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most European countries, but even wichin
countries thers is & greae variation in the service
provided. The recommendations provided in chis
document are intended to be guide for all paediarric
cardiclogists undertaking feral echocardingraphy wich
the view of providing a service in fetal cardiology. It is
¢lear that the health and legal syseems vary from coun-
try to country, 50 that not all aspeces of these recom-
mendarions can be implemented in all countries, The
recommendations, nonetheless, provide a framework
i wioh Jasal sipussions. <~

Whilse we are aware that, In some countries, our
obstetric colleagues perform a significant proportion
of feral echocardiograms, these recommendarions ate
designed specifically for the paediatric cardiologisc.
Although we have included a section on cardiac evalu-
ation during chseecric scans, and have made proposals
for sonographers and obsteericians, we would greatly
support the fermulation of parallel recommenda-
tions fer obsterricians. The fetal cardiology working
group is very keen to help develop these in colla-
boration with a society such as The Incernaticnal
Sociery of Ulcrasound in Obstetrics and Gynecology.
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How to organise a service for feral cardiology

1 Adms of service

a. ‘To make an accurare diagnosis of cardiac abnor-
malities, if presenr in the fetus, as early as possible
in gestacion. This includes the diagnosis of scruc-
tural defects, funcrional defects, and disturbances
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of thythm. An early accurate diagnosis will make
possible parental choice, as well as providing che
opportunity to plan the delivery and postnarl
management $0 a5 to oprimize the outcome.
Supporr can also be provided ro specialises in fetal
medicine, and o obstetticians, in the management
of feruses with functional disturbances, as in twin-
to-twin rransfusion syndrome

b. To provide appropriate counselling and suppore
for parents and families following prenatal
diagnosis

sxEb snmonunicace sasuice-na she yefetring ebsterei-
cian or generul pracritioner

d. To plan management of an-going pregnancies in
collaboration with the obstecrician, and all person-
nel likely o be involved in peri-nacal mansgement.

¢. To initiate prenaral trearment where appropriate,
such as in fetal arrhythmiss and selected struc-
tural lesions

f. To maintain a dacabase to epable regular audic
of acrivicy, and to obtain dara concerning our-
comes. The data should include information on
the monitoring of sensitivicy and specificity, and
the incidence of false negative and false positive
diagnoses.

2. Basic requivements
a. Space

i, In the Department of Paediacric Cardiology

ii. In the unit for feral medicine or obstetrics

iii, Qrcher

iv. [denlly the service should have links ro the
unic providing services in paediacric cardiol-
ogy and paediatric cardiothoracic surgery, and
to the units concerned with feal medicine and
ohseetrics. [t is beneficial also to have links o
the genetics department and the secvice for
adult cardiology.
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Egquipment: High resolucion equipmenr will allow
earlier and more arcurare diagnosis and also
quicker evaluation

i. Similar o requitements for  paediarric
echocardiogtaphy
ii. 3.5, 5.0 and 7.5 MHz transducers
tii. The availabilicy of an obsretric probe is
beneficial
iv. M-mode, pulsed wave and continuous wave
Doppler and colour flow
v. Transvaginal probes may be 3 desirable addi-
tian if very early scans are undertaken. They
are more likely to be used, however, 1n a feral
medicine unit where appropriately trained
staff and more private scanning conditions
are available.

Database

Facilities for the storage of videatape or digital
recording of all scans at lease unril che curcome has
been confirmed, preferably much longer depend-
ing on the legal requirements in each councry.

. Saff

Medical stafl

1. Staff at consultant grade, and trained in feral
echacardiography, musr be available 1o check

T scane it necesatry; it oversenthprobliithy.

b. Other staff who scan under supervision of

consulcant

i. Sonographers
ii. Nurse practitioners
iii. Doctors in craining.

Adminisrrative sraff to make appeinements and
help collect data

A nurse/counsellor te provide help and support
o families.

Hotwr many scans meed to be performed 1o maintain a
service at an adeguate level wethin the anit?

250--300 normal studies each year
Approximarely 50 abnormalities each year.

At whar stage should scans be performed?

The eaclier the betrer — but all early scans should
have a further scan between the 18th and 20th
werks of gestacion. If a termination is discussed
because of an early diagnosis, and a repeat scan
therefore is not possibie, peer review of the find-
ings is desirable
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b. Between the 13ch and 14ch weeks in selected cases
¢. Berween the 18th and 20th weeks in the majoricy
d. Whenever referred, if laver than 20 weeks.

Counselling for prenatal diagnosis of
cardiac disease

1. Before the 1can
2. Make surg parents have understood why chey
have baen refecred for the scan
b. Explain the implications of che scan
<. Explain what can and cannoc be derected
d. Ensure parents want to know if there s a
problem:.
2. Afrer diagnosis of a problem
a. Move parents out of the scanning room into
a separare room for counselling
b. Counsel parents in the precence of the counsel-
lor or nurse practitioner, or some other medical
person
¢. Document the proceeding of the counselling
session.

3. Who showld counsel parents for fetal congenital cardiac
direase?
a. A paediatric or fetal cardiologist must be

involved

b. Counselling can be done in conjuncrion with

the obstetrician, or an expere in fetal medicine,
64 & Genall L : i
diaz surgeon, bur remem
priare and insensitive ta have too many people
in the room

¢. It is beneficial ro have the involvement of
a nurse, counsellor, or midwife.

4. Afier giving parents information abeut the cardiac
Jrodien

a. Allow patents time for quesrions, to express
grief, and ro be left alone if desired

b. Give parents wrcten informarion oo rake
away, including concact numbers and informa-
tion abour relevane support groups

c. Make appropriate arrangements fot foliow-up

d. Refer to the fetal medicine unit for considera-
tion of karyoryping

e. Communicate with the local hospiral and
general pracricionet.

5. 1w cases of termination of pregrancy
a. Autopsy
i. Correlate che findings at autopsy with
those fram the echocardiographic study
ii. [n case nd autopsy has raken place, ensure
char a video recording of the scan is retained,
which can be validated by an experienced
colleague if necessary.
b. Post-termination counselling.
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0. 1w comiinuing pregpancies
a. Counsel after each subsequent scan
b. Make appropriate arrangements for delivery
¢. Make appropriate appointments for the parents
to see other personnel, such as the paediatric
cardiac surgeon, neonaraolpgist, geneticist, or
to speak with other parents.

Indicacions For referral for fetal
echocardiography

1. Maternal indicarions

a. Macernal merabolic disorders, especially if poor
control in early gestation
i. Diabetes mellitus
ii. Phenylketonuria.
b. Maternal exposure to cardiac teratogens
i. Anriconvulsants, retingic acid, lithium
ii. Viral and other infections, such as rubellz, cyro-
megalovitus, coxsackie, patvo, and oxoplasma.
¢. Maternal collagen disease with anei Ro/SSA
andfor anri La/SSB antibodies
d. Maternal congenital cardiac disease and familial
cardiomyopathy
e. Maternal medicerion with nonsteroidal anri-
inflammatary drugs after 25 to 30 gestational
weeks.

a. Paternal congenical cardiac disease

b. Previous child or fetus with congenital cardiac
disease or congetutal heart block

c. Chromosomal anomalies, gens disordets, or
syndromes with congenital cardiac disease or
cardiomyopathy.

Fetaf indications
Suspicion of cardiac malformarion or disease dur-
ing an abstetrical scan
Fetal hydrops
Hydrothorax
Polyhydramnios
Extracardiac malformation, especially:
1. Omphalocele
ii. Diaphragmaric heraia
iii. Duodenal atresia
iv. Tracheo-esophagal Ascula
v. Cystic hygrorma.
Chromosomal abnotmalities
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£. Nuchal cranslucency greacer chan the $9th centile

for crown rump length
h. Arrhychmias
L Suscained bradycardia of less chan 100
bexts/min
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ii. Tachycardia, eicher intermircent of sustained,
if greater than 180200 beats/min
i1, Frequent ectopic beats. -
i. Ocher srares wicth a known risk for feral hearr
failure:
i. Tumours wich a large vascular supply
it. Arreriovenous hisculas
iti. Absence of the venous duct ("ductus venosus™
iv. Acardiac twin
v. Fero-feral cransfusion syndrome
vi. Anaemia. )
. Monochorionic rwins because of the associated
increased  risk of ferzl  stoocrural  cardiae
malformations.

Notes on the indications for referval

The recommendacions for referral can be imple-
mented in different ways and to different degrees,
depending on local practices and the workload of indi-
vidual centers. Many obstecricians working in feral
medicine are very skilled in making boch scmacrural
and functional diagnosis of the heart. Thus, in some
countries, funccional studies 1n inrraurerine growth
retardacion, or the cwin-twin cransfusion syndrome,
are predeminantly made by obstetricians. Thus, col-
laboration must rake place berween abstetricians and
paediatric cardiologists in the management of such

uummm Ve ke

What comprises a complete fetal
echocardiogram

A. Reommendations for the feral cardiologist offering
a referval servier for fetal echocardiography for
misthers at increased visk for fotal cardiac

anomalies

1. Normal arrangement of the sorts and inferior
caval vein in the abdomen
2. Scomach and beart on the left side of the fetus
3. A normal four chamber view
a. Size
i About ane third of the thorax
1. Any suspicion of abnermal size should
prompt measurerment of cardiothoracic
ratio for comparison with normal range.
b. Pasicion
i Septum ar an angle of abouc 45° co the
midline,
€. Serucenrs
i. Two atriums of approximarely equal aize
ii. Ventricular morphology
iii. Two ventricles having cavities of approxi-
mately equal size and murad rhickness, and
remnernbering that scans afrer 3G weeks do
not necessarily show equal sized ventricles

.
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13.

14.
15.

16.

1. Any suspicion of abnormal size
should prompt measurement for
comparisen with normal ranges.

iv. Two arriovencricular valves opening
during diastole
v Inmct crux of che hearr, with off-ser
hingepoints of che atrioventricular
valves
vi. Intact ventricular septum from apex ro
crux and from crux o che origin of the
sorca
vii. Defect in the oval foramen (“foramen
ovale™ in the middle rhkird of che acrial
seprum, with the flap valve in the left
atriuvm
wiii. Pulmonary veinis} to left acrium, with
at least one vein visualized by cotour
flow mapping
ix. Sysremic veins connecting to the right
atrium.
d. Punction
i. Equally well conrracting ventricles.

. Aorric origin from the lefr ventricle, with che

septum continuous with the anterior wall of the
Foilge]
Pulmonary trunk arising from the night ventricle

. Pulmonary trunk slightly bigger than rhe aorta

at 16 o 20 weeks gescation

a. Any_ suspicion of abnormal size  should
prompt measurement” B Eomparison with
normal ranges

Pulmenary trunk crossing over the acrric origin

. At least one pulmonary artery of normal size
. Arrerial duet lying caudal to the transverse arch

Duct and arch of approximately equal size

a. Any suspicion of abnormal size should
prompt measuremenct for comparison with
normal ranges

. Head and neck vessels arising from the arch
12,

Unaliased colour flow in the appropriare direc-
tion across all four valves
a. If aliasing occurs ar any point, pualsed
Doppler should be used to obtain an exact
velocity
Unaliased colour flow in the appropriare direc-
tion in the ducr 2nd aortic arch
a. Ifaliasing, pulsed Doppler should be used to
abtain an exact velocity
No colour flow crossing the vencricular septurn
No regurgitation evident at any valve on coloor
flow mapping
Normal heart rate and thychm
a. If rate or rhythm are sbnormal, M-mode or
pulsed Deppler shouid be used to demnonstrate
the relationship berween atrial and ventricular

CONCraction.
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B. Recommendations for cardiac evaluation duving
every ohitetric gltrasound san

Although views wisnalising rhe oucflow rraces are
not included in this section, they are itmportant, and
anybody performing obstecric cardiac screening
should have che ambicion to move ro the level rec-
ommended in section C as soon as possible.

1. Stomach and hearr on che left side of the fecus
2. A normal four chamber view
a. Size
. Abouc one third of che thorax.
b. Position
i. Septum at an angle of abour 45° to the
midline.
. Strucrure
i. Twa atriums of appmxmmtelj.r equal size
ii. Two ventricles having cavities of approxi-
mately equal size and mural thickness
iii. Twe opening arriovencricular valves
iv. Intact crux of heart
v. Intace ventricular sepnam from apex to ¢rux
vi. Defect in oval foramen in middle third of
atrial septum.
d. Funcrion
i. Equally contracting ventricles.

C. Recummendaiions for obsterricians, somographers or
radinfagists whe want to extend their evalnation

fﬁmm‘“

1. Stomach and heart on the left side of the fetus
2. A normal four chamber view
a. Size
i. Abour one third of the thorax.
b. Positien
i. Septum ar an angle of about 45 ro the
midline.
C. Strucrure
i. Two atriums of approximacely equal size
1. Two ventricles having cavities of approxi-
mately equal size and muzral thickness
iii. Two atriowenericuiar valves opening during
diastole
iv. latact crux of heart
v, Intact ventricular seprum from apex ro crux
vi. Defect in oval foramen in middle third of
atrial septum.
d. Fun¢rion
i.  Equally contracting ventricles.
3. Aortic origin from left ventricle, with seprum
contmuous withl anterior wall of the aora
4, Pulmonary trunk arising from right ventricle
5. Pulmonary trunk slightly bigger than aorea
6. Pulmonary trunk crossing over the aortic origin
7. Duet lying caudal to the cransverse arch




Vol. 14, Na. 1

8. Dwer and arch of approximately equal size
9. Unalissed colour flow throughout the heart
1¢. Normal beart rate and chythm.

Training in fetal cardiclogy

Background and specific training in fetal cardiology
Phiysicians wishing o be experts in fetal cardiology
must be pasdiatric cardiologists. On the web page of
the Associazion for European Paediatric Cardiology
(www. AEPC.org), derailed instructions for training
in order to become a paediatric cardiologist has
already been published, All prospective feeal cardin-
logists should receive craining at a recognized center
for feral cardiology under the guidance and super-
vision of experienced fetal cardiclogist(s). The end
resule of craining should be a feral cardialogist capa-
ble of high disgnostic accuracy, who is able to give
an informed prognosis, has the requisite skills in
counselling, and who recognizes the limitations of
his'her own knowledge and experience. He/she should
also have demonstrared effective communicarion
with and understanding of che role of ather relevant
subspecialists, such as in fecal medicine, obscerrics
and clinical generics.

There will be & natural variation in the ¢ase with
which individuals will achieve this goal. Giving
guidance as to the number of procedures, therefore,

ioa ogly, and the sim should

be to achteve the gouls listed above.

Basic knotidedye

. General knowledge of pediatric cardiology

2, Undersranding of the physical principles of ultra-
sound examination:

a. Safety of ultrasound during feeai life

b. Equipment required for che different kinds of
examinacions, and when the equipment can be
used, especially concerning scans during the
firse ceimester,

3. Obstetric scans are performed and interpreted by
obstetricians, but fera! cardiologists should have
basic knowledge about:

2. How to evaluace number of feruses, position
and major fetal measurements
b. Markers of chtomosomal and generic disorders
¢. Anomalies of ocher organs thar can coexist
with cardiac defeces
d. Characreristics of the fetal cardiovascular systern
i. Flow patterns in specific fetal vessels such
as the venous and arcerial duces, the umbil-
ical vessels, and che middle cerebral artery
il. Signs of fetal cardiac failure.

4. Basic knowledge in clinical penetics:

a. Association between fetal cardiar defects and
genetic syndromes
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b. When and how the karyotype can be ohained

. Molecular techniques in modern genetics, and
irs usefulness in ferel cardiglopy, such us in the
evaluarion of 22q11 microdeletion.

Teaaching schedule

1. Performing feral scans
a. Ar a tertiaty level in che deparement of peri-
narology or feral cardiology
b. At least 100 normal scans with evaluation of:
i. Number of fetuses
ii. Petal position
iii. Major fetal measurements, such as bipari-
eral diamecer, femoral lengrh, occipito-
frontal diamecer, cranial and abdominal
circumferences
iv. Umbilical flow
v. Basic evaluacion of fetal organs. The feral
cardiologist is nor responsible for the
diagnosis of extracardiac abnormalities but
should be familiar with the normal and
abnormal ultrasonic appearances of major
teral argans.

2. All trainees in feral cardiology should have demon-
strared competence in demonstrating  normal
cardiac anaromy in at least 100 feruses wichout
other assistance chan rhe routine checks of scans
Scaprding o the policy of the individual unit
a. Position of che heart
b. Segmental analysis
c. M-mode
d. Color Doppler
¢. Pulsed Doppler
f. Concinuous wave Doppier, if necessary
g. Onher techniques, if deemed necessary
h. Training should contirue for the time needed

by the supervising fetal cardiologise ta confitm
that the trainee has performed atr least 100
normal fecal echoes withoue assistance,
3. Fetal echocardiography — sbnormal scans
a. Evaluation of feral abnormalities. A minimum
of 20 abnormalities should have been assessed
under supervisicn

b, Evaluation of feral abnotmalities off-line —
A minimum of %0 cardiac abnormaljcies should
have been evaluated from video recordings or
other retrospective cecords. The trainee should
have demonstraved diagnosric competence, docu-
mented by the supervising cardiologisc

¢. Functional sbnocmalities — The crainee should
gain experience in diagnosing archythmiss as
well as abnormal flow patcerns in feral vessels in
the structurally normal beart, paying attencion
o interpretation and decision-making in the
perinaral period.
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4. Fetal cardiology courses ii. Fetal cardiologists should be up o dare \
8. One basic fetal echocardiography course with all possible fetal cherapy, including
b. Underscanding of feral cardiac pachelogy, eicher experimental procedures. They must know
ar a course or by attendance at a pathology the early and late resules, as well as possible
depaniment with experience in feeal cardiology. complirarions.
5. Fetal therapy 6. Issues of management
a. Arrhythmias — Good knowledge is required of a. Place and ciming of delivary
the strategies for creatment or non-teearment of b. Planning of postnatal assessmenr and treatment,
fecal archythmias. The rrainee should be aware such as prostaglandin therapy and Rashkind
of the results of differenc therapies, and the seprostamy.
potencial adverse effects of druy trearment, 7. Parencal counselling
including the effecrs on the mocher, and should This is a partzcularly sensitive area where the
have been instructed in the strategies for moni- inexperienced trainee should be closely supervised.

toring creatment
b. Invasive fecal cherapy
i. Indications, such as peossibly some fetal
arthythmias, and setoceural lesions such as
aortic valvar stenosis
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