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Measurement of nasal bone length at 11–14 weeks
of pregnancy and its potential role in Down syndrome
risk assessment
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ABSTRACT

Objectives To assess the feasibility of measuring nasal
bone length in first-trimester pregnancy and to confirm if
the absence of a fetal nasal bone is a marker for Down
syndrome.

Methods Fetal nasal bone assessment was attempted in
1089 consecutive singleton pregnancies between 11 and
14 weeks’ gestation. All ultrasound examinations were
performed transabdominally in three separate centers.
If the nasal bone was present, nasal bone length was
measured.

Results Nasal bone assessment was successfully achieved
in 1027 of 1089 (94.3%) ultrasound examinations.
Within this group nasal bone was absent in 10 of
1000 (1.0%) unaffected cases, 10 of 15 (66.7%) Down
syndrome cases and 5 of 12 (41.7%) cases with other
pathological conditions. Regression analysis showed a
significant increase (P < 0.0001) in nasal bone length
from 2.48 mm at a crown–rump length of 45 mm
to 3.12 mm at a crown–rump length of 84 mm. The
nasal bone length in the five cases of Down syndrome
in which the nasal bone was present was less than
the median measurement of unaffected cases. Using
modeling, the combination of nasal bone with maternal
age, nuchal translucency, free beta-human chorionic
gonadotropin (hCG) and pregnancy associated plasma
protein-A (PAPP-A) achieved a detection rate of 95%
with a false-positive rate of 2.9%. At a fixed 1% false-
positive rate, the detection rate was 91%.

Conclusions Absence of the nasal bone can be used as
a marker for Down syndrome in the first trimester of
pregnancy. Inclusion of the nasal bone in the current

first-trimester screening protocol along with nuchal
translucency, free beta-hCG and PAPP-A can achieve
high detection at a very low false-positive rate. Large
datasets are needed to confirm whether the measurement
of nasal bone length provides additional benefits beyond
the assessment of the presence or absence of the nasal
bone. Copyright  2003 ISUOG. Published by John
Wiley & Sons, Ltd.

INTRODUCTION

First-trimester Down syndrome screening using a combi-
nation of nuchal translucency, free beta-human chorionic
gonadotropin (hCG) and (pregnancy-associated plasma
protein-A) PAPP-A has become common practice in many
centers throughout the world. Such screening can detect
approximately 90% of Down syndrome cases with a
false-positive rate of 5%1–11. The recent report by Cicero
et al.12 in which absence of the fetal nasal bone in the first
trimester of pregnancy was observed in 73% of Down
syndrome cases and in only 0.5% of unaffected cases is
suggestive of the potential to further improve the perfor-
mance of first-trimester screening. Projections based on
the data of Cicero et al.12 indicate that the inclusion of
the nasal bone in first-trimester Down syndrome screening
could result in a detection efficiency as high as 98%13.

The nasal bone may be absent in first-trimester cases
of Down syndrome due to delayed ossification. We
hypothesized that in Down syndrome cases in which
the nasal bone is present in the first trimester, it may be
hypoplastic. Therefore, we conducted a multicenter trial
to determine if the measurement of nasal bone length
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could improve the effectiveness of this marker and to
confirm the findings of Cicero et al.12.

METHODS

From February 2002 to April 2002 nasal bone assessment
was evaluated in 1089 fetuses at 11–14 weeks of
pregnancy (crown–rump length (CRL), 45–84 mm) in
three separate centers (Turin, Palermo and Amsterdam).
The ultrasound examinations were conducted by five
sonographers in Turin, by two sonographers in Palermo
and by one sonographer in Amsterdam. In Palermo and
Turin, the nasal bone measurement was conducted as
part of routine first-trimester Down syndrome screening.
In Amsterdam, the evaluation was performed mainly in
patients referred for prenatal diagnosis. The result of the
nasal bone measurement was not included in the clinical
assessment of Down syndrome risk but was recorded for
retrospective analysis. Patients were not counseled about
the nasal bone results.

Karyotyping was performed by chorionic villus sam-
pling (CVS) or amniocentesis or was obtained postnatally.
Prenatal diagnostic testing was performed if the patient
was at increased risk for Down syndrome (nuchal translu-
cency, free beta-hCG and PAPP-A in Palermo or nuchal
translucency only in Turin and Amsterdam). In addition,
some patients had requested a diagnostic procedure based
on maternal age or anxiety.

As part of the ultrasound examination for nuchal
translucency, an additional 3–4 min was allowed for
nasal bone assessment. For the nasal bone measurement a
mid-sagittal view of the fetal face profile was obtained
transabdominally with the beam of the ultrasound
transducer perpendicular to the nasal bone. A precise
midline view was obtained so that the nasal bone appeared
as a thin echogenic line. In addition, the ultrasound
transducer was tilted from side to side to ensure that the
skin was seen separate from the nasal bone. An insonation
angle of approximately 45◦ to the fetal face was used to
ensure that the nasal bone would not falsely appear to be
absent. The nasal bone measurement was made by placing
the calipers in the out-to-out position (Figure 1).

Figure 1 Ultrasound image showing measurement of nasal bone
length with calipers in the out-to-out position.

A regression formula for measurable nasal bones was
calculated to determine the growth rate of nasal bone
length vs. CRL. The regression formula was then used to
convert each patient’s nasal bone length to a multiple of
the median (MoM) value. To determine likelihood ratios
for nasal bone MoMs, results were grouped into three
separate categories: ‘absent’, ‘small’ (present but ≤ 10th

percentile of the unaffected cases) and ‘within range’
(those > 10th percentile). The likelihood ratios were then
calculated by dividing the percentage of Down syndrome
cases in each category by the percentage of unaffected
cases in that category. Down syndrome risks were then
calculated by multiplying these likelihood ratios by the
patient’s a priori risk based on gestational and maternal
ages.

To assess the usefulness of the nasal bone in a multiple-
marker screening protocol we used a random number
generator to assign to each patient one of the three nasal
bone length categories described above. The assignment
was based on the observed percentage of Down syndrome
and unaffected pregnancies within each nasal bone length
category. A new likelihood ratio based on the combination
of nasal bone, delta-nuchal translucency, free beta-hCG
and PAPP-A was then calculated by multiplying the
randomly generated nasal bone likelihood ratio by the
observed likelihood ratio from 4953 unaffected and
29 Down syndrome cases between 11 + 1 weeks and
13 + 6 weeks’ gestation from our previous prospective
study on nuchal translucency, free beta-hCG and PAPP-
A7. The modified likelihood ratios were then modeled
using the maternal age distribution of live births in the
United States to determine the false-positive rate and the
detection rate. The model procedure was repeated 100
times and the median false-positive and detection rates
determined.

RESULTS

Nasal bone evaluation was successful in 1027 of 1089
(94.3%) ultrasound examinations. Among the group in
which the nasal bone was successfully evaluated, there
were 1000 unaffected fetuses, 15 Down syndrome cases
and 12 with other pathological conditions (three trisomy
18, two trisomy 13, three Turner syndrome, one trisomy
18 mosaicism, one duplication of chromosome 5, and
two other fetuses with a very large nuchal translucency,
normal karyotype and intrauterine fetal death within
a few days from the first ultrasound examination).
Table 1 summarizes the unaffected and Down syndrome
cases. There was a statistically significant difference in
maternal age (P < 0.0001) and delta-nuchal translucency
(P < 0.0001) but not in CRL (P = 0.8865) between the
unaffected and Down syndrome groups.

The nasal bone was absent in 10/1000 (1.0%; 95%
CI, 0.5–1.8%) unaffected cases, 10/15 (66.7%; 95% CI,
38.4–88.2%) Down syndrome cases, 2/2 (100%) cases
of intrauterine fetal death, 2/3 (66.7%) cases of trisomy
18, 1/2 (50.0%) cases of trisomy 13, 0/3 (0.0%) cases
of Turner syndrome, and 0/2 (0.0%) cases with other
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Table 1 Mean (SD) of other screening variables in unaffected and
Down syndrome cases

Variable
Unaffected

cases
Down

syndrome cases P*

Maternal age (years) 31.7 (4.00) 36.5 (4.09) < 0.0001
CRL (mm) 62.17 (8.089) 62.45 (9.775) 0.8865
Delta-NT (mm)† 0.01 (0.498) 3.04 (2.241) < 0.0001

*Mann–Whitney U-test. CRL, crown–rump length; NT, nuchal
translucency. †Delta-NT is defined as the difference between the
measured NT and the median NT for the same gestational age.

chromosomal abnormalities. Amongst both the affected
and unaffected cases with present nasal bone there was
only one case with a nasal bone length < 1.5 mm.

Using the unaffected cases with measurable nasal
bone, a regression line was calculated (Figure 2).
The regression line (nasal bone = 0.5998 × CRL0.3721)

showed a significant positive slope (P < 0.0001) with
increasing CRL. As the CRL increased from 45 to
84 mm, the nasal bone showed an increase from
2.48 mm to 3.12 mm, a 25.8% increase. The 10th,
50th and 90th percentiles of nasal bone length MoMs
were 0.80, 1.01 and 1.24, respectively. The median
MoM was 0.94 in Palermo, 1.06 in Turin and
0.84 in Amsterdam. The difference in medians was
significant (P < 0.001, Kruskal–Wallis test). Spearman’s
rank correlation coefficient in unaffected cases was 0.08
(P = 0.009) between nasal bone MoM and delta-nuchal
translucency and it was 0.05 (P = 0.13) between nasal
bone MoM and maternal age. All five Down syndrome
cases with present nasal bone had a nasal bone length
< 50th percentile.

The likelihood ratios for absent, small and within-
range nasal bone results were 66.667, 1.347 and 0.224,
respectively. Using these likelihood ratios, a 4.8% (95%
CI, 3.6–6.3%) false-positive rate and an 80% (95% CI,
51.9–95.7%) detection rate was observed at a cut-off risk
of 1/250 for the nasal bone plus maternal age cut-off.
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Figure 2 Nasal bone length in 1027 first-trimester fetuses. Fetuses
with absent nasal bone are shown at 0.1 mm and below. The solid
line indicates the median and the dotted lines are the 10th and 90th

percentiles of nasal bone length. ž, unaffected; �, Down
syndrome; �, trisomy 18; ×, trisomy 13; ◊, Turner syndrome; +,
other chromosomal abnormality; ∗, intrauterine fetal death.

Table 2 Projected screening results using maternal age plus nasal
bone, nuchal translucency, free beta-human chorionic gonadotropin
(beta-hCG) and pregnancy-associated plasma protein (PAPP-A)

Risk cut-off
False-positive

rate (%)
Detection
rate (%)

1% false-positive rate 1.0 91
35-year-old risk* 2.9 95
5% false-positive rate 5.0 98

*Risk for a 35-year-old woman at 12 weeks’ gestation is 1/250.

Table 2 shows the false-positive rate and detection
efficiency for the first-trimester Down syndrome screening
protocol using maternal age plus the combination of nasal
bone, nuchal translucency, free beta-hCG and PAPP-A.
At a 1/250 cut-off, the model indicated a false-positive
rate of 2.9% and a detection rate of 95%. Using a fixed
1% false-positive rate, the detection rate was 91% while
at a 5% cut-off the detection was 98%.

DISCUSSION

Our results demonstrate that it is possible to visualize and
measure by ultrasound the fetal nasal bone between 11
and 14 weeks of pregnancy. In 66.7% (10/15) of trisomy
21 fetuses and in 1% (10/1000) of those unaffected the
nasal bone was not visible at the 11–14-week scan.
The nasal bone was also absent in 5/12 fetuses with
other pathological conditions. These data confirm the
finding of Cicero et al.12 that absence of the nasal bone at
11–14 weeks is a marker for Down syndrome.

There are several technical issues regarding the
assessment of the nasal bone that must be addressed prior
to implementation of this marker in a Down syndrome
screening program. First, the ultrasound machine must
be of sufficient quality to produce a clear image of the
nasal bone and care must be taken to evaluate the nasal
bone in cases in which the fetal position or the patient’s
body mass causes a loss of ultrasound image quality.
Second, the angle of insonation between the ultrasound
beam and the longitudinal axis of the nasal bone should
be 45◦ since even small changes in this angle can cause
misinterpretation of the presence of the nasal bone. Third,
care must be taken to distinguish between the echo
produced by nasal skin and that of nasal bone. Fourth,
since there was a significant difference in nasal bone
echogenicity among different patients, care must be taken
to visualize the nasal bone in cases in which its appearance
is only that of a very thin line. Fifth, several attempts to
visualize the nasal bone must be undertaken to ensure that
the nasal bone really is absent. Finally, the data suggest
that there may be differences in measuring technique. The
data showed that there was a significant difference in the
median nasal bone length between the three centers. The
data were also significantly different from the data of
Cicero et al.14 which showed a median nasal bone length
of 1.3–2.1 mm for a CRL between 45 and 84 mm, but
they were similar to the data of Sonek et al.15 showing
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a median nasal bone length of 2.3–3.1 mm prior to
14 weeks. Therefore, it is imperative that sonographers
undergo a standardized training regimen and participate
in quality assessment programs prior to implementing this
marker into clinical practice.

The mechanism that results in delayed ossification
of the nasal bone is unclear. We hypothesized that in
some cases of Down syndrome the nasal bone could
be present but hypoplastic. Recent data show that this
is the case in the second trimester16. Our data show
that in the five cases of Down syndrome with present
nasal bone, all measurements fell below the gestational-
age-specific median supporting our hypothesis. Larger
datasets are needed to confirm this result and to develop
an algorithm to use nasal bone length as a quantitative
marker. The addition of the quantitative measurement to
the qualitative assessment of present/absent may improve
the screening efficiency of this test.

Larger studies on low-risk populations are needed to
confirm our data and to assess whether the measurement
of nasal bone length provides additional benefits beyond
the assessment of the presence or absence of the nasal
bone.
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