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first-trimester ultrasound assessments, yet reporting inconsistencies can affect prognostic
outcomes. This study aims to investigate the impact of reporting the presence or absence
of the nasal bone on Down syndrome prognosis in a cohort of pregnant women.

Methods: A prospective study was conducted involving women undergoing contingent
prenatal screening during the first trimester. Participants with documented present NB
were classified as having unknown NB, while those with unknown reports were treated
as having present NB. The risk of Down syndrome was assessed using Benetech-PRA
software, and all flagged cases were monitored postpartum to evaluate outcomes.

Results: Of the fetuses assessed, only 5% were diagnosed with Down syndrome.
Approximately 7.3% of sonographers reported unknown NB, which was associated
with a false-positive screening rate of 16+1%. The findings indicate that NB reporting
significantly influences prognostic outcomes, particularly in cases where the NB status
is unclear.

Conclusion: Accurate examination and reporting of the nasal bone are critical for
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Introduction

ongenital anomalies are significant
contributors to neonatal mortality,
disability, childhood health issues,
and long-term morbidity, as reported
by the World Health Organization
(WHO). Among these conditions, Down syndrome
(trisomy 21) is one of the most prevalent congenital
anomalies, occurring in approximately 1 in every
700 to 1,000 live births (1) . Unlike many congenital
disorders, Down syndrome allows for survival beyond
birth; however, it is associated with a range of serious
medical complications. These challenges not only affect
the health and quality of life of individuals with Down
syndrome but also impose substantial economic and
emotional burdens on families and society at large(2) .

Several laboratory tests and sonographic screenings
are employed to detect and assess chromosomal
abnormalities in the first trimester of gestation. Key
markers include the measurement of the nasal bone
(NB), nuchal translucency (NT), and serum biomarkers
such as free B-human chorionic gonadotropin (free
B-hCG) and pregnancy-associated plasma protein-A
(PAPP-A), typically assessed between 11 and 13 weeks
plus 6 days of gestation. Studies indicate that these
screening methods achieve detection rates exceeding
80%, accompanied by a false-positive rate ranging from
3% to 10% (3, 4).

Notably, hypoplasia of the nasal bone is correlated
with trisomy 21, both prenatally and postnatally.
Sonographic studies reveal that approximately 64% to
67% of fetuses diagnosed with trisomy 21 exhibit either
a shortened or absent nasal bone in their ultrasound
reports. This association underscores the importance
of accurate sonographic evaluation in early prenatal
screening for chromosomal abnormalities (5). At
six weeks of gestation, the nasal bone (NB) begins to
develop from aggregations of neural crest cells and
undergoes  ossification through intramembranous
processes. Initially, the NB forms as two distinct
structures separated by a gap that progressively narrows
as pregnancy advances. Despite this gap’s presence
early in gestation, it does not impede the ability to
differentiate between the absence and presence of the
nasal bone during prenatal sonographic examinations
(6, 7). By 11-14 weeks of gestation, the NB is not
visible in sonographic assessments in less than 1% of
chromosomally normal fetuses, while approximately
70% of fetuses with trisomy 21 exhibit absent nasal bones
(8, 9) . Consequently, many sonographers report either
absent or unknown NB findings in their evaluations. The
implications of these reporting practices are significant,
as various parameters including NB reports, serum
markers, gestational age, and maternal age are integrated
into prenatal prognosis software tools (10) .Inaccuracies
in NB assessments can adversely affect congenital
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anomaly outcomes, leading to false-positive results that
may induce unnecessary anxiety for expectant mothers
and prompt invasive prenatal diagnostic procedures (9) .

The primary objective of this study was to determine
the diagnostic accuracy of incorporating NB assessment
as a secondary ultrasound marker alongside NT, free
B-hCG, and PAPP-A in first-trimester screening for
trisomy 21, using data from a prospective cohort of
pregnant women in Northeast of Iran. Specifically, we
aim to evaluate how NB reporting influences overall
screening efficacy, including detection rates and false-
positive rates, in this regional population.

Materials and Methods

A prospective study was conducted from March
2021 to March 2022 involving 5,449 women referred to
the Genetic Foundation of Khorasan Razavi (GFKR) for
contingent prenatal screening during the first and second
trimesters of gestation. Comprehensive data were
collected from all participants, including maternal age,
gestational age, smoking status, blood grouping, medical
history (including conditions such as hypertension,
thyroid disorders, and diabetes), history of in vitro
fertilization (IVF), previous abortions (spontaneous
versus induced), and ultrasonography findings (NT
and NB visibility). The inclusion criteria specified
women with a gestational age between 11 weeks and
6 days to 13 weeks, while those with a gestational age
exceeding 14 weeks were excluded from the study. This
research adhered to the ethical standards set forth by
the Iranian Ministry of Health and Medical Education
regarding human experimentation and was conducted in
accordance with the principles outlined in the Helsinki
Declaration. All participants provided informed consent
prior to their inclusion in the study.

Blood samples were collected in first trimester of
gestation for serum biomarkers (double marker tests)
analysis. The first trimester serum biomarkers are
maternal free B-hCG and PAPP-A serum levels. For this
purpose, free B-hCG and PAPP-A were measured using
Electro chemiluminescence assay (ECL) by Cubase
E411, (Roche Germany), according to the manufacturer’s
instructions (Gene med Biotechnologies, South San
Francisco, CA, USA). NB examination was performed
in ultrasonography clinic by medical sonographers.

A risk of Down syndrome was calculated using
Benetech-PRA  software (version: 3.3, Benetech
company, Canada) based on information obtained
from PAPP-A and B-hCG serum levels and pregnant
women information. The prognosis was conducted
according to the software instructions. The threshold
for determination of Down syndrome risk in the first-
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trimester screening tests was accepted to be 1:270, as
per the standard cutoff in Benetech-PRA for identifying
high-risk cases equivalent to the age-related risk of
trisomy 21 in a 35-year-old woman, and any women
who had a risk greater than the established cutoff were
considered high-risk for Down syndrome. Then, to
evaluate the impact of potential misclassification in
NB reporting on Down syndrome risk estimation, we
conducted a sensitivity analysis by inverting the NB
status in the Benetech-PRA software. Specifically, for
women with ultrasound reports indicating a present
NB, we reclassified it as “unknown”; conversely, for
those with “unknown” NB reports, we reclassified
it as “present.” The Down syndrome risk was then
recalculated for these simulated scenarios to compare
outcomes against the original classifications and assess
the effect on congenital anomaly screening results.

For further examination, all high-risk cases underwent
amniocentesis for confirmation of Down syndrome
during pregnancy. Additionally, to ensure completeness,
contact was made with mothers postpartum, and in cases
of suspected or diagnosed affected infants, karyotype
results were requested and reviewed.

Statistical analyses were performed using SPSS v.16

(SPSS Inc, Chicago, IL, USA), employing the Shapiro-
Wilk test for normality assessment and Levene’s test
for variance homogeneity; categorical variables were
evaluated via chi-square test, while continuous variables
underwent independent t-tests or Mann-Whitney U tests
for group comparisons and paired t-tests or Wilcoxon
signed-rank tests, with statistical significance set at P <
0.05.

Results

Among 5,449 pregnant women referred to the
GFKR, 72.6% (3,958/5,449) were in the first trimester
of gestation, and 27.4% (1,491/5,449) were excluded
due to gestational age exceeding 14 weeks. The
demographic data were summarized in Table 1. Key
findings include a mean maternal age of 28 + 0.5 years,
gestational age of 12 weeks £ 5 days, mean free p-hCG
level of 44.5 + 4 ng/mL, mean PAPP-A level of 9.69
+ 0.85 pug/mL, and low prevalence of risk factors such
as positive Down syndrome history (0.1%), IVF (0.9%),
and twin pregnancies (1.9%).

Serum double markers were performed on 3958
pregnant women who were in first trimester of gestation.
The mean free p-hCG and PAPP-A serum levels of
patients were 44.62+4 and 9.69+0.85, respectively. In NB

Table 1. Demographic data of studied subjects

All participants in the Gestation age

Excluded participants

Included participants

study
5449 First trimester None of them 3958 (72.6%)
Second trimester 1491 (27.4%) None of them
Variables n*: 3958

Minimum Maximum Mean

Maternal age (year) 14 45 28+0.5
Gestational age (week+day) 11w+1d 13w+6d 12w+5d
Freef-hCG (ng/ml) 1.34 498 44.5+4

PAPP-A (png/ml) 0.1 47.5 9.69+0.85
NT thickness (mm) 0.5 2.2 1.8+0.15
] n: 3958
History Results Number %

. Negative 3955 99.9

Dawn syndrome history Positive 3 01%
. Negative 3954 99.9%

Neural Tube Defects (NTD) history Positive 4 01%
. . Negative 3940 99.5%

Diabetes history Positive 18 0.5%
. Negative 3955 99.9%

Smoker history Positive 3 0.1%
Negative 315 7.9%
Rh blood grouping Positive 2066 52.2%
Unknown 1582 39.9%
. Negative 3924 99.1%

IVF history Positive 34 0.9%
. . Singleton 3885 98.1%
Singleton history Twins 73 1.9%

*Pregnant women
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terms, about 92.2%, 0.5% and 7.3% cases were reported
as present, absent and unknown NB, respectively. All
results were shown in table 2.

Effect of presence or unknown NB reports on Down
syndrome screening

To investigate the reporting of present or unknown
NB in Down syndrome screening, all women with
present NB reports were considered as unknown NB.
Conversely, women with unknown NB reports were
considered as present NB. The chi-square analyses
revealed that NB reports have a significant effect on
Benetech-PRA software outcomes in women with
unknown NB reports (¥2 = 19.00, df =1, P < 0.001), but
no similar effect in women with present NB reports (y* =

5.00, df =1, P =0.025), as shown in Fig. 1 and Table 3.

Final Down syndrome risk

Down syndrome diagnosis in pregnant women
in first trimester of gestation using Benetech-PRA
software revealed that 140 individuals had positive
results. In NB examination terms, 75.7% (106/140),
18.5% (26/140) and 5.8% (8/140) of pregnant women
were reported as present, unknown and absent NB,
respectively (Fig. 2). All 140 individuals were followed
up during the pregnancy period and postpartum, with
no cases lost to follow-up. At the end of follow-up, it
was found that only 5% (7/140) of fetuses had Down
syndrome. Among fetuses with Down syndrome, 4,
2 and 1 pregnant women were reported as present,

Table 2. Double markers and NB examination results.

Double markers (n: 3958)

NB examination (n: 3958)

Free B-hCG (ng/ml) PAPP-A (ug/ml)

Present absent unknown

44 .5+4 9.69+0.85

3648 (92.2%) 19 (0.5%) 291 (7.3%)

150 4

.
e

|

o 1 1

Number of women wi

Unknown Present

Present Unknown

Present (n: 3648)

Figure 1. The chi-square analyses revealed that NB reports have significant effect on Benetech-PRA software outcomes in wom-
en with unknown NB reports, but no similar effect in women with present NB reports. (** P <0.001).

Table 3. The effects of reporting NB on Down syndrome screening outcomes.

Down syndrome prognosis through Benetech-PRA software outcomes

NB reports

with present NB with unknown NB
Present (n: 3648) 108 (2.9%) 113 (3%)
Unknown (n: 291) 8 (2.7%) 27 (9.2%)

8 Absent NB

After follow-up

Down Syndrome Prognosis

n: 140 pregnant women

Fetus with Down Syndrome

n: 7 fetus

Figure 2. Down syndrome screening in 140 pregnant women in first trimester of gestation using Benetech-PRA software re-
vealed that all of them had positive Down syndrome screening and 106 (75.7%), 26 (18.5%) and 8 (5.8%) pregnant women were
present, unknown and absent NB reports, respectively (a). At the end of the follow-up, it was found that only 7 (5%) fetuses had

Down syndrome which 4, 2 and 1 fetuses were present, unknown and absent NB reports, respectively (b).
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Table 4. Serum marker and ultrasonic results from 7 women with Down syndrome pregnancy.
Patient Maternal Gestational Rh blood NT size Freep-hCG PAPP-A
No. age age grouping NB reports (mm) (ng/ml) (ng/ml)
1 26 12w+5d Negative Absent 2.98 39 1.7
2 27 13w+6d Negative Present 1.91 75.8 11.3
3 40 12w+1d Positive Unknown 2.93 248 5
4 40 13w+1d Positive Unknown 1.35 75.9 0.9
5 42 12w+1d Positive Present 1.8 42.8 11.3
6 40 13w+1d Positive Present 1.83 138 0.7
7 45 13w+5d Positive Present 1.48 67.6 2.8
Table 5. The effect of NB reporting on Down syndrome screening.
The effect of NB reporting on Down syndrome screening
Patient Benetech-PRA software outcomes
No. NB reports Risk with present Risk with unknown
NB report NB report
1 Absent 1:223 1:8
2 Present 1:38 1:20
3 Unknown 1:8 1:8
4 Unknown 1:14 1:8
5 Present 1:49 1:39
6 Present 1:41 1:8
7 Present 1:48 1:12
10+
9
84 -
7
z° -
= 4
3 - - -
*®
eze o ;
A
0 5 . A A'A A
NT Free beta-hCG PAPP-A
Figure 3. Distribution of NT, free B-hCG and PAPP-A MoM
Table 6. The MoM results from 7 women with Down syndrome pregnancy.
Mean Mean
PatientNo.  NTsize  NT MoM Freeﬁ_ﬁ’g’é“(ng foal) F“{f{[i &CG PAPP-A PQI:);A
(mm) (ng/ml)
1 2.30 1 0.4
2 1.35 4.55 0.38
3 2.5 7.87 2.12
4 2 1 98.1 2.47 4.8 0.25
5 1.65 1.74 1
6 1.43 5.78 0.3
7 0.72 2.99 0.72
Mean £+ SD - 1.56 £0.65 - 3.77+243 - 0.74 £ 0.66
unknown and absent NB, respectively (Fig. 2 and Table overestimation in screening outcomes (Table 5). The
4). Recoding the NB status in Benetech-PRA software sonographers reported that about 7.3% (291/3958) of
(comparing risks assuming “present” vs. “unknown” unknown NB reports resulted in 16+1% false-positive
NB) for these 7 confirmed cases demonstrated variable Down syndrome prognosis. In addition, the Multiple
impacts on calculated Down syndrome risk; for instance, of the Median (MoM) values resulting from 7 pregnant
switching to “unknown” NB often increased risk (e.g., women with a Down syndrome newborn were shown in
from 1:223 to 1:8 in one case), highlighting potential Fig. 3 Table 6.
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Discussion

Present studies performed on first trimester maternal
serum biomarkers has shown that the double marker
test helps to identify 90% of women with high risk
for trisomy 21(11). The first trimester screening is
performed at the 11-13w+6d of gestation. The serum
double markers are used in the first screen test for
Down syndrome diagnosis. Maternal serum levels of
free B-hCG and PAPP-A are increased and decreased
in Down syndrome, respectively (4) .(12) Our results
showed that the serum level markers may be normal in
some pregnant women with Down syndrome pregnancy
(Table 4 and 6); however, total mean free B-hCG (98.1
ng/ml) and PAPP-A (4.8 ug/ml) were higher and lower
than normal mean range (Normal mean range: 44.62 ng/
ml and 9.11pg/ml, respectively).

The second screening test is sonographic
examination including measurement of NT thickness
and NB examination. The NT measurement needs to be
conducted by experienced sonographers and should be
obtained at the 11-13w+6d of gestation. Most fetuses
with Down syndrome exhibit increased NT thickness in
comparison with normal fetuses at the same gestational
age(13). Nevertheless, the role of ethnicity and region
on the value of NT is highly controversial. Several
studies reported that ethnicity has significant effects
on the value of NT(14) and suggested that region and
ethnic reference value of NT could have impact on
prenatal screening efficacy(15). In our study, the NT
examination results revealed that NT thickness could be
normal in some fetuses with Down syndrome (Table 4
and 6); however, the average of NT (2 mm) was higher
than normal mean range (Normal mean range: 1.7 mm).
In NB examination terms, most children with Down
syndrome have a low nasal bridge and according to
the sonographic studies(16), approximately 64-67%
of fetuses with Trisomy 21 have short or absent NB in
sonographic reports(17). Different studies showed that
at the 11-14 weeks of gestation, the NB is not visible
in the sonographic screening in about 60-70% and 0.1-
1% of fetuses with trisomy 21 and normal chromosome,
respectively. However, NB might be present in fetuses
with trisomy 21(18-20). The measurement of NT and
NB examination serves as an objective technique for
prenatal Down syndrome diagnosis (21){Sasaki, 2021
#2394}. The sensitivity of NB sonographic findings in
the second trimester of gestation is 77.7% at a 0.9%
false-positive rate in screening for Down syndrome(22,
23). In study by Cicero. S. et al., it was demonstrated
that the minimum number of scans required to become
competent in examining the NB is about 80 with a range
0f 40120 scans for expert sonographers(24) .Therefore,
many medical sonographers report an absent or unknown
NB in their sonographic reports.

Since many parameters such as NB reports, serum
markers, pregnancy age and maternal age are used
in prenatal screening software tools, the failure in
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sonographic examination of NB could impact on Down
syndrome outcomes and lead to false-positive results
(9, 10, 25). This will expose the pregnant women to
excessive stress and invasive prenatal diagnostic tests,
both of which may cause irreparable harm to fetus.
Another study by Cicero. S. et al. stated that a present
or absent fetal NB report has a major impact on the
estimated risk for Down syndrome in prenatal screening,
which results in the patient’s decision for or against
invasive testing(18). Moreover, the NB examination is
more difficult compared to the measurement of NT, and
consequently, it is obligatory that clinical sonographers,
who examine the fetal profile, receive appropriate
training in performing tests such as scans(26, 27). In
the current study, about 14.2% (1/7) and 28.5% (2/7) of
Down syndrome fetuses were reported with absent and
unknown NB. Overall, the NB was not visible in about
41.7% (3/7) of fetuses with Down syndrome. The study
by Larose. C. ef al. reported that the NB was absent
in 47.6% (10/21) of the fetuses with trisomy 21 in the
X-ray examination(28). In our study, the sonographers
reported about 7.3% (291/3958) of unknown NB reports
resulted in 16+£1% false-positive Down syndrome
diagnoses; in addition, the correct NB examination
had reportedly a significant effect on Down syndrome
diagnosis in fetuses with unknown NB reports.

The concentration of double markers in first-
trimester screening tests is expressed as MoM for
unaffected pregnancies at the same gestational age(29).
These MoM values are calculated by dividing individual
marker levels by the median levels for the entire
population at corresponding gestational ages within a
specific laboratory. In normal pregnancies, the mean
MoM values for pregnancy-associated plasma protein
A (PAPP-A) and free f-human chorionic gonadotropin
(B-hCG) are standardized to one(30, 31). A study by
Spencer et al. reported that the MoM values for PAPP-A
and free B-hCG in Down syndrome pregnancies were
0.15 and 2.15, respectively. Furthermore, they observed
a decrease in PAPP-A mean MoM from 0.65 at 11 weeks
to 0.38 at 13 weeks in Down syndrome cases, while the
expected values for free B-hCG increased from 1.8 at
11 weeks to 2.09 at 13 weeks(32). Notably, our findings
indicate that some women with Down syndrome
pregnancies exhibit normal MoM values in certain
parameters, suggesting variability in marker expression
that may complicate risk assessment for trisomy 21 (Fig.
3 and Table 6).

Research has indicated that there are no significant
differences in fetal NT thickness or maternal serum
levels of free B-hCG and PAPP-A between fetuses
diagnosed with Down syndrome and those without
a visible NB(26, 33). In the present study, it was
demonstrated that maternal biochemical markers could
still fall within the normal range (Tables 4 and 6).
This suggests that a combined approach utilizing both
biochemical markers and sonographic assessments may
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enhance early screening efficacy for Down syndrome.
Given that any fetus may be at risk for trisomy 21, it is
essential to first evaluate the woman’s prior risk based on
gestational and maternal age. This prior risk is calculated
using likelihood ratios derived from various parameters,
including serum biochemistry results, ultrasound
findings, and both gestational and maternal age. The
correlation between advancing maternal age and an
increased risk for trisomy 21 is well established; thus,
pregnant women over the age of 35 are routinely advised
to consider invasive prenatal diagnostic testing(34). In
our study, among the seven pregnancies diagnosed with
Down syndrome, five participants were over 40 years of
age, with a risk cutoff of less than 1:50. This highlights
the importance of integrating maternal age into risk
assessment protocols for more accurate Down syndrome
screening outcomes.

In summary, the inadequacy of NB examinations
conducted by sonographers can significantly affect the
outcomes of congenital anomaly screenings through
prenatal software, leading to false-positive results. These
inaccuracies not only impose unnecessary economic
burdens on pregnant women but also contribute to
emotional distress. Conversely, accurate assessment
and reporting of the nasal bone are crucial, as they
markedly enhance the prognostic accuracy for Down
syndrome in fetuses classified with unknown nasal bone
status. Ensuring thorough and precise NB evaluations
can mitigate the risks of misdiagnosis and improve
the overall management of prenatal care, ultimately
benefiting both maternal and fetal health.
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