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Assessment of the Severity of Heart Failure in Fetuses with Fetal Arrhythmias
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Fetal arrhythmia is a known cause of fetal heart failure that can lead to fetal death. Although assessment of the
severity of heart failure is important for managing affected fetuses, it is often difficult in fetuses with arrhyth-
mias. Usually, Doppler waveform, which is accepted in the cardiovascular profiling (CVP) score, is the most use-
ful finding for assessing cardiac function. However, arrhythmia changes the Doppler waveform regardless of the
cardiac function, so many of these waveforms may not reveal heart failure. Hence, other fetal echocardiographic
findings, such as cardiomegaly assessed by the cardiothoracic area ratio, presence of atrioventricular valve regur-
gitation, and assessment of cardiac output calculated from the velocity-time integral, are used to detect early
signs of cardiac failure. The Biophysical Profiling Score is another method useful for assessing the well-being of
affected fetuses. Regarding the fetal heart rate, fetuses often develop heart failure with a fetal heart rate >220
bpm in fetal supraventricular tachycardia, >200 bpm in fetal ventricular tachycardia, and <55 bpm in fetal
bradycardia. However, most fetuses with arrhythmia also have cardiac dysfunction, such as tachycardia-induced
cardiomyopathy in fetal tachycardia and myocarditis caused by anti-SS-A antibody in fetal bradycardia. Hence,
fetal heart rate may not reflect the severity of heart failure in many fetuses. Assessment by combining multiple
assessment strategies and sequential follow-up of these findings are essential for assessing heart failure in fetuses
with arrhythmias.

Keywords: fetal arrhythmias, fetal heart failure, fetal echocardiography, fetal tachycardia, fetal brady-
cardia
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Fig. 1T M-mode fetal echocardiogram in fetal atrial flutter
Simultaneous record of the left ventricle (LV) and the right atrium (RA) reveales 2:1 relation of atrial (white arrow) and
ventricular contraction (hollow arrow). bpm, beats per minute; LA, left ventricle; RV, right ventricle.
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Fig. 2 Fetal echocardiographic Doppler wave form of the simultaneous record of the superior vena cava

(SVC) and the ascending aorta (aAo)

Right panel reveals the wave form of fetuses with normal sinus rhythm. Starting point of small reversal flow at SVC
represents the timing of atrial contraction (A), and the starting point of forward flow at aAo represents the timing of
ventricular contraction (V). The arrow reveals atrio-ventricular interval. IVC, inferior vena cava; LA, left atrium; RA, right

atrium; RV, right ventricle.
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Fig. 3 Trace of fetal heart rate monitor in a fetus wit
sudden onset of fetal tachycardia with the heart
ery to the sinus rhythm (black arrow)

Fetuses with the tachycardic episode more than 50% are t

h intermittent supraventricular tachycardia reveals
rate of 190 bpm (hollow arrow) and sudden recov-

hought to be a risk for developing fetal hydrops.

Table 1 Cardiovascular Profile Scoring System®
Cardiovascular Profile Score
Parameter
0 points —1 point —2 points
Hydrops None Ascites or pericardial Skin edema

Ductus venosus and umbilical vein Doppler
Heart size (CTAR: heart area/chest area)
Cardiac function

>0.20 to <0.35

and LV SF >0.28,

biphasic diastolic filling

Umbilical artery Doppler

Normal TV and MV, RV

or pleural effusion
DV atrial flow reversal
0.35t0 0.50
Holosystolic TR or MR,
RV or LV SF <0.28,
ventricular hypertrophy
Absent end-diastolic flow Reversed end-diastolic flow
with brain sparing

UV atrial pulsations

<0.20 or >0.50

dP/dT at AV valve <400
or monophasic filling

AV, atrioventricular; CTAR, cardiothoracic area ratio; dP/dT, change in pressure/time; DV, ductus venosus; MR, mitral regurgita-
tion; MV, mitral valve; SF, shortening fraction;TR, tricuspid regurgitation; TV, tricuspid valve; UV, umbilical vein.
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Fig. 4 Schematic explanation of the relationship
between atrial contraction and reversal
venous blood flow

A. In fetuses with normal sinus rhythm, the right
atrium (RA) contract during diastolic phase of the
right ventricle (RV). Most of the flood flow made
by the RA contraction goes into the RV, and only
small amount of the flood flow goes back to the
vena cava. B. In fetuses with the arrhythmia, RA
can contract during systolic phase. In this situation,
blood in the RA can not go into the RV since the
tricuspid valve is closed. Hence a large amount of
the blood go back to the vena cava regardless the
cardiac function.

aAo flow

W

SVC flow
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Fig. 5 Simultaneous record of the superior vena cava (SVC) and the ascending aorta (aAo) in a fetus with

short VA supraventricular tachycardia

SVC flow reveals large reversal flow (arrow) made by the atrial contraction started at a line A, since the atria contracts
during aAo flow which represents the ventricular systolic phase started at a line V.

ARNRBERSBSFRIME £3BbE F45



225

255 bpm

maternal digoxin
serum concentration

¥

160 bpm
fetal heart rate

FH

digoxin serum concentration
=Y

digoxin 0.5mg p.o.

f \ f f f
34 35 36 37 38 39

gestational week

Fig. 6 Clinical course of a fetus with supraventricular tachycardia with the relation to the mitral regurgita-

tion (MR)

Maternal administration of digoxin was started at 32 weeks of gestation, but the tachycardia persisted. MR was found
at 33 weeks of gestation and fetus developed to fetal hydrops (FH) after that. Shortly after adding sotalol, the fetus
became to sinus rhythm. Of note, the MR persisted and FH worsened after for a few days of recovery of sinus rhythm,
suggested the presence of tachycardia induced cardiomyopathy. LA, left atrium; LV, left ventricle; RA, right atrium; RV,

right ventricle; TR, tricuspid regurgitation.
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* CO = VTI x [vessels area] x HR

(mL/min)

=VTIxY%xR?2xax HR

(cm) (cm)

Fig. 7 Calculation of the flow volume by Doppler echocardiography

Flow volume of a single beat is calculated from the velocity time integral (VTI) measured by the area of the Doppler
signal, multiplied by the area of the vessel (R represents the diameter of the vessel). The flow volume in a minute is cal-
culated by the flow volume in a single beat multiplied by the heart rate (HR). Total cardiac output during fetal period is
obtained by adding the flow volume at the aortic valve and the pulmonary valve.

Table 2 Biophysical Profiling Score (BPS)

Parameter

Normal (2 points)

Abnormal (0 points)

NST/Reactive FHR

US: Fetal breathing movements

US: Fetal activity/gross body
movements

US: Fetal muscle tone

US: Qualitative amniotic fluid

At least two accelerations in 20 minutes

At least one episode of >30s in 30 minutes
At least three movements of the torso or limbs

At least one episode of active bending and
straightening of the limb or trunk
At least one vertical pocket >2cm in the vertical axis Largest vertical pocket </=2cm

Less than two accelerations to
satisfy the test in 20 minutes

None or less than 30s

Less than three movements

No movements or movements
slow and incomplete

FHR, fetal heart rate; NST, non-stress test; US, ultrasound
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