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Commentary

Congenital heart defects (CHDs) are very common defects in fetuses and in children. The
prevalence of CHDs varies from 6 to 10 per 1000 live births. 35% of CHDs are critical CHDs.
Neonates born with critical CHDs often need to be treated immediately after birth: some of
them need some medication, the others need to be treated by cardiac catheterization or by
surgery. To be prepared to take care of such patients soon after birth, we need to diagnose
critical CHDs prenatally.

In the Czech Republic, the nationwide prenatal cardiac screening program during the second
trimester was introduced in 1986. This Habilitation Thesis is divided into 7 parts. After the
introduction, the second part is focused on the organization and the results of the second
trimester screening program in Czechoslovakia (later in the Czech Republic) from 1986. This
part of the Habilitation Thesis also deals with first-trimester screening, and with the difficulties

and limitations of screening during the first trimester.

The third part of the Thesis focuses on left heart lesions, severe CHDs, which can be detected
by screening — aortic stenosis (AS), hypoplastic left heart syndrome (HLHS), and coarctation
of the aorta (COA). Possible fetal interventions in this group of fetal patients are presented as
well. Very rare congenital heart abnormalities are discussed in the fourth part of the Thesis,
congenital complete heart block in the fifth part, and associated genetic abnormalities in the
sixth part.

The main aim of the study was to assess the impact of first trimester screening on the spectrum
of CHDs and the outcomes of fetuses with CHD later in pregnancy. The first trimester
ultrasound screening program was implemented in the Southern Moravia region in most fetal
medical centres by 2003. The spectrum of CHDs, associated comorbidities and outcome of
fetuses, either diagnosed with CHD in the first or only in the second trimester in the South
Moravian region of the Czech Republic, were compared retrospectively from 2007 to 2013.
Fetuses diagnosed with CHD between 2007 and 2013 in the second trimester were also
compared with fetuses diagnosed with CHD in the second trimester between 1996 to 2001, the
period before first-trimester screening was introduced.

Our results confirmed the significant impact of first-trimester screening on the spectrum of
CHDs later in pregnancy and on the outcomes of pregnancies with a CHD, in that more severe
forms of cardiac abnormalities and higher comorbidities resulted in an increase in early

termination of first-trimester pregnancies. In the second trimester, less severe forms of cardiac



abnormalities were diagnosed. These fetuses had better postnatal outcomes because of more
frequent biventricular circulation and fewer associated comorbidities.

This Habilitation Thesis is designed as a commented collection of publications with the
candidate being either the main author of five manuscripts, (in one case, the publication has
two main authors who contributed equally), or the co-author significantly contributing to 12
manuscripts. All manuscripts were published in their final version in the relevant medical
journals or books. International medical journals where the manuscripts were published had an
impact factor>18 in one case, [F>14 in two cases, [F>5 in three cases, and IF from 1.43 to 4.7

in four cases.

Keywords: prenatal cardiology, fetus, first-trimester screening, congenital heart defect, fetal

arrhythmia



1. Introduction to paediatric and prenatal cardiology in the Czech Republic

Prenatal cardiology is a part of paediatric cardiology. Paediatric cardiology started to develop
after World War II as the result of a high incidence of rheumatic carditis in rheumatic fever in
children. Thanks to continuing treatment, the incidence of rheumatic fever decreased and
congenital heart defects became the main area of interest for paediatric cardiologists. In the
past, making a correct diagnosis of CHD was very difficult. The diagnosis was possible to be
made only by clinical evaluation, chest X-ray and electrocardiogram. After implementation of
cardiac catheterization to the diagnostic process in 1947, cardiac diagnosis became much easier.
Since 1947, some treatment options in some CHDs improved — it was possible to surgically
close a patent arterial duct from 1947, to perform a subclaviopulmonary anastomosis in
Tetralogy of Fallot from 1949, and to repair coarctation of the aorta.

A fundamental change in paediatric cardiology in the Czech Republic occurred in 1977 when,
thanks to professor Samanek, the Children’s Cardiac Centre in Prague was established. After
some time, the Prague Children’s Cardiac Centre experienced a unique accomplishment, in
comparison to other units in Europe and in the world, involving the system of care for such
serious paediatric morbidities. It was due to mutual cooperation between paediatric
cardiologists and surgeons, and due to further specialization of paediatric cardiologists in
different fields of paediatric cardiology — echocardiography, arrhythmology, cardiac
catheterization, surgery, intensive postoperative care. It was also due to increased follow-up
exams of cardiac outpatients in the Children’s Cardiac Centre and subsequently in a network
of paediatric cardiac outpatient clinics in the entire country. This organization of the system of
care was unique in the world and this system guaranteed early diagnosis of CHD after birth,
early transport to the Cardiac Centre, and early and necessary cardiac care after birth.

The development of echocardiography and the possibility of medical treatment keeping open a
patent arterial duct in CHDs with duct-dependent circulation lead to further developments in
paediatric cardiology. Echocardiography became “the gold standard” of the diagnostic process
of CHDs. Cardiac catheterization became a more therapeutic method over time.

Thanks to the important development of ultrasound diagnostic methods and the effort to
diagnose CHDs as soon as possible, prenatal cardiology as a new branch of paediatric
cardiology was established. The first correlation of parallel imaging of a fetal heart was done
by a pathologist (light photograph) and by cardiologist Lindsey Allan (ultrasound scan), who

published the correlation in 1980. New possibilities of the evaluation of a fetal heart and making



the cardiac diagnosis in the early stages of pregnancy were opened up. Today, prenatal
cardiology plays an important role in the diagnostic process of CHDs and other cardiac diseases.
The Czech Republic was one of the first countries to start a prenatal cardiac screening program
— the first ultrasound examination of a fetal heart was performed by Dr. Skovranek in 1981; a
nationwide cardiac second-trimester screening programe was started in 1986.

What is possible to be prenatally diagnosed in the fetus today? The majority of prenatal cardiac
abnormalities are congenital heart defects, which are one of the most common structural
abnormalities in the fetus. The prevalence of CHDs is 6.16/1000 live births in the Czech
Republic (Samanek). Fetal arrhythmias, cardiomyopathies, inflammatory heart disease,
tumours and other heart diseases can be detected as well. It is also possible to detect the signs
of heart failure or failure of the whole fetoplacental circulation as the result of other conditions
having an effect on circulation, such as twin-to-twin transfusion syndrome, anemia,
arteriovenous malformation and others.

What’s possible to be treated in the fetus during pregnancy? For example, in severe aortic or
severe pulmonary stenosis, it is possible to perform fetal balloon aortic or pulmonary
valvuloplasty in order to protect the left or right ventricle from remodeling and progressing to
hypoplastic left heart syndrome or to severe hypertrophy of the right ventricle, which, in the
event of these consequences, could further progress to univentricular circulation with a very
unfavourable prognosis. In some fetuses with hypoplastic left heart syndrome, the foramen
ovale spontaneously will become restricted or completely closed. This leads to the
development of pulmonary lymphangiectasia and increased pulmonary vascular resistance,
which results in higher mortality after birth. In order to protect against this unfavourable
outcome, it is possible to perform fetal balloon atrioseptostomy in the fetus and thereby improve
the outcome of the fetus.

In fetuses with severe fetal arrhythmias (supraventricular or ventricular arrhythmias) it is
possible to treat the fetus during pregnancy by giving an antiarrhythmic drug to the mother
(transplacental administration) or to the fetus (direct fetal therapy). Using this treatment we can
protect against or reduce the signs of heart failure and protect against the subsequent
development of hydrops and fetal death.

When is it possible to perform an ultrasound examination of the fetal heart? An ultrasound
examination of the fetal heart is a part of second-trimester screening from the 19th to the 22nd
week of gestation. This scan is crucial for the detection of structural abnormalities in the fetus.
At the end of the 20th century, in an effort to display, as soon as possible, morphologic

structures including basic heart structures of the fetus, first-trimester screening arose. First-



trimester screening is performed between the 11th and the 13th (+ 6) weeks of gestation. In the
first trimester it is not always possible to see all details of the fetal heart. It is also not possible
to detect CHDs that will develop later in pregnancy. So it is necessary to know the limitations
of first-trimester screening and to respect them.

If there is a suspicion of cardiac abnormality detected at the screening examination, the heart
of the fetus is examined by a specialized fetal cardiologist and the final diagnosis is made. The
finding of CHD is also a reason for a detailed specialized anomaly scan in order to detect
additional extracardiac abnormalities. Genetic counselling and genetic evaluation is offered to
the parents as well. The aim of these evaluations is to obtain as much information as possible
in order to give parents complex information about the disease in the fetus, about possible
developments of the disease, about possible interventions after birth, and about the most likely
outcome after birth. Based on this information and on the character of the family, the parents
make decisions about the outcome of the pregnancy. In cases where the pregnancy is continued,
we follow up the fetus and monitor the development of CHD and the pregnancy. We arrange
the pregnant woman to give birth close in the Cardiac Centre in order to take care of the baby
immediately after birth, and in order to start with conservative treatment or to perform cardiac
catheterization or heart surgery as soon as it is indicated. As is mentioned earlier herein, in
some cases it is possible to treat fetuses before birth. In some cases with severe complex
abnormalities and associated extracardiac or genetic abnormalities, the parents make the

decision to terminate the pregnancy.
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Commented publications

1.0.1 ANNEX 1
Ji¢inska H
Prenatélni kardiologie v Ceské republice. Cesko-

Slovenska Pediatrie. 2010;65(11):623-625

Main points of the publication:

The paper is focused on the history of prenatal cardiology in the Czech Republic and on the
main points of prenatal cardiology: screening of congenital heart defects, the detection rate of
CHDs, management of pregnancy with CHD in the fetus, possible treatment in pregnancy and

the first-trimester screening.
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EDITORIAL

Ces.-slov. Pediat., 2010, roé 65, & 11, s. 623-625.

Prenatalni kardiologie v Ceské republice

Prenatal Cardiology in the Czech Republic

Ji¢inska H.

Détska kardiologie Pediatrické kliniky FN Brno
prednosta prof. MUDr. Z. Dolezel, CSc.
Lékaiska fakulta Masarykovy univerzity Brno

Royal Brompton Hospital and St. George’s Hospital London

Vrozené srdeéni vady (VSV) jsou nejéastéjsi vro-
zenou anomalii v prenatalnim obdobi (prevalence
VSV je 6-7/1000 Zivé narozenych déti). Cast VSV
(kritické VSV 35 %) ohroZuje déti na Zivoté bez-
prostfedné po narozeni. Pokud kritickou VSV zjis-
time aZ po narozeni, miZe v nékterych pfipadech
dojit k srdeénimu, poté multiorganovému selhani
a umrti ditéte. Zjistime-li v8ak kritickou VSV pred
narozenim, muZeme lééebné zasdhnout ihned po
narozeni a predejit tak srdenimu selhani
a naslednym zavaZnym komplikacim.

Prenatalni detekce VSV a dalsich onemocnéni
srdce pomoci ultrazvukového (UZ) vySetfeni srdce
plodu je mozna v poslednich 30 letech. Diky
prof. Milanu Samankovi [1, 2], zakladateli moder-
ni &eskoslovenské détské kardiologie, ma prena-
talni kardiologie v Ceské republice (CR) dlouhou
tradici. Ceskoslovensko patiilo k prvnim zemim,
ve kterych se zaéalo prenatalni ultrazvukové vy-
Setfeni srdce provadét — prvni UZ vySetieni srdce
plodu provedl prim. MUDr. Skovranek v roce
1981, ktery také vypracoval metodiku vysetieni
fetalniho srdce [3] a publikoval prvni vysledky [4,
5,6, 7]. V roce 1986 bylo v celé republice zavedeno
celoplosné screeningové vysetieni srdce plodu ve
2. trimestru téhotenstvi. O dalsi rozvoj prenatalni
kardiologie a vzdélavani lékaiu v této problemati-
ce se spolu s prim. MUDr. Skovrankem zaslouzil
také doc. MUDr. Jan Marek [8, 9, 10], ktery na-
psal také prvni ¢eskou monografii zabyvajici se
touto problematikou [11]. Diky osobni aktivité né-
kterych détskych kardiologt doslo k vyznamnému
zefektivnéni prenatalniho kardiologického scree-
ningu v nékterych regionech (MUDr. J. Homola —
Severotesky kraj, MUDr. Z. Jelinek, MUDr. J. Na-
vratil — Jihomoravsky kraj).

Vysetieni srdce plodu je souéasti tfistupnového
ultrazvukového vysetfeni b&hem téhotenstvi, kte-
Té provadéji gynekologové. Pii podezfeni na vro-
zenou srdeéni vadu je t&hotna odeslana na specia-

lizované pracovisté détské kardiologie, kde je sta-
novena definitivni diagnéza. Pii zjisténi VSV
u plodu je tfeba poskytnout rodiné co nejvétsi
mnozstvi informaci o charakteru VSV, jejim moz-
ném vyvoji, moznych lééebnych postupech véetné
predpokladanych intervenci po narozeni
a o prognoze VSV. Rodiné jsou také nabidnuta dal-
§i vySetfeni — podrobné UZ vysetfeni plodu, které
by mohlo odhalit moznou pf¥itomnost piidruzené
extrakardialni anomalie, a geneticka konzultace
véetné vysetfeni karyotypu plodu. Porod ditéte se
zavaznou VSV je sméfovan do zdravotnického
centra, které je schopno zajistit po narozeni kvali-
fikovanou katetrizaéni a kardiochirurgickou 1éé-
bu. V pfipadé velmi zavazné VSV s infaustni nebo
nejistou prognoézou &asto s dalsimi pridruZenymi
extrakardialnimi anomaliemi a genetickym posti-
Zenim ma t&hotna mozZnost se rozhodnout pro
umélé ukonéeni téhotenstvi.

V pripadé dalsich onemocnéni srdce — srdeéni
arytmie a kardiomyopatie — 1ze 1é¢ebné zasahnout
jiz prenatalné. Pri zjisténi zavazné srdeéni aryt-
mie plodu lze medikament6zné (podanim anti-
arytmik matce nebo pfimo plodu) ovlivnit rozvoj
srde¢niho selhani nebo 1é¢it jiZ rozvinuté srdeéni
selhani plodu intrauterinné a pi¥iznivé tak ovlivnit
osud plodu.

Ceska republika patii k zemim s nejvy3si pre-
natéalni detekei VSV v Evropé. Prenatalni detekce
v8ech VSV se zvysila z 0,6 % v roce 1986 na
36,5 % v roce 2009 [12, 13] a prenatalni detekce
kritickych VSV v CR se pohybuje v poslednich le-
tech (2002—2009) od 70 do 83 %. Podobné vysoka
prenatalni detekce zavaznych VSV je v oblasti Pa-
TiZe (80 %) a v Londyné (60 %). V letech 1986—2009
bylo v CR detekovino celkem 2261 VSV prenatal-
né, 669 (33 %) téchto plodu mélo jesté dalsi pri-
druzZené extrakardialni anomalie. U 55,5 % plodu
s VSV bylo provedeno umélé ukonéeni téhotenstvi,
u 6,8 % plodi doslo k intrauterinnimu umrti.
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Priznivé vysledky jsou dosaZeny také
v managementu a 16¢bé zavaznych srdeénich aryt-
mii prenatalné. Supraventrikularni tachykardie
byla v CR diagnostikovana u 87 ploda, 9 (10 %)
z nich zemftelo. Z 62 1é¢enych plodu byla 1é¢ba
uspésna u 85 %, doslo u nich ke konverzi ta-
chykardie. Dalsi zavazna arytmie — kompletni
atrioventrikularni blokada — byla diagnostikova-
na u 29 plodi. T¥i téhotenstvi byla prerusena.
Z 26 pokracujicich t&hotenstvi bylo 18 plodi léée-
no, 16 z nich Zije, dvé déti zemiely po narozeni.
Z 8 nelééenych ploda doslo u dvou k intra-
uterinnimu umrti.

Piima lé¢ebna intervence u plodu s VSV je pre-
natalné provadéna pouze v nékolika centrech na
svété a zastava stale otazkou k diskusi. Jednak
pripada v ivahu pouze u velmi malého spektra
prenatalné diagnostikovanych VSV a jednak rizi-
kovy zakrok ohroZuje kromé plodu i samotnou
matku. U vrozené stenozy chlopné aorty a plicnice
se provadi perkutanni balonkovéa valvuloplastika
(VLP) zuZené chlopné. U aortalni stendzy je cilem
valvuloplastiky zabranit regresi rustu levé srdeé-
ni komory a vyvoji hypoplazie levého srdce.
V détské nemocnici v Bostonu, jediné nemocnici
na svété, ktera se prenatalnim srdeénim interven-
cim vénuje ve vétsim rozsahu, provedli v letech
2000-2008 valvuloplastiku aortalni chlopné cel-
kem u 70 plodi, u 52 (74 %) z nich byla technicky
uspésna [14]. Priznivy vyvoj levé srdeéni komory
a moZnost dvoukomorové cirkulace po narozeni
byl po VLP zachovan u 17 (24 %) déti. U 8 (12 %)
ploda naopak doslo k intrauterinnimu umrti bé-
hem téhotenstvi, Zadna matka nebyla vykonem
provedenym na tomto pracovisti ohroZena.

V budoucnu se bude prenatalni diagnostika
VSV posouvat do niZsich tydni gestace. JiZ dnes je
standardni prenatalni detekce VSV ve II. trimest-
ru téhotenstvi (18.—22. tyden) ovlivnéna prenatal-
nim screeningem v I. trimestru (11.—14. tyden) za-
hrnujicim UZ vySetfeni, méfeni nuchéalniho
projasnéni, detekci piitomnosti nosni kustky
a biochemicky screening. Timto kombinovanym
screeningem jsou zachyceny vysoce rizikové plody
a ¢asné detekovany vrozené vyvojové vady vietné
VSV a chromozomalnich postiZeni. Tato rizikova
téhotenstvi jsou éasto ukonéovana, bohuZel dnes
nékdy i bez detailnéjsiho vysetfeni srdce plodu.
Ulohou prenatalnich kardiologi je proto stanovit
co nejpresnéjsi diagnézu VSV i v nizkém tydnu
gestace a poskytnout rodiné dostatek informaci
pro jeji rozhodnuti o osudu t&hotenstvi.

Po vice neZ dvaceti letech zkuSenosti
s prenatalni diagnostikou VSV je dnes ¢éasto dis-
kutovan obecny vyznam jejiho pfinosu pro spoleé-
nost. Ten jednozna¢éné najdeme v prenatalni dia-
gnostice zavaznych arytmii a jejich 16¢bé.
Prenatalni diagnostika a ispésna lé¢ba nejen za-
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chranuje Zivot ditéte pied narozenim, ale uvadi do
spole¢nosti v drtivé vétsiné ¢lovéka bez vyznam-
néjsiho postiZeni. Na druhou stranu véasny zachyt
téch prognosticky nejhorsich postiZeni nabizi ro-
diné véasnym ukonéenim téhotenstvi alternativu,
mnohdy akceptovatelné&jsi, nez je imrti ditéte po
narozeni nebo jeho dlouhodobé stradani po mnoha
paliativnich operacich. Prenatalni diagnostika
sniZuje v mnoha pripadech pfedoperaé¢ni morbidi-
tu a v nékterych piipadech ma i vliv na lepsi po-
operaéni prubé&h. V budoucnu lze také oéekavat
dalsi rozvoj primych fetalnich intervenci, i kdyz
jejich vysledky dnes nejsou jednoznaéné presvéd-
¢ivé. Pri srovnani osudu déti s prenatalné
a postnatalné diagnostikovanou srdeéni vadou né-
ktera pracovisté uvadéji, Ze se osud téchto déti pri-
1i$ nelisi, nebof skupina prenatalné diagnostiko-
vanych VSV je skupinou zavaznéjsi. Prenatalné
diagnostikované VSV byly detekovany pravé pro-
to, Ze jsou komplexnéjsi povahy, maji éasto dalsi
pridruZené extrakardialni anomaélie a chromo-
zomalni postiZeni [15, 16, 17].

Hlavni 1lohou prenatélni kardiologie pii nale-
zu VSV stale zustava poskytnuti co nejpiesnéjsich
informaci rodiné nezbytnych pro jeji rozhodnuti
o dalsim osudu t&hotenstvi a pfi pokraéujicim té-
hotenstvi zajistit dalsi management t&hotenstvi
tak, aby ditéti po narozeni byla poskytnuta co nej-
rychleji adekvatni péce.
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2. Prenatal screening and prenatal detection of congenital heart defects,

arrhythmias and other heart disease

In Czechoslovakia (later in the Czech Republic), a prenatal cardiology program developed very
early. The nationwide prenatal second-trimester cardiac screening program was started in 1986.
Screenings were performed by gynecologists, paediatric cardiologists and rentgenologists in
the beginning. Thanks to the personal activities of some paediatric cardiologists (prof. Jan
Marek, Dr. Jan Skovranek in Prague, prof. Jaroslav Homola in Usti nad Labem, Dr. Zdengk
Jelinek and Dr. Jifi Navratil in Brno), excellent results in the detection rate of CHDs and other
heart diseases were achieved. Professor Jan Marek has contributed to further development of
prenatal cardiology and education of prenatal cardiologists in Czechoslovakia and later in the

Czech Republic.

First-trimester cardiac screening in the Czech Republic was implemented in fetal care in 2003.
In the Czech Republic, two ultrasound screening scans are performed and financially supported
by the government: one in the first trimester (from 11 to 13+6 weeks of gestation) and one in
the second trimester (from 18 to 22 weeks of gestation) of pregnancy. To perform cardiac
screening, it was necessary to image a four-chamber view in the fetus from 1986. Evaluations
of both outflow tracts (from 1996), and 3-vessel views (from 2010) were implemented to the

ultrasound screening protocol in the fetus.

The following publications include information about cardiac screening from 1986 to 2015,
about the results of screening, about the improvement in detection rates in the Czech Republic,

and about the outcomes of fetuses with CHDs.
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2.0.1 ANNEX?2

Tomek V, Marek J, Jicinska H, Skovranek J

Fetal Cardiology in the Czech Republic: Current Management of Prenatally Diagnosed
Congenital Heart Diseases and Arrhythmias

Physiological Research 2009;58(2):159-166

Impact factor in 2009 = 1, 430

Main points of the publication:

The management of fetal cardiology and the results of this management in Czechoslovakia
(later in the Czech Republic) are presented in this paper. The results of the screening of CHDs
from 1986 to 2007, the detection rate of CHDs prenatally and postnatally, and the detection rate
of individual CHDs are presented.

From 1986 to 2007, the detection rate of critical CHDs increased from 2.3% to 38% in the
Czech Republic. There was a different detection rate of CHDs prenatally and postnatally, and
a different detection rate of specific CHDs. The highest detection rate was in cases of double
outlet right ventricle, hypoplastic left heart syndrome prenatally, and in ventricular septal defect
and aortic stenosis postnatally.

In addition, the paper deals with the most important arrhythmias in the fetus: supraventricular
tachycardia and complete atrioventricular block. The possibilities of prenatal treatment of these

arrhythmias and the effect of medical treatment were evaluated.

The candidate contributed significantly to the manuscript.
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Summary

Reliable diagnosis of congenital heart defects and arrhythmias in
utero has been possible since the introduction of fetal
echocardiography. The nation-wide prenatal ultrasound screening
program in the Czech Republic enabled detection of cardiac
abnormities in 1/3 of patients born with any congenital heart
disease and up to 83 % of those with critical forms. Prenatal
frequency of individual heart anomalies significantly differed from
the postnatal frequency. Fetal isolated complete atrioventricular
block and supraventricular tachycardia may lead to heart failure
and are important causes of fetal mortality. The regression of
heart failure was achieved by a conversion to the sinus rhythm in
the supraventricular tachycardia and by increase of ventricular rate
in the complete atrioventricular block.
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Introduction

Antenatal detection of congenital heart diseases

by cross-sectional echocardiography has been possible
for almost 20 years and has provided a new information

on the early evolution of cardiac malformations. Since
1980, the centralized healthcare system in the Czech
Republic enabled the creation of a comprehensive
registry of all the pediatric patients born with congenital
heart disease in the territory. In 1986, a nation-wide
echocardiographic  prenatal screening has been
established (§amének et al. 1986). The screening is
performed between 18 to 21 weeks of gestation
(government

guaranteed second level

program)
obstetrician/gynecologist in every pregnant woman
resident in the Czech Republic. A routine ultrasound
scan is based on two-dimensional imaging to obtain a
good quality four-chamber view and to visualize the
crossing of the great arteries as well as to assess the
heart rhythm and frequency.

The normal cardiac rhythm in fetuses 1is
characterized by a regular heart rate ranging between
100 and 180 beats per min , depending on gestational
age and degree of fetal activity, with a normal 1:1
atrioventricular conduction at each cardiac cycle. Based
on that definition, fetal heart arrhythmias are defined as
any irregularnity in the heart rate or abnormally slow or
fast heart rate. Fetal arrhythmias have been diagnosed in
at least 2 % of pregnancies during screening ultrasound

prenatal

ultrasound scan by a local

examination, but only less than 10 % of all cases are of
a clinical relevance. Major clinically relevant fetal
arrhythmias detected were supraventricular tachycardias
(SVT), atrial flutter and complete atrioventricular block
(CAVB). All of them should be referred to a specialized
prenatal centre.
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Congenital Heart Diseases (CHD)

Pregnancies suspected as having congenital heart
disease are referred to the centre for final evaluation
performed exclusively by an experienced prenatal
(pediatric) cardiologist. Echocardiographic examination
is completed by subsequent specialized gynecologic
ultrasound investigation either to exclude or to specify
extracardiac abnormality. A genetic examination
including karyotyping is offered and a complete
counseling 1s carried out. All fetuses borm alive with
significant CHD are delivered at an obstetric clinic
adjacent to the pediatric cardiologic centre and are
admitted to its intensive care unit immediately after the
delivery. Prenatal diagnosis is confirmed within the first
hour of life and necessary therapeutic measures are
carried out without delay. In case of termination prior to
24th week of gestation, prenatal death, or an early
postnatal death, the post mortem examination 1is
perfformed by a feto-pathologist experienced in
cardiovascular system (§amz'mek et al. 1985, 1986).

To assess the effectiveness and impact of fetal
cardiac screening for each CHD, the number of antenatally
diagnosed fetuses was compared to a hypothetical number
estimated using the prevalence of the CHD in the Czech
Republic between 1986 and 2007. The postnatal
prevalence of individual heart lesions was calculated using
the data of the nation-wide survey (§amének et al. 1999).
Antenatal diagnosis was confirmed or modified by a post-
mortem study in all the fetuses undergomng an early
termunation and in those who died “in wutero” or
postnatally whether treated or not. All live-bom children
with an abnormal antenatal scan were examined by
experienced neonatologists and pediatric cardiologists.

Results

Prenatal echocardiographic examinations were
performed in 10 027 fetuses between 13 to 41 weeks of
gestation (median 23 weeks). In the entire cohort, a
congenital heart disease was found in 1830 (18.3 %)
fetuses (545 had additional extra cardiac anomalies).

Between 1986 and 2007, 2 380 909 children were
live-born in the Czech Republic. Of these, 14 666 children
have been estimated to be bom with a congenital heart
disease (6.16/1 000 livebirths). In total. 1999 subjects
estimated to be born with an atnal septal defect (prevalence
0.53/1 000 livebirths) and patent arterial duct (prevalence
0.31/1 000 livebirths) were excluded from the study
protocol as the communications are physiological at this

Vol. 58
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Fig. 1. Prenatal detection of congenital heart diseases compared
to the calculated numbers of children expected to be born with
critical forms of cardiac abnormalities.

fetal stage. Out of the remaining 12 667 children assumed
to be bom with CHD, 4 779 children were expected to be
bom with a “critical” form of CHD (35.1 % of all CHD,
2.3/1 000 livebirths).

Between 1986 and 2007, 1 830 fetal CHD have
been diagnosed prenatally in Czech Republic, giving the
overall prenatal detection rate of 14.1 %. Detection rate
increased from 0.6 % in 1986 to 30.7 % i 2007.
Detection rate of critical heart diseases in the whole
period was 38.3 %, and increased from 2.3 % in 1986 to
83 % 1n 2007 (Fig. 1).

Most frequent prenatally detected lesions were
atrioventricular septal defect occumng m 152 %,
hypoplastic left heart syndrome 1n 15 %, ventricular septal
defect in 9.1 % and double outlet right ventricle in 8.7 %
fetuses.

Prenatal detection rate of individual heart lesions
was compared to their estimated postnatal frequencies
calculated from our epidemiological data (§ama'mek et al.
1989). Prenatal detection rate was high in the double outlet
night ventricle (77.3 %), hypoplastic left heart (50.6 %),
Ebstein anomaly (50 %), atnioventricular septal defect
(42.9 %) and a single ventricle (42.5 %). Prenatal detection
rate was low in pulmonary stenosis (3.2 %), in ventricular
(2.4 %) and atnial (0.8 %) septal defects. We have found
only one case of an isolated total anomalous pulmonary
venous drainage.

Prenatal frequency of individual heart anomalies
significantly differed from the postnatal one. Postnatally.
the most frequent cardiac lesion, ventricular septal defect
(41.6 % of all CHD), was detected in only 9.1 % of all
prenatally examined heart lesions. aortic stenosis (postnatal
frequency 7.8 %) was prenatally diagnosed mn 4.9 %. The
proportion of postnatal and prenatal frequency of
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Table 1. Outcome of pregnancies with prenatally diagnosed
congenital heart diseases (associated extra cardiac anomalies in
545 fetuses [30 %]).

Intrauterine

CHD Termination Live-born
Year ® ) death alive (%)
(%)
<1990 106 64.1 289 296
19971 21 762 20.0 50.0
1992 52 577 182 333
1993 47 59.6 53 50.0
1994 45 40.0 37 385
1995 60 70.0 16.7 40.0
1996 70 658 16.7 65.0
1997 75 613 172 750
1998 85 60.0 88 870
1999 97 68.0 6.5 759
2000 94 564 49 76.9
2001 118 542 16.7 689
2002 141 524 75 80.6
2003 151 60.3 33 86.2
2004 155 520 14 910
2005 136 59.0 7.1 920
2006 153 510 13 920
2007 224 540 1.0 940
Total 1830 580 71 780

transposition of the great arteries was equal (5.4 %). In
hypoplastic left heart, atrioventricular septal defect and
double outlet nght ventricle prenatal frequency was higher
(15.1 %, 15 %, 8.7 %) as compared to postnatal frequency
(3.9 %. 3.9 %, and 1.1 % respectively).

The early termination was performed i 1040
(56.9 %) cases. Sixty fetuses (7.6 %) died in utero, and
728 (92.4 % of continuing pregnancy) were bomn alive.
Survival of the live-bom babies gradually increased and
reached 94 % in 2007 (Table 1). Decreasing rate of
intrautenine deaths in recent years is caused probably by
the early termination of complex heart diseases associated
with extracardiac malformations and chromosomal
aberrations that diagnosed more frequently due to
improvement of integrated prenatal screening in the
Czech Republic.

Fetal Arrhythmias

Supraventricular tachycardias (SVI)
Most of all prenatally diagnosed tachyarrhythmias

are supraventricular. Fetal supraventricular tachycardia
complicated by the myocardial dysfunction and hydrops
fetalis caries a significant nisk of morbidity and mortality
(Simpson ef al. 1998). Intrautenine conversion of SVT by
antiarthythmic drugs became standard approach to prevent
development of the hydrops. The intrauterine treatment,
however, may not always be successful either because of a
low transplacental drug transfer (in both normal and
edematous placenta), or because an inadequate response of
the fetal myocardium (Naheed ef al. 1996).

Re-entry tachycardias are the most common
form, followed by the atrial flutter and the ectopic atrial
tachycardia (van Engelen ef al. 1994). Precise
identification of the type of the arrthythmia using pulsed
Doppler sampling of flow in the supenior vena cava and
the ascending aorta may contribute to good results of
treatment (Fouron et al. 2003). The study goal is to
distinguish between the tachycardia with a short
ventriculoatrial time (usually atrioventricular re-entry)
and the tachycardia with a long ventriculoatrial time
(usually atrial ectopic tachycardia).

We use digoxin as the first choice drug 1n all the
fetuses with SVT requiring a treatment. Sotalol (class IIT
agent with a B-blocker activity) is added in the fetuses in
whom a conversion to sinus rthythm could not be
achieved despite a therapeutic maternal digoxinemia of
2-3 ng/ml or in those considered having an ectopic SVT.
In one severely hydropic fetus in the 23rd week of
gestation, an intraumbilical infusion of adenosmne and
cordarone was used with success.

The severity of heart failure in each fetus can be
scored using the Fetal Heart Failure Score
(Falkensammer et al. 2001). This multifactorial score
combines assessment of direct and indirect markers of
cardiovascular function. Presence of hydrops, umbilical
venous Doppler, heart size, myocardial function, and
arterial Doppler are all scored at a scale from 0 to 2
points. The score of 10 indicates a normal cardiovascular
profile.

The cardiothoracic index in fetus may be
measured from a standard transverse section of the chest
showing the four chamber view. The heart area is
compared to the area of the thorax. Normally, the ratio
1s less than 0.35. Ventricular shortening fraction (SF)
can be measured using M-mode and its normal value 1s
0.28 to 0.46.

Our results
Eighty six fetuses with SVT (reentry tachycardia
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in 59, ectopic in 14 and atrial flutter in 13 cases) have
been examined in our centre, 9 of them died (10 %).

The hemodynamic measurement was performed
in 35 fetuses with a supraventricular tachycardia. Out of
those, 27 fetuses responded to the therapy by the
conversion to the sinus rhythm and 8 fetuses did not
respond. In the non-responders, the ECHO parameters of
the heart failure did not change significantly whereas in
the responders all the parameters improved significantly:
cardiothoracic index changed from 0.34£0.06 to
0.30£0.06 (p<0.001), shortening fraction improved from
0.28+0.06 to 0.36+0.07 (p=0.001) and Fetal Heart Failure
Score improved from 6.6£2.0 to 9.7=0.4 (p<0.001). To
predict the effectiveness of the prenatal treatment. the
ECHO indices prior to the initiation of the treatment were
compared between the responding and the non-
responding fetuses. Only the shortening fraction was
significantly lower in the non-responders (p<0.001) as
compared to the responding fetuses.

Isolated complete atrioventricular block (CAVB)

Isolated congenital complete atrioventricular
block 1is caused predominantly by matemal anti-Ro and
anti-La autoantibodies in a susceptible fetus typically
between 20 and 24 weeks of gestation (Buyon ef al.
1998). Prenatal CAVB develops in 1 % to 2 % of anti-
Ro/La antibody positive pregnancies (Gladman e al.
2002, Brucato et al. 2001). The antibodies enter the fetal
circulation and subsequently may lead to an immune-
mediated tissue injury resulting in progressive destruction
of the AV node, myocardial inflammation, and in severe
cases in endocardial fibroelastosis and dilated
cardiomyopathy (Moak et al. 2001).

The anti-Ro/La antibodies are typically found in
systemic lupus erythematosus and Sjégren's syndrome
(Schmidt ef al. 1991), but often the fetal CAVB may be
the first sign of an auto-immune disease in a pregnant
women having no clinical symptoms.

The compensatory cardiac mechanism in fetuses
with complete atnioventricular block is increasing its
stroke volume (Rudolph ef al. 1976). If the heart fails to
adapt, fetal hydrops develops subsequently with a high
risk of fetal or neonatal death. The identified risk factors
for adverse outcome are fetal hydrops, endocardial
fibroelastosis, premature delivery and the fetal heart rate
<55 bpm (Groves et al. 1996). Transplacental treatment
may improve the outcome of prenatally diagnosed
complete atrioventricular block without a structural heart
disease.

To improve the pregnancy outcome, numerous
preventive and therapeutic approaches have been used
with a variable success. The treatment protocol published
by Jaeggi et al. (2004) 1s used in our centre. According to
this protocol, matemal peroral dexamethasone 1s initiated
upon the diagnosis of the immune-mediated CAVB in the
dose of 4 or 8 mg/d for nitial 2 weeks, then followed by
4 mg/d up to the beginning of the third trimester when the
dose is decreased to 2 mg/d. Beta-sympathomimetic
maternal peroral therapy (salbutamol 3-4 x 10 mg) 1s
added to increase the fetal cardiac output in fetuses with
the average heart rate below 55 bpm. No serious adverse
effects have been encountered so far. Oligohydramnios
did occur 1n 20 % of cases after chronic steroid treatment
and resulted in premature deliveries in some (Costedoat-
Chalumeau et al. 2003).

Our results

Total of 24 fetuses with complete
atrioventricular block with the mean ventricular rate of
58.619.4 were diagnosed between the 19th and 32nd
week of gestation (median 21 weeks). Anti-Ro and/or
anti-La were detected in 18 mothers (75 %). Fetal heart
failure was present in 15/20 (63 %) fetuses. Out of
22 ongoing pregnancies (two early terminations), all
fetuses survived and 2 with intermittent complete
atrioventricular block converted to sinus rhythm.

The same hemodynamic parameters as in the
SVT protocol were analyzed in 12 fetuses with a
diagnosis of the complete AV block to assess the
transplacental  treatment.
Echocardiographic signs of fetal heart failure were
compared before and after the treatment (dexamethasone
+ salbutamol). Before to the treatment, 8 of 12 fetuses
were hydropic (all of them had ventnicular heart rate
below 60 bpm). After the treatment, the shortening
fraction increased from 0.34=0.05 to 0.41=0.06 (p=0.03).
Cardiothoracic index decreased from 0.3510.09 to
0.31+0.06 (p=0.01), and fetal heart failure score
improved from 7.82+172 to 9.27+0.65 (p=0.01).
Ventricular rate increased from 55.75t736 to
63.25%10.48 (p=0.02).

According to the obvious improvement in
outcome and in agreement with the present state of
knowledge (Jaeggi et al. 2005), we are convinced that
there 1s no solid ground to deny the benefit of
transplacental steroid treatment to the fetuses with the
immune-mediated CAVB.

Ventricular tachycardia 1s rare prenatally.

effectiveness of  the
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contributing by less than 1 % to all the fetal arrhythmias.
It may be present in association with a long QT
syndrome. The fetal combination of sinus bradycardia,
second degree atrioventricular block and transient
ventricular tachycardia should raise a high suspicion of
the long QT syndrome (Hofbeck et al. 1997). We have
also suggested that an impaired ventricular relaxation
documented by the short early deceleration time of the
left ventricular filling can contribute to the final diagnosis
of the long QT syndrome (Tomek ef al. 2009).

Conclusions and perspectives

Reliable diagnosis of congenital heart defects
and arrhythmias in utero has been possible since the
mntroduction of fetal echocardiography. Prenatal
echocardiography has the potential to improve postnatal
survival in infants with critical heart defects, especially
those with duct-dependent systemic or pulmonary
circulations. If the diagnosis is known prenatally, the
appropriate therapy avoiding the nsk of circulatory
collapse can be established immediately after the birth.

In the Czech Republic, a centralized health care
system allowed for the creation of a nation-wide prenatal
cardiac screening program (§amz’mzk et al. 1986).
Referral for specialized fetal echocardiography is made
on the basis of the nisk factors for congenital heart defects
or when obstetric screening raises a possibility of a fetal
CHD or an arrhythmia. Data providing nisk factors and
proportion of individual heart anomalies and their
postnatal outcome have been widely published (Allan et
al. 1994, Cooper et al. 1995, Paladimi et al. 2002).
However, most infants with CHD are bormn to women
without high-risk factors of heart anomalies (Simpson
2004). We know from our experience that more than
40 % of all the prenatally detected heart diseases did not
carry any risk factor of CHD (Skovranek et al. 1997).
The 1dentification of fetuses with abnormal four-chamber
views or with impossibility to visualize the crossing of
the great arteries on screening examination improved
detection of CHD prenatally. In recent years, the
detection rate of cardiac abnormalities in the second
trimester has also been influenced by the improved
screening tests performed at the first trimester, such as
the nuchal translucency measurement and biochemical
screening tests (Makrydimas ef al. 2005). Antenatal
detection of complex heart diseases, along with a
relatively high termination rate and the delivery of critical
lesions in a specialized centre have had a positive impact

on the surgical outcome in the Czech Republic in
accordance with the reported significantly improved
morbidity and mortality (Bonnet ef al. 1999, Yates 2004).

True prenatal incidence of CHD remains
unknown as it i1s impossible to examine all the fetuses
that die during the early development either naturally or
through terminations for extracardiac/chromosomal
lesions. Several studies proved that the increase of the
prevalence of cardiac anomalies with the decreasing fetal
age contributes to relatively high numbers of miscarriages
(Gerlis 1985, Hoffman 1995). Our study has shown that
the spectrum of prenatally diagnosed CHD differs
significantly from the postnatal spectrum with markedly
higher proportion of associated additional abnormalities.
Small ventricular septal defects, mild aortic and
pulmonary stenoses and total anomalous pulmonary
venous connection are not usually detected on fetal
echocardiographic screening. On the other hand,
hypoplastic left heart syndromes, atrioventricular septal
defects and double outlet right ventricles are more
frequent prenatally as compared to their postnatal
frequency.

The option for prenatal treatment of congenital
heart diseases is challenging and at the same time
controversial. The experience with a fetal aortic and
pulmonary balloon valvuloplasty has been reported. The
indication for a prenatal catheterization is based on the
hypothesis that timely and effective intervention for severe
aortic stenosis in utero may prevent the development of
postnatal hypoplastic left heart syndrome. The Boston
group (Tworetzky et al. 2004) revealed that only in 9 of 24
fetuses considered for the fetal balloon valvuloplasty a
technically successful dilation was achieved and only two
of those did not developed hypoplasia of the left ventricle
and were postatally capable of the biventricular
circulation. However, some centers have reported
successful pulmonary valve dilations and subsequent
biventricular management of fetuses with pulmonary
atresia and intact ventricular septum, but the outcome
remains unknown (Tulzer et al. 2002).

Fetal tachycardia i1s an important cause of fetal
morbidity and mortality (Simpson ef al. 1998). The
efficacy of transplacental pharmacological treatment has
been well established in supraventricular tachycardia.
Precise identification of the type of arrhythmia should
influence the strategy of the therapy (Fouron ef al. 2003).
Supraventricular tachycardia without an appropnate
treatment usually leads to fetal heart failure with hydrops
and fetal death. Prenatal treatment may convert
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supraventricular tachycardia to the sinus rhythm in most
of the patients and prenatal ECHO allows for a reliable
monitoring of the fetal heart and placental circulatory
function. The probability of a successful treatment has
been significantly lower in fetuses with hydrops. Altered
systolic function prior to the treatment was a significant
predictor of failure of the prenatal pharmacological
treatment in our study.

Fetal isolated complete atrioventricular block is
usually a result of damage to the fetal atrioventricular
conduction tissue due to the placental transfer of maternal
auto-antibodies. Attempts to reverse an already
established complete atnioventricular block by the
transplacental steroid treatment have been unsuccessful
with few exceptions (Jaeggi ef al. 2004). In our setting,
2 fetuses with an intermittent complete atrioventricular
block converted to the sinus rhythm during the matemal
steroid therapy.

To prevent the development of an isolated
CAVB would be the ideal strategy of the prenatal
management. However, markers predicting which fetus
will in the presence of matemal anti-Ro/La antibodies
develop a complete AV block are not yet identified.
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2.0.2 ANNEX3

Tomek V, Jicinska H, Gilik J, Skovranek J, Navratil J, Janousek J

Prenatal diagnosis of congenital heart defects in the Czech Republic during the years 1986 -
2012

Actual Gyn 2014;6:67-72

Main points of the publication:

The results of prenatal detection of congenital heart defects in fetuses in Czechoslovakia (later
in the Czech Republic) from 1986 to 2012 and the improvement in the detection rate were
published in this paper. The prenatal CHDs detection rate from 1986 to 2012 was compared to
the postnatal prevalence of CHDs in accordance with the Bohemia Survival Study (BOSS),
which is the study of postnatal prevalence of CHDs, published by professor Saméanek. The valid
indication criteria for the specialized echocardiographic evaluation in the fetus, the spectrum of

CHDs detected prenatally and the outcomes of fetuses with CHDs were presented as well.

From 1986 to 2012, in total 2996 fetuses with CHD in the Czech Republic were detected.
Pregnancies were terminated in 54% of the total (there was additional extracardiac abnormality
in 49% of terminated pregnancies). Intrauterine death occurred in 3% of the total; 43% of the
total were born. Due to detection of CHDs prenatally and termination of pregnancy in some of
them, there was a change in the spectrum of CHDs postnatally. The number of neonates born
with hypoplastic left heart syndrome, atrioventricular septal defect, pulmonary atresia,

persistent arterial trunk, single ventricle, and Ebstein anomaly decreased.

The candidate contributed to the manuscript and with cases to this study.
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Original article

Abstract

Introduction: Congenital heart defects (CHD) represents the most frequent congenital malformation. Prenatal detec-
tion of heart lesions is based on cooperation of screening and specialized echocardiographic examination.
Methods: To assess the success of prenatal detection of heart defects (CHD) we compared the number of prenatal
diagnosis with a known prevalence of CHD at birth as determined by prospective Bohemian ,,BOSS” study. The
study established prevalence of all CHD at birth 6.16 per 1 000 liveborn newborns and 2.36 of those with critical
forms.

Results: Between 1986 and 2012 were evaluated 2 996 of foetuses with congenital heart defects. A detection rate
of CHD reached 47% during recent five years and detection of critical forms exceeded 80%. 1 612 (54%) mothers
of foetuses with CHD opted for termination of pregnancy, 49% of them had an extracardiac heart malformations.
1 296 (43%) newborns were born with prenatally detected heart lesion and 90 (3%) foetuses died in utero. Due to
high termination rate of foetuses with CHD the number of children with several complexed heart lesions declined
(hypoplastic left heart syndrome, pulmonary atresia, single ventricle, persistent arterial trunk, atrioventricular defect
and Ebstein anomaly).

Conclusion: The nationwide prenatal ultrasound screening programme enabled detection of 43% of all CHD in recent
years. Owing to severity of lesions and associated extracardiac malformations and cultural background, termination
rate of foetuses with CHD remains high. High termination rate lead to significant decrease of postnatal incidence of
several complex and severe CHD (such as hypoplastic left heart syndrome).

Key words: congenital heart disease, foetus, prenatal diagnosis, ultrasound
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Puvodni prace

Abstrakt

Uvod: Vrozené srdeéni vady jsou nejéastéjsi vyvojovou vadou plodu. Detekce vrozenych srdeénich vad u plodu je za-
loZzena na propojeni screeningového a specializovaného echokardiografického vysetreni.

Metodika: Pro posouzeni Uspésnosti prenatalniho zachytu srde¢nich vad pouzivame srovnani s prospektivni studii
BOSS o postnatalni prevalenci vad v CR. Prevalence viech srdeénich vad byla 6,16 na 1 000 Zivé narozenych déti
a kritickych 2,36/1 000 Zivé narozenych déti.

Vysledky: V Ceské republice se v obdobi 1986-2012 intrauterinné odhalilo 2 996 plodi se srdeéni vadou. V poslednich
5 letech se zachytnost vad srdce pohybuje v rozmezi 39-47 % a detekce kritickych vad presahla 80 % z ocekavaného
poctu VSV. Z celkového poctu fetalné detekovanych VSV se 1 612 (54 %) téhotnych rozhodlo pro ukonéeni gravidity,
z nichz 49 % mélo dalsi extrakardialni vadu. Narodilo se 1 296 déti s prenatélni diagnozou VSV (43 %) a 90 ploda
(3 %) zemielo intrauterinné. Vzhledem k vysoké cetnosti ukonceni gravidity se méni postnatalni spektrum srdecnich
vad. SniZuje se pocet déti s diagnézou syndromu hypoplézie levého srdce, atrioventrikulérnim defektem, atrézii plic-
nice, spole¢nym arterialnim trunkem, spolec¢nou komorou a Ebsteinovou anomalii.

Zavér: Prenatalni echokardiografie provadéna v celé Ceské republice umoziiuje v poslednich letech detekci a7 47 %
véech a vice nez 80 % kritickych srdecnich vad. Vysoky pocet ukonéenych téhotenstvi je nejspise dusledkem zavaz-
nosti srdeénich vad a éetnych pridruzenych vyvojovych abnormalit. Cetnost ukonéeni gravidity ma vliv na postnatalni
spektrum srdecnich vad, kdy ubyvéa zavaznych nebo komplexnich srde¢nich onemocnéni (syndromu hypoplazie levého

srdce a dalSich).

Klicova slova: vrozena srdecni vada, plod, prenatélni diagnostika, ultrazvuk

Uvod

Zavedeni prenatélni diagnostiky srdecnich vad a poruch
srde¢niho rytmu souvisi s technologickym rozvojem ul-
trazvukovych pfistroju v 80. letech 20. stoleti. Od té doby
se diagnostika srdec¢nich onemocnéni stala zcela rutinni
soucasti screeningového vysetieni ve 2. trimestru. V po-
slednich letech se, byt v omezeném rozsahu, na vyse-
tfeni srdce zaméfujeme i pii vySetieni v 1. trimestru.
Cilem této prace je zhodnoceni souc¢asného stavu prena-
talni diagnostiky v Ceské republice a ozfejméni optimal-
niho postupu pfi vySetreni srdce plodu.

Organizace fetalni echokardiografie

Organizace fetélni echokardiografie spociva v propojeni
screeningového a specializovaného echokardiografického
vysetieni. Screeningové vysetieni srdce je soucasti pre-
natalniho ultrazvukového vysetreni, které je provadéno
predevsim gynekology. Jeho cilem je urCeni zakladni
srde¢ni anatomie a funkce. Pro posouzeni zékladni srdecni
anatomie je dllezité zejména zobrazeni symetrickych
srdecnich oddilt (4dutinova projekce) a spravnych odstupt
velkych tepen (15). NeniHi srde¢ni anatomie normaélni nebo
je zachycena porucha srdec¢niho rytmu (vyjma ojedinélych
predéasnych sifovych stah(, které jsou obvykle benigni a
vedou jen k nepravidelnosti srdecni akce), mé byt téhotna
odeslana na podrobné vysetieni ke specialistovi v prena-
talni kardiologii. Screeningovy program, ktery je zaloZzen na
multidisciplinarni spolupraci, nyni existuje ve vétsiné roz-
vinutych zemi a déle se prohlubuje. Z doporuceni ISUOG
(The International Society of Ultrasound in Obstetrics and
Gynecology) pro ultrazvukové vySetieni plodu vyplyva, ze
k efektivnosti takového systému vyrazné napoméahé nizky
prah pii doporuceni k echokardiografickému vysetreni u
specialisty na prenatalni kardiologii (7). Obdobny doporu-
Cujici pristup zastava i AIlUM (The American Institute of Ul-
trasound in Medicine) (8) a AEPC (Association for
European Paediatric Cardiology) (9).
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Cilem specializovaného vysetfeni je pfesné urceni
srdecni vady nebo poruchy srde¢niho rytmu. Nedilnou
a dulezitou soucéasti vysetieni je adekvatni informovéani
rodicl o povaze, |éEebnych moznostech a prognéze one-
mocnéni s navrhem a zajisténim spravné lécby véetné or-
ganizace porodu a nasledné postnatalni &cby.

Indikace ke specializovanému prenatalnimu kardio-
logickému vysetieni

Vychazeji z doporuéeni ISUOG, AIUM a AEPC a zohled-
nuji rizikové faktory pro vznik vrozené srdecni vady
(6,9,12,13).

A. Indikace ze strany matky a rodiny

* Metabolické vady matky (diabetes mellitus, fenyketon-
urie)

e Uzivani léka v gravidité, (napf. antiepileptika, antidepre-
siva, nesteroidni antiflogistika), teratogeny v gravidité
(lithium, kys. retinova)

* In vitro fertilizace, vicecetné téhotenstvi

* Prodélané infekce v gravidité (détské virové choroby,
cytomegalovirus, parvovirus, toxoplasmosa event.
dalsi)

e Autoimunni onemocnéni matky s pritomnosti autopro-
tilatek tfidy SSA/antiRo a SSB/antiLa

* Pritomnost vrozenych srde¢nich vad nebo kardiomyo-
patie u matky, otce, sourozencu a prarodict

* Chromozomélni aberace, syndromy a jina geneticka po-
stizeni, jako napi. myopathie, Marfantv syndrom

B. Indikace ze strany plodu

* Abnormaélni nalez pfi screeningu srdce (pfitomna
srdecni vada, podezieni na srdec¢ni vadu nebo nejasny
nélez na srdci)

* Srdecni arytmie nebo abnormalni srdecni frekvence
(< 100/min, > 180/min)

* Extrakardialni vrozena vyvojova vada
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* Chromozomalni vada

* Hydrops

* Vicecetné téhotenstvi

* Nevysvétlitelny polyhydramnion

* Zvysend nuchélni translucence

* Absence ductus venosus
 Trikuspidéalni regurgitace v 1. trimestru
* Absence nosni klstky

Absolutni indikaci ke specializovanému echokardiografic-
kému vysetreni détskym kardiologem je nepochybné
nalez srdecni vady nebo i podezieni na ni. Falesnéa poziti-
vita srdec¢ni vady rozhodné neni pfi screeningovém vyse-
treni chybou. Je vidy lepsi odeslat téhotnou ke
specializovanému vysetieni ,zbytecné”, nez vadu pre-
hlédnout nebo dokonce — v nejhorsim pripadé — indikovat
ukonceni gravidity pii chybné diagnéze. Nehledé na to,
Ze opravnéni |ékare doporucit ukonéeni téhotenstvi je pii-
nejmensim velmi diskutabilni.

Rozhodnuti o dalsim osudu plodu véetné eventualni
uvahy o ukonéeni gravidity méa byt plné v kompetenci ro-
dicu, ktefi jsou zodpovédni za své dosud nenarozené dité.
Finalni diagnostika a s ni souvisejici informovéni o moz-
nostech lécby a prognéze srdec¢ni vady ma tedy zcela za-
sadni vyznam pro dalsi osud téhotenstvi.

Metodika posouzeni Gispésnosti zachytu srdeénich
vad (VSV)

Pro posouzeni Uspésnosti prenatalniho zachytu VSV
pouzivame srovnani se znamou prospektivni studii o post-
natélni incidenci vad v CR - BOSS (BOhemia Survival
Study) prof. Saméanka (14). V ramci této studie bylo vyse-
tfeno vdech 815 569 zivé narozenych déti v Cechach
v obdobi 1980-1990 a stanovena prevalence jednotlivych
srdecnich vad. Studie probihala v dobé, kdy prenatélni se-
lekce jesté neméla podstatnéjsi vliv na spektrum déti na-
rozenych se srde¢ni vadou. Prevalence viech srdecni vad
byla stanovena 6,16 VSV na 1 000 zivé narozenych déti
(2). Za kritické VSV (celkem 35 % vsech srdecnich vad,
2,36/1 000 zivé narozenych déti) povazujeme ty vady,
které ohroZuji dité po narozeni vyznamnou hypoxémii,
tézkym srdec¢nim selhanim nebo kombinaci obou pfi-
znaka.

Statisticka analyza

Pro analyzu jsme pouzivali SigmaStat 3.5, Systat Soft-
ware Inc. (San Jose, Kalifornie, USA). Soubory byly tes-
tovany na normalitu rozlozeni. Pro posouzeni rozdilu
v prenatalnim a postnatalnim spektru vad byl pouzit pa-
rovy t-test nebo Mann-Whitney sum test. Za statisticky
vyznamné rozdily byly povazovéany parametry s P < 0,05.

Vysledky prenatalni detekce VSV

V letech 1986-2012 se v CR Zivé narodilo 2 953 229 déti
a intrauterinné byla odhalena srde¢ni vada celkem u 2 996
plodi v gestaénim stafi od 13. do 41. tydne (median
20. tyden). Pro srovnéani prenatélniho zachytu s postna-
talni prevalenci nebyly pro posouzeni Gspésnosti detekce
zapocitavany diagnézy, které jsou z povahy fetélni cirku-
lace nemozné intrauterinné odhalit, a to tepenna ducej a
sekundum defekt septa sini. Pfi zndmé postnatélni pre-
valenci VSV byla celkova GUspésnost intrauterinni detekce
viech srdeénich vad 19,7 % a kritickych 47 %. Uspés-

nost fetalni detekce se pribézné zvysovala a v poslednich
5 letech se prenatélni zachyt viech VSV pohyboval v roz-
mezi 39-47 % (Graf 1) a detekce kritickych vad (postna-
talni prevalence 2,36/1 000 Zivé narozenych déti) preséhla
80 % z otekavanych srdec¢nich vad v daném roce (Graf
2). Prenatélné nejCastéji detekovanou vadou byl atrioven-
trikularni defekt (419 plodi/13,9 %), syndrom hypoplazie
levého srdce (387 plod/12,9 %), defekt septa komor
(323/10,8 %), dvojvytokovéa prava komora (246/8,2 %),
transpozice velkych tepen (185/6,2 %), Fallotova tetralo-
gie (177/5,9 %) a atrézie plicnice (163/5,4 %) (Tab. 1).
Nejméné Casto fetalné detekovanou vadou byl izolovany
totalni anomalni navrat plicnich Zil (4 pfipady).

44%

1986 1993 2000 2012
[m OEexévane VsV o Prenatiine cetekovane VsV |

Graf 1 Uspésnost detekce vsech vrozenych srdeénich
vad

1386 1993 2000 2012
[m O&ekavane kriticke VSV O Prenatsing detekovans kriticke VSV|

Graf 2 Uspésnost detekce kritickych vrozenych
srdecnich vad

Z celkového poctu 2 996 fetalné detekovanych VSV se
1612 (54 %) tehotnych rozhodlo pro ukonceni gravidity.
Narodilo se 1 294 déti s prenatalni diagnézou VSV (43 %),
z nich 180 (6 % z odhalenych VSV) zemrelo postnatalné
(nelécené i lécené) a 90 plodu (3 %) zemfielo intraute-
rinné. Dalsi extrakardialni vyvojové vada byla pritomna
u 49 % ukonéenych téhotenstvi. Nejéastéji ukon¢ovanou
srdecni vadou byl syndrom hypoplastického levého srdce
(v 90,6 % pripadu), spolecny arterialni trunkus (86,5 %),
atrézie plicnice (72,3 %) a dvojvytokové prava komora
(72,3 %). Vysoky pocet ukoncenych téhotenstvi s VSV
ma vyznamny dopad na jejich postnatélni prevalenci (Graf
3). V obdobi od roku 1986 (zejména vsak od 90. let) doslo
k signifikantné vyznamnému snizeni fady diagnéz u déti:
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Tab. 1 Prenatalni spektrum vrozenych srdecnich vad

Vrozena srde¢ni vada N % UuUT UUT %
Atrioventrikularni defekt septa 419 13,9 257 61,3
Syndrom hypoplézie levého srdce 387 12,9 351 90,6
Defekt septa komor 323 10,8 130 40,2%
Dvojvytokova prava komora 246 8,2 178 72,3
Transpozice velkych tepen 185 6,2 23 12,4
Fallotova tetralogie 177 5,9 43 24,3
Atrézie plicnice 163 54 118 72,3
Aortélni stendza 165 5.5 70 42,4
Spole¢néa komora 144 4,8 70 48,6
Koarktace aorty 141 4,7 22 15,6
Spolecny arterialni trunkus 104 3,4 90 86,5
Trikuspidalni atrézie 93 3,1 a7 50,5
Pulmonalni stendza 71 2,4 20 28,2
Ebsteinova anomalie 60 2 20 33,3
Ostatni 318 10,8 173 54,4
UUT — ukonceni téhotenstvi
* UUT vzdy z divodu extrakardialni vady
ZIVE NAROZENI - #
1294 (43%)
\)
PREZIVAJICI 37 %

(\ -
POSTNATALNI .t
UMRTI 6% = 05 =5 =%

\ U UNRTI _ 3% HLH AVSD PA PTA sV AS TOF EBST aa
|(6,9% z pokraé. téhotenstvl)|
*P<0001 tP=0002 #P= 0.01 ns=nesignifikantni

Graf 3 Osud prenatalné detekovanych vrozenych
srdecnich vad (VSV) 1986-2012 (n = 2 998)

syndromu hypoplastického levého srdce, atrioventrikular-
niho defektu, spoleéného arterialniho trunku, atrézie plic-
nice, spolecné komory, aortalni stenézy, Ebsteinové
anomalii a interrupci aortéalniho oblouku.

Diskuze

Ceska republika patfi mezi prvni zemé&, kde byl zahéjen ce-
loplosny prenatalni screening srdecnich vad. Centralizace
péce, velmi dobra kvalita priméarniho screeningu provadé-
ného gynekology a spoluprace s détskymi kardiology spe-
cializujicimi se na prenatélni echokardiografii vede k vysoké
zachytnosti VSV, ktera patii mezi nejvyssi v rdmci celé Ev-
ropy (15-18). Spektrum fetalné detekovanych vad se vy-
znamné lis5i od zndmé postnatélni prevalence (2,6).
Pfi porovnéni s postnatalni frekvenci jednotlivych vad jsou
fetalné Eastéji zachyceny komplexni vady (syndrom hypo-
plazie levého srdce, atrézie plicnice, spoleéna komora) a
VSV, které jsou spojeny se zavaznymi extrakardialnimi va-
dami véetné chromozomalnich. Typicky se jednéa o atrioven-
trikuldrni defekt nebo dvojvytokovou pravou komoru (6).

V poslednich letech zaznamenavame zvyseny pocet VSV
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Graf 4 Zména v postnatélnim spektru VSV mezi oceka-
vanym (BOSS) poctem vad a kalkulovanym poctem na-
rozenych déti (BORN) po odecteni ukoncenych
téhotenstvi

HLH - syndrom hypoplazie levého srdce, AVSD — defekt
atrioventrikulamiho septa, PA — atrézie plicnice, PTA —
spolecny arterialni trunkus, SV — spole¢né komora, AS —
aortéalni stendza, TOF — Fallotova tetralogie, EBST — Eb-
steinova anomélie trikuspidaini chlopné, IAA — interrupce
aortalniho oblouku.

detekovanych v 1. trimestru (19-21). Zndmym faktem je,
ze prevalence VSV v nizkém gestacnim stari je vyssi
a pfitomnost srdecni vady je ¢astou piicinou intrauterin-
niho umrti (26-27). Rovnéz jsou zachyceny vady, se kte-
rymi se postnatalné témér nesetkavame (22). VSV jsou
Gastou pri¢inou intrauterinniho selhani a umrti v nizkém
gestacnim véku (23). V nasem souboru byla intrauterinni
umrtnost 3 % respektive 6,9 % z pokracujicich t€hoten-
stvi. Nejcastéji se jednalo u dysplazii trikuspidalni chlopné
nebo komplexni vady s ¢asto pfitomnou regurgitaci né-
které atrioventrikularni chlopné. Uspé&snou detekci vad
v 1. trimestru se viak muze falesné zvySovat zdchytnost
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vad u plodu, se kterymi bychom se iz pii druhotrimestral-
nim vysetieni nesetkali. Na druhé strané se v 1. trimestru
odhali fada plod s chromozomalnimi anoméaliemi, na je-
jichz podkladé se gravidita ukonci (33). U nich predpokla-
déme zvyseny vyskyt VSV, které nejsou vétSinou
detekovény bud pro nemoznost nélezu vady v nizkém
gestacnim tydnu, nebo pro absenci divodu po VSV déle
patrat (34). Ve 13.-14. tydnu je mozné vcelku spolehlivé
diagnostikovat nékteré typy vad, jako napr. syndrom hy-
poplastického levého srdce, spoleénou komoru nebo
atrioventrikularni defekt (24). Diagn6za VSV v 1. trimestru
je nasledné indikaci ke karyotypizaci a napoméaha efektiv-
né&jsimu zachytu chromomozalnich aberaci. U fady vad
ale presna diagnoza stanovit v 1. trimestru nelze a je
nutnéa kontrola v dal$i fazi téhotenstvi. Tim se ale zéroven
dostavame pod tlak ze strany rodicu, ktefi naléhaji na ur-
¢eni jasné diagndzy a prognoézy, aby mohli co nejdfive roz-
hodnout o dal$im osudu svého téhotenstvi (25). Tlak na
brzké stanoveni diagnézy muze vést ke snaze nutit se do
zavéru za kazdou cenu s rizikem zavaznych chyb.

Jeden z hlavnich cilt prenatélni kardiologie spociva v de-
tekcei kritické vady plodu s naslednym porodem ditéte
s VSV ve specializovaném centru (,transport in utero”).
To umozni okamzitou péci o nemocného novorozence,
ktery by byl pii postnatélni diagnéze a zdlouhavém tran-
sportu v bezprostrednim ohroZeni Zivota a vede zéroven
ke zlepseni celkové prognoézy (28-29). Druhou moznosti
pii prenatélni diagnoze VSV je prévo rodicta rozhodnout
se pro ukonceni gravidity z divodu zavazné diagndzy se
Spatnou nebo nejistou progndzou ditéte. V nasem sou-
boru se pro ukonéeni gravidity rozhodlo 54 % rodicu.
Ukonéovani gravidity v CR z divodu srdeéni vady plodu
patii mezi nejvyssi v Evropé (30-32) a v procentech zls-
tava i v poslednich letech stejné vysoké. Zachytnost VSV
stéle vzrusta a diagnostikuji se Castéji i vady lehké, které
nevyzaduji zadné slozité intervence po narozeni. Ukonco-
vani t€hotenstvi z divodu diagnozy zavazné VSV vede ke
zméné spektra déti se srdec¢nimi vadami, kde se signifi-
kantné snizuji postnatalni diagnézy zavaznéjsich a/nebo
komplexnich vad (syndrom hypoplazie levého srdce, atré-
zie plicnice, spolecny arterialni trunkus a dalsi). K ukon-
Ceni gravidity pfi srdecni vadé nepochybné prispivéa casté
extrakardialni postizeni plodu (v nasi studii mélo 49 %
ukoncéenych téhotenstvi s VSV dalsi vrozenou vyvojovou
vadu véetné chromozomalni).

Zaver

Prenatalni echokardiografie provadéna v celé Ceské re-
publice umoziuje v poslednich letech detekci az 47 %
véech a vice nez 80 % kritickych srdeénich vad. Vysoky
pocet ukoncenych téhotenstvi je nejspise dusledkem za-
vaznosti srdecnich vad a ¢etnych pridruzenych vyvojo-
vych abnormalit. Cetnost ukonéeni gravidity méa vliv na
postnatélni spektrum srdecnich vad, kdy ubyva zavaznych
nebo komplexnich srde¢nich onemocnéni (syndromu hy-
poplazie levého srdce a dalSich).

Podékovani

Registr prenatalné detekovanych srdecnich vad by ne-
mohl vzniknout bez skvélé spoluprace fady kolegyn a ko-
legl — détskych kardiologt, gynekologl, genetiki a
radiologui podilejicich se na echokardiografickych vysetre-
nich v celé republice.

Registr prenatéalné detekovanych VSV se opira téz o data
kazdoroc¢né zasilana ze spolupracujicich regionélnich cen-
ter fetalni kardiologie v Usti nad Labem (Jaroslav Homola)
a FN v Ostravé (Jan Pavlicek, Toméas Gruszka) a Centra
lékarské genetiky v Ceskych Budé&jovicich (Karel a David
Cutkové).
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2.0.3 ANNEX4

Tomek V, Gilik J, Jicinska H, Pavlicek J, Navratil J, Cutka D, Vlasin P, Lacinova M, Marek
J, Skovranek J
Prenatal diagnosis of congenital heart defects and its consequences

Cesko-slovenska Pediatrie 2018;73(5): 284-290

Main points/highlights of the publication:

In the study the detection rate of CHDs in the Czech Republic from 2006 to 2015 was assessed.
In that period the detection rate of CHDs increased significantly and was very high in the CR:
from 2006 to 2015, the prenatal detection rate was 39-49% of all CHDs and 80-90% of critical
CHDs. The effectiveness of the prenatal detection rate of CHDs was assessed by the Bohemian
Survival Study (BOSS study) published by professor Samanek. The detection rates of
individual CHDs and the very high detection rates of some CHDs (100% detection rate of single
ventricle, atrioventricular septal defect and hypoplastic left heart syndrome) were presented.
The very high termination rate of pregnancy in the Czech Republic (54%) and the impact of
this termination rate was presented. The high prenatal termination rate of some CHDs changed

the spectrum of CHDs postnatally.

The candidate contributed to the manuscript and with cases to this study.
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SOUHRN

Cil studie: Posoudit tispésnost prenatalni diagnostiky vrozenych srde&nich vad a zjistit, jaky je disledek ukon-
covani téhotenstvi na zménu postnatalniho spektra srde¢nich vad.

Metody: Poéet prenatalné detekovanych srde&nich vad jsme porovnavali se znamou incidenci srdeénich vad
u déti (studie M. Samanka - BOSS). Obdobnym zpiisobem jsme posuzovali ispé&Snost zachytu jednotlivych sr-
deénich vad v letech 2006-2015 a uréili vyznamnost zmén v jejich po&tu pfi ukonéovani gravidity.

Vysledky: Zachytnost srdeénich vad se v poslednich 5 letech v CR pohybuje mezi 39-49 %. Z celkového poétu
zjisténych 2358 srde&nich vad se pro ukonéeni gravidity rozhodlo 1093 (46,3 %) t&hotnych, u nichZ extrakardialni
vadu mélo 526 (48,1 %) plodi. Fetalné jsme zachytili viechny plody se spole¢nou komorou, atrioventrikularnim
defektem a hypoplazii levého srdce. Celoplo3né se zvy3uje i zachytnost kritickych vad - transpozici velkych
tepen (48 %) a koarktaci (35 %). Vzhledem k vysokému poctu ukonéenych téhotenstvi se signifikantné snizuje
pocet vétsiny VSV postnatalné: kompletniho atrioventrikularniho defektu, syndromu hypoplazie levého srdce,
dvojvytokové pravé komory, Fallotovy tetralogie, aortalni stenozy, atrézie plicnice, arterialniho trunku, spoleéné
komory a Ebsteinovy anomalie.

Zavér: Prenatalni detekce srdeénich vad v Ceské republice je diky vybudovanému propojeni screeningu a spe-
cializovaného echokardiografického vy3etfeni vysoka. Ukoncovani téhotenstvi z divodu diagnézy srdeéniho
postizeni vede ke zmé&né spektra vétsiny srdeénich vad u déti. Signifikantn& se sniZuji postnatalni diagnézy
zavaznéjsich a/nebo komplexnich vad s €astymi extrakardialnimi defekty.

KLICOVA SLOVA
vrozena srdeéni vada, prenatalni diagnéza, echokardiografie, plod

SUMMARY
Prenatal detection of congenital heart defects and its consequences

Objective: The aim of the study was to assess an effectivenes of prenatal detection rate of congenital heart
defects (CHD) and to analyse the impact of pregnancy termination on postnatal incidence of CHD.

Methods: Prenatal diagnosis rates for CHD were compared with known incidence of CHD in children (based
on the study by M. Samének - BOSS).

Results: Prenatal detection rate of CHD varried between 39-49% in 2011-2015. Termination rate was 46.3% (1093
from 2358 fetuses) with high proportion of extracardiac lesion (526 fetuses, 48.1%). The highest detection rates
(reaching 100%) were in single ventricle, atrioventricular defect and hypoplastic left heart syndrome. A detection
rates of other critical heart lesions are increasing: transposition of great arteries (48%) and coarctation of the
aorta (35%). Owing to high pregnancy terminations the postnatal rate of most CHD is declining: atrioventricular
defect, hypoplastic left heart syndrome, pulmonary atresia, common arterial truncus and single ventricle.
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SYMPOZIUM: DETSKA KARDIOLOGIE

Conclusion: The nationwide prenatal screening programme enabled detection of almost half fetuses with
CHD. High pregnancy termination rate has an important impact on changing spectrum of postnatal incidence
of heart lesions with significant lowering of severe and/or complex heart defects often combined with extra-

cardiac defects.

KEY WORDS

congenital heart defect, prenatal diagnosis, echocardiography, fetus

uvoD

Hlavnim smyslem prenatalni detekce vrozenych srdec-
nich vad (VSV) je odhaleni kritickych vad ohrozujicich
zdravi nebo i zivot novorozenci a diagnostika kom-
plexnich onemocnéni srdce, ktera mohou vyznamné
ovlivnit dlouhodobou morbiditu a mortalitu pacienta.
Intrauterinni vySetfeni tak diky vasné a pfesné dia-
gnoze zlepSuje piezivani déti s VSV, Na druhé strané je
ale pfi¢inou jejich vyrazné redukce diky ¢astému ukon-
Covani téhotenstvi, coz méni spektrum narozenych déti
se srdefnimi vadami,

Organizace fetalni kardiologie

Zachyt a diagnostika srde¢nich vad spoivd v ndvaznosti
screeningového a specializovaného echokardiografického
vySetfeni, Screeningové vysetfeni srdce je soucasti
prenatalniho ultrazvukového vysetieni ve druhém a li-
mitované i v prvém trimestru, Jeho cilem je odliSeni
fyziologického nalezu od patologie uréenim zakladni
srdecni anatomie a funkce, Screeningové vySetfeni je
provadéno predeviim gynekology, ale podili se na ném
igenetici, détSti kardiologové nebo také neonatologové,
Pro posouzeni zakladni srde¢ni anatomie je dalezité
zejména zobrazeni symetrickych srde¢nich oddila (4-du-
tinova projekce) a spravné odstupy velkych tepen, Neni-li
srdefni anatomie normalni, ma byt téhotnd odesldna
na podrobné vySetfeni ke specialistovi v prenatdlni kar-
diologii, Logickou indikaci specializovaného vySetfeni
tak je nejen pfimo nalez srde¢ni vady, ale i podezieni
na ni, nebo jen nejistota ohledné spravné anatomie
a funkce srdce,

Screeningovy program, ktery jezalozeny na multidisci-
plindrni spoluprdci, nyni existuje ve vét$iné rozvinutych
zemi, Z doporuceni ISUOG (The International Society of
Ultrasound in Obstetrics and Gynecology) pro ultrazvu-
kové vySetfeni plodu vyplyva, Ze k efektivnosti takového
systému vyrazné napomadha nizky prah pii doporuceni
k echokardiografickému vySetfeni u specialisty na pre-
natalni kardiologii [1]. Obdobny doporucujici pfistup
zastdva i AIUM (The American Institute of Ultrasound in
Medicine) a AEPC (Association for European Paediatric
Cardiology) [2].

Etiologii vrozenych srdecnich vad pfesné nezname,
Protoze ani identifikace rizikovych faktord nevylouci
moznost pfitomné srdecni vady u plodu, je screeningo-
vé vySetfeni viech téhotnych v prenatalni diagnostice
kliové, Nalez nebo podezfeni na vadu pii screeningo-
vém vySetfeni je nejsilngj§im ,rizikovym faktorem*
piitomnosti srdecni vady. Existuje ale celd fada vliva,

které riziko nalezu VSV u plodu dale zvy$uji [3]. Rizikové
faktory zahrnuji vlivy ze strany matky, rodiny a plodu.
Tatorizika, spadajici do kategorieI1aIla (level of evidence)
azvySujiciriziko VSV 023 %, jsou logicky indikacemi ke spe-
cializovanému prenatdlnimu kardiologickému vy-
Setfeni tak, jak vychazeji z doporuceni ISUOG, AIUM
a AEPC,

A. Riziko ze strany matky a rodiny

metabolické vady matky (diabetes mellitus, fenylke-
antidepresiva, nesteroidni kyselina retinova), in vitro fer-
tilizace, viceCetné téhotenstvi, prodélané infekce v gravi-
dité (détské virové choroby, cytomegalovirus, parvovirus,
toxoplazmoéza, event, dalsi), autoimunni onemocnéni
matky s piitomnosti autoprotilatek tfidy SSA/antiRo
a SSB/antila, pfitomnost vrozenych srde¢nich vad nebo
kardiomyopatie u matky, otce, sourozenca a prarodici,
chromosomalni aberace, syndromy a jina geneticka
postizeni, jako napf, myopatie, Marfanav syndrom,

B. Rizikové faktory ze strany plodu

abnormalni ndlez pfi screeningu srdce (piitomna sr-
de¢ni vada, podezfeni na srdefni vadu nebo nejasny
nadlez na srdci), srdeni arytmie nebo abnormalni srde¢ni
frekvence (<100/min, >180/min), extrakardidlni viozena
vyvojova vada, chromosomalni vada, hydrops, zvySena
antiflogistika), teratogenyv gravidité (lithium, nuchalni
translucence, absence ductus venosus, vicecetné tého-
tenstvi, nevysvétlitelny polyhydramnion, trikuspidalni
Tegurgitacev 1, trimestru, syndrom feto-fetalni transfu-
ze, absence nosni kastky.

Cilem specializovaného vysetfeni, provadéného eru-
dovanym détskym kardiologem, je pfesné ureni srde¢ni
vady. Jeji kliovou soucasti je adekvatni informovani
rodi¢a o povaze, 16€ebnych moznostech a prognéze one-
mocnéni s navrhem a zajisténim spravné 16¢by véetné
organizace porodu a nasledné postnatalni 16cby.

Specializované vysetfeni détskym kardiologem
a ,counseling*

Za absolutni indikaci ke specializovanému echokar-
diografickému vySetfeni détskym kardiologem je ndlez
srdecni vady nebo i podezfeni na ni. Fale$na pozitivita
srde¢ni vady rozhodné neni pii screeningovém vysetfeni
chybou, Jevzdy lepsi odeslat téhotnou ke specializova-
nému vySetfeni ,zbytetné“ nez vadu piehlédnout, Jesté
vétSi hrubou chybou je ale vytvafet mylné nebo dokonce
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neexistujici diagnézy srde¢nich vad a z nich plynouci
zavéry, na jejichz chybném zakladé téhotné zZeny mo-
hou undhlené volit moznost ukonéeni téhotenstvi,

Spravna diagnéza srde¢ni vady je pouze nezbytnym
piedpokladem pro stanoveni prognézy a naslednou kon-
zultaci s rodi€i o dal$im osudu téhotenstvi, Proto ma byt
provadéna détskym kardiologem s adekvatnimi zkuSe-
nostmi v prenatalni diagnostice a 16¢bé déti se srdecnimi
vadami, Rozhodnuti o dal$im osudu plodu véetné eventu-
alniuvahy o ukonceni gravidity ma byt pIné v kompetenci
rodica, ktefi jsou zodpovédni za své dosud nenarozené
dité, Findlni diagnostika a s ni souvisejici informovani
omoznostech 16¢by a prognoze stde¢ni vady ma tedy zcela
zasadni vyznam pro dalsi osud téhotenstvi,

Diagnéza srde¢ni vady plodu je pro rodice (zejména
matku) velmi traumatizujici a stresujici zalezitost, Je
proto nutné pii pohovoru s rodi¢i jednat citlivé a byt
piipraven na to, ze takovy ,counseling“ vyzaduje dostatek
Casu, mnohdy opakované navstévy a konzultace s dalsimi
1ékafi a jinymi zdravotnickymi specialisty (kontaktni
sestra, psycholog).

800

VYSLEDKY PRENATALNI
DIAGNOSTIKY SRDECNICH VAD

Metodika posouzeni tispésnosti detekce srde¢nich vad
a jejich vlivu na postnatalni incidenci VSV

Pro posouzeni ispésnosti prenatdlniho zachytu VSV
pouzivame srovnani se znamou prospektivni studii
0 postnatdlni incidenci vad v CR - BOSS (BOhemia
Survival Study) prof, Samanka [4]. V ramci této stu-
die bylo vySetfeno vSech 815 569 zivé narozenych déti
v Cechach v obdobi 1980-1990 a stanovena prevalence
jednotlivych srde¢nich vad. Studie probihala v dobé,
kdy prenatalni selekce jesté neméla podstatnéjsi vliv
na spektrum déti se srdeéni vadou. Prevalence viech
srde¢nich vad byla stanovena 6,16 VSV na 1000 zivé
narozenych déti, Za kritické VSV (celkem 35 % vSech
srde¢nich vad, 2,36/1000 zivé narozenych déti) pova-
zujeme ty, které ohrozuji dité po narozeni vyznamnou
hypoxémii, téZkym srde¢nim selhdanim nebo kombinaci
obou pfiznaki.
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Graf 1. Vyvoj prenatalni detekce vrozenych srdecnich vad (VSV) v letech 1986-2015.
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Tab. 1. Usp&snost prenatalni detekce nejéastéjsich srdeénich vad 2006-2015.

VsD 302 105 100 33 2867 105
AVSD 288 172 170 59,0 280 102,9
HLH 234 24 215 919 235 996
TGA 178 14 27 151 369 482
DORV 164 6l 84 512 97 591
TOF 153 42 38 248 235 65,1
AS 135 4 6l 452 537 25]
COA 131 10 2 168 370 354
PA 115 4 89 774 145 793
sV 103 12 84 816 90 144
PTA 67 3 51 76 . 859
PS 75 4 19 253 403 186
EBST 25 3 14 56,0 34 735

Srdeéni vady jsou fazeny podle frekvence jejich prenatainiho vyskytu. Pfedpokiadany pocet VSV je vypocten podie jejich postnataini inci-

dence (studie M. Saménka - BOSS).

UUT - umélé ukonceni téhotenstvi, VSD - defekt komorového septa, AVSD - atrioventrikularni defekt, HLH - syndrom hypoplazie
levého srdce, TGA - transpozice velkych arterii, DORV - dvojvytokova prava komora, TOF - Fallotova tetralogie, AS - aortalni stenoza,
COA - koarktace aorty, PA - atrézie plicnice, SV - spole¢na komora, PTA - arteridlni trunkus, PS - stendza plicnice, EBST - Ebsteinova

anomadlie
Statisticka analyza

Pro analyzu jsme pouzivali SigmasStat 3.5, Systat
Software Inc, (San Jose, Kalifornie, USA). Soubory byly
testovany na normalitu rozlozeni, Pro posouzeni rozdilu
v prenatalnim a postnatalnim spektru vad byl pouzit paro-
vy t-test nebo Mannuav-Whitneyho sum test, Za statisticky
vyznamné rozdily byly povazovany parametrys p <0,05,

Celkové vysledky prenatalni detekce srdecnich vad
v Ceské republice

V letech 1986-2015 se v CR zivé narodilo 3 280 604 déti
a intrauterinné byl dokumentovan nalez srde¢ni vady
u celkem 3812 plodu v gestacnim stafi od 13, do 41, tydne
(median 20, tyden). Pro srovnani prenatalniho zachytu
s postnatalni prevalenci nebyly pro posouzeni uspé$nosti
detekce zapocitavany diagnoézy, které jez povahy fetalni
cirkulace nemozné intrauterinné odhalit, a to tepennd
dufej a sekundum defekt septa sini, Uspésnost fetalni
detekce se priubézné zvySovala a v poslednich 5 letech se
prenatalni zachytvsech VSV pohyboval v rozmezi 39-49 %
(graf 1), Detekce kritickych vad (postnatalni prevalence
2,36/1000 zivé narozenych déti) se pohybuje mezi80-90 %
z ofekavanych srdecnich vad v daném roce,

Uspésnost prenatilni detekce VSV (2006-2015)

Porovnali jsme pocty prenatdlné detekovanych jed-
notlivych typa vad s piedpokladanym poctem téchto
vad u déti narozenych v daném roce v poslednim ana-
lyzovaném 10letém obdobi 2006-2015, Fetalné jsme

zachytili >100 % plodd se spolefnou komorou a atrio-
ventrikularnim septalnim defektem, 100 % ploda s hy-
poplazii levého srdce, 86 % arterialnich trunka, 73 %
Ebsteinovych anomalii, 65 % Fallotovych tetralogii, 59 %
ploda s dvojvytokovou pravou komorou, 48 % ploda
s transpozici velkych arterii a 35 % s koarktaci (tab. 1),
V uvedeném obdobi 2006-2015 byl prenatalné nejcastéji
detekovanou vadou defekt komorového septa (302 plo-
du/12,8 %), atrioventrikularni defekt (288/12,2 %), syn-
drom hypoplazie levého srdce (234 plodiv/8,9 %), transpo-
zice velkych tepen (I78/7,5 %, dvojvytokova prava komora
(164/7,0 %), Fallotova tetralogie (153/6,5 %) a aortalni
stenéza (163/5,7 %) (tab. 1), Nejméné ¢asto fetdlné od-
halenou vadou byl izolovany totalni anomalni navrat
plicnich zil (3 pfipady).

Z celkového poctu 2358 srdecnich vad byla u 576 (24,4 %)
nalezena extrakardialni vada (genetickd anomalie
a/nebo organova vada). Pro ukonéeni gravidity se rozhodlo
1093 (46,3 %) téhotnych, u 526 (48,1 %) z nich mél plod
extrakardidlni vadu. Z pokracujicich téhotenstvi doslo
k intrauterinnimu amrti u 67 ploda (2,8 %).

Vysoky pocet uméle ukoncenych téhotenstvi (UUT) se
srdecni vadou ma vyznamny dopad na jejich postnatalni
prevalenci (graf 2), V letech 2006-2015 tak doslo ke statis-
ticky signifikantné vyznamnému snizeni vyskytu vétsiny
typi srdecnich vad: kompletniho atrioventrikularniho
defektu, syndromu hypoplazie levého srdce, dvojvytokové
pravé komory, Fallotovy tetralogie, aortalni stenézy,
atrézie plicnice, arterialniho trunku, spoletné komory
a Ebsteinovy anomalie, Vliv ukonceni téhotenstvi u de-
fektu komorového septa, koarktace aorty, transpozice
velkych tepen a stendzy plicnice neovlivnil vyznamné
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Graf 2. Zména v postnatalnim spektru vrozenych srdecnich vad v letech 2006-2015.
Statisticka vyznamnost (p) mezi predpokladanym poctem VSV a predpokladanym poctem novorozencl po odecteni
ukoncenych téhotenstvi.
AVSD (p <0,001) - atrioventrikularni defekt, HLH (p <0,001) - syndrom hypoplazie levého srdce, TGA (ns) - transpozice
velkych arterii, DORV (p <0,001) - dvojvytokova prava komora, TOF (p = 0,02) - Fallotova tetralogie, AS (p <0,001) -
aortalni stendza, COA (ns) - koarktace aorty, PA (p <0,001) - atrézie plicnice, SV (p <0,001) - spolec¢na komora, PTA
(p <0,001) - arteridlni trunkus, PS (ns) - stendza plicnice, EBST (p <0,001) - Ebsteinova anomalie

jejich pocet po narozeni, U téchto vad se jedna o dobie
1é¢itelna onemocnéni s obvykle dobrou prognézou.

VSechny pfipady ukonéeni téhotenstvi u defektu ko-
morového septa byly z diivoda zavazné extrakardidlni
vady a srde¢ni vada nebyla jejich primarni pii¢inou.
Nejcastéjibyla téhotenstvi ukoncovana s vadou: syndrom
hypoplastického levého srdce (UUT v 91,9 % piipada),
spoletna komora (81,6 %), atrézie plicnice (77,4 %), ar-
teridlni trunkus (76 %), atrioventrikularni defekt (59 %)
a Ebsteinova anomalie (56 %).

DISKUSE
Jaky je dusledek prenatalni detekce srde¢nich vad?
Ceska republika patii mezi prvni zemé, kde byl zaha-

jen celoplo$ny prenatalni screening srde¢nich vad [S].
Centralizace péte, velmi dobra kvalita primarniho scree-

CESKO - SLOVENSKA PEDIATRIE  2018,73,C.5

ningu provadéného gynekology a spoluprace s détskymi
kardiology, specializujicimi se na prenatdlni echokardio-
grafii, vede k vysoké zachytnosti VSV, ktera patii mezi
nejvy3$si vramci celé Evropy [6,7]. Proto vhimame snahu
Casti odborné gynekologické vefejnosti o absolutni auto-
nomii pii vySetfovani téhotnych jako pfimo ohrozujici
skvéle vybudovany systém prenatalni detekce VSV, 1 kdyz
je pojmenovana fada znamych rizikovych faktora pro
vznik srdeni vady, jejich absence moznost vzniku VSV
u plodu viibec nevylu¢uje, Napf. riizné metody in vitro
fertilizace ale zvySuji, i pfes provadénou preimplantaéni
diagnostiku, riziko srde¢nivady 2-3ndsobné [8], Pfi porov-
nani s postnatalni frekvenci jednotlivych vad jsou fetalné
Castéji zachyceny komplexni vady (syndrom hypoplazie
levého srdce, atrézie plicnice, spoletna komora) a VSV,
které jsou spojeny sezavaznymi extrakardalnimi vadami
v&etné chromosomalnich, typicky se jedna o atrioventri-
kuldrni defekt nebo dvojvytokovou pravou komoru [9].
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Hlavnim pfinosem a smyslem prenatalni kardiologie je
detekce kritické vady plodu s naslednym porodem ditéte
s VSV ve specializovaném centru (,transport in utero“),
Tim je umoznéna okamzita péfe o nemocného novoro-
zence a odpada prodleni vznikajici oddalenou postnatalni
diagnostikou a transportem ditéte, které by mohlo byt
azv bezprostfednim ohrozeni Zivota, Rada studii véasny
piinos fetdlni diagnézy na prognézu ditéte potvrdila [10,
11], zhruba obdobné mnozstvi studii takovy prenatalni
vliv popira [12, 13] a argumentuje sou¢asnou dostupnosti
kvalitni péfe o novorozence, Druhou moznosti pfi pre-
natdlni diagnéze VSV je pravo rodi¢a rozhodnout se pro
ukonéeni gravidity z divodu zavazné diagnozy se Spatnou
nebo nejistou prognézou ditéte, V nasem souboru se pro
ukonéeni gravidity rozhodlo 46 % rodica.

Ukonéovani gravidity v CR z divodu srdeéni vady plodu
patii mezi nejvy3si v Evropé [14] a v procentech zustava
iv poslednich letech stejné vysoké, Divody pro vysoké
ukoncovani gravidity jsou spekulativni: muze jim byt
celkové naladéni spolecnosti s nizkym prahem pro ukon-
Ceni gravidity obecné, domnéla ¢i skuteéné chybéjici
zdravotnicka a socidlni podpora rodin s ,,postizenymi*
détmi, jejich nepfijeti spolefnosti a strach zejména
matek z rozpadu manzelského/partnerského vztahu,
Casto se i setkavame s tim, ze téhotné pii screeningo-
vém vySetfeni dostavaji nespravné informace o povaze
srde¢ni vady a je jim vySetfujicimi 1ékafi doporuceno
ukonéeni téhotenstvi, bud na zakladé chybné diagné-
zy nebo nespravné interpretaci zavaznosti vady. A to
i v piipadé 1éCitelné vady (kterych je naprostd vétSina)
s dobrou prognézou. Nehledé na to, ze opravnéni lékafe
doporucit ukonceni téhotenstvi je piinejmensim velmi
diskutabilni, Prvotni informace o povaze srdefni vady
je Casto klifova pro rozhodovani rodi¢i a dalsim osudu
téhotenstvi [15]. Je nesmirné slozité nasledné vyvracet
bud chybnou diagnézu VSV, nebo sice spravné stanove-
nou diagnozu, ale prezentovanou s mylnou prognézou
odvozenou ¢etbou z mnoha let starych ucebnic, Spravna
diagnéza srdefni vady je pouze nezbytnym predpokladem
pro stanoveni prognézy a konzultaci s rodi¢i o dalsim
osudu téhotenstvi, Diagnoza srdecni vady musi byt vzdy
potvrzena détskym kardiologem, ktery je plné erudovan
v prenatalni pé¢i. Z nasich zkuSenosti vime, ze pfesnost
prenatdlni diagnostiky je vysoka, ale urcit pfesny zptisob
postnatalni 16¢by a prognézu je mnohdy obtizné [16].

Ukonéovani téhotenstvi z diivodu diagnézy zavazné
VSVvede kezméné spektra déti se srdetnimivadami, kde
a/nebo komplexnich vad (syndrom hypoplazie levého srd-
ce, atrézie plicnice, spolefny arterialni trunkus a dalsi),
Kukonceni gravidity pfi stdecni vadé nepochybné piispiva
Casté extrakardialni postizeni plodu [17]. V nasi studii
mélo 48 % ukoncenych téhotenstvi s VSV dalsi viozenou
vyvojovou vadu véetné chromosomalni, Riziko genetické-
ho postiZzeni je pomé&rnévysoké, u jednotlivych srde¢nich
vad se li8i, Nékteré vady riziko chromosomalnich aberaci
nepfedstavuji (transpozice velkych arterii) a jinych je
vysoké [18]: atrioventrikularni defekt (46-73 %), arterialni
trunkus (19-78 %), dvojvytokova prava komora (6-43 %).

V poslednich letech zaznamenavame zvySeny pocet
VSV detekovanych v prvnim trimestru [19]. Znamym
faktem je, ze prevalence VSV v nizkém gestacnim sta-

ii je vy38i a pfitomnost srde¢ni vady je i ¢astou prici-
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nou intrauterinniho amrti [20], Uspésnou detekci vad
v 1, trimestru se viak muze fale$né zvySovat zachytnost
vad u plodi, se kterymi bychom se jiz pii druhotri-
mestralnim vySetfeni nesetkali, Typickym pfikladem
v naSem souboru je ,,vice nez stoprocentni“ zachyt spo-
le¢né komoty a atrioventrikularniho defektu v porovnani
s jejich znamou postnatdlni incidenci, Na druhé strané
se v 1, trimestru odhali fada plodii s chromosomalnimi
anomadliemi, na jejichz podkladé se gravidita ukon¢i [21].
U nich pfedpokladame zvySeny vyskyt VSV, které nejsou
vzdy detekovany bud pro nemoznost nalezu vady v nizkém
gestaénim tydnu, nebo pro absenci divodu po VSV ddle
patrat [22], Ve 13,-14, tydnu je mozné vcelku spolehlivé
diagnostikovat nékteré typy vad, jako napf, syndrom
hypoplastického levého srdce, spoletnou komoru nebo
atrioventrikularni defekt [23].

U fady vad ale pfesnou diagnézu stanovitv 1, trimestru
nelkze a je nutna kontrola v dalsi fazi téhotenstvi, Tim
se ale zaroven dostavame pod tlak ze strany rodica,
ktefi naléhaji na urceni jasné diagnézy a prognézy, aby
mohli co nejdfive rozhodnout o dalsim osudu svého té-
hotenstvi [24], Tlak na brzké stanoveni diagnézy muze
vést ke snaze nutit se do zavéra za kazdou cenu s rizikem
zavaznych chyb,

Fetalni intervence u srde¢nich vad - budoucnost nebo
slepa cesta?

Uvahy o fetdlnich intervencich se tykaji srde¢nichvad,
jejichz pfirozeny vyvoj vede k hypoplazii nebo ireverzi-
bilni poruSe srde¢ni komory, hypoplazii tepny a/nebo
chlopné, Typicky se jedna o kritickou aortalni stenézu,
ktera muze vést az k hypoplazii levého srdce (na principu
»kde neni adekvatni krevni pritok, neni spravny rast
dané ¢asti srdce”) [25], nebo k dilataci dysfunkéni levé
komory s ischemickym postizenim (endokardialni fibro-
elast6za). Smysl intrauterinni katetriza¢ni balonkové
valvuloplastiky aortalni chlopné je v zachovani rastu
levé komory s moznosti biventrikuldarni postnatalni ko-
rekce a zabrané nezvratnych zmén levé komory vedou-
cich k jeji systolické a diastolické dysfunkci. Vysledky
této fetalni katetrizacni intervence nejsou jednoznaéné
a jsou zatizeny vysokou mortalitou a morbiditou ploda
inarozenych déti [26], Zfejmé i proto, Ze kriticka aortalni
stenodza s fibroelastézou dysfunkéni a ¢asto malé komory
je velmi zavazné srdefni postizeni, jejiz 16¢ebné vysledky
nejsou ani postnatalné povzbudivé, Fetalni balonkové
valvuloplastiky aortalni stenézy se v CR neprovadi, Od
roku 2017 indikované piipady referujeme na pracovisté
v Linci, dosud se jedna o 4 t&8hotné, Intrauterinni kate-
trizacni intervence vyzaduje dalsi studie pro prokazani
dlouhodobého efektu, Je ale pfislibem toho, zZe existuje
varianta ovlivnéni nepfiznivého vyvoje srde¢ni vady jiz
pied narozenim a neni nutné ¢ekat na porod ditéte s jiz
hypoplastickou nebo dysfunkéni dilatovanou komorou
[271.

ZAVER

Prenatalni detekce srdetnich vad v Ceské republice je
diky vybudovanému propojeni screeningu a specializova-
ného echokardiografického vySetfeni vysoka a patfi mezi
nejvyssina svété viibec, Ukoncovani téhotenstviz divodu
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diagnoézy srdecniho postizeni vede ke zméné spektra
vétSiny srdefnich vad u déti, Signifikantné se snizuji
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2.1 First-trimester screening

2.1.1 ANNEXS5

Jicinska H, Vlasin P, Jicinsky M, Grochova I, Tomek V, Volaufova J, Skovranek J, Marek J.
Does First-Trimester Screening Modify the Natural History of Congenital Heart Disease?
Analysis of Outcome of Regional Cardiac Screening at 2 Different Time Periods.

Circulation 2017;135:1045-1055

Impact factor in 2017 = 18.881

In this study we aimed to assess the impact of first-trimester screening on the spectrum of CHDs
later in pregnancy, and on the outcome of fetuses and children with CHD. First-trimester
screening was implemented to prenatal care by 2003 in the Czech Republic. The Spectrum of
CHD, associated comorbidities and outcome of fetuses were compared between:

Group I (fetuses diagnosed with CHD in the first trimester from 2007 to 2013 and
Group II (fetuses diagnosed with CHD in the second trimester from 2007 to 2013
Fetuses diagnosed with CHD only in the second trimester from 2007 to 2013 (Group IIb)
were compared with Group III (fetuses with CHD diagnosed in the second trimester from 1996
to 2001 before first-trimester screening started).

The spectrum of CHDs diagnosed in the first and second trimesters in the same time period
differed significantly, with a greater number of comorbidities, CHDs with univentricular
outcome, intrauterine death and terminations of pregnancy in Group I compared with Group II.
In Group III, significantly more cases with univentricular outcome, intrauterine demise, and
early termination were identified compared with fetuses diagnosed with CHDs in the second

trimester between 2007 and 2013.
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Does First-Trimester Screening Modify the Natural
History of Congenital Heart Disease?

Analysis of Outcome of Regional Cardiac Screening at 2 Different Time Periods
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BACKGROUND: The study analyzed the impact of firsttrimester screening  Hana Jicinska, MD, PhD 2
on the spectrum of congenital heart defects (CHDs) later in pregnancy and Pavel Vlasin, MD =
on the outcome of fetuses and children born alive with a CHD. Michal Jicinsky, MD
. s liga Grochova, MD
METHODS: The spectrum of CHDs, associated comorbidities, and v?ﬁorr%fm(;ﬁam PhD
outcome of fetuses, either diagnosed with a CHD in the first trimester Julia Volaufova, PhD
(Group |, 127 fetuses) or only in the second-trimester screening (Group Jan Skovranek, MD, PhD
Il, 344 fetuses), were analyzed retrospectively between 2007 and 2013. Jan Marek, MD, PhD

Second-trimester fetuses diagnosed with a CHD between 2007 and 2013
were also compared with Group Il (532 fetuses diagnosed with a CHD in
the second trimester from 1996 to 2001, the period before first-trimester
screening was introduced).

RESULTS: The spectrum of CHDs diagnosed in the first and second
trimesters in the same time period differed significantly, with a greater
number of comorbidities (P<0.0001), CHDs with univentricular outcome
(P<0.0001), intrauterine deaths (P=0.01), and terminations of pregnancy
(P<0.0001) in Group | compared with Group II. In Group I, significantly
more cases of CHDs with univentricular outcome (P<0.0001), intrauterine
demise (P=0.036), and early termination (P<0.0001) were identified
compared with fetuses diagnosed with CHDs in the second trimester
between 2007 and 2013. The spectrum of CHDs seen in the second-
trimester groups differed after first-trimester screening was implemented.

CONCLUSIONS: First-trimester screening had a significant impact on the
spectrum of CHDs and the outcomes of pregnancies with CHDs diagnosed
in the second trimester. Early detection of severe forms of CHDs and
significant comorbidities resulted in an increased pregnancy termination
rate in the first trimester.
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Clinical Perspective
What Is New?

e The implementation of firstirimester ultrasound
screening programs has fundamentally changed
prenatal care by moving the detection of major
abnormalities, including cardiac abnormalities, to
early stages of gestation.

Firsttrimester screening changes the spectrum of
congenital heart defects (CHDs) later in pregnancy.
Firsttrimester screening has a major impact on the
outcome of pregnancies with CHDs because early
detection of more severe forms of cardiac abnor-
malities and a higher number of comorbidities lead
to an increase in early termination of first-trimester
pregnancies.

What Are the Clinical Implications?

* Moving prenatal cardiac ultrasound screening to
early stages of pregnancy would, in some coun-
tries, reduce the numbers of children born with
severe cardiac abnormalities and with associated
comorbidities.

To provide detailed echocardiographic evaluation
and appropriate counseling, fetuses suspected of
having CHDs in the first trimester should be referred
to a fetal cardiology specialist.

Because of diagnostic uncertainty in some first-
trimester fetuses with CHDs and possible develop-
ment of CHDs later in pregnancy, second-trimester
screening should continue to be part of an integral
screening program scheme in pregnancy.

a pivotal role in the management of pregnancies.
Through the combination of maternal age, serum
biochemistry, ultrasound anomaly scan, and additional
ultrasonographic markers, this screening can identify
most fetal aneuploidies and structural abnormalities in
the fetus.!2 In addition, most congenital heart defects
can be detected in the first trimester using a combina-
tion of increased nuchal translucency, reverse A wave
after atrial contraction in ductus venosus, and tricuspid
regurgitation on Doppler assessment. Increased nuchal
translucency in euploid fetuses is associated with in-
creased incidence of congenital heart defects (CHDs).3
This finding is supported by Chelemen, * who claims that
using increased nuchal translucency and reverse A wave
in ductus venosus can detect CHD in the first trimester
with a success rate of =40%. According to Huggon, ®
an increased number of chromosomal abnormalities and
CHDs appear in fetuses diagnosed with tricuspid regur-
gitation during firsttrimester screening.
Samanek®’ argues that the postnatal incidence of
CHDs is roughly 1% (4.2-12.2 per 1000 live born in-

First-trimester screening only recently started to play
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fants); however, the prenatal incidence is much higher.
The highest incidence is in the earliest weeks of gesta-
tion, gradually decreasing (in later weeks) with increas-
ing weeks of gestation.® True prenatal incidence is un-
known because of frequent intrauterine demise in the
early postconceptual stages, particularly in fetuses with
severe CHDs and associated comorbidities.

In this study, we aimed to compare the spectrum of
CHDs, associated comorbidities, and the outcome of fe-
tuses diagnosed with CHD in the first and second trimes-
ters and to assess the impact of first-trimester screening
on the spectrum of CHDs and the outcomes of fetuses
with CHDs and associated comorbidity diagnosed in the
second trimester before and after implementation of the
first-trimester screening in the South Moravian region of
the Czech Republic.

METHODS

In Southern Moravia, a region of the Czech Republic, 2 ultra-
sound screening scans are performed and financially sup-
ported by the government: 1 in the first trimester (from 11
to 13+6 weeks of gestation) and 1 in the second trimester
(from 18 to 22 weeks of gestation) of pregnancy. The first-
trimester ultrasound screening program was introduced in the
Southern Moravian region in 2002 and formally implemented in
most fetal medicine centers in the other regions of the Czech
Republic by 2003.° Both scans are performed by trained pri-
mary obstetricians (obstetrics and gynecology is recognized
as a primary, firstdine specialization in the Czech Republic) or
by fetal medicine specialists if a primary obstetrician is unavail-
able to perform the scan. Specialist fetal echocardiography is
performed by fetal cardiologists.

Study Group

From January 2007 to December 2013, 87901 fetuses (99%
of all registered fetuses) from the Southern Moravian region
underwent prenatal cardiac screening scans (92% in the first
and second trimesters and 8% in the second trimester only).
A total of 6145 fetuses (7.0% of all 87901 screened fetuses)
were referred for specialist fetal echocardiography to the Fetal
Medicine Center in Brno (the principal referring center for
Southern Moravia; population 1.2 million) because of the pres-
ence of a risk factor for CHDs or heart anomaly suspected
on the first- or secondtrimester scan. Out of 6145 referred
fetuses, 296 were referred for detailed fetal echocardiog-
raphy in the first trimester. Of those 296 fetuses, 127 were
subsequently confirmed with cardiac abnormalities. This group
of fetuses is referred to as Group | (Figure 1). The remaining
5849 fetuses were referred for fetal echocardiography only in
the second trimester. CHD was diagnosed in 344 of the 5849
fetuses referred for fetal echocardiography in the second tri-
mester. These 344 fetuses constitute Group Il. Group Il was
formed by 2 subgroups. Group lla consisted of 112 fetuses
screened in the first trimester but whose CHD was missed.
They were later screened again and subsequently referred for
fetal echocardiography and diagnosed with CHD in the second
trimester. Group lIb consisted of 232 fetuses of women who
declined or missed the firsttrimester scan and were screened

Circulation. 2017;135:1045-1055. DOI: 10.1161/CIRCULATIONAHA. 115.020864
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2007 - 2013 1996 - 2001
First trimester screening was performed First trimester screening was not performed
+ +

Fetal Database of CHD in Southern Moravia Fetal Database of CHD in the Czech
Republic

127 fetuses screened in [¥
trimester and diagnosed
with CHD in 1* trimester

GROUP 1

344 fetuses diagnosed
with CHD in 2™ trimester

GROUP II

Figure 1. Study group.
CHD indicates congenital heart
defect.

Comparison 1
2 2

112 fetuses screened in 1% and 232 fetuses screened only in
24 rimester and diagnosed 28 trimester and diagnosed
with CHD in 2™ trimester with CHD in 2™ trimester

GROUP Ila GROUP IIb

532 fetuses screened in 2
irimester and diagnosed with
CHD in 2™ trimester

GROUP 111
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in the second trimester and subsequently referred for fetal
echocardiography and diagnosed with CHD. Group Il com-
prised 532 fetuses with CHD diagnosed prenatally in the Czech
Republic in the second trimester from 1996 to 2001 before
the firsttrimester screening was introduced and after the imple-
mentation of outflow tracts evaluation to screening protocol
(same screening protocols for Groups Il and lll). These data
were obtained from the National Fetal Database of Congenital
Heart Defects in the Czech Republic.!® Group Il consisted of
fetuses from the Southern Moravian region as well as the entire
Czech Republic because a major region reorganization in 2001
changed the Southern Moravian population from 2.06 to 1.17
million inhabitants. Therefore, it was not possible to create a
comparable study group of fetuses strictly from Southern
Moravia from 1996 to 2001. The National Fetal Database of
CHD in the Czech Republic was chosen as a data source to
include more fetuses into the study group. This decision was
fully justified because the Czech Republic population is rather
homogenous both ethnically and socioeconomically.

The indications for specialist fetal echocardiography in the
first trimester were abnormal fetal cardiac screening exami-
nation, presence of noncardiac or chromosomal abnormality,
family history of CHD, increased nuchal translucency thick-
ness, abnormal waveform in ductus venosus, and tricuspid
regurgitation. In the second trimester, the indications were the
same, plus maternal metabolic disease, maternal infection,
maternal autoimmune disease, maternal exposure to terato-
gens, hydrops or arrhythmia in the fetus, conception through
assisted reproductive technology, monochorionic twins, and
abnormalities of umbilical cord, placental, or intraabdominal
venous anatomy.!-13

Study Protocol

These defined groups of fetuses were compared with regard
to the spectrum of CHDs, associated comorbidities, type of
circulation in CHD, and outcome of fetuses. Fetuses diagnosed
with a CHD in the first trimester (Group 1) were compared with
fetuses diagnosed with a CHD in the second trimester in the

Circulation. 2017;135:1045-1055. DOI: 10.1161/CIRCULATIONAHA.115.020864

same period from 2007 to 2013 (Group Il). Because Group I
consists of two subgroups (Groups lla and lib), we compared
the responses of the spectrum of CHDs, associated comor-
bidities, and outcome of fetuses between Groups lla and lib.
Because our data, for almost all of the responses, do not indi-
cate differences between Groups lla and llb, we used the com-
bination of these 2 groups (which is the whole of Group II) for
comparison with Group .

To assess the impact of first-trimester screening on the
second trimester, we compared fetuses screened and diag-
nosed with CHDs in the second trimester before 2001 (Group
lll), when first-trimester screening in our country was not rou-
tinely performed, with fetuses screened and diagnosed with
CHDs only in the second trimester after 2007 (Group lIb), when
firsttrimester screening in our unit became available (Figure 1)
because this group of fetuses is the only one that would be not
confounded with other factors.

Classification of Cardiac Abnormalities
Complex cardiac abnormalities were classified according to the
dominant heart lesion. For example, coarctation of the aorta
with ventricular septal defect was classified as coarctation of
the aorta. Atrioventricular septal defect, when it coexisted with
double outlet right ventricle, was classified as atrioventricular
septal defect. A single ventricle was classified as univentricu-
lar atrioventricular connection with double inlet or common
atrioventricular valve. When an atrioventricular connection was
absent, the diagnosis of tricuspid or mitral atresia was estab-
lished. Hypoplastic left heart syndrome was defined as a heart
with atrioventricular and ventriculoarterial concordance, small
left ventricle, and reversed flow in the aortic arch. Cases with
vascular rings (typically right aortic arch with aberrant left sub-
clavian artery or double aortic arch) were included. Cases with
isolated mirror imagery right aortic arch, left superior vena
cava, and left aortic arch with aberrant right subclavian artery
were not included.

CHDs with univentricular circulation, “functionally univen-
tricular heart” unified different anatomic malformations, where
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1 of the 2 ventricles was unable to sustain the pulmonary or
systemic circulation because of diminutive size or deficiency in
function.* In these cases, the ventricles were not amenable to
biventricular repair.

Assessment of Fetal Heart (First- and Second-

Trimester Cardiac Scan) and Genetic Evaluation
In the Czech Republic, from 1996, fetal cardiac screening in
the second trimester was performed by analyzing a 4-cham-
ber view and outflow tracts relationship. From 2002, the first-
trimester cardiac screening included a 4-chamber view as well
as both arterial outflow tract views.

Similar fetal echocardiography protocols were used in
the secondirimester scan (both periods 1996-2001 and
2007-2013) and in the firsttrimester scan (2007-2013):
examination of the visceroatrial situs, cardiac axis, 4-chamber
view, systemic venous connections, pulmonary venous return,
evaluation of both arterial outflow tracts, 3 vessels and tra-
chea view, and sagittal views of the aortic and ductal arches.
Pulmonary veins were not consistently identified in every first-
trimester scan.

The ultrasound machines used in the earlier and later eras
differed in quality. In both periods, detailed fetal 2-dimensional,
M-mode, color Doppler, and spectral Doppler echocardio-
grams were performed for detailed fetal cardiac assessment.
In the earlier years, electronic phased array (convex and linear)
probes operating on 3-7 MHz were used. In later years, multifre-
quency probes and matrix 2-dimensional/3-dimensional probes
(4-8 MHz) were often used to assess cardiac structures in
detail. Three-dimensional imaging (including Spatio-Temporal
Image Correlation) was not routinely used to establish definitive
cardiac diagnosis. In contrast, a high-definition power Doppler
imaging was used routinely in all cases after 2007.

In all second4rimester and in the majority of first-trimester
fetuses, the ultrasound examination was performed by trans-
abdominal approach. Transvaginal approach was used in 7 of
127 (5.5%) first-trimester fetuses because of suboptimal qual
ity of the transabdominal echocardiogram.

The diagnoses were verified through serial ultrasound exam-
inations, a second examiner, midtrimester scans, postnatal
echocardiography, or postmortems. Genetic consultation and
karyotype were performed prenatally in all 127 fetuses diag-
nosed with CHDs in the first trimester. Out of the 876 fetuses
diagnosed with CHDs in the second trimester (344 in Group Il
and 532 in Group lll), in 656 fetuses (227 of 344 fetuses in
Group Il and 429 of 532 fetuses in Group lll), genetic consulta-
tion and karyotype were performed prenatally. In the remaining
220 fetuses (117 of 344 fetuses in Group Il and 103 of 532
fetuses in Group lll), genetic evaluation (ie, clinical examination,
genetic consultation, and, in some indicated cases, genetic
testing) was performed postnatally. Prenatal cytogenetic and
molecular genetic analyzes were performed on fetal cells
obtained by chorionic villus sampling or amniocentesis.

Significant developments have occurred in prenatal genetic
testing. From 1996 to 2001, karyotypes were done by cytoge-
netic analysis. In fetuses with suspected DiGeorge syndrome,
the karyotype was completed by fluorescent in situ hybridiza-
tion. From 2007 to 201 3, quantitative fluorescence-polymerase
chain reaction was performed as a firstline examination to
exclude the most frequent chromosomal aneuploidies: trisomy

1048 March 14,2017

13, 18, and 21 and X chromosome monosomy. In cases of
normal quantitative fluorescence-polymerase chain reaction,
the karyotype was done by cytogenetic analysis or compara-
tive genomic hybridization array. In fetuses with suspected
DiGeorge syndrome, the karyotype was completed by fluores-
cent in situ hybridization, multiplex ligation-dependent probe,
or comparative genomic hybridization array, if not done previ-
ously. In selected cases with a family history of CHDs where all
mentioned techniques showed a normal result, targeted next-
generation sequencing was performed.

Ethical Considerations

This study was discussed with the Institutional Review Board,
but specific ethical approval was not necessary because the
evaluation of fetuses was part of the management of preg-
nancies with CHDs in fetuses. Data analysis was assessed
retrospectively.

Statistical Analysis

In the statistical analysis, dichotomous and multicategory
response variables (congenital heart defect abnormalities,
comorbidities, and outcomes) were investigated. All dichoto-
mous response variables were analyzed by applying linear
logistic regression model with logit transformation of probabil-
ity of the event of interest with respect to group indicators,
with referencelevel parametrization. All response variables
that allow for multiple categories in the response were ana-
lyzed using a multicategory logistic regression model with a
generalized logit link with logarithms of ratios of probabilities
of the category of interest and the reference category. In
Tables 1-4, we present estimates of probabilities of outcome
categories together with corresponding 95% confidence inter-
vals (Cls) and P-values for group comparisons resulting from
likelihood ratio tests. For multiple comparisons, we applied
Tukey-Kramer adjustment to protect the probability of type |
error. The analysis was carried out in SAS, Statistical Software
System, Version 9.4.

RESULTS

Spectrum of Cardiac Abnormalities

From 2007 to 2013, 127 fetuses were diagnosed with
CHDs inthe first trimester (Group I) and 344 in the second
trimester (112 fetuses with missed CHDs in the first
trimester [Group lla] and 232 fetuses with CHDs in preg-
nancies not attending firsttrimester screening [Group
lIb]). Within this period, in the first trimester (Group ),
the most common diagnosed lesions were hypoplastic
left heart syndrome in 27 cases (21.3%), atrioventricu-
lar septal defect in 26 cases (20.5%), pulmonary atresia
in 10 cases (7.9%), and coarctation of the aorta (great
vessels disproportion) in 9 cases (7.1%). In the sec-
ond trimester, from 2007 to 2013 (Group II), the most
common diagnosed lesions were atrioventricular septal
defect in 45 cases (13.1%), transposition of great ar-
teries in 31 cases (9.0%), coarctation of aorta in 30
cases (8.7%), and hypoplastic left heart syndrome and

Circulation. 2017;135:1045-1055. DOI: 10.1161/CIRCULATIONAHA.115.020864
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Table 1. Spectrum of Congenital Heart Defects Diagnosed in First and Second Trimesters from 2007 to 2013

(Groups | and II)

<0.001

Hypoplastic left heart 27 213
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15.0-29.2 28 8.1

Atrioventricular septal defect 26 205 14.3-28.4 45 13.1 9.9-171 0.053

Pulmonary atresia 10 79 4.3-14.0 7 20 1.0-4.2 0.005

Coarctation of the aorta 9 71 3.7-131 30 87 6.2-12.2 0.563 o
Tricuspid atresia 8 6.3 3.2-121 7 20 1.0-4.2 0.028 g
Tetralogy of Fallot 8 6.3 3.2-121 26 76 5.2-109 0.635 ,:za_
Ventricular septal defect 8 6.3 3.2-121 25 7.3 5.0-105 0.712 —=
Aortic stenosis 5 39 1.6-9.1 27 7.8 54112 0.115 E
Vascular rings 5 39 1.6-9.1 28 8.1 57-115 0.094 §
Double inlet ventricle 3 24 0.8-7.1 7 20 1042 0.829

Double outlet ventricle 3 24 0.8-7.1 24 7.0 4.7-10.2 0.038

Persistent truncus arteriosus 2 16 0.4-6.1 8 23 1.2-46 0.605

Ebstein anomaly 2 16 04-6.1 3 0.9 0.3-27 0.526

Transposition of the great 1 08 0.1-54 31 9.0 6.4-125 <0.001

arteries

Pulmonary stenosis 0 0.0 01 17 49 31-7.8 0.001

Others 10 79 43-140 3 9.0 6.4-125 0.695

Cl indicates confidence interval.

vascular ring each in 28 cases (8.1%) fetuses. The fre-
quency of hypoplastic left heart syndrome (P<0.001),
pulmonary atresia (P=0.005), and tricuspid atresia
(P=0.028) was significantly higher in the first trimester,
whereas the detection of double outlet right ventricle
(P=0.038), transposition of great arteries (P<0.001),
and pulmonary stenosis (P=0.001) was higher in the
second trimester during the same period. Furthermore,
in the second trimester, more fetuses were diagnosed
with aortic stenosis and vascular ring (Table 1).

In Group lIb, of 232 fetuses diagnosed with CHDs
in the second trimester from 2007 to 2013, the most
common lesions were atrioventricular septal defect in 36
cases (15.5%), hypoplastic left heart syndrome and co-
arctation of aorta each in 21 cases (9.1%), and transposi-
tion of great arteries in 20 cases (8.6%). In the second
trimester, from 1996 to 2001 (Group lll), 532 fetuses
were diagnosed with CHDs. During this period, when
firstdrimester screening was not routinely performed, the
most frequent cardiac abnormalities were atrioventricu-
lar septal defect in 101 cases (19.0%), hypoplastic left
heart syndrome in 91 cases (17.1%), and double outlet
right ventricle in 55 cases (10.3%). Before 2001, sig-
nificantly more fetuses were diagnosed with hypoplastic
left heart syndrome (P=0.003) and pulmonary atresia
(P=0.006) compared with after 2007. In contrast, the
detection of coarctation of aorta (P=0.004), Tetralogy of
Fallot (P=0.034), vascular ring (P<0.0001), and pulmo-
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nary stenosis (P=0.008) was significantly higher in the
second trimester in Group lIb after 2007 (Table 2).

Associated Comorbidity and Outcome of Fetuses

Out of 127 fetuses detected with CHDs in the first tri-
mester (Group 1), any comorbidity (chromosomal or
structural noncardiac anomalies) was found in 85 fetus-
es (66.9%, 95% Cl, 58.3-74.5), whereas isolated car-
diac abnormality was confirmed in 42 fetuses (33.1%).
Chromosomal anomalies were found in 63 fetuses
(49.6%, 95% Cl, 41.0-58.2) and structural noncardiac
anomalies in 58 fetuses (45.7%, 95% Cl, 37.2-54.4).
CHDs with univentricular circulation were identified in
54 fetuses (42.5%, 95% Cl, 34.2-51.3) (Figure 2). Only
12 (9.5%, 95% Cl, 5.4-15.9) of 127 fetuses diagnosed
in the first trimester were born alive, and the diagnosis
of CHD was confirmed postnatally in all. Seven fetuses
(5.5%, 95% Cl, 1.5-9.5) died in utero, and pregnancy
was terminated in another 108 fetuses (85.0%, 95% ClI,
78.8-91.2) (Figure 3).

In all terminated fetuses, the diagnosis was confirmed
by a second examiner within 1 to 3 weeks after the first
cardiac scan before termination of pregnancy. In the
Czech Republic, postmortem is mandatory by law. Thus,
of the 115 fetuses that were not born (7 intrauterine
deaths + 108 terminations of pregnancy), in 47 (41.0%),
the main diagnosis was confirmed by postmortem (from
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Table 2. Spectrum of Congenital Heart Defects Diagnosed in Second Trimester From 2007 to 2013 (Group llb)

and in Second Trimester from 1996 to 2001 (Group IlI)

Hypoplastic left heart 21 9.1 6.0-13.5 91 171 14.1-20.5 0.003
Atrioventricular septal defect 36 155 11.4-20.8 101 19.0 15.9-22.5 0.246
Pulmonary atresia 5 22 0.9-5.1 35 6.6 4.8-9.0 0.006
Coarctation of the aorta 21 9.1 6.0-13.5 20 3.8 24-58 0.004
Tricuspid atresia 5 22 0.9-5.1 19 36 2.3-55 0.285
Tetralogy of Fallot 18 7.8 49-12.0 21 39 26-6.0 0.034
Ventricular septal defect 18 78 49-120 46 8.6 6.5-11.4 0.682
Aortic stenosis 15 6.5 3.9-104 24 45 3.0-66 0.269
Vascular rings 15 6.5 3.9-10.4 0 <0.001 <0.001-1 <0.0001
Double inlet ventricle 6 26 1.2-56 30 5.6 4.0-80 0.053
Double outlet ventricle 19 8.2 5.3-125 55 10.3 8.0-13.2 0.349
Persistent truncus arteriosus 6 26 1.2-5.6 20 3.8 24-58 0.399
Ebstein anomaly 2 0.9 0.2-34 5 0.9 0.4-22 0.917
Transposition of the great arteries 20 8.6 5.6-13.0 33 6.2 44-86 0.235
Pulmonary stenosis 9 39 20-73 5 0.9 04-22 0.008
Others 16 6.9 43-11.0 27 5.1 35-73 0.324

Cl indicates confidence interval.

13 to 23 weeks of gestation, median 16+3). In 46 fe-
tuses (40.0%) who died or were terminated in the earlier
weeks of pregnancy (from 12 to 14 weeks of gestation,
median 12+5), the diagnosis was impossible to confirm
postmortem because of fragmentation of the fetus. In
the remaining 22 fetuses (19.0%), postmortem informa-
tion was unavailable.

Similarly, of 344 fetuses (Group Il) diagnosed with
CHDs in the second trimester from 2007 to 2013, any
comorbidity was found in 112 fetuses (32.6%, 95% Cl,
27.8-37.7), and isolated cardiac abnormality was de-

tected in 232 fetuses (67.4%). Chromosomal anomalies
were found in 57 cases (16.6%, 95% Cl, 13.0-20.9),
structural noncardiac anomalies were found in 84 cases
(24.4%, 95% Cl, 20.2-29.2), and CHDs with univentricu-
lar circulation in 50 cases (14.5%, 95% Cl, 11.2-18.7)
(Figure 2). Four fetuses (1.2%, 95% Cl, 0.03-2.3) from
Group Il died in utero, pregnancy was terminated in 112
cases (32.5%, 95% Cl, 27.6-37.5), and 228 fetuses
(66.3%, 95% Cl, 61.1-71.8) were born alive (Figure 3).

In all fetuses terminated in second trimester, the di-
agnosis was confirmed by a second examiner before

[%]
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70 - 669% OGIL (20d trimester 2007-2013)
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\§ G {2ud trimester 1996-2001) Figure 2. Associated comorbid-
0 § ity and type of circulation in
40 § first and second trimesters from
“ § 2007 to 2013 and in second
\ trimester from 1996 to 2001.
20 § NS indicates not significant.
10 &
0 N Z
Chromosomal and/or Chromosomal Structural Univentricular
structural non-cardiac abnormalities non-cardiac circulation
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with congenital heart defect di-
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1996 to 2001.

termination of pregnancy. Out of 116 fetuses that were
not born (4 intrauterine deaths + 112 terminations of
pregnancy), the diagnosis was confirmed by postmor-
temin 114 cases (98.3%). Only 2 families declined post-
mortem. In 228 fetuses born alive, the CHD diagnosis
was confirmed postnatally.

Our data indicate that significantly more comorbidities
(P<0.0001), chromosomal abnormalities (P<0.0001),
structural noncardiac abnormalities (P<0.0001), CHD
with univentricular outcome (P<0.0001), intrauter-
ine deaths (P=0.01), and terminations of pregnancy
(P<0.0001) were identified in the group of CHD cases
diagnosed within the first trimester (Group I) compared
with the second trimester (Group Il) from 2007 to 2013
(Figures 2 and 3).

Out of 232 fetuses from Group IIb (subgroup of Group
Il), comorbidity was found in 89 fetuses (38.4%, 95%
Cl, 32.3-44.8), whereas isolated cardiac abnormality
was confirmed in 143 fetuses (61.6%). Chromosomal
anomalies were found in 47 fetuses (20.3%, 95% Cl,
15.6-25.9) and structural noncardiac anomalies in 66
fetuses (28.4%, 95% Cl, 23.0-34.6). CHDs with univen-
tricular circulation were identified in 38 fetuses (16.4%,
95% Cl, 12.2-21.7) (Figure 2). Two fetuses (0.9%, 95%
Cl, 0.0-2.1) from Group lIb died in utero, pregnancy was
terminated in 82 cases (35.3%, 95% Cl, 29.2-41.5),
and 148 fetuses were born (63.8%, 95% Cl, 57.4-69.7)
(Figure 3).

In 532 fetal CHD cases diagnosed in the second tri-
mester from 1996 to 2001 (Group lll), any comorbidity
was detected in 197 cases (37.0%, 95% Cl, 33.0-41.2)
and isolated cardiac abnormality in 335 cases (63.0%).
Chromosomal anomalies were detected in 111 cases
(20.9%, 95% Cl, 17.6-24.5), structural noncardiac
anomalies in 186 cases (35.0%, 95% Cl, 31.0-39.1),
and CHDs with univentricular circulation in 191 cases
(35.9%, 95% Cl, 32.0-40.1) (Figure 2). Intrauterine
death occurred in 17 fetuses (3.2%, 95% Cl, 1.7-4.7),
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pregnancy was terminated in 319 cases (60.0%, 95%
Cl, 55.8-64.1), and 196 fetuses were born (36.8%, 95%
Cl, 32.8-41.0) (Figure 3).

Lastly, we observed a significantly higher frequency
of CHD cases with univentricular outcomes (P<0.0001),
intrauterine deaths (P=0.036), and terminations of preg-
nancy (P<0.0001) in Group lll compared with Group lIb
(Figures 2 and 3).

Significantly more fetuses were detected with triso-
my 21 (P=0.0008), trisomy 18 (P=0.023), trisomy 13
(P<0.0001), and X chromosome monosomy (P<0.0001)
in the first trimester compared with the second trimester
from 2007 to 2013 (Table 3). A higher detection of the
other chromosomal abnormalities (P=0.030) was found
in the second trimester in Group llb from 2007 to 2013
compared with the second trimester from 1996 to 2001
in Group |Il (Table 4).

DISCUSSION

It has been confirmed by epidemiological and post-
mortem studies that the spectrum and frequency of
the individual lesions found prenatally differ from those
found postnatally.!>7 In this study, we confirmed that
the spectrum of congenital heart abnormalities diag-
nosed in the first and second trimesters differed sig-
nificantly as well with more comorbidities, conditions
with univentricular outcomes, intrauterine deaths, and
pregnancy terminations in the first trimester. Further-
more, we confirmed for the first time on a large group
of fetuses in 2 time periods that first-trimester screen-
ing implementation as part of prenatal care changes
the spectrum of congenital heart defects in later preg-
nancy and has a major impact on the postnatal out-
come of children with CHDs.

Second+rimester cardiac screening programs were
implemented and financially supported by governments
in many developed countries back in 1980 to 1990.
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Table 3. Chromosomal Abnormalities Diagnosed in First and Second Trimesters From 2007 to 2013

(Groups I and II)

Trisomy 21 18 142 (81-20.2) 16 47 (2.4-6.9) 0.0008
Trisomy 18 13 102 (5.0-15.5) 15 44 (2.2-6.5) 0.023
Trisomy 13 11 8.7 (38-13.6) 4 12 (0.02-2.3) <0.0001
Monosomy X 13 10.2 (5.0-15.5) 5 15 (0.2-2.7) <0.0001
Deletion 22q11 0 0.0 (0.0-0.0 6 1.7 (0.4-3.1) 0.051
Others 8 6.3 (2.1-105) 11 32 (1.3-5.1) 0.150
Total 63 496 (41.0-58.2) 57 16.6 (13.0-20.9) <0.0001

Cl indicates confidence interval.

Several national and international recommendations and
guidelines'-1* have helped to develop organizational,
structural, and educational programs to offer standard
quality of care to all patients in each country. These
programs have been successfully supported by health
organizers in almost all countries within the European
Union. The implementation of first-trimester ultrasound
screening programs at the beginning of the new millen-
nium fundamentally changed prenatal care by moving
the detection of major abnormalities to the early stages
of gestation.! A recent review of published data in 13
centers indicated that firstirimester detection rates of
major CHDs varied between 2.3% and 54.5% in euploid
fetuses and between 36.8% and 82.1% in euploid and
aneuploid fetuses.!8

We documented that in the early weeks of gestation,
the incidence of cardiac abnormalities was higher and
more often associated with chromosomal abnormalities.
In our study, 49.6% of heart abnormalities detected in
the first trimester were associated with chromosomal
abnormalities. A similar study, also performed in the
first trimester, revealed chromosomal abnormalities in
72.9% of cases.!? Other published studies documented

that the frequency of chromosomal abnormalities in fe-
tuses varied between 16% and 47% depending on the
gestational age.202! The differences in outcomes of 2
screening programs in the 2 different time periods of our
study are influenced by the tremendous progress in the
detection of chromosomal abnormalities as several new
techniques (quantitative fluorescent polymerase chain
reaction, array comparative genomic hybridization, and
noninvasive prenatal testing) have emerged, offering
more detailed and rapid genetic qualitative evaluation.
In our study, associated cumulative (first- and second-
trimester) frequencies of chromosomal aberrations were
49.6% (first trimester) and 16.6% (second trimester)
compared with only 20.9% aneuploidies detected during
second-trimester screening between 1996 and 2001.

Although major structural abnormalities can be identi-
fied at 11 to 13 weeks of gestation, the accuracy of
diagnosis in the first trimester depends on multiple fac-
tors, such as the expertise of the sonographer, time al-
located for fetal examination, quality of the equipment,
and presence of an easily detectable marker for CHD
(increased NT, abnormal flow in the ductus venosus, and
tricuspid regurgitation).3-51822

Table 4. Chromosomal Abnormalities Diagnosed in Second Trimester From 2007 to 2013 (Group Ilb) and in

Second Trimester From 1996 to 2001 (Group I1I)

Trisomy 21 13 56 (2.6-8.6) 47 8.8 (6.4-11.2) 0.116
Trisomy 18 14 6.0 (3.0-9.1) 34 6.4 (4.3-8.5) 0.844
Trisomy 13 2 09 (0.0-2.1) 5 09 0.1-1.8) 0911
Monosomy X 4 1.7 (0.0-3.4) 12 23 (1.0-35) 0.636
Deletion 2211 4 17 (0.0-3.4) 5 09 (0.1-1.8) 0.376
Others 10 43 (1.7-6.9) 8 15 (0.5-2.5) 0.030
Total 47 203 (15.6-25.9) 111 209 (17.6-245) 0.849

Cl indicates confidence interval.
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Better quality ultrasound machines with more ad-
vanced technology were used in the latter period of our
study (2007-2013) compared with the former period
(1996-2001). We believe that the new advanced tech-
nology, such as high-definition imaging and high-defini-
tion power Doppler ultrasound in particular, may contrib-
ute to better detection of CHDs associated with vascular
abnormalities such as vascular rings, aortopulmonary
collaterals, coronary fistulae, and pulmonary vein abnor-
malities. The progress in cardiovascular imaging is docu-
mented by a higher number of detected vascular rings
and anomalies of aortic arches and neck arteries in the
latter period (2007-2013).

Also, the differences in detection of major structural
cardiac abnormalities are related to the quality of train-
ing provided, the skills of individual colleagues, and im-
proved technology over this period. Therefore, it is cru-
cial to improve the technological aspects of ultrasound
scanning as well as provide high-level training in first-
trimester ultrasound screening for fetal sonographers
and obstetricians. Introducing new training standards
significantly helped improve detection rates of vascular
abnormalities and great artery lesions.?® The 3-vessels
and trachea view has been implemented recently in fetal
anomaly scans in the United Kingdom, and similar trends
are seen in other countries as well.

Persico?* suggested that the vast majority of major
CHDs (<84%) can be detected during the first-trimester
fetal ultrasound scan performed by experienced fetal so-
nographers and obstetricians. Moving prenatal cardiac
ultrasound screening to the early stages of pregnancy
would, in some countries, reduce the numbers of chil-
dren born with severe cardiac abnormalities and with
associated comorbidities. However, such firsttrimester
screening will possibly miss some heart conditions (eg,
ventricular septal defects, total anomalous pulmonary
venous connection, aortic and pulmonary stenosis).

Similarly, early termination might be considered in
CHD cases that could have rather good postnatal out-
comes (eg, typically in aortic coarctation, wrongly diag-
nosed as hypoplastic left heart syndrome). In addition, in
the first trimester, it is not always possible to detect car-
diac abnormalities in enough detail to provide the fam-
ily with correct information about the natural progress
of disease, the postnatal patient's management, and
treatment options. Typical abnormalities falling under
the category of likely incomplete diagnosis in the first
trimester are common arterial trunk, pulmonary atresia
with ventricular septal defect, and the majority of com-
plex CHDs. Furthermore, some heart lesions are detect-
able or develop at later stages of pregnancy (eg, heart
tumors [typically rhabdomyoma], aortic coarctation,
and cardiomyopathy), whereas some heart abnormali-
ties can progress throughout the pregnancy. It has been
known that disproportion in the 4-chamber view may be
caused by a variety of cardiac abnormalities (typically

Circulation. 2017;135:1045-1055. DOI: 10.1161/CIRCULATIONAHA.115.020864

aortic coarctation and arch hypoplasia)®® and noncardiac
abnormalities, including abnormal blood flow distribution
(persistent left superior vena cava draining coronary si-
nus),?® as well as the presence of chromosomal abnor-
malities.?” The progression of aortic stenosis toward hy-
poplastic left heart syndrome is well known.?*?? In many
of these cases, family counseling is extremely difficult
because physicians are expected to predict as much as
possible from little diagnostic information. Detection of
heart abnormalities, which can develop into such a vast
variety of conditions, causes uncertainty and significant
stress for families.303!

In 2011, noninvasive prenatal testing of some chromo-
somal aneuploidies and submicroscopic chromosomal
aberrations using cellfree DNA analysis was introduced
into clinical practice.3? In some countries, this approach
could potentially result in the diagnosis of fetuses with
trisomies or other chromosomal abnormalities and sub-
sequently increase the termination rate of pregnancies
with chromosomal abnormalities without ultrasound
screening. However, based on the recommendations
of professional societies, noninvasive prenatal testing
is not a diagnostic test, and confirmatory invasive test-
ing (amniocentesis preferably) is required in case of any
abnormal result.3® However, directto-consumer noninva-
sive prenatal testing examinations (mostly those that are
targeted on chromosomes 13, 18, and 21 only) without
previous discussion with a health professional (gynecolo-
gist, obstetrician, geneticist, etc.) could lead to missed
diagnoses of heart defects that are caused by submicro-
scopic aberrations (ie, DiGeorge syndrome) or germline
mutations or have a nongenetic background.

We are in agreement with Persico’s?* recommenda-
tion for all fetuses with CHD detected in the first trimes-
ter to be referred for specialized fetal echocardiography
to better evaluate the cardiac abnormality, confirm the
correct diagnosis, and provide appropriate family coun-
seling. We believe that the secondtrimester cardiac
screening program should be maintained to confirm nor-
mal cardiovascular structures or reassess fetuses with
cardiac abnormalities detected in the first trimester;
for all these reasons, we would not change the existing
practice. Also, Nicolaides's! inverted pyramid model of
prenatal investigations, which moves prenatal care into
the first trimester, keeps second-trimester screening in
the prenatal care process for all the pregnancies to re-
evaluate fetal anatomy and growth. This approach is also
recommended by the International Society of Ultrasound
in Obstetrics and Gynecology consensus statement that
a pregnant woman with family history of CHD, increased
NT, or abnormal fetal cardiac screening evaluation in the
fetus should be offered a fetal echocardiography scan
at or before 14 weeks of gestation with a follow-up scan
at 20 to 22 weeks.! Firsttrimester counseling should
be carried out with the parents made aware that a more
detailed diagnosis and more accurate prediction of fetal

March 14,2017 1053

JT0ILHY

=}
=
=
=
=
=
=
m
g
=
=]
=

49



020z ‘81 1dy uo Aq 31o'spewnofiy ey/:dny woiy papeojusoc

Jicinska et al

outcome should be achievable in the later stages of the
pregnancy. Nevertheless, we still perceive firsttrimester
screening to be perilous because it could lead to more
frequent terminations of pregnancies in euploid fetuses
with CHDs that otherwise might have had favorable out-
comes.

In addition, pre- and postnatal diagnostic protocols
and follow-up data collection (including postmortem
data) are necessary to assess the impact of prenatal
diagnoses on postnatal outcomes and learn from the
natural and unnatural histories of CHDs.

CONCLUSIONS

Our results from the Southern Moravian region con-
firmed the significant impact of first-trimester screen-
ing on the spectrum of CHDs later in pregnancy and on
the outcomes of pregnancies with a CHD, in that more
severe forms of cardiac abnormalities and higher co-
morbidities resulted in an increase in early termination
of firsttrimester pregnancies. In the second trimester,
less severe forms of cardiac abnormalities were diag-
nosed. These fetuses had better postnatal outcomes
because of more frequent biventricular circulation and
fewer associated comorbidities. However, firsttrimes-
ter screening was unable to detect some serious heart
conditions with duct-dependent circulation, which have
good long-term postnatal outcomes if treated appro-
priately. In addition, the early diagnostic ultrasound
appearance does not allow the accurate prediction of
later clinical outcomes. We believe that the second-tri-
mester screening program has its place in an integral,
multimodality screening program scheme in pregnancy.
National healthcare providers should continue support-
ing these programs, including educational programs for
specialized sonographers and doctors. The concept of
the implementation of fetal medicine centers with spe-
cialized sonographers or doctors collaborating with
firstline healthcare providers and tertiary experts in fe-
tal/pediatric cardiology appears to be optimal for the
Czech Republic as well as other countries.

LIMITATIONS

We are aware of a rather small screening population sam-
ple in our study. However, the prenatal cardiac screening
program has been well organized, with 98% of pregnant
women in the entire Czech Republic participating in pre-
natal screening. Not all children born alive in our geo-
graphical area had complete cross-section imaging con-
firming normal cardiac structures, and not all terminated
fetuses, or those who died before reaching term, had
a postmortem examination to confirm prenatal diagno-
sis. However, all children who died postnatally did have
a postmortem examination (mandatory in children <18

1054 March 14,2017

years of age), and all those who presented with a heart
murmur or any clinical symptoms suggestive of a heart
condition did have comprehensive cardiology review, in-
cluding detailed echocardiography.
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3. Left heart lesions

The aim of prenatal detection of CHDs is to detect severe CHDs, mainly critical CHDs, which
present with signs of heart failure or with cyanosis soon after birth. CHD cases need to be
treated by conservative treatment or by invasive procedures (cardiac catheterization or heart
surgery) soon after birth.

Most left heart lesions (severe aortic stenosis, aortic atresia, mitral stenosis, mitral atresia,
hypoplastic left heart syndrome) belong to the most severe CHDs. It is known that in some
cases severe aortic stenosis detected during prenatal life can develop into hypoplastic left heart
syndrome by the time of birth. In such cases it is impossible to use the left ventricle for
circulation after birth and such cases result in CHD with univentricular circulation and with an
uncertain prognosis. Prenatally in some cases, it is possible to perform fetal aortic balloon
valvuloplasty and to protect the left ventricle from remodeling and progression to hypoplastic
left heart syndrome. But it is very difficult to recognize which fetus, with aortic valve stenosis,
will develop hypoplastic left heart syndrome and which fetus will profit from this invasive
procedure. There are morphological and physiological parameters which should help to provide
answers to these questions. Subsequent studies tested these parameters retrospectively and they
looked into the natural history of fetuses with aortic valve stenosis and their outcomes, i.e., if
the development of the left ventricle lead to univentricular or biventricular circulation. In
addition, the studies looked into the outcomes of fetuses with and without fetal aortic balloon
valvuloplasty.

Coarctation of the aorta definitely develops after arterial duct closure after birth. Because of
this reason it is very difficult to predict the development of coarctation of the aorta before birth
when the arterial duct is still open. Later publications tested and presented some parameters
which can help to make the diagnosis of COA. If there is suspicion of COA or diagnosis of
COA prenatally, we do follow up in such fetuses postnatally and we indicate surgery at the right
time. There is mainly a very good prognosis for this CHD.
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Main points of the publication:

In some fetuses fetal aortic valve stenosis progresses to hypoplastic left heart syndrome
(HLHS), which results in postnatal univentricular (UV) circulation. Fetal aortic valvuloplasty
aims to prevent the remodeling of the left ventricle and a univentricular circulation outcome.
The aim of the study was to describe the natural history of fetal aortic stenosis and to test
previously published criteria designed to identify emerging HLHS cases with the potential for
a biventricular (BV) outcome after fetal valvuloplasty (FV).

The main finding of this study: of 147 fetuses with Aortic Stenosis who did not undergo FV,
80 of them (54%) underwent a postnatal procedure, with 44 fetuses (55%) resulting in a BV
outcome.

Our data show that a substantial proportion of fetuses meeting the criteria for emerging HLHS,
with or without favorable selection criteria for FV, had a sustained BV circulation without fetal
intervention. This indicates that further work is needed to refine the selection criteria to offer

appropriate therapy to fetuses with aortic stenosis.

The candidate contributed to the manuscript and with cases to this international study.
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ABSTRACT

Objectives Fetal aortic valvuloplasty (FV) aims to
prevent fetal aortic valve stenosis progressing into
hypoplastic left heart syndrome (HLHS), which results
in postnatal univentricular (UV) circulation. Despite
increasing numbers of FVs performed worldwide, the
natural history of the disease in fetal life remains poorly
defined. The primary aim of this study was to describe the
natural history of fetal aortic stenosis, and a secondary
aim was to test previously published criteria designed to
identify cases of emerging HLHS with the potential for a
biventricular (BV) outcome after FV.

Methods From a European multicenter retrospective
study of 214 fetuses with aortic stenosis (2005-2012),
107 fetuses in ongoing pregnancies that did not undergo
FV were included in this study and their natural history
was reported. We examined longitudinal changes in
Z-scores of aortic and mitral valve and left ventricular
dimensions and documented direction of flow across
the foramen ovale and aortic arch, and mitral valve
inflow pattern and any gestational changes. Data were
used to identify fetuses satisfying the Boston criteria for
emerging HLHS and estimate the proportion of these
that would have been ideal FV candidates. We applied
the threshold score whereby a score of 1 was assigned
to fetuses for each Z-score meeting the following criteria:
left ventricular length and width > 0; mitral valve diameter
> —2; aortic valve diameter > —3.5; and pressure gradient

across either the mitral or aortic valve > 20mmHg. We
compared the predicted circulation with known survival
and final postnatal circulation (BV, UV or conversion
from BV to UV).

Results Among the 107 ongoing pregnancies there were
eight spontaneous fetal deaths and 99 livebirths. Five
were lost to follow-up, five had comfort care and four
had mild aortic stenosis not requiring intervention. There
was intention-to-treat in these 85 newborns but five died
prior to surgery, before circulation could be determined,
and thus 80 underwent postnatal procedures with 44 BV,
29 UV and seven BV-to-UV circulatory outcomes. Of
newborns with intention-to-treat, 69/85 (81%) survived
> 30days. Survival at median 6 years was superior in
cases with BV circulation (P = 0.041). Those with a
postnatal UV circulation showed a trend towards smaller
aortic valve diameters at first scan than did the BV
cohort (P =0.076), but aortic valve growth velocities were
similar in both cohorts to term. In contrast, the mitral
valve diameter was significantly smaller at first scan in
those with postnatal UV outcomes (P=0.004) and its
growth velocity (P = 0.008), in common with the left
ventricular inlet length (P = 0.004) and width (P = 0.002),
were reduced significantly by term in fetuses with UV
compared with BV outcome. Fetal data, recorded before
30 completed gestational weeks, from 70 treated neonates
were evaluated to identify emerging HLHS. Forty-four
had moderate or severe left ventricular depression and 38
of these had retrograde flow in the aortic arch and two
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had left-to-right flow at atrial level and reversed a-waves
in the pulmonary veins. Thus 40 neonates met the criteria
for emerging HLHS and BV circulation was documented
in 13 (33%). Of these 40 cases, 12 (30%) had a threshold
score of 4 or S, of which five (42%) had BV circulation
without fetal intervention.

Conclusions The natural bistory in our cobort of fetuses
with aortic stenosis and known outcomes shows that
a substantial proportion of fetuses meeting the criteria
for emerging HLHS, with or without favorable selection
criteria for FV, bhad a sustained BV circulation without
fetal intervention. This indicates that further work is
needed to refine the selection criteria to offer appropriate
therapy to fetuses with aortic stenosis. Copyright © 2016
ISUOG. Published by John Wiley & Sons Ltd.

INTRODUCTION

Prenatal diagnosis of aortic stenosis is relatively rare,
occurring in less than 10% of newborns requiring
neonatal intervention!. Fetal aortic valvuloplasty (FV)
is offered in the setting of significant aortic stenosis,
with the intent to alter fetal left heart hemodynamics
that might result in univentricular (UV) circulation after
birth. However, the procedure is not without risk and
experienced centers report a 10% procedure-related
loss?>?, with higher losses reported by multicenter
registries with more varied experience?.

Gardiner et al.

There are important challenges in conducting a
randomized trial to assess risks and benefits of FV
in this rare condition and natural history reports are
limited by their sample size, quality of prenatal data and
postnatal follow-up®*~7. Knowledge of the natural history
of fetal aortic stenosis is important for health professionals
providing fetal counseling.

The primary aim of this study was to report the
spectrum of fetal left heart morphology and physiology,
pregnancy outcome, survival and final circulatory
pathways in a natural history cohort of aortic stenosis,
established by the Fetal Working Group of the Association
for European Paediatric Cardiology. A secondary aim was
to test previously published selection criteria for emerging
hypoplastic left heart syndrome (HLHS) and identify
ideal candidates for FV in this population of fetuses by
comparing predicted with observed outcomes®6.

METHODS

The multicenter multinational study of fetal aortic
stenosis was established by the Fetal Working Group
of the Association for European Paediatric Cardiology
and involved 23 centers in 12 European countries from
January 2005 to May 2012. In total, 214 fetuses with
a spectrum of aortic valve diseases were enrolled, 67
of which underwent FV and are not reported here
(Figure 1). We present the natural history of 107 of these
fetuses with aortic stenosis that did not undergo FV, with
information obtained retrospectively.

[
I No fetal valvuloplasty (n= 147) I

]
| Fetal valvuloplasty (n = 67) |

I Ongoing pregnancies (7 = 107) I

Termination (n = 40)

| Spontaneous fetal demise (n = 8)|

Postnatal procedure or
intention-to-treat (n = 85)

aortic stenosis (n = 4)

[
Mild Comfort

care (n=35)

Lost to
follow-up (n=5)

[
| Postnatal procedure (n = 80) |

| Perinatal demise without procedure (n= 5) |

|BV-UV(n=7)|
[

[UVin=29) |
[

AoV (n=23)

AoV + arch repair (n = 3) AoV + Hybrid (n = 3)

AoV + Norwood (n= 4)

Norwood pathway
(n=29)

AoV + complex*® (n = 6)
AoV + Ross (n=7)
AoV + Ross—Konno (1= §)

Figurc 1 Outcomes of the natural history cohort of fetuscs with aortic stenosis. *Complex includes a varicty of mitral valve procedures,
including its replacement. AoV, balloon valvuloplasty or surgical valvotomy of the aortic valve; BV, biventricular circulation; BV-UV,
biventricular-to-univentricular conversion; UV, univentricular circulation.
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Fetusces with postnatal trcatment
or intention-to-treat

(n=85)
| % |
With data < 30 With data NND
completed weeks > 31 weeks before surgery
(n=70) (n=10) (n=135)
LV depression LV depression
moderate or severe mild or none
(n=44) (n=26)
[ |
Satisfied 2006 criteria (n = 40) Failed 2006
With retrograde aortic arch flow (n = 38) criteria (n=4)

With left-to-right foramen flow and reversed
a-waves in pulmonary veins (7 =2)

l

Alive (n =9, median 7 (4.2-8.9) years)
Demisc (n=4: 3 NND, 1 at 1.25 ycars)

| All alive, median 7 (3.9-8.8) years

Alive (n = 14, median 6.3 (2.6-9.1) ycars)
Demisc (2= 9: 5§ NND, 4 at median 1 (0.7-1.7) year)

Figure 2 Sclection process to determine proportion of fetuses with aortic stenosis that satisfied the Boston 2006 criteria for emerging
hypoplastic left heart syndrome and their postnatal circulatory outcome. BV, biventricular circulation; BV-UV, biventricular-to-
univentricular conversion; LV, left ventricular; NND, nconatal death; UV, univentricular circulation.

Cases suitable for inclusion in the study had usual
atrial arrangements, concordant atrioventricular and
ventriculoarterial connections with stenosed, but still
patent, aortic valves. Associated findings of mitral valve
hypoplasia, left ventricular fibroelastosis, coarctation and
persistent left superior vena cava were accepted. The
morphological and physiological data were collected
prospectively and measured by the fetal cardiologists of
the participating centers, and recorded on a standardized
data collection form.

In order to facilitate data acquisition, the core
investigators (A.K. and A.O.) offered to visit sites. In
practice, most contributors sent completed data sheets
to the core investigators, and 35% were visited by
one coauthor (A.K.) who retrieved and documented
the recorded measurements and added any missing
measurements from available clips.

We documented right- and left-sided atrioventricular
valve lateral diameters and ventricular sizes, Doppler
velocities and waveform patterns through pulmonary
veins, the ductus venosus, foramen ovale and both
semilunar valves, and information about the aortic and
ductal arches. The demographic data of the pregnancies
and fetuses, and follow-up data were collated by A.K.
and A.O., who also calculated Z-scores of the cardiac
measurements based on gestational age®.

The analysis of circulatory outcome was confined to
cases that underwent (or intended) a postnatal surgical or
catheter procedure during the neonatal period. None had
multiple congenital abnormalities or abnormal karyotype

Copyright @ 2016 ISUOG. Published by John Wiley & Sons Ltd.

and no maternal conditions or multiple pregnancies
resulted in exclusion from the analysis. In ongoing
pregnancies, Z-scores of aortic and mitral valves and
left ventricular inlet length and width, and any change in
physiological parameters recorded during the pregnancy
at first and last echo were compared. We recorded
mitral valve flow profile (biphasic, monophasic or absent),
direction of flow in the aortic arch (forward or reversed
including bidirectional) and across the atrial septum
(right to left, left to right, restrictive or none) and the
peak pressure gradient generated across the aortic and
mitral valves. These variables were analyzed in relation
to survival and circulatory outcome in the 80 liveborn
neonates in which postnatal therapy was performed.

The postnatal surgical pathway was considered biven-
tricular (BV) if the first procedure was balloon aortic
valvuloplasty or surgical valvotomy, or if a Ross or
Ross—Konno procedure was performed. The fetus fol-
lowed a primary UV circulatory pathway when a primary
Norwood or Hybrid procedure was performed and a
BV-to-UV conversion if a BV procedure was followed by
a Norwood or Hybrid procedure at any age. No chil-
dren received a transplant and no UV circulation was
later converted to BV using left ventricular rehabilitation
strategies.

Previously published experience of the natural history
of aortic stenosis from Boston in 2006° describes fetuses
with aortic stenosis that are likely to develop HLHS during
pregnancy. In order to derive the proportion of our natural
history cohort expected to progress to HLHS using the

Ultrasound Obstet Gynecol 2016; 48: 373-381.
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Boston 2006 criteria, we took physiological data from the
first fetal echocardiogram before 31 completed gestational
weeks and combined this with the left ventricular inlet
length (major axis) Z-scores (Figure 2).

We then included peak pressure gradients derived from
mitral regurgitation jets and Doppler flow velocities
across the aortic valve and applied the Boston 2009
threshold score to those selected previously as likely
to develop HLHS according to Boston 2006 criteria.
A threshold score of 4 or 5 defined the morphological
dimensions and physiology necessary to permit a BV
circulatory outcome following technically successful FV,
thus defining the ‘ideal FV candidate’. A score of
1 was awarded to fetuses for each Z-score meeting
the following criteria: left ventricular inlet length and
width > 0; mitral valve diameter > —2; aortic valve
diameter > —3.5; and pressure gradient across either the
mitral or aortic valve>20 mmHg?. This enabled us
to determine the proportion of fetuses with emerging
HLHS that also fulfilled the criteria for an ideal FV
candidate, yet circulation remained BV without fetal
therapy.

The Ethics Committee at Imperial College London
considered the study audit of practice and no specific
ethical approval was required. Data from the postnatal
pre-intervention echocardiogram in 71 cases of this
natural history cohort have been used and reported
previously in a blinded study of postnatal surgical
decision-making’.

Statistical analysis

Summary statistics of the natural history fetal cohort are
presented. Logistic regression was used to assess change
in Z-score during pregnancy and its effect on postnatal
circulation. The categorical physiological data were
dichotomized to code for whether individual parameters
changed during pregnancy, and Fisher’s exact test was
used to compare the effect on postnatal circulation.
The Mann—Whitney U-test was used to analyze the
continuous variables of gestation and left ventricular
morphology by circulatory outcome. Odds ratios (OR)
of overall survival (for any circulation) in those meeting
the fetal criteria for emerging HLHS compared with those
that did not were calculated. The effects of first and final
circulation on survival were assessed using Kaplan—Meier
survival curves. Statistical significance was determined at
P <0.05. Statistical analysis was performed with Stata
version 13 (StataCorp, College Station, TX, USA).

RESULTS
Overview

Figure 1 summarizes the outcomes of the 147 fetuses
that did not undergo FV from the whole cohort of
214 fetuses enrolled in the multicenter study. The
mean £ SD gestational age at first fetal echocardiogram
of these 147 fetuses with adequate data submitted to the

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.
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study was 23.5 £ 5 weeks. Termination of pregnancy was
performed in 40 (27.2%) pregnancies. Pregnancies ending
in termination in the whole cohort of 214 fetuses were
not affected more severely than ongoing pregnancies, but
were examined at an earlier gestational age (Table S1).

Circulation and survival outcomes in ongoing
pregnancies

In the 107 ongoing natural history pregnancies, there
were eight spontaneous fetal deaths (7.5%), resulting in 99
liveborn neonates. No postnatal aortic valve interventions
were performed in 14 of the 99 liveborns. Four never
required intervention on the aortic valve during the study
period and were excluded: three with mild aortic valve
stenosis after birth and one with a primary lesion of
coarctation with moderate aortic stenosis (30 mmHg peak
gradient). A further five were lost to follow-up and five
received comfort care.

Therefore, there was intention-to-treat in 85 newborns
with severe aortic stenosis. None had abnormal chromo-
somes and one was from a twin pregnancy. However, five
died before surgery, including two that were born preterm
(at 25 and 30 weeks, with the latter after attempts to open
a closed atrial septum), and the circulation could not be
determined. Ultimately, 80 neonates underwent postna-
tal procedures with 44 BV, 29 UV and seven BV-to-UV
circulatory outcomes (Figure 1). Thirty-day survival was
81% (69/85) and survival at median 6 years was superior
in cases with BV circulation (P =0.041).

Hydrops

Twelve fetuses were hydropic; their age at presentation
and pathophysiology are reported in Table S2. Three
suffered spontaneous fetal demise and one pregnancy
with intact atrial septum was terminated. Of the eight
liveborns, six died: one following attempted balloon aortic
valvuloplasty, one after Rashkind and Norwood, two had
comfort care and two died before any procedure could be
performed. Only two cases survived (one was delivered at
33 weeks); both developed restrictive atrial septum, had
antegrade fetal arch flow and only required balloon aortic
valvuloplasty after birth. At the time of writing, aged 9.1
and 6.6 years, they were alive with BV circulation.

Changes in morphology and physiology during
pregnancy in relation to outcome

Table 1 compares fetal left heart Z-scores of 51 liveborns
with data available before 30 gestational weeks and
who survived for more than 3 months, according to
their postnatal circulation. Children with BV circulation
had better initial fetal Z-scores than did those with UV
circulation, but the only significant variable was mitral
valve diameter (P =0.004).

In addition, Tables S3 and S4 show the Z-scores of vari-
ables at the first scan with sufficient data for all 80 children
receiving treatment, grouped according to circulatory

Ultrasound Obstet Gynecol 2016; 48: 373-381.
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Table 1 Gestational age and Z-scores of left-sided cardiac
morphology in 51 liveborn fetuses with data < 30 gestational weeks
that survived for more than 3 months, according to whether they

had biventricular (BV) or univentricular (UV) postnatal circulatory

outcome
Variable BV (n=27) UV (n=24) P
Gestational age 24.0 23.0 0.383
(weeks) (18.6 to 30.0) (18.0 to 30.0)
Left heart Z-scores
Aortic valve -0.76 -1.20 0.076
diameter (—=5.14t0 2.28) (—6.70t00.29)
Mitral valve —1.06 -3.90 0.004
diameter (=7.77t0 0.87) (—8.70t01.39)
LV inlet length —-0.59 —1.86 0.167
(—4.70t0 2.41) (—4.47 t0 4.60)
LV width -0.26 0.64 0.299
(—2.66t0 4.81) (—4.941t03.76)

Data are given as median (range). LV, left ventricular.

outcome (Table S3) and according to the time of demise
in those dying before 3 months old (Table S4). Logistic
regression analysis of the 85 liveborns, treated or with
intention-to-treat, demonstrated a four-fold increased
risk of dying in cases classified as having evolving HLHS®
(OR, 3.98 (95% CI, 1.56-10.14); P=0.0028).

Figure 3 shows the gestational changes in left-sided
cardiac morphology for 69 fetuses with at least two
examinations, the regression analysis of which is displayed
in Table 2. The mean+SD gestational age at first
scan was 24.3+4.2weeks and at the last scan was
32.9 + 3.0 weeks. The median Z-scores at first echo were
as follows: mitral valve diameter —2.2 (range, —8.7 to

377

Table 2 Regression analysis demonstrating gestational changes in
Z-scores of left-sided cardiac morphology in nconates assigned to a
postnatal univentricular circulatory pathway, compared with those
with biventricular circulatory outcome as the reference group

Variable n Coefficient (95% CI) SE P

Aortic valve 48 —0.80(—2.11t0 0.52) 0.65 0.229
diameter

Mitral valve 45 —-2.25(-3.87to —0.63) 0.80 0.008
diameter

LV inlet length 54 -1.79(-2.99to —0.59) 0.60 0.004

LV width 57 —1.77(-2.84to —0.69) 0.54 0.002

LV, left ventricular; SE, standard error.

4.0); aortic valve width —1.6 (range, —6.7 to 2.3); left
ventricular inlet length —1.2 (range, —5.7 to 3.8); and left
ventricular width 0.0 (range, —5.0 to 6.5). Those with
postnatal UV circulation showed a significant decrease
in growth velocity of the mitral valve (P=0.008), left
ventricular inlet length (P =0.004) and width (P =0.002),
compared with those with postnatal BV circulation.
However there was no difference in the growth velocity
of Z-scores for aortic valve diameter (P =0.229) between
fetuses with different circulatory outcomes (Table 2).
Thirteen fetuses had an alteration in physiology
during the second and third trimesters; two showed
new left-to-right flow across the foramen ovale, one of
which also had new reversal of aortic arch flow, while
one fetus showed normalization of foramen flow. Six
fetuses showed deterioration of mitral valve flow, three
developing atresia and three developing short, monopha-
sic mitral valve inflow, one of which also showed new

Aortic valve Mitral valve LV length LV width
60 BV uv BV uv BV uv 60
4.0 4.0
2.0 2.0
0.0 0.0
o 20 -2.0
<)
e
N 40 4.0
6.0 —6.0
-8.0 -8.0
-10.0 -10.0
-12.0 -12.0
First Last First Last| First Last First Las\ First Last First Last | First Last First Last

Figure 3 Comparison of Z-scores of aortic and mitral valve diameters and left ventricular (LV) inlet length and width at first-to-last
echocardiogram in 69 fetuses with biventricular (BV) or univentricular (UV) postnatal circulation.
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Table 3 Boston 2009 threshold scores in 40 fetuses with aortic
stenosis that met the Boston 2006 criteria for emerging hypoplastic
left heart syndrome, according to their postnatal outcome of
biventricular (BV) or univentricular (UV) circulation

Threshold score  All cases (n=40) BV (n=13) UV (n=27)
0 4 2 2

1 6 1 5%

2 10 2 8

3 8 3 5*

4 7 1 6t

5 5 4 1

Data are given as n. *Includes one case of BV-to-UV conversion.
tIncludes two cases of BV-to-UV conversion.

reversed flow in the transverse aortic arch. A further
three fetuses showed new retrograde arch flow and one
normalized during pregnancy. Although not statistically
significant, 5/6 fetuses whose mitral valve became
atretic or monophasic in pregnancy had UV circulation
after birth (P=0.069), while the development of new
retrograde arch flow alone was equally likely to result in a

BV (n=3) as UV (n=3) postnatal circulation (P=1.00).

Published selection criteria

Figure 2 shows that 13/40 (33%) fetuses that satisfied the
criteria for emerging HLHS® had a BV circulation after
birth, nine of which were alive at a median of 6.9 (range,
4.2-8.9) years.

Table 3 shows the proportion of these 40 fetuses with
emerging HLHS that would have also been considered
ideal candidates for FV using the threshold score’.
Twelve (30%) of the 40 fetuses had a threshold score of
4 or 5, thus satisfying the criteria for an FV. Five (42%)
of these 12 had postnatal BV circulation without fetal
intervention.

Postnatal management and survival analysis

Postnatal management was decided by the local teams
and 51 neonates were assigned to a BV pathway initially,

(a) 1.00
= 075 - - N
=
=
2
g osof
E
E
3 025
52 36 35 28 21 10
0.0 33 19 18 13 10 2
S| 1 1 1 1 1
0 2 3 6 8 10

Follow-up time from birth (ycars)
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seven of which required subsequent conversion to a UV
pathway, and 29 followed an initial UV pathway. There
were 11 early hospital deaths (13.8% 30-day mortality)
after surgery or interventional catheter; seven following
Norwood Stage 1 (one after Rashkind); two after aortic
valvuloplasty (one was a 31-week premature baby and
one had a giant right atrium with bronchial compression
after lobectomy). Another died from septicemia at 13 days
old after aortic valvuloplasty followed by stenting of the
isthmus and duct, and one died at 30 days old following
the Ross procedure for severe aortic regurgitation and
LV dysfunction. Three of these had an intact atrial
septum at delivery. Of all 85 neonates considered for
treatment after birth (Figure 1), 16 died in the first
30days (18.8% mortality). The median follow-up of
the remaining 69 was 6 years (range, 46 days to
9.6 years). Survival from birth for those undergoing
an initial BV route (balloon aortic valvuloplasty or
surgery) was compared with those originally designated
to UV using Kaplan—Meier analysis (Figure 4). In this
analysis, the seven BV-to-UV conversions were treated
as an event, removing them from the BV cohort at
the time of conversion (Figure 4a). Hazard analysis
showed no significant difference in survival between the
groups (73.7% vs 54.5%, P=10.058). If these seven cases
that changed circulatory designation are not included
in the Kaplan—Meier analysis, those with a sustained
BV circulation show a small but significant survival
advantage over those with UV circulation (76.1% wvs
54.5%, P=0.041, Figure 4b). The deaths were clustered
in the first 2 years, with no further demises to almost
10 years.

Table S5 lists the number and type of interventions
undergone by the 80 children who had postnatal
treatment. There were a total of 200 catheter and
surgical procedures: the 29 neonates that followed an
initial UV pathway from birth had 67 procedures, with
nine dying after Norwood Stage 1 and three after the
Glenn procedure (59% survival). The 44 cases with a
sustained BV circulation had a total of 92 procedures

(b) 1.00
& 075 -——
=
z
£
& 050
E
£
2 0asf
46 36 35 28 21 10
0.0 _|33 19 1I8 1I3 IIO '.: )
0 2 3 6 8 10

Follow-up time from birth (ycars)

Figure 4 Kaplan—Mcier survival curves for 85 liveborns with aortic stenosis and intention-to-treat, assigned to an initial biventricular (BV)
circulatory pathway (dashed linc) or a univentricular (UV) circulatory pathway (solid line). (a) Fetuses with BV-to-UV conversion are treated
as an cvent and are removed from the BV cohort; P=0.058. (b) Fetuses with BV-to-UV conversion are excluded from analysis altogether;

P=0.041.
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and eight deaths occurred (82% survival). Seven children
that required conversion from BV to UV pathway had
a total of 41 procedures between them and two died
(71% survival). They were converted at median age of
27 (8-286) days to a UV circulatory pathway and three
had hybrid procedures that accounted for the majority
of the interventions. Two infants died (at 2 months and
at 1.7 years) following the hybrid pathway, one after 12
procedures, and the remaining five were alive at almost 10
years, with one child having had 10 procedures. The first
procedure among the 51 neonates that followed an initial
BV pathway was balloon aortic valvuloplasty in 48 and
surgical valvotomy in three. Repeat balloon valvuloplasty
was required in two cases, and was associated with aortic
arch repair in two and arch stenting in one. Nine had a
surgical valvotomy, three as their initial procedure. Seven
had mitral valve surgery (included under ‘complex” and
Ross in Figure 1), one had two surgeries for mitral valve
perforation, three had additional Ross—Konno proce-
dures and one a Ross. Another neonate had six procedures
including arch stenting and dilation and another with
Shone complex had four surgeries requiring coarctation
repair and resection of subaortic membranes as well as
supramitral valve surgery. Seven cases overall had Ross
procedures, one with subaortic shelf resection and another
had homograft replacement, and five underwent the
Ross—Konno procedure. Two neonates were reported to
have pulmonary hypertension: one with a giant left atrium
compressing the bronchi died in the neonatal period
after lobectomy and the other was alive at 7.5 years, not
requiring medical or long-term oxygen therapy. Function
is reported to be good in the surviving cohort with most
in New York Heart Association (NYHA) Functional
Classification 1.

DISCUSSION

Our study presents the natural history outcomes of
107 fetuses with aortic stenosis documented in the
period 2005-2012. This is a large natural history series,
particularly as fewer than 10% of neonates with critical
aortic stenosis are reported to have had a prenatal
diagnosis'. The strength of this cohort is that it documents
outcomes of fetuses with serial fetal morphology and
physiology, followed-up to over 9 years (median, 6 years),
and thus provides health professionals and parents with
information on both the spectrum of the disease and the
prognosis in relation to circulatory outcomes.

When we applied the threshold score? to the 40 fetuses
characterized as having emerging HLHS, 12 scored >4
and could be considered as ideal FV candidates, yet a
BV outcome was achieved in five of them (42%) without
fetal therapy. Moreover 29% (8/28) of the remaining
fetuses that would not have been chosen for fetal therapy
because of a low threshold score also had a BV outcome.
We cannot know if FV would have improved outcome
further in this cohort, but the proportion of BV outcomes
in those considered to have emerging HLHSS is at least
equal to that achieved following FV2~4. We believe our

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.
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data imply that the threshold score? may not be specific or
sensitive enough in its selection of cases for valvuloplasty
when applied to different populations.

Previous natural history studies conclude that retro-
grade aortic arch flow is an important predictor of
evolving HLHS®”. However, we observed it in one-third
of our cohort satisfying the Boston 2006 criteria for
emerging HLHS that had a postnatal BV circulation.
Retrograde aortic arch flow is described in aortic coarc-
tation with BV outcome!® and in normal fetal hearts
near term!!. Therefore we interpreted this physiological
parameter cautiously.

Those with a postnatal UV circulation showed a trend
towards smaller aortic valve diameters at first scan than
did the BV cohort, but aortic valve growth velocities were
similar in both cohorts to term. In contrast, the mitral
valve diameter was significantly smaller at first scan in
those with postnatal UV outcomes and its growth velocity,
in common with the left ventricular inlet length and width,
were reduced significantly by term in fetuses with UV
compared with BV outcome. Our findings are in line with
the observations of left heart growth following successful
FV, where no real improvement in ventricular growth
during pregnancy could be observed, despite successful
intervention™>. We also observed that development of
mitral valve atresia or monophasic flow during pregnancy
was associated with UV circulation. This is in agreement
with the selection criteria for FV in Linz in which longer
mitral valve inflow duration (corrected for cardiac cycle)
was predictive of postnatal BV circulation?.

Neonatal mortality in aortic stenosis remains high
compared with other cardiac lesions in Europe!2. Our
natural history cohort was not super-selected as no
differences in severity were demonstrated between the
ongoing pregnancies and those terminated. Further
demises occurred: spontaneous fetal demise of 7.5%,
pre-surgical neonatal demise of 6% and a 10% neonatal
post-procedural demise. Thus the 30-day survival of
a newborn intending postnatal treatment was 69/85
(81%). This is higher than the rate of survival to
hospital discharge of 57.5% following FV from the IFCIR
multicenter registry*. The proportion of early survivors is
influenced by disease severity, and between one-half and
two-thirds of our neonates receiving postnatal therapy
fulfilled the characteristics of evolving HLHS. This
increased their risk of dying during the study period
four-fold compared with those with better anatomy and
physiology at the first fetal scan.

Our natural history data show important similarities
with the outcomes of the first 100 FV performed in
Boston over a similar time period!3. Both show similar
survival of the BV and HLHS cohorts. Differences in
survival become apparent only when cardiac deaths
and conversions from UV to BV were included in
the Boston analysis, whereas we demonstrated better
BV survival when those requiring conversion from BV
to UV circulations were not included in the analysis.
However the final outcome depends not only on prenatal
appearances but also on postnatal decision-making and
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team ethos, including the skill to maintain a BV
circulation™3=17, The choice of postnatal circulatory
pathway depends on neonatal appearances, functional
parameters and local preferences’ and our children with
aortic stenosis required a median of three episodes of
often complex surgery, in line with others, and some
had multiple catheter interventions>'3~17. In our cohort,
worse outcomes were identified in children undergoing
multiple interventional catheter procedures (Table S5).
Hybrid procedures reported in the European Congenital
Heart Surgeons Association (ECHSA) database have a
38% 30-day mortality with survival to hospital discharge
of only 42%"2. This postnatal therapeutic choice may
be one reason for poor survival in some registry
reports®.

One major strength of this study is the multicenter
design, which allowed us to collect a relatively large
number of cases. However the multicenter retrospective
nature comes with several important limitations when
compared with the ideal prospective large single-center
study. There was a lower degree of uniformity of data
collection and although guidance was provided on how
to perform all morphological measurements, we were
not able to standardize and assess reproducibility of
measurements as Is possible in a core-lab. Moreover,
postnatal management decision-making and surgical
performance could not be considered uniform between
centers. Other limitations of this study are common to
other retrospective studies with incomplete data and
inability to answer some questions. For example we
do not know the decision-making behind referral for
prenatal valvuloplasty or for termination of pregnancy,
which lie beyond the scope of this study. The cohort
has a small number that were followed-up to 10 years,
which reduces the power to make firm conclusions but the
event rate after 18 months was low. We might anticipate
more events occurring In later adolescence in both
cohorts.

In conclusion, our large natural history cohort of
children diagnosed with aortic stenosis prenatally and
known outcomes shows that a substantial proportion
of fetuses that met the criteria for emerging HLHS
and were ideal candidates for FV had a sustained BV
circulation without fetal intervention. This indicates that
further work is needed to refine selection criteria to offer
appropriate therapy to fetuses with aortic stenosis.
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SUPPORTING INFORMATION ON THE INTERNET

The following supporting information may be found in the online version of this article:

Ll Table S1 Continuous fetal variables measured at first scan for entire study population (including fetal demises)
separated into termination of pregnancy (TOP) and ongoing pregnancies, whether or not there was

Table S2 Details of age at first examination, pathophysiology and left ventricular and aortic valve size and
Table S3 Comparison of Z-scores of variables at first scan by outcome for all 80 liveborn fetuses with known
Table S4 Comparison of Z-scores of variables at first scan by outcome for all 80 liveborn fetuses with known

outcome that died early. This combines all circulatory pathways

Table S5 Type of procedures, frequency and survival for each circulatory pathway in the 80 neonates
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Main points of the publication:

Fetal aortic stenosis may progress to hypoplastic left heart syndrome. Fetal valvuloplasty (FV)
has been proposed to improve left heart hemodynamics and maintain biventricular (BV)
circulation. The aim of this study was to assess FV efficacy by comparing survival and postnatal
circulation between fetuses that underwent FV and those that did not.

Similar proportions of fetuses had BV circulation (36% for the FV cohort and 38% for the NH
cohort). Successful FV cases showed improved hemodynamic response and less deterioration
of left heart growth compared with natural history (NH) cases (P <0.01).

FV survivors showed improved survival. However, FV is associated with a 10% procedure-

related loss and therefore the risk-to-benefit ratio remains uncertain.
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ABSTRACT

Objective Fetal aortic stenosis may progress to hypoplas-
tic left heart syndrome. Fetal valvuloplasty (FV)
has been proposed to improve left heart hemo-
dynamics and maintain biventricular (BV) circula-
tion. The aim of this study was to assess FV
efficacy by comparing survival and postnatal circula-
tion between fetuses that underswent FV and those that
did not.

Methods This was a retrospective multicenter study of
fetuses with aortic stenosis that underwent FV between
2005 and 2012, compared with contemporaneously
enrolled natural history (NH) cases sharing similar
characteristics at presentation but not wundergoing
FV. Main outcome measures were overall survival,
BV-circulation survival and survival after birth. Secondary
outcomes were hemodynamic change and left heart
growth. A propensity score model was created including
54/67 FV and 60/147 NH fetuses. Analyses were
performed using logistic, Cox or linear regression models
with inverse probability of treatment weighting (IPTW)
restricted to fetuses with a propensity score of 0.14-0.9,
to create a final cobort for analysis of 42 FV and 29 NH

cases.

Results FV was technically successful in 59/67 fetuses
at a median age of 26 (21-34) weeks. There were 7/72

(10%) procedure-related losses, and 22/53 (42%) FV
babies were delivered at < 37 weeks. IPTW demonstrated
improved survival of liveborn infants following FV (haz-
ard ratio, 0.38; 95% CI, 0.23-0.64; P =0.0001), after
adjusting for circulation and postnatal surgical center.
Similar proportions had BV circulation (36% for the FV
cobort and 38% for the NH cobort) and survival was
similar between final circulations. Successful FV cases
showed improved hemodynamic response and less dete-
rioration of left heart growth compared with NH cases
(P <0.01).

Conclusions We report improvements in fetal hemody-
namics and preservation of left heart growth following
successful FV compared with NH. While the proportion
of those achieving a BV circulation outcome was similar
in both coborts, FV survivors showed improved survival
independent of final circulation to 10years’ follow-up.
However, FV is associated with a 10% procedure-related
loss and increased prematurity compared with the
NH cohort, and therefore the risk-to-benefit ratio
remains uncertain. We recommend a carefully designed
trial incorporating appropriate and integrated fetal
and postnatal management strategies to account for
center-specific practices, so that the benefits achieved by
fetal therapy vs surgical strategy can be demonstrated
clearly. Copyright © 2017 ISUOG. Published by John
Wiley ¢ Sons Ltd.
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INTRODUCTION

A proportion of fetuses with aortic valve stenosis (AoS)
will develop hypoplastic left heart syndrome before birth,
requiring postnatal univentricular (UV) palliation!-.
Fetal aortic valvuloplasty (FV) has been developed for
the treatment of AoS during the past 15 years, with the
intention of improving fetal left heart hemodynamics
and promoting growth to achicve biventricular (BV)
circulation.

Single-center studies have reported BV circulation
outcome in one-third to two-thirds of fetuses with
AoS undergoing FV*®, and an international anonymized
registry rcported 43% of such cases as having BV
circulation compared with 20% of those untreated®. In
our previous study on the natural history (NH) of 147
fetuses with AoS, 33% of those fulfilling hypothetical FV
selection criteria had BV circulation®.

The Fetal Working Group of the Association for Euro-
pean Pacdiatric and Congenital Cardiology established a
retrospective European study to assess the benefits of FV.

In the current study, we present survival and circulation
following FV and, uniquely, comparc these with
contemporancously enrolled NH cases sharing similar
characteristics at presentation but not undergoing FV.

METHODS

Six centers performing FV in Europe submitted their
outcome data on fetal AoS and on their NH cases
collected contemporancously from January 2005 to May
2012, with follow-up until April 2017. A further 17
fetal centers in 13 countries submitted NH data over the
same time period and the live-born children were treated
at onc of 16 postnatal centers. Inclusion criteria were
usual atrial arrangement, concordant atrioventricular
and ventriculoarterial connections, and stenosed, but
still patent, aortic valve. No fetuses with non-cardiac
congenital malformations were enrolled. No maternal
conditions or multiple pregnancies were excluded.

NH data reported here were published recently? and
pre-intervention echocardiograms from 109 nconates
were reported in a blinded study of surgical decision
making’.

The Ethics Committee at Imperial College London
considered the study as audit of practice and no ethical
approval was required.

Morphological and physiological data were entered
into a standardized form by fetal cardiologists in
participating centers, as described previously?. A K. added
missing measurements from available clips. Data included
right- and left-sided valve and ventricular dimensions,
and cardiac Doppler, including aortic and mitral valve
pressure drop. Doppler waveforms of systemic and
pulmonary veins, the ductus venosus, across the foramen
ovale and the aortic and ductal arches were assessed,
and fetuses with bidirectional or retrograde flow along
most of the transverse aortic arch were classified as
having retrograde flow. Demographic data, technical

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd.
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procedures and follow-up data were collated by A.K.
and A.O., who calculated gestational age Z-scores for
cardiac dimensions®.

All analyzed FV fetuses had AoS as thc major
lesion, defined as stenotic, but patent, aortic valves with
qualitatively depressed left ventricular function, and all
but onc had retrograde arch flow. Primary outcome
measures were survival and crculation. Secondary
outcome measures were changes in fetal hemodynamics
and left heart growth.

All centers performed FV  percutancously under
ultrasound guidance using needles of 15-20cm in length
and 18-16 gauge, and coronary artery balloons of
2.0-4.0mm in diameter with balloon to aortic valve
ratio of 0.7-1.3. Technically successful FV (successful
FV) was defined as balloon inflation resulting in increased
flow when a balloon is placed across the aortic valve,
with or without new regurgitation®*. Procedure-related
events were defined as demise, or delivery resulting in
death within 24 h of FV. Appendix S1 provides further
procedural and technical details and Table S1 includes
outcomes for FV cases in chronological order, according
to FV center with outcomes reported up to April 2017.

Propensity score

Propensity score was used to assess the likelihood of
a fetus with AoS receiving FV, cnabling retrospective
pscudorandomization of cnrolled cases in a two-stage
process. First, propensity score was derived from clinically
important variables. Eligible FV cases included successful
FV, unsuccessful FV and FV-related demise. All liveborn
cases were required to have had postnatal intervention
for AoS and known outcome with adequate data. We
excluded spontancous intrauterine fetal demise (sIUFD)
and termination of pregnancy. Propensity score selected
54/67 FV (43 successful FVs, five unsuccessful FVs and
six FV-related demises) and 60/80 NH cases. Second,
propensity score cases were weighted and restricted to
those with a propensity score within designated limits
(0.14-0.9) to provide comparative cohorts” using inverse
probability of trcatment weighting (IPTW) analyses. The
final (IPTW) cohort for analysis was 42 FV and 29 NH®.
We tracked physiological changes and growth from
first or immediate pre-FV echocardiograms to delivery.
Hemodynamic changes of Doppler profiles through the
foramen ovale, mitral valve and aortic arch were docu-
mented. Table S2 describes the relative weighting assigned
to cach Doppler flow based on clinical consensus of the
authors. This ecnabled a comparison of hemodynamic
changes during pregnancy; these, as well as changes in left
heart Z-scores, were compared between three propensity
score cohorts: successful FV, unsuccessful FV and NH.
The postnatal surgical pathway was considered UV if
the first surgery was a Norwood or hybrid procedure
and it was considered BV if the first surgery was aortic
valvuloplasty (balloon or surgical) or a Ross/Ross—Konno
procedure. BV-UV conversion was initial BV circulation
intent followed by subsequent UV surgery (Norwood or
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hybrid), independent of its timing. There were no UV-BV
circulation conversions. Survival was compared for final
BV and UV pathways.

Data analysis

Frequencies and descriptive statistics were used to
summarize bascline characteristics for cach cohort. We
developed a propensity score for IPTW analyses to
compute the average treatment cffect of FV (whether
FV was successful or not), accounting for potential
confounding by observed bascline characteristics. Logistic
model predictors used to calculate the propensity score
included: gestational age at first scan; restrictive foramen
ovale; aortic arch and foramen ovale flow directions;
aortic and mitral valve diameter Z-scores; mitral valve
inflow Doppler pattern; left ventricular inlet length
Z-score; left—right ventricular inlet-length ratio; hydrops;
and large-center effect for fetal and postnatal treatment. A
large center was defined as one contributing to the study
data on 10 or more of both FV and postnatal procedures.
The aortic valve pressure gradient at presentation was left
out of the propensity score model since it did not improve
the balance of baseline covariates.

Weights were calculated as the inverse of the propensity
score. To obtain acceptable balance in baseline covariates,
we restricted all IPTW analyses to observations with a
propensity score of 0.14-0.90°.

Overall survival and BV circulation survival (from fetal
therapy to successful surgery) were compared between the
FV and NH cohorts, using an IPTW logistic regression
model with cohort as a covariate. Estimated odds ratios
(ORs) and 95% CI arc reported. Secondary analyses

223

were performed, adjusted for a subsct of six covariates:
gestational age at first scan; mitral valve inflow Doppler;
mitral and aortic valve Z-scores; left—right ventricular
inlct-length ratio; and hydrops.

Liveborn survival was compared between the FV and
NH cohorts using Kaplan—-Meier survival curves and
Cox regression with IPTW, adjusting for circulatory type
and clustering of postnatal surgical center. Similarly, we
compared survival in four groups for final circulation,
including only successful FV: FV-BV, FV-UV, NH-BV
and NH-UV.

Differences between the pre-FV and last fetal echocar-
diograms in left heart growth and hemodynamics were
compared among successful FV, unsuccessful FV and
NH cohorts using lincar regression with IPTW. Statistical
significance was defined as P < 0.05. All analyses werce
conducted in Stata 14.2 (Stata Corp, College Station,

TX, USA).

RESULTS
Eatire FV cohort

Sixty-seven fetuses undergoing FV were reported from six
centers. Mcdian gestational age at referral for FV was 25
(range, 15-33) wecks, and the procedure was performed
at median gestational age of 26 (21-34) wecks. There
were 72 procedures performed: three had repeat FV, one
was unsuccessful on both occasions and one repeat FV
had been thought successful initially, 1 month previously.
Intcratrial-septum ballooning/stenting was performed in
two cases after FV (repeated in one). Figure 1 shows
outcomes for the entire FV cohort and Table S1 shows

[ Underwent FV (n = 67) ]
[ : |
[ Technically succcssful (n = 59) ] [ Technically unsuccessful (n=8) |
| |
| | | 1 | | |
Liveborn FV-rclated Spontancous TOP Livchorn FV-rclated | [ Spontancous
(n 47) fetal demise | | fetal demise | | (= 4 n=6) || fceal demisc|| fctal demisc
(n=35)* (n=3) (m=1)* (n=1)
[ [
| [ 1 [ 1
Postnatal FV-rclated NND (2 = 1)* + NND | | Comfort carc Postnatal X NND
proccdures (n = 43)¢ without procedure (n= 1)$ (n=12) procedures (n = 5)* ‘“thozﬂ P"';‘)xd“"
n=
I I - ] [ I 1
BV-U(Vco;';)mm [LWin=13) ] [ BVim=1) ] [ UVis=4)
n= I 1 1
X — $)t- Norwood (n = 3)
 AoVionec (=31 | (35 Norwood (n= 57) [Nerwood (n=13)] | AV RomKomno | 1 B m erwood
twice (n= 3); surgical (n = 1) (Rashkind (= 2)3) (delayed Glenn y
AoV+ arch repair (n= 1}t A e i (m=1}}) (n=1)
oV + Hybad (n=5)

AoV+ complex (= 4}
AoV+ Ross-Konno (n = 3)
Ross (n=1)

Rom-Konno (n= 1)

{Norwood (n= 2))
ASD repair (n= 1)1,
ECMO to Norwood

Figure 1 Qutcomes of fetuses with aortic stenosis that underwent fetal valvuloplasty (FV). “Data used in propensity score. tPulmonary
hypertension (n = 1). $Pulmonary hypertension (m =2). AoV, aortic valvuloplasty or surgical valvotomy; ASD, atrial sepeal defect; BV,
biventricular circulation; ECMO, extracorporeal membrane oxygenation; Hybrid, hybrid procedure; NND, neonatal death; Norwood,
Norwood procedure; Rashkind, Rashkind procedure; Ross, Ross procedure; Ross—Konno, Ross—Konno procedure; TOP, termination of

pregnancy; UV, univentricular circulation.
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Table 1 Details and outcomes of fetuses that presented with

hydrops at or after first fetal echocardiogram and underwent
technically successful fetal valvuloplasty (FV) for aortic valve
stenosis, according to whether their hydrops resolved

GAatFv GA at birth  Circulatory Follow-sup
(weeks) (weeks) outcome age (years)
Presented at first echocardiogram, resolved (n = 9)

23 414 cC

pa | 36.4 UV dead 0.003

22 39.0 UV alive 37

26¢ 40.0¢ UV alive* 6.5¢

25 M7 BV alive 10.1

26 39.1 BV alive 57

27 329 BV alive 6.7

28 344 BV alive 115

33 36.9 BV alive 14
Developed after first echocardiogram, not resolved (n =7)

n — sIUFD

23 — sIUFD

25 - TOP

26, 30 B cC

30+ 40.0¢ UV alive® 6.7

24 40.0 BV alive 49

30+ 33.6¢ BV alive* 7.5¢
Presented at first echocardiogram, not resolved (n = 8)

28 — sIUFD

29 — sIUFD

25 25.0 FV-NND 0.003

27 39.0 NND (presurgery) 0.027

26,27 36.6 BV-UV dead 0.014

24+ 37.1¢ BV dead* 0.125¢

31+ 39.0¢ BV dead* 0.25¢

30¢ 36.0¢ BV-UV alive* 5.5¢

“Case incdluded in inverse probability of treatment weighting
cohort. BV, biventricular circulation; BV-UV, biventricular to
univentricular conversion; CC, comfort care; FV-NND, nconatal
death related to FV; GA, gestational age; NND, nconatal death;
sIUFD, spontancous intrauterine death; TOP, termination of
pregnancy; UV, univentricular circulation.

Kovacevic et al.

outcome data reported up to April 2017 in chronological
order of procedure.

FV-related death occurred in 7/72 (10%) procedures,
including six considered successful FV. Rare adverse
events included left ventricular thrombus formation and
balloon rupture. One scrious maternal complication
(placental abruption) resulted in delivery at 25 wecks’
gestation. Fifty-ninc fetuses had successful FV and 19/43
(44%) treated neonates had BV circulation.

Eight fetuses had unsuccessful FV (1/8 developed intact
atrial scptum resulting in fetal demisc), of which 4/5
survivors were UV, and 1/5 with retrograde arch flow and
monophasic mitral valve inflow had BV circulation and
was alive at age 5.7 years (at the time of writing) without
pulmonary hypertension.

Hydrops was present in 24/59 successful FV cases and
resolved in 9/24 affected fetuses. The course and outcomes
are presented in Table 1. One additional case presented
with hydrops that did not resolve after unsuccessful FV at
21 gestational wecks and resulted in sSIUFD.

Sustained hemodynamic improvement was documented
in 29/43 (67%) successful FV cases undergoing postnatal
procedures, with temporary improvement in another five
(12%). One fetus with BV outcome improved initially,
but subsequently developed an intact atrial septum and
hydrops. Four with UV outcome showed no hemodynamic
improvement, or deteriorated following FV; onc had inad-
equate follow-up data to cvaluate change. Seven out of
cleven (64%) fetuses with subsequent BV-UV conver-
sions showed sustained hemodynamic improvement after
FV and two showed temporary improvement. Following
unsuccessful FV, the five liveborns demonstrated no fetal
hemodynamic improvement and only one achieved BV
circulation.

Median gestational age at delivery in the FV cohort
was 38.0 (range, 25.0-41.4) weeks, but 22/53 (42%)
were delivered before 37 + 0 weeks, compared with 22/85

Table 2 Bascline characteristics at first scan of fetuses that underwent fetal valvuloplasty (FV) for aortic stenosis and those that did not
(natural history (NH) group), used to derive propensity score model and inverse probability of treatment weighting cohort

Whole cobort (with sufficient data) Inverse probability of treatment weighting cobort
Standardized Standardized
Characteristic FVin=355) NHMm=280) difference FV¢n=42) NH*Mmh=29) difference
Gestational age at scan (weeks) 257137 254147 0.08 257137 255448 0.06
Aortic valve diameter Z-score -13+1.34 -1.62+215 017 -1.64+132 1514207 —-0.08
Mitral valve diameter Z-score  —0.97+1.96 -2.21+243 0.54 -185+1.99 -2.00+1.93 0.08
LV:RV length ratio 1.03+0.23 0.97+0.22 0.26 099+0.23 0.99+0.20 0.01
FO right-to-left flow 1/54(2) 26172 (36) -0.97 1(4) 1(4) -0.01
AoA retrograde flow 54/55 (98) 42/30 (53) 1.25 34 (97) 35(98) -0.08
Mitral valve biphasic flow 17/55 (31) 39/68 (57) -0.55 7 (20) 7(19) 0.02
Hydrops 12/55 (22) 3/80 (4) 0.56 27 1(4) 0.14
LV inlet length Z-score —-047+1.55 -1.041+203 0.30 -080+1.74 —0.69+1.88 -0.06
Large centert 15 (44) 14(38) 011
AoVPG (mmHg)} 16.2+143 150+11.8 0.09

Data are presented as mean + SD, n/N (%) or i (%). “Numbers weighted by inverse probability. tNumber of cases presenting for FV andfor
postnatal surgery at one or more large center. $Not included in propensity score model. AoA, zortic arch; AoVPG, aortic valve pressure

gradient; FO, foramen ovale; LV, left ventricle; RV, right ventricle.
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(26%) of the NH cohort?. Outcomes following premature
delivery were similar in both cohorts, with two-thirds
surviving (70% of which had BV circulation). Birth weight
was < 10t centile in 11 in each cohort, but all but one
of these delivered at term. The children underwent a
median of three (range, 1-12) procedures. Six neonates
had persistent pulmonary hypertension (one died from
multiorgan failure before the procedure and five had BV
procedures with one surviving to 3 years). Three children
had late-onset pulmonary hypertension, in one case after
a Norwood procedure, delaying the Glenn procedure, but
the Fontan procedure was completed and the child was
alive at age S years (at the time of writing), treated with
sildenafil. The two others were BV-UV conversions (one
early and one aged 18 months); both died. Seven of these
nine were included in the weighted analysis.

Table 3 Final postnatal circulation for liveborn fetuses with aortic
stenosis included in inverse probability of treatment weighted
cohort, in those that underwent fetal valvuloplasty (FV) and those
that did not (natural history (NH) group)

Final drculation FV NH Total
BV 13 (36.1) 11 (37.9) 24
BV-UV conversion 10 (27.8) 4(13.8) 14
uv 13 (36.1) 14 (48.3) 27
Total 36 29 65

Data are given as n (%) or n. BV, biventricular; UV, univentricular.
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Figure 2 Kaplan—Meier curves comparing survival of fetuses with
aortic stenosis included in inverse probability of treatment
weighting (IPTW) cohort, in those that underwent fetal
valvuloplasty (FV; ——) and those that did not (———). FV group
includes both technically successful and unsuccessful FV cases on
intention-to-treat basis. Six procedure-related fetal deaths were
removed to create survival analyses of live births. Actual number of
included individuals at each time period is documented below
curves (although weighted values were used in analysis and curves).
Time zero represents birth. IPTW Cox-regression analysis,
adjusting for clustering due to surgical center, showed FV conferred
survival advantage after birth (hazard ratio, 0.38; 95% CI,
0.23-0.64; P =0.0001), even after adjusting for circulation and
postnatal treatment center.

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd.
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Propensity score modeling and IPTW analysis

Table 2 compares the baseline characteristics of the first
scan used to derive the propensity score model and
IPTW cohort used in the weighted analyses, resulting
in between-group balance on baseline characteristics with
standardized differences of 0.14 or less. The postnatal
circulatory outcomes for the liveborn weighted cohorts
were similar (36% and 38%) (Table 3).

Survival and circulatory outcomes

Overall survival was similar in FV and NH cohorts
(OR, 1.57; 95% CI, 0.72-3.41; P =0.25), as was
BV circulation survival (OR, 1.31; 95% CI, 0.23-
7.48; P =0.76). Secondary analyses adjusting for addi-
tional covariates gave similar results (not shown).

The six procedure-related fetal deaths were removed
to create survival analyses of livebirths. The age at
which the first postnatal procedure was performed was
similar in both cohorts; median age was 6 (range, 1-56)
days for FV and 4 (range, 1-74) days for NH. IPTW
Cox-regression analysis, adjusting for clustering due to
surgical center, showed that FV conferred postnatal
survival advantage after adjusting for circulation (hazard
ratio (HR), 0.38; 95% CI, 0.23-0.64; P =0.0001;
Figure 2). The final circulations were compared for each
cohort (after removing unsuccessful FV cases) and survival
over 10 years’ follow-up was similar (HR, 0.54; 95% CI,
0.14-2.08; P =0.37; Figure 3). Pairwise comparisons of
the marginal linear predictions are included in Table S3.

1.00

075}

Survival probability
(=]
n
o

0.25
19 16 15 14 9 2 1
12 8 8 7 4 2 1
18 12 11 1 10 9 3
ooof' ¥ 7 H H H :
01 2 4 6 8 10

Follow-up time from birth (years)

Figure 3 Kaplan—Mcier curves comparing survival of fetuses with
aortic stenosis included in inverse probability of treatment
weighting (IPTW) cohort, in those that underwent fetal
valvuloplasty (FV) and those that did not (NH), according to final
circulation (univentricular (UV) or biventricular (BV)): FV-UV
(——); FV-BV (———); NH-UV (.- ); NH-BV (——-). FV group
comprises only technically successful FV cases. Actual number of
individuals included at each time period is documented below
curves. Time zero represents birth. IPTW Cox-regression analysis,
adjusting for clustering due to surgical center, showed no difference
in survival between postnatal circulations in FV cohort (hazard
ratio, 0.54; 95% CI, 0.14-2.08; P =0.37), after adjusting for
postnatal treatment center.
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Fetal hemodynamics and left heart growth

The IPTW analysis shows hemodynamic improvement
was significantly better following successful FV than
following a failed attempt, but did not differ significantly
from the NH group. However, left heart growth
was significantly worse in the NH than in the
successful FV group (Table 4). The small number of
technically unsuccessful cases appeared to show similar
left ventricular and aortic valve growth to those of the
successful FV cohort, but had a significantly reduced
mitral valve size by delivery. The hemodynamic and left
heart growth data used to create the propensity score are
included in Table $4.

DISCUSSION

During the study period, the selection of cases for FV was
evolving worldwide. Initially, fetal cardiologists hoped
that FV could achieve BV circulation in fetuses with short
left ventricles and endocardial fibroelastosis, compared
with NH. Subsequent experience has shown that only
selected fetuses appear to benefit; however, selection
criteria remain elusive.

As a prospective randomized controlled trial was
not feasible, we used the propensity score to provide
pseudorandomization of our retrospective data. We
observed similar proportions with BV circulation outcome
in our IPTW intention-to-treat cohorts (36% for the FV
and 38% for the NH cohort). IPTW logistic analysis
showed that FV did not confer survival or circulatory
benefits but, when procedure-related deaths were removed
and Cox regression was adjusted for circulation and
surgical center, FV reduced the risk of early postnatal
death by two-thirds. Survival to 10years’ follow-up in
this cohort was similar for those with final BV circulation
and those with final UV circulation, with no deaths after
2.3 years.

FV was introduced into clinical practice without a
trial, and many centers performed procedures with-
out reporting outcomes. An international, anonymized
registry was established recently to collect multicenter
data, but currently lacks independent audit, making
data validation difficult. Contemporaneously matched
controls (rather than choosing those with unsuccessful
FV) and treatment randomization are missing from FV
publications’*-61%!1_ providing only Level-3 evidence of
treatment efficacy”.

Our study contributes to the global experience
of FV and is strengthened by contemporaneously
collected NH controls. Several important observations
can be drawn. Firstly, our 10% procedure-related loss
was similar to that found in singlecenter studies**’
and less than the 17% reported in the anonymized
registry®, highlighting the importance of experienced
teams mentoring new FV centers. Secondly, fetal Z-scores
demonstrated favorable anatomy for FV, indicating good
case selection. Thirdly, the operators’ evaluation of FV
success was accompanied by objective changes in fetal
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hemodynamics; hydrops resolved in over one-third of
affected fetuses, and two-thirds of all successful FV
showed sustained hemodynamic improvement, including
reversal of previously retrograde arch and foramen flow
and new biphasic ventricular filling. These individuals had
BV circulation outcomes more commonly.

The prevalence of premature delivery (< 37 + 0 weeks)
has not been reported following FV. Premature delivery
occurred in 42% of FV cases compared with 26% (22/85)
of NH cases. From the limited maternity data that were
collected, growth restriction (estimated fetal weight < 10%
centile) was found not to be responsible for early delivery
as it occurred almost exclusively in those delivering
> 37 weeks. Early delivery may represent institutional
practice (unsubstantiated by evidence) to avoid worsening
left heart function and aortic valve closure and, in this
study, was more frequent following fetal intervention.
Delivery was not centralized to the site performing the
FV and lack of familiarity in disease assessment may be a
contributing factor.

Recognition that left heart growth remains suboptimal
following successful FV has resulted in modifications
to selection criteria. Although important in long-term
ventricular function, the diagnosis and grading of
endocardial fibroelastosis by ultrasound remains elusive
due to poor accuracy in comparison with histology'2.
Although it was originally included as a predictive
variable!’®, it has been removed recently due to
the qualitative nature of grading and only modest
interobserver reliability!>!¥. Newer selection criteria
include left ventricular inlet length Z-score=0 at
presentation and pressure generation =20 mmHg* .
While one group applied the 2010 criteria hypotheticall!
to a small series and described it as predictive of outcome”,
our larger dataset suggests otherwise. Of the 40 NH
fetuses satisfying criteria for emerging hypoplastic left
heart syndrome, 13 (33%) had BV circulation despite
eight falling below the threshold score to be theoretically
offered FV2. Importantly, our hemodynamic and left heart
growth data suggest that outcomes following unsuccessful
FV are not similar to NH, making unsuccessful FV cases
unsuitable as controls.

Prospective fetal therapy trials for open meningomye-
locele surgery and laser therapy for twin-to-twin trans-
fusion syndrome''® demonstrate that successful fetal
procedures rely on case selection, technical prowess and
integrated postnatal management. Therefore, refinement
of FV selection criteria, unsupported by a trial, may
increase the chance that FV is offered to those who would
achieve BV circulation without fetal therapy, with the
associated risks of procedure-related mortality and fetal
and/or maternal morbidity.

We have previously discussed postnatal selection
bias and its effects, which touches upon the ethos
and ability of the entire pre- and postnatal team in
decision making”. We note that BV circulation survival
is relatively low in our study, similar to survival to
hospital discharge of 58% (irrespective of FV) reported
in a recent multicenter registry report, and less than

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd.
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that reported in a single center report®!!. Poor outcome
may be associated with the complexity of congenital
AoS resulting in multiple procedures in addition to
premature delivery.

Even though we accounted for surgical center vari-
ability in our analyses, unrecognized center-specific dif-
ferences in delivering affected babies preterm to initi-
ate earlier treatment, decision-making regarding post-
natal management, skill and practice may potentially
confound our results. The postnatal treatment centers
had different postnatal strategies, in part because the
range of surgical options was not available in all car-
diac surgical centers in this study'’-2!. An aggressive
approach may preclude later conversion to UV and
result in early mortality and the risk of later pulmonary
hypertension'’17-22,

Limitations of the current study include its retrospective
multicenter design with a limited cohort size. Low rates
of prenatal diagnosis of AoS* make a prospective,
randomized FV trial challenging; therefore, we used IPTW
in our study to minimize the deficiencies in our dataset.
Although the number of postnatal cardiac centers may
have introduced unrecognized confounding and bias into
the assessment of the efficacy of FV in this study, the
statistical model we used adjusted for clustering due to
center influence.

In conclusion, we report improvements in fetal
hemodynamics and preservation of left heart growth
following successful FV compared to NH. While the
proportion of those achieving a BV circulation outcome
was similar in both cohorts, FV survivors showed
improved survival, independent of final circulation, to
10years’ follow-up. However, FV is associated with a
10% procedure-related loss and increased prematurity
compared with NH, and therefore the risk—benefit ratio
remains uncertain.

‘We recommend a carefully designed trial, incorporating
appropriate and integrated fetal and postnatal manage-
ment strategies to account for center-specific practices,
so that the benefits achieved by fetal therapy vs surgical
strategy can be demonstrated clearly.
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Table S1 Technical success, circulatory outcome and survival by procedure in chronological order (with

Table S2 Weighted scores for hemodynamic variables thought to have greatest impact on circulatory outcome.
These parameters should normalize if fetal hemodynamics improves following a successful fetal valvuloplasty

Table S3 Pairwise comparisons of marginal linear predictions
Table S4 Change in fetal hemodynamics and left heart growth during pregnancy in whole propensity score
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3.0.3 ANNEXS
Navratil J, Ji¢inska H, Jelinek Z.
Vyskyt a osudy plodi se syndromem hypoplastického levého srdce na izemi Moravy a

Slezska v letech 2002 a 2003. Cesko-Slovenské Pediatrie. 2005; 60(7): 393-396

Main points of the publication:

The authors monitored the occurrence and the outcome of fetuses diagnosed with severe
congenital heart defect (hypoplastic left heart syndrome) in the region of Moravia and Silesia
prenatally. They looked for the risk factors associated with the incidence and with the detection
of hypoplastic left heart syndrome prenatally. In conclusion, the ultrasonographic examination

of the fetal heart is the only reliable method to detect HLHS prenatally.
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Vyskyt a osudy plodu se syndromem
hypoplastického levého srdce na uzemi
Moravy a Slezska v letech 2002 a 2003

Navratil J., Ji¢inska H., Jelinek Z.1

II. détsk4 klinika LF MU a FN Brmo
pfednosta prof. MUDr. Z. Dolezel, CSc.
Ambulance détské kardiologie, Brno!

Souhrn

Syndrom hypoplazie levého srdce (HLHS) je vrozena srdeéni vada se zévainou prognézou.
Pres velky rozvoj détské kard‘lochlmrgie ma stéle vysokou mortalitu. Prenatélni diagnéza HLHS
ma4 vliv na dalsi osud téchto plodi. Na spadovém uzemi Moravy a Slezska dosud nebyl zjisfovan
vyskyt a osudy pacientii s HLHS, epidemiologicka studie Bohemian Survival Study zahrnovala
jen éeské zemé.

V letech 2002 a 2003 bylo na nafem pracovisti, které zahrnuje spadovou oblast Moravy a Slez-
ska, vySetfeno 4667 plodu. u 108 z nich byla zji$téna vrozena srdeéni vada. Ve stejném obdobi se
na uvedeném uzemi narodilo 69 623 novorozenci, 478 z nich mélo vrozenou srdeéni vadu. HLHS
se vyskytnul celkem u 24 z nich, coz je 5 % ze vSech vrozenych srdeénich vad. V 21 pfipadech
(87,5 %) byla diagnéza HLHS zna prenatilné, ve trech az postnatalné. HLHS predstavoval
19,5 % ze viech prenatilné diagnostikovanych srdeénich vad. Z 21 prenatalné diagnostikovanych
HLHS se v 17 pripadech (81 %) rozhodli rodi¢e pro ukonéeni gravidity, ve 4 pripadech (19 %) pro
jeji pokradovani.

Autori hodnotili prenatélné zjistitelné rizikové faktory, které byly zaznamenéany u 12 plodua,
9 ploda bylo bez rizikového faktoru. VySetfeni karyotypu u prenatilné zjisténych HLHS bylo
v 62 % normalni, vojﬁpawhgickeanﬂs%nebylopmvedem

Vyskyt HLHS na na# i je srovnatelny s literarnimi udaji. Autorim se nepo-
darilo najit jinou metodu nez ultrazvukové vysetieni, ktera by upozornila na vyskyt HLHS a tak
toto vySetfeni zustava i nadale rozhodujici pro prenatélni diagnostiku HLHS.

Kliéova slova: syndrom hypoplazie levého srdce, prenatéilni diagnoza, rizikové faktory
Summary

Occurrence and Fate of Fetuses with Hypoplastic Left Heart in the Region of
Morava and Silesia during 2002 and 2003

The syndrome of hypoplasia of the left heart (HLHS) is an inborn heart defect with severe pro-
gnosis. In spite of the great development of the child cardiosurgery there is still a high mortality.
Prenatal diagnosis of HLHS significantly influences further fate of the fetuses. The incidence and
fate of patients with HLHS have not been so far investigated in the area of Moravia and Silesia,
since the epidemiological Bohemian Survival Study included only the Czech countries (Bohemia).

In the years 2002 and 2003, our workplace which takes care of the Moravia and Silesia region,
examined 4,667 fetuses, 108 of them suffering from inborn heart defect. In the same period of time
69,623 newborns were born in this area, 478 of them having inborn heart defect. HLHS occurred
in 24 of them, i.e., 5% of all inborn heart defects. In 21 cases (87.5%) the HLHS diagnosis was estab-
lished before birth, whereas in three of then after birth. HLHS represented 19.5% of all heart
defects diagnosed before birth. In 21 HLHS, where the diagnosis was established before birth, the
parents decided to end the pregnancy in 17 cases (81%), in four cases they decided the pregnan-

cy to countinue.

The authors evaluated the det ble risk factors before birth and established them in 12 fetu-
ses, whereas no risk factor was fi d in 9 fetu The examination of karyotype in HLHS estab-
lished in prenatal period revealed normal picture in 62% of cases, 9.5% being pathological and

28.5% and it was not determined in 28.5% at all.

The occurrence of HLHS in our region proved to be comparable with data in literature. Aut-
hors have not been able to find a method other than ultrasonography, which would draw atten-
tion to HLHS and this method therefore remains to be the decisive method for prenatal diagnos-
tics of HLHS.

Key words: syndrome of left heart hypoplasia, pr tal di is, risk factors
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Uvod

Vysledky

Vrozené srdeéni anomalie, které vznikaji chyb-
nym vyvojem jednotlivych éasti levého srdee (tj.
levé siné, mitralni chlopné, levé komory, aortalni
chlopné a aortalniho oblouku) a vedou k nedosta-
teéné funkci tohoto srdeéniho oddilu, se souhrnné
nazyvaji syndrom hypoplastického levého srdce
(HLHS). Pies veskery rozvoj détské kardiochi-
rurgie od 90. let 20. stoleti zastava HLHS vadou
8 nejvyssim operaénim rizikem a nejistou dlouho-
dobou prognézou. Viechny modifikace kardiochi-
rurgického feseni HLHS predstavuji upravu
krevniho obéhu na jednokomorovou -cirkulaci.
Druhou variantu lééby HLHS pfedstavuje trans-
plantace srdce.

Pfed narozenim nevede HLHS k rustové retar-
daci plodu a nebyva ani pfi¢inou pfedéasného
porodu. Po porodu se viak hned v prvnich dnech
projevuje znamkami srdeéni nedostateénosti se
vSemi nepfiznivymi dusledky kritické srdeéni
vady. Vada HLHS vznika v ranych fazich gravidi-
ty a lze ji prenatalné diagnostikovat. Véasna
informace o této diagnéze umoznuje zlepsit,
zrychlit a zlevnit péé o novorozence s HLHS.
Zatim monopolni metodou, kterou lze HLHS
detekovat jesté pred narozenim, je ultrazvukové
vysetfeni (USV) srdce plodu.

Material a metodika

V letech 2002 a 2003 jsme vysSetfili srdce plo-
du u 4667 gravidnich Zen. V hodnoceném obdobi
se na uzemi Moravy a Slezska narodilo 69 623
novorozenci, z nichz 478 mélo vrozenou srdeéni
vadu. USV srdce plodu jsme provadéli v rozme-
zi 20.—34. tydne gravidity pfistrojem Vivid 7 fir-
my GE Medical systems sondou M3S a 3,5C
a pristrojem Sonos 100 firmy Hewlett Packard
sondou 3 a 5 MHz. Prenatalné stanovena diag-
noza HLHS byla ovéfena bud sekci srdce plodu,
nebo vySetfenim novorozence. V&ichni novoro-
zenci méli provedena klinicka vysetfeni, EKG
a USV.

Cilem nasi prace bylo:

1. Zjistit, jaky je celkovy vyskyt a podil prena-
talné diagnostikovanych HLHS na nasem spado-
vém uzemi (kraje Jihomoravsky, Vysoéina, Zlin-
sky, Olomoucky, Moravskoslezsky).

2. Vyhodnotit moznosti stratifikace rizika vzni-
ku a moznosti predikce vyskytu HLHS v analyzo-
vaném souboru.

Z nami vysetfenych 4667 ploda byla v hodno-
ceném obdobi prenatalné zjisténa vrozena srdec-
ni vada u 108 z nich. Z 69 623 Zivé narozenych
novorozencu v oblasti Moravy a Slezska byla
potvrzena vrozena srdeéni vada u 478 z nich.

Na tuzemi Moravy a Slezska byl v letech 2002
a 2003 diagnostikovan HLHS ve 24 pfipadech,
z toho prenatilné u 21 (87,5 %) z nich; teprve
postnatalné byl HLHS diagnostikovan u t#i novo-
rozenci. Ze viech prenatalné diagnostikovanych
vrozenych srdeénich vad predstavoval HLHS
19,5 %. V nasem souboru vysetfenych ploda byl
HLHS nejéastéjsim typem vrozené srdeéni vady.
Pét z 24 pacienta (21 %) s HLHS mélo pfidruze-
nou extrakardialni anomalii (2krat hygroma col-
li cysticum, 1krat gastroschisis, 1krat solitarni
umbilikalni arterii, lkrat stfevni malrotaci),
u ostatnich 19 (79 %) se vyskytoval HLHS izolo-
vane.

Prevalence HLHS na nasem spadovém uzemi
v hodnoceném obdobi byla 1:2900, tj. 0,34/1000
zivé narozenych novorozenci. Z 69 623 zivé naro-
zenych novorozenci mélo vrozenou srdeéni vadu
478 z nich a zastoupeni HLHS tak bylo 5 % ze
viech vrozenych srdeénich vad.

TéméF viechny téhotné zeny v Ceské republice
prochazeji béhem gravidity screeningovym vyset-
fenim laboratornim a ultrazvukovym. ZvySena
pozornost a prenatalni péée se vénuje tém z nich,
které maji znamé rizikové faktory pro vznik vro-
zenych vyvojovych vad, tj. vék matky nad 35 let,
pritomnost jiné vrozené vady u plodu nebo v rodi-
né, patologicky laboratorni screening, vyskyt
predchozich spontannich aborti a intrauterin-
nich umrti, probéhla infekce/jina choroba v tého-
tenstvi, chronické onemocnéni matky. V nasem
souboru 21 ploda s HLHS byly u 12 z nich (57 %)
pritomny nékteré z uvedenych rizikovych fakto-
ra, 9 (43 %) ploda bylo bez rizikového faktoru.
U 12 ploda (57 %) s HLHS mohla tedy byt predik-
ci rizika vyskytu HLHS pritomnost jednoho nebo
vice rizikovych faktora, u 9 (43 %) nebyl zZadny
rizikovy faktor nebo dalsi udaj, ktery by upozor-
nil na moznost vyskytu HLHS.

V piipadé zjisténi HLHS indikujeme vySetfeni
karyotypu plodu vySetfenim plodové vody, pupeé-
nikové krve nebo krve novorozence. Vysledky
vysSetfeni karyotypu v nami hodnoceném souboru
uvadi tabulka 2. Oba plody s HLHS a patologic-
kym karyotypem mély i dalsi pfidruZené extra-
kardialni anomalie, které byly znamy jiz pfed
kardiologickym vysSetfenim. Ze 13 ploda s nor-
malnim karyotypem mély pfidruZené extrakar-
dialni anomalie tfi z nich. Jen jeden plod, ktery
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Tab. 1. Spektrum rizikovych faktoru v souboru 21 prenatéilné diagnostikovanych HLHS.

Rizikovy faktor Poéet Senzitivita (%) Specificita (%)

Vék nad 35 let 0 0 84
Chronické nemoc matky 0 0 9%
Viroza v 1. trimestru 1 5 9
Kombinace dvou faktori 2 95 95
Sponténni aborty 2 95 96
Patologicky triple test 2 95 78
Extrakardialni anomalie 5 24 98
Bez rizikového faktoru 9 43 84
Souéet viech rizikovych faktori 12 57 54

HLHS - syndrom hypoplazie levého srdee

Tab. 2. Karyotyp ploda s HLHS. korekce je moz-
Karyotyp Poéet % né pouze u ¢asti
Normalni 13 62 pacienti a jeji
Patologicky (47XY+13,45 X0) 2 95 kumulativni
Nevysetren 6 28,5 mortalita  je

35-50 % [8].

HLHS - syndrom hypoplazie levého srdee

nemél vysetfen karyotyp, mél znam jeden riziko-
vy faktor (diabetes mellitus matky). Vsechny
ostatni plody, u nichz nebyl vySetfen karyotyp,
nemély pfidruZené extrakardialni anomalie ani
zadny ze sledovanych rizikovych faktora. Z téch-
to souvislosti 1ze usuzovat, Ze podil ploda s HLHS
a normalnim karyotypem byl jesté vyssi.

Z 21 prenatalné diagnostikovanych HLHS se
rodiée rozhodli v 17 pfipadech (81 %) pro ukonée-
ni gravidity, ve 4 pfipadech (19 %) pro pokracova-
ni téhotenstvi. Ze tii novorozencu s HLHS, u kte-
rych nebyla srdeéni vada znama prenatalné, se
jednou rodiée rozhodli pro konzervativni postup
a dvakrat pro kardiochirurgické feseni. Dité bez
operace zemielo, dalsi dvé déti po kardiochirur-
gickém zakroku ziji.

Diskuse

Vyskyt HLHS podle jednotlivych autora kolisa.
Samanek ve své studii Bohemian Survival Study
— BOSS [10] uvadi vyskyt HLHS 3,5 % ze vSech
vrozenych srdeénich vad, autofi Freedom a spol.
udavaji vyskyt této vady 9 % [3]. Nami zjistény
vyskyt 5 % je tak v literarné udavaném rozmezi.

Podil prenatalné diagnostikovanych HLHS
zavisi pfedeviim na drovni provadéni USV v gra-
vidité. V praci autora Mahle a kol. z pracoviité ve
Philadelphii [6] je uvadén podil prenatalné dia-
gnostikovanych HLHS 36,6 %, Kumar a kol. [5]
uvadi 18 %, Reis a kol. [9] 37 %. V nasem soubo-
ru zjistény zachyt prenatalniho HLHS 87,5 % je
tedy hodnotou mimofadné vysokou.

Pfirozeny prubéh HLHS je fatalni. Chirurgic-
ké feseni v podobé tfistupniové Norwoodovy

Dalsi lééebnou
moznosti je ortotopicka transplantace srdce, kte-
ra je v Evropé pro nedostatek vhodnych darca
realizovana jen ojedinéle. V pfipadé zjisténi
HLHS prenatalné do 24. tydne gravidity je tak
mozno bud nechat téhotenstvi pokracovat a smé-
fovat porod novorozence do specializovaného
centra, kde muze byt zajisténa nasledna péce,
nebo téhotenstvi na pfani rodiéa ukonéit.
V nasem souboru 21 prenatalné diagnostikova-
nych HLHS se pro ukonéeni téhotenstvi rozhodlo
81 % rodiéa, coz je vyznamné vice, neZ uvadéji
nékteré prehledné prace ze Spojenych stata ame-
rickych. V praci L. D. Allana a kol. [1] se pro
ukonéeni gravidity rozhodlo 33 % téhotnych. Ten-
to rozdil je jisté ovlivnén tim, Ze v autoréiné sou-
boru byla diagnéza HLHS stanovena v pozdésim
prenatalnim obdobi — do 24. tydne téhotenstvi
bylo prenatalné diagnostikovano 40 % HLHS,
zatimeo v nasem souboru to bylo 95 %. Rozdil
v obou souborech muze také souviset s odliSnymi
zdravotnimi systémy, véetné jiné organizace pre-
natalni péée ve Spojenych statech americkych
a v Ceské republice. Lze také predpokladat, Ze
pokud by byl podil prenatalné diagnostikovanych
ploda s HLHS do 24. tydne téhotenstvi u nas niz-
&1, byl by také niz&i podil ukonéenych gravidit.
Pro ukonéeni gravidity se ¢asto rodi¢e rozhoduji
z toho davodu, Ze by jejich dité muselo podstoupit
opakované kardiochirurgické vykony s vysokou
mortalitou a nejistou prognézou.

HLHS jako jedna z nejzavaznéjsich vrozenych
srdeénich vad se vyskytuje ve vysokém podilu
jako vada izolovana [7]. V nasem souboru 21 pre-
natalné diagnostikovanych HLHS maélo 5 (21 %)
ploda pfidruzenou extrakardialni anomalii, u 16
(79 %) se vyskytoval HLHS izolované. Z dalsich
rizikovych faktora byly pfitomny u dvou pfed-
chazejici spontanni aborty v anamnéze, u dalsich
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Schéma 1. Piehled osudu plodu a novorozencu s HLHS.
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3.0.4 ANNEX9

Matsui H, Mellander M, Roughton M, Jicinska H, Gardiner H
Morphological and Physiological Predictors of Fetal Aortic Coarctation
Circulation 2008;118:1793-1801

Impact factor in 2008:14.816

Main points of the publication:

The study tested the applicability of previously published aortic arch and ductal Z scores and
their ratios. Secondly, the study tested the ability of serial Z scores to distinguish fetuses with
coarctation of aorta within a cohort of fetuses with right-to-left disproportion on a ventricular
and/or arterial level. Finally, the study evaluated the diagnostic significance of associated
cardiac lesions and coarctation shelf and isthmus flow disturbance.

In conclusion, isthmus Z scores and isthmus-to-duct ratios < 0.75 are sensitive indicators of
fetal coarctation. Serial measurements and abnormal isthmus flow patterns improve diagnostic

specificity and may reduce false positive cases.

The candidate contributed to the manuscript and with cases to this study.
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“ongenital Heart Disease

Morphological and Physiological Predictors of Fetal
Aortic Coarctation

Hikoro Matsui, MD; Mats Mellander, PhD, MD; Michael Roughton, PhD; Hana Jicinska, MD;
Helena M. Gardiner, PhD, MD

Background—Prenatal diagnosis of aortic coarctation suffers from high false-negative rates at screening and poor
specificity.

Methods and Results—This retrospective study tested the applicability of published aortic arch and ductal Z scores
(measured just before the descending aorta in the 3-vessel and tracheal view) and their ratio on 200 consecutive normal
controls at a median of 22*0 gestational weeks (range, 154 to 384 weeks). Second, this study tested the ability of
serial Z scores to distinguish fetuses with coarctation within a cohort with ventricular and/or great arterial disproportion
detected at screening or fetal echocardiography. Third, it evaluated the diagnostic significance of associated cardiac
lesions, coarctation shelf, and isthmal flow disturbance. We studied 44 fetuses with suspected coarctation at 24+ 0 weeks
(range, 17%3 to 37*4 weeks). Receiver-operating characteristic curves were created. Logistic regression tested the
association between z scores, additional cardiac diagnoses, and coarctation. Good separation was found of isthmal Z
scores for cases requiring surgery from controls and false-positive cases, and receiver-operating characteristic curves
showed an excellent area under the curve for isthmal Z score (0.963) and isthmal-to-ductal ratio (0.969). Serial isthmal
Z scores improved to >—2 in suspected cases with normal outcomes; those requiring surveillance or surgery remained
<< —2. Minor lesions did not increase the diagnostic specificity of coarctation, but isthmal flow disturbance increased the
odds ratio of true coarctation versus arch hypoplasia 16-fold.

Conclusions—I1sthmal Z scores and isthmal-to-ductal ratio are sensitive indicators of fetal coarctation. Serial measurements
and abnormal isthmal flow patterns improve diagnostic specificity and may reduce false positives. (Circulation. 2008;
118:1793-1801.)

Key Words: coarctation m fetus m pediatrics

oarctation of the aorta is the most common duct-

dependent cardiac defect missed at routine physical
screening of the neonate.! An estimated 60% to 80% of
newborns with isolated coarctation are sent home as
“healthy” babies,'-* to face circulatory collapse and death as
the duct closes or, if closure is gradual, prostaglandin rescue
and surgery.

Clinical Perspective p 1801

Diagnostic difficulties occur at antenatal screening, where
a high false-negative rate is present, and at the hands of the
fetal cardiologist. Current echocardiographic methods seem
unable to reduce the high false-positive rate of diagnoses
among those referred from screening programs.

Prenatal diagnosis improves survival and reduces morbid-
ity** by allowing planned delivery in a tertiary center and
early institution of prostaglandin treatment to prevent ductal
constriction, but this ideal is rarely achieved, and only 19% of

admissions to a large cardiac center for left-sided obstruction
have had an antenatal diagnosis.¢ More comprehensive infor-
mation is obtained from unselected populations. In 1 regional
study. only 6% of babies born with arch obstruction had an
antenatal diagnosis, and half of the neonates requiring cardiac
surgery for all types of malformations were diagnosed only
after discharge from hospital when they became symptomat-
ic.® It is recognized that not all cases of arch obstruction
develop in the neonatal period and that, in an unknown
proportion, hypoplasia of the arch may progress to coarcta-
tion of the aorta, requiring surgery or interventional catheter
in infancy or childhood. Thus, coarctation is one of the most
difficult cardiac defects to screen for and diagnose before
birth. Suspicion of coarctation is raised by the finding of
disproportion at the 4-chamber and/or 3-vessel and tracheal
views at screening. Although coarctation of the aorta is high
in the differential diagnosis of cardiac disproportion, the
sensitivity and positive predictive power of ventricular dis-
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proportion recognized at screening are low, at ~62% and
33%, respectively.”® The differential diagnosis of isolated
4-chamber cardiac disproportion is varied but includes car-
diovascular diagnoses such as vein of Galen aneurysm and
noncardiac diagnoses such as aneuploidy, anemia, and
growth restriction caused by placental insufficiency. These
noncardiac causes should be investigated by fetal medicine
specialists. Once a cardiac diagnosis is suspected and the
fetus is referred to a fetal cardiologist, the false-positive rate
is 20% to 30%, rising to 80% in 1 report.’-?

In view of the devastating perinatal course following a
missed diagnosis of coarctation of the aorta, it is important to
improve detection at obstetric screening and to reduce the
number of false-negative cases.'® To achieve this objective,
we have trained sonographers to incorporate the 3-vessel and
tracheal view into their routine screening so that they can
visually recognize great arterial disproportion, which is an
abnormal finding in the first- and second-trimester fetus.”* To
enable serial objective quantification of the degree of hyp-
oplasia present in the aortic arch, we have published Z scores
for the normal diameters of the distal aortic isthmus and
arterial duct measured in the 3-vessel and tracheal view.'?

The purpose of this study was first to test the applicability
of our Z scores to the general population and second to see
whether serial measurement would increase the specificity of
the diagnosis of fetal coarctation by the specialist once a
referral had been made. Third, we describe the ability of
associated cardiac findings (such as ventricular septal defect,
bicuspid aortic valve, and persistent left superior caval vein)
and of visualization of a shelf or flow disturbance at the
isthmus to increase the specificity of the diagnosis of coarc-
tation of the aorta requiring neonatal surgery.

Methods

Control Group

The first 200 consecutive singleton fetuses referred during 2004 for
cardiac scan and found to have normal cardiac anatomy were chosen
to test the applicability of our Z scores to the general fetal
population. The fetuses were scanned at a median of 22+0 gesta-
tional weeks (range, 15+4 to 38*+4 weeks). We checked for these
fetuses in the national Congenital Cardiac Audit Database, which
lists all cardiac surgical and catheter interventions; none had devel-
oped coarctation of the aorta during the year after delivery. The
measurements were made by a single investigator (H.M.) from the
archived recordings of the fetal echocardiograms. The diameters of
the aortic isthmus and duct were measured in the 3-vessel and
tracheal view immediately before their entry into the descending
aorta, and the Z scores and isthmal-to-ductal-diameter ratio were

Figure 1. Magnification of the 3-vessel and trachea view show-
ing the pulmonary trunk (PA) leading into the arterial duct (D).
The isthmus (I) is measured as shown by the line just before it
enters the descending asorta and the duct measured opposite it
(line). L indicates left; R, right; and Ao, aorta.

calculated as previously described by our group* (Figure 1). In our
original report, the results were presented as Z scores related to
gestational age and femoral length. In the present study, we used
gestational-age Z scores because we found no significant difference
between these and femoral-length Z scores, and their use allowed
comparison with our retrospective normal cases in whom femoral
length was not necessarily available on the same day.

Study Group

All pregnant women referred for specialist fetal echocardiography
and found to have ventricular and/or arch disproportion during the
period of January 2000 to December 2005 were eligible for inclusion
in the study. Their echocardiograms were analyzed retrospectively
by an investigator (H.M. or H.J.) blinded to outcome.

The diagnosis of disproportion was subjective and suspected
visually. No chamber sizes were measured. In practice, disproportion
was noticeable when an ~20% difference was found in ventricular
widths or in the transverse portion of the ductal and aortic arches.

Only fetuses suspected of having isolated coarctation (ie, normal
situs, concordant atrioventricular and ventriculoarterial connections,
and a biventricular atrioventricular connection) were included.
Forty-eight fetuses fulfilled these inclusion criteria. Two were
excluded because of incomplete outcome data, and another 2 were
enrolled but later excluded because the preg Y was termi d
Thus, the study comprised 44 fetuses with suspicion of coarctation in
whom outcome was known until at least 1 year of age. Minor
secondary diagnoses of atrial or ventricular septal defect, bicuspid
aortic valve, and persistent left superior caval vein to coronary sinus
were identified; their frequency is presented in Table 1. The arch

Table 1. Secondary Diagnoses in Fetuses Referred With Suspected Aortic Coarctation

Factor Surgary (n=20), n (%) Sunvalllanca (n=7), n (%) Postnatal Normal (n=17), n (%) P

Snelf 9(45) 0(0) 16 0.005
Flow disturbance 13 (85) 1(14) 0() <0.001
Shelf and fiow disturbance 6(30) 0(0) 0(0) 0.015
Flow disturbance, no shelf 7(3) 1(14) 0(0) 0.022
vsD 10 (50) 3(43) 2(12 0.044
LSVC 4(20) 4(57) 741) 0.149
Bicuspid AoV 5(25) 0(0) 1) 0125

VSD Indicates ventricutar saptal defect; LSVC, left superior vena cava; and AoV, aortic vale.
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Figure 2. A, Discrete coarctation shelf seen in the aorta of a 27-week-gestation fetus. B, Postmortem specimen of the same fetus bom
at 38 weeks demonstrating coarctation shelf (baby died of laryngeal atresia with tracheoesophageal fistula). C, Continuous low-velocity
Doppler waveform resulting from the obstruction of flow at the isthmus. AsAo indicates ascending aorta; DsAo, descending aorta.

views were examined for the presence of tissue in the posterior part
of the arch on sagittal view (a coarctation shelf) (Figure 2A and 2B)
and the presence of continuous flow at the isthmus on either the
3-vessel and tracheal or sagittal view (Figure 2C).»> The median age
at referral was 24*0 gestational weeks (range, 17=3 to 37+4
weeks).

From the case notes, we reviewed our opinion (written at the first
examination) and classified the case as highly likely, possibly, or
unlikely to have coarctation. Because this is a retrospective study, the
postnatal outcome is known, and each case is classified as “surgery”
(requiring surgery for coarctation), “surveillance™ (because arch
hypoplasia was present and coarctation could not be definitely
excluded), or “postnatal normal” (antenatally suspected at screening
but a definitely normal arch after ductal closure). Because none of
the cases in the surveillance group developed arch obstruction
requiring surgery, we have considered them to be false-positive
diagnoses of coarctation in our subsequent analyses.

Ethical Considerations

We discussed this study with the institutional review board. but
specific ethical approval was not necessary because the sonographic
measurements were performed as an integral part of routine clinical
visits for which informed consent from the patients is a part.

Statistical Analysis

Z scores were created using natural logarithms in a 2-stage process
as described previously.'> We assigned gestational age on the basis
of completed weeks of gestation: predicted isthmal or ductal
diameter=In(predicted isthmal or ductal diameter)=m In(gestational
age)+c, and Z score=[In(measured isthmal or ductal
diameter)—In(predicted isthmal or ductal diameter)Jroot MSE,

where m and c are the slope and intercept, respectively, of the
regression equations used to predict the cardiac dimensions on the
basis of the measured values of gestational age and MSE is mean
squared error.

Cross-sectional scores were calculated from the 200 control
fetuses and serial Z scores for all but 3 cases of suspected coarctation
that attended only once. Receiver-operating characteristic curves
were created for measurements of the isthmal and ductal diameters
and their ratio from the first examination. Logistic regression was
used to test the association between the Z scores, additional cardiac
diagnoses, and coarctation. When serial scans were used from the
same fetus, a multilevel logistic regression model was used, with the
fetus declared as a random effect. Within the multilevel model, an
independent variance structure was used, with a unigue variance
estimate associated with each subject and no between-subject covar-
iances. Multivariable analysis was used to assess the interdepen-
dence of significant variables. All analyses were repeated using only
scans taken in the third trimester (from =26 weeks' gestation) to see
whether their use improved prediction of the requirement for
postnatal surgery. The x value was used to test agreement between
the clinical impression (assigned without making measurements) and
postnatal outcome.

The authors had full access to and take full responsibility for the
integrity of the data. All authors have read and agree to the
manuscript as written.

Results

Study Group
One of the 44 babies had an extracardiac malformation
(multicystic kidney), and 3 had a chromosomal defect (Tumer
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Surgery Surveillance  Postnatal Normal Controls Figure 3. Box-and-whisker plots of the isthmal Z
B scores (A) and isthmal-to-ductal ratio (B) of cases
and controls measured at the first examination
15- and compared by postnatal outcome.
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syndrome, 45X0 in 2 diagnosed antenatally; trisomy 13 in |
confirmed after preterm delivery). Twenty of the 44 fetuses
with ventricular or great arterial disproportion had coarctation
of the aorta; 19 had surgery. The diagnosis of coarctation was
confirmed at postmortem for the baby with trisomy 13. Seven
babies had long-segment arch hypoplasia and were kept
under surveillance to exclude the development of coarctation
during the first year; they are considered false-positive
diagnoses. The remaining 17 infants had sonographically
normal appearances of the aortic arch and were discharged
home only after the duct had closed in accordance with our
usual practice for management of cases suspected antenatally
to be at risk for coarctation. No case has required surgery later
than the perinatal period.

Identification of Abnormality

The aortic arch Z scores and the isthmal-to-ductal ratio
enabled good separation between the 200 fetuses in the
control group and those with disproportion suspected to have
coarctation at the first scan (Figure 3A and 3B). The Z scores
demonstrated less variance in our control population than in

Controls

the population used to derive the scores, which may be
explained by the use of a single examiner in this study. We
have described that the normal isthmal-to-ductal ratio ap-
proaches 1 with a 95% reference range of 0.74 to 1.23 and
does not change significantly in the normal fetal population
during the second and third trimesters.’? Of the 44 fetuses in
the study group, 40 had an isthmal-to-ductal ratio at first
examination <0.74, and this included all 27 fetuses who
required postnatal surgery or surveillance. In contrast, the 4
fetuses with ratios in the normal range were all normal after
delivery.

Receiver-operating characteristic curves were used to test
the ability of isthmal and ductal Z scores and the isthmal-to-
ductal ratio to differentiate between normal outcomes (con-
trols, postnatal normal, and surveillance groups; n=224) and
cases requiring surgery (20 babies). The isthmal and ductal Z
scores showed an excellent area under the curve for the first
scan of 0.963 (95% confidence interval [CI], 0.940 to 0.985)
and 0.969 (95% CI, 0.949 to 0.990), respectively, whereas
measurements of the ductal-diameter Z scores alone were less
powerful at 0.726 (95% CI, 0.571 to 0.881; Figure 4).
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Figure 4. Receiver-operating characteristic
curves of the Z scores of the isthmus and ductal
diameter and their ratio in 244 fetuses assessing
their ability to distinguish those that required sur-
gery at the first examination.
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Refining the Diagnosis: Serial Measurements,
Isthmal Morphology, and Flow Disturbance

At the first scan, the isthmal-to-ductal ratio of 4 cases of
suspected coarctation lay above the lower 95% CI. All proved
to be normal after delivery (Figure 5A). The isthmal Z scores
of 21 fetuses with disproportion were >—2 and thus lay
within the normal range (Figure 5B). Eight required surgery
for coarctation of the aorta; 2 were kept under surveillance;
and 11 were considered normal after the duct closed. The
serial isthmal-to-ductal ratios and isthmal Z scores are shown
in Figure 6A and 6B. Those who proved normal postnatally
showed an improvement in the ratio or Z score to within the
normal ranges during pregnancy but remained below the
lower limit of normal or worsened for both parameters in all
but 2 of those requiring surgery and 3 kept under surveillance
after birth; their isthmal Z scores remained in the low-normal
range (Figure 6B). Thus, serial isthmal Z scores and isthmus-
to-ductal ratios could distinguish those who would reguire
surgery from those requiring surveillance with odds ratios

Isthenal 10 Ductal Ratio

(ORs) of 0.52 (95% CI, 0.320 to 0.847) and 0.92 (95% CI,
0.869 to 0.1.052), respectively (Table 2). The higher (less
negative) the scores were, the less likely it was that a true
coarctation of the aorta existed.

The correlation of the within-subject measurements was
reasonably high. Of the 44 patients with suspected coarctation
of the aorta, the intraclass correlation coefficient for the
isthmus Z scores, ductal Z scores, and isthmal-to-ductal ratio
were 0.75, 0.44, and 0.71, respectively. For the cases with
confirmed coarctation of the aorta, the intraclass correlation
coefficient values were 0.65, 0.50, and 0.63.

Very little difference was found in the area under the
receiver-operating characteristic curves created using the first
scan only against using all available serial scans. The serial
scans showed a marginal decrease in the area under the curve:
Isthmal Z scores decreased from 0.963 to 0.958 (P=0.93); the
isthmal-to-ductal ratio decreased from 0.969 to 0.965
(P=0.94); and ductal Z scores decreased from 0.726 to 0.654
(P=0.25).

tegorized by outcome. Line repre-
sents lower 95% CI for reference ranges
from cohort studied in Reference 12. @
Indicates controls; ®, surgery; A, surveil-
lance; and ©, postnatal normal.
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Figure 6. Serial isthmal-to-ductal ratios (A)
and isthmal Z scores (B) of the 44 fetuses
referred with suspected coarctation. Line rep-
resents lower 95% CI for reference range
from cohort studied in Reference 12. Upper
panels show f requiring postnatal sur-
gery (0); middle panels, those with arch
hypoplasia undergoing surveillance (A); and
bottom panels, those who were normal after
birth ().
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In addition to growth of the aortic and ductal arches, we
analyzed whether visualization of a posterior shelf and/or
flow disturbance at the isthmus could increase the cardi-
ologist’s ability to predict whether a fetus would require
surgery for coarctation of the aorta in the neonatal period
(Table 3). All were independent predictors of surgery.
Multivariable logistic regression showed that the presence
of flow disturbance at the isthmus increased the chances of
a true coarctation 15.8-fold in this fetal cohort with cardiac

disproportion.

Identification of Abnormality Using Scans at >26
Weeks’ Gestation Only

Because serial scans seemed to help distinguish suspicious
cases that proved normal after birth from those requiring
surgery or surveillance, we analyzed separately the measure-
ments made in the third trimester after 26 weeks. These
measurements were as good in separating control cases from
those requiring surgery and were useful in separating those

requiring surgery from those requiring surveillance (isthmal
Z scores: OR, 0312; 95% CI, 0.138 to 0.706; P=0.005;
isthmal-to-ductal ratio: OR, 0.894; 95% CI, 0.826 to 0.967;
P=0.005).

Likelihood of Coarctation of the Aorta: Additional
Echocardiographic Features

The frequency of minor secondary diagnoses such as ventric-
ular septal defect, bicuspid aortic valve, and persistent left
superior caval vein to coronary sinus, as well as the presence
of a coarctation shelf and flow disturbance in the isthmus,
also was documented prospectively (Table 1). Logistic re-
gression showed that the presence of flow disturbance in-
creased the OR for coarctation 22-fold (95% CI, 4.5 to 103;
P<0.001), a ventricular septal defect increased it slightly to
1.4 (95% CI, 05 to 4; P=0.52), and the presence of a left
superior caval vein reduced the OR to 0.3 (95% CI, 0.1 to 1.0;
P=0.05). When a shelf was visualized, surgery was required
in all but 1, who proved normal postnatally.
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Table 2. ORs for Coarctation Using Z Scores of Aortic Isthmus, Arterial Duct, and Ratio of Isthmal to Ductal Diameters for All

Gestational Ages
Measurament OR 5% a P
Surgical vs controis and faise-positive
All scans used Isthmal Z score (GA) 0.008 0.000-0.170 0.002
Ductal Z score (GA) 2434 1.624-3.648 <0.001
Isthmal-to-guctal ratio <100 0.792 0.724-0.866 <0.001
Only first scan used Isthmal Z scora (GA) 0.234 0.148-0.369 <0.001
Ductal Z score (GA) 4709 24169177 <0.001
Isthmal-to-guctal ratio <100 0.876 0.836-0.917 <<0.001
Nead for surgary vs survellianca
All scans used Isthmal Z score (GA) 0.521 0.320-0.847 0.009
Ductal Z score (GA) 1.258 0.711-2.224 0.430
Isthmal-to-guctal ratio<100 0.920 0.869-0.973 0.004
Only first scan used Isthmal Z score (GA) 0.781 0.362-1.685 0529
Ductal Z score (GA) 1101 0.440-2.757 0.837
Isthmai-to-guctal ratio <100 0.962 0.878-1.052 0.395
6A Indicates gestational age.

Likelihood of Coarctation of the Aorta:

Clinical Impression

The degree of agreement between the fetal cardiologist’s first
clinical impression and outcome was 77%, with a x value of
0.63 (Table 4). Nineteen of the 24 classified as highly likely
to have coarctation of the aorta at the first scan required
surgery, and all 12 thought unlikely to have coarctation were
normal. The remaining 8 fetuses classified as possibly having
coarctation had a mixed outcome: 1 had surgery for coarcta-
tion, 3 required surveillance for arch hypoplasia; and 4 were
normal.

Discussion
Aortic coarctation is one of the most poorly detected lesions
at routine prenatal and postnatal screening and is life-
threatening if undiagnosed.’-*514 It is important to develop
better screening methods both before and after birth. Arch
obstruction occurs in the fetus; it is not a postnatal event but
a dynamic situation in the fetus.'® In this unselected series of
fetuses with disproportion, we have demonstrated a posterior

Table 3. Factors Predictive of Surgery for Aortic Coarctation

Maasuremant OR 5% 01 P
Need for surgary vs
survelliance
Isthmal Z score (GA) 0521 0.320-0.847 0.009
Ductal 7 score (GA) 1288 0711-2224 0.430
ishmal-fo-guctal ratiox 100 0920  0.869-0.973 0.004
FAow disturbance 21.706 . <0.001
VsD 1407 0.490-4.043 052
LSVC 0349  0121-1.002 0.050
Multivariable analysis
ishmal-fo-ductal ratiox 100 0946 0.888-1.008 0.085
FAow disturbance 15.860 - 0.001

shelf and flow disturbance at the isthmus in 45% and 65%
cases of true coarctation of the aorta, respectively. Moreover,
these were specific signs of coarctation, each occurring in
only 1 case that did not require neonatal surgery, giving a
specificity of 90% and 94%, respectively. Fetuses who had
flow obstruction were 15.8-fold more likely to require sur-
gery for coarctation of the aorta after birth than those with
arch hypoplasia. Because all but 1 with a shelf required
surgery, we could not calculate an OR to distinguish those
requiring surgery from surveillance.

Redistribution of flow at the atrial level from left to right is
|1 explanation for disproportion at the 4-chamber and arch
views, but growth velocities may alter during gestation and
permit sufficient arch growth to avoid surgery. These babies
are often born with arch hypoplasia, and late coarctation has
been described.'s Four-chamber disproportion may be subtle,
and disproportion may be visible only at the arch views.
Therefore, screening using the 3-vessel and tracheal view is
important to avoid false-negative results. We also recommend
this view to fetal cardiologists because color velocity and
energy enhance disproportion and may reveal a holdup of
flow at the isthmus, which further increases specificity of
diagnosis. Current specificity of diagnosis is poor, and the
high false-positive rates of up to 81% reported by fetal
cardiologists reviewing suspected cases in tertiary referral
centers reflect the cautious postnatal management plan insti-

Table 4. Agreement Between the Clinical Impression of the
Fetal Cardiologist After the First Scan and the Postnatal
Outcome

Outcomea
Clinical Grading Surgery  Survelance  Postnatal Normal
Highly lIkely coarctation 19 4 1
Possibly coarctation 1 3 4
Unisaly coarctation 0 0 12

VSD Indicates ventricular saptal defect; LSVC, left superior vena cava.

Observed agreement, 77.3%. x~0.63 (35% Cl, 0.42 1o 0.85).
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tuted in most centers once antenatal suspicion is raised.”?
Although this is warranted in view of the severity of the
disease if undiagnosed, transfer of place of delivery to a
tertiary center and admission to a cardiac unit for surveillance
pending closure of the arterial duct are expensive and may be
difficult for the family. Poor specificity was confirmed in our
study, in which the accuracy of our clinical impression in
predicting the need for postnatal arch repair or surveillance
was 77% for cases thought either highly likely or highly
unlikely to be coarctation but only 50% in borderline cases
referred with disproportion. If one considers a true positive to
be a case requiring surgery in the perinatal period and not to
include those requiring surveillance for arch hypoplasia
(cases we believe are important to identify and monitor), the
true-positive rate (based on our usual observations and not
these study measurements) was 62.5%. We believe this study
has identified more objective measurements that will assist us
in risk stratification of those suspected to have coarctation at
screening in the future.

Screening for Fetal Coarctation
The proportion of neonates admitted to our pediatric cardiac
surgical unit last year with coarctation of the aorta requiring
surgery who had an antenatal diagnosis of isolated coarcta-
tion (as defined in Methods) was 32%, which is better than
the 19% reported from other cardiac centers® or the 6%
antenatal detection rate described in a regional UK study.?
This is similar to the proportion admitted for surgery with an
antenatal detection of ventriculoarterial discordance (simple
transposition of the great arteries, 38%) and tetralogy of
Fallot (35%). This suggests that our training strategy is
beginning to achieve success in reducing the false-negative
rate within the screening programs in our referral area. Most
referring obstetric units now screen the fetal heart in 5
transverse views, including the 3-vessel and tracheal view,"
in the second trimester. They form a visual appreciation of the
relative sizes of the aortic and ductal arches (without making
measurements) and refer if the arches are not equivalent in
size, if the aortic arch is right sided, or if a persistent left
superior caval vein is identified. Disproportion of the arch
vessels identifies a population of fetuses at risk of coarctation
(or interrupted aortic arch), and increased detection of iso-
lated coarctation is reported in some screening programs as a
result of similar training initiatives.'®

Incorporation of the 3-vessel and tracheal view into screen-
ing will identify more cases of persistent left superior caval
vein with or without 4-chamber disproportion. We and others
have published our early observations on the coexistence of a
persistent left superior caval vein and congenital heart disease
and extracardiac malformations in the fetus. In our previous
study, we found that it increased the odds of congenital heart
disease to 8.43 and was seen in half of the cases of coarctation
requiring surgery.'-'? We have included the fetuses from this
early experience in this study. In this current cohort, half of
the fetuses with a persistent left superior caval vein did not
have coarctation or arch hypoplasia after birth, and its
detection decreased the likelihood of requiring surgery for
coarctation to 0.35. This is in agreement with the findings of
others who have reported that, although it is seen more

commonly in association with congenital heart disease and
important extracardiac malformations such as the CHARGE
syndrome or esophageal atresia than in the normal popula-
tion, the enlarged coronary sinus may lead to 4-chamber
disproportion and may increase false-positive diagnoses of
coarctation at screening.’®

Applicability of Z Scores to the General

Fetal Population

In the present study, we tested our previously developed Z
scores derived from measurements of the diameters of the
distal aortic isthmus and arterial duct’? in another population
of normal fetuses to assess its general applicability and then
in a cohort at risk of coarctation resulting from ventricular or
great arterial disproportion. These measurements achieved
good separation of the cohort with true coarctation of the
aorta from the normal population at the first scan.

Gestational Age at Screening

Earlier gestational age at first examination is known to
improve the specificity of diagnosis of coarctation.™® This
was confirmed in our study in which 3 fetuses seen for the
first time after 32 gestational weeks (and on only 1 occasion)
showed lack of agreement between clinical impression and
outcome. However, the predictive power of our serial Z
scores and ratios was as good when data recorded only after
26 weeks were analyzed (Table 2). The use of serial isthmal
Z scores and the absence of a shelf or flow disturbance in the
isthmus would have been helpful in deciding that these 3
cases were true negatives.!?

Study Limitations

Our study was not designed to test the sensitivity and
specificity of the measurement of isthmus diameter (alone or
related to duct diameter) in a large unselected population of
fetuses as part of a screening program but to explore factors
that might improve specificity once a diagnosis was sus-
pected. Although these measurements are relatively simple
and reproducible in the hands of an experienced fetal cardi-
ologist, we are not recommending their routine use at screen-
ing of the low-risk population by sonographers because of
time constraints. We believe that the 3-vessel and tracheal
view can be used to visually identify fetuses with arch
disproportion, thus increasing the sensitivity of screening.

Although 5 of 6 fetuses with proven bicuspid aortic valve
had true coarctation of the aorta, we could not confirm a
predictive association statistically because of insufficient
power in the study. A larger series may confirm this, but
antenatal diagnosis of bicuspid aortic valve is not always
reliable. The Cls for multivariable logistic regression of flow
disturbance at the isthmus were wide, reflecting the small
sample size, and have been omitted from Table 3.

In late gestation, the isthmal-to-ductal ratio may be low as a
result of ductal dilatation owing to a restrictive oval foramen that
causes right-sided enlargement and may reduce the utility of this
ratio used in isolation in advanced gestational age. ™
Conclusions
Fetal arch obstruction is a dynamic process in which obstruc-
tion exists in the setting of rapid fetal growth. Improved

86



00T ‘€1 [udy uo Aq Ssorspewmofene)duy wosy papwumac

Matsul et al

sensitivity of coarctation at screening is possible by including
transverse views of the aortic and ductal arches routinely and
referring if disproportion is seen. Our first arch Z scores and
the isthmal-to-ductal diameter ratio were able to separate
fetuses at risk of coarctation from normal fetuses but could
not reduce false-positive diagnoses. However, diagnostic
specificity was improved by serial Z score and ratio measure-
ments; it was improved 15.8-fold if a flow disturbance in the
isthmus was detected. The presence of a shelf also was an
excellent indicator of coarctation. We recommend early
postnatal surveillance until the duct has closed, even in cases
exhibiting good prenatal growth of the isthmus, until more
experience has been gained with these indices.

Source of Funding
Dr Matsui is supported by TinyTickers, the fetal heart charity
(www_tinytickers.org).

Disclosures
None.
References
1. Mellander M, S dh J. Failure to di ni:almnmnlﬁr
in b before disch an i blem? Acta

Pacdiatr. 2006:95:407-413.

Abu-Harb M, Hey E. Wren C. Death in infancy from unrecognised

congenital heart discase. Arch Dis Child. 1994:71:3-7.

Wren C, Rﬂnhudll.l(hl“nle.Twcuy-yufundsmdwul

life-th dar malfo i Arch Dis Child

Fetal Nmnanl Ed. mo: F33-F35.

4. Franklin O, Burch M, Manning N, Sleeman K. Gould S, Archer N.

Prenatal diagnosis of coarctation of the aorta improves survival and

reduces morbidity. Hearr. 2002;87:67-69.

Eapen RS, RwlndDG.Fnﬂ-WH Eﬂendpunnhinpou:d

critical left heart ob on p I morbidity and y. Am J

Perinatol. 1998;15:237-242.

6. Brown KL, Ridout DA, Hoskote A, Verhalst L, RmM Bull C. Dehysd
diagnosis of congenital hoart discase di and

5]

a

w

Diagnostic Accuracy in Fetal Coarctation 1801

outcome of congenital heart discase surgery in neonates. Heart. 2006:92:
1298-1302

. Sharland GK, Chan KY, Allan LD. Coarctation of the sorta: difficulties

in prenatal disgnosis. Br Heart J. 1994;71:70-75.

. Brown DL, Durfee SM, Homberger LK. \ icular discrepancy as a

phic sign of ion of the fetal aorta: how reliable is #t? J
Ultrasound Med. 1997:16:95-99.

. Stos B, Le Bidois J, Fermont L, Boanet D. Is antenatal diagnosis of

coarctation of the aorta possible [in French]? Arch Mal Coeur Vaiss.
2007:100:428-432.

Horlbagf LK, Slhn DI, Kleinman CS, Copel J. Silverman NH.
son of the aorta: a malticenter experience.
J Am Coll Cardiol. 1994:23:417-423.

- Yagel S, Coben SM, Achiron R. Examination of the fetal heart by five

short-axis views: a proposed screening method for comprehensive cardiac
evaluation. Ultrasound Obstet Gynecol. 2001;17:367-369.

. Pasquini L, Mellander M, Secale A, Matsui H, Roughton M, Ho SY,

G-n!nerHM Zmoflhl’:timmhnumddu:l.mmlb
arch hypoplasia. Ul d Obstet Gynecol. 2007:29:
628-633.

. Gards H. The Infl of I ine Envi on Cardio-

vascular Development During Fetal Life and After Birth [thesis). Lund,
Sweden: Lund University; 2002:80.

. Abu-Harb M, Wyllic J. Hey E, Rich d S. Wren C. Pr soa of

obstructive left heart malformations in infancy. Arch Dis Child. 1994:71:
F179-F183.

- HudCE.JoMVC Sharland GK, Simpson JM. Timing of presentation

and p of infants d of having ion of the
soeta during fetal life. Heart. zoosm 1070-1074.

. Tegnander E, Williams W, Johansen OJ, Blaas HG, Eik-Nes SH. Prenatal

detection of heart defects in a non-selected population of 30,149 fetuses:
detection rates and outcome. Ultrasound Obstet Gynecol. 2006;27:
252-265.

B Pu;uml_.Fu:h:nA Tan T, Ho SY, Gardimer H. Left superior caval

ds of fetal jon. Heart. 2005:91:539-540.

. BagC K.nnppelM Geipel A, Kohl T, anM.KncpﬂnG.Guan
UPmuul

vuncnnndu iated congy 1 lies. Ul :m

Gynecol. 2006:27:274-280.

. Postema PG, R loo LAJ, van Litsenburg R, Rothuis EGM, Hruda J.

Left superior vena cava in pediatrs gy iated with extra-
cardiac anomalies. Int J Cardiol. 2008;123:302-306.

. Hagen A, Albig M, Schmleiopplth-luA Bcch:r&

Entezamia M. Prenatal di ovale ob
Fetal Diagn Ther. 2!1]520‘70—73

CLINICAL PERSPECTIVE

Undiagnosed coarctation can cause neonatal circulatory collapse and death, but morbidity is reduced by antenatal detection
and appropriate perinatal management. Identification of isolated coarctation at obstetric screening is notoriously difficult;
one 20-year regional series reported that only 6% of isolated coarctation was detected antenatally. Fetal coarctation is
suspected sonographically from disproportion at 4-chamber or great arterial views. Incorporating the 3-vessel and tracheal
view into obstetric screening programs enables assessment of the relative sizes of aortic and ductal arches and may reduce
false-negative diagnoses, but surveillance of false-positives cases, estimated at ~30%, incurs hospital costs. This article
analyzes the ability of measurements and Doppler in the arches to improve diagnostic specificity. We report that the
receiver-operating characteristic curves of isthmal Z scores and the isthmal-to-ductal ratio can identify cases requiring
surgery at first examination and that serial measurements allow separation of normal arches from those requiring surgery
or observation during infancy. Continuous isthmal Doppler flow increased the likelihood ratio of coarctation 16-fold, and
visualization of a coarctation shelf was specific for those requiring surgery. Ventricular septal defect and bicuspid aortic
valve were seen in 50% and 25% of true coarctation, respectively, but did not increase the specificity of diagnosis, and left
superior vena cava generated false-positive cases. False-negative diagnoses of coarctation may be reduced by appreciating
arch disproportion at obstetric screening using the 3-vessel and tracheal view, and false-positive diagnoses can be reduced
in the tertiary center by serial measurements and detection of isthmal flow disturbance or coarctation shelf.
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Main points of the publication:

The aim of the study was to determine whether within a group of cases prenatally diagnosed
with COA, four sonographic features — the isthmus diameter Z-scores, the ratio of isthmus to
duct diameters, the visualization of coarctation of the aortic shelf, and the isthmus flow
disturbance — could differentiate cases that would require neonatal surgery.

An isthmus diameter score < -2 was the most powerful predictor for surgery. An isthmus to
duct ratio < 0.74 on the last scan required surgery in all patients, the aortic shelf was identified
in 66% of cases, and isthmus flow disturbance was present in 50% of fetuses with COA. In this
study the combination of these four parameters allowed us to predict COA correctly in 81% of
cases at the first assessment and in 86% of cases using serial measurements. The incorporation
of these four parameters into the prenatal assessment of fetal COA in tertiary centres was

proposed by the authors.

The candidate contributed to the manuscript and with cases to this study.
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ABSTRACT

Objectives Isolated fetal coarctation of the aorta (CoA)
has high false-positive diagnostic rates by cardiologists
in tertiary centers. Isthmal diameter Z-scores (1), ratio
of isthmus to duct diameters (I1:D), and visualization of
CoA shelf (Shelf) and isthmal flow disturbance (Flow)
distinguish hypoplastic from normal aortic arches in
retrospective studies, but their ability to predict a need
for perinatal surgery is unknown. The aim of this study
was to determine whether these four sonographic features
could differentiate prenatally cases which would require
neonatal surgery in a prospective cohort diagnosed with
CoA by a cardiologist.

Methods From 83 referrals with cardiac disproportion
(January 2006 to August 2010), we identified 37
consecutive fetuses diagnosed with CoA. Measurements
of I and 1:D were made and the presence of Shelf
or Flow recorded. Sensitivity, specificity and areas
under receiver—operating characteristics curves, using
previously reported limits of I < —2 and 1:D <0.74,
as well as Shelf and Flow were compared at first and
final scan. Associations between surgery and predictors
were compared using multivariable logistic regression and
changes in measurements using ANCOVA.

Results Among the 37 fetuses, 30 (81.1%) required
surgery and two with an initial diagnosis of CoA were
revised to normal following isthmal growth, giving an
86% diagnostic accuracy at term. The median age at first
scan was 22.4 (range. 16.6-7.0) weeks and the median
number of scans per fetus was three (range, one to five).
I < —2 at final scan was the most powerful predictor (odds
ratio, 3.6 (95% CI, 0.47-27.3)). Shelf was identified in
66% and Flow in 50% of fetuses with CoA.

Conclusion Incorporation of these four sonographic
parameters in the assessment of fetuses with suspected
CoA at a tertiary center resulted in better diagnostic
precision regarding which cases would require neonatal
surgery than has been reported previously. Copyright ©
2012 ISUOG. Published by Jobn Wiley & Sons, Ltd.

INTRODUCTION

Antenatal diagnosis of isolated coarctation of the aorta
(CoA), even by experts, lacks sensitivity at screening and
specificity’. This leads to increased morbidity and mortal-
ity in affected neonates without a prenatal diagnosis, who
often collapse and require resuscitation before surgery?.
In the tertiary fetal cardiology setting there is a high false-
positive rate, resulting in a significant proportion of fetuses
which do not eventually require surgery being scanned
throughout pregnancy and transferred and assessed at a
cardiac unit following delivery.

We have previously published a method that compared
the diameters of the aortic and ductal arches in a normal
fetal population and derived reference ranges?, reporting
that Z-scores of the aortic isthmus diameter and the
isthmal to duct diameters ratio of raw measurements
could be used at screening to select for further evaluation
those lying below the normal range, thus potentially
increasing the sensitivity of screening for CoA. We used
these measurements retrospectively in a cohort of fetuses
referred with suspected CoA and in whom we knew the
outcome, to assess the diagnostic ability of this approach
compared with subjective assessment of disproportion®,
reporting that only 62.5% of those thought to have
CoA by the cardiologist actually required surgery in the
neonatal period.

In this prospective study we analyzed whether four
sonographic parameters (‘predictors’: isthmal Z-scores (I);
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ratio of isthmus to duct (I: D); visualization of CoA shelf
(Shelf); and visualization of continuous diastolic flow at
the isthmus (Flow)) could predict at three time points in
pregnancy (before 24 weeks; at first scan after 24 weeks;
and at final scan) the need for postnatal surgery in fetuses
thought by a fetal cardiologist to have CoA because of
disproportion detected at screening in the four-chamber
and/or three vessels and trachea view.

METHODS

This study was performed at Queen Charlotte’s and
Chelsea Hospital, Imperial College London, UK and
University Hospital and Masaryk University, Brno, Czech
Republic. We recruited 43 fetuses which had been referred
sequentially between January 2006 and August 2010,
with a primary diagnosis of CoA made by a cardiologist
at one of two tertiary centers. Indication for referral
was suspected congenital heart disease (n=39), family
history (n=2), increased nuchal translucency thickness
(n=1) and diabetes mellitus type 1 (n=1). During
the same time interval an additional 40 fetuses were
referred with suspected CoA on obstetric ultrasound,
but assessment by the fetal cardiologist showed arch
measurements within the normal range* and neither Shelf
nor Flow. These were therefore not felt to have CoA
and were excluded from the study, but their postnatal
outcome was checked on the national Central Cardiac
Audit Database (www.ccad.org/congenital) to ensure that
they did not undergo surgery for CoA during the first year
after delivery. A postnatal echo was not recommended
routinely but postnatal evaluation was offered in a report
generated following the fetal consultation if there were
any postnatal concerns.

CoA was defined as concordant atrioventricular and
ventriculoarterial connection with hypoplasia of the
isthmus < Z-score —2, presence of a CoA shelf (Shelf)
or presence of continuous diastolic flow at the isthmus
(Flow). The diagnosis of likely CoA was made if any one
of the four predictors assessed in this study was present,
i.e. I or I:D below the lower limit of normal or if there
was evidence of Shelf or Flow. We included fetuses with
associated ventricular septal defect, bicuspid aortic valve
and persistent left superior caval vein*, but not those with
other cardiac abnormalities. We did not exclude fetuses
with aneuploidy or extracardiac malformations, but five
cases which suffered intrauterine death or termination
of pregnancy without confirmed outcome at postmortem
were excluded from analysis and one with diaphragmatic
hernia was excluded as the disproportion was thought
to be secondary to the extracardiac abnormality rather
than a marker of CoA. Therefore, 37 fetuses with a fetal
diagnosis of CoA were enrolled into the study.

The institutional review board considered ethical
approval unnecessary because the sonographic measure-
ments were performed as an integral part of routine
clinical visits, for which informed consent had been
obtained from the women.

Copyright © 2012 ISUOG. Published by John Wiley & Sons, Ltd.
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Echocardiography

Fetal echocardiography was performed on a GE Volu-
son E8 (GE Medical Systems, Zipf, Austria) ultrasound
machine using a 4-8-D RAB probe. The four predic-
tors comprised serial arch diameter measurements in
the three vessels and trachea view, and presence of
Shelf and Flow. Z-scores of the isthmus were calcu-
lated based on gestational age as described previously?.
Sagittal views of the aortic arch were examined for
Shelf (Figure 1) and both views were examined with
color and power Doppler to detect Flow. No alter-
ation from routine settings was required to detect
Flow. If detected, Flow was confirmed on pulsed
Doppler (Figure 2). Fetuses were examined at approx-
imately monthly intervals and perinatal management
was informed by objective data from the four predic-
tors.

Outcome measures

The primary outcome measure was the requirement for
CoA surgery perinatally.

Statistical analysis

All analyses were carried out using Stata version 11.1
(Stata Statistical Software; StataCorp, College Station,
TX, USA). Mean and standard deviation of I, I:D and
gestational age at scan were calculated for neonates
who required surgery and those who did not, and
differences compared using ¢-tests for first and last scan.
Median and range were determined and Mann-Whitney
U-tests were used if variables were not normally
distributed. For the binary predictors (Shelf, Flow,
I < -2, I:D =0.74)® the percentages in each group
were calculated and the chi-square test, or Fisher’s exact
test for cell counts < 5, was used to test for differences.

The relationship between predictors at first and last
scan and outcome was assessed by calculating sensitivity,
specificity and area under the receiver—operating char-
acteristics (ROC) curves (AUC) using previously defined
cut-offs® of < —2 for I and < 0.74 for I: D, as well as for
the binary variables (Shelf and Flow).

Differences in predictive power at first and last scan
were tested using McNemar’s test. Differences in AUC
were tested using the roccomp procedure in Stata
Statistical Software version 11 (StataCorp LP, 2009,
College Station, TX, USA)°. Logistic regression was used
to test and compare associations between outcome and
predictors at first and last scan.

We investigated whether the change in measurements
made over time was associated with the need for surgery.
The change in I and 1:D as continuous variables from
first to last scan was compared using ANCOVA, with
last scan measurement as the dependent variable, need
for surgery as the independent variable and adjusting
for measurement at first scan as this is preferable to
using change as an outcome®. For fetuses that were

Ultrasound Obstet Gynecol 2012; 40: 47-54.
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Figure 1 Sagittal view of the aortic arch in a fetus showing a posterior shelf on two-dimensional ultrasound (a) and color flow mapping (b).

.."\Mt.-u;‘\ '-‘x,'h. “4““.. I“\. L W

Figure 2 Doppler flow profile from the isthmus (sagittal view),
showing continuous flow throughout systole and diastole.

scanned before 24 weeks, the results of the first scan
before 24 weeks and the first scan after 24 weeks were
compared to determine whether diagnostic properties
improved.

Reproducibility of measurements was assessed by
calculating the limits of agreement”, i.e. the range in which
95% of the differences between pairs of measurements on
the same subject carried out by two different observers
were expected to lie. Based on 10 pairs of measurements
carried out by V.J. and H.M.G., the interobserver
variability showed a mean difference of 0.06 (95% limits
of agreement, —0.68 to 0.56).

Copyright & 2012 ISUOG. Published by John Wiley & Sons, Ltd.

RESULTS

Of the 37 fetuses enrolled into the study, at a median
(range) gestational age of 22.4 (16.6-37.1) weeks, 30
(81%) required surgery and seven were false-positive. A
median of three (range, one to five) scans was performed
per fetus. Two fetuses did not have I: D measured at the
first scan and one did not have Shelf recorded.

Twenty-three of the 30 (77%) requiring surgery were
assessed before 24 weeks, compared with two of the seven
(29%) that did not (P =0.03). Overall, eight fetuses had
persistent left superior vena cava (LSVC) (three in cases
false-positive for CoA) and nine had small ventricular
septal defects (VSD) (four in false-positive group; an
additional one was undetected prenatally), while six of
the 30 cases of true CoA had an associated bicuspid valve
reported.

A comparison of measurements for I and I:D and the
percentage lying below the lower limit of normal at the
first scan and the last scan before delivery is shown in
Table 1. All patients requiring surgery had an I:D ratio
<0.74 on the final scan. Shelf was detected in 19/29
(65.5%) fetuses requiring surgery and in 3/7 (43%) that
did not (P = 0.4). Flow was seen in half of those requiring
surgery (15/30, 50%) and in three of the seven (43%) that
did not (P> 0.9).

Predictive power of echocardiographic parameters

Table 2 shows the predictive properties of Shelf, Flow,
I and I:D. There was no significant difference in the

Ultrasound Obstet Gynecol 2012; 40: 47-54.
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Table 1 Comparison of measurements at first and last scan in those requiring surgery with those thought normal after delivery

Measurement No surgery (n=7) Surgery (n=230) P
First scan
Gestational age (wecks) 24.3 (19.6-30) 22.0 (16.6-37.1) 0.14
Isthmal Z-score -267 %057 -278+£17 0.87
Isthmal Z-score < -2 86 (6/7) 77 (23/30) 0.6
Isthmus to duct ratio 0.57+0.11 057+£0.18 0.95
Isthmus to duct ratio < 0.74 100 (6/6) 90 (26129) 0.68
Last scan
Gestational age (wecks) 34.4(26.9-36.7) 35.0(22.4-384) 0.91
Isthmal Z-score -289+15 -344£18 046
Isthmal Z-score < -2 71 (57) 90 (27/30) 0.20
Isthmus to duct ratio 0.57+0.16 052+0.12 0.28
Isthmus to duct ratio < 0.74 80 (6/7) 100 (29/29)¢ N/A

Data presented as median (interquartile range), mean + SD or % (n). “All fetuses requiring surgery had isthmus to duct ratio < 0.74 by the

last scan. NVA, not applicable.

Table 2 Predictive properties of sonographic features at first and last scan

Semsitivity Specificity AUC

Predictor (% (95% CI)) (% (95% CI)) (95% CI)
Presence of shelf (Shelf)

Any scan 65.5 (45.7-82.1) 57.1(18.4-90.1) 0.61 (0.40-0.83)
Presence of continuous flow (Flow)

Any scan 50.0 (31.3-68.7) 57.1(18.4-90.1) 0.54 (0.32-0.75)
Isthmal Z-score

First scan 76.7 (57.7-90.1) 14.3 (0.4-57.9) 0.45 (0.3-0.61)

Last scan 90.0 (73.5-97.9) 28.6 (3.7-71.0) 0.59 (0.40-0.78)

P 0.29 = 0.99 0.32
Isthmus to duct ratio

First scan 89.7 (72.6-97.8) 0(0-459) 0.45 (0.39-0.50)

Last scan 100 (88.1-100) 14.3 (0.4-57.9) 0.57 (0.43-0.71)

P 0.25 =0.99 0.5

AUC, area under the receiver—operating characteristics curve.

predictive ability of I and I:D between the first and last
fetal scans. Table 3 presents the odds ratios (OR) for the
four predictors. The OR for all predictors except for I at
first scan was = 1; however, none was significant and the
confidence intervals were very wide.

Predictive power of serial measurements

While there was an improvement in sensitivity of 1:D
on serial scans, with 100% sensitivity on the final scan,
ANCOVA analysis showed that there was no difference
in the change in I and I: D between fetuses who required
surgery and those who did not (difference in I at last scan,
adjusting for first scan = —0.50 (95% CI, —1.9 to 0.9),
P =10.48; difference in I: D at last scan, adjusting for first
scan = —0.02 (95% CI, —0.14 to 0.10), P=0.75).

Predictive accuracy of combinations of factors

The incremental value of combinations of factors was
examined (Table 4). Alone, Shelf had the highest AUC
(0.61). By combining this with I there was a modest
increase in AUC, to 0.64 (95% CI, 0.44-0.84).

Copyright @ 2012 ISUOG. Published by John Wiley & Sons, Ltd.

Table 3 Association between need for surgery and the four

predictors at first and last scans
Univariable
regression:
Predictor OR (95% ClI, P
Shelf 2.53(0.47-13.6) 0.28
Flow 1.33(0.25-7.01) 0.73
Isthmal Z-score <« -2
First scan 0.55 (0.56-5.35) 0.61
Last scan 3.6 (0.47-27.3) 0.22
Isthmus to duct ratio < 0.74
First scan N/A< 0.12
Last scan N/A<

<All fetuses requiring surgery had isthmus to duct ratio < 0.74 by
the last scan. N/A, not applicable; OR, odds ratio.

Predictive accuracy before 24 weeks

Of the 25 fetuses scanned before 24 weeks, only two
(8%) did not require surgery, so estimates of specificity
and ROC were not reliable. Although the sensitivity of
I and I:D increased between the first and last scans

Ultrasound Obstet Gynecol 2012; 40: 47-54.
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Table 4 Predictive accuracy of combinations of echocardiographic signs at first scan
Combination of Sensitivity Specificity AUC
predictors (% (95% CI)) % (95% CI)) (95% CI)
Two signs
Shelf + Flow 36.7 (19.9-56.1) 57.1(18.4-90.1) 0.47 (0.25-0.69)
Shelf + 1 56.7 (37.4-74.5) 71.4 (6.3-29.0) 0.64 (0.44-0.84)
Shelf + 1:D 60.0 (40.6-77.3) 57.1(18.4-90.1) 0.59 (0.37-0.80)
Flow +1 50.0 (31.3-68.7) 71.4(0.3-29.0) 0.61 (0.40-0.81)
Flow +1:D 43.3 (25.5-62.6) 57.1(18.4-90.1) 0.50 (0.28-0.72)
I+1:D 70.0 (50.6-85.3) 28.6 (3.7-71.0) 0.49 (0.29-0.69)
Three signs
Shelf + Flow + 1 36.7 (19.9-56.1) 71.4 (29.0-96.3) 0.54 (0.34-0.74)
Shelf + Flow + 1:D 333 (17.3-52.8) 57.1(18.4-90.1) 0.45 (0.24-0.67)
Shelf + I+ 1:D 533 (343-71.7) 71.4 (29.0-96.3) 0.62 (0.42-0.83)
Flow + 1+ 1:D 43.3 (25.5-62.6) 71.4(29-96.3) 0.57 (0.37-0.78)
Four signs
Shelf + Flow + 1+ 1:D 33.3(17.3-52.8) 71.4 (29-96.3) 0.52 (0.32-0.72)

AUC, area under receiver—operating characteristics curve; Flow, presence of continuous flow; 1, isthmal Z-score; 1: D, isthmus to duct ratio;

Shelf, presence of shelf.

(I from 73.9% (95% CI, 51.6-89.8) to 81.8% (95% CI,
59.7-94.8) and 1:D from 86.4% (95% CI, 65.1-97.1)
t0 95.2% (95% CI, 76.2-99.9)), these increases were not
significant (P =0.73 for I, P=0.63 for I: D).

Presence of abnormal karyotype and extracardiac
abnormalities

Fourteen of the 37 (37.8%) women accepted prenatal
karyotype testing. All results were normal. Among those
declining prenatal testing was one case of trisomy 13
(with CoA) and one case of trisomy 21 (without CoA,
with VSD) diagnosed postnatally. All children undergoing
surgery had normal karyotype.

Seven of the 37 (18.9%) fetuses had additional sono-
graphic findings detected prenatally, including increased
nuchal translucency, single umbilical artery, two-vessel
cord and cerebellar hypoplasia or cerebral ventricu-
lomegaly. Three chromosomally normal fetuses had
extracardiac abnormalities confirmed postnatally: one
with duodenal atresia, one with tracheo-esophageal fistula
and one with multiple abnormalities including scoliosis
and coloboma. Two fetuses had brain abnormalities con-
firmed on fetal magnetic resonance imaging, associated
with trisomy 21 and trisomy 13.

Characteristics of those not requiring surgery

Table 5 details the characteristics of the seven fetuses
that did not require surgery postnatally. Six fetuses had a
tapering or hypoplastic arch and one did not. Of these six,
two showed improved growth on serial scans, reaching
an isthmal Z-score within the normal range by term
and so were thought unlikely to have CoA. Four had
bilateral superior caval veins and five had a VSD identified
prenatally (four of which were confirmed postnatally).
Two fetuses had trisomies (21 and 13). The only fetus
without an additional finding on prenatal ultrasound was
found to have a small ventricular septal defect (not seen

Copyright © 2012 ISUOG. Published by John Wiley & Sons, Ltd.

on fetal echo) after birth. The postnatal echo showed a
normal arch in four babies, two had arch hypoplasia and
one had an area of isthmal narrowing without CoA. All
children were reviewed in a cardiac clinic until they were
1 year old.

DISCUSSION

Making a prenatal diagnosis of CoA requires the combi-
nation of high sensitivity at screening (due to the serious
consequences of not detecting this lesion before birth®)
and high specificity following referral to a tertiary center.
Currently, neither of these is satisfactory, with less than
one third of cases of CoA being detected at screening®
and a high rate of false-positive diagnosis (low specificity)
by fetal cardiologists. False-positive diagnosis can cause
unnecessary parental anxiety, alteration of perinatal plans
that are disruptive to the family and unnecessary investi-
gations and hospital stay for the baby in a tertiary cardiac
center!, incurring costs.

In this prospective study we have demonstrated that the
use of four parameters (I, 1: D, Shelf and Flow) in com-
bination achieves superior diagnostic precision (86%) in
the detection of true fetal CoA requiring perinatal surgery
compared with our previously published clinical estimate
of 62.5%*. Shelf, Flow and I had ORs > 1 at the final scan
and all patients with CoA postnatally had an I:D ratio
below the lower limit of normal. Application of these
sonographic criteria by the fetal cardiologist during serial
review may increase diagnostic specificity and improve
clinical management. Furthermore, we confirmed that we
could safely exclude from further review approximately
half of the original prenatal referrals with suspected CoA
using these sonographic parameters as none had CoA
diagnosed during infancy. Statistical analysis could not
define a single ‘best predictor’ of CoA; however, measure-
ment of the isthmus and duct allow comparison of serial
Z-scores (measurements corrected for gestation or size)

Ultrasound Obstet Gynecol 2012; 40: 47-54.
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Table 5 Characteristics of the seven fetuses with unobstructed aortic arch postnatally

Prenatal echo:

Diastolic Additional prenatal

Isthmal Z-score

Fetus  arch morphology Shelf fiow features (first scan; last scan) ~ Postnatal features
1 No arch hypoplasia No No Left SVC, bicuspid AoV -25;-14 Normal arch, left SVC to
coronary sinus
2 Tapering arch Yes  Yes Left SVC, multiple VSD, -3.5;-28 Normal arch, left SVC to
extracardiac coronary sinus, multiple
abnormalitics VSD, dysmorphic features
3 Tapering arch on carly Yes  Yes Left SVC, VSD -3.26; -1.72 Mild narrowing at isthmus
scans, improved growth but no CoA, left SVC to
on later scans coronary sinus,
perimembranous outlet
VSD
4 Tapering arch on later Yes  Yes VsSD ~1.98;-5.98  Mild arch hypoplasia without
scans CoA, apical muscular VSD,
trisomy 21
5 No tapering and improved No  No VSD (on early scan; not -22;-2.2¢ Normal arch, no VSD
growth of arch seen on later scan or
postnatally)
6 Arch hypoplasia No No Left SVC, VSD -29;-34 Normal arch, malaligned
VSD, trisomy 13
7 Arch hypoplasia No No None -23;-27 Hypoplastic arch without
CoA, VSD, premature
delivery at 28 weeks

«Z-scores measured between these time points were more negative. AoV, aortic valve; CoA, coarctation of the aorta; SVC, superior vena

cava; VSD, ventricular septal defect.

and in two fetuses we correctly revised our opinion to
their being at low risk of CoA because of improvement of
isthmal measurements by term.

Previous studies have used sagittal or coronal views
of the aortic arch and focused on measurements of the
arch®!° or on the ratio of transverse arch diameter to
diameter of head and neck vessels'!. The diagnostic accu-
racy in our study (86%) was higher than the 62%" and
30%'2 reported previously. We preferred the three vessels
and trachea view in our examination protocol because it
is the ideal plane in which to compare aortic and ductal
arches and measure I and I: D (Figures 3a and 4a). How-
ever, Shelf and Flow are best identified in the sagittal view
of the aortic arch (Figures 3b and 4b) and in this study in
two-thirds of cases of true CoA we observed Shelf and in
50% we observed Flow on at least one examination.

The high level of false-positive diagnoses reported in
most series and the finding of Shelf in only two-thirds
of our current series of true CoA cases is not surprising
as tubular hypoplasia is the most common morphology
in neonatal CoA, although a shelf may co-exist. Tubu-
lar hypoplasia may also occur without obstruction*12,
We did not recognize Shelf in one case with CoA that
had an aneurysmal duct covering the isthmus in all sono-
graphic planes. There seems to be a learning curve in the
examination of the fetal arch, as in our previous report we
recognized a smaller proportion (45% ) of fetuses with true
CoA to have Shelf*. Conversely, identification of Shelf in
three of our cases that did not require surgery is interest-
ing. One was diagnosed with trisomy 21 postnatally (an
unusual association with CoA) (Figure 1). This fetus had
an apical muscular VSD on postnatal scan and isthmal
narrowing without CoA; the second had Shelf described

Copyright © 2012 ISUOG. Published by John Wiley & Sons, Ltd.

on the initial scan, followed by improvement in mea-
surements to within the normal range as the pregnancy
progressed, with Shelf not visible in later scans; the third
had multiple abnormalities, including abnormalities of the
thoracic spine compatible with CHARGE syndrome.

Pitfalls in the correct diagnosis of fetal CoA in previous
studies included fetuses having additional sonographic
findings, such as VSD and persistent LSVC that may be a
cause of ventricular disproportion particularly in the early
fetus because dilatation of the coronary sinus impairs left
ventricular filling'*!*. In this study, persistent LSVC was
seen as commonly in those with as in those without CoA,
as we have reported previously*. Bicuspid aortic valve
was diagnosed more frequently in true CoA; however,
difficulty in confirmation may make this well-recognized
association less helpful prenatally.

The rate of karyotypic abnormalities in this study
was lower than that in other published reports'*, likely
due to the majority of fetuses being referred following
first-trimester screening; chromosomally abnormal preg-
nancies may already have been terminated.

While statistical analysis of serial arch measurements
did not show improved diagnostic accuracy, two fetuses
had good aortic arch growth and our counseling was
altered to reflect this; neither required postnatal surgery,
giving an overall diagnostic accuracy of 86%. This is in
accord with our previous retrospective study in which
those not requiring surgery tended to show improved
growth of the aortic arch by term*. We arrange serial
follow-up for any fetus found to have any one of the four
sonographic parameters outside the normal range and
determine perinatal management (place of delivery and
postnatal assessment) if abnormality of any of the four

Ultrasound Obstet Gynecol 2012; 40: 47-54.
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Figure 3 Appearance in a normal fetus: (a) three vessels and trachea view, with aorta and duct passing to the left of the trachea and a single

right superior caval vein (SVC); (b) sagittal view of aortic arch.

Figure 4 Appearance in a fetus with coarctation of the aorta: (a) three vessels and trachea view, showing marked disproportion of the great
arteries; (b) two-dimensional ultrasound and power Doppler sagittal view of aortic arch, showing hypoplasia of the transverse arch with a
posterior shelf at the isthmus (*). SVC, superior vena cava. Calipers in (a) show measurement of aortic isthmus and ductal arch diameters.

predictors persists. If the parameters normalize during
follow-up we arrange local delivery and postnatal assess-
ment, provided that there is appropriate local expertise to
assess the neonate safely until the duct has closed.

Limitations

The accuracy of measurements must be interpreted with
caution when arch views are suboptimal, particularly
in the very small fetus or when the arch is very nar-
row, although in the latter case CoA is more likely.
Use of the I:D may be misleading in late gestation due
to ductal dilatation and tortuosity. Augmented diastolic
isthmal flow can be identified using standard machine
settings, and recognition that it might be present is impor-
tant. Ultrasound manufacturers commit to a measurement
accuracy of 1 mm for small structures (GE Healthcare,
pers. comm.), so accuracy may be reduced in early preg-
nancy. The lack of statistical confirmation of what we
believe to be a true clinical scenario is likely due to the
limited size of this study; there was limited power to

Copyright © 2012 ISUOG. Published by John Wiley & Sons, Ltd.

examine the change in predictive power with gestational
age at scan due to the small number of babies and the
variation in the number and timing of scans.

Conclusions

We propose incorporation into the prenatal assessment
of fetal CoA in the tertiary setting the following four
sonographic parameters: I: D < 0.74,1 < —2 and presence
of Shelf and/or Flow. In our study this combination
allowed us to predict CoA correctly in 81% of cases
at first assessment and serial measurements enabled us
to revise our assessment in two cases, resulting in an
accuracy of 86% overall.
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4. Rare morphological abnormalities

Thanks to the development of new ultrasound methods, we occasionally detect very rare and

unusual structural abnormalities in the fetus. In this part, some of them are presented.

4.0.1 ANNEX 11

Jicinska H, Tax P, Padr R, Jicinsky M, Marek J

Rare congenital umbilical arteriovenous malformation

European Heart Journal Cardiovascular Imaging [online]. 2020; 21(10):1172.
doi:10.1093/ehjci/jeaal 02

Impact factor in 2020 = 5.26

Main points of the publication:

A very rare case with arteriovenous malformation involving the umbilical vein was presented.
This unique case of vascular abnormality was detected at a very early prenatal stage (at the 16th
week of gestation), confirmed postnatally, and successfully treated by coil embolization at the

age of three months.
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Rare congenital umbilical arteriovenous malformation
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A 23-yearold pregrant woman (in vitro fertilizaion) was
referred to an eardy foetal echocardiogram for an
entarged right atrium (RA) and trieuspid valve regurgita-
tion (TR). These findings were confirmed at 16 wedks of
gestation with otherwise nommal cardisc anatomy.
Colour flow mapping used during foetal echocardogram
at 215t week of gestation revesled intra-hepaticarteriove-
nous malformation (AVM)—a communication between
abdominal sorta (AO) and a cystic enlargement of the
umbilical vein (UV) proximal to the ductus venosus (DV)
(Panels A and B Supplementary data orline, Wideas STA
and S1B). Apart from RA enlargement, there was no
other ggn of foetoplx entalciraulstory impairment.

A postnatal echocardiogram confimed persistent
AVM (Panel C, arrow) with systolic—diastolie flow h the
supply vessel on pulsed Dogpler echocardiogram (Panels
C and D). The DV wa chased completely. Apart from
AVM, significant left-to-right shunt across patent arterial
ductwas detected

A3D jon of contrast computerized tomog-
raghy at 11 weeks of age confirmed a cystic aneurysm of
the former UV comected to the hepatic and portal veins
and communicating with AO (Panel E). Three feeding ves-
sels arising from the AD were found: one just below the
diaghrapm, and two arising from the area of the celiac
trunk: only the larpest of these vessels remahingpatent at
that time (Panel Fposterior view).

At the age of 3 months, the feeding artery of the AVM
was successfully closed by three coils (Panek G and H,
Supplementary data online, Videas S1G and STH). Arterial
duct was closed at the same time. A follow-up review
confirmed an excelient outcome.

Swplementary chts are maisble at Ewopean Hean
Joumadl - Cardiovasaular kroging online.

Arteria
lienaks

Closed AVM
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4.0.2 ANNEX 12

Fotaki A, Novaes J, Jicinska H, Carvalho J S.

Fetal aortopulmonary window: case series and review of the literature.

Ultrasound in Obstetrics & Gynecology[online].2017; 49(4):533-539. ISSN 0960-7692.
doi:10.1002/u0g.15936

Impact factor in 2017 = 5.654

Main points of the publication:

Aortopulmonary window (APW) is a rare congenital cardiac anomaly characterized by
communication between the pulmonary artery and the aorta. Prenatal diagnosis of this lesion is
rare. Only isolated case reports have been reported so far.

In this paper four cases with aortopulmonary window were reported. The diagnosis of APW
was made prenatally in two of them: in the first case with atrioventricular (AV) and
ventriculoarterial (VA) concordance and no additional cardiac or extracardiac anomalies, and
in the second case with atrioventricular and ventriculoarterial concordance and interrupted
aortic arch.

The diagnosis of APW was made postnatally in the third case with transposition of the great
arteries. Similarly in the fourth case, diagnosis of APW was made with a criss-cross relationship
of the ventricles, and with a superoinferior relationship of the great vessels. There were no
additional extracardiac or chromosomal abnormalities in any of them.

In cases with APW and normal cardiac connections, the diagnosis can be made prenatally with
a standard three-vessel view. However, when there are associated abnormalities affecting the
spacial orientation of the great arteries, the diagnosis of APW can be challenging. In APW
cases, additional cardiac defects are common, while extracardiac and genetic abnormalities are

uncomimeon.

The candidate contributed to the manuscript and with a case to this study.
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ABSTRACT

Aortopulmonary window is a rare congenital cardiac
anomaly characterized by communication between the
aorta and the pulmonary artery above the semilunar
valves. Prenatal diagnosis is rare. We report four fetuses
with aortopulmonary window and review the relevant
literature. Approximately half of the reported cases
had additional cardiac defects. None had chromosomal
abnormalities. In cases with normal cardiac connections,
the diagnosis can be made prenatally on the standard
three-vessel view, as seen in two of our cases. In one
fetus with complete transposition of the great arteries, the
diagnosis was made retrospectively on sagittal views. In
the remaining case, the window was seen postnatally but
could not be identified retrospectively due to the abnormal
superoinferior relationship of the ventricles and vessels.
Copyright © 2016 ISUOG. Published by John Wiley &
Sons Ltd.

CASE SERIES

Between January 1997 and July 2015, fetal echocardio-
graphy was performed in 11727 fetuses at our tertiary
pediatric cardiology center. Among these, we identified
four with a diagnosis of aortopulmonary window (APW),
two of which were diagnosed prenatally. The diagnosis
was made postnatally in the other two cases, and could
be diagnosed retrospectively in one of these.

Case 1
Prenatal findings

A 33-year-old woman (gravida 3 para 1) was referred
for fetal echocardiography at 34 weeks® gestation due to
the presence of a cystic mass located behind the left
atrium. The patient’s family history was unremarkable.

First-trimester nuchal translucency (NT) thickness was
1.6 mm. Fetal anatomical survey at 21 weeks’ gestation
was normal apart from the presence of a hypoechogenic
lesion in the upper mediastinum, thought to represent
an intrathoracic cyst. As the pregnancy advanced and
the mediastinal lesion persisted, the woman was referred
for fetal cardiac assessment. Fetal echocardiography
showed abdominal situs solitus and the heart was
positioned normally in the chest. The atrioventricular
and ventriculoarterial connections were concordant.
At the level of the fourchamber view, a relatively
small cystic mass (measuring 10 x 10 x 9mm) was
depicted behind the left atrium, with no distortion of
the cardiac structures. Intracardiac anatomy appeared
normal. The three-vessel view demonstrated normal
relationship of the pulmonary artery, aorta and superior
vena cava. However, cross-sectional views showed a
large communication (8 mm) between the ascending aorta
and the pulmonary artery (Figure 1). Both branches
of the pulmonary artery were identified separately
and appeared normal. The arterial wall defect was
proximal and separate from the origin of the right
pulmonary artery (APW Type 1 according to classification
of Richardson etal'). Color-flow mapping showed
bidirectional shunting across the defect, confirming the
presence of the APW (Figure 1b). The family was
informed of the diagnosis, the need for postnatal
open-heart surgery and the likelihood of good long-term
outcome.

A three-dimensional ultrasound examination was per-
formed at 37 + 4 weeks’ gestation (Prestige V20, Medison,
Seoul, South Korea). Static, rather than spatiotemporal
image correlation, volumes were obtained due to frequent
fetal body and breathing movements and the limita-
tion posed by the advanced gestational age. Volumes
were analyzed offline using dedicated computer software
(Sonoview Pro, version 1.6.2, Medison). Rendered images
of the fetal APW are shown in Figure 1c and d.
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Figure 1 Fetal echocardiography at 28 + 1 wecks’ gestation in Case 1, showing aortopulmonary window (APW, =) in standard three-vessel
view without (a) and with (b) color mapping. Multiplanar (c) and rendered (d) images in same case at 37 + 4 weeks’ gestation, showing APW
in the three planes (c) and in en-face view as scen from aortic side (d). Ao, aorta; PA, pulmonary artery; SVC, superior vena cava.

Postnatal follow-up

A male neonate (3550g) was born at 37 46 weeks’
gestation by spontaneous vaginal delivery with no
complications. Postnatal echocardiography at 5days
postpartum confirmed the diagnosis of isolated APW
(Type 1, measuring 8 mm). Karyotype was normal and
excluded 22q11 microdeletion. The neonate was treated
initially with diuretics and surgical repair was performed
36 days after delivery. The APW was repaired through
the aorta; the wall of the ascending aorta was closed
with a pulmonary artery wall flap and autologous
pericardium was used to reconstruct the pulmonary
trunk. The postoperative course was uneventful and
the baby was discharged without complications 8 days
after the surgery. The infant was well on clinical
follow-up at 4 years. There has been no need for further
intervention.

Copyright @ 2016 ISUOG. Published by John Wiley & Sons Ltd.

Case 2

Prenatal findings

A 28-year-old woman (gravida 3 para 1) was referred to
our fetal medicine unit due to abnormal three-vessel view
during the anomaly scan. The patient’s family history was
unremarkable. First-trimester NT thickness was 2.7 mm
(=95% centile) and risk from the combined screening test
was low. Fetal echocardiography at 22 + 5 weeks’ gesta-
tion showed abdominal situs solitus with atrioventricular
concordance and normal intracardiac anatomy. There was
ventriculoarterial discordance in keeping with the diag-
nosis of complete transposition of the great arteries. The
great vessels were otherwise normal with no outflow tract
obstruction. No other abnormality was found prenatally
and fetal anatomical assessment showed no extracardiac
abnormality. The arterial switch procedure was explained
to the family and they were informed of the likely good
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outcome. A female neonate was delivered vaginally at
38 + 5 weeks’ gestation following induction of labor.

Postnatal follow-up

The neonate was born in good condition. No resuscitation
was required and elective infusion of prostaglandin E was
commenced. Postnatal echocardiography confirmed the
prenatal diagnosis of simple transposition with a wide
patent foramen ovale and a large ductus arteriosus. The
neonate underwent an arterial switch operation 7 days
after delivery, during which the APW was identified and
repaired. The arterial duct was identified and ligated
and the atrial septal defect was closed. Based on the
surgical description, the APW was Type 1. Postsurgical
course was uneventful and the neonate was discharged
15days after the operation. Stored images from fetal
echocardiography were reviewed. The APW was identified
retrospectively on sagittal views (Figure 2) but could not
be seen on the three-vessel view due to the abnormal
relationship of the great arteries. At 3-year follow-up,
echocardiography showed increased velocity across both
pulmonary arteries associated with the arterial switch
operation (right pulmonary artery velocity, 3m/s; left
pulmonary artery velocity, 3.2m/s). The infant was
clinically well and had no further intervention.

Case 3
Prenatal findings

A 36-year-old woman (gravida 2 para 1) was referred for
fetal echocardiography at 20 4 4 weeks’ gestation due to
inability to obtain the four-chamber view. The patient’s
family history was unremarkable except for gestational
diabetes in her previous pregnancy. The first-trimester
ultrasound examination was normal, NT thickness was
1.9mm and risk from the combined test was low. Fetal
echocardiography demonstrated normal abdominal situs
solitus. The heart was on the left side of the fetal chest
and normal in size; however, the four-chamber view
could not be obtained in any axial plane through the
fetal chest. There was abnormal spatial orientation of
the ventricles, which were in a superoinferior position,
resembling a criss-cross relationship of the ventricular
inlets. The atrioventricular connection was concordant.
The two ventricles were symmetrical and normal in size.
Frame-by-frame review of the recorded ultrasound images
appeared to show a large inlet ventricular septal defect
with straddling of the tricuspid valve. The great vessels
were also in an unusual position but the ventriculoarterial
connection was concordant. There was no obvious
outflow tract obstruction, although the left pulmonary
artery could not be visualized well in any of the antenatal
scans. Both semilunar valves were normal in size. There
was normal systemic and pulmonary venous return.
Due to the abnormal spatial orientation of the arteries,
which also had a superoinferior relationship, a standard
three-vessel view could not be obtained. The crossover of

Copyright ® 2016 ISUOG. Published by John Wiley & Sons Ltd.
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the great vessels and their unusual course within the chest
could only be seen in parasagittal views (Figure 3). The
aorta appeared normal with no evidence of obstruction.
No extracardiac abnormality was identified. The find-
ings and likelihood of univentricular palliation based on
the presence of a straddling tricuspid valve were explained
to the family. The parents opted for amniocentesis, which
was performed at 2044 weeks’ gestation. Polymerase
chain reaction and array comparative genomic hybridiza-
tion analyses were normal. At approximately 29 weeks’
gestation, the patient developed gestational diabetes. A
male neonate (2180g) was born in good condition after
spontaneous vaginal delivery at 37 4- 3 weeks’ gestation.

Postnatal follow-up

The neonate was admitted in good health to our ter-
tiary pediatric cardiology hospital 2 days postpartum for
further investigations due to complex anatomy. Echocar-
diography confirmed situs solitus with concordant atrio-
ventricular and ventriculoarterial connections, with the
right ventricle positioned superiorly in relation to the left
ventricle. The foramen ovale was widely patent but there
was no ventricular septal defect or straddling of mitral
or tricuspid valves, and therefore no obvious need for
univentricular palliation. The main pulmonary artery was
shown to arise from the superior aspect of the right ventri-
cle, being to the left of the aortic root. The aorta ascended
from the inferior left ventricle, with the aortic valve sit-
uated more caudally. There was a large communication
between the aorta and the main pulmonary artery, indi-
cating the presence of an APW. The left pulmonary artery
was confirmed to be smaller than the right. The aortic
arch could not be imaged by any standard transthoracic
echocardiographic view. A computed tomography scan
confirmed the echocardiographic findings and showed no
obstruction in the aortic arch. The arch was positioned
very low within the chest with the origin of the aor-
tic branches almost at the level of the diaphragm. This
was also seen retrospectively on the prenatal ultrasound
images (Figure 3). The left main bronchus was found to
be unusually long and the left upper lobe bronchus could
not be identified. The neonate was discharged and admin-
istered diuretics. Due to the increased effort of breathing
and oxygen saturation of around 80%, cardiac catheteri-
zation was performed 4 days postpartum. The APW was
described as ‘not classic’, mainly due to its large size
and superoinferior relationship with the vessels. How-
ever, from the available images and surgical report, the
APW did not seem to extend into the right pulmonary
artery (Type 1). The consensus was for the neonate to
undergo biventricular repair on cardiopulmonary bypass,
which would require weight gain. Alternatively, banding
of the right pulmonary artery was to be considered if he
became symptomatic or failed to gain weight. The neonate
remained well and thrived for the first 4 months following
delivery. Surgery to close the APW and augment the left
pulmonary artery was performed at 5 months. At 1-year
follow-up, the infant was well from a cardiac perspective
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Figure 2 Fetal echocardiography (sagittal view) at 22 4+ 5 weeks’ gestation in Case 2, showing aortopulmonary window (APW) and complete
transposition of arteries. (a) With B-mode, APW could not be shown with certainty. (b,c) With e-flow mapping, APW () can be seen
between aorta (Ao) and pulmonary artery (PA), consistent with postnatal diagnosis. Ant, anterior.

Figure 3 Fetal echocardiography at 20 + 4 weeks’ gestation in Case 3, showing aortopulmonary window (APW) in: (a) parasagittal plane,
showing abnormal position of great vessels close to diaphragm (dotted line) and (b) oblique view, showing four-chamber view and stomach
(St) in same plane. (c) Postnatal echocardiography in same case showing APW (#) in subcostal position. Ao, aorta; PA, pulmonary artery;
Post, posterior; RPA, right pulmonary artery; Sp, spine.

but continued to receive ongoing treatment for lung and
airway problems.

Case 4
Prenatal findings

A 30-year-old woman (gravida 1 para 0) was referred to
our unit because of an abnormal four-chamber view dur-
ing the routine anomaly scan. The patient’s family history
was unremarkable. First-trimester combined screening
was normal. Fetal echocardiography at 204 3 weeks’
gestation showed situs solitus with concordant atrioven-
tricular and ventriculoarterial connections. The fetal heart
was normal in size but occupied a central position with an

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

anteroposterior axis. There was no structural intracardiac
abnormality. The coronary sinus was dilated due to a per-
sistent left superior vena cava. There was no outflow tract
obstruction. At the level of the three-vessel view, there
was a wide communication between the aorta and the
main pulmonary artery (Figure 4). Color-flow mapping
showed bidirectional shunting, confirming the presence
of an APW. Both branches of the pulmonary artery were
identified separately and appeared normal (Type 1). At
the level of the three-vessel trachea view, the transverse
arch was smaller than the ductal arch. On sagittal views,
a diagnosis of an associated interrupted aortic arch was
suspected. Assessment of extracardiac structures showed
a single umbilical artery. The right kidney could not be
imaged. The parents opted for amniocentesis. Polymerase

Ultrasound Obstet Gynecol 2017; 49: 533-539.
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Figure 4 Fetal echocardiography at 21 4+ 3 weeks’ gestation in Case 4, showing: (a) aortopulmonary window () at level of three-vessel view,
with and without color mapping; and (b) site of interruption of aortic arch («) in sagittal view. Ant, anterior; Ao, aorta; DA, ductal arch;
DAo, descending aorta; LCC, left common carotid artery; LSC, left subclavian artery; PA, pulmonary artery; Post, posterior; SVC, superior

vena cava.

chain reaction and array comparative genomic hybridiza-
tion analyses were normal. Follow-up scans confirmed the
diagnosis of interrupted aortic arch after the left subcla-
vian artery (Figure 4). A female neonate was delivered
vaginally at 39 + 6 weeks’ gestation.

Postnatal follow-up

The neonate was born in good condition and no resusci-
tation was required. Elective infusion of prostaglandin E
was administered. Postnatal echocardiography confirmed
the prenatal cardiac diagnosis and showed a widely patent
foramen ovale and ductus arteriosus. The right kidney was
identified on ultrasound examination in an ectopic posi-
tion. The neonate underwent surgery 7 days after delivery.
The aortic arch was reconstructed and the aortic and pul-
monary aspects of the APW were repaired with pulmonary
homograft. The arterial duct was ligated and the atrial
septal defect closed. The postsurgical course was unevent-
ful. At 3-month follow-up, the infant was well with no
need for further intervention.

DISCUSSION

Review of this case series and previous reports of
APW show that prenatal diagnosis is feasible. The
communication between the aorta and pulmonary
artery can be identified using the standard three-vessel
view and therefore can be suspected during routine
mid-trimester screening. However, when there are
associated abnormalities affecting the spatial orientation
of the great arteries, the diagnosis of an APW can be
challenging and overlooked even with specialist fetal
echocardiography.

An APW, also called aortopulmonary septal defect,
is a rare congenital heart malformation. It refers to

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

a communication between the ascending aorta and
pulmonary artery in the presence of separate semilunar
valves?. It accounts for 0.1-0.2% of all cardiac defects in
live births?, with a female : male ratio of 1 : 3%, Richardson
et al. classified APW into three types'. In Type 1, there
is a simple defect located between the aorta and the
main pulmonary artery, immediately above the sinuses of
Valsalva. In Type 2, the defect is located more distally
between the ascending aorta and the pulmonary trunk
with extension into the origin of the right pulmonary
artery. In Type 3, there is anomalous origin of the
right pulmonary artery from the ascending aorta. The
most frequent form of APW is Type 1°. APW can
occur in isolation or associated with other cardiac
defects®. Kutsche and Van Mierop reported additional
malformations in 52% of a series of 188 cases®. These
included simple lesions, such as ventricular and atrial
septal defects, patent arterial duct, aortic and pulmonary
stenosis, as well as more complex abnormalities, such as
interrupted aortic arch, coarctation of the aorta, aortic
valve atresia, tetralogy of Fallot and transposition of the
great arteries. If untreated, isolated APW can lead to heart
failure and pulmonary hypertension with irreversible
pulmonary vascular disease’. Therefore, early diagnosis is
important to optimize medical and surgical treatment. In
cases with associated malformations, clinical presentation
and time of intervention will depend on the nature of the
additional abnormalities.

Previous publications on prenatal diagnosis of APW are
restricted to case reports, either isolated or with coexisting
abnormalities (Table 1). In six of the seven previous
reports, the diagnosis was made prenatally>*8-11, In all
six cases, the APW could be seen at the level of the
three-vessel view. In the remaining case with associated
pulmonary atresia and ventricular septal defect, APW
was identified only postnatally'?. The authors argued
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Table 1 Summary of cases with prenatal diagnosis of aortop
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y window (APW) reported in our series and in the literature

Time of Additional Extracardiac Karyotype/ NT Classification of
Study diagnosi: diac finding finding phenotype (mm)  APW*
Our series 34GW None Thoracic cyst Normalt 1.6 Type 1
Postnatal TGA None Normal 27 Type 1
phenotype
Postnatal Superoinferior ventricles,  Airway abnormalities  Normalt 19 Type 1
hypoplastic LPA
20GW IAA, LSVC SUA, renal agenesis Normalt 13 Type 1
Hayashi 29GW IAA None Normal Unknown Type1
(20108
Aslan 33GwW PAPVD Subdural hematoma, Unknown Unknown Type 1
(2012)1 hydrocephaly
Collinet , 23GW VSD, secundum ASD None Unknown Unknown Type1
(2002)
Kuchn P | Pulmonary atresia, VSD,  None Normalt Unknown Type 1
(2004)"2 LSVC, aberrant RSA
Alvarez ’ 26 GW None None Normalt Unknown Type 3
(2011
Kadohira" 29GW IAA None Unknown Unknown Unknown
(2013)
Valsangia’como 32GW RAA None Unknown Unknown Unknown
(2002)

Only first author of each study is given. *According to Richardson dassification'. tIncludes 22q11 analysis. ASD, atrial septal defect;
GW, gestational weeks; IAA, interrupted aortic arch; LPA, left pulmonary artery; LSVC, left superior vena cava; NT, nuchal translucency

thickness; PAPVD, partial I I y venous drai

ge; RAA, right aortic arch; RSA, right subclavian artery; SUA, single

umbilical artery; TGA, transposition of the great arteries; VSD, ventricular septal defect.

that abnormal flow conditions with reversed flow in the
pulmonary artery contributed to the failure to identify the
APW prenatally.

In our series of four cases, the APW was accurately
diagnosed prenatally in two, when it was clearly
demonstrated in the three-vessel view. In the other two
cases, the standard three-vessel view could not be obtained
due to associated diagnosis of complete transposition
in one and superoinferior relationship of the vessels
in the other. After retrospectively reviewing the fetal
echocardiogram in the case with transposition of the
arteries, we were able to identify the APW on sagittal
views. However, we could not demonstrate the APW in the
other case despite it being a large defect on postnatal scans.
Although this is a small series, it highlights the importance
of associated cardiac malformations, in keeping with
postnatal literature®. The three-vessel view is the most
useful cross-sectional plane in which to suspect an APW
during routine screening and is also a diagnostic view for
the fetal cardiologist. The APW may be best demonstrated
with a plane perpendicular to the plane of the hole itself,
i.e. through the side of the fetal chest rather than straight
through the front or back as seen in Figures 1 and 4. This
plane of insonation also allows better demonstration of
the flow through the defect, an orientation that is parallel
to flow. It is less likely that the APW will be identified at
the level of the three-vessel view in cases with associated
cardiac abnormalities that, perse, will not allow the
simultaneous imaging of the aorta and pulmonary artery
in the three-vessel view. In some instances, sagittal views
may be diagnostic, as in our case of transposition of the
great arteries.

Copyright © 2016 ISUOG. Published by John Wiley & Sons Ltd.

Embryologically, the beginning of the formation of the
aortopulmonary septum can be traced to the fifth week
of development, when pairs of opposing ridges appear
in the truncus, called cushions or truncus swellings. They
grow towards the aortic sac, twisting counter-clockwise
around each other, foreshadowing the spiral course of
the future septum'3. After complete fusion, the ridges
form the aortopulmonary septum, dividing the truncus
into separate aortic and pulmonary channels. Neural
crest cells migrate to the outflow region of the heart
contributing to the formation of the aortopulmonary
septum. There are many proposed mechanisms explain-
ing outflow tract defects, including direct insults to
the truncus swellings, insults to neural crest cells that
disrupt signaling to truncus swellings or insults to neural
crest cells that disrupt their contribution to fusion.
All proposed mechanisms can potentially disrupt the
whole process of outflow tract formation. Abnormalities
in neural crest migration and signaling are linked to
velocardiofacial syndrome, because neural crest cells also
contribute to the craniofacial development. Although
APW can be considered a conotruncal defect, we were
unable to identify any report of its association with 22q11
microdeletion (DiGeorge syndrome) or other genetic
syndromes including the velocardiofacial syndromes.
Unlike other conotruncal malformations, such as truncus
arteriosus or interrupted aortic arch, the risk of associated
chromosomal abnormalities in APW, including 22q11
deletion, seems low*. In our series, all fetuses except one
had normal NT thickness at first-trimester screening and
all pregnancies had low risk from the combined test. The
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karyotype, including 22q11 assessment, or phenotype
was normal in all cases. This is relevant for family
counseling.

The outcome for isolated APW is excellent'® and
operative mortality is low; there was no surgical death
among all cases operated in the UK in 2013-2014'5. The
prognosis depends mainly on the presence of associated
cardiac malformations and whether surgery is performed
early®'%16, Associated complex congenital heart disease
can be a bad prognostic factor'®. An interrupted aortic
arch, for instance, was associated independently with
increased mortality in one series'*.

Patients with complex associated lesions are also at
greater risk of late death. Reintervention is sometimes
indicated for stenosis in both the pulmonary artery and
the aorta, as well as being associated with the specific
associated lesions'*'é. On follow-up, residual lesions are
more frequently observed in patients with APW Type 3,
and may require early reintervention'”.

Without prenatal diagnosis, death can occur before
repair is performed in cases of critical left heart obstruc-
tion. Typically, an isolated APW is large, allows a large
left-to-right shunt leading to heart failure and is associated
with high pulmonary artery systolic pressure. If postnatal
diagnosis is delayed, there is a risk of development of
pulmonary vascular disease with increased morbidity
and mortality. Once postnatal diagnosis is made, the
APW should be repaired as early as possible, even
in the presence of associated cardiovascular anomalies'”.
If the diagnosis is known prenatally and there is no asso-
ciated critical lesion, surgery is not required shortly after
birth but should still be planned and performed early.

In conclusion, although rare, APW can be diagnosed
prenatally, usually at the level of the three-vessel view.
Additional cardiac defects are common and extracardiac
abnormalities are uncommon. The risk of genetic or
chromosomal abnormalities is low. Surgical outcome
is favorable even in the presence of associated cardiac
defects.

Copyright ® 2016 ISUOG. Published by John Wiley & Sons Ltd.
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Main points of the publication:

A totally anomalous pulmonary venous connection (TAPVC) to an unroofed coronary sinus is
a very rare condition. In this paper the first case of prenatal diagnosis of TAPVC to an unroofed
coronary sinus was reported. In addition, due to generalized hypotonia and pathological reflexes
in the patient postnatally, genetic testing was carried out which revealed a homozygous

mutation in the SMNI1 gene confirming the diagnosis of spinal muscular atrophy in the patient.

The candidate contributed to the manuscript and with a case to this study.

107



Ultrasound Obstet Gynecol 2017; 50: 657-661
Published online in Wiley Online Library (wileyonlinelibrary.com).

Letters to the Editor

Total anomalous pulmonary venous connection to
unroofcd coronary sinus diagnoscd in a fctus with
spinal muscular atrophy Typc I

Total anomalous pulmonary venous connection (TAPVC)
to unroofed coronary sinus is a rare cardiac condition. We
report here the first case of antenatal diagnosis of TAPVC
to unroofed coronary sinus, which had a rapid and
fatal neonatal course due to associated spinal muscular
atrophy (SMA) Type I (Werdnig-Hoffmann disease).

A 23-year-old primigravida, with a non-consanguineous
relationship, was referred for fetal echocardiography
at 23 weeks’ gestation with a dilated abdominal aorta.
The initial scan showed dilatation of the inferior vena
cava at its entrance to the right atrium. Follow-up
scan at 26 weeks revealed abnormal pulmonary venous
connection to a confluence posteroinferior to the left
atrium. From the confluence, pulmonary venous return

was directed towards the region of the coronary sinus,
although the roof could not be visualized fully. Pulmonary
venous return appeared to enter the left atrium but,
in addition, color flow mapping showed streaming of
pulmonary venous flow towards the inferior vena cava,
in keeping with the observations made at the first fetal
cardiac scan (Figure 1a). The diagnosis of TAPVC with
unroofed coronary sinus was made (Figure 1b,c). There
was also increased nuchal thickening, prenasal edema and
single umbilical artery. Invasive testing was declined by
the family.

A male neonate was delivered at 37 + 3 weeks. Postnatal
echocardiographic assessment and computed tomogra-
phy confirmed the prenatal findings and additionally
demonstrated a superior sinus venosus defect (Figures 2
and S1). Due to generalized hypotonia and pathological
reflexes, genetic testing was carried out which revealed
a homozygous mutation in the SMN1 gene confirming
the presumptive diagnosis of SMA. Only one copy of the

Figure 1 Fetal echocardiography with and without high-definition color imaging, at 26 weeks’ gestation, showing: (a) significant dilatation
of inferior vena cava (IVC) at its entrance to right atrium and (b,c) abnormal pulmonary venous connection to unroofed coronary sinus. LA,

left atrium; LPV, left pulmonary vein; RPV, right pulmonary vein.

ASD/svs /‘

ASD/sec o

Figure 2 Postnatal echocardiogram showing abnormal connection of right (RPV) and left (LPV) pulmonary veins to posteroinferior aspect
of left atrium (LA) (a) and large atrial septal defect (ASD) (a,b). AO, aorta; ASD/sec, secundum ASD; ASD/svs, sinus venosus superior ASD;

LV, left ventricle; SVC, superior vena cava.

Copyright © 2017 ISUOG. Published by John Wiley & Sons Ltd.
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SMN?2 gene was present. The infant deteriorated rapidly
and became dependent on mechanical ventilatory sup-
port, failing extubation on several occasions. Following
discussion with the family, the infant was extubated and
died soon after, at the age of 6 weeks.

Prenatal diagnosis of TAPVC is rare, with only eight out
of 424 cases identified prenatally in a recent multicenter
study’2. To our knowledge, this is the first case of TAPVC
to unroofed coronary sinus reported in a fetus, while
published data on postnatal diagnosis are sparse®. The
diagnosis is usually an incidental finding with concomitant
congenital cardiac anomalies. The condition leads to
right-to-left shunt at the atrial level (Figure $2) and, similar
to all interatrial communications, it may cause symptoms
of right heart failure, atrial arrhythmia and pulmonary
hypertension in late adulthood.

Our patient was also diagnosed with SMA Type L
SMA is a rare autosomal recessive neurodegenerative
disorder that affects motor neurons in the spinal cord and
causes postnatal degeneration and subsequent weakness
of skeletal muscles, leading to feeding and breathing
difficulties. SMA Type I represents the most severe form
of the disorder, appearing within 3months of age and
being associated with early mortality. The SMN2 gene
encodes a protein that is identical to that of the SMN1
gene, the survival motor neuron (SMN) protein, but
with impaired function. The number of copies of the
SMN2 gene influences the amount of fully functional
SMN protein, and thus, the severity of the disease. The
most severe types of SMA are associated with the presence
of only one copy of SMN2 gene, as was observed in our
case, and there is a strong association of this disorder with
congenital heart defects®. Simultaneous presentation of
TAPVC to unroofed coronary sinus and SMA Type I has
not been reported previously. It is interesting to speculate
that the SMN2 gene may be involved in cardiogenesis in
these patients.
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SUPPORTING INFORMATION ON THE
INTERNET

The following supporting information may be
found in the online version of this article:

il Figure S1 Postnatal echocardiogram showing
abnormal connection of right (RPV) and left
(LPV) pulmonary veins to posteroinferior aspect
of left atrium.

Figure S2 Schematic images of: (a) normal
cardiac anatomy, (b) total anomalous venous
connection to coronary sinus (CS) and (c) total
anomalous venous connection to unroofed CS.
IVC, inferior vena cava; LA, left atrium; PVC,
pulmonary venous confluence; RA, right atrium;
SVC, superior vena cava.

Ultrasound Obstet Gynecol 2017; 50: 657-661.
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S. Fetal arrhythmias

Fetal arrhythmias can be detected during a prenatal ultrasound examination. The most severe
fetal arrhythmias are supraventricular and ventricular tachycardias and congenital complete
atrioventricular block in the fetus. It is necessary to detect and to assess signs of heart failure in

the fetus and in the whole fetoplacental circulation during fetal examination.

5.0.1 ANNEX 14

Eliasson H, Sonesson S E, Sharland G, Granath F, Simpson M S, Carvalho J S, Jicinska H,
Tomek V, Dangel J, Zelinsky P, Respondek-Liberska M, Freund M W, Mellander M,
Bartroons J, Gardiner H M

Isolated Atrioventricular Block in the Fetus. A retrospective multinational, multicenter study
of 175 patients.

Circulation [online]. 2011;124(18):1919-1926. ISSN 0009-7322
doi:10.1161/CIRCULATIONAhKA.111.041970

Impact factor in 2011 = 14.739

Main points of the publication:

Isolated congenital complete heart block in the fetus is one of the most severe fetal arrhythmias
and can cause heart failure and fetal death. The aim of this multicenter study was to find risk
factors associated with fetal death and the influence of steroid therapy. 175 fetuses diagnosed
with second or third degree atrioventricular block from 2000 to 2007 were studied. Of 175
fetuses, 80% were anti-Ro and 59% anti-La positive. 67 fetuses (38%) were treated with
transplacental steroids and 41 fetuses (23%) were treated with betamimetics. Of 175 fetuses,
26 died before birth or in the neonatal period, 11 were lost to follow-up. In steroid treated
groups and non-steroid treated groups of fetuses, there was the same survival rate of 91%.
Neonatal survival was 95% in the steroid treated group and 82% in the non-treated group.

10 fetuses with AV block second degree were exposed to maternal anti-Ro antibodies. Seven
of them were treated with steroids. In 3 of the 7 treated fetuses, AV block converted to sinus
rhythm, but only one of these three fetuses was known to stably remain in sinus rhythm by the
age of 12 months. Eight fetuses developed cardiomyopathy and pacemakers were implanted in

69% of the fetuses within one year.
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A gestational age < 20 weeks of gestation, a ventricular rate < 50 bpm, a presence of hydrops,

and impaired left ventricle function are risk factors for intrauterine death.

The candidate contributed to the manuscript and with cases to this international study.
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Isolated Atrioventricular Block in the Fetus
A Retrospective, Multinational, Multicenter Study of 175 Patients

Hakan Eliasson, MD: Sven-Erik Sonesson, PhD, MD: Gurleen Sharland, MD;
Fredrik Granath, PhD, MD; John M. Simpson, MD: Julene S. Carvalho, PhD, MD: Hana Jicinska, MD:
Viktor Tomek, MD; Joanna Dangel, PhD, MD; Paulo Zielinsky, PhD, MD;
Maria Respondek-Liberska, PhD, MD; Matthias W. Freund, MD: Mats Mellander, PhD, MD;
Joaquim Bartrons, MD; Helena M. Gardiner, PhD, MD; for the Fetal Working Group of the European
Association of Pediatric Cardiology

Background—Isolated complete atrioventricular block in the fetus is a rare but potentially lethal condition in which the
effect of steroid treatment on outcome is unclear. The objective of this work was to study nisk factors associated with
death and the influence of steroid treatment on outcome.

Methods and Results—We studied 175 fetuses diagnosed with second- or third-degree atrioventricular block (2000-2007)
retrospectively in a multinational, multicenter setting. In 80% of 162 pregnancies with documented antibody status,
atrioventricular block was associated with maternal anti-Ro/SSA antibodics. Sixty-scven cases (38%) were treated with
fluorinated corticosteroids for a median of 10 weeks (1-21 weeks). Ninety-one percent were alive at birth, and survival
in the nconatal period was 93%, similar in steroid-treated and untreated fetuses, regardless of degree of block and/or
presence of anti-Ro/SSA. Variables associated with death were gestational age <20 weeks, ventricular rate =50 bpm,
fetal hydrops, and impaired left ventricular function at diagnosis. The presence of =1 of these vanables was associated
with a 10-fold increase in mortality before birth and a 6-fold increase in the neonatal period independently of treatment.
Except for a lower gestational age at diagnosis in treated than untreated (23.4+2.9 versus 24.9+4.9 weeks: P=0.02),
risk factors were distributed equally between treatment groups. Two-thirds of survivors had a pacemaker by | year of
age; 8 children developed cardiomyopathy.

Conclusions—Risk factors associated with a poor outcome were gestation <20 weeks, ventrnicular rate =50 bpm, hydrops, and
impaired left ventricular function. No significant effect of treatment with fluorinated corticosteroids was seen. (Circulation.
2011;124:1919-1926.)

Key Words: atrioventricular block m fetal heart m lupus erythematosus, systemic ® therapeutics

ongenital complete atrioventricular block (AVB 1II)

without associated cardiac malformation is a rare discase
with an incidence in newbomn babics of 1 in 15000 to 1 in
20 000.* Some studics have suggested that maternal admin-
istration of high-dosc steroids that cross the placenta can
inhibit the progression or even reverse second-degree AVB
(AVB 1II) o sinus rhythm.** Treatment with fluorinated
steroids and betamimetics has been proposed to improve
outcome in AVB IIL® but repeated doses of steroids have
potentially serious side cffects in the fetus, including altera-
tion of brain development.-1© Thus, fetal cardiologists lack
consensus on treatment''; many are not supportive of univer-
sal steroid treatment for fetal AVB 111 but may use steroids if
the fetus presents with or develops hydrops because there is
some cvidence that steroids promote the resolution of hy-

drops. Matemal betamimetic therapy for fetuses with ventric-
ular rates <55 bpm has also been given, with minimal benefit
in most I‘CWI‘IS.“"“

Editorial see p 1905
Clinical Perspective on p 1926

After a previous unsuccessful attempt to start a prospective
therapeutic study in 1995, the Fetal Working Group of the
European Association for Pediatric Cardiology recognized
that the rarity of isolated AVB III contributed to the difficul-
ties in providing an evidence base for the management of
heart block diagnosed in the fetus. This retrospective, multi-
national, multicenter observational study was therefore initi-
ated to provide a review of current practice and outcomes. All
members of the Fetal Working Group of the European

Reccived November 22, 2010; accepted July 21, 2011.
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Figure 1. Number of patients (total and steroid treated) from
each participating center.

Association of Pediatric Cardiology were invited to contrib-
ute data to a communal database of fetuses diagnosed with
isolated AVB II and 111 between 2000 and 2007.

The objectives of this study were to identify risk factors
predictive of a poor outcome, to describe current practice
regarding steroid treatment of isolated AVB 11 and 11 in the
contributing centers, and to compare the outcome in fetuses
treated with fluorinated glucocorticoids with untreated fe-
tuses in respect to morbidity and mortality.

Methods

Patient Selection
Data on 189 fetuses were submitted from 28 centers, 27 in Europe
and 1 in Brazil. The contributing institutions are listed in the
and the number of cases per center is shown in
Figure 1. Fourteen fetuses were excluded after data evaluation: no
birth outcome data were available in 10, and another 4 fetuses were
thought to have reverted from AVB II or III. However, in 2 of these
4 fetuses, review was not possible because of lack of documentation,
and in the other 2 fetuses, initial diagnosis of AVB could not be
retrospectively confirmed. The resulting final study population
consisted of 175 fetuses (174 pregnancies) of 172 women diagnosed
with isolated AVB 11 or 11 (2000-2007) and a minimum follow-up
time from diagnosis until birth or intrauterine death. Two women
had 2 separate affected pregnancies with fetal AVB III, and a
third woman had a twin pregnancy in which both babies devel-
oped AVB IIL

Methods

The project was evaluated by the National Research Ethics Service
(Hammersmith and Queen Charlotte’s and Chelsea Research Ethics
Committee, 2007) and considered to not require review by a National
Health Service Research Ethics Committee. All cases were diag-
nosad by a fetal cardiologist at each center using standard fetal
echocardiographic techniques. The examination excluded cardiac
structural malformations, diagnosed the archythmia, and evaluated
cardiac function and hemodynamics. Observational data were col-
lected retrospectively by review of the clinical charts and echocar-
diographic examinations at each of the participating centers, and the
data were seat to the study coordinator. Data were collected oa the
mother (age. presence of autoimmune disease, maternal antibodies,
steroid treatment at time of conception, parity, previous fetuses with

AVB); the fetus at presentation (gestational age, degree of AVB,
atrial and ventricular rate, left ventricular function [impaired or
normal], mitral or tricuspid regurgitation [present or absent], ascites,
plearal and/or pericardial effusion, skin edema); pharmacological
treatment used (steroids [type, dose, duration]. betamimetics [type,
dose, duration] and documented fetal and/or maternal complica-
tions); fetal outcome, including intrauterine death; and the child at
birth/follow-up (date of birth, gestational age, birth weight, degree of
AVB, ventricular rate, age at last follow-up or death). Pacing and
development of cardiomyopathy were documented.

Cases of AVB demonstrating improved atrioventricular conduc-
tion were included only if accompanied by M-mode or Doppler
recordings confirming the diagnosis. Transplacental steroad treat-
ment was coasidered oaly when the pregnant mothers were given
fluorinated steroids. Hydrops was defined as serous effusions in at
least 2 compartments.

Statistical Analysis

Cases were divided into groups based on placental treatment (steroid
treated or untreated) and outcome at birth and | moath of age
(survival or death). Comparisons of frequencies with respect to
categorical variables were performed by Fisher exact tests or an
exact counterpart for RXC tables. Comparisons with respect to
quantitative variables were performed by 2-sample ¢ tests assuming
equal variances for all variables except parity, for which the
Wilkcoxon 2-sample test was used. Descriptive data are presented as
counts, frequencies, mean=SD, or median with range. Intrauterine
mortality and neonatal mortality with respect to steroid treatment
were analyzed separately; all patients were assessed for intrauterine
mortality. All patients alive at birth, except 11 patients lost to
follow-up, were assessed for neonatal mortality. Both of these
outcomes were analyzed by exact logistic regression including only
steroid treatment and an adjusted model conditionad on gestational
age at diagnosis (categorized as <20, 20 to 24, 25 to 29, =30
weeks). These analyses were also on the subgroups of
patients defined by a positive anti-Ro/SSA and/or anti-Ro/SSB test
and a positive test further restricted to AVB [-IVIIL Results of the
logistic regressions are presented as odds ratios with exact 95%
confidence limits. We describe the effect of betamimetics on heart
rate, including oaly patients with data on ventricular rate before and
within 2 weeks after treatment was initiated. Follow-up of the cohort
beyond the neonatal period is incomplete with missing information
on the ime points when the patients were lost to follow-up.
Therefore, data on long-term outcomes and characteristics are
purely descriptive. All analyses were performed with SAS 9.2
software (SAS Institute, Inc, Cary, NC) or Statistica 10.0 (Stat
Soft, Tulsa, OK).

Results

Baseline Characteristics

Table 1 details the clinical characteristics. To summarize the
available data, approximately half of the women were diag-
nosed with collagen discase, and 80% were anti-Ro/SSA
positive and 59% anti-La/SSB positive. Two tested negative
for anti-Ro/SSA but positive for anti-La/SSB. Fiftcen fetuses
(9%) were diagnosed with AVB 11, 14 (8%) with AVB II to
111, and 146 (83%) with AVB IIL The average ventricular rate
of the whole cohort was 60 bpm, and 21% had a ventricular
rate =50 bpm; 9% were hydropic.

ntal Treatment
Sixty-scven fetuses (38%) were treated with transplacental
steroids starting at 23.5 gestational weeks (range, 19-31
weeks; Table 1). Fifty-two received dexamethasone begin-
ning with 4 mg/d (range, 2-12 mg/d) and 15 betamcthasone
at 4 mg/d (range, 3-5 mg/d). In 2 pregnancies, fluorinated
steroids were given in combination with prednisolone. The
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Table 1. Clinical Characteristics at the Time of Diagnosis and Transplacental Treatment of 175 Fetuses of
Atrioventricular Block

172 Women With Second- or Third-Degree
Steroid
Al Cases n-175) Treated {n—67) Untreated {n—108) P

Matemnal age, y 303459 310+57 29+60 018
Parity 10+10 11=10 09+10 020
Callagen disease, n (%) TTHET (46) 3383 (52) 44104 (42) 026

Siogren syndrome 18 il 7

SLE 11 5 6

Unspecified 48 17 31
Previous history of AVB, n (%) aH72(5) /85 (11) 2H06 (2) 003
Aetti-Ro/SSA positive 129/162 (80) 55/64 (86) 74/98 (76) 025
Anti-La/SSB positive 85/144 (59) 3361 (62) 47/83 (57) 061
GA at diagnosis, wk 243+43 234+29 2490449 0.02
AVB I, LI (%) 15,14,145(0,8,83)  7,6,54(10,0,81) 8,8,02(7,7,86) 048,071,043
Ventriculer rate, bpm 508+114 613+113 580+115 019
Ventriculer rate <50 bpm, n (%) 36173 (21) 13/65 (20) 23107 (21) 077
Isolated ascites, pencardial o 32/154 (21) 11562 (18) 21192 (23) 045
pleural effusion, n (%)
Hydrops, n (%) 16H75(9) 87 (M) 11108 (10) 054
Impaired LV function, n (%) 17141 (12) 755 (13) 1086 (12) 084
Starcid treatment, n (%) 6THT5 (38)

Dexamethasone 52 52

Betamethasone 15 15

Betamimetics 4175 (23) 23/67 (34) 18108 (17) 001

SLE indicates systemic lupus erythematosus; AVB, atrioventricular block; GA, gestationdl age; and LV, left ventricular. Cases are
dividad into groups besed on transplacentsl steroid treatment. Values are mean + S0 when sppropriate Comparisons are unireated

versus steroid-trested fetuses.

duration of treatment was 10 weeks (range, 1-21 weeks), and
in most cases, the dosc remained unchanged. Side effects
were reported in 11 pregnancies (6%), mainly oligohydram-
nios, growth restriction, and constriction of the arterial duct.
Onc mother developed diabetes mellitus, adrenal insuffi-
ciency, and psychosis.

Forty-one fetuses (23%) were treated with betamimetics,
usually salbutamol, from 25 gestational wecks (range, 19-33
weeks) for 8 weeks (range, 2-18 weceks). Betamimetics
were more frequently combined with steroid administra-
tion than given alone (23 of 67 versus 18 of 108; P=0.01).
Ventricular rate increased from 50.1+3.8 to 55.1+3.7 bpm
(P=0.001) in 15 paticnts with data beforc and after
initiation of treatment.

Two mothers from the same center received prophylactic
treatment with plasmapheresis twice a week for 9 and 14
weeks. Their fetuses had AVB 11T at the time of diagnosis,
were treated with steroids (1 with dexamethasone, 1 with
prednisolone  followed by dexamethasone), were born in
AVB III, and were alive at 0.9 and 2.2 years. A third woman
with a previous history of fetal AVB III was given | g/kg
immunoglobulin intravenously at 14 and 18 wecks of gesta-
tion to minimize the risk of having a second child with AVB.
The fetus was diagnosed with AVB II at 19 wecks that
reverted after 1 week of treatment with betamethasone and
remained in sinus rhythm at 0.9 years of age.

Baseline Characteristics and Neonatal Survival
Sixteen of the 175 fetuses with AVB II or AVB III died in
utero (Figure 2). This included 1 pregnancy terminated at 23
weeks of gestation because the fetus was not responding to
treatment with steroids and betamimetics. Of 159 live-bomn
babies, 10 died during the first month (nconatal deaths), 138
were reported alive at 1 moath, and 11 were lost to follow-up.
Bascline characteristics for the groups based on intrauter-
inc and nconatal survival outcome arc preseated in Tables 2
and 3. Fetuses with a poor outcome were diagnosed =3 to 4
weeks carlier than survivors. Hydrops and impaired left
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Figure 2. Outcome of all 175 fetuses with second- or third-
degree atrioventricular block at diagnosis. |UD indicates intra-
utennedeeth
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Table 2. Clinical Characteristics at the Time of Diagnosis and Transplacental Treatment Among Survivors
at Birth Versus Intrauterine Death and Survivors at 1 Month Versus Neonatal Death

Survivors at Intrautering Survivors at Neonatal
Birth {n—158) Dezth {n—16) P 1 mo (n—138) Desth (n—10) P
Maternal age, y 306+6.0 274+33 002 310+60 27+64 054
Antti-Ro'SSA positive, n (%) 117148 (7% 12714 (86) 084 102/127 (80) 410 (40) 028
Aeti-La/SSB pasitive, n (%) T4/131 (56) 11113 (85) 038 63/113 (56) 50 (56) 10
GA st diagnosis, wk 246+43 216+33 0.01 248+42 206+33 0.004
Ventriculer rate, bpm 60.8+109 409+118 0.0002 61.0+108 506146 070
Treatment, n (%)
Steroids 61/159 (38) 6/16(38) 1.00 53/133(38) 310(30) 074
Betamimetics 35150 (22 6/16(38) 0.2 27133 (20) 31030 042

GA indicates gestational age. Values are mean+SD when appropriate.

ventricular function were observed more frequently in fetuses
not surviving to 1 month of age, whereas a ventricular rate
==50 bpm was associated only with intrauterine mortality.
The cffects of gestational age, ventricular rate, and the
presence of hydrops at diagnosis on survival outcome are also
more directly illustrated in Figure 3. Intrauterine mortality
rate was >4 times higher in fetuses diagnosed with AVB
before 20 weeks of gestation compared with those diag-
nosed after 23 weeks. Fetuses with a ventricular rate =50
bpm had 5 times higher intrauterine mortality than those
with a veatricular rate =55 bpm. The presence of hydrops
and impaired left ventricular function increased both
intrauterine mortality and nconatal mortality by a factor of

Table 3. Intrauterine Mortality Related to Clinical Observations
Made at the Time of Diagnosis in 175 Fetuses With Known
Outcome at Birth and Neonatal Mortality in 148 Newbomns With
Known Outcome at 1 Month of Age

Intraserine Neoreztal
Death Desh
n-16L%M P  -10,%@ P
GA 3t diagnosis, wk 0.001 0.10
<20 B (S13) 13179
20-23 10773 11 [7%1)
>23 8 (86) 3(276)
Ventricular rate, bpm 00019 050
=50 25 (336) 13(324)
51-55 6 (231) 7(228)
>55 5(5/106) 5 (5/%5)
Hydrops 0.001 002
Yes 3 (B/16) 30 {310)
No 6 (10/159) 5 (TH38)
Impaired LV function o 004
Yes 24 (W17) 23(313)
No 6 (2/124) 5 GA1)
Any risk factor 0.0001 0.000
=1 2 (12/55) 18 (7/40)
No 2(2104) 3

GA indicates gestsfonal age; LV, left ventricuier. Fisk factor denotes
presence of hydrops, impaired LV function, ventricular rate <50 bpm, andfor
2 GA <20 wk

6 and 4, respectively. Considering a gestational age <20
weeks, ventricular rate =50 bpm, and the presence of
hydrops and impaired left ventricular function as risk
factors, intrauterine mortality was 11 times higher in
fetuses with at least 1 risk factor, and nconatal mortality
was 6 times higher when at least 1 risk factor was present
at time of diagnosis (Table 3).

Steroid Treatment and Survival to 1 Month of Age
Transplacental treatment with steroids and betamimetics was
given in the same proportion to survivors and nonsurvivors
(Table 2). The logistic regression model (Table 4) could not
demonstrate any cffect of transplacental steroid treatment on
intrauterine or neonatal survival. In steroid-treated fetuses,
intrauterine survival was 91%, the same as in those not
treated; neonatal survival among the 148 children alive at
birth was 95% in the steroid-treated group and 92% in the
untreated group. Adjusting for effects of gestational age at
diagnosis had only a minor influence on the model without
demonstrating any treatment cffect (Table 4). Table 1 shows
that the steroid-treated and untreated cohorts had similar
ventricular rates, frequency of hydrops, rates of impaired left
ventricular function, and rates of incomplete AVB and only a
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Figure 3. Fetal ventricular rate vs gestational age at diagnosis in
cases with a known outcome at 1 month of age. Circles and
trangles represent fetuses with and without hydrops, respec-
tively. Open symbols denote survivors; filled symbols, cases of
intrauterine or neonatal death.
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Table 4. Transplacental Steroid Treatment and Outcome of All 175 Included Fetuses (at Birth) and the 148
Live-Born Neonates With Known Outcome at 1 Month of Age

Al Pafients,  Sterad Treated, Untreated,

Catogories % fn) % fn) % ) Cruds OR Adjusted OR
Survival at birk:
Al fetuses (n-175) of (15175) o1 (51/67) of (981408)  096(0.27-310)  0.79021-267)
At Ao/SSA sndfor La/SSB Of (110/131) 91 (51/56) o (8375  095(022-372)  085(0.20-341)
posiive {n—131)
At Ao/SSA sndfor La/SSB 00 (100/121) 90 (44/49) WEST2) 1050025415 097 (0.22-356)
positive and AVB Il (n—121)
Sarvival at 1 mo
All neonates (n—148) 3 (138/148) 95 (53/5) 028507  069(011-318  058(0.23-1.79)
Anfi Ao/SSA sndfor La/SSB 05 (103/108) 96 (44/45) 95(5952  089(007-8.46)  1.00{0.08-102)
positive {n—108)
At Ro/SSA sndfor La/SSB 5 (B6/401) 95 (3W41) 95(57/60)  097(008-892  1.04(0.08-107)

positive and AVB il {n—101)

Crude OR indicates unadjusted odds ratio; Adjusted OR, odds ratio adjusted for gestational age (categorized =s <20, 20-24,
25-29, and =30 wk) at diagnosis. O is presented with 85% confidence limits.

small difference in gestational age at diagnosis. Pregnancics
with a previous history of fetal AVB were more often treated,
but no relationship between the size of the center and the
proportion of steroid-treated cases could be demonstrated
(Figure 1). Limiting the analysis to antibody-exposed fetuses
in whom steroid treatment theoretically might have the best
effect, survival was similar without any positive treatment
cffect (Table 4). If the presence of at least | risk factor was
included, it was still not possible to detect any significant
effect of steroid treatment on survival at birth or at 1 month
of age (Figure 4).

Steroid Treatment and Atrioventricular Conduction

Fifteen fetuses (9%) had AVB 11 diagnosed at a gestation of
22 wecks (range, 19-29 weceks; Figure 5). Exposure to
maternal anti-Ro/SSA and/or anti-La/SSB antibodies was
established in 10 cases, seven of whom were treated with

steroids, and in 3 fetuses, treated from 19, 22, and 23 weeks
of gestation, the rhythm converted to 1:1 conduction within 1
to 2 wecks after the start of treatment. All 3 fetuses were in
sinus rhythm at birth, but only 1 was known to remain so at
a year of age: the second had reverted to AVB I to I at 5
years of age, and no information was available for the third.
The remaining 12 fetuses remained in AVB 11 (n=2),
progressed to AVB III (n=8), or were lost to follow-up after
birth (n=2).

Fourteen fetuses were reported to have AVB 1I-111, 12 of
whom progressed to AVB III by birth. Of the remaining 2
fetuses, | was diagnosed at 20 wecks and showed reversion to
1:1 atrioventricular conduction after initiation of steroid
treatment but had AVB 111 by 4 years of age. This fctus was
exposed to matemal antibodies. The other fetus was diag-
nosed at 21 weeks to an antibody-negative woman and was in
sinus rhythm at birth and at 2.7 years.

A Al

— A
W Steroid treatment - Sterold treatment
25¢ Untreated 285 ¢ Untreated
9 p=062
-~ 20F - 20 F 3
) &
£ 2 1l 4
= 15F 5 15
£ t
*] (+]
= qof = 0}
p=0.40 p=0.39
st 1 s| 1
1 1
Ll Ll
Low risk High risk Low risk High risk
Flglnl.lmrauteme(kn 107) and neonatal (B; n-90) mortalty in fetuses with known presence or absence of risk factors at diagno-
sis, second- and third-degree atrioventricular block, and fetal exposure to matemal anti-Ro/SSA and/or anti-La/SSB antibodies. Mortal-
ity is shown by treatment group. High risk denotes the presence of at least 1 nisk factor: gestational age <20 weeks, ventricular rate

=50 bpm, presence of hydrops, or impaired left ventricular function. Low risk denotes those without any risk factors. Numbers on top
Comparisons

of bars are numbers of cases.

are between treated and untreated patients.
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Postnatal Outcome
Of 175 fetuses originally enrolled in the study, 26 died before
birth or during the nconatal period and 11 were lost to
follow-up (Figurc 2). The remaining 138 infants were fol-
lowed up for an average of 3.2 years (range, 1 month-8.1
years; Table 5). Two infants died before and another 2 died
after | year of age. Twenty-four had not reached the age of 1
year within the time limit of the study, and 6 were lost to
follow-up (Figure 2). Onc child’s death was duc to a
pacemaker complication. Eight patients developed cardiomy-
opathy, which resulted in the death of 1 infant. All but 1
mother were antibody positive (68 Ro positive; one LA
positive), and in 3, the diagnosis of cardiomyopathy was
made before birth. Fetuses receiving transplacental steroids
were delivered somewhat carlier (gestational age, 36.6+2.7
versus 37.4+2.4 weeks; P=0.04) with no significant differ-
ence in birth weight (2.7*0.6 versus 2.9+0.6 kg; P=0.08).

In this study, 31 pregnancics were reported to be antibody
negative. If these pregnancies are considered to be truly antibody
negative, then fetal mortality and neonatal mortality did not
differ significantly between antibody-positive and -negative
pregnancies (17 of 120 [14%] versus 7 of 31 [23%]); P=027) in
those with known outcome at | month of age.

Pacing
A permanent pacemaker was implanted in 102 children. Sixty
of the children (43%) alive at 1 month were paced, and 69%

Table 5. Outcome of 148 Children With Atrioventricular Block
and Known Outcome at 1 Month of Age

Al Cases Sterod Treated Untreated

Follow up time of 33(04-81) 26(01-79) 3702-84)
survivors at 1 mo

of age (n-138), y

Age st pacing 10d(1d-798y) 7d(1d-52y) 10d(1d-79y
Pacemaler fat 1 mo  60/138(43) 25/53 (47) 35785 (41)
of 2gs), n (%)

Pacemaler (at 1y T4107 (69) 32/42 (76) 42785 (65)
of age), n (%)

Cardomyopathy, n (%) 8120(7) 4/52 (8) 468 (8)
Infent death (<1 y), 210923 a2 267 (3)
n (%)

Childhood desth 2 1 1
(=1yn

Values are given as median with range when appropnate. Cases are divided
into groups based on transpiacental steroid treatment.

were paced by 1 year (Table 5). An epicardial approach was
used in the majority (81%) at a median age of 10 days (range,
1 day-7.9 ycars), and a transvenous approach was used in
19% (median, 2 months: range, 1 day-2.2 years). Fifty-nine
had a dual-chamber pacemaker as the initial pacing mode
with | death at 8 days of age from septicemia after pacemaker
implantation and 1 in childhood from cardiac strangulation by
the pacing wire.

Discussion

In this retrospective multicenter study, we describe the
current treatment practices and outcomes in the largest
reported data sct of fetuses diagnosed with isolated AVB 11
and III. Our results confirm that there is no conscnsus
regarding treatment with steroids. At some centers, no pa-
tients were treated, whatever the fetal status, whercas at
others, almost all were treated. There was no corrclation
between the number of cases submitted from a center and the
proportion treated.

In contrast to what might have been expected, the sicker
fetuses were not more likely to be offered therapy. Because
the groups were comparable at the time of diagnosis, except
for a lower gestational age at diagnosis in the treated group,
we could compare outcomes between the treated and un-
treated cohorts. We detected no significant differences in fetal
or nconatal mortality, even when adjusting for carlier gesta-
tion at diagnosis in the treated group. Our results contrast
with those of Jacggi and colleagues,® who described a lower
mortality rate in fetuses treated with steroids compared with
their untreated historical control subjects. The most striking
difference was a mortality rate close to 50% in the control
subjects, whereas the I-month survival during the later
treatment period was similar to the results of the present
study. An examination of the Jacggi ct al data demonstrates
that risk factors shown in our study to be associated with a
poor carly outcome were present in half of the 16 historical
control subjects compared with one third of the 21 cases
reported from the later period. Our survival experience in
untreated cases is more comparable to that published in a
more recent study,’ the largest single-center study so far in
which 51 of 57 (89%) of fetuses with isolated AVB II or 111
not receiving steroid treatment had a 1-month survival of
80%. However, in contrast to our study, mortality was high in
the steroid-treated fetuses, with only 3 of 6 surviving to 1
month of age.
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We found a clear correlation between gestational age at
diagnosis and the risk of intrauterine or neonatal death, with
a better outcome in those diagnosed after 23 weeks, when
92% were alive at birth. Patients in the Jacggi et al® study
were approximately the same gestational age at diagnosis as
in ours, without any significant difference in nonsurvivors
compared with those who survived (median, 26.5 versus 25
weeks). Fetuses in the Lopes et al study'™ were diagnosed at
a median gestation of 29 weeks. Caution must be excrcised,
however, because the time interval between onset of discase
and age at diagnosis may depend on the frequency and timing
of midwife surveillance and ultrasound screening programs,
which may differ between countries.

In agreement with others, we report reversion of incom-
plete heart block in 5 steroid-treated fetuses with AVB 11 (3
of 5) or AVB I to III (2 of 5), but only two of these children
(with known outcome) remained in sinus rhythm at a
follow-up of 1 and 2.7 years. Permanent reversal of fetal
AVB II in anti-Ro/SSA- and/or anti-La/SSB—positive moth-
ers is a rare finding,.'s and to the best of our knowledge, no
cases of spontancous resolution of verified AVB I in fetuses
of antibody-positive mothers have been reported, whercas
cases of reversal after steroid treatment have been described
before.**'7 This indicates a possible cffect of carly steroid
treatment in some of our cases.

Fetal hydrops is associated with a high risk of intrauterine
death unless a treatable causc is identified®> = and left
ventricular function are also bad prognostic signs,™ but the
impact of having at least one of these risk factors, including
carly gestational age at time of diagnosis, has, to the best of
our knowledge, not been studied before.

In our study. intrauterine mortality and nconatal mortality
were 22% and 18% in the groups with risk factors compared
with 2% and 3% in those without risk factors. We think these
findings support risk stratification of cases and cnable more
appropriate counscling and management.

Morbidity outcome in terms of requirement for pacing or
prevalence of cardiomyopathy could not be cvaluated ade-
quately owing to a substantial variation in follow-up time and
loss to follow-up. However, the incidence of cardiomyopathy
may be underestimated in those with shorter periods of
follow-up. Villain and collcagues®™ compared outcomes in
children with AVB III and found that 28% of the antibody-
positive children developed cardiomyopathy compared with
nonc in the antibody-negative group; the mean age at
follow-up was 4.6 years (range, 0.6 to 23 years). Only a few
centers in our study reported side effects of steroids in the
fetus: 5 of 11 reported cases came from 1 center, which
suggests universal underrcporting and is perhaps more com-
mon when fetal cardiology is practiced independently from a
fetal medicine unit. Even fewer maternal side effects were
described: in one case, managed in a fetal medicine center,
serious side effects were recognized, including diabetes
mellitus, adrenal insufficiency, and psychosis.

Study Limitations

The limitations of retrospective studies are well known,
especially those with a multicenter design, in which it is more
difficult to verify or check data. Consequently, our results

Isolated Fetal Atrioventricular Block 1925

cannot rule out the possibility that some patients or groups of
paticnts may bencfit from steroid treatment. Moreover, AVB
II to IIl was difficult to verify from the limited traces
available. This can frequently be very difficult to distinguish
from sustained complete AV block with a seemingly constant
time relationship between atrial and ventricular activation,
therefore resembling AVB 11 Fetuses were considered to
have no risk factors only if confirmation was provided for all
4 variables; thus, we have potentially underrcported the
absolute numbers of the cohort without risk factors, which
accounts for the missing data in Table 3 and Figure 4.

Conclusions
The results of our study do not support a therapeutic strategy
of universal treatment with steroids for fetuses of anti-Ro/
SSA- or anti-La/SSB-positive women with AVB 1I1. How-
ever, it is important to emphasize that because of the
retrospective design, we cannot rule out a possibly beneficial,
or cven harmful, effect of steroids. Our results in the
subgroup with AVB Il indicate that in this situation, steroids
might be beneficial in decreasing the risk of progression to
AVB IIL

Because our data do not point to a clearly beneficial or
harmful effect of steroids on the fetus with isolated AVB Il or
II, a randomized trial would, in our opinion, be cthical.
However, because the observed mortality in this report was
16%. 253 paticnts would be required in cach arm (treated
versus untreated) to detect a 50% reduction in mortality from
steroid treatment at a 5% significance level with 80% power.
An alternative study would be to include only fetuses with
AVB 1l in a randomized study with the hypothesis that
steroids decrease the risk of progression to AVB III, but
recognition of such cases is cven rarer. The difficulty in
recruiting large numbers of fetuses with such a rare condition
is likely to make such studies impossible to conduct.
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CLINICAL PERSPECTIVE

Isolated congenital complete atrioventricular block in the fetus is a rare but potentially lethal condition, most frequently
associated with transplacental passage of maternal anti-Ro/SSA autoantibodies. With the assumption that this triggers an
inflammatory reaction and subsequent fibrosis in the atrioventricular node, transplacental steroid treatment has been used
with the aim to mitigate cardiac damage, but the effect of steroid treatment on outcome is still unclear. In this retrospective
multicenter study of 175 fetuses with second- or third-degree atrioventricular block, 38% were treated with fluorinated
steroids. Ninety-one percent were alive at birth, and survival in the neonatal period was 93%. without any difference
between steroid-treated and untreated patients. A gestational age <20 weeks, a ventricular rate =50 bpm, the presence of
fetal hydrops, and impaired left ventricular function at diagnosis were associated with an increased risk of death. The
presence of =1 of these risk factors was associated with a 10-fold increase in mortality before birth and a 6-fold increase
in the nconatal period independently of treatment. Except for a slightly lower gestational age at diagnosis in treated than
untreated patients, risk factors were equally distributed between groups. Reversion of incomplete atrioventricular block was
seen in 5 steroid-treated patients, but only 2 of them remained in sinus rhythm at 1 and 2.7 years of age. Our results do
not support universal treatment with steroids for antibody-exposed fetuses with complete atrioventricular block, but
because of the retrospective design, we cannot rule out a possibly beneficial, or even harmful, effect of steroids.
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6. Associated genetic abnormalities

In cases with cardiac abnormalities, it is also necessary to find possible additional structural
extracardiac or genetic abnormalities, because these additional findings can change the
prognosis and the outcome of the fetus.

Recently, new genetic methods have been developed and new associations between cardiac

abnormalities and genetic disease have been found.

6.0.1 ANNEX 15
Jicinska H, Marek J, Brysova V, Gaillyova R, Kuglik P, Tlaskal T, Litzman J, Tax P, Navratil
Deletion of Chromosome 22q11 in Congenital Heart Disease.

Cesko-Slovenska Pediatrie. 1998;53(11):659-664

Main points of the publication:

The development of new genetic methods and genetic testing recently shows that the proportion
of genetic congenital heart defects is higher than previously assumed. At the end of the 20th
century, the etiology of some congenital heart defects called “conotruncal malformations” was
discovered. It was after the implementation of the “fluorescence in situ hybridization” (FISH)
method to the diagnostic process. It was found that some conotruncal malformations are
associated with a 22q11 deletion.

The Genetic Department in the University Hospital Brno started with FISH examinations very
early. The aim of our study was to present the early results of FISH examinations in patients
with conotruncal malformations. From 1996 to 1998, in total 27 children and 5 fetuses with
CHD were examined using the FISH method. The 22ql11 deletion was found in 5 children
(18%) and in 1 fetus (20%). In total, 22q11 deletions were diagnosed in 6 patients (26%) with
conotruncal malformation. Thymus aplasia was found in 3 patients, a low level of T
lymphocytes was found in 5 patients, and face dysmorphia was found in 3 patients. In 4 fetuses

parents decided to terminate pregnancy. In total, 5 children died.
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Delece chromozomu 22q11 u vrozenych srdeénich vad
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Souhrn

Stéile dokonalejsi penetické vySetfovaci metody prokazuji, 2¢ z hiediska etiologie je podil geneticky podmini-
nych vrozenych srdecnich vad (VSV) vy3&, nei se pfedpoklddalo. V posledni dobé se do popredi zdjmu kardiologh
dostéva - diky metodé fluarescein in situ hybridizace (FISH) - delece chromozomu 22q11, kterd je podkladem
onemoenénd nazyvaného souhmné CATCH 22 (cardiac defects, abnormal facies, thymic hypoplasia, cleft palate,
hypocalcemin), jehoZ soutasti je i syndrom di Georgeilv (DGS). T kdyZ Je fenotyp tobote syndramu vysoce
variabilnd, jsou pro DGS charakteristické aplazic neho hypeplazie tymu, aplazie nebo hypoplazic pifititnych
télisek, vrozené srdeéni vady, dysmorfic obliceje a rozstép patra. Vedle postizeni imunologického a hormondiniho
systému jsou dominantnim klinickym projevem DGS vrozené srdeéni vady, nejéastéji konotrunkalni malformace:
interrupce aortilnfho oblouku, Fallotova tetralogie, atrézie plicnice s defektem komorového septa, spoleény
arteridlnf trunkus a daldi,

Cilem této price bylo zhodnotit prvni vysledky pre- a postnatdiniho stanoveni delece 22q11 u pacienti:
s prokiizanou VSV, Od roku 1996 bylo ve Fakultni détské nemocnici v Brné vytetteno 27 déti a 5 plodii s vrozenou
srdefni vadou na pfitomnest mikrodelece chromozomu 22q11. Z tohoto souboru vySetfenych bylo celkem 23
konotrunkalnich malf>rmaci. Chromozomdéini mikrodelece 22q11 byla prokdzina FISH metodou u 5 (18 %) ze
viech vySetfenych détia u jednoho z § (20 %) plodd s jakeukoli VSV. Ve skupiné 23 konotrunkdlnich malformaci
byls mikrodelece 22q11 prokdzdna celkem v 6 pfipadech (26 %). U poloviny pacientd nebyl vyvinut tymus, u viech
S vydetfenych déti byl prokazin snifeny poéet T lymfocytil, dysmorfie obliceje byla nalezena u 3 z 5 déi. U dvou
byla prokézina sniZers hladina kalcia v séru a u jednoho | snizend hladina parathormonu,

Véasna diagnostika specifické kenotrunkilni VSV u ditéte s dysmorfli obliceje by méla byt indikaci FISH
vySetfeni pro moZnou pFitomnost delece 22q11. Pacienti s anomdlnim vyvejem aortilniho obloukw (zejména
s jeho interrupei) by méli byt vySetfeni bez ohledu na pFitomnost & absenci dysmorfie obliéeje, Viasné odhalent
delece 22q11 zjednodusi a urychlf zpdsob péde o piidruZend postizeni souvisejfci s moZnym Imunitnim defektem
a postizenim systému metabolismu kaleia. Prenatélni pritkaz delece 22q11 je dileZitym okazatelem v rozhodoyini
o osudu gravidity 8 ma zésadni vyznam pro daldf prekoncepénf poradenstvi.

Kli¢ov4 slova: deleee chromozomu 22q11, syndrom di Georgeily, vrozend srdedni vada, konotrunkslaf srdeénd
malformace

Summary

Deletion of Chromesome 22q11 in Congenital Heart Discase

Ever more perfect genetic examination methods provide evidence that from the ctiological aspect the ratio of
genetically conditioned congenital heart disease (CHD) is higher than assumed. Recently, due to the method of
fworescein in situ hybridization (FISH), is in the foreground of cardiologists interest the deletion of chromesome
22q11 which is the basis of a disease included under the term of CATCH 22 (cardiac defects, abnormal facies,
thymic hypoplasia, cleft palate, hypocalcaemia), part of which is alse di George’s syndrome (DGS). Although the
phenotype of this syndrome Is highly variable, characteristic features of DGS are aplasia or hypoplasia of the
thymus, aplasia or hypoplasia of the parathyroid glands, congenital heart disease, facial dysmorphia and cleft
palate. In additlon to affections of the immunological and hormonal system dominant clinical manifestations of
DGS are congenital heart diseases, most frequently conotruncal malformations: interruption of the aertic arch,
Fallot’s tetralogy, atresia of the pulmonary artery with ventricular septal defect, n common arterial trunc ete.

The objective of the present work was to evaluate the initial results of pre- and postnatal assessment of deletion
of 22q11 in patients with confirmed CHD, Since 1996 in the University Children’s Hospital in Brno 27 children
and 5 foetuses with congenital heart disease were examined for the presence of microdeletion of chromesome 22q11.
This group comprised a total of 23 conotruncal malfermations. Chromasomal microdelction of 22q11 was proved
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by the FISH method in 5 (18%) of all examined children and in one of 5 (20%) foctuses with CHD., In the group
of 23 conotruncal malformations microdeletion of 22q11 was proved in a total of § cases (26 %). In half the patients
the thymus was not developed, in all $ examined children there was a reduced number of T lymphocytes, tacial
dysmorphia was found in three of five children. In two a redaced serum calcium level was recorded and in one

a reduced level of parathormonc. .

Early diagnosis of specific conotruncal CHD in children with facial dysmorphia should be an indication for
FISH examination hexause of the possible presence of 22q11 deletion. Patients with an abnormal development of
the aortic arch (In particalar its interruption) should be examined regardless of the presence or absence of facial
dysmorphia. Early detection of 22q11 deletion will simplify and hasten the care of assoclated affections associated
with a pessible immuse defect and affection of the calcium metabolism. Prenatal evidence of 22q11 deletion is an
important indicxtor for decision on the fate of pregnancy and should be of basic importance for further

preconception counseling.

Key words: deletion of chromosome 22q1 1, di George’s syndrome, congenital heart disease, conotruncal cardiac

malformation

0.

Uvod

Soubor pacientii a metody

Etiologie vrozenych srdeénich vad (VSV) je multifaktori-
dIni. Doposud vicobeen® uzndvand schémata (8) uddvaji asi
80% podfl vlivu zevniho prostfedf (kardiotropni viry, diabetes
mellitus matky, expozice teratogeny, alkohol a dalsi), podil
chromozomalnich aberaci (10 %) a mutace gend (5 - 10 %)
v etiologii VSV jsou vyznamaé nizii. Aviak podle vysledki
genetickyeh vyzkuml provadénych v poslednich letech je
patmé, Ze podil geneticky podminéaych VSV se zvyluje
pfimo umémé s objevem novych chromozomdlnich odchy-
lek, podmifujicich vznik Casto specifickych srdecnich mal-
formaci. Mezi doposud nejCestéji se vyskytujici chromozo-
mdln{ aberace sdruZené s vrozenymi srdeénimi vadami patii
pfedeviim trizomie 21, 13, 15. a 18. chromozomu, zndmé
jsou i syndromy s aberacemi vdzanymi na pohlavni chromo-
zomy, sdrufenymi s VSV (Turneriv, Klinefelterv apod.).
Delece chromozomi, napfikled $q-, 11g-, jako pivodedl vzni-
ku VSV byly prokazoviny vizeméng sporadicky.

V roce 1981 poprvé de la Chapelle a spol. (2) popsali
rodinu s translokaci zahmujicd chromozom 20 a 22 na 20q11
a 22gl1 -1(20,22), (ql1, qll1), ve kieré Etyfi jeji Clenové
s nebalancovanon formou méli syndrom di Georgedv (zahr-
nujici aplazii nebo hypoplazi. tymu, aplazii nebo hypoplazii
pridtiych télisek, konotrunkdlnf srdeéni malformace, dys-
morfil obliéeje aroz&tép patral. Od zatdtku 90, Jetse objevujf
stdle ¢asté)i prdce prokazujici deleci neboe mikrodeleci na
dlouldm raménku 22. chromozomu v fenotypicky daleko
tirétho a variabilngjiiho spekira pacientd, soubomé Fazenych
pod syndrom oznaovany CATCH 22 (cardiac defects, abnor-
mal facies, thymic hypoplasia, cleft palate, hypocalcemia).
Kromé DGS je pod CATCH 22 fazen i velo-kardio-facidlni
a Sprintzeniv syndrom.

Vzhledem k vysoce variabilnimu fenotypu dysmorfle ob-
lideje a &asto i velmi omezené mimosrdedni symptomatické
manifestaci je postiZenf kardiovaskulirniho systému s klinic-
kym ndlezem odpovidajicim fislusné specifické vrozené se-
deéni vadé Casto hlavnim projevem jinak velmi komplexn(
nemoci, postihujici kromé srdce a obéhového systému | sys-
tém imunitni a hormonilni.

Cilem této price je uvést prvni zkudenosti s pre- a postna-
Lilnimi diagnostickymi mo#rostmi syndromu di Georgeova
(DGS), s analyzou postiZenf kardiovaskuldrn(ho a imunitniho
systému a vyuZitim novych poznatkd pro daldi osud postiZe-
nych détf, véetné prenatalniho obdobi,
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Od roku 1996 byle na kardiologickém oddélent I1. détské
interni kliniky Fakulini détské nemocnice (FDN) ve spolupri-
¢i § oddilenim lékaiské genetiky FDN a PHrodovédecké fa-
kulty Masarykovy univerzity v Brn& indikovdno genetické
vySetieni delece 22. chromozomu u 27 d&ti a § plodi s pro-
kdzanou vrozenou srdeéni vadou. Pro deleci 22q1 1, typickou
tzv. konotrunkdInf malformaci srdee, bylo genetické vySetfeni
provedeno u 19 z 27 déti (u zbyvajicich 8 déti bylo vySetfent
indikovdno pro klinické podezfeni na DGS: dysmorfii oblice-
je nebo imunodefekt). Dominantni vékovou skupinou byli
novorozench (n = 18), vék zbyvajicich 9 déti se pohyboval od
4 mésich do 12 ket

Pii prenatdlnim genetickém vy3etfeni pti plodd byla vy-
Yetfena fetdlnf pupeénikovid krev (kordocentéza) ve IL trimes-
tru gravidity. Indikacf vy3etfen( byl pritkaz VSV pfi screenin-
govém prenatélnim echokardiografickém (ECHO) vySetieni,
provedeném mezi 20. a 22. gestadnim tydnem. Indikaci ge-
netického vyletfenf u détf byl prikaz vrozené srdedni vady.
Celkem ve 23 piipadech VSV déti a plodd byla prokdzdna pro
DGS typickd konotrunkilni VSV, v 9 piipadech byl typ VSV
odlifny. Diagnéza vrozené srdeéni vady viech 27 d&tf byla
stanovena echokardiografickym, klinickym, rig a EKG vyset-
fenim. Ve 3 péipadech byla indikovéna doplfiujici srdeéni
katetrizace s angiografif. U 14 &&ti operovanych pro VSV
byla diagndza ovéfena peroperalné.

Ctyfi z péti téhotenstvi s prokdzanou VSY byla rozhodnu-
tim rodi¢a predéasné ukon&ena a prenatdlni ECHO diagndza
byla ovéfena sckdnim vySctfenim, stejné tak jako u 5 zemfe-
Iych déti (dveé déti s operovanou VSV zemfely z finé piiiny,
ze 1fi novorozenych déti dvé zemfely pro inoperabilni VSV
a jedno pro nemoznost chirurgické korekee 2 divodu nizké
porodni hmotnosti), Jedno tehotenstvi s prokazanou VSV
u plodu pokracovalo, prenatdlni diagndza Fallotovy tetralogic
byla postnatdlné ovéfena echokardiografif,

Pro detekei pfitomnosti mikrodelece chromozomu
22q11.2 byla pouzita technika fluorescenéni in situ hybridi-
zace (FISH) s pouzitim sond firmy Oncor znaenych digoxy-
genem a nisledné detekovanych protildtkami konjugovanymi
s fluoresceinem, Celkovd DNA byla pfi tom barvena proplum
jodidem, Prepardty byly prohliZeny pomoci fluorescentniho
mikroskopu (Olympus BX-60) s obrazem snimanym barev-
nou CCD kamerou (COHU), ktery byl dile analyzovin po-
mocf systému analyzy obrazu LUCIA M. Ve FISH testu byly
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testovact a kontrolnf sondy hybridizoviny do metafdze chro-
mozomi (obr. 1). Kontrolni sonda (D 22539), kterd se hybri-
dizuje do distilnfho konce 22q, byla pouZita Kk potvrzeni
spravnosti pHtomnosti dvou kopii dlouhého raménka chromo-
zomu 22. Testovaci sonda (D 22575) mapovala proximdln{
konec chromozomilniho regionu di George. U normdlniho
Jedince byly pfitomny 2 signdly z ka2dé sondy. Absence
signilu testovacl sondy na homolognim chromozomu odpo-
vidala mikrodeleci tohoto lokusu (obr. 2),

*= Sonda D225TS, Kb se vaig v
krticen ok 1K o

oblasti prubu 229112
« ndreer

w_J

Sonds D2I539, keersi ve vale v oblasti prubu 229133

Obr. 1. K detekel syndromu Di Georgeova byly poudity 2 sendy pro
22. chromozom. Testovact sonda (D 22575) mapuje proximalni ko-
nec chromozomalnibo regionu di George. Kontrolnd sonda (D 22839)
se hybridizuje do distdlnihe komnce 22q.

Obr. 2. Detekee syndromu di Geargeova pomoes flnorescenéni in situ
hybridizace (FISH). Absence signilu testovaci sondy na hamolognim
chremozomu odpovidd mikrodeleci lokusa 22q11.2.

Fig. 2. Detectlon of di George's syndrome by in situ hybridization
(FISH). Absence of signal of testing probe on homologous chromoso-
me corresponds to microdelction of locus 22q11.2,

Lymfocytimi subpopulace byly zjisfoviny pomoct piimé
imunofluorescence za pouZiti monoklondinich protilitek (firmy
Becton Dickinson). Pozitivni bunky byly stanoveny na pritoko-
vém cytometr (Coulter EPICS XL). Jako referenéni byly powZi-
ty tyto hodnoty lymfocytamich subpopulaci: CD3+ (pan-T lym-
focyty): 58 - 85 %, CD4+ (pomocené T lymfocyty): 35 - 60 %,
CD8+ (tlumivé/eytotoxické T lymfocyty): 15 - 35 %. Hladiny
imunoglobulind byly stanoveny laserovym nefelometrem (Beh-
ring BN II) za pouzitf antisér firmy Behring.

Funkee pfistitnych €lisek byla sledovina laboratomim
biochemickym vySetfenim hodnot vipafku v séru a hladin
parathormonu v séru, Za hypokaloémii byla povaZovina hla-
dina celkového nebo ionizovaného kalcia v séru niZi ne’
referencni hodnoty: celkové kalcium 2.2 - 2,7 mmol/, ionizo-
vané kalcium 1,12 - 1,23 mmol/], hladina parathormonu: 0.9
- 6,2 pmol/l.

Vysledky vySetfeni a sledovéni
osudu pacientu

V souboru 27 vysetienych détskych pacientd mélo 9 déti
Fallotovu tetralogii (obr. 3). Ze 4 déti s dvojvytokovou pravou
komorou byl nosmélni vztah velkych arterii u dvou a transpo-
zicnl vztah také u dvou, T déti mély spolecny arteridlni
trunkus. U dvou dalSich byla prokidzina interrupce aortilniho
oblouku s defektem komorového septa, dalsi dva pacienti
méli izolovany defekt komorového septa a rovnéZ v dvou détd
byl prokdzin syndrom hypoplazie levého sedce, Nekorigova-

Obr. 3. Dvourozmémi echokardiegrafic, VySetfend v parasterndbni
dloubé ose srdedni dokumentuje naseddni aorty (AO) nad defekt
komorového septa u pacienta s Fallotovou tetralegii. Stejny ndlez 1ze
ziskat u pacients s duliimi konotrunkdlnimi vrozenymi srdednimi
vadami, napPikiad atrézii plicnice s defektem komorového septa neho
spoleénym arteridlnim trunkem. LA = levd sif, LY = levi komora,
MY = mitrilni chlopen, RVOT = vytokovy trakt pravé Kemory.

Fig. 3. Two-dimensional echocardiography. Examination in paras-
fernal long cardiac axis indicates insertion of at the sorta (AO) above
the ventricular septal defect im a patient with Fallot’s tetralogy. The
same finding can be obtained In patients with other conotrumcal
congenital beart disense, e.g. atresia of the pulmonary artery with a
ventricular septal defect or comumon arferial trunk. LA = left atrium,
LV w left ventricle, MV = mitral valve, RVOT = right ventricular
outflow tract.
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Tab. 1. Charakteristika pacientd a vysledky vySetiend u plipadi s prokézanou deecl chromozomu 22q11.

1 Prenardln | M | Fallotova tetralogic (TOF) | nomsdlni | CD344-47 % 4 | 2.5 mmoll n ano Po operact
ve 20, tydou CD419-22% 4 + rozitip srdce ve
gravidity | * CD8 2429 % o mekkého patra | velmi dobeém
IgGn stava
IgAn
IgMn
2 14 dnd F | Cévni prstenec se aplazie | CD324-40% 4 | 2,57 mmolfln ana Po operaci
2dvojenim sortdlaho CDM 17-30 % 4 sedee ve
oblouku, Internapel CD8T1 9% L velmi dobeém
levostrannébo a hypoplazid IgGn stavu
pravostranného aortélngho IgAn
oblouku, IgMn
defekt komarového
(DAA.TAA, VSD)
3 4 day F Fallotova tetralogie (TOF) aplazie | CD3 33-38 % 4 | 1,85 mmoll ano Po operaci
’ CD42024% 4 srdoe ve
CDS 1015 % 4 velmi dobrém
IgGn stavu
IgAn
IgMn
4 4 day M | Interrupee aoredlnibo aplazie | CD326:39% 4 | 1.9 mmolt b ne Po apenaci
oblouku typ B CD424-26% 4 srdoe ve
(TAA) CDE 10-11 % + velmi dobrém
IgG stavu
IgAd
IgMn
5 5 dnil F | Spoleény arteridlnf tnumkus | marmadlni | CD3SO% 4 | 2,5 mmobln ne Po operaci
(PTA) CIM28% 4 srdos ve
CDBI17%n velmi dobrém
1gGn stavu
IgAn
IgMn
6 Prenatilng F | Dvojvitokovd pravi naormalnf ne ne ne Prerutent
ve 22, tydnu komom + klinodakty- gravidity
gravidity atrézie plicnice lie 1L ve 24, tydou
d-malpozice velkych tepen alV. peste
(DORYV, PA, d-MGA) levé
ruky
F = 2enské pohiavi, M = mulské pohiavi

nd transpozice velkych arteri(, defekt komorového septa s pul-
mondlni stenézou, koarktace aorty s defektem komorového
septa, trikuspiddln{ atrézie s pulmondlnf stenézou a mitrdln{
atrézie s transpozici velkych arterii a stendzou plicnice byly
nalezeny v jednotlivych pifpadech.

U 2z 5 plodii byla prenatdlné diagnostikoviina dvojvytokova
pravi komora, jednou s hypoplazif levé komory a normilnim
vztahem velkych arterii, jednou s atrézii plicnice a malpozici
velkyich tepen. Jeden plod mé Fallotovu tetralogil, jeden spoles-
ny arteridlni trunkus a jeden hypoplazii levého sedee,

Z celkového spektra viech pitomnych VSV u 27 déti a 5
plodd patfilo mezl klasické konotrunkdinf VSV 23 srdenich
malformaci.

Chromozomdlni mikrodelece 22q11 byla prokdzdna u 5
(18 %) ze viech 27 vySetfenych déti a u jednoho z 5 (20 %)
plodd s jakoukoli VSV, Ve skupiné 23 konotrunkilnich mal-
formaci (19 déti a 4 plody) byla mikrodelece 22q11 prokdzdna
v 6 piipadech (26 %). Charakteristika pacientd a vysledky
vySetieni u viech 6 piipadil ¢5 détskych pacientl a jeden plod)
s prokdzanou delecl 22q11 jsou shrnuty v tabulce 1.
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U dvou pacientd s prokdzanou mikrodeleci 22q11 byla
diagnostikovina Fallotova tetralogie, jednou jiZ prenatdlng ve
20. tydnu gravidity. U pacientky &. 2 byl diagnostikovén cév-
ni prstenec se zdvojenim aortdlniho oblouku a defektem ko-
morového septa (obr. 4). Levostranny oblouk byl za odstupem
levé arteria carotis communis dplng pierulen (interrupce aor-
tdlnfho oblouku typu B), pravostranny oblouk byl za odstu-
pem pravostranné arteria subclavia hypoplasticky, Piitomen
byl typicky defekt komorového septa s posteriornf deviac{
infundibularniho septa, kieré zoZovalo vytokovy wak levé
komory. Pacient ¢ 4 mél interrupci aortdlniho oblouku mezi
levou arteria carotis communis a arteria subclavia (typ B)
s defcktem komorového septa. U pacienta €. S5 byl nalezen
spoleény arteridlni trunkus 1L typu s defektern komorového
septa sé samostatnym odstupem obou vétvi plicnice 2 trunku,

Viech pét narozenych déti s prokézanou mikrodeleci
22q11 a konotrunkdiln{ vrozenou srdeénf vadou je po radikdlni
korekei VSV, provedené v Détském kardiocentru ve FNsP
v Praze - Motole ve v&ku 5 dnil aZ 3,5 let. U pacienta &. 1

piedchazela radikilni korekci paliativni operace ve véku 1,5
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Obr. 4. Angiokardiegrafické mdzornéal cévaibo prstence se zdvo-
Jjendm aortdinfho oblowku, Inter-upei levastrunného (LAOA) a hypo-
plazii pravestranného aortilnibo oblouku (RAOA) u pacienta & 2.

Fig, 4. Angiocardiographic visualization of the vascular ring with
duplication of the sortic arch, interruption of the left (LAOA) and
hypoplasia of the right sortic arch (RAOA) in patient no, 2.

roku. U dvou pacientd byla nutnd reoperace pro nasledné
komplikace. U paclenta &. 2 byla numn# plikace kmene plicni-
ceaangiopexe aortdlniho oblouku pro uzdvér levého bronchu,
U pacienta €. 5 byla za 9 tydnd po operaci nutnd exstirpace
kalcifikovan¢ho trombu z pravé siné. Viichni pacienti Ziji,
vysledek operace je ve dvou pipadech vybomny, ve tiech
piipadech velmi pfiznivy. Dwva pacienti majf lehkou psycho-
motorickou retardaci, daldf £ se vyvijejf normdlng.

U plodu s dvojvytokovou peavou komorou s atrézii plicni-
ce byla VSV zjiSténa ve 22, tydnu gravidity prenatdlnim
ECHO vysetienim. Plod byl vysetfen v rimci screeningového
programu, matka neméla Zidny rizikovy faktor. U twhoto
plodu bylo thotenstvf na pfanf rodid uméle ukonéeno ve 24,
tydnu gravidity a diagnéza VSV byla ovéfena sekénim vyset-
fenim. Kromé srdecni vady mélo dité jedté klinodaktylil 3.
a4, prstu levé ruky.

Pritomnost nebo chybént tymu byly ovéfoviny u 5 déd
peroperatné, u potraceného plodu sekéné. U tf pacientil byla
zjisténa aplazie tymu, u dvou pacientii a plodo byl tymus
vyvinut (tab. 1).

Imunologické vysetieni prokdzalo u véech pacientil snize-
nf podtu T lymfocytid (CD3+), vidy byly snizeny i CD4+
(pomocné) T lymfocyty a u 2 paclentd | CD8+ (tlumivé/cyto-
toxické) T lymfocyty. U pacienta €. 4 jsme nalezli sniZend
hladin IgG a IgA. Po jednom roce Zivota u ného dotlo k nor-
malizaci hladin imunoglobulind. U pacienta &. 5 dodlo k pe-
chodnému sniZenf hladin imenoglobulind v pooperadnim ob-
dobf, U estatnich pacientdl byly hladiny imunoglobulini vZdy
normélni (tab. 1).

Z téchto péti pacientll dostdvd profylaxi co-trimoxazolem
pacient &. 4, pii této terapii je bez vdZnéjsich infekef. Tymové
hormony byly opakované aplikovdny u pacientii & 1 a 3. Po
této aplikaci nebyly prokdzdry vyraznéjii zmény subpopulaci

T lymfocytl, zdravotnf stav obou pacientil je viak natolik
uspokojivy, Ze nevyzadoval nasazeni profylaktické terapie
antibiotiky. Pacienti €. 2 a 5 jsou bez terapie.

U dvou pacientd byla zaznamendna hypokalcémie v novo-
rozeneckém véku bez Klinickych projevi, pozdéji se hladina
kalcia normalizovala. U tfi pacientd byla vzdy normokalcé-
mie (tab. 1). U4, pacienta byla zjisténa sniZzend hladina pa-
rathormonu,

Jeden nebo vice rysd dysmorfie obliteje (hypertelorismus,
kritké a rovné oéni Stérbiny, prominence Sirokého kofene
nosu, kritké filtrum, dzké rty, mald dsta, dysplastické, nize
posazené boltee rotované dozadu) méli 3 paclenti, pacient ¢. 1
mél i rozétép mékkého patra, pacient £. 5 byl bez stigmatizace.

Diskuse

Etiologie DGS je heterogenn{, fenotyp DGS je vysledkem
genetického podkladu a plsobenf viivi prostiedi. Defekty
v mncha orgdnovych systémech, které vznikly béhem embryo-
geneze, nabizeji vysvétlend, Ze DGS je geneticky determino-
vany defekt na vyvojovém podklad&. Vznikd poruchou vivoje
morfogenetické reaktivni jednotky, za kterou je povaZovina
hlavové a kranidlni st neurdlni listy, ze které se formuje
mezenchym tfettho a ¢tvrtého Zaberniho oblouku. Tfetf
a &ty Zabernf oblouk tvofi zdklad pro tymus, pif§titnd t&lfs-
ka, aortu a cévy hlavy a krku. Buiiky z této oblasti neurdlni
listy také migruji do vytokového traktu srdee a jsou nezbytné
pro normdlni septaci aorty a plicnice, proto porucha v dobé
vyvoje této &dsti embrya vede k fenotypu DGS, véemé kono-
trunkilnich malformaci. Fenotyp DGS je charakterizovin
dysmorfif obliceje, rozitépem patra, hypoplazii nebo aplazif
tymu a pifstitnych i€lisek. Dal3i soucdsti DGS jsou specifické
vrozené srdecni vady postihujici vyvoj dvou poslednich seg-
mentl primdm({ srdedni trubice: srdedni konus, vytokovy trakt
pravé alevé komory a srdeéni trunkus, arteridlni konec srde@-
ni trubice, z nehoZ se diferencuji obé velké arterie, aorta
a plicnice. Poruchou vyvoje téchto segmentdd pak vznikaji
konotrunkdlnf VSV, typické pro DGS: spoleCny arteridlni
trunkus, interrupee aortdlniho oblouke, Fallotova tetralogie,
dvojvytokovd pravd komora, pulmondlni atrézic s defektem
komorového septa, transpozice velkych arterii, tzv, malalig-
ment typ subsortického defekm komorového septa.

I ptes variabilitu fenotypu ma pieviZni ¢dst pacientl po-
dobnou rozsdhlou deleci dlouhého raménka chromozomu 22
rozsahu dvou megabdzi, kierd byla stanovena molekuldrn(
analyzou. Pozdéji se podafilo v rdmci spoleéného mista dele-
ce definovat minimdln{ kritické misto (MDGCR) pro nemoc
- submikroskopickou deleci, coZ demonstrovalo DGS jako
mikrodeleénf syndrom. Modemi molekulémi studie ukazuji,
Ze téméf 90 % pacienth s DGS md submikroskopickou deleci
jedné Kopie regionu 22q11.21 -q11.23 (2).

Standardnf analyza karyotypu, dokonce s vysoce rozliso-
vaci schopnostf, detekuje pouze 10 - 20 % deleci 22q11. Pro
detekci mikrodelece 22q11 jsme pouzili FISH metodu, kierd
je v souasné dob® metodou velby pro toto vySetieni, Dvacet
Sest procent detckovanych mikrodelect 22q11 v nagem sou-
boru 23 konotrunkdlnich VSV je v pfibliZném souladu s lite-
ridrnimi tdaji. Webber (9) uddvd phtomnost mikrodelece
22q11 u 15 - 20 % pacientd s konotrunkdlnimi srdetnimi
malformacemi, Goldmuntzova (4) prokdzala DGS syndrom
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u 29 % konotrunkdlnich VSV. Nejéastdji prokizanymi kono-
trunkdlnimi malfoemacemi jsou Fallotova tetralogie, atrézie
plicnice s defektem komorového septa a interrupee aortdlniho
oblouku. U pacientd s prokdzanou deleci 22q11 a Fallotovou
tetralogif byva Castéjsi vyskyt pravostranného aortdlniho ob-
louku s aberantni levostrannou arteria subclavia, u paclenti)
s deleci 22911 a atrézii plicnice je Castéjsf vyskyt aortopulmo-
ndlnich kolaterdl (6). Ve dvou piipadech jsme vySetfen; indi-
kovali u HLH, atkoli tato VSV nepatii mezi konotrunkalnf
malformace. Divodem vysetfens je sporadicky prikaz delece
22q11 | v této anomilie (10).

Véasnd identifikace pacienn s deleci 221 1 ulehéi diagné-
zu a zjednodusi a urychlf zplsob péée o pfidraZend postizent,
Nejéastéjsimi jsou poruchy imunity, hypokalcémie, opozdéni
rlistu, neschopnost udeni, porucha feti, anomdlie ledvin, res-
piraini obtiZe (fasté bronchospazmy), poruchy psychiky
i zraku. Z tohoto pohledu zaujim4 prenatdlinf kardiologic vy-
znamné misto pfi vyhledavinf deleci 22q11. PH nilezu srdeé-
ni vady charakteristické pro deleci 2211 v rémei screeningu
VSV kontaktuje kardiolog gemetika, ktery kromé karyotypi-
zace zajisti vySetfeni plodu na pfitomnost delece 22q11. Z4-
sadni vyznam md i genetické poradenstvi zahmujics rodinu
postiZeného ditéte a vySetfeni rodidd. Dosud provedené studie
ukizuif, Ze delece se vyskytuje u 25 % pird rodiés, keeff maji
dit¢ s delect (9, 10). Pro tyto péry je samoziejmé riziko delece
22q11 v dalsim téhotenstvi 50%, coZ potvrzuje vyznam véas-
né prenatdlni diagnostiky. U ostatnich postizenych se asi jed-
nd 0 nové vzniklou mikrodeleci, kterd pak bude probandem
déle pendiena.

Podezieni na piitomnost DGS v prenatdlnim obdobf lze
vyslovit pouze na zikladé spolchlivé prenatdlni echokardio-
grafické diagnostiky. Vzhledem k pomérné dobie vytvoiené
struktufe prenatilniho ultrazvukového screeningu vrozenych
srde¢nich vad v Ceské repubdice (5, 8) 1ze ve spoluprici
s genetiky ovlivnit dalsi osud 1&hotenstvi, vietné moznosti
Casného ukonCenf téhotenstvi u plodu s komplexni VSV
a prokdzanym DGS, nebo s kontrolovanym @hotenstvim se
zajiSténim perinatélni péce v czntry, schopném provést ope-
raci kritické VSV v novorozeneckém véku v optimdlnich
podminkich.
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REFERAT

Battin, M. R. et al.: Magnetic Resonance Imaging of the
Brain in Very Preterm Infants: Visualisation of the Ger-
minal Matrix, Early Myelination, and Cortical Folding
(Zobrazovéni magnetickou rezonanci mozku u détf velmi
pfedéasné narozenych: viditelnost zarodeéné matrix, éas-
nd myelinizace a zdhyby kiiry). Pediatrics, 101, 1998, ¢, 6,
5. 957.962,

Autofi zobrazovali mozek u détf narozenych pred termi-
nem v 25. aZ 32. tydnu gestatatho véku s pouZitim novaro-
zeneckého systému MR pomocf konvenénfho spin echa (doba
opakovini 600, doba echa 20 ms), inverzniho rychlého s$pin
echa (TR 3530, efektivaf doba echa 30, inverzni doba 950 ms)
a T2-vizeného rychlého spin echa (TR 3500, efektivni doba
echa 208 ms). Zobrazili MR 17 détf s medidnem 28 tydnil

664

gestaéntho véku (rozsah 24 aZ 31 tydnd) celkem 53krdt mezl
porodem a terminem, Medidn podtu obrazi byl 2 (rozsah 1 az
9). U détf s gestadnim vékem pod 30 tydnd se zdrodedni
matrix zobrazila na okrajich postrannich komor, Méla kritky
T1 a kedtky T2 a nejvetsf st se svinula mezi 30. a 32, tyd-
nem GA. Bild hmota méla relativné homogenni nizky signdl
a2 na pruhy zménéného signdlu (pravd&podobné z oblasti,
které obsahovaly radidlni glii a migrujfci buiiky); byly nejzfe-
telnéjsi v anterolaterilnich a posterolaterdlnich oblastech
u postrannich komor, Myelinizace byla patma v zadnim moz-
kovém kmeni, mozecku a ve ventrolaterdlnich jadrech tala-
mu. Déti mély v 25 tydnech GA velmi milo zihybi kilry, ale
pozdeji se vyvinuly fddné.

Svary, Praha
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7. Consensus Statement and Reccomendation

Both documents were prepared in accordance with international recommendations and in

accordance with the need of specialized care in the Czech Republic.

7.0.1 ANNEX 16
Tomek V, Jicinska H, Klaskova E, Jehlicka P, Balatka P, Vit P, Hecht P, Reich O, Janousek J
An expert consensus statement on prenatal cardiology organization in the Czech Republic was

prepared by the Working Group on Pediatric Cardiology of the Czech Society of Cardiology
Cor et Vasa 2020; 62(1):60-62

Main points of the publication:

The consensus statement was prepared by the Working Group on Pediatric Cardiology of the
Czech Society of Cardiology. The aims of fetal cardiology, the screening program, and the
connection between screening and specialized echocardiographic evaluation in the Czech
Republic, and the indications for such evaluation were presented. The document defines who
should perform specialized echocardiographic evaluations in the fetus, and who should counsel
parents and other family members as may be necessary. Professor Jan Marek’s experience in
prenatal cardiology, especially regarding family counselling, was used in this consensus

statement as well.

The publication has two main authors who contributed equally to the manuscript.
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Plod Congenital heart defects
Brenatilni echokardioor o Fetus

Vrazend srdeéni vada Prenatal echocardiography

Vrozena srdeéni vada Je nejéastdj3l vrozenou vadou ve-
douct k umrtl v détském véku.'? Jejl prevalence se uda-
va mezl 4-13 na 1 000 2vé& narozenych détl. Strukturalni
vady srdce Jsou nejéastéjl nerozpoznanou vrozenou vadou
v prenatalnim screeningu vibec.? Spravna prenataini de-
tekce mazZe zlepdit prognodzu fady vrozenych srdeénich
vad.** Program prenataini kardiologle ma | vyznamné
ekonomické dopady, af JiZ v dasledku ukonéovan( tého-
tenstvl s komplexné postizenymi plody, nebo pro vyrazné
niz3( vyskyt komplikacl u paclentd s véas diagnostikovanym
onemocnénim a véas kcenych.® Screeningovy program
zaloZeny na multidisciplinarn( spoluprad nynl existuje ve
vEtiiné rozvinutych zemi a dale se rozvi|l. Z doporuceni
ISUOG (International Soclety of Ultrasound In Obstetrics

and Gynecology) pro ultrazvukové vysetfenl plodu vyply-

va, Ze k efektivnosti takového systému vyrazné napomaha
nizky prah pil doporuden! k echokardiografickému vyset-
fenl u specialisty na prenataini kardiologll.? Obdobny do-
porudulici pfistup zastava | AIUM (Amerian Institute of
Ultrasound In Medicine),* AEPC (Association for European
Paediatric and Congenital Cardiology)® a American Heart
Association.™

Cil prenatainf kardiologie

* Diagnostika srdeénich abnormalit (vrozenych sr-
deénich vad, poruch srdeénfho rytmu a funkénich
poruch fetoplacentarni cirkulace), zejména kritik-
kych, Jez vedou k ohroZenl zdravf a Zivota ditéte

* Seznamenl rodi€d s diagnostikovanou srdeéni ab-
normalitou, moznostmi Jeji kééby a prognézou tak,
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aby rodike byli schopni rozhodnout o dalsim osudu
téhotenstvi

* Pade o téhotenstvl s dlagnostikovanou srdeéni ab-
normalitou ve spolupracl s gynekology, genetiky
a neonatology

* Zahajen! prenatainl lécby v indikovanych pfipa-
dech

* \Vytvafenl databaze s Informacemi o prenatainé

diagnostikovanych srdeénich onemocnénich a je-
Jich daim osudu

Organizace prenatainl echokardiografie

Je zaloZena na propojeni scareeningového a specializova-
ného echokardiografického vySetfent.

Screeningové vySetfenl srdce plodu je soudasti prenatal-
niho ultrazvukového vyletfenl, které provadl gynekolog.
V pifpadech, kdy vySetfenl srdce nenl moZné provést (za-
bezpeit) gynekologem, maze byt srdce vySetieno détskym

kardiologem a vyietfen! vykazano jako screeningove.

Napin! screeningového vySetfenl Je zakladnl zhodno-
cenl anatomie, funkce a rytmu srdce.” Cllem screenin-
gového vysetfenl Je odienl fyziologického nalezu od sr-
deénich abnormalit a nasledné zajisténi daBl péce o plod
s diagnozou srdeéni abnormality nebo podezienim na ni.

Specializované vysetfenl srdce plodu Je provadéno k-
kafem s odbornou zpasobilostl v oboru ,détska kardio-
logle”™ (dale také détsky kardiolog) a Je Indikovano na
zakladé Jasnych indikaénich kritéril.

Indikace ke spedalizovanému prenatdinimu
echokardiografickému vysetien(

Vychazejl z doporudeni ISUOG, AIUM a AEPC a zohledfiu-
)i pittomnost rizikovych faktord pro vznik vrozené srdeénl
vady®* ™1™ 3 yyznamnost rizika (niZ( - riziko srdeéni ab-
normality 1-3 %, vy38i - riziko srdeéni abnormality > 3 %).°

lndlkace ze strany matky a rodiny:
Metabolické vady matky:
pregestaénl diabetes mellitus, fenylketonurie
vyl riziko),
gestacni diabetes mellitus se Spatnou kompenzacl
ve lil. trimestru t&hotenstvl (niZ3I riziko)

*  UZivani kka v gravidité

* Inhibltory anglotenzin konvertujictho enzymu
(ACEI), kyselina retinova, nesteroidni antiflogistika
ve lIL. trimestru (vy$8i riziko)

* Antiepileptika, lithium, antidepresiva, nesteroldni
antiflogistika v 1. a II. trimestru (nizsf riziko)

* Téhotenstvl po ,/n vitro fertilizacl” (niZl riziko)

* Infekce v téhotenstvl (toxoplazmdza, cytomega-
lovirus, parvovirus, coxsackle virus, adenovirus,
rubeola, daBl viry pfl prokazané sérokonverz,
eventualné horeénaté onemoaménl v |. trimestru
t&hotenstvi) (niZs riziko)

* Autolmunitni onemocnéni s pfftomnost!
autoprotilatek tfidy SSA/antiRo a SSB/antila (vySS(
riziko)

* Piitomnost vrozenych srdeénich vad, kardiomyo-
patie u matky, otce, sourozench a prarodica (vy3si
riziko), u Jinych pfibuznych nez 1. a 2. stupné (niZ81
riziko)

* Chromosomalini aberace, syndromy a Jind gene-
ticka postiZzen! u matky nebo v rodinég, Jako napi.
myopatie, Marfandv syndrom (vy33t riziko)

lndlkace ze strany plodu:

Abnormainl nalez pfl screeningovém vysetfent
srdce plodu: pfftomna srdeénl vada, podezieni na
srdeénl vadu nebo nejasny nalez na srdcl (vy3sl r-
ziko)

* Bradykardie (srdeénl frekvence < 100/min) nebo
tachykardle (srdeénl frekvence > 180Vmin) nebo
Casta nebo trvale nepravidelna srdeéni frekvence
u plodu (vy3( riziko)

*  Extrakardiadinl vrozena vada (vy33l riziko)

*  Chromosomalni vada (vySSi riziko)

* Pfitomnost vypotku nebo hydropsu u plodu (vy$i

riziko)
*  Monochoridinf viceéetné téhotenstvl (vysdt riziko)

*  Nevysvétlitelny polyhydramnion (nizéf riziko)
*  Zvyiena nuchainl translucence > 95. percentil (vy$S(
riziko)

*  Puksatiini Index v ductus venosus v |. trimestru té-
hotenstvi > 95. percentil nebo absence ductus ve-
nosus (vysél riziko)

*  Trikuspidaini regurgitace v L. trimestru téhotenstvi
(vy$éi riziko)

* Absence nosnd kastky (vySi riziko)

*  Abnormalita pupeéniku (,single umbilical artery”™)
nebo placenty (abnormalini cévni spojky v placen-
&) (i3l riziko)

*  Arteriovenézni cévnl malformace zjBténé u plodu
(nizét nziko)

Absolutn/ Indikad ke specializovanému vySetfens srd-
ce plodu détskym kardiologem pfedstavuje nalez srdecn!
vady nebo podeziens na nf pfi screeningovém vysetfent.

Cilem specializovaného vyietfenl je pfesné uréenl sr-
deénl vady nebo poruchy srdeéntho rytmu, adekvatni
konzultace paclentky o povaze a prognéze onemocné-
ni a lééebnych moZnostech se znalost! jejich vysledka,
navrh a za)iéténl spravné lécby v Indikovanych pfipa-
dech, organizace porodu a nasledné postnataini lécby.
Détsky kardiolog provadi finaini diagnostiku srdeéni
vady a poskytuje Informace o prognodze. Bez této kon-
zultace by neméla byt stanovena Indikace k ,umélému
pferuien( téhotenstvl po uplynuti 12 tydnad délky tého-
tenstvi®.

Specializované echokardiografické vySetfenl srdce plo-
du provadl détsky kardiolog s atestacl z détské kardiolo-
gle. Finalnl diagnozu vrozené srdeénl vady a konzultacl
o moinostech ledby dané vady a Jejl progndze provadi
détsky kardiolog, ktery Je vysoce erudovan v oblastl pre-
natainl kardiologle a ktery provad( nejméné 500 prena-
talnich echokardiografickych vySetfenl za rok a diagnos-
tikuje nebo reviduje nejméné 30 zavainych vrozenych
srdeénich vad roéné.
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Zaveér

Moznostl lécby détl s vrozenymi srdeniml vadami se ne-
ustale rozvije)l. Jejich disledkem je zlepienl prognozy
u vétdiny srdeénich vad a lécba téch, které byly donedavna
povaZzovany za neléditelné. Finaini diagnostika vrozené

srdeéni vady plodu a s ni souvise]id Informace o zpasobu
lecby a prognoze dané vady ma zasadni vyznam pro roz-
hodovan( rodiéd o osudu téhotenstvl. Informace musejl
byt rodiédm srozumitelné pfedany odbornikem erudova-
nym v oboru détské kardiologle a kardiochirurgle, ktery
Je seznamen s novymi diagnostickymi a lééebnymi postu-
py u déti s vrozenou srdeénl vadou. Rozhodnutf o daBim
osudu téhotenstvi ma byt plné v kompetencl rodid, ktef(
Jsou zodpovédnl za své dosud nenarozené dité.

Prohlaseni

Na vypracovanl rukopisu se stejnou mérou podilell dva
hlavni autofl MUDr. Viktor Tomek, Ph.D., a MUDr. Hana
Néinska, Ph.D.
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Main points of the publication:

This document was written by the Expertise committee of the Czech Society of Cardiology for
adults with CHD based on the recommendations for organization of care for adults with
congenital heart disease, and for training in the subspecialty of “Grown-up Congenital Heart
Disease” in Europe, which is a position paper of the Working Group on Grow-up Congenital
Heart Disease of the European Society of Cardiology.

The number of adults with CHD and survivals with CHD increased significantly in accordance
with the development of paediatric cardiology and paediatric heart surgery. The prevalence of
CHDs in adults is around 5 per 1000 adults. So there was a need to publish a study discussing
the care of adults with congenital heart defects.

The care of adults with CHDs should follow the care of children with CHDs. Severe and
complex CHDs should be followed up in specialized centres for adults with CHDs with
appropriate personal and technical equipment. Currently there are three specialized centres for
adults with CHD in the Czech Republic: the Hospital Na Homolce, the University Hospital

Motol in Prague, and the Centre for complex care of CHDs in adults in Brno.
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Tento dokument vypracovala Expertni komise pro vro-
zené srdeéni vady (VSV) v dospélosti Ceské kardiologické
spoleénosti (CKS) jako doplnéni Narodniho kardiovasku-
Iarniho programu CKS z roku 2013 v oblasti problematiky
vrozenych srdeénich vad v dospélosti na podkladé Recom-
mendations for organization of care for adults with con-
genital heart disease and for training in the subspedalty
of ‘Grown-up Congenital Heart Disease’ in Europe: a po-
nital Heart Disease of the European Sodety of Cardiology
z roku 2014 [1] s ohledem na aktudlni podminky v Ceské
republice. Cilem dokumentu je optimalizovat poskytovani
péce dospélym s VSV v Ceské republice v celé &ifi, usnadnit
jejich prfechod z détského véku do dospélosti, umoznit vy-
zkum v oboru (populace je mala a unikatni) a vyuku i tré-
nink viech za&astnénych profesi i regiondlnich kardiologd
podilejicich se na sledovani s cilem poskytovat péd zalo-
Zenou na dikazech (,evidence-based care”), zastupovat
zajmy oboru ve vztahu ke statnim institucim, poskytovat
informace lékafské vefejnosti a pacientdm, konsolidovat
zdroje.

Uvod
Incidence vrozenych srdefnich vad u novorozencd je
6-8/1 000 narozenych déti. S rozvojem pediatrické kar-
diochirurgie a kardiologie od sedmdesatych let dvacaté-
ho stoleti dodlo k vyraznému nardstu preziti do dospé-
losti, které se v soufasné dobé pohybuje okolo 90 % [2].
Prevalence viech vrozenych srdeénich vad se odhaduje
na 12/1 000 déti a 5/1 000 dospélych a zavaznych VSV na
1,45/1 000 déti a 0,38/1 000 dospélych [3], pfi¢emz kaz-
doroéné dochazi k nardstu potu dospélychsVSV o 5 %
[4]. Odhaduje se, Ze v soufasné dobé je v Evropské unii
pfiblizné 2,3 milionu dospélych s VSV (ve srovnani s ische-
mickou chorobou srdeéni, kde je poget 24 miliond) [5].
Pokud pouzZijeme extrapolaci Gdajd uvedenych wvyde,
mélo by v Ceské republice Zit pfiblizné 53 000 dospélych ne-
mocnych sVSV (vietné defektd sinového septa a bikuspidal-
ni aortaini chlopné), z toho cca 4 000 pacientd se zavaznymi
VSV. Pocet nemocnych sledovanych v souéasné dobé tremi
komplexnimi centryv CR &itd podle jejich databazi pfiblizné
9 000. Hospitalizace dospélych s VSV narostly od roku 2003
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do roku 2010 o 81,5 % a promémy vék pfi pfijeti se také
2vysil z 53, 5 na 57,5 roku [6]. Popisovany dramaticky nardst
dokonce pred€il hospitalizace détskych pacientd s VSV [7].
Diky poklesu &asné mortality u téchto nemoanych se mo-
derni medicina nyni setkava s dlouhodobymi komplikacemi
vrozenych srdeénich vad, jako jsou chronické srdeéni selhani,
zvysené riziko infekéni endokarditidy, 2vySend z3téZ arytmi-
emi, plicni hypertenze, chlopenni vady a komplikace v tého-
tenstvi. Celou fadu z VSV mdZeme navic zafadit mezi vzacna
onemocnéni, tzn. Ze postihuji méné nez pét osob z kaZdych
10000 [8]. Populace sVSV v dospélosti je a bude stile relativ-
né mal3, ale ziroven velmi heterogenni co do jednotiivych
V5V jejich komplikadi a pfistupu k nim. Toto doporuéeni svy-
uZitim superspecializované multioborové péde v centrech pro
VSV v dospélosti je v souladu s Narodni strategii pro vzacna
onemocnéni na léta 2010-2020, tzn. Ze umoZnuje zefektivnit
diagnostiku a lé¢bu vzacnych onemocnéni a zajistit viem pa-
gentdm se vzacnym onemocnénim pfistup k indikované avy-
soce kvalitni zdravotni péd a nasledné socidlni zadlenéni [9].

Organizace péce

Péée o VSV v dospélosti v CR by méla navazat na dobfe
funguijici systém péfe o VSV v détském véku. Pédi v dét-
ském véku pokryva jedno specializované komplexni kar-
diovaskularni centrum (Détské kardiocentrum, Fakultni
nemocnice v Motole) s diouhodobé vykazovanym roénim
pottem chirurgickych vykond mezi 400-500. Toto cent-
rum ma pfimou navaznost na celostatni sit détskych kar-
diolog( a Gzce spolupracuje s neonatologickymi a pediat-
rickymi oddélenimi v celé CR [10].

V daldim sledovani VSV v dospélosti se obdobné vyuziva
funguijici sif mezi specializovanymi centry pro VSV v dospélos-
ti (dale VSV centra), komplexnimi kardiovaskuldrnimi centry
fv kazdém by méla byt spedalizovana poradna pro dospélé
s VSV s jednim aZ dvéma prodkolenymi |€kafi), kardiologic-
kymi a internimi pracoviti v regionech a siti ambulantnich
kardiolog a praktickych lékaf. Centra VSV museji aktivné
pracovat na této siti, vytvofit fungujici zpétnou vazbu, zpfi-
stupnit konzultace a spoluvytvaret opatfeni spoledné péce.

Souéasna evropska doporudeni [11] striktné nestanovu-
ji, které VSV vyZaduji pédi ve specializovanych centrech pro
V5V v dospélosti a které ne. Za optimalni model je nicméné

Tabulka 1 - Jednoduché vrozené srdeénl vady [12]

Bez korekéniho vykonu

Izolované VSV aortdinl chlopné

[zolované VS/ mitréini chlopné fvyjma paddkové deformity, razStépu)
Maly defekt sifiového septa

Maly defekt komorového septa bez asociovanych lézf

Lehk4 stendza pulmondini chlopné

Mald oteviend tepennd dufe|

Po korekénim vykonu

Tepenna dude]

Defekt sifiowého septa typu secundum ¢ sinus venaosus bez rezidul
Defekt komorowého septa bez rezidul

povazovano alespon jednorazoveé vysetfeni padienta s VSV
po dosazeni 18. roku véku v centru VSV, které na individu-
alni bazi stanovi daléi rezim a €etnost sledovani. Podrobna
lékafska zprava z centra VSV by méla shmout dosavadni
prabéh onemocnéni, véetné pdvodni diagnézy, viech lé-
&ebnych zasahd, komplikaci a sou€asného klinického sta-
vu a stanoveni daléi prognézy a zplsobu sledovani. V pfi-
padech vysoké sloZitosti miZe byt Zadouci pfi predavani
z kardiologie détského véku souasna pfitomnost pediat-
rického kardiologa a kardiologa pro dospélé centra VSV.

Rozdéleni VSV dle komplexity ICHS Ize pouzit i pro to, aby-
chom spravné rozhodli, ktefi pacienti by méli byt sledovani
v centru VSV [12]. Viichni pacienti se stfedné a vysoce kom-
plexnimi VSV maji byt sledovani ve spolupradi s centry VSV.
Pouze pacienti s jednoduchymi VSV (tabulkal) mohou byt
sledovani na ostatnich kardiologickych pracovitich s tim, Ze
v pfipadé diagnostické & terapeutické nejistoty & komplikace
Ize odeslat do centra VSV padienta s jakoukoliv VSV.

Status specializovanych center pro VSV

v dospélosti

Nadregiondini centrum poskytuje superspedalizovanou

multioborovou péd o pacienty s VSV v dospélosti na nej-

vyEsi Grovni, taktéz provadi $kolici akce v oblasti VSV.
Tomu musi odpovidat persondlni, technické vybaveni

a zkuSenosti s problematikou.

Personalni vybaveni
Kardiolog s odpovida)icl zkuSenost( s VSV (véetné
echokardiografie)

22
Specialista na zobrazovacl metody (MR, CT) s odpovidajid
ZkuSenost! sV/ 21
Invazwn kardiolog s odpovidalicl zkuSenast! s VSV 22
Kardiochirurg s edpovidajid zkuSenost! s VSV 22
Anesteziolog s odpovida)icl zkuSenost! s VSV 22
Elektrofyziolog s odpovidaicl zkudenost! sVSV 21
Psycholog 21

Za odpovidajici zkudenost persondlu s VSV lze povaZovat
atestaci z prislusného specializaéniho oboru (kardiologie,
kardiochirurgie, radiologie a zobrazovaci metody, anes-
teziologie a intenzivni medicina) a alespofi dvoulety in-
tenzivni trénink v centru VSV. Je tak zajiténa dostateéna
erudice persondlu v mistech s odpovidajici koncentraci
VSV a jejich komplikaci.

Technické vybaveni
EKG
Holterovské monitorovani EKG
Zatéiové EKG
Holterovské monitorovani TK
Epizodn( zaznamnilky arytmil
Spiroergometrie
Echokardiografie (wietné jicnové, 3D)
MR srdce
CT srdce
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Katetrizaénl sal * Centrum komplexni pée o vrozené srdecni
Elektrofyziologicky sal vady v dospélosti BRNO v ramd Fakultni ne-
Implantace PMICD mocnice Brno (Bohunice) a Centra kardiovasku-
Zaftzen! prok Ju funkce PMACD véetné dedik g Idrni a transplantacni chirurgie Brno.
kardiostimulaénl ambulance iteraty
Kardiochirurgicky operani sal E——

Dale musi centrum zajistit ndvaznost na porodnické
pracovisté pro pédi o téhotné s VSV, stejné jako navaznost
na daldi obory, zejména interni (hematologie, hepatolo-
gie, nefrologie, neurologie), chirurgické (nekardidlni ope-
race) a na transplantologii véetné programu dlouhodobé
mechanické podpory obéhu, na specializovana centra pro
plicni hypertenzi. Nezbytna je také rozvinuta spoluprace
s genetiky, mikrobiology, socidlnimi pracovniky, sportov-
nimi lékafi a paliativni pédi.

Musi byt zajisténa plynula spoluprace mezi ambulant-
nim a lGZkovym provozem pro pacienty s VSV, musi byt
zfizen nonstop servis pro urgentni stavy uVSV.

Zkusenosti

Expertni komise pro VSV v dospélosti CKS doporutuje
2 000 pacientd jako minimalni podet, ktery by centrum
VSV mélo mit ve sledovani, a to vietné stfedné a vyso-
ce komplexnich vad (tj. vady s funkéné jednou komorou,
transpozice velkych tepen, Fallotova tetralogie, Ebsteino-
va anomadlie 3j.). Tento poéet odrazi odhadovanou niz-
kou prevalenci [3,13] komplexnich VSV v populacdi, a tudiz
jediné koncentrovani téchto pacientd do specializova-
nych center zajisti dostateénou zkuSenost a erudici centra
v oblasti pée o nemocné se stfedné a vysoce komplex-
nimi vadami, ale i se vzacnymi VSV. Takova koncentrace
péde vytvori predpoklady pro fefeni Siroké Skaly moznych
situaci a komplikad u heterogenni populace s VSV.

Dale musi mit centrum VSV zajétény pfisun novych pa-
cientd s VSV (détského véku a z regionid od spolupracuji-
cich kardiologd). Centrum VSV s vyuZitim vedkerého per-
sonalniho, technického vybaveni a zkudenosti musi byt
schopno poskytnout veskeré potfebné spektrum vykond
pro tyto pacienty.

Do budoucna je vhodna strukturovana certifikace spe-
cializovaného vzdélavani pro VSV v dospélosti.

Dle informad expertni komise tyto podminky pro spe-
cializovana centra pro VSV v dospélosti (véetné operaci
komplexnich VSV v dospélosti) v soucasnosti spliuji tato
pracovisté:
* Centrum pro dospélé s vrozenou srdecni vadou
v ramd Kardiocentra Nemoanice Na Homolce [14],
* Centrum pro dospélé s vrozenou srdecni vadou
ve Fakultni nemocnici v Motole (Klinika kardio-
vaskuldrni chirurgie, Kardiologicka klinika, Détské
kardiocentrum, 2. Iékarska fakulta Univerzity Kar-
lovy a Fakultni nemocnice v Motole), obé praZskd
pracovisté s navaznosti na superspecializovanou
péci v oblasti srdecniho selhani, dlouhodobych
mechanickych podpor a transplantaci, komplexni
lécbé srdeénich arytmii v Institutu klinické a expe-
rimentalni medidny,
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8. Conclusions

In the last 40 years, the outcome of children born with CHD became significantly better due to
important developments of paediatric cardiology, heart surgery, imaging methods,
extracorporeal circulation and specialized postoperative care. Since 1999, the mortality in
children with CHD is below 1% in the Prague Children’s Cardiac Centre. The development of
prenatal cardiology in the last 35 years, including the implementation of second-trimester and
later first-trimester screening into the complex care protocol of pregnancy, contributed, as well,
to these excellent results. Because of important developments in ultrasound technology, more
and more structures were included to the screening protocol of the fetal heart. For example, a
4-chamber view became available in 1986, evaluation of outflow tracts in 1996, and a 3-vessel
view in 2010. At the end of the 20th century, first-trimester screening was implemented to fetal
care in most countries and in most fetal medical centres (4-chamber view and outflow tracts
imaging). Also “risk factors” of CHD — increased nuchal translucency, tricuspid regurgitation
and abnormal flow in the ductus venosus — were found and examined. This development and
the increased detection rate of CHD are possible not only because of new ultrasound methods,
but also because of the development of other new imaging methods. Recently, fetal magnetic
resonance imaging is playing a more and more important role in the imaging of fetal structures.
It must also be mentioned that the training of physicians and technicians who perform screening
scans in pregnant women has been an important factor in the detection rate of CHDs. Recently,
the detection rate of all CHDs is about 45% prenatally, and the detection rate of critical CHDs,
which can cause heart failure immediately after birth, is about 80 — 85%. It would not be
possible to achieve such excellent results without the optimal management of pregnancies with
CHDs. Nor would it be possible without reciprocal cooperation by all participating fields —
obstetrics and gynecology, genetics, surgery and pathology. On the other hand, the Czech
Republic has one of the highest percentages of terminations of pregnancy in Europe (54%)
because of CHD. Many factors play a role in the decision-making process of parents about the
outcome of pregnancy. From the cardiology point of view, it is important that a fetus with CHD
must be examined by a paediatric cardiologist specialized in prenatal cardiology in order to
make the correct diagnosis in all details, to inform parents about the possible development of
CHD, the available options of invasive procedures, and the possible prognoses of CHD in an

infant after birth.
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In our study, we confirmed that first-trimester fetuses are mostly diagnosed with CHD with
univentricular circulation, which is often associated with additional extracardiac and
chromosomal abnormalities and has a very poor prognosis. Therefore most parents with such
fetuses (85%) decided for termination of pregnancy in the first trimester. In the second
trimester, CHDs mostly exhibit with biventricular circulation and less associated comorbidities
allowing a better prognosis. Therefore fewer parents decided to terminate pregnancy (32%). In
addition, we confirmed that first-trimester screening changed the spectrum of CHDs in the
second trimester in comparison to first trimester during the same time period (2007 to 2013),
and also in comparison to the time period before the implementation of first-trimester screening
in fetal care (1996 to 2001).

In the study, we also showed the pitfalls and limitations of first-trimester screening. In some
cases of first-trimester screening, it was impossible to detect some serious heart conditions with
duct-dependent circulation, to detect all details of some particular type of CHD, or to detect
CHD which will develop later in pregnancy. Similarly, it was not always possible to predict the
development and the outcome of CHD in the first trimester, because a first-trimester fetus is,
of course, only in the earliest stage of pregnancy and we know that CHD can later develop into
the wider spectrum of CHD. In such cases we unfortunately create quite a lot of stress for the
family by saying, “The heart of the baby is not all right.” We are able to discuss main
information about CHD with the parents, but then we must tell them that, “CHD has such a
huge spectrum of possible development that we are only able to predict the outcome of the baby
in greater detail later in the pregnancy.”

So there is still the question of whether or not, in some cases, first-trimester screening produces
more risk than benefit for some families. In view of all these facts, we think that the second-
trimester screening program still has its place as an integral diagnostic component in a

multimodality screening program in pregnancy.
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