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CONTRIBUTION

What are the novel findings of this work?

This study confirms our previous finding that fetal
abnormalities essentially fall into three categories in
relation to detectability at the 11-13-week scan (always
detectable, never detectable or sometimes detectable) and
demonstrates improvement in the identification of those
that are sometimes detectable, which can be attributed
to improved quality of ultrasound equipment and an
updated standardized protocol.

What are the clinical implications of this work?

A routine 11-13-week scan, carried out according to
a standardized protocol, can identify many severe non-
chromosomal fetal abnormalities. However, to maximize
prenatal detection of abnormalities, additional scans in
both the second and third trimesters are necessary.

ABSTRACT

Objective To examine the performance of the routine
11-13-week scan in detecting fetal non-chromosomal
abnormalities.

Methods This was a retrospective study of prospectively
collected data from 100997 singleton pregnancies
attending for a routine ultrasound examination of
fetal anatomy, performed according to a standardized
protocol, at 11-13weeks’ gestation. All continuing
pregnancies had an additional scan at 18-24 weeks and
71754 had a scan at either 30-34 or 35-37 weeks. The
final diagnosis of fetal abnormality was based on the
results of postnatal examination in cases of live birth
and on the findings of the last ultrasound examination in

cases of pregnancy termination, miscarriage or stillbirth.
The performance of the 11-13-week scan in the detection
of fetal abnormalities was determined.

Results The study population contained 1720 (1.7%)
pregnancies with a fetal abnormality, including 474
(27.6%) detected on the first-trimester scan, 926 (53.8%)
detected on the second-trimester scan and 320 (18.6%)
detected in the third trimester or postnatally. At
11-13 weeks’ gestation, we diagnosed all cases of acra-
nia, alobar holoprosencephaly, encephalocele, tricuspid or
pulmonary atresia, pentalogy of Cantrell, ectopia cordis,
exomphalos, gastroschisis and body-stalk anomaly and
>50% of cases of open spina bifida, hypoplastic left
heart syndrome, atrioventricular septal defect, complex
heart defect, left atrial isomerism (interrupted inferior
vena cava with normal intracardiac anatomy), lower
urinary tract obstruction, absence of extremities, fetal aki-
nesia deformation sequence and lethal skeletal dysplasia.
Common abnormalities that were detected in <10% of
cases at 11-13 weeks included ventriculomegaly, agenesis
of the corpus callosum, isolated cleft lip, congenital pul-
monary airway malformation, ventricular septal defect,
abdominal cysts, unilateral renal agenesis or multicystic
kidney, bydronephrosis, duplex kidney, hypospadias and
talipes.

Conclusions A routine 11-13-week scan, carried out
according to a standardized protocol, can identify
many severe non-chromosomal fetal abnormalities. A
summary statistic of the performance of the first-trimester
scan is futile because some abnormalities are always
detectable, whereas others are either non-detectable or
sometimes detectable. To maximize prenatal detection
of abnormalities, additional scans in both the second and
third trimesters are necessary. Copyright © 2019 ISUOG.
Published by John Wiley & Sons Ltd.
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Non-chromosomal abnormalities in first trimester

INTRODUCTION

Ultrasound examination at 11-13 weeks’ gestation
is used widely for assessment of gestational age!,
diagnosis of multiple pregnancy and chorionicity?,
screening for fetal aneuploidy®~> and diagnosis of fetal
non-chromosomal abnormalities®~®. Another recent indi-
cation that is likely to become widespread is screening for
preterm pre-eclampsia because the risk for this pregnancy
complication is substantially reduced by the prophylactic
administration of aspirin in the high-risk group’=12.

In a previous study of 45191 singleton pregnan-
cies undergoing a routine examination of the fetal
anatomy between March 2006 and September 2009,
we reported that, in relation to the first-trimester scan,
fetal non-chromosomal abnormalities can be subdivided
into three groups®. The first group includes those that
should always be detectable, such as acrania, alobar holo-
prosencephaly, exomphalos, gastroschisis and body-stalk
anomaly. The second group includes abnormalities that
are potentially detectable depending on, first, the objec-
tives set for such a scan and, consequently, the time
allocated for the fetal examination, the expertise of the
sonographer and the quality of the equipment used,
and, second, the presence of an easily detectable marker
for an underlying abnormality, such as increased nuchal
translucency thickness (NT), tricuspid regurgitation and
abnormal flow in the ductus venosus for cardiac defects,
and abnormal posterior fossa for open spina bifida.
The third group includes abnormalities that are unde-
tectable because, first, they develop during the second
or third trimester of pregnancy, such as fetal tumors,
ovarian cysts, microcephaly or ventriculomegaly, second,
the phenotypic expression of the abnormality becomes
apparent later in pregnancy as a result of physiological
changes in the fetus, such as increased urine production
unmasking urinary tract obstruction or reflux, increased
fetal swallowing unmasking a bowel obstruction, or
increased production of lung fluid unmasking congeni-
tal pulmonary airway malformation, and, third the defect
evolves with advancing gestational age, such as short
limbs in achondroplasia, fractured limbs in some types
of osteogenesis imperfecta or some cardiac defects, such
as coarctation of the aorta and pulmonary or aortic
stenosis.

The objective of this study of 100997 singleton
pregnancies undergoing a routine examination of the
fetal anatomy between October 2009 and July 2018 was
to investigate further the performance of the 11-13-
week scan in the detection of fetal non-chromosomal
abnormalities.

METHODS
Study population

This was a retrospective study of prospectively col-
lected data from women with a singleton pregnancy
attending for a routine hospital visit at 11+0 to
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13+ 6 weeks® gestation at King’s College Hospital,
London or Medway Maritime Hospital, Gillingham,
UK between October 2009 and July 2018. At this
visit, we recorded maternal characteristics and medical
history, performed an ultrasound scan to, first, determine
gestational age from the measurement of fetal crown-
rump length (CRL)!, second, measure fetal NT as part
of screening for trisomies 21, 18 and 13°, and, third,
diagnose any fetal abnormalities®. Women were given an
estimated individual risk for trisomy and those with a high
risk were offered invasive testing for fetal karyotyping or
cell-free DNA testing for trisomies 21, 18 and 131314,

In all cases with a continuing pregnancy, a fetal anomaly
scan was undertaken at 18-24 weeks’ gestation and, in
many cases, a scan was also carried out at 30-34 or
35-37 weeks’ gestation. We excluded pregnancies with
known aneuploidy. Data on pregnancy outcome were
collected from computerized records of the delivery ward
and neonatal unit or the patient’s general practitioner,
and all prenatal and postnatal findings were recorded in
a fetal database. This study constitutes a retrospective
analysis of data derived from routine clinical examination
and did not require ethics committee approval.

Ultrasound scans

All ultrasound examinations were carried out according
to standardized protocols by sonographers who had
obtained The Fetal Medicine Foundation Certificate of
Competence in ultrasound examination for fetal abnor-
malities or by trainees under the supervision of certified
sonographers. Most of the sonographers were doctors
from different countries undergoing a 2-year training
fellowship in fetal medicine, during the first 6—12 months
of which they undergo supervised training in first-,
second- and third-trimester ultrasound by more senior
fellows.

The ultrasound examinations were performed transab-
dominally using a 3—7.5-MHz curvilinear transducer but,
in 2—3% of cases, when there were technical difficulties in
obtaining adequate views, a transvaginal scan (3—9 MHz)
was also carried out. The time allocated for the ultra-
sound examination of the fetus was 30 min. All cases
of suspected fetal abnormality on the first-, second- or
third-trimester scans were examined on the same day by
a fetal medicine specialist. Likewise, all cases of suspected
fetal cardiac defects were examined by a fetal cardiologist.

First trimester

At 11-13 weeks, we aimed to obtain a transverse section
of the head to demonstrate the skull, midline echo and
choroid plexuses, a midsagittal view of the face to
demonstrate the nasal bone, midbrain and brain stem,
transverse views to demonstrate the orbits, upper lip and
palate, a sagittal section of the spine to demonstrate the
spine and overlying skin, a transverse section of the thorax
and use of color Doppler to assess the four-chamber view
of the heart and outflow tracts and record blood flow
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across the tricuspid valve, and transverse and sagittal
sections of the trunk and extremities to demonstrate
the stomach, kidneys, bladder, abdominal insertion of
the umbilical cord, all the long bones, hands and feet.
Examination of the posterior fossa was included in the
protocol only after 2011 and this was based on visual
assessment rather than measurements of the brainstem
and brainstem—occipital bone diameter!>~18,

Fetal echocardiography by a cardiologist was carried
out at 11-13 weeks in all cases of fetal NT above the
99t percentile for CRL and at 20 weeks in those with
NT between the 95™ and 99 percentiles or regurgitation
across the tricuspid valve or abnormal flow in the ductus
venosus at 11-13 weeks!?=23,

Second trimester

At the second-trimester scan, we aimed to obtain the
following views: a transverse section of the head at the
level of the cavum septi pellucidi and lateral ventricles;
a suboccipitobregmatic view to examine the midbrain,
cerebellum and vermis; a midsagittal view of the face
to examine the nasal bone and exclude micrognathia;
transverse views of the orbits, upper lip and palate;
sagittal, coronal and transverse views of the spine; a sweep
through the heart in the transverse plane to include the
four-chamber view, outflow tracts and three-vessel view;
transverse and sagittal sections of the thorax and abdomen
to examine the lungs, diaphragm, liver, stomach, bowel,
umbilical cord insertion, kidneys, bladder and ureters;
systematic examination of upper and lower limbs for
length and shape of each bone, position and movement
of each joint and examination of both hands and feet,
including the digits. Examination of the genitalia was not
a compulsory part of the protocol.

Third trimester

The third-trimester scan was aimed primarily at assess-
ing fetal growth, amniotic fluid volume and Doppler
measurements in the uterine, umbilical and fetal middle
cerebral arteries. The sonographers were instructed to
assess the fetal anatomy in the same systematic way as in
the second trimester, but it was accepted that, depending
on the fetal position, examination of the fetal face,
sacrum and extremities may not be possible.

Outcome measures

The final diagnosis of fetal abnormality was based on
the results of postnatal examination in cases of live birth
and on the findings of the last ultrasound examination in
cases of pregnancy termination, miscarriage or stillbirth
because, in these cases, postmortem examination was not
performed systematically. All neonates at our hospitals
are examined by a pediatrician, but certain asymptomatic
internal abnormalities are inevitably missed. For example,
ventricular septal defects or coarctation of the aorta with
patent arterial duct may be missed by early neonatal
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examination, which does not include echocardiography.
However, all children with a cardiac abnormality
diagnosed prenatally or postnatally at our centers are
examined at a regional pediatric cardiac center which
notifies us of any such abnormalities.

Ventriculomegaly was included only if the atrial width
during the second or third trimester was >15mm.
Hydronephrosis was considered to be present if there was
pelvicalyceal dilatation with an anteroposterior diameter
> 10 mm in the second trimester or > 15 mm in the third
trimester. We considered only severe ventriculomegaly
and hydronephrosis because the incidence of milder
degrees is much higher and their clinical consequences
are questionable. In cases of exomphalos with a sac
containing only bowel, megacystis, ventriculomegaly and
hydronephrosis, a follow-up scan was carried out and
cases with spontaneous resolution of the abnormality
were considered to be normal. Polydactyly was consid-
ered to be present if the extra digit contained bone, and
talipes was considered to be present if the fetus required
postnatal treatment.

We included all cases of abnormalities of the heart
and great vessels but excluded cases of persistent left
superior vena cava and aberrant right subclavian artery
because these are variants of normal rather than true
defects. Cases with coarctation of the aorta, aortic arch
hypoplasia and interrupted aortic arch were classified
as arch abnormalities. Similarly, cases with Ebstein’s
anomaly or tricuspid dysplasia were classified as tricuspid
valve abnormalities. Cases with at least two different
major heart defects were classified as complex.

Association of fetal abnormalities with increased NT

The incidence of fetal NT above the 95™ percentile for
CRL for each fetal abnormality was determined and
compared to that in fetuses without abnormality using
the chi-square test with Yates’ correction for large sample
sizes.

RESULTS
Study population

During the study period, we carried out an ultrasound
examination at 11-13weeks in 101793 singleton
pregnancies with a live fetus and CRL of 45-84 mm.
Median maternal age was 31.0 (interquartile range
(IQR), 26.6-34.8) years, median maternal weight was
67.5 (IQR, 59.6-78.7)kg, the racial origin of the
women was white in 76 036 (74.7%), black in 16330
(16.0%), South Asian in 4620 (4.5%), East Asian in
2112 (2.1%) and mixed in 2695 (2.7%). At the time
of the first-trimester scan, median fetal CRL was 63.8
(IQR, 58.5-69.7) mm and median gestational age was
12.7 (IQR, 12.3-13.2) weeks; the scan was carried out
during the 11™ week in only 8639 (8.5%) cases. The
11-13-week scans were carried out by 476 sonographers.
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Figure 1 Flowchart of study population of pregnancies undergoing routine ultrasound examinations for non-chromosomal fetal

abnormalities.

In 796 (0.8%) of the 101793 cases, there was a
prenatal or postnatal diagnosis of aneuploidy and these
cases were excluded from this study (Figurel1). At the
11-13-week scan, we diagnosed an abnormality in 474
(0.47%) of the 100997 cases; in 847 cases with no
detectable abnormality, there was subsequent miscarriage
or termination of the pregnancy for psychosocial reasons
or genetic abnormality such as hemoglobinopathy or
cystic fibrosis. The remaining 99676 cases had an
ultrasound scan at 18-24 weeks’ gestation and, on this
scan, we diagnosed an abnormality in 926 (0.9%) cases;
in 1785 cases with no detectable abnormality, there was
subsequent fetal death or loss to follow-up. In 71754
pregnancies, there was an additional routine scan at either
30-34 or 35-37 weeks and, on these scans, we diagnosed
an abnormality in 240 (0.3 %) cases; in 3647 cases with no
detectable abnormality, there was subsequent fetal death
or loss to follow-up. In the 93 078 cases resulting in live
birth, neonatal examination demonstrated an abnormality
that was not detected prenatally in 80 (0.08%) cases and
no defect in 92 998 neonates.

Aneuploidies

In 796 cases, fetal aneuploidy was diagnosed by cyto-
genetic analysis of chorionic villi, amniotic fluid or
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neonatal blood. These included 378 cases of trisomy 21,
166 of trisomy 18, 42 of trisomy 13, 29 of triploidy,
56 of monosomy X and 125 cases of other chromosomal
abnormalities, including unbalanced translocations,
deletions, duplications, inversions and mosaicisms.

Non-chromosomal abnormalities

At the 11-13-week scan, we diagnosed all cases of acra-
nia, alobar holoprosencephaly, encephalocele, tricuspid or
pulmonary atresia, pentalogy of Cantrell, ectopia cordis,
exomphalos, gastroschisis and body-stalk anomaly and
> 50% of cases of open spina bifida, hypoplastic left heart
syndrome, atrioventricular septal defect, complex heart
defect, left atrial isomerism, lower urinary tract obstruc-
tion, absence of extremities, fetal akinesia deformation
sequence and lethal skeletal dysplasia (Table 1).

Central nervous system abnormalities

At 11-13 weeks, we diagnosed all cases of acrania, alo-
bar holoprosencephaly and encephalocele, 59% (35/59) of
cases of open spina bifida and 13% (2/15) of hypoplastic
cerebellum and/or vermis. All other brain abnormali-
ties were diagnosed at the second- or third-trimester
scan.
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Table 1 Diagnosis of fetal non-chromosomal abnormalities in 100 997 pregnancies undergoing routine ultrasound examinations

Detection
NT > 95% First Second Third
Defect Total percentile trimester trimester trimester Postnatal
Central nervous system
Acrania 48 0 (0) 8 (100) 0(0) 0(0) 0(0)
Alobar holoprosencephaly 10 2 (20.0) 0 (100) 0 (0) 0 (0) 0 (0)
Encephalocele 15 5(33.3)% 5(100) 0(0) 0(0) 0(0)
Open spina bifida 59 6(10.2)* 5 (59. 3) 24 (40.7) 0 (0) 0 (0)
Hypoplastic cerebellum/vermis 15 0(0) 2 (13. 13 (86.7) 0 (0) 0(0)
Agenesis of corpus callosum 26 2(7.7) 0 (0) 25(96.2) 1(3.8) 0(0)
Schizencephaly 3 0 (0) 0 (0) 2 (66.7) 1(33.3) 0 (0)
Septo-optic dysplasia 1 0 (0) 0 (0) 1 (100) 0 (0) 0 (0)
Microcephaly 9 0(0) 0 (0) 1(11.1) 8 (88.9) 0(0)
Severe ventriculomegaly 18 0 (0) 0 (0) 14 (77.8) 4(22.2) 0 (0)
Arachnoid cyst 14 1(7.1) 0 (0) 5(35.7) 9 (64.3) 0 (0)
Brain hemorrhage 2 0(0) 0 (0) 1(50.0) 1(50.0) 0 (0)
Dural venous sinus thrombosis 2 0(0) 0 (0) 2(100) 0 (0) 0(0)
Craniosynostosis 2 1(50.0) 0 (0) 1(50.0) 1(50.0) 0 (0)
Occipital dermoid cyst 1 1(100)* 0 (0) 1 (100) 0 (0) 0(0)
Blake’s pouch cyst 4 0(0) 0 (0) 4 (100) 0(0) 0(0)
Brain tumor 2 0 (0) 0 (0) 0(0) 2 (100) 0 (0)
Face
Anophthalmia/microphthalmia N 0(0) 0 (0) 5(100) 0(0) 0 (0)
Dacryocystocele 2 0 (0) 0 (0) 0 (0) 2 (100) 0 (0)
Cataract bilateral 1 0 (0) 0 (0) 0(0) 0(0) 1 (100)
Cleft lip and palate 52 1(1.9) 18 (34.6) 34 (65.4) 0(0) 0(0)
Cleft lip only 28 1(3.6) 0(0) 24 (85.7) 0 (0) 4(14.3)
Cleft palate only 10 1(10.0) 0 (0) 0(0) 0(0) 10 (100)
Micrognathia 7 0(0) 1(14.3) 6 (85.7) 0 (0) 0 (0)
Thorax
Congenital diaphragmatic hernia 24 6 (25.0)* 7 (29.2) 14 (58.3) 2 (8.3) 1(4.2)
Congenital pulmonary airway malformation 43 S5 (11.2)* 0 (0) 39 (90.7) 4(9.3) 0(0)
Congenital high-airway obstruction syndrome 1 1(100)* 0 (0) 1(100) 0 (0) 0(0)
Mediastinal teratoma 1 0(0) 0(0) 1(100) 0(0) 0(0)
Pleural effusion 3 0 (0) 0 (0) 2 (67.7) 1(33.3) 0(0)
Heart
Tricuspid atresia 7 2 (28.6)* 7 (100) 0(0) 0 (0) 0(0)
Pulmonary atresia 11 4 (36.4)* 11 (100) 0 (0) 0 (0) 0 (0)
Polyvalvular dysplasia 1 1(100)* 1 (100) 0(0) 0(0) 0 (0)
Hypoplastic left heart syndrome 40 15 (37.5)* 37 (92.5) 3(7.5) 0 (0) 0 (0)
Atrioventricular septal defect 11 8 (72.7)* 10 (90.9) 1(9.1) 0 (0) 0 (0)
Complex heart defect 25 9 (36.0)% 15 (60.0) 10 (40.0) 0(0) 0 (0)
Left atrial isomerism 7 3 (42.9)* 4(57.1) 3 (42.9) 0 (0) 0(0)
Tetralogy of Fallot 28 5(17.9)% 11 (39.3) 15 (53.6) 1(3.6) 1(3.6)
Arch abnormality 38 13 (34.2) 12 (31.6) 21 (55.3) 4(10.5) 1(2.6)
Tricuspid valve abnormality 8 2 (25.0)* 2 (25.0) 3(37.5) 2 (25.0) 1(12.5)
Transposition of great arteries 15 2 (13.3) 2 (13.3) 12 (80.0) 0 (0) 1(6.7)
Double/right aortic arch 32 2 (6.3) 5(15.6) 27 (84.4) 0(0) 0 (0)
Aortic stenosis 6 1(16.7) 0 (0) 4 (66.7) 1(16.7) 1(16.7)
Pulmonary stenosis 10 2 (20.0) 0(0) 7 (70.0) 2 (20.0) 1(10.0)
Common arterial trunk 1 0 (0) 0 (0) 1 (100)
Ventricular aneurysm 3 0 (0) 0 (0) 2 (66.7) 1(33.3) 0 (0)
Arrhythmia 3 0 (0) 0 (0) 1(33.3) 2 (66.7 0(0)
Cardiomyopathy 1 0(0) 0 (0) 1(100) 0 (0) 0 (0)
Rhabdomyoma 6 1(16.7) 0 (0) 1(16.7) 5(83.3 0 (0)
Ventricular septal defect 136 15 (11.0)* 0 (0) 97 (71.3) 31 (22.8 8(5.9)
Gastrointestinal tract
Liver, spleen, gallbladder, mesenteric or adrenal cyst 21 2(9.5) 0 (0) 12 (57.1) 9 (42.9) 0(0)
Cloacal abnormality 2 1(50.0) 2 (100) 0 (0) 0 (0) 0 (0)
Meconium peritonitis 1 0 (0) 1 (100) 0(0) 0 (0) 0 (0)
Right-sided stomach 1 0 (0) 1 (100) 0 (0) 0 (0) 0 (0)
Esophageal atresia 8 0 (0) 0 (0) 4 (50.0) 2 (25.0) 2 (25.0)
Duodenal atresia 9 0(0) 0 (0) 1(11.1) 8 (88.9) 0 (0)
Small-bowel obstruction 6 0 (0) 0 (0) 0 (0) 6 (100) 0 (0)
Hirschsprung’s disease 2 0 (0) 0 (0) 0 (0) 0 (0) 2 (100)
Imperforate anus 3 0(0) 0(0) 0(0) 0 (0) 3 (100)

Continued over.
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Table 1 Continued
Detection
NT > 95t First Second Third
Defect Total percentile trimester trimester trimester Postnatal
Abdominal wall
Exomphalos with bowel or liver 44 15 (34.1)* 44 (100) 0 (0) 0(0) 0(0)
Gastroschisis 40 2(5.0) 40 (100) 0(0) 0 (0) 0 (0)
Bladder exstrophy 2 0 (0) 0 (0) 2 (100) 0(0) 0 (0)
Genitourinary
Lower urinary tract obstruction 52 9(17.3)* 37 (71.2) 11 (21.2) 4(7.7) 0 (0)
Bilateral renal agenesis 13 2(15.4) 2(15.4) 11 (84.6) 0(0) 0(0)
Bilateral polycystic kidneys 14 3 (21.4)* 1(7.1) 10 (71.4) 3(21.4) 0(0)
Unilateral pelvic kidney/agenesis 124 10 (10.5)* 3(2.4) 107 (86.3) 14 (11.3) 0(0)
Bilateral multicystic kidney 4 1(25.0) 0 (0) 4 (100) 0 (0) 0(0)
Unilateral multicystic kidney 58 1(1.7) 0 (0) 51(87.9) 7 (12.1) 0 (0)
Severe hydronephrosis 79 3(3.8) 0 (0) 47 (59.5) 32 (40.5) 0 (0)
Duplex kidney 87 4 (4.6) 0(0) 69 (79.3) 18 (20.7) 0 (0)
Horseshoe kidney 5 0 (0) 0(0) 4 (80.0) 1(20.0) 0 (0)
Unilateral dilated ureter 6 0 (0) 0 (0) 3(50.0) 3(50.0) 0(0)
Unilateral renal cyst 11 0 (0) 0 (0) 7 (63.7) 4 (36.4) 0(0)
Ovarian cyst 27 0 (0) 0 (0) 0 (0) 27 (100) 0 (0)
Ambiguous genitalia 5 1(20.0) 0 (0) 4(80.0) 0(0) 1(20.0)
Hematocolpos 2 0 (0) 0 (0) 0 (0) 2 (100) 0(0)
Hypospadias 26 2(7.7) 0(0) 1(3.8) 0 (0) 25 (96.2)
Rectovaginal fistula 1 0 (0) 0(0) 0(0) 0 (0) 1 (100)
Skeleton
Absent hand, arm, leg or foot 24 1(4.2) 18 (75.0) 6(25.0) 0(0) 0(0)
Fetal akinesia deformation sequence 11 2(18.2) 8 (72.7) 3(27.3) 0(0) 0 (0)
Lethal skeletal dysplasia 14 8(57.1)* 10 (71.4) 4(28.6) 0(0) 0(0)
Non-lethal skeletal dysplasia 12 0 (0) 0 (0) 10 (83.3) 2 (16.7) 0 (0)
Abnormal digits 59 4(6.8) 25 (42.4) 19 (32.2) 3(5.1) 12 (20.3)
Hemivertebra/scoliosis 12 0 (0) 4(33.3) 8 (66.7) 0 (0) 0 (0)
Talipes 93 4(5.4) 2(2.2) 82 (88.2) 5(5.4) 4 (4.3)
Tumor
Sacrococcygeal teratoma 2 0 (0) 1(50.0) 1(50.0) 0 (0) 0 (0)
Lymphangioma 4 1(25.0) 0 (0) 3(75.0) 1(25.0) 0(0)
Testicular mass 1 0 (0) 0 (0) 0 (0) 1 (100) 0(0)
Thyroid goiter 2 0(0) 0(0) 0(0) 2 (100) 0 (0)
Other
Body-stalk anomaly 16 5(31.3)% 16 (100) 0(0) 0 (0) 0 (0)
Pentalogy of Cantrell 2 2 (100)* 2 (100) 0 (0) 0(0) 0(0)
Ectopia cordis only 2 0 (0) 2 (100) 0 (0) 0(0) 0(0)
Hydrops fetalis 8 1(12.5) 0 (0) 7 (87.5) 1(12.5) 0(0)
Multiple
Pulmonary stenosis, microcephaly, micrognathia 1 0 (0) 0 (0) 1(100) 0(0) 0(0)
Tetralogy of Fallot, hemivertebra, talipes 1 0 (0) 0 (0) 1(100) 0(0) 0(0)
Ventriculomegaly severe, cleft lip and palate 1 0 (0) 0 (0) 1(100) 0(0) 0(0)
Diaphragmatic hernia, unilateral renal agenesis 1 0 (0) 0 (0) 1(100) 0(0) 0(0)
Cleft lip and palate, unilateral multicystic kidney 1 0 (0) 0 (0) 1(100) 0(0) 0 (0)
Cleft lip and palate, megacystis, radial aplasia 1 1(100)* 1(100) 0 (0) 0 (0) 0 (0)
Cleft lip and palate, unilateral renal agenesis 1 0 (0) 0 (0) 1(100) 0 (0) 0 (0)
Complex heart defect, megacystis 1 1(100)* 1(100) 0 (0) 0 (0) 0(0)
Total 1720 204 474 926 240 80

Data are given as 7 or 7 (%). *Significant difference in proportion of fetuses with nuchal translucency thickness (NT) > 95 percentile

between those with given abnormality and those without, examined

Facial abnormalities

At 11-13 weeks, we diagnosed 35% (18/52) of cases
of cleft lip and palate and 14% (1/7) of cases of
micrognathia, but none of the cases of anophthalmia/
microphthalmia, dacryocystocele, cataract, cleft lip only
or cleft palate only.

Copyright © 2019 ISUOG. Published by John Wiley & Sons Ltd.

by chi-square test with Yates’ correction for large sample size (P < 0.05).

Thoracic abnormalities

At 11-13 weeks, we diagnosed 29% (7/24) of cases of
congenital diaphragmatic hernia, but none of congenital
pulmonary airway malformation, congenital high-airway
obstruction syndrome, mediastinal teratoma or pleural
effusion.
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Cardiac abnormalities

At 11-13 weeks, we diagnosed all cases of tricuspid
or pulmonary atresia, >90% of cases of hypoplastic
left heart syndrome and atrioventricular septal defect,
about 60% of cases of complex heart defect and left
atrial isomerism (interrupted inferior vena cava with
normal intracardiac anatomy), 30-40% of cases of
tetralogy of Fallot and arch abnormality, 25% of cases
of tricuspid valve abnormality and about 15% of cases
of transposition of the great arteries and double or
right aortic arch. Cases of aortic or pulmonary stenosis,
common arterial trunk, ventricular aneurysm, arrhyth-
mia, cardiomyopathy, rhabdomyoma and ventricular
septal defect were first diagnosed on the second- or
third-trimester scan or very occasionally postnatally.

Gastrointestinal abnormalities

At 11-13 weeks, we diagnosed both cases of cloacal
abnormality and one case each of meconium peritonitis
(presenting as an abdominal cyst) and right-sided stom-
ach. All cases of cysts in the liver, spleen, gallbladder,
adrenal gland or mesentery, esophageal or duodenal
atresia and small-bowel obstruction were diagnosed
mostly for the first time in the second or third trimester
and cases of Hirschsprung’s disease and imperforate anus
were first diagnosed postnatally.

Abdominal wall abnormalities

At 11-13 weeks, we diagnosed all cases of gastroschisis
and exomphalos, but the cases of bladder exstrophy were
first seen in the second trimester.

Genitourinary abnormalities

At 11-13 weeks, we diagnosed 71% (37/52) of cases of
lower urinary tract obstruction, a few cases of bilateral
or unilateral renal agenesis and polycystic kidneys, but
none of multicystic kidneys, hydronephrosis, duplex or
horseshoe kidneys, megaureter or renal cysts, which
were first diagnosed on the second- or third-trimester
scan. Ovarian cysts and hematocolpos were diagnosed
mostly for the first time in the third trimester, whereas
hypospadias and rectovaginal fistula were diagnosed
mostly for the first time postnatally.

Skeletal abnormalities

At 11-13 weeks, we diagnosed > 70% of cases of absence
of extremities, fetal akinesia deformation sequence and
lethal skeletal dysplasia, about 30-40% of cases of
hemivertebra or scoliosis, and polydactyly, oligodactyly,
syndactyly or ectrodactyly, but only 2% (2/93) of cases
of talipes and none of non-lethal skeletal dysplasia;
these were diagnosed mostly during the second- or
third-trimester scan and a few cases were first diagnosed
postnatally.

Copyright © 2019 ISUOG. Published by John Wiley & Sons Ltd.
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Tumors

One of two cases of sacrococcygeal teratoma was
diagnosed at 11-13 weeks. All other fetal tumors were
detected on the second- or third-trimester scan.

Other abnormalities

At 11-13 weeks, we diagnosed all cases of body-stalk
anomaly, pentalogy of Cantrell and ectopia cordis. Eight
cases of hydrops fetalis first presented in the second or
third trimester; in two of these, the underlying cause
was parvovirus B19 infection and the other six were
unexplained.

Multiple abnormalities

There were eight cases with fetal abnormalities involving
more than one organ system and two of these presenting
with megacystis were diagnosed in the first trimester.

Association of fetal abnormalities with increased NT

In the total population of 101793 cases, there were
4754 (4.7%) with fetal NT above the 95™ percentile.
The incidence of increased NT was 66% (525/796) in
the group with aneuploidy and 12% (204/1720) in those
with, and 4% (4025/99277) in those without, non-
chromosomal abnormality.

A significantly higher incidence of increased NT was
observed in cases of encephalocele, spina bifida, congenital
diaphragmatic hernia, exomphalos, lower urinary tract
obstruction, lethal skeletal dysplasia, fetal akinesia
deformation sequence, body-stalk anomaly and pentalogy
of Cantrell (Table1). Increased NT was observed in
21.9% (85/389) of fetuses with a cardiac abnormality.
Of the 117 cases with a cardiac defect detected in the
first trimester, 56 (47.9%) had fetal NT above the 95t
percentile.

DISCUSSION
Main findings

The main features of this study are: first, prospective
collection of data from > 100 000 singleton pregnancies;
second, routine first-trimester ultrasound examination
with >90% of the scans carried out during the 12t
or 13™ week; third, systematic examination of the fetal
anatomy according to a standardized protocol and an
allocated time period of 30 min; fourth, the scans were
conducted primarily transabdominally and by =470
trainee sonographers; fifth, the examinations were carried
out within the framework of a fetal medicine unit in
which any suspected abnormality was assessed within the
same clinical visit by a fetal medicine expert; sixth, all
continuing pregnancies had an ultrasound examination
for fetal anatomy at 18-24 weeks and >70% had an
additional scan in the third trimester; seventh, follow-up
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was obtained in >95% of cases; and, eighth, the final
diagnosis of fetal abnormality was based on the results of
postnatal examination by a pediatrician in cases of live
birth and based on the findings of a fetal medicine expert
or cardiologist on the last ultrasound examination in
cases of fetal death, because, in these cases, postmortem
examination was not performed systematically; fetuses
with a transient anomaly, including exomphalos with a
sac containing only bowel, megacystis, ventriculomegaly
and hydronephrosis, were considered to be normal.

The main findings of the study are: first, the overall inci-
dence of fetal non-chromosomal abnormality was 1.7%,
including 27.6% detected on the first-trimester scan,
53.8% detected on the second-trimester scan and 18.6%
detected in the third trimester or postnatally; second, at
the 11-13-week scan, we diagnosed all cases of acrania,
alobar holoprosencephaly, encephalocele, tricuspid or
pulmonary atresia, pentalogy of Cantrell, ectopia cordis,
exomphalos, gastroschisis and body-stalk anomaly and
> 50% of cases of open spina bifida, hypoplastic left heart
syndrome, atrioventricular septal defect, complex heart
defect, left atrial isomerism (interrupted inferior vena
cava with normal intracardiac anatomy), lower urinary
tract obstruction, absence of extremities, fetal akinesia
deformation sequence and lethal skeletal dysplasia; third,
common abnormalities that were detected in <10%
of cases at 11-13 weeks included ventriculomegaly,
agenesis of the corpus callosum, isolated cleft lip,
congenital pulmonary airway malformation, ventricular
septal defect, abdominal cysts, unilateral renal agenesis
or multicystic kidney, hydronephrosis, duplex kidney,
talipes and hypospadias; and, fourth, the incidence
of fetal NT above the 95" percentile was higher in
those with, than in those without, non-chromosomal
abnormality (12% wvs 4%) and it was particularly high
in fetuses with a cardiac abnormality (22 %), especially in
those detected in the first trimester (48%).

Comparison with findings from previous studies

The findings of this study are consistent with those of
our previous report on first-trimester routine ultrasound
examination in 45191 singleton pregnancies, which
highlighted that fetal abnormalities essentially fall
into three categories in relation to detectability at the
11-13-week scan: always detectable, never detectable or
sometimes detectable®. There are two major differences in
the findings between the current and the previous study,
which relate to improved detection and ascertainment
of certain abnormalities. There was improved detection
of open spina bifida (59% wvs 15%), major cardiac
defect (52% wvs 34%) and cleft lip and palate (35% wvs
5%); these improvements can be attributed to the better
quality of the ultrasound machines and incorporation in
our standardized protocol of the midsagittal section of
the brain for examination of the posterior fossa, color
Doppler for examination of the four chambers of the
heart and outflow tracts, and transverse views of the face
to demonstrate the upper lip and palate.

Copyright © 2019 ISUOG. Published by John Wiley & Sons Ltd.
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In the current, compared to our previous, study®, there
was an increased overall incidence of fetal abnormalities
(1.7% wvs 1.1%) which is likely to be the consequence
of improved ascertainment. For example, there was an
increase in the incidence of cleft lip and/or palate (from
about 1 in 2300 to 1 in 1100), ventricular septal defect
or double/right aortic arch (from about 1 in 2300 to
1 in 600), congenital diaphragmatic hernia or congenital
pulmonary airway malformation (from about 1 in 3200
to 1 in 1500), esophageal atresia, duodenal atresia or
small-bowel obstruction (from about 1 in 15000 to 1 in
4400), unilateral renal agenesis or pelvic kidney (from
about 1 in 7500 to 1 in 800), other urinary tract defects
(from about 1 in 700 to 1 in 200), and abdominal cysts,
ovarian cysts or hypospadias (from 0% to about 1 in
1400). To some extent, such increased ascertainment is
the consequence of, first, the higher expectation in the last
10 years for diagnosis of abnormalities such as ventricular
septal defects or right aortic arch and unilateral renal
agenesis or pelvic kidney, and, second, the introduction
of a routine third-trimester scan and diagnosis of
abnormalities such as bowel obstruction and ovarian
cysts which are not usually detectable on the routine
second-trimester scan; many of these abnormalities are
also undetectable during a routine neonatal examination.

The value of the first-trimester scan in detecting fetal
abnormalities has been assessed in several previous
studies, many of which were included in our previous
publication®. For this comparison, we selected only
nine studies that included examination of at least 5000
pregnancies; in seven there were between 5000 and
10000 pregnancies, in one there were 13723 and in the
other there were 17 973%673%, The reported incidence of
fetal abnormalities varied between 1% and 3% and the
first-trimester detection rate varied between 13% and
79%. The studies differed in terms of protocol for the
ultrasound scan and outcome measure, which included
all or only major abnormalities with or without chro-
mosomal defects; additionally, there was large variation
between studies in the definition of major abnormalities.
These limitations preclude meaningful comparisons
concerning the performance of the first-trimester scan.

Strengths and limitations

The main strength of our study is the examination of
a large number of pregnancies attending for routine
assessment in the first-, second- and third-trimesters of
pregnancy using standardized protocols and appropri-
ately trained sonographers in units with expertise in fetal
medicine and fetal cardiology. In our study, we included
all abnormalities detected prenatally or in the neonatal
period and demonstrated wide variation in detection
rates during the first trimester, illustrating the futility of
summary statistics for overall detection rates of defects.
The main limitation of this and most previous studies
investigating the effectiveness of routine ultrasound exam-
ination in the prenatal diagnosis of fetal abnormalities
relates to ascertainment of such abnormalities. Although
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in our centers all neonates are examined by pediatricians,
it is possible that asymptomatic abnormalities of inter-
nal organs could be missed. Similarly, we assumed that
all phenotypically normal neonates were chromosomally
normal.

Another potential limitation relates to the general
applicability of our results because the routine ultrasound
examinations were carried out within the framework
of fetal medicine units with readily available expertise.
Consequently, in a routine ultrasound department, some
of the abnormalities we detected could have been missed.

Conclusions

This study has highlighted the types of fetal abnormalities
that should be detectable during a routine first-trimester
scan based on a standardized protocol with allocation
of adequate time to allow systematic examination of the
fetal anatomy. This study has also demonstrated that,
first, the overall performance of the scan is to a great
extent dependent on the type of target abnormalities
and the available infrastructure for ascertainment of
such abnormalities, and, second, to maximize prenatal
detection of abnormalities, additional scans in both the

second and third trimesters®® are necessary.
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Diagnostico de anomalias fetales no cromosomicas en la ecografia de rutina a las 11-13 semanas
de gestacion

RESUMEN

Objetivo Examinar el desempefio de la ecografia de rutina a las 11-13 semanas en la deteccion de anomalias fetales no
cromosomicas.

Métodos Esta investigacion fue un estudio retrospectivo de datos recogidos prospectivamente de 100 997 embarazos
con feto Gnico que acudieron a un examen ecografico de rutina de la anatomia fetal, realizado de acuerdo con un
protocolo estandarizado, a las 11-13 semanas de gestacion. Todos los embarazos que continuaron se sometieron a una
exploracion adicional a las 18-24 semanas y 71754 se sometieron a una exploracion a las 30-34 o a las 35-37 semanas.
El diagndstico final de la anomalia fetal se baso en los resultados del examen postnatal en los casos de nacimientos
vivos y en los hallazgos del Gltimo examen ecografico en los casos de interrupcion del embarazo, aborto o éxitus fetal.
Se determiné el rendimiento de la exploracion de las 11-13 semanas en la deteccion de anomalias fetales.

Resultados La poblacion del estudio contenia 1720 (1,7%) embarazos con una anormalidad fetal, entre ellos 474
(27,6%) detectados en la exploracion del primer trimestre, 926 (53,8%) detectados en la del segundo trimestre y 320
(18,6%) detectados en el tercer trimestre o postnatalmente. A las 11-13 semanas de gestacion, se diagnosticaron todos
los casos de acrania, holoprosencefalia alobar, encefalocele, atresia tricispide o pulmonar, pentalogia de Cantrell,
ectopia cordis, onfalocele, gastrosquisis y anomalia del pediculo embrionario y >50% de los casos de espina bifida
abierta, sindrome del hemicardio izquierdo hipoplasico, comunicacion auriculoventricular, defecto cardiaco complejo,
isomerismo de la auricula izquierda (vena cava inferior interrumpida con anatomia intracardiaca normal), obstruccion
del tracto urinario inferior, ausencia de extremidades, secuencia de deformacion de la acinesia fetal y displasia
esquelética letal. Las anomalias comunes que se detectaron en <10% de los casos a las 11-13 semanas incluyeron
ventriculomegalia, agenesia del cuerpo calloso, labio leporino aislado, malformacién congénita de las vias respiratorias
pulmonares, comunicacion interventricular, quistes abdominales, agenesia renal unilateral o rifidn multiquistico,
hidronefrosis, duplicidad renal, hipospadias y pie zambo.

Conclusion Una exploracion rutinaria a las 11-13 semanas, realizada de acuerdo con un protocolo estandarizado,
puede identificar muchas anomalias fetales no cromosdmicas graves. Un resumen estadistico del desempefio de la
exploracion del primer trimestre es intGtil porque algunas anomalias son siempre detectables, mientras que otras no lo
son o solo lo son a veces. Para maximizar la deteccion prenatal de anormalidades, se necesitan exploraciones adicionales
tanto en el segundo como en el tercer trimestre.
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