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syndromes, heart defects, and poor perinatal outcomes 
such as miscarriage and intrauterine death.[3-5]

The first definition for increased NT was a measure >95th 
percentile for a given crown rump length (CRL) and a NT 
value of 2.5-3 mm, which was reported as a normal range 
for the marker. Recently, some studies indicated that NT 
>99th percentile or NT value that exceeds of 3.5 mm are 
associated with the most common adverse outcomes.[6,7]

The utility of NT as a sensitive and noninvasive 
ultrasonographic marker for screening and detection of 
aneuploidies and major structural anomalies in modern 
obstetrical practice has been demonstrated recently. Its 

INTRODUCTION

Nuchal translucency (NT) is the normal fluid-filled 
subcutaneous space between the back of the fetal skin and 
the overlying skin.[1] NT is visible and can be measured 
by ultrasonographic imaging between 11 weeks and 
14 weeks gestation.[2] Increased NT is associated with 
different fetal chromosomal and nonchromosomal 
abnormalities. There is growing evidence that increased 
NT thickness during the first trimester of pregnancy 
in a chromosomally normal fetus is associated with 
numerous fetal structural abnormalities, genetic 

Background: Considering that establishment of reference value of nuchal translucency (NT)-related to the crown rump length (CRL) 
during the first trimester will be helpful for determining an appropriate cutoff level for screening of increased NT thickness-related 
abnormalities, we determined the NT thickness and investigated its relation with different chromosomal and nonchromosomal 
abnormalities among a large sample size of pregnant Iranian women. Materials and Methods: In this analytic cross-sectional study, 
pregnant women who were in their first trimester were enrolled at their antenatal visit. Using an abdominal ultrasonography, the fetal 
NT thickness of the studied population was measured. Those with increased NT thickness were determined. The reference value 
of NT thickness (5th, 25th, 50th, 75th, and 95th percentiles) within each 5-mm range of CRL and during the 11th, 12th, and 13th 
gestational weeks were determined. The presences of the different chromosomal and nonchromosomal abnormalities were compared 
in women with different percentiles of NT thickness who underwent amniocentesis and those who did not. Results: 1,614 pregnant 
women were evaluated. The mean NT thickness was 1.30 ± 0.54 mm. Increased NT thickness >2 mm and >95th percentile according 
to their gestational age (GA) was detected in 89 (5.5%) and 58 (3.6%) pregnant women. The reference 95th percentile value range 
for NT was 1.8-2.35 and increased NT thickness according to our obtained values was associated significantly with chromosomal 
abnormalities. Conclusion: The obtained reference range in our studied population was different from that reported for other ethnic 
groups and it is suggested that using this values are more favorable for screening of chromosomal abnormalities during the first 
trimester of pregnancy than the recommended single cutoff value. 
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use as a new screening method for the mentioned purposes 
has been developed in many developed countries.[8-10]

Since the introduction of NT thickness, several studies 
worldwide have determined the normal range of NT in 
different populations. The results were different regarding 
the normative value of NT. One of the explanations for 
the reported great variety of NT thickness range is ethnic 
variation.[11-15] However, there are still controversies 
regarding the role of ethnicity on the value of NT. Some 
reported a significant role of ethnicity in this regard, 
whereas others did not support the association.[16,17] 
However, recently the establishment of reference value for 
NT in different populations was performed. It is suggested 
that ethnic and region-specific reference value of NT could 
have a significant impact on its screening efficacy and using 
a single cutoff for fetal NT could not be an appropriate tool 
in this field.[18]

So considering that establishment of reference value of NT 
related to the CRL during the first trimester will be helpful 
for determining an appropriate cutoff level for screening 
of increased NT thickness-related abnormalities and the 
presence of few reports in this field among the Iranian 
population, in this study we determined the reference 
values of NT thickness among Isfahani pregnant women to 
evaluate the role of ethnicity on the normative value of NT 
as well as the association of increased NT thickness with 
chromosomal and nonchromosomal abnormalities during 
the first trimester. 

MATERIALS AND METHODS

In this analytic cross-sectional study, pregnant women 
referred to a private radiology center for ultrsonographic 
assessment during the antenatal visit in their first trimester 
were enrolled. The study was performed from January 2013 
to December 2013 in Isfahan, Isfahan Province, Iran.

The protocol of the study was approved by the Regional 
Ethics Committee of Isfahan University of Medical Sciences.

Pregnant women with gestational age (GA) of 11-13 weeks 
and 6 days and/or CRL 45-84 mm were included.

The pregnant women were selected by the consecutive 
method. Those who did not agree to have the  ultrasonography 
performed, with multiple pregnancies, fetal malformation, 
and those with inappropriate cooperation were excluded. 
Written informed consent was obtained from all the selected 
participants. The selected pregnant women underwent 
abdominal ultrasonography. The sonography was 
performed by an expert radiologist. The fetal NT thickness 
of the studied population was measured.

Those with NT thickness of 2 mm were considered as 
women with increased NT thickness.[19]

The mean of CRL and GA were compared in women with 
and without increased NT thickness.

The reference value of NT thickness (5th, 25th, 50th, 75th, and 
95th percentiles) within each 5-mm range of CRL and during 
the 11th, 12th, and 13th gestational weeks were determined.

Women with NT thickness of >95 th percentile were 
determined. The women were followed up and fetal 
outcomes were evaluated by the neonatologists at birth. 
The presence of different chromosomal abnormalities as 
well as nonchromosomal abnormalities including cardiac 
malformation, genitourinary or renal abnormalities, 
diaphragmatic hernia, spontaneous miscarriage, and 
intrauterine fetal death (IUFD) were compared in women 
with different percentiles of NT thickness who underwent 
amniocentesis and those who did not.

Ultrasonographic measurements
The ultrasonographic measurements were performed in 
pregnant women in a supine position.

Fetal CRL and NT thickness measurements were performed 
by transabdominal ultrsonography using a multi fz: 
3.5 MHz tranduser (GE Volusun 730). The measurement 
was performed based on the criteria recommended by 
the Fetal Medicine Foundation (FMF).[20] According to the 
criteria, the fetus should be in a neutral position, with the 
head aligned with the spine in a way that fetus occupied 
at least 75% of the image. NT was defined as the black area 
between the inner skin outlines echo and the outer border 
of the soft tissue overlying the cervical spine. 

The maximal thickness of the black area was measured 
with caliper placed on the inner borders of the NT space, 
perpendicular to the long axis of the fetus when a sagittal 
section with a neutral position of the fetus was obtained. 
The measurements were recorded to the nearest 0.1-mm 
interval. At least three NK measurements were taken and 
the largest was recorded.

CRL was measured at the same time and recorded.

Statistical analysis
Data were analyzed using Statistical Package for the Social 
Sciences (SPSS) version 21 (SPSS Inc., Chicago, IL, USA). 
Using regression equation, the expected 5th, 25th, 50th, 75th, 
and 5th percentile values of NT thickness according to the 
CRL categories of CRL (5-mm interval) and GA (11th, 12th, 
and 13th weeks) were obtained. Quantitive and qualitative 
values were compared using the t-test and chi-square 
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test, respectively. P value of <0.05 was considered to be 
statistically significant.

RESULTS

During this study, 1,614 pregnant women were evaluated. 
Among the studied pregnant women 382 (23.7%), 871 
(54.0%), and 361 (22.4) were in the 11th, 12th, and 13th 
gestational week. The mean of GA, CRL, and NT thickness in 
the studied population were 12.46 ± 0.62 weeks, 59.35 ± 8.35 
mm, and 1.30 ± 0.54 mm, respectively. Pearson correlation 
test indicated that there was a significant positive correlation 
between NT and CRL (r = 0.238, P < 0.001), NT and GA 
(r = 0.24, P < 0.001 and GA) and CRL (r = 0.8, P < 0.001).

Increased NT thickness (NT >2 mm) was detected in 89 
(5.5%) pregnant women. The mean of CRL and GA in 
pregnant women with normal and increased NT thickness 
are presented in Table 1.

The expected 5th, 25th, 50th, 75th, and 95th percentile values 
of NT thickness to CRL and GA are listed in Tables 2 and 3. 
Using the obtained reference value of NT, 58 (3.6%) pregnant 
women were determined as those with NT thickness 
>95th percentile according to their GA. During follow-
up, 31/58 (53.4%) underwent amniocentesis. Distribution 
of chromosomal and nonchromosomal abnormalities 
in pregnant women with NT thickness >95th percentile 
according to their GA in total and among those with and 
without amniocentesis are presented in Table 4. Frequency 
of chromosomal abnormalities were significantly higher in 
those pregnant women with increased NT thickness who 
underwent the amniocentesis procedure (P = 0.001). The 
frequency of different nonchromosomal abnormalities 
were not significantly different between the two studied 
groups (P > 0.05).

DISCUSSION

In this study, we determined the reference values of NT 
thickness among pregnant Isfahani women to evaluate the 
role of ethnicity on the normative value of NT as well as the 
association of increased NT thickness with chromosomal 
and nonchromosomal abnormalities during the first 
trimester. The results indicated that the reference 95th 
percentile value range for NT was 1.8-2.35 and increased NT 
thickness according to our obtained values was associated 
significantly with chromosomal abnormalities.

Several reports from different parts of the worlds and Iran 
have demonstrated the utility of NK measurement for 
screening different chromosomal and nonchromosomal 
abnormalities.[20-23]

Most of the studies have used the recommended definition 
for NT thickness by the FMF (i.e., 2.5-3 mm),[6] whereas recent 
studies reported that using NT thickness as a continuous 
variable was more appropriate than using a single cutoff 
value for the fetal NT and consequently, the outcomes 
of its increased values and screening programs.[18] So, 
establishment of reference values of NT have been developed 
in different regions and ethnic groups worldwide.

Though there were studies in Iran, which investigated 
the association between increased NT value and Down 
syndrome[22] and adverse pregnancy outcome including 
miscarriage, fetal loss, and fetal abnormalities,[23] there was 
not any study, which reported the normative value of NT 
thickness for the Iranian population. So, this study was 
designed to determine the ethnic specific reference value 
of NT thickness for pregnant Iranian women. Our results 
indicated that the median NT thicknesses for a CRL between 
45 mm and 80 mm ranged from 1.00 to 1.65 mm,and the 
95th percentiles ranged from 1.8 to 2.35 mm. The median 
NT thickness for GA were 1.0 mm, 1.2 mm, and 1.4 mm 
for gestational age of 11 weeks, 12 weeks, and 13 weeks, 
respectively, and the 95th percentiles of NT thickness were 
1.8, 1.9, and 2.2 for gestational age of 11 weeks, 12 weeks, 
and 13 weeks, respectively.

Table 1: Mean ± SD of CRL and GA in pregnant women 
with normal and increased NT thickness
Variables Pregnant women 

with normal NT‡ 
thickness

Pregnant women 
with increased 
NT thickness

P value

CRL† (mm) 59.25±8.31 61.91±8.95 0.017
Gestational age (weeks) 12.45±0.62 12.66±0.66 0.015
†CRL = Crown rump length; ‡NT = Nuchal translucency

Table 2: The expected 5th, 25th, 50th, 75th, and 95th 
percentile values of NT thickness (mm) to CRL
CRL† NT‡ 45 50 55 60 65 70 75 80
5th 0.7 0.8 0.9 0.95 1.0 1.05 1.1 1.15
25th 0.9 0.95 1.0 1.05 1.1 1.15 1.2 1.25
50th 1.0 1.1 1.2 1.3 1.4 1.5 1.6 1.65
75th 1.1 1.2 1.3 1.4 1.5 1.6 1.7 1.8
95th 1.8 1.9 2 2.05 2.15 2.2 2.3 2.35
†CRL = Crown rump length; ‡NT = Nuchal translucency

Table 3: The expected 5th, 25th, 50th, 75th, and 95th 
percentile values of NT thickness (mm) to gestational 
age (GA)
GA† NT‡ 11 weeks 12 weeks 13 weeks
5th 0.7 0.8 1.0
25th 0.9 1.0 1.2
50th 1.0 1.2 1.4
75th 1.2 1.5 1.7
95th 1.8 1.9 2.19
†GA = Gestational age; ‡NT = Nuchal translucency
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The distribution of the NT thickness for CRL has been 
reported in many studies. The median NT thicknesses has 
been reported to be 1.2-1.9 mm, 1.22-2.10 mm, and 1.19-1.73 
mm for a CRL between 45 mm and 80 mm in Japan, Korea, 
and Brazil, respectively.[11-13] Our reported median value 
was lower than the other reports.

The 95th NT thickness percentiles have been reported to 
be 2.1-3.2 mm, 2.14-2.3 mm, 1.57-2.10 mm, 1.00-2.90 mm, 
and 1.84-2.35 mm for a CRL between 45 mm and 80 mm in 
Japan, Korea, Brazil, Thailand, and China, respectively.[11-15] 
Our results were similar to the reported reference value 
range of Brazil.[13] Although there was no report from the 
Eastern Mediterranean region in this field, the values were 
not similar to the values reported from the Asian countries.

Reported variations in the index measurements in the 
different studies might have been due to factors such as 
radiologist experience, quality of the ultrasound, method of 
measurement, and an inappropriate fetal and nuchal cord 
position. In addition, as mentioned by Kor-anantaku et al. in 
Thailand some investigators have considered the average of 
two or three measurements of NT thickness, whereas others 
considered the largest measurement.[14] 

There are controversial reports regarding the impact of 
ethnicity on NT thickness values and its utility for screening. 
Thilaganathan et al. have investigated the possible role 
of ethnicity on NT screening and concluded that the 
reported differences could not have a significant impact in 
this regard.[24] Many other studies have also showed that 
ethnic differences in NT measurements are not clinically 
significant, especially when it used for screening of Down 
syndrome.[17,24,25] However, it seems that using ethnic-
specific reference values of NT thickness could help us in the 
first trimester screening programs mainly for chromosomal 
abnormality, especially when they are integrated with other 
ultrasonographic and biochemical measurements. 

In this study using the single cutoff value of 2 mm, 5.5% 
of the studied pregnant women were considered to have 
high-risk pregnancy and after using our obtained reference 

value the rate decreased to 3.6%. Thus, it seems that using 
normative values of NT thickness is more useful for the 
first trimester screening and it could optimize the screening 
results by reducing false positive cases.

In addition, there was significant association between 
performing the amniocentesis procedure and detection of 
chromosomal abnormalities among women with increased 
NT thickness.

The advantage of the current study was a larger sample size 
of enrolled pregnant women.

The limitation of the current study was that we did not 
determine the sex-specific reference value of 95th percentiles 
of NT and its association with both chromosomal and 
nonchromosomal abnormalities. We followed up only 
pregnant women with increased NT thickness and did not 
determine the frequency of the mentioned abnormalities in 
pregnant women with normal NT. It was due to the reason 
that follow-up of that large a sample size was not assessable 
in the framework of the current study. In addition, we 
enrolled the patients who were referred to a single referral 
radiologic center, which could not be a representative 
sample of the whole population. It is suggested that the 
large sample size of the studied population could partially 
alleviate the abovementioned limitation.

Further, the planning of further studies that also determine 
the 99th percentile values of NT thickness is recommended 
because recent studies demonstrated that chromosomal and 
nonchromosomal abnormalities are mainly associated with 
the 99th percentile value of NT thickness.[7]

The results of our study indicated the reference value of NT 
thickness in a large sample size of Isfahani pregnant women. 
The obtained reference range in our studied population was 
different from that reported for other ethnic groups and 
it is suggested that using this values are more favorable 
for screening of chromosomal abnormalities during the 
first trimester of pregnancy than the recommended single 
cutoff value. The relation between increased NT thicknesses 

Table 4: Distribution of chromosomal and nonchromosomal abnormalities in pregnant women with NT thickness >95th 
percentile according to their GA in total and among those with and without amniocentesis
Variables Pregnant women with NT‡ thickness >95th Percentile according to their GA†

With amniocentesis n = 31 Without amniocentesis n = 26 Total n = 57
Chromosomal abnormalities 14 0 14
Nonchromosomal abnormalities 7 5 12
Cardiac 6 2 8
Genitourinary or renal abnormalities 0 1 1
Diphragmatic hernia 1 0 1
Spontaneous abortion 0 1 1
Intrauterine fetal death 0 1 1
†GA: GA = Gestational age; ‡ NT: Nuchal translucency
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with chromosomal abnormalities also confirms its utility. 
The results of the current study could be used as baseline 
information for other follow-up studies and designing first 
trimester screening programs.
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