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Pyramid of Care 
Importance of Ultrasound
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NT             Aneuploidy
<3mm       1% (10/776)
>3mm       35% (18/51)
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First Trimester Screening

•Aneuploidy
•Fetal defects
•Preeclampsia and IUGR
•Preterm birth
•Macrosomia and  
gestational diabetes
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Contemporary First Trimester Screening

DR FPR
• ANEUPLOIDY  90 - 99% 1 - 5%

• FETAL DEFECTS  50% ?

• PREECLAMPSIA  >90% 10 %

• IUGR / SGA  50% 10 %

• PRETERM DELIVERY  60% 10 %

• GESTATIONAL DIABETES  85% 40 %



DR FPR

Trisomy 21 99.7 % 0.04 %

Trisomy 18 98.2 % 0.05 %

Trisomy 13 99.0 % 0.04 %

Turner 95.8 % 0,14 %

Gil 2017

cfDNA Screening Performance



Screening for common trisomies

Detection rate 90%
False positive rate 3-5%

Detection rate >99%
False positive rate <0.1%

Other defects than common trisomies, cost, 
infrastructure, ~2% failure rate

+



Contingent Screening
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risk
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Invasive 
testing

Additional
tests

No further 
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cfDNA:  
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No results

Fetal defect, NT>3,5mm

Future „Combined“ FTS?



-8 -6 -4 -2 0 2 4

Alter: jeweils 10 Jahre über 30.Lebensjahr
Gewicht: jeweils 10 kg über 70 kg
Größe: jeweils 10 cm über 164 cm

Ethnizität

    Schwarz
    Südasiatisch

Geburtshilfliche Anamnese
   Nulliparität

   Entbunden ohne Präeklampsie

Mutter mit Präeklampsie

IVF

SLE

Art. Hypertonie
Typ 1 Diabetes mellitus

   Z.n. Präeklampsie

    Kaukasisch

Natürliche Konzeption

Effekt auf mittl. Entbindungszeit (SSW)

Screening for Preeclampsia
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Preeclampsia <37 w Method of 
screening

DR for FPR 10%

PE <37w TOTAL

 Anamnese 50 41
 MAP 60 48
 UTPI 59 44
 PAPP–A 55 44
 PLGF 66 47
 MAP, UTPI 70 52
 MAP, PAPP–A 62 50
 MAP, PLGF 74 54
 UTPI, PAPP–A 60 45
 UTPI, PLGF 70 49
 PLGF, PAPP–A 67 48

 MAP, UTPI, PAPP–A 68 52

 MAP, UTPI, PLGF 77 54

Screening for Preeclampsia 



Aspirin works!
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Contemporary First Trimester Screening

DR FPR
• ANEUPLOIDY  90 - 99% 1 - 5%

• FETAL DEFECTS  50% ?

• PREECLAMPSIA  >90% 10 %

• IUGR / SGA  50% 10 %

• PRETERM DELIVERY  60% 10 %

• GESTATIONAL DIABETES  85% 40 %



Fetal defects
1.1% (488 / 45.000)

Aneuploid pregnancies
0.7% (332 / 45,000)

First trimester
43.7% (213 / 488)

Second trimester
53.6% (262 / 488)

Postnatal
2.7% (13 / 488)

PRENATAL DIAGNOSIS
Prenat Diagn 2011; 31: 90–102.
Published online in Wiley Online Library
(wileyonlinelibrary.com) DOI: 10.1002/pd.2642

Challenges in the diagnosis of fetal non-chromosomal
abnormalities at 11–13 weeks

Argyro Syngelaki1,2,3, Teodora Chelemen1,2, Themistoklis Dagklis1, Lindsey Allan1

and Kypros H. Nicolaides1,2,3*
1Harris Birthright Research Centre of Fetal Medicine, King’s College Hospital, London, UK
2Department of Fetal Medicine, Medway Maritime Hospital, Gillingham, UK
3Department of Fetal Medicine, University College Hospital, London, UK

Objective To examine the performance of the 11–13 weeks scan in detecting non-chromosomal abnormali-
ties.

Methods Prospective first-trimester screening study for aneuploidies, including basic examination of the fetal
anatomy, in 45 191 pregnancies. Findings were compared to those at 20–23 weeks and postnatal examination.

Results Aneuploidies (n = 332) were excluded from the analysis. Fetal abnormalities were observed in 488
(1.1%) of the remaining 44 859 cases; 213 (43.6%) of these were detected at 11–13 weeks. The early scan
detected all cases of acrania, alobar holoprosencephaly, exomphalos, gastroschisis, megacystis and body stalk
anomaly, 77% of absent hand or foot, 50% of diaphragmatic hernia, 50% of lethal skeletal dysplasias, 60%
of polydactyly, 34% of major cardiac defects, 5% of facial clefts and 14% of open spina bifida, but none of
agenesis of the corpus callosum, cerebellar or vermian hypoplasia, echogenic lung lesions, bowel obstruction,
most renal defects or talipes. Nuchal translucency (NT) was above the 95th percentile in 34% of fetuses with
major cardiac defects.

Conclusion At 11–13 weeks some abnormalities are always detectable, some can never be and others are
potentially detectable depending on their association with increased NT, the phenotypic expression of the
abnormality with gestation and the objectives set for such a scan. Copyright © 2011 John Wiley & Sons, Ltd.

Supporting information may be found in the online version of this article.

KEY WORDS: first-trimester screening; fetal abnormalities; nuchal translucency; ultrasound; prenatal diagnosis

INTRODUCTION

In the United Kingdom, the National Institute for Clin-
ical Excellence (NICE) has issued guidelines on rou-
tine prenatal care recommending that pregnant women
should be offered two ultrasound scans in pregnancy
(National Collaborating Centre for Women’s and Chil-
dren’s Health, 2008). The primary aims of the first scan
at 11–13 weeks are to establish gestational age from
the measurement of fetal crown–rump length (CRL),
detect multiple pregnancies and determine chorionicity
and to measure fetal nuchal translucency (NT) thick-
ness as part of combined screening for trisomy 21. The
primary aim of the second scan, which is carried out
at about 20 weeks, is the detection of structural fetal
abnormalities.

A systematic review of studies in the 1990s on the
clinical effectiveness of the routine second-trimester
scan reported that the overall prevalence of fetal abnor-
malities was 2% and about 45% of these were detected

*Correspondence to: Kypros H. Nicolaides, Harris Birthright
Research Centre for Fetal Medicine, King’s College Hospital,
Denmark Hill, London SE5 9RS, UK.
E-mail: kypros@fetalmedicine.com

(Bricker et al., 2000). However, there were large differ-
ences between studies in detection rates which ranged
from 15 to 85% and this variation can be attributed to
differences in the abnormalities included in their anal-
ysis, the rate and method of follow-up of the screened
population and the protocols followed for examination
of the fetus. There were also large differences in overall
detection rates according to the type of fetal anomaly,
being 97% for anencephaly, 67% for spina bifida, 33%
for facial cleft, 56% for univentricular heart, 45% for
atrio-ventricular septal defect and 2% for atrial or ven-
tricular septal defects, 45% for diaphragmatic hernia,
100% for exomphalos and gastroschisis, 67% for uro-
genital abnormalities and 24% for skeletal defects. The
rates of detection for some of these abnormalities are
similar to those of a recent report from the Euro-
pean Network for Surveillance of Congenital Anomalies,
which includes data from registries in 20 countries and
covers 28% of all births in the European Union (Garne
et al., 2010). During 2003–2007, the prevalence of all
major non-chromosomal abnormalities was 2% and the
prenatal detection rates for anencephaly, spina bifida,
hypoplastic left heart and gastroschisis were 96, 68, 65
and 83%, respectively.

Several studies on the first-trimester scan reported
the diagnosis of a wide range of fetal abnormalities,

Copyright © 2011 John Wiley & Sons, Ltd. Received: 21 August 2010
Revised: 6 September 2010

Accepted: 7 September 2010



b
Quality Requirements for the early Fetal Ultrasound Assess-
ment at 11–13+6 Weeks of Gestation (DEGUM Levels II and III)
Qualitätsanforderungen an die weiterführende differenzierte Ultra-
schalluntersuchung in der pränatalen Diagnostik (DEGUM-Stufen II
und III) im Zeitraum 11–13+6 Schwangerschaftswochen
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Introduction
▼
The present recommendation of the DEGUM Sec-
tion Obstetrics and Gynecology for the quality re-
quirements of the early fetal ultrasound assess-
ment at 11–13+6 weeks of gestation updates the
version of 2004 [1]. It addresses specialized ultra-

sonographers (DEGUM Levels II & III). During the
recent years there have been many changes which
made an update of the previous version necessary.
In particular the following aspects should be men-
tioned:
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Abstract
▼
The early fetal ultrasound assessment at 11–13+6

weeks of gestation remains the cornerstone of
care despite the progress in diagnosing fetal
chromosomal defects using cell-free fetal DNA
(cffDNA) from the maternal circulation. The
measurement of nuchal translucency (NT) allows
the risk calculation for the fetal trisomies 21, 18
and 13 but also gives information on those fetal
chromosomal defects which are at present unable
to be detected using cffDNA. Nuchal translucency
is the only auditable parameter at 11–13+6 weeks
and gives thus information on the quality of the
first trimester anomaly scan. In addition it gives
indirect information on the risks for fetal defects
and for cardiac anomalies. Also the chances for a
healthy live baby can be estimated. As experience
with first trimester anomaly scanning increases,
and the resolution of the ultrasound equipment
has increased substantially, more and more de-
tails of the fetal anatomy become accessible at
the first trimester scan. Therefore fetal anatomical
defects and complex anomalies have become
amenable to examination in the first trimester.
This guideline describes compulsory and optional
parameters for investigation at the first trimester
scan and outlines a structured method of examin-
ing a first trimester fetus at 11–13+6 weeks of ge-
station.

Zusammenfassung
▼
Die frühe Ultraschalluntersuchung zwischen 11–
13+6 Schwangerschaftswochen stellt trotz der For-
tschritte in der molekularen Diagnostik von Chro-
mosomenstörungen aus dem Blut der Mutter
(cffDNA) die Grundlage für Diagnostik und Thera-
pie sowie des Schwangerschaftsmanagement dar.
Die Messung der fetalen Nackentransparenz (NT)
ermöglicht die Risikoberechnung für die fetalen
Trisomien 21, 18 und 13 und liefert auch Informa-
tionen über solche fetalen Chromosomenstörun-
gen, welche gegenwärtig durch cffDNA nicht
erkannt werden können. Die fetale Nackentran-
sparenzmessung ist der einzige auditierbare
Parameter zwischen 11–13+6 SSW und gibt so
Auskunft über die Qualität der Ersttrimester Fehl-
bildungsdiagnostik. Zusätzlich liefert sie indirekte
Informationen über die Risiken für Fehlbildungen
und Herzfehler. Auch kann die Wahrscheinlichkeit
für die Geburt eines lebenden gesunden Babys ab-
geschätzt werden. Während die Erfahrung mit der
Ersttrimester Fehlbildungsdiagnostik steigt und
die Auflösung der Ultraschallgeräte substanziell
zugenommen hat, werden mehr und mehr Details
der fetalen Anatomie einer Untersuchung im er-
sten Trimenon zugängig. Es werden obligatorische
und fakultative Untersuchungsschritte für den
Ersttrimester Fehlbildungsultraschall beschrieben
und ein strukturierter Untersuchungsgang aufge-
zeigt, um einen Ersttrimesterfeten zum Zeitpunkt
11–13+6 Schwangerschaftswochen zu untersu-
chen.

First Trimester Anomaly Scan 



First Trimester Anomaly Scan 



    Major defects
Detection 

rate

Hernandi et al 1997 35 / 3991 12 (34%)
Economides et al 1998 13 / 1632 7 (54%)
D'Ottavio et al 1998 88 / 4078 54 (61%)
Whitlow 1999 63 / 6443 37 (59%)
Carvalho et al 2002 66 / 2853 25 (38%)
Taipale et al 2004 33 / 4855 6 (18%)
Chen et al 2004 26 / 1609 14 (54%)
Souka et al 2006 14 / 1148 7 (50%)
Weiner et al 2007 22 / 1723 9 (41%)
Becker et al 2006 86 / 3094 72 (84%)
Syngelaki 2012 488 / 44859 213 (44%)
TOTAL 934 / 76285 456 (49%)

Detection rate of the  
First Trimester Anomaly Scan



• Which defects should  
always be seen?

• Which defects could be seen?
• How could we improve the 

first trimester anomaly scan?

First Trimester Anomaly Scan 



Which defects should always be detected?



Which defects could be detected?



Which defects could be detected?

Always detectable defects
Anencephaly, holoprosencephaly, exomphalos,  
gastroschisis, megacystis

Undetectable defects
Microcephaly and other CNS defects, fetal tumors, lung defects, 
some cardiac defects, most gastrointestinal and renal defects

Potentially detectable defects
Facial defects, spina bifida, cardiac defects, renal agenesis, 
diaphragmatic hernia, skeletal dysplasia

Syngelaki 2011



Review

Accuracy of Ultrasonography at 11–14Weeks
of Gestation for Detection of Fetal
Structural Anomalies
A Systematic Review

A. Cristina Rossi, MD, and Federico Prefumo, MD, PhD

OBJECTIVE: To review the literature concerning the
efficacy of early ultrasonography (at 11–14 weeks of ges-
tation) to identify fetal malformations.

DATA SOURCES: A search in PubMed, MEDLINE,
Embase, Cochrane Library, and ClinicalTrials.gov was per-
formed (January 2000 to December 2012). Keywords
were: fetal anatomy, fetal echocardiography, nuchal trans-
lucency, fetal structural anomalies, fetal malformations,
prenatal diagnosis, prenatal screening, and first-trimester
ultrasonography.

METHODS OF STUDY SELECTION: Inclusion criteria
were: fetal anatomy examination at early ultrasonogra-
phy and diagnosis of fetal malformations confirmed by
postnatal or postmortem examination. Data abstracted
were: sample size, location of structural defect, ultra-
sound modality, presence of multiple defects, and study
population. Pooled detection rate was calculated for
each malformation and compared with x2. Differences
were considered statistically significant if P,.05.

TABULATION, INTEGRATION, AND RESULTS: From
1,203 articles, 19 were included. Overall, we pooled
78,002 fetuses undergoing ultrasonography at 11–14
weeks, of which 996 were malformed, leading to preva-
lence of malformation of 12 per 1,000. The overall detec-
tion rate was 472 of 957 (51%). The highest detection rate
was achieved for neck anomalies (92%), whereas limbs

(34%), face (34%), and genitourinary anomalies (34%)
were associated with the lowest detection rate. At
14 weeks of gestation or less, fetal echocardiography
detected 53% of congenital heart disease compared with
43% by complete scan (P5.040). The use of Doppler did
not improve the detection rate for congenital heart
defects (52% compared with 44%, respectively; P5.11).
Multiple defects were identified more frequently than
isolated malformations (60% compared with 44%;
P5.005). The detection rate was higher combining trans-
abdominal and transvaginal techniques (62%) than either
abdominal (51%) or transvaginal (34%; P,.001). Detec-
tion rate was higher in women at high risk (65%) than
unselected population (50% P5.001).

CONCLUSION: Because of the natural history of fetal
defects and the late development of some organ sys-
tems, a number of fetal malformations remain unde-
tected by early ultrasonography.
(Obstet Gynecol 2013;122:1160–7)

DOI: 10.1097/AOG.0000000000000015

First-trimester ultrasonography is widely performed
to assess the risk of chromosomal abnormalities in

unselected populations by measuring the fetal nuchal
translucency thickness between 11 and 14 weeks of
gestation. Because substantial advances in magnifica-
tion imaging and signal processing increased the abil-
ity to visualize fetal anatomy, there was great concern
on the feasibility to diagnose a wide range of fetal
anomalies at the time of nuchal translucency scan
by transvaginal, transabdominal, or transvaginal and
transabdominal ultrasonography.1–3 In the last few
years, several studies encouraged the early diagnosis
of major anomalies after demonstrating the associa-
tion of increased nuchal translucency thickness with
a number of structural defects in fetuses having both
normal and abnormal karyotype.4–6 The ability to
reassure high-risk women with normal examinations

From the Department of Obstetrics and Gynecology, University of Bari, Bari, and
the Maternal-Fetal Medicine Unit, Department of Obstetrics and Gynecology,
University of Brescia, Brescia, Italy.
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ISSN: 0029-7844/13
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in the first trimester, the sensitivity of detection of spina
bifida with early ultrasonography is unlikely to be as
high as in the second trimester. In addition, a normal
appearance of cardiac anatomy at any time of preg-
nancy does not exclude heart defects that may develop
with advancing gestational age and can be detected
later in pregnancy or even postnatally.29 In a very large
randomized study, Saltvedt et al7 reported that the
antenatal detection rate of major fetal malformations
at 12–14 weeks of gestation was lower than the detec-

tion rate at 15–22 weeks of gestation (38% and 47%,
respectively). Similarly, Westin et al32 observed that the
identification of cardiac defects was similar between
early and late ultrasonography (11% and 15%, respec-
tively), although this report was affected by very low
sensitivity. In the series of McAuliffe et al,20 a complete
anatomy survey was successful in only 33% of fetuses
undergoing early ultrasonography. On the other hand,
early ultrasound screening might be more accurate
than second-trimester ultrasonography for the detec-
tion of fetal anomalies associated with oligohydramnios
or anhydramnios, resulting in poor examination of fetal
anatomy. From approximately 1,000 malformed fe-
tuses, we were able to identify what the fetal malforma-
tions are that are more easily diagnosed by early
ultrasonography, because their detection rate is 100%
and which ones that could be diagnosed (detection rate
greater than 50%). In this review, there are defects that
can be seen with high sensitivity (approaching 100%),
medium (detection between 50% and 100%), and low
sensitivity (less than 50%). As well, some anomalies are
not detected before 14 weeks of gestation.

The accuracy of early ultrasonography can be
compromised by the transient or embryologic find-
ings that resolve spontaneously throughout gestation.
For example, midgut rotation is a physiologic finding
up to 13 weeks of gestation, small ventricular defects
commonly undergo spontaneous closure during intra-
uterine life,33 and hydronephrosis is regarded as tran-
sient anomaly in the first trimester.34–36 Patients
should be counselled that in some cases, the early
diagnosis of most fetal malformations needs further
confirmation in a later gestational period.

According to our review, the presence of associ-
ated anomalies appears to increase the accuracy of
early ultrasonography, because early detection of fetal
anomalies increased from 44% in fetuses with isolated
malformations to 60% when fetuses were affected with
multiple anomalies. This finding obviously indicates
that an isolated defect can be missed easier than
multiple defects.

We also found that the presence of maternal risk
factors for fetal structural abnormalities may influence
the accuracy of early ultrasound examination. In
particular, we obtained a sensitivity of 65% in women
at high risk and 50% in low-risk women. Noteworthy,
in the reviewed articles, the operators were not
blinded to the presence or absence of risk factors for
fetal anomalies. Therefore, the awareness of the
ultrasonographer is higher when the a priori proba-
bility for anomalies is high. Transvaginal ultrasonog-
raphy has the advantage of higher resolution and is
generally more useful for women with high body mass

Box 1. Detection Rate of Fetal Malformations in
the First Trimester

100% detection rate
Acrania, anencephaly, ectopia cordis, encephalocele

50–99% detection rate
Cystic hygroma, double-outlet right ventricular flow,

Fallot, gastroschisis, omphalocele, holoprosencephaly,
hypoplastic left heart syndrome, limb reduction, mega-
cystis, polydactyly, septal defects, transposition of great
vessels, valvular disease

1–49% detection rate
Spina bifida, hydrocephalus, skeletal dysplasia, facial

cleft, Dandy-Walker, aortic coarctation, arthrogryposis

0% detection rate
Corpus callosum agenesia, bladder exstrophy, con-

genital cyst adenomatoid malformation, cerebellar
hypoplasia, duodenal atresia, hydronephrosis, renal
agenesia, duplex kidneys, bowel obstruction, extra-
lobar sequestration
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Fig. 3. Detection rates from 11–14 weeks of gestation.
Rossi. First-Trimester Ultrasonography. Obstet Gynecol 2013.
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86 major defects 
11 - 13 weeks

Becker 2006

Detection rate: 72/86 (83,7%)

Ultrasound Obstet Gynecol 2006; 27: 613–618
Published online 28 March 2006 in Wiley InterScience (www.interscience.wiley.com). DOI: 10.1002/uog.2709

Detailed screening for fetal anomalies and cardiac defects at
the 11–13-week scan

R. BECKER and R.-D. WEGNER
Center for Prenatal Diagnosis, Berlin, Germany

KEYWORDS: fetal anomalies; fetal echocardiography; nuchal translucency; 11–13-week scan

ABSTRACT

Objective To assess the diagnostic efficacy of the first-
trimester anomaly scan including first-trimester fetal
echocardiography as a screening procedure in a ‘medium-
risk’ population.

Methods In a prospective study, we evaluated 3094
consecutive fetuses with a crown–rump length (CRL)
of 45–84 mm and gestational age between 11 + 0 and
13 + 6 weeks, using transabdominal and transvaginal
ultrasonography. The majority of patients were referred
without prior abnormal scan or increased nuchal
translucency (NT) thickness, the median maternal age
was, however, 35 (range, 15–46) years, and 53.8% of the
mothers (1580/2936) were 35 years or older. This was
therefore a self-selected population reflecting an increased
percentage of older mothers opting for prenatal diagnosis.
The follow-up rate was 92.7% (3117/3363).

Results The prevalence of major abnormalities in 3094
fetuses was 2.8% (86/3094). The detection rate of major
anomalies at the 11 + 0 to 13 + 6-week scan was 83.7%
(72/86), 51.9% (14/27) for NT < 2.5 mm and 98.3%
(58/59) for NT ≥ 2.5 mm. The prevalence of major
congenital heart defects (CHD) was 1.2% (38/3094). The
detection rate of major CHD at the 11 to 13 + 6-week
scan was 84.2% (32/38), 37.5% (3/8) for NT < 2.5 mm
and 96.7% (29/30) for NT ≥ 2.5 mm.

Conclusion The overall detection rate of fetal anomalies
including fetal cardiac defects following a specialist scan
at 11 + 0 to 13 + 6 weeks’ gestation is about 84%
and is increased when NT ≥ 2.5 mm. This extends
the possibilities of a first-trimester scan beyond risk
assessment for fetal chromosomal defects. In experienced
hands with adequate equipment, the majority of severe
malformations as well as major CHD may be detected

at the end of the first trimester, which offers parents the
option of deciding early in pregnancy how to deal with
fetuses affected by genetic or structural abnormalities
without pressure of time. Copyright © 2006 ISUOG.
Published by John Wiley & Sons, Ltd.

INTRODUCTION

There is increasing evidence that, in certain cases of
fetal cardiac and other structural anomalies, prenatal
diagnosis may be helpful or even life saving1–3. For cases
requiring specific therapy during and after delivery it
seems sufficient to arrive at the diagnosis in the second
half of pregnancy. So the ‘established’ 21–22-week scan is
able to provide information that supports the health and
life of both mother and child. If we accept that there is
an obligation to detect diseases prior to delivery, we also
have to accept that we inevitably diagnose conditions with
a poor prognosis. The physiological and psychological
impacts of a termination of pregnancy (TOP) increase with
increasing gestational age, leading to ethical dilemmas
in the second half of pregnancy, especially in cases of
severely handicapped but viable fetuses. Given the right
of a pregnant woman to decide against continuing a
pregnancy with a severe anomaly, one main aim of
prenatal diagnosis should be to provide as much relevant
information as possible to the pregnant woman as early
as possible.

Assessing the thickness of nuchal translucency (NT)
has become a well established method in early pregnancy.
Initially the method focused on risk assessment for trisomy
214–6, later extended to the detection of trisomies 13
and 18. For more than a decade studies have shown
that anomaly scans7–9 and fetal echocardiography at
the end of the first trimester are useful diagnostic
tools10–12. In addition, a few reports describe the

Correspondence to: Prof. R. Becker, Free University of Berlin, Center for Prenatal Diagnosis, Kurfürstendamm 199, D-10719 Berlin,
Germany (e-mail: bedaktari@t-online.de)

Accepted: 26 August 2005

Copyright © 2006 ISUOG. Published by John Wiley & Sons, Ltd. ORIGINAL PAPER



Screening parameters for major defects



0,8 MoM vs 1,0 MoM

Ultrasound Obstet Gynecol 2013; 42: 169–174
Published online 26 June 2013 in Wiley Online Library (wileyonlinelibrary.com). DOI: 10.1002/uog.12346

Maternal serum placental growth factor at 11–13 weeks’
gestation and fetal cardiac defects

E. LLURBA*†, A. SYNGELAKI‡§, O. SÁNCHEZ†, E. CARRERAS*, L. CABERO*
and K. H. NICOLAIDES‡§
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Barcelona, Spain, Maternal and Child Health and Development Network (SAMID) RD 08/0072, Instituto de Salud Carlos III, Barcelona,
Spain; †Biochemistry and Molecular Biology Research Center for Nanomedicine, Vall d’Hebron University Hospital, Barcelona, Spain,
Maternal and Child Health and Development Network (SAMID) RD 08/0072, Centre for Biomedical Research on Rare Diseases
(CIBERER), Instituto de Salud Carlos III, Barcelona, Spain; ‡Harris Birthright Research Centre for Fetal Medicine, King’s College
Hospital, London, UK; §Department of Fetal Medicine, University College Hospital, London, UK

KEYWORDS: cardiac defects; first-trimester screening; placental growth factor; pyramid of antenatal care

ABSTRACT

Objective To investigate the relationship between fetal
heart defects and maternal serum placental growth factor
(PlGF), a marker of placental angiogenesis.

Methods Maternal serum PlGF, pregnancy-associated
plasma protein-A (PAPP-A) and uterine artery pulsatility
index (UtA-PI) at 11–13 weeks’ gestation were compared
in 68 cases of isolated fetal major heart defects and 340
normal controls. Variables were converted into multiples
of the median (MoM) after adjustment for gestational age,
maternal age, racial origin, weight, parity and method of
conception, and then compared between groups. The
cardiac defects included 11 cases of obstruction of the
left ventricular outflow tract (LVOT), 25 conotruncal
abnormalities and 32 valve defects.

Results The median PlGF-MoM in the heart defect group
was lower than in controls (0.80 (interquartile range
(IQR), 0.57–1.08) vs 1.00 (IQR, 0.79–1.32); P <

0.0001). Low PlGF levels were observed in the presence
of conotruncal and valve defects but not in the presence
of LVOT defects. There was no significant difference
between the group with fetal heart defects and controls
in PAPP-A-MoM (0.95 (IQR, 0.68–1.28) vs 1.01 (IQR,
0.70–1.39); P = 0.292) or UtA-PI-MoM (1.01 (IQR,
0.84–1.28) vs 0.99 (IQR, 0.80–1.20); P = 0.396).

Conclusion In pregnancies with isolated fetal heart
defects there is evidence of impaired placental angio-
genesis in the absence of impaired placental perfusion and
function. Copyright © 2012 ISUOG. Published by John
Wiley & Sons Ltd.
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INTRODUCTION

Abnormalities of the heart and great arteries are the
most common congenital defects, accounting for about
20% of all stillbirths and 30% of neonatal deaths due
to congenital defects1. Heart defects are considered to
be major if they require surgery or interventional cardiac
catheterization within the first year of life, and such cases
are found in about 4 per 1000 live births2. The etiology
of cardiac defects is heterogeneous and probably depends
on the interplay of multiple genetic and environmental
factors, including maternal diabetes mellitus or collagen
disease, exposure to drugs such as lithium and viral
infections such as rubella3. However, the majority of
cardiac defects are sporadic, with no recognized familial
or environmental association.

Placental growth factor (PlGF), a glycoprotein
belonging to the family of vascular endothelial growth
factors (VEGF), is produced by the placenta and induces
proliferation, migration and activation of endothelial
cells4–6. There is extensive evidence that in pregnancies
with impaired placentation maternal serum PlGF level
is reduced, and such a decrease is apparent from the
first trimester6–10. There is also some evidence from
animal studies that angiogenic factors may be implicated
in cardiac morphogenesis. In mutant mice embryos, a
2–3 fold overexpression of VEGF was found to result in
severe abnormalities of cardiac development, including
an attenuated compact layer of myocardium, overpro-
duction of trabeculae, defective ventricular septation and
remodeling of the outflow tract11. In zebrafish embryos,
blockage of VEGF receptors resulted in a functional and
structural defect in cardiac valve development, suggesting

Copyright © 2012 ISUOG. Published by John Wiley & Sons Ltd. ORIGINAL PAPER
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Table 1 Demographic and pregnancy characteristics in study population of fetuses with congenital heart defects (CHD) and normal controls

Characteristic Control group (n = 340) CHD group (n = 68) P

Maternal age (years) 32.2 (28.3–35.7) 32.3 (27.3–36.4) 0.805
Maternal weight (kg) 66.5 (60.0–77.0) 68.2 (57.0–76.9) 0.871
Maternal height (cm) 165 (160–170) 165 (160–170) 0.316
Fetal crown–rump length (mm) 63.7 (57.9–69.4) 63.8 (55.0–70.8) 0.853
Racial origin

Caucasian 222 (65.3) 52 (76.5) 0.089
Afro-Caribbean 92 (27.1) 12 (17.6) 0.127
South Asian 11 (3.2) 2 (2.9) 0.999
East Asian 7 (2.1) 2 (2.9) 0.649
Mixed 8 (2.4) 0 0.133

Parity 0.894
Nulliparous 151 (44.4) 29 (42.6)
Parous 189 (55.6) 39 (57.4)

Smoker 30 (8.8) 6 (8.8) 0.999
Mode of conception 0.261

Spontaneous 322 (94.7) 62 (91.2)
Assisted 18 (5.3) 6 (8.8)

Data shown as median (interquartile range) or n (%). Comparisons with control group by chi-square test for categorical variables and
Mann–Whitney U-test for continuous variables.

In the cardiac defect group, the median PlGF-MoM
was significantly lower and delta NT was significantly
higher than in the control group, while MoM values of
free β-hCG, PAPP-A and UtA-PI were not significantly
different between the cases and controls (Table 2 and
Figure 1). The median PlGF-MoM was significantly lower
in the group of conotruncal abnormalities (median 0.86
(interquartile range (IQR), 0.64–1.01); P = 0.003) and in
those with valve defects (median 0.75 (IQR, 0.55–0.98); P
< 0.0001) but not in the group of LVOT malformations
(median 1.17 (IQR, 0.70–1.25); P = 0.863) compared
with controls (Figure 2). In the heart defect group,
there was a significant association between log10PlGF-
MoM and delta NT (r = −0.307, P < 0.0001) but this
correlation was not observed in the control group (r =
0.061, P = 0.265). We further classified the cardiac defect
group according to NT thickness, and only patients with
abnormal NT had statistically significant lower levels of
PlGF than did the control group (Figure 3).

DISCUSSION

The findings of this study demonstrate that in isolated fetal
major heart defects maternal serum PlGF at 11–13 weeks’
gestation is decreased, suggesting impaired placental
angiogenesis. This impairment is observed in the presence
of conotruncal and valve defects but not in left heart
defects. In fetal heart defects, the decrease in serum
PlGF was not related to impaired placental perfusion
(reflected by increased UtA-PI) or reduced placental
function (reflected by decreased serum PAPP-A).

Reduced maternal serum PlGF at 11–13 weeks’
gestation has also been reported in pregnancies that
subsequently developed pre-eclampsia and in those with
fetal trisomy 2110,18. In cases of pre-eclampsia, the low
PlGF is accompanied by low PAPP-A and high UtA-PI;
these findings are attributed to impaired trophoblastic
invasion of the maternal spiral arteries leading to reduced
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median (MoM) values in normal fetuses ( ) and in those with fetal
heart defects ( ) in relation to crown–rump length. The 10th, 50th
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placental perfusion and function. In trisomy 21, the low
PlGF level is accompanied by low PAPP-A but normal
UtA-PI, suggesting impaired placental function in the
presence of normal placental perfusion.

There are several possible explanations for the
observation of lower PlGF in first-trimester maternal
blood in fetal CHD. These fetuses may have intrinsically
altered angiogenesis, leading to abnormal formation of
the heart, that may also be present in the placenta and
that cannot therefore be anticipated by maternal UtA

Copyright © 2012 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2013; 42: 169–174.
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ABSTRACT

Purpose To evaluate the potential of routine assessment of intracra-
nial translucency (IT) and other posterior brain parameters in the early
detection of open spina bifida during the 11 – 14 weeks screening
examination.
Materials and Methods This prospective, multicenter longitudinal
study was conducted with the participation of 20 certified DEGUM II
or III experts in Berlin, Germany, between June 2010 and October
2013. All pregnant women undergoing a first trimester screening
were included in the study and in every patient were the IT, brain
stem (BS), cisterna magna (CM), BS to occipital bone distance (BSOB)
and BS/BSOB ratio measured. All patients with continuing pregnancy
underwent a second trimester scan. Our data was used to develop
our own reference ranges. The primary outcome parameter was the
presence of open spina bifida.

Results A total of 15 526 women with 16 164 fetuses were examined.
Median of the IT was 2.1mm, of the CM 1.6mm, of the BS 2.7mm, of
the BSOB 5.5mm, and of the BS/BSOB ratio 0.49. There were 11 cases
with open spina bifida (incidence of 6.8/10 000). The detection rate
was 100% and in all cases of spina bifida, the anomaly was detected
either at the first examination (n = 8) or considered suspicious and the
lesion then detected a few weeks later (n = 3). Considering individual
measurements, however, the detection rate was 18 % with the com-
plete absence of the IT and 45% with cut-off values. For the CM mea-
surement, the detection rate was 64% with the absence of the CM and
73 % with cut-off values. The other parameters proved not to be
predictive of open spina bifida.
Conclusion In the hands of an expert, open spina bifida can be reliably
diagnosed early in gestation during the 11 – 14 weeks screening. The
measurement of different parameters of the posterior brain, especially
the CM and the use of cut-off values are of tremendous benefit in
achieving a high sensitivity in the detection rate.

ZUSAMMENFASSUNG

Ziel Die Vorhersagekraft der routinemäßigen Bestimmung des 4.
Ventrikels (IT) sowie weiterer Parameter der hinteren Schädelgrube
bei der frühzeitigen Diagnose einer Spina bifida im Erst-Trimester-
Screening zu evaluieren.
Material und Methoden Es wurde eine prospektive, multizentrische
longitudinale Studie in Berlin, Deutschland, durchgeführt mit 20
DEGUM-II oder -III-Experten im Zeitraum zwischen Juni 2010 und
Oktober 2013. Eingeschlossen wurden Schwangere aus dem Erst-
Trimester-Screening, und bei allen wurde die IT, der Hirnstamm (BS),
die Cisterna magna (CM) und der Abstand zwischen Hirnstamm und
os occipitale (BSOB) gemessen, daraus der BS/BSOB-Quotient errech-
net sowie im Verlauf ein Zweit-Trimester-Ultraschall durchgeführt. Die
erhobenen Daten dienten zur Erstellung eigener Referenzwerte. Der
primäre Outcome-Parameter war das Vorhandensein einer offenen
Spina bifida.
Ergebnisse Insgesamt 16 164 Feten von 15 526 Schwangeren wurden
untersucht. Der Median der IT betrug 2,1mm, der CM 1,6mm, der BS
2,7 mm, der BSOB 5,5 mm, und des BS/BSOB-Quotienten 0,49.
In 11 Fällen wurde eine offene Spina bifida diagnostiziert (Inzidenz
6,8/10 000). Die Detektionsrate betrug 100%, und in allen Fällen einer
offenen Spina bifida wurde die Fehlbildung bei der Erstuntersuchung
(n = 8) diagnostiziert oder der Verdacht geäußert und die Läsion dann
wenige Wochen später im Verlauf diagnostiziert (n = 3). Bezüglich der
Einzelparameter betrug die Detektionsrate 18% für das vollständige
Fehlen der IT und 45 % für das Unterschreiten der nach Schwanger-
schaftsalter adaptierten unteren Grenzwerte. Für die CM betrug die
Detektionsrate 64 % für das Fehlen der CM und 73 % für das Unter-
schreiten der Grenzwerte. Die weiteren Parameter erwiesen sich nicht
als prädiktiv hinsichtlich einer offenen Spina bifida.

Original Article
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ABSTRACT

Purpose To evaluate the potential of routine assessment of intracra-
nial translucency (IT) and other posterior brain parameters in the early
detection of open spina bifida during the 11 – 14 weeks screening
examination.
Materials and Methods This prospective, multicenter longitudinal
study was conducted with the participation of 20 certified DEGUM II
or III experts in Berlin, Germany, between June 2010 and October
2013. All pregnant women undergoing a first trimester screening
were included in the study and in every patient were the IT, brain
stem (BS), cisterna magna (CM), BS to occipital bone distance (BSOB)
and BS/BSOB ratio measured. All patients with continuing pregnancy
underwent a second trimester scan. Our data was used to develop
our own reference ranges. The primary outcome parameter was the
presence of open spina bifida.

Results A total of 15 526 women with 16 164 fetuses were examined.
Median of the IT was 2.1mm, of the CM 1.6mm, of the BS 2.7mm, of
the BSOB 5.5mm, and of the BS/BSOB ratio 0.49. There were 11 cases
with open spina bifida (incidence of 6.8/10 000). The detection rate
was 100% and in all cases of spina bifida, the anomaly was detected
either at the first examination (n = 8) or considered suspicious and the
lesion then detected a few weeks later (n = 3). Considering individual
measurements, however, the detection rate was 18 % with the com-
plete absence of the IT and 45% with cut-off values. For the CM mea-
surement, the detection rate was 64% with the absence of the CM and
73 % with cut-off values. The other parameters proved not to be
predictive of open spina bifida.
Conclusion In the hands of an expert, open spina bifida can be reliably
diagnosed early in gestation during the 11 – 14 weeks screening. The
measurement of different parameters of the posterior brain, especially
the CM and the use of cut-off values are of tremendous benefit in
achieving a high sensitivity in the detection rate.

ZUSAMMENFASSUNG

Ziel Die Vorhersagekraft der routinemäßigen Bestimmung des 4.
Ventrikels (IT) sowie weiterer Parameter der hinteren Schädelgrube
bei der frühzeitigen Diagnose einer Spina bifida im Erst-Trimester-
Screening zu evaluieren.
Material und Methoden Es wurde eine prospektive, multizentrische
longitudinale Studie in Berlin, Deutschland, durchgeführt mit 20
DEGUM-II oder -III-Experten im Zeitraum zwischen Juni 2010 und
Oktober 2013. Eingeschlossen wurden Schwangere aus dem Erst-
Trimester-Screening, und bei allen wurde die IT, der Hirnstamm (BS),
die Cisterna magna (CM) und der Abstand zwischen Hirnstamm und
os occipitale (BSOB) gemessen, daraus der BS/BSOB-Quotient errech-
net sowie im Verlauf ein Zweit-Trimester-Ultraschall durchgeführt. Die
erhobenen Daten dienten zur Erstellung eigener Referenzwerte. Der
primäre Outcome-Parameter war das Vorhandensein einer offenen
Spina bifida.
Ergebnisse Insgesamt 16 164 Feten von 15 526 Schwangeren wurden
untersucht. Der Median der IT betrug 2,1mm, der CM 1,6mm, der BS
2,7 mm, der BSOB 5,5 mm, und des BS/BSOB-Quotienten 0,49.
In 11 Fällen wurde eine offene Spina bifida diagnostiziert (Inzidenz
6,8/10 000). Die Detektionsrate betrug 100%, und in allen Fällen einer
offenen Spina bifida wurde die Fehlbildung bei der Erstuntersuchung
(n = 8) diagnostiziert oder der Verdacht geäußert und die Läsion dann
wenige Wochen später im Verlauf diagnostiziert (n = 3). Bezüglich der
Einzelparameter betrug die Detektionsrate 18% für das vollständige
Fehlen der IT und 45 % für das Unterschreiten der nach Schwanger-
schaftsalter adaptierten unteren Grenzwerte. Für die CM betrug die
Detektionsrate 64 % für das Fehlen der CM und 73 % für das Unter-
schreiten der Grenzwerte. Die weiteren Parameter erwiesen sich nicht
als prädiktiv hinsichtlich einer offenen Spina bifida.
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Appearance of fetal posterior fossa at 11–14 weeks in fetuses
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ABSTRACT

Objective To describe the sonographic appearance of
fetal posterior fossa anatomy at 11–14 weeks of
pregnancy and to assess the outcome of fetuses
with increased intracranial translucency (IT) and/or
brainstem-to-occipital bone (BSOB) diameter.

Methods Reference ranges for brainstem (BS), IT and
cisterna magna (CM) measurements, BSOB diameter and
the BS : BSOB ratio were obtained from the first-trimester
ultrasound examination of 233 fetuses with normal
postnatal outcome (control group). The intraobserver
and interobserver variability of measurements were
investigated using 73 stored ultrasound images. In
addition, a study group of 17 fetuses with increased
IT and/or BSOB diameter was selected to assess outcome.

Results No significant intraobserver or interobserver
variability was found for any measurement in the control
group. In the study group, IT was increased in all cases
and BSOB diameter was above the 95th centile of the
calculated normal range in all but two (88%) cases.
In 13/17 study cases, only two of the three posterior
brain spaces were recognized on ultrasound. These 13
fetuses had a larger BSOB diameter than did the four
cases that showed all three posterior brain spaces, and
had severe associated anomalies including Dandy–Walker
malformation (DWM) and/or chromosomal anomalies.

Conclusions Visualization of the fetal posterior fossa
anatomy at 11–14 weeks’ gestation is feasible. Increased
fluid in the posterior brain at 11–14 weeks, particularly in
the case of non-visibility of the septation that divides the
future fourth ventricle from the CM, is an important
risk factor for cystic posterior fossa malformations,

Correspondence to: Dr P. Volpe, Fetal Medicine Unit, Di Venere Hospital, Ospedale Di Venere 1, 70100, Bari, Italy
(email: paolo-volpe@libero.it)
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in particular DWM, and/or chromosomal aberrations.
Copyright © 2015 ISUOG. Published by John Wiley &
Sons Ltd.

INTRODUCTION

The role of the first-trimester ultrasound examination has
expanded from screening for aneuploidy to diagnosing
fetal malformations1–4. At 11–14 weeks of gestation, it
is possible to visualize and measure three spaces in the
posterior brain: the brainstem (BS), the fourth ventricle
or intracranial translucency (IT) and the cisterna magna
(CM). Such anatomical spaces are assessed routinely by
ultrasound in the mid-sagittal view of the fetal face as part
of the nuchal translucency (NT) scan at 11–14 weeks.
Irregularities of the posterior brain spaces, including
their measurements, have been proposed as markers of
posterior fossa anomalies5–7. The correlation between
a decreased amount of fluid in the posterior brain and
open spina bifida is well established6–12. More recently,
it has been suggested that increased fluid may indicate
the presence of cystic posterior fossa anomalies such as
Dandy–Walker malformation (DWM) and Blake’s pouch
cyst (BPC)13–18. The aim of our study was to describe the
outcome of fetuses with increased fluid in the posterior
brain at 11–14 weeks.

PATIENTS AND METHODS

We conducted a case–control study in two referral
centers for prenatal diagnosis including patients at low
risk and patients referred because of an increased risk
of chromosomal and/or anatomical defects. The control
group included 233 fetuses with a normal ultrasound

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd. ORIGINAL PAPER
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Figure 2 Brainstem-to-occipital bone (BSOB) diameter in study
group of 17 fetuses with increased intracranial translucency and/or
increased BSOB diameter and in 233 normal fetuses. Boxes
represent median and interquartile range, and whiskers are 5th and
95th centiles.
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Figure 3 Measurements of brainstem-to-occipital bone (BSOB)
diameter in 17 fetuses with increased intracranial translucency
and/or BSOB diameter ( ) and in normal controls ( ), according to
crown–rump length (CRL) and plotted on the median, 5th and 95th

centiles of the control group.

Chromosomal anomalies were found in nine cases, and
in six cases malformations were diagnosed by ultrasound
at 11–14 weeks’ gestation. DWM was present in four
cases (Figure 6), either alone or in combination with other
abnormalities, including chromosomal aberrations and
structural malformations. One fetus with mosaicism of
chromosome 9 identified from chorionic villi was found
to have a BPC and early severe growth restriction at
19 weeks. Overall, 12 couples requested termination of
pregnancy. This was performed within the 14th week of
gestation in eight cases, and it was not possible to obtain
reliable postmortem conclusions at this early gestational
age. In the remaining four cases that were terminated
at a later gestational age, autopsy always confirmed the
antenatal diagnosis. One pregnancy with a fetus affected
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Figure 4 Measurements of brainstem (BS) to brainstem-to-
occipital bone diameter (BS : BSOB) ratio in 17 fetuses with
increased intracranial translucency and/or increased BSOB diameter
( ) and in normal controls ( ), according to crown–rump length
(CRL) and plotted on the median, 5th and 95th centiles of the
control group.

BS

Figure 5 Mid-sagittal ultrasound image of fetal brain at 13 weeks’
gestation in a case with trisomy 18 and a posterior fossa cyst
(Case 9), showing only two posterior brain spaces because the
border between the fourth ventricle and the cisterna magna is not
visible. Measurements of brainstem (BS) diameter and
brainstem-to-occipital bone diameter (lower arrow) are seen.

by isolated DWM continued to term. The infant was
alive and well at the time of writing, but neurological
outcome is uncertain because of the very short follow-up
(4 months old).

In the four fetuses (Cases 14–17, Table 3) in which three
brain spaces could be seen (Figure 7), IT was increased in
all four and BSOB diameter increased in two. Only one
fetus (Case 16) underwent karyotyping, with a normal
result. This fetus was found at a later stage of gestation
to have a BPC, an interhemispheric cyst (Figure 8) and
unilateral hydronephrosis but was alive and in good
condition at the time of writing, although at a rather
brief follow-up (2 years old). Karyotype was not obtained

Copyright © 2015 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2016; 47: 720–725.



FACIAL DEFECTS

First trimester detection rate  
for cleft lip and palate 5% Retronasal triangle



Cleft lip and Palate 
„Mind the Gap“



Bilateral cleft lip and palate 
Unilateral cleft lip and palate 
Median cleft lip and palate 
Retrognathia 

Cleft lip and palate 
Frontal Space Measurement
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The fetal profile
All in one - image

Nuchal translucency

Spina bifida
Cerebelar anomalies

Anencephaly
Holoprosencephaly

Facial clefts
Retrognathia
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care

Contemporary First Trimester Screening

DR FPR
• ANEUPLOIDY  90 - 99% 1 - 5%

• FETAL DEFECTS  50% ?

• PREECLAMPSIA  >90% 10 %

• IUGR / SGA  50% 10 %

• PRETERM DELIVERY  60% 10 %

• GESTATIONAL DIABETES  85% 40 %
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GEHIRN

Detektionsrate  
für Exen- und Holo-

prosencephalie fast 100%



GEHIRN



GEHIRN



GEHIRN



GESICHT



FOSSA POSTERIOR - DANDY WALKER?



BALKENAGENESIE

Normal Balkenagenesie

Lachmann, FTD, 2013



GEHIRN



GEHIRN



ZWERCHFELL



ABDOMEN



OMPHALOZELE UND ANEUPLOIDIE

SSL n Aneuploidie

45-55mm 102 60 %

56-65mm 35 57 %

>65mm 13 46 %

Leber 17 53 %

Kagan UOG 2010



GASTROINTESTINALTRAKT



GASTROINTESTINALTRAKT



NIERE UND BLASE



NIERE UND BLASE



NIERE UND BLASE



EXTREMITÄTEN



KOMPLEXE FEHLBILDUNGEN



KOMPLEXE FEHLBILDUNGEN



KOMPLEXE FEHLBILDUNGEN



KOMPLEXE FEHLBILDUNGEN



SONSTIGE



Tübinger Pränataltage 
13 - 15 Februar 2014 
Mit Kursen zum 
Fehlbildungskurs, Echokardiographie, Gyn-US,  
Perinatologisches Management 

Referenten: u.a. 
Arabin, Berg, Chaoui, Dürr, Eiben, Fischer, Geipel, Gonser, Hackelöer, 
Hildebrandt, Kainer, Kalache, Kozlowski, Maul, Meuli, Mielke, Poets, 
Prömpeler, Schleussner, Schmidt, Schramm, Stressig, Tekesin, 
Verlohren, Wacker, Vetter .... 



Prof. Dr. Karl Oliver Kagan,
Universitäts-Frauenklinik Tübingen

EINSATZ VON COMBINED TESTS, 
ZUSATZMARKERN UND NIPT



ERSTTRIMESTERSCREENING 1992
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ERSTTRIMESTER-SCREENING HEUTE
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DR 95% für 2-3% FPR ! 



KOMBINIERTES RISIKO ODER  
EINZELRISIKOBETRACHTUNG

Trisomie 21  
DR (95% CI)

Euploid 
FPR (95% CI)

Kombiniertes  
Risiko  
>1:250

90,2%  
(86,1 - 93,5) 

5,0% 
(4,8 - 5,2)

NT u/o Bio-
Risiko  
>1:250

94,5% 
(92,7 - 97,5)

15,3% 
(15,0 - 15,6)

46.362 euploide und 307 Trisomie 21-Schwangerschaften



ÜBERPRÜFUNG MÖGLICHER FEHLERQUELLEN

Bildqualität?

Ultraschall Biochemie
Einflussfaktoren  
berücksichtigt?



ERSTTRIMESTER-SCREENING AUF TRISOMIE 21  
IN DEUTSCHLAND  

Screening-Methode DR bei FPR 5% 
MA + NT          48% 
MA + Biochemie  65% 
MA + NT + Biochemie 80%
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Trisomie 21 n=109

Lüthgens 2011



NACKENTRANSPARENZMESSUNG BEI TRISOMIE 21

Lüthgens 2011, Kagan 2009
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UNTERSUCHUNGSFREQUENZ UND QUALITÄT 
(DQAAS)
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Trisom
ie 21
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VERTEILUNG DER RISIKEN BEI 
ADÄQUATEM ETS



222,821 normale SS und 886 mit Trisomie 21 aus UK, Dänemark and Zypern
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ZWEIZEITIGES ERSTTRIMESTER-
SCREENING



ANPASSUNG DER SERUMBIOCHEMIE  
AN WERTE DER VORSCHWANGERSCHAFT

Wright et al. 2011
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NEUE ULTRASCHALLMARKER

Nasenbein  
DR 60% und FPR 1-3% 

Ductus venosus 
DR 66% und FPR 3% 

Trikuspidalklapenfluss 
DR 56% und FPR 1% 

Kagan, Maiz 2009



NASENBEIN



NASENBEIN

Richtlinien
Vergrößerung
Midsagittale Schnittebene
US-Kopf parallel zu Nase
Beurteilung durch den Untersucher



NASENBEIN

Detektionsrate bei Trisomie 21: 60%
Falsch-Positivrate bei normalen Feten: 1-3%



NASENBEIN



TRIKUSPIDALKLAPPENFLUSS



TRIKUSPIDALKLAPPENFLUSS

Richtlinien
Vergrößerung
Apikaler Vierkammerblick
Dopplerfenster und Position
Einschallwinkel
Laufgeschwindigkeit (3-6 Zyklen)
Beurteilung durch den Untersucher



TRIKUSPIDALKLAPPENFLUSS



TRIKUSPIDALKLAPPENFLUSS



DUCTUS VENOSUS

•  Midsagittaler Schnitt 
•  Dopplerwinkel <30° 
•  Filter auf Minimum 



DUCTUS VENOSUS

Richtlinien
Vergrößerung
Midsagittale Schnittebene
Dopplerfenster und Position
Einschallwinkel <30°
Filter 50-70 Hz
Laufgeschwindigkeit (3-6 Zyklen)
Beurteilung durch den Untersucher



TRIKUSPIDALKLAPPENFLUSS

Detektionsrate bei Trisomie 21: 56%
Falsch-Positivrate bei normalen Feten: 1%
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ZERTIFIZIERUNG
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ADÄQUATEM ETS



ZWEI-STUFEN-SCREENING

Hohes Risiko  
>1:50 → CVS

Niedriges Risiko 
<1:1000 → US 

Detektionsrate 90-95% 
Falsch-positiv Rate 2,5%

Borderline Risiko  

 

Kombiniertes  
Screening

1,5% / 85%

84% / 1,2%

15% / 14%



ADDITION DER NEUEN MARKER BEI ALLEN 
UNTERSUCHUNGEN OHNE BIOCHEMIE

Detektionsrate 83-85% 
Falsch-positiv Rate 2,9%

Cut-off 1:100

KEINE BIOCHEMIE 
 



ZWEI-STUFEN  
CROSS-TRIMESTER-SCREENING

Hohes Risiko  
>1:50 → CVS

Niedriges Risiko 
<1:1000 → US 

 

Kombiniertes  
Screening

1,5% / 85%

84% / 1,2%

Trachea
ARSA 15% / 14%



Marker DR (%) FPR (%) LR + LR - LR 
isoliert

Echogener Fokus 24,4 3,9 5,85 0,8 0,95
Ventrikulomegalie 7,5 0,3 25,78 0,94 3,6

Nackenödem 26,2 1,2 19,18 0,8 3,12

Hyperechogener Darm 16,7 1,1 11,44 0,9 1,65

Hydronephrose 13,7 1,4 7,77 0,92 1,1

Kurzer Humerus 30,3 4,6 4,81 0,74 0,78

Kurzer Femur 27,7 6,4 3,72 0,8 0,61

ARSA 30,7 1,5 21,48 0,71 3,94

Abnormales Nasenbein 59,8 2,8 23,26 0,46 6,58

Agathokeous UOG 2013



PARADIGMENWECHEL IN DER 
PRÄNATALMEDIZIN

Alter
DR 50%
FPR 20%

Biochemie
DR 60-80%

FPR 5%

Komb. ETS
DR 90%
FPR 5%

cffDNA
DR 99%
FPR 0,1%

1980er 1990er 2000er 2010er



SCREENING MITTELS CFFDNA

Detektionsrate Falsch-positiv Rate

Trisomie 21 n=147* 99 % n=12.855* 0,1 %

Trisomie 18 n=147 99 % ? 0,1 %

Trisomie 13 n=22 86 % ? 0,5 %
* Screening-Studien 
Zusammenfassung der Studien von Nicolaides, Dan, Ashoor, Palomaki und Norton et al. 



SCREENING MITTELS CFFDNA

• Nur limitiert verfügbar

• Sehr teuer (> €500)

•Bisher nur Screening auf 
Trisomie 21,18,13,X

•Bisher keine ausreichend 
großen Screening-Studien

•Bisherige Studien fast nur  
Hochrisiko-Kollektiv



IMPLEMENTIERUNG VON NIPT

Nur NIPT (wenn kein Befund ETS Cut-off 1:50)

Contingent Ansatz (erst ETS, borderline Risiko NIPT)

Nur ETS (Cut-off 1:250)



IMPLEMENTIERUNG VON NIPT
Labor pränatal.de Düsseldorf 2000 - 2012
21052 ETS-Untersuchungen

212 aneuploide Schwangerschaften
189 (89%) T21, T18, T13, X - Aneuploidie
23 (11%) sonstige mit adversem Outcome

ETS €150
NIPT €500
Karyotypisierung €1000

DR T21 99%
DR T18 98%
DR T13 90%
DR Sex 99%
FPR 0,5%

http://Pr%C3%A4natal.de


IMPLEMENTIERUNG VON NIPT

Nur NIPT
Detektionsrate Trisomie 21: 126 (99%)
Detektionsrate alle Aneuploidien: 186 (88%)
Invasive Diagnostik: 305 (1,5%)
Kosten: €10,937,600

Nur ETS (Cut-off 1:250)
Detektionsrate Trisomie 21: 116 (91%)
Detektionsrate alle Aneuploidien: 193 (91%)
Invasive Diagnostik: 2006 (9,5%)
Kosten: €5,158,250



IMPLEMENTIERUNG VON NIPT

Contingent Model
Erst ETS (borderline Risiken NIPT)
Detektionsrate Trisomie 21: 124 (98%)
Detektionsrate alle Aneuploidien: 200 (94%)
Invasive Diagnostik: 706 (3.4%)
Kosten: €6,445,750



STRATEGIE „LATE NIPT“:  
ETS ALS TRIAGE-TEST

ETS 11+1 - 13+6 SSW
Aneuploidie-Screening 
Frühe Organdiagnostik

PE-Screening etc.

I.Screen MuRi  8+1 bis 10+6

Fehlbildung

CVS +/-  
microarray

Beratung
über cff DNA

cff DNA 

NT >>95.Perz.
PAPP-A<< 5.Perz

ETS
pos

ETS
interm

ETS
neg

Angst



RISIKOADAPTIERTE  
SCHWANGERSCHAFTSBETREUUN

G

•  ANEUPLOIDIE 
•  FEHLBILDUNGEN
•  PRÄEKLAMPSIE
•  IUGR / SGA
•  FRÜHGEBURT
•  GESTATIONSDIABETES ..
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Spezielle
Vorsorge


