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Preface

1. Overview

Guidelines for fetal echocardiography were first pub-
lished in 2006.” In the previous guidelines, fetal echo-
cardiography is classified into screening examinations
(level I) and detailed examinations (level II). The scope
of the echocardiography to be performed at each level
is clarified, and ethical considerations are explained in
detail. Since the first publication of these guidelines, the
number of level II fetal echocardiography examinations
has increased annually in Japan, exceeding 2,000 in 2011
and 10,000 in 2018. In 2010, health insurance coverage for
fetal echocardiography had been approved, allowing fetal
echocardiography to become a widely recognized practice.

Over 10 years have passed since the publication of
the first edition of these guidelines. During this period,
several guidelines for the diagnosis and treatment of
fetal heart diseases have been published elsewhere, and
there have been several advancements in the medical
care for fetal heart diseases.> ¥ Imaging technology, the
accumulated experience of medical professionals, and
developments in the field of reproductive medicine have
had major roles in this progress; therefore, the role of
fetal echocardiography has evolved.

2. Guideline Revisions

Remarkable progress has been made in imaging
technology since the first publication of these guide-
lines. Techniques such as three-dimensional (3D) or
four-dimensional (4D) echocardiography, dual Doppler
echocardiography, tissue Doppler echocardiography,
strain echocardiography, and cardiovascular magnetic
resonance imaging are currently available to facilitate
detailed evaluation of the structure and function of fetal
hearts. Still, prenatal hearts cannot be evaluated in the
same way by which the heart is evaluated in newborns;
some uncertainty exists regarding the most appropriate
method for evaluation of the heart in fetuses.

When the first edition of the guidelines was published,
making a primary diagnosis was the main purpose of fetal
medicine. Studies had focused on how to develop exam-
ination techniques so as to obtain clear images, and how to
identify appropriate diagnostic methods for complicated
heart diseases. With evolving imaging technology and

increasing number of diseases recognized during the fetal
life, we currently have more opportunities to diagnose seri-
ous heart diseases that could not be detected previously. As
a result, predicting and preparing for postnatal care have
become a matter of concern, or even a main objective of
fetal care. On top of the technological progress, the accu-
mulation of experience among medical professionals has
greatly contributed to improvement in the field of fetal
medicine. Policies are mandatory to implement treatments
in time to save lives soon after birth, including guidelines
to determine how critical patients’ conditions are and how
postnatal treatments should be chosen.

Reproductive medicine has changed significantly in
recent years. Delayed childbearing has increased the
demand for fetal screening during early pregnancy. Test
markers that predict fetal abnormalities more sensitively
are increasingly available nowadays, and fetal genetic
testing can be performed safely. Fetal heart examinations
are often inefficient using transabdominal ultrasound
during early pregnancy; therefore, transvaginal ultra-
sound is used. Transvaginal ultrasound examinations
require the collaboration of the fetal cardiologist and the
obstetrician. Patient counseling is also important.

Despite significant progress in the techniques and
application of fetal echocardiography over the years,
the diagnoses established are not always accurate and
perfect. Specific maternal and/or fetal factors could
hinder precise diagnoses of certain circumstances, even
with excellent images provided by developed ultrasound
devices. The present guidelines indicate the latest data
regarding fetal echocardiography. Still, the examiners
need to be aware that, in some cases, their examination
may not lead to complete diagnoses. The healthcare
team should arrange things with caution.

The major revisions in this edition of the guidelines
include; 1) updates based on new evidence, 2) practical
care of fetal cardiovascular diseases based on accumu-
lated experience, and 3) formulation of easy-to-follow
suggestion based on clinical questions (CQs).

1 Summary

The first edition of these guidelines was divided into
three main sections: prenatal diagnosis of congenital
heart disease, prenatal diagnosis and treatment of

© 2023 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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arrhythmia, and ethical issues. In this second edition,
new sections have been added, such as the evaluation
of fetal cardiac function. Similar to the first edition, the
second edition presents the standard methods of fetal
echocardiography as technical guidelines, and typical
and characteristic findings of common congenital heart
diseases are described. Also, it states perinatal manage-
ment of the fetuses and the pregnant women when con-
genital heart diseases are diagnosed prenatally. Effective
fetal therapy is available in exceptional occasions of
fetal arrhythmia. In this respect, guidelines regarding
standard diagnostic methods and drug treatments are
presented for arrhythmias that would develop during the
fetal period. The prenatal diagnosis of congenital heart
disease is different from that of chromosome analysis
or genetic testing, as the morphogenesis of the heart has
already occurred. In addition, some parents do not want
to undergo prenatal testing as they do not wish to know
the results. How to make an appropriate choice for the
fetus while respecting the rights of the parents is doc-
umented. How to support psychologically the parents
after a prenatal diagnosis is also provided.

Prenatal fetal heart examinations are classified into
two levels. Level I involves screening by the obstetrician
or the sonographer, and level II involves diagnostic
studies of patients referred by the obstetrician for fur-
ther evaluation. The second step is to be performed
by a Board Certified Echocardiographer for Fetal Heart
Disease. Statistical reports estimate as follows: Approxi-
mately one million infants are born annually in Japan.?
All these are recommended to undergo level I prenatal
screening. It is assumed that mild to severe congenital
heart disease would be identified in approximately 1%
(10,000 fetuses).>® It is unrealistic, however, to detect
extremely mild cases of heart disease during the fetal
period; approximately a half of the 10,000 could be diag-
nosed as having congenital heart disease (5,000 fetuses)
on the level II prenatal examination. Fetal arrhythmia
is diagnosed in 0.6-2.0% of all pregnancies, while such
a problem accounts for 10-20% of referrals to the fetal
cardiologist.” According to the national registry of the
Japanese Society of Fetal Cardiology, approximately 10%
of fetal heart abnormalities are arrhythmias. Therefore,
it is estimated that approximately 500 fetal arrhythmias
are diagnosed on the level II prenatal examination. The
current guidelines adopted these statistics. The level
I procedure is intended to be quick and effective for
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screening heart defects as a routine fetal examination by
the obstetrician and the sonographer. The level II exam-
ination should be performed by the physician certified
in fetal echocardiography aiming at a high accuracy of
diagnoses without overlooking significant heart defects.

Board Certified Echocardiographer for Fetal Heart
Disease

In 2016, the Japanese Society of Fetal Cardiology
launched a system by which physicians are to be certified
in fetal echocardiography. These physicians, masters for
diagnosing fetal heart diseases, can promote use and
education of fetal echocardiography, and could improve
perinatal outcomes through continuing education. In
addition, the society has organized an annual seminar of
level II fetal echocardiography since 2016.

2 Effectiveness

Domestic as well as international studies have
reported advantages and disadvantages of prenatal
screening using fetal echocardiography. The modality
is considered effective on the basis of improved post-
natal prognosis, better surgical outcomes, and reduced
complications of fetal heart diseases. Various factors
need to be taken into account further when determining
whether fetal echocardiography is practically efficient;
such as assessing risk factors at the fetal stage, selecting
a suitable delivery facility based on the examination
results, delivery strategy, preparing for potential treat-
ments including immediate postnatal interventions,
arranging urgent neonatal transport or planned mater-
nal transport to avoid associated risks, introducing
prenatal counseling, better prognosis in the longer
terms, and economic benefits. The results on fetal echo-
cardiography may suggest that fetal treatment is feasible.
Disappointingly, previous studies have concluded that
prenatal screening offers few advantages in the incidence
of live birth with congenital heart defects. ¥

Preoperative mortality associated with severe heart
disease occurs in 3% of neonates without a prenatal
diagnosis versus in 0.7% with a prenatal diagnosis; obvi-
ously, prenatal diagnoses improve survival in neonates
with severe heart disease (odds ratio: 0.26).!) The intro-
duction of fetal echocardiography has contributed to
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improved survival rates in neonatal intensive care units
despite severer diseases.'? Additionally, the prenatal
diagnosis of heart diseases that require neonatal surgical
intervention worked favorably against high-risk situa-
tions and reduced mortality related to distant transport
of sick newborns.!

Hypoplastic left heart syndrome seems a good example
demonstrating that use of fetal echocardiography for pre-
natal diagnosis is effective. This syndrome is among very
severe congenital heart diseases. Without Prostaglandin,
a patient with this condition should get in a shock status
and eventually die as the ductus arteriosus closes within
the first week of life or so. Oxygen inhalation may be
administrated because of cyanosis noted at birth, but
this would surely worsen the circulatory balance. The
duct could close, or pulmonary vascular resistance could
decrease drastically with the duct remaining patent;
these phenomena anyway cause critical systemic circu-
latory failure, a shock status. In a study by Satomi et al.,
no oxygen, no shock, in infants who had undergone
prenatal screening. They were immediately transferred
to a facility where surgery took place between 1 and 15
days after birth (median: 7 days). On the other hand, 10
infants did not have prenatal screening done. Of these,
4 (40%) got into shock and oxygen was given in another
2 (20%) between 1 and 10 days (median: 3 days) before
they were transferred to a facility where surgery could
be performed. Surgery took place between 9 and 24 days
(median: 19 days) after birth.'¥ In this report, namely,
the patients who were diagnosed after birth experienced
shock and underwent surgery in a worse condition than
those who had been diagnosed prenatally. The study con-
cluded that prenatal diagnosis contributed to improve-
ments in surgical outcomes.' Tworetsky et al. compared
33 cases of congenital heart defects prenatally diagnosed
with 55 postnatally diagnosed in terms of the impact on
surgical outcome. Their results showed that the postoper-
ative survival rate of infants with prenatal diagnosis was
100%, whereas that of infants with postnatal diagnosis
was 66%. Therefore, the prenatal diagnosis of congenital
heart defects clearly had a beneficial effect on post-
operative survival rates.!” In congenital heart disease
patients with a patent ductus arteriosus that is essential
for maintaining postnatal hemodynamics, a fetal diag-
nosis contributes to reduced risks of cardiac dysfunction,
necrotizing enterocolitis, and renal damage,'® through
stabilized arterial blood pH and oxygenation.

Use of fetal echocardiography for prenatal diagnosis
is also demonstrated as effective in transposition of the
great arteries. Bonnet et al.!” compared the timing of
hospital admission, preoperative mortality rate, and post-
operative mortality rate in 68 transposition patients who
had been diagnosed prenatally to those in 250 patients
who were diagnosed postnatally. Admission to the hos-
pital was earlier in the prenatal diagnosis group (a mean
2 hours) than in the postnatal diagnosis group (a mean
73 hours). The preoperative and postoperative mortality
rates were lower in the former (0% and 6%, respectively)
than in the latter (6% and 8.5%, respectively).

A previous meta-analysis also reported that the pre-
natal diagnosis of transposition reduces preoperative
and postoperative mortality.!¥) Furthermore, presence
or absence of stenosis across the common arterial trunk
valve before birth were related to surgical outcomes in
patients with persistent truncus arteriosus.!” A prena-
tal diagnosis of aortic coarctation was associated with
a more stable preoperative condition (p<<0.01) and a
lower mortality rate (p<<0.05) than no prenatal diag-
nosis would have produced.?” The surgical indications
for repair of coarctation of the aorta included the ratio
of the inner diameters of the isthmus and the ductus
arteriosus, the presence of a shelf on the posterior wall,
the presence of diastolic blood flow through the isth-
mus, and a Z score = —2 for the size of the isthmus.2) A
prenatal diagnosis of tetralogy of Fallot is also feasible.
A previous study reported that treatments for tetralogy
of Fallot should be planned based on the findings of the
prenatal examination.?? In addition, double outlet right
ventricle were diagnosed prenatally with a sensitivity of
94% and a positive predictive value of 80%; treatment
options during the neonatal period could be suggested
improving early prognoses.?® The prenatal diagnoses
of Ebstein malformation and tricuspid valve dysplasia
were also useful prognostic indices for patients with
these conditions.?® Such prenatal diagnoses also serve to
lower their economic burden.?>2%

Prenatal diagnoses could reveal previously unknown
pathologies, allow for planning in the perinatal period,
and be useful when determining treatment strategies
afterwards. In patients with transposition of the great
arteries, the foramen ovale and the ductus arteriosus
close immediately after birth, increasing severity of the
disease. Maeno et al.?® examined patients with con-
genital closure of the ductus arteriosus. Closure of the

© 2023 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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foramen ovale is highly likely in these patients. There-
fore, balloon atrial septostomy is necessary immediately
after delivery. If the delivery team had not prepared for
the procedure, infants with transposition of the great
arteries might not survive. Similarly, assessment of the
foramen ovale in patients with hypoplastic left heart
syndrome is important, since a stenotic or closed fora-
men ovale would also require urgent treatment in these
patients.?*27) Total anomalous pulmonary venous return
with severe pulmonary venous occlusion would also
require emergent postnatal treatment or surgery. The
prenatal diagnoses of severe heart diseases enable plan-
ning of emergent postnatal treatments, which improves
the prognoses in those patients.?® This was also the case
in our domestic reports.??) Parental counseling on fetal
evaluations and estimated risks of the diseases (how
severe the diseases are) can facilitate the selection of
subsequent treatments. A delivery team with a pediatric
cardiovascular department sounds pertinent, providing
an appropriate delivery plan.30-3?

The prenatal diagnosis of arrhythmia is beneficial as
transplacental antiarrhythmic treatments are known
effective. A prospective Japanese study was carried out
regarding presence or absence of hydrops in infants of
mothers in whom anti-tachyarrhythmic medications
were administered. This reported that fetal tachyar-
rhythmia could be converted into sinus rhythm with
sufficient safety to the maternal body, resulting in reduc-
tion in preterm births and cesarean deliveries.>> Fetal
treatments for bradyarrhythmia, such as a complete
atrioventricular (AV) block, have not been established
yet; even so, a fetal diagnosis of bradyarrhythmia would
initiate arrangement of a delivery plan that contemplates
the need for a postnatal pacemaker.

Fetal diagnosis is useful as it provides information
that is essential during family counselling.> Results of a
multicenter survey conducted in Japan suggested that all
the medical personnel involved in the fetal diagnosis had
to be aware of the need to support the mothers of fetuses
with diagnosed heart diseases.>

Fetal Echocardiography
Registration System

Online registration for level II fetal echocardiography
examinations was initiated by the Japanese Society of

J Pediatr Cardiol Card Surg Vol. 7, No. 2 (2023)

Fetal Cardiology in 2004. The Japanese Society of Fetal
Cardiology recommends the members to register the
examinations of fetal diagnoses and to maintain their
skills for performing accurate fetal echocardiography
of a high standard by attending academic conferences
and seminars. The level II fetal echocardiography exam-
inations had not been covered by the Japanese national
health insurance system until 2010, despite highly
specialized knowledge and skills required to take care
of patients with congenital heart disease. Collection of
basic data is to be continued regarding the rationale
quoted to determine insurance coverage. From October
1 2004 to December 31 2018, the level II fetal echo-
cardiography examinations of 82,105 occasions were
registered (this value is the total number of examina-
tions, which is larger than the actual number of patients
as some patients underwent multiple examinations).
Congenital heart disease was detected in 39% (31,732)
of the examinations, a normal heart in 36%, arrhythmia
in 5%, and extracardiac abnormalities in 11%. Common
congenital heart diseases were ventricular septal defect
(6,673), single right ventricle (1,998), single left ventricle
(411), double outlet right ventricle (3,305), hypoplastic
left heart syndrome (2,565), AV septal defect (2,723),
and tetralogy of Fallot (3,037). Many of the diagnosed
congenital heart diseases were observed in the so-called
four-chamber view (4CV). Documented less frequently
were diseases considered somehow difficult to diagnose,
including complete transposition of the great arteries
(1,778; 5.6%), simple coarctation of the aorta (1,135;
3.6%), interruption of the aortic arch (532; 1.7%), and
total anomalous pulmonary venous return (414; 1.3%).
Among the examinations in which arrhythmia were
diagnosed, premature atrial contraction was observed in
1,562, and complete AV block in 468.

4 Fetal Echocardiography

1) Environment

The examination room should be quiet and room tem-
perature should be moderate to ensure that an examinee, a
pregnant mother, feels calm and relaxed. The lights should
be dimmed appropriately during the ultrasound examina-
tion. The examiner must pay attention to whether the preg-
nant mother is in the correct position with proper posture.
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2) Ultrasonic Tomography Devices

In general, ultrasonic tomography devices used for
obstetric examinations are sufficient for the level I fetal
heart screening. Two-dimensional (2D) echocardiogram
would work, and color Doppler imaging would not be
indispensable. Use of color Doppler imaging, nonethe-
less, is valuable in fetal heart screening. (CQ 1))

For the level II fetal echocardiography, use of an
ultrasonic device with high resolution is beneficial. For
example, three-dimensional (3D) fetal echocardiogra-
phy (such as spatiotemporal image correlation [STIC])
can be used not only for initial screenings but also for
verifying previous results, and it is useful for determin-
ing detailed diagnoses.

(1) Probe

A convex probe, such as that used for typical obstetric
examinations, provides clear images. Screening can also
be conducted using a sector probe, which is commonly
used for pediatric echocardiography. An ideal probe
should be selected based on the position of the fetus. The
latest ultrasonic equipment can be used with probes to
perform 3D echocardiography.

(2) Device Presets

Special presets are required to illustrate small and
fast-beating hearts in fetuses. Conditions suitable for
observing such fetal hearts should be prepared prior to
the examination.

(3) Frequency

The higher frequencies of ultrasonic waves are used,
the clearer images are provided. On the other hand,
high frequency ultrasonic waves tend to attenuate rap-
idly, and do not reach very far. Ultrasound devices are
typically equipped with a probe that allows users to
choose multiple frequencies for the optimal effect. When
conditions permit, observations should be attempted at
the highest possible frequency. During gestational weeks
18-20, the distance between the mother’s abdominal
wall and the fetal heart is short. Because of the small
size of the heart, a higher frequency setting is to be rec-
ommended. After week 30 of pregnancy, the distance
increases, and a relatively low frequency setting may be
recommended. When imaging is difficult, as is the case
in maternal obesity, olygo/hydramnion, or suboptimal
fetal positioning, examinations should be made using
an even lower frequency. High-quality images can be
obtained using harmonic echo during the level II fetal
echocardiography.’>3”) The gain should be adjusted to

obtain the best possible quality of the images.
(4) Zoom

To evaluate detailed structures of a small heart, linear
density of ultrasound needs to be raised for magnifying
the field using the zoom function. Merely enlarging the
picture does not provide sufficiently fine images.
(5) Frame Rate

The frame rate indicates how many images are cre-
ated per second. If the frame rate is too low and the
cine movements are not smooth, the rate should be
increased. To increase the frame rate, the angle of view is
to be narrowed, the zoom function is to be used, or the
linear density is to be decreased. The frame rate needs
to be high enough to correspond with the fast motion
of the fetal heart. The minimum frame rate required for
observations is 20-40 frames/sec. To obtain a detailed
diagnosis during the level II examinations, the frame
rate should be over 50 frames/sec.
(6) Persistence

‘Persistence’ is a function used for sharpening images.
It is most useful for observing immobile organs such as
those in the abdomen, commonly utilized for obstetric
purposes. In general, this function is not applied during
fetal echocardiography. In modern and sophisticated
equipment, nevertheless, persistence may be set at a rather
modest level to sharpen fetal echocardiography images.
(7) Focus

The appropriate focus is needed to visualize the fetal
heart clearly. The latest echocardiography devices have a
multi-focus function that allow sharp images regardless
of the depth.

3) Frame-by-Frame Advance or Slow Playback
The fetal heart is small and contracts rapidly; therefore,
it is difficult for the observer to follow its movement in
real time. Whenever possible, the images should be stilled
and observed meticulously using a frame-by-frame
advance or slow playback function. It is important to
identify the cardiac morphology at end diastole and end
systole. A video of echocardiographic pictures would
preferably be recorded and stored in a cine-loop.?)

4) Ultrasound Safety

High-power modalities such as Doppler imaging
and harmonic imaging, or prolonged ultrasonographic
investigation might be potentially harmful to the fetus,
although no evidence has been reported indicating that

© 2023 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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ultrasound caused injury to human fetuses. Appropriate
mechanical and thermal indices should be used. The
so-called ‘as low as reasonably achievable’ principle and
medical benefits should be taken into consideration. Use
of high-power modalities at an early stage of pregnancy
(when the fetal tissues are vulnerable to damage) must
be carefully considered.

5) 3D Echocardiography

3D echocardiography has been used to observe the
fetal heart during clinical practice and for research pur-
poses, such as anatomical evaluations of congenital heart
diseases and quantitative evaluations of the heart cham-
ber volume. To capture, reconstruct, and display 3D vol-
ume data, required are a special transducer for 3D imag-
ing and an ultrasonic device with high-performance
arithmetic processing functions for analyzing complex
algorithms. These were difficult to apply for fetal hearts
beating fast. Fortunately, the precision technology of
3D echocardiography has been advanced significantly
in recent years. The STIC method is one of such strides
providing high-resolution gated images in the cardiac
cycle which enables to collect volume data at a high
frame rate for 3D reconstruction. It may become possi-
ble to apply this method to the screening and definitive
diagnosis of congenital heart diseases together with the
multi-section tomographic display technique. (CQ3)3®

Fetal Heart Screening (Level I)

Prenatal Diagnosis of Congenital Heart Disease

In the current guidelines, as was the case in the pre-
vious ones, fetal echocardiography is performed at two
levels: screening examinations (level I) and detailed
examinations (level II).

In principle, the level I screening is recommended
for all pregnant women. Pregnant women at high risk
of congenital heart disease should undergo a level II
examination by a physician certified to perform fetal
echocardiography. Written consent for the examination
is required at the time of the first visit or at the first
screening. Table 1 describes high-risk pregnancies.*”

1) Frequency and Timing of Screenings
The more frequently screening is employed, the more
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reliably fetal abnormalities are detected. On the other
hand, too many screenings impose a major issue of time
and financial burdens on either the pregnant woman or
the obstetrician. To maximize the efficacy of fetal heart
screenings within confined time, detailed evaluations
during specific weeks of pregnancy should be conducted
instead of short and incomplete examinations at each
visit. Most serious heart defects can be detected before
20 weeks of gestation.*#3) In contrast, semilunar valve
stenosis and AV valve regurgitation may not be detect-
able until the late second or the third trimester. The sizes
and shapes of the ventricles, the outflow tracts, and the
ductus arteriosus can change until the third trimester.
In this respect, additional heart screening should be
arranged around 30 weeks of gestation.*#”) As the vol-
ume of amniotic fluid decreases, the fetus becomes fixed
in the prone position and the skeleton starts to calcify
towards the end of pregnancy. These situations make
visualization of the fetal heart difficult. Additionally, in
case fetal heart screening reveals abnormalities at 30
weeks of gestation, time management would be rather
tight afterwards for subsequent detailed and adequate
examinations of the fetal heart to be carried out and for
the parents to understand the circumstance. Therefore,
fetal heart screenings should be conducted between
gestational weeks 18 and 20 followed by a planned exam-
ination between gestational weeks 28 and 30.

2) Examiner

The level I fetal heart screening should be performed
by an attending obstetrician, registered ultrasonogra-

Table 1 Factors associated with high-risk pregnancy

1. Family history
Congenital heart disease (siblings or parents)
Malformation syndromes strongly correlated with heart
defects

2. Maternal disease
Diabetes, collagen disease, or phenylketonuria

3. Exposure to teratogens during pregnancy
Chemicals (alcohol, amphetamines, anticonvulsant
drugs, lithium, vitamin A, or warfarin)

Infectious disease (rubella virus, cytomegalovirus,
Coxsackie virus, or parvovirus)
Radiation

4. Fetal abnormalities
Fetal growth restriction (FGR), discordant twin,
increased nuchal translucency (NT), fetal arrhythmia,
or extracardiac malformations
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phers, clinical technologists, radiological technologists,
nurses, or midwives who have experience in performing
fetal screenings. If an attending obstetrician is inexpe-
rienced in adequate heart screening for patients with
risk factors (Table 1), the screening should be managed
under another obstetrician of an advanced level or a
pediatric cardiologist.

3) Observation Views and Points

Kirk et al. reported that the probability of detecting
heart diseases was less than 50% when using only the
4CV during screening.*® The abdominal section and
the outflow tract views should also be used in the level
I examination. Demonstrating the three-vessel view
(3VV) and the three-vessel trachea view (3VTV) is also
recommended to improve accuracy of fetal heart screen-
ing, when technically feasible (section 6, “Fetal cardiac
examination [level I1]"). (CQ2)*-5)

(1) Fetal Laterality: Identifying the Left and the
Right Sidedness of the Fetus (Fig. 1)

When the apex of the heart and stomach are not on
the left of the fetal body, situs inversus or visceral het-
erotaxy is indicated, and there is a high probability of
complex congenital heart diseases. The fetus should only
be examined after the left and the right of the body is
identified. No standard method has been established for
identifying the dorsal, the ventral, the left, and the right
sides. One method typically applied is:

1. Use the long-axis view to observe the fetus (the sagit-
tal view). Adjust the probe so that the head of the fetus
is on the right side of the screen or use the button on

Fig. 1 Sagittal view of the fetus

the device to switch the views from left to right.

2. Rotate the probe 90° counterclockwise. This will
allow the examiner to view a horizontal section of
the fetus viewing from the cranial side.

3. Confirm the dorsal, the ventral, the left, and the
right positions using a horizontal section of the
chest of the fetus. Consider a clock face centered
around the spinal column: the dorsal side is at 12
o'clock, the sternum at 6 o’clock and facing forward,
the left side at 3 o'clock, and the right side at 9
o'clock. In most cases, this will position the heart in
a horizontal section, allowing for the 4CV.

4. Observe the outflow tract of the major blood vessels
on both the right and the left sides by tilting the echo
view from the 4CV of the fetal heart toward the head
of the fetus. When the tilting maneuver shows that
the two outflow tracts are crossing, the relationship
between the major blood vessels is normal. The
examiner could track the aortic pathway down to
the descending aorta.

(2) Abdominal Cross-Section

The horizontal section should be continued down to
the abdomen to confirm the location of the stomach.

When the stomach is on the right or when the location

of the stomach is inconsistent with the heart, congenital

heart disease is strongly suspected (Fig. 2).

(3) Four-Chamber Cross-Section

1. Cardiac Position

The point where the atrial septum contacts the posterior
wall of the atrium is to be set as point P. Point P should be
near the center of the trunk (Fig. 3). Cardiac malposition

Ant

Inf Sup

Post

A sagittal view of the fetus is shown with its head on the right-hand side of the image. View: Ant, ventral; Inf, caudal; Sup,

cranial; Post, dorsal.
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Fig. 2 Horizontal cross-section of the fetal trunk

Left

Ant

Pos

Right

A horizontal cross-sectional view of the fetal trunk is shown viewing from the head of the fetus. View: Ant, ventral; Left,

left; Right, right; Post, dorsal.
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Spine 1y |*Location of point P
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Fig. 3 Cardiac position
A schema of cardiac position. L, left; R, right; RV,
right ventricle; LV, left ventricle; RA, right atrium; LA,
left atrium.

in the thoracic cavity can be determined based on point
P deviated. Such abnormal orientation can be caused by
space-occupying lesions, such as diaphragmatic hernia,
congenital pulmonary airway malfunction, pulmonary
sequestration, or bronchogenic cyst. These circumstances
should be identified as they may result in respiratory dis-
orders immediately after birth.
2. Cardiac Axis

The cardiac axis is a straight line drawn from the
interatrial septum to the interventricular septum. This
forms an angle with the line from the spinal column to
the sternum (Fig. 4). This angle is typically 45°*=20°. An

J Pediatr Cardiol Card Surg Vol. 7, No. 2 (2023)

45°

Spine D

Fig. 4 Cardiac axis
L, left; R, right; RV, right ventricle; LV, left ventricle;
RA, right atrium; LA, left atrium.

abnormally deviated cardiac axis implies a probability of
complicated heart defects.>>5%
3. Cardiac Size
i. Total cardiac dimension

The so-called ‘total cardiac dimension’ (TCD) is a
distance between the outer attachments of the mitral and
the tricuspid valves near the epicardial AV junction (Fig.
5a). At 22 or more weeks of gestation, the normal TCD
value (in millimeters) is approximately equal to the fig-
ure of gestational weeks. Prior to 22 weeks of gestation,
the TCD value needs to be compared to references. Oth-
erwise, the cardio-thoracic area ratio (CTAR) should
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Fig. ba Total cardiac dimension

View: Left, top left; Ant, top right; Post, bottom left; Right
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Fig. bb Relationship between the total cardiac

dimension and gestational week in a normal
fetus

The curves of a mean total cardiac dimension and
those of 1.5 standard deviations are shown.

be measured to assess the cardiac size in a proportional
sense. When the estimated weight of the fetus does not
correspond to the figure of gestational weeks, the TCD
cannot be used as an evaluation marker of the cardiac
size (Fig. 5D).
ii. Cardio-Thoracic Area Ratio

CTAR is calculated by dividing the area of the heart
by the thorax area and described in percent (Fig. 6a).
The heart area is measured by tracing the exterior of the
pericardium, and the thorax area by tracing the exterior
of the thoracic cage including the ribs and the spinal col-

Ant
Left

ight
Post g

, bottom right.

umn, but not the skin or the muscles. These manual trac-
ing is complicated and time-consuming. The so-called
ellipse method (ellipse shapes approximating the areas)
is often used. The normal CTAR is 20-35% (Fig. 6b). In
the second or third trimester, a CTAR >35% indicates
cardiac enlargement.
4. Lateral Cardiac Differences

A center line drawn on the atrial septum and the
ventricular septum divides the heart structure into two,
the left heart and the right. This allows the examiner to
compare the bilateral architecture; the sizes of the atria,
the diameters of the annulus of the AV valves, the sizes
of the ventricles, and the characteristics, thickness, and
contractility of the ventricular walls.
5. Observation of the Atrial Septum and the Ventric-

ular Septum

The center line should be visualized horizontally on
the screen in the 4CV. The orientation between the
atrial septum and the ventricular septum and presence
or absence of defects there can be observed in this view.
(4) Observation of Outflow Tracts

Tilting the probe toward the head of the fetus during
the 4CV gives a view of the ventricular outflow tracts
(Fig. 7). The left ventricular outflow tract (the aorta
does not branch immediately after originating from the
ventricle) is visualized first (Fig. 10), then the right ven-
tricular outflow tract (the pulmonary artery branches
immediately after originating from the ventricle) with
further tilting (Fig. 11). The whole picture of the major
vessels and their connections to the ventricles can be
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Fig. 6a Cardiothoracic area ratio
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View: Left, top left; Ant, top right; Post, bottom left; Right, bottom right.
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Fig. 6b Gestational age and cardio-thoracic area ratio
AV block, atrioventricular block; CTAR, cardio-thoracic
area ratio.
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seen in the long-axis view. The normal features of the
outflow tracts are; 1) a couple of major vessels present
with the pulmonary arterial trunk greater than the
aorta, 2) these vessels crossing each other spatially, 3)
the vessels arising one each from the ventricles, and 4)
the interventricular septum and the anterior wall of the
aorta being a continuum.

Another method is to move the probe in parallel to
the 4CV towards the cranial direction (Fig. 8). The 3VV
is obtained with the horizontal and cranial shift of the
probe. This provides a picture in which the pulmonary
arterial trunk and the aorta are seen at once on a single
cross-section so that their positions and sizes can be
analyzed. In a normal instance, the pulmonary arterial
trunk, the aorta, and the superior vena cava appear in
a straight line, with the pulmonary arterial trunk being
greatest and the superior vena cava smallest (Fig. 9).

Still further up, the 3VTV is shown (Fig. 12); the picture
would be beneficial to make the level I screening examina-
tions even more accurate (CQ2). Recording a video clip of
the screening procedure is to be recommended.

Detailed Examination of the Fetal
Heart (Level II)

1) Target
The level II fetal echocardiography examinations are
to be carried out in pregnant women in order to confirm
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Abdomen Four-chamber Left ventricular Right ventricular

vView outflow tract

outflow trat

Fig. 7 Shown are the consecutive cross-sectional images obtained when the probe is tilted cranially in the

A SVC
O Trachea
A

four-chamber view

DAO

Three-vessel trachea view Three-vessel view

Outflow view

Four-chamber view

Fig. 8 Shown are schemas obtained when the probe is moved in parallel to the four-chamber view towards the

cranial direction

aAo, ascending aorta; DA, ductus arteriosus; DAO, descending aorta; IVC, inferior vena cava; LA, left atrium; LPA, left pul-
monary artery; LV, left ventricle; PA, pulmonary artery; RA, right atrium; RPA, right pulmonary artery; RV, right ventricle; St,
stomach; SVC, superior vena cava; UV, umbilical vein.
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Fig. 9 Three-vessel view
aAo, ascending aorta; PA, pulmonary arterial trunk;
SVC, superior vena cava.

Aortic valve

¥ -:
- =

% A0 &

Fig. 10 Left ventricular outflow tract
aAo, ascending aorta; LA, left atrium; LV, left ven-
tricle.

suspected abnormalities of the fetal cardiovascular struc-
tures, arrhythmias, or cardiac dysfunction. Some preg-
nant mothers at high risk of fetal heart disease (FHD)
may not undergo an adequate level I screening by the
obstetrician, and a physician experienced in diagnosing
FHD is asked for the level I screening. Such an investiga-
tion is to be regarded as the level II examination.

2) When and How Often Examinations to Be
Done
The first level II fetal heart examination should be per-
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Fig. 11 Right ventricular outflow tract
PA, pulmonary arterial trunk; RV, right ventricle.

— ';
Aortic arch

Fig. 12 Three-vessel trachea view
AA, aortic arch; DA, ductus arteriosus; PA, pulmo-
nary arterial trunk; SVC; superior vena cava.

formed as early as possible after consultation.

If observation is difficult due to the position of the
fetus, several occasions would be arranged for the
purpose of efficient screening. Fetal echocardiography
examinations should be repeated if the first examination
were performed during the early stage of pregnancy or
in case diseases were suspected that could progress or
change during the fetal life.

1. First Fetal Echocardiography Examination during
Early Pregnancy

The number of referrals for the level II examinations
during the first trimester and the former half of the sec-
ond trimester has increased due to development in ultra-
sonic equipment. Although pointing out abnormalities
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is often feasible,*" a detailed evaluation is challenging.
Therefore, evaluations should be repeated when the fetus
has grown.
2. Diseases that Progress or Change during the Fetal
Period
Arrhythmia, valve disease, cardiac dysfunction,
and hydrops may progress or change during the fetal
period.*”) Thus, the level II examinations are usually
repeated as necessary based on the pathological condi-
tion. Re-examinations are also recommended during the

third trimester to predict a postnatal course.

3) Examiner

A fetal heart examination (the level II fetal echocar-
diography) ought to be performed by an experienced
physician with qualification. The Japanese Society of
Fetal Cardiology certifies qualified physicians.

4) Settings of Ultrasonic Equipment

The settings of ultrasonic equipment used for the level
II examinations are similar to those described for the
level I examinations. Color Doppler ultrasound, pulsed
Doppler ultrasound, continuous wave Doppler ultra-
sound, and M-mode ultrasound scans are applied on top
of the tomographic scans.

5) Purpose

The Level I examinations are performed to reconfirm
fetal diagnoses, to assess severity of the diseases, to pre-
dict their prognoses, and to judge whether urgent treat-
ment would be needed postnatally. The Level II diagnos-
tic information plays a principal role in family counseling
and the medical care provided by the postnatal team.

6) Observations

The structures and the anatomy of the heart are evalu-
ated in the level I fetal echocardiogram examinations. Fur-
ther details are to be sought in the level I examinations.
(1) Abdominal Cross-Section

The laterality of the fetus must be determined
unequivocally. The gastric bubble is to be found on the
left side of the body, the aorta on the left of the spinal
column, and the inferior vena cava on the right. The
inferior vena cava should be connected to the right
atrium. Abnormal relationship between these structures
is often the case in heterotaxy syndrome. Total anom-
alous pulmonary venous return of an infracardiac type

may present an abnormal blood vessel (a vertical vein)

in the abdominal cross-section.

(2) 4¢cv

1. The laterality of the left and the right ventricles can be
determined using the 4CV. The right ventricle is char-
acterized by the moderator bands within its cavity.

2. The 4CV demonstrates whether the ventricles
contract well or not. Reduced left ventricular con-
traction may indicate severe aortic stenosis, while
reduced contraction of the right ventricle could sug-
gest premature constriction of the ductus arteriosus.
When both ventricles are less contractile, myocardi-
tis or cardiomyopathy may be the reason.

3. Whether the AV valves are competent should be
determined using color Doppler echocardiography
in the 4CV. If moderate to severe AV valve regurgi-
tation were noted, the fetus would likely have struc-
tural abnormalities or dysfunction of the heart.

4. 'The direction of the blood flow through the foramen
ovale should be assessed using color Doppler echocar-
diography in the 4CV. Finding a stream from the left to
the right, structural abnormalities, such as obstruction
within the left heart, should be sought. Finding no
blood flow across the inter-atrial septum, premature
constriction of the foramen ovale might be the case.

5. 'The midline of the heart should be scrutinized. An AV
septal defect or a large ventricular septal defect can
be diagnosed using tomographic ultrasound scans. A
small defect would require color Doppler echocardi-
ography.

6. The connection of the left and the right pulmonary
veins to the left atrium should be confirmed by
tomographic ultrasound, color Doppler ultrasound,
and pulmonary venous pulsed Doppler waveforms.
The pulsed Doppler waveforms of the pulmonary
veins are normally bimodal. The waveforms would
be unimodal or flat in fetuses with total anomalous
pulmonary venous return or pulmonary venous ste-
nosis. Also, the former should be suspected when the
distance between the posterior wall of the left atrium
and the descending aorta is greater than normal.>”

7. 'The 4CV is used to detect an abnormal mass in the
heart.

8. The 4CV illustrates collection of pericardial fluid or
pleural effusion.

(3) Observation of the Outflow Tracts

The left ventricular outflow tract can be visualized by
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tilting the probe cranially from the 4CV position. Fur-
ther tilting demonstrates the right ventricular outflow
tract. These outflow tracts typically form a crossover
spiral, with the left ventricular outflow tract going from
left to right, and the right going from right to left. Fur-
ther tilting of the probe reveals the bifurcation of the left
and the right pulmonary arteries. This view confirms the
pulmonary arterial trunk and the aorta originate from
the right and the left ventricles, respectively. Abnormal
positions and relationship of these structures would
imply transposition of the great arteries or double outlet
right ventricle. The outflow tracts in these diseases may
better be understood by rotating the probe.

The morphology of the ventricular septum at the out-
flow tracts and defects there, if any, are visualized on a
view for the left ventricular outflow tract. A blood flow
pattern across the outflow tracts can be observed using
color Doppler ultrasound. If a color change or a mosaic
pattern is detected at the valve level, the flow rate can be
assessed using pulsed Doppler ultrasound.

(4) Three-Vessel View

The 3VV is obtained by slowly and parallelly translo-
cating the probe from the 4CV to the cranial side of the
fetus. Several abnormalities can be detected in this view.
1. Absence of One of the Three Vessels

Pulmonary atresia is suspected when the pulmonary
arterial trunk is absent. In fetuses with persistent trun-
cus arteriosus, a common arterial trunk is the solitary
structure. The pulmonary arterial trunk and the aorta
failed to separate from each other.

2. Presence of an Additional Blood Vessel

The arterial trunks may be sandwiched by the
right-sided superior vena cava and another vessel on the
opposite side. The fourth structure is usually a persistent
left superior vena cava. In rarer occasions, such a structure
could represent a vertical vein in fetuses with total anoma-
lous pulmonary venous connection of a supra-cardiac type.
3. Abnormal Sizes of the Blood Vessels

When the ascending aorta is slender, suspected are
hypoplastic left heart syndrome, aortic coarctation,
interrupted aortic arch, and other stenotic diseases of the
left heart. The ascending aorta can be extremely thin, or
even undetectable, in fetuses with hypoplastic left heart
syndrome. Stenotic diseases of the right heart, such as
tetralogy of Fallot or pulmonary atresia, are suspected
when the pulmonary arterial trunk is significantly small.
An enlarged superior vena cava suggests total anoma-
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lous pulmonary venous connection of a supra-cardiac
type or intra-cranial arteriovenous fistula.
4. Abnormal Alignment of the Three Vessels
In case the three major blood vessels are not aligned,
certain conditions are likely such as complete transposi-
tion of the great arteries and tetralogy of Fallot.
5. Abnormal Sizes and Courses of the Left and the
Right Pulmonary Arteries
The peripheral pulmonary arteries are characteristi-
cally hypoplastic in certain congenital heart diseases. In
fetuses with a pulmonary artery sling, the left pulmonary
artery originates from the right pulmonary artery and
courses behind the trachea.
(5) Three-Vessel Trachea View
The 3VTV is obtained by translocating the probe
parallelly from the 3VV plane to the cranial aspect of
the fetus (Fig. 12). The superior vena cava, the trachea,
the aortic arch, and the ductal arch are observed; in this
order from the right to the left. The left aortic arch nor-
mally runs along the left side of the trachea, and the aor-
tic arch and the ductal arch merge together on the dorsal
side, forming a V-shape there. Either the aortic arch or
the ductus arteriosus has anterograde blood flow. Some
abnormalities can be recognized in the 3VTV.
1. Significant Differences in Diameters of the Aortic
Arch and the Ductal Arch
Diameters of the aortic arch and the ductal arch are
typically similar. When the aortic arch is narrow, aortic
coarctation or interrupted aortic arch should be suspected.
2. Absence of a Unilateral Arterial Arch
In fetuses with pulmonary atresia without central
pulmonary arteries or in those with persistent truncus
arteriosus, the ductal arch is not found in its normal
position. Only the aortic arch is to be seen. When the
aortic arch is interrupted, in contrast, the ductal arch
forms a solitary arch without connection to the ascend-
ing aorta. In fetuses with transposition of the great arter-
ies, both arterial arches are present with the ascending
aorta in front of the pulmonary trunk. The V-shaped
connection is, therefore, not shown in a single horizontal
plane, but a long aorta appears in the antero-posterior
view (I-shaped sign).>®
3. Abnormal Direction of Blood Flow across the Arte-
rial Arches
Blood flow across the ductal arch is retrograde in
fetuses with stenotic lesions of the right heart, such as
pulmonary atresia. Blood flow through the aortic arch
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is retrograde in fetuses with obstruction of the left heart,
such as hypoplastic left heart syndrome. Premature
constriction of the ductus arteriosus is to be suspected
when the ductus arteriosus blood flow cannot be seen
in the normal range of velocity or when the distal end of
the ductus arteriosus is not connected to the aortic arch,
irrespective of the size of the ductus arteriosus.

4. 'The Aortic Arch along the Right Side of the Trachea

When the aortic arch is found along the right side of
the trachea with the ductal arch found on the the left of
the trachea, it is likely vascular ring. Without detecting
the left-sided arch structure, it is probably a solitary and
right-sided aortic arch.

5. Others

When the ductus arteriosus is highly tortuous, it may
be difficult to obtain a typical 3VTV. The fact that the
ductus arteriosus is tortuous itself does not necessarily
imply additional severe cardiac abnormalities.

A slight cranial translocation of the probe during the
3VTV provides a view of the brachiocephalic vein crossing
from the left to the right. The brachiocephalic vein is often
absent in fetuses with a persistent left superior vena cava.
(6) Sagittal Cross-Sections of the Aortic Arch and

the Ductal Arch

The aortic arch originates from the left ventricle and
forms a convex shape with three branches in the cranial
direction (Fig. 13). The ductal arch originates from the
right ventricle and is of a similar diameter to the main
pulmonary arterial trunk, the ductus arteriosus, and
the descending aorta (Fig. 14). These two arches are
observed in normal and healthy fetuses.

Coarctation of the aorta is difficult to diagnose in the
absence of other structural abnormalities of the heart.
It is to be suspected when; the aortic isthmus diameter
Z score =—2.0, the ratio of the diameter of the ductus
arteriosus to that of the aortic isthmus = 1.5, continuous
or retrograde blood flow present in the aortic isthmus,
a posterior shelf obvious at the aortic isthmus, or struc-
tures of the left heart small.>”

In fetuses with heart diseases causing pulmonary
hypoperfusion, an abnormal blood vessel from the aorta
to the lungs (major aorto-pulmonary collateral artery)
may be identified.

(7) Additional Notes

During the level II examinations, an accurate diag-
nosis can be determined by continuous recording of
cross-sectional scanning as opposed to consecutive

Fig. 13 Sagittal cross-section of the aortic arch
Three vessels (arrows) branching to the bra-
chiocephalic region are observed on the sagittal
cross-section of the aortic arch.

Fig. 14 Sagittal cross-section of the dutal arch
A pulmonary arterial branch (arrow) is observed,
while the brachial/head branches not clearly.

recording of still images of each cross-section.

To evaluate how severe heart disease would be in a
fetus, some precise measurements are required depend-
ing on the characteristics of the disease. These include
the sizes of each ventricle and the valves, diameters of
blood vessels, inflow/regurgitant velocity across the
valves, and other blood flow velocity. Normal cardiovas-
cular dimensions have been determined.>*-) Practical
evaluation methods to clarify severity of specific dis-
eases are described below in these guidelines (section 8,
“Perinatal management policy for fetuses and pregnant
women with heart disease”).
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Disease-Specific Screening Table 2 Heart diseases that can be screened/diag-

The types of heart diseases that can be screened for nosed in each cross-section
using each cross-section and anticipated findings are Abdominal cross-section (Figs. a-d)
provided in Table 2.

Right isomerism (asplenia syndrome), left isomerism
(polysplenia syndrome), and heterotaxy

Cardiac axis

(1) Extreme levocardia (Fig. e)
Conotruncal abnormalities (tetralogy of Fallot and
double outlet right ventricle)

(2) Mesocardia
Congenitally corrected transposition of the great
arteries

(3) Dextrocardia
Right isomerism (asplenia syndrome), left isomerism
(polysplenia syndrome), and heterotaxy

Heart size

(1) Severe cardiomegaly (Fig. f)
AV valve regurgitation (Ebstein malformation and

tricuspid valve dysplasia) and cardiomyopathy (Fig. g)
(2) Mild to moderate cardiomegaly

Characteristic for some congenital heart disorders

Four-chamber view

(1) Right ventricular hypoplasia (Fig. h)
Stenotic disease of the right heart (tricuspid atresia/
stenosis, pulmonary atresia/stenosis, and others)

(2) Left chamber hypoplasia (Figs. i, j)
Stenotic disease of the left heart (hypoplastic left
heart syndrome, foramen ovale stenosis, coarctation
of the aorta, and others)

(3) Midline abnormalities of the heart (Fig. k)
Right isomerism (asplenia syndrome), left isomerism
(polysplenia syndrome), AV septal defect, ventricular
septal defect, and others

Sizes of the Great arteries

(1) Small pulmonary arterial trunk
Stenotic disease of the right heart (pulmonary atresia,
stenosis, and others)

(2) Small aorta
Stenotic disease of the left heart (hypoplastic left
heart syndrome, coarctation of the aorta, interrupted
aortic arch, and others) (Fig. j)

Arrangement of the great arteries (parallel orientation)
(Figs. I, m)

Transposition of the great arteries and congenitally cor-
rected transposition of the great arteries

Connection between the ventricles and the great arteries
Double outlet right ventricle, persistent truncus arterio-
sus, and others

Abnormalities of the aortic arch and the ductal arch (Fig. o)

Coarctation of the aorta, interrupted aortic arch

Right aortic arch, vascular ring

Premature constriction of the ductus arteriosus

Stenotic disease of the right heart (pulmonary atresia,
stenosis, and others) can be screened by the direction of
blood flow across the ductus arteriosus.

Anomalous pulmonary venous connection (Fig. n)

Total (partial) anomalous pulmonary venous connection

J Pediatr Cardiol Card Surg Vol. 7, No. 2 (2023)
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Table 2-Fig. a The abdominal cross-section in a fetus

with asplenia syndrome (right isomerism)
The stomach (ST) is on the right side and the inferior vena cava
(IVC) on the left side. Ao, aorta; UV, umbilical vein.

Table 2-Fig. b The four-chamber view in a fetus with
asplenia syndrome (right isomerism)

The cardiac apex points to the right. Also, shown are the
common atrium (CA), common AV valve (CAVV), and common
pulmonary venous cavity (CPVC) posterior to the atrium.
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Table 2-Fig. ¢ Abdominal cross-section in a fetus

with polysplenia syndrome (left isomerism)

The stomach (ST) is on the right side. The inferior vena cava is
absent, and a dilated hemiazygos vein (HEMI) is seen left-pos-
teriorly to the descending aorta (DAO).

Table 2-Fig. d A sagittal section of a fetus with poly-
splenia syndrome (left isomerism)

The dilated hemiazygos vein (HEMI) is parallel to the descend-
ing aorta (DAO), with its blood flow direction reverse to that of
the aortic pathway.

Table 2-Fig. e A view of the left ventricular outflow

tract in a fetus with tetralogy of Fallot
A large ventricular septal defect (VSD) and an overriding aorta
(Ao) are observed. LV, left ventricle; RV, right ventricle.

Table 2-Fig. f The four-chamber view in a fetus with
Ebstein malformation

The septal leaflet of the tricuspid valve is abnormally attached
(arrow), deviated towards the cardiac apex. The right atrium
(RA) is enlarged. LV, left ventricle; RV, right ventricle.
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Table 2-Fig. g The four-chamber view using color Doppler ultrasound in a fetus with Ebstein malformation
Significant tricuspid regurgitation is observed. LA, left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.

Table 2-Fig. h The four-chamber view in a fetus with L. . . .
] ] g . Table 2-Fig. i The four-chamber view in a fetus with
tricuspid atresia h lastic left heart syndrom
The tricuspid valve is atretic (arrow), and the right ventricle S_ypi'_o ast Ihc e | (—T:arff: | :(? et' le (LV) is ob d4.Th
(RV) is hypoplastic. LA, left atrium; LV, left ventricle; RA, right ignificant hypoplasia of the left ventricle (LV) is observed. The
atrium white line indicates orientation of the interventricular septum.
’ LA, left atrium; RA, right atrium; RV, right ventricle.

Table 2-Fig.j The three-vessel trachea view and its color Doppler imaging showing hypoplastic left heart syndrome
The aortic arch (AA) is narrow and has retrograde blood flow (red). DA, ductus arteriosus; PA, pulmonary artery.
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Table 2-Fig. k The four-chamber view in a fetus with

an atrioventricular septal defect

A large defect is seen at the junction between the atrial sep-
tum and the ventricular septum, and the inlet valves form
a common atrioventricular valve (arrow). The midline of the
heart traces these septa. LA, left atrium; LV, left ventricle; RA,
right atrium; RV, right ventricle.

Table 2-Fig. m A cross-section of the three-vessel
trachea view in a fetus with transposition of the great
arteries

The aortic arch (AA) is visualized over a long distance
(I-shaped sign) from front to back. The ductal arch is not clear.
SVC, superior vena cava; T, trachea.

Table 2-Fig. o A sagittal section of a fetus with coarc-
tation of the aorta

The aortic arch (AA) is slender and has a shelf on the lesser
curvature of the aortic isthmus (arrows).

Table 2-Fig. | The sagittal section of a fetus with
complete transposition of the great arteries

The aorta (Ao) anteriorly located is parallel to the pulmonary
arterial trunk (PA) posteriorly positioned.

Table 2-Fig. n The four-chamber view of a fetus with
total anomalous pulmonary venous connection

A common pulmonary vein cavity (CPVC) is seen posterior
to the left atrium (LA). A diaphragm is observed between the
left atrium and the CPVC (arrow). LV, left ventricle; RA, right
atrium; RV, right ventricle.

Supplement: Segmental Diagnosis of Congenital
Heart Disease (Fig. 15)

Complicated congenital heart diseases are doc-
umented on the basis of segmental diagnosis. The
cardiovascular structures are described in terms of
arrangement of the atria, position of the ventricles, and
orientation of the great arteries. Normal anatomy is
denoted as S, D, N.

The morphologically right atrium is expected to have
connection to the inferior vena cava. When the mor-
phologically right atrium is found towards the right,
it is in a standard position (described as solitus [S]). If
the structure is found towards the left, it is in an inverse
position [I] (Fig. 16). If the inferior vena cava and the
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Fig. 15 Van Praagh notation of the heart
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Fig. 16 Positional relationship between the atrial
situs and the great vessels of the abdomen

descending aorta are on the same side of the body; or if
the inferior vena cava is missing, it is classified as ambig-
uous (A). The laterality of the inferior vena caval return
(if the inferior vena cava is missing, the position of the
dilated azygos/hemiazygos vein is used) is classified as
A(S) (right-sided) or A(I) (left-sided).

The orientation of the ventricles is determined based
on the morphological features of the left and the right
ventricles (described above). If the right ventricle is on
the right, it is designated as D; if found on the left, it
is designated as L. The ventricular orientation may be
indeterminate in those with a univentricular heart and
no rudimentary ventricular chamber. In such occasions,
the left and the right ventricles cannot be distinguished,
and ventricular orientation is described as X.

When the aortic valve is on the right, the circumstance
of the great arteries is designated as D, while the valve on
the left is designated as L. It is particularly designated as
N (normal) when the outflow tracts cross over (cross-
over or spiral) as seen in the normal heart and the aortic
valve is on the right. The mirror-imaged arrangement of
this pattern N (the aortic valve on the left) is designated
as inverted normal (IN). If one of the great arteries is
missing, it is designated as X.

The AV and ventriculo-arterial relationships are

J Pediatr Cardiol Card Surg Vol. 7, No. 2 (2023)

determined whether normal (concordant) or reversed
(discordant). These are extended by assessing their
modes of connections; such as a common AV valve,
bilateral AV valves inserting into the right ventricle,
tricuspid atresia, imperforate mitral valve, and so on.
Ventriculo-arterial connections could be pulmonary
atresia, double outlet right ventricle, transposition of the
great arteries, or other relationships.

7 Evaluating Fetal Cardiac Function

Ultrasonography is the only available method to
evaluate fetal cardiac function. The methods applied to
evaluate the contractile and diastolic functions of the
fetal heart are similar to those used to evaluate the car-
diac function in adults.>%>%3) Fetal-specific evaluation
methods are also available, including those that have
been used in the field of obstetrics to assess the severity
of circulatory disorders in the fetal brain and the pla-
centa, degree of blood flow redistribution (maintenance
of cerebral blood flow), and risks of fetal death. Unfor-
tunately, these methods cannot assess cardiac function
directly.*¥ Appropriately applying these methods, the
physicians can interpret various pathological conditions,
contemplate the optimal timing for delivery, and predict
the prognoses of the fetus and mother.

1) Assessment of Central Venous Pressure
1. Venous Blood Flow Waveform

The pattern of the venous blood flow waveform is an
index of circulatory failure (Fig. 17). The P wave of the
electrocardiogram corresponds to the phase when the
ventricles approach the end of diastole (the end-diastolic
phase) and when the atria contract to pump blood out to
the ventricles during the cardiac cycle.

Some atrial blood flows back from the atria into the
venous system (a retrograde fraction) up to the end-diastolic
pressure of the ventricle. By evaluating whether a retrograde
flow is present and how significant the retrograde blood
flow is, the central venous pressure is estimated. Increased
central venous pressure is an index of heart failure.

Retrograde blood flow during atrial contraction is
observed in the venous vessels close to the heart (such as
the inferior vena cava) even under the normal circum-

stance. This effect related to atrial contraction becomes
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Inferior vena cava
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Ductus venosus

Umbilical vein

Fig. 17 Venous waveforms

The venous waveforms of the inferior vena cava (top), the ductus venosus (DV) (middle), and the umbilical vein (UV) (bottom).

much less at the venous lumen distant from the heart.

The blood flow in the distal umbilical vein is steady in a

normal instance.55-70)

2. 'The preload index of the inferior vena cava at the
right atrium is a ratio of the reflux velocity during
atrial systole to the inflow velocity during ventricu-
lar systole. The ratio =0.5 is abnormal. (Fig. 18)7-73

A notch is observed concomitantly with the P wave
in the normal ductus venosus. A notch deeper than
normal together with a retrograde flow is regarded as
abnormal.”4#7”) In the umbilical vein, the flow velocity
decreases as the venous pressure increases, resulting in
a notch during the cardiac phase that coincides with
atrial contraction; this makes the umbilical vein pulsa-
tile.”-89 The waveform in the umbilical vein is a marker
of placental function and the severity of fetal growth
restriction.®!82)

On the other hand, finding retrograde blood flow is
the case in fetuses with certain diseases such as tricuspid
atresia and obstruction within the right ventricle. In
these occasions, retrograde flow to the venous system

S

Fig. 18 Preload index (a/S ratio)
The ratio of the reflux velocity during atrial systole
to the inflow velocity during ventricular systole is
termed as Preload index. S, inflow velocity during
ventricular systole; D, flow during ventricular dias-
tole; a, reflux velocity during atrial contraction.

does not reflect heart failure because the total systemic
venous flow passes through foramen ovale.?> 89
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2) Evaluation of Integrated Ventricular Function
1. Cardiac Output

Cardiac output is used to evaluate cardiac function,
and calculated as a sum of the output from the left and
the right ventricles standardized by body weight. The
cardiac output of the ventricles is estimated as a product
of the cross-sectional area of the semilunar valves (the
aortic and the pulmonary valves), the velocity time inte-
gral (VTI) that traces the Doppler waveforms just above
the valves, as well as the heart rate:

Cardiac output (mL/min) = semilunar valve diameter

(cm)/4X3.14 X VTT (cm) X heart rate (at a Doppler

angle of incidence <20°)

Fetal circulation is of a parallel circuit pattern, and
systemic perfusion is conducted by both ventricles;
therefore, a combined cardiac output is usually of prac-
tical use. Its value is 425mL/min/kg in a healthy fetus
and is independent of gestational age. Hypoplasia and
dysfunction can be detected by comparing the left and
the right cardiac outputs. The output of the right ven-
tricle is typically 1.4 to 1.5 times greater than that of the
left ventricle. Several factors can increase a potential of
measurement errors when determining cardiac outputs,
such as the diameters of the semilunar valves, the Dop-
pler angle of incidence, and overestimation of the VL33
2. TeiIndex (Myocardial Performance Index)

The myocardial performance is measured using a Tei
index (Fig. 19), which is based on duration of time from
the end of ventricular influx to its restart (a) and dura-
tion of ventricular ejection time (b) on pulsed Doppler:

Tei index=(a—b)/b

This calculated value is equal to:

(isovolumetric  contraction time +isovolumetric
relaxation time)/ejection time

Not only decrease in contractility but also impaired

diastolic capacity results in an increased Tei index. Thus,
the Tei index represents integrated cardiac function.®%$7
The Tei index is also useful for pediatric patients with
rapid heart rate as the pulsed Doppler ultrasound has
excellent time resolution.®® Normal values of the fetal
Tei index was reported (by Ghawi in 2013) as 0.464 =
0.08 for the left ventricle and 0.466 +0.09 for the right
ventricle, based on their own measurement as well as
data published during the preceding 13-year period.®

3) Evaluation of Ventricular Systolic Function
1. Fractional Shortening of the Ventricular Inner
Diameter

Ventricular contractility is evaluated using the short-
ening rate of each ventricle. The cursor of the ultraso-
nography device is placed perpendicular to the septum
beneath the AV valve in the 4CV. The movements of the
mitral and the tricuspid valves are recorded simultane-
ously on M mode. This is helpful to identify systolic and
diastolic phases. Fractional shortening (FS) is calculated
with the difference between the end-diastolic and the
end-systolic diameters of the ventricular cavity divided
by the end-diastolic diameter.

FS =(end-diastolic inner diameter —end-systolic inner

diameter)/end-diastolic inner diameter

The normal FS range (0.28-0.40) is independent of
gestational age.”” If the position of a fetus renders the
assessment of the ventricular size difficult, the modified
Simpson method can be applied for determining the
contraction rate tracing the ventricular cavity.”V Mea-
surement errors, which could be rather large in fetal
geometry, need attention when calculating FS whichever
the methods are chosen.
2. Rate of Pressure Change

The slope of the ascending limb of the time-activity

L b
Teiindex =
b a
D
| b
inflow ET
outflow
** [+ ET ; ejection time
ICT IRT ICT; isovolumic contraction time

Fig. 19 Tei index

IRT; isovolumic relaxation time

Calculation of the Tei index (myocardial performance index). (a) represents duration of time from the end of ventricular
influx to its restart in the cardiac cycle, and (b) duration of ejection time.
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m/sec

0.5

2.5

Fig. 20 Rate of pressure change

The rate of pressure change within the ventricular
cavity during the isovolumetric contraction period
(dp/dt) is calculated using the time required for
the AV valve regurgitation (AVVR) flow velocity
to increase from 0.5m/sec to 2.5m/sec (dt). With
these settings, the estimated ventricular pressure
increase is 24mmHg according to the Bernoulli
equation. The rate of increase in pressure is deter-
mined as 24mmHg/dT.

curve of intraventricular pressure represents the rate
of pressure change in the ventricular cavity during
isovolumetric contraction (dP/dt). The dP/dt is an index
of contractile force (Fig. 20). The dP/dt can be calcu-
lated on the basis of the simplified Bernoulli equation,
even when intraventricular pressure is not measured,
assuming that atrial pressure is sufficiently low and
using the velocity change of AV valve regurgitation in
the continuous Doppler waveform. When pan-systolic
AV valve regurgitation is present on fetal echocardi-
ography, cardiac function is evaluated using the initial
rising slope of the waveform of AV valve regurgitation
velocity recorded on continuous wave Doppler (Fig. 20).
If heart contractility is maintained, intracardiac pressure
increases sharply during early systole; in contrast, pres-
sure increase would be slow when cardiac function had
deteriorated. A dP/dt <800 mmHg/sec is regarded low.
A dP/dt <400mmHg/sec indicates severe impairment
in contractility®?

4) Evaluation of Ventricular Diastolic Function
The AV valve inflow waveforms are biphasic, con-
sisting of the E wave (which represents early, passive
diastolic filling that is dependent on ventricular wall
relaxation during early diastole) and the A wave (active
diastolic filling, also known as the atrial kick, during
late diastole that is associated with atrial contraction).
The E/A ratio is used to evaluate ventricular diastolic

function. In normal newborns and adults, the E wave is
higher than the A wave; in normal fetuses, in contrast,
the A wave is higher than the E wave. During the fetal
period, the flow velocities of both the E wave and the
A wave increases over time, and the change is greater
in the E wave than in the A wave. Therefore, the E/A
ratio approaches the pattern of the normal newborn just
before birth. The increase in E wave velocity may be a
consequence of improvement in diastolic function of the
ventricles. The fetal E/A ratio increases to approximately
0.5 during the first trimester and to approximately 0.8
during the second trimester.>% The E wave and the A
wave combine to become monophasic® in fetuses with
aortic valve stenosis presenting severe heart failure,’® in
fetal recipients of twin-to-twin transfusion syndrome
with congestive heart failure, or fetal growth restric-
tion leading to poor prognosis.

5) Prognosis for Fetal Heart Failure

The cardiovascular profile score is a summary of fetal
cardiac function based on direct or indirect parameters
that includes five categories: namely, fetal hydrops, the
Doppler waveforms of the umbilical vein and the ductus
venosus, CTAR, cardiac function (FS of the right and the
left ventricles and the AV valve blood flow pattern), and
the Doppler waveform of the umbilical artery. Each cat-
egory is scored on a two-point scale, the category scores
are summed up for a total score, and the total score of 10
is normal (Table 3).1%) The cardiovascular profile score
are known to correlate with fetal prognosis in multiple
disorders; such as in fetuses with hydrops, congenital
heart disease, fetal growth restriction, and high cardiac
output lesions. Therefore, the cardiovascular profile
score is used to predict the cardiovascular wellbeing in
some fetal conditions.!?"1% Tt is to be clarified whether
the cardiovascular profile score is of a practical use in

perinatal management in future studies.

6) Other Evaluations

Findings in arterial blood flow are used to evaluate the
vascular resistance of the placental and the cerebral cir-
culations based on the Doppler waveforms of the umbil-
ical artery and the middle cerebral artery. The resistance
index (RI) is calculated as a difference between a peak
systolic and an end-diastolic flow velocities divided by
the peak systolic flow velocity. The pulsatility index (PI)
is calculated as the difference divided by a mean blood
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Table 3 Cardiovascular profile score

(heart are/chest area)

Normal, 2Points -1Point -2Points
Hydrops None ASCIte.S Or. pleural.effusmn Skin edema
or pericarial effusion
Venous Doppler = = m
(Unbilical vein uv uv UV pulsations
and ductus 70
venosus) i L *M'M'M'A{p&“
DV DV
Heart size 0.2, =0.35 0.35-0.50 50.50 or <0.2

Normal TV and MV

Cardiac function |[RV/LV FS>0.28

Holosystolic TR or
RV/LV FS<0.28

Holosystolic MR or
TR dP/dt<400 or
monophasic

Biphasic diastolic filling

Arterial Doppler
(umbilical artery)

franns

UA (AEDV) UA (REDV)

AEDV, absence of end-diastolic velocity; DV, ductus venosus; FS, fractional shortening; LV,
left ventricle; MR, mitral regurgitation; MV, mitral valve; REDV, reversed end-diastolic velocity;
RV, right ventricle; TR, tricuspid regurgitation; TV, tricuspid valve; UA, umbilical artery; UV,

umbilical vein.

flow velocity. In a normal fetus, placental vascular resis-
tance is always lower than the cerebrovascular resistance
(middle cerebral artery RI/umbilical artery RI >1.08).
Under hypoxic conditions caused by circulatory or pla-
cental insufficiency, blood flow shifts to a brain-sparing
mode, and the vascular resistance ratio is reversed.!0% 106)
The RI of the middle cerebral artery is low in fetuses with
congenital heart diseases with left heart outflow tract
obstruction, which may be associated with neurological
development of those fetuses.'” The RI or the PI could
be low in some fetuses with moderate to severe aortic
regurgitation or a significant arteriovenous shunt such
as a hemangioma. Diastolic blood flow is ‘stolen’ in these
instances. The RI or the PI does not always reflect vascular
conditions, and therefore should be interpreted carefully.

Perinatal Management and
Delivery Plan for Fetuses with
Congenital Heart Disease

1) Fetal Period: During Pregnancy

It is recommended that pregnant women whose fetuses
have congenital heart diseases should be referred to a
perinatal hospital that can provide perinatal management
including detailed examinations for congenital FHD and
extracardiac abnormalities as well as postnatal treatment.

J Pediatr Cardiol Card Surg Vol. 7, No. 2 (2023)

Extracardiac abnormalities and certain syndromes are
strongly associated with FHD. Extracardiac fetal abnor-
malities are associated in 30-50% of congenital FHD diag-
nosed during the fetal period,'®® 1% while chromosomal
abnormalities in 30-40%.'%-13) These incidences are con-
siderably higher than those in patients with heart diseases
diagnosed after birth. Moreover, the incidence of extracar-
diac malformations or chromosomal abnormalities is var-
ious according to the types of heart diseases. (Table 4)!%%

How severe extracardiac abnormalities are should
be assessed in detail in order to contemplate treatment
plans for the fetus or the newborn, because the prog-
nosis is affected significantly by extracardiac complica-
tions. Fetal chromosome testing and precise morpho-
logical examinations of bodily organs using ultrasound
are essential, and magnetic resonance imaging is an
additional option when appropriate. Genetic counseling
is also recommended for those undergoing fetal chro-
mosome testing.

When counseling parents regarding fetal diagnoses,
the medical team should pay careful attention to privacy
and comfort of the patient’ family and should arrange
sufficient time to answer questions. Test results should
be disclosed to both parents at the same time whenever
possible. Specific explanations and treatments are pre-
sented in these guidelines (see section “10.3 Post-Exam
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Table 4 Rates of chromosomal aberrations in cardio-
vascular abnormalities08)

Chromosomal
Cardiovascular abnormality abnormality
rate (%)
Congenitally corrected transposition of 0.0
the great arteries
Complete transposition of the great 0.9
arteries
Pulmonary atresia with intact ventricular 2.0
septum
Total anomalous pulmonary venous 2.0
connection
Hypoplastic left heart syndrome 4.2
Tricuspid atresia 4.3
Pulmonary arterial stenosis 4.3
Persistent truncus arteriosus 4.4
Aortic stenosis 4.5
Interrupted aortic arch 5.8
Ebstein malfomation 6.8
Aortic coarctation 7.4
Single ventricle 9.0
Aortic coarctation with ventricular septal 9.2
defect
Tetralogy of Fallot 10.3
Double outlet right ventricle 12.6
Ventricular septal defect 18.2
Atrial septal defect 26.9
Atrioventricular septal defect 68.4

These data were obtained from a report including 2,334
patients with congenital heart disease in the congenital
disease registries in France, Sweden, and California, United
States.'08)

Diagnosis and Subsequent Treatment to Be Selected”).
Obstetricians, neonatologists, pediatric cardiologists,
cardiac surgeons, nurses, and case workers should par-
ticipate in perinatal conferences so as to discuss diagno-
sis procedures, treatment planning, and family support
when FHD are diagnosed.

Diagnosis of FHD does not require particular changes
in daily management of pregnant women. The mother
needs to be carefully monitored, however, for the
so-called mirror syndrome when a fetus is found fetal
hydrops. Preterm birth should be avoided, as far as pos-
sible, since preterm birth together with low birth weight
complicate treatments of heart disease eventually.

2) Delivery Plan

Recommendation for the delivery is to plan it using
a comprehensive decision-based algorithm of general
obstetric maternal management that also takes the prog-
nosis of the newborn into consideration. No randomized
trials have been conducted to assess whether any specific
methods of delivery is effective for neonates with severe

congenital heart disease. There are no data indicating
that the cesarean section is always advantageous for the
delivery of neonates with congenital heart diseases.!'
Since the prognosis in newborns delivered at 39 weeks
or later is better than that in those delivered prior to
39 weeks of gestation, the delivery method needs to be
selected based on a comprehensive assessment of med-
ical resources and home environment.'® ''>-12) Invasive
or aggressive delivery, including the cesarean section,
should be carefully indicated even in mothers of fetuses
with FHD.

When a fetus is found to have congenital heart disease,
its postnatal condition and prognosis after surgery can
be improved by establishing a well-organized delivery
protocol. This arranges medical treatment and invasive
treatment, such as catheter intervention and surgery,
provided at a cardiac center when necessary.!”>12?
Depending on the severity of fetal heart disease, an
appropriate delivery plan and preparation (including
choice of a facility for delivery) needs to be discussed by
the perinatal team consisting of the pediatric cardiolo-
gist and the fetal obstetrician.!> 17 122-124)

The necessary level of care required after delivery is
to be set based on the expected hemodynamic changes
around birth. An analysis of the level II fetal echocar-
diography examination findings and risk stratification
are important prior to selecting the delivery facility and
formulating a delivery plan (Table 5).330:12%126 When
the risk is minimal, it is rational to attempt spontaneous
vaginal delivery. When the risk is moderate to severe, it
is important for the perinatal team to select and plan the
delivery method based on a comprehensive evaluation of
the risks. The team should prepare for probable changes in
the newborn’s hemodynamics before and after delivery.?

The scientific background of the current recommen-
dations regarding the delivery plan remains undecisive.
No statistically reliable or evidence-based studies have
been conducted, such as randomized controlled studies
with a Minds guideline level of evidence A or B. Instead,
observational studies (a Minds guideline level of evi-
dence C or D) are available in patients with FHD for
delivery planning during the transitional period from
the prenatal to the postnatal circulations. The hemody-
namics of FHD vary greatly. The American Heart Asso-
ciation has published ‘A Scientific Statement of Diagno-
sis and Treatment of Fetal Cardiac Disease’ on their own
criteria and evidences in hand thus far.
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Table 5 Perinatal management of fetal heart diseases

Recommended delivery plan

Care . .
Appropriate delivery system . .
level Delivery/Treatment Recommendation
Delivery at a facility specializing
Ductus arteriosus-dependent 2 in pediatric cardiology Prostaglandin E1 High
cardiovascular diseases Neonatologist on-call for administration g
delivery
Delivery at a facility specializing
. in pediatric cardiolo . . .
Uncontrollable tachyarrhythmia 3 P . . g\( Consider early delivery High
Neonatologist/pediatric
cardiologist on-call for delivery
. . Delivery at a facility specializin
Transposition of the great vessels with . ‘y . . Y SP 9 Prepare for emergency
; in pediatric cardiology .
suspected obstruction of the foramen 3 . o enlargement of High
. . Neonatologist/pediatric . . —_—
ovale without ventricular septal defect . - . interatrial communication
cardiologist on-call for delivery
Delivery at a facility specializing
in pediatric cardiology or . - .
. . . der ad trat . .
Suspected aortic coarctation 2 perinatal care Consider a ministration Appropriate/Valid
. of prostaglandin E1
Neonatologist on-call for
delivery
Delivery at a facility specializing
Premature closure of the ductus n p_ed|atr|c cardiology or . . . .
. 2  perinatal care Consider early delivery Appropriate/Valid
arteriosus (complete closure) .
Neonatologist on-call for
delivery
Delivery at a facility specializing
Isolated total anpmalous pulmonary 3 in pediatric .cardiol.ogy Prepare for emergency Appropriate/Valid
venous connection Neonatologist/pediatric surgery
cardiologist on-call for delivery
Delivery at a facility specializin . .
. . . . ‘y . . Y SP 9 Consider early delivery
Complete atrioventricular block with in pediatric cardiology . .
. 3 . o0 and emergency Appropriate/Valid
fetal heart failure Neonatologist/pediatric
; - . treatment
cardiologist on-call for delivery
. . Delivery at a facility specializin .
Hypoplastic left heart syndrome with oeinvery a Hity specializing ¢ nsider catheter
. in pediatric cardiology . . . .
severe foramen ovale stenosis or closed 4 - . intervention, ECMO, Appropriate/Valid
. . A Specialized cardiology care team
interatrial communication . and/or surgery
on-call for delivery
Suspected severe circulatory failure
immediately after birth (tetralogy of i ili ializi .
Fallot with stent puImE:)nary v?llve total il?\ehgzir;lt:lac::?ig% specializing Consider catheter
' 4 P S . 9y intervention, ECMO, Can be considered
anomalous pulmonary venous return Specialized cardiology care team
. . . and/or surgery
with pulmonary venous occlusion, or on-call for delivery
severe Ebstein malfomation)
Fetal heart diseases with Delivery at a local hospital or in L
. s L L Response by a specialized .
hemodynamics that are expected to be 1 facility specializing in pediatric . Not required
. . cardiac care team
stable after birth cardiology
. Delivery at a facilit
Fetal heart diseases expected to be . y . y .
stable in the delivery room but ma specializing in pediatric Response by a specialized
M Y 2 cardiology P Y a sp Not required

require catheterization or surgery soon
after birth

Neonatologist on-call for
delivery

cardiac care team

Recommended care levels during transition from the fetal circulation to the postnatal one based on the level Il echocardiogram examination
findings.

Fetal heart diseases with hemodynamics expected to be stable after birth for the time
being

Care Level 1: mild

Care Level 2: moderate Fetal heart diseases expected to be stable in the delivery room but requiring catheter inter-

vention or surgery soon after birth

Care Level 3: severe Fetal heart diseases expected to be unstable hemodynamically at birth and requiring

urgent treatment before postnatal catheter intervention or surgery

Care Level 4: fulminant Fetal heart diseases expected to require urgent catheter intervention or surgery in the

delivery room

ECMO, extracorporeal membrane oxygenation.
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A specialized team is seldom required in the delivery
room for neonates with FHD who are expected to be
stable hemodynamically after birth and for those in
whom postnatal catheter intervention or surgery could
be needed eventually but hemodynamics should stay
stable for the time being. A delivery plan for these babies
would unlikely be the cesarean section. A suitable deliv-
ery facility is to be allocated according to the level of
care after birth, and vaginal delivery should be the first
choice. Fetal heart diseases that requires catheterization
and surgical treatment after birth but can be expected to
remain stable in the delivery room for some time may
be treated in pediatric cardiology facilities. The babies
with fetal heart disease that would require catheter
intervention or surgical treatment after birth but would
remain stable in the delivery room need to be delivered
at a specialized institution with pediatric cardiology unit
or to be transferred to a specialized pediatric cardiology
facility when stabilized.

Highly Recommended Delivery Plan
In a newborn with cardiovascular disease whose cir-

culation is dependent on the ductus arteriosus, the duct
must be kept patent immediately after birth. Therefore,
prostaglandins is to be administered by the neonatolo-
gist when the newborn is stablizied.> 12 Fetuses with
tachyarrhythmias intractable on trans-placental medi-
cation may require early delivery taking their gestational
age into account, even without fetal heart failure symp-
toms. This is because drug treatment, cardioversion,
or transesophageal pacing may be sensible to achieve
immediately after birth.1?® Predicting whether the fora-
men ovale remains patent after birth is difficult in fetuses
with transposition of the great arteries and intact ven-
tricular septum. The overall condition may deteriorate
soon. The pediatric cardiologist is recommended to be
available to perform urgent catheterization for atrio-sep-
tostomy.2> 129132 When a fetus has hemodynamic fea-
tures that require specialized pediatric cardiovascular
treatment immediately after birth or even in the delivery
room, the delivery should be conducted at a facility spe-
cialized in pediatric cardiology.

Delivery Plans with Valid Recommendations
Various evaluations have been reported for aortic

coarctation on fetal echocardiography. Still, it is difficult
to make a clear diagnosis prenatally. Administration of

prostaglandins should be considered, once the initial
condition is stabilized by the neonatologist, for signifi-
cant aortic coarctation requiring catheter intervention
or surgery soon after birth.”” Early delivery may be
discussed for fetuses with premature closure of the
ductus arteriosus. It is recommended that the timing
and the method of delivery should be planned based
on the results of comprehensive evaluations of the fetal
and obstetric conditions.!®> 13 A prenatal diagnosis of
isolated total anomalous pulmonary venous connec-
tion remains challenging, though several reports have
described improvements in screening and diagnostic
methods.!?> 139 Arranging delivery at a hospital facili-
tating a pediatric cardiovascular unit may be beneficial
for fetuses with postnatal pulmonary venous obstruc-
tion; where neonatologists and pediatric cardiologists
are available, as well as cardiovascular surgeons in case
very urgent surgery is needed. Similarly, fetuses with
intractable complete AV block with heart failure may be
submitted for early delivery at a pediatric hospital with
cardiovascular specialists. Judgement would be based
on comprehensive decision of the gestational age and
urgent treatments postnatally anticipated. For other bra-
dycardia diagnosed prenatally, it is also recommended to
deliver at a pediatric cardiovascular facility with neona-
tologists and pediatric cardiologists available to admin-
ister drug therapies or to arrange urgent treatments such
as temporary pacing immediately.*> 13- 138) Hypoplastic
left heart syndrome with highly restrictive or even intact
intra-atrial communication produces poor prognosis.
It is appropriate to decide the indication for immediate
treatment.? 26 126,129,130, 132, 139-146) Gince severe circula-
tory failure is expected immediately after birth, EXIT
(Ex-Utero Intrapartum Treatment) by a specialized
cardiac care team in the delivery room can be an option
of choice, as well as catheter intervention or surgical
treatment following birth. This approach requires a sig-
nificantly specialized medical system, a comprehensive
decision should be made by the corresponding perinatal

team considering practical aspects.!26 143145

Delivery Plans That May Be Considered
When the level IT echocardiogram examination indi-

cates that circulatory failure would occur immediately
after birth (such as in fetuses with severe tetralogy of
Fallot with absent pulmonary valve, total anomalous
pulmonary venous connection with pulmonary venous
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occlusion, or severe Ebstein malformation), treatment
by an experienced cardiac team can be on the list as the
initial response.>!4”) The delivery plan is to be deter-
mined based on a comprehensive assessment by the
perinatal team. Particular hemodynamic conditions
could require sophisticated treatment and program.

Prenatal Diagnosis and Treatment
of Arrhythmias

1) Introduction

Many heart diseases, including congenital malforma-
tions, can be diagnosed during the fetal period nowadays.
The diagnosis of arrhythmia is important, because the
perinatal management affects the prognosis of the infant
before and after birth. The prenatal treatment of arrhyth-
mias is effective, in particular, for fetal tachyarrhythmia.
Early and accurate diagnosis is essential, and treatment
and perinatal care should be appropriate.!48-15)

2) Diagnostic Method

When fetal arrhythmia is suspected, a management
plan must be determined properly based on accurate
diagnosis (Table 6). Diagnosis and management of fetal

Table 6 Checklist for diagnosing fetal arrhythmia

1. Record the relationship between atrial and ventricular
contractions using M-mode or pulsed Doppler echocardi-
ography to categorize the arrhythmia

M-mode method
1) Simultaneous recording of atrial and ventricular
contractions
2) Simultaneous recording of atrial contraction and
the opening and closing of the aortic valve
Pulsed Doppler method
1) Simultaneous recording of the waveforms of the
mitral valve inflow and the left ventricular outflow
2) Simultaneous recording of the waveforms of the
superior vena cava and ascending aorta
3) Simultaneous recording of the waveforms of the
pulmonary vein and pulmonary artery , simultane-
ous recording of the waveforms of the brachioce-
phalic vein and the aortic arch

2. Search for complicating congenital heart disease or
extracardiac abnormalities

3. Search for signs of fetal hydrops

4. Measure the duration of arrhythmia using a fetal heart
rate monitor

Fetal bradycardia: fetal heart rate <100beats/min.

Fetal tachycardia: fetal heart rate =200 beats/min or parox-
ysmal heart rate increase.

Extrasystoles: premature contractions compared to normal
sinus rhythm.

J Pediatr Cardiol Card Surg Vol. 7, No. 2 (2023)

arrhythmias should be established at a facility in charge
of the level II echocardiography examinations. M-mode
echocardiography and Doppler echocardiography are
used to diagnose arrythmias.'>

Arrhythmia is analyzed by visualizing the relationship
between the numbers of atrial and ventricular beats and
that between the time phases of atrial and ventricular
contractions.!”> 14157 Atrial contraction is correspond-
ing to the P wave, and ventricular contraction to the
QRS complex on the electrocardiogram. Another way is
an electrical diagnostic method, such as fetal electrocar-
diography recorded at the maternal body surface or fetal
magnetocardiography,” 158 but they are not commonly
used in clinical practice.

On M-mode echocardiography, the cursor is placed
diagonal to the axis of the fetal heart or two cursors are
placed to record the wall motion of the atria and the
ventricles simultaneously. Capturing the movements
of the atria and the ventricles near the AV valves is a
sensible way to depict the contraction status clearly
(Fig. 21). Otherwise, the cursor of the ultrasound device
can be placed in a manner that the line passes through
the aortic valve and the left atrium (a cross-section when
measuring the left atrium/aorta ratio with a normal left
ventricular long-axis view); then, the opening of the aor-
tic valve marks the beginning of ventricular contraction
(Fig. 22). As the M-mode method does not offer high
temporal resolution, the motion of the atrial and the
ventricular walls is hard to detect in fetuses with poor
cardiac contractility.

There are several methods of pulsed Doppler echocar-
diography. Some echocardiography devices can simulta-
neously measure Doppler signals at two points. Unless
such a machine is utilized, the so-called sampling vol-
ume is placed at a position where two points are strad-
dled, and blood flow there are recorded simultaneously.
Sampling flow across the mitral valve and the aortic
valve, the ‘left ventricle in/out’ method simultaneously
illustrates atrial contraction as the A wave of the left ven-
tricular inflow and ventricular contraction as aortic out-
flow waveforms. When the fetal heart is contracting fast
or in failure, nonetheless, the E and the A waves become
unimodal, making it impossible to recognize atrial
contraction. The ‘superior vena cava/ascending aorta’
method uses the simultaneous depiction of retrograde
flow at atrial contraction (A wave) at the superior vena
cava and the aortic ejection waveform (V wave) at the
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Atrial wall (RA)

Ventricular wall (LV)

Fig. 21 Analysis of arrhythmias using M-mode echocardiography
(A) The M-mode cursor is placed so that it passes through the atrial and ventricular walls in the four-chamber view. (B) The
movements of the atrial and the ventricular walls are captured to evaluate the relationship between their contractions. LA,
left atrium; LV, left ventricle; RA, right atrium; RV, right ventricle.
Atrial wall (LA)
Aortic valve
Fig. 22 Analysis of arrhythmias using M-mode echocardiography
(A) The M-mode cursor is placed so that it passes through the aortic valve and the left atrium. (B) Atrial wall motion and
aortic valve opening are observed to evaluate the relationship between atrial and ventricular contractions. Ao, aorta; LA,
left atrium; LV, left ventricle.
INTERVAL MS
Atrio-ventricular interval
Fig. 23 Diagnosis of arrhythmia using pulsed Doppler imaging
(A) The arrhythmia is analyzed using the superior vena cava/ascending aorta method on pulsed Doppler echocardiography.
In the cross-section where the superior vena cava and the ascending aorta are parallel, the sampling volume is placed
across both vessels and their blood flow waveforms are recorded simultaneously. (B) A recorded pulsed Doppler image of
the superior vena cava flow waveform is shown. Anterograde blood flow (S and D waves), atrial systolic retrograde flow
(A wave), and the aortic waveform (V wave) are observed. The AV interval ranges from the beginning of the A wave to the
beginning of the V wave. aAo, ascending aorta; SVC, superior vena cava.
ascending aorta (Fig. 23). This method can be applied echocardiography.
to tachy- and brady-arrhythmia, though it requires a A method to evaluate local myocardial contractions
high level of expertise (CQ4). Simultaneous visualiza- using tissue Doppler imaging has been reported.’”
tion of blood flow between the pulmonary vein and the Reference values and their ranges have been well-es-
pulmonary artery or between the brachiocephalic vein tablished for time intervals such as AV interval.’®? This
and the aortic arch is another option on pulsed Doppler method appears useful in fetuses with a risk of AV block.
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Table 7 Fetal bradyarrhythmia

Checklist

Ventricular and atrial rates

1. Fetal bradycardia is defined as a ventricular rate <100 beats/min

2. Classification

(A) Atrioventricular block: Dissociated timing of the ventricular and atrial contractions
(B) Sinus bradycardia: 1:1 correspondence between ventricular and atrial contractions

Atrioventricular block

1. Concomitant congenital heart diseases

Polysplenia syndrome, congenitally corrected transposition of the great arteries, atrioventricular septal defect (endocardial

cushion defect), and others
2. Normal cardiac structure
Anti-nuclear antibody (anti-SSA antibody, especially 52kD)

The potential risk of atrioventricular block 1-7.5% in a fetus whose mother is positive for anti-SSA antibodies.
When a child has atrioventricular block, the potential risk of a similar rhythm disturbance 15-18% in the subsequent child

born to the mother.
3. Differential diagnosis: Long QT syndrome

Blocked atrial bigeminy (non-conducted, premature atrial contraction resulting in bigeminal rhythm)

Evaluation of intra-uterine heart failure

Evaluate the following indicators comprehensively and sequentially
Appearance of fetal hydrops (pericardial effusion could be secondary to myocarditis)

Fetal echocardiography: 1) Decreased aortic flow velocity

2) Progressive cardiomegaly (TCD and CTAR)

Ventricular rate <55beats/min (wide range)

Obstetric evaluation: deterioration of the biophysical score

Precautions after birth

Development of dilated cardiomyopathy and endocardial fibroelastosis

Indication for pacemaker implantation

CTAR, cardiothoracic area ratio; TCD, total cardiac dimension.

Ventricular wall

Atrial wall

Fig. 24 Congenital complete atrioventricular block diagnosed on M-mode echocardiography
Complete atrioventricular block with atrioventricular dissociation at atrial rate of 144 beats/min (regular) and ventricular
rate of 76 beats/min (regular). The mother was administered ritodrine hydrochloride. A, atrial; V, ventricular.

When diagnosing arrhythmia, concomitant heart
malformations, other congenital heart diseases, and
hydrops need attention. Hydrops is indicated by the
appearance of pleural effusion, ascites, or pericardial
fluid in addition to subcutaneous edema. Once diag-
nosed, hydrops must be observed carefully throughout
the pregnancy.
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3) Fetal Bradyarrhythmia

AV block is the most common form of pathological
fetal bradycardia (Table 7). The timing of atrial and ven-
tricular contractions is dissociated in patients with AV
block. (Fig. 24)'54+157:16D Sinus bradycardia with a 1:1
correspondence between atrial and ventricular contrac-

tions is typically functional due to umbilical cord com-
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pression or uterine contractions, and often transient.
Persistent bradycardia is observed when the general
condition of the fetus is rather poor.!>¥ In rare occasions,
sinus bradycardia could be the first sign of pathological
arrhythmia or the sinus node dysfunction.!6 162 163)

(1) AVBlock

(1) Diagnosis

Approximately half of all patients with AV block have
congenital heart disease (such as polysplenia syndrome
or congenitally corrected transposition of the great
arteries).!% 156, 161, 164) Physicians should be aware of such
association.

More than half of fetuses presenting AV block with
structurally normal heart are related to autoantibodies
such as the maternal anti-SSA antibody.!6% 16416 Even
in the absence of maternal collagen disease, autoanti-
body testing should be conducted including anti-SSA
antibodies. Of a couple of types of anti-SSA antibodies
(52 and 60 kD), the 52-kD is more likely related to AV
blocks.®
(2) Evaluation of Intrauterine Heart Failure

Severe bradycardia leads to heart failure and hydrops,
resulting in poor prognosis.!> 156160 Therefore, early
identification of signs of hydrops and early commence-
ment of remedy are important. When pericardial
effusion was the only presentation in a fetus with bra-
dycardia caused by maternal autoantibodies, the fluid
could have retained following myocarditis, and may not
be a symptom of hydrops. Heart failure signs must be
carefully sought.

In addition to severe bradycardia, AV valve regur-
gitation (especially when congenital heart disease
coexists) and cardiac dysfunction (myocarditis caused
by autoantibodies or endocardial fibroelastosis) cause
fetal heart failure. The cardiac output decreases, and
hydrops may develop.!®® Hydrops would manifest when
ventricular heart rate became <55 beats/min.!¢% 167
In some reports, a large number of fetuses with heart
rates around 45 beats/min did not deteriorate into
hydrops.!%®) In the presence of AV valve regurgitation
or cardiac dysfunction, hydrops can develop even with
ventricular heart rates over 60 beats/min.'** 19 Hydrops
occurs more likely in fetuses with heart rate decreasing
with time.!”” The flow velocity of the aorta and cardiac
enlargement assessed on fetal echocardiography,!® and
obstetrical fetal health status (such as the biophysical
score) should be monitored throughout the pregnancy.

(3) Differential Diagnoses
1. Atrial Bigeminy with Blocked Premature Atrial
Contractions (Blocked Atrial Bigeminy)

When premature atrial contractions are blocked
(atrial bigeminy), the bradyarrhythmia resembles 2:1
AV block. The differential diagnosis should be carefully
considered. The interval between atrial contractions is
not constant in these patients. Premature atrial contrac-
tions start early. The ratio of the contraction interval
prior to a premature beat (P') to that of the sinus rhythm
(P) (PP'/PP) is often=0.4. Accurate evaluation of this
circumstance may not be straightforward using fetal
echocardiography.!”V)

2. Long QT Syndrome

Long QT syndrome may also result in 2:1 AV block.
This syndrome is suspected when sudden tachycardia is
observed. Patients with normally structure heart and no
maternal autoantibodies detected should undergo elec-
trocardiogram immediately after birth due to the risk
of sudden death during the early neonatal period. If the
QT interval could be measured using fetal magnetocar-
diography, QT prolongation would be diagnosed. This
enables to clarify a potential risk of long QT syndrome
during the fetal life.!7> 173
(4) In-Utero Treatment

Steroids and S-agonists administered to the mother
are effective for fetal bradycardia caused by maternal
autoantibodies. According to the American Heart Asso-
ciation, the evidence level for maternal steroid adminis-
tration is IIb/B.» Direct fetal pacemaker implantation!7%
sounds preliminary or experimental at this stage. This
approach, however, has been reported recently as a new
treatment strategy for fetuses with severe complete AV
blocks.!7%170)

1. Maternal Administration of 5-agonists

Some reports describe that fetal heart rate increased
10-20% by maternal administration of f-agonists,
such as transplacental ritodrine hydrochloride (Ute-
merin), terbutaline (Bricanyl), and salbutamol (Veneto-
lin).168:170.177) Cardiac function and hydrops improved
in these fetuses. On the other hand, adverse effects to
the mothers (such as palpitations, liver dysfunction, and
leukopenia) should not be ignored. It is necessary to
monitor the impacts of these agents so that delivery is
arranged in a timely fashion.
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2. Maternal Administration of Steroids in the Presence
of Maternal Autoantibodies

i) Treatment mitigating AV Block

Autoantibodies begin to enter the fetus across the pla-
centa around 18 weeks of gestation, and damage the AV
node causing bradycardia. In this respect, early maternal
administration of transplacental steroid (oral dexameth-
asone, 4mg/day) may improve the AV block.!”® A sys-
tematic review and meta-analysis of maternal fluoride
steroid administration for second-degree AV blocks
(five studies including 71 fetuses) found no effects on
preventing deterioration into complete AV block.!”)
ii) Treatment of Myocarditis

Transplacental steroid treatment (oral dexamethasone,
4mg/day) is effective when the cardiac function declines
or pericardial effusion accumulates secondary to myo-
carditis caused by autoantibodies.'®® 180 Additionally,
the maternal administration of steroids should be con-
sidered to prevent myocarditis in mothers in whom
autoantibodies are positive. The prevention strategy
has recently been advocated in autoantibodies-positive
mothers with fetuses; the babies are in danger of dilated
cardiomyopathy'® 182 and endocardial fibroelastosis'®?
after birth. A systematic review and meta-analysis (eight
studies including 162 fetuses) found that maternal ste-
roid administration for fetuses with complete AV block
did not improve fetal prognosis.'#¥
iii) Prophylactic Use

Large-scale epidemiological studies have reported that
the potential risk of fetal AV block was 1-7.5% in a fetus
whose mother was positive for anti-SSA antibodies. The
risk increases up to 15-18% in subsequent pregnancies
when the initial baby had fetal AV block.!*¥ When AV
block was the case in a fetus, steroid administration
during an early stage of the subsequent pregnancy can
effectively prevent recurrence.!®® Still, administration
of steroids to the mothers who are positive for anti-SSA
antibodies remains controversial, because adverse
effects of steroids are the issue; such as maternal and
infant adrenal suppression, fetal growth restriction, and
impaired development of the fetal brain. Researches
should go further to determine ideal indications for
maternal steroid administration. Maternal adminis-
tration of hydroxychloroquine may be one step ahead
to reduce the potential risk of AV block in subsequent
pregnancies after the initial event of pregnancy with fetal
AV block.!7618%)
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(5) Determining the Timing and Mode of Delivery

The timing of delivery should be determined by the
obstetrician and the neonatologist after considering the
risk of treatment to be continued in utero and that of
management in a premature infant outside the uterus.
p-agonists increase the fetal heart rate and can improve
hydrops. The decision to induce an early delivery should
not be promoted by the presence of hydrops alone. In
contrast, attaching temporary myocardial electrodes is
feasible surgically for external pacing after birth even in
premature babies. The delivery must be planned in time
before hydrops bocomes worse to a critical level.

Heart failure in the fetus must be evaluated when
early delivery is discussed. Multiple indicators should
be monitored over time to detect progressive deteriora-
tion of the heart function for determining the timing of
delivery properly.

There is no consensus regarding whether the vaginal
delivery or the cesarean section brings more favorable
outcomes. In case the fetal heart beats cannot be mon-
itored adequately during the delivery, the cesarean sec-
tion is recommended.

(6) Postnatal Management

Echocardiography and electrocardiography are used
early to evaluate the architecture of the heart, cardiac
function, and arrhythmias. In fetuses with long QT
syndrome, torsade de pointes may occur soon after birth
and can be differentiated from other ventricular arrhyth-
mias by early electrocardiography.'6®)

Cardiac output in newborns having presented fetal
hydrops is likely insufficient. In such patients, pacing
should be attempted without delay during the postnatal
period. Immediately after birth, temporary external pac-
ing with an intravenous catheter via the inguinal region
is to be attempted. Low birth weight infants may require
surgical attachment of myocardial electrodes for exter-
nal pacing. Myocardial perforation has been reported in
patients <2kg caused by electrode catheters. In babies
whose fetal hydrops has been mild, a pacemaker can be
implanted primarily with prompt preparation for the
procedure.

In patients without hydrops, the need for pacemaker
implantation must be determined considering several
factors. Insufficient cardiac output is an indication
for pacemaker implantation. The lower limit of heart
rate required during the neonatal period is 50-55
beats/min, according to the American College of Car-
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diology/American Heart Association and Japanese
guidelines.'$¢ 187 Pacemaker implantation is, however,
indicated even when the heart rate is >50-55 beats/min
in patients with impaired cardiac function or with heart
diseases. When sufficient cardiac output is not main-
tained, isoproterenol may be infused intravenously and
continuously to increase the heart rate. As the condition
of the newborn stabilizes, the dose of isoproterenol can
be gradually reduced, and then the heart problem can
be reassessed. Pacing is also indicated when the QRS
complex is abnormally wide or when there is no increase
in heart rate while crying. A multicenter study in Japan
showed that all patients with postnatal heart rate <60
beats/min underwent pacing during the neonatal period.
Dilated cardiomyopathy or endocardial fibroelastosis has
been found to develop in the long term in some patients
with AV block caused by maternal anti-SSA antibod-
ies.!81-18%) Monitoring cardiac function over time is import-
ant, even if cardiac output has been maintained during
infancy or an internal pacemaker has been implanted.

4) Fetal Tachyarrhythmia

Fetal tachycardia is responsive to intrauterine treat-
ment (Table 8). It is difficult, however, to determine the
optimal treatment for patients with intractable arrhyth-
mia.

More effective and safer treatments are increasingly
reported for fetal tachyarrhythmia. It is important to
accurately diagnose and evaluate the condition of the
fetus, followed by an updated treatment plan according
to the latest management protocols.!48-151
(1) Diagnosis of Fetal Tachycardia

Fetal tachycardia is diagnosed when the fetal heart
rate is =200 beats/min.!> 156187 Paroxysmal tachy-
cardia is diagnosed when transient increases in heart
rate are observed, even if the fetal heart rate is <200
beats/min. During paroxysmal tachycardia, little fluctu-
ation is shown on the fetal heart rate monitor.

Fetal tachycardia is classified based on the relationship
between atrial and ventricular contractions determined
using M-mode and Doppler echocardiography, as
described above in these guidelines. It should be noted
that this method does not provide tachycardia classifica-
tion as precisely as electrocardiogram does.

(2) Observation Points in Fetal Tachycardia
(1) Duration of Tachycardia
The duration of tachycardia is recorded using echo-

Table 8 Fetal tachyarrhythmia

Classification

1. SVT
1:1 atrio-ventricular conduction
AVRT (WPW syndrome)
Differentiation: Other types of SVT, including AVNRT,
EAT, PJRT, and JET
VT (with retrograde conduction)
Measurement of the VA interval using M-mode or
pulsed Doppler echocardiography
Short VA: AVRT
Long VA: Other types of tachyarrhythmia
2. Atrial flutter
2:1 or 3:1 atrio-ventricular conduction
3. MAT
Irregular rhythm of ventricular and atrial contractions
4.VT
Dissociated ventricular and atrial contractions with
increased ventricular rate

Additional evaluations

Duration of tachycardia

Congenital heart disease

Fetal hydrops

Cardiac function, such as atrio-ventricular valve insuffi-
ciency or cardiomegaly

Treatment (after arrhythmia is diagnosed and comprehen-
sively evaluated)

Antiarrhythmic drugs: digoxin, flecainide, sotalol,
amiodarone, magnesium sulfate, lidocaine, propranolol, or
mexiletine

AVNRT, atrioventricular nodal re-entrant tachycardia; AVRT,
atrioventricular re-entrant tachycardia; EAT, ectopic atrial
tachycardia; JET, junctional ectopic tachycardia; MAT,
multifocal atrial tachycardia; PJRT, permanent junctional
reciprocating tachycardia; SVT, supraventricular tachycar-
dia; VA, ventriculo-atrial; VT, ventricular tachycardia; WPW,
Wolff-Parkinson-White syndrome.

cardiography or a long-term monitor of fetal heart rate
in patients with intermittent and/or paroxysmal tachy-
cardia. Circulatory insufficiency is most likely when the
duration of tachycardia accounts for more than 50% of
the total time. Treatment should be indicated in such
circumstances.!®® The longer the duration of tachycardia
is detected, the more likely fetal hydrops would develop.
Of course, fetal hydrops may develop even when the
duration of tachycardia is less than 50% of the total
time. In this respect, careful monitoring is necessary
throughout the pregnancy.'®” Developing into hydrops
seems related to cardiac dysfunction caused by sustained
tachycardia rather than fast heart rate itself.!$$ 190
(2) Concomitant Congenital Heart Diseases
Paroxysmal tachycardia is occasionally associated
with congenital heart diseases, such as Ebstein malfor-
mation.!?> 192 In particular, atrial flutter could be found
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more commonly with structural abnormalities than
other types of arrythmias.
(3) Fetal Hydrops

As heart failure deteriorates, hydrops (pericardial
effusion, pleural fluid, ascites, and subcutaneous edema)
would develop. The treatment strategy should be modi-
fied based on presence or absence of hydrops.
(4) Cardiac Function
1. AV Valve Insufficiency

Tachycardia and AV valve insufficiency secondary
to cardiac enlargement are indicators of decreased car-
diac function.!® 1% Regurgitation across the AV valve
increases reflux blood flow to the veins, rendering pro-
gression to hydrops more likely.
2. Cardiomegaly

Cardiomegaly developing is an indicator of heart fail-
ure worsening.
3. Venous Flow Pattern

Heart failure may be evaluated using the preload
index of the inferior vena cava; A large regurgitation
wave, however, is often observed during the early stages
of tachycardia even in fetuses without heart failure. It is
unclear whether the venous flow pattern can be used as
an index to evaluate the course of heart failure.
4. Heart Rate

It was previously reported that the risk of progres-
sion to hydrops is high when heart rate was =230

beats/min, while recent reports have found no such
association.!8% 191
(3) Classification of Fetal Tachycardia
(1) Supraventricular Tachycardia

Supraventricular tachycardia is characterized by a 1:1
conduction ratio of atrial to ventricular contractions.
AV reciprocating tachycardia (AVRT), such as that in
Wolft-Parkinson-White syndrome, is the most common
tachycardia and is characterized by 1:1 AV conduc-
tion.158: 188194199 [ ess commonly, diagnosed are AV
nodal re-entrant tachycardia, ectopic atrial tachycardia,
permanent junctional reciprocating tachycardia, junc-
tional ectopic tachycardia, and ventricular tachycardia
with retrograde conduction to the atria. To distinguish
these arrhythmias, the ventriculo-atrial (VA) intervals
are measured using M-mode and pulsed Doppler echo-
cardiography.!% 19
1. VA Interval Measurement

The VA interval is defined as the time from a ventric-
ular contraction to the following atrial contraction. The
AV interval is defined as the time from a atrial contrac-
tion to the subsequent ventricular contraction (Fig. 25).
Short VA tachycardia, which is typically AV re-entrant
tachycardia, is diagnosed when the VA interval is
shorter than the AV interval (Fig. 25). Long VA tachy-
cardia, including paroxysmal tachycardia, is diagnosed
when the VA interval is longer than the AV interval

Ventricular wall

™)

Atrial wall
(RA)

100mm/sec

Fig. 25 Measurement of the ventriculo-atrial interval in supraventricular tachycardia (simultaneous M-mode

recording)

As the VA interval is longer than the AV interval, supraventricular tachycardia with a long VA interval is diagnosed. AV,
atrioventricular; LV, ventricular wall; RA, atrial wall; VA, ventriculo-atrial.
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Fig. 26 Diagnosis of fetal supraventricular tachycardia using pulsed Doppler imaging
Fetal supraventricular tachycardia is diagnosed using blood flow in the superior vena cava and that in the ascending aorta.
(A) The sampling volume is set at a position that straddles these blood vessels in the cross-section where the superior vena
cava and the ascending aorta run parallel. The flow waveforms of both vessels are simultaneously recorded. (B) Supra-
ventricular tachycardia is at 230 beats/min with an atrial and ventricular contraction ratio of 1:1. The start points of the A
and the V waves are measured easily. The patient is diagnosed having long VA interval (136 msec) with AV interval of 114
msec. aAo, ascending aorta; AV, atrioventricular; SVC, superior vena cava; VA, ventriculo-atrial.

The beginning of the blood flow waveform is readily
recorded using pulsed Doppler echocardiography. Eval-
uations are therefore more accurate with this method
than with M-mode echocardiography (Fig. 26).15V
2. Short VA Supraventricular Tachycardia

AVRT is the most common type of fetal tachycardia
and is characterized by 1:1 AV conduction. Reentry
occurs through the AV node and accessory pathways
such as the bundle of Kent. It is often confirmed post-
natally by delta waves and often diagnosed as Wolff-Par-
kinson-White syndrome. Concealed Wolft-Parkin-
son-White syndrome cannot be excluded in patients
without delta waves. With the exception of Ebstein
malformation, concomitant structural heart diseases are
rare. Tachycardia can be intermittent and paroxysmal,
or persistent.
3. Long VA Supraventricular Tachycardia

Ectopic atrial tachycardia and permanent junctional
reciprocating tachycardia are types of long VA supraven-
tricular tachycardia. Permanent junctional reciprocating
tachycardia may lead to tachycardia-induced cardiomy-
opathy, even in patients with a relatively slow heart rate
(<200 beats/min).! Postnatal care including electro-
cardiography or echocardiography is necessary in all
fetuses with long VA supraventricular tachycardia. Fetal
heart rate monitoring is useful for assessing commence-
ment and termination of tachycardia. Ectopic atrial
tachycardia should be suspected in fetuses in whom the
pulse gradually becomes faster (warm-up) or slower

(cool-down), or when baseline fluctuation is observed
during the period of normal heart rate.
(2) Atrial Flutter

Atrial flutter is characterized by a2:1 or 3:1 AV con-
duction ratio. The A wave is often hidden in the V wave
on Doppler, and use of this investigation equipment
alone may miss the wave. That is why a comprehensive
examination includes both the M-mode and pulsed
Doppler methods. Once AV conduction becomes 1:1,
it can lead to a sudden increase in heart rate, rapid
deterioration in the general condition, and even death
in utero. Fortunately, the AV node cannot catch up with
the fast F wave of the fetus, and 1:1 conduction does not
occur usually. Anyway, fetuses with atrial flutter should
undergo treatment regardless of presence or absence of
hydrops. Atrial flutter may coexist with congenital heart
diseases.
(3) Multifocal Atrial Tachycardia

Multifocal atrial tachycardia is characterized by high
heart rate and irregular atrial and ventricular contrac-
tions. The definitive diagnosis of multifocal atrial tachy-
cardia is made postnatally based on electrocardiography
findings.'$®) It is probable that heart failure is progressing
rapidly. This condition should not be attributed to mere
frequent PAC.
(4) Ventricular Tachycardia

When ventricular tachycardia does not involve retro-
grade conduction (ventriculo-atrial conduction), atrial
and ventricular contractions dissociate. Dissociation
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between atrial and ventricular contractions also occurs
in patients with junctional ectopic tachycardia.

When the atria and ventricles contract at a 1:1 ratio
due to retrograde conduction (ventriculo-atrial conduc-
tion), ventricular tachycardia needs to be distinguished
from supraventricular tachycardia. Ventricular tachy-
cardia is a rare form of arrhythmia in the fetal period.
No established treatment is available in hand. Its patho-
logical condition should be carefully determined in each
patient prior to attempting treatment. Short-term mag-
nesium administration is one approach to take. Intrave-
nous lidocaine and the maternal administration of oral
propranolol or mexiletine are other options. When long
QT syndrome or torsade de pointes is suspected, flecain-
ide, sotalol, and amiodarone should not be administered
as they can exacerbate the QT prolongation.?)

(4) Treatment of Fetal Tachycardia
(1) Basic Policy

Supraventricular tachycardia, atrial flutter, multifocal
atrial tachycardia, and ventricular tachycardia are col-
lectively mentioned as fetal tachycardia, and should be
treated under the collaboration with the pediatric cardi-
ologist and at an institution where the level II fetal echo-
cardiography examinations can be conducted to ensure
the safety of the mother. In-utero treatment requires
maternal hospitalization and a comprehensive evaluation
including electrocardiography, measurement of serum
electrolytes (including potassium), as well as a complete
history of complicating factors and medications.

Fetal tachycardia can be treated in utero or after early
delivery. Transplacental treatment including antiarrhyth-
mic agents administered to the mother is effective for
some types of fetal tachycardia. This approach carries
limitations, and early delivery can be more sensible in
other types of patients. The decision-making process
regarding in-utero treatment or early delivery should
be carefully explained to the family considering gesta-
tional age, type of fetal tachycardia, presence or absence
of hydrops, and risks/benefits of in-utero treatment.
Whether to treat the fetus in utero or deliver early is to
be determined on a case-by-case basis. Evidence-based
treatment guidelines have yet to be established.
Researches are currently underway, and new treatment
protocols are published every year. It is essential for the
obstetrics, neonatology, and pediatric cardiology units to
collaborate in order to carefully select the optimal treat-
ment and to provide detailed information for the family.
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How to decide and choose treatments are multifacto-
rial, as explained below.

1. Gestational Age

i) If an immature baby can cope with morbid or det-
rimental circumstances after birth, early delivery
followed by postnatal treatment of arrhythmia is
preferred, though practical arrangement would
depend on the facility of the institution. In post-
natal treatment, various antiarrhythmic drugs can
be administered without endangering the maternal
body. A standard electrocardiogram is available,
and immediate treatment, namely direct current
shock, intravenous administration of adenosine tri-
phosphate, etc. can take place. The cesarean section
is an option of choice to deliver patients with sus-
tained tachycardia as it is difficult to monitor fetal
heart rate during vaginal delivery. An alternative
would be transplacental treatment with digoxin,
which is relatively safe for the mother, and vaginal
delivery when the fetus resume sinus rhythm. Risks
of antiarrhythmic agents to the maternal body
should be fully explained to the family.

ii) If an infant is judged too immature to survive on
complicated treatment after delivery, intrauterine
treatment is preferred. Only when sinus rhythm
cannot be restored with administration of various
antiarrhythmic drugs and fetal circulatory insuffi-
ciency worsens, delivery would better be induced
and postnatal treatment is planned. It is reminded
that mortality, neurological prognosis and eventual
quality of life of a baby might become bleak with
significant prematurity complicated by circulatory
insufficiency.

2. Types of Fetal Tachycardia

It is up to the types of fetal tachycardia whether heart
failure develops, whether arrhythmias diagnosed are
lethal, and whether in-utero treatment turns out effec-
tive. Multiple factors must be taken into consideration
when planning treatment and management.'”)

3. Fetal Hydrops

Signs of fetal hydrops, progressive cardiomegaly, and
AV valve regurgitation indicate that tachycardia-in-
duced collapse is imminent and that the time available
for in-utero treatment is limited. The mortality rate for
fetuses with hydrops (12-35%) is higher than that of
fetuses without hydrops (0-4%). Once fetal treatment
solves tachycardia, hydropic features improve drastically.
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Table 9 Drugs used to treat fetal arrhythmia

Therapeutic range of maternal dose

Therapeutic

Drug Adverse effects
LD MD level
o 1.0mg/day d|V|c.1e.d every 12h PO 0.375-0.75mg/day Matgr.nal d.lglt.a.lls toxicity, nausga,
Digoxin or 1.0mg/day divided every 8h divided every 8-12h PO 0.7-2.0ng/mL  vomiting,significant bradycardia,
IV(0.5mg, 0.25mg, and 0.25mg) ¥ and atrioventricular block
. 100-300 mg/day B Arrhythmogenesis (QT prolongation)
Flecainide divided every 8-12h po 027 1-0#9/ML | fetal death
Sotalol 160-480 mg/day Not monitored Arrhythmogenesis (QT prolongation)

divided every 12h PO

and fetal death

Amiodarone

1,800-2,400 mg/day divided every 200-600 mg/day
6h PO divided every 12h PO

Arrhythmogenesis (QT prolonga-
tion),hypothyroidism (to be stopped
after three weeks), and pulmonary
fibrosis in newborns

0.7-2.8ug/mL

60-320mg/day

Significant bradycardia,hypotension,

Propranolol divided every 6h PO 25-140ng/mL atrloventrlcu.lar. block, and fetal
growth restriction

. . . Nausea, vomiting, CNS symptoms,

Lidocaine 1-1.5mg/kg IV 1-4mg/min IV 1.5-5ug/mL and arrhythmogenesis
T 600-900 mg/day Nausea, vomiting, CNS symptoms,

Mexiletine divided every 8h PO 0.5-2g/mL and arrhythmogenesis
Magnesium Fatigue, CNS symptoms, arrhythmo-
sulfgate 2-69g IV over 20min 1-2g/h IV <6mEq/L genesis, and patella tendon reflex

loss (a criterion for discontinuation)

CNS, central nervous system; IV, intravenous administration; LD, loading dose; MD, maintenance dose; PO, oral administration.

Fetal death is uncommon within the initial fortnight
after starting in-utero treatment for tachycardia, as
cardiac rhythm becomes better with effective fetal treat-
ment, even in patients whose hydrops has progressed by
the time of diagnosis.!!: 19519 Early delivery employed
in patients with hydrops secondary to tachycardia
would produce a worse prognosis due to complications
associated with the prematurity of the infant. Several
reports recommend intrauterine therapy including
digoxin and a second-line drug as the initial treatment
in fetuses in whom hydrops has already manifested its
symptoms.18%19%)
(2) Drugs for Intrauterine Treatment of Tachycardia

Several drugs can be used to treat fetal arrhythmia®
(Table 9).
1. Digoxin

Digoxin is a reasonable choice of treatment for most
patients with fetal tachycardia, with the exception of
ventricular tachycardia. The placental passage of digoxin
is somehow limited; the fetal blood concentration of the
agent reaches approximately 80% of the maternal blood
concentration'®® after two to three days of administra-
tion. The placental passage of digoxin is further reduced
in fetuses with hydrops, and takes a longer duration
of time to reach an effective blood concentration. The

inhibition of tachycardia and a restoration effect back
to sinus rhythm are not very strong with digoxin. Still,
certain benefits of digoxin render it the first-line drug
for fetal tachycardia. First, the safety of digoxin to the
maternal body is favorable; its blood concentration is
easy to monitor, and its effectiveness and toxicity are well
understood. In addition, persistent tachycardia leads to
impaired cardiac function. Digoxin is known to improve
cardiac contractility. The majority of other antiarrhyth-
mic drugs suppress cardiac function.

In clinical practice, the maintenance dose may be used
to initiate in-utero treatment if no signs of fetal heart
failure (such as hydrops) are observed. If the physician
intends to increase drug concentration in the blood
quickly, maternal administration of a loading dose
(orally or intravenously) is conducted. As noted, changes
in the fetal blood concentration of the substances occur
two to three days after the maternal blood concentration
has risen. Direct injection to the fetal muscles can deliver
drugs for prompt effect. To maintain an effective mater-
nal blood concentration, a dose of 0.75mg per day is
typically necessary due to the large distribution volume
during pregnancy. The maternal blood concentration
should be maintained at approximately 2 ng/mL during
intrauterine treatment, with meticulous monitoring to
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avoid toxicity.?0”

In addition to digoxin, flecainide and sotalol are used
as the first-line treatment for supraventricular tachycar-
dia and atrial flutter at some hospitals. Recent systematic
reviews and meta-analyses of antiarrhythmic agents for
supraventricular tachycardia and atrial flutter have indi-
cated that flecainide is more effective than digoxin as the
first-line treatment.20% 202
2. Second-Line Drugs

Common second-line treatments for fetal tachycardia
include digoxin (when unused as the first-line treat-
ment), flecainide, sotalol, and amiodarone.?) It has not
been established yet which agent is superior or inferior
in terms of its efficacy or what combination is of effec-
tive use.!>% 188,191, 198,199,203-210) Tt hag been reported that
Flecainide and sotalol pass the placenta sufficiently, even
in patients with hydrops. Verapamil is no longer used to
treat fetal tachycardia because of suppression of cardiac
function,'® 1%V nor is procainamide.’’ Maternal QT
prolongation must be monitored on regular electrocar-
diograms due to the proarrhythmic effects of flecainide,
sotalol, and amiodarone to the mother.

There is no standard protocol for discontinuing drugs
when tachycardia has been resolved and sinus rhythm
has been restored. Several reports suggest that drugs
other than amiodarone should be continued until deliv-
ery. Amiodarone is discontinued after two weeks as it
causes hypothyroidism in the fetus.

(3) Treatment Policy for Fetal Tachycardia
1. Paroxysmal Supraventricular Tachycardia

As described above in these guidelines, how long the
VA interval is the basis for determining the fetal treat-
ment plan.

i) AVRT

AVRT is more likely when a short VA interval is
detected,'* 1% and in-utero treatment is often effective.
Digoxin is often used as the first-line drug. If digoxin
does not improve tachycardia within three or four days,
the second-line antiarrhythmic drug should be used as
far as fetal hydrops or signs of worsening cardiac func-
tion are seen. With no sign of progressing fetal hydrops,
the second-line drug should not be attempted to avoid
toxicity to the mother. In these patients, digoxin should
be continued for two weeks. The transplacental passage
of digoxin is low in fetal hydrops. In patients with known
fetal hydrops, digoxin should be given in combination
with the second-line drug. If hydrops is present early
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during the pregnancy without resuming sinus rhythm
three or four days after commencement of administra-
tion of digoxin and the second-line drug, an additional
agent of the second-line drug should be started.
ii) Other Supraventricular Tachycardias

Digoxin is likely ineffective for fetal supraventricular
tachycardia with a long VA interval and a ratio of 1:1
atrial to ventricular contractions. In such patients, the
second-line antiarrhythmic drug should be adminis-
tered.”#19% Early delivery would be an option if the
fetus is sufficiently mature. When the fetus is obviously
immature for delivery, transplacental in-utero treat-
ment should be conducted. If transplacental in-utero
treatment is ineffective, an additional second-line drug
should be administered and the status of heart failure
should be monitored meticulously. If the condition dete-
riorates, treatment should be continued leaving the pos-
sible early delivery and postnatal treatment as an alter-
native approach. Fetal supraventricular tachycardia with
a long VA interval is associated with a poorer prognosis
than that with a short VA interval. Any of these plans for
treatment should be finalized after family counseling.
2. Atrial Flutter

A 2:1 to 3:1 ratio of atrial to ventricular conduction
is typical in patients with atrial flutter. Conduction at
a 1:1 ratio in this setting may cause rapid deteriora-
tion of the circulation.?®” Therefore, 1:1 conduction
should be treated regardless of the hydropic status. If
sinus rhythm is not achieved three or four days after
digoxin administration, the second-line drug should be
initiated.!”V If digoxin effectively decreases ventricular
rate, fetal heart failure and hydrops would improve even
when normal rhythm is not achieved. Still, the risk of
1:1 AV conduction remains. Treatment should be con-
tinued with the second-line drugs until sinus rhythm is
resumed. Digoxin is less effective for atrial flutter than
for AVRT.203:20) Sotalol has been reported as effective in
50-80% of patients with atrial flutter.?!?

BMulticenter Clinical Trials of Fetal Tachycardia

in Japan

There have been no randomized and controlled trials
regarding fetal tachycardia. Since no standard treatment
protocol had been established, a multicenter clinical trial
was conducted in Japan from 2010 to 2017.2!? Efficacy
and safety of treatment formulae consisting of digoxin,
sotalol, and flecainide were studied in fetuses younger
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than 37 weeks’ gestation with tachycardia (supraventric-
ular tachycardia or atrial flutter) and heart rate =180
beats/min. Tachycardia was categorized using the VA
time interval and the formulae were applied based on
presence or absence of hydrops. As a result, fetal tachy-
cardia disappeared in 90% of fetuses without hydrops
and in 75% of those with hydrops. On the other hand,
there was no difference in remission according to the
types of fetal tachycardia. Maternal adverse events were
observed at a high frequency (78% of patients). Such
side effects could be minimized by reducing the doses
of the drugs. Fetal adverse effects were observed in 24%
of patients, including 8% experiencing severe issues.
Tachycardia recurred in 32% of infants after birth (50%
for supraventricular tachycardia), within a couple of
weeks in the majority. Even when the fetal treatment
was successful, those infants would better be managed
at a perinatal unit where neonatal tachycardia could be
treated promptly.

(5) Postnatal Management of Fetal Tachycardia

Immediately after birth, 12-lead electrocardiograms
should be conducted in order to accurately diagnose
arrhythmias.

Paroxysmal tachycardia often occurs during the early
postnatal period and requires careful observation with
monitoring. AVRT causes drug-resistant paroxysmal
tachycardia that is difficult to control during the neo-
natal period. Beyond the period, paroxysmal episodes
become significantly less frequent and prophylactic
medication can often be discontinued.'$® ) Atrial flut-
ter can recur immediately after delivery, but paroxysmal
episodes of tachycardia usually disappear thereafter. As
atrial flutter rarely recurs beyond the neonatal period,
medication to prevent paroxysmal tachycardia is unnec-
essary.!’® 199 Some fetuses with hydrops secondary to
frequent tachycardia exhibit cerebral disorders after
birth. Diagnostic imaging of the brain and careful fol-
low-up of neurological development are required in
these infants. Recurrence of AVRT with paroxysmal
tachycardia in school-age children has been reported.
Prognoses in the longer terms need further investiga-
tions. Their family should be informed properly, and a
long-term follow-up is reccommended.!8?

5) Extrasystole
When extrasystoles are noted, the level II fetal echo-
cardiography must be carried out for precise diagnosis

and differentiation of any coexisting congenital heart
disease.!>*188) Premature atrial contractions are com-
mon during the fetal life, whereas premature ventricular
contractions are rare.
(1) Premature Atrial Contraction

In premature atrial contraction, atrial motion is
detected prior to ventricular contractions on M-mode
or pulsed Doppler imaging. When a premature atrial
contraction appears immediately after the preceding
sinus rhythm beat, the excitation is blocked at the AV
node as the node is still in the refractory period and
ventricular contraction cannot be induced. This blocked
premature atrial contraction is relatively common. The
pulse becomes irregular due to the sudden increase in
the interval between ventricular contractions. Sporadic
premature atrial contractions without coexisting con-
genital heart disease typically do not require consecu-
tive follow-up. In rare occasions, however, paroxysmal
tachycardia is known to develop.2'® The mothers should
be advised to seek medical care whenever the fetal move-
ments decrease. Supraventricular tachycardia related to
premature atrial contractions occurs in 0.5-1%. The
risk of causing supraventricular tachycardia would be
higher, when premature atrial contractions is frequent,”
when there are two or three premature atrial contrac-
tions appear consecutively,2'¥ or when premature atrial
contractions are bigeminy or trigeminy blocked at the
AV node.?' These patients should be referred to an
institution where the level II fetal echocardiography
is feasible. When premature atrial contractions occur
frequently (more than 10 times per minute), multifocal
atrial tachycardia may be also the case. When extrasys-
toles occur frequently, the fetus should be evaluated reg-
ularly watching signs of progressive heart failure, even
if multifocal atrial tachycardia was not indicated at the
first examination.
(2) Premature Ventricular Contraction

Premature ventricular contractions may be associated
with underlying disorders, even when they are infre-
quent. The patient should be referred to an institution
where the level II fetal echocardiography can be per-
formed. A fetal heart rate monitor should be used for
at least 30 minutes to detect ventricular tachycardia.
The risk factors for premature ventricular contractions
to progress into ventricular tachycardia are unclear. As
indicated above in the setting of premature atrial con-
tractions, the mother should be instructed to seek care
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if the fetal movements decrease irrespective of presence
or absence of tachycardia. After birth, a standard 12-lead
electrocardiogram and 24-hour electrocardiography
should be performed to distinguish simple premature
ventricular contraction from other hazardous conditions
such as ventricular tachycardia and long QT syndrome.
Fetal heart rate should be evaluated weekly in patients
with premature ventricular contractions or frequent
premature atrial contractions until those arrhythmias
resolve. Congenital heart disease, myocarditis, heart
tumors, and ventricular or atrial diverticulum (aneu-
rysms) are known to host extrasystoles.

6) Long QT Syndrome
If the mother or the father has long QT syndrome,

the fetus has a chance of developing this particular syn-

drome in 50%. A fetus may develop long QT syndrome
de novo without this syndrome identified in the parents.

The prenatal diagnosis of long QT syndrome is challeng-

ing. The following findings suggest that further work-up

would be appropriate:

a) persistent sinus bradycardia (at or below the third
percentile of the standard heart rate per week of ges-
tation)2'®)

b) intermittent AV block (especially at a ratio of 2:1
atrial to ventricular contractions)

c) intermittent ventricular tachycardia

d) family history of long QT syndrome or sudden death
Some patients with long QT syndrome have AV block
and torsade de pointes during the fetal and neonatal
periods, and these develop rapidly.?'” If long QT
syndrome is suspected, the patient should be referred
to an institution where the level II fetal echocardiog-
raphy can be performed.

10 Ethics and Support

In recent years, the field of Maternal-Fetal Medi-
cine has evolved dramatically with the introduction of
non-invasive prenatal testing (NIPT) that uses maternal
blood as well as the wide-spread use of diagnostic tech-
niques such as improved ultrasound technologies.

Since fetal echocardiography became a procedure
insured by the national health service of Japan in April
2010, the responsibility associated with the diagnosis has
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become greater. In addition, transplacental treatment
of fetal tachyarrhythmia has been approved as a highly
advanced medical treatment since July 2010.

Diagnosis of fetal heart disease, similarly to diseases
of other fetal organs, takes place earlier in pregnancy
nowadays than ever before. The ethical aspects of exam-
ination, nonetheless, have not developed along with
the tide. The essential and most important principle of
bioethics is autonomy or self-determination. A fetus,
however, is unable to make its own decision. Its mother,
its father or both (the parents, hereinafter) are required
to make decisions on behalf of the unborn child.?'® Fur-
thermore, the medical staff carrying out the examination
are encouraged to regard the fetus as a patient. Given
here are our indications for the ethics of examination
and the treatment of fetal heart diseases, with special
attention to informed consent.* 21%220)

1) Choosing an Appropriate Plan for Treatment
(Table 10)

The fetus is a living human being distinct from the
mother, although it cannot exist separately from the
mother during its earlier stage of pregnancy. The mother
is not ignored in the practice of fetal medicine. If an
abnormality is found in a fetus on examination, further
examinations should be arranged. It must be understood
that some decisions would have to be made immediately
thereafter. These choices are classified into four catego-
ries:

(i) Continuation or termination of pregnancy
(ii) Location of delivery (transportation issues)
(iii) The Mode of delivery (the cesarean section, induced
or spontaneous vaginal delivery)
(iv) Timing of delivery

Table 10 Establishing policies for treatment on the
basis of fetal examination

1. Continuation or termination of the pregnancy

. Institution for delivery (mother transportation)

3. Mode of delivery (cesarean section, induced vaginal deliv-
ery, spontaneous vaginal delivery)

4. Timing of delivery

N

Whether to continue or terminate the pregnancy is a
critical issue after the level Il screening before 22 weeks
of gestation. It is essential to obtain informed consent
before examination.
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2) Explanation Prior to Examination and
Informed Consent (Table 11)

In many occasions, parents do not expect to receive
results of examination indicating abnormality. They had
envisaged that their baby would be healthy during the
course of their pregnancy.

(1) Different Correspondence Required for Screen-
ing and Referral
1. Screening (level I)

In general, fetal ultrasonography is a routine exam-
ination in prenatal check-up. The examinee (pregnant
woman) usually does not anticipate adverse results, such
as fetal pathological conditions, during the examination.
They should be informed that such circumstances are
possible in advance even prior to screening. According
to the obstetrics guidelines (CQ106-2)?? published in
2017, a set of forms for informed consent should be pro-
vided before either regular obstetric or fetal ultrasound
examination documenting the purpose of the exam-
ination and its significance, possible abnormalities that
might be found, and the range of abnormal findings that
the mother would be notified. The protocol for informed
consent is being modified for the level I examination.

2. Detailed Examination based on Referral (level IT)

A detailed examination (level II) is often carried
out (on referral) when abnormalities in a fetus are
suspected. Naturally, it is more likely for the detailed
examination to identify an abnormality than the initial
screening. The patient’s family (expecting parents and
other family members) may suffer a variety of anxieties
with the examination. To overcome these circumstances,
explanation prior to examinations should be carefully
arranged and consent must be obtained beforehand.

Table 11 Informed consent of fetal echocardiography

(2) Details of Informed Consent (level I])>2!>22)

Informed consent for the level IT examination should
include the following.

1. Uncertainty of the Fetal Diagnosis (Accuracy based
on Actual Results) and Reasons for Possible Errors

Parents must be informed about the limitation of
accuracy on fetal heart disease examinations. The limit-
ing factors are; the ductus arteriosus which closes shortly
after birth, the interatrial communication (foramen
ovale), the spine and the humerus of the fetus causing
difficulty in visualization of the fetal heart, and the less
than ideal resolution of the image through the maternal
abdominal wall, the uterus, and the placenta.

When the examination is performed early in preg-
nancy, the morphology may change with growth over
the course of the pregnancy. These facts need to be
explained to the mother, and the examiner should highly
recommend repeated examinations.

2. The Right to Undergo or Decline the Examination
and the Right to Decline Explanation of the Results

It is the right of expecting mothers to have the exam-
ination done and to be informed of the results. They may
opt to refuse the examination or remain uninformed of
the results. There should be an option in which the med-
ical team or the family members of the expecting mother
are informed of the diagnosis and bear responsibility for
deciding upon the best course of treatment for the fetus,
and it is recommended to explain this option to the
expecting mothers.

3. Purpose of the Examination

The purpose of examination is to guide a decision
regarding the best course of action for the fetus based
on the diagnosis. Even in fetal examination before 22

Level | (screening examination)

Informed consent is recommended prior to routine obstetric and fetal ultrasound examinations to provide explanations for the
purpose of the investigation, its significance, abnormalities that may be identified, and the extent of disclosure in case any

abnormalities are identified.

Level Il (examination on referral or high-risk cases)

Abnormality or high-risk factors in the fetus are already noted. It is highly recommended to obtain informed consent with regard

to the following:

1. Uncertainty of fetal examinations (possibility of diagnostic inaccuracy, possibility of changes during pregnancy) and the neces-

sity for multiple examinations

2. Confirmation of the choice to undergo or decline the examination, and confirmation who to receive the results after the exam-
ination (the right to decline the examination and the explanation of the results)

3. The purpose of the examination and their validity to the fetus

4. Cost of examinations (fetal echocardiography is covered by national health insurance in Japan)

If a fetal level Il examination before 22 weeks of gestation suggests disease, it should be discussed that the mid-pregnancy diag-
nosis could not be entirely accurate and that discontinuing the pregnancy would be a potential option.
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weeks of gestation, it should be told that the procedure

is carried out to determine the best option rather than to

decide on termination of the pregnancy.

(3) Fetal Diagnosis before 22 Weeks of Gestation

(Level Il)

1. Given that this is halfway through the whole preg-
nancy period, and the observed abnormalities may
change with the growth of the fetus in the future, the
outcome may be unpredictable. For example, it has
been reported that even if they are almost normal or
mildly abnormal in the second trimester, premature
closure of the foramen ovale or ventricular outflow
tract obstruction can reduce blood flow across the
structure and increase stress to the ventricles. This
could lead to severe conditions in utero such as
hypoplastic left heart syndrome, pulmonary arterial
stenosis, and fetal hydrops.??? It is advised to recom-
mend another test at approximately 30 weeks of ges-
tation, even if the first examination indicated normal.

2. Fetal examination is performed for the benefit of the
fetus, not to decide on continuation or termination
of the pregnancy, but it is necessary to discuss the
choice of termination before or after the examina-
tion as one of the options.

(4) Who Explains the Results, to Whom?

1. Medical Staff Providing the Explanation

As a general rule, the medical professional responsible
for the examination provides an explanation before it
is performed. When the examination is performed on
referral (level II) by another physician, it is necessary
for the medical team to discuss in advance who would
explain the results and to what extent.

2. Individuals to Receive the Explanation

As a general rule, the pre-exam explanation should
be given to the mother together with her spouse. This
allows both of them to have the same explanation. The

mother alone may not make herself understood to a
reasonable level.

3) Post-Exam Diagnosis and Subsequent Treat-
ment to Be Selected (Table 12)

The second examination is recommended even when
the result of the level I examination indicates no abnor-
mality, as mentioned above. The following describes
what should occur in the event of a diagnosis of an
abnormality.

(1) Who Provides the Explanation?

In most cases, the physician who performed the exam-
ination or the obstetrician in charge tells the story. The
key is a patient-doctor relationship. In critical cases, it
is advised to obtain collaboration from the counselors,
midwives, nurses, and neonatologists in order to provide
a sensible explanation.

(2) In Principle, Explain to the Parents

As mentioned in the pre-exam explanation, it would
be better for the pregnant woman to have someone
beside her during the explanation. It is desirable for an
emotional supporter to participate with the expecting
mother. When the expecting mother is by herself with
the father of the fetus absent, explaining only a part of
the story is an option leaving the entire explanation to
the next opportunity to be arranged.

(3) Details of Explanation?*®

The uncertainty of the fetal diagnosis should be men-
tioned, and the examinations should better be repeated.
At the same time, emphasize that even serious illnesses
can be treated from an early stage, which is an advan-
tage of being diagnosed during the fetal period. Points
discussed during consultation after the examination
include the following:

1. The main diagnosis (what is currently known and
not known) and its severity

Table 12 Explanation of the results and the treatment options (level Il)

Repeated examinations are recommended even if no abnormalities were observed in the initial investigation.

When abnormality is diagnosed:

1) Determine who provides the explanation based on the relationship with the pregnant woman

2) As a general rule, explain to the couple instead of only to the mother.

3) The explanation should include: main diagnosis and its severity, prediction of the course until birth, prediction of the postna-
tal course, necessity of the treatment and the prognosis, alternative treatments, considerations for the location of delivery,
a schedule for the next examination, and recommendation for the second opinion

4) Provide explanations with written documents, when needed

5) Support for the expecting mother and the family from fetal diagnosis to birth
6) Follow-up support after diagnosing cardiac abnormality in case of poor prognosis (autopsy, grief care, fetal diagnosis for

the next pregnancy)
7) Information about the next pregnancy
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An expected course before birth

An expected course after birth

The need for treatment and its outcome
Treatment options (method, institution)

A

Consideration of the delivery location (choice of

maternal transportation)

7. Scheduling the next examination, and recommend-
ing the second opinion or proposing a referral if
necessary??¥

(4) Whether to Use Documents during the Expla-

nation

Schematic diagrams and notes can be used during the
explanation to facilitate better understanding. Similar to
the process of providing explanations prior to an exam-
ination, it is recommended to follow the typical process
for informed consent used in routine clinical practice to
record a document with a written signature by the sub-
ject giving the consent as well as the person obtaining it.
(5) Support for Pregnant Women and Their Fami-

lies from Fetal Diagnosis to Birth?>

When a fetus is found abnormal, it is important to
provide mental and physical support (“family support”)
to the expecting mother who received the diagnosis as
well as her family, rather than simply telling the fact. To
provide such support, it is desirable that doctors, nurses,
midwives, clinical psychologists, and medical social
workers act collaboratively as a team. Families may also
benefit from support offered through their peers (sup-
port from someone with a similar experience).

Since the practice of Maternal-Fetal Medicine is not as
well-established as postnatal diagnosis, additional con-
siderations may be needed to prevent possible legal issues
and to maintain a good patient-provider relationship.

(6) Support in Case of Poor Prognosis

When a child is diagnosed to have cardiac disease
with a poor prognosis, the anxiety and the stress of the
parents become even greater. Therefore, family support
from healthcare providers as described above becomes
more important. In some cases, families may be told
an option for palliative care.* Whether the outcome is
intrauterine fetal demise, abortion, or postnatal death,
it is important to recommend an autopsy whenever
possible to confirm the diagnosis. It is also important to
provide support to the parents while tailoring to their
needs. In this context, grief care (care for those who are
grieving for bereavement) may be necessary as support
after the death of the child.??

(7) Next Pregnancy

After the delivery of a fetus with heart disease, it is
recommended to provide information and counseling
about the probability of recurrence and any effects on
the next child at the time of the post-delivery one-month
checkup and before the next pregnancy. The cause of
non-syndromic heart disease is thought to be multifac-
torial inheritance in about 90%, single gene abnormali-
ties in 1-2%, and fetotoxic factors or maternal disease in
1-2% of cases. While the rate of recurrence for patients
with cardiac disease alone is approximately 3-5%, the
actual risk of recurrence depends on the type of cardiac
disease.??”-228) (Table 13) If the disease is caused by a
genetic abnormality, the risk of recurrence depends on
the form of inheritance.

Expecting mothers is eligible for fetal cardiac screen-
ing in the next pregnancy as the opportunity would be
a high-risk pregnancy with an increased risk of cardiac
disease. Thus, it is important to provide accurate infor-
mation and counselling as appropriate. When providing
any explanation for the need of fetal cardiac screening,
it is important not only to emphasize the downside but
also to help them understand that the risk of recurrence
is 3-5% at most (i.e., there is no risk in 95% of cases) but
it is still commoner than seen in the general population.

Table 13 Recurrence rates of heart diseases and
other cardiovascular diseases in subse-
quent pregnancies??7.228)

Nora and JSPCCS
Disease Nora Epidemiological

survey(%) survey (%)
Ventricular septal defect 3.0 4.1
Atrial septal defect 2.5 2.8
Tetralogy of Fallot 25 4.1
Pulmonary stenosis 2.0 3.3
Coarctation of the aorta 2.0 1.8
Aortic stenosis 2.0 NA
Transposition of great arteries 15 2.1
Atrioventricular septal defect 3.0 1.6
Hypoplastic left heart syndrome 2.0 NA
Tricuspid atresia 1.0 5.2
Ebstein’s malformation 1.0 NA
Truncus arteriosus 1.0 NA
Pulmonary atresia with intact 1.0 NA

ventricular septum

The percentage figures are from a systematic review by
Nora et al.228 that reported the results of a survey in 2,654
families regarding the recurrence of heart disease during
the next pregnancy. The figures listed in the epidemiological
survey column are from the report by the Japanese Society
of Pediatric Cardiology and Cardiac Surgery (JSPCCS).228)
NA, not available.
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11 Clinical Questions

11.1. SCOPE

SCOPE

1. Matters concerning the
contents included in the
clinical practice guidelines

(1) Title

Fetal echocardiography guidelines

(2) Purpose

Summary of scientific evidence for fetal and neonatal congenital heart disease (CHD) examinations
and care

(3) Topic

CHD is one of the most common congenital abnormalities occurring in 1/100 live births and
approximately 10,000 individuals in Japan annually. One-third of patients with CHD require
therapeutic intervention immediately after birth. Perinatal interventions may improve the prognosis
immediately after birth; therefore, prenatal care based on an accurate diagnoses is important.

The first edition of the Fetal Echocardiography Guidelines was published in 2006 and presented
a method of conducting more efficient examinations by classifying fetal echocardiography into
“screening” and “work-up.” The ethical considerations of prenatal diagnoses were also explained.
In 2010, national health insurance coverage of fetal echocardiography was approved in Japan, and
fetal echocardiography became a widely accepted medical practice. In 2018, the annual number of
CHD cases exceeded 10,000. During that time, the imaging quality improved due to advancements
in echocardiographic equipment, changes in the thinking process of the medical personnel, and
changes in the field of reproductive medicine. Several guidelines for the diagnosis and treatment of
FHD have been published worldwide.

Fetal echography technology has significantly improved. Still, a perfect diagnosis is not feasible in
every patient. Severe CHD are increasingly diagnosed in recent years. The precise diagnosis and
the optimal treatment of patients with severe CHD are often challenging due to various maternal
and fetal factors involved.

In 2017, the examination guidelines were revised in response to a request from the Japanese
Society of Pediatric Cardiology and Cardiac Surgery to provide updated fetal echocardiography
examination guidelines.

In this edition of the guidelines, we present updates based on new evidence, guidelines for
managing FHD based on accumulated experience, and logical procedures based on CQs.

(4) Expected users/facilities

Users: healthcare workers engaged in perinatal care and families of fetal/neonatal CHD patients
Facilities: obstetric medical facilities, facilities certified by the Japanese Society of Pediatric
Cardiology and Cardiac Surgery, perinatal medical facilities, general perinatal-maternal-pediatric
medical centers, regional perinatal-maternal-pediatric medical centers, Japan Society of Perinatal
and Neonatal Medicine training facilities, Japan Pediatric Society accredited facilities, and
educational facilities

(5) Relationship with existing
guidelines

In 2006, the first fetal echocardiography guidelines were published in Japan. In Europe and the
United States, fetal heart guidelines were released by the International Society of Ultrasound in
Obstetrics (ISUOG) in 2013, by the American Heart Association in 2014, and by the American
Institute of Ultrasound in Medicine in 2018.

(6) Important clinical issues

Accurate diagnoses based on new evidence, accumulated experience, and the relevant techniques
Guidelines and ethical considerations for FHD in society
New recommendations presented using the CQ

(7) Scope covered and not
covered by the guidelines

Scope covered by the guidelines: CHD medical care in Japan

Clinical management covered by the guidelines: prenatal CHD diagnosis, perinatal treatment, and
surgery

Scope not covered by the guidelines: first-trimester fetuses

Clinical management not covered by the guidelines: maternal management, complications, and
management of specific chromosomal abnormalities

CQ1: Is color Doppler echocardiography effective for screening/diagnosing FHD?

CQ2: Is the three-vessel trachea view (3VTV) effective for screening/diagnosing FHD?

CQ83: Are three-dimensional (3D) and/or four-dimensional (4D) images effective for screening/
diagnosing FHD?

CQ4: Is pulsed Doppler echocardiography effective for diagnosing fetal arrhythmias?

© 2023 Japanese Society of Pediatric Cardiology and Cardiac Surgery
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11.2. CQ1:Is Color Doppler Effective for Screening/Diagnosing FHD?

Recommendation

Draft recommendation: Use of color Doppler images in addition to two-dimensional images to screen for and diagnose
fetal heart disease is recommended.

Strength of evidence: C (weak)

Strength of recommendation: highly recommended

Course of Making the Recommendation

[Background of the CQ Significance]

The previous fetal echocardiography guidelines stated that “color Doppler was not essential for the level I fetal heart
screening, but its use may improve the screening rate.” It has been reported nowadays that color Doppler imaging is
useful for detecting heart diseases and visualizing intracardiac structures. The inclusion of color Doppler imaging as
an essential element of the level I fetal heart screening remains controversial. Therefore, the current findings have been
summarized regarding the effectiveness of color Doppler imaging for screening and diagnosing FHD.

[Outcomes]

The improvement of the detection rate/diagnosis rate of FHD with the additional use of color Doppler imaging should
be determined. No previous study has reported exactly these outcomes. Several reports have mentioned that color Dop-
pler imaging may be effective in terms of other various outcomes. These broadly included the detection rate of heart
disease and the successful visualization rate of intracardiac structures or basic cross-sections. Therefore, the studies with
those two outcomes set were evaluated respectively.

[Literature Search and Extraction]

The primary extraction included a total of 456 reports regarding the effectiveness of color Doppler imaging for screen-
ing/diagnosing FHD. Of these, 36 were selected during the secondary extraction, and 14 fulfilled the final criteria: two
case-control studies,”? one randomized control trial,” six cross-sectional studies,*® and five other types of reports.!*14
Of these 14articles, seven focused on the first trimester. The current guidelines recommend that fetal heart screening
should be performed twice, once between 18 and 20 weeks’ gestation and the second procedure at approximately 30
weeks' gestation. As few reports have been published directly related to this CQ, studies that focused on fetal echocar-
diograms during the first trimester were also included.

[Evaluation of Outcomes]

A systematic review was conducted on seven observational studies that focused on the detection rate of heart disease
and the successful visualization rate of intracardiac structures or basic cross-sections.

(1. Heart Disease Detection Rate]

Experimental Control Weight Weight

Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)

Eggebo 2012 26 39 19 39 -ﬁ— 211 [0.84; 526] 944% 85.4%

Nadel 2010 17 17 13 17 T T 1167 [0.58;23592] 56% 14.6%
]

Fixed effect model 56 56 @ 264 [1.13; 6.18] 100.0% -

Random effects model [ : 's'l , 2.70 [0.81; 9.00] - 100.0%

Heterogeneity: I° = 15%, 12 = 0.2226, p = 0.28
001 01 1 10 100

Two studies described the heart disease detection rate.> ! It is less than perfect to establish a rigorous evaluation due
to the small amount of data. Considering the heterogeneity, the overall evidence was described as a fixed effect. The con-
fidence interval (CI) of the odds ratio did not extend beyond 1.0. It is therefore determined that color Doppler imaging
is useful for detecting heart disease (odds ratio [OR], 2.64; 95% CI, 1.13-6.18; p=0.025).

The study by Eggebe et al. reported that 35% of the detected heart diseases were by means of color Doppler imaging.'>)
Similarly, the report by Nadel et al.? stated that 25% of the detected heart diseases were on color Doppler imaging.
Furthermore, 75% of the heart defects detected on color Doppler imaging were pulmonary valve stenosis. The results
of these studies suggested that color Doppler imaging was particularly useful for detecting malformations (such as pul-
monary valve stenosis) that had not exhibited prominent abnormalities on a conventional mode of echocardiography.?

J Pediatr Cardiol Card Surg Vol. 7, No. 2 (2023)
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(2. Visualization Rate of Cardiovascular Structures or Basic Cross-Sectional Images]

Analyzed were 5 reports regarding the visualization rate of cardiovascular structures or basic cross-sectional images.
Of the five, 3 reports focused on the visualization rate of cardiovascular structures. 49 Two described first-trimester
assessments in which the visualization rate of multiple cardiovascular structures was higher when color Doppler imaging
was combined with the B mode, compared with use of the B mode alone.*® The study by Dong et al. that assessed the
detection rate of the pulmonary veins during 12-22 weeks’ gestation showed that the rate was higher when color Doppler
imaging was utilized.'¥ Total anomalous pulmonary venous connection is severe CHD that usually requires treatment
during the early postnatal period. The efficacy of color Doppler imaging to detect this malformation is of great signifi-
cance clinically. It is known that use of conventional methods alone would produce a rather low detection rate.

The remaining 2 reports were also analyzed regarding the visualization rate of basic cross-sectional images.> 1% Either
of these studies was conducted during the first trimester. The visualization rate was higher when color Doppler imaging
was used in conjunction with B mode imaging, compared to B mode imaging used in isolation.

Among the 5 reports aforementioned, three> 1% 14 were used for further assessment this time. Considering the hetero-
geneity, the overall evidence was described by the random effects model. The CI of the OR was wide, but it did not go
over 1.0. Therefore, color Doppler imaging was useful for depicting cardiovascular structures (hazard ratio, 6.25; 95%
CI, 2.03-19.26; p=0.014).

Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)

Lima 2013 33 57 20 57 —I— i 254 [1.19; 542] 321%  356%
Dong 2011 220 332 48 332 *,l' 11.62 [7.94,17.02] 61.7%  40.5%
Votino 2012 73 75 61 75 —'-?— 838 [1.83;3831] 62% 23.9%
Fixed effect model 464 464 03 8.51 [6.13; 11.81] 100.0% -
Random effects model - 6.26 [2.03; 19.26] - 100.0%

Heterogeneity: 12 = 84%, 2 = 0.7751, p < 0.01
01 051 2 10

None of the five reports directly demonstrated an improved rate of diagnosing heart diseases. Even so, the ability to
accurately depict the cardiovascular structure on basic cross-sectional views are naturally helpful for detecting these
abnormalities. It is not unreasonable to interpret that the results of these studies reinforce effective use of color Doppler
imaging. Several other studies have reported that protocols involving color Doppler imaging achieved a high detection
rate for heart diseases, although these advanced approaches were not compared with the conventional method in a sta-
tistical way.% %11

Color Doppler imaging is useful, in addition to valve diseases and anomalous pulmonary venous connection as men-
tioned above, for detecting other diseases. For example, ventricular septal defects are easily detected using color Doppler
imaging,” and retrograde blood flow in the aortic arch (AA) suggests the presence of coarctation of the aorta.!
[Summary]

The strength of the evidence is weak due to the small number of studies. These studies mainly focused on the first
trimester, which is not included in the current guidelines. Nonetheless, use of color Doppler imaging has very few risks.
Many products of up-to-date ultrasonic devices are equipped with color Doppler as a part of their standard equipment.
Its application would not add a significant expense. Accurate examinations would become feasible with high sensitivity
and specificity. Therefore, use of color Doppler imaging for fetal heart screening/diagnosis is strongly recommended.
This technique should be actively used in clinical practice, paying attention to the quality of available equipment and the
skill of the examiner.

[Summary for the General Public]

Color Doppler imaging is an ultrasound technique that visually indicates the direction of the blood flow in the car-
diovascular system. Nowadays, many types of ultrasonic devices commercially available can perform color Doppler
imaging.

In these guidelines, the CQ “Is color Doppler echocardiography effective for screening/diagnosing FHD?” was raised

to organize the findings and to make recommendations.
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The conclusions are summarized as follows:
(1) Color Doppler imaging is useful for improving the detection rate of FHD.
(2) Color Doppler imaging is useful for improving the visualization rate of the cardiovascular structure on fetal echo-
cardiography.

In addition, some characteristic findings in certain diseases are not detected when the conventional ultrasound
method is used in isolation. These findings would turn out to be obvious when color Doppler imaging is applied. It is rec-
ommended that color Doppler imaging should be used to screen and diagnose FHD. In practice, the technique is actively
used wherever possible, taking the quality of the equipment available and the skill of the examiner into consideration.

References

1) Kawamura H, Inamura N, Inoue Y, et al: Is retrograde blood flow of aortic isthmus useful for the prenatal screening of coarctation
of the aorta by fetal color Doppler echocardiography? A preliminary study. ] Med Ultrason 2018; 45: 431-435
2) Nadel AS: Addition of color Doppler to the routine obstetric sonographic survey aids in the detection of pulmonic stenosis. Fetal
Diagn Ther 2010; 28: 175-179
3) Votino C, Kacem Y, Dobrescu O, et al: Use of a high-frequency linear transducer and MTI filtered color flow mapping in the
assessment of fetal heart anatomy at the routine 11 to 13 + 6-week scan: A randomized trial. Ultrasound Obstet Gynecol 2012; 39:
145-151
4) Hutchinson D, McBrien A, Howley L, et al: First-trimester fetal echocardiography: Identification of cardiac structures for screen-
ing from 6 to 13 weeks’ gestational age. ] Am Soc Echocardiogr 2017; 30: 763-772
5) Chen J, Xie L, Liu H-M: Factors controlling fetal echocardiography determine the diagnostic accuracy of isolated ventricular
defect. World ] Pediatr 2017; 13: 278-281
6) Quarello E, Lafouge A, Fries N, et al: CFEF: CFEF: Basic heart examination: Feasibility study of first-trimester systematic simpli-
fied fetal echocardiography. Ultrasound Obstet Gynecol 2017; 49: 224-230
7) Wiechec M, Knafel A, Nocun A: Prenatal detection of congenital heart defects at the 11- to 13-week scan using a simple color
Doppler protocol including the 4-chamber and 3-vessel and trachea views. ] Ultrasound Med 2014; 34: 585-594
8) Tudorache S, Cara M, Iliescu DG, et al: First trimester two- and four-dimensional cardiac scan: Intra- and interobserver agree-
ment, comparison between methods and benefits of color Doppler technique. Ultrasound Obstet Gynecol 2013; 42: 659-668
9) LiuL, HeY,LiZ, etal: Application of two-dimensional echocardiography combined with enhanced flow in diagnosing fetal heart
malformation. Clin Exp Obstet Gynecol 2014; 41: 195-201
10) Lima Al Araujo E: Assessment of the fetal heart at 12-14 weeks of pregnancy using B-mode, color Doppler, and spatiotemporal
image correlation via abdominal and vaginal ultrasonography. Pediatr Cardiol 2013; 34: 1577-1582
11) Iliescu D, Tudorache S, Comanescu A, et al: Improved detection rate of structural abnormalities in the first trimester using an
extended examination protocol. Ultrasound Obstet Gynecol 2013; 42: 300-309
12) Hata T, Dai SY, Inubashiri E, et al: Evaluation of normal fetal pulmonary veins using B-flow imaging with spatiotemporal image
correlation and by traditional color Doppler echocardiography. Prenat Diagn 2012; 32: 1186-1191
13) Eggebe TM, Heien C, Berget M, et al: Routine use of color Doppler in fetal heart scanning in a low-risk population. ISRN Obstet
Gynecol 2012; 2012: 496935
14) Dong FQ, Zhang YH, Li ZA, et al: Evaluation of normal fetal pulmonary veins from the early second trimester by enhanced-flow
(e-flow) echocardiography. Ultrasound Obstet Gynecol 2011; 38: 652-657

J Pediatr Cardiol Card Surg Vol. 7, No. 2 (2023)


https://doi.org/10.1007/s10396-017-0844-z
https://doi.org/10.1007/s10396-017-0844-z
https://doi.org/10.1159/000318192
https://doi.org/10.1159/000318192
https://doi.org/10.1002/uog.9015
https://doi.org/10.1002/uog.9015
https://doi.org/10.1002/uog.9015
https://doi.org/10.1016/j.echo.2017.03.017
https://doi.org/10.1016/j.echo.2017.03.017
https://doi.org/10.1007/s12519-017-0009-6
https://doi.org/10.1007/s12519-017-0009-6
https://doi.org/10.1002/uog.15866
https://doi.org/10.1002/uog.15866
https://doi.org/10.7863/ultra.34.4.585
https://doi.org/10.7863/ultra.34.4.585
https://doi.org/10.1002/uog.12459
https://doi.org/10.1002/uog.12459
https://doi.org/10.12891/ceog16622014
https://doi.org/10.12891/ceog16622014
https://doi.org/10.1007/s00246-013-0686-4
https://doi.org/10.1007/s00246-013-0686-4
https://doi.org/10.1002/uog.12489
https://doi.org/10.1002/uog.12489
https://doi.org/10.1002/pd.3983
https://doi.org/10.1002/pd.3983
https://doi.org/10.5402/2012/496935
https://doi.org/10.5402/2012/496935
https://doi.org/10.1002/uog.8965
https://doi.org/10.1002/uog.8965

129

11.3. CQ2:Is the 3VTV Effective for Screening/Diagnosing FHD?

Recommendation

Draft recommendation: Use of 3VTV is recommended for screening/diagnosing FHD in addition to the traditional basic
cross-sectional view.

Strength of evidence: C (weak)

Strength of recommendation: highly recommended

Course of Making the Recommendation

[Background of the CQ Significance]

Screening/diagnosing FHD has become common using fetal echocardiography. The four-chamber view (4CV) and the
three-vessel view (3VV) have been recognized as useful. The 3VTV can be obtained by translocating the probe toward
the cranial side or tilting the probe caudally from the 3VV position (see Fetal Heart Screening Level Il 3VTV). This view
is not yet commonly used to obtain cross-sectional images during the primary screening. Its usefulness has not been
clarified, either. That is why the current findings based on the CQ “Is the 3VTV effective for screening/diagnosing FHD?”
have been summarized.

[Outcomes]

The results of literature search indicated that the 3VTV was used to screen for FHD as well as an auxiliary diagnostic
method when heart disease is suspected. In order to clarify the points of discussion, the outcomes were set from a couple
of aspects; one whether the screening rate was higher with the use of 3V TV, and the other the diagnostic rate better with it.
[Literature Search and Extraction]

During the primary extraction, 129 articles came up with screening/diagnosing FHD using the 3VTV. Of these, 40
studies (2008-2018) were included in the secondary extraction. Ten reports fulfilled the final criteria. Moreover, one
study that was considered important but outside the analysis range (2008-2018) was included, resulting in a total of 11
studies."!V Of these 11 studies, seven focused on screening!” (two meta-analyses®? and five observational studies’*7)
and four focused on diagnosis®'? (one meta-analysis” and three observational studies).51?

[Evaluation of Outcomes]

(1. Usefulness of 3VTV during Screening]

Four articles*” could be analyzed for a meta-analysis. Of these, three articles’”) reported concomitant use of color
Doppler. Heterogeneity was not significant, but the overall evidence was described by the random effects. The 3VTV was
considered useful for screening (OR, 3.96; 95% CI, 2.17-7.21; p<0.0001).

Three articles'™ were not included in this meta-analysis. Chen et alV assessed 77 patients with abnormalities found
in the 3VTV in terms of the detection rate of FHD. They reported high sensitivity in the position, the diameter, and the
number of the three blood vessels, suggesting that the 3VTV appeared useful. Disappointingly, a control group was not
provided in their study. Two meta-analyses*® had some overlap of the original studies referred for the analyses. The
results of these meta-analyses suggest that the combined use of three views (the 4CV, the outflow tract view, and the
3VTV) had higher screening sensitivity than the combination of the former two. However, these findings were excluded
from this meta-analysis, because the original data could not be confirmed in detail due to descriptions in Chinese or
unsearchable references.

No randomized control trial was included in this analysis. The evidence level was C (weak). Even so, the 3VTV is
clearly useful as described, with high specificity and low probability of adverse events reported in each study. Therefore,
use of the 3VTV is recommended.
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Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Valentina 2017 25 33 14 33 —E— 424 [148;1217] 29.9% 32.5%
Wiechec 2014 31 35 18 35 ——®—— 732 [213;25.15] 18.1%  237%
Antonguilio 2006 20 23 15 23 —+ 3.56 [0.80;15.72] 17.2% 16.4%
Wu 2009 26 32 21 32 ——l—!— 227 [072; 716] 347% 274%

I

Fixed effect model 123 123 44|- 4.00 [2.21; 7.24] 100.0% -
Random effects model == 3.95 [2.17; 7.21] - 100.0%

[ I I 1
0.1 051 2 10

Heterogeneity: P= 0%, 2= 0,p =060

(2. Usefulness of 3VTV for Diagnosis]

Also evaluated was whether the 3VTV was useful for diagnosing certain diseases. Of the four extracted reports,® 'V
only one study was included in a meta-analysis to evaluate its usefulness for determining the diagnosis.!” Accordingly,
each report is to be discussed.

In a meta-analysis study for diagnosis of coarctation of the aorta (CoA), the authors discussed potential predictors
using fetal echocardiographic parameters in 72 patients with this malformation. The results suggested that the Z score
of the aortic isthmus according to the 3VTV may work as a predictor of the CoA diagnosis. Another study regarding
tetralogy of Fallot” reported that Z score of the aortic isthmus on the 3VTV was likely larger than that of the aortic
annulus on the outflow tract view. This result implies that the value obtained on the 3VTV could be used as a marker for
diagnosing tetralogy of Fallot. In the remaining two reports,' 'V the Y-sign and the I-shape sign were found useful when
evaluating conotruncal abnormalities. Of 17 patients with tetralogy of Fallot/double outlet right ventricle, 16 (94%) were
positive for the Y-sign on the 3VTV. As for complete transposition of the great arteries, the Y-sign was seen in 22 out of
24 patients. The I-shape sign was positive in all these patients. Furthermore, the U-shape or the so-called nine-config-
uration is a particular finding seen on the 3VTYV, representing the right aortic arch or double aortic arch that forms the
vascular ring.! 13 Obviously, the 3VTV is helpful when diagnosing abnormalities of the aortic arch. The vascular diam-
eters and specific features at certain sites obtained on the 3VTV may serve as diagnostic markers. This cross-sectional
image is important for diagnosing FHD. Use of the 3VTV is recommended, although the evidence level is C (weak).
[Summary]

Although the strength of evidence is weak, the detection rate seems to be raised by the 3VTV in addition to basic
cross-sectional images by the 4CV and the 3VV when screening for CHD. In particular, the vascular diameters at certain
sites or specific features on the 3VTV are seemingly useful diagnostic markers. There are few disadvantages of extending
the basic cross-sections to the 3VTV, and the potential of adverse events is low. It is highly recommended for the 3VTV
to be adopted for screening/diagnosing FHD. The maneuver allows accurate examinations maintaining high levels of
sensitivity and specificity.

[Summary for the General Public]

The 3VTYV is used to depict the trachea on the same plane as the pulmonary artery (the ductus arteriosus), the aorta,
and the superior vena cava. The 3VTV can be obtained by moving the probe toward the fetal head following the stan-
dard fetal ultrasonographic view. The view can be provided relatively easily. Its usefulness at the time of screening and
diagnosis of FHD has not yet been clarified. Few studies have been dedicated regarding the role of the 3VTV. In these
guidelines, the CQ “Is the 3VTV effective for screening/diagnosing heart disease?” was raised to organize the findings
and to make recommendations.

In conclusion, it was suggested that the screening detection rate would be higher by adding the 3VTV in the screen-
ing process of the basic cross-sections for FHD. It was also suggested that the diagnosis rate would be higher by using
disease-specific markers on the 3VTV when confirming certain diagnoses. This is why use of the 3VTV is highly recom-
mended for screening/diagnosing FHD, despite the weak evidence of its application.
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11.4. CQ 3: Are 3D/4D Images Effective for Screening/Diagnosing FHD?

Recommendation

Draft recommendation: Use of 3D/4D images in addition to 2D images is conditionally recommended for screening/
diagnosing FHD.

Strength of evidence: D (very weak)

Strength of recommendation: conditionally recommended (suggested)

Course of Making the Recommendation

[Background of the CQ Significance]

Fetal echocardiography is typically performed using 2D imaging. Recent advancements in ultrasound equipment have
made it easier to obtain 3D and 4D images. During examinations of pregnant women, the face and the body of the fetus
are frequently observed using 3D imaging. During fetal echocardiography, STIC (spatiotemporal image correlation)
developed for the fetal heart can construct a 3D/4D image based on the fetal heart rate by simply scanning the fetal heart
for approximately 10 seconds. This allows observation of the 3D structure of the heart. In the screening involving STIC,
it is common to display the 4CV, the 3VV, and the 3VTV horizontal cross-sections of the fetus using the tomographic
ultrasound imaging (TUI) function. These findings are usually considered comparable to those by the 2D examination
procedures.

Use of 3D/4D images for screening/diagnosing FHD has been attempted, but yet to be clarified in their real usefulness.
This is the current point under the CQ “Are 3D/ 4D images effective for screening/diagnosing FHD?”

[Outcomes]

The effect of 3D/4D images on the detection rate and the diagnosis rate was determined in screening/diagnosing FHD.
To clarify the points of discussion, the outcomes were set at a couple of aspects; that is, comparison of the detection rate
of cardiac structures between on 2D images and on 3D/4D images, and the impact on the detection rate of cardiac struc-
tural abnormalities when 3D/4D images are applied.

[Literature Search and Extraction]

At the primary extraction, included were 233 articles focused on screening/diagnosing FHD using 3D/4D images. Of
those, 60 articles were included at the stage of the secondary extraction. Five reports fulfilled the final criteria. Of those
five, three focused on the comparison of the detection rate of cardiac structures between on 2D images and on 3D/4D
images.’ The remaining two focused on the increase in the detection rate of cardiac structural abnormalities with
3D/4D images." ¥
[Evaluation of Outcomes]

(1. Comparison of the Detection Rate of Cardiac Structures]

Three studies were scrutinized in which the detection rate on 3D/4D modality was compared to that with 2D images
only. One study? included healthy participants, another? included patients with heart diseases, and the third" included
both. In these three studies, TUI was used for 3D/4D images. During the meta-analysis, the heterogeneity of the test
results was considered, and the overall evidence was described using random effects. The CI of the OR for the detection
rate of heart structures overlies 1.0. There was no significant difference between the detection rate on 3D/4D images and
that on 2D images only (OR, 0.71; 95% CI, 0.14-3.47; p=0.66).

Two out of these three studies reported the superiority of the 3D/4D technology. The study by Bennasar et al.)
reported that the sensitivity rates of 2D images and 3D/4D images were 98.3% and 94.9%, respectively, and the specificity
rates 89.8% and 88.1%, respectively; namely, no significant differences. Among the nine false-negative results obtained
using 3D/4D images, ventricular septal defect was the malformation in 8, and severe heart disease (interruption of the
aortic arch) in the remaining one. In the study by Yagel et al.,? the sensitivity rate was 87.5% and the specificity rate was
100% for 2D images only. The sensitivity rate increased to 93.7% with the addition of 3D/4D images, indicating that
combining 2D and 3D/4D images were useful.

It takes approximately 10 seconds for scanning the entire heart in the 4CV on 3D/4D images. Because of the duration
of time, the outflow tract may be difficult to see due to fetal movements, the fetal position, and the position of the spine.?)
This makes the detection rate of cardiac structures on 3D/4D images lower than that of 2D images. Two studies" ? judged
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that large biases lay in the examination methods and the patient selection. In either of these studies, color Doppler imag-
ing and bidirectional power Doppler imaging were used without setting exclusion criteria for 3D/4D data when the out-
flow tract was not well illustrated. Some patients could have been excluded from the beginning whose cardiac structures
were difficult to visualize due to fetal movement or its position.

With these factors into account, a favorable impact of 3D/4D images onto the detection rate during the screening stage
remains unclear, at least at present, comparing to the conventional 2D technique alone.

Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Yagel 2011 169 181 157 181 215 [1.04;445] 201%  40.3%
Bennnasar 2010 322 342 307 335 147 [081;266] 350% 41.4%
Rocha 2014 27 50 50 50 —— 0.01 [0.00;0.20] 449%  18.3%
Fixed effect model 573 566 0.95 [0.64; 1.41] 100.0% -
Random effects model 0.71 [0.14; 3.47] - 100.0%
Heterogeneity: 12 = 88%, t° = 1.502, p < 0.01 ' L '

0 01 1 10 1000

(2. Higher Detection Rate of Cardiac Structural Abnormalities using 3D/4D Images]

Two reports"* were evaluated to determine whether the detection rate of structural abnormalities is higher using
3D/4D images. TUI was the method to express 3D/4D images in either of these studies. Heterogeneity was insignificant,
but the overall evidence was described as random effects. The CI of the OR expanded over 1.0. It cannot be concluded
that 3D/4D images are more capable of depicting intracardiac abnormal structures than the conventional images do
(OR, 1.16; 95% CI, 0.26-5.44; p =0.85).

Experimental Control Weight Weight
Study Events Total Events Total Odds Ratio OR 95%-Cl (fixed) (random)
Yeo 2018 49 50 93 100 369 [0.44,3084] 44% 31.4%
Bennnasar 2010 307 335 322 342 068 [0.38; 1.23] 956% 68.6%
Fixed effect model 385 442 0.81 [0.47; 1.42] 100.0% -

Random effects model

A A 1.16 [0.25; 5.44] - 100.0%
Heterogeneity: I~ = 56%, v = 0.8175, p = 0.13

01 051 2 10

These studies by Yeo et al.¥ and Bennasar et al.) indicated conflicting results regarding the detection rate of structural
abnormalities. Their results seemed greatly affected by the number of patients with heart diseases (mainly ventricular
septal defect). Yeo et al.¥ included only two patients (4%) with ventricular septal defect, and the heart problem was
securely detected in these patients. In contrast, Bennasar et al. included 38 patients (22%) with ventricular septal defect.
The heart lesion was not noted in eight out of these patients. Only one patient had an interrupted aortic arch among their
cohort of patients. Further investigation is necessary to clarify the circumstances with such significant heart diseases that
should cause clinical problems immediately after birth.

Additionally, use of 4D surface rendering images, xPlane, or 4D-B-flow may enable to evaluate and diagnose abnor-
malities of the fetal semilunar valve and mitral valve. Diagnostic applications of these methods have also been reported
in vascular abnormalities such as transposition of the great arteries and tetralogy of Fallot.>” Furthermore, a couple of
studies® ¥ evaluated whether 3D/4D imaging was reproducible and prompt enough. Reproducibility appeared promising
with experienced examiners. As for time consumption, the reports stated that the analysis could be established within
a routine duration of time regardless of the experience level of the examiner. Importantly, there were no adverse events
associated with 3D/4D imaging.

At present, it is not quite evident that 3D/4D imaging is effective for detecting cardiac structural abnormalities at the
screening stage. Favorable aspects are no obvious adverse events foreseen, reproducibility promising, and the procedure
not time-consuming. It is expected that structural abnormalities will be captured with a higher sensitivity in the future
by using 3D/4D imaging with improved performance of ultrasound scan, with advanced skills of the examiners, and with
sophisticated analysis software.
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[Summary]

Little evidence was available for supporting useful application of 3D/4D images in screening/diagnosing FHD. The
ability to depict the normal structures of 3D/4D imaging was not superior to that of 2D images. Not for the detection rate
of structural abnormalities of the fetal heart, either. Therefore, the evidence level is D (very weak).

It is good to know that there are no reports of adverse events associated with 3D/4D imaging. Reproducibility of the
findings seems favorable, so does time consumption of the examination. It is hopeful that combining 3D/4D imaging
with 2D imaging would improve the detection rate of heart disease, admitting that the examiner’s experience/skill and
the fetal position/movement should affect the detection rates for fetal cardiac disease and cardiac structural abnormal-
ities in clinical settings where 3D/4D equipment is available. Overall, adding 3D/4D imaging to 2D modality is not
unreasonable.

[Summary for the General Public]

Fetal echography is typically performed using 2D imaging. Recently, use of ultrasound equipment capable of depicting
3D and 4D images has become widespread at facilities of maternal-fetal medicine. The 3D images are mainly used to
observe the fetal face and body. In addition, 3D/4D images of the fetal heart can be easily obtained using STIC, which has
been developed for the fetal heart. This device can be used for the screening and diagnosis of FHD.

The CQ “Are 3D/4D images effective for screening/diagnosing FHD?” was set to organize the findings and determine
the level of recommendations.

Currently, the ability to detect FHD on 3D/4D images is not comparable to that on 2D images. Solitary use of 3D/4D
images is not recommended for screening/diagnosing FHD. Nonetheless, a downside of using 3D/4D images for this
purpose is simply to increase the examination time by approximately 10 minutes. Performing both 3D/4D and 2D imag-
ing can raise the detection rate of FHD. How accurately the examination describes the fetal circumstance depends on
the movement and the position of the fetus as well as the skill of the examiner. With this in mind, it is reasonably recom-
mended that 3D/4D imaging is to be applied together with 2D imaging when considered appropriate.
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11.5. CQ4:“Is Pulsed Doppler Echocardiography Effective for Diagnosing Fetal Arrhythmias?”
Recommendation

Draft recommendation: It is conditionally suggested that pulsed Doppler is added to M-mode imaging for the diagnosis
of fetal arrhythmias.

Strength of evidence: D (very weak)

Strength of recommendation: conditionally recommend (suggested)

Course of Making the Recommendation

[Background of the CQ Significance]

Prognosis of fetal arrhythmias is affected by perinatal management. In this respect, accurate diagnosis in the fetus
is essential. Not only fetal electrocardiography and fetal magnetocardiography, but also fetal echocardiography is a
diagnostic tool widely used for detecting fetal arrhythmias. In addition to the M-mode method, the pulsed Doppler
method has been utilized for diagnosis since 1986.1:2 Practically, this method demands more skill of the examiner than
the M-mode method does. The level of evidence has not been discussed precisely for the recommendation of the pulsed
Doppler method. To summarize the current findings, the CQ “Is pulsed Doppler echocardiography effective for diag-
nosing fetal arrhythmias?” was set.

[Outcomes]

In pregnant women carrying a fetus with arrhythmia, the outcome whether the arrhythmic diagnosis was more accu-
rately established using pulsed Doppler combined with M-mode imaging rather than the latter alone was reviewed.
[Literature Search and Extraction]

At the primary extraction, the literature was searched for studies regarding the diagnoses of fetal arrhythmias using
fetal echocardiography. Thirty-five reports (6 from Cochrane, 22 from PubMed, and 7 from Igakuchuozasshi) were
listed. Of these, 14 reports (published between 2008 and 2018, excluding case reports) were included in the secondary
extraction process. Eventually, 6 articles fulfilled our extraction criteria. Of these, five>”) were review articles and the
remaining one® an observational study. The literature before 2008 was also searched, because the number of reports
other than the review article form were rather limited. Unfortunately, no reports were found eligible.

[Evaluation of Outcomes]

No randomized trials were identified regarding this CQ. A meta-analysis could not be carried out using the 6 reports
extracted. The outcome, therefore, could not be objectively evaluated. Five review articles were narrative in the form
of general remarks, and were useful for understanding trends in the field, while the contents appeared biased by the
authors’ opinions. One observational study® was a multicenter and retrospective case-control report. It was limited to
the detection rate of fetal long QT syndrome. Whether the pulsed Doppler method is useful is described for long QT
syndrome and for other arrhythmias separately.

(1. Usefulness of the Pulsed Doppler Method for Long QT Syndrome])

The report of a multicenter and retrospective case-control study® described: The left ventricular isovolumic relaxation
time (LVIRT) measured from the simultaneous waveform of the left ventricular inflow and outflow tracts using the
pulsed Doppler method was significantly longer in fetuses with long QT syndrome than in normal fetuses. The LVIRT
is a value that cannot be measured using the M-mode method; therefore, the pulsed Doppler method seems useful for
improving the detection rate of fetal long QT syndrome. The diagnosis of long QT syndrome was made using postnatal
electrocardiography in this report. The QT interval during the fetal period was not necessarily evaluated. Most of the
participants in the control group (the normal fetuses) were evaluated only once. These are limiting factors.

[2. Usefulness of the Pulsed Doppler Method for Diagnosing Arrhythmias Other Than Long QT Syndrome]

No randomized trials were available matching the outcomes. No evidence is provided to evaluate the outcomes. Exten-
sive discussion would be in vain whether the pulsed Doppler method is useful for diagnosing arrhythmias other than
long QT syndrome. The 5 reviews extracted>” and the 2014 American Heart Association statement® stated that use of
the pulsed Doppler method is already a widely accepted maneuver for diagnosing extrasystoles and tachy- or brady-ar-
rhythmias. It seems unlikely that a randomized trial newly designed is to be conducted in the future. The M-mode
method can document the atrial rate, the ventricular rate, the mode of AV conduction, and the AV or VA interval; these
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are fundamental for diagnosing arrhythmias (see “Prenatal diagnosis and treatment of arrhythmia” in these guidelines).
The pulsed Doppler method would be more suitable” ¥ in case these M-mode analyses were difficult due to the fetal
position, less contractile atria/ventricles, or maternal obesity. Among the pulsed Doppler techniques for clarifying
tachyarrhythmia, the superior vena cava/ascending aorta simultaneous waveform may be more efficient than the left
ventricular inflow/outflow simultaneous waveform,>© because the E wave and the A wave are fused together when the
fetal heart rate is high. In other words, the atrial contraction cannot be identified separately and the AV relationship, the
AV or VA interval cannot be measured. A fetal diagnosis of arrhythmia is known to influence neonatal prognosis. The
American Heart Association® stated classification of recommends and the levels of evidence for in-utero treatment and
management based on the diagnosis of arrhythmia. The first multicenter clinical study of fetal supraventricular tachy-
cardia was conducted in Japan. The protocol was verified as effective!? in terms of classification of fetal supraventricular
tachycardia based on the VA interval and presence or absence of fetal hydrops. The VA interval classification was of
practical use when selecting therapeutic agents.

(3. Limitations of Arrhythmia Diagnoses Using Fetal Echocardiography]

Even when the pulsed Doppler method is conducted by a skilled examiner, it is not always possible to produce images
that offer information to appropriately evaluate atrial and ventricular contractions.

An accurate diagnosis of fetal arrhythmia requires electrical assessments, such as fetal electrocardiography and fetal
magnetocardiography. It is not realistic to conduct these examinations in every patient. These investigations are only fea-
sible at a limited number of facilities. In the future, the combination of fetal echocardiographic and electrical evaluations
could enable precise diagnoses of fetal arrhythmias still further.

[Summary]

Since no randomized trials have been reported, the pulsed Doppler method cannot be determined as undoubtedly
useful. On the other hand, the method itself is widely applicable. The pulsed Doppler method, if added to the routine
examination, may contribute to improvements in the detection rate of long QT syndrome or in the diagnosis of arrhyth-
mia. This surely works for appropriate perinatal management and a better prognosis. Use of the pulsed Doppler method
is therefore suggested in addition to the M-mode method.

[Summary for the General Public]

Fetal arrhythmia requires an accurate diagnosis, because the perinatal management of the problem affects the progno-
sis of the fetus/newborn. Fetal echocardiography is the diagnostic method most widely used. Electrical evaluation such
as fetal electrocardiography and fetal magnetocardiography is an alternative. The pulsed Doppler method requires more
skill of the examiner than M-mode fetal echocardiography does. The CQ “Is pulsed Doppler echocardiography effective
for diagnosing fetal arrhythmia?” was set in order to discuss the levels of evidence needed for deciding its application
and to summarize the current findings for making sensible reccommendations. Currently, the usefulness of the pulsed
Doppler method is not concrete due to the lack of accumulation of scientific data for statistical analysis. Still, the pulsed
Doppler method is already in use widely. It is expected that use of the method should contribute to improvements in
the detection rate of long QT syndrome as well as in the diagnosis of arrhythmia, leading to the optimal perinatal man-
agement and a better prognosis. The pulsed Doppler method is therefore suggested in combination with the M-mode
technique.
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