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Aims Detection and careful stratiﬁcation of fetal heart rate (FHR) is extremely
important in all pregnancies. The most lethal cardiac rhythm disturbances occur during
apparently normal pregnancies where FHR and rhythm are regular and within normal or
low-normal ranges. These hidden depolarization and repolarization abnormalities,
associated with genetic ion channelopathies cannot be detected by echocardiography,
and may be responsible for up to 10% of unexplained fetal demise, prompting a need for
newer and better fetal diagnostic techniques. Other manifest fetal arrhythmias such as
premature beats, tachycardia, and bradycardia are commonly recognized.
Methods Heart rhythm diagnosis in obstetrical practice is usually made by M-mode
and pulsed Doppler fetal echocardiography, but not all fetal cardiac time intervals are
captured by echocardiographic methods.
Results and Conclusions This article reviews different types of fetal arrhythmias, their
presentation and treatment strategies, and gives an overview of the present and future
diagnostic techniques.

Fetal Arrhythmia and Its Clinical Importance
Fetal arrhythmias account for approximately 10 to 20% of
referrals to fetal cardiologists. The majority of these rhythms
will have either resolved by the time of evaluation, or they
will consist of atrial ectopy. The detection of a fetal arrhythmia by an obstetrical care provider should prompt rapid
referral to a fetal cardiac center of excellence for further
assessment, especially if the arrhythmia is sustained.
Careful stratiﬁcation of fetal heart rate (FHR) by gestation is
important in all pregnancies, since potentially lethal conditions
such as long QT syndrome or fetal thyrotoxicosis may have only
minimal persistent alterations in FHR. In addition, most clinicians think of cardiac electrophysiologic disorders only when the
heart rate or rhythm is abnormal, whereas the most lethal
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cardiac rhythm disturbances occur during normal rate and
regular rhythm and are due to depolarization and repolarization
abnormalities. Previously, unrecognized rhythm disturbances
include cardiac channelopathy disorders such as long QT syndrome, malignant but very brief and transient arrhythmias such
as junctional or ventricular tachycardia, and chronic conduction
disturbances such as bundle branch block that are associated
with certain congenital heart defects (CHDs), severe metabolic
derangements, myocarditis, and certain maternal medications.
These “silent” arrhythmias cannot be detected using ultrasound,
but some can be suspected due to persistent FHRs between 110
beats per minute (bpm) and the lower limits of normal rate for
gestation. This, coupled with a careful family history of fetal/
neonatal demise or sudden unexplained death in a young adult,
may provide clues to these hidden ion channelopathies.
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Fetal diagnosis using advanced technologies such as fetal magnetocardiography or electrocardiography can be conﬁrmed
where available, or diagnosis made after delivery using
electrocardiography.
The prognosis and treatment of the arrhythmia will depend on accurate and complete diagnosis, which in the
majority of cases is made by M-mode and pulsed Doppler
fetal echocardiography. However, fetal echocardiography
does not capture cardiac time interval wave forms such as
the P wave duration, the QRS duration, or the QT interval. An
incomplete/incorrect diagnosis can lead to mismanagement
and incorrect treatment which can jeopardize the well-being
of the fetus and the mother.
Due to the advances in prenatal care, rhythm disturbances
are now being recognized using advanced technologies,
which will be described in the following paragraphs.1–8
Rhythm detection technologies are used at all other ages in
medical care, including intensive care monitoring and diagnostic electrophysiology, and it is only a matter of time before
advanced fetal technologies will provide obstetricians and
fetal cardiologists with a new window into the health and
disease of the susceptible fetus.

Different Methods of Diagnosing Fetal
Arrhythmias
Fetal Ultrasound
Ultrasound is the primary modality for the diagnosis of fetal
arrhythmias. The obstetrician observing an arrhythmia must
ﬁrst differentiate arrhythmia from fetal distress. Most conﬁrmed arrhythmias are best evaluated and treated in utero,
and unconﬁrmed rhythm disturbances vigilantly followed.
The initial ultrasound scan should include measurement of
atrial and ventricular rate, determination of whether these
are regular or irregular, and whether there is a 1:1 association

of atrial to ventricular contraction. In addition, fetal growth,
biophysical proﬁle, and umbilical or ductus venosus Doppler
ﬂow patterns can be deﬁned, as rapidly as possible, provided
it does not delay referral of the fetus to an arrhythmia
specialist. It is important to record digital clips of any arrhythmia observed, since fetal arrhythmias may be transient, and
retrospective analysis may be required. Referral to a maternal–fetal medicine (MFM) specialist should be quick to obtain
a full targeted ultrasound, looking for anomalies, organ
dysfunction, and acquired diseases (e.g., goiter in a tachycardic fetus), as well as to further deﬁne the arrhythmia. If the
duration of the ﬁrst visit for the MFM is long, direct fetal
cardiac referral can be obtained ﬁrst followed by subsequent
MFM assessment—the goal being to provide rapid diagnosis
and treatment. More targeted assessment by ultrasound,
Doppler, and M-mode is described in the following section.

Fetal Echocardiography
Fetal echocardiography is the mainstay of perinatal assessment tools for fetal heart evaluation. Recently, there has been
a shift from M-mode to Doppler techniques for assessing
rhythm. M-mode still plays an important role in assessing the
atrial and ventricular wall motion, cardiac function, and
contraction patterns. Some echocardiography equipment
has independently directed cursors that can project simultaneous atrial and ventricular M-modes, but if not, the goal
should be to transect the heart, obtaining simultaneous atrial
and a ventricular wall motion. Pulsed Doppler is important in
assessing mechanical PR interval, presence of atrioventricular
(AV) valve regurgitation, venous ﬂow reversal, cardiac output,
and predicting ventriculoatrial (VA) or AV sequencing.
Rein et al9 have shown that tissue Doppler recording
provides accurate diagnosis of arrhythmias, but there is still
an inability to fully assess fetal rhythm because echocardiography measures the mechanical consequence of the

Table 1 Echocardiographic views and measurements for fetal arrhythmia assessment
2D

Pulsed and color Doppler

Extracardiac imaging

Hydrops
Extracardiac birth defects
Organ enlargement or injury
Amniotic ﬂuid assessment

Ductus venosus notching
Middle cerebral artery/umbilical
artery resistance indices,
pulsatility indices and systolic/
diastolic ratios
Hepatic vein/IVC/SVC ﬂow reversal

Intracardiac imaging

Structural cardiac defects
A and V function
Qualitative wall thicknesses,
rhythm characteristics,
chamber sizes, and
foramen ovale size
(oriﬁce > 30% of atrial
septum length)

Mechanical PR (AV), VA (if SVT),
VV (cycle length) intervals
Flow velocities at all valves and
transvalvular gradients
(Bernoulli equation)
Color Doppler ﬂow patterns during
arrhythmia, AV valve
insufﬁciency, foramen ovale,
and ductus arteriosus ﬂow
velocities, For SVT sequencing
of Doppler in pulmonary vein/
pulmonary artery and/or SVC/
ascending aorta

M-mode

Atrial and ventricular contraction
(bisecting atrial/ventricular
wall and heart rate(s)
Quantiﬁcation of A and V
function, AV contraction
sequence and interval

Abbreviations: A, atrium; AV, atrioventricular; IVC, inferior vena cava; SVC, superior vena cava; SVT, supraventricular tachycardia; V, ventricle.
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cases, the mechanical rhythm does not accurately reﬂect the
electrical rhythm. Intermittent myocardial akinesis, or hypokinesis can mimic absence of a P or QRS, when in fact, they are
present. In the future, the most powerful tool will be a
combination of fetal echocardiography and fetal magnetocardiography used for continuous monitoring, function assessment, and rhythm/conduction pattern evaluation.

Cardiotocography
Cardiotocography (CTG) registers baseline FHR and FHR
variability by Doppler as well as registering uterine contractions. The use of CTG is usually limited to > 30 weeks’
gestation. CTG technology functions poorly during fetal
tachycardia or AV block. It is best used to trend certain

Fig. 1 A 20-second signal-averaged waveform of a normal fetal heart rate in a 38-week gestational age fetus by (a) fECG and (b) fMCG. fECG, fetal
electrocardiogram; fMCG, fetal magnetocardiography.
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arrhythmia rather than the arrhythmia or conduction itself.
Further, echo/Doppler does not allow for prolonged continuous monitoring (similar to telemetry), and hence, can miss
ﬂeeting arrhythmias and heart rate trend patterns over time.
The techniques for fetal echocardiography have been
divided into those that are standard and those that are
more advanced. ►Table 1 lists views for rhythm assessment.
It is beyond the scope of this review to cover all aspects of the
fetal echo examination, and we refer the reader to the
American Heart Association’s Scientiﬁc Statement on Fetal
Diagnosis and Treatment which will be published in 2014.
Electromechanical dysfunction has been reported with
several types of arrhythmias, especially blocked atrial bigeminy, atrial ﬂutter (AF), and long QT syndrome.10,11 In such
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treatments such as the response to transplacental medications and as an adjunct to biophysical proﬁles for fetal
assessment when sinus rhythm is the predominant rhythm.

Fetal Electrocardiography
Fetal electrocardiogram (fECG) can detect QRS signals in
fetuses from as early as 17 weeks’ gestation; however, the
technique is limited by the minute size of the fetal signal
relative to noise ratio. This is impacted by early gestation,
maternal noise such as uterine contractions, degree of electrical insulation caused by the surrounding tissues (vernix
caseosa), and skin resistance. Fetal electrocardiography during labor (using a scalp lead) has also been studied in more
than 15,000 patients after 36 weeks’ gestation.12–16
Overall, fetal electrocardiography has not been adopted
widely in clinical applications, likely due to its inconsistent
quality. Normal values for fetal ECG have been reported.17–21
Gardiner et al demonstrated fetal ECG’s utility in assessing
ﬁrst degree AV block associated with maternal collagen
vascular disease.19 Recently, Velayo et al reported fetal ECG
in CHDs and twin-to-twin transfusion syndrome.22
However, in one series, only 61% of subjects showed adequate signal ﬁdelity for P and T wave interpretation.18 QRS
detection alone can generally be achieved. Compared with
mechanical PR intervals derived from pulsed Doppler echocardiography, fetal ECG PR intervals were shorter.17,18,23,24
Tissue Doppler, at the right AV groove, better estimated fECG
PR intervals than did pulsed-wave Doppler17 (►Fig. 1).

Fig. 2 Dr. Strasburger performing ultrasound within the magnetically
shielded room at UW-Madison Biomagnetism Laboratory, The
superconducting quantum interference device above the patient is
not yet in position against the maternal abdomen. Photo credit:
Yacouba Traore.

Over the prior decade, fMCG has been shown to improve the
accuracy and precision of diagnosis in long QT syndrome,5,7,39–43
congenital atrioventricular block (CAVB),3,37,44–47 and various
tachyarrhythmias.2,10,40,46,48,49 fMCG has supported echocardiography in the evaluation of fetuses with structural cardiac
defects, ventricular aneurisms,50 and cardiac tumors.51 fMCG
has led to changes in rhythm diagnosis and detection of unsuspected arrhythmias that have subsequently modiﬁed medical
care, including the choice or use of drug therapies3,5,7,39
(►Fig. 2).

Fetal Magnetocardiography
Fetal magnetocardiography (fMCG) is more precise in clarifying fetal arrhythmias and conduction. Because it is very
expensive, the method is only available in a small number
of laboratories worldwide.
The fetal magnetocardiogram is acquired by using sensitive biomagnetometers based on superconducting quantum interference device (SQUID) technology. Unlike
magnetic resonance imaging (MRI), SQUIDs are passive
receivers that do not emit energy or magnetic ﬁelds. The
studies must be performed within a magnetically shielded
room which attenuates magnetic interference from external sources, including the earth’s magnetic ﬁeld. Two types
of fMCG recording devices have been developed. One allows
the patient to recline,25,26 while the other allows to lean
forward over the SQUID sensors.27 In the Biomagnetism
Laboratory at the University of Wisconsin-Madison, more
than 800 subjects, at least 400 with fetal arrhythmias, have
undergone recording. These fetal MCG recordings capture
each of the cardiac time intervals (P, QRS, and T waves, RR,
PR, and QT intervals) in almost all fetuses over 24 weeks’
gestation, and QRS and RR intervals in most fetuses over 17
weeks’ gestation.26,28 Normative data have been
reported.20,25–35 Once the maternal MCG is extracted, the
fetal MCG can also be displayed as uninterrupted segments
of recording.36–38 This is similar to telemetry or Holter
monitoring making it possible to detect brief nonsustained
arrhythmias such as torsades de pointes (TdP) ventricular
tachycardia.
American Journal of Perinatology
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Fetal Arrhythmia Mechanisms
Although fetal arrhythmias account for a small percentage
(0.6–2.0% of all pregnancies) certain of these arrhythmias are
associated with a high morbidity and mortality. Hidden fetal
arrhythmias may contribute to a high rate of fetal demise
(perhaps 3–10%), unexplained hydrops, and prematurity.52

Fetal Atrial and Ventricular Ectopy
Irregular heart rhythms are the most common abnormal
rhythms seen in clinical practice. Fetal ectopy occurs in up
to 1 to 2% of all pregnancies and has been reported to be a
relatively benign condition. Fetal ectopy is mainly atrial,
rather than ventricular in origin. Two percent of the fetal
ectopy patients have additionally associated PR prolongation
which can be associated with long QT syndrome, fetal or
neonatal AF, and second-degree AV block.53,54 The risk of
developing fetal tachycardia is approximately 0.5 to 1%. The
presence of couplets and blocked atrial bigeminy increases
this risk to approximately 10%.11 Medication treatment is not
required but patients should be monitored weekly by auscultation or imaging to detect supraventricular tachycardia
(SVT) before it becomes life threatening (►Fig. 3).

Fetal Bradycardia
The standard obstetric deﬁnition of fetal bradycardia has
been a sustained FHR < 110 bpm over at least a 10-minute
period. FHRs are gestational age dependent, and decrease
signiﬁcantly as gestation progresses from a median of 141
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bpm (interquartile range 135–147 bpm) < 32 weeks’ gestation
to 137 bpm (interquartile range 130–144 bpm) > 37 weeks’
gestation. These interquartile ranges correspond to the middle
50% of subjects. Persistent heart rates below the third percentile, may be normal, but can also be a marker for signiﬁcant
conduction disease. Mitchell et al reported that 40% of the long

QT syndrome cases evaluated by fMCG were referred due to
sinus bradycardia.55
Brief episodes of transient fetal decelerations that resolve
within minutes are often noted especially in the second
trimester and are thought to be benign. Persistent fetal
bradycardia for gestation may be due to sinus, low atrial or

Fig. 4 AV block by (a) echocardiography and (b) fMCG. AV, atrioventricular; fMCG, fetal magnetocardiography.
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Fig. 3 Ventricular ectopy in a bigeminy pattern.
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junctional bradycardia, blocked atrial bigeminy, or atrioventricular block and need evaluation to distinguish between
them.

Fetal Sinus and Low Atrial Bradycardias
In fetuses with sinus and low atrial bradycardias, FHRs range
between 90 and 130 bpm. Persistent fetal bradycardia is
relatively rare. The basic mechanisms include congenital
displaced atrial activation or acquired damage of the sinoatrial node. Sinus node rates can be suppressed, for example,
due to (1) left and right atrial isomerism, (2) inﬂammation
and ﬁbrosis in a normal sinus node in patients with viral
myocarditis or collagen vascular disorders (SSA/Ro [þ] or SSA/
Ro and SSB/La [þ] antibodies), or (3) maternal treatment with
β blockers, sedatives, or other medications.56 No fetal therapy
is required for sinus or low atrial bradycardia, however,
observation is recommended.

Fetal Atrioventricular Block
CAVB can be related to either an anatomical displacement
or due to inﬂammatory damage and/or ﬁbrosis of the
conduction system. A third group has an undetermined
etiology. The most important characteristic of advanced
fetal AV block is that the atrial rate is regular and normal,
and AV dissociation is present with slower ventricular rate.
First-, second-, and third-degree (complete) AV blocks
occur, though progression from one to another is not
usually seen. The block is often unstable at ﬁrst, with
associated rhythm disturbances.3

Fetal Atrioventricular Block Associated with Structural
Heart Disease
Congenital cardiac defects associated with AV block include
mainly heterotaxy syndromes (primarily left atrial isomerism)
and congenitally corrected transposition.

Table 2 Checklist for persistent fetal bradycardia and management of fetal bradycardia or suspected Long QT Syndrome
Differential diagnosis for persistent fetal bradycardia
Maternal (or familial) conditions

Fetal/neonatal conditions

Long QT syndrome may present in the patient, father of fetus, or
close family member as generalized seizures, recurrent
syncope, sudden death, or unexplained accidental death from
drowning or one car accident, neural deafness, or syndactyly
Long QT syndrome is autosomal dominant in most cases. If
present, all ﬁrst degree relatives should be screened with ECG
and electrophysiology consultation

Fetal/neonatal long QT syndrome
Presentation in the fetus includes second degree AV
block, sinus bradycardia, torsades de pointes
ventricular tachycardia, and sudden intrauterine
fetal demise. LQTS can present in the neonate as
sudden infant death syndrome

Other rare heritable bradycardia syndromes in the patient, father
of fetus, or close family member (e.g., low atrial rhythms, sinus
node dysfunction, history of pacemaker)

Rare heritable bradycardia syndromes can present
with sinus or junctional bradycardia

Congenital cardiac disease has varying risk of recurrence. First
degree relatives with CHD should have screening echo at
18–22 wk GA

Heterotaxy syndromes, usually manifesting with
dextrocardia, complex CHD, but may be more
subtle with only interrupted IVC, dual SVC, or
other venous malformations

SSA/Ro and/or SSB/La antibodies, and maternal thyroid
deﬁciency

SSA/SSB isoimmunization with sinus node
dysfunction

Medications (e.g., beta blockers)

Medications (e.g., beta blockers)

Illness/infection

Infectious diseases

Idiopathic

Rare metabolic disorders (e.g., Pompe disease)
Idiopathic, or sinus bradycardia due to neck stretch
or other autonomic causes

Management of pregnancy complicated by persistent fetal bradycardia or suspected Long QT Syndrome
Maternal checklist

Fetal/neonatal checklist

Referral to center of excellence for fetal cardiology/
electrophysiology evaluation

Avoidance or closely monitored use, if necessary, of
any medications that lengthen QT interval

Avoidance of or closely monitored use of (if necessary) any
medications that lengthen QT interval (e.g., odansentrone,
pitocin, azithromycin, antidepressants, etc.)

Neonatal ECG  Holter monitor, repeat ECG at
3 wk of age if QTc is prolonged at birth

Exclude maternal electrolyte disorders (25(OH)Vit D deﬁciency,
hypomagnesemia, hypocalcemia, or hypokalemia

Exclude neonatal electrolyte disorders that may
be proarrhythmic (hypocalcemia,
hypomagnesemia, hypokalemia)

Fetal magnetocardiography or electrocardiography (if available)

Retain cord blood for possible neonatal genetic
testing for ion channelopathies

Abbreviations: CHD, congenital heart defect; IVC, inferior vena cava; SVC, superior vena cava.
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These cardiac defects are very complex. The right and left
chambers are malaligned with the inﬂow and outﬂow portions of the heart, resulting in a discontinuity between the AV
node and the conduction system. Similarly, the absence of the
sinus node in left atrial isomerism can lead to a slower atrial
rhythm in these fetuses. The combination of CAVB and major
structural heart disease carries high mortality. When hydrops
is present, it approaches 100%.

Fetal Atrioventricular Block without Structural Heart
Disease
Isoimmune Fetal Atrioventricular Block
The majority of CAVB in structurally normal hearts is secondary to immune-mediated inﬂammation and ﬁbrosis of the
fetal conduction system from maternal SSA/Ro and/or SSB/La
antibodies which can cross the placenta.
The incidence of CAVB in patients with SSA/Ro and SSB/La
antibodies is approximately 2 to 3%. The risk is higher in

Wacker-Gussmann et al.

pregnant women who previously had an affected child with
either CAVB or a neonatal lupus rash and may be substantially
lower in pregnant women with low SSA/Ro titers.57,58 In
fetuses with CAVB and hydrops or endocardial ﬁbroelastosis,
high rates of mortality (6–20% or more) and morbidity have
been described. In addition life-threatening late-onset cardiomyopathies have also been found.59,60 Other manifestations of SSA/Ro-mediated or SSB/La-mediated cardiac disease
include sinus node dysfunction, bundle branch block, and
late-onset rupture of the AV valve chordae.10
AV block is generally not seen before 18 weeks’ gestation
and onset is rare after 28 weeks’ gestation. Half of these
women are asymptomatic concerning their rheumatologic
disorder and are unaware that they carry the antibodies. This
makes pre-emptive evaluation difﬁcult.
Nonisoimmune Fetal Atrioventricular Block
Isolated complete AV block without positive SSA/Ro or SSB/La
antibodies is rare and appears to have the best long-term

Fig. 5 SVT measured by (a) echocardiography and (b) by fMCG. fMCG, fetal magnetocardiography; SVT, supraventricular tachycardia.
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prognosis. Baruteau, in an inter-institutional study reported
survival of 100% in 120 children with isolated AV block, 23 of
whom presented in utero or in the ﬁrst month of life61
(►Fig. 4).

Treatment Options of Fetal Atrioventricular Block
Treatment of AV block depends on the etiology, the ventricular rate, and the presence and degree of heart failure.
First, β sympathomimetics (terbutaline, salbutamol, isoprenaline) have been used to elevate low fetal ventricular
rates (<55–60 bpm).44,62 Fetuses may therefore improve if
they have symptoms of heart failure; however, no studies
have demonstrated survival beneﬁt. Terbutaline is normally
well tolerated, but maternal resting heart rates around 100 to
120 bpm and benign maternal ectopy have been commonly
encountered.44 Immune-mediated AV block may beneﬁt from
in utero treatment with ﬂuorinated steroids, intravenous
immunoglobulin, or both. Dexamethasone is believed to
reduce inﬂammation.59,63 Although no consensus exists,
many clinicians are using dexamethasone 4 to 8 mg/d to treat
second-degree AV block, recent onset AV block, or severe
cardiac dysfunction and hydrops. A window of time may exist
when incomplete AV block can be reversed, and therefore
quick referral is suggested for fetal bradycardia patients
where FHR is <80 bpm. Given the higher rates of AV block
in winter months, 25-hydroxy vitamin D levels should be
assessed and deﬁciencies corrected64 (►Table 2).

Fetal Tachycardia
Tachycardia is generally characterized by sustained FHR
above 160 bpm. The most common forms of tachycardia

are SVT, AF, sinus tachycardia, and ventricular or junctional
tachycardia (VT) which typically show heart rates greater
than 200 bpm. Heart rates between 180 and 200 bpm are less
common, but may appear, for example, with maternal use of
stimulants, amnionitis, maternal thyrotoxicosis, or other
systemic fetal disease and with some rare arrhythmias.
Fetal tachycardias can cause fetal hydrops, premature delivery, and perinatal morbidity and mortality. This is largely due to
inability to detect tachycardia until hydrops appears. Progression
of hydrops can be rapid at earlier gestational age, at higher
ventricular rates, and for incessant tachycardias. With complex
and unusual types of tachycardia, deﬁning the mechanism is
important because it can impact the choice of therapy. Finally,
there can be a poor response to transplacental treatment. We
have recently been impressed that correction of underlying
maternal electrolyte abnormality (Ca2þ, Mg2þ, and Kþ), as well
as vitamin D deﬁciency, can facilitate pharmacoconversion of
tachycardia and maintenance of sinus rhythm (►Fig. 5).

Re-entrant Supraventricular Tachycardia
The most common fetal tachycardia is re-entrant SVT with an
accessory connection which accounts for almost two-thirds of
fetal tachycardia. It mainly develops between 24 and 32 weeks’
gestation. SVT is commonly initiated by an ectopic beat, though
other complex patterns are seen. When it breaks to normal sinus
rhythm, the rate of the subsequent rhythm should be normal for
gestational age. Choice of antiarrhythmic therapy is inﬂuenced
by several factors. At present, there is no consensus on ﬁrst-line
treatment of SVT. For the hydropic fetus, ﬂecainide may be
slightly more effective than sotalol.65 Intramuscular digoxin
reduced the time to conversion of SVT in one report.66

Table 3 Differential diagnosis for fetal tachycardia and management for fetal tachycardia
Differential diagnosis for fetal tachycardia
Maternal conditions

Fetal conditions

Rheumatologic disease (e.g., Lupus, Sjogrens)

Fetal tachyarrhythmia (SVT, a ﬂutter, JET, VT)

Thyroid disease with clinical hyperthyroid state, or with positive
antithyroid antibodies (which can be present even when
patient is euthyroid)

Fetal thyrotoxicosis (sinus tachycardia)

Infection or fever

Infection or myocarditis (sinus tachycardia)

Drugs (e.g., cocaine, β-sympathomimetics, etc.)

Drug induced (sinus tachycardia)

Injury, shock

Primary cardiomyopathy (sinus tachycardia)

Management for fetal tachycardia
Maternal checklist

Fetal/neonatal checklist

Avoidance of caffeine, β-sympathomimetics, nicotine, illicit
drugs, or combinations

Avoidance of second hand exposure to caffeine,
beta sympathomimetics, nicotine, illicit drugs, or
combinations (including through breast milk)

ECG, and if indicated cardiology consult if transplacental
treatment is anticipated

Exclusion of goiter, infection, and other treatable
conditions

Electrolytes and maternal vitamin D assessment

Fetal antiarrhythmic drug levels from cord blood if
appropriate at the time of birth

Maternal drug therapies (see text)

Adenosine readily available for neonatal SVT if
appropriate (not for fetus)

Abbreviations: JET, junction ectopic tachycardia; SVT, supraventricular tachycardia; VT, ventricular tachycardia.
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Atrial Flutter
AF is the second most common cause of fetal tachycardia,
accounting for approximately 30% of cases.65,68–70 Jaeggi et al
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reported that fetal hydrops developed in 13% of the cases.65
AF can be seen with myocarditis, structural heart disease, and
SSA isoimmunization.4,71 Accessory AV pathways and reentrant SVT are a common association.72 Currently, digoxin
and sotalol are used to treat AF, with sotalol preferred in the
presence of hydrops.73

Junctional Ectopic Tachycardia
Junctional tachycardia is relatively rare, although undoubtedly underdetected by current diagnostic means. Junction
ectopic tachycardia (JET) is mainly associated with SSA/Ro
antibodies, and has been reported in both the presence and
absence of AV block.2,3,6,74 The heart rate in a JET is typically
between 160 and 210 bpm, nonsustained, and slower than in
ventricular tachycardia. The therapy is directed at the underlying cause (e.g., inﬂammation).

Fig. 6 (A) Fetal heart rates (FHRs) in group 1 with long QT syndrome were substantially lower than group 2 without long QT syndrome (used with
permission from Cuneo et al 10). Only ﬁve FHRs in group 1 were below 110 bpm, the usual cutoff for deﬁning fetal bradycardia. But when the
predicted minimum FHR for gestational age was used as a reference, all except three were low. Thus fetuses are at risk for underdetection of LQTS
when FHRs fall between 110 bpm and the low-normal range of approximately 120 to 135 bpm. Not all fetuses with FHRs in this range, however,
have LQTS. (B) Signal-averaged complex showing cardiac time intervals in a fetus with long QT syndrome. QTc is 625 ms using Bazett formula, FHR
131 bpm sinus rhythm, T-wave alternans can be seen.
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Combination therapies (amiodarone/digoxin, amiodarone/ﬂecainide, sotalol/digoxin, and sotalol/ﬂecainide) have been reported to be effective when other agents have failed though such
combinations potentiate the risk of adverse effects and should be
reserved for critical cases.65,67,68 For the nonhydropic fetus,
sotalol, ﬂecainide, and digoxin are commonly used. Monitoring
fetuses after SVT conversion is important, since the fetal diuresis
after SVT conversion can cause rapid progressive polyhydramnios and preterm labor in up to 40%. The use of home hand-held
Doppler monitors is being investigated to more rapidly detect
SVT recurrences. (B.F. Cuneo, MD, personal communication,
2014).
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Ventricular Tachycardia
VT has been observed with underlying cardiac diseases such as
cardiac tumors, ventricular aneurysms, myocarditis, long QT
syndrome, and unstable phases of AV block.3,7,39,68 Common
accompanying rhythms are premature ventricular contractions, sinus bradycardia, and AV block. The echocardiogram
can show ventricular dysfunction, AV valve regurgitation, and
often hydrops.5 Ventricular tachycardia is often unrecognized
because of its brief paroxysmal nature.
Maternal transplacental short-duration intravenous magnesium treatment should be considered as ﬁrst-line therapy.39,75 Transplacental propranolol, lidocaine, mexiletine,
ﬂecainide, sotalol, and amiodarone have all been used for
fetal treatment of ventricular tachycardia.39,76 The latter
three drugs should be avoided if long QT syndrome is
suspected (►Table 3).

testing, though none, including fMCG and fECG have full
regulatory approval at this time.5,77 A major new innovation
is the atomic magnetometer which is much smaller and
cheaper than the SQUID magnetometer.78,79 Gaited fetal
MRI, 3D/4D echo, and other technologies, once developed,
may further reﬁne diagnostics.
It will be important to reduce the “pipeline” time to market
of new medical products necessary for high-quality fetal
cardiac diagnostics (and therapy). The high loss of fetal life,
often unexpected and unexplained, demands better cardiac
rhythm diagnosis and more comprehensive disease monitoring. Challenges include the complexity of research in vulnerable subjects, and the paucity of manufactures in pregnancy
and neonatal products. Interdisciplinary clinical/technical
fetal research teams can facilitate this.
Source of Funding
This study was funded by Deutsche Stiftung für Herzforschung F02/11, Friede-Springer HerzStiftung, AKF 307–00, and TÜFF Application 2156–0-0 (A. Wacker-Gussmann)
and National Institutes of Health grant R01 HL063174 (R.T.
Wakai, principle investigator and J.F. Strasburger, senior
personnel).

Genetic Ion Channelopathies (Long QT
Syndrome)
Unexplained fetal demise after 20 weeks’ gestation, or stillbirth, is now suspected to be due to ion channelopathy
syndromes in approximately 3 to 10% of cases based on
genetic autopsy.52 The most common fetal presentation of
long QT syndrome is fetal bradycardia, but the syndrome can
also be associated with intermittent or persistent TdP ventricular tachycardia, second-degree AV block, or both.10,39
The more serious fetal presentations are usually seen with
SCN5A or rare forms of LQTS. In fMCG studies, TdP and
second-degree AV block pre- or postnatally were common
in fetuses with QTc intervals of more than 580 ms and with
easily visible T-wave alternans.10 If LQTS is conﬁrmed or
suspected in the fetus (or in the mother), close observation
and avoidance of drugs that lengthen QT interval is recommended. A frequently updated list of these drugs can be
found on several Web sites (e.g., www.torsades.org). As
mentioned previously, electrolyte and vitamin D deﬁciency
should be corrected. Fetal transplacental treatment is not
necessary for bradycardia, but TdP requires treatment. Treatments are outlined in the ventricular tachycardia section. A
family history should be obtained for other effected family
members who may need to be evaluated. Delivery of the fetus
in a center familiar with neonatal electrophysiology and
postnatal genetic testing for LQTS is also recommended
(►Fig. 6).

Perspectives of Fetal Monitoring Methods
Fetal arrhythmias can be diagnosed and treated. Consequently, early recognition is important, as these conditions may
contribute to a disproportionate number of fetal and neonatal
demise.
But not all fetal monitoring methods (newer Doppler
techniques, fECG, fMCG) are widely available for clinicians.
Consequently, innovative technical advancements and more
readily-available inexpensive devices are required.
New device technologies meant for assessing fetal rhythm
are moving through the stages of device development and
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