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Abstract

Objective: To evaluate the most common first-trimester ul-
trasound features of fetuses with trisomy 21 (T21) and to ex-
amine the screening performance for Down syndrome (DS)
using only ultrasound-based protocols. To investigate
whether maternal age (MA) has an impact on the efficacy of
the ultrasound-based screening methods. Methods: In a
prospective study, 6,265 patients were examined. Two ultra-
sound-based risk calculation protocols were applied: ‘NT'
(based on nuchal translucency) and ‘NT+' (based on NT and
secondary markers). Results: A total of 5,696 patients were
enrolled for analysis; 84 subjects with T21 were identified.
Combinations of abnormal ultrasound markers were ob-
served in only 1.2% of euploid fetuses compared to 71.5% of
fetuses with T21. Among 17.9% of DS cases with cardiac
anomaly, 14.3% comprised atrioventricular septal defects.
For a false-positive rate of 3%, the detection rates of T21
were 73.8 and 91.7% for the ‘NT" and ‘NT+' protocols, respec-
tively. The efficacy of both methods was affected by MA.
Conclusions: Most of the fetuses with DS demonstrate a
combination of ultrasound markers of aneuploidy in the first

trimester. The ‘NT+' protocol is efficient and provides com-
parable performance as a combined screening test. It is a
valuable method, especially when the access to biochemical
analysis is restricted. ©2015 S. Karger AG, Basel

Introduction

The incidence of trisomy 21 (T21) at birth is estimated
at 11.8 per 10,000 and shows an average increase of 0.9%
per year due to the gradual rise in mean maternal age
(MA) [1]. Since the combined screening test (CST) -
which is based on first-trimester nuchal translucency
(NT), MA and the serum levels of human chorionic go-
nadotropin (fphCG) and pregnancy-associated plasma
protein A (PAPP-A) - has been widely introduced in re-
cent years, the detection rate (DR) for Down syndrome
(DS) increased significantly to 90%, with a false-positive
rate (FPR) of 2-3% [2-5]. Further research to increase
screening performance for DS mainly in terms of lower-
ing of the FPR led to the development of various strategies
for first-trimester combined screening, such as different
timing of ultrasound and blood testing, stepwise and con-
tingent policy [5, 6].
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In further research, CST enhanced with secondary ul-
trasound markers (CST+) like nasal bone (NB), tricuspid
regurgitation (TR) and ductus venosus (DV) flow velo-
cimetry proved to improve the DRs of T21 [5, 7, 8]. Re-
searchers are still skeptical about the routine implemen-
tation of these well-described markers in screening for
DS; however, their reproducibility after proper training is
high [9-11].

Due to the common policy of implementing biochem-
ical testing in the first-trimester screening for DS, the ac-
tual effectiveness of a method based on ultrasound only
by the use of the complete package of markers (‘adjusted
risk for T21 by NT+’) and detailed sonography remains
to be established.

The first goal of this study was to summarize ultra-
sound findings in a group of DS cases compared to eu-
ploid fetuses, detected at our tertiary center in the late first
trimester. Secondly, we aimed to examine the screening
performance for DS of ultrasound methods based on pri-
mary (‘adjusted risk for T21 by NT’) and primary en-
hanced with secondary (‘adjusted risk for T21 by NT+)
markers of aneuploidy (NT, DV, NB, and TR). Finally, we
tried to investigate whether the performance of the meth-
od depends on the MA ranges.

Methods

This was a prospective observational study for T21 in singleton
pregnancies carried out in a tertiary center setting at 1170-13%¢
weeks’ gestation. For the purpose of this study, we offered ultra-
sound-based screening for T21 without the addition of biochem-
istry to pregnant volunteers. All potential candidates had the op-
tion to undergo traditional combined screening and were assured
that well-trained personnel perform the ultrasound scans. Mater-
nal demographic characteristics and ultrasound measurements
were recorded in a computer database. Karyotype results and post-
natal outcome were added to the database as soon as they were
available. The local Ethics Committee approved the study protocol
and all participating subjects gave their written consent. A search
of the database was done to identify all singleton pregnancies in
which first-trimester screening was carried out between January
2009 and June 2012. The digital sonograms and reports were eval-
uated according to the following inclusion criteria: singleton preg-
nancy, crown-rump length (CRL) measurement of 45-84 mm, and
known pregnancy outcome. The patients’ body mass index (BMI)
was calculated on the day of the ultrasound evaluation. Evidence
of chromosomal aberration or congenital defects was recorded for
each patient. Three examiners certified for the complete package
of ultrasound markers by the Fetal Medicine Foundation (FMF)
were employed for the study conduction. One examiner presented
a 1-year experience in first-trimester screening (M.].) and 2 others
an 8-year expertise (M.W. and A.N.). All ultrasound scans were
performed transabdominally using the Voluson E6 ultrasound
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system (GE Healthcare, Zipf, Austria). Transvaginal sonography
was employed only if needed to complete fetal evaluation. Our
first-trimester ultrasound scan protocol covered a systematic as-
sessment of the entire fetus, also including the following early fetal
echocardiography parameters: visceral situs, 4-chamber view, out-
flow tracts, three-vessel and trachea view in B-mode, and color
mapping. The ultrasound markers of aneuploidy (NT, NB, TR, and
DV) were evaluated following the FMF guidelines. DV was as-
sessed by a qualitative method (reverse a-wave was considered ab-
normal) because at the beginning of the study, a quantitative tech-
nique by measuring DV pulsatility index for veins was not utilized.
The required history and ultrasound data were employed for T21
first-trimester risk calculations by using FMF 2.3.2 software (As-
traia GmbH, Munich, Germany). In all cases, two methods of risk
calculation based on ultrasound only were applied: ‘adjusted risk
for T21 by NT” and ‘adjusted risk for T21 by NT+ enhanced with
all secondary ultrasound markers (NB, TR, and DV). If the ad-
justed risk for T21 was >1/100, independent of the method used at
the time of the scan, it was defined as a high risk. All high-risk pa-
tients, including those with detected structural anomalies but pre-
senting low-risk results, underwent genetic counseling, were qual-
ified for karyotyping, and were scanned between 18 and 19 weeks
according to the second-trimester and fetal echocardiography
guidelines of the American Institute of Ultrasound in Medicine
[12, 13]. The outcome records were collected from medical docu-
mentations and included karyotyping, 18-21 and 28-32 weeks’ so-
nography, autopsy examinations, and neonatal findings.

Statistical Analysis

The Kolmogorov-Smirnov test was applied for continuous
variable distribution. The x? test was used to demonstrate the dif-
ferences. Groups of independent variables were compared using
Student’s t test. Nonparametric tests were also utilized. SPSS Sta-
tistics v.17 (IBM Co., Armonk, N.Y., USA) software was applied in
this study. p < 0.05 was considered as significant.

Results

Study Population

Ultrasound screening was carried out in 6,265 single-
ton pregnancies. The majority of referrals were low-risk
patients (n = 4,777), but due to the tertiary center setting,
a significant group of high-risk subjects (n = 1,488) was
also enrolled in this study. Among the high-risk-patients,
the following were included: those with an MA >35 years
(n = 783) and those with suspicious ultrasound findings
on the initial scan performed by nonqualified and non-
trained antenatal care services for first-trimester screen-
ing (n = 705). In our study, 569 (9.08%) cases were ex-
cluded from further analyses due to the following rea-
sons: (a) in 416 (6.6%) patients, it was impossible to
establish a fetal karyotype, since they were lost to follow-
up, (b) 58 (0.93%) cases had miscarriages unrelated to
invasive testing, (c) 28 (0.45%) patients had intrauterine
fetal demise without subsequent karyotyping, and (d) in
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67 (1%) cases, a chromosomal abnormality other than
T21 was found. The last mentioned subgroup presented
a different ultrasound picture, which would have poten-
tially disturbed our analysis, including trisomy 18 (33 cas-
es), trisomy 13 (14 cases), Turner syndrome (16 cases),
triploidy (2 cases), and Klinefelter syndrome (2 cases).
Fetal karyotyping was obtained by means of amniocente-
sis (652 cases). Finally, our study population was com-
prised of 5,696 pregnancies: 5,612 with a normal karyo-
type or delivery of a normal baby (euploidy group) and
84 cases of T21. The characteristic of the study population
is summarized in figure 1. The median maternal BMI was
22.2 (range 17.6-35.2). All women participating in this
study were Caucasian. In order to complete the scan,
transvaginal sonography was applied in 5.6% of the cases.

Euploid and T21 Fetal Characteristics

The mean NT thickness in the euploidy subgroup was
1.7 mm (range 0.7-4.9) and in the T21 subgroup it was
4.1 mm (range 1.4-12.9; p < 0.05). The mean MA in the
euploidy group was 30.5 years (range 25-42) compared
to 34 years (range 26-43) in the T21 group (p < 0.05). The
mean CRL at the time of examination was 63.3 mm in the
euploidy group versus 64.9 mm in the T21 group. No sta-
tistically significant differences were found between the
euploidy and T21 groups in terms of CRL and fetal heart
rate (table 1).

NT thickness above the 95th percentile was observed
in 228 euploid fetuses (4.06%) and in 67 fetuses (79.76%)
affected by T21 (fig. 2).

By using the Pearson x” test, statistical differences were
found in the presence of TR [euploidy group: n = 116
(2.1%) vs. T21 group: n = 34 (40.5%); p = 0.000] and re-
verse a-wave in DV [122 (2.2%) vs. 28 (33.3%); p = 0.000]
between the euploidy and T21 groups. Similarly, a statis-
tically significant difference was observed in the absent
NB between the euploidy (n = 93; 1.7%) and T21 groups
(n = 34; 40.6%; p < 0.05).

A total of 5,118 (91.2%) euploid fetuses did not reveal
any of the abnormal first-trimester markers. Isolated
markers were identified in this group in 433 cases (7.7%),
with the largest fraction in this subgroup of NT above the
95th percentile [181 cases (41.8%)]. Markers observed in
combination were found only in 61 cases (1.1%) of eu-
ploid fetuses and in 60 fetuses (71.4%) with T21. The con-
figuration of ultrasound markers in the groups of euploi-
dy and DS is summarized in table 2.

The analysis of extracardiac anatomy demonstrated a
higher prevalence of structural anomalies in the group of
DS [4 cases (4.76%)] compared with the group of euploidy

First-Trimester Ultrasound-Based
Screening for T21

Total referrals (n = 6,265)
Low risk (n = 4,777)
High risk (n = 1,488)

Excluded (n = 569)

Aneuploidies other than T21 (n = 67)
Lack of outcome data (n = 416)
Miscarriages (n = 58)

IUFD without autopsy (n = 28)

[ |

T21 (n = 84) Euploidy (n = 5,612)
TOP (n = 65) TOP (n = 0)
IUFD (n = 2) IUFD (n = 4)

Live birth (n = 17) Live birth (n = 5,608)

Fig. 1. Study population diagram. IUFD = Intrauterine fetal de-
mise; TOP = termination of pregnancy.

Table 1. Comparison of fetuses with euploidy and T21 according
to four parameters

NT, MA, CRL, FHR,
mm years mm  bpm
Euploidy (n = 5,612)
Mean 1.7 30.5 633 160.3
Median 1.6 30.0 628 160.0
SD 0.5 4.2 9.1 7.3
T21 (n = 84)
Mean 4.1 340 649 160.4
Median 34 340 64.7 161.0
SD 2.1 4.9 9.3 8.7
Statistical significance (p value) 0.101 0.000 0.000 0.101

FHR = Fetal heart rate; bpm = beats per minute.

[48 cases (0.9%)], which was statistically significant
(p < 0.05). The incidence and type of abnormalities are
shown in detail in table 3. Extracardiac and cardiac anom-
alies were analyzed as independent variables. The major-
ity of euploidy and T21 cases demonstrated isolated car-
diac or extracardiac malformations. Among the euploid
subjects, 2 cases of hydrops were combined with congeni-
tal heart defects (CHDs; 1 pulmonary stenosis and
1 atrioventricular septal defect) and 2 cases of brain anom-
alies (aqueductal stenosis) were combined with tetralogy
of Fallot. Of 2 hydropic T21 cases, the first one presented
atrioventricular septal defects and the second tetralogy of
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Fig. 2. The distribution of fetal NT thickness according to CRL in euploid fetuses (blue dots) and in cases with

T21 (red dots). For colors, see online version.

Fallot. Additionally, 1 case of T21 with enlarged cervical
lymphatic sacs showed double outlet right ventricle.

Abnormal cardiac findings were more frequent in the
T21 group [15 cases (17.9%)] compared to the euploidy
group [27 cases (0.5%)], which was statistically significant
(p < 0.05). Particular abnormalities and cardiac findings
are summarized in table 4.

Screening Performance

The receiver operating characteristic curve of ‘adjust-
ed risk for T21 by NT” and ‘adjusted risk for T21 by NT+
methods is depicted in figure 3. In table 5, DRs are shown
for arbitrary FPR at the level of 3 and 5%.

4 Fetal Diagn Ther
DOI: 10.1159/000434632

DR of T21 in Relation to MA

We identified 22 cases with DS (26.2%) atan MA range
between 26 and 30 years, 31 (36.9%) cases at an MA range
between 31 and 35 years, 21 (25%) cases at an MA range
between 36 and 40 years, and 10 (11.9%) cases at an MA
>40 years. The results of the analysis of DRs and FPRs
depending on MA ranges are presented in figure 4. There
was a tendency of an increase in the DR and FPR with the
advance of the MA in two analyzed risk calculation meth-
ods; however, both models demonstrated the lowest DR
in the MA range between 31 and 35 years. The differenc-
es in the DRs and FPRs between the MA range groups
were statistically significant (p < 0.05).
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Table 2. Configuration and prevalence of isolated and combined
markers of aneuploidy in euploid and T21 fetuses

Table 3. Extracardiac structural abnormalities summarized in
terms of chromosomal status

Karyotype Configuration Number %

Euploidy = no markers 5,118 91.2
NT 181 32
NB(-) 63 1.1
TR 91 1.6
revDV 94 1.7
noDV 4 0.1
NT + NB(-) 7 0.1
NT + TR 10 0.2
NT + revDV 14 0.2
NT + NB(-) + TR 5 0.1
NT + NB(-) + revDV 3 0.1
NT + NB(-) + TR + revDV 2 0.0
NB(-) + revDV 7 0.1
NT + noDV 2 0.0
NB(-) + TR 6 0.2
TR + revDV 1 0.0
NT + TR + revDV 1 0.0
NT + SUA 3 0.1

T21 NT 16 19.0
NB(-) 2 2.4
TR 1 1.2
revDV 5 6.0
NT + NB(-) 10 11.9
NT + TR 12 14.3
NT + revDV 6 7.1
NT + NB(-) + TR 8 9.5
NT + NB(-) + revDV 3 3.6
NT + NB(-) + TR + revDV 3 3.6
NB(-) + revDV 4 4.8
NT + noDV 2 2.4
NB(-) + TR 4 4.8
TR + revDV 1 1.2
NT + TR + revDV 6 7.1
NT + SUA 1 1.2

NB(-) = Absent nasal bone; revDV = reversed a-wave in ductus
venosus; noDV = absent a-wave in ductus venosus; SUA = single
umbilical artery.

Karyotype

euploidy T21
No ECM 5,564 (98.9) 80 (95.2)
Hydrops 5(0.1) 2(24)
Brain anomalies 12 (0.2) 0(0.0)
Abdominal anomalies 9(0.3) 1(1.2)
Urinary tract anomalies 6(0.2) 0(0.0)
Limb anomalies 8(0.1) 0(0.0)
Facial/neck anomalies 5(0.2) 1(1.2)
Thoracic anomalies 3(0.1) 0(0.0)

Figures are numbers with percentages in parentheses. ECM =
Extracardiac anomaly.

Table 4. Summarized cardiac anomalies in the euploidy and T21
groups

Karyotype  Cardiac anatomy

Euploidy normal 5,585 (99.5)
septal defects 2(0.0)
conotruncal anomalies 10 (0.2)
left heart defects 8(0.1)
right heart defects 6 (0.1)
aortic arch anomalies 1(0.0)

T21 normal 69 (82.1)
septal defects 10 (11.9)
conotruncal anomalies 2 (2.4)
right heart defects 1(1.2)
AVSD + TOF 2(2.4)

Figures are numbers with percentages in parentheses. AVSD +
TOF = Atrioventricular septal defect and tetralogy of Fallot.

Table 5. DR (95% CI) at fixed FPRs of 3 and 5% in two adjusted risk screening methods

Screening test AUC DR at 3% FPR DR at 5% FPR
‘Adjusted risk for T21 by NT’ 0.954 73.8% (63.51-82.0) 82.1% (77.7-86.3)
‘Adjusted risk for T21 by NT+ 0.984 91.7% (83.78-95.9) 95.2% (90.3-99.7)
AUC = Area under the curve.
First-Trimester Ultrasound-Based Fetal Diagn Ther 5
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Fig. 3. The effectiveness of screening for T21 by using receiver op-
erating characteristic (ROC) curves. The area under the curve for
the ‘adjusted risk for T21 by NT” method (green line) was 0.954,
and the area under the curve for the ‘adjusted risk for T21 by NT+’
method (red line) was 0.984. For colors, see online version.

Discussion

As already mentioned by previous investigators, it was
shown in our study that ultrasound markers, extracardiac
malformations and CHDs are more frequent in T21 than
in euploidy. In this series, we confirmed the importance
of the analysis of all first-trimester ultrasound markers of
aneuploidy, as they were observed in combination in only
1.2% of euploid fetuses compared to 71.5% of fetuses with
T21. Increased NT alone was the most common abnor-
mal isolated finding, found in about 20% of fetuses with
DS and in 3.2% cases of euploidy. Increased NT com-
bined with TR was found in 63.5% of T21 cases compared
to 0.3% of euploid fetuses. The coincidence of thickened
NT and delayed nasal ossification was reported in 28.6%
of T21 subjects compared to 0.3% of euploid cases. 17.8%
of DS cases presented a combination of absent NB and
TR, while in the euploidy group this coincidence was only
found in 0.2% of cases. A detailed analysis of the anatomy,
with a cardiac evaluation in particular, is crucial when
abnormal markers are detected, as almost 20% of the af-
fected fetuses presented CHD. In this group, atrioven-
tricular septal defects were most commonly encountered.
This observation implies that an early cardiac examina-
tion should be considered as a routine part of the fetal

6 Fetal Diagn Ther
DOI: 10.1159/000434632

Fig. 4. DRs and FPRs of ‘adjusted risk for T21 by NT” and ‘adjust-
ed risk for T21 by NT+ depending on the MA ranges.

evaluation at the time of the first-trimester scan. An early
cardiac scan has been proven to be feasible and seems not
to be affected by the CRL and BMI of the mother [14].

The findings of this study demonstrate that the DR of
T21at 11-13 weeks’ gestation by a complete combination
of ultrasound markers (‘adjusted risk for T21 by NT+’)
identifies about 92% of all affected pregnancies at an FPR
of 3%. With an increase of the FPR to 5%, the overall DR
increases to 95%. These results prove that the application
of all ultrasound markers without the addition of bio-
chemistry shows comparable screening performance to
the published data, in which the secondary ultrasound
markers were assessed additionally to CST (‘adjusted risk
for T21 by CST+’) [7, 8]. For instance, Ghaffari et al. [7]
reached a DR for T21 of 90% for a fixed FPR of 3%, while
Karadzov-Orlic et al. [8] achieved a sensitivity of 93% at
an FPR of 4.8%.

According to the literature, there are scarce data regard-
ing the possible influence of the MA on the performance
of the first-trimester screening method. Interestingly, we
found that the efficacy of the method, irrespectively of
whether the ‘adjusted risk for T21 by NT” or the ‘adjusted
risk for T21 by NT+ protocol was applied, decreases in
women aged 31-35 years. With an MA above 35 years, DRs
of both methods improved but with a parallel increase in
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the FPR. We consider this topic very important as the tim-
ing of childbearing has changed over the years. Although
the DRs of T21 increased in MA ranges between 36 and 40
years and over, the FPRs increased as well. This would im-
ply a risk of overestimation and unnecessary invasive pro-
cedures in older women who get pregnant significantly
more often as a result of in vitro conception. With the ad-
vent of noninvasive prenatal screening, the issue of in-
creased invasive procedures becomes less problematic;
however, this costly method is not widely utilized yet.

For a proper counseling, our findings concerning the
influence of MA on the screening performance for T21
should be interpreted with caution. Further studies based
on a larger population are required to produce more pre-
cise data regarding this subject.

This is the first first-trimester screening study for DS
based on ultrasound only. Although we utilized the ultra-
sound FMF risk calculation algorithm, the applied screen-
ing concept differed from the FMF policy.

One of the advantages of this single-center study is the
fact that a relatively high number of patients was includ-
ed. Another benefit was that examiners with different lev-
els of experience performed the ultrasound scans.

We are aware that screening providers from other
countries representing a traditional policy by means of a
CST may question ultrasound-based aneuploidy screen-
ing from an ethical point of view. At this point, it is im-
portant to mention that in Poland, CST screening is paid
for by a National Healthcare Fund only for patients aged
>35 years, and/or for those with a history of chromosom-
al aberration, and/or if one or both parents demonstrate
congenital anomaly or a genetic disorder, and/or if they
are at a high risk for single-gene or multifactorial disor-
der, and/or if abnormal ultrasound or biochemistry find-
ings are detected at a routine antenatal care examination
[15]. On the other hand, the average MA in the general
Polish obstetric population is 29 years [16], and the ma-
jority of patients do not fulfill the criteria for coverage.
They undergo first-trimester screening mainly at private
diagnostic centers and because of the costs they do not
opt for a combined screening and choose detailed first-
trimester ultrasound only.

Due to these facts, we gained expertise in ultrasound-
based screening on a large group of patients who did not
undergo biochemistry analysis. Additionally, in our
country, many antenatal care providers as well as patients
experienced a high number of FPRs of combined screen-
ing because of nonaccredited biochemistry analyzers,
which is another reason of the local skepticism towards
implementing biochemistry in all patients. The screening

First-Trimester Ultrasound-Based
Screening for T21

ability and the skepticism towards maternal serum bio-
chemistries forced Polish physicians involved in first-tri-
mester screening to improve their ultrasound skills. This
reflects the data published on the FMF website regarding
Polish physicians who have a certificate for TR (69%) and
DV (78%). In contrast, in the UK, only 48% have a cer-
tificate for TR and 46% for DV. All in all, we disagree with
the opinion that the assessment of secondary markers is
time-consuming and requires a long learning curve |2,
11, 17]. All our trainees obtain high competence in this
area after a minimum of 3 months of extensive training.
In our study, we aimed at simulating the common trend
of screening used in Poland. It also has to be mentioned
that the mixed risk population of our study is a result of
the referrals from local obstetricians who perform ele-
mentary sonography focused on viability, fetal growth,
and general anatomic impression before the official first-
trimester screening. As a result, tertiary screening centers
and examiners with a better expertise register a greater
number of high-risk patients, i.e. with a suspicion of in-
creased NT, than referring doctors who are not certified
for screening. In our opinion, this may only increase the
FPR without having an impact on the DR.

PAPP-A and fphCG have been found to be affected by
numerous factors, e.g. gestational age, maternal weight,
smoking, ethnicity, and sex of the fetus [18-20]. It is also
important to mention that the results of the latest multi-
center NEXT study based on a sample of >15,000 patients
who were recruited from an unselected screening popula-
tion demonstrated lower DRs of CST at the level of 79%
with a 5% FPR compared to earlier published data [21].
Therefore, our proposed ultrasound-based method of
screening for T21 could be considered as an alternative to
CST, either as routine antenatal care or under special cir-
cumstances, e.g. in centers without certified biochemical
analyzers or in patients after assisted reproductive tech-
niques who demonstrate higher FPRs from CST at a level
of 10.7% due to the significantly lower serum levels of
PAPP-A [22]. It can also be considered in all women suf-
fering from chronic diseases, e.g. renal diseases [20] or
insulin-dependent diabetes mellitus [19]. We strongly
believe that nowadays, in the era of transition from aneu-
ploidy screening to noninvasive prenatal testing, ultra-
sound-based methods will also play an important role in
the diagnostic process as specific methods for detecting
structural and functional abnormalities.

Fetal Diagn Ther 7
DOI: 10.1159/000434632




References

Shin M, Besser LM, Kucik JE, Lu J, Siffel C,
Correa A: Prevalence of Down syndrome
among children and adolescents in 10 regions
of the United States. Pediatrics 2009;124:
1565-1571.

Nicolaides KH, Spencer K, Avgidou K, Faiola
S, Falcon O: Multicenter study of first-trimes-
ter screening for trisomy 21 in 75,821 preg-
nancies: results and estimation of the poten-
tial impact of individual risk-orientated two-
stage first-trimester screening. Ultrasound
Obstet Gynecol 2005;25:221-226.

Kagan KO, Wright D, Baker A, Sahota D,
Nicolaides KH: Screening for trisomy 21 by
maternal age, fetal nuchal translucency thick-
ness, free beta-human chorionic gonadotro-
pin and pregnancy-associated plasma pro-
tein-A. Ultrasound Obstet Gynecol 2008;32:
488-492.

Kagan KO, Etchegaray A, Zhou Y, Wright D,
Nicolaides KH: Prospective validation of
first-trimester combined screening for triso-
my 21. Ultrasound Obstet Gynecol 2009;34:
14-18.

Nicolaides KH: Screening for fetal aneuploi-
dies at 11 to 13 weeks. Prenat Diagn 2011;31:
7-15.

Cuckle HS, Malone FD, Wright D, et al: Con-
tingent screening for Down syndrome - re-
sults from the FaSTER trial. Prenat Diagn
2008;28:89-94.

Ghaffari SR, Tahmasebpour AR, Jamal A,
Hantoushzadeh S, Eslamian L, Marsoosi V,
Fattahi F, Rajaei M, Niroomanesh S, Borna S,
Beigi A, Khazardoost S, Saleh-Gargari S, Ra-
himi-Sharbaf F, Farrokhi B, Bayani N, Teh-
rani SE, Shahsavan K, Farzan S, Moossavi S,
Ramezanzadeh F, Dastan J, Rafati M: First-
trimester screening for chromosomal abnor-

10

11

12

13

malities by integrated application of nuchal
translucency, nasal bone, tricuspid regurgita-
tion and ductus venosus flow combined with
maternal serum free 3-hCG and PAPP-A: a
5-year prospective study. Ultrasound Obstet
Gynecol 2012;39:528-534.

Karadzov-Orlic N, Egic A, Milovanovic Z,
Marinkovic M, Damnjanovic-Pazin B, Lukic
R, Joksic I, Curkovic A, Mikovic Z: Improved
diagnostic accuracy by using secondary ultra-
sound markers in the first-trimester screen-
ing for trisomies 21, 18 and 13 and Turner
syndrome. Prenat Diagn 2012;32:638-643.
Senat MV, Bernard JP, Boulvain M, Ville Y:
Intra- and interoperator variability in fetal
nasal bone assessment at 11-14 weeks of ges-
tation. Ultrasound Obstet Gynecol 2003;22:
138-141.

Falcon O, Faiola S, Huggon I, Allan L, Nico-
laides KH: Fetal tricuspid regurgitation at the
11%%to 13*%-week scan: association with chro-
mosomal defects and reproducibility of the
method. Ultrasound Obstet Gynecol 2006;27:
609-612.

Maiz N, Kagan KO, Milovanovic Z, Celik E,
Nicolaides KH: Learning curve for Doppler
assessment of ductus venosus flow at 11 to
13%6 weeks’ gestation. Ultrasound Obstet Gy-
necol 2008;31:503-506.

American Institute of Ultrasound in Medi-
cine: AIUM practice guideline for the perfor-
mance of obstetric ultrasound examinations.
J Ultrasound Med 2010;29:157-166.

Fetal Echocardiography Task Force; Ameri-
can Institute of Ultrasound in Medicine Clin-
ical Standards Committee; American College
of Obstetricians and Gynecologists; Society
for Maternal-Fetal Medicine: ATUM practice
guideline for the performance of fetal echo-

Fetal Diagn Ther
DOI: 10.1159/000434632

14

15

16

17

18

19

20

21

22

cardiography. J Ultrasound Med 2011;30:
127-136.

Abu-Rustum RS, Ziade MF, Abu-Rustum SE:
Learning curve and factors influencing the
feasibility of performing fetal echocardiogra-
phy at the time of the first-trimester scan. ]
Ultrasound Med 2011;30:695-700.
http://www.nfz-krakow.pl/stronadlapacjen-
ta/index.php?ida=45&idd=4&site=art.
http://stat.gov.pl/cps/rde/xbcr/gus/RS_roc-
znik_statystyczny_rp_2012.pdf.

Cicero S, Dezerega V, Andrade E, Scheier M,
Nicolaides KH: Learning curve for sono-
graphic examination of the fetal nasal bone at
11-14 weeks. Ultrasound Obstet Gynecol
2003;22:135-137.

Engels MA, Twisk JW, Blankenstein MA, van
Vugt JM: First-trimester screening for Down
syndrome with serum sampling at different
gestational ages: the effect on screening per-
formance. Fetal Diagn Ther 2014;36:293-298.
Spencer K: Screening for Down syndrome.
Scand ] Clin Lab Invest Suppl 2014;244:41-47.
Valentin M, Muller F, Beaujard MP, Dreux S,
Czerkiewicz I, Meyer V, Leruez M, Ville Y,
Salomon LJ: First-trimester combined screen-
ing for trisomy 21 in women with renal dis-
ease. Prenat Diagn 2015;35:244-248.

Norton ME, Jacobson B, Swarny GK, Laurent
LC, Ranzini AC, Brar H, Tomlinson MW,
Pereira L, Spitz JL, Hollemon D, Cuckle H,
Musci T], Wapner RJ: Cell-free DNA analysis
for noninvasive examination of trisomy. N
Engl ] Med 2015;372:1589-1597.

Gjerris AC, Loft A, Pinborg A, Christiansen
M, Tabor A: First-trimester screening mark-
ers are altered in pregnancies conceived after
IVE/ICSI. Ultrasound Obstet Gynecol 2009;
33:8-17.

Wiechec/Knafel/Nocun/Matyszkiewicz/
Juszczak/Wiercinska/Latata

Downloaded by:

HINARI Sierra Leone

198.143.58.65 - 8/19/2015 10:03:24 PM



