
Introduction

The rapid development of medical sciences has

changed the reasons of perinatal and neonatal

mortality and morbidity. However, the frequency

of fetal malformations and genetic syndromes still

remains at the same level of 3%. About 30% of all

malformations are of genetic origin. They can be

caused by chromosomal aberrations, single

mutations or multifactor inheritance. The structural
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Abstract. The aim of the study was to develop an early ultrasound diagnostic schema for the determination

of increased risk for fetal chromosomal aneuploidies. The study was conducted on a population of 1318 pregnant

women divided into 2 groups: 1255 women with the normal course of pregnancy and 63 women with diagnosed

fetal abnormalities. There were 34 cases of chromosomal abnormalities (trisomy 21, 18, 13; triploidy; unbalanced

inversion 9; deletion 16) and 29 cases of structural malformations. The estimation of the range of normal values

was performed for the nuchal translucency (NT) measurement between 11 and 13 weeks and the nasal bone length

(NB) measurement between 12 and 20 week. The results obtained in the collective set of normal pregnancies

constituted the basis for the calculation of the range of normal values. The measurements of NB and NT showed a

linear value increase with the pregnancy course. The following test characteristics (correlation to CRL) were

recorded: NB – sensitivity 60%, specificity 98%, positive predictive value (PPV+) 43%, negative predictive value

(NPV-) 98.9%. For the assumption that the test outcome means the presence or absence of the nasal bone in the

ultrasound scan the sensitivity was 40%, but specificity 100%; NT – sensitivity 63.6%, specificity 98.2%, PPV+

38.9%, NPV – 98.2%; NT + NB – presents similar characteristic to the NB or NT alone – sensitivity 55.6%,

specificity 98.6%, PPV+ 50%, NPV – 98.9%. The following test characteristics for chromosomal aberration

markers (correlation to BPD) were observed: NB – sensitivity 68.4%, specificity 97.4%, PPV+ 56.5%, NPV –

98.4%; NT – sensitivity 73.9%, specificity 97.9%, PPV+ 54.8%, NPV- 99.2%; NT + NB - sensitivity 94.7%,

specificity 98.9%, PPV+ 90%, NPV – 99.7%, respectively. The “genetic sonogram” protocol for the structural

defect detection was analysed: sensitivity was 80%, specificity 100%, PPV+ 100%, NPV – 99.7%. It is concluded

that the new biometric parameter – nasal bone length (NB) and the corrected one – nuchal translucency thickness

(NT) are useful markers for fetal abnormalities, especially for chromosomal aberrations. High predictive values

of the diagnostic schema for the detection of aneuploidies and structural defects indicate that its application

in correlation with the biparietal diameter (BPD) is highly recommended. The proposed schema is an effective

algorithm for prenatal diagnostics characterised by high prognostic values. The possible introduction of the

schema could result in a decrease of the invasive procedure rates, which could minimise the rate of miscarriages

as a complication of amniocenteses.
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malformations occur at various stages of the fetal

development. Therefore the feature and degree of

the abnormality depend on the time of exposition

to harmful teratogenic factors. The risk of

developing a chromosomal aberration, such as

trisomies, increases with the advancing age

of the pregnant woman. The most common

chromosomal aberration is trisomy 21 (Down

syndrome 1/600-1/700 of live births).

The consequences of the additional autosome in the

21 chromosome pair are: characteristic features of

the face, heart defects and mental handicap. Other

chromosomal abnormalities, such as the Edwards

syndrome (trisomy 18), Patau syndrome (trisomy

13) and triploidy are connected with a high rate

of intrauterine and postnatal mortality, severe

growth restriction and multiple structural defects.

During the last three decades great progress

was made in the ultrasound diagnostics of fetal

abnormalities. Chromosomal abnormalities are

mostly associated with multiple morphological

defects of the fetus. Many protocols of genetic

sonograms are proposed and used (Benaceraff

et al. 1985, Vintzileos et al. 1997). There was

a need to find ultrasound features characterised

by a strong prognostic value for the detection

of chromosomal aberrations. The first observation

about a specific thickening of the nuchal fold

in case of trisomy 21 was reported by Benaceraff

et al. (1985). Numerous studies in the next years

confirmed this observation and suggested shifting

of nuchal thickness measurement to the first

trimester (Nicolaides et al. 1992; Szabo et al.

1990). Multicentre studies in low-risk populations

gave the evidence of about 77% sensitivity (with

5% false positive results) of the detection of

chromosome abnormalities (Pajkrt et al. 1998;

Snijders et al. 1998). The reasons for nuchal

thickening are: heart defects, a narrowing of the

aortic isthmus, abnormal development of

lymphatic vessels and the jugular vein, as well as

changes in the matrix composition of the

connective tissue. The last factor is very specific

to trisomy 21 because genes encoding collagen

synthesis are located on this chromosome

(von Kaisenberg et al. 1998). The flat face with

a small nose (Langdon Downs observation) were

associated with morphological observations of

the delayed skeletal development in trisomic

fetuses (Keeling et al. 1997; Stempfle et al. 1990).

The reason for this is the already described change in

the composition of the extracellular matrix which

affects the ossification process. In recent years

several publications have been published on a

possible application of the nasal bone

measurement for trisomy detection (Cicero et al.

2001; Bromley et al. 2002). However, the authors

emphasized the need of the unification of

ultrasound measurement methods because of the

different results obtained by various centres

(Orlandi et al. 2003). The assessment of the

prognostic value of nasal bone measurement as

one of the main aneuploidy markers seems to be

a significant aim. Moreover, it is very important to

estimate standard values of the studied parameters

(nasal bone, nuchal translucency in reference to

biometric data – CRL and BPD) for each

population.

The aim of this study was to develop

a diagnostic schema for the determination of an

increased risk of fetal chromosomal aneuploidies

in the first half of pregnancy. The schema was

based on ultrasound measurements of the nuchal

translucency (NT) between 11 and 13 weeks and

of the nasal bone (NB) between 12 and 20 weeks

of pregnancy.

Material and methods

The study was carried out in the period of
2000–2003 at the Institute of Gynaecology and
Obstetrics, Medical University of £ódŸ. A group
of 1318 pregnant women was selected from
among outpatients and patients who were
hospitalised at the Institute during their
pregnancy. Women were divided into 2 groups:
1255 with a normal course of pregnancy and 63
with diagnosed fetal abnormalities. There were 34
cases of chromosomal abnormalities (trisomy 21,
18, 13; triploidy; unbalanced inversion 9; deletion
16) and 29 cases of structural malformations.
Ultrasound scans were performed with a Hitachi
EUB 525 LI digital scanner with a 10x zoom
function, which increases the precision of
measurements to 0.1 mm. The estimation was
performed of the range of normal values for
nuchal translucency (NT) and nasal bone length
(NB) measurements between 11 and 20 weeks
(in reference to biometric parameters – CRL and
BPD).

The investigations were carried out using

the following schema:

1. Crown-rump length of the fetus (over 45 mm)

was measured as an inclusion criterion for

the study. The measurements of nuchal translu-
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cency was performed following the standards of

Nicolaides and of the nasal bone following the

method published by Cicero.

2. At the first phase of the study we estimated

normal values of the examined population.

3. In case of a positive result, the invasive diagnos-

tics (amniocentesis) was performed. Amniocente-

sis was carried out during the ultrasound real-time

visualisation. Amniotic fluid cell cultures were

used for karyotyping.

The pregnant women remained under

observation until delivery. Then, the newborns

underwent a detailed examination at the Neonatology

Department of the Institute.

The research project was approved by

the Scientific Research Ethics Committee.

Results

The age of the women in the studied population

was between 16 and 47 years. There were

significant differences between women’s age in

the control and the experimental groups. In the

control group, there were 11% pregnant women

over 35 years of age, but in the group with

chromosomal aberrations there were 37% of the

older mothers. The percentage of the Down

syndrome group in the overall Polish population

of pregnant women is 0.15% and in the studied

population it was 1.4%. It results from the

investigations being carried out at the regional

centre for obstetrics (University Hospital).

The characteristics of the investigated methods

were calculated for the risk cut-off point of 1:200

because the same risk level is associated with

invasive diagnostic procedures. In 2 cases,

the Down syndrome remained undetected until

delivery (false negative outcomes).

The results obtained in the group of normal

pregnancies constituted the basis for the

calculation of the range of normal values. Normal

values were calculated for ultrasound markers –

nasal bone length (NB) and nuchal translucency

(NT). The measurements of NB and NT showed

a linear increase accompanying the pregnancy

course.

1. The nuchal translucency measurement

correla- ted with CRL (38–85 mm) increased from

1.29 mm to 1.86 mm (Figure 1). The trend for the

nasal bone length, which increased from 1.88 mm

to 3.69 mm, was similar (Figure 2). Confidence

intervals for the measured parameters (normal

values) were also calculated. Taking into

consideration the pathology of fetal abnormalities,

cut-off points for the markers were calculated. The

following test characteristics, correlating with

CRL, were obtained:

– nasal bone NB – sensitivity 60%, specificity

98%, positive predictive value (PPV+) 43%,

negative predictive value (NPV–) 98.9%.

Assuming that the test outcome means

the presence or absence of the nasal bone in

the ultrasound scan, sensitivity was 40%, but

specificity 100%,

– nuchal translucency NT – sensitivity 63.6%,

specificity 98.2%, PPV+ 38.9%, NPV– 98.2%.

– NT + NB – presents a similar characteristic to

the NB or NT alone – sensitivity 55.6%,

specificity 98.6%, PPV+ 50%, NPV– 98.9%,

respectively.

2. Normal values of the markers in correlation

with the biparietal diameter BPD (20–55 mm)

were observed as follows: nuchal translucency NT

from 1.62 mm increases to 2.87 mm (Figure 3), na-

sal bone length NB from 2.52 mm to 7.29 mm

(Figure 4). The linear increase of the nasal bone

length was more dynamic than that of nuchal

translucency thickness. The following test

characteristics of chromosomal aberration

markers (correlation with BPD) were obtained:

– nasal bone NB – sensitivity 68.4%, specificity

97.4%, PPV+ 56.5%, NPV– 98.4%,

– nuchal translucency NT – sensitivity 73.9%,

specificity 97.9%, PPV+ 54.8%, NPV– 99.2%.

NT + NB – sensitivity 94.7%, specificity 98.9%,

PPV+ 90%, NPV– 99.7%, respectively.

In the test characteristic calculations the

biometric parameters for the determination

of gestational age were used because of their

higher precision. This was particularly clear when

nasal bone length was analysed. The growth of the

fetal nasal bone is fast and the values from the start

to the end of the same week differ substantially.

It could lead to a greater number of false results

of the test.

On the basis of the obtained results and

the evaluation of epidemiological data in Poland

a statistical extrapolation was performed on

the overall population of pregnant women.

The characteristics of the integrated test

(correlated with BPD) for the detection of

chromosomal aberrations were calculated: PPV+

21.2% and NPV– 99.99%. The prognostic values

showed that every fifth amniocentesis could

confirm an aneuploidy. If the screening method

remains unchanged (amniocentesis performed

in all women over 36 years of age), then PPV+ will
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Figure 1. Nuchal translucency thickness (NT) correlated with crown-rump length (CRL) measured between 11

and 13 week of pregnancy (controls – 600 cases, Down syndrome – 8 cases, structural abnormalities – 3)
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Figure 2. Nasal bone length (NB) correlated with crown-rump length (CRL) measured between 11 and 13 week

of pregnancy (controls – 600 cases, Down syndrome – 7 cases, structural abnormalities – 3)
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Figure 3. Nuchal translucency thickness (NT) correlated with biparietal diameter (BPD) measured between 14

and 20 week of pregnancy (controls – 655 cases, Down syndrome – 10 cases, structural abnormalities – 13)
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Figure 4. Nasal bone length (NB) correlated with biparietal diameter (BPD) measured between 14 and 20 week

of pregnancy (controls – 655 cases, Down syndrome – 9 cases, structural abnormalities – 10)



be 0.9% – which means that 1 in 100

amniocenteses will detect a chromosomal

aberration.

Basing on the obstetrical data for the Polish

population in 2002 it was found that there are

approximately 20 000 pregnant women aged

over 36. Taking into consideration the predictive

values, this schema of invasive diagnosis could

detect about 200 aneuploidies a year. However,

there would be a side effect of 100 miscarriages

resulting from this invasive procedure (0.5%).

The proposed diagnostic schema requires

performing of about 1000 amniocenteses to detect

200 aneuploidies, which would be associated with

only 5 miscarriages.

The ultrasound examination algorithm

(an integrated test containing NT and NB) is

characterised as non-invasive, highly predictive

and inexpensive. It could be introduced in the

overall population of pregnant women. Since

the number of pregnant women in 2002 was

349,000 and the frequency of chromosomal

aneuploidy in Poland is 0.3%, the suggested

schema would have made it possible to detect

1,000 such cases that year (sensivity of 94.7%).

The number of amniocenteses required would

have been 5,000 (PPV+ for the population

in Poland 21.2%).

Discussion

Giving birth to a child with a genetic defect

or a severe structural defect is not only a medical

problem; it is also a psychological burden for the

parents. Assuming that 97% foetuses develop

normally, the main advantage of an effective

schema of detecting genetic and structural defects

is providing pregnant women with psychical

comfort. Genetic counselling is also very

important for pregnant women, who are diagnosed

with fetal defects. Objective information prevents

emotional shock appearing in families burdened

with a child suffering from serious illnesses.

This information makes it possible to undergo

appropriate genetic and psychological counseling,

special treatment, as well as early rehabilitation.

Finding the aetiology of genetic or structural

defects is also important. This would make

it possible to estimate the risk of this defect

occurring in the next pregnancy.

The knowledge on the mechanisms of

pathogenesis of structural and genetic fetal defects

facilitates the development of effective screening.

Currently, a large diversity of applied investigative

methods is observed. Some European researchers

propose the transfer of the main prenatal diagnos-

tics to screening in the first trimester of pregnancy

(Brambati et al. 1995; Nicolaides et al. 1992;

Pajkrt et al. 1998; Snijders et al. 1998; Szabo et al.

1990). However, American authors prefer screen-

ing in the second trimester of pregnancy because

of its universal application and low costs

(Bromley et al. 2002; Kornman et al. 1996;

Malone et al. 2000; Nyberg et al. 2001). The uni-

form procedure has not been established yet and

the strategy for detecting defects of the fetus

is the object of thorough considerations (Gilbert

et al. 2001; Petrou et al. 2000).

In ultrasound investigations, the nuchal trans-

lucency as well as length nasal bone (Cicero) mea-

surements are most popular. They are independent

markers of fetal defects and are characterised by

different mechanisms of formation in various pa-

thologies of the fetus (Bromley et al. 2002; Cicero

et al. 2001; Cicero et al. 2003; Orlandi et al. 2003).

Nuchal translucency is caused by disorders

in body fluid dislocation in the upper half

of the corpus, as well as the accumulation of fluid

in the lymphatic subcutaneous tissue in

the suboccipital region. However, the length of the

nasal bone depends on the pace of its nucleus ossi-

fication. In case of nucleus ossification hypoplasia

of the nasal bone, it is difficult to visualise it in ul-

trasound examination.

The pathogenetic background and histo-

pathological image in correlation with ultrasound

and radiological visualization were introduced

in publications of Sandikcioglu et al. (1994);

von Kaisenberg et al. (1998); Keeling et al.

(1997); Stempfle et al. (1999); Minderer et al.

(2003).

A lack of correlation between these two

markers confirms the results of the conducted

investigations, where values of the described

parameters are very often independent of each

other. Because of that, they present lower

predictive values when calculated independently

than when they are calculated together. The ranges

of normal values were established based on

biometrical parameters. An analogous reason is

given by Nicolaides et al. (1999); Snijders et al.

(1998); Bewley et al. (1995); Braithwaite et al.

(1996); who changed the reference of the

measurement of nuchal translucency from age

of preganancy to fetal biometry in their

consecutive publications. American researchers

use the biparietal diameter as reference for
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the measurement of the length of the nasal bone

(Bromley et al. 2002; Lee et al. 2003; Vintzileos

et al. 2003).

Nasal bone length increases dynamically with

progress of gestation. Referencing this parameter

to gestational age lowers the accuracy

of examination. During the first trimester of

pregnancy, CRL is a biometrical parameter that

refers to ultrasound markers of the fetus.

BPD becomes a reference parameter at the end

of the first and at the beginning of the second

trimester. During this time of pregnancy, BPD

is compatible with gestational age calculated

using LMP. At this time of pregnancy, pressure of

an ultrasound probe does not affect the shape

of the fetal head, which is the case in the third

trimester (Bromley et al. 2002; Vergani et al.

1999).
Evaluation of nasal bone length measurement

has a lower predictive value in reference to CRL
than to BPD. This results from technical
difficulties of a proper ultrasound measurement
of NB. The nasal bone is of a smaller size during
11 and 12 week of pregnancy (from 1.88 to
2.52 mm).

Predictive values of nasal bone visualisations
were analysed and its presence or lack was taken
as a criterion for the first trimester of pregnancy.
Sensitivity of this examination was low (45%), but
positive and negative predictive values were high
(100% and 98.33%, respectively). Its low
sensitivity results from the fact that a lack of NB in
the ultrasound scan means its hypoplasia. Because
of this, after 12 week of pregnancy NB becomes
visible also when fetal defects are present, but it is
shorter in such cases (Cicero et al. 2001; Minderer
et al. 2003; Stempfle et al. 1999; Vintzileos et al.
2003).

A lack or presence of NB in the ultrasound scan

is a fetal defect marker until 12 week of

pregnancy. After 13 week of pregnancy, however,

the measurement of its length is more appropriate.

During this time, the predictive values of NB

length in correlation with BPD are much higher

and comparable with those of NT.

It must be stressed, however, that the measure-

ment of nuchal translucency is characterised by

a higher sensitivity and specificity when used as

a single aneuploidy marker than measurements of

the nasal bone. The NT measurement is therefore

the most important part of an ultrasound examina-

tion, which main goal is the detection of

aneuploidy (genetic sonogram). Similar conclu-

sions are found in numerous publications, e.g.

in the results of multicenter research carried out

in Great Britain during the 1990’s by Nicolaides

et al. (1992, 1999). For both of the above-mentioned

parameters, the most important factor affecting pre-

dictive values of the examinations is their proper

performance. A good quality ultrasound scanner,

as well as professional training of doctors carrying

out the examination, is of crucial importance to

both of these parameters. The issue of ultrasound

examination standardization is very important for

the results obtained. In cases when methodologi-

cal requirements are not fulfilled, results of the ex-

amination are unreliable and may lead to seriously

wrong conclusions. This was proved by Cicero

et al. (2001); Braithwaite et al. (1996); Bunduki

et al. (2003); Nicolaides et al. (1999). The de-

scribed measurements are only reliable when an

appropriate practical training is followed by ful-

filling all methodological requirements. This con-

clusion is further confirmed by the presence of

training centres designed for genetic ultrasound

examinations, in particular nuchal translucency

and nasal bone measurements (Gilbert et al. 2001;

Wax et al. 2000).

The ultrasound test, designed for the detection

of defects, that includes the assessment of nasal

bone presence (+/–) and nuchal transluency

measurement is a standard in the first trimester of

pregnancy.

Markers of foetal aneuploidy that take advan-

tage of nasal bone measurement only, published so

far by both European (Cicero et al. 2001; Orlandi

et al. 2003) and American (Bromley et al. 2002;

Lee et al. 2003; Vintzileos et al. 2003) researchers

are comparable and consistent with the results of

this study.

The most effective test is one that combines

both markers (NT and NB) in relation to BPD and

is performed at the turn of the first and second tri-

mester of pregnancy. Sensitivity, specificity, posi-

tive and negative predictive value are all at least

90%. To obtain such good results it was crucial to

use two independent aneuploidy markers and

carry out the examination in the period of preg-

nancy that makes possible a precise ultrasound

measurement of both described structures. Two

articles were presented in international journals

that predicted a successful application of a test that

combines both above mentioned ultrasound pa-

rameters (Cicero et al. 2001; Cuckle et al. 2001).

It was observed that the best marker of

aneuploidy, and particularly the Down syndrome,

is the nuchal translucency measurement, though

its predictive value for other aneuplodies is lower.

This finding is confirmed by numerous reports
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presented in international literature on the crucial

role of nuchal translucency measurement as

a marker of trisomy 21 (Brambati et al. 1995;

Pajkrt et al. 1998; Snijders et al. 1998; Szabo et al.

1990).

In the case of nasal bone measurement, its

predictive value is distributed more evenly, not

reaching, however, such high values as nuchal

translucency.
The application of the proposed schema of

foetal abnormality detection for a general
population of pregnant women would result in
a lower number of invasive examinations
performed. Assuming that, as a result of the
introduction of the described algorithm for
non-invasive examinations, 1 000 cases of chro-
mosome aberrations are detected, it would be
enough to carry out only approximately 5 000
amniocentesis to confirm a genetic defect.
This number results from the previously
calculated positive predictive value of the
suggested non-invasive examinations for
the population of pregnant women throughout
Poland, which is 21.2%. The application of the
described algorithm would thus reduce
the number of invasive prenatal procedures in the
group of pregnant women with a higher risk of
foetal aneuploidy, which would result in a lower
number of miscarriages that result from the
invasive examinations being carried out.
The introduction of the described schema of
non-invasive examinations to the whole
population of pregnant women would
significantly decrease the number of invasive
procedures in the group of women over 36 years
old, which would result in a lower number of
complications that lead to pregnancy loss.
Nevertheless, the main advantage of the suggested
schema is calming down the mothers-to-be by
means of dispelling their doubts regarding proper
fetal development. Reduction of stress in 97% of
pregnant women with a normal course
of pregnancy would be of significant psychosocial
importance and it would undoubtedly increase the
level of planned parenthood.

Conclusions

1. The new biometric parameter – nasal bone

length (NB) and the corrected one – nuchal trans-

lucency thickness (NT) are useful markers of fetal

abnormalities, especially chromosomal aberra-

tions.

2. High predictive values of the diagnostic schema

for the detection of aneuploidies and structural

defects prove that its usage in correlation with the

biparietal diameter (BPD) is highly advisable.

3. The proposed schema is an effective algorithm

for prenatal diagnostics, characterised by high

predictive values.

4. The application of the diagnostic schema would

significantly decrease the invasive procedure

rates, which could minimise the number of

potential miscarriages as a complication

of amniocenteses.

5. The proposed test, characterised by a high

predictive value of fetal abnormalities, the low

cost of its performance and it being absolute safe

for the fetus, could be applied in the whole

population of pregnant women.
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