 
at NT ≥3.5 mm.

To determine the screening efficiency, we assessed 
whether diverse NT threshold values could be used to 
predict chromosomal defects using ROC curve analysis. 
ROC is a comprehensive index reflecting the sensitivity 
and specificity of continuous variables, which can be used 
to explore the accuracy of an experiment. The area under 
the ROC curve can accurately reflect the authenticity of 
the screening experiment. Typically, a larger area under 
the curve (AUC) indicates a higher screening efficiency. 
For all chromosomal aberrations, the ROC curve indicated 
that the highest comprehensive detectability was observed 
at a cutoff value of more than 95th NT and AUC of 0.624 
(95% CI: 0.575–0.672). Among common aneuploidy chro
mosomal abnormalities, the incidence of trisomy 18 and Ta
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Figure 1 Effectiveness of screening for chromosomal aberrations using different 
cutoff values for fetal nuchal translucency (NT). ROC curve of NT: NT ≥2.5 mm: 
area under the curve (AUC) = 0.619, 95% confidence interval (CI) = 0.571–0.667, 
P < 0.0001. NT ≥95th: AUC = 0.624, 95% CI = 0.575–0.672, P < 0.0001. NT ≥99th: 
AUC = 0.610, 95% CI = 0.560–0.660, P < 0.0001. NT ≥3.0 mm: AUC = 0.616, 95% 
CI = 0.566–0.666, P < 0.0001. NT ≥3.5 mm: AUC = 0.599, 95% CI = 0.548–0.651, 
P < 0.0001.
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13 is less than that of trisomy 21, and the fetus typically 
exhibits severe multiple malformations in the uterus, along 
with a poor prognosis and short survival. The incidence of 
trisomy 21 is quite high. Some fetuses are not accompa
nied by obvious multiple malformations before birth and 
survive for a long time, leading to greater burden on the 
family and society. Therefore, screening for trisomy 21 is 
particularly important. For trisomy 21, the comprehensive 
detectability of NT ≥95th was highest, with an AUC of 
0.700 (95% CI: 0.637–0.755).

NT and Other Screening Methods
As an indicator in the first-trimester, NT is closely related 
to the risk of fetal chromosomal abnormalities; however as 

a single indicator, its screening ability is limited. 
Secondary ultrasound markers evaluated during prenatal 
screening, such as nasal bone status, tricuspid regurgita
tion flow, ductus venosus flow, increased the detection rate 
of trisomy 21 and decreased false-positive rate; together 
first trimester serum biochemistry analyses, chromosomal 
abnormalities including trisomy 21 can be detected in up 
to 100% of cases.13,14 NT can also indicate the risk of fetal 
chromosomal microdeletion and microduplication,15 and 
an additional 8.2% of cases with copy number variation 
can be detected using chromosomal microarray analysis.16

Conclusions
In conclusion, an increased NT thickness indicates an 
increased risk of chromosome abnormalities in fetuses. 
NT assessment should be performed during the first- 
trimester. Comparison of different cutoff values for 
increased NT in a defined cohort of pregnancies showed 

Table 3 Performance of NT for Detection of Trisomy 21

NT (mm) Trisomy 21 Detected by 
Karyotype Analysis n (%)

Sensitivity (%) Specificity (%) FPR (%) PPV (%) FNR (%)

Trisomy 21 n (%)

<2.5 mm or <95th 25 (25/75, 33.33) – – – – –
≥2.5 mm 49 (49/75, 65.33) 65.33 72.61 27.39 5.39 34.67

≥95th 48 (48/75, 64.00) 64.00 75.45 24.55 5.86 36.00

≥99th 39 (39/75, 52.00) 52.00 83.82 16.18 7.13 48.00
≥3 mm 38 (38/75, 50.67) 50.67 84.43 15.57 7.21 49.33

≥3.5 mm 26 (26/75, 34.67) 34.67 92.77 7.23 10.28 65.33

Abbreviations: NT, nuchal translucency; FPR, false-positive rate; PPV, positive predictive value.

Figure 2 Effectiveness of screening for trisomy 21 using diffident cutoff values of 
fetal nuchal translucency (NT). ROC curve of NT: NT ≥2.5 mm: area under the 
curve (AUC) = 0.692, 95% confidence interval (CI) = 0.630–0.755, P < 0.0001. NT 
≥95th: AUC = 0.700, 95% CI = 0.637–0.755, P < 0.0001. NT ≥ 99th: AUC = 0.682, 
95% CI = 0.614–0.751, P < 0.0001. NT ≥3.0 mm: AUC = 0.679, 95% CI = 0.610– 
0.748, P < 0.0001. NT ≥3.5 mm: AUC = 0.642, 95% CI = 0.569–0.714, P < 0.0001.

Table 4 Criteria of Increased NT in Different Countries

Country Cutoff Value of NT

Finland 95th17

UK 3.5 mm,4 3.0 mm10

Israel 99th11

Netherlands 95th12

Spain 99th,7 2.5 mm18

Germany 95th,19 3.5 mm20

USA 3 mm,21 95th22

China 3.5 mm23, 3.0 mm24

Switzerland 95th25

Romania. 3.5 mm26

France 3.5 mm27

Australia 3.5 mm28

Sweden 3.5 mm29

Turkey 3.0 mm30
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that the NT ≥95th percentile had the highest screening 
ability for chromosomal defects and should be adopted 
as a threshold for increased NT during screening in the 
first-trimester.
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