FACULDADE DE MEDICINA
UNIVERSIDADE DO PORTO

Silvia dos Santos Farraposo

Evaluation of the role of first-trimester

obstetric ultrasound: a systematic review

Mestrado Integrado em Medicina
Area: Ginecologia e Obstetricia

Trabalho efetuado sob a Orientagéo de:

Professora Doutora Alexandra Matias

Trabalho organizado de acordo com as normas da revista:

Prenatal Diagnosis

marco, 2013



r Projeto de Opcio do 6° ano - DECLARACAO DE INTEGRIDADE
[APORTO ) PS ¢

FMUP| FACULDADE DE MEDICINA
UNIVERSIDADE DO PORTO

1 ADE CURRICULAR

UNID
PROJETO DE OPGAO

Iss TAGAO | MONOGRAFIA

Eu, Silvia dos Santos Farraposo, abaixo assinado, n® mecanografico 070801251, estudante do 6° ano
do Mestrado Integrado em Medicina, na Faculdade de Medicina da Universidade do Porto, declaro ter

atuado com absoluta integridade na elaboracdo deste projeto de opcao.

Neste sentido, confirmo que NAO incorri em plagio (ato pelo qual um individuo, mesmo por omiss3o,
assume a autoria de um determinado trabalho intelectual, ou partes dele). Mais declaro que todas as
frases que retirei de trabalhos anteriores pertencentes a outros autores, foram referenciadas, ou

redigidas com novas palavras, tendo colocado, neste caso, a citacdo da fonte bibliografica.

Faculdade de Medicina da Universidade do Porto, 08/03/2013

Assinatura: 6: Wne SOW\ ) {é}\}\,\c_‘qso



POR I O Projeto de Opcao do 6° ano — DECLARAGAO DE REPRODUGAO

FMUP| FACULDADE DE MEDICINA
UNIVERSIDADE DO PORTO

DE CURRICULAR

nnnnnnnnnnnnnnnnnnn

Nome: Silvia dos Santos Farraposo

Email: silvia.farraposo@gmail.com

Titulo da Monografia: Evaluation of the role of first-trimester obstetric ultrasound: a systematic

review
Orientador: Professora Doutora Alexandra Matias Pereira da Cunha Coelho de Macedo
Ano de conclusao: 2013

Designacdo da area do projeto: Ginecologia e Obstetricia

E autorizada a reproducdo integral desta Dissertacio/Monografia (cortar o que ndo interessar) para
efeitos de investigacdo e de divulgacao pedagdgica, em programas e projetos coordenados pela
FMUP.

Faculdade de Medicina da Universidade do Porto, 08/03/2013

Assinatura: ..CJ{ hne 50\1\'\&—0‘5 @\’\QF e



To Paulo, Maria and Joaquim



TABLE OF CONTENTS

TITLE PAGE ...ttt ettt s 1
ABSTRACT ettt ettt ettt et set e bt e sttt s it e bt e sate e beesateebeesaaeebeesateenneens 3
INTRODUCTION ...ttt ettt ettt ettt e sttt eee 4
IMETHODS ...ttt ettt et et ettt e e bt e et e e s ane e e ebbeeeaneesnaee s 5
RESULTS ettt sttt et e eee 6
DISCUSSION ..niiiiiieiiie ettt ettt ettt ettt e bt st sbe e sate e b e saneemeee 9
REFERENCES ...ttt ettt ettt ettt ettt ettt e sbe e st e e s eee 15
TABLE .ottt e s 20
TABLE 2 ..ottt ettt ettt ettt e 22
TABLE 3 ..ottt ettt e 25
TABLE 4 ...ttt et sttt et 30
FIGURE 1.ttt st 32

FIGURE 2o ettt e e e e ettt eee e e e e e et e aaaaeaeseeeeeaeaaaeaeseeaaees 33



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

COMPLETE TITLE

Evaluation of the role of first-trimester obstetric ultrasound: a systematic review

SHORT TITLE

Fetal malformations and first-trimester ultrasound

S. Farraposo
Department of Obstetrics and Gynecology, Hospital S. Jodo, Faculty of Medicine — Porto

University, Portugal

CORRESPONDING AUTHOR

Silvia Farraposo

Faculty of Medicine — Porto University

Alameda Professor Hernani Monteiro, 4200 — 319 Porto, Portugal
Phone: +351 964263700

E-mail: silvia.farraposo@gmail.com

WHAT IS ALREADY KNOWN ABOUT THIS TOPIC?

e First-trimester ultrasound is commonly used to detect/diagnose fetal malformations.
Lately, an effort is being made to bring anatomical ultrasound from second-trimester
to first-trimester.

e Fetal malformations have their timing to be detected, and first-trimester ultrasound

alone may not be enough to accomplish that.
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WHAT DOES THIS STUDY ADD?

e Last years, technological and human improvements have empowered first-trimester

ultrasound, which explains the need to know if its accuracy to detect/diagnose

malformations earlier increased or not, and its real usefulness.

WORD COUNT: 3286

TABLE COUNT: 4
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ABSTRACT

Before the late nineties, ultrasound (US) was somewhat useless, mainly due to technological
limitations. Only after enhancements in US instrumentation and operator skills, US began to
be considered a first-line screening exam to evaluate gestation during first-trimester.
Furthermore, currently the last developments are allowing handling during first-trimester
tasks characteristically related to the second-trimester US, such as looking for fetal
malformations. This time shift raise up a question. Is first-trimester US an accurate mean of
detecting fetal malformations, which are characteristically time dependent?

With this systematic review we intend to assess first-trimester US, and to quantify the US
improvements in the detection rate of major structural malformations in chromosomally
normal fetuses. To accomplish that we have obtained references from the MEDLINE database
and analyzed 227.955 fetuses, gathered from 21 studies. Our study suggest that first-trimester
US, as a tool for prenatal diagnosis of structural anomalies has potential to evolve since
currently, detection rate is around 50%; however we believe that such value may be improved
with the standardization of detection protocols, the concomitant use of appropriated markers
and better equipment.

Despite all, first-trimester fetal malformation screening still represents a diagnostic challenge

in modern obstetrics.
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INTRODUCTION

In the last decade, it was estimated that fetal malformations ranged 1%-3% of all births, and
constituted the most common cause of infant mortality. Most malformations are of unknown
etiology, for which the only risk factor is the pregnancy itself. Hence, in this review and
according to the literature, we adopted the term malformation to represent any structural
anomaly, including dysmorphologies®, independently of the etiology. Moreover, according to
the European Surveillance of Congenital Anomalies’ (EUROCAT) a malformation can be
minor or major. Major malformations, if not lethal, comprehend all severe handicap that
usually require therapeutic termination of pregnancy, and are the focus of this review.

During pregnancy malformations evolve until they reach a critical state of development,
which allows the detection by US. The detectability time varies according to the type of
malformation, the technical features of the equipment, and the skills of the technician who is
in charge of the procedure. Until not long ago, these features favored the anatomical US to be
performed between the 18-22" weeks of pregnancy.

However, since 80% of major malformations are present at 12 weeks of pregnancy and
considering the evolution of equipment, the improvement of practitioner’s skills, and the
deeper knowledge about the embryo development®, abnormality detection is being pulled
from the second to first-trimester.

The accuracy and performance of first-trimester scan is being evaluated by several studies.
Detection rates ranging between 17% and 90% are referred in the literature*®, and several
causes have been claimed to explain such variability. The inclusion criteria defined for each
study and the type and length of follow-up are pointed as having the major impact on results.
As far as we know, only two papers aimed to review the data from different studies about the

detection rate of first-trimester US. Nonetheless, both present some limitations. The one from
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Borrell et al.” only includes 5 studies, and the one from Syngelaki et al.® approaches the
malformations as cardiac and non-cardiac, which is very strict in our point of view.
Hence, this systematic review intends to include all eligible studies presenting major

malformations in euploid fetuses, in order to evaluate the sensitivity of first-trimester US.

METHODS

Search strategy and eligibility criteria

Studies were retrieved from a search in MEDLINE database, restricting the search to English
references, using the following MeSH terms and keywords: ultrasonography, ultrasonics,
ultrasound, pregnancy first trimester, first trimester, sensitivity, specificity, abnormalities,
congenital abnormalities, anomalies, malformations, and detection.

Further keywords were tried when defining the query. However, since they did not enhance
the sensitivity of the search, they were not considered in the final query. The last search was
performed on November 28, 2012.

The references of each eligible study were screened for possible missing articles. None of the
publications had overlapping populations.

Studies were eligible if they provided data on the detection rate of major malformations in
euploid fetuses, screened by first-trimester US. Table 1 presents the inclusion and exclusion
criteria defined to decide about the eligibility of each paper in our pool.

The criteria were applied in two phases: first, studies were screened by title and abstract for
relevance. Secondly, full papers of studies, which appeared potentially relevant, were
assessed for inclusion.

Data extraction

For each study we recorded the name of the author, country of origin, sample size, type of

population, study design, length of study, gestational age and type of follow-up. The

Table 1
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prevalence of major malformations in fetuses with normal karyotype was calculated for each
study, too. We also recorded the detection rate of major malformations detected by first-
trimester US. In some studies this value was not available, so we had to extract the necessary
information to obtain the detection rate.

Quality assessment of included studies was carried out using the QUADAS® tool and the
criteria for assessment of risk of bias defined by Pedrosa et al.’°, both adapted as appropriate
(Table 2).

This review was elaborated according to the PRISMA! statement in order to ensure a

transparent, complete and unbiased reporting of valuable data.

RESULTS

Eligible studies

Of the 175 items retrieved with the electronic search, 127 were excluded when assessing the
titles and abstracts. The remaining 38 papers were retrieved for screening in full text. Fifteen
(15) new studies were identified through scanning of bibliographic references of included
papers, performing a total of 63 (48 + 15) entries to review. As depicted in Figure 1, we
further excluded 43 studies that examined major malformations out of the scope of the first-
trimester US and studies that did not have enough information to calculate general US
sensitivity. This was the case of papers voted to a specific major malformation, such as
congenital heart disease (CHD) or central nervous system (CNS) malformation, or papers that
addressed specific technical issues about US examination. Hence the final data included
information from 20 papers (63 - 43).

Study characteristics

Descriptive characteristics of each eligible study are presented in Table 3. The studies have

been performed in Europe, Brazil, China and Middle East, contributing with a total of

Table 2

Figure

Table 3
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227.955 fetuses, and 3255 major malformations. Fifteen (15) were prospective cohorts, one of
which cross-sectional, 2 were retrospective cohorts, 2 were reviews and 2 randomized
controlled trials (RCT), which perform a total of 21 studies. In practice 20 papers were
included in our review, however, the one from Syngelaki et al.® presents simultaneously a
prospective study and a review, both in accordance with our inclusion criteria.

Among all the studies, 10 aimed at evaluating the detection rate of major malformations in
euploid fetuses "® **° The studies from Hildebrand et al.*’, Chen et al.?°, Ebrashy et al.?*,
Saltvedt et al.??, Souka et al.”® and Oztekin et al.?* intended to compare the accuracy of first-
trimester versus second-trimester US in diagnosing major abnormalities in fetuses. Two
studies were focused on evaluation of aneuploidy markers as a means to enhance first-

trimester US detection rate® 2

, and 3 studies aimed for a specific aspect of first-trimester
US?*2 Nonetheless, all of the studies had available data in order to calculate the sensitivity
of US, during first-trimester time-range.

In all studies, the population was described as being low-risk, except in the paper by Chen et
al.?’, in which only women above 35 years were selected. However, as stated in the same
paper, it seems that the maternal age may account for an increased number of malformations
due to chromosomal abnormalities, but the same cannot be said about euploid fetuses.

Risk of bias

Figure 2 presents the results obtained when assessing the risk of bias, according to our
modified criteria. Generally, the included studies were adequate in what concerned the
selection of participants, the definition of the population, the conditions in which the
screening tests were performed and the results obtained.

Concerning the definition of the population, none of the studies was unclear. However, a total

of 8 studies, from our pool of 21 papers, were quoted as inadequate. One (1) of them defined

in its protocol a population aged more than 35 years, 2 were concerned in looking for

Figure
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increased NT from an unselected population, and 1 was focused on CHD, also from an
unselected population. The other main cause for an inadequate mark was the time range
considered to perform the US. Six (6) studies did not respect the 11-14 weeks time range
defined in our bias criteria and stated by the Fetal Medicine Foundation®® (FMF) as the most
valuable time-range to gather first-trimester US information. Particularly, the paper by
Syngelaki et al.® extended its evaluation until the 16™ week of gestation. However, only 3
fetuses were scanned at such pregnancy time.

Regarding the results, the majority of the studies only presented the sensitivity of the test or
had available data to calculate it (which explains the number of inadequate studies). Only a
few studies presented other measures of accuracy such as specificity (2 studies) or likelihood
ratios (2 studies), which is in accordance with the studies that involve US sensitivity. The
majority of them present detection rate data, but only a few exhibit other measures of
accuracy.

With regard to the follow-up and verification, in most of the cases the number of patients that
abandoned the study was not explicit, but there was enough information to calculate such
value (12 papers). In 3 of them, there was not enough data.

Summary of results

Table 4 summarizes the results obtained from each series. It presents the number of fetuses
for each study, the total of major malformations in the sample, the prevalence of major
malformations, the number of malformations detected by the first-trimester US screening, and
the sensitivity of the study.

The lowest and highest calculated prevalences are 0.5% and 2.8%, as found in the studies of

Hildebrand et al.!” and Becker et al.?®

, respectively. The mean value of overall studies is 1.5%
(95% CI 1.2 — 1.7). Except for the lowest prevalence, all values are in the estimated range,

presented by different reports, and stated above in the introduction.

Table 4
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In respect to the performance accuracy of the screen test under evaluation, sensitivity varies
from 12.5% in the study of Hafner et al.?® and 83.7% in the study of Becker et al.?®. Both
values are out of the interval of the overall average sensitivity, 49.2% (95% CI 41.1 — 57.3),
and away from the overall pooled sensitivity, 40.0% (it was not possible to calculate the 95%

confidence interval due to the lack of values in all studies).

DISCUSSION

The findings of this systematic review on chromosomally normal fetuses revealed that first-
trimester US alone, as a tool to detect major structural malformations, has a moderate
sensitivity. When considering pooled and averaged sensitivity the detection rate is about
40.0%, and 49.2% (95% CI 41.1 — 57.3), respectively. These values slightly increase, when
the two review studies are removed from the analysis group: 42.0% and 50.7%, respectively.
The more significant change in the pooled average is due to the sample size of the study
presented by Syngelaki et al.8, which involved 67.779 fetuses.

Despite the moderate detection rate, we have obtained better values than the ones presented
by Borrell et al.” and Syngelaki et al.8, in their studies. For instance, some aspects may be
pointed out to explain such differences. First, the number of studies included in each review,
8 and 15, respectively, against our 21 studies. Moreover, in our case, from each included
paper, we only have used information related to major malformations, excluding values
related to minor malformations or aneuploidy. The other reviews used combined euploid,
non-euploid, major and minor malformations in their results, which decrease sensitivity.
Particularly, minor malformations considered in both cases, are prevalent but are hardly
detected when considering first-trimester US. These outcomes strengthened our decision of
evaluating first-trimester US independently of the class of malformation, since each group of

malformations drifts the sensitivity of US.
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Nonetheless, looking at our study that targeted US detection rate, independently of the major
structural malformation, several aspects can be raised to explain why a promising detection
tool revealed itself limited.

Only half of the elected studies had as main goal the evaluation of first-trimester US as a tool
to detect major structural abnormalities. The other half considered the detection rate by US as
a secondary aspect, or did not considered such point of view at all. Moreover, the
malformations aimed by each study were not the same, and it is known that US sensitivity is
intrinsically connected to the malformation under evaluation. For example, Becker et al.?
targeted cardiac defects, while Carvalho et al.*® looked for malformations at skull, brain,
abdominal wall, with no interest in CHD. The later obtained a better US sensitivity. Also, the
classification of malformations changed among studies. In some studies no classification was
set down as in Weiner et al.'® and Hafner et al.”®, while in other studies, specific arrangements
were defined according to the purpose of the study™®** 2. Besides, the detection rates
presented by each study were not consistent. As reported above, the highest detection rate was
achieved in the paper presented by Becker et al.?®, while the lowest sensitivity was 12.5%, in
the study of Hafner et al.”®. Furthermore, each paper had its own protocol to evaluate first-
trimester US, with its own inclusion criteria and its own scanning technique. The paper

presented by Chen et al.?’

was devoted to women over 35 years of age, while the paper from
Hernédi et al.”® intended to evaluate the transvaginal approach as a mean of enhancing the
screening of fetal anatomy.

External factors to the study design may also be pointed out as causes for the variance in the
results, for instance, the skills of the technicians performing the US, the fetal size, the
maternal habitus, etc.

Regardless of the detection rate obtained, we cannot look at this study only as a number. The

review presented herein intended to evaluate the sensitivity of first-trimester US for the

10
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detection of major malformations without further considerations. Nonetheless, three aspects
should always be taken into account when approaching first-trimester US: (1) the human
factor; (2) the technological improvements in the detection of malformations; and (3) the
malformations itself.

As far as malformations are concerned, several authors have experienced in their studies® %,
that the part of the body system under evaluation can significantly impact on the US detection
rate. For instance, sensitivity can go from less than 20%, in some cases of limb malformation,
to more than 70% in some cases of CNS malformations. Considering the groups of
malformations outlined by EUROCAT?, we present a summary of the major abnormalities
that can be found using an US, and current US sensitivity.

As stated before, CNS is associated with some of the malformations with the highest
detection rates, and comprises about 40% of all fetal malformations®*. Particularly, acrania
and anencephaly have detection rates above 90%*’, with an abnormal shape of the head
noticeable from the 8" week of pregnancy.

In the opposite, hydrocephalus is rarely diagnosed in first-trimester, since dilation of
ventriculus occur at a more advanced gestational stage. The same is true for agenesis of
corpus callosum and microcephaly®.

The detection of spina bifida in first-trimester US is controversial. While some studies present
detection rates of 60% or more as in the study of Syngelaki et al.®, other studies state that
spina bifida is very difficult to detect before the 14™ week of pregnancy, since nor the
“lemon” or “banana” sign are present.

Along with CNS malformations, CHD are those with the highest prevalence, and an incidence
of 0.5-1/100 live born infants®, but one of the lower detection rates, when using US alone.

The heart can be visualized since the 7" week, and the four-chamber view is the conventional

approach, with the following results for the most common cardiac abnormalities: 20% for

11
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hypoplastic left heart, 10% for coarctation of the aorta, 5% for tetralogy of Fallot and
ventricular septal defect and 0% for transposition of the great arteries. In order to increase
detection rate, echocardiography, Doppler and soft/biochemical markers are being considered
as a natural part of the fetal cardiac evaluation’.

Abdominal wall abnormalities encompass a group of malformations, each with its own rate of
detection. Omphalocele and gastroschisis can be detected more than 65% of the times'®, as
other large defects. In turn, diaphragmatic hernias, unless they are of considerable size and
produce a mediastinal shift, are hardly perceived with a first-trimester US. As for cardiac
malformations, the use of soft markers, such as nuchal translucency (NT) and ductus venosus
(DV), may be helpful in such cases.

According to Grande et al.’ detection rate of major urogenital tract malformations is
approximately 25%. At the upper end of the spectrum are obstructive uropathies, in the form
of megacystis. In the opposite extreme is renal agenesis.

Fetal megacystis at 10-14 weeks of gestation, is defined by a longitudinal bladder diameter of
7 mm or more, and found in about 1 in 1500 pregnancies®. Usually it portends a poor fetal
outcome. If the longitudinal diameter of the fetal bladder is moderate (7 to 15 mm) there is a
risk of about 25% of chromosomal defects. In chromosomally normal fetuses there is
spontaneous resolution of the megacystis without any obvious adverse consequence on the
development of the urinary system in about 90% of cases. In contrast, in megacystis with
bladder diameter >15mm the risk of chromosomal defects is about 10%, but in fetuses with
normal karyotype the condition is invariably associated with progressive obstructive
uropathy.

Renal agenesis, during first-trimester evaluation, is not characterized by oligohydramnios, and

moreover kidneys are easily confused with adrenal glands, which are enlarged in this stage of
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pregnancy. Then, renal agenesis is suspected when hypoechogenic masses are detected in the
renal bed, which occurs less then 20% of the times.

As before, when urinary malformations are suspected, it is common to have abnormal NT and
DV. Moreover, the rate of detection is slightly increased if the TV route is used, when
assessing the urinary tract.

While minor skeletal abnormalities are more frequent than major ones, they are hardly
detected in first-trimester US evaluation. Amongst the major skeletal malformations
osteochondrodysplasia is the one that presents the highest detection rates in several studies® .
Limbs are traditionally assessed during pregnancy as markers of fetal growth, nutrition and
gestational age, and because of that, better detection rates would be expected. But it is not the
case. According to the study of Rice et al.*®, the most reported abnormalities are club hand,
followed by absence of long bones, missing limb, club foot and shortening of long bones.
Also important, is that most of the cases that involve limb malformations had other
abnormalities associated. The most common include abdominal wall defects, single umbilical
artery and hydrops. Paladini et al.*® described a 41% association with concomitant non-
chromosomal syndromic conditions and limb abnormalities.

Nevertheless, as stated by Economides et al.*

almost all major fetal abnormalities can
potentially be diagnosed in early pregnancy, if the appropriate procedures are chosen and
employed. Currently, this could be achieved by recruiting more trained personnel as
suggested Bellotti et al.*’, using transabdominal US combined with transvaginal US, 3D-US,
echocardiography, Doppler, and US markers such as NT**™2, ductus venosus blood flow****,
intracranial translucency®*" or nasal bones™.

To conclude, we should remind that the major limitations of this review are due to the

diversity of papers included in it, each one with its intrinsic characteristics. As stated before

the studies included followed their own classifications, some US were not performed exactly

13



298

299

300

301

302

303

304

305

306

307

308

309

310

311

312

during the time range 11-13*® weeks (although, more than 95% were), some studies did not
intended directly to evaluate the performance of first-trimester US as a detection tool, and
most importantly, results were and still are entirely human dependent.

On the other hand, we think that the values presented in our review are valid, in the sense that
they were obtained following a precise and reproducible method, allied to strict criteria, that
took into account the limitations and bias that the included studies could introduce.
Furthermore, all the obtained information was summarized so as to simplify the extraction of
prevalences and sensitivities.

Moreover, this paper emphasize that even if first-trimester US alone is far from 100%
accurate in the diagnosis of fetal malformations it is an approach that must always be taken
into account.

In the future, as more sophisticated equipment will be available, broader knowledge about
fetal development and more sophisticated and credible US markers will be accessible, we
hope that the number of abnormalities detected earlier will increase and the 11" to 14" week

scan will become the first comprehensive anatomic fetal survey.

14



REFERENCES

1.

Merks JHM, Karnebeek CD, Caron HN, et al. Phenotypic abnormalities: Terminology
and classification. Am J Med Genet 2003; 123: 211-230.

EUROCAT Guide 1.3 and reference documents. Instructions for the Registration and
Surveillance of Congenital Anomalies [WWW document]. URL http://www.eurocat-
network.eu/content/EUROCAT-Guide-1.3.pdf [accessed on 26 November 2012].
Timor-Tritsch IE, Bashiri A, Monteagudo A, et al. Qualified and trained sonographers
in the US can perform early fetal anatomy scans between 11 and 14 weeks. Am J Obstet
Gynecol 2004; 191: 1247-1252.

Levi S, Hyjazi Y, Schaaps JP, et al. Sensitivity and specificity of routine antenatal
screening for congenital anomalies by ultrasound: the belgian multicentric study.
Ultrasound Obstet Gynecol 1991; 1: 102-110.

Smith CN, Hau C. A six year study of the antenatal detection of fetal abnormality in six
Scottish health boards. Br J Obstet Gynaecol 1999; 106: 206-212.

Grande M, Arigita M, Borobio V, et al. A. First-trimeser detection of structural
abnormalities and the role of aneuploidy markers. Ultrasound Obstet Gynecol 2012; 39:
157-163.

Borrell A, Robinson NJ, Forgas-Santolaya J. Clinical value of the 11- to 13+6-week
sonogram for detection of congenital malformations: a review. Am J Perinatol 2011; 28:
117-124.

Syngelaki A, Chelemen T, Dagklis T, et al. Challenges in the diagnosis of fetal non-
chromosomal abnormalities at 11-13 weeks. Prenat Diagn 2011; 31: 90-102.

Whiting P, Rutjes AW, Reitsma JB, et al. The development of QUADAS: a tool for the
quality assessment of studies of diagnostic accuracy included in systematic reviews.

BMC Med Res Methodol 2003; 3: 25. Epub 2003 Nov 10.

15



10.

11.

12.

13.

14.

15.

16.

17.

18.

Pedrosa AC, Matias A. Screening for pre-eclampsia: a systematic review of tests
combining uterine artery Doppler with other markers. J Perinat Med 2011; 39: 619-635.
Liberati A, Altman DG, Tetzlaff J, et al. The PRISMA statement for reporting
systematic reviews and meta-analysis of studies that evaluate healthcare interventions:
explanation and elaboration. BMJ 2009. DOI: 10.1136/bmj.b2700.

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.

Carvalho MHB, Brizot ML, Lopes LM, et al. Detection of fetal structural abnormalities
at the 11-14 week ultrasound scan. Prenat Diagn 2002; 22: 1-4.

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

Dane B, Dane C, Sivri D, et al. Ultrasound screening for fetal major abnormalities at
11-14 weeks. Acta Obstet Gynecol Scand 2007; 86: 666—670.

Economides DL, Braithwaite JM. First trimester ultrasonographic diagnosis of fetal
structural abnormalities in a low risk population. Br J Obstet Gynaecol 1998; 105: 53—
57.

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; Early Online: 1412-14109.

Weiner Z, Goldstein I, Bombard A, et al. Screening for structural fetal anomalies during
the nuchal translucency ultrasound examination. Am J Obstet Gynecol 2007; 197:

181.e1-181.e5.

16



19.

20.

21.

22.

23.

24.

25.

26.

27.

Whitlow BJ, Chatzipapas IK, Lazanakis ML, et al. The value of sonography in early
pregnancy for the detection of fetal abnormalities in an unselected population. Br J
Obstet Gynaecol 1999; 106: 929-936.

Chen M, Lee CP, Lam YH, et al. Comparison of nuchal and detailed morphology
ultrasound examinations in early pregnancy for fetal structural abnormality screening: a
randomized controlled trial. Ultrasound Obstet Gynecol 2008; 31: 136-146.

Ebrashy A, El Kateb A, Momtaz M, et al. 13-14-week fetal anatomy: a 5-year
prospective study. Ultrasound Obstet Gynecol 2010; 35: 292-296.

Saltvedt A, Almstrom H, Kublickas M, et al. Detection of malformations in
chromosomally normal fetuses by routine ultrasound at 12 or 18 weeks of gestation — a
randomized controlled trial in 39 772 pregnancies. Br J Obstet Gyneacol 2006; 113:
664—674.

Souka AP, Pilalis A, Kavalakis I, et al. Screening for major structural abnormalities at
the 11- to 14-week ultrasound scan. Am J Obstet Gynecol 2006; 194: 393-396.
Oztekin O, Oztekin D, Tinar S, et al. Ultrasonographic diagnosis of fetal structural
abnormalities in prenatal screening at 11-14 weeks. Diagn Interv Radiol 2009; 15: 221
225.

Hafner E, Schuchter K, Liebhart E, et al. Results of routine fetal nuchal translucency
measurement at weeks 10-13 in 4233 unselected pregnant women. Prenat Diagn 1998;
18: 29-34.

Becker R, Wegner RD. Detailed screening for fetal anomalies and cardiac defects at the
11-13-week scan. Ultrasound Obstet Gynecol 2006; 27: 613-618.

Chen M, Lam YH, Lee CP, et al. Ultrasound screening of fetal structural abnormalities

at 12 to 14 weeks in Hong Kong. Prenat Diagn 2004; 24: 92-97.

17



28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Hernadi L, Térocsik M. Screening for fetal anomalies in the 12" week of pregnancy by
transvaginal sonography in an unselected population. Prenat Diagn 1997; 17: 753-759.
Fetal Medicine Foundation [WWW document]. URL
http://www.fetalmedicine.com/fmf/ [accessed on 17 December 2012].

Chaoui R, Nicolaides KH. From nuchal translucency to intracranial translucency:
towards the early detection of spina bifida. Ultrasound Obstet Gynecol 2010; 35: 133—
138.

Chaoui R, Benoit B, Heling KS, et al. Prospective detection of open spina bifida at 11-
13 weeks by assessing intracranial translucency and posterior brain. Ultrasound Obstet
Gynecol 2011; 38: 722-726.

Johnson SP, Sebire NJ, Snijders RJM, et al. Ultrasound screening for anencephaly at
10-14 weeks of gestation. Ultrasound Obstet Gynecol 1997; 9: 14-16.

Rice KJ, Ballas J, Lai E, et al. Diagnosis of fetal limb abnormalities before 15 weeks. J
Ultrasound Med 2011; 30: 1009-1019.

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

Pérez-Pedregosa J, Burgos MBA, Martinez-Ten P. First trimester fetal
echocardiography: state of the problem. Timisoara Med J 2009; 59: 173-183.
Economides DL, Whitlow BJ, Braithwaite JM. Ultrasonography in the detection of fetal
anomalies in early pregnancy. Br J Obstet Gynaecol 1999; 106: 516-523.

Kurjak A, Kupesic S, Matijevic R, et al. First trimester malformation screening. Eur J

Obstet Gynecol 1999; 85: 93-96.

18



38.

39.

40.

41.

42.

43.

44,

45.

Liao AW, Sebire NJ, Geerts L, et al. Megacystis at 10-14 weeks of gestation:
chromosomal defects and outcome according to bladder length. Ultrasound Obstet
Gynecol 2003; 21: 338-341.

Paladini D, Greco E, Sglavo G, et al. Congenital anomalies of upper extremities:
prenatal ultrasound diagnosis, significance, and outcome. Am J Obstet Gynecol 2010;
202: 596.e1-596.€10.

Bellotti M, Fesslova V, De Gasperi C, et al. Reliability of the first-trimester cardiac
scan by ultrasound-trained obstetricians with high-frequency transabdominal probes in
fetuses with increased nuchal translucency. Ultrasound Obstet Gynecol 2010; 36: 272—
278.

Makrydimas G, Sotiriadis A, Huggon IC, et al. Nuchal translucency and fetal cardiac
defects: a pooled analysis of major fetal echocardiography centers. Am J Obstet
Gynecol 2005; 192: 89-95.

Nicolaides KH, Azar G, Byrne D, et al. Fetal nuchal translucency: ultrasound screening
for chromosomal defects in first trimester of pregnancy. Br Med J 1992, 304: 867—-869.
Matias A, Gomes C, Flack N, et al. Screening for chromosomal abnormalities at 10-14
weeks: the role of ductus venosus blood flow. Ultrasound Obstet Gynecol 1998; 12:
380-384.

Matias A, Huggon I, Areias JC, et al. Cardiac defects in chromosomally normal fetuses
with abnormal ductus venosus blood flow at 10-14 weeks. Ultrasound Obstet Gynecol
1999; 14: 307-310.

Nicolaides KH, Heath V, Cicero S. Increased fetal nuchal translucency at 11-14 weeks.

Prenat Diagn 2002, 22: 308-315.

19



Table 1 Criteria of eligibility of studies to include in the systematic review

Inclusion criteria

1. Study design

Prospective and retrospective studies or random controlled
trial, in which screening with 2D US was applied for the

detection of major malformations.

2. Study aim

To evaluate the sensitivity of first trimester US in detecting

congenital major malformations.

3. Screening test

TV and/or TA US.

4. Trimester of

First trimester pregnancy (11 to 13*° weeks).

screening
5. Condition Presence of major malformations, defined in one of the
screened EUROCAT subgroups’.

Rationale Most papers classify the malformations considering the
main body systems, or simply present each malformation as
an isolated identity. The EUROCAT defines subgroups that
allow a straight correspondence with the body system
approach of the studies, and for each subgroup, defines
explicitly the type of malformation. Moreover major
malformations are ICD coded.

6. Population Unselected population or low risk population.

screened Singleton pregnancies or information about the number of
fetuses under evaluation.

Rationale First-trimester US is intended to be a mass-screening test. If

high-risk population sample is considered, overestimated

values are expected.
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7. Reference

standard

Rationale

2D US, TV or TA, performed by a physician or a
technician, between 11 and 13" weeks of pregnancy,
looking for major malformations.

There is no reference standard on how to perform first-
trimester US. At a minimum, there are guidelines, country

dependent that are followed by some centres.

Exclusion criteria

Rationale

Malformations due to aneuploidies.

Study focused in a specific major malformation.

Study using other techniques beside 2D US, such as
ecocardiography or 3D ultrasound to confirm the
malformation.

Study using soft or biochemical markers.

Several studies have proven that the use of markers improve
the detection rate of US

Language other than English

2D= two-dimensional; 3D= tri-dimensional; ICD= international classification of

diseases; US= ultrasound; TA= transabdominal; TV= transvaginal.
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Table 2 Criteria for assessment of risk of bias

1. Selection of participants

Adequate

Inadequate

Unclear

Cohort study in which all eligible women are
included consecutively or randomly.

Random controlled trial in which all eligible
women are included consecutively or randomly.
The study does not meet at least one of the afore-
mentioned criteria.

The study is unclear in respect to this issue or part

of it.

2. Description of

population

Adequate

Inadequate

Unclear

The following information must be present:
unselected population and gestational age between
11-13*® weeks (equivalent to 1114 weeks).

The study does not meet at least one of the afore-
mentioned criteria.

The study is unclear in respect to this issue or part

of it.
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3. Description of

screening test

Adequate

Inadequate

Unclear

The following information must be present: first-
trimester scan, TA and/or TV US approach, and
classification of major malformations.

The study does not meet at least one of the afore-
mentioned criteria.

The study is unclear in respect to this issue or part

of it.

4. Follow-up and
verification

Adequate

Inadequate

Unclear

At least 90% of the participants originally
subjected to the screening test have a follow-up to
confirm the malformation diagnosed (autopsy,
later US, after birth observation, enquiry).
Miscarriage, voluntary pregnancy termination and
neo-natal death are considered legitimate
exclusions, if no malformation was diagnosed or
no procedure was accomplished in case of
malformation diagnose.

Less than 90% of the participants originally
subjected to the screening test had a follow-up.
The study is unclear in respect to this issue or part

of it.
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5. Analysis of results
Adequate = Measures of accuracy for major malformations are
available for the test screen (Sn, Sp, ROC, AUC,
LR+ and LR-).

Inadequate = The Sn of the test screen is not explicitly available

Adapted from QUADAS” and Pedrosa et al. 2011,

AUC= area under curve; LR= likelihood ratio; ROC= receiver operator characteristic;
Sn=sensitivity; Sp= specificity; TA= transabdominal; TV= transvaginal, US=

ultrasound.
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Table 3 Summary of selected studies

Length
Study Reference Study of Type of
Country Design Study”  Population n' GA? Type of US Follow-up
Abu-Rustum et al., 2010  Retrospective 7 Unselected 1370 11-13*° Mostly TA Pediatric report
Lebanon
Becker et al., 2006°° Prospective 7 Unselected 3094 11-13*° Mostly TA Hospital database + patient
Germany enquiry
Borrell et al., 2011 Review 6 Unselected 36237 11-13°  — —
Spain
Carvalho et al., 2002" Prospective 4 Unselected 2853 11-13*° Mostly TA Hospital database + patient
Brazil enquiry
Cedergren et al., 2006™ Prospective 2 Unselected 2633 11-13*° TA Hospital database

Sweden
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Length

Study Reference Study of Type of
Country Design Study”  Population n' GA? Type of US Follow-up
Chen et al., 2004°’ Prospective 3 Women aged 1609 12-14 TA+TV Hospital database + patient
China >35 enquiry
Chen et al., 2008 RCT 3% Unselected  Control
China 3974 10-14*° Hospital database + patient
Mostly TA
Case enquiry
4282  12-14°°
Dane et al., 2007% Prospective 2 Unselected 1290 11-13*° Mostly TA Hospital database + patient
Turkey enquiry
Economides et al., 1998'®  Prospective NS Unselected 1632 12-13*° Mostly TA Hospital database + patient
UK enquiry
Ebrashy et al., 2010** Prospective 5 Unselected 2876  13-14 Mostly TA NS

Egypt
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Length

Study Reference Study of Type of

Country Design Study”  Population n' GA? Type of US Follow-up

Grande et al., 2012° Retrospective 8 Unselected 13723  11-13*° TA+TV Hospital database + patient
Spain enquiry

Hafner et al., 1997 Prospective 3 NT screening 4233 10-13 Mostly TA Autopsy report + hospital
Austria database

Hernadi et al., 1997%° Prospective 3 Unselected 3991 11-14 TV Autopsy report + pediatric
Hungary report

Hildebrand et al., 2010"’ Prospective 4% Unselected 6692 11-14 TA Autopsy report + hospital
Sweden database

Oztekin et al., 2010** Prospective 4 Unselected 1085  11-14 Mostly TA Hospital database + patient
Turkey enquiry

Saltvedt et al., 2006* RCT 3% Unselected 18053  12-14 Mostly TA Hospital database + patient

Sweden

enquiry
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Length

Study Reference Study of Type of
Country Design Study”  Population n' GA? Type of US Follow-up
Souka et al., 2005 Prospective 1% Unselected 1144  11-14 TA+TV NS
Greece
Syngelaki et al., 2011° Prospective 3% Unselected 44859  11-13™ Mostly TA Hospital database +
UK pediatric report
Review 18 CHD 67779  10-16° — —
screening
Weiner et al., 2007*° Prospective 2 NT screening 1723 107-13"  Mostly TA NS
Israel/USA
Whitlow et al., 1999™ Prospective NS Unselected 6443  11-14 Mostly TA Hospital database + patient
UK Cross- enquiry

sectional
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Length
Study Reference Study of Type of

Country Design Study”  Population n' GA? Type of US Follow-up

“ Length of study in years.
" Number of fetuses.
* Gestational age in weeks.

5 Only 3 scans performed at 15" week of gestation.

CHD= congenital heart disease; GA= gestational age; NS= not specified; NT= nuchal translucency; RCT= randomized controlled trial; TA=

transabdominal; TV= transvaginal; US= ultrasound.
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Table 4 Summary of results for each analyzed series

Malformations

Total of Detected by
Malformations First-

Study Reference n** (Prevalence %)  Trimester US  Snt
Abu-Rustum et al., 2010 1370 36 (2.6%) 20 55.6%
Becker et al., 2006°° 3094 86 (2.8%) 72 83.7%
Borrell et al, 2011’ 36237 494 (1.4%) 143 28.9%
Carvalho et al., 2002" 2823 66 (2.3%) 25 37.9%
Cedergrenetal., 2006™* 2633 32 (1.2%) 13 40.6%
Chen et al., 2004 1609 16 (1.0%) 7 43.8%
Chen et al., 2008% Control

4149 64 (1.5%) 21 32.8%

Case

4662 63 (1.4%) 30 47.6%
Dane et al., 2007™ 1290 24 (1.9%) 17 70.8%
Economides et al., 1998 1632 17 (1.0%) 11 64.7%
Ebrashy et al., 2010% 2876 31 (1.0%) 23 74.2%
Grande et al., 2012° 13723 194 (1.4%) 95 49.0%
Hafner et al., 1997% 4233 56 (1.3%) 7 12.5%
Hernadi et al., 1997°° 3991 37 (1.0%) 20 54.1%
Hildebrand et al., 2010 6692 34 (0.5%) 14 41.2%
Oztekin et al., 2010** 1085 21 (1.9%) 14 66.7%
Saltvedt et al., 2006 18053 371 (2.1%) 74 19.9%
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Souka et al., 2005*° 1148 14 (1.2%) 7 50.0%
Syngelaki et al., 2011° 44859+ 488 (1.1%) 213 43.6%

677795 1087 (1.6%) 443 40.8%
Weiner et al., 2007 1723 22 (1.3%) 9 40.9%
Whitlow et al., 1999" 6443 66 (1.0%) 44 66.7%

Averaged Sensitivity (95% CI)

49.2% (41.1 - 57.3)

Pooled Sensitivity

40.0%

“ Number of fetuses.
™ Study sensitivity.
H Data from prospective study.

8 Data from literature review.
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Reference library with results of search
strategies
n= 175

Figure 1 Flowchart of the search strategy and selected studies

Defined as not relevant assessing titles and
abstracts (n=127)

Potentially relevant
n=63

Studiesidentified through scanning of
bibliographic references of included studies
(n=15)

Studies checked using the inclusion/exclusion
criteria

Studiesincludedin the review
n=20

Excluded (n=43)
Reasons:

Use of softor biochemical markers (13)
Specificmajor malformation (11)

3D, 4D US or ecocardiography (5)

No datato calculate detection rate (4)
Scope of US out of first-trimester (3)
Specificpopulation (3)
Aneuploidies (3)

Letter (1)
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Figure 2 Assessment of the risk of bias

Number of Studies
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nstitution's or a national research council's guide for, or any national law on, the care and
use of laboratory animals was followed. A statement describing explicitly the ethical
background to the studies being reported should be included in all manuscripts in the
Materials and Methods section. Ethics committee or institutional review board approval
should be stated.

Patients have a right to privacy that should not be infringed without informed consent.
Identifying information should not be published in written descriptions, photographs and
pedigrees unless the information is essential for scientific purposes and the patient (or
parent or guardian) gives written informed consent for publication. Informed consent for
this purpose requires that the patient be shown the manuscript to be published. Identifying
details should be omitted if they are not essential but patient data should never be altered
or falsified in an attempt to attain anonymity. Complete anonymity is difficult to achieve
and informed consent should be obtained if there is any doubt. For example, masking the
eye region in photographs of patients is inadequate protection of anonymity.

Authorship

All persons designated as authors should qualify for authorship and all those who qualify
should be listed. Each author should have participated sufficiently in the work to take
public responsibility for appropriate portions of the content. One or more authors should
take responsibility for the integrity of the work as a whole, from inception to published
article. Authorship credit should be based only on 1) substantial contributions to
conception and design, or acquisition of data, or analysis and interpretation of data; 2)
drafting the article or revising it critically for important intellectual content; 3) final approval
of the version to be published. Conditions 1, 2 and 3 must all be met. Acquisition of
funding, the collection of data or general supervision of the research group, by themselves,
do not justify authorship. All others who contributed to the work who are not authors
should be named in the Acknowledgements section.

Committee on Publication Ethics (COPE)

As a member of the Committee on Publication Ethics (COPE), adherence to these
submission criteria is considered essential for publication in Prenatal Diagnosis ;
mandatory fields are included in the online submission process to ensure this. If, at a later
stage in the submission process or even after publication, a manuscript or authors are
found to have disregarded these criteria, it is the duty of the Editor-in-Chief to report this
to COPE. COPE may recommend that action may be taken, including but not exclusive to,
informing the authors' professional regulatory body and/or mstitution of such a dereliction.

The website for COPE may be accessed at: http://www.publicationethics.org.uk
(http://www.publicationethics.org)

6. ADDITIONAL INFORMATION ON ACCEPTANCE
Copyright

We no longer require FAXs or other hardcopy of the Copyright Transfer Agreement.
Instead we have introduced a convenient new process for signing your copyright transfer
agreement electronically (eCTA) that will save you considerable time and effort. If your
paper is accepted, the Author whom you flag as being the formal Corresponding Author
for the paper will receive an e-mail with a link to an online eCTA form. This will enable the
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Corresponding Author to complete the copyright form electronically within ScholarOne
Manuscripts on behalf of all authors on the manuscript. You may preview the copyright
terms and conditions here (http://media.wiley.com/assets/2255/84/ECTA-

A _SAMPLE.pdf).

Proofs

Proofs of accepted articles will be sent to the author for checking. This stage is to be used
only to correct errors that may have been introduced during the production process.
Prompt return of the corrected proofs, preferably within two days of receipt, will minimise
the risk of the paper being held over to a later issue.

Offprints

Free access to the final PDF offprint of your article will be available via Author Services
(http://authorservices.wiley.com/) only. Please therefore sign up for Author Services if you
would like to access your article PDF offprint and enjoy the many benefits the service
offers.

Accepted Articles

'Accepted Articles' have been accepted for publication and undergone full peer review but
have not been through the copyediting, typesetting, pagination and proofreading process.
Accepted Articles are published online a few days after final acceptance, appear in PDF
format only, are given a Digital Object Identifier (DOI), which allows them to be cited and
tracked, and are indexed by PubMed. A completed copyright form is required before a
manuscript can be processed as an Accepted Article.

Early View

Early View is Wiley's exclusive service presenting individual articles online as soon as they
are ready before the release of the compiled print issue. Early View articles are complete,
citable and are published in an average time of 6 weeks from acceptance.

OnlineOpen

OnlineOpen is available to authors of primary research articles who wish to make their
article available to non-subscribers on publication, or whose funding agency requires
grantees to archive the final version of their article. With OnlineOpen, the author, the
author's funding agency, or the author's institution pays a fee to ensure that the article is
made available to non-subscribers upon publication via Wiley Online Library, as well as
deposited in the funding agency's preferred archive. For the full list of terms and

conditions, click here (http://wileyonlinelibrary.com/onlineopen#OnlineOpen_Terms)

Any authors wishing to send their paper OnlineOpen will be required to complete the
online payment form (https://authorservices.wiley.com/bauthor/onlineopen_order.asp)

Prior to acceptance there is no requirement to inform an Editorial Office that you intend to
publish your paper OnlineOpen if you do not wish to. All OnlineOpen articles are treated
in the same way as any other article. They go through the journal's standard peer-review
process and will be accepted or rejected based on their own merit.
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Note to NIH grantees

Pursuant to NIH mandate, Wiley-Blackwell will post the accepted version of contributions
authored by NIH grant-holders to PubMedCentral upon acceptance. This accepted
version will be made publicy available 12 months after publication. For further information,

click here (http:/wileyonlinelibrary.com/onlineopen#NIH mandate)

The Malcolm Ferguson-Smith Young Investigator Award

In 2007, Prenatal Diagnosis announced The Malcolm Ferguson-Smith Young
Investigator Award (http:/doi.wiley.com/10.1002/pd.1848). In recognition of the
Journal’s Founding Editor, an annual prize will be awarded to the best original paper
published in a given volume by a young investigator (40 years or younger).
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Copyright Online submission Authors are required to transfer copyright in their work to the publisher. The Copyright Transfer Agreementis  []
electronic and forms part of the online submission process
Title Manuscript (title page) &  Concise and informative title not exceeding 500 characters ]
online submission Optimising titles for search engines—http://authorservices.wiley.com/bauthor/seo.asp
Short title Manuscript (title page) Running head not exceeding 70 characters ]
Not needed for correspondence items
Authors Manuscript (title page) &  Names (initials followed by surname), department, and institution of all authors ]
online submission Authorship credit should be based on 1) substantial contributions to conception and design, acquisition of
data, or analysis and interpretation of data; 2) drafting the article or revising it critically for important
intellectual content; and 3) final approval of the version to be published. Authors should meet conditions 1, 2,
and 3. Nobody who qualifies for authorship should be excluded
Corresponding author Manuscript (title page) & Name, address, telephone number and email address ]

Funding statement
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© 2012 John Wiley & Sons, Ltd.
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State sources of funding for the research and its publication, or for the publication, including a short
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Disclose all potential conflicts of interest, including all relevant financial interests (e.g., employment, []
significant share ownership, patent rights, consultancy, research funding) in any company or organisation
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Manuscript word count (excluding figure/table legends and references) as well as the number of figures and ]
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Word count limits. Original articles and reviews: 3,500; research letters: 1,500
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Microsoft Word > Page Layout > Line Numbers

Authors submitting original articles should note that structured abstracts are required (not exceeding 200
words). The structured abstract should adopt the format: Objectives, Methods, Results, Conclusions. Review
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require abstracts

Optimising abstracts for search engines—http://authorservices.wiley.com/bauthor/seo.asp
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Please refer to the author guidelines—http://onlinelibrary.wiley.com/journal/10.1002/(1ISSN)1097-
0223/homepage/ForAuthors.html

We strongly encourage authors to supply the names of two preferred reviewers; this will facilitate the efficient ]
and swift review of manuscripts

Confirm that your study has been approved by relevant bodies (e.g., institutional review boards, research
ethics committees) and that appropriate consent was obtained for studies involving human participants

Prenatal Diagnosis is a member of the Committee on Publication ethics (COPE). As such, adherence to the
submission criteria set out by COPE is considered essential for publication—http://publicationethics.org

Prenatal Diagnosis encourages the submission of underlying datasets, appendices, video links, etc. as
online-only “Supplementary material for review”

Online Open Post submission Optional. Online Open is available to authors of articles who wish to make their article available to non-
subscribers on publication, or whose funding agency requires grantees to archive the final version of their
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