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ABSTRACT

Objectives To determine the sensitivity and specificity
of first-trimester ultrasound for the detection of fetal
abnormalities and to establish which factors might impact
on screening performance.

Methods A systematic review and meta-analysis of all
relevant publications was performed to assess the diag-
nostic accuracy of two-dimensional transabdominal and
transvaginal ultrasound in the detection of congenital
fetal anomalies prior to 14 weeks’ gestation. The refer-
ence standard was detection of abnormalities at birth or
postmortem. Factors that may impact on detection rates
were evaluated, including population characteristics, ges-
tational age, healthcare setting, ultrasound modality, use
of an anatomical checklist for detection of first-trimester
anomalies and type of malformation included in the study.
In an effort to reduce the impact of study heterogeneity
on the results of the meta-analysis, data from the studies
were analyzed within subgroups of major anomalies vs all
types of anomaly and low-risk/unselected populations vs
high-risk populations.

Results An electronic search (until 29 July 2015)
identified 2225 relevant citations, from which a total of 30
studies, published between 1991 and 2014, were selected
for inclusion. The pooled estimate for the detection of
major abnormalities in low-risk or unselected populations
(19 studies, 115 731 fetuses) was 46.10% (95% CI,
36.88–55.46%). The detection rate for all abnormalities
in low-risk or unselected populations (14 studies, 97 976
fetuses) was 32.35% (95% CI, 22.45–43.12%), whereas
in high-risk populations (six studies, 2841 fetuses) it
was 61.18% (95% CI, 37.71–82.19%). Of the factors
examined for their impact on detection rate, there was a
statistically significant relationship (P < 0.0001) between
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the use of a standardized anatomical protocol during
first-trimester anomaly screening and its sensitivity for the
detection of fetal anomalies in all subgroups.

Conclusions Detection rates of first-trimester fetal
anomalies ranged from 32% in low-risk groups to
more than 60% in high-risk groups, demonstrating that
first-trimester ultrasound has the potential to identify
a large proportion of fetuses affected with structural
anomalies. The use of a standardized anatomical pro-
tocol improves the sensitivity of first-trimester ultrasound
screening for all anomalies and major anomalies in popu-
lations of varying risk. The development and introduction
of international protocols with standard anatomical views
should be undertaken in order to optimize first-trimester
anomaly detection. Copyright © 2016 ISUOG. Published
by John Wiley & Sons Ltd.

INTRODUCTION

The main objectives of prenatal ultrasound examination
at 11 to 13 + 6 weeks’ gestation are to confirm fetal
viability, establish an accurate gestational age from
the measurement of fetal crown–rump length, identify
multiple pregnancies and determine their chorionicity and
amnionicity, and to screen for major fetal anomalies,
both structural abnormalities and aneuploidy1. In
many settings, screening for chromosomal anomalies is
undertaken by measurement of fetal nuchal translucency
(NT) in combination with maternal age, other ultrasound
markers (e.g. fetal nasal bone, ductus venosus flow,
fetal heart rate and assessment of tricuspid valve flow)
and measurement of maternal serum free beta-human
chorionic gonadotropin and pregnancy-associated plasma
protein-A, in the form of a combined test. This screening
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method is associated with high sensitivity and a relatively
low false-positive rate2–4.

The recent development of cell-free fetal DNA screen-
ing using maternal blood is transforming our expectations
of first-trimester aneuploidy detection5. As this inno-
vative technology becomes increasingly accessible and
cost-effective, it will complement (and may ultimately
supersede) current combined screening. Thus, the objec-
tives of the first-trimester ultrasound scan will need to
evolve once again. The many advantages of first-trimester
ultrasound mean it is likely to continue being used in clin-
ical practice, including for measurement of fetal NT, as
increased NT is linked to structural congenital anomalies,
notably major cardiac defects6, and it may also be indica-
tive of chromosomal aberrations that are not detectable by
cell-free fetal DNA screening. In addition, first-trimester
screening for pregnancy complications, such as early
pre-eclampsia and very early preterm birth, are commonly
used as a tool for risk stratification of the pregnancy7.

Nevertheless, it is our opinion that the resulting shift in
aneuploidy screening, in combination with improvements
in ultrasound technology, will mean that the role of
first-trimester ultrasound will be increasingly for the
visualization of fetal anatomy8–11. Thus, while fetal
anomaly screening has traditionally been performed in
the second trimester, many structural abnormalities can
be diagnosed reliably between 11 and 14 weeks12–14, with
obvious advantages. However, the varying sensitivity of
the test means that there is little consensus internationally
as to whether first-trimester anomaly screening is valuable
for use in daily clinical practice. In addition, there is
currently limited understanding of which factors impact
on the success of first-trimester anomaly detection and
how optimal screening should be performed.

Within this context, the aim of our study was to
perform a systematic review and meta-analysis of the
current literature in order to assess the sensitivity and
specificity of first-trimester anomaly detection and,
crucially, to determine which factors might affect the
performance of this screening test.

METHODS

Search strategy

A systematic electronic search was conducted in order
to identify all relevant publications assessing the
diagnostic accuracy of first-trimester two-dimensional
(2D) ultrasound for the detection of congenital fetal
anomalies. The search was conducted using MEDLINE,
EMBASE, Web of Science and The Cochrane Library,
with no restriction on year of publication. Free-text terms
and medical subject headings related to prenatal screening,
early pregnancy and congenital anomalies were used. The
full search strategy is given in Appendix S1. The electronic
search was completed on 29 July 2015.

Study selection was performed in multiple stages.
Initially, the database of studies collected from the
electronic search was screened using article title and

abstract, where available. On this basis, a list of
potentially suitable articles for inclusion in the systematic
review was formulated. The full text of these articles
was then assessed to determine which studies met the
inclusion criteria. Reference lists of all eligible studies
were screened for additional citations that may not have
been identified by the initial electronic search.

Study selection

All studies reporting on the detection of fetal structural
abnormalities by 2D ultrasound before 14 weeks’ gesta-
tion were included. Prospective and retrospective obser-
vational studies and randomized controlled trials were all
eligible for inclusion. Literature reviews, abstracts, case
reports, editorial letters, personal communications and
non-English language publications were excluded. Every
attempt was made to identify incidences in which multi-
ple publications from the same group shared population
subjects. In such cases, only the most recent study with
the largest cohort was included in the review.

Studies reporting on the sensitivity of first-trimester
anomaly screening in either singleton or multiple pregnan-
cies in any healthcare setting and pregnancies of all levels
of risk were eligible for inclusion. Prospective studies were
included based on their intention to perform ultrasound
screening prior to 14 weeks, with the understanding that
the reality of clinical practice means that all scans would
not necessarily be performed within this time period.

This review included studies with data on all types of
structural abnormality, including lethal, major, moderate
and minor abnormalities, as defined by the Royal College
of Obstetricians and Gynaecologists (RCOG)15. Only
those studies that gave an individual breakdown of the
fetal structural anomalies detected within their population
cohort were eligible for inclusion. Publications that
focused on a specific malformation or specific groups
of anatomical malformations (e.g. cardiac malformations
only) were excluded. Studies in which the aim was solely
to investigate the use of first-trimester ultrasound for
the detection of fetal chromosomal abnormalities or soft
markers were also excluded.

Studies utilizing various modes of 2D ultrasound,
including transvaginal (TV), transabdominal (TA) and
a combination of both approaches, were eligible for
inclusion. However, studies evaluating fetuses using
three-dimensional ultrasound were excluded.

The reference standard for determining the accuracy
of first-trimester anomaly screening was the detection of
fetal structural abnormalities at birth or later. As such,
studies that did not perform a postnatal examination
or obtain data regarding neonatal outcome for the
purposes of confirming true-positive, false-positive,
true-negative and false-negative results were excluded.
Regarding postmortem examination of fetuses, we took
a pragmatic approach: postmortem examination did not
form a requirement for inclusion in the review, as it is
often not possible following first-trimester termination of
pregnancy.

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2017; 50: 429–441.
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Data extraction

The review of all articles included within this
meta-analysis and the reporting of all results were based
on the Meta-Analysis of Observational Studies in Epi-
demiology (MOOSE) guidelines and the Synthesizing
Evidence from Diagnostic Accuracy Tests (SEDATE)
guidance16,17.

For each study, the following data were recorded:
name of the first author; year of publication; sample
size; and modifiable and non-modifiable factors that may
have impacted on detection rates, including population
characteristics, gestational age at which ultrasound was
performed, type of healthcare setting, index test used
(i.e. ultrasound modality – TV, TA or both), whether
an anatomical checklist was used for first-trimester
anomaly detection, whether a heart examination was
specifically performed during screening and what type of
malformations were included in the study. With respect
to the use of an anatomical checklist for performing
the first-trimester anomaly scan, studies were graded
as having a basic checklist, a detailed checklist or
no checklist; studies that did not declare the use of
an anatomical checklist were deemed to have none.
A basic checklist was defined as one that requires
observation of certain anatomical regions or the presence
of specific organs. A detailed checklist was defined as
one that directs the sonographer to visualize multiple
specific regions of at least one of the organs listed and
which may also include planes of insonation or taking
measurements, or uses advanced ultrasound markers such
as intracranial translucency or retronasal triangle. For
example, a checklist that lists ‘head’ would be considered a
basic checklist whereas one that lists ‘cranial ossification,
interhemispheric falx, butterfly-shaped choroid plexus’
would be considered detailed.

An initial attempt was made to collect data with respect
to the level of experience and training of sonographers
in each study. However, the majority of studies reported
no such data and those that did provide data were not
amenable to comparison, therefore this was abandoned.

Finally, a search of all studies was undertaken to
determine which modifiable and non-modifiable factors
were specifically cited by study authors as having a
significant impact on the accuracy and efficiency of
first-trimester anomaly screening.

When assessing the sensitivity of first-trimester anomaly
screening, it is possible to define this as the number of
abnormalities detected or as the number of fetuses with
one or more anomaly. Both outcomes are important; the
first determines the accuracy of first-trimester ultrasound
in detecting individual anomalies of varying severity,
while the second provides an understanding of how
many fetuses are affected by first-trimester anomaly
screening. Therefore, the number of abnormalities present
in each study population and the proportion detected at
first-trimester screening were documented. In addition,
the number of fetuses in each study cohort affected with
one or more structural malformation(s) was noted, along

with the number of those that were identified in the first
trimester.

Owing to the heterogeneity of the studies included in
this review, considerable efforts were made to ensure that
the results of the studies were comparable. Our review
was therefore required to develop strict definitions for
what constitutes ‘one detected structural abnormality’.
First, it was decided that all bilateral defects, such
as bilateral renal agenesis, would be counted as two
individual structural anomalies. This was done so that
our review would be able to distinguish between a fetus
with exclusive unilateral renal agenesis diagnosed in the
first trimester (‘one correctly diagnosed anomaly’) and
a fetus diagnosed with unilateral renal agenesis with a
missed bilateral defect (‘one correctly identified anomaly,
one missed anomaly diagnosis’). This is particularly
important because it provides the most accurate data
for analysis of the sensitivity of first-trimester screening.
Second, fetuses that were diagnosed with a syndrome
(e.g. Dandy–Walker syndrome) were considered to have
one abnormality. The diagnosis of a syndrome is often
made based on the findings of multiple malformations
on ultrasound. However, in the majority of studies,
there was no specification as to how many constituent
anomalies were detected in order to make the diagnosis
of a specific syndrome, and moreover whether these
anomalies were all detected in the first trimester. As
such, the only way to unify the analysis of all the studies
was to treat the ultrasound diagnosis of one syndrome
as one anomaly. Third, in several studies, a single fetus
would be said to have multiple anomalies within one
organ system (e.g. ‘multiple skeletal abnormalities’). In
this case, the fetus was considered to have one structural
(‘a skeletal’) abnormality. Finally, single umbilical artery
was considered a structural variant of normal anatomy
and therefore excluded from data collection, as were soft
markers for fetal aneuploidy, including increased NT and
absent nasal bone. Of note, cystic hygromas were excluded
from the analysis. The diagnosis of a cystic hygroma is
often defined as the presence of a bilateral, cystic structure
within the occipitocervical region, distinguished by the
presence of septations within the cystic fluid. However,
evidence suggests that cystic hygromas should not be
considered as a distinct entity from increased NT and do
not confer any ‘risk status’ independent of that related
to increased NT18. As such, within our review, cystic
hygromas were considered soft markers for aneuploidy,
much like increased NT, and were therefore excluded
from our analysis of structural anomalies.

Data regarding the number of false-positive diagnoses
made during the first-trimester screening process were
also collected. In many studies, women were offered the
option of anomaly screening in the second and/or third
trimester of pregnancy in addition to the first-trimester
anomaly scan. In these cases, the number of antenatal
diagnoses made outside the first trimester was recorded.
All data were collected and extracted from tables or text
on two independent occasions for each study in order to
reduce the risk of error in data collection.

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2017; 50: 429–441.
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Quality assessment of studies

Assessment of the quality of the studies included within
this review was performed using the Quality Assessment
of Diagnostic Accuracy Studies (QUADAS-2)19. This is
a tool designed to evaluate the risk of bias within each
study and assess its applicability to the systematic review.
It provides a framework for evaluating studies within
four key domains: patient selection, index test, reference
standard and flow of patients through the study, along
with the timing of the index test. Each domain is assessed
with respect to bias and the first three domains with
respect to applicability. A judgment of low, high or
unclear risk of bias and lack of applicability was made
for each study based on a series of signaling questions
developed specific to our review (Appendix S2).

Statistical analysis

In an effort to reduce the effect of study heterogeneity
on the results of the meta-analysis, data from the studies
were analyzed within subgroups that reflected the type
of abnormality included and the type of population
assessed in each study. Extracted data were assessed
within one of three subgroups: (1) studies reporting on
major anomalies in a low-risk or unselected population;
(2) studies reporting on all types of anomaly in a low-risk
or unselected population; and (3) studies reporting on all
types of anomaly in high-risk populations.

When studies published adequate data on two distinct
cohorts, the relevant data from each study were included
within more than one subgroup. For studies performed
in unselected populations, in which anomaly type was
defined using RCOG criteria, anomalies labeled as lethal
or severe were considered ‘major anomalies’ and therefore
analyzed as part of Subgroup 1, whereas anomalies labeled
as ‘lethal, severe, moderate or minor’ were included as
part of Subgroup 2. In studies not based on the RCOG
criteria, the definition provided by the study itself was
used to determine what constituted a major anomaly.

Meta-analysis of data extracted from eligible studies
was performed in two steps. First, summary statistics
with 95% CIs were derived for each study with respect
to both the sensitivity of first-trimester anomaly screening
for detecting fetal anomalies and for detecting fetuses
affected by one or more abnormality. Second, individual
study statistics within each subgroup were combined in
order to obtain a pooled summary estimate. In those
studies providing adequate data for the construction of
2 × 2 tables, pooled summary estimates of sensitivity
and specificity were calculated. The pooled summary
statistics were estimated using random-effects models17.
Heterogeneity between studies was estimated using the
I2 statistic. Further analysis was undertaken within each
subgroup in order to determine whether factors such as
year of study publication, mode of ultrasound and use of
an anatomical protocol affected outcomes.

All statistical analysis was performed using StatsDirect
statistical software 2013 (StatsDirect Ltd, Altrincham,
Cheshire, UK).

Studies retrieved for
detailed evaluation

(n = 68)

Potentially relevant papers
identified by electronic

literature search
(n = 2225)

Papers excluded after review of titles and
abstracts (where available) (n = 2161)

Articles excluded (n = 38):
 Editorial comment (n = 1)
 Case study (n = 1)
 Review (n = 2)
 Conference abstract (n = 1)
 No postnatal exam performed/neonatal
 outcome not obtained for all fetuses (n = 5)
 Anomaly detection at GA outside of
 inclusion criteria (n = 11)
 GA at detection of anomalies unclear (n = 2)
 Study not in English (n = 3)
 Insufficient breakdown of anomalies
 detected (n = 2)
 Study reported solely on visualization of
      fetal anatomy (n = 4)
 Unable to locate full text of study (n = 1)
 Method of data collection/data analysis
 unclear (n = 1)
 Data included in a more recent study (n = 4)

Studies deemed compatible
with inclusion criteria and

included in systematic review
(n = 30)

Additional studies identified through
references of included studies (n = 4)

Figure 1 Flowchart of search strategy and selection of studies for
inclusion in systematic review and meta-analysis. GA, gestational
age.

RESULTS

Study selection and description of included studies

The initial electronic search yielded 2225 citations, from
which a total of 30 relevant studies14,20–48 were selected
for inclusion in the systematic review (Figure 1). The
studies evaluated were published between 1991 and 2014.
The gestational age at which first-trimester ultrasound
screening was performed ranged from 9 to 15 + 6 weeks,
with the vast majority performed before 14 weeks. Studies
were performed in a variety of healthcare settings,
with the majority (20 studies) taking place, at least in
part, in either a university hospital, tertiary-care center
or research facility14,21,23,25–28,30,33–38,40,41,43–45,47. Three
studies involved multicenter data collection21,28,36. Several
studies included adequate data on several distinct cohorts,
allowing for data from these studies to be analyzed in
subgroups (Appendix S3).

In total, 26 studies14,20–24,26–29,31–46 evaluated unse-
lected and low-risk populations (Table 1), of which 19

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2017; 50: 429–441.
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Table 1 Characteristics of studies reporting on detection of fetal structural anomalies by first-trimester ultrasound in low-risk and unselected populations

Study
Fetuses

(n)
GA

(weeks) Population Healthcare setting

Aneuploid
fetuses

included* Index test†

Anatomy
checklist
used

Cardiac
exam
included

Subgroup
for

analysis

Achiron (1991)42 800 9 to 13 Mixed indications: vaginal bleeding,
dating and early anomaly
screening

Unclear Yes TV/TA Basic Yes 2

Hernádi (1997)31 3991 11 to 14 Unselected Unclear Yes (0.2%) TV Basic No 1
Bilardo (1998)43

(low-risk group)
1543 10 to 14 Consecutive, singleton pregnancies,

normal NT (< 3.0 mm)
University hospital No TA/TV None Unclear 2

Whitlow (1999)26 6443 11 to 14 + 6 Unselected, consecutive recruitment University hospital Yes (0.7%) TA/TV (20.1%) Detailed Yes 1
Carvalho (2002)40 2853 11 to 14 Unselected University hospital, tertiary care Yes (0.9%) TA/TV§ Basic No¶ 2
Drysdale (2002)39 917 12 to 14 Unselected District general hospital Yes TA/TV None No 1
Taipale (2003)29 20 751 11 to 15 + 6 Unselected, consecutive recruitment Local hospital Yes (0.3%) TV/TA (< 1%) Detailed Yes** 1
McAuliffe (2005)41 325 11 to 13 + 6 Unselected University hospital, tertiary care No TA/TV§ (24.6%) Detailed Yes 2
Cedergren (2006)33 2708 11 to 14 Unselected, consecutive recruitment University hospital Yes (0.3%) TA None Unclear 1
Souka (2006)24 1148 11 to 14 Unselected Unclear Yes TA/TV Detailed Yes 1
Saltvedt (2006)28 18 053 11 + 5 to 13 + 5 Unselected Multicenter (n = 8) No TA/TV§ Detailed Yes¶ 1
Dane (2007)23 1290 11 to 14 Unselected Research hospital Yes TA/TV Basic No 1
Li (2008)22 2232 11 to 14 Unselected, consecutive recruitment Unclear Yes TA/TV§ (2.0%) None Unclear 1
Chen (2008)21

(control group)
3693 10 to 14 + 6 Unselected, consecutively

randomized
Multicenter (one university and

one regional hospital)
Yes TA/TV§ None No 1,2

Chen (2008)21

(study group)
3949 12 to 14 + 6 Unselected, consecutively

randomized
Multicenter (one university and

one regional hospital)
Yes TA/TV§ Detailed Yes 1,2

Oztekin (2009)38 1085 11 to 14 Unselected Research hospital Yes TA/TV§ Detailed Yes 1
Hildebrand

(2010)35
6692 11 to 15 Unselected, consecutive recruitment University hospital Yes (0.2%) TA None No 1,2

Abu-Rustum
(2010)32

1370 11 to 13 + 6 Unselected, retrospective Private practice Yes (4.4%) TA/TV§ Detailed Yes 1,2

Syngelaki (2011)14 44859 11 to 13 + 6 Unselected, retrospective University hospital, tertiary care No TA/ TV (1%) Detailed Yes 2
Jakobsen (2011)44 9324 11 to 15 Unselected, retrospective University hospital Yes TA/TV§ None No 1,2
Vavilala (2011)34 7916 11 to 13 + 6 Unselected Tertiary care Yes TA/TV§ Detailed Yes 1
Grande (2012)37 13 723 11 to 14 Unselected retrospective Tertiary care No TA/TV Detailed Yes†† 1,2
Pilalis (2012)20 3902 11 to 14 Unselected, retrospective Private maternity hospital Yes TA/TV Detailed No 1
Becker (2012)45 6544 11 to 13 + 6 Normal NT (≤ 95th centile) University hospital Yes (0.6%)‡ TA/TV§ (23.4%) Detailed Yes‡‡ 1
Iliescu (2013)36 5472 12 to 13 + 6 Unselected Multicenter (n = 2) Yes (0.4%) TA/TV (7.8%) Detailed Yes 2
Wang (2013)27 2822 11 to 14 Not stated University hospital Yes TA Detailed Yes 2
Natu (2014)46

(low-risk group)
551 11 to 14 Low risk: age < 30 years, no FH,

no comorbidity
Unclear Yes Unclear Detailed Yes†† 2

Only first author given for each study. Subgroup 1 includes studies that assessed all major fetal anomalies in low-risk or unselected populations and Subgroup 2 includes studies that assessed all types
of fetal anomaly in low-risk or unselected populations. *In studies in which aneuploid fetuses were included, percentage of study population confirmed as aneuploid by karyotyping is indicated in
parentheses. †In studies in which both transabdominal (TA) and transvaginal (TV) ultrasound were used, number in parentheses refers to percentage of study population that received this screening
test. ‡Only known euploid fetuses included in analysis, as insufficient data provided on entire cohort in study. §TV performed only in situations in which visualization with TA was suboptimal. ¶Fetal
echocardiography performed selectively in fetuses with increased nuchal translucency (NT). **Performed at first-trimester scan but cardiac malformations excluded from analysis. ††Fetal echocardio-
graphy offered in cases in which cardiac anomaly suspected based on first-trimester scan. ‡‡Fetal echocardiography performed routinely. FH, family history; GA, gestational age.
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study cohorts (115 731 fetuses) focused on the detection
of major anomalies and 14 study cohorts (97 976 fetuses)
assessed all types of anomaly. Six studies25,30,43,46–48

(2841 fetuses) focused on the detection of all types of
anomaly in high-risk populations (Table 2).

Subgroup 1: sensitivity of first-trimester ultrasound
screening for detection of major anomalies in a
low-risk/unselected population

Nineteen study cohorts (115 731 fetuses) evaluated a
low-risk or unselected population for the presence of
major fetal structural anomalies (Table 3). The number
of anomalies present was provided for all study cohorts,
with a total of 1165 major anomalies (mean number of
anomalies per 100 fetuses, 1.01 (95% CI, 0.95–1.07)). Of
these, 529 were detected during the first trimester, giving
a pooled sensitivity of 46.10% (95% CI, 36.88–55.46%)
for first-trimester ultrasound in the detection of major fetal
abnormalities (Figure 2a). Heterogeneity, as estimated by
I2, was 90.1% (95% CI, 86.5–92.4%).

In 15 of these study cohorts (77 664 fetuses), an
ultrasound examination was performed on an additional
occasion after the first trimester. In these studies, the
abnormalities detected in the first trimester represented
53.47% (95% CI, 43.42–63.37%) of all antenatally
diagnosed ultrasound abnormalities.

In 12 of these study cohorts (61 930 fetuses), data on
the number of fetuses affected with one or more structural
abnormality were provided; 573 were affected with
major structural anomalies, giving a pooled prevalence
of affected fetuses within the study cohorts of 0.93%
(95% CI, 0.85–1.00%) (Table 3). Of these, 264 fetuses
with anomalies were detected during the first trimester.
The pooled sensitivity of first-trimester ultrasound in
the detection of fetuses affected by one or more
major anomaly was 45.25% (95% CI, 38.44–52.14%)
(Figure 2b). It was possible to create complete 2 × 2 tables
for the three studies providing false-positive rates for
the detection of affected fetuses26,29,39, giving a pooled
sensitivity of 41.98% (95% CI, 23.83–61.33%) and
pooled specificity of 99.96% (95% CI, 99.90–100%).

Subgroup 2: sensitivity of first-trimester ultrasound
screening for detection of all types of anomaly in a
low-risk/unselected population

Fourteen study cohorts (97 976 fetuses) evaluated a
low-risk or unselected population for the presence of all
types of fetal structural anomaly (Table 4). The number
of anomalies present was provided for 13 of these study
cohorts, with a total of 1521 anomalies (84 253 fetuses)
(mean number of anomalies per 100 fetuses, 1.81 (95%
CI, 1.72–1.90). Of these, 526 were detected during the
first trimester, giving a pooled sensitivity of 32.35%
(95% CI, 22.45–43.12%) for first-trimester ultrasound
in the detection of fetal abnormalities (Figure 3a).
Heterogeneity, as estimated by I2, was 93.5% (95% CI,
91.1–95.0%). T

ab
le

2
C

ha
ra

ct
er

is
tic

s
of

st
ud

ie
s

re
po

rt
in

g
on

de
te

ct
io

n
of

al
lt

yp
es

of
fe

ta
ls

tr
uc

tu
ra

la
bn

or
m

al
ity

by
fir

st
-t

ri
m

es
te

r
ul

tr
as

ou
nd

in
hi

gh
-r

is
k

pr
eg

na
nc

ie
s

St
ud

y
Fe

tu
se

s
(n

)
G

A
(w

ee
ks

)
P

op
ul

at
io

n
H

ea
lt

hc
ar

e
se

tt
in

g

A
ne

up
lo

id
fe

tu
se

s
in

cl
ud

ed
In

de
x

te
st

A
na

to
m

y
ch

ec
kl

is
t

C
ar

di
ac

ex
am

in
cl

ud
ed

T
yp

e
of

an
om

al
y

re
po

rt
ed

Pa
nd

ya
(1

99
5)

47
56

5
10

–1
4

Eu
pl

oi
d

fe
tu

se
s

w
ith

in
cr

ea
se

d
N

T
(≥

3.
0

m
m

)
U

ni
ve

rs
ity

ho
sp

ita
l,

te
rt

ia
ry

ca
re

N
o

T
A

N
on

e
N

o
N

S

Bi
la

rd
o

(1
99

8)
43

(h
ig

h-
ri

sk
gr

ou
p)

47
10

–1
4

Eu
pl

oi
d

fe
tu

se
s

w
ith

in
cr

ea
se

d
N

T
(≥

3.
0

m
m

)
U

ni
ve

rs
ity

ho
sp

ita
l

N
o

T
A

/T
V

N
on

e
U

nc
le

ar
N

S

de
n

H
ol

la
nd

er
(2

00
2)

30
10

1
11

–1
4

W
om

en
w

ith
pr

ev
io

us
ly

af
fe

ct
ed

in
fa

nt
(9

2%
),

fe
tu

se
s

w
ith

pa
re

nt
al

co
ns

an
gu

in
ity

T
er

tia
ry

ca
re

Y
es

T
A

/T
V

D
et

ai
le

d
Y

es
N

S

C
he

n
(2

00
4)

25
16

09
12

–1
4

W
om

en
ag

ed
≥

35
ye

ar
s

U
ni

ve
rs

ity
ho

sp
ita

l
Y

es
T

A
/T

V
D

et
ai

le
d

Y
es

N
S

Br
on

sh
te

in
(2

00
8)

48
23

11
–1

4
Fe

tu
se

s
w

ith
in

cr
ea

se
d

N
T

(≥
3.

5
m

m
)

U
nc

le
ar

Y
es

T
V

U
se

d,
bu

tn
ot

pr
ov

id
ed

Y
es

*
A

ll

N
at

u
(2

01
4)

46

(h
ig

h-
ri

sk
gr

ou
p)

49
6

11
–1

4
M

ix
ed

in
di

ca
tio

ns
in

cl
ud

in
g

ag
e>

30
ye

ar
s,

pr
ev

io
us

af
fe

ct
ed

ch
ild

,f
am

ily
H

x
of

an
om

al
ie

s,
m

ul
tip

le
pr

eg
na

nc
y,

H
x

of
sm

ok
in

g/
Et

O
H

,m
at

er
na

lR
F

U
nc

le
ar

Y
es

U
nc

le
ar

D
et

ai
le

d
Y

es
†

A
ll

O
nl

y
fir

st
au

th
or

gi
ve

n
fo

r
ea

ch
st

ud
y.

*F
et

al
ec

ho
ca

rd
io

gr
ap

hy
pe

rf
or

m
ed

ro
ut

in
el

y.
†F

et
al

ec
ho

ca
rd

io
gr

ap
hy

of
fe

re
d

in
ca

se
s

in
w

hi
ch

ca
rd

ia
c

an
om

al
y

su
sp

ec
te

d
ba

se
d

on
fir

st
-t

ri
m

es
te

r
sc

an
.

Et
O

H
,a

lc
oh

ol
us

e
in

pr
eg

na
nc

y;
G

A
,g

es
ta

tio
na

la
ge

;H
x,

hi
st

or
y;

N
S,

no
ts

pe
ci

fie
d;

N
T

,n
uc

ha
lt

ra
ns

lu
ce

nc
y;

R
F,

ri
sk

fa
ct

or
;T

A
,t

ra
ns

ab
do

m
in

al
ul

tr
as

ou
nd

;T
V

,t
ra

ns
va

gi
na

lu
ltr

as
ou

nd
.

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2017; 50: 429–441.



Systematic review of first-trimester US screening for fetal structural anomalies 435

Table 3 Summary of results from studies assessing sensitivity of first-trimester ultrasound for detection of major fetal structural
abnormalities in low-risk and unselected pregnancies (Subgroup 1)

Study

Anomalies
present
(n per

100 fetuses)

Prevalence
of affected
fetuses (%)*

Anomalies
detected

(TP)
(n)

Total
anomalies

present
(TP + FN)

(n)
FP
(n)

Sensitivity for
detection of

anomalies (%)

Sensitivity for
detection of

affected
fetus (%)*

Antenatal
diagnoses in

first
trimester (%)†

Hernádi (1997)31 1.30
(0.97–1.71)

1.08
(0.78–1.45)

20 52 NA 38.46
(25.30–52.98)

32.56
(19.08–48.54)

48.78
(32.88–64.87)

Whitlow (1999)26 1.20
(0.94–1.49)

0.85
(0.64–1.11)

38 77 3 49.35
(37.76–61.00)

52.73
(38.80–66.35)

57.58
(44.79–69.66)

Drysdale (2002)39 4.14
(2.95–5.64)

2.94
(1.95–4.26)

5 38 1 13.16
(4.41–28.09)

18.52
(6.30–38.08)

11.76
(3.30–27.45)

Taipale (2003)29 0.34
(0.27–0.43)

0.32
(0.25–0.41)

37 71 2 52.11
(39.92–64.12)

52.24
(39.67–64.60)

NA

Cedergren (2006)33 1.11
(0.75–1.58)

1.07
(0.72–1.53)

11 30 NA 36.67
(19.93–56.14)

34.48
(17.94–54.33)

NA

Souka (2006)24 1.30
(0.73–2.15)

1.22
(0.67–2.04)

7 15 3 46.67
(21.27–73.41)

50.00
(23.04–76.96)

50.00
(23.04–76.96)

Saltvedt (2006)28 0.74
(0.62–0.87)

NA 42 133 2 31.58
(23.80–40.20)

NA 34.43
(26.06–43.57)

Dane (2007)23 2.71
(1.90–3.75)

1.71
(1.07–2.57)

23 35 NA 65.71
(47.79–80.87)

68.18
(45.13–86.14)

71.88
(53.25–86.25)

Li (2008)22 1.16
(0.76–1.70)

0.99
(0.62–1.49)

13 26 NA 50.00
(29.93–70.07)

54.55
(32.21–75.61)

65.00
(40.78–84.61)

Chen (2008)21 (control
group)

1.19
(0.87–1.60)

0.73
(0.48–1.06)

9 44 NA 20.45
(9.80–35.30)

29.63
(13.75–50.18)

20.45
(9.80–35.3)

Chen (2008)21 (study
group)

1.75
(1.36–2.21)

1.44
(1.10–1.87)

41 69 NA 59.42
(46.92–71.09)

43.86
(30.74–57.64)

61.19
(48.50–72.86)

Oztekin (2009)38 1.81
(1.11–2.78)

1.75
(1.06–2.72)

13 20 NA 65.00
(40.78–84.61)

63.16
(38.36–83.71)

72.22
(46.52–90.31)

Hildebrand (2010)35 0.49
(0.34–0.69)

NA 13 33 NA 39.39
(22.91–57.86)

NA NA

Abu-Rustum (2010)32 1.17
(0.67–1.89)

NA 10 16 1 62.50
(35.43–84.80)

NA 66.67
(38.38–88.18)

Jakobsen (2011)44 1.07
(0.87–1.30)

NA 16 100 NA 16.00
(9.43–24.68)

NA 33.33
(20.40–48.41)

Vavilala (2011)34 0.99
(0.78–1.23)

NA 69 78 NA 88.46
(79.22–94.59)

NA NA

Grande (2012)37 1.39
(1.20–1.60)

1.39
(1.20–1.60)

92 191 NA 48.17
(40.90–55.50)

48.17
(40.90–55.50)

51.11
(43.57–58.62)

Pilalis (2012)20 1.54
(1.18–1.97)

NA 26 60 NA 43.33
(30.59–56.76)

NA 44.07
(31.16–57.60)

Becker (2012)45 1.18
(0.93–1.47)

NA 44 77 NA 57.14
(45.35–68.37)

NA 64.71
(52.17–75.92)

Pooled result 1.01
(0.95–1.07)

0.93
(0.85–1.00)

529 1165 12 46.10
(36.88–55.46)

45.25
(38.44–52.14)

53.47
(43.42–63.37)

Only first author given for each study. Values in parentheses are 95% CI. Specificity of first-trimester ultrasound for detection of major
anomaly was not calculated owing to low numbers of studies that provided data on false-positive (FP) diagnoses. *Studies that did not
provide data on number of affected fetuses within cohort were not included in pooled estimates of prevalence of affected fetuses and
sensitivity for detection of affected fetuses. †Studies that performed only one fetal ultrasound examination during pregnancy were not
included in pooled estimate of antenatal diagnoses in first trimester. FN, false negative; NA, not available; TP, true positive.

In 12 of these study cohorts (77 561 fetuses), antenatal
ultrasound was performed on an additional occasion after
the first trimester. In these studies, the abnormalities
detected in the first trimester represented 41.10%
(95% CI, 32.13–50.38%) of all antenatally diagnosed
ultrasound abnormalities.

In nine of these study cohorts (77 186 fetuses), data
on the number of fetuses affected with one or more
structural abnormality were provided; 1256 were affected
with structural anomalies, giving a pooled prevalence
of affected fetuses within the study cohorts of 1.63%

(95% CI, 1.54–1.72%) (Table 4). Of these, 435 fetuses
were detected during the first trimester. The pooled
sensitivity of first-trimester ultrasound in the detection
of fetuses affected by one or more anomaly was 35.56%
(95% CI, 26.27–45.44%) (Figure 3b). It was possible
to create complete 2 × 2 tables for the three studies
providing false-positive rates for the detection of affected
fetuses14,27,41, giving a pooled sensitivity of 44.44%
(95% CI, 32.76–56.44%) and a pooled specificity of
99.86% (95% CI, 99.82–99.89%).
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Figure 2 Forest plots of sensitivity of first-trimester ultrasound in
detecting major fetal structural anomalies (a) and fetuses affected
with major structural anomalies (b) in low-risk and unselected
pregnancies. Only first author given for each study.

Subgroup 3: sensitivity of first-trimester ultrasound
screening for detection of all types of anomaly in a
high-risk population

Six studies (2841 fetuses) evaluated a high-risk popula-
tion for the presence of all types of anomaly (Table 5).
The number of anomalies present was provided for all
study cohorts, with a total of 186 anomalies (mean
number of anomalies present per 100 fetuses, 6.55 (95%
CI, 5.66–7.52)), confirming the high-risk status of this
population. Of these, 116 were detected during the first
trimester, giving a pooled sensitivity of 61.18% (95%
CI, 37.71–82.19%) for first-trimester ultrasound in
the detection of all types of fetal anomaly (Figure 4a).
Heterogeneity, as estimated by I2, was 90.5% (95% CI,
82.1–94.0%).

Antenatal ultrasound was performed on an additional
occasion after the first trimester in all study cohorts. The
abnormalities detected in the first trimester represented
66.29% (95% CI, 43.47–85.69%) of all antenatally
diagnosed ultrasound anomalies.

In five of these study cohorts (2345 fetuses), data
on the number of fetuses affected with one or more
structural abnormality were provided; 88 were affected
with structural anomalies, giving a pooled prevalence
of affected fetuses within the study cohorts of 3.75%
(95% CI, 3.02–4.60%) (Table 5). Of these, 48 cases were
detected during the first trimester. The pooled sensitivity
of first-trimester ultrasound in the detection of fetuses
affected by one or more anomaly was 62.42% (95%
CI, 33.40–87.24%) (Figure 4b). Completed 2 × 2 tables
for the three studies providing false-positive rates were
created, giving a pooled sensitivity of 79.85% (95%
CI, 43.87–99.29%) and a pooled specificity of 97.78%
(95% CI, 90.96–100%).

Factors affecting detection rate in first-trimester
ultrasound screening

The use of a standardized anatomical protocol during
first-trimester anomaly screening was found to be
significantly associated with the sensitivity of this
assessment in the detection of fetal anomalies in all
subgroups (Subgroup 1: χ2, 60.95 (P < 0.0001); Subgroup
2: χ2, 112.46 (P < 0.0001); Subgroup 3: χ2, 24.71
(P < 0.0001)).

In Subgroups 1 and 2, there was a statistically
significant linear trend between the use of an increasingly
detailed protocol and a higher sensitivity for the
detection of fetal anomalies (χ2 P < 0.0001). Simple linear
regression analysis did not show a statistically significant
relationship between the year of study publication and
sensitivity of first-trimester screening for fetal anomalies
in Subgroups 1, 2 or 3 (R2 = 0.066, 0.030 and 0.44,
respectively).

The impact of mode of ultrasound used for screening
on detection rate was explored. The vast majority of
studies used a combination of TA and TV ultrasound,
often beginning with the former and complementing
the assessment with the latter when organ visualization
was suboptimal. In all three subgroups, there was an
insufficient number of studies using TA or TV ultrasound
exclusively to make useful comparisons between detection
rates using the three ultrasound methods (TA, TV or a
combination of both).

Finally, with respect to the collection of qualitative
data, studies included in this systematic review cited
numerous factors as having an impact on first-trimester
detection rates of fetal anomalies. Non-modifiable
factors cited included: small size of fetal anatomy at
this gestational age20–26, progressive pathophysiology of
certain fetal anomalies and the fact that some anomalies
are not yet present in the first trimester14,21,22,24–30,
increased maternal body mass index24,31 and presence
of uterine fibroids27,31. A number of modifiable factors
were considered to impact on first-trimester detection
rates of fetal anomalies, including: gestational age
at time of scan24, mode of ultrasound20,24,28,32,33,
time allocated for screening14,20,24,25,29,31, use of
an anatomical protocol with standard sonographic

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd. Ultrasound Obstet Gynecol 2017; 50: 429–441.
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Table 4 Summary of results from studies assessing sensitivity of first-trimester ultrasound for detection of all types of fetal structural
abnormality in low-risk and unselected pregnancies (Subgroup 2)

Study

Anomalies
present

(n per 100
fetuses)

Prevalence
of affected
fetuses (%)*

Anomalies
detected

(TP)
(n)

Total
anomalies

present
(TP + FN)

(n)
FP
(n)

Sensitivity
for detection

of anomalies (%)

Sensitivity
for detection
of affected
fetuses (%)*

Antenatal
diagnoses in

first
trimester (%)†

Achiron (1991)42 2.12
(1.24–3.38)

1.50
(0.78–2.61)

8 17 NA 47.06
(22.98–72.19)

50.00
(21.09–78.91)

53.33
(26.59–78.73)

Bilardo (1998)43

(low-risk group)
1.56

(1.00–2.31)
1.23

(0.74–1.92)
6 24 NA 25.00

(9.77–46.71)
31.58

(12.58–56.55)
37.50

(15.20–64.57)
Carvalho (2002)40 4.98

(4.21–5.84)
NA 30 142 NA 21.13

(14.73–28.77)
NA 29.13

(20.59–38.90)
McAuliffe (2005)41 1.85

(0.68–3.97)
1.85

(0.68–3.97)
1 6 1 16.67

(0.42–64.12)
16.67

(0.42–64.12)
20.00

(0.51–71.64)
Chen (2008)21

(control group)
2.11

(1.67–2.63)
1.41

(1.05–1.84)
9 78 NA 11.54

(5.41–20.78)
15.38

(6.88–28.08)
16.36

(7.77–28.80)
Chen (2008)21 (study

group)
2.30

(1.86–2.82)
1.44

(1.10–1.87)
44 91 NA 48.35

(37.74–59.07)
43.86

(30.74–57.64)
61.97

(49.67–73.24)
Abu-Rustum

(2010)32
2.41

(1.66–3.37)
NA 12 33 1 36.36

(20.40–54.87)
NA 37.50

(21.10–56.31)
Hildebrand (2010)35 1.79

(1.49–2.14)
NA 14 120 NA 11.67

(6.53–18.80)
NA NA

Syngelaki (2011)14 1.18
(1.09–1.29)

1.09
(0.99–1.19)

222 531 62 41.81
(37.57–46.13)

43.65
(39.19–48.18)

42.86
(38.55–47.25)

Jakobsen (2011)44

(all groups)
1.92

(1.65–2.22)
NA 23 179 NA 12.85

(8.32–18.65)
NA 21.90

(14.42–31.03)
Grande (2012)37 (all

groups)
NA 3.18

(2.89–3.48)
NA NA NA NA 22.48

(18.64–26.69)
NA

Iliescu (2013)36 4.77
(4.22–5.37)

2.98
(2.54–3.46)

132 261 187 50.57
(44.34–56.80)

39.88
(32.30–47.83)

53.44
(47.01–59.79)

Wang (2013)27 1.24
(0.87–1.72)

0.82
(0.52–1.22)

23 35 3 65.71
(47.79–80.87)

56.52
(34.49–76.81)

69.70
(51.29–84.41)

Natu (2014)46

(low-risk group)
0.73

(0.20–1.85)
NA 2 4 0 50.00

(6.76–93.24)
NA 50.00

(6.76–93.24)

Pooled result 1.81
(1.72–1.90)

1.63
(1.54–1.72)

526 1521 254 32.35
(22.45–43.12)

35.56
(26.27–45.44)

41.10
(32.13–50.38)

Only first author given for each study. Values in parentheses are 95% CI. Specificity of first-trimester ultrasound for detection of all types of
anomaly was not calculated owing to low numbers of studies that provided data on false-positive (FP) diagnoses. *Studies that did not
provide data on number of affected fetuses within cohort were not included in pooled estimates of prevalence of affected fetuses and
sensitivity for detection of affected fetuses. †Studies that performed only one fetal ultrasound examination during pregnancy were not
included in pooled estimate of antenatal diagnoses in first trimester. FN, false negative; NA, not available; TP, true positive.

views14,20,27,33–35, sonographer experience and
training14,20,23–25,27–29,31,33–40, system in place for
regular audit29,33,34, knowledge of fetal embryology
including normal developmental milestones in the first
trimester21,25,26,30 and knowledge of easily recognizable
markers for the diagnosis of anomalies, such as spina
bifida and facial clefts14.

Methodological quality assessment of studies

Results of the QUADAS-2 assessment are summarized
in Figure 5. With respect to bias in patient selection, 18
of the 30 included studies were scored as having low
risk of bias. Two studies were deemed to be at high
risk of bias owing to inappropriate exclusions from their
patient cohorts. In total, 10 studies were considered to be
at unclear risk with respect to bias in patient selection.
Of these, four gave no information pertaining to patient
exclusions and nine studies failed to provide adequate

information regarding methods used to enrol patients.
With respect to the index test, no study declared whether
the sonographers were blinded to the patient history prior
to performing the anomaly scan, therefore all studies were
labeled as unclear in this regard. Five studies excluded
cardiac examinations from the first-trimester anomaly
scan and were therefore considered at high risk of bias.
Four additional studies provided no specification as to the
type of anomaly included in their assessment, and as such
were labeled as high risk. All 30 studies were found to be at
low risk of bias relating to the reference standard; this was,
after all, a criterion for inclusion in the study. In terms of
flow and timing, 15 of the 30 studies were labeled as high
risk of bias because they included no data pertaining to
false-positive diagnoses. One further study was labeled as
high risk because the reference standard was performed in
less than 90% of the patients enrolled in the study. With
respect to applicability, there were no concerns raised
regarding the 30 studies included in this review.
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Figure 3 Forest plots of sensitivity of first-trimester ultrasound in
detecting all types of fetal structural anomaly (a) and fetuses
affected with any type of structural anomaly (b) in low-risk and
unselected pregnancies. Only first author given for each study.

DISCUSSION

In this study, we show that first-trimester ultrasound can
identify about half of all major fetal anomalies diagnosed
antenatally (Table 6); in unselected and low-risk pregnan-
cies, about 40% of all antenatally diagnosed anomalies
were identified at this stage in pregnancy. The detection
rate for major fetal anomalies was higher (46%),
with 45% of fetuses affected with one or more major
malformation being identified. In high-risk populations,
the sensitivity for fetal anomaly detection was even higher
(61%), with first-trimester screening detecting 66% of all
antenatally diagnosed ultrasound anomalies. This higher
rate of detection in high-risk populations is probably
due to targeted screening13; sonologists are aware of the
increased risk and women at high risk may be scanned
by more experienced examiners. Nevertheless, at least
theoretically, the detection rate of an anomaly should not
be influenced by its prevalence in the population cohort.

This suggests that first-trimester ultrasound has the
potential to identify a high percentage of fetuses affected
with structural anomalies in all risk groups. If there is
the technology and skill available to achieve sensitivity
of over 60% in high-risk populations, there is no reason
that, under optimal conditions, these detection rates could
not be achieved for all patients. This idea of ‘if you look

you will find’ is further supported by an important result
from our analysis of all three subgroups: a significant
association (P < 0.001) was found between the sensitivity
of first-trimester ultrasound and the use of an anatomical
protocol for screening, and a trend was seen suggesting
that the more detailed the protocol, the greater the
detection rate. We therefore suggest that international
protocols with standard anatomical views should be used
in practice, in order to optimize rates of first-trimester
anomaly detection.

Most studies used a combination of TV and TA
ultrasound, meaning that a statistically useful comparison
between sensitivities for the three ultrasound approaches
to screening (TA, TV and a combination of both) could
not be performed. Findings from studies evaluating
fetal organ detection suggest that optimal visualization
rates are obtained with a combination of TA and
TV ultrasound8. For TA, raised body mass index, the
presence of uterine fibroids or retroversion of the uterus
will decrease image quality. In contrast, TV ultrasound
provides much higher resolution, but has the disad-
vantage of limited probe maneuverability41; however,
some women are less accepting of TV ultrasound32,51.
We believe that adopting a flexible, patient-tailored
approach, which may require the use of TA and TV
modalities, should be encouraged, as this will be the only
way of determining the true potential of first-trimester
ultrasound screening for fetal anomalies.

A number of other factors have been suggested to
affect first-trimester ultrasound. These provide insight
into how the process might be optimized. Several studies
demonstrated a significant ‘learning curve’ associated
with first-trimester anomaly screening29,36,52. Knowledge
of fetal embryological development is also important53,
as is the time allocated for screening. Apart from using
an anatomical protocol, Syngelaki et al.14 highlighted the
positive impact of having an easily recognizable marker
for the diagnosis of anomalies, such as for spina bifida or
facial clefts, on overall detection rates.

Non-modifiable factors affecting detection rates
included the small size of anomalies and fetal crown–
rump length and the presence of anomalies with pro-
gressive pathophysiology. Studies assessing the types
of anomaly detected13,14 suggested that there are some
conditions that are nearly always detectable in the first
trimester, others that are never identifiable and some
that have the potential to be diagnosed, dependent on
maternal, fetal, sonographer and equipment factors.
Undetectable anomalies mostly relate to structures not yet
fully developed before 14 weeks, e.g. cerebellar anomalies
and echogenic lung cysts, or those diagnosed secondary to
changes in amniotic fluid volume, e.g. duodenal atresia,
bowel obstruction or renal agenesis. Thus, first-trimester
anomaly screening will not replace examinations at later
gestational ages completely. What is clear from our
assessment is that expectations and future objectives
for first-trimester anomaly screening should be tailored
to the type of anomaly amenable to detection at this
gestational age.
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Table 5 Summary of results from studies assessing sensitivity of first-trimester ultrasound for detection of all types of fetal structural
abnormality in high-risk pregnancies (Subgroup 3)

Study

Anomalies
present

(n per 100
fetuses)

Prevalence of
affected fetuses

(%)*

Anomalies
detected

(TP)
(n)

Total
anomalies

present
(TP + FN)

(n)
FP
(n)

Sensitivity for
detection of

anomalies (%)

Sensitivity for
detection of

affected
fetuses (%)*

Antenatal
diagnoses

in first
trimester

(%)†

Pandya (1995)47 6.37
(4.50–8.71)

5.66
(3.91–7.90)

12 36 NA 33.33
(18.56–50.97)

34.38
(18.57–53.19)

35.29
(19.75–53.51)

Bilardo (1998)43

(high-risk
group)

19.15
(9.15–33.26)

14.89
(6.2–28.31)

2 9 NA 22.22
(2.81–60.01)

28.57
(3.67–70.96)

33.33
(4.33–77.72)

den Hollander
(2002)30

26.73
(18.41–36.46)

10.89
(5.56–18.65)

20 27 0 74.07
(53.72–88.89)

81.82
(48.22–97.72)

83.33
(62.62–95.26)

Chen (2004)25 3.42
(2.59–4.43)

1.55
(1.01–2.29)

32 55 5 58.18
(44.11–71.35)

52.00
(31.31–72.20)

64.00
(49.19–77.08)

Bronshtein
(2008)48

94.87
(82.68–99.37)

33.33
(19.09–50.22)

36 37 2 97.30
(85.84–99.93)

100.00
(75.29–100.00)

97.30
(85.84–99.93)

Natu (2014)46

(high-risk
group)

4.44
(2.80–6.64)

NA 14 22 0 63.64
(40.66–82.80)

NA 63.64
(40.66–82.80)

Pooled result 6.55
(5.66–7.52)

3.75
(3.02–4.60)

116 186 7 61.18
(37.71–82.19)

62.42
(33.40–87.24)

66.29
(43.47–85.69)

Only first author given for each study. Values in parentheses are 95% CI. Specificity of first-trimester ultrasound for detection of major
anomaly was not calculated owing to low numbers of studies that provided data on false-positive (FP) diagnoses. *Studies that did not
provide data on number of affected fetuses within cohort were not included in pooled estimates of prevalence of affected fetuses and
sensitivity for detection of affected fetuses. †Studies that performed only one fetal ultrasound examination during pregnancy were not
included in pooled estimate of antenatal diagnoses in first trimester. FN, false negative; NA, not available; TP, true positive.

0.0 0.2 0.4 0.6 0.8 1.0

Pooled estimate 0.62 (0.33, 0.87)

Bronshtein (2008)48 1.00 (0.75, 1.00)

Chen (2004)25 0.52 (0.31, 0.72)

Den Hollander (2002)30 0.82 (0.48, 0.98)

Bilardo (1998)43 0.29 (0.04, 0.71)

Pandya (1995)47 0.34 (0.19, 0.53)

Pandya (1995)47(a)

(b)

Bilardo (1998)43

Chen (2004)25

Den Hollander (2002)30

Bronshtein (2008)48

Natu (2014)46

Pooled estimate

0.0 0.2 0.4 0.6 0.8 1.0

0.61 (0.38, 0.82)

0.64 (0.41, 0.83)

0.97 (0.86, 1.00)

0.58 (0.44, 0.71)

0.74 (0.54, 0.89)

0.22 (0.03, 0.60)

0.33 (0.19, 0.51)

Figure 4 Forest plots of sensitivity of first-trimester ultrasound in
detecting all types of fetal structural anomaly (a) and fetuses
affected by any type of structural anomaly (b) in high-risk
pregnancies. Only first author given for each study.

Limitations of this review include the fact that, despite
subgroup analysis, there remained considerable hetero-
geneity between the studies; extensive variation between
the studies existed in inclusion and exclusion criteria, the
age at postnatal follow-up, use of anatomical protocols
and outcome reporting. The types of anomaly examined

were different, even among those aiming to assess solely
‘major anomalies’. We would therefore recommend the
use of international definitions in future studies, such as
the RCOG, EUROCAT or March of Dimes criteria.

A number of studies excluded cardiac anomalies from
their analysis, presumably because these anomalies are
often difficult to diagnose in the first trimester and require
significant sonographer skill. The latest BINOCAR
(British Isles Network of Congenital Anomaly Registers)
data54 suggest that overall antenatal detection rates are
low (53.1% (95% CI, 49.1–57.1%)) and this must be
seen in the context of them being common anomalies
(82.2 (95% CI, 81.30–83.03) per 10 000 fetuses)55. It
is impossible to develop a proper understanding of the
overall impact of first-trimester screening on antenatal
care or to compare first- and second-trimester anomaly
screening if studies do not include anomalies belonging to
all organ systems within their analysis.

Some studies reported only the number of anomalies
within their cohort, providing no data with respect to the
number of affected fetuses. This limits the ability to under-
stand fully the number of fetuses affected by first-trimester
screening initiatives; such information should form a min-
imum standard to be reported in future studies.

Finally, it should be emphasized that the majority of
studies did not report false-positive rates. One of the
inevitable consequences of first-trimester screening is the
consideration of early termination of pregnancy when
major anomalies are identified. There is a self-evident
concern regarding termination after first-trimester
anomaly screening without a full understanding of a
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Figure 5 Quality assessment of studies included in systematic review for risk of bias (a) and concerns regarding applicability (b), according
to QUADAS-2. , Low; unclear; , high.

Table 6 Summary of results from meta-analysis on performance of first-trimester ultrasound in detection of fetal anomalies

Sub-
group Type of anomaly assessed/population

Anomalies present
(n per 100 fetuses)

Sensitivity for detection
of anomaly (%)

Antenatal diagnoses
in first trimester (%)

1 Major anomalies in low-risk/unselected population 1.01 (0.95–1.07) 46.10 (36.88–55.46) 53.47 (43.42–63.37)
2 All types of anomaly in low-risk/unselected population 1.81 (1.72–1.90) 32.35 (22.45–43.12) 41.10 (32.13–50.38)
3 All types of anomaly in high-risk population 6.55 (5.66–7.52) 61.18 (37.71–82.19) 66.29 (43.47–85.69)

Values in parentheses are 95% CI.

false-positive diagnosis; however, the rate of false positives
is thought to be much lower than it is for second-trimester
screening36,52. Furthermore, it is not easy to determine
what is a false-positive diagnosis, as anomalies evolve;
for example, a significant proportion of megacystis (in
particular those ≤ 15 mm) resolve spontaneously later in
pregnancy56. In the study by Syngelaki et al.14, a large pro-
portion of false-positive diagnoses involved either mega-
cystis or bowel-only exomphalos. As such, it is critical not
only to understand the rate of false-positive diagnosis in
first-trimester screening, but also to know which types of
anomaly are most likely to resolve spontaneously.

Based on the recommendations from QUADAS-219,
the design of a perfect evaluation of first-trimester
anomaly screening would involve blinding of sono-
graphers to patient history, prevention of referral bias
in tertiary-center trials, postmortem analysis of every
terminated case, standardized neonatal assessment of
internal anomalies with neonatal echocardiography in all
fetuses and blinding of neonatal assessors to the prenatal
sonographic results. Such a rigorous examination of
first-trimester anomaly screening is unlikely to be
performed on a large scale or, in fact, to be consid-
ered ethical. Historical assessment of second-trimester
anomaly screening revealed that, at the time, there were
concerns that it was not adequately evaluated prior to
widespread adoption in prenatal care, particularly with
respect to the burden of false-positive diagnoses, optimal
timing for screening, cost–benefit analysis and the
potential for increasing parental anxiety57,58, and there
was little consensus or uniformity as to how screening
should be performed59. However, the implementation of
standardized anatomy protocols, a systematic approach

to training of sonographers and an emphasis on quality
assessment have allowed the 20-week scan to become a
fundamental component of prenatal care, which is now
also occurring with first-trimester ultrasound.

In conclusion, this systematic review used subgroup
analysis, strict ‘anomaly’ criteria and manual extrac-
tion of data to obtain the most accurate sensitivity of
first-trimester anomaly screening. Our findings demon-
strate that first-trimester ultrasound should be considered
a valuable clinical addition to prenatal anomaly screen-
ing in low-risk, high-risk and unselected populations. We
have demonstrated that the current literature represents
only the beginning of what is achievable for first-trimester
anomaly screening. It is clear that greater sensitivity
could be achieved with the use of a detailed anatomical
protocol, increased attention to sonographer training and
an appreciation of the learning curve involved in acquiring
the appropriate skills.
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31. Hernádi L, Töröcsik M. Screening for fetal anomalies in the 12th week of pregnancy
by transvaginal sonography in an unselected population. Prenat Diagn 1997; 17:
753–759.

32. Abu-Rustum RS, Daou L, Abu-Rustum SE. Role of first-trimester sonography in the
diagnosis of aneuploidy and structural fetal anomalies. J Ultrasound Med 2010; 29:
1445–1452.

33. Cedergren M, Selbing A. Detection of fetal structural abnormalities by an
11–14-week ultrasound dating scan in an unselected Swedish population. Acta
Obstet Gynecol Scand 2006; 85: 912–915.

34. Vavilala S, Geeta K. The 11–13 + 6 Weeks Scan: Where do We Stand? A 5-year
Review at Fernandez Hospital. Int J Infertil Fetal Med 2011; 2: 65–69.

35. Hildebrand E, Selbing A, Blomberg M. Comparison of first and second trimester
ultrasound screening for fetal anomalies in the southeast region of Sweden. Acta
Obstet Gynecol Scand 2010; 89: 1412–1419.

36. Iliescu D, Tudorache S, Comanescu A, Antsaklis P, Cotarcea S, Novac L, Cernea N,
Antsaklis A. Improved detection rate of structural abnormalities in the first trimester
using an extended examination protocol. Ultrasound Obstet Gynecol 2013; 42:
300–309.

37. Grande M, Arigita M, Borobio V, Jimenez JM, Fernandez S, Borrell A. First-trimester
detection of structural abnormalities and the role of aneuploidy markers. Ultrasound
Obstet Gynecol 2012; 39: 157–163.

38. Oztekin O, Oztekin D, Tinar S, Adibelli Z. Ultrasonographic diagnosis of fetal
structural abnormalities in prenatal screening at 11–14 weeks. Diagn Interv Radiol
2009; 15: 221–225.

39. Drysdale K, Ridley D, Walker K, Higgins B, Dean T. First-trimester pregnancy
scanning as a screening tool for high-risk and abnormal pregnancies in a district
general hospital setting. J Obstet Gynecol 2002; 22: 159–165.

40. Carvalho MH, Brizot ML, Lopes LM, Chiba CH, Miyadahira S, Zugaib M. Detection
of fetal structural abnormalities at the 11–14 week ultrasound scan. Prenat Diagn
2002; 22: 1–4.

41. McAuliffe FM, Fong KW, Toi A, Chitayat D, Keating S, Johnson JA. Ultrasound
detection of fetal anomalies in conjunction with first-trimester nuchal translucency
screening: a feasibility study. Am J Obstet Gynecol 2005; 193: 1260–1265.

42. Achiron R, Tadmor O. Screening for fetal anomalies during the first trimester
of pregnancy: transvaginal versus transabdominal sonography. Ultrasound Obstet
Gynecol 1991; 1: 186–191.

43. Bilardo CM, Pajkrt E, de Graaf I, Mol BW, Bleker OP. Outcome of fetuses with
enlarged nuchal translucency and normal karyotype. Ultrasound Obstet Gynecol
1998; 11: 401–406.

44. Jakobsen TR, Søgaard K, Tabor A. Implications of a first trimester Down syndrome
screening program on timing of malformation detection. Acta Obstet Gynecol Scand
2011; 90: 728–736.

45. Becker R, Schmitz L, Kilavuz S, Stumm M, Wegner RD, Bittner U. ‘Normal’ nuchal
translucency: a justification to refrain from detailed scan? Analysis of 6858 cases
with special reference to ethical aspects. Prenat Diagn 2012; 32: 550–556.

46. Natu N, Wadnere N, Yadav S, Kumar R. Utility of first trimester anomaly scan in
screening of congenital abnormalities in low and high risk pregnancies. JK Sci 2014;
16: 151–155.

47. Pandya PP, Goldberg H, Walton B, Riddle A, Shelley S, Snijders RJ, Nicolaides
KH. The implementation of first-trimester scanning at 10–13 weeks’ gestation and
the measurement of fetal nuchal translucency thickness in two maternity units.
Ultrasound Obstet Gynecol 1995; 5: 20–25.

48. Bronshtein M, Zimmer EZ, Blazer S. The utility of detailed first trimester ultrasound
examination in abnormal fetal nuchal translucency. Prenat Diagn 2008; 28:
1037–1041.

49. Abu-Rustum RS, Daou L, Abu-Rustum SE. Role of ultrasonography in early gestation
in the diagnosis of congenital heart defects. J Ultrasound Med 2010; 29: 817–821.

50. Chatzipapas IK, Whitlow BJ, Economides DL. The ‘Mickey Mouse’ sign and the
diagnosis of anencephaly in early pregnancy. Ultrasound Obstet Gynecol 1999; 13:
196–199.

51. Ebrashy A, El Kateb A, Momtaz M, El Sheikhah A, Aboulghar MM, Ibrahim M,
Saad M. 13–14-week fetal anatomy scan: a 5-year prospective study. Ultrasound
Obstet Gynecol 2010; 35: 292–296.

52. D’Ottavio G, Mandruzzato G, Meir YJ, Rustico MA, Fischer-Tamaro L, Conoscenti
G, Natale R. Comparison of first and second trimester screening for fetal anomalies.
In Ultrasound Screening for Fetal Anomalies: Is It Worth It?: Screening Revisited
after the Eurofetus Data, (Levi S, Chervenak FA, eds). Annals of the New York
Academy of Sciences. New York Academy of Sciences: New York, NY, USA, 1998;
847: 200–209.

53. Johnson SP, Sebire NJ, Snijders RJ, Tunkel S, Nicolaides KH. Ultrasound screening
for anencephaly at 10–14 weeks of gestation. Ultrasound Obstet Gynecol 1997; 9:
14–16.

54. Boyd PA, Tonks AM, Rankin J, Rounding C, Wellesley D, Draper ES; BINOCAR
Working Group. Monitoring the prenatal detection of structural fetal congenital
anomalies in England and Wales: register-based study. J Med Screen 2011; 18: 2–7.

55. EUROCAT. Prevalence Tables http://www.eurocat-network.eu/accessprevalencedata/
prevalencetables2008-2012 [Accessed July 2014].

56. Fong KW, Toi A, Salem S, Hornberger LK, Chitayat D, Keating SJ, McAuliffe
F, Johnson JA. Detection of fetal structural abnormalities with US during early
pregnancy. Radiographics 2004; 24: 157–174.

57. Chitty LS. Ultrasound screening for fetal abnormalities. Prenat Diagn 1995; 15:
1241–1257.

58. Roberts T, Henderson J, Mugford M, Bricker L, Neilson J, Garcia J. Antenatal
ultrasound screening for fetal abnormalities: a systematic review of studies of cost
and cost effectiveness. BJOG 2002; 109: 44–56.

59. Pathak S, Lees C. Ultrasound structural fetal anomaly screening: an update. Arch
Dis Child Fetal Neonatal Ed 2009; 94: F384–F390.

SUPPORTING INFORMATION ON THE INTERNET

Appendices S1–S3 may be found in the online version of this article.
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Revisi ón sistemática del cribado mediante ecograf ı́a en el primer trimestre para la detecci ón de
anomal ı́as estructurales en el feto y los factores que afectan el desempeño del cribado

RESUMEN

Objetivos Determinar la sensibilidad y la especificidad de la ecografı́a del primer trimestre para la detección de
anomalı́as en el feto y determinar qué factores podrı́an tener un impacto en el rendimiento del cribado.

Métodos Se realizó una revisión sistemática y metaanálisis de todas las publicaciones relevantes para evaluar la
precisión en el diagnóstico de las ecografı́as abdominales y vaginales bidimensionales en la detección de anomalı́as
fetales congénitas antes de las 14 semanas de gestación. El estándar de referencia fue la detección de anomalı́as en el
nacimiento o póstumas. Se evaluaron los factores que podrı́an impactar en las tasas de detección, como las caracterı́sticas
de la población, la edad gestacional, el sistema sanitario, la modalidad de ecografı́a, o el uso de una lista de control
de rasgos anatómicos, para la detección de anomalı́as en el primer trimestre y el tipo de malformación incluida en el
estudio. En un esfuerzo por reducir el impacto de la heterogeneidad del estudio en los resultados del metaanálisis, los
datos de los estudios se analizaron por subgrupos de anomalı́as principales frente al total de tipos de anomalı́as, y de
poblaciones de bajo riesgo / no seleccionadas frente a poblaciones de alto riesgo.

Resultados Una búsqueda electrónica (hasta el 29 de julio de 2015) identificó 2225 citas bibliográficas relevantes, de
las cuales se seleccionaron para su inclusión un total de 30 estudios, publicados entre 1991 y 2014. La estimación
combinada de la detección de anomalı́as principales en poblaciones de bajo riesgo o no seleccionadas (19 estudios, 115
731 fetos) fue del 46,10% (IC 95%, 36,88–55,46%). La tasa de detección de todas las anomalı́as en las poblaciones
de bajo riesgo o no seleccionadas (14 estudios, 97 976 fetos) fue del 32,35% (IC 95%: 22,45–43,12%), mientras que
en las poblaciones de alto riesgo (6 estudios, 2841 fetos) fue del 61,18% (IC 95%, 37,71–82,19%). Entre los factores
examinados por su impacto en la tasa de detección, hubo una relación estadı́sticamente significativa (P <0,0001) entre
el uso de un protocolo anatómico estandarizado durante el cribado de anomalı́as en el primer trimestre y su sensibilidad
para la detección de anomalı́as fetales en todos los subgrupos.

Conclusiones Las tasas de detección de anomalı́as fetales en el primer trimestre fueron desde el 32% en grupos de
bajo riesgo hasta más del 60% en grupos de alto riesgo, lo que demuestra que la ecografı́a del primer trimestre tiene
el potencial de identificar una proporción elevada de fetos afectos de anomalı́as estructurales. El uso de un protocolo
anatómico estandarizado mejora la sensibilidad del cribado mediante ecografı́a en el primer trimestre para todas las
anomalı́as y anomalı́as severas en poblaciones de riesgo variable. Con el fin de optimizar la detección de anomalı́as en el
primer trimestre, se deberı́an desarrollar e introducir protocolos internacionales basados en cortes anatómicos estándar.
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